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Attn: Document Control Desk
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Facility Operating License Nos. NPF-39 and NPF-85
NRC Docket Nos. 50-352 and 50-353

Subject: 2009 Annual Radiological Environmental Operating Report

Dear Sir:

In accordance with the requirements of Section 6.9.17 of Limerick Generating Station
(LGS) Unit 1 and Unit 2 Tech. Specs., and Section 6.1 of the LGS Units 1 and 2 Offsite
Dose Calculation Manual (ODCM), this letter submits the 2009 Annual Radiological
Environmental Operating Report No. 25. This report provides the 2009 results for the
Radiological Environmental Monitoring Program (REMP) as called for in the Offsite Dose
Calculation Manual.

In assessing the data collected for the REMP, we have concluded that the operation of
LGS, Units 1 and 2 had no adverse impact on the environment. No plant-produced
fission or activation products, with the exception of Cs-137, were found in any pathway
modeled by the REMP. Cesium-137 levels detected in sediment were consistent with
levels found in previous years and were attributable to LGS liquid releases. Results of
the groundwater protection program are also included in this report. Positive tritium was
found in 3 of 15 groundwater monitoring locations that ranged up to 1,750 pCi/L.

There are no commitments contained in this letter.
If you have any questions, please do not hesitate to contact us.

Sincerely,

Christopher H. Mudrick
Vice President -LGS

Exelon Generation Company, LLC
Attachment: 2009 Annual Radiological Environmental Operating Report No. 25
cc: S. Collins, Administrator, Region |, USNRC (w/Attachment)

E. DiPaolo, USNRC Senior Resident Inspector, LGS (w/Attachment)

P. Bamford -Senior Project Manager-NRR, USNRC (w/Attachment)
T. Moslak, Inspector, Region |, USNRC (w/Attachment)
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Summary and Conclusions

In 2009, the Limerick Generating Station released to the environment through
the radioactive effluent liquid and gaseous pathways approximately 28 curies of
noble gas, fission and activation products and approximately 56 curies of tritium.
The dose from both liquid and gaseous effluents was conservatively calculated

for the Maximum Exposed Member of the Public. The results of those
calculations and their comparison to the allowable limits were as follows:

Gaseous and liquid radiation doses to members of the public at locations

Effluent Applicable Estimated Age Location % of Limit | Unit
Organ Dose Group Distance | Direction | Applicabie
' (meters) | (toward) Limit
Noble Gas Gamma - Air Dose 2.17E-03 All 1004 - ESE 0.011 20 | mRad
Noble Gas Beta — Air Dose 1.27E-03 All 1004 ESE 0.003 40 | mRad
Noble Gas Total Body (Gamma) [ 2.06E-03 All 1004 ESE 0.021 10 | mrem
Noble Gas’ Skin (Beta) 3.42E-03 All 1004 ESE 0.011 30 | mrem
ocine, Particulate & | ung 6.06E-04 | Teen | 1004 | ESE 0002 | 30 | mrem
Liquid Total Body 7.75E-01 Child Agua PA 12.917 6 mrem
Liquid Liver- 7.75E-01 Child Aqua PA 3.875 20 | mrem

The calculated doses, as a result of the radiological effluents released from
Limerick, were a very small percentage of the allowable limits.

This report on the Radiological Environmental Monitoring Program conducted for
the Limerick Generating Station (LGS) by Exelon covers the period 1 January
2009 through 31 December 2009. During that time period, 1088 analyses were
performed on 887 samples

Surface and drinking water samples were analyzed for concentrations of tritium
and gamma emitting nuclides. Drinking water samples were also analyzed for
concentrations of total gross beta. No fission or activation products were _
detected. Gross beta actlvmes detected were consistent with those detected in
previous years. :

Fish (predator and bottom“feeder)'and sediment samples were analyzed for
concentrations of gamma emlttmg nuclides. No fission or activation products
were detected in fish.

Sediment samples collected below the discharge had Cesium-137
concentrations that were consistent to those from previous years. No other Plant
produced fission or activation products were found in sediment. The calculated
dose to a teenager's skin and whole body was 4.36E-04 mrem and 3.74E-04
mrem, respectively. This dose represents 2.18E-03% and 6.23E-03%,
respectively of the 10 CFR Part 50, Appendix | dose limits.



Air particulate samples were analyzed for concentrations of gross beta and
gamma emitting nuclides. Cosmogenic Be-7 was detected at levels consistent
with those detected in prevrous years. -‘No f|SS|on or actlvatron products were
detected " A : R b

ngh sensitivity |- 131 analyses were performed on weekly air samples Al
results were. less than the mrnrmum detectable concentratlon

‘Cow milk samples were analyzed for concentrations.of I-131 and gamma
" emitting nuciides. All 1-131 results were below the minimum detectable -

-+ concentration. Concentrations of naturally occurring K-40 were consistent with

those detected in previous years. No fission or activation products were found.

Broad Leaf Vegetation samples were analyzed for gamma.emitting nuclides.
Concentrations of naturally occurring Be 7 and K-4O were detected No actlvatron
or flssron products were detected

Environmenta! ¢ camma radratlon measurements were performed quarterly usmg
thermoluminescent dosimeters. Levels detected were consrstent with-those
-observed in previous years. , L R e

. Review of the gamma spectroscopy results from the: surface water samples
_ located at'the Limerick intake (24S1) and downstream of the 10CFR20. 2002
- permitted storage area showed'no evidenice of’ offsrte radionuclide transport from
} the 2002 permltted storage area. :

A revrew of the TLD data for the nearest resrdence to the lndependent Spent
" Fuel Storage lnstallatlon (ISFSI) mdrcates no dlrect dose.was.received, -

A radiolcgical groundwater protection ‘program (RGPP) was establlshed in 2006
as part of an Exelon Nuclear fleetwide assessment of potential groundwater
intrusion from the operation of the Station. Well water samples were analyzed
for tritium, Sr-90 and gamma emiitters.. Addltlonally, a-select group of wells had
hard-to-detect nuclides and gross alpha and ‘gross beta analyses performed
Most tritium values were less than the lower l|m|t of detectron of 200 pCr/L

However, one well located near the Unit 1 Condensate Storage Tank had a

tritium value as high as 1,750 pCi/L. This activity was due.to a leak from the

exterior walls of both U1 and U2 condenser bays. " The condensation was
.observed dripping directly to open ground and asphalt. Water samples were

collected and analyzed for gamma |sotop|c and tritium. No .gamma emitting

nuclides were identified; however, tritium was identified at'a concentration of
. 3.90E-3 uCi/ml. Although no drinking water pathway exist, the dose from drinking
~ the water from the-well containing 1,750 pCi/L tritium was calculated at 0.18
mrem to a child (total body), which was 3.02% of the 10 CFR 50, Appendix |
dose limit. All results for Sr-90 and gamma emitting nuclides were less than
MDC.

In assessing the data gathered for this report and comparing these results with
preoperational data, it was concluded that the operation of LGS had no adverse
radiological impact on the environment.
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'Introduction +

" ,The_Limerick Generating Station (LGS), consisting of two 3,458 MWt boiling

water reactors owned and operated by Exelon Corporation, is located adjacent to
the Schuylkill River in Montgomery County, Pennsylvania. Unit No. 1 went
critical on'22 December 1984. Unit No. 2 went critical on 11 August 1989. The
site is located in Piedmont countryside, transversed by numerous valleys
containing small tributaries'that feed into the Schuylkill River. . On the eastern
river bank elevation rises from approximately 110 to 300 feet mean sea level
(MSL). On the western river bank elevation rises to approxrmately 50 feet MSL

. to the western site boundary.

A Ftadrologlcal Envrronmental Monrtorrng Program (REMP) for LGS was mrtrated

in 1971. Review of the 1971 through 1977 REMP data resulted in the
modification of the program to comply with changes in the Environmental Report

Operating Liceénse Stage (EROL) and the Branch Technical Position Paper (Rev.

1, 1979). The preoperational period for most media covers the periods 1.

“January 1982 through 21 December 1984 and was summarized in a separate
.report. This report covers those.analyses performed by Teledyne Brown. .

Engrneenng (TBE),. Global Dosrmetry, and Env:ronmental Inc. (Midwest Labs) on
samples collectec. durrng the perrod 1 January 2009 through 31 December 20009.

On 6 July 1996 a 10CFR20.2002 permit was rssued to erenck for storage of
slightly contaminated soils, ‘sediments and sludges obta.ned from'the holding
pond, cooling tower and spray pond sysiems. These materials will decay to

. background while.in storage. ; Final drsposrtron will be determined at Station
\decommrssronrng [ S R S SO o

- On 21 July 2008 an ISF%! pad was. put mto service.. The ISCSI is dry cast

storage where. spent nuclearfuel is.stored. ‘ e e
A. Objectlve of the REMP o

- The objectrves of the REMP are tor
1. Provide data on measurable levéls of radratron and radroactrve
_’ ‘materrals in the srte environs;

, 8 £
. e [

" 2. Evaluate the relatronshrp between quantltles of radioactive material
S (released from the plant and resultant radratlon doses to mdrvrduals
from principal pathways of exposure



B.-

Implementatlon of the Objectives

The |mplementat|on of the objectlves is accompllshed by

1. 'ldentlfylng Slgnlflcant exposure pathways . -
2. . Establishing baseline radiological data of medla W|th|n those
pathways. 4 d
3. Continuously monitoring those media before and during Station

operation to assess Station radiological etfects (|f any) on man and
the enwronment '

1. Program Description

A.

Sample Collectlon

Samples for the LGS REMP were collected for Exelon Nuclear by

Normandeau Associates, Inc. (NAI). . This section descrlbes the general
collection methods used by NAI to obtain environmental 'samples for the
LGS REMP in 2009. Sample locations and- descnptlons can be found in

: Tables B—1 and B-2, and Figures B—1 through B-3,:Appendix B. The

collection procedures used. by NAl are I-sted in Table B-3:

. “-Agquatic Environment

The aquatic environment was évaluated by performing radiological

analyses on-samples of surface-water, -drinking,water, fish, and sediment.
‘Two-galion water samples were collected montnly from continuous

samplers located at three 'surface water locatioris (10F2, 13B1 and 24S1)
and four drinking water-locations (1 5F4,15F7, 16C2, and 28F3). Control
locations were 24S1, and 28F3. All samples were collected in new

‘unused plastic bottles, which were rinsed atileast twice with source water
- prior to.coliection. .Fish samples comprising.of the flesh’ of two groups,

catfish/bullhead (bottom feeder) and sunfish (predator), were. collected
semiannually at two locations, 16C5 and 29C1 (control). Sediment

- samples composed of:recently-deposited substrate were coliected at three

locations semiannually, 16B2; 16C4.and 33A2 (contral).

‘, Atmospherlc Envnronment

= *"The atmospheric’ enwronment was’ evaluated by performlng radlologlcal
. dnalyses on samples of air particulate, airboine iodine, and milk. Airborne

iodine and particulate samples were collected aihd analyzed weekly at five
locations.(10S3,.11S1, 13C1, 14S1, and 22G1). The control location was
22G1. Airborne iodine and particulate samples were obtained at each
location, using a vacuum pump with charcoal and glass fiber filters

" 'attached The pumps were. run continuously and sampled air at the rate

of approximately one cubic foot per minute. The filters were replaced
weekly and sent to the laboratory for analysis.
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Milk samples were collected biweekly at five locations (10F4, 18E1, 19B1,

23F1, and 25C1) from April through November, and monthly from

December through March. Two additional locations (25E1 and 36E1)

were sampled quarterly. Locations 36E1 and-23F1 were controls. All

samples were collected in new unused two gallon plastic bottles from the

" bulk tank at each lccation, preserved with sodium brsulfrte and shipped
promptly to the laboratory. e

) Broad Leaf Vegetation was collected monthly at three locations (11S3,
13S3 and 31G1). The control location was 31G1. Eight different kinds of
vegetation samples were collected and placed in-new unused plastic
bags, and sent to the laboratory for analysis.

Ambient Gamma Radiation

. Direct radiation measurements were made usmg Panasonrc 814 calcium
" -sulfate (CaSO4) thermoluminescent dosimeters (TLD) The TLD locations

. "_'zwere placed on and around the LGS srte as rollows:

’ f-A site bounc:arv ring consrstrng of 16 locations (36S2, 351, 581 781,

1083, 11S1, 1352, 1481, 1852, 21S2; 2352, 2552, 26S3, 2981 3151

and 34S2)-near and within the site perimeter representing fence post

doses (i.e., at locations where the doses will be potentrally greater than
~ maximum annual off——srte doses) from LGS releases

‘An rntermedrate drstance ring consrstrng of 16 lecations (36D1, 2E1, 4E1,
7E1, 10E1, 10F3, 13E1, 16F1; 19D1, 20F1, 24D1, 25D1, 28D2, 29E1
31 D2 and.34E1) extending to approxirnately 5 miles from the site
designed to measure possrbie exposures lo close -in populatron

+ The balance of ergnt Ioeatlons (5H1 6C1 901 1301 15D1 17B1, 20D1

. and 31D1) representiing control and spemal mterests areas such as
- population cemers, schools ‘etc. : -

I

The specrfrc TLD locatron were determmed by the foIIowrng criteria:
1.  The’ presenc,e of’ relatlvely dense populatron ’ o

2. Site meteorological data taking into account distance and elevation
for each of the sixteen—22 1/2 degree sectors around the site,
where estimated annual dose from LGS, if any, would be most

' ~ significant; :
-3 On hills free from Iocai obstructrons and wrthrn srght of the vents
' ~ (where practical);

4. And near the closest dwellmq to the vents in the prevarlrng
downwrnd direction. . .



-~ Two TLDs — each comprised of three CaSO, thermoluminescent
phosphors enclosed in plastic — were placed-at each location in a PVC

+ conduit located approximately three feet above ground level. The TLDs
ware exchanged quarterly and sent to Global Dosimetry for analysis.

10CFR20. 2002 Permit Storaqe Area
The results of the surface water sampling program were used to -

4

= " determine’if radioactive nuclide transport from the storage area into the

'Schuylkill River had occurred..

Independent Spent FueI Storaqe Installatron (ISFSI)

The results from tne TLD location 36S2 were used'tc determine the direct
radratlon exposure to the nearest resrdence from the ISFSI pad.

Sample Analveus S L

- This section describes the general analytioal methodologres used by TBE
* . and Midwest Labs to analyze the environmental samples for radioactivity
for the.LGS REMP in 2009. The. analytrcal procedures used by the
) Iaboratorres are Ilsted in Table B- 3 v

- in order to achieve’ the stated objectrves the current program mcludes the

" following analyses Lo

1. Concentrations of beta em|tters |n dr|nk|ng water and air

pariiculates. B
2. Concentrations of gamma emitters inf surface and drinking water,

air particulates milk, fish, broad leaf vegetation and sediment.
.8.. . -Concentrations of tritium i surface’and dnnkrng water.
Concentrations of I-131 in air and milk.

5. . Amb.ont gamma radiation Ie\els at varrous S|te environs.

- Data Interpretatron

The radiological and dlrect radlatron d'tta LoHected prior to LGS becoming
operational was used as a baseline with which these operational data

- were:compared. For the purpose of this report,:LGS was considered

* operational at initial criticality. In addition, data were compared to
previous years' operational data for consistency and trending. Several
factors were important in the interpretation of the data

17 Lower Limit of Detectron and Minimum Detectable Concentratron

The lower limit of detection (LLD) was defined as the smallest
concentration of radioactive material in a sample that would yield a
net count (above background) that would be detected with only a

6



5% probability of falsely concluding. that a blank observation
represents a "real" signal. The LLD was intended as a before the
fact estimate of a system (including instrumentation, procedure and
sample type) and not as an after the fact criteria for:the presence of
‘activity. All analyses were designed to-achieve the required LGS .
detection limits for environmental sample analysrs

_ The minimum detectable concentration (MDC) was defined as
. above with the exception that the. measurement is an-after the fact
estimate of the presence of activity.

Net Activity Calculation.and Reporting of Results

Net activity for a sample was calculated by subtracting background
- activity from the sample activity. Since the REMP measures
extremely small changes in radloactrvrty in the envrronment
background variations may resuit in sample actrvrty being lower
than the baciground.activity affecting.a negative number. An MDC

- «.was reported.in all cases where positive activity was not detected.

* "I o positive activity was detected, then gamma spectroscopy

MDC results for each type of samplé were grouped as follows:

- For surface and drinking water twelve nuclides, Mn-54, Co-58,
Fe-59, Co-60, Zn-65, Zr-95, Nb-95, 1-131, Cs-134; Cs-137,
Ba 140 and La 140 were reported

For frsh nrne nuclrdes K 40 Mn 54 Co- 58 Fe-59, Co-60, Zn 65,
1-131, Cs-134, and Cs-137 were reported.

For sediment ahd broad leaf vegetation eight nuclides, Be-7,
- K-40, Mn-54, Co-58; C0-60,1-131, Cs 134, and Cs-137 were
reported '

T

- For air. partrculate six-nuclides, Be-7, Mn-54, Co-58, Co- 60
'Cs-134, and Cs-137 were reported.

For milk five nuclides, K- 40 Cs 134 Cs 137 Ba 140 and La 140
‘ were reported ,

Means and standard devratrons of, posrtrve results were calculated.
-~ The standard deviations represent the variability of measured
resutts for different samples rather than single analysrs uncertarnty

Program Exceptrons

R .,‘For 2009 the LGS REMP had a sample recovery rate in excess of 99%.
Exceptrons are listed below:

- Air sample from location 14S1 for the week 3/3/09 — 3/9/09
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,‘ ‘malfunctlon
" 03/22/09 — 03/28/09

was not available due to equnpment malfunction (IR 00893287).

Air sample from location 11S2 for the week 4/20/09 — 4/27/09
was not available due to equipment malfunctlon (IR 00915359)

Air sample from location 10S3 for the week 5/18/09 5/26/09
was not available due to equipment malfunction (IR 00925392)

Air samples from location 11S1 for the week 7/6/09 ~'7/13/09

" and 07/20/09 — 07/27/09 were not avallable due to equnpment

malfunction (IR 00944071)

Air sample results from location 1152 for the week of 8/3/09 —
8/10/09 were not available due to the loss of sample dunng
processing. |

Grab samples were taken for the composite surface water. sampler
at location 13B1 during the following perlods due to equlpment
malfunction or frozen sample line: - '

02/01/09 — 02/18/09

- 03/01/09 — 03/14/09
"03/29/09 04/04/09‘?
_.05/ 1 7/09 05/23/09 :

08/30/09 — 09/05/09
10/11/09 — 10/17/09

A grab sample was taken for the composne surface water sampler
at location 24S1 during th'e week of 02/01/09 02/07/09 due to

equipment malfunction.

Grab samples were taken for the compo._,nte drinking water 'sampler
at location 16C2 durlng the followmg penods due to equnpment

w. "
S

12/20/09 - 01/02/10 C

Only two broad leaf vegetation sa'm'blles‘ were 'cellected at Station
1158 during the month of September. Collards were not available.

Milk sample stations 23F1 and 25C1 showed positive I-131 activity

" on11/03/09. The elevated activity can be attributed to a naturally

occurring isotope that was not compietely separated from the
sample. The activity is considered to be a false positive data point
(IR 01039780).

- Each program exception was:reviewed to understand the cauees of the

- program exception. : Sampling and maintenance errors were reviewed with

8



« ¢ the personnel involved to prevent recurrence. Occasional equipment
. breakdowns and power outages were unavoidable.

@ ;;'The overall sample recovery rate indicates that the appropriate
. procedures and equipment are in place to assure relrable program

o “implementation.
E. Program Changes

1.
2.

q -

Milk farm Station 25E1 went out of busmess in 2009

Surface water Station 10F2 was shut down until further notice.
This location is sampled only when LGS draws water from the
Delaware Rrver for coolrng purposes.

A Resu.ts and Drscussron '

A. Aquatrc Envrronment

1.

Surface Water

Samples were taken from a continuous sampler at two locations
(13B1 and 24S1) on a monthly. schedule. ‘Of these locations only
13B1 located downstream, could be affected by Limerick’s effluent
releases. The following analyses were performed.

Tritium
Monthly samples from all locatlons were’ composrted quarterly and

analyzed. for tritium actrvrty (Table C-i.n, Appendrx C) All results
were less’ than the l\/IDC :

=Gamma Spectrometrv o

Samples from all locatrons were analyzed for gamma emitting
nuclides (Table C-l.2, Appendrx C) Ali nuclrdes were less than the
MDC.

Dnnkrng Water

l\/onthly samples were collected from pontrnuous water samplers at
four locations, (15F4, 156F7, 16C2, and 28F3). Three locations

" (15F4, 15F7, and 16C2) could be affected by Limerick’s effluent
releases. The following analyses were performed

Gross Betd

Samples from all locations were analyzed for concentrations of
total gross beta (Tables C-Il.1, Appendix C). The values ranged

9



3.A

_4. .",

o7

“from 2.3 to 7.4.pCi/L. -Concentrations detected were consistent
with those detected in prevrous years (Figure C-1, Appendrx C).
Trltlum ‘ o a
Monthly samples‘from all locations were composited quarterly and
.analyzed for tritium .activity (Table C-II.2, Appendix C). One of 16

. samples had a value of 168 pCi/L, which is less than the required

200 pCi/L LLD requirement. All other results were less than the
MDC.

Gamma Spectrometry

Samples from all locations were analyzed for oamma emlttlng
nuclides (Table C-I1.3, Appendrx C) All nuclides were less than
the MDC. _ »

F|sh

- Fish samples comprlsed of catflsh/bullhead (bottom feeder) and
sunfish (predator) were collected at'two locations (16C5 and 29C1)

"inthe spring arid fall season. Location 16C5 could be affected by

ererrck’s effluent releases The followrng analysis was performed:
Gamma Spectrometrv

The edible portion of frsh samples from both locations was
analyzed for gamma emitting nuclides (Table C-ll.1, Appendix C).
Naturally occurring K-40 was found at all stations and ranged from

2,220 to 4,350 pCl/kg wét and was consustent with levels detected
" in previous years.. No other gamma emrttrng nuclidesswere found.
A Hlstorloal leyels of Cs f(j?ﬁare,shown:ln Figure C-2, Appendix C.

Sed'ment o .t e ‘:.‘ TR

Aquatlc sedlment samples were collected at three locations (16B2,
"16C4 and 33A2) semrannually Of these locations two, 16B2 and
'16C4, located downstream could be affected by Limerick’s effluent
releases The foIIowmg analysrs was performed

" Gamma: Spectrometrv R

‘Sediment samples from all three locations were analyzed for

- gamma emlttlng nuclides: (Table C=IV.1; Appendix C). Nuclides
‘detected were' naturally occurrrng Be-7, K 40 and the frssron
product Cs-137.

Beryllium-7 was found at locations.16B2 and 16C4 and ranged
from 1,660 to 1,990 pCi/kg dry. Potassrum 40 was found at all
‘locations and ranged from 11,800 to 17,800 pCi/kg dry. The fission
product Cs-137 was found at all locations and ranged from 83 to

10



166 pCi/kg dry. The Cs-137 activity found at16B2 and 16C4 is

. attributed to LGS radioactive effluent releases. The dose to a
teenager's skin and whole body was conservatively calculated at
4.36E-04 mrem and 3.74E-04 mrem, respectively. This dose
represents 2.18E-03% and 6.23E-03%, of the Appendix | to 10
CFR Part 50 dose limits, respectively. ‘The activity detected was
consistent with those detected in the pre—operational years.
(Figure C—4, Appendix C). No other Limerick fission or activation
products were found.

B. Atmosphenc Envrronment
i 1. Arrborne
a. Air Partrculates

. Grosc Beta

Continuous air particulate samples were collected from five
locations on a weekly basis. The five locations were
separated.into three groups: Group | represents locations

within the LGS site boundary (10S3, 11S1, and 14S1),

Group I represents the Iocatron at an intermediate distance

N . from the, LGS site (1301) and Grouo Il represents the
" control location at a remote distance from LGS (22G1). The

following analyses were performed

BT P SIS

P

i Weekly samples were anaIy7ed for concentrations of beta
, emitters (Table C—\/ 1 and C—V 2, Appendrx C).

" Detectable gros"s beta actrvrty was observed at all locations.

The results from the On Site locations (Group |) ranged from

. -8 E-310 29 E-3 pCi/m® with a mean of 15.8 E-3 pCi/m°.
i “The results from the, intermednate Distance locatron
' .“(Group 1) ranqed from 8 E-3 to 34 E-3 pCi/m? with a mean
. -of 16.3E-3 pCr/m The résults from the Drstant locations
{(Group il ranged from 8 E-3 to 31 E-3 pCi/m° with a mean

of 15.9 E=3 pCi/m®’ Comparison of the 2009 air particulate

. - data with previous year’s data indicate no effects from the
. operatlon of LGS. (Figure. C—4, Appendix C). In addition, a
. .comparison of the week!y mean values for 2009 indicate no

notable differences among the three groups (Figure C-5,
Appendix C). '

- Gamma Spectrometlry =

Weekly samples were composited quarterly and analyzed
for gamma emitting nuclides (Table C-V.3, Appendix C).
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-Naturally occurring Be-7 due to cosmic ray activity was
. detected in all samples Thease values ranged from 55 E-3

to 125 E-3 pCi/m®. All other nuclrdes were Iess than the
MDC.

‘Airborne Iodine

b. )

' Continuous air samples weré collected from five locations
(1083, 1181, 1481,13C1, and 22G1) and analyzed weekly
for 1-131: (Table C—VI 1, Appendix C).. AII results were less

, than the MDC. - < ,
2 Terrestrial .
- a. Mik:

L Samples were collected from frve Iocatrons (1OF4 18E1,
19B1, 23F1, and 25C1) brweekly Aprll through November
and monthly December through March. Samples from one

‘ additional location (36E1) were taken quarterly- The
following analyses were: performed -
lodine-131" S SRS 1

. Mrlk samples from all Iocatrons were analyzed for
concentratlons of I-131 (Table C—yll 1, Appendlx C). Al
results were'léss than the’ MDC. ™

© uamrna Spe"trom\,try _

_ Each mrlk sample was analyzed for concentrations of
-gamma emlt’rlng nuclrdes (Table C—VII 2, Appendix C).
Naturally occurring K-40 activity‘Was found in all samples
and ranged from 1,090 fo 1,620 pCr/L All other nuclides
were less than the MDC.

~ Broad Leaf Vegetation' BUSEES

. ;Three types of broad lea* vegetatron samples were collected
from three locations (1 1S3, 1383 and 31G1) monthly from

June through September. The foIIowrng analysrs was
performed: :

: ‘uamma Spectrometrv

Each broad leaf vegetatron sample was analyzed for
concentrations of gamma emitting nuclrdes (Table C-VIII1,

. Appendix C).

| "Cosmo'génic,,Be-7 was found in 15 of 20 samples and ranged

from 157 to 3,000 pCi/kg wet. Naturally occurring K-40 was
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found in all samples and ranged from 2,650 to 10,300 pCi/kg
-+ wet. All other nuclrdes were less than the MDC.

" Ambient Gamma Radiation

Ambient gamma radiation levels were measured utilizing Panasonic 814
(CaS0.) thermoluminescent dosimeters. Forty TLD locations were
established around the site. . Results of TLD measurements are listed in
Tables C~1X.1 to C~IX.3, Appendix C. '

Most TLD measurements ware below 10 mR/standard month, with a
range of 4.8 to 11.5 mR/standard month. A comparison of the Site
Boundary and Intermediate Distance data to the Control Location data,
indicate that the ambient gamma radiation levels from the Control
Location 5H1 were consistently higher to all-other locations. other than
1382, Location 13S2 historically shows higher ambient gamma radiation,
which i§ assumed due to 'the rock substrate.” The area that this TLD is

‘ "_';’;Iocated in has been determrned to emanate radon prodingy.

The' hiStOI’ICdl ‘ambient gamma radiation data from Location 5H1 were
plotted along with similar data fror the Site, Intermediate Distance and
Outer Ring Locations (Figure C—6, Appendix. C). Location 5H1 has a
historical high bias, but tracked with the data from all three groups. This
blas is most likely due 1o radon emanatrng from the ground

10 CFR 20. 2002 Permrt Storage Area

“The results of the surface water.aquatic: monrtorrng program from Location
2451 were used to determlne if radloactrvrty from the permit storage area
‘had made it to the Schuylkrll River.” The data obtained from the gamma
analysis program did not detect: any migration-of radroactrvrty from the
permit storage area. . . .,

'lndependent"Spent fFueI_jSto_rage"'lns,tallation 4

The result of the ambient gamma radiation level at TLD location 36S2 was
_used to determine the direct radiation exposure to the nearest residence
“from the ISFSI pad The data after subtractrng background, shows the
net direct radlatron exposure to the nearest residence was zero mrem.

Land Use Survey

A Land Use Survey conducted in August 2009 around Limerick
_Generating Station (LGS) was performed by Normandeau Associates, Inc.
for Exelon'Nuclear to comply with Bases 3.3.2 of the Limerick’s Offsite

* Dose Calculation Manual. The purpose of the survey was to document
the nearest resident, milk producing animal and garden of greater than

- 500 2 in each of the sixteen 22 ¥ degree sectors around the site. The
gardens in the NE and SSE,sectors are further away than 2008. The
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distance and direction of all locations from the LGS reactor buildings were
positioned using Global Positioning System (GPS) technology. There
were no changes required to the LGS REMP, as a result of this survey.
The results of this survey are summarized below.

Distance in miles from the LGS Reactor Buildings

Sector Residence i+ Qarden . Milk Farm
_ Miles ., Miles | . . Miles
1N , 0.6 .18 . 4.7
2 NNE 0.5 - 1.8 ' -
3NE 0.7 o 34
4 ENE 0.7’ - ¥ 4
5E 0.6 2.4
6ESE - . 05 . .03 !
-~ 7SE . 07 02 L
8 SSE | 1.0 R I R o -
98 1.0 ' RCE I AL “: 4.2
10 SSW 0.8 1.0 2.0 "
11 SW 1.0 1.0 ) -
12 WSW . 0.8 T L dige .27
- A3 W - P . 0.7+ ML ‘ 0. 8 ‘ "‘[,_ X . 2.8 :
14 WNW - 2,07 0T . - -
. 15NW \ Y A 16
16 NNW' o7 o ’““13-*

'."Summary of Results Inter Iaboratory Comparlson Program

~ The primary and’ secondary laboratories analyzéd Performance
Evaluation (PE) samples of.air-particulate, air iodine, milk, soil, vegetation
- and water matrices, for 18 and 14 analytes, respectively (Appendix E).

The PE samples supphed by Analytlcs Inc., Enwronmental Resource
Associates (ERA) and DOE’s MAPEP were evaluated against the
following pre-set acceptance crltena '

1. AnaIytlcs Evaluatlon Crltena C e

‘Analytics’ evaluation report prowdes a ratlo of TBE’s result and

. Analytics” known value. Since:flag-values are not assigned by
+ . -Analytics, TBE-ES ‘evaluates:the reported ratios based on internal
- QC requirements, which are: based on the DOE MAPEP criteria.

2. ERA Evaluation Cntena &

ERA’s evaluatlon report provndes an acceptance range for control
and warning limits with associated flag values. ERA’s acceptance
Jlimits are established per the USEPA NELAC state specific PT
program requirements or ERA’s SOP for the Generation of
Performance Acceptance Limits, as applicable. The acceptance
limits are either determined by a regression equation specific to
each analyte or a fixed percentage limit promulgated under the
appropriate regulatory document.
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DOE Evaluation Criteria

"MAPEP’s e'valua;ioh report provides an acceptance range with

associated flag values.

The MAPEP defines three levels of performance: Acceptable
(flag = “A”"), Acceptable with Warning (flag = “W”"), and Not

- Acceptable (flag = “N”). Performance is considered acceptable

when @ mean result for the specified analyte is + 20% of the
reference value. Performance is acceptable with warning when a
mean result falls in the range from + 20% to + 30% of the reference
value (i.e., 20% < bias < 30%). If the bias is greater than 30%, the
results are deemed not acceptable.

For the primary laboratory, 17 out of 18 analytes met the specified
acceptance criteria. One sample did not meet the specified acceptance
- criteria for the following reason: B

Teledyne Brown Engineering’s Analytics June 2009 Zn-65 in AP
result of 137 pCi/L was higher than the known value of 101 pCi/L,
resulting in a found to known ratio of 1.36. NCR 09-23 was
initiated to investigate this failure. The failure appears to be a
result of a slightly high bias on Detector 7. A recount on Detector
17 resulted'in a Zn-65 result of 107’ pCi/L. The detector has been

- tagged out-of-service until & recalibrstion can be performed.

Detecter 7 is:riot used. “for client sampies: - -

For the secondary laooratory, Envrronmental lnc 11 out of 14 analytes
met the specmed acceptance crltena Four samoles did not meet the
specified acceptance cmena for the foIIowmg reason "

1.
- 147.7 pCi/L._exceeded the lower control limit-of 151.0 pCi/L. All

Environmental Inc.’s ERA April 2009 Cs-137 in water result of

gamma emitters:showed a low bias. A large plastic burr found on

+ the base of the-Marinelli kept the béaker from sitting directly on the
. detector. Recounting in a different. beaker gave an acceptable

result of 155.33 +14.55 pCi/L.

Environmental Inc.’s ERA April ; 2009 H 3 in water result of 22,819
pCi/L exceeded the upper control limit of 22, 300 pCi/L. A recount:
of the original vials averaged 23,009 pCi/L. Reanalysis results
were acceptable at 19,170 pCi/L. No cause could be found for the
fallure

. I
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3. Environmental Inc.’s MAPEP January 2009 Sr-90 in AP result of
0.93 exceeded the upper control limit of 0.83. Reanalysis results
were acceptable at 0.54 + 0.12 Bg/filter. No cause could be found
for the failure.

4. Environmental Inc.’s MAPEP July 2009 Sr-90 in soil result of 310.5
Ba/kg exceeded the lower control limit of 319 Bg/kg. Reanalysis
results were acceptable at 363.3 Bg/kg. Incomplete separation of
strontium from.calcium could result in a higher recovery percentage
and consequently lower reported activity.

The Inter-Laboratory Comparison Program provides evidence of “in
control” counting systems and methods, and that the laboratories are
producing accurate and reliable data.

V. References

1. Environmental Report Operating License Stage, Limerick Generating
Station, Units 1 and 2, Volumes 1-5 Phlladelphla Electric Company.

2. Branch Technical Posmon Paper Regulatory Guide 4.8, Revision 1,
November 1979. .

3. Pre-operational Radiological Environmental Monitoring Program Report,
Limerick Generating Station Units 1 and 2, 1 January 1982 through 21
December 1984, Teledyne Isotopes and Radlatlon Management

Y Corporation.  ©. “hnieT SRR :
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RADIOLOGICAL ENVIRONMENTAL MONITORING
REPORT SUMMARY



TABLE A-1 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY FOR
THE LIMERICK GENERATING STATION, 2009

Name of Facility: LIMERICK GENERATING STATION DOCKET NUMBER: 50-352 & 50-353
Location of Facility: MONTGOMERY COUNTY PA REPORTING PERIOD: 2009
INDICATOR CONTROL LOCATION WITH HIGHEST ANNUAL MEAN (M)
LOCATIONS LOCATION

MEDIUM OR TYPES OF . NUMBEROF  REQUIRED  MEAN (M) MEAN (M) MEAN (M) STATION # NUMBER OF

PATHWAY SAMPLED  ANALYSIS ANALYSIS  LOWERLIMIT (F) (F) (F) NAME NONROUTINE

(UNIT OF PERFORMED PERFORMED OF DETECTION RANGE RANGE RANGE DISTANCE AND DIRECTION REPORTED

MEASUREMENT) (LLD) MEASUREMENTS

SURFACE WATER H-3 8 200 <LLD <LLD - 0

(PCULITER)

. GAMMA 24

MN-54 15 <LLD <LLD - 0
CO-58 15’ <LLD <LLD 0
FE-59 30 <LLD <LLD - 0
CO-60 15 <LLD <LLD - 0
ZN-65 30 <LLD <LLD - 0
NB-95 15 <LLD <LLD 0
ZR-95 30 <LLD <LLD - 0
i-131 15 <LLD <LLD - 0
CS-134 15 <LLD <LLD - 0
CS-137 - 18 <LLD <LLD - 0
BA-140 " 60 <LLD <LLD . 0
LA-140 15 <LLD <LLD - 0

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES
FRACTION OF DETECTABLE MEASUREMENTS AT SPECIFIED LOCATIONS IS INDICATED IN PARENTHESES (F)
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TABLE A-1 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY FOR
THE LIMERICK GENERATING STATION 2009

Name of Facility: LIMERICK GENERATING STATION
Location of Facility: MONTGOMERY COUNTY PA

DOCKET NUMBER 50-352 & 50-353
REPORTING PERIOD:

INDICATOR CONTROL
LOCATIONS LOCATION

2009
LOCATION WITH HIGHEST ANNUAL MEAN (M)

MEDIUM OR TYPES OF NUMBER OF  REQUIRED  MEAN (M) MEAN (M) MEAN (M) STATION # ‘ NUMBER OF
PATHWAY SAMPLED  ANALYSIS ANALYSIS - LOWERLIMIT (F) F) (F) NAME NONROUTINE
(UNIT OF PERFORMED PERFORMED OF DETECTION RANGE RANGE RANGE DISTANCE AND DIRECTION REPORTED
MEASUREMENT) ) (LLD) ) MEASUREMENTS
DRINKING WATER GRB 48 4 4 3.6 42 15F7 INDICATOR 0
(PCULITER) ‘ (34/36) ©/12) (12/12) PHOENIXVILLE WATER WORKS
(2.3/7.4) (3.0/4.2) {2.8/6.3) 6.33 MILES SSE OF SITE
H-3 16 200 168 <LLD 168 15F7 INDICATOR 0
(1/12) (1/4) PHOENIXVILLE WATER WORKS
: . 6.33 MILES SSE OF SITE
"GAMMA 48 o
MN-54 15 <LLD <LiD - 0
CO-58 15- <LLD <LLD - 0
FE-59 30 <LiD <LLD - 0
CO-60 : 15 <LLD <LLD ; 0
ZN-65 30 <LLD <LLD - 0
NB-95 15 <LLD <LLD - )
ZR-95 .. 30 <LLD <LLD - 0
1-131 15 <LLD <Lb . - 0
Cs-134 15 <LLD <LLD . 0
Cs-137 o ’ 18 <LLD PR 0
: BA-140 60 <o, <D - . o
<LLD <LLD - 0

LA-140 15

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES
FRACTION OF DETECTABLE MEASUREMENTS AT SPECIFIED LOCATIONS IS INDICATED IN PARENTHESES (F)
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TABLE A-1 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY FOR
THE LIMERICK GENERATING STATION, 2009

Name of Facility: LIMERICK GENERATING STATION DOCKET NUMBER: 50-352 & 50-353
Location of Facility: MONTGOMERY COUNTY PA REPORTING PERIOD: 2009
INDICATOR CONTROL LOCATION WITH HIGHEST ANNUAL MEAN (M)
LOCATIONS LOCATION

MEDIUM OR TYPES OF ' NUMBER OF REQUIRED  MEAN (M) MEAN (M) MEAN (M) STATION # NUMBER OF
PATHWAY SAMPLED  ANALYSIS ANALYSIS LOWER LIMIT (F) F) F) NAME . NONROUTINE
(UNIT OF PERFORMED PERFORMED OF DETECTION RANGE RANGE RANGE DISTANCE AND DIRECTION REPORTED
MEASUREMENT) : (LLD) MEASUREMENTS
BOTTOM FEEDER GAMMA 4
(PCI/KG WET) K-40 NA 3575 3915 3915 29C1 CONTROL 0.
’ ©@/2) ©2/2) (2/2) POTTSTOWN VICINITY
(3310/3840) (3480/4350) (3480/4350) UPSTREAM OF INTAKE
MN-54 130 <LLD <LLD - o
- .CO-58 130 <LLD <LLD - o}
FE-59 260 <LLD <LLD - 0
CO-60 130 <LLD <LLD - 0
ZN-65 260 <LLD <LLD : - o}
1-131 NA <LiD <LiD - 0
Cs-134 130 <LLD <LLD - o}
CS$-137 150 <LLD <LLD - o
PREDATOR GAMMA - - a ) , )
(PCI/KG WET) K-40° NA 3510 2785 3510 16C5 INDICATOR 0
. . (2/2) (2/2) (2/2) VINCENT POOL

(3230/3790) (2220/3350) (3230/3790) DOWNSTREAM OF DISCHARGE

MN-54 130 <LLD <LLD - L ' 0
CcO-58 130 <LLD <LLD - )
FE-59 ’ . 260 <LLD. - <LLD - . 0
~co'-so - S 130" <LLD <LLD - - -~ ) o]
ZN-65 - h © 260 <D <LLD ST S ' o
:|-13>1' - C ) I;IA . <LLD" <D - ‘ 0
Cs-134 130 <|;|_ﬂ[‘)‘ . <LLD - : _ . ‘ : o
. ) )

Ccs-137 S 150 <llD ¥ ° <LLD- . 0

* THE MEAN AND 2 STANDARD DEVIATION'VALUES ARE CALCULATED USING THE POSITIVE VALUES
FRACTION OF DETECTABLE MEASUREMENTS AT SPECIFIED LOCATIONS IS INDICATED IN PARENTHESES (F)

e, T o? L - . ..
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TABLE A-1 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY FOR
THE LIMERICK GENERATING STATION, 2009

Name of Facility: LIMERICK GENERATING STATION
Location of Facility: MONTGOMERY COUNTY PA

DOCKET NUMBER:

- REPORTING PERIOD: -+

INDICATOR CONTROL. -
LOCATIONS LOCATION

2009

50-352 & 50-353

LOCATION WITH HIGHEST ANNUAL MEAN (M)

MEDIUM OR . TYPES OF NUMBER OF  REQUIRED  MEAN (M) MEAN (M) MEAN (M) STATION # NUMBER OF
PATHWAY SAMPLED  ANALYSIS ANALYSIS  LOWERLIMIT (F) (F) F) NAME NONROUTINE
(UNIT OF PERFORMED PERFORMED OF DETECTION RANGE RANGE RANGE DISTANCE AND DIRECTION REPORTED
MEASUREMENT) , (LLD) MEASUREMENTS
SEDIMENT GAMMA 6
(PCI/KG DRY) BE-7 NA 1840 <LLD 1870 16B2 INDICATOR 0
: (3/4) (1/2) LINFIELD BRIDGE
(1660/1990) 1.35 MILES SSE OF SITE
K-40 NA 16550 13350 17200 16B2 INDICATOR 0
. ' (r4) @) (2/2) LINFIELD BRIDGE
(15500/17800)  (11800/14900) (16600/17800) 1.35 MILES SSE OF SITE
MN-54 NA <LLD <LLD . 0
CO-58 NA <LLD <«LLD 0
CO-60 NA <LLD <LLD . 0
1131 NA <LLD <LLD - 0
Cs-134 150 <o <UD : 0
Cs-137 180 128 108 153 16B2 INDICATOR 0
) (4/4) (1/2) - (2/2)" LINFIELD BRIDGE -
Co (83/166) 1.35 MILES SSE OF SITE

(139/166)

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES

FRACTION OF DETECTABLE MEASUREMENTS AT SPECIFIED LOCATIONS IS INDIGATED IN.PARENTHESES (F)



TABLE A-1 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY FOR
THE LIMERICK GENERATING STATION, 2009

Name of Facility: LIMERICK GENERATING STATION » DOCKET NUMBER: 50-352 & 50-353
Location of Facility: MONTGOMERY COUNTY PA REPORTING PERIOD: 2009 _
o ' INDICATOR CONTROL- - LOCATION WITH HIGHEST-ANNUAL MEAN (M)
LOCATIONS : LOCATION . - SRR

MEDIUM OR TYPES OF NUMBEROF  REQUIRED MEAN(M)  MEAN(M)  MEAN(M)  STATION # NUMBER OF
PATHWAY SAMPLED ~ ANALYSIS ANALYSIS ~ LOWERLIMIT (F) ) " NAME - NONROUTINE
(UNIT OF PERFORMED PERFORMED OF DETECTION RANGE RANGE HANGE DISTANCE AND DIRECTION - REPORTED
MEASUREMENT) - (LiD) - | : & MEASUREMENTS
AIRPARTICULATE  GR-B 256 10 16 16 16 13C1 INDICATOR 0
(E-3 PCI/CU.METER) g a (00/204)  (51/52) (51/52) KING ROAD '
(8/34) (8/31) (8/34) 2.84 MILES SE OF SITE
GAMMA | 20 A . , - '
BE-7 NA 85 95 95 22G1 CONTROL 0
(15/16) (3/4). (3/4) MANOR SUBSTATION
(55/125) (75/116) (75/116) 17.73 MILES SW OF SITE
Lo . ‘—I . B
MN-54 , NA <UD <LLD - 0
AIR PARTICULATE ~ CO-58 NA <UD < . o 0
(E-3 PCI/CU.METER) i - R S
CO-60 - NA <LLD <LLD - i 0
CS-134 50 <LLD <D - o 0
- C8137 < - -0 e allB - <D ¢ - 0.
AIRIODINE. - GAMMA .. 256 - : :
(E-3PCHCUMETER) 1131 - - e are 70 <D - <liD - A . ' S0

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE-CALCULATED USING THE POSITIVE VALUES
:FRACTION.OF DETECTABLE MEASUREMENTS AT SPECIFIED LOCATIONS IS INDICATED IN PARENTHESES (F)

e,



TABLE A-1 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY FOR
THE LIMERICK GENERATING STATION, 2009

Name of Facility: LIMERICK GENERATING STATION DOCKET NUMBER: 50-352 & 50-353
Location of Facility: MONTGOMERY COUNTY PA REPORTING PERIOD: 2009
ANDICATOR CONTROL LOCATION WITH HIGHEST ANNUAL MEAN (M)
LOCATIONS LOCATION

MEDIUM OR TYPES OF NUMBER OF  REQUIRED  MEAN (M) MEAN (M) MEAN (M) STATION # NUMBER OF
PATHWAY SAMPLED  ANALYSIS ANALYSIS  LOWERLIMIT (F) = - F F) NAME NONROUTINE
(UNIT OF PERFORMED PERFORMED OF DETECTION RANGE ~  RANGE RANGE DISTANCE AND DIREGTION REPORTED
MEASUREMENT) (LLD) MEASUREMENTS
MILK 1-131 109 1 <LLD “e: <LLD - 0
(PCULITER)
GAMMA 109 . e
K-40 NA 1252 1258 1271 10F4 INDICATOR 0
(84/84) . (25/25) (21/21)
{1090/1450)  (1150/1620)  (1170/1450)  6.60 MILES ESE OF SITE
Cs-134 . 15 L <LLD y 0
CS-137 18 <D <LD - 0
BA-140 80 TAD .0 7. <D S 0
LA-140 15 <LLD B 0
VEGETATION GAMMA 20
(PCVKG WET) BE-7 NA 1283 w1283 31G1 CONTROL , 0
ICARD (7/9) s o (719)
*(15'7/519) (308/3000) ' ., (308/3000)
K-40 NA 4980 - 8457 1353 INDICATOR 0
T (9/9) - (3/3) VINGENT DAM
. 2
(B50/10300]  (3430/5940)  (5950/10300)  0.24 MILES SE OF SITE
MN-54 NA <077 <l - » > .o
cO-58 NA <LLD. - . <LLD . o
CO-60 NA <LLD PTT ) . o : 0
131 ‘ 60 <D’ . <UD - - : o
cs-134 ' 60 <LLD * <LLD - _ ‘ 0
cs-137 : 80 T R R . ) 0
DIRECT RADIATION TLD-QUARTERLY 160 NA 71 85 - - 108 - 1352 INDICATOR o
(MILLI-ROENTGEN/STD.MO.) (156/156) (a/4) (4/4) " 500 KV SUBSTATION

(4.8/11.5) (7.9/9.4) (9.9/11.5) 0.41 MILES SE

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES
FRACTION OF DETECTABLE MEASUREMENTS AT SPECIFIED LOCATIONS IS INDICATED IN PARENTHESES (F)
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APPENDIX B

LOCATION DESIGNATION, DISTANCE &'
DIRECTION, AND SAMPLE COLLECTION & -
ANALYTICAL METHODS



TABLE B-1: Location Designation and Identification System for the Limerick Generating
Station ‘ :

XXYZ General code for identification of locations, where:

XX - Angular Sector of Sampling Location. The compass is divided into 36 sectors of
10 degrees each with center at Limerick's Units 1 and 2 off-gas vents. Sector 36
is centered due North, and others are numbered in a clockwise direction.

Radial Zone of Sarhpling Location (in this report, the radial distance from the
Limerick vent for all regional stations).

<

. on-site location E : 4-5 miles off-site

: 0-1 mile off-site F : 5-10 miles off-site

. 1-2 miles off-site G : 10-20 miles off-site
: 2-3 miles off-site H : 20-100 miles off-site
: 3-4 miles off-site

Cowm>rwm

IN

Station's Numerical Designation within sector and zone, using 1, 2, 3... in each
sector and zone.



TABLE B-2: . Radiological Environmental Monitoring Program - Sampling Locations, Distance and Direction, Limerick.Generating
Station, 2009 D

Location Location Description . Distance & Direction
From Site
A. Surface Water ) . . IS T
13B1 Vincent Dam (indicator) 1.75 miles SE
24851 Limerick Intake (control) © 0.20 miles SW
10F2 Perkiomen Pumping Station (control) . 7.25miles E
B. Drinking (Potable) Water
15F4 Philadelphia Suburban Water Company (indicator) 8.62 miles SE
15F7 Phoenixville Water Works (indicator) 6.33 miles SSE
16C2 Citizens Home Water Company (indicator) 2.66 miles SSE .
28F3 Pottstown Water Authority (control) 5.84 miles WNW. ...~
c. Milk - bi-weekly / monthly ' '
10F4 : 6.60 miles ESE .
18E1 - 4.21 miles S : o
19B1 1.95 miles SSW- - - °.
23F1 Control . - . ~ 5.02 miles SW
25C1 ’ 2.69 miles WSW
D. Milk - quarterly
25E1 . - 4.27 miles WSW -
36E1 Control : g 4.70 miles N
E. Air Particulates / Air loding
1083 KeenRoad - 0.50 miles E
1181 LGS Information Center. 0.38 miles ESE
1182 LGS iInformation Center 0.38 miles ESE
13C1 King Road 2.84 miles SE -
1481 Longview Road ‘ 0.63 miles'SSE
22G1 Manor Substation (control) 17.73 miles SW
E. Fish
16C5 Vincent Pool (indicator) Downstream of Discharge
29C1 Pottstown Vicinity (control) Upstream of Intake
. E _“ . o
G. Sediment T P :
16B2 Linfield Bridge (indicator) ‘. 1.35 miles SSE
16C4 Vincent Dam (indicator) . 2.18 miles SSE
33A2 Upstream of intake (control) 0.84 miles NNW*
H. Broad Leaf Vegetation
1183 LGS Information Center 0.35 miles ESE
1383 LGS 500 KV Yard 0.24 miles SE
31G1 Prout's Jollyview Farm 13.6 miles NW



- TABLE B-2: -* . Radioiogical Environmental Monitoring Program - Sampling Locations, Distance and Direction, Limerick Generating

Statio_n, 2009

31D1 Lincoln Substation

Location Location Description Distance & Direction
From Site

H. Environmental Dosimetry - TLD

Site Boundary

3652 . Evergreen & Sanatoga Road 0.60 miles N

381 Sanatoga Road 0.44 miles NNE

581 . Possum Hollow Road 0.45 miles NE

751 LGS Training Center 0.59 miles ENE

10S3 Keen Road 0.50 miles E

1181 LGS Information Center 0.38 miles ESE

1382 500 KV Substation 0.41 miles SE

1451 Longview Road - '0.63 miles SSE

1852 Rail Line along-Longview Road 0.26 miles S

2182 Near Intake Building 0.19 miles SSW

2382 Transmission Tower 0.53 miles SW

2582 Sector Site Boundary 0.46 miles WSW

26S3 Met. Tower #2. . ; 0.40 miles W

2981 Sector Site Boundary - : 0.55 miles WNW

3181 Sector Site Boundary - » 0.26 miles NW

3482 Met. Tower #1 @ "+ <", 0.58 miles NNW

Intermediate Distance

36D1 Siren Tower No. 147 3.51 miles N

2E1 Laughing Waters GSC . 4.76 miles NNE

4E1 Neiffer Road . R 4.78 miles NE

7E1 Pheasant Road 4.26 miles ENE

10E1 Royersford Road 3.94 miles E

10F3 Trappe Substation 5.58 miles ESE’

13E1 Vaughn Substation 4.31 miles SE

16F1 " Pikeland Substation 5.04 miles SSE

19D1 Snowden Substation 3.49 miles'S

20F1 Sheeder Substation - 5.24 miles SSW

24D1 Porters Mill Substation - 3.97 miles SW -~ '

25D1 ‘Hoffecker & Keim Streets. 3.99 miles WSW

28D2 W. Cedarville Road 3.83 miles W

29E1 Prince Street 4.95 miles WNW

31D2 Poplar Substation 3.87 miles NW

34E1 Varnell Road '4.59 miles NNW

Control and Special Interest

5H1 Birch Substation (control) 24.76 miles NE

6C1 Pottstown Landing Field 2.14 miles NE

9C1 Reed Road 2.15 miles E )

13Ct King Road : 284 miesSE .. ¢

15D1 Spring City Substation 3.20 miles SE ‘

17B1 Linfield Substation 1.60 miles S+ .

20D1 Ellis Woods Road 3.06 miles SSW
3.00 miles WNW



TABLE B-3:

Radiological Environmental Monitoring Program — Summary of Sample Collection and Analytical Methods, Limerick Generating Station, 2009

Sample Analysis Sampling Method Collection Procedure Number Sample Size Analytical Procedure Number
Medium
Surface Water Gamma Spectroscopy | Monthly composite from | RMC-ERS5 Collection of water samples for 2 gallon TBE, TBE-2007 Gamma emitting radioisotope analysis
a continuous water radiological analysis (Limerick Generating
compositor. Station) Env. Inc., GS-01 Determination of gamma emitters by
. gamma spectroscopy
Surface Water Tritium Quarterly composite RMC-ERS Collection of water samples for 500 ml TBE, TBE-2011 Tritium analysis in drinking water by liquid
from a continuous water | radiological analysis (Limerick Generating scintillation
compositor. Station)
Env. Inc., T-02 Determination of tritium in water (direct -
method)
Drinking Water Gross Beta Monthly composite from [ RMC-ER5 Collection of water samples for 2 gallon TBE, TBE-2008 Gross Alpha and/or gross beta activity in
a continuous water radiological analysis (Limerick Generating - various matrices
compositor. Station) .
Env. inc., W(DS)-01 Determination of gross alpha and/or
gross beta in water (dissolved solids or total residue)
- Env. Inc., W(SS)-02 Determination of gross alpha and/or
IR - gross beta in water (suspended solids)
Drinking Water Gamma Spectroscopy | Monthly.compesite from | RMC-ERS5 Collection of water, samples for 2 gallon TBE, TBE-2007 Gamma emitting radioisotope analysis
. a continuous water radrologrcal analysis (ererrck Generalmg
compositor. Station)~ Env. Inc., GS-01 Determination of gamma emitters by
5 . . gamma spectroscopy
Drinking Water Tritium Quarterly composite RMC-ERS Collection of water samples for 500 m! TBE, TBE-2011 Tritium analysis in drmkmg water by liquid
: from a. contrnuous water radiological analysis . (erer-ck Generatmg 1 - scrntrlla’non
compositor. ] Statlon) "o
S ] - Env. Inc., T-02 Determination of tritium in water (direct . |
Lot ] : method)
Fish Gamma Spectroscopy | Semi-annual samples -RMC ERG Collectron of fish samples for 1000 grams (wet) | TBE-2007 Gamma emming radioisotope analysis
: ' collectedvia -~ - — - radrologrcal analysrs (Limerick Generating - : -
electroshockrng or other 4| Station). . . ,Env Inc GS 01 Determrnatron of gamma emitters by
| techniques - . . . .. T e ‘gamma spectroscopy
Sediment Semi-annual grab RMC-ER7 Collection of sediment samples for 500.grams (dry). -, ..

Gamma Spectroscopy

samples

radiological analysis (Limerick Generating

{ Station)

TBE, TBE-2007 Gamma emitting radioisotope analysis

Env. Inc., GS-01 Determination of gamma emitters by

-gamma spectroscopy !

Air Particulates

Gross Beta

One-week composite of
continuous air sampling
through glass fiber filter
paper

RMC-ER8 Collection of air particulate and-air

iodine samples for radiological analysis
(Limerick Generating Station)

| .1 filter. (approximately

280 cubic meters
weekly)

TBE, TBE-2008 Gross Alpha and/or gross beta actrvrty in i

| various matrices . i

Env. Inc., AP-02 Determrnatron of gross aIpha and/or grOSS‘“'
beta in air particulate frlters e e

—




TABLE B-3:

Radiological Environmental Monitoring Program — Summary of Sample Coliection and Analytical Methods, Limerick Generating Station, 2009

Collection Procedure Number -

Sample Size

Sample Analysis Sampling Method Analytical Procedure Number e
Medium e -
Air Particulates Gamma Spectroscopy | Quarterly composite of TBE, TBE-2023 Compositing of samples " 13 filters . TBE, TBE-2007 Gamma emitting radioisotope analysis
each station - (approximately.3600

- Env. Inc., AP-OS'Procedure for compositing air

particulate filters for gamma spectroscopic
analysis

; cubic meters} -

"Env. Inc GS-01 Determlnanon of gamma emitters by
. gamma spectroscopy

One-week compasite of

Air lodine Gamma Spectroscopy  RMC-ER8 Collection of air particulate and air 1 filter-(approximately | TBE, TBE-2007 Gamma emitting radioisotope analysis
o continuous air sampling * |. 'iodine samples for radiological analysis - 280 cubic meters "
through charcoal filter (Limerick Generatlng Statlon) weekly) _Env. Inc., 1-131-02 Determination of 1-131 in charcoal
) L. ) canisters by gamma spectroscopy (batch method)
Milk 1-131 ) - | Bi-weekly grab sample | RMC ER10 Collecnon of milk samples for 2 gallon - . TBE, TBE-2012 Radiciodine in various matrices
when cows are on’ : radlologlcal analysis (Limerick Generating T i - i
pasture. Monthly all Station) Env. Inc., 1-131-01 Determination of 1-131 in milk by anion
. other times o : exchange
Milk Gamma Spectroscopy | Bi-weekly greb sample RMC ER10 Collection of miic samples for 2 gallon ' TBE, TBE-2007 Gamma emitting radioisotope analysis
when cows are on radlologncal analysis (leenck Generating
pasture. Monthly all Station) Env. Inc GS-01 Determination of gamma emitters by
other times gamma spectroscopy
TLD Thermoluminescence Quarterly T_Ds RMC-ERS Collection of TL.D samples for -

Dosimetry

comprised of two
Panasonic 814
(containing 3 each
CaSQ4 elements)

:

radlologlcal analysis (leenck Generating
Station) - -

2 dosimeters

Global Dosimetry

ot
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. Figure B-1
Environmental Sampling Locations Within One
Mile of the Limerick Generating Station, 2009
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, * Figure B-2
Environmental Sampling Locations Between One and Five
Miles from the Limerick Generating Station, 2009
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Figure B-3
Environmental Sampling Locations Greater than Five
Miles from the Limerick Generating Station, 2009
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TABLE C-.1 CONCENTRATIONS OF TRITIUM IN SURFACE WATER SAMPLES COLLECTED
IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

"RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

COLLECTION 10F2 13B1 2451
" PERIOD
12/29/2008 - 03/31/2009 (1) < 159 <162
03/31/2009 - 06/30/2009 <123 <129
06/30/2009 - 09/29/2009 ' <182 <185

09/20/2009 - 12/28/2009 Co< 167 < 168
MEAN - -

(1) SEE PROGRAM CHANGES SECTIONS FOR EXPLANATION

C-1



TABLE C-1.2 CONCENTRATIONS OF GAMMA EMITTERS IN SURFACE WATER SAMPLES COLLECTED
IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA'

STC COLLECTION Mn-54 Co-58 Fe-59 Co-60 Zn-65 Nb-95 Zr-95 1-131 Cs-134  Cs-137 Ba-140 La-140
PERIOD : o

10F2 (1)

13B1  12/29/2008 - 02/03/2009 <2 <2 . <5 <2 <4 <2 <4 <7 <2 <2 <15 - <5
02/03/2009 - 03/03/2009 < 6 <7 <12 <6 <11 <6 <12 <15 <4 ~< 6 < 37 <12
03/03/2009 - 03/31/2009 < 3 <4 <8 <4 - <7 <4- <7 . <15 <4 <4 < 30 <9
03/31/2009 - 04/28/2009 < 1 <1 <3 <1 <2 - < <2 < 12 <1 <1 <18 . <5
04/28/2009 - 06/02/2009 <7 <7 <14 <6 . <16 <86 < 11 <12 <5 <5 <34 <12
06/02/2009 - 06/29/2009 < 4 <4 <9 <4 I <8 <5 <7 < 14 <4 <4 - <3 <9
06/29/2009 - 08/04/2009 < 2 <3 <6 <3 <6 <3 <5 <15 <2 <3 <25 <10
08/04/2009 - 09/01/2009 < 2 <2 <6 <2 . <1 <3 <5 < 14 <2 <2 < 22 <8
09/01/2009 - 09/29/2009 < 6 <6 <1 <5 <11 . <5 <8 <6 <5 <6 <21 . <5
09/29/2009 - 11/02/2009 < 4 < 4 <7 <5 <8 <4 <6 <5 <4 <4 < 16 <5
11/02/2009 - 12/01/2009 < 4 <4 <9 <4 <8 - <5 <8 <13 <4 <4 <29 <10
12/01/2009 - 12/28/2009 < 3 <3 <7 <2 <3 @ <2, <4 <10 <2 <2 <22 <6

MEAN - - - B - e - - - - -

2481  12/29/2008 - 02/03/2009 <1 <1 " <3 <1 < 3 <2 <3 <5 <1 <1 < 11 <3
02/03/2009 - 03/03/2009 < 3 <4 <8 <3 . <8 <4.. <7 < 11 <4 < 4 < 25 <7
03/03/2009 - 03/31/2009 <2 <3 <5 <3 <6 ' <4 <5 <11 <2 7 <3 <26 ..<7
03/31/2009 - 04/28/2009 <1 <1 <2 <1 <2 <1 <2 <10 <1 <1 <13 ° <4
04/28/2009 - 06/02/2009 < 4 <4 1< 9 <4 T <8 <% <7 < 10 <4 <5 <22 <6
06/02/2009 - 06/30/2009 < 3 <3 <8, © <3 <6 = <4 <7 <11 <3 <4 <23 <5
06/30/2009 - 08/04/2009 < 2 <3 <7 <2 <5 <3.: <5 <15 <2 <3 <26 i <10
08/04/2009 - 09/01/2009 < 2 <2 <6 <2 <4 <3.° <5 < 15 <2 <2 <25 « <7
09/01/2009 - 09/29/2009 < 4 <5 <9 <6 <10 <6 <9 <6 <5 <5 <19 <5
09/29/2009 - 11/02/2009 < 4 <5 <10 <4 <9 <4 <7 <5 <4 <4 <18 <6
11/02/2009 - 12/01/2009 < 4 <4 <11 <5 <9 <5 <8. <15 . x4 <5 < 31 <13
12/01/2009 - 12/28/2009 < 3

< 4 <7 <3 <6 <4 <7, <1t <3 <2 < 30 <6

MEAN ’ T U ST e - S - S

(1) SEE PROGRAM EXCEPTIONS SECTION FOR EXPLANATION



TABLE C-Ii.1 CONCENTRATIONS OF GROSS BETA IN DRINKING WATER SAMPLES
COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCILITER x 2 SIGMA

COLLECTION ~ 15F4 15F7 - 16C2 28F3
PERIOD ' : : :

12/29/2008 - 02/03/2009 38 +1.7 42 +17 34 £16 . 4017,
02/03/2009 - 03/03/2009 48 + 16 48 + 1.6 45 + 15 36 £15
03/03/2009 - 03/31/2009 49+ 17 53 £ 1.8 32+ 1.6 39 £16
03/31/2009 - 04/28/2009 23 +15 40 £ 16 52 + 18 31 £1.6
04/28/2009 - 06/02/2009 39 17 30 +16 28 + 1.6 34 £17
06/02/2009 - 06/29/2009 3.7 £1.8 6.3 + 2.1 74 £22 <25
06/30/2009 - 08/04/2009 46 + 1.8 52 £ 1.9 49 £1.9 40 +1.8
08/04/2009 - 09/01/2009 35 £ 17 29217 3418 3.0 17
09/01/2009 - 09/29/2009 40 +1.8 3518 <27 42 + 1.9
09/29/2009 - 11/02/2009 28 £17 49 +1.8 36 £18 35+ 18
11/02/2009 - 12/01/2009 28 =17 28 +17 32 +1.7 <24
12/01/2009 - 12/28/2009 26 = 1.8 29 +17 <25 <25

MEAN 36 17 42 +23 42'+28 36 +08

TABLE C-ll.2 CONCENTRATIONS OF TRITIUM IN DRINKING WATER SAMPLES

" COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA ~

COLLECTION 15F4 . 1sF7 T 7 1eC2 28F3
PERIOD
12/29/2008 - 03/31/2009 < 163 168 = 105 < 162 < 156
03/31/2009 - 06/30/2009 . < 131 . <18 <137 <.134
06/30/2009 - 09/29/2009 -~ < 185 <177 <185 < 189
09/29/2009 - 12/28/2009 <167 <170 <165 < 167
MEAN - . 168 - _ -

i

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES



TABLE C-Ii.3

STC

15F4

18F7

CONCENTRATIONS OF GAMMA EMITTERS IN DRINKING WATER SAMPLES COLLECTED
IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

COLLECTION
PERICD
12/29/2008 - 02/03/2009
02/03/2009 - 03/03/2009
03/03/2009 - 03/31/2009
03/31/2009 - 04/28/2009
04/28/2009 - 06/02/2009
06/02/2009 - 06/29/2009
06/29/2009 - 08/04/2009
08/04/2009 - 09/01/2009
09/01/2009 - 09/29/2009
09/29/2009 - 11/02/2009
11/02/2009 - 12/01/2009
12/01/2009 - 12/28/2009

MEAN
12/29/2008 - 02/03/2009
02/03/2009 - 03/03/2009
03/03/2009 - 03/31/2009
03/31/2009 - 04/28/2009
04/28/2009 - 06/02/2009
06/02/2009 - 06/30/2009
06/30/2009 - 08/04/2009
08/04/2009 - 09/01/2009
09/01/2009 - 09/29/2009
09/29/2009 - 11/02/2009
11/02/2009 - 12/01/2009
12/01/2009 - 12/28/2009

‘MEAN

RESULTS IN UNITS OF PCI/LITER + SIGMA

Mn-54

<2
<4
<3
<1
<6
<4
<1
<2
<4
<3
<4
<3

<2
<5
<2
<1
<5
<4
<2
<2
<6
<3

<4
<3

Co-58

<2

<5

<3
<1
<6
23
<1
<2
<4
<3
<4
<3

<2
<5
<2
<1

<6
<4
<2
<2
<5
<4
<4
<3

TAAAAAANAANAA

Fe-59

=
o

- O W 0
(=]

~N O o = o1,
o

Co-60

<2
<4
<2
<1
< 6
< 4
<1
<2
<4
<3
<4
<2

<2
<4
<2
<1
<4
<5
<1
<2
<6
< 4
<.4
<3

Zn-65

<4
<8
<5
<1
< 14
<8
<2
<4
<6
<6
<8
<6

<3
<8
<4
<2
<8
<9
<4
<4
<12
<7
<9
<6

Nb-95
<2
<5
<3
<1
<6
<5
<1
<3
<5
<3
<4
<3

<2
<5

<2

<1
<6
<5
<2
<2
$6
<4

<5..

<4

2r-95

<4
<8
<5

<2

<9
<7
<2
<4
<8
<5
<8
<6

<3
<10
< 4
<2
< 8
<7
<4
<4
<10
<6

<6

1-131

<7
<12
<15
<10
<14
<15
<6
<14
<6
<4
< 12
< 11

<6
< 15
<13
<10
<11
<15
<12
<12
< 8
<5
<M
<13

Cs-134

<2
<4
<3
<1
<6
<4
<1
<2
<4
<3
<4
<3

<2
<4
< 2
<1
<5
<4
<2
<2
<6
<3

<3

<3

Cs-137

<2
<4

. <3

<1
<6
<4
<1
<2
<5
<3
<4
<3

<2
<5
<2
<1
<4
<5
<2
<2
<7
<3

<3

< 27

Ba-140

< 15
<28
< 26
<12
<32
< 27
<10
< 26
<19
< 14
< 26
<21

<13
<35
<22
< 14
< 27
< 32
<20
<21
<22
< 15
< 28

La-140

<4
<9
<7
<3
<9
<7
<3
<8
<5
<4
<9
<7



TABLE C-Ii.3 CONCENTRATIONS OF GAMMA EMITTERS IN DRINKING WATER SAMPLES COLLECTED
IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + SIGMA

STC COLLECTION Mn-54 Co-58 Fe-59 Co-60 Zn-65 Nb-85 Zr-95 1-131 Cs-134 Cs-137 Ba-140 La-140
PERIOD : C ' ' : . o
16C2  12/29/2008 - 02/03/2009 <2 <83 <6 <2 <5 <3 <4 <7 <2 <2 < 16 <6
02/03/2009 - 03/03/2009 <5 <6 <12 <4 <1 <5 <11 <15 <5 <5 < 36 <11
03/03/2009 - 03/31/2009 <3 <2 <7 <2 <6 <3 <5 <14 <2 <3 - <24 <8
03/31/2009 - 04/28/2009 <1 <1 <2 <1 <2 <1 <? <10 <1 <1 <14 <5
04/28/2009 - 06/02/2009 <4 <4 <11 <5 <10 <5 <8 <10 <5 <5 < 20 <8
06/02/2009 - 06/29/2009° <4 <5 <8 <4 <8 <5 <8 <15 <4 <4 < 30 <12
06/29/2009 - 08/04/2009 <2 <2 <4 <2 <3 <2 <3 <10 <1 <2 - <17 <5
08/04/2009 - C9/01/2009 <3 <3 <7 <3 <5 <3 <5 <15 <2 <3 <26 <8
09/01/2009 - 09/29/2009 €5 <5 <8 <5 <9 <5 <9 <6 <4 <5 <20 <5
09/29/2009 - 11/02/2009 <3 <3 <6 <3 <7 <3 <6 <5 <4 <4 < 16 <4
11/02/2009 - 12/01/2009 <4 < h < 11 <5 <9 <5 <10 < 15 <4 <5 < 32 <11
12/01/2009 -.12/28/2009 <3 <4 <8 <3 <7 <4 <7 <13 <3 <4 < 27 <6
MEAN - - . - - - - - . - . .
28F3  12/29/2008 - 02/03/2009 <2 <2 <4 <2 <& <2 <3 <6 <2 <2 <13 <5
02/03/2009 - 03/03/2009 <4 <4 <12 <5 <8 <5 <8 < 14 <4 <4 <30 < 11
03/03/2009 - 93/31/2009 <3 <3 <6 <3 <5 <3 <h <12 <2 <3 < 23 <7
03/31/2009 - 04/28/2C09 <1 <1 <2 <1 <1 <1 <1 <8 <1 <1 <9 <3
04/28/2009 - 06/02/2009 < <6 <12 <5 < i1 <5 <9 <10 <4 <5 < 22 <8
06/02/2009 - 06/29/2009 <4 <4 <9 <5 < 10 <5 <9 <15 <4 <4 < 27 <1
06/29/2009 - 08/04/2009 <1 C <2 <3: <1t - <3 <2 - <3 <9 <1 <1 < 15 <4
08/04/2009¢ - 09/01/2009 <2 <2 <5 <2 <4 <3 <4 < 14 <2 <2 <22 <8
09/01/2009 - 09/29/2009 <5 <4 <9 <4 - < 11 <6 <9 <6 <4 <5 <18 <7
09/29/2009 - 11/02/2009 <3 <3 <7 <4 <6 <3 <6 <4 <3 <3 < 13 <5
-11/02/2009 - 12/0i/2009 <4 <5 <8 <4 <9 <38 <7 < 15 <4 <5 <29 <1
12/01/20097% 12/28/2009 "7 €3 T g 0 <7 <4 <5 <3 <6 <13’ <377 <3 <23 <7
MEAN - - . - . - - - . - - .



TABLE C-fll.1 CONCENTRATIONS OF GAMMA EMMITTERS IN PREDATOR AND BOTTOM FEEDER (FISH)
SAMPLES COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/KG WET + 2 SIGMA

STC  COLLECTION K-40 Mn-54 Co-58 Fe-59 Co-60 Zn-65 i-131 Cs-134 Cs-137
PERIOD
16C5 PREDATOR
06/25/2009 3230 £ 797 <50 < 49 < 126 < 46 < 84 < 213 <47 < 55
10/21/2009 3790 + 874 <60 ‘< 55 < 144 < 58 < 109 < 518 < 52 < 62

MEAN - 3510 2792 -l S - : . o ] ] )

16C5 BOTTOM FEEDER

06/25/2009 3840 = 818 < 41 < 51 < 113 < 42 < 92 < 241 < 42 < 47
10/21/2009 3310 £ 705 < 49 ‘ <44 - <119 < 55 < 96 " <323 < 44 < 40
MEAN 3575 + 750 - - - - - - . : .

29C1 PREDATOR

05/20/2009 2220 + 464 . < 18 - <17 - < 67 . <24 < 44 < 789 <17 - <16
12/18/2009 3350 £370 <18 <200 s . <39 . <20 < 42 <275 <20 . <21

MEAN 2785 + 1598 - - - - - - - -

29C1 BOTTOM FEEDER

05/20/2009 4350 + 919" < 54 © <63 < 186 < 48 L <114 < 3620 <43 T <46
12/16/2000 3480 401 <21 ¢ <217 <44 Cre2l w44 <318 <22 1 <24
MEAN . 3915 £ 1230 - . . ) - . ) ;

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES



TABLE C-IV.1 CONCENTRATIONS OF GAMMA EMITTERS IN SEDIMENT SAMPLES COLLECTED
IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCIKG DRY 2 SIGMA

STC COLLECTION Be-7 K-40 Mn-54 Co-58 Co-60 I-131 Cs-134 Cs-137
PERIOD . , ,
16B2  06/10/2009 <895 . < 17800 + 1730 <78 <89 - <59 - < 278 <77 " 139 + 83
12/16/2009 i870 721 16600 + 1540 < 76. < 87 <71 < 745 <70 166 + 54
MEAN 1870 17200 « 1697 - - S e 153 + 38
16C4 06/10/200‘9. 1990 + 829 . | 15500 + 1480 <57 . <55 . <71 <152 < 43 123 + 56
12/16/2009 1660 + 967 . 16300 + 1690 < 41 < 38 < 34 < 456 <34 . 83 +65°
MEAN 1825 + 467 15900 + 1131 - - - - S 103 + 57
33A2  06/10/2009 < 652 11800 + 1520 < 82 <76 < 84 < 243 < 66 <73 )
12/16/2009 < 523 f 14900 + 1440 < 28 <32 <35 < 565 <22 © 108 + 85
MEAN ' - 13350 + 4384 - - - - - 108

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES



TABLE C-V.1 CONCENTRATIONS OF GROSS BETA IN AIR PARTICULATE SAMPLES
COLLECTED IN THE VICINITY OF LIMERICK GENEBATING STATION, 2009

RESULTS IN UNITS OF E-3 PCI/CU METER :E2‘SI,GMA'

GROUP | | GrourP il |GROUP III
COLLECTION _ i T
PERIOD 1083 1151 1451 13C1 22G1 )
- % £ * £ / *
01/05/2009 - 01/12/2009 17 = 5 17 = 5 135 14 + 5 22 £5
01/12/2009 - 01/19/2009 18 + 5 16 + 5 19 £ 5 20 £ 5 19 + 5 j
01/19/2009 - 01/26/2009 23 + 5 28 + 6, 26 + 6 22 £+ 5. 22 +5 \‘
01/26/2009 - 02/02/2009 26 + 6 22+ 5 - 20+5 20 + 5 21 +5 ‘
02/02/2009 - 02/09/2009 16 £ 5 205 " 21 x5 P2+ 5 20 + 5 ‘
02/09/2009 - 02/17/2009 9 x4 10 + 4 10+ 4 8 x4 - 16 £ 5 :
02/17/2009 - 02/23/2009 12 + 6 14+ 6 13+6 . 16 +6 12+ 6 '
02/23/2009 - 03/03/2009 18 = 5 17 =+ 5 20 + 5 15 + 5 19+ 5.
03/03/2009 - 03/09/2009 14 + 6 15 £ 6 (1) 22 1x8 23 + 6
03/09/2009 - 03/16/2009 23 £ 5 23 +5 18 +5 22 £5 - 19 £ 5
03/16/2009 - 03/23/2009 27 + 6 20 £ 5 18 + 5 21 £ 5. 17 £ 5
03/23/2009 - 03/30/2009 17 =9 15 £ 5 .11 +5. 12 +5 16 + 5
03/30/2009 - 04/06/2009 14 + 4 9 +4 10t 4 12 + 4 12 + 4
04/06/2009 - 04/13/2009 17 = 5 18 + 5 15 £ 5 17 =+ 5 21 +£5
04/13/2009 - 04/20/2009 13 + 5 19 £ 5 15+ 5 18 + 5 16 £5
04/20/2009 - 04/27/2009 10 £ 5 10 £ 5 14 + 5 14 + 5 - 13«5
04/27/2009 - 05/04/2009 16 = 5 15 + 5 16 + 5 . 20 +,5 17+ 5.
05/04/2009 - 05/11/2009 12 + 4 12.+ 4 12 1 4 . 8 x4 - 10 * 4
05/11/2009 - 05/18/2009 13 + 5 11+5 ' 105 .- 10 5 . 11" £ 5
05/18/2009 - 05/26/2009 ) 15 £ 5 10 + 4 17 + 5 1M+ 4
05/26/2009 - 06/01/2009 <7 12 £ 5 85 <7 . 1M x5’
06/01/2009 - 06/08/2009 12 + 5 10 £ 5 11 x5 12 + 5 8+5
06/08/2009 - 06/16/2009 10 + 4 14 + 4 1 +4 13 +4 11 + 4
06/16/2009 - 06/22/2009 < 8 .. 8+5. <8 .. .9 #£5 27 .
06/22/2009 - 06/29/2009 12+5 ~ 145 12 £ 5 13 +5 11 £ 5
06/29/2009 - 07/06/2009 12 + 5 12 + 5 12 £ 5 13 +5 10 £ 5
07/06/2009 - 07/13/2009 9 %5 ()« 9=x5 ~14.x 5 10 + 5 ‘
07/13/2009 - 07/20/2009 19 £ 5 21 x5, 18 +5 21':5 17 £ 5 '
07/20/2009 - 07/27/2009 19 + 5 (), 14 £5 - 19 +6 95
07/27/2009 - 08/03/2009 14 + 5 17 +6. 18 +5° 11 +5 19.+ 5
08/03/2009 - 08/10/2009 14 +'5 18 +5 - 16 = 5. 20 £ 5 12 +5
08/10/2009 - 08/17/2009 21 + 6 19 + 6 21 £ 6 18 £ 6 16'+ 5
08/17/2009 - 08/24/2009 13 +5 17 £ 6 - 13 + 5 17 +.6 14+ 5
08/24/2009 - 08/31/2009 11 =5 13 +5 & 20+ 5 5 14 £5° 135
08/31/2009 - 09/07/2009 14 5 12 £ 5 . 18 £+ 5. = -20.£6 18 + 5
09/07/2009 - 09/15/2009 22 + 4 16 + 4 16 = 4, 157 %4 13 + 4
09/15/2009 - 09/21/2009 13 = 6 10 + 6 15 + 6 18 £76 12 + 6
09/21/2009 - 09/28/2009 165 ., 13 x5 11 +5 14 £ 5 14 + 5
09/28/2009 - 10/05/2009 17 = 5 13 + 5 15 + 5 15+ 5 10 =5
10/05/2009 - 10/12/2009 9 %5 15 5 . 12 + 5 15, % 5 20 + 5.
10/12/2009 - 10/19/2009 10 =5 11 £ 5 + 16 £ 5. 13 +5 . 105
10/19/2009 - 10/26/2009 21 £5 16+ 5 .25 + 6 25 + 6 ¢ 24 + 6
10/26/2009 - 11/02/2009 15+4 . 13 '£4 . 9 +4; 8 x4 ¢ 13:+ 4 !
11/02/2009 - 11/09/2009 16 + 5 20 + 6 19 + 6 20 + 6 21 + 6 ;“'
11/09/2009 - 11/16/2009 21 %5 14 + 5 205 - 18- x5 19 + 5 ‘
11/16/2009 - 11/23/2009 19 + 5 16 + 5 19 + 5 17 £ 5 2C +5 o
11/23/2009 - 11/30/2009 15 + 5 15 + 5 17 £ 5 12 %5 13 £ 5
11/30/2009 - 12/07/2009 15 + 4 18 + 5 17 £ 5 A1 x4 12 + 4
12/07/2009 - 12/14/2009 21 £ 5 29 £ 5 24 £ 5 34 +5 31 +5
12/14/2009 - 12/21/2009 22 +5 17 + 4 20 £ 5 19 + 5 22 + 5
12/21/2009 - 12/28/2009 15 + 5 13+5 13 + 5 12 + 5 16 £ 5
MEAN 16 = 9 16 = 9 16 £ 9 16 10 ° 16 = 10

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES
(1) SEE PROGRAM EXCEPTIONS SECTION FOR EXPLANATION

C-8



TABLE C-V.2 MONTHLY AND YEARLY MEAN VALUES OF GROSS BETA CONCENTRATIONS IN AIR _
PARTICULATE SAMPLES COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF E-3 PCI/CU METER =+ 2 SIGMA

GROUP | - ON-SITE LOCATIONS GROUP |l - INTERMEDIATE DISTANCE LOCATIONS GROUP IIl - CONTROL LOCATIONS

COLLECTION MIN = MAX  MEANz . COLLECTION MIN MAX . MEAN=- COLLECTION MIN  MAX

PERIOD osD - PERIOD 28D PERIOD :

12/29/2008 - 02/02/2009 - 28 -206-+8 ©  12/29/2008 - 02/02/2009 14 22 -19.1 +6. -  12/29/2008 - 02/02/2008° - 19 27
02/02/2009 - 03/03/2009 9 21 15:9 02/02/2009 - 03/03/2009 8 22 154 +12 02/02/2009 - 03/03/2009 12 20-
03/03/2009 - 03/30/2009 11 27 1839 03/03/2009. - 03/30/2009 12 22 192 +10 03/03/2009 - 03/30/2009 1€ 23
03/30/2009 - 04/27/2009 9 197137 £7  03/30/2009 - 04/27/2009 12 18 153 x 6 '03/30/2009 - 04/27/2009 12 21
04/27/2009 - 06/01/2009 8 16 1235 .  04/27/2000 - 06/01/2009 . . 8 .20 137.% 11 04/27/2009 - 06/01/2009- . . 10 17
06/01/2009 - 06/29/2009 8 14 115 +3 06/01/2009 - 06/29/2009 9 13 11613 06/01/2009 - 06/29/2009 8: 11
06/29/2009 - 08/03/2009 9 21 148 8 06/29/2009 - 08/03/2009 11 21 156 =8 06/29/2009 - 08/03/2009 9 19
07/28/2009 - 08/31/2009 11 21 163 7 _  07/28/2009 - 08/31/2009 . 14 .20 175 +5. 07/28/2009 - 08/31/2009 12 16
08/31/2009 - 09/28/2009 10 22 148 6 -08/31/2009 - 09/28/2009 - 14 20 167 +5 - 08/31/2009 - 09/28/2009 12 18
09/28/2009 - 11/02/2009 ° 9 25 14.4 £8 - 00/28/2009 - 11/02/2009 - 8 25 154 =12  -09/28/2009 - 11/02/2009- 10 24
11/02/2009 - 11/30/2009 14 21 1755 11/02/2009 - 11/30/2009 12 20 166 =7 11/02/2009 - 11/30/2009 13 21

11/30/2009 - 12/28/2009 18 29 187 +10  11/30/2000 - 12/28/2009 11 34 189 +21  11/30/2009 - 12/28/2009 12 31 20.1
12/20/2008 - 12/28/2009 8° 29 16 £9  12/20/2008 - 12/28/2009 . 8 34 16 £ 10  12/29/2008 - 12/28/2000 8 31 16 £ 10

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES
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TABLE C-V.3 CONCENTRATIONS OF GAMMA EMITTERS IN AIR PARTICULATE SAM PLES
COLLECTED IN-THE VICINITY OF LIMERICK GENERATING”STATION 2009

RESULTS IN UNITS OF E-3 PCI/CU METER +2 SIGIVI

STC COLLECTION Be-7 Mn-54 Co-58 Co-60 . CS_-134 ' Cs-137

PERIOD h
e
10S3  12/29/2008 - 03/30/2009 90 +34 .<4 < 4 <2 < 3 <4
03/30/2009 - 06/29/2009 92 +44 <5 <8 <5 <5 <4
06/29/2009 - 09/28/2009 72 +45 <3 <7 <2 ‘ <4 <2
09/28/2009 - 12/28/2009 7031 <5 <4 <4 <5 <4
MEAN : 81 + 23 . » ; - S
1181 12/29/2008 - 03/30/2009 70+3 <3 <5 <4 <3 <3
03/30/2009 - 06/29/2009 108 +69 <6 . <11 <5 - . <5 .. <3
06/29/2009 - 09/28/2009 96 +47 <4 <7 <5 . . <4 <3
09/28/2009 - 12/28/2009 71£37 <3 <5 . - - <4 <8 <4
MEAN . 86 = 38 - - - S
13C1 12/29/2008 - 03/30/2009 92 +34 <3 <5 ' <3 <3 <2
03/30/2009 - 06/29/2009 125 £50 <4 ' = <10 - <4 <5' 1 <4
06/29/2009 - 09/28/2009° <97 <5 . <.9 <3 <6 . <4
09/28/2009 - 12/28/2009 55 +37 <4 <7 <5 ‘ <6 <4
MEAN ) 91 + 70 - - - - -
1481 12/29/2008 - 03/30/2009 66 + 19 <3 ) <3 <3 <2 <2
03/30/2009 - 06/29/2009 79 +36 <3 = <8 <3 <4 <4
06/29/2009 - 09/28/2009 102 + 44 <3 <6 : <3 <3 <3
09/28/2009 - 12/28/2009 93 +36 <5 <5 - <4 <4 <4
MEAN 85 + 32 - - . - -
22G1  12/29/2008 - 03/30/2009 75 +40 <3 - <4 - <3 <8 <3
03/30/2009 - 06/29/2009 116 + 96 <6 <11 <6 <7 <4
06/29/2009 - 09/28/2009 94 £38 <3 <6 <3 <3. <2
09/28/2009 - 12/28/2009 < 67 . <4 : <7 <4 <5 . < 4
MEAN 95 = 41 - - - - ;

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING:'i;HE POSITIVE VALUES

C-10
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TABLE G- ;' CTXICENTRATIONS OF I-131 IN AIR IODINE SAMPLES COLLECTED IN
THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF E-3 PCI/CU METER =+ 2 SIGMA

COLLECTION = . m GROUP | . l GROUP 1l I GROUP il
PERIOD "~ o 10S3 1181 1431 ) 13C1 " 22G1
BB V-7ie o Lo1: B R 57100V AN P - < 52 <5 <5
01/05/2009 - 01/12/2009 < 22 < 39 < 40 < 39 < 40
01/12/2009 - 01/19/2009#. ' - <20 '~ < 36 < 37 - < 36 ) < 37
01/19/2009 - 01/26/2009 < 50 < 27 < 50 < 49 ' < 50
01/26/2009 - 02/02/2009 <13 < 23 < 23 <23 . < 23
02/02/2009 - 02/09/2009 < 57 <57 ~ < 57 < 31 < 57
02/09/2009 - 02/17/2009 <25 < 47 < 47 . < 47 ; o< 48
02/17/2009 - 02/23/2009 < 48 . < 48 ’ < 21 . < 48 < 49
02/23/2009 - 03/03/2009 <7 < 17 < 17 < 17 < 17
03/03/2009 - 03/09/2009 <18 < 18 ) (1) < 17 < 14
03/09/2009 - 03/16/2009 < 30 < 44 < 45 < 44 < 45
03/16/2009 - 03/23/2009 < 18 < 41 < 4 < 41 . < 42
03/23/2009 - 03/30/2009 < 22 < 27 < 27 < 27 < 27
03/30/2009 - 04/06/2009 < 49 < 27 < 49 < 49 < 50
04/06/2009 - 04/13/2009 < 27 < 63 < 63 < 62 < 63
04/13/2009 - 04/20/2009 <67 < 67 < 67 < 28 < 68
04/20/2009 - 04/27/2009 <23 < 41 | < 41 < 41 < 41.
04/27/2009 - 05/04/2009 < 45 < 45 < 20 < 45 < 46
05/04/2009 - 05/11/2009 - <64 < 64 <65 . < 64 < 66 .
05/11/2009 - 05/18/2009 <64 - . <64 . < 64 < 63 < 32
05/18/2009 - 05/26/2009 (1) < 69 < 69 < 68 < 70
05/26/2009 - 06/01/2009 <27 . < 48 < 48 < 47 < 48
06/01/2009 - 06/08/2009 <16 < 30 < 30 <29 - < 30
06/08/2009 - 06/16/2009 < 64 < 35 < 65 < 63 < 66
06/16/2009 - 06/22/2009 <54 < 54 < 36 ’ . < 54 <. 54
06/22/2009 - 06/29/2009 . <65 , < 66 < 66 < 29 <64 .
06/29/2009 - 07/06/2009 <57 . < 58 < 58 < 25 < 56
07/06/2009 - 07/13/2009 <44 - : ) <25 7 < 46 ‘< 45
07/13/2009 - 07/20/2009 - < 37 ' < 39 : < 38 < 21 <37
07/20/2009 - 07/27/2009 < 36 (1) < 19 < 37 < 36
07/27/2009 - 08/03/2009 < 20 < 12 . < 21 ~2 < 20
08/03/2009 - 08/10/2009 <12 < 22 < 22 < 22 <21
08/10/2009 - 08/17/2009 <29 < 30 i < 30 < 23 < 29
08/17/2009 - 08/24/2009 <21 ' <9 < 22 < 22 ‘< 21
08/24/2009 - 08/31/2009 < 56 : < 57 <58 ’ < 25 ‘<56
08/31/2009 - 09/07/2009 < 44 < 44 - < 45 to <25 - - < 43 .
09/07/2009 - 09/15/2009 < 41 < 42 - < 43 ) <24 . < 42, .
09/15/2009 - 09/21/2009 < 66 < 67 < 67 ‘ < 42 < 66
09/21/2009 - 09/28/2009 < 44 < 45 < 45 . <19 < 43
09/28/2009 - 10/05/2009 < 55 < 57 ; < 57 < 32 ° < 56
10/05/2009 - 10/12/2009 < 53 < 55 < 55 < 24 < 53
10/12/2009 - 10/19/2009 <63 . . < 64 <64 < 65 - < 62 . ..
10/19/2009 - 10/26/2009 <22 . < 23 ) <23 <17 <22 s
10/26/2009 - 11/02/2009 <63 <28 <65 "< 66 <63 "
11/02/2009 - 11/09/2009 < 61 < 63 o < 63 . <27 < 61+
11/09/2009 - 11/16/2009 < 57 < 59 - < 59 < 33 < 58 -
11/16/2009 - 11/23/2009 < 25 < 25 <25 < 26 < 15
11/23/2009 - 11/30/2009 < 63 < 65 < 36 : < 66 ., < 63
11/30/2009 - 12/07/2009 < 59 < 60 < 60 < 33 < 59
12/07/2009 - 12/14/2009 < 59 < 60 < 61 < 61 < 25
12/14/2009 - 12/21/2009 ' < 65 . <66 <67 < 29 : < 65
12/21/2009 - 12/28/2009 < 60 < 61 < 62 . < 31 < 59
MEAN ; . ; ; ;

(1) SEE PROGRAM EXCEPTIONS SECTION FOR EXPLANATION



TABLE C-VIL.1 CONCENTRATIONS OF 1-131 IN MILK SAMPLES COLLECTED IN THE VICINITY OF
LIMERICK GENERATING STATION, 2009

'RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

CONTROL FARM | INDICATOR FARM

COLLECTION 23F1 36E1 10F4 18E1 19B1 25C1 25E1
PERIOD _ . T
01/13/2009 <05 <07 <06. = . <07 <06 . <08 .
02/10/2009 <05 <06 <07 <07 <07
03/10/2009 <05 <07 <07 <07 - <07
04/07/2009 <08 <06 <09 <08 <10 <10
04/22/2009 <05 ' <06 < 0.6 <07 <08 '
05/05/2009 <03 <05 - <05 <05 <05
05/19/2009 <06 <08 <06 . <08 <08,
06/02/2009 < 0.4 <05 <05 <06 ... <06
06/16/2009 <06 <09 <07 <07 <07 .
06/30/2009 < 0.6 <06 - <07 <07 C <07 -
07/14/2009 <04 <02 - < 0.6 <05 <05 - - <06 .
07/28/2009 <06 <07 <07 <06 . <08,
08/11/2009 <07 : <09 <08 <08 ' - <08
08/25/2009 <06 o <07 <07 <07 " <07 %
09/08/2009 <06 ‘ <07 . <06 <05 "7 <06
09/22/2009 <06 <08 <06 <06 7 <06
10/06/2009 <04 <04 <04 <04 <04 ., <04
10/20/2009 <04 <03 <03 . <03 . <04
11/03/2009 <09 : <06 <06 - <07 . -, <10 .
11/17/2009 <06 <07 - <06 :. <06 . <05
12/08/2009 <07 <08 <07 <08 <08

MEAN - . - - / .

(1) SEE PROGRAM CHANGES SECTION FOR EXPLANATION - . T



TABLE C-VI.2 CONCENTRATIONS OF GAMMA EMITTERS IN MILK SAMPLES
COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

.+ . .RESULTS IN UNITS OF PCILITER %.2 SIGMA

STC. CQLLECTION = K-40 Cs-134 Cs-137  Ba-140  La-140 )
PERIOD . s

10F4 01/13/2009 1220 £ 41 <1 <2 < 16 <4
02/10/2009 1240 + 122 <5 <6 <52 <14
03/10/2009 1220 = 84 <3 <3 < 15 <4
04/07/2009 1260 + 42 <1 <2 <24 <8
04/21/2009 1200 + 37 <1 <1 <22 <6
05/05/2009 1190 + 48 <2 <2 < 50 <14
05/19/2009 1390 = 50 <1 <1 <22 <5
06/02/2009 1210 + 100 <4 ‘<5 < 44 <14
06/16/2002 -~ 1200 * 167 <7 <7 <33 <7
06/30/2009 1450 + 58 <2 <2 <33 <10
07/14/2009 1220 + 142 <5 <7 <39 <14
07/28/2009 1370 + 124 <2 <3 <22 <8
08/11/2009 - 1180 + 108 <4 <5 <22 <6
08/25/2009 1370 = 163. <9 <9 < 43 <11
09/08/2009 . 1210 = 137 <6 . <6 < 36 <10
09/22/2009 1350 + 99 <4 = <5 <20 <6
10/06/2009 1220 + 115 <4 <5 <22 <5
10/20/2009 1170 = 116 <5 <6 <25 <7
11/03/2009 1370 + 118 <4 <5 ‘dop <7
11/17/2009 1290 = 76 <3 <4 <16 <5
12/08/2009 1370 = 124 <5 <5 < 38 <14
MEAN 1271 = 171 . - - -

18E1  01/13/2009 1270 * 49 <2 <2 <23 <6
02/10/2009 1160 = 111 <5 <5 < 50 <12
03/10/2009 1230 + 108 <5 <5 <24 P
04/07/2009 1170 = 52 <2 <2 <30 < 10
04/22/2009 1130 = 48 <2 <2 <28 <8
05/05/2009 1140 = 49 <2 <2 < 47 <14
05/19/2009 1240 = 40 <1 <2 <24 <7
06/02/2009 1170 + 129 <3 <4 <39 <11
06/16/2009 1160 = 157 <6 <7 <25 <8
06/30/2009 1260 = 46 <2 <2 <27 <8
07/14/2009 1240 + 120 <5 <6 < 40 <12
07/28/2009 1130 = 69 <2 <3 <20 <5
08/11/2009 1240 + 106 <3 <4 <17 <5
08/25/2009 1270 = 186 <6 <8 <33 <1
09/08/2009 1230 + 130 <5 <6 <32 <10
09/22/2009 1170 + 98 <4 <4 <20 <4
10/06/2009 1360 + 145 <6 <8 < 35 <9
10/20/2009 1170 = 144 <6 <6 < 29 <9
11/03/2009 1120 + 112 <4 <4 <27 <8
11/17/2009 1310 + 100 <3 <4 <19 <4
12/08/2009 1230 * 117 <4 <5 < 41 <14

MEAN 1210 % 129 - - - -

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES
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TABLE C-VII.2 CONCENTRATIONS OF GAMMA EMITTERS IN MILK: SAMPLES oo
- S COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

STC COLLECTION °  K-40 Cs-134 Cs-137 Ba-140 La-140
PERIOD f ' . ‘ R

19B1 01/13/2009 1330 = 50 <2 <2 < 19 <6 v
02/10/2009 1330 + 101" <4 = <4 za43 <13
03/10/2009 1270 = 100 <4 <4 <20 <7 :
04/07/2009 1320 + 50 <2 <2 <29 <9 :
04/21/2009 1110 = 47 <2 <2 <27 <9 !
05/05/2009 1180 + 46 <2 <2 < 47 <14
05/19/2009 1260 = 50 L< 1 <1 <20 <6 , ‘
06/02/2009 1170 = 112 <2 <3 < 32 <7 S
06/16/2009 1130 + 176 <7 <7 < 30 <10 '
06/30/2009 1240 + 38 <1 <1 <20 ‘< 6
07/14/2009 1230 = 140 <5 <6 < 36 <10 - T
07/28/2009 1210 = 99 <3 <4 <29 <6 - s
08/11/2009 1280 = 141 <5 <6 <24 <10 -
08/25/2009 1380 + 154 <6 <7 < 33 <My ;
09/08/2009 1220 + 138 <5 <6 <33 <10 . .
09/22/2009 1310 + 99 <4 <4 <22 <6 .‘
10/06/2009 1320 = 112 ‘<4 <5 k24 - <8’ S
10/20/2009 1120 + 116 <5 <5 <. 26 k6 ’ ;
11/03/2009 1320 = 134 <5 <6 < 33 <9 oy
11/17/2009 1270 + 69 <3 <3 <13 <4
12/08/2009 1340 = 80 <5 <5 <31 <11
MEAN 1254 + 157 - e . -

23F1 01/13/2009 1320 = 41 <1 <2 <15 <4 ‘
02/10/2009 1230 = 121 <4 <5 < 55 <14 :
03/10/2009 1240 = 112 <4 <4 <22 <8 '
04/07/2009 1280 + 55 <2 <2 <28 <8
04/21/2009 1190 + 47 <2 <2 < 30 <9 i
05/05/2009 1260 = 46 <2 <2 < 41 <12 ‘
05/19/2009 1310 = 47 <1 <1 <15 <4 1
06/02/2009 1190 + 102 <4 <4 <39 <10 i
06/16/2009 1240 + 133 <5 <5 <22 <7
06/30/2009 1240 = 48 <2 <2 <30 <9
07/14/2009 1340 + 142 <6 <7 < 44 <12 g
07/28/2009 1250 + 130 <3 <3 <23 <7
08/11/2009 1300-+ 102 <3 <4 <17 <6 ,
08/25/2009 1370 + 120 <5 <6 < 26 <10
09/08/2009 1150 x 171 <7 <8 <38 <12
09/22/2009 1150 + 93 <3 <4 <17 <5
10/06/2009 1270 + 136 <5 <5 <32 <11
10/20/2009 1270 = 123 <6 <6 < 30 <8 !
11/03/2009 1190 + 105 <4 <5 <22 <8 - J
11/17/2009 1620 + 155 <5 <6 <42 < 11
12/08/2009 1200 = 92 <4 <4 <30 . <9 ‘ ,

. , g )

MEAN 1267 + 200 - - - -

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES
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TABLE C-Vil.2 ‘CONCENTRATIONS OF GAMMA EMITTERS IN MILK SAMPLES -
e COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

STC COLLECTION K-40 Cs-134 Cs-137 Ba-140  La-140
PERIOD o : '
25C1 01/13/2009 1370 + 52 <2 <2 <2 <6
02/10/2009 1260 + 104 <4 <5 <42 <11
03/10/2009 1450 + 91 <3 <4 <18 <7
04/07/2009 1440 + 58 <2 <2 <35 <9
04/21/2009 1230 + 48 <2 <2 <29 <8
05/05/2009 1300 + 48 <2 <2 <55 <15
05/19/2009 1320 + 53 < 2 <2 <37 < 11
06/02/2009 1090 + 135 <5. <5 < 46 <10
06/16/2009 1310 + 126 <5 <4 <21 <7
06/30/2009 1350 + 49 <2 <2 <28 = <8
07/14/2009 1290 + 138 <6 <7 <43 <13’
07/28/2009 1310 + 104 <4 <5 <33 <10
08/11/2009 1300 £ 123 <4 <6 <29 <7 . .
08/25/2009 1240 '+ 108 < 4 <5 <22 <6 .- ;
09/08/2009 1110 + 134 <5 <6 <32 T <7 ‘
09/22/2009 1200 + 123 °~ <5 <6 <27 <8
10/06/2009 1290 + 156 <4 <7 <29 <8
10/20/2009 1270 + 134 <5 <6 <31 <9
11/03/2009 1180 + 137 <6 <7 <30 <12
11/17/2009 1180 = 112 <5 <5 <29 <8
12/08/2009 1200 £ 70 <3 <3 <26 <7 -
MEAN 1271 = 186 . . I LT
25E1 01/13/2009 )
04/07/2009 '
07/14/2009
10/06/2009
36E1 01/13/2009 1270 + 138 <6 <7 <39 fe12 L
04/07/2009 1220 + 96 < 4 <4 <27 <9
07/14/2009 1150 + 127 <5 <5 <34 PRI <
10/06/2009 1190 = 99 <4 <5 <22 <6
MEAN 1208 + 101 . - . - :

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES'
(1) SEE PROGRAM CHANGES SECTION FOR EXPLANATION
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TABLE C-VIIl.1 CONCENTRATIONS OF GAMMA EMITTERS IN BROAD LEAFY VEGETATION
SAMPLES COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

&

RESULTS IN UNITé OF PCI/KG WET =+ 2 SIGMA |

STC COLLECTION Be-7 K-40 Mn-54 Co-58 Co-60 1-131 Cs-134 Cs-137

PERIOD

1183 07/20/2009 Cabbage 157 + 70 3980 + 189 <8 <8 <7 < 27 <7 <8
07/20/2009 Collards . . . 211 +.159 .4110 = 311 <14 <13 <14 < 52 <13 <14
07/20/2009 Kale 326 + 182 5280 446 <13 <13 <11, <50 <12 <13
08/12/2009 Cabbage - - < 67 2650 + 141 <6 - <8 <7 < 46 ‘<6 <7
08/12/2009  Collards 340 + 111 2750 + 197 <6 <6 <6 <38  .<5 <5
08/12/2009 Kale 195 + 78 3690 + 202 <6 <6 <7 < 42 <5 <6
09/24/2009  Cabbage <190 3540 = 469 < 21 <19 <22 <32 <20 - <23
09/24/2009  Kale 401 = 337 3530 + 732 <42 <45 <42 < 58 S <40 < 42
MEAN : 272 £ 194 - 3691 x 1656 “ - - - - - .

1383 07/20/2009  Swiss Chard 342 + 235 9120 = 514 <12 <12 <16 < 46 Se12 <12
08/12/2009  Swiss Chard 519 + 122 10300 + 293 <7 <8 <7 < 53 <6 1 <6
09/24/2009  Swiss Chard < 235 5950 + 581 <25 <24 < 30 < 43 <24 < 26
MEAN ST 431 4250 8457 + 4499 . - - [ -7 - - v - .

31G1 07/20/2009 ~Cabbage ‘<146 7 7 5330 £ 382 <14 <16 <17 <50 <2 < 14
07/20/2009  Pickle Leaves 1790 + 193 3920 = 315 <12 <15 <14 < 50 <11 <12
07/20/2009  Zucchini Leaves 1000 + 143 5940 + 310 <13 <12 <13 < 45 T <11 < 12
08/12/2009 . Cabbage . 638 + 79 5640 = 176 <6. . .<7 <6 . <47. <6 <6
08/12/2009  Eggplant Leaves 3000 + 122 ° 5870 = 200 <8 7 <9 ) <8 ) < 60 .' <7 <9
08/12/2009  Zucchini Leaves 1900 + 96 4440 = 159 <6 ce 7. <6 < 48 <6 <6
09/24/2009  Bioccoli Leaves * 308 x 204 4620 = 565 <22 T<2t 0 <20 <32 < 21 <23
09/24/2009  Cabbage < 242 : 3430 = 494 <24 <30 <23 < 36 . <23 <24
09/24/2009  Lettuce 343 + 184 5630 = 646 <34 < 31 <26 <37 . <26 < 34
MEAN o i 1283 + 1986 4980 = 1822 - . - - . -

* THE MEAN AND 2 STANDARD DEVIATION VALUES ARE CALCULATED USING THE POSITIVE VALUES
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TABLE C-IX.1 QUARTERLY TLD RESULTS FOR LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF MILLI-ROENTGEN/STD. MONTH + 2 STANDARD DEVIATIONS

STATION . . MEAN JAN - MAR APR - JUN JUL-SEP - OCT-DEC
CODE +2SD. .

2E1 72 % 19 75 + 0.6 6.3 + 0.5 84 +15 - 6.7 £ 0.7
351 74 + 09 76 £0.7 70 £1.7 79 £ 1.4 71 £05
4E1 54 +1.3 55 + 0.5 4.8 £ 0.5 6.3 + 05 51 + 0.4
5H1 85 4+ 1.5 89 +22 79 £10 94108 80 = 0.6
551 81+ 16 8.0 + 0.9 7.3 + 09 92 +07 . 81 £0.7
6C1 70 + 0.8 7.2 + 0.8 6.8 + 06 75 £1.2 6.7 + 0.7
7E1 . 77 +£20 9.1 + 0.6 7.0 £ 1.0 7.9 £ 0.4 : 69 0.7
751 74 £ 11 77 £1.8 7.0 £ 1.1 81 +£1.0 : 69 + 0.4
9C1 C71 114 74 £ 1.1 6.7 + 0.6 81 £ 02 6.5 + 0.4
10E1 72 + 1.6 74 08 6.2 + 0.3 82 +06 71 £ 0.7
10F3 71 4 1.4 75 £ 1.0 6.5 = 0.2 79 £ 0.7 65 + 0.4
10S3 71 12 75 + 0.4 6.5 + 0.4 77 £1.0 6.7 +03
1181 8216 . 9117 . 72 £06 84 £13 . ..82:+06
13C1 .. 8511 . 58106 . B2 £05 62 £05 50 0.4 -
13E1 72 418 81 £05 6.4 + 0.6 7.8 + 0.8 6.4 06 .
1382 108 + 1.5 115 0.7 105 + 0.8 113 1.2 99 £ 1.1 -
1481 6.7 + 0.9 72 £12 6.1 £ 0.4 6.8 +1.3 : 66 +1.0
15D1 . 77 £15 . 83 :09 L. 71106, 83 +03 7.0 £ 0.7
16F1 74:13 . 7906 7012 8111 6.8 + 0.3
1781 70 £ 15 - 7.7 £ 14 6.5 0.7 77 £03 6.3 £ 0.3
1852 8.1 %11 88 +1.0 74 £1.0 81 £1.7 80+ 1.7
19D1 71213 77 £ 05 . 66204 77 £04 6.6 0.4
20D1 © 768 14 75 £ 04 - 61 £06 72 £11 63 + 05
20F1 71109 . 78217 © 8811 74 1.2 . 6.6+ 0.4
2182 6913 “73 £1.0 i 65207 - 76 £05 63 £ 0.8
2352 67210 69 £04  © 6403 7308 62 £ 04
24D1 6.6 + 20 6.6 + 0.8 59 + 0.7 80 +1.3 : 59 + 0.5
25D1 59 + 0.9 65 + 0.4 56 + 1.1 6.0 £ 0.7 : 56 0.1
2582 67 + 1.6 7.6 £1.4 . 6.2°% 0.4 71 £06° . 59 £ 0.3
26s3 65+10 | ° 71:05 = 6304 67 +07 - 60 £0.7 ;
28D2 6.8 + 2.0 6.4 £ 05 .~ 67 :04 83 £27 6.0 £0.7
29E1 6819 - . 76£10 - 59 £ 05 ° - 7507 - 60£06° ..
2981 64 414 72 £09 60 03 68 06 © 7.58£07 .
31D1 81113 8.8 + 0.7 74 + 08 84 £ 07 . 77 £03 <
31D2 73 £12 7.9 £ 20 6.9 £ 0.7 7.8 + 0.8 ’ 6.7 £ 0.7 ..
3151 73 +14 ¢+ 80 x15 - 6.6 £ 0.4 79 £ 03 © - 6.9 x05
34E1 70 .12 7.8 1.3 6.7 + 0.5 72 £10 . 6.4 + 05
34S2 71212 8.0 + 0.8 : 6.8 + 0.4 71 £06 6.6 + 0.5
36D1 6.7 +1.2. 173 £ 06 © 5904 7 T 1 7004 7 65 £ 05

36S2 75 £1.0 7.3 £ 0.2 ' 6.9 £ 0.7 " 8007 79 £1.2

v
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TABLE C-IX.2 MEAN QUARTERLY TLD RESULTS FOR THE SITE BOUNDARY,
MIDDLE AND CONTROL LOCATIONS FOR LIMERICK GENERATING
STATION, 2008

- RESULTS IN UNITS OF MILLI- ROENTGEN/STD MONTH * 2 STANDARD
DEVIATIONS OF THE STATION DATA :

COLLECTION . SITE BOUNDARY ;e INTERMEDIATE CQ’NTROAL
PERIOD £28D. . ' T
JAN-MAR 7922 T, o -74%£17 8.9 =00
APR-JUN 6.9 +2.1 SRR 6.4 +1.3 - 7.9 £00.
JUL-SEP ©79x23 . % 7614 9.4 + 0.0
OCT-DEC ' . 70+22 8412 ‘ 8.0 + 0.0
TABLE C-IX.3 SUMMARY OF THE AMBIENT:DOSIMETRY PROGRAM FOR LIMERICK

GENERATING STATION 2009

I

RESULTS IN UNITS OF MILLI ROENTGEN/STD MONTH

I. PERIOD - PERIOD PERIOD MEA'\I

LOCATION 0 SAMPLES.

. . . ANALYZED -~ "MINIMUM  MAXIMUM - +2S.D.
SITE BOUNDARY S 64 i BBk on 115 74 +23

INTERMEDIATE : ' 92

S _ . 91 69 +1.8
CONTROL ' 4 i

9.4 85 15

SITE BOUNDARY STATIONS -1083, 1151, 1332 1431 1882 2182, 2352, 2552, 2653,
2951, 3151, 3452, 3652, 351, 551,751,

MIDDLE STATIONS - 1OE1 1OF3 13C1, 1'3E1 15D1 16F1 17B1 19D1, 20D1, 20F1,
24D1, 25D1, 28D2 29ET1, 2E1 31D1, 31D2 d4E‘ 36121, 4E1, 6C1, 7E1, 9CA1,

CONTROLSTATIONS 5H1 ’

$
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pCi/kilogram (dry)

FIGURE C-3
CONCENTRATIONS OF CS-137 IN SEDIMENT SAMPLES
COLLECTED IN THE VICINITY OF LGS, 1982 — 2009
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E-3 pCi/cubic meter

FIGURE C-4
MEAN MONTHLY GROSS BETA CONCENTRATIONS IN AIR PARTICULATE
SAMPLES COLLECTED IN THE VICINITY OF LGS, 1982 — 2009
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FIGURE C-5

MEAN WEEKLY GROSS BETA CONCENTRATIONS IN AIR PARTICULATE

SAMPLES COLLECTED IN THﬁ VICINI'[Y OF LGS, 2009 .
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FIGURE C-6
MEAN QUARTERLY AMBIENT GAMMA RADIATION LEVELS (TLD)
IN THE VICINITY OF LGS, 1985 — 2009
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NOTE: Control Station 5H1 became the only distant location beginning in 1995
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" APPENDIX D.

DATA TABLES AND FIGURES
COMPARISON LABORATORY



The following section contains data and figures illustrating the analyses performed by
the quality control laboratory, Environmental Incorporated (ENV). Duplicate samples
were obtained from several locations and media and split between the primary
laboratory, Teledyne Brown Engineering (TBE) and ENV. Comparison of the results for
most media was within expected ranges.



Intentionally Left Blank
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TABLE D-1.1 CONCENTRATIONS OF TOTAL GROSS BETA IN DRINKING WATER SAMPLES
COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

COLLECTION 16C2

PERIOD
12/29/08 - 02/03/09 23 £10
02/03/09 - 03/03/09 382 + 1.0
03/03/09 - 03/31/09 091 + 05
03/31/09 - 04/28/09 182 + 0.6
04/28/09 - 06/02/09 265+ 1.1
06/02/09 - 06/29/09 193 + 08
06/29/09 - 08/04/09 295 + 1.1
08/04/09 - 09/01/09 159 £ 06
09/01/09 - 09/29/09 222 + 08
09/29/09 - 11/02/09 224 + 0.6
11/02/09 - 12/01/09 167 £ 06 -
12/01/09 - 12/28/09 1.01 + 0.6

MEAN 21 £ 04

TABLE D-l.2 CONCENTRATIONS OF TRITIUM IN DRINKING WATER SAMPLES
COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER = 2 SIGMA

COLLECTION 16C2
PERIOD
12/29/08 - 03/31/08 e 148
03/31/08 - 06/29/09 <148
06/29/09 - 09/29/09 < 148
09/29/09 - 12/28/09 < 150
MEAN



TABLED-.3  CONCENTRATIONS OF GAMMA EMITTERS IN DRINKING WATER SAMPLES COLLECTED
IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

STC COLLECTION Mn-54 Co-58 Fe-59 Co-60 Zn-65 Zr-95 Nb-95 -131 Cs-134 Cs-137 Ba-140 La-140
PERIOD

16C2 12/29/09 - 02/03/09 <3 <3 <6 <2 <5 <4 <3 <5 <3 <3 <17 = <2.
02/03/09 - 03/03/09 <3 <1 <7 <3 <5 <4 <4 <3 <3 <2 <12 <2
03/03/09 - 03/31/09 <3 <3 <5 <3 <4 <3 <2 <3 <2 <3 <1 <?
03/31/09 - 04/28/09 <4 <3 <9 <8 <8 <5 <4 <4 <5 <4 <11 <2
04/28/09 - 06/02/09 <2 <2 <6 <3 <5 <7 <4 <7 <4 <3 <19 <4
06/02/09 - 06/29/09 <4 <3 <8 <3 <8 <3 <3 <6 <4 <3 <14 <2
06/29/09 - 08/04/09 <4 <2 <7 <3 <4 <7 <4 <8 <4 <3 <16 <3
08/04/09 - 09/01/09 <3 <2 <2 <2 <3 <5 <3 <4 <3 <3 <12 <1
09/01/09 - 09/29/09 <3 <2 <7 <3 <7 <4 <4 <4 <4 <3 <14 <2
09/29/09 - 11/02/09 <3 <4 <9 <3 <5 <8 <2 <5 <3 <4 <19 - <1
110209 - 1200109 <5 <4 <5 <4 <6 <8 _ <3 _ <4 <5 <3 <14 <3
12/01/09 - 12/28/09 . <3 © . <3 <5 <2 <4 - <Bb <2 <8 <3 <2 T <16 <A

MEAN




TABLE D-ll.1 CONCENTRATIONS OF GROSS BETA IN AIR PARTICULATE SAMPLES
COLLECTED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF E-3 PCI/CU METER + 2 SIGMA

COLLECTION 1182
PERIOD
- p—

01/05/09 - 01/12/09 - 21 + 4
01/12/09 - 01/19/09 23 + 4
01/19/09 - 01/26/09 33 + 4 N
01/26/09 - 02/02/09 33 + 4
02/02/09 - 02/09/09 23 + 4
02/09/09 - 02/17/09 18 + 3
02/17/09 - 02/23/09 15 = 4 .
02/23/09 - 03/03/09 27 + 4 N :
03/03/09 - 03/09/09 28 + 5
03/09/09 - 03/16/09 28 + 4
03/16/09 - 03/23/09 29 + 4
03/23/09 - 03/30/09 17 + 4
03/30/09 - 04/06/09 12 + 3.
04/06/09 - 04/13/09 23 + 4
04/13/09 - 04/20/09 29 + 4
04/20/09 - 04/27/09 (1
04/27/09 - 05/04/09 20 + 4
05/04/09 - 05/11/09 14 + 3
05/11/09 - 05/18/09 21 + 4
05/18/09 - 05/26/09 23 + 4
05/26/09 - 06/01/08 17 + 4
06/01/09 - 06/08/09 15 + 4
06/08/09 - 06/16/09 14 + 3
06/16/09 - 06/22/09 8 + 4
06/22/09 - 06/29/09 18 + 4
06/29/09 - 07/06/09 18 + 4
07/06/09 - 07/13/09 17 + 4
07/13/09 - 07/20/09 22 + 4 ‘
07/20/09 - 07/27/09 21 + 4
07/27/09 - 08/03/09 23 + 4
08/03/09 - 08/10/09 Sm
08/10/09 - 08/17/098 - 27 £ 4. 7
08/17/09 - 08/24/09 22 + 4
08/24/09 - 08/31/09 21 + 4
08/31/09 - 09/07/09 29 + 4
09/07/09 - 09/15/09 26 + 4
09/15/09 - 09/21/09 25 + 5
09/21/09 - 09/28/09 22 + 4
09/28/09 - 10/05/09 22 + 4
10/05/09 - 10/12/09 18 + 4 ;
10/12/09 - 10/19/09 16 + 4 - . "
10/19/09 - 10/26/09 25 + 4 -
10/26/09 - 11/02/09 14 + 4
11/02/09 - 11/09/09 25 + 4 -
11/09/09 - 11/16/09 31 + 4 :
11/16/09 - 11/23/09 24 + 4 ‘
11/23/09 - 11/30/09 15 + 4 '
11/30/09 - 12/07/09 16 + 4
12/07/09 - 12/14/09 35 + 4
12/14/09 - 12/21/09 26 + 4
12/21/09 - 12/28/09 - 15 = 4
MEAN ‘ cro22 + 12

(1) See Program Exceptions for Explanation



TABLE D-l1.2 - CONCENTRATIONS OF GANMA EMITTERS IN AIR PARTICULATE SAMPLES
- 'COLLECYED IN THE VICINITY OF LIMERICK GENERATING STATION, 2009

STC COLLECTION Be-7 Mn-54 Co-58
PERIOD ,

1182 12/29/09 - 03/30/09 84 + 14 <05 <06
03/30/09° - "06/29/(§  N'x17 M <1l ¢ <14
06/29/09 - 09/28/09 103 = 15 <08 <06
09/28/09 - 12/28/09 63 = 14 <05 <09

MEAN 85 + 34

A I
SET A

RESULTS IN UNITS OF E-3 PCI/CU METER + 2 SIGMA

Co-6'0' A

< 0.6

208

< 0.6
< 0.9

< 0.7

t
<02 - -

<08
<06

Cs-134

il

Cs-137

< 0.5
<1

<06
< 05



TABLE D-ll.1 CONCENTRATIONS OF I-131 BY CHEMICAL SEPARATION AND GAMMA
S - EMITTERS IN MILK SAMPLES COLLECTEDIN THE VICINITY OF LIMERICK
GENERATING STATION, 2009

~ RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

STC COLLECTION .. I-131 K-40 Cs-134 . -€s137 . . Ba:140 . La-140
e 10D S _ , — _ S
1981 01/13/09 <022 1356 £126 < <4 <19 <3

04/07/09 <015 1359 + 118 <4 <4 <16 <3
07/14/09 <015 1290 + 110 <3 <3 <M <2
10/06/09 <04 1333 + 120 <4 <4 <13 <3
MEAN - 1335 + 64
10F4  01/13/09 <022 1382 £127 <4 <3 <23 <3
04/07/09 <0.16 1398 £ 121 <5 <4 <12 <4
07/14/09 <028 1454 + 43 <1 <1 <6 <2
10/06/09 <014 1249 + 119 <3 <3 <15 <5
MEAN - 1371 + 173
25C1  01/13/09 <021 1419 £ 130 <4 <2 <23 <3
04/07/09 <014 1505 + 105 <4 <3 <16 <4
07/14/09 <028 1362 £ 119 <7 <6 <20 : <4
10/06/09 <025 1459 & 112 <4 <4 <19 <3
MEAN - 1436 + 121



- HGURED1 f _
COMPARISON OF MONTHLY TOTAL GROSS BETA CONCENTRATIONS IN
DRINKING WATER SAMPLES SPLIT BETWEEN ENV AND TBE, 2009
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FIGURE D-2
COMPARISON.OF WEEKLY GROSS BETA CONCENTRATIONS IN AR PARTICULATE
SAMPLES COLLECTED FROM LGS COLLOCATED LOCATIONS 11S1 AND 11S2, 2009
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TABLE E-1 ANALYTICS ENVIRONMENTAL RADIOACTIVITY CROSS CHECK PROGRAM
TELEDYNE BROWN ENGINEERING, 2009
(PAGE 1 OF 3)

g ldentification : Reported Known Ratio (c)
Month/Year  Number Matrix Nuclide Units  Value(a) Value (b) TBE/Analytics Evaluation (d)
March 2009 E6533-396 Milk Sr-89 pCi/L 102 97.7 1.04 A
Sr-90 pCi/L 14.9 15.6 0.96 A
E6534-396 Milk 1-131 pCi/L 66.7 79.3 0.84 A
Ce-141 pCi/L 87.5 94.9 0.92 A
Cr-51 pCi/L 275 305 0.90 A
Cs-134 pCi/lL 82.0 93.7 . 0.88 A
Cs-137 pCi/L 111 111 1.00 A
Co-58 pCi/L 114 119 0.96 A
Mn-54 pCi/L 136 128 1.06 A
Fe-59 pCi/L 112 99.9 1.12 A
Zn-65 pCi/L 160 156 1.03 A
Co-60 pCi/L 142 142 1.00 A
E6536-396 AP Ce-141 pCi 120 115 1.04 A
' ‘ Cr-51 pCi 385 371 1.04 A
Cs-134 pCi 113 114 0.99 A
Cs-137 pCi 149 135 1.10 A
Co-58 pCi 153 145 1.06 A
Mn-54 pCi 155 155 1.00 A
Fe-59 pCi 118 121 0.98 A
Zn-65 pCi 195 189 1.03 A
Co-60 . ' pCi 190 173 1.10 A
E6535-396 Charcoal [-131 pCi 82.8 79.4 1.04 A
June 2009 E6742-396 Milk Sr-89 pCi/L 107 112 096 A
: Sr-90 pCi/L 19.0 16.7 1.14 A
E6743-396 Milk 1-131 pCi/L. 98.1 102.0 0.96 A
Ce-141 pCi/L 260 284 0.92 A
Cr-51 pCi/L 389 400 0.97 A
Cs-134 pCi/L 144 166 0.87 A
Cs-137 - pCilL 185 192 0.96 A
Co-58 ~ pCilL 86.9 91.9 0.95 A
Mn-54 pCi/L 133 137 0.97 A
Fe-59 pCi/L 126 122 1.03 A
Zn-65 pCi/L 173 175 0.99 A
Co-60 pCi/lL 298 312 0.96 A
E6745-396 AP ‘Ce-141 pCi 186 163 1.14 A
Cr-51 pCi 262 231 : 1.13 A
Cs-134 pCi 101 95 1.06 A
Cs-137 pCi 135 111 1.22 w
Co-58 pCi 61 53 1.16 A
Mn-54 pCi 83.1 79 1.05 A
Fe-59 pCi 84 70 1.19 - A
Zn-65 . pCi 137 101 1.36 N (1)
Co-60 pCi 202 180 112 A
A

E6744-396 Charcoal 1-131 pCi 92.2 95.8 0.96
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TABLE E-1 ANALYTlCS ENVIRONMENTAL RAD: OACTIVITY CROSS CHECK PROGRAM

TELEDYNE BROWN ENGINEERING, 2009
(PAGE 2 OF 3)

Identification ' Reported  Known *° - Ratio (¢)
Month/Year . Number® Matrix. Nuclide .. Units . Value(a) . Value (v), TBE/Anal“ ics Evaluation (d)
September 2009  E6897-396 Milk Sr-89 "pCill. 113 {07 ..:1".06‘4?5: WA

Sr-90 pCi/L 17.4 18.8 0.93 A

E6898-396 Milk 1-131 pCi/L 89.2 98.6 0.90 ! A

Ce-141 pCi/L 249 275 091 A
Cr-51 pCi/L - 213 221 0.96 A
Cs-134 pCi/L 104.0 123 0.85 | A
Cs-137 pCi/L 172 185 0.93 A
Co-58 pCi/L 96.3 99.4 0.97 A
Mn-54 pCi/L 201 206 - 0.98 - A
Fe-59 pCilL 154 147 1.05 ! A
Zn-65 pCi/lL . 213 204 1.04 ° A
Co-60 pCi/L 154 160 0.96 | A
E6900-396 AP Ce-141 pCi 181 161 112 A
Cr-51 pCi . 145 130 1.12 A
Cs-134 pCi 71.8 72 0.99 | A
Cs-137 pCi 115 109 1.06 A
Co-58 pCi 62 58 1.06 A
Mn-54 pCi 129 121 1.07 | A
Fe-59 pCi 97 98 0.98 ° A
Zn-65 pCi 110 120 0.92 . A
Co-60 pCi 98.7 94.1 1.05 A
E6899-396 Charcoal 1-131 pCi 89.5 92.3 097 A
December 2009  E6946-396 Milk Sr-89 pCi/L 131 131 ©1.00 A
Sr-90 pCi/L 19.3 17.9 1.08 A
E6947-396 Milk 1-131 pCi/L 79.2 87.3 0.91 A
- Ce-141 pCi/L 193 202 0.96 A
Cr-51 pCi/L. 512 548 0.93 A
. Cs-134 pCi/L 222 253 0.88 ' A
Cs-137 pCi/L 163 179 0.91 A
.. v ..., -+ -~ . Cob58 .. pCiL. 200 . 211 . 0.95 . A
Mn-54 pCilL 178 178 .. . 1.00 A
 Fe-59 | pCil. . 176 178 0.99 A
Zn-65 pCiL 326 = 345 0.94 A
Co-60 pCiL " 240 = 256 094 A
E6949-396 AP - Ce-141 pCi 103 - 103 ' 1.00 A
: Cr51 -+~ pCi - 290 280 - 1.04 - A
Cs-134 pCi 116 129 -~ . 0.90 A
Cs-137 pCi 93.4 91.5 1.02 A
Co-58 pCi 111 108 1.03 A
Mn-54 pCi 81.0 90.8 0.89 A
Fe-59 pCi 106 90.8 1.17 A
Zn-65 pCi 155 176 0.88 A
Co-60 pCi 135 131 1.03 A

E-2



TABLEE-1 ANALYTICSI ENVIRONMENTAL RADIOACTIVITY CROSS CHECK PROGRAM
I TELEDYNE BROWN ENGINEERING 2009
(PAGE3OF3)

Identification = -~ . - Reported Kuown-  Ratio (c) '
~ Month/Year Number  .Matrix  Nuclide Units  Value(a) Value (b) . TBE/AnaIytlcs Evaluatlon()

T

December 2009 .E6948-396 Charcoal [-131 pCi 93.3 939 -. 0.99 A

(1) Detector 7 appears to have a slightly high bias. Detector 7 was removed from service until it can be recalibrated. NCR 09-23
(a) Teledyne Brown Engineering reported result. -

(b) The Analytics known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or
volumetric measurements made during standard preparation.

(c) Ratio of Teledyne Brown Engineerihg to Analytics results.

(d) Analytics evaluation based on TBE internal QC limits: A= Acceptable. Reported result falls within ratio limits of 0.80-1.20.

W-Acceptable with warning. Repeited result falls within 0.70-0.80 or 1.20-1.30. N = Not Acceptable. Reported
result falls outside the ratio limits of < 0.70 and > 1.30.
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TABLE E-2 ERA ENVIRGNMENTAL RADIOACTIVITY CRCSS CHECK PROGRAM
TELEDYNE BROWN ENGINEERING, 2009
(PAGE 1 OF 1) e NP

Reported Known

Identification

Month/Year Number  Media Nuclide “'Units ' Value (@ Value'{b)’ " Control Limits” - Evaluation (c)
April 2009 RAD 77  Water Sr-89. pCi/L 57.4. 48.3 37.8-55.7 N (1)
Sr-90 pCi/lL 30.6 31.4 22.9-36.4 A
Ba-133 pCi/L. 55.2 52.7 43.4 -58.3 A
Cs-134 pCi/L 65.8 72.9 59.5 - 80.2 A
Cs-137 pCi/L 157 168 151 - 187 A
Co-60 pCi/L 86.4 88.9 80.0 - 100 A
Zn-65 pCi/L 85.5 84.4 76.0 - 101 A
Gr-A pCi/lL 47.7 54.2 28.3-67.7 A
Gr-B pCi/L 45.2 435 , 29.1-50.8 A
1-131 pCi/L 25.2° 26.1 21.7-30.8 A
H-3 pCi/L 19733 ° 20300 17800 - 22300 A
October 2009 RAD 79  Water Sr-89 pCi/l. 64.75 62.2' 50.2 - 70.1 A
- Sr-90 pCi/L 30.30 30.7 22.4-35.6 A
Ba-133 pCi/L 97.9 92.9 78.3 - 102 A
Cs-134 pCi/L 768 = 794 65.0 - 87.3 A
Cs-137 pCilL 59.9 54.6 49.1 -62.9 A
Co-60° PpCi/L 121 117 105 - 131 A
Zn-65 pCi/L 115 99.5 89.6 - 119 A
Gr-A pCi/L 19.6 23.2 11.6 - 31.1 A
Gr-B pCi/L 28.5 26.0 16.2 - 33.9 A
1-131. pCGiL T 2211 . 222 18.4 - 26.5 A
H-3 pCi/lL- 16133 16400 14300 - 18000 A

(1) Calculation did not allow for Y-90 ingrowih on the Sr-89 mount. NCR 09-14
(@) Teledyne Brown Engineering reported result.
(b) The ERA known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or
volumelric measurements made during standard preparation.
(¢) ERA evaluation: A=acceptable. Reported result falls within the Warning Limits. NA=not acceptable. Reported result falls
outside of the Control Limits. CE=check for Error. Reported result falls within the Control Limits and outside of the Warning Limit.
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DC='S MIXED ANALYTE PERFORMANCE EVALUATION PROGRAM (MAPEP)

E-5

TABLZ E-3
TELEDYNE BROWN ENGINEERING, 2009
(PAGE 1 OF 2)
" . Identification N ‘ Reported  Known ' Acceptance .
Month/Year  Number ‘Media  Nuclide Units - Value (a) Value (b) Range __Evaluation (o)
March 2009 -09-Maw20 Water Cs-134 Bg/L. 18.8 22.5 18.5-29.3 A
‘ S ) Cs-137 B/t 0.06 ‘ - A
o v Co-57 Bg/L 17.0 18.9 13.2-24.6 A
Co-60 Bg/L 16.1 17.21 12.1-224 A
H-3 Bq/L 332 - 330.9 232 - 430 A
Mn-54 Bag/L 13.8 14.7 10.3-19.1 A
- i Sr-90 Ba/L 6:88 721 - 505-9.37 A
Zn-65 Bq[L 13.2 . 13.6 95-17.7 A
09-GrW20  Water Gr-A’ Bo/L 053" 0635 >0.0-127 A
‘ Gr-B "Bo/L 1.87 1.27 0.64 - 1.91 A
09-MaS20 Soil Cs-134 Ba/kg 433 467 327 - 607 A
L Cs-137 Bqg/kg 649 605 424 - 787 A
Co-57 Bq/kg -0.120 . (N A
Co-60 Ba/kg 3.91 4.11 @ A
Mn-54 Ba/kg 339 307 215 - 399 A
', K-40 Bg/kg 644 570 399 - 741 A
Sr-90 Bqg/kg 245 257 180 - 334 A
, Zn-55 Ba/kg 272 242 169 - 315 A
09-RdF20 AP 'Cs-134  Bg/sample 277 - 293 2.05 - 3.81 A
' : Cs-137  Bag/sample 1.41 1.52 1.06 - 1.98 A
Co-57 .Bg/sample 1.24. 1.30 0.91-1.69 A
Co-60 Ba/sample  1.33 1.22 0.85-1.59 A
Mn-54 . Bag/sample 2.42 2.27 1.59 -2.95 A
Sr-90 Bg/sample 0.71 0.64 0.45-0.83 A
Zn-65 Ba/sample 1.30, 1.36 0.95-1.77 A
09-GrF20 AP Gr-A ‘Bg/sample 0.19 0.35. >0.0-07 A
Gr-B . Ba/sample 0.31 0.28 0.14 -0.42 A
March 2009 09-RdV20  Vegetation Cs-134  Bg/sample 3.48 3.40 2.38-4.42 A
Cs-137  Bg/sample 1.15 0.93 0.65 - 1.21 w
Co-57 Bg/sample 3.12 2.36 1.65 - 3.07 N @)
Co-60 Ba/sample -0.01 1)) A
Mn-54 Bag/sample 2.98 2.30 1.61-2.99 w
K-40 Bag/sample 64.1 @
Sr-90 Bag/sample 1.09 1.26 0.88-1.64 A
Zn-65 Bg/sample 1.73 1.35 095-1.76 w
September 2009 09-MaW21  Water Cs-134 Bg/L 26.5 322 225-419 A
Cs-137 Ba/l 37.2 41.2 28.8 - 53.6 A
Co-57 Bq/L 32.2 36.6 25.6-47.6 A
Co-60 Ba/L 14.0 15.40 10.8 - 20.0 A
H-3 Ba/L 705 634.1 443.9 - 824.3 A
Mn-54 Bq/L -0.1015 1) A
Sr-90 Bag/l - 13.9 12.99 9.09- 16.89 A
Zn-65 Bg/L 26.2 269 . 18.8-35.0 A
09-GrW21  Water Gr-A Bg/L 1.27 1.047 >0.0-2.09 A
' Gr-B Bg/L 9.70 753" 3.77-11.30 A



TABLEE-3. . = DOE'S MIXED ANALYTE PERFORMANCE EVALUATION PROGRAM (M;

TELEDYNE BROWN ENGINEERING 2009

~ (PAGE 20F 2)

. Identification L. Reported ... . Known Acceptance’
Month/Year Number Media - Nuclide Units Value ()  Value (b) Range Evaluation (c)
September 2009 09-MaS21 Sail Am-241 Ba/kg 74.7 808"  629-116.7 A
. o Cs-134 .. Bagkg [8X3 o e e A
Cs-137 Bag/kg 706 669 468 - 870 A
Co-57 Bakg - 606 586 410 - 762 A
Co-60 Bag/kg . 350 327.000 229 - 425 A
Mn-54 Bq/kg 876 796 5571035 A
K-40 Ba'kg 425 375 263-488 + A
Sr-90 Bg/kg 505 455 319-592 - (A
Zn-65 Ba/kg 1370 1178 ‘825 -'1531.:¢, A
09-RdF21 .. AP Cs-134  Bg/sample  -0.02 ™. A
Cs-137 Bg/sample © 1.4 1.4 0.98-182 A
Co-57 Ba/sample 5.98 6.48 454-842 % A
Co-60 Ba/sample 1.01 1.03 072-134 " A
Mn-54 Bg/sample . 5.16 549.- - 384-714 i A
.. Sr-90 Bg/sample . .0.93 0.08 - .0.59;1.09 «, CA
" Zn-65 Bqg/sample 4.39 3.93 275-511" “A
09-GrF21 AP Gr-A Bg/sample 0.36 0.66 >0.0-1.32 A
Gr-B Bg/sample 1.40 1.32 0.66-1.98 A
09-RdV21"~ Vegetation Cs-134  Bg/sample  -0.0027 , m A
) o . Cs-137 Bg/sample ., 2.36 2.43 1.70-3.16 . A
T Co-60  Bg/sample : 2.58 257  -1.80-3.34 . A
" Mn-54 Bqg/sample 8.36 7:9 ' 55-103 A
K-40 Ba/sample .  57.8 ) (4)
Sr-90 Bg/sample "~ 1.73 178 . . 1.25-2.31 A
- Zn-65 7 -0.59 : 1) A

(1) False positive test.
(2) Sensitivity evaluation.

Ba/sample

(3) Homogeneity problem. MAPEP requires using entire sample but due to geometry llm/tatlons we can on/y use part of the sample NCR 09-13

(4) Not evaluated by MAPEP.
(a) Teledyne Brown Engineering reported result.

(b) The MAPEP known value is equal to 100% of the parameter present in the standard as determined by gravimetric and/or -

volumetric measurements made during standard preparation.

(c) DOE/MAPERP evaluation: A=acceptable, W=acceptable with warning, N=not acceptable.
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TABLE E-4 12BHA (a) STATISTICAL SUMMARY PROFICIENCY TESTING PROGRAM?
* ENVIRONMENTAL, INC., 2009
" (Page 1 of 1)
o g RN Concentration (pCi/L)
Lab Code Date Analysis  Laboratory ERA Control
' ‘ Result® Result®  Limits Acceptance
STW-1181  04/06/09., Sr-89 410 +5.8 - 483 37.8 -55.7 Pass
STW-1181  04/06/09 . Sr-90 324 £24 - 314 22.9 - 36.4 Pass
STW-1182  04/06/09 Ba-133 44.6 3.1 52.7 43.4 - 58.3 Pass
STW-1182  04/06/09 Co-60 81.0 £3.1 - 889 80.0 - 100.0 Pass
STW-1182  04/06/09 © Cs-134 - 65.6 £5.2 729 59.5 -80.2 - Pass
STW-1182° 04/06/09 Cs-137 147.7 £5.3 168.0 151.0 - 187.0 Fail
STW-1182  04/06/09 Zn-65. 798 7.5 84.4 76.0 - 101.0 Pass
STW-1183  04/06/09 Gr. Alpha " 47.6 £2.1 54.2 28.3 - 67.7 Pass
STW-1183  04/06/09 -Gr. Beta 385 +1.3 -43.5 29.1 - 50.8 Pass
STW-1184  04/06/09 - 1-131 - . 244.£25 26.1 21.7 -30.8 Pass
STW-1186° 04/06/09 *'H-3 =~ - '22819.0 +453.0 20300.0 17800.0 - 22300.0 Fail
STW-1193  10/05/09 = Sr-89 53.0 £6.0 62.2 50.2 - 70.1 Pass
STW-1193  10/05/09  Sr-90 - 311222 307 + . 224.-356 Pass
STW-1194  10/05/09 -Ba-133 - 825 +35" 92.9 78.3 - 102.0 Pass
STW-1194  10/05/09 Co-60 ; 116.8 +3.3 - - 117.0 105.0 - 131.0 Pass
STW-1194  10/05/09 Cs-134 78.8 £5.7" ' .78.8 65.0 - 87.3 Pass
STW-1194  10/05/09 " Cs-137 . 542 +37 ‘ 54.6 - 491 -62.9 Pass
STW-1194  10/05/09 Zn-65 - .1025 +6.2 99.5 89.6 - 119.0 . Pass
STW-1195  10/05/09  Gr. Alpha 203 +£2.0 23.2 11.6 - 31.1 Pass
STW-1195  10/05/09  Gr. Beta 237 1.4 26.0 16.2 - 33.9 Pass
STW-1196  10/05/09 ~ I-131 224 +1.4 22.2 18.4 - 26.5 _ Pass
STW-1198  10/05/09 H-3 17228.0 +694.0 16400.0 14300.0 - 18000.0 Pass

a

(ERA).

Results obtained by Environmental, Inc., Midwest Laboratory as a participant in the crosscheck
program for proficiency testmg in dr/nkfng water conducted by Environmental Resources ASSsc

® Unless otherwise indicated, the laboratory result is given as the mean + standard devia tion for three

determinations.

° Results are presented as the known values, expected laboratory precision (1 sigma, 1 determination)
and control limits as provided by ERA. o

® All gamma -emitters showed a low bias. A large plastic burr found on the base of the Marinelli kept the
beaker from sitting directly on the detector. Hesu/t of recount in a different beaker, Cs-137, 155.33
:t 14.55 pCi/L.
® Samples were recounted and also reanalyzed. A recount of the or/g/nal vials averaged 23 009 pC//L
Reanalysis results were acceptable 19,170 pCi/L.
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TABLE“E-SN : DOE'S MIXED ANALYTF PEREORMANCE EVALUATION PROGRAM (MAPEP)
ENVIRONMENTAL INC., 2009
(Page 1 of 2)

Concentration® -

Known - Control . . .
Lab Code °© Date - . 'Analysis Laboratory result - Activify- el CLimits ¢ - 'f'-i"#?wAcceptance
STW-1170  01/01/09  Co-57 19.6 +0.4 18.9 © '132-246 ' ', Pass
STW-1170  01/01/09  Co-60 16.6 £ 0.3 - 17.2 12.1-224" 7 Pass
STW-1170  01/01/09  Cs-134 20.4 £0.5 225 15.8 - 29.3 ~ Pass
STW-1170° 01/01/09  Cs-137 01102 0.0 '00-1.0 ' Pass
STW-1170  01/01/09  H-3 359.9 £339- - 3309 231.6-4302 - Pass
STW-1170  01/01/09  Mn-54 15.0 + 0.4 147 10.3 - 19.1 " Pass =
STW-1170  01/01/09  Sr-90 7914 - 7.2 - '51-94 .  .Pass
STW-1170  01/01/09 * Zn-65 14.0 £ 0.7 - 13.6 95-17.7 - | Pass
STW-1171 ~ 01/01/09  Gr. Alpha 0.56 + 0.06 0.64 0,00 - 1.27 Pass
STW-1171  01/01/09  Gr. Beta 129005 = 127 0.64:-1.91 © - = Pass
STSO-1172° 01/01/09  Co-57 . 00+00 . ,, .00 00-10, .. Pass-
STSO-1172  01/01/09 . Cs-134 458.6 7.4 = 467.0 327.0 - 6070 .- . Pass
STSO-1172  01/01/09  Cs-137 6523 +35 .  605.0 424.0 - 787.0 Pass
STSO-1172  01/01/09  K-40 6364 £95 ' 5700 '360.4-669.4 .  Pass
STSO-1172  01/01/09  Mn-54 3464 £31 . . 307.0 215.0-399.0 ., . Pass .
STSO-1172 01/01/09 . Sr-90 180.6 £121 257.0 180.0 -334.0 | = Pass
STSO-1172 01/01/09  Zn-65 268.3 4.0 = 2420 169.0 -3150 ~  Pass
STVE-1173 01/01/09  Co-57 275011 236 1.65-3.07 . Pass .
STVE-1173° 01/01/09  Co-60 0.06 +0.09 ~  0.00 0.00 - 1.00 ' Pass
STVE-1173 01/01/09  Cs-134 349 +£022. 340 238 -4.42. Pass -
STVE-1173 01/01/09  Cs-137 1.01 £0.11 0.93 065-121 , . Pass
STVE-1173 01/01/09 ~Mn-54 252+014 230 1.61-2.99 ' Pass |
STVE-1173 01/01/09 = Zn-65 152+018 135 095-176  Pass
STAP-1174 01/01/09 'Co-57 125£0.05 1.30 0.91 - 1.69 . Pass
STAP-1174 01/01/09  Co-60 117 £0.06° - 122 0.85-159 | Pass,
STAP-1174 01/01/09 Cs-134 2.67 +0.14 293 2.05 - 3.81 Pass
STAP-1174 01/01/09  Cs-137 1.53 +0.08 1.52 1.06 - 1.98 Pass
STAP-1174 01/01/09  Mn-54 2.34 +0.09 2.27 1.59 -2.95 Pass
STAP-1174" 01/01/09  Sr-90 0.93 +0.14 0.64 0.45 - 0.83 . Fail
STAP-1174 01/01/09  Zn-65 1.44 £0.14 1.36 0.95 - 1.77 Pass
STAP-1175 " 01/01/08 * Gr.Alpha + 022+0.03 -~ 035 ' - 0.00-0.70 Pass
STAP-1175 . 01/01/09 Gr.Beta - 0.36+0.04 - - 0.28 0.14 -042 - ' Pass
STW-1192  07/01/09  Co-57 - 37215 . 36.60 256 - 47.6 Pass
STW-1192  07/01/09 Co-60 15109 = 1540 10.8 - 20.0 " Pass
STW-1192  07/01/09  Cs-134 ~ * 303x21' ~ : 3220 = 225-419° " | Pass
STW-1192  07/01/09  Cs-137 419 £1.8 41.20 28.8 - 53.6 , Pass
STW-1192  07/01/09 H-3 680.3 + 33.6 634.10 443.9 - 824.3 ~ Pass
STW-1192°. 07/01/09  Mn-54 0.01 £0.26 0.00 \ 0.0 -1.0 - Pass
STW-1192  07/01/09  Sr-90 129 £1.7 12.99 9.1 -16.9 _ Pass

. STW-1192 Q07/01/09 Zn-65 285 +2.4 _ 26.90 18.8 - 35.0 ' Pass
' E-8
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TABLE E-5 DOE S MIXED ANALYTE PERFORMANCE EVALUATION PROGRAM (MAPEP)
S " ENVIRONMENTAL, INC., 2609 : .
(Page20t2)
Concentration °
» Known Control
Lab Code . Date Analysis Laboratory result Activity Limits ¢ Acceptance
STW-1191  07/01/09  Gr. Alpha 0.88 +0.07 1.05 0-2.1 Pass
STW-1191  07/01/09 _ Gr. Beta .7.29 £0.10 7.53 377 -11.3 Pass
STSO-1188 07/01/09 - Co-57 674.60 +9.00 586 410 - 762 Pass
STSO-1188 07/01/09  Co-60 356.40 +6.30 327 229 - 425 - Pass
STSO-1188 07/01/09 Cs-134 0.20 +1.90 . 0 - < 0-1.0 Pass
STSO-1188 07/01/09 Cs-137 - 767.50 + 12.00. 669 * 468 - 870 Pass -
STSO-1188 07/01/09  K-40 433.00 + 37.20 375 - 263 - 488 Pass
STSO-1188 07/01/09  Mn-54 931.60 + 14.10 796 557 - 1035 Pass
STSO-1188° 07/01/09  Sr-90 310.50 + 12.20 " 455 . 319 -592 Fail
STSO-1188 07/01/09 * Zn-65 1433.90 + 25.20 1178 "' 825 - 1531 Pass
STVE-1190 07/01/09°° Co-57 8.90 +0.60 - 8.00 "5.60 -10.40 Pass
STVE-1190 07/01/09  Co:60 250 +0.36 2.57 ¢ 1.80-3.34 Pass
STVE-1190 07/01/09 Cs-134 0.01 £0.11 1 0.00 ©0-0.10 Pass .
STVE-1190 07/01/09 Cs-137 242 +0.16 ° 243 '170-3.16 Pass
STVE-1190 07/01/09 Mn-54 835070 . 7.90 550 -10.30 Pass ,
- STVE-1190 07/01/09  Zn-65 "0.01 £0.26 . 0,00 0-0.10 Pass
STAP-1189 07/01/09  Gr. Alpha 0.33 £0.04 0.66 , 0-1.32 Pass -
STAP-1189 07/01/09  Gr. Beta 157 £0.07 =~ '1.32 "0.66 - 1.98 Pass .
STAP-1190 07/01/09  Co-57 678 £027 6.48 , 454 -842° . Pass
STAP-1190 07/01/09 Co-60 1.06 +0.18 1.03 T10.72 -1.34, ~ Pass -
STAP-1190 07/01/09  Cs-134 '0.01 +0.06 70.00 70.01 -0.05 Pass
STAP-1190 07/01/09  Cs-137 1.49 +0.27 1.40 1 0.98 -1.82 Pass
STAP-1190 07/01/09  Mn-54 6.00 = 0.45 . 5.49 384 -7.14 . . Pass
STAP-1190 07/01/09  Sr-90 079+0.13,. . 0.84 0.59 -1.09.. - Pass
STAP-1190 07/01/09  Zn-65 455066 . 3.93

- Pass

Results obtained by Environmental, Inc., Midwest Laboratory as a participani-in the Departn7ent of -~

Energy's Mixed Analyte Performance Evaluation Program, Idaho Operations office, Idaho Falls, Idaho

0.54 = 0.12 Bqffilter.
9 Incomplete separation of strontium from calcium could result in a higher recovery percentage and
consequently lower reported activity. The analysis Was Sepeated; result of reanalysis 363.3 + 28.6 Bg/kg.

Results are reported in units of Bq/kg (soil), Bq/L (water) or Bq/total sample (filters, vegetation).
° Laboratory codes as follows STW (water), STAP (air filter), STSO (soil), STVE (vegetat/on)
MAPERP resulls are presented as the known values and expected laboratory precision (1 sigma,
1 determination) and.control limits as defined by the MAPEP.

Included in the testing series as a "false positive".
No reason was determined for the initial high results. The analysis was repeated; result of reanalysis;

1
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APPENDIX F

ANNUAL RADIOLOGICAL GROUNDWATER
PROTECTION PROGRAM REPORT (ARGPPR)
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Summary and Conclusions

This report on the Ftadiological Groundwater Protection Prograrm (RGPP)
conducted for the Limerick Generating Station (LGS) by Exelon Nuclear covers
‘the period 01 January 2008 through 31 December 2008. During that time period,
264 analyses were performed on.44 samples from. 15 groundwater and 7 surface
water locations collected from the environment; both on and off station property
in 2009.

There was one known release into the groundwater at the Limerick Generating
Station that occurred from a leak from the exterior walls of both U1 and U2
condenser bays. The condensation was observed dripping directly to open- -
ground and asphalt: One well (LM-MW-9)located nearthe Unit 1 Condensate
Storage Tank had a tritium value as high as 1750 pCi/L..

Tritium was not detected in any of the groundwater or surface water samples at
concentrations greater than the United States Envircnmental Protection Agency
(USEPA) drinking water standard (and the Nuclear Regulatory Commission
Reporting Limit) of 20,000 pCi/L. Low levels of tritium were detected at three of -
the 15 groundwater monitoring locatiens. The tritium concentrations ranged from
189 to 1750 pCilL. .

Strontium-90 was not detec*ed in enher the groundwater or surface water
samples. S R P .

Gross Alpha and Gross Beta analyses in the drssotved :and suspended fractions
performed on groundwater surface water samples during the second sampling in
2009. Gross Alpha (dissolved) was detected in 9 of 15 groundwater and. 1 of 7
surface water locations. The concentrations ranged from 2. 1t0 9.1 pCi/L. Gross
Alpha (suspended) was detected in 5 of 15 groundwater Iocatrons The
concentrations ranged from 1.6 to 7.5 pCi/L. Gross Beta (dissolved) was
detected in all 15 groundwater and 6 of 7 surface water locations. The
concentrations ranged from.2.6-to 17 pCi/L. Gross Beta (suspended) was - .
detected in 3 of 15 locations. The concentratrons ranged from 4.3 to 11 pCi/L.

Gamma-emitting radionuclides associated with licensed plant operations were
not detected in either groundwater or surface water samples. . :

- Hard-To-Detect analyses were performed on a select group of groundwater
locations to establish background levels.- The analyses included Fe-55, Ni-63,
Am-241, Cm-242, Cm-243/244, Pu-238, Pu-239/240, U-233/234, U-235 and U-
238. The isotopes of U-233/234 and U-238 were detected in four of five
groundwater monitoring locations. The U-233/234 concentrations ranged from
0.9 to 2.3 pCi/L and the U-238 concentrations ranged from 0.5 to 1.8 pCi/L. The
levels detected are considered background.

All other hard-to-detect nuclides were not detected at concentrations greater
than their respective MDCs.



Although no drinking water pathway is available from groundwater, the dose via :
the drinking water pathway was calculated at 0.181 mrem to a child (total body),
which was 3.20% of. the 10, CFR 50, Appendix | dose I|m|t '

In assessmg all the data gathered for this report, it was concluded that thp
operation of Limerick. Generatmg Station had no ad»erse radlologlcal |mpact on
the enwronment offsnte of LGS L : R R

§



: Int*oductlon : ;
~ The leenck Generatlng Station (LGS) consisting of two 3458-MWt bonhng

water reactors ownéd and operated by Exelon Corporation, is located adjacent to
the Schuylkill River in Montgomery Ccunty, Pennsylvania. Unit No. 1 went

~eritical-on. 22 December 1984. Unit No. 2 went.critical-on 11 August 1989. The

site is located in Piedmont countryside, transversed by numerous-valleys
containing small tributaries that feed into the Schuylkill River. On the eastern
river bank elevation rises from approximately 110 to 300 feet mean sea level
(MSL). On the western river bank elevation rises to approximately 50 feet MSL.

This report covers tHose analyses performed by Teledyne Brown Engineering
(TBE) on samples collected in 2009.

In 2006, Exelon instituted a comprehensive program to evaluate the impact of
station operations on groundwater and surface water in the vicinity of Limerick
Generating Station. This evaluation involved numerous station personnel and
contractor support personnel.

A. Objective of the RGPP
The long-term objectives of the RGPP are as follows:

1. ldentify suitable locations to monitor and evaluate potential impacts
from station operations before significant radiological impact to the
environment and potential drinking water sources.

2. Understand the local hydrogeologic regime in the vicihity of the station
and maintain up-to-date knowledge of flow patterns on the surface and
shallow subsurface.

3. Perform routine water sampling and radiological analysis of water from
selected Iocatlons

4. Report new leaks, spllls or other detections with potential radiological
significance to stakeholders in a timely manner.

5. Regularly assess analytica| results to identify adverse trends.
6. Take necessary corrective actions to protéct groundwater resources.
B.  Implementation of the Objectives

The objectives identified have been implemented at Limerick Generating
Station as discussed below:

1. Exelon and its consultant identified locations as described in the
2006 Phase 1 study. The Phase 1 study results and conclusions

3



- trends.”

~ were made available to state and.federal regulators as well as the
* public on an Exelon web site in station specific,reports.

www.exeloncorp.com/ourcompanies/powergen/nuclear/Tritium.htm’

The Limerick Generating Station reports describe the local:-~
hydrogeologic regime. Periodically, the flow patterns on the

- surface and shallow. subsurface are updated based on ongomg
measurements 2

| erenck Generatrng Statron erl contrnue to perform routlne

sampling and radlologlcal analysrs of water from selected Iocatlons.
A

ererlck Generatmg Statlon has |mplemented new procedures to

identify and report new leaks, spills,or-other detectlons with
» :;.potentlal radiological srgnrfrcance ina tlmely manner.

'erenck Generatrng Statron staff and consultrng hydrogeologrst

assess. analytrcal results on an ongorng basrs to’ rdentlfy adverse

I

Program DescriptiOn

. Samples for the ongorng ground water monltorlng program were collected

. for Exelon Nuclear. by Normandeau Associates, Inc. (NAI). This section
. describes the general collectron methods used to obtarn envrronmental

samples for the LGS RGPP |n 2009 Sample locatrons can be found in

Table A-1, Appendix. A. T . S l

1.

" Sample CoIIectlon

Groundwater and Surface Water

R

':Samples of both groundwater and- surface water were collected,
- managed, transported and anaIyzed in accordance with approved
- ‘procedures following EPA méthods. Sample locations, sample

collection frequericies and analytical frequencies were controlled in

- accordance with approved station procedures. Contractor and/or
_ station personnel were trained in the collection, preservatlon
 ‘managemernit, and shipment of samples, as well as in

documentation of sampling events. Analytical laboratories were
subject to internal quality assurance programs, industry cross-
check programs, as well as nuclear industry audits. Station
personnel reviewed and evaluated all analytical data deliverables
as data were received.



-'‘Both station personnel and an independent hydrogeologist
-reviewed analytical data results for adverse trends or changes to
hydrogeologic conditions. :

. ’Characterrstrcs of Trltlum (H 3)

~ . Tritium {chemical symbol H-3) is a radloactlve lsotope of hydrogen. The

most common form of tritium is tritium oxide, which is also called "tritiated
water." The chemical propertres of trrtrum are essentially those of ordinary
-hydrogen

Tritiated water behaves the same as ordlnary water in both the
“environment and the body. Tritium can be taken into the body by drinking
‘water, breathing air, eating food; or absorption through skin. Once tritium
enters the body, it disperses quickly and is uniformly distributed
throughout the body. Tritium is excreted primarily through urine with a
f_.clearance rate charaCterrzed oy an effective biological half-life of about 14
“days. Within-oné month or so after ingestion, essentially all tritium is
cleared. Organically bound tritium (tritium that is incorporated in organic
compounds) can remain in the body for a longer period.

. Tritium is produced naturally.in the upper atmosphere when cosmic rays
strike ‘air moleculés. Tritium is.also produced during nuclear weapons
explosions, as a by- product in reactors producrng electricity, and in special
production reactors where the’ isotopes lithium-7 and/or boron-10 are
activated to produce tritiurn. 'Like normal water, tritiated water is colorless
and odorless. Tritiated water behaves chemically and’ physrcally like non-
tritiated water in the subsurface, and therefore tritiated water will travel at
the same velocity as the average groundwater veIocnty

Tritium has a half-life of approxrmately 12 3 years It decays
spontaneously to helium- 3 ( He). This radioactive decay releases a beta
particle (low-energy electron) The' radroactlve decay of tritium is the
source of the health.risk from exposure to tritium. Tritium is one of the

- least dangerous radionuclides because it emits very weak radiation and

. leaves the body relatively quickly. Since tritium is almost always found as
water, it goes directly into soft tissues and organs. The associated dose to
these tissues is generally unrform and is dependent on the water content

. of the specific tissue. .. . . .. . .



(1. Prograrm Description -

A.'. Sar'nple‘AnaIysis : o

This sectron describes the general analytlcal methodologres used by TBE
.to analyze the envrronmental samples for radioactivity for the Limerick
Generatmg Statron RGPP in 2009. :

i

In order to achreve the stated objectrves the current program includes the
foIIowmg analyses: :

1.

2.

Concentrations of tritium in groundwater. and surface water.

Concentrations of Gross Alpha, Dissolved and Suspendedtand
Gross Beta, Dissolved and Suspended in. groundwater and surface
water. . y

]

3. Concentrations. o‘ gamma emrtters in-groundwater and surface
: water. o .- .
4, 1 Con,oentrations of strontrumlngroundwater and surface water.
5 'Concentrations:,o'f Am241lngroundwater o |
6. Concentrations of’Cm'-242"*and‘Crn-243/244 in groUndwate:r
7. Concentratlons of Pu 238 and PU 239/240 in groundwater
8. Concentratlons of U 933/234 U 235 and U 238 in groundwater.
”9.k Concentratlons of Fe- 55 |n groundwater
| 10 b Conr'entratlons of Ni- 63 in groundwater
B. Data Interpretation

g “-"‘:”The radiological data. collected prior:to Limerick Generating Station
. becoming operational were used:as a:baseline with which these |
- operational data were compared.. For the purpose of this report, Limerick
- Generating:Station’was considered operational at initial criticality., Several
factors were |mportant in the interpretation of the data:

1.

Lower L|m|t of Detection and Minimum Detectable Concentration

~ The lower limit of detection (I.LD) ’is}'defi'ned as the smallest

concentration of radioactive material in a sample that would yield a
net count (above background) that would be detected with only a

6



5% probability of falsely concluding that a blank observation-
represents a "real" signal. The LLD is intended as a before the fact
estimate of a'system (including instrumentation, procedure and
sample type) and not as an after the fact criterion for the presence

=+ of activity. All analyses were designed tc achievé the required LGS

‘ ‘detectron capabrhtles for enwronmental sample analysrs

- The minimum detectable concentration (MDC) is deflned above
- with the exception that the measurement |s an after the fact
estlmate of the presence of activity.: - I

’ L_aboratorv Measurements Uncertainty -

- The'estimated uncertainty in measurement of tritium in

© environmental samples is frequently on the order of 50% of the
measurement value. :

“'-‘-Stati'étioally‘, the exact value of a measurement is expressed as a

range:with a stated level of confidence. The convention is to report
_ results with a 95% level of confrdence The uncertainty comes

" from calibration standards,' sample volume or weight
measurements sampling uncertalnty and other factors. Exelon
reports the uncertainty of a measurerent created by statistical
process (counting error) as well as all sources of error (Total
“Propagated Uncertarnty or TPU) Each result has two values

, .calculated Exelon reports the TPU by following the result with plus
or minus:+ the estimated sample standard deviation, as TPU, that
s obtamed by.propagating all sources of analytical uncertainty in
measurements

I<~,?

Analytlcal uncertalntles are reported at the 95% confidence IeveI in
this report for.reporting consistency with the AREOR

Background Analysis

. . A pre-operational radiological environmental monitoring program (pre-
operational REMP).was conducted to establish background radioactivity
levels prior to operation of the Station. The environmental media sampled
and analyzed during the pre-operational REMP were atmospheric
radiation, fall-out, domestic water, surface water, aquatic life, and

- foodstuffs. The results of the monitoring were detailed in the report
“entitled, Pre-operational Radiological Environmental Monitoring Program
Report, Limerick Generating Station Units 1 and 2, 1 January 1982
through 21 ‘December 1984, Teledyne Isotopes and Radiation
‘Management Corporauon -



- . The pre-operational REMP contained analytical results from samples

' collected from both surface water and groundwater ‘»
l
. l\/lonthly surface water samphng began in 1982 and the samples were

| - analyzed for tritium as well as other radioactive analytes. During the

preoperational program tritium was detected at a maximum concehntratlon
of 420 pCi/L, indicating that.these preoperational results were from
nuclear weapons testing-and-is radioactively decaying as predlcted

- Gamma isotopic results from the preoperational program were all less

than or at the mlnlmum detectable concentratron (MDC) level. ‘\3

o1 ‘Background Concentratlons of Tntlum E l
‘The purpose of the followmg dlscussmn is to summarize l
background measurements of tritium in various media performed

. by others. Addltlonal detail. may be found by consulting references
a.  Tritium Productlon o l

Tritium is created in the envrronment from naturally occurrrng
processes both' cosmic and subtérranean, as well aslfrom
“anthropogenic (i‘e., man:made) sources. In the upper
atmosphere, “Cosmogenlc tritium is produced from the
bombardment of stable nuclides and combines with oxygen
“to form tritiated water, which will then enter the hydrologlc
cycle. Below ground, “Ilthogenlc” tritium is produced by the
bombardment of natural lithium present in crystalllnelrocks
by neutrons produced by the radioactive decay of naturally
- . - . -abundant uranium and thorium.. Lithogenic productlon of
v, ., oo tritium is usually negligitle compared to other sources due to
. the limited abundance of lithium in rock.. The llthogenrc
. tritium is introduced dlrect'y to groundwater l‘
- i
o A majnr anthropogemc source of tritium and strontrum 90
“comes from the former atmosphenc testing of thermonuclear
weapons. Levels of tritium in precipitation increased l
significantly during the 1950s and early 1960s, and later with
« - -~ - additional testing, resulting in the release of S|gn|f|cant
- 4 . .. amounts of tritium to the atmosphere. The Canadlanlheavy
~water nuclear power réactors, other commercial power
reactors, nuclear research and weapons production continue -
to influence titium concentrations in the environment, l‘

b.  Precipitation Data | ‘ ‘_

‘Precipitation samples are routinely collected at statiorls

8 |



c.

-around the world for the analysis of tritium and other

,.radionuclides. Two publicly available databases that provide

‘tritium concentrations in precipitation are Global Network of
Isotopes in'Precipitation (GNIP) and USEPA’S RadNet
database. GNIP provides tritium precipitation concentration
data for samgles collected world wide since'1960. RadNet
provides tritium precipitation concentration.data for samples
collected at stations through out the U.S. Based on GNIP
data for sample stations located in the U.S. Midwest, tritium
‘concentrations peaked around 1963. This peak, which
approached 10,000 pCi/L for some stations, coincided with
the atmospheric testing of thermohuclear weapons. Tritium
concentrations in surface water showed a sharp decline up
.until 1975 followed by a gradual decline since that time.
Tritium concentrations have typlcally been below 100 pCi/L
‘since approxrmately 1980. Tritiim concentrations in wells
may still be above the 200 pCi/L detection limit from the
external causes described above. Water from previous
.years was naturally captured in groundwater. As a result,
some well water sources today are affected by the surface

, water from the 1960s that contained elevated tritium activity.

| Surface' Wa'rer Dat‘a’

Tritium concentratrons are routinely measured in the
- Schuylkill ana Delaware Rivers. Pennsylvania surface water
data are typrcally less than 100 pCr/L

The USEPA RadNet surface water data typically has a

“reported ‘Combined Standard Uncertainty’ of 35 to 50 pCi/L.

According to USEPA, this corresponds to a +70 to 100 pCi/l.
- 95% cenfidence bound on each given measurement.
Therefore the typical background data provided may be

a subject to measurement uncertarnty of approximately + 70 to

100 pCl/L

The radioanalytical Iaboratory is countrng tritium results to an
* Exelon specified LLD of 200 pCi/L. Typically, the lowest
positive measurement will be reported within a range of 40 —
+ 240 pCi/L or 140 = 100 pCi/L.. Clearly, these sample results
cannot be drstrngurshed as dn‘ferent from background at this
““concentration.



Results and Discussion

Gamma spectroscopy results for groundwater and surface water. sample were
reported for twelve nuclides (Mn-54, Co-58,.Fe-59, Co 60 Zn 65 Nb-95, Zr-95,
- 131 Cs134 Cs137 Ba—140and La140l ‘ sy

A.

[

) Groundwater Results

_Samples were collected from onsrte wells throughout the year in .
accordance with the statlon radrologlcal groundwater protection program
Analytlcal results and anomalles are dlscussed below ”

[AA

Tritium

Samples from fifteen locations were analyzed for tritium actrvrty (Table B-
1.1, Appendrx B).. Tr|t|um values. ranged from.non. detectable to 1 750

' drlnklng water pathway is avallable from groundwater the theoretlcal

dose via the drinking water pathway was calculated at 0.181 mrem toa
child (total body), which represents 3. 02% of the, 1 0 CFR 50, Appendlx I
dose limit of 6 mrem.

M

| No Sr-90 activity. was detected |n any of the ground water samples

analyzed (Table B—I.1, Appendlx B)
Gross Alpha and Gross Beta (dissolved and suspende_d) : ;;

.. Gross.Alpha and Gross Beta analyses in the dissolved and suspended
fractions were performed on groundwater surface water samples durmg

the second sampling in 2009. Gross Alpha (dissolved) was detected in 9
of 15 groundwater locations.. The concentrations ranged from 2.1 lto 9.1
pCi/L. Gross Alpha (suspended) was detected in 5 of 15 groundwater

= locations. The:concentrations ranged from 1:6:to°7.5 pCi/L. Gross Beta
» i +(dissolved).was detected in all 15-groundwater locations: The
» .. concentrations:rangedfrom 2.6 to.17 pCi/L. Gross Beta (suspended) was
.-+ detected in 3 of 15.groundwater locations.: The concentratlons ranged
RN from 4 3 to. 11 pC|/L (Table B 1.1, Appendlx B)

Gamma Emltters

Potassium-40 was detected on three of 15 groundwater locations with a
range of 72 to 120 pCi/L. No other gamma emitting nuclides were
detected (Table B-1.2, Appendix B). :

10 ;



Hard-To-Detect

" Hard-To-Detect analyses were performed on a select group of
groundwater locations to establish background levels. The analyses
included Fe-55, Ni-63, Am-241, Cm-242, Cm-243/244, Pu-238, Pu-
239/240, U-233/234, U-235 and U-238. The isotopes of U-233/234 and
U-238 were detected in four of five groundwater mcnitoring locations. The
U-233/234 concentrations ranged from 0.9 to 2.3 pCi/L and the U-238
concentrations ranged from 0.5 to 1. 8 pCl/L (Table B-1.3, Appendix B).
The concentratlons detected are conS|dered background

All other hard to- detect nuclides were not detected at concentratlons
greater than their respective MDCs.

Surface Water Results

*

' n accordance with the Statron s radlologlcal groundwater protection

fe prograny surface water sampres were collected from streams that

transverses the' sue as well as, from othér water bodies that could
influence the tritium concentration at leerlck Analytlcal results and
anomalies a.e discussed below :

Tritium

Samples from seven locations were analyzed for trltlum act|V|ty Tritium
activity was detected in station SW- LR 8ata concentratror of 198
pCi/Liter (Table B-11.1 Appendlx B; S A

Strontium

 No Sr-90 actlwty was detecred in any of surface water sarnples analyzed

(Table B-lI. 1 Appendlx B)

Gross Alpha and Gross Beta (dlssolved and suspended)

" Gross Alpha and Gross Beta analyses in the dtssolved and suspended
fractions were performed on surface water samples during the second
.sampling'in 2009... Gross Alpha (dissolved) was detected in one of seven
surface water locations. The concentration was 3.9 pCi/L. Gross Alpha
and Gross Beta (suspended) was not detected in any surface water
location. Gross Beta (dissolved) was detected in six of seven surface
water locations. The concentrations ranged from 2.6.to 17 pCi/L.

(Table B-I1.1, Appendix B).

11



Gamma Emltters '

-No gamma emrttlng nuclldes were detected (Table B—ll 2 Appendix B).

1

Drrnklng Water Well, Survey

A drrnkrng water well survey was conducted durrng the summer 2006 by
CRA (CRA 2006) around the leenck Generating Station. CRA reviewed
the Pennsylvania Groundwatér Information System database to identify
wells within a 1-mile radius from the.center of.the Station. Forty-six
. domestic: wrthdrawal wells two industrial wells, two commercial wells, and
, one lnstrtutronal well were |dent|f|ed w:thln the specrfled radius. The well
depths range from 78 to 345 feet blow ground surface (bgs), and they
yield between 8 and 100 gallons per minute (gpm) All wells are |
completed in the Brunswrck Formatlon ;

The Statlon has one potable supply well and one frre water well The
potable supply well is, constructed as an, open -rock borehole Groundwater
was measured at a depth 102 feet bgs during a well pump replacement in
2004 (personal communication with Station, 2006). The. pump was placed
at a depth of approximately 294 feet bgs. The total well depth and the
depth of the steel casing are unknowri:: The well is' located. approximately
175 feet east of the Reactor Building. The Station estimates that the well
is pumped at approximately 2 gpm. The fire water well is constructed as
an open-rock borehole. Groundwater was encountered at 121 feet bgs
-during a well pump replacement in 2004 The well pump was placed ata

“depth of approximately 399 feet bgs. The total well depth and the depth of
the steel casing are unknown. The well is located approximately 500 feet
east of the cooling towers. The well is used only in an emergency fire
situation; therefore, water use is estimated to be’ zero

Summary of Results — Inter-Laboratory Companson Program

" inter- Laboratory Comparlson Program results for TBE are presented in
the Annual Radiological Environmental Operatrng Report. !

Leaks, Spills, and Releases

On February 13, 2009 a leak from the exterior walls of both U1 and U2
condenser bays was discovered via operator rounds (IR880716). The
condensation was observed dripping directly to open ground and asphalt.
Water samples were collected and analyzed for gamma isotopic and
tritium. No gamma emitting nuclides were identified; however, tritium was
identified at a concentration of 3.90E-03 uCi/ml (3.90E+06 pCi/L).

12



Sampling of NPDES outfalls verified that no offsite release of tritium
occurred. The release to ground occurred for up to six days until catch
containments were installed. The total release of tritium to the ground
was conservatively estimated at 1.23E-03 Curies. Groundwater sampling,
as part of the radiological groundiwater protection program (RGPP), has
identified tritium in one down gradient well, MW-LM-9, at a maximum

",,{'"concentratlon of 1 750 pCi/L, which is befow the' enwronmental lower limit

of detection (LLD) of 2000 pCi/L.

" The leaks along the condenser bay ]OlntS were sealed with’caulk and
periodic |nspect|ons for future Ieaklng has been added to ‘operator rounds.
All data related®o'this release was added to the Statlons 10 CFR 50.75(g)
decommrssmnrng file. -~

On April 3, 2009 the watr.,r from the catch contalnments was released to

~ the station’s holding pond. The holding pond releases through the normal
+ "liquid éffiuent rélease point-4t-outfall- 001. The’ catch containment water

* contained approxmately 747 uu of tritium.

Trends
No trends’ AhaVe:been tdentified.f

y o R ' R
3 .o ot L

Investlgatlon

.'Conclu3|ons from the Phase 1 report have been made avarlable to state

: '.and federal regulators and to the public. Currently no. mvestngahons are
._on going. S ;

" Actions ;I'a_ke"ny
1. Compensatory Actions .

There have been no station events requmng compensatory actions at
the erenck Generatmg Statlon . :

2. Installation of Monitoring Wells
. No new wells have been installed in 2009
3. Actions to Recover/Reverse Flumes

No actions were required to recover or reverse groundwater plumes.

13
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TABLE A-1: Radiological Groundwater Protection Program — Sampling Locations for
the Limerick Generating Station, 2009

Location Type Distance
MW-LR-1 Monitoring Well Onsite
MW-LR-2 Monitoring Well Onsite
MW-LR-3 Monitoring Well Onsite
MW-LR-4 Monitoring Well Onsite
MW-LR-5 Monitoring Well Onsite
MW-LR-6 Monitoring Well Onsite
MW-LR-7 Monitoring Well Onsite
MW-LR-8 ‘ Monitoring Well Onsite
MW-LR-9 Monitoring Well Onsite
P11 Monitoring Well Onsite
P14 Monitoring Well Onsite
P16 Monitoring Well Onsite
P17 Monitoring Well Onsite
P3 Monitoring Well Onsite
SP22 Monitoring Well Onsite
SW-LR-2 Surface Water " Offsite |
SW-LR-4 : Surface Water Offsite
SW-LR-6 Surface Water Offsite
SW-LR-7 Surface Water Onsite
SW-LR-8 ‘ Surface Water Onsite
SW-LR-9 Surface Water Onsite
SW-LR-9 Surface Water Onsite
SW-LR-10 Surface Water Onsite



1 Mile Radius

500 2,000

—Feet’

Figure 1 Routine Well Water and Surface Water Sample Locations for the Radiological
Groundwater Protection Program, Limerick Generating Station, 2009
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TABLE B-l.1 CONCENTRATIONS OF TRITIUM, STRONTIUM-90, GROSS ALPHA, AND GROSS BETA IN

WELL WATER SAMPLES COLLECTED AS PART OF THE RADIOLOGICAL
GROUNDWATER PROTECTION PROGRAM, LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER = 2 SIGMA

COLLECTION
SITE DATE H-3 . SR-90 GR-A (DIS) GR-A (SUS) GR-B (DIS) GR-B (SUS)
L . I
MW-LR-1 04/28/2009 < 139
MW-LR-1 10/28/2009 < 181 < 0.6 42 + 25 <15 3.2 +21 <24
Mean + 2 SD . ; 42 - 3.2 -
MW-LR-2 04/30/2009 < 165
MW-LR-2 10/28/2009 < 185 < 0.7 6.6 25 28 1.1 82 +23 <19
Mean + 2 SD - - 6.6 2.8 8.2 -
MW-LR-3 04/30/2009 < 168
MW-LR-3 10/28/2009 < 182 < 0.7 62 +28 <08 : 41 +24 <18
Mean + 2 SD - - 6.6 - 41 -
MW-LR-4 04/28/2009 < 166
MW-LR-4 10/29/2009 < 185 < 0.6 ' 35 15 75 + 1.9 17 + 3.8 59 £ 1.6
Mean + 2 SD - - 3.5 7.5 17 59
MW-LR-5 TBE 04/30/2009 189 + 110
MW-LR-5 TBE 04/30/2009 191 = 110
MW-LR-5 EiML 04/30/2009 375 = 97
MW-LR-5 TBE 10/29/2009 < 184 < 0.9 6.2 +28 24 +1.0 90 +24 <19
MW-LR-5 TBE 10/29/2009- < 178 < 0.8 7.6 +3.0 16 £ 0.9 81 £23 <17
MW-LR-5 EIML 10/29/2009 < 152 < 0.6
Mean +2 SD 252 + 214 - 6.9 £ 20 20 =11 86 £1.3 -
MW-LR-6 04/30/2009 < 168
MW-LR-6 10/28/2009 < 183 < 0.7 24 £12 24 12 35 + 21 < 21
Mean + 2 SD - - 2.4 24 3.5 -
MW-LR-7 04/30/2009 < 168
MW-LR-7 10/28/2009 < 182 ' < 1.0 <29 < 0.8 39 +1.9 <18
Mean + 2 SD - - - - 3.9 -
MW-LR-8 04/28/2009 < 169
MW-LR-8 10/30/2009 < 182 <04 21 x12 <08 56 £20 < 1.8
Mean + 2 SD - - 2.1 - 5.6 -

Samples are distilled for H-3 analysis



d
TABLE B-l.1 CONCENTRATIONS OF TRITIUM, STRONTIUM-90, GROSS ALPHA, AND GROSS BETA IN
WELL WATER SAMPLES COLLECTED AS PART OF THE RADIOLOGICAL :
GROUNDWATER PROTECTION PROGRAM, LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA - N

COLLECTION .
SITE DATE H-3 SR-90 . GR-A(DIS) GR-A (SUS) GR-B (DIS) GR-B (SUS)
. _ N
MW-LR-9 02/24/2009 434 138" ‘
MW-LR-9 ORIGINAL 04/28/2009 658 + 135.
MW-LR-9 RERUN = 04/28/2009 T 821 £148 o
MW-LR-9 ORIGINAL 04/28/2009 794 + 147 I?;f
MW-LR-9 RERUN  04/28/2009 830 + 151 N
MW-LR-9 EIML 04/28/2009 803 + 115 B ' EE
MW-LR-9 06/11/2009 1180 + 190
MW-LR-9 07/14/2009 1750 + 215
MW-LR-9 08/18/2009 582 £ 161 | ) .
MW-LR-9 09/17/2009 646 £ 133 s ‘
MW-LR-9 10/30/2009 708 + 145 < 0.7 ' 41 £15 <12 8.8 + 26 43 +16
MW-LR-9 10/30/2009 864 + 152 < 0.5 91 £32 <20 97 £24 - 11 x21
MW-LR-9 EIML 10/30/2009 . 961 £120 < 0.6 '
Mean + 2 SD 842 + 668 - 6.6 + 7.1 - ©92£13 74 1+88
P11 02/24/2009 375 £136 e e
P11 04/28/2009 187 = 110 ' ‘ R
P11 04/28/2009 200 + 110
P11 EIML 04/28/2009 343 + 96
P11 10/28/2009 < 181 <08 - .
P11 10/28/2009 < 172 <09 40 +23 <08 17 30 <17
P11 EIML 10/30/2009 < 152 <0.6
Mean + 2 SD 276 + 193 - - - 40 - R o
P14 02/24/2009 <180 "
P14 .. 04/28/2009 < 165 4;
P14 10/30/2009 <181 < 1.0 L
Mean + 2 SD - . ‘
P16 04/28/2009 < 168 '
P16 10/30/2009 < 181 < 0.6
Mean + 2 SD - - )
P17 04/28/2009 < 140
P17 10/27/2009 <182 < 0.6
Mean +2 SD : - Ce .
P3 04/28/2009 < 167
P3 10/27/2009 < 180 <07
Mean + 2 SD - .
SP22 04/28/2009 < 140
sP22 10/28/2009 < 181 <07
Mean + 2 SD - -

Samples are distilled for H-3 analysis



TABLE B-1.2 CONCENTRATIONS OF GAMMA EMITTERS IN WELL WATER SAMPLES COLLECTED AS PART OF THE

RADIOLOGICAL GROUNDWATER PROTECTION PROGRAM, LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

STC COLLECTION Be-7 K-40 Mn-54  Co-58 Fe-59 Co-60 Zn-65 Nb-95 Zr-95 1-131 Cs-134 Cs-137 Ba-140 La-140
PERIOD :
MW-LR-1 10/28/09 < 43 < 45 <5 <4 <9 <3 <9 <6 <7 <9 <4 <5 <23 <9 "
MW-LR-2 10/28/08 < 60 < 71 <6 <7 < 15 <8 <15 <9 <10 < 13 <6 <7 < 35 < .13""
MW-LR-3 10/28/09 < 47 < 99 <5 <6 <12 <7 <1 <6 < 10 < 11 <6 <6 < 29 <9
MW-LR-4 10/29/09 < 46 < 36 <4 <5 <9 < 4 <11 <6 <9 <11 <5 <7 ‘<29 <&
MW-LR-5 TBE 10/29/09 < 38 < 65 <4 <4 <9 <5 <9 <5 <8 <9 <4 <4 <23 C<F
MW-LR-5 TBE 10/29/09 < 52 < 60 <5 <5 < 11 <5 < 11 <6 <10 < 11 < 4 <5 < 26 <7 _
MW-LR-5 EIML 10/29/09 <29 105 £ 27 <3 <3 <8 <3 <7 <5 <5 <6 <4 <4 <19 <z i
MW-LR-6 10/28/09 < 50 < 71 <5 <5 <9 <5 <9 <6 <10 <9 <5 <5 = <25 <8 -
MW-LR-7 10/28/09 < 48 < 58 <7 <6 <13 <6 < 12 <7 <10 "< 10 <5 <5 < 30 <9
MW-LR-8 10/30/09 < 43 < 92 <5 < 4 <12 <5 <10 <6 ‘<10 <7 <5 <5 < 28 <9
MW-LR-9 06/11/09 < 36 < 62 <4 <3 <8 <4 <7 <4 <7 <7 < 4 < 4 <22 <6
MW-LR-9 10/30/09 < 59 < 69 <6 <7 < 14 <7 <16 <8 <13 <12 <7 <8 <33.. < 14
MW-LR-9 10/30/09 < 31 <111 <5 <3 <4 <5 <6 <5 <9 <6 <4 <5 <17 - <5
MW-LR-9 EIML 10/30/09 < 35 120 + 41 <3 <2 <4 <3 < 7 <4 < 8 <6 <4 <4 < 20 <5
P11 10/28/09 < 56 < 51 <6 <6 < 14 <6 <13 <8 < 11 "< 14 <5 <6 < 35 < 10
P11 10/28/09 < 50 <110 <7 <5 <10 <7 <12 <5 <8 <M <4 <6 < 27. <8
P11 EIML 10/30/09 < 34 104 + 35 <4 <3 < 4 <2 <5 <5 ‘< 4 < 8 s< 3 < 4 <22 <6
P14 10/30/09 < 25 72 + 39 <3 <3 <6 <3 <7 <3 <51 "< B <3 <3 < 15. <5
P16 10/30/09 < 20 < 44 <2 <2 <5 <2 <5 <2 < 4 <4 <2 <2 < 12 <4
P17 10/27/09 < 44 <41 <5 <5 < 10 <5 T <10 <5 <9 "< 11 <5 <6 < 27 <7
P3 10/27/09 < 50 < 53 <5 <5 < 12 <6 < 11 <7 <10 <12 <5 <5 < 29~ <8
SP22 10/28/09 < 46 < 34 <4 <5 < 10 < 4 < 8 <5 <8 <9 <5 < 27 <7

<5



TABLE B-I1.3

STC

CONCENTRATIONS OF HARD TO DETECTS IN GROUNDWATER SAMPLES COLLECTED AS PART OF THE
RADIOLOGICAL GROUNDWATER PROTECTION PROGRAM, LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

COLLECTION FE-55 NI-63 AM-241 CM-242  CM-243/244 PU-238 PU-239/240 U-233/234 U-2385 =238

PERIOD 2
MW-LR-1 10/28/2009 < 199 <29 <;'0.1 < 0.05 < 0.02 <01 < 0.1 < 0.03 <02 <02
MW-LR-8 10/30/2009 < 87 < 48 < 0.1 <01 < 041 < 01 < 0.1 23 +03 <01 . %13 £02
MW-LR-9 10/30/2009 < 163 < 42 < 0.1 <02 - < 041 <02 < 0.2 13 £ 05 <01 ‘06 £ 03
P11 10/28/2009 < 124 < 37 < 0.1 < 0.1 < 041 < 0.1 < 0.02 09 + 03 <01 05 + 02
P14 10/30/2009 < 108 < 48 < 0.1 < 0.05 < 0.05 < 041 < 0.1 19 £ 07 <01 .18 £ 07

N

O S

#



CONéENTRATIONS OF TRITIUM, STRONTIUM-90, GROSS ALPHA, AND GROSS BETA

TABLE B-ll.1

IN SURFACE WATER SAMPLES COLLECTED AS PART OF THE RADIOLOGICAL

GROUNDWATER PROTECTION PROGRAM, LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER + 2 SIGMA

COLLECTION
SITE DATE H-3 SR-90 GR-A (DIS) GR-A (SUS) GR-B (DIS) GR-B (SUS)
SW-LR-2 4/28/2009 < 140 T
SW-LR-2 10/27/2009 < 178 < 0.6 <186 <09 30 1.7 <19
Mean + 2 SD - - R R 3.0 N
SW-LR-4 4/30/2009 < 169 ,
SW-LR-4 10/27/2009 < 179 < 0.9 <22 <08 44 19 <18
Mean +2 SD - - - - ' 4.4 -
SW-LR-6 4/30/2009 < 167 ! -
SW-LR-6 10/27/2009 < 182 <09 <17 <08 ¢ . <24 <1.8
Mean + 2 SD - - - - 24 -
SW-LR-7 4/28/2009 < 138 o
SW-LR-7 10/27/2009 < 169 < 1.0 39 23 <08 6.8 + 2.1 <17
Mean + 2 SD - - 3.9 - 6.8 -
SW-LR-8 5/1/2009 < 159
SW-LR-8 10/28/2009 198 + 119 < 0.8 < 1.6 <09 26 £15 <18
Mean + 2 SD 198 - - - 2.6 -

i

SW-LR-9 5/1/2009 < 157
SW-LR-9 10/28/2009 < 166 < 06 <29 <08 17 + 341 <17
Mean + 2 SD - - - - { 17 -
SW-LR-10 2/24/2009 < 186 ‘
SW-LR-10 4/28/2009 < 141 o] N
SW-LR-10 10/27/2009 < 171 <07 <17 1.5 £0.9 41+16 <18
Mean + 2 SD - . . .8 4 3

SAMPLES ARE DISTILLED FOR H-3 ANALYSIS



TABLE B-1l.2 - CONCENTRATIONS OF GAMMA EMITTERS IN SURFACE WATER SAMPLES COLLECTED AS PART OF THE
RADIOLOGICAL GROUNDWATER PROTECTION PROGRAM, LIMERICK GENERATING STATION, 2009

RESULTS IN UNITS OF PCI/LITER = 2 SIGMA

STC COLLECTION Be-7 K-40 Mn-54 Co-58 Fe-59 Co-60 Zn-65 Nb-95 Zr-95 1-131 Cs-134 Cs-137 Ba-140 La-140
PERIOD ' :

SW-LR-2 10/27/2009 < 49 < 53 <5 <4 < 11 <5 <M <5 <8 <13 <5 <6 < 27 <9
SW-LR-4 10/27/2009 < 44 <4 <5 <6 <14 <6 < 11 <6 <9 <12 <5 <6 <29 < 11
SW-LR-6 10/27/2009 < 52 < 65 <6 <7 <13 <6 <15 <6 <8 < 12 <6 <6 < 34 <12
SW-LR-7 10/27/2009 < 42 < 51 <5 <5 <8 <5 <11 <6 <9 < 12 <5 <5 < 32 <9
SW-LR-8 10/28/2009 < 58 < 73 <6 <5 <13 <5 <11 <6 < 10 < 13 <6 <6 < 32 <11
SW-LR-9 10/28/2009 < 51 < 50 <5 <5 <12 <5 <10 <6 <9 <12 <5 <6 < 29 <7
SW-LR-10 10/27/2009 < 45 < 46 < 4 < 4 <10 <5 <9 <5 < 10 < 11 <4 <5 < 28 <9



