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VIRGINIA ELECTRfC AND POWER COMPANY

NORTH ANNA POWER STATION

RADIOLOGICAL ENVIRONMENTAL OPERATING PROGRAM

1. INTRODUCTION

The operational radiological environmental monitoring program conducted

for the year 1987 for the North Anna Power Station is provided in this

report. The results of measurements and analyses of data obtained from

samples collected from January 1, 1987 through December 31, 1987 is

stnmarized.

A. The North Anna Power Station of Virginia Electric and Power Company

is lo::ated on Lake Anna in Mineral, Virginia, approximately 35 miles

west of Fredericksburg, Virginia. The site consists of two units,

each with pressurized water reactor (PWR) nuclear steam supply

systems and turbine generator furnished by Westinghouse Electric

[ Corporation. Each unit is designed with a gross electrical output

of 970 megawatts electric (MWe). Unit 1 achieved commercial opera-

tion on June 6, 1978, and Unit 2 on December 14, 1980.
|

B. The United States Nuclear Regulatory Commission (USNRC) regulations

(10CFR50.34a) require that nuclear power plants be designed, con-

structed, and operated to keep levels of radioactive material in

effluents to unrestricted areas as low as reasonably achievable

(ALARA). To ensure these criteria are met, the operating license

( for North Anna Power Station includes Technical Specifications which

govern the relene of radioactive effluents. Inplant monitoring is
| used to determine that these predetermined release limits are not'

exceeded. As a precaution against unexpected or undefinedr
L

?
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environmental processes which might allow undue accumulation of

radioactivity in the environment, a program for monitoring the plant

environs is also included in North Anna Power Station Technical

Specifications.

C. Virginia Electric and Power Company is responsible for collecting

the various indicator and control (background) environmental samples.

Teledyne Isotopes is responsible for sample analysis and the

submission of reports of radioanalyses. The results are used to

determine if changes in radioactivity levels could be attributable

to station operations. Measured values are compared with background

levels, which vary with time due to such external events as cosmic

ray bombardment, weapons test fallout, and seasonal variations of

naturally occurring isotopes. Data collected prior to the plant

operation is used to indicate the degree of natural variation to be

expected. This preoperational data is compared with data collected

during the operational phase to assist in evaluating the radiological

impact of the plant operation.

D. Occasional samples of environmental media show the presence of

man-made isotopes. As a method of referencing the measured radio-

nuclide concentrations in the sample media to a dose consequence to

( man, the data may be compared to the reporting level concentrations

listed in the USNRC Reaulatory Guide 4.8 and Table 4.12-2 of North

Anna's Technical Specifications. These concentrations are based

upon the annual dose commitment recommended by 10CFR50, Appendix 1,

to meet the criterion of "As Low As Is Reasonably Achievable".

3
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E. This report documents the results of the Radiological Environmental
[ Monitoring Program for 1987 and satisfies the following objectives

{
of the program:

1. To provide measurements of radiation and of radioactive materials

in those exposure pathways and for those radionuclides that lead

{ to the highest potential radiation exposure of the maximum

exposed members of the public resulting from the station operation.

2. To supplement the radiological effluent monitoring program by

[ verifying that radioactive releases are within allowable limits.

{ 3. To identify changes of radioactivity in the environment.

4 To verify that the plant operations have no detrimental effect

on the health and safety of the public.
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[
II. SAMPLING AND ANALYSIS PROGRAM

A. Sampling Program

1. Table 1 sunmarizes the sanpling program for North Anna

Power Station during 1987. Figure 1 indicates the

locations of the environmental monitoring stations.

2. For routine TLD measurements, two dosimeters made of

CaSO :Dy in a teflon card are deployed at each sampling4

location. Several TLDs are co-located with NRC and Common-

wealth of Virginia direct radiation recording devices.

These are indicated as "co-location" samples.

3. In addition to the Radiological Environmental Monitoring

[ Program required by North Anna Technical Specifications,

Virginia Electric and Power Company splits samples with the
r
L Commonwealth of Virginia. All samples listed in Table 1 are

7 collected by Vepco personnel except for these labeled state

split. All samples are shipped to Teledyne Isotopes in
-

L Westwood, New Jersey.

{ 4. All camples listed in Table 1 are taken at indicator loca-

tiens except those labeled "control".
-
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r" 8. Analysis Program

.

1. Table 2 stanmarizes the analysis program conducted by Teledyne

Isotopes for North Anna Power Station during 1987.

E

E

E

[

E

[

E

[

r
L

I
*

L

r
u

-

L

?
'

t
----



rm rm m m m m m m m m m m m m m m _m m M

IAHLE 1
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North Anna Power Station - 1937

RADIOLOGICAL SAMPLING SIATIONS

DISTANCE AND DIRECIION fROM UNII NO. 1

SAMPit DISTANCE COMPASS COLLECIION
MfDIA LOCATION STAIION MIL E S DIRtCIION DECREES FREQUENCY REMARKS

Environmental NAPS Sewage n1 0.20 NE 42 Quarterly On-Site, State Split
thermoluminescent treatment Plant & Annually
Doelmetry (ILD) fredericka Hall 02 S.30 SSW 225 Quarterly State Split

& Annually
Mineral, Va. 03 7.10 WSW 243 Quarterly

& Annually
Wares Cromarcada 04 3.10 WNW 287 Quarterly State Split '

& Annually
Route 752 05 4.20 NNE 20 Quarterly

& Annuallya,

St urgeon's Cs eek 05A 3.20 NNE 11 Quarterly -

Marine & Annually
Levy, WA 06 4.70 ESE IIS Quarterly St ate Split. Co-Location

4 Annually
Bumpass, WA 07 7.30 SSE 167 Quarterly State Split

& Annually
End of Route 685 21 1.00 WNW 301 Quarterly Exclusion Boundary

& Annually State Split, Co-Location
Route 700 22 1.00 WSW 242 Quarterly Exclusion Boundary

& Annually State Split
"Ampen Hilla" 23 0.93 SSE 158 Cuarterly Exclusion Boundary

& Annually State Split,'Co-Location
Orange, VA 24 22.00 NW 325 Quarterly Control

& Annually
Bearing Cooling fow. N-1/33 0.06 N 10 Quarterly On-Site
Sturgeon's Creek N-2/34 3.20 N 11 Quarterly
Marina
Parking tot "C" NNE-3/33 0.23 NNE 32 Quarterly On-Site
(on-site) i

Cood Hope Church NNE-4/36 4.96 NNE 25 Quarterly State Split I
Parking tot "B" NE->/37 0.20 NE 42 Quarterly On-Site
Lake Anna Marina NL-6/38 1.49 NE 34 Quarterly
Weather lower fence ENE-7/39 0.36 ENE 74 Quarterly 0<-Site
Route 689 E NE-8 /4 0 2.43 ENE 65 Quarterly
Near Training E-9/41 0.30 E 91 Quarterly On-Site
Iacility

. .
___ _ _ _ - _ . _ - . _ _ _ _ _ _ - _ _ _ - _ .
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(Page 2 of $)

North Anne Power 51stion - 1987

RADIOLOGICAL SAMPLING Stei!ONS

DISTANCE AND DIRfCIION FROM UNIT NO. 1

SAMPLE DISTANCE COMPASS COLLLCII0h
MEDIA LOCATION STATION MIL [5 DIRECIION DECRf[$ FREQUENCY REMARMS

[nvironmental "Morning Clory E-10/42 2.85 [ 93 Quarterly
thermoluminescent Hill"
Dosimetry (ILD) Island Dike L5L-11/43 0.12 ESL 103 Quarterly On-Site

Route 622 E SE -12/4 4 4.70 E SE 115 Quarterly
WLPCO 8& ology 50 83/45 0.75 SL 138 Guerterly Der site
Leh
Route 701 50-14/46 5.88 SL 137 Guerterly
(Dem En*?ence)
* Aspen lle" 55E -15/4 7 0.93 SSE 158 Guerterly [xclusion

80undary
Elk Creek SSE-16/48 2.33 SSE 165 Guerterly
Warehouse Compound S-17/49 0.22 5 173 Quarterly On-Sitee

Cete
Elk Creek Church 5-18/50 1.55 5 178 Quarterly
NAPS Access Road 55W-19/51 0.16 SSW 197 Guarterly On-Site
Route 618 SSW-20/52 5.30 SSW 205 Quarterly
NAPS Access Road SW-21/53 0.30 SW 218 Guerterly On-Site
Route 700 SW-22/34 4.36 SW 232 Quarterly
SCO kw lower W5W-23/55 0.40 WSW 237 Quarterly On-Site
Route 700 WSW-24/56 1.00 WSW 242 Quarterly Exclusion

, (Luclusion Boundary) Soundary
| NAPS Radio Tower W-25/57 0.31 W 279 Quarterly On. Site

Route 685 W-26/58 1.55 W 274 Guerterly
[nd of Route 685 WNW-27/59 1.00 WNW 301 Quarterly Exclusion

Boundary,

| H. Purcell's WNW-26/60 1.52 WNW 303 Quarterly Co-Location
Private Road

i

End of fi/82 NW-29/61 0.15 NW 321 Guerterly On-Site |Intake
|Lake Anne NW-30/62 2.54 NW 319 Quarterly

Compground
#1/f2 Intake NNW-31/63 0.07 NNW 349 Quarterly On-Site
Route 208 NNW-32/64 3.43 NNW 344 Guerterly
Bumpene Post C-1/2 7.50 SSE 167 Quarterly Control
Office
Drenge. VA C-3 /4 22.00 NW 325 Quarterly Control
Mineral, VA C-5/6 7.10 WSW 243 Quarterly Control
Louise, VA C-7/8 11.54 WSW 257 Quarterly Control

- _ _ . _ . _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ - _ . - _-
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i Taorth Anna Power St ation - 1987

RADIOLOGICAL SAMPLING SI#IIONS

DISIANCE AND DIRECil0N FROM UNIT NO. 1

SAMPLE DESIANCE COMPASS COLLECTION
MIDIA LOCATION STAIION Mitt 5 OIRECTION DECRLES FREQUENCY REMARK 5

Airborne Particulate NAPS Sewage 01 0.20 NE 42 Weekly On-Site, State Split
and Radiciodine Treatment Plant

Fredericks Hall 02 5.30 SSW 205 Weekly
Mineral, WA 03 7.10 WSW 243 Weekly
Warea Cromarcada 04 5.10 WNW 287 Weekly
Route 752 05 4.20 NNE 20 Weekly
Sturgeon *n Creek USA 3.20 N 11 Weekly
Marina
Lewy, VA 06 4.70 ESE 115 Weekly -

Pumpaae, VA 07 7.30 SSE 167 Weekly5 End of Rosete 685 21 1.00 WNW 301 Weekly [acluelon
Soundary

Route 700 22 1.00 WSW 242 Weekly [aclusion Boundary
State Split

"Aapen Hilla" 23 0.93 SSE 158 Weekly Eaclusion
Soundary

Orange, VA 24 22.00 NW 325 Weekly Control

Surface Water Weste Heat 08 1.10 SSE 148 Mo.ithly State Split
Treatment recility
(Second Cooling Lagoon)
Lake Anna (upntream) 09 2.20 NW 320 Monthly Control, State Split
(Route 208 Bridge)

River Water North Anne River 11 5.80 SL 120 Quarterly
(downstream)

|

| Cround Water Biology Lab 01A 0.75 SE 138 Quarterly State Split
| (well water)

Aquat ic Sediment .Weste He at 08 1.10 SSE 148 Semi-Anneelly State Split
Treatment facility
(Discharge Lagoon)

,

Lake Anna (upstream) 09 2.20 NW 320 Seul-Annually Control, State Split
North Anna River 11 5.80 55I 128 Semi-Annually
(Downstream)

i

1

.
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IABLE 1

(Page 4 of 5)

North Anne Power St at ion - 1987

RADIOLDCICAL SAMPLING STATIONS

DISTANEE AND DIRECTION F ROM UNIT NO. I

SAMPLE DISTANCE COLLECTION
MEDIA LOCAIION STATION MILES DIRECIION DECREES F RE QUiNCY REMARKS

Shorelinc Soil take Anna (upstream) 09 2.20 NW 320 Semi-Annually State Split
(Route 208 Bridge)

Soit NAPS Sewage 01 0.20 NE 42 Once/3 years On-Site
Treatment Plant
Frederiche Hall 02 5.30 SSW 205 Once/3 yeere
Mineral, VA 03 7.10 WSW 243 Once/3 years
Wares Crossroedo 04 5.10 WNW 287 Once/3 years
Route 752 05 4.20 NME 20 Once/3 yeere
St urgeon's Creek USA 3.20 N 11 Once/3 years
Marine

U Levy, VA 06 4.70 E SE 115 Once/3 years
i Bumpose, VA 07 7.30 550 167 Unce/3 yeare
| [nd of Route 685 21 1.00 WNW 301 Once/3 years Euclusion
i Boundary
L Route 700 22 1.00 WSW 242 Once/3 years Exclusion

(Euclue19n Boundary) Bour.de r y
"Awpen Hille" 23 0.9) $$E 158 Once/3 yeere Ev;cluelon

Soundary
Orange, VA 24 22.00 NW 325 Once/3 yeare Control

| Milk Holleday Dairy 12 8.30 NW 310 Monthly State Split
(R.C. Goodwin)
Terrell's Dairy 13 5.60 SSW 205 Monthly State Split
(Tredericke Hall)

Fish Weste Heat 08 1.10 550 148 Quarterly State Split
Treatment facility
(Second Cooling tagoon)

Lake Anna (upstream) 09 2.20 NW 320 Quarterly Control, State Split
(Route 208 Bridge)

Food Products Route 713 14 1.20 NE 43 Monthly if ewelleble
(Broadleaf or at harvest
vegetation) Route 614 15 1.70. S[ 133 Monthly if eweliable

or et harvest

_ - _ _ . _ _ . _ _ _ _ _ _ _ _ _ - _ _
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TABLE 2

(P' age 1of3)

NORTH ANNA POWER STATION~

L
SAMPLE ANALYSIS PROGRAM

[
SAMPLE MEDIA FREQUENCY ANALYSIS LLD* REPORT UNITS

Thermoluminescent 2mRt2mR mR/std. month
Dosimetry (TLD) Quarterly Gama Dose[

<

i(84 routine station
TLD's) i

1

12 station TLD's Annually Gama Dose 2mRi2mR mR/std. month j

][ Airborne Weekly 1-131 0.07 pCi/m3
Radioiodine

[
Airborne Weekly Gross Beta 0.01 pCi/m3
Particulate

[ Quarterly (1) Gama Isotopic pCi/m3
Cs-134 0.05

{
Annually S /90 0. b 0.0002 pCi/m3

Surface Watcr Monthly Gama Isotopic pCi/l

( Mn-54 15
Fe-59 30
Co-58,60 15

[ Zn-65 30
Zr-Nb-95 15
I-131 10
Cs-134 15

[ Cs-137 18
Ba-La-140 15

Quarterly (1) Tritium (H-3) 2000 pCi/l

[ 2nd Guarterly Sr-89/90 5/1 pCi/l
Composite

{ (1) Quarterly Composites of each location's samples will be used for the
required analysis.

LLD's indicate those levels that the environmental samples should be*

[ analyzed to, in accordance with the North Anna Radiological Environ-
mental Program. Actual analysis of the samples by Teledyne Isotopes
may be lower than those listed.

.

13
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TABLE 2

(Page 2 of 3)
b

NORTH ANNA POWER STATION

{ SAMDLE ANALYSIS PROGRAM

SAMPLE MEDIA FREQUENCY ANALYSIS LLD* REPORT UNITS

_

[ River Water Quarterly Gamma 1sotopic pCi/l
Mn-54 15

Fe-59 30

[ Co-58,60 15
Zn-65 30
Zr-Nb-95 15

[ 1-131 10
Cs-134 15
Cs-137 18
Ba-La-140 15

[ Quarterly Trititsn (H-3) 2000 pCi/l
2nd Quarterly Sr-89/90 5/1 pCi/t
Sample

Ground Water Quarterly Gamma Isotopic pCi/l
(Well Water) Mn-54 15

Fe-59 30
I Co-58,60 15

Zn-65 30
Zr-Nb-95 15

( l-131 1

Cs-134 15 |

Cs-137 18 |

[
Ba-La-140 15

Quarterly Tritium (H-3) 2000 pCi/l !

Aquatic Semi-Annually Gamma Isotopic pCi/kg (dry)
I' Sediment Cs-134 150

Cs-137 180
Annually Sr-89/90 200/40 pCi/kg (dry)

Shoreline Semi-Annually Gamma Isotopic pCi/kg (dry)
Soil Cs-134 150

[
Cs-137 180

Soil Once per 3 yrs, Gamma Isotopic pCi/kg (dry)
Cs-134 150

( Cs-137 180
Once per 3 yrs. Sr-89/90 200/40 pCi/l.g(dry)

{ LLD's indicate those levels that the environmental s u ples should be*

analyzed to, in accordance with the North Anna Radiological Enviror.-
mental Program. Actual analysis of the suples t,y Teledyne isotopes
may be lower than those listed.

14
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TABLE 2 (Cont.)

(Page 3 of 3)

NORTH ANNA POWER STATION

p SAMPLE ANALYSIS PROGRAM
L

[ SAMPLE MEDIA FREQUENCY ANALYSIS LLD* REPORT UNITS

E
L Milk Monthly I-131 1.0 pCi/t

7 Monthly Gama Iso'opic pCi/l

L Cs-134 15
Cs-137 18
Ba-La-140 15

[ Quarterly Sr-89/90 5/1 pCi/l

r Fish Semi- An nually Gamma Isotopic pCi/kg (wet)
L (Quarterly - Mn-54 130

interim period) Fe-59 260
Co-58,60 130y

L Zn-65 260
Cs-134 130

,
Cs-137 150

L

Food Products Monthly if Gama Isotopic pCi/kg (wet)
- (Broadleaf available or
L Vegetation) at harvest Cs-134 60

Cs-137 80
- I-131 60 pCi/kg (wet)
_

-

NOTE: This table is not a complete listing of nuclides which can be detected
and reporteri. Other peaks that are measurable and identifiable, together
with the above nuclides, shall also be identified and reported.

LLD's indicate those levels that the environmental samples should be*

analyzed to, in accordance with the North Anna Radiological Environmental
Progran. Actual analysis of the samples by Teledyne Isotopes may be
lower than those listed.

15
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LEGEND FOR THE NORTH ANNA POWER STATION

L
ENVIRONMENTAL MONITORING STATIONS OVERVIEW MAPS

{ [ FIGURES 1,2,3)

r MAP ENVIRONMENTAL STATION MAP ENVIRONMENTAL STATION
L DESIGNATION IDENTIFICATION DESIGNATION IDENTIFICATION

1 N-1/33 23 WSW-23/55
[

2 N-2/34,05A 24 WSW-24/56,22

3 NNE-3/35 25 W-25/57

4 NNE-4/16 26 W-26/58

5 NE-5/37,01 27 WNW-27/59,21

6 NE-6/38,14 28 VNW-28/60

7 ENE-7/39 29 NW-29/61

[ 8 ENE-8/40 30 NW-30/62,09

9 E-9/41 31 NNW-31/63

10 E-10/42 32 NNW-32/64

r 11 ESE-ll/43 33 03, C-546
L

12 ESE-12/44,06 34 04

( 13 SE-13/45,01A 35 05

14 SE-14/46 36 07, C-l&2

15 SSE-15/47,23 37 08'

16 SSE-16/48 38 11-

-

<

17 S-17/49 39 12

18 S-18/50 40 13
~

|

19 SSW-19/51 41 15
f

20 SSW-20/52,02 42 16

21 SW-21/53 43 24, C-364

'
22 SW-22/54 44 C-7&B

Map Designation i t 1 Road Numbers

16

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



.,

DN
c

.
w,

c

f
,y

i

< , +#,s C
E.- ,e g :c ?E g'. * w

= k'E d

@ER ME
-

# :'

e
t E"e g'

"

es-

p gj I, g'

j - -
A m

e
E
8 %

,

5
[

,t- [*
,

m .t

e
%
~ w -

S .
.

e< *
[

'*
j

:;

f...c

||
,

f
r %

) - S :,pa
l <
1 a

.

v E<

17
I

.



-
.

[
..

.. .

r
b < -<

,
g*< -,p

;~.

[ ~u.

I

-y
rr
I M

~'j .o +==

M
$

,

c. n O/g , g
4* -,

.

e
-
oe

dn,. Cae.652;
[ V)

s

: o < [
w

5 b,gy g g

g~|5o $ 4'E t

% kl
kz vc **Q$ ya s,' 15 m "

[ f Y--

5
k

V '~~x hym
f

c.s
( *

e' @

3

-
r d M' =

OW*
[

,

2
%

d

18

_ _ _ _ _ - _ _



__ __-_- - . . . -

FIGURE 1

(Page 3 of 3)

NORTH ANNA POWER STATION

ENVIRONMENTAL MONITORING STATIONS OVERIEW MAP
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b

{ 111. PROGRAM EXCEPTIONS

During the 1987 environmental reporting period, several samples were not

b available. There were also some analyses of samples that did not meet the

required sensitivity (LLD). The following is a discussion of the exceptions

and actions taken to limit re-occurrence.

Several air iodine / particulate samples were lost. In some cases the

sampler malfunctioned and no sainple was available. Due to inclement

weather in late January all samples ran for a two week period, in one case

the sample was lost during chemical analysis and the analyst was unable to

chemically recover it.

One precipitation synple was not collected due to an oversight in the

field. In addition, for a precipitation sample the LLD for 1-131 could not

be met due to long lapse of time from collection to receipt at T1.

One food / vegetation sample did not meet the required LLD for Cs-134

and Cs-137 due to small sample size.

A ground /well water sample did not meet the LLD for 1-131 due to an

oversight at TI. This has been corrected by the installation of an automatic

[ flagging system which will improve the review of LLD requirements.

Four direct radiations TLD's were vandalized; two during the second

quarter and two during the fourth quarter.

Surf ace water samples are collected by the Commonwealth of Virginia on

a monthly basis from two stations. The analyses for barium /lanthanium-140,

and 1-131 f ailed to meet the required Lower Limit of Detection (LLD) in

several cases due to delay in receipt of samples from the State of Virginia.

The fourth quarter river water sample was not collected due to oversight

in the field. Additional weekly supervisory control has been established to

insure compliance with the sampling schedule.

.

21
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REMP EXCEPTIONS FOR SCHEDULED |
l

SAMPLING AND ANALYSIS DURING 1987 - NORTH ANNA

Date of Reason (s) for Loss /
Location Description Sampling Exception

All Air Particulate / 01/20/87-02/03/87 All samples ran for
' Stations Air lodine two weeks due to

inclement weather.

[ 01 Air Particulate / 03/10/87-03/17/87 Sampler malfunction;
i Air Iodine no sample available.

22 Air Iodine 03/10/87-03/17/87 No power at time of
collection; sample
lost in analysis.

1
05 Air lodine 03/24/87-03/31/87 Sample lost during

chemical analysis.
Tried unsuccessfully
to chemically recover
sample.

01/22 Air Particulate / 04/07/87-04/14/87 Insufficient volume.
Air lodine No sample collected.

05A Air Particulate / 04/07/87-04/14/87 Insufficient volume.
Air lodine llo sample collected.

04 Air Particulate / 05/19/87-05/26/87 Power outage; no
Air Iodine sample available.

02 Air Particulate / 07/07/87-07/21/87 Results in total pCi.
Air lodine

02/07/23 Air Particulate / 07/07/87-07/21/87 All samples ran for
Air Iodine two weeks.

24 Air Particulate / 07/21/87-07/28/87 Equipment malfunction.
Air lodine No sample available.

05A Air Particulate / 08/04/87-08/11/87 LLO not met due to
Air Iodine low air volume.

03 Air Particulate / 08/11/87-08/18/87 Insufficient volume.
Air lodine No sample available.

02/21 Air Particulate / 09/22/87-09/29/87 Insufficient volume.
Air Iodine No sample available.

02 Air Particulate / 10/13/87-10/20/87 Equipmerit malfunction.
| Air lodine No sample available.

L

r
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REMP EXCEPTIONS FOR SCHEDULED

SAMPLING AND ANALYSIS DURING 1987 - NORTH ANNA (Cont.)

Date of Reason (s) for Loss /Location Description Sampling Exception

03/22 Air Particulate / 11/03/87-11/10/87 Insufficient volume.I Air lodine No sample available.

24 Air Particulate / 11/17/87-11/24/87 Results in total pC1.
| Air lodine

05A/21 Air Particulate / 12/15/87-12/22/87 Equipment malfunction; ;Air Iodine no sample available.

01 Precipitation 09/29/87-10/27/87 Sample not collected

I due to oversight in
the field.

01 Precipitation 12/31/86-06/30/87 LLD for I-131 could| not be met due to long
lapse of time from
collection to receipt
at TI.

14/15/16/ Food / Vegetation 11/03/87 LLD for 1-131 not met21/23
i due to small sample

size.
21 Food / Vegetation 11/03/87 LLD for Cs-134 and

| Cs-137 not met due to
small sample size,

SW-22/54 Direct Radiation Second Quarter TLD Vandalized.1 (TLD's)

SE-14/16 Direct Radiation Fourth Quarter TLD Vandalized.
I (TLD's)

01A Gam a in Ground /Well 03/31/87 LLD For I-131 not met
I Water due to an oversight

at TI.
W-27/

I
Gamma in Surface 01/15/87 LLD could not be metW-33 Water 02/15/87 for Ba/La-140 due to

03/15/87 long lapse of time from
-

04/15/87 collection to receipt
05/15/87 at TI.r 06/15/87

L 08/15/87
11/15/87

. 12/15/87

~

23
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REMP EXCEPTIONS FOR SCHEDULED

SAMPLING AND ANALYSIS DURING 1987 - NORTH ANNA (Cont.)

Date of Reason (s) for Loss /
Location Description S ampling Exception

W-27/ Gamma in Surface 01/15/87 LLD for 1-131 could
W-33 Water 02/15/87 not be met due to long

03/15/87 lapse of time from
04/15/87 collection to receipt

at T1.

11 Gamma in River Water 12/29/87 Sample not collected due
to oversight in field.
Additional weekly super-
visory control has been
established to insure
cunpliance with sampling
schedule.

m

s

%

[

c

L

~

24

_ _ _ _ _ _ _ _ _ _ _ _.



_ _ _ _ _ _
. . ..

. ,

[
IV. SUMMARY AND DISCUSSION OF 1987 ANALYTICAL RESULTS

Data from the radiological analyses of environmental media collected
b

,

during the report period are tabulated and discussed below. The procedures

{ and specifications followed in the laboratory for these analyses are as

required in the Teledyne Isotopes Quality Assurance Manual and are explained

in the Teledyne' Isotopes Analytical Procedures. A synopsis of analytical

procedures used for the environmental samples is provided in Section VII.
[

In addition to internal quality control measures performed by Teledyne, the

{ laboratory also participates in the Environmental Protection Agency's

Interlaboratory Comparison Program. Participation in this program ensures

( that independent checks on the precision and accuracy of the measurements of

radioactive material in environmental samples are performed. The results of

the EPA Interlaboratory Comparison are provided in Section VI!!.

{ Radiological analyses of environmental media characteristically approach

and frequently fall below the detection limits of state-of-the-art measure-

( ment methods. Teledyne isotopes analytical methods meet the Lower Limit of

Detection (LLD) requirements given in Table 2 of the USNRC Branch Technical
[ Position of Radiological Monitoring (November 1979, Revision 1).

b The following is a discussion and summary of the results of the

environmental measurements taken during the 1987 reporting period.

A. Airborne Exposure Pathway

1. Air lodine / Air Particulates

Gross beta activity was observed in all fifty control samples with

an average concentration of 0.025 pCi/m3 and a range of 0.012 to 0.063

[ pCi/m3 The average measuremer.t for the indicator locations was 0.024

f

.
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[
l

b

pCi/m3 with a range of 0.006 to 0.048 pCi/m3 The results of the gross

beta activities are presented in Table 5. The monthly averages of the gross

beta concentrations for the eleven indicator locations and the control location

[ are plotted from 1977 through 1987. With the exception of the five week

period in 1986 influenced by the Chernobyl accident, the gross beta activities

were comparable to levels in the 1982-1986 period. Prior to that period the

gross beta activities were higher due to atmospheric nuclear weapons testing

by other countries.

{ Air particulate filters were composited by locations on a quarterly

basis and were analyzed by gamma ray spectroscopy. The results are listed

in Table 6. Cosmogenically produced beryllium-7 was measured in all 48

composite samples. The average measurement for the control location was
[ 0.082 pCi/m3 with a range of 0.055 to 0.096 pC1/m3. The indicator loca-

{
tions had an average concentration of 0.071 pCi/m3 and a range of 0.020 to

0.125 pCi/m3 Naturally occurring potassium-40 was detected in one

[ control sample with an activity of 0.015 pCi/m3 and in five indicator

samples with an average measurement of 0.017 pCi/m3 and a range of 0.010

to 0.021 pCi/m3 All other gamma emitters were below the detection

limits.
{

The second quarter composites of air particulate filters from all

[ twelve stations were analyzed for strontium 89 and 90. There were no

detections of these fission products at any of the eleven indicator stations

nor at the control station.

[

[

~
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TABLE 3

RADIOLOGICAL ENVIR08 MENTAL MONITORING PROGRAM SlMMARY

NORTH ANNA NUCLEAR POWER STATION DOCKET NO. 30-333/339

LOUISA COUNTY. VIRGINIA JANUARY I to DECEMBER 31. 1987

ANALYSIS AND LOWER LIMIT 8RMBER OF
MEDItM OR PATHWAY TOTAL NUMBER OF Att TN0!CATOR LOCATIONS LOCATION WITH HIGHEST MAN CONTROL LOCATION NONROUTINE

SAPFLED OF ANALYSES DETECTION RE M m REAN MEAN REPORTED
(tmli 0F PEASUREMENT) PERFORMED (LLD) (1) RANGE DISTANCE AND DIRECTION RANGE RANGE MEASUREMENTS

, FRACTION FRACTION FRACTION

Air I ine 1-131 588 0.04 -(0/538) N/A N/A -(0/50) 0(pCl/ )

%
Airborne Gross Beta 585 5 22.9(535/535) 05 4.2 el NNE 26.7(51/51) 24.9(50/50) OParticulates (6.1-48) (12-45) (12-63)311E-03 pCl/m )

Gamma Spec 48
Quarterly

Be-7 48 70.6(44/44) 05 4.2 et NNE 84.4(4/4) 81.6(4/4) 0
(20.2-125) (55.7-104) (55.4-95.9)

K-40 48 16.7(5/44) 01 0.2 al NE 21.l(1/4) 15.4(1/4) 0
(10.4-21.1) - -

Sr-89 12 -(0/11) MA NA -(0/1) 0

$R-90 12 -(0/11) NA NA -(0/l) 0

(1) LLD is lower limit of detection as defined and required in USNRC Branch Technical Position on
an Acceptable Radiological Envirormental Monitoring Program. Revision 1. November 1979.

.. . . . . . . . . . .
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VIRGIWIA P0ldER - fe0RTH Afefe4 - 1987

C08sCINTRAil08:5 0F GROSS BETA IN AIR PARTICULATES

10-3 pct /m312 Sigma

1987 STATIDIES AVLRA6E

Cott . DATE STA-01 STA-02 STA-03 51A-04 STA-05 STA-05A STA-06 STA-07 STA-21 STA-22 STA-23 STA-24 t 2 s.d.

JAleUARY

12/30-01/06 32 1 7 3317 29 t 7 23 1 6 35 t 6 31 e 1 35 t 6 15 t 5 3127 28 t 6 18 t 6 32 1 6 28.5 t 13.0
01/06-01/13 3026 31 2 6 29 2 6 30 t 6 26 2 6 2826 29 2 6 18 2 5 32 2 6 2425 2725 25 a 5 27.4 i 7.6
01/13-01/20 20 t 6 2126 Il i 6 1926 2226 21 t 6 19 2 5 8.4 2 4.9 26 1 7 16 2 6 1715 27 e 6 19.8 e 9.6
01/20-02/03(a) 2613 27 t 3 19 1 3 18 2 3 22 t 3 1613 1723 14 t 3 27 t 3 24 2 4 21 2 3 25 2 3 21.3 1 9.0

%
fiBRUARv

02/03-02/10 25 t 6 30 t 6 1615 1325 25 e 6 23a 6 20 t 5 2626 31 2 6 21 2 6 2726 2826 23.8 e 10.9
02/10-02/18 2615 30 2 5 24 t 5 16 t 4 22 1 5 22 1 5 22 t 5 10 1 4 2715 ?? t 5 2225 28 t 5 22.6 t 10.8
02/18-02/24 21 a 6 21 a 6 24 2 6 1625 25 2 6 2126 20 t 6 13 t 5 2216 1615 15 t 5 2216 19.7 t 7.5
02/24-03/03 8.5 t 5.2 1927 1726 1726 1926 1726 1626 16 2 6 2126 1225 16 1 5 1716 16.326.6

seMCH

03/03-03/10 1826 35 t 6 19 1 6 2225 18 t 5 26 2 6 3116 24 2 7 2926 12 1 5 18 1 5 28 1 6 23.3 1 13.4
03/10-03/17 (b) 2725 23 t 5 1825 25 t 5 24 1 5 2325 2125 3115 18 1 5 25 t 5 2815 23.9 1 8.0
03/17-03/24 1/ t 5 20 t 5 1825 22 2 5 15 t 4 15 t 5 16 * 4 1725 2215 7.1 2 4.0 1925 16 2 4 17.0 a 7.9
03/24-03/31 1325 12 2 5 15 t 5 22 2 5 14 t 5 15 t 5 2218 19 2 5 2426 2325 1715 20 a 5 18.0 1 8.4

Average 22 2 14 26214 21 t 9 20 t 9 22 2 11 22 e 10 23 212 172 11 27 i 8 19 t 12 20 t 8 25110 22.0 2 5.9
2 2 s.d.

(a) All samples ran for 2 isceks due to inclement weather.
(b) [quignment malf unction; no sample collected.

. . .
. ..

.. . .
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TAME 5

(Page 2 of 4)

VIRGINI A P(tfER NORTH ANNA .1981
*

ComCINTRAfl0NS Or GROSS BfiA IN AIR PARI!CULAi[5

10-3 pCi/m3 2 2 Sl ma9

1987 STATIONS AVERAGE
Cott. DATE STA-01 STA-02 STA-03 STA-04 STA-05 STA-OSA STA-06 STA-07 STA-21 STA-22 STA-23 STA-24 e 2 s.d.

APRIL

03/31-04/07 16 t 4 1725 15 t 5 18 t 5 12 1 5 16 t 5 16 a $ 1525 2025 28 t 6 1325 1725 16.9 e 8.2
04/07-04/14 (a) 20 t 5 18 t 5 2125 15 t 4 16 2 5 21 a 5 1825 2225 (a) 16 1 4 1715 18.4 2 4.9
04/14-04/21 32 2 6 25 t 6 31 2 6 1623 21 a 5 25 t 6 2716 1223 1523 23 1 5 1725 23 t & 22.3 a 12.6
04/21-04/28 17 t 5 10 t 5 1425 13 a 5 13a 5 16 2 5 16 e 5 20 t 5 18 1 5 14 1 5 11 1 5 18 2 5 15.0 2 6.0

%
*1

04/28-05/05 1324 12 t 4 16 i 5 1224 1825 15 t 5 8.8 1 4.1 1725 16 i 5 1725 8.8 t 4.1 15a 4 14.126.205/05-M/12 28 e 6 20 t 5 25 t 6 29 t 6 26 2 5 30 t 6 30 t 6 1924 31 1 6 32 2 6 2015 28 i 5 26.5 t 9.105/I?-M/19 30 t 5 14 1 4 20 t 5 1615 26 2 5 26 1 5 1924 9.8 1 3.8 2325 2115 1824 17 t 5 20.0 t 11.305/19-M/26 2025 11 2 5 12 2 4 (b) 13 t 5 1825 17 * 5 6.1 1 4.0 15 e 6 15 t 5 9.5 a 4.3 15 e 5 13.8 e 8.0
05/26-06/02 27 t 6 9.7 1 4.3 2626 2324 40110(c) 18 2 5 2425 1424 22 1 5 24 t 5 1615 2225 22.1 2 15.3

Jumt

06/07-06/09 2725 9.6 e 4.1 24 * 6 21 * 4 30 e 5 2216 25 t 5 11 4 232 5 25 t 5 2526 24 a 5 72.2 a 12.106/09-06/16 24 a 5 1925 2625 2725 30 t 5 2415 23 s 5 18 a 4 1925 2425 30 t 5 26 1 5 24.2 1 8.006/16-06/23 25 a 5 25 t 5 30 t 5 20 t 5 29 i 5 20 t 5 2325 25 a 5 1925 21 2 5 18 t 5 18 a 5 22.8 e 8.2
06/23 06/30 30 t 5 18 e 5 26 t 5 22 2 5 28 i 5 30 t 6 2415 2415 2315 30 t 5 24 a 5 22 a 5 25.1 2 7.6 {

l

Average 24212 16 s 11 22 t 13 20 e 10 23 e 17 21111 21 a 11 16 a 11 21 2 9 23t 11 171 13 20a 9 20 t 5
t 2 s.d.

(a) Insvf ficicat volme; no septe collected.
(b) Pouer outa9a; no saple collected.
(c) Counted telce to cent tre result.

.
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T ABt t 5

(Page 3 of 4)

v!RGINIA POWER - NORTH AmeA - 1967

ConCINTRATI0mi 0F GROSS atTA Im AIR # ARTICULATES

10-3 pCl/m3 a 2 51 ma9

1987 STATIONS AvtRAGEC0t t . L' Alt STA-01 STA-02 STA-03 STA-04 STA-05 STA-05A STA-06 STA-07 STA-21 STA-22 STA-23 STA 24 1 2 S.d.

JtA Y

06/30-07/07 35 t 6 21 1 5 30 t 6 21 t 5 30 t 6 28 t 6 25 1 6 19 a 5 24 a 6 2726 2626 24 i 5 25.8 e 9.107/07-07/21 25 t 3 (a) 29 s 3 23 e 3 25 i 3 27 a 3 2213 27 1 6(f) 1913 22 t 3 36 1 7(f) 29 a 3 25.819.207/21-07/28 46 t 6 19 2 5(b) 17 1 6 35 a 6 39 2 6 3726 33 a 5 24 2 5 2925 32 a 5 1815 (c) 31.7 a 17.207/28-08/04 40t 6 26 t 6 35 t 6 331 6 3316 34 e 6 25 t 5 29 2 6 26 t 6 232 5 29 t 6 35 t 6 30.7 a 10.2

AUGU5T

0*/04-08/11 3926 15 t 4 53 2 12(d) 31 1 6 30 t 6 440 2240(d) 30 t 6 30 t 6 2626 31 a 6 3226 32 * 6 29.6 t 12.108/11-08/18 39 e 1 12 t 5 (c) 2616 3526 2326 1925 24 1 5 19 2 6 2316 20 t 5 19 1 4 23.5 t 15.308/18-08/25 34 2 6 12 2 4fM 3016 22 2 5 27 i 5 2615 23 t 5 2215 3022 23 2 5 14 1 4(b) 21 2 4 23.7 e 12.708/25-09/01 33 t 6 12 s 4 80 t 28(d) 29 i 5 31 t 5 31 2 6 28 t 5 22 t 5 16 1 5 23 t 5 33 a 6 22 e 4 25.5 t 14.1

SEPTE pmIR

09/01-09/08 2815 20 t 5 28 2 6 22 2 5 29 2 5 2125 2425 22 a 5 2015 26 t 5 25 t 5 23 a 5 24.0 a 6.409/08-09/15 2425 12 t 4 3926 24 i 5 29 a 5 30 t 6 28 a 5 29 t 5 18 t 5 27 i 8 19 2 5 23 1 4 25.2 t 13.809/15-09/22 2425 18 t 5 32 t 6 30 t 6 2725 232 5 39 2 6 29 2 5 16 i 5 2215 27 a 5 32 a 6 26.6112.909/22-09/29 20 t 5 (c) 34 t 6 3115 35 2 6 2115 33s 5 24 a 5 (e) 33 t 5 31 a 5 3716 29.9 1 12.1

Aver.s,- 32 e 16 17 e 10 33 t 8 271 10 3118 27 i 11 27 a 11 25 t 7 22 i 10 26 t 8 26 a 14 27 t 12 27 t 91 2 s.d.

(a) Result of 1100 t 500 total pCl; omitted from everage. Collection dates 07/16-07/21.
(b) Illter li$t in celer indicating low deposition of particulate matter.
(c) Equipment malf unction; no sample available.
(d ) (.levated results due to low sample volume; omitted from average.

e I tow volume; no sample available.
f ? Collecitog dates 01/16/87-07/21/87.

. -
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TCBLE 5

(Page 4 of 4)

VIRGINIA POWER - NORTH ANNA - 1987

C01CE9TRAT!0NS Of GROSS BETA IN AIR PARTICUEATEi

10-3 pCi/m3 i 2 Sigma

1987 STATIONS AVERAGE
COLL. DATL S.A-01 STA-02 STA-03 STA-04 STA-05 STA-05A STA-06 STA-07 STA-21 STA-22 STA-23 STA-24 i 2 s.d.

OCTOBER

09/29-10/06 17 1 5 2215 2415 24 * 5 3025 23 1 5 24 i 5 24 1 5 19 i 5 22 i 5 19 2 5 2014 22.3 2 6.8
10/06-10/13 14 1 5 18 2 4 20 t 5 18 i 5 28 1 6 2315 16 1 3 25 t 5 2115 1915 13 t 4 17 1 3 19.3 t 8.8
10/13-10/20 19 i 5 (a) 33 t 6 34 2 6 45 t 6 4817 33 i 5 37* 6 37 i 6 43 i 6 2515 50 t 7 36.7 1 19.0
10/20-10/27 15 1 5 24 i 5 19 k 5 24 1 5 29 2 5 36 2 6 16 t 3 32 i 5 17 * 5 33 i 8 14 2 4 54 2 8 26.1 1 23.2
10/27-11/03 1515 22 i 5 16 2 5 3926 45i 6 25 i 5 22 i 4 40 1 6 19 i 5 29 2 $ 20 t 5 6318 29.6 1 28.9

w
''

NOVEMBER

11/03-11/10 1725 2415 (b) 28 t 5 45 i 6 48 1 7 21 * 4 38 6 1714 (b) 14 i 4 33 i 6 28.5 1 24.2
11/10-11/17 16 1 4 17 1 5 20 1 4 2715 38 i 6 31 1 6 3314 33 1 5 3016 33 2 6 2726 34 2 9 28.3 i 14.2
11/17-11/24 12 1 3 12 1 4 12 1 3 22 1 5 25 i 5 36 7 22 i 4 26 1 5 19 2 5 2915 1014 (c) 20.h t 16.7
11/24-12/01 8.8 2 3.4 2015 8.8 t 3.2 1215 1415 18 * 5 1013 20 t 5 20 1 5 18 2 5 11 t 4 16 i 4 14.7 1 9.0

|

I

DECEMBER

12/01-12/08 1815 1515 10 t 3 .?2 2 6 1615 25 t 6 9.0 t 3.2 16 5 24 i 5 24 1 5 22 1 5 1223 17.8 1 11.3
12/08-12/15 19 i 4 29 i 5 11 2 3 28 2 5 1725 31 2 6 16 4 2415 17 5 28 1 5 12 2 4 14 i 3 20.5 2 14.3
12/15-12/22 21 1 4 21 1 5 1615 25 i 5 25 i 5 (a) 20 2 5 2725 (a) 2626 2215 1614 22.5 1 8.4
12/22-12/29 13 1 3 39 i 8 11 2 3 18 1 5 37 i 6 35 1 6 15 t 4 29 2 6 31 1 6 31 2 6 11 i 4 1924 24.1 1 21.2

Quarterly 1617 22 1 14 17 2 14 25 t 14 30 1 22 32 2 19 20 i 15 29 i 14 23 t 13 28 i 14 17 12 29 t 35 23.9 1 11.3
Average
1 2 s.d.

Annual 23217 20 t 14 22 1 16 23213 27117 25 i 16 23 i 13 22 ~ 15 23 i 11 31122 20 i 13 . 25121 23.7 1 6.1
Average
t 2 s.d.

(a) Equipment malfunction; no senple available.
(b) Insufficient volume; no sample available.
(c) Result of 3900t700 total pCl not included in averages. Voltene not provided.

. , . . .. .. .. . . . .

. ... . ..

.. .
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TRBLE 6

I(Page 1 of 3)

VIRGINIA POWER - NORTH ANNA - 1987

CONCENTRATIONS OF STRONTIUM 89/90 AND GAMMA EMITTER $* IN QUARTERLY AIR PARTICULATES

10-3 pCl/m3 t 2 sigma

FIRST QUARTER SECOND QUARTER THIR0 QUARTER FOURTH QUARTER AVERAGESTATION NUCLlDE 12/30-03/31 03/3a-06/30 06/30-09/29 09/29-12/29 2 2 s.d.

STA-01 Sr-89 (a) <3 (a) (a (a)(a)Sr-90 (a) <0.4 (a) ) (a)Be-7 59.9 1 18.8 105 2 13 84.6 t 13.8 20.2 1 8.0 67.4 73.0K-40 <20 <20 21.1 1 8.4 <20 21.1 1 8.4Co-60 <1 <1 <1 <1 -

Ru-103 <2 <i <2 <1 -

Cs-134 <1 <1 <0.9 <0.8 -Cs-137 <1 <1 <1 <0.9 -

Th-228 <3 <2 <2 <1 -

STA-02 Sr-8S (a) <3 (a) (a) (a)Sr-90 (a) <0.3 (a) (a) (a)Be-7 104 t 18 51.5 t 16.7 46.0 2 14.9 44.9 2 10.5 61.6 i 56.8K-40 <20 <60 <20 <20 ~
w
"

1 Co-60 <1 <2 <1 <1 -

-

'

Ru-103 <2 <3 <2 <1 -

Cs-134 <1 <2 <1 <0.9 .-
i Cs-137 <1 <2 <1 <0.8 -
'

Th-228 <2 <3 <2 <1 -

STA-03 Sr-89 (a) <3 (a) (a) (a)3r-90 (a) <0.4 (a) (a) (a)Be-7 81.2 1 30.4 79.1 i 15.6 108 t 18 25.4 i 7.7 73.4 1 69.2K-40 <60 <20 <30 <20 -Co-60 <2 <1 <2 <1 -Ru-103 <5 <2 <2 <1 -Cs-134 <2 <1 <2 <1 -Cs-137 <3 <1 <2 <0.9 -Th-228 <5 <2 <3 <2 -

STA-04 Sr-89 (a) <3 (a) (a) (a)Sr-90 (a) <0.3 (a) (a) (a)Be-7 73.4 t 22.9 85.9 1 13.5 69.1 1 13.3 44.1 i 10.0 . 68.1 2 35.1K-40 <40 (20 <30 <40 -C0-60 <2 <1 <2 <1 -Ru-103 <3 <2 <2 <1 -Cs-134 <2 <!- <1 <1 -Cs-137 <2 <1 <1 <1 -Th-228 <4 <2 <2 <2 -

All other gamma emitter! were (Lio.*

(a) Strontium-89/9P performed annually.

_ . . . . . . --
-

--
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TABL E 6

(Page 2 of 3)

VIRGINIA POWER - NORTH ANNA - 1987

CONCENTRATIONS OF STRONTIUM 89/90 AND GAMMA [MITTER5* IN QUARTERLY AIR PARTICULATES

10-3 pct /m3 t 2 sigma

FIRST QUARTER SECOND QUARTER THIRD QUARTER FOURTH QUARTER AVERAGE
STATION NUCLIDE 12/30-03/31 03/31-06/30 06/30-09/29 09/29-12/29 t 2 s.d.

STA-05 Sr-89 (a) <3 (a) (a) (a)
Sr-90 (a) <0.3 (a) (a) (a)Be-7 75.2 1 15.0 104 1 12 103 i 12 55.7 t J.3 84.4 t 46.7
K-40 <20 17.8 1 8.0 <20 (20 -

00-60 <1 <1 <1 <1 -

Ru-103 <2 <1 <1 <0.8 -

Cs-134 <1 <0.8 <0.9 <0.8 -

Cs-137 <2 <0.9 <0.8 <0.9 -

Th-228 <2 <2 <2 <1 -

STA-OSA Sr-89 (a) <4 (a) (a) (a) !Sr-90 (a) <0.3 (a) ia) (s) !Be-7 73.7 t 26.7 90.8 t 23.5 90.2 t 22.8 57.6 t 16.4- 78.1 2 31.6 |K-40 <70 <60 <10 <60 - |Co-60 <2 <2 <2 <2 -
w '

* Ru-103 <4 <2 <3 (2 -

Cs-134 <2 <2 <2 <2 -

Cs-137 <2 <2 <2 <2 -

Th-228 <3 <3 <3 <2 -

STA-06 Sr-89 (a) <2 (a) (a) (a)Sr-90 (a) <0.3 (a) (a) (a)Be-7 C ;.4 1 16.2 96.2 1 12.7 95.8 t 12.7 46.7 1 6.1 76.8 i 47.8
K-40 <60 17.8 i 8.7 <20 <10 17.8 1 8.7Co-60 <2 <1 <1 <0.6 -

Ru-103 <2 <1 <1 <0.7 - I

Cs-134 <2 <1 <1 '<0.5 -

Cs-137 <2 <1 <1 <0.5 -

Th-228 <2 <2 <2 <0.9 -

STA-07 Sr-89 (a) <2 (a) (a) (a)Sr-90 (a) <0.3 (a) (a) (a)Be-7 40.6 i 18.4 52.0 t 12.2 83.7 1 13.2 50.7 1 10.0 56.8 t 37.4K-40 <20 <20 <20 10.4 i 5.6 10.4 1 5.6Co-60 <1 <0.7 <0.8 <0.9 -

Ru-103 <2 <l <1 <0.7 -

Cs-134 <1 <1 <1 <0.7 -

Cs-137 <1 <1 <1 <0.7 -

Th-228 <2 <2 <2 <1 -

b-8 h EaNINIf h [Nm W nN Niy.(a)

- _ _ .
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TABLE 6

(Page 3 of 3)

VIRGINIA POWER - NORTH ANNA - 1987

CONCENTRATIONS OF STRONTIUM 89/90 AND GAMMA EMITTER 5* IN QUARTERL Y AIR PARTICULATES

10-3 pCl/m3 2 2 sigma

FIRST QUARTER SECOND QUARTER THIRD QUARTER FOURTH QUARTER AVERAGE.STATION NUCLIDE 12/30-03/31 03/31-06/30 06/30-09/29 09/29-12/29 2 2 s.d.
STA-21 Sr-89 (a) <2 (a) (a) (a)Sr-90 (a) <0.3 (a) (a) (a)Be-7 125 t 20 74.0 t 13.9 38.5 2 7.6 (b) 35.5 t 12.3 68.3 2 83.4K-40 <20 <20 (20 <50 -Co-60 <1 <1 <1 <2 -hu-103 <2 <1 <0.8 <2 -Cs-134 <1 <1 <0.9 <2 -Cs-137 <1 <1 <0.9 <1 -Th-228 <2 <2 <1 <2 -

STA-22 Sr-89 (a) <3 (a) (a) (a)Sr-90 (a) <0.3 (a) (a) (a)Be-7 49.8 2 19.? 108 2 19 97.7123.5 61.0 t 11.6 79.1 1 56.2K-40 16.4 i 9.5 <30 <50 <20 16.4 i 9.5Co-60 <1 <2 <1 <1 -* Ru-103 <3 <2 <3 <1 -ts-134 <2 <2 <2 <0.9 -Cs-137 <2 <2 <2 <1 -Th-228 <3 <3 <4 <1 -f

STA.23 Sr-89 (a) <3 (a) (a) (a)Sr-90 (a) <0.5 (a) (a) (a)Re-7 67.8 1 21.3 73.5 t 14.6 72.2 2 17.5 34.8 1 11.0 62.1 2 11 6 . 7K-40 <40 <40 <20 <40 -
| Co-60 <2 <2 <2 <1 -Ru-103 <3 <= <2 <1 -Cs-134 <2 <2 <2 <1 .Cs-137 <2 <2 <2 <1 -Th-228 <3 <3 <2 <2 - i

STA-24 Sr-89 (a)- <2 (a) (a) (a)Sr-90 (a) <0.4 (a) (a) (a)Be-7 95.9 t 18.6 81.7 t 12.8 93.4 t 12.3 55.4 1 10.7 81.6 2 37.1K-40 <20 15.4 1 7.5 (20 <4 0 15.4 i 7. 5 -Co-60 <1 <1 <l <l -Ru-103 <2 <1 (1 <1 -Cs-134 <1 <0.7 <0.8 <1 -Cs-137 <2 <1 <1 <1 -Th-228 <2 <2 <1- <2 -

* All other gamma emitters were <LLD.
Ia) Strontium-89/90 performed annually.
(b) Collection Dates 06/30/87-09/22/87

_ _ _ - - _ _ _ _ - - _ _ _ - - - - - - - -
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2. Precipitation

A sample of rain water was collected monthly at station 01, on site,

0.2 miles, 42 degrees NE and analyzed for gross beta activity. The results

are presented in Tables 7 and 8. The average gross beta activity for eleven

months was 3.9 pCi/t with a range from 1.6 to 9.1 pCi/f. (There was no

sample available for the month of October due to ar oversight in the field).

A semi-annual composite was prepared and analyzed for gamma emitting isotopes

and tritium. All gamma emitters were below their detection limits, in

addition, the tritium results were below the normal level of detection of

100 pCi/f. These results were lower than those measured in 1986.

1

{

41
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m m m i t rm u i rm rm m n | __ m m 1 ts ;. 1 ; J n.m M

TABLE 7

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

NORTH ANNA NUCLE AR POWER STATION DOCKET NO S0-338/339

LOUISA COUNTY, VIRGINIA JANUARY 1. to DECEMBER 31. 1987

ANALYSIS AND LOWER LIMIT NUMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER Of ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST MFAN CONTROL LOCATION EONROUTINE

SAMPLED Of ANALYSES DETECTION MEAN NAE MAN MEAN REPORTED )(UNIT Of ME ASUREMENT) PERFORMED (LLD) (1) RANGE DIST?JsCE AND DIRECTION RANGE RANGE MEASUREMENTS
FRACTION FRACTION FRACTION

Precipitation Monthly
(pCi/f) Gross Beta 11 4 3.9(11/11) 01 0.2 mi NE 3.9(11/11) NOME O.

~ (1.6-9.1) (1.6-9.1)
Gamma 2
(Semi-Annually)

Be-7 2 - -(0/2) N/A N/A NONE O

Tritium 2 2000 -(0/2) N/A N/A' NONE O

.

(I) LLD 6s lower limit of detection as defined and required in USNRC Branch Technical Position on
an Acceptable Radiological Environmental Monitoring Program Revision 1. November 1979.

.
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TABLF 8

UIRGINIA POWER - NORTH ANNA - 1987

CONCENTRATIONS OF GROSS BETA, TRIT!UM AND GAMMA EMITTERS * IN PRECIPITATION

( pCl/l t 2 Sigma

STATION 01 - 'On site)

COLLECTION DATES GROSS BETA RAINFALL
pCl/l Inches

12/31/86-01/28/87 2.1 1 0.6 2.9

01/28/87-03/02/87 3.1 t 0.7 2.5

03/02/07-03/31/87 3.4 t 0.7 5.1

| 03/31/87-04/28/87 2.8 t 0.7 5.7

| 04/28/87-05/26/87 2.9 1 0.8 5.1

06/01/87-06/30/87 4.1 2 0.8 3.3

06/30/87-08/04/87 9.1 1 1.1 1.9

08/04/87-09/01/87 7.0 t 1.0 0.9 |

08/25/87-09/29/87 1.6 1 0.6 7.6

09/29/8 7-10/2 7/8 7 ( a)

10/27/87-11/24/87 4.7 t 0.8 4.4

11/24/87-12/29/87 2.3 2 0.8 1.8

Average 3.9 i 4.5
1 2 s.d.

SEMI-ANNUAL COMPOSITES OF PREC'PITATION

12/31/86-06/30/87 06/30/87-12/31/87

Gamma Spec Gamma Spec
I-131 - <30 (b) 1-131 <10
H-3 - <120 H-3 <100

All gamma emitters were <LLD.*

( a) Sample not collected due to oversight in field.
(b) LLO for I-131 not met due to lcng lapse of time from collection to receipt at TI.

,
________-
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3. Soil
~

Soil sanples are collected every three years from twelve stations.
_

Since the samples were collected in 1986 Tables 9 and 10 will not be included
-

- in the 1987 report.

-
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B. Waterborne Exposure Pathway

1. Ground /Well Water

Water was sampled quarterly from the on site well at the biology ,

'

laboratory. These samples were analyzed by gamma ray spectroscopy and

for tritium. The rcsults are presented in Tables 11 and 12. No gamma

emitting isotopes were detected. Tritium was detected in the first and

{ second quarterly samples at an average level of 160 pCi/l with E range

from 150 to 170 pCi/t. These are normal environmental levels. The

second quarter sample was analyzed for strontium-89 and 90. There were

no detections of these isotopes above the detection level.

,

--
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TABLE 11

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY i

I
NORTH ANNA NUCLEAR POWER STATION 00CKET NO 50-338/339

LOUISA COUNTY, VIRGINIA JANUARY 1, to DECEMBER 31, 1987

ANALYSIS AND LOWER LIMIT NLMBER OF
MEDitM 04 PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST MEAN CONTROL LOCATION NONROUTINE

SAMPLED OF ANALYSES DETECTION MEAN NAME MEAN MEAN REPORTED
(UNIT OF MEASUREMENT) FERFORMED (LLD) (1) RANGE DISTANCE AND DIRECTION RANGE RANGE MEASUREMENTS

FRACTION FRACTION FRACTION

Ground /Well Water Gamma 4

$ (pCi/f)
K-40 4 60 -(0/4) N/A -(0/4) NONE O

Tritlum 4 2000 160(2/4) OIA 0.75 ml SE 160(2/4) NONE O
(150-170) (150-170)

(1) LLD is lower limit of detection as defined and required in USNRC Branch Technical Position on
an Acceptable Radiological Environmental Monitoring Progree, Revision 1, November 1979.

.. .

.

. .. . .. .. .
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TABLE 12

VIRGINIA POWER - NORTH ANNA - 1987

CONCENTRATIONS OF STRONTIUM, TRITIUM AND GAMMA EMITTER $* IN GROUND /WELL WATER

pCl/f i 2 Sigma I

COLLECTION H-3 Sr-89 Sr-90 Be-7 K-40 1-131 Ba-140 Th-228
DATES

STATION OIA

03/31/87 170 1 90 (a) (a) <30 <40 <40 (b) <10 <6

04/01/87-06/30/87 150 f 100 <4 <0.6 <30 <50 <0.4 (c) <6 <7

06/30/87-09/29/87 <l30 (a) (a) <50 <100 <0.5 (c) <7 <10

09/29/87-12/29/87 <100 (a) (a) <30 <60 <0.5 (c) <7 <7

Average 160 t 28
i 2. s.d.

* All other gamma emitters were <LLD.
(a) Strontium-89/90 analyses performed only on second quarter sample.
(b) LLO not met due to an oversight at TI.
(c) 1-131 by radiochemistry

_
,

. _ _ __
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2. River Water

[
A sample of water from the North Anna River was collected quarterly

b at station 11, 5.8 miles downstream from the discharge lagoon,128 degrees

SSE. The results are presented in Tables 13 and 14. No sample was collected
[

for the fourth quarter due to an oversight in the field. The samples were

analyzed by gamma spectroscopy, and for tritium. The second quarter sample

was analyzed in addition for strontium-89 and strontium-90.

All gamma emitters were below the detection level. No detections of

[ strontium-89 or strontium-90 occurred. Trititsn was analyzed by proportional

gas counting and was measured with an average level of 3680 pCi/t with a

range from 2600 to 5170 pCi/t. This is comparable with the average tritium

activity level for 1986. It was measured in ,1986 with an average concen-
[

tration of 4020 pCi/l with a range of 3400 to 5000 pCi/t.
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TABLE 13

RADIOLOGICAL ENVIR0rNENTAL MONITORING PROGRAM SUMMARY

NORTH ANNA NUCLE AR POWER STATION DOCKEI NO 50-338/339

LOUISA COUNTY, VIRGINIA JANUARY 1 to DECEMBER 31, 1967
j
|

ANALYSIS AND LOWER LIMIT NUMBER OF
MEDILit O't PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST MEAN CONTROL LOCATION NONROUTINE

SAMPLED OF ANALYSES DETECT 10N ML AN NAML MEAN MEAN REPORTED {(UNIT OF MEASUREMENT) PERFORMED (LLD) (1) RANGE DISTANCE AND DIRECTION RANGE RANGE MEASUREMENTS
FRACTION FRACTION FRACTION

River Water Gamma 3

g (pCi/t)

K-40 3 - -(0/3) N/A N/A NONE O

Tritita 3 2000 3680(3/3) 11 5.8 mi SE 3680(3/3) NONE O
(2600-5170) (2600-5170)

(1) LLD is lower limit of detection as defined and required in USNRC Branch Technical Position on
an Acceptable Radiological Environmantal Monitoring Program, Revision 1, November 1979.
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TABLE 14

VIRGINIA POWER - NORTH AMNA - 1987

CONCENTRATIONS OF STRONTILM, TRITi(M AND GAPMA EMITTER $* IN RIVER WATER

pC1/f i ? Sigma

COLLECTION Sr-89 Sr-90 H-3 Be-7 K-40 I-131 Cs-137 - Ba-140 Ra-226 Th-228DATES

STATION - 11

( 03/12/87 (a) (a) 5170 1 260 <60 <100 <10 <6 (6 <100 (10
|

I

06/16/87 <2 <0.6 3270 t 110 <50 <60 <10 <5 <9 <100 <8

09/09/87 (a) (a) 2600 t 100 <40 <50 <0.6 (c) <4 <7 <10 <7
!

12/29/87 (b)

Average 3680 1 2666
1 2 s.d.

All other gamma emitters were <LLD.*

(a) Analysis only performed on second quarter sample.
(b) Sample not received.

'(c) Analyzed for I-131 by radiochemistry.

. . . . .. . ..

_



._______

.

l

3. Surface Water

Samples of surface water were collected monthly from two stations.

Station 08 is at the discharge lagoon,1.1 miles,148 degrees SSE on Lake

[ Anna. Station 09 is 2.2 miles upstream on Lake Anna, 320 degrees NW. The

samples were analyzed for iodine-131 by radiochemical separation. No iodine

was detected in the 24 samples analyzed. The results are presented in

Tables 15 and 16. The samples were also analyzed by gamma ray spectrometry.

Naturally occurring potassium-40 was observed in one sample from station 08

at a level of 51.0 pCi/2. All other gamma emitters were below the detection

levels at either station.

The second quarter composite from each station was analyzed for the

fission products stroatium-89 and strontium-90. The activity of these

isotopes were below the limit of detection.
~

A quarterly composite from each station was prepared and analyzed for

tritium. The tritium activity at station 08 was at an average level of 3763

pCi/l with a range of 2590 to 5550 pC1/2. The trend of the tritium activity

at station 08 has been plotted. The tritium level had been increasing since
[

the middle of 1978 when the average level was below 300 pCi/1. However,

{ in 1987 the results were within the same range as those measured in 1986.

The tritium activity in the four quarterly composites from station 09 was

( at a level of 2665 pCi/f with a range of 1850 to 3690 pC1/2. This is particu-
y

larily significant since this level is found upstream of the plant. The

level of tritium for 1987 for station 09 is also within the same range as

those measured in 1986.

Samples of surf ace water were collected by the Commonwealth of Virginia

[ from two stations. Station W-33 is located at the discharge lagoon and

station W-27 is located on the North Anna River at the RT. 208 Bridge, which
[

.
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is upstream of the site. Ten grab samples and two composite samples were

[ collected and analyzed by gamma ray spectroscopy, for gross beta and for

tritium. The results are shown in Table 15 and 17. The gross beta results

at station W-33 were at an average level of 5.0 pCi/l with a range of 3.1 to

9.5 pCi/l. The results at station W-27 were at an average level of 3.7 with

a range of 2.0 to 5.0 pCi/l. This is an expected level for surface waters.

[ Gamma ray spectrometry detected the natural nuclide potassium-40 two times

at station W-27 with an average concentration of 49.8 pCi/l and a range of

49.2 to 50.3 pCi/f. All other gammna emitters were below their detection

levels.

Two samples from each station were analyzed for tritium. The average

[ level at station W-33 was 3510 pCi/l with a range from 2520 to 4500 pCi/f.

This is simildr to the average result of 3763 pCi/t detected at station 08,

the discharge lagoon. The average level of tritium at station W-27 was

825 pCi/l with a range of 210 to 1440 pCi/l.

[
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TABLE 15

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM 5tMtARY

NORTH ANNA NUCLEAR POWER STATION DOCKET NO 50-338/339

LOUISA COUNTY, VIRGINIA JANUARY 1, to DECEMBER 31, 1987

ANAL FIS AND LOWER LIMIT NUMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST MEAN CONTROL LOCATION NONROUTINE

SAMPLED OF ANALYSES DETECTION M AN NARL MAN MAN REPORTED
(UNIT OF MEASUREM[NT) PERf0RM D (LLD) (1) RANGE DISTANCE AND DIRECTION RANGE RANGE E ASUREE NTS

Surf ace Water Gross Beta 24 4
(pct /f)

(State Splits)
Gamma 247
K-40 24 - 49.8(2/24) W-27 49.8(2/12) NONE O

(49.2-50.3) (49.2-50.3)

Tritium 24 2000 2168(4/24) W-33
351'J(2/12))

NONE O
(210-4500) (2520-4500

Surface Water 1-131 24 -(0/12) NA NA -(0/12) 0(pCi/f) -

Regular Monthlies
-

Gansna 24

K-40 24 51.0(1/12) 08 1.1 el SSE 51.0(1/12) -(0/12) 0

Tritium 8 2000 3763(4/4) 08 1.1 et SSE 3763(4/4) 2665(4/4) 0
(2590-5550) (2590-5550) (1850-3690)

(1) LLD is lower limit of detection as defined and required in USNRC Branch Technical Position on
an Acceptable Radiological Environmental Monitoring Program, Revision 1. Noverber 1979.
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TABLE 16

VIRGINIA POWER - NORTH ANNA - 1987

CONCENTRATIONS OF TRITIUM, STRONTIUM AND GAMMA EMITTER 5* IN SURFACE WATER

pct /f 1 2 Sigma

COLLECTION H-3 1-131(a) Sr-89 $r-90 Be-7 K-40 Cs-137 Ba-140 Ra-226 Th-228DATES

_S_T A T I ON - 08

01/28/87 5550 t 280 <0.3 (c) (c) <30 <50 <3 <5 (100 <802/15/87 (b) <0.5 <30 <50 <4 <8 <90 <703/12/87 <0.3 <40 (60 <4 <6 <80 <804/09/87 4310 t 130 <0.2 <3 <0.6 <30 <60 <4 <5 <90 <805/14/87 (0.4 <60 <90 <5 <10 <100 <1006/16/87 <0.3 <50 51.0 2 22.4 <5 <10 <100 <1007/10/87 2600 t 300 <0.5 <40 <50 <3 <7 <80 <708/11/87 <0.5 <40 <50 <4 (6 <100 <809/09/87 <0.5 <60 <100 <5 <9 (100 <1010/16/87 2590 t 100 <0.5 <40 <50 <4 <7 <80 <711/12/87 <0.3 <30 <40 <3 <5 <70 <612/11/87 <0.4 <30 <50 <3 <10 <60 <5
E Average 3763 t 2880 51.0 22.4

1 2 s.d.

STATION - 09 '

01/28/87 2520 t 130 <0.4 (c) (c) <30 <60 <4 <5 <100 <802/15/87 (b) <0.5 <40 <50 <4 <7 '<90 <803/12/87 <0.5 <40 <60 <4 <6 <100 <804/09/87 3690 t 130 <0.4 <3 <0.5 <30 <40 <4 <6 <80 (705/14/87 <0.5 <60 (200 <6 <10 <100 (1006/16/87
.2600 1 300 <0.4 <40 <40 <3 <8 <60 (6

<0.3 <50 <60 <5 <8 <100 <907/10/87
08/11/87 <0.2 <30 <40 <4 <6 <70 <709/09/87 <0.5 <30 <40 <3 <8 <80 <610/16/87 1850 t 100 <0.3 <40 <60 <4 <8 <100 <811/12/87 <0.4 <30 <50 <3 <6 <70 <712/11/87 <0.4 <30 <50 <3 <10 <70 <6
Average 2655 t 1523
t 2 s.d.

* All other gamma emitters were <LLO.
(a) I-131 by radiochemistry
(b) Analysis performed quarterly.
(c) Analysis performed only with second quarter.
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TABLE 17

VIRGINIA POWER - NORTH ANNA - 1987

CONCENTRAfl0NS OF GAMMA EMITTER 5*, TRIT!UM AND GR-BETA IN SUFFACE WATER

pCl/t i 2 Sigma - STATE SPLIT

COLLECTION GR-BETA H-3 Be-7 K-40 1-131 Cs-137 Ba-140 Ra-226 Th-228
-

DATES

STATION - W-27

01/15/87 4.2 1 1.0 210 t 90 <50 49.2 1 24.7 <200 (b) <3 <30 (c) <80 <702/15/87 2.9 1 0.8 (a) <50 <50 <70 (b) <4 <20 (c) <100 <903/15/87 2.9 1 0.8 (a) <50 <50 <200 (b) <3 <40 (c) <80 <704/15/87 4.1 1 0.8 (a) <50 <40 <300 (b) <3 <50 (c) <80 <705/15/87 3.3 2 0.8 (a) (60 <40 <200 (b) <3 <30 (c) <90 <806/15/87 4.7 1 0.7
f. a ))
(a <50 <40 <0.9 <3 <30 (c) <90 <807/15-08/15 3.7 i 0.8 <40 <50 <0.5 <4 <5 <100 <808/15/87 3.4 1 0.8 1440 t 120 <50 <50 <100 (b) <3 <30 (c) <80 <709/15-10/16 3.8 1 0.8 (a) <60 <90 <1 <5 <9 <100 <1010/16-11/15 4.2 1 1.1 ( a) <30 <50 (0.4 <3 <4 <10 (611/15/87 2.0 t 0.9 (a) <60 50.3 t 24.0 <10 <4 <70 (c) <90 <7$ 12/15/87 5.0 t 1.0 (a) <50 <50 <5 <3 <30 (c) <70 <6

Average 3.7 1 1.7 825 t 1739 49.8 t 1.61 2 5.d.

STATION - W-33

01/15/87 4.1 1 1.0 4500 t 200 <60 <50
<200(bJ)

<3 <40 c? <100 <9b02/15/87 3.3 t 0.8

(a))(a <50 <50 <10 l <4 <20 c I <10 <703/15/87 3.1 2 0.7 <50 <50 <200 lb) <3 <40 ch <80 <704/15/c7 3.2 1 0.7 (a) <50 <40 <300 lb) <3 <50 (c|| <60 <605/15/87 4.7 1 0.9 (a) <50 <40 (100 (b) <3 <40 (c) <70 <606/15/87 9.5 t 1.3 (a) <100 <200 <0.7 <6 <60 (c) <200 <1007/15-08/15 5.1 1 0.9 (a) <40 <50 <0.5 <3 <7 <70 <708/15/87 7.6 1 1.0 2520 t 130 <60 <100 <200 (b) (4 (40 (c) <90 (8| 09/15-10/16 4.6 1 0.8 (a) <60 <100 <1 <6 <9 <100 <1010/16-11/15 5.9 2 1.2 (a) <50 <200 <1 <5 <8 <100 <1011/15/87 4.1 1 1.0 (a) <80 <100 <10 <5 <100(c) <90 <912/15/87 4.4 1 0.9 (a) <50 <50 <6 <4 <30 (c) <80 <7
Average 5.0 t 3.8 3510 t 2800
t 2 s.d.

* AII other gamma emitters were <LLO.
(a) Analysis not required.

(b) LLO for 1-131 could not be met due to delay in receipt of sample from the State of Virginia.
(c) LLD for 8a-140 could not be met due to delay in receipt of sample from the State of Virginia.
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C. AQUATIC EXPOSURE PATHWAY

1. Sediment / Silt
[

Sediment samples were collected in April and in September from

{ each of three locations and were analyzed by gamma spectrometry. The

results are presented in Tables 18 and 19. A number of man-made and

b naturally occurring radioisotopes were detected in these samples.

Cesium-137 was detected in all samples with an average activity of 278
'

pCi/kg (dry weight) and a range from 44.8 to 569 pCi/kg (dry weight).

} Cesium-134 was measured in 4 of the 6 samples with an average activity

of 100 pCi/kg (dry weight) and a range of 57 to 155 pCi/kg (dry w?ight).

b The highest readings for cesium-134 and cesium-137 were obtained at

station 11, 5.8 miles downstream in the North Anna River, 128 degrees

SSE.

{ Naturally occurring potassium-40 was observed in all samples with

an average activity of 9425 pCi/kg (dry weight) and a range from 1710 to

[ 21500 pCi/kg (dry weight). Radium-226 was also measured in all six

samples with an average concentration of 1376 pCi/kg (dry weight) and a

range of 627 to 1930 pCi/kg (dry weight). Also naturally occurring,

{
thorium-228 was observed in all six samples with ar) average concentration

of 829 pCi/kg (dry weight) and a range of 284 to 1510 pCi/kg (dry

[ weight). A composite was prepared of the semi-annual samples and

analyzed for strontium-89 and strontium-90. There were no detections of
[ these fission products in aquatic sediment / slit. In the accompanying

figures the isotopes cobalt-58, cobalt-60, cesium-134, and cesium-137

are plotted for the sediment samples collected during 1987 at stations

[ 08, 09, and 11. All results are consistent with previous years,

r
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T ABL E 18

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM $UMMARY

NOR TH ANNA NUCL E AR POWE R ST AT ION DOCKET NO 50-338/339

EOUISA COUNTY, VIRGINIA JANUARY 1, to DECEMBER 31, 1987

ANALYSIS AND LOWER LIM]T NtEBER OF
MEDILM OR PATHWAY TOT AL NUMBER OF Att INDICATOR LOCATIONS LOCATION WITH HIGHEST ME AN CONTROL LOCATION NONROUTINE

SAMPLED OF ANALYSES DE TE Cil0N MEAN NAME MEAN MEAN REPORTED

(UNI T OF M5. ASUREME NI) PE RF ORME D (LLD) (1) RANGE DISTANCE AND OIRECTION RANGE RANGE MEASUREMENTS

FRACTION FRACTION FRACTION

Sediment /Sitt Garmna 6
pct /kg (dry)

K-40 6 - 12635(4/4) 11 5.8 ml 55E 20900(2/2) 3005(2/2) 0
(2650-21500) (20300-21500) (1710-4300)

Cs-134 6 150 100(4/4) 11 5.8 ml SSE 135(2/2) -(0/2) 0
(57.0-155) (115-155) -

Cs-137 6 180 365(4/4) 11 5.8 ml SSE 459(2/2) 104(2/2) 0
(181-569) (348-569) (44.8-163)

Ra-226 6 1553(4/4) 11 5.8 al SSE 1615(2/2) 1024(2/2) 0
(1050-1930) (1440-1790) (627-1420)

Th-228 6 - 194(4/4) 11 5.8 ml SSE 1001(2/2) 897(2/2) 0
(519-1040) (961-1040) (284-1510)

Sr-89 3 - -(0/2) NA NA -(0/1) 0
(Annually) - -

Sr-90 3 0.8 -(0/2) NA NA -(0/l) 0
(Annually) - -

(1) LLD is lower limit of detection as defined and required in USNRC Branch Technical Position on
an Acceptable Radiological Environmental Monitoring Program, Revis;on 1 November 1979.
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TABLE 19

VIRGINI A POWER - NORTH ANNA - 1987

CONCENTRATIONS OF GAPNA EMITTER 5* IN SEDIMENT / SILT

pCl/kg i 2 Sigma

STA-08 STA-09 STA-Il STA-08 STA-09 STA-Il AVERAGE
NtKL IDE 04/08/87 04/08/87 04/08/87 09/30/87 09/16-09/29 09/30/87 t 2 s.d.

Sr-89 <100 <800 (600 (a) (a) (0 -

Sr-90 (50 <50 <40 (a) (a) (a) -

Be.7 (200 <100 <200 <300 <300 <300 -

e K-40 2650 t 270 4300 1 430 21500 t 2200 6090 2 610 1710 1 200 20300 1 2000 9425 t 18042

Mn-54 <20 <10 (20 (20 <20 <30 -

00-58 <20 <10 (20 <30 <20 <40 -

Co-60 <20 <10 (20 <30 <20 (30 -

Cs-134 73.6 1 19.7 (20 155 t 22 57.0 t 20.8 <30 115 i 30 100 t 88

Cs-137 181 1 23 44.8 t 14.6 569 i 57 362 1 36 163 * 21 348 1 35 278 1 373

Ra-226 1050 t 330 627 1 238 1790 t 360 1930 1 400 1420 1 230 1440 1 430 1376 i 960

Th-228 519 t 52 284 t 28 961 i 96 657 t 66 1510 t 150 1040 i 100 829 t 871,

All other gamma emitters were <tLD.*

( a) Sr-89/90 analyses perf ormed annually.

|
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2. Shoreline Soil

A sample of shoreline sediment wn allected in March and September

from station 09, 2.2 miles upstream of the North Anna Power Station

The samples were analyzed by gamma ray spectrometry. The results

are presented in Tables 20 and 21. The naturally occurring nuclide

potassium-40 was measured in both samples at an average of 2595 pCi/kg

(dry weight) and a range of 600 to 4590 pCi/kg (dry weight). Thorium-228

was measured at an average of 156 pCi/kg (dry weight) and a range of

94.6 to 218 pCi/kg (dry weight). Radium-226 was detected in one sample

at a level of 424 pCi/kg (dry weight). Cesium-137, also a fission

product was monitored at an average level of 21.8 pCi/kg (dry weight)

with a range of 19.9 to 23.6 pCi/kg (dry weight).

The two quarterly samples were composited and analyzed for stron-

tium-89 and 90. There were no detections of either of these fission
products in shoreline soil.

I
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'!ABLE 20

R/DIOLOGICAL ENVIR0 MENTAL MONiiORING PROGRAM StMmRY

NORTH ANNA MbCLEAtt POWER STATI0E DOCKET NO. 50-338/339

LOUISA C0tmTY, VIRGINIA JANur'Y 1, to DECEMBER 31. 1987

ANALYS15 AND iOWER LIMIT NIMOER OFMEDItM OR PATHidAY TIAL NUMBER OF Att INDICATOR LOCATIEW5~ LOCATION IdITH HIGHEST MEAN CONTROL LOCATION UJ4ROUTINI
SAMPLED ts ANALYSES DETECTION RLM NmL MAN MEAN RF. PORTED

(UNIT OF MEASUREMENT) PERFORMED (LLD) (1) RANGE DISTANCE AND DIRECTION RANGE RANGE fEA5UREMENTS
FRACTION FRACTION FRACTION

Shoreling. Soll Gmuna 2
pCl/kg (dry)e

* K-40 2 - 2595(2/2) 09 2.2 al NW 2595(2/2) NONE O
(600-4590) (600-4590)

Cs-137 2 180 21.8(2/2) 09 2.2 at W 21.8(2/2) NONE O
(19.9-23.6) (19*)-23.6)

Ra-226 2 - 424(1/2) 09 2.2 al W 424(1/2) NONE O

,

'

Th-228 2 - 156(2/2) 09 2.2 at W 156(2/2) NONE O
(94.6-218) (94.6-218)

Sr-89 1 - -(0/1) NA NA NONE O

Sr-90 1 0.8 -(0/l) NA NA NONE 0

(1) LLD is lower Ilmit of detection as defined and required in USNRC Branch Technical Position on
an Acceptable Radiological Envirorumenta? Monitor *vy Program, Revision 1. November 1919.
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[ D. INGESTION EXPOSURE PATHWAY

{ 1. Milk

The results of the iodine-131 analysis of milk samples are pre-

:,ented in Tables 22 and 23. A sample was collected monthly from two

[ stations. A total of 24 samples were analyzed. There were no measure-

ments of iodine-131 above the detection limits.

[
The milk samples were also analyzed by gamma ray spectroscopy and

[ the results are also presented in Tables 22 and 23. A total of 24

samples were analyzed. Naturally occurring potassium-40 was measured in

[ all of the samples with an average of 1240 pCi/t and a range of 980 to

1390 pCi/t. Cesie-137, which is a fission product, has been detected

sporadically in recent years. The activity has been attributed to

[ global fallout from past atmospheric weapons testing. Cesium-137 was

detected in the two February samples with an average activity of 7.33

pCi/t and a range of 5.71 to 8.94 pCi/t. A'ter February there were no

additional detections of cesium-137. All other gama emitters were

below their detection levels. A quarterly composite was ' prepared from

[ each of the two collection stations and analyzed for strontium-89 and

strontium-90. Strontium-89 was not detected in any of the samples

monitored. Strontium-90 was detected in the o ght samples monitored

with an average level of 1.4 pCi/l and a range of 0.57 to 2.4 pCi/l.

This is similiar to activities determined in previous years arid lower

{ than the preoperation levels of 2.2 to 5.4 pC1/l.

[

r
u

'
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TABLE 22

RADIOLOGIEAL ENVIR0fmENTAL M9NITORING PROGRAM St# MARY

NORTH ANP4 NUCLEAR POWER STATION DPCkET NO 50-338/339

LOUISA COUNTY, VIRGINIA JANUARY 1, to PfEEMBER 31, 1987

ANALYSIS AND LO'.T R L IMI T . selpIBER OF.

MEDIUM OR PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATICN WITH HIGHEST MAN CONTROL LOCATION le0esROUTillE
SAMPLED OF ANALYSES DETECTION KAN NAK KAll MEAfl REPORTED

(UNIT OF ME ASUREMENT) P'RFORME D (LLD) (1) RANGE DISTANCE AND DIRECTION RAN'I RANGE MEASUREMENTS
FRACTION FRACTION f RACi1081

Milk 1-131 24 0.5 -(0/24) NA NA IIONE O i(pC1/l)
$

- |

I

Gamma 24

| K-4C- 24 - 1240(24/24) 12 8.3 al 81W 1263(12/12) 90NE O -

(980-1390) (980-1390)
|

Cs-137 24 3.00 7.33(2/24) 13 5.6 at 55W 8.94(1/12) NONE O
(5.71-8.94) -

Sr-89 8 - -(0/8) NA NA Is0NE O(Quarterly) -

Sr-90 n C.8 1.44(8/8) 13 5.6 al SSW 1.52(4/4) se0NE O
(Quarterly) (0.57-2.4) (0.57-2.4)

(1) LLD is louer limit of 4 tecslon es defined and required in U50eRC Branch Technical Position on
an Acceptable Radiologica! Everonmenta! Monitoring Progran, Revision I, Isovember 1979.
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TABLE 23

(Page 1 of 3)

VIRGINIA POWER - NORTH ANNA - 1987

CONCENTRATIONS OF GAMNA [MITTER5* IN MILK

pCl/l i 2 Sigma

MONTH N UCL I Dr. STA-12 5!A-13 I

JANUAFY Sr-89 <2 (2
Sr-90 1.6 2 0.8 1.5 i 0.9
K-40 1380 1 340 1260 t 130
Cs-137 <5 (6

0 I-131 <0.3 <0.5

FEBRUARY Sr-89 (a) (a)
Sr-90 (a) (a)
K-40 1270 t 130 1300 t 130
Cs-137 5.71 2 3.2 8.94 1 4.13
I-131 <0.4 <0.5

MARCH Sr-89
( a)) (a)(a

Sr-90 (a)
K-40 1190 2 120 1040 t 100
Cs-137 <6 <7
I-131 <0.3 <0.4

APRIL Sr-89 <2 <2
Sr-90 1.620.3 1.6 1 0.3
K-40 1230 t 120 1240 t 120
Cs-137 <5 <5
I-131 <0.3 <0.3

.

All other gamma emitters were <LLD.*

(a) Strontium-89/99 analyses performed quarterly. '

.

_ _ _ _ _ _ _ _ _ _
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IABLE 23

(Page 2 of 3)

VIRGINIA POWER - NORTH ANNA - 1987
|

CONCENTRAi!ONS OF GAMMA EMITTER 5* IN MILK

pct /f 1 2 Sigma

MONTH NUCLIDE STA-12 STA-13

MAY Sr-89 (a) (a)Sr-90 (a) (a)
K-40 1230 t 120 1310 t 130
Cs-137 <4 <5
I-131 <0.4 <0.5y

o

JUNL Sr-89 (a) (a)
Sr-90 ( a) (3)
K-40 1260 i s30 1081 1 110
Cs-137 <6 ''

|-131 <0.1 <0.3

JULY Sr-89 <2 <2
Sr-90 1.4 1 0.5 2.4 1 0.7
K-40 1330 t 130 1350 t 140
Cs-137 <4 <5
1-131 <0.5 <0.5

AUGUST Sr-89 (a) (a)
Sr-90 (a) (a)
K-40 980 t 98 1350 t 140
Cs-137 <7 <4
I-131 (0.3 <0.3

All other gamma emitters were <LLD.*
*

|
|

!

| 2

,
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TABLE 23

(Page 3 of 3)

VIRGINIA POWER - NORIH PNNA - 1987

CONCENTRATIONS OF GAMMA EMITTER 5* IN MILK

pCl/l i 2 Sigma

MONTH NUCLIDE STA-12 STA-13

SEPTEMBER Sr-89 (a) (a)
Sr-90 (a) (a)
K-40 1280 t 130 1230 t 120
Cs-137 <4 <4-.

~~
|-131 <0.2 <0.2

OCTOBER Sr-89 <2 <2
Sr-90 J.87 1 0.37 0.57 2 0.40
K-40 1240 t 120 1020 1 100
Cs-137 <6 <7
I-131 <0.3 <0.2

NOVEMBER Sr-89 (a) (a)
$r-90 (a) (a)
K-40 1380 t 140 1220 1 120
Cs-137 <6 <7
l-131 <0.2 <0.3

DECEMBER Sr-89 (a) (a)
Sr-90 (a) (a)
K-40 1390 t 140 1190 t 120
Cs-137 <4 <4
I-131 <0.4 <0.3

* All other gamma emitters were <LLD.
( a) Strontium 89/90 analyses performed quarterly.

I- - - - -

a . . . . . . _ _ _ _ _ _ _ _ . _ _ .
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'2. Fish

Marine biota can be sensitive indicators of radionuclide accumulation

in the environment oecause of their ability to concentrate certain chemical

elements which have radioactive isotopes. The results are presented in

Tables 24 and 25. Four samples of fish were collected from station 08, the

[ discharge lagoon. These samples were analyzed by gamma ray spectroscopy and

the naturally occurring isotope potassium-40 was found in all four samples

at an average of 1853 pCi/kg (wet weight) with a range of 1490 to 2040

pCi/kg (wet weight). Cesium-134, a fission product, was found at an average

of 91.0 pCi/kg (wet weight) in all four sample with a range of 54.7 to 148

[ PCi/kg (wet weight). The fission product cesium-137 was found at an average

of 330 pCi/kg (wet weight) in all four samples with a range of 244 to 537

pCi/kg (wet weight).

Five samples were collected from station 09, the control location 2.2

miles upstream on Lake Anna. The same nuclides were detected by gamma ray

[ spectroscopy. Naturally occurring potassium-40 was monitored in all five

samples at an average of 19681.Ci/kg (wet weight) with a range of 1750

I to 2180 pCi/kg (wet weight). Cesium-134 was detected in all f ive samples at

an average of 50.6 pCi/kg (wet weight) with a range of 23.7 to 116 pCi/kg
[

(wet weight). Cesium-137 was found in all five samples at an average

{ of 221 pCi/kg (wet weight) with a range of 113 to 427 pCi/kg (wet weight).

The levels of the fission products cesium-134 and cesium-137 were

I somewhat higher at the discharge lagoon than at the control statior, upstream

of the discharge point. The results in 1986 for cesium-134 were 112 pC1/kg
[

(wet weight) at station 09 and 157 pCi/kg (wet weight) at the discharge

{
1agoon. The results in 1986 for cesium-137 were 309 pCi/kg (wet weight)

at station 09 and 537 pCi/kg (wet weight) at the discharge lagoon.

72
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TABLE 24

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM Slf91ARY

NORTH ANIIA NUCL(AR POWER STATION DOCKET NO 50-338/339
<

LOUISA COUNTY, VIRGINIA JANUARY 1, to DECEMBER 31, 1987

.

AIIALYSIs AND LOWER LIMIT IRMBER OF
KDitM OR PATHWAY TOTAL IIUMBER OF Att INDICATOR LOCATIONS LOCAT10el WITH HIGHEST Mall CONTROL LOCATION NONROUTIIIE

SAMPLED OF ANALYSES DETECTION MAN IIAE NAN MAII REPORTED
(UNIT OF N ASUREMENT) PERFORMED (LLO) (1) RANGE DISTANCE AII0 DIRECTION RANGE RAIIGE M ASUREMENTS

FRACTION FRACTION FRACTI0ff

Fish Ganna 9
w" pCl/kg (wet)

K-40 9 1853(4/4) 09 2.2 at NW 1968(5/5) 1968(5/5) 0-

(1490-2040) (1750-2180) (1750-2180)
'

Cs-134 9 - 91.0(4/4) 08 1.1 al 55E 91(4/4) 50.6(5/5) 0
'

(54.7-148) (54.7-148) (23.7-116)

Cs-137 9 - 08 1.1 ras SSE /5 0
'

(1) LLD is lower Ilmit of detection as defined and required in USIIRC Branch Technical Position on
an Acceptable Radiological Environmental Monitoring Program Revision 1 Noveder 1979.

.

-

'
- - - - --

__ _ . _ _ _ _ _ _
.,
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TABLE 25

VIRGINIA POWTR - NORTH ANNA - 1787

CONCENTRATIONS 0.0 GAMMA EMITTER $* IN FISH

pCl/kg (wet) t 2 Sigma

COLLECTION STATI0m SAMPLE TYPE K-40 Co-58 Cs-134 Cs-137DATE
J

03/02/87 08 2040 2 200 <6 148 1 15 537 2 54

07/01/87 08 1850 2 180 <6 54.7 2 8.9 244 2 24

09/09/87 08 1490 2 150 <6 77.5 t 9.2 273 1 27
11/12/87 08 2039 2 200 <1 83.8 i 8.4 264 2 26%

03/02/87 09 2020 1 200 <7 116 2 12 427 i 43

03/02/87 (a) 09 2180 t 220 <6 23.7 1 6.4 113 1 11
06/29/87 09 1890 t 190 <10 54.0 1 6.2 253 t 25
09/09/87 09 1750 t 180 (7 28.5 t 8.1 140 t 14
11/18/87 09 2000 2 200 <6 31.0 t 5.8 171 2 17

Average 1917 2 406 68.6 i 84.6 269 1 2721 2 5.d.

* All other gamma emitters were <LLD.
(a) Control Sample

.

_ . . _ . _ . _ _ _ _ ._ _
-

' ' ' ' ' ' '
'
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3. Food Products / Vegetationr

L

Seventeen food samples were collected from seven locations and analyzed

by gamma spectrometry. The samples consisted of green leafy veget;bles such

as cabbage and lettuce. The results are presented in Tables 26 and 27.

Naturally occurring potassium-40 was monitored in all of the samples with an

[ average activity level of 13312 pCi/kg (wat weight) and a range of 5270 to

22100 pCi/kg (wet weight). Cosmogenic beryllium-7 was detected in twelve of

the seventeen samples with an average concentration of 3398 pCi/kg (wet

weight) and a range of 329 to 6110 pCi/kg (wet weight). The terrestrial |

[
nuclide thorium-228 occurred in five of the samples at an average activity

[ of 382 pCi/kg (wet weight) and a range of 294 to 509 pCi/kg (wet weight).
.

Radium-226 was detected in three samples with an average activity of 900 |

b pCi/kg (wet weight) and a range of 601 to 1070 pCi/kg (wet weight).

The fission product cesium-137 was (stected in eight of the seventeen
[

samples with an average activity of 106 pCi/Kg (wet weight) and a range of

{
51.5 to 181 pCi/Kg (wet weight). In recent years cesium-137 has been

detected sporadically and has been attributed to global f allout from past

( atmospheric weapons testing.
;

[

[

[

{

75
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?A8tE 26

7ADIOLOGICAL ENVIRONENTAL MONITORING PROGRAM SUMfMRY

NORTH ANNA NUCLEAR POWLR 51ATION DOCKET NO $0-338/339

LOUISA COUNTY, VIRGINIA JANUARY 1, to DECEMBER 31, 1987

ANALYSIS AND LOWER LIMIT NifE8ER OFNEDitM OR PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST MAN CONTROL LOCATION NONROUTINESAMPLLD OF ANALYSES DETECTION RUui NmRL ~ ~KAN MAN REPORTED
(UNIT OF KA50 REPENT) PERFORME D (LLD) (1) RANGE DISTANCF AND DIRECTION RANGE RAPGE E ASUREM NTS

TRACTION FRACTION FRACTION

food / Vegetation Gauna 17
pCl/kg (wet)| ~

*
| Be-7 17 - 3398(12/17) 21 1.0 mi idNW 4531(3/3) NONE O

(329-6110) (4030-5050)
1

K-40 17 - 13312(17/17) 15 1.7 at SE 15600(3/3) NONE O
(5270-22100) (11000-22100)

Cs-137 17 80 106(8/17) 15 1.7 al SE 130(I/3) NONE O
(51.5-181) -

Ra-226 17 - 900(3/17) 23 0.93 al SSE 1070(1/3) NONE O
(609-1070) -

Th-228 17 - 382(5/17 23 0.93 al 55E 509(I/3) NONE O
(294-509 _

(1) LLD is lower limit of detection as defined and required in USNRC Branch Technical Position on
an Acceptable Radiological Environmental Monitoring Program, Revision 1 Noveder 1979.

- _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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TACLE 27

VIRGINIA POWER - NORTH ANNA - 1987

CONCENTRATIONS X GAppu (MITTERS* IN FOOD / VEGETATION

pCl/kg (wet) i 2 Sigma

STATION CotLECTION Be-7 K-40 1-131 Ru-103 Cs-134 Cs-137 Th-228 Ra-226
DATE

14 05/26/87 3970 t 400 12200 t 1200 <60 <20 <20 97.1114.9 294 1 29 609 2 250
09/29/87 1580 t 220 16'00 t 1600 (60 (30 <20 51.5120.5 <40 (400
11/03/87 <600 16500 t 1600 <200 (a) <70 <60 (70 <100 (1000

15 05/26/87 4040 t 400 13700 t 1400 <60 <20 <20 130 2 18 372 2 37 <400
09/29/87 2000 2 280 11000 t 1100 <40 GO <20 (20 <40 <400

| 11/03/87 <500 22100 t 2200 <100 (a) <60 (50 <50 <100 <1C410

16 05/26/87 2120 1 210 16000 t 1600 <60 <20 <20 57.3 2 16.8 299 1 30 <400
09/29/87 6110 t 620 10900 t 1100 <50 <80 <60 <60 (100 <1000
11/03/87 <600 16800 t 1700 (200 (a) (70 <60 (60 <100 <1000

21 05/26/87 4030 1 400 19000 t 1900 <60 <20 <20 181 1 21 437 1 44 1020 t 330
09/29/87 4530 t 460 6100 1 610 <60 <60 <40 15.0 1 34.4 (100 <1000
11/03/87 5050 t 2040 10000 t 2200 <100 (a) <300 <300 (a) <300 (a) (500 <5000

23 05/26/87 3530 t 370 19400 t 1900 <30 (40 <40 116 2 30 509 2 57 1070 t 530
09/29/87 2690 t 170 8550 t 860 (40 <40 (40 137 1 30 <70 <800*

11/03/87 (600 17300 t 1700 <200 (e) <70 <70 (a) <70 <200 <2000

92 06/12/87 (b) 329 2 118 5380 2 540 <60 <20 <10 <10 <30 <300

98 06/12/87 (b) <100 5270 t 530 <50 <10 <10 <10 <20 <200

Average 3398 2 3176 13312 1 10316 106 2 88 382 t 184 900 1 506
t 2 s.d.

all other gamma emitters were <tLD.*

(a) LLD not met due to small sample size.

(b) State Split

- - - _ - _ _ _ _ _ _ _ _ _ - -
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[ E. DIRECT RA0!ATION EXPOSURE PATHWAY

1. TLD Dosimetersr

L

Thermoluminescent dosimeters (TLDs) determined environn' ental

[ radiation dose e.es and the results are contained in Tables 28 and 29.

A TLD badge of four readout areas each was deployed quarterly at 12

locations around the periphery of the plant. The mean values of four

{ readings (calibrated individually for response to a known dose and for

intransit dose) are reported in this table. Individual measurements of

[ external radiation levels in the environs of the North Anna site had an

average dose of 6.0 mR/ standard month with a range of 4.1 to
[ 8.8 mR/ standard month. The control station, No 24 had an average

reading of 4.3 mR/ standard month with a range of 3.7 to 5.0 mR/ standard

month. The highest dose was at station 01, NAPS Sewage Treatment Plant,

( 0.2 miles, 42 degrees NE, with a reading of 8.2 mR/ standard month and a

range of 7.4 to 8.8 mR/ standard month.

Sector TL0s are deployed quarterly at thirty-two locations in

the environs of the North Anna site. Two badges are placed at each
,

location. The results are presented in Tables 28 and 30. The average

( ievel of the 32 locations (two badges at each location) was 6.5 mR/
'

standard month with a range of 2.3 to 11.3 mR/ standard month. The six

control TLDs showed an average reading of 5.2 mR/ standard month with a

range of 3.8 to 6.8 mR/ standard month. Four of the badge: were vanda-
'

lized; two during the second quarter and two during the fourth quarter.

[ The highest dose levels were at station SW-53 with an average level of

9.1 mR/ standard month and a range of 8.5 to 10.2 mR/ standard month.

L

78
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On one figure the results of the estronmental TLDs are plotted from 1977

{ through 1985 in mR/ day. For 1986 and 1987 the results were plotted in

mR/standcrd month on a secona figure. For the period 1985 through 1987, the

b external radiation levels have remained constant at approximately 0.2 mR/ day

(or 6 rR/ standard month). The st.ctor TLDs have been in use since 1984 and
[

the results for 1984 through 1985 are plotted on the same two figures

{
discussed above. The results of the sector TLDs are comparable to the

results of the environmental TLDs.

[

[

1 ,

{ -

{

i
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TA8LE 28

RADIOLOGICAL ENVIR0lmENTAL MONITORING PROGRAM StemARY

NORTH A8HeA NUCLEAR POWER STAT 1011 DOCKET NO 50-338/339

LOUISA COUNTY, VIRGINIA JANUARY 1, to DECEMBER 31, 1987

ANALYSIS AND LOWER LIMIT IstMBER OFMED!lM OR PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATION Id!TH HIGHEST MAN CONTROL LOCATI0st NONROUTINE
SAMPLED OF ANALVSES DETECTION MLAN NAME MEAll MEAN REPORTED

(UNIT OF MASUREMENT) PERFORMED (LLD) (1) RANGE DISTANCE AND DIRECTION RANGE RAleGE M ASUREE NTS
FRACTIDsl FRACTION FRACTI0II

Ofrect Radiatton Gauna Dose 48 6.0(44/44) 01 0.2 mi NE 8.2(4/4) 4.3(4/4) 0
(mR/std. month) (4.1-8.8) (7.4-8.8) (3.7-5.0)

m
"

(Regular TL0s )

Sector TLDs Gauna Dose 284 6.5(252-252) 21/53 0.3 al SW 9.l(8/8) 5.2(32/32) 0
(2.3-11.3) (8.5-10.2) (3.8-6.8)

(1) LLD is lower limit of detection as defined and required in USIIRC Branch Technical Position on
an Acceptable Radiological Envirofunental Monitoring Progran, Revision 1 November 1979.

a

_ . _ _ _ _ _ _ _ _ _ _ _ . . - _ _ _ _ - . - - - - - - - - -
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TABLE 29

VIRGINIA POWER - NORTH ANNA - 1987

OIRECT RADIATION MEASUREMENTS - QUARTERLY TfD RESULTS

mR/ standard month * 1 2 Sigma

STATION FIRST QUARTER SECOND QUARTER THIRD QUARTER FOURTH QUARTER AVERAGE
NUMBER 12/31/86-04/01/87 04/01/87-06/30/87 06/30/87-09/30/87 09/30/87-01/05/88 t 2 s.d

01 7.4 1 0.2 8.4 2 0.3 8.8 i 0.4 8.0 t 0.4 8.2 1 1.2

02 4.8 1 0.2 4.8 1 0.4 4.6 2 0.1 4.5 t 0.2 4.7 * 0.3

03 4.8 2 0.2 4.3 1 0.2 4.6 1 0.6 4.7 t 0.3 4.6 1 0.4 |
04 5.1 2 0.07 4.1 1 0.03 5.0 f 0.1 4.4 1 0.5 4.7 2 1.0 |
05 5.5 t 0.1 6.3 1 0.5 6.3 t 0.3 5.6 1 0 4 5.9 i Os9

05A 5.8 1 0.1 6.2 1 0.5 6.0 t 0.2 5. 2 1 0. .' 5.8 t 0.9
'

06 6.8 t 0.2 7.1 2 0.4 7.4 1 0.2 6.5 1 0.1 7.0 2 0.8

07 5.6 2 0.2 5.9 2 0.3 6.0 2 0.2 4.8 t 0.3 5.6 2 1.1

21 5.2 1 0.07 6.0 1 0.07 5.4 1 0.4 5.6 2 0.2 5.6 1 0.7

22 6.4 2 0.1 6.6 2 0.4 1.5 t 0.4 6.5 t 0.2 6.8 1 1.0

23 6.7 2 0.1 6.4 2 0.1 7.6 2 0.3 6.5 2 0.5 6.8 1 1.1

24 5.0 t 0.3 4.1 1 0.1 4.4 2 0.1 3.7 1 0.1 4.3 t 1.1

AVERAGE 5.8 2 1.7 5.9 t 2.6 6.1 t 2.8 5.5 2 2.4 5.8 2 0.5
* 2 s.d.

* Standard month = 30.4 days.
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TABLE 30

(Page 1 of 2)

VIRGINIA POWER - NORTH ANNA - 1987

DIRECT R4DI ATION ME ASUREMENTS - SECTOR QUARTERL Y TLD RESUL TS

mR/ Standard month * t 2 519ma

STATION FIRST QUARTER SECOND QUARTER THIRD QUARTER FOURTM QUARTER AVERAGE
NUMBER 12/31/86-04/01/87 04/01/87-06/30/87 06/30/87-09/30/87 09/30/87-01/05/88(b) t 2.s.d

N-1 6.1 2 0.3 5.0 t 0.3 5.8 2 0.5 5.4 2 v.4 5.6 2 1.0
N-2 5.6 t 0.2 6.0 t 0.2 6.0 t 0.1 4.32 0.8 5.5 1 1.6
NNE-3 6.0 1 0.1 5.9 t 0.5 5.9 2 0.2 7.2 2 0.5 6.3 1 1.3
NNE-4 5.2 1 0.07 6.6 t 1.0 5.8 2 0.3 5.4 2 0.5 5.8 1 1.2
NE-5 1.4 2 0.1 8.8 2 0.2 7.8 t 0.5 7.3 1 0.3 7.8 2 1.4NE-6 4.7 a 0.1 3.1 t 0.3 4.8 1 0.5 3.8 2 0.2 4.3 2 1.2[NE-7 6.6 2 6.7 6.4 2 0.2 7.0 2 0,3 6.5 1 0.8 6.6 t 0.5[NE-8 5.2 a 0.01 5.1 1 0.07 5.5 t 0.3 4.4 2 0.2 5.1 1 0.9E-9 7.2 1 0.07 6.8 t 0.1 7.8 i 0.4 6.9 t 0.5 7.2 2 0.9E-10 6.1 1 0.2 5.6 2 0.03 6.0 t 0.5 6.7 t 0.3 6.1 1 0.9
ESE-Il 6.5 1 0.2 7.3 2 0.3 7.0 t 0.3 6.720.6 6.9 2 0.7E5E-12 7.5 t 0.5 7.3 2 0.07 8.1 1 0.4 6.2 1 0.5 7.3 1 1.63 5[-13 5.8 2 0.1 6.4 2 0.07 7.5 t 0.3 5.8 2 0.1 6.4 t 1.6SE-14 5.4 i 0.1 5.6 2 0.07 6.6 1 0.3 (a) 5.9 t 1, 3
55E-15 1.2 a 0.2 7.1 2 0.3 6.9 m 0.3 7.2 1 0.5 7.1 2 0.355E-16 5.2 1 0.07 5.0 3 0.1 5.7 2 0.2 5.4 2 0.3 5.3 1 0.6
5-17 7.5 t 0.0 7 7.2 * 0.1 7.5 1 0.8 7.5 1 0.3 7.4 2 0.35-18 4.0 t 0.1 4.2 2 0.07 4.32 0.3 4.5 2 0.1 4.3 1 0.8
55W-19 8.5 t 0.1 9.3 2 0.5 8.8 1 0.3 8.5 t 0.5 8.8 2 0.8
55W-20 4.4 2 0.1 5.1 1 0.1 4.6 2 0.2 4.8 1 0.3 4.7 1 0.6
5W-21 8.6 t 0.1 8.5 t 0.03 9.6 i 0.7 8.7 * 0.7 8.9 2 1.0
SW-22 6.0 t 0.3 (a) 6.4 1 0.1 11.3 1 1.2 7.9 1 5.9
WSW-23 5.6 t 0.1 6.1 1 0.07 6.8 t 0.2 5.7 * 0.6 6.1 1 1.1
W5W-24 6.8 1 0.3 6.5 1 0.2 7.1 1 0.2 6.2 t 0.1 6.7 1 0.8
W-25 5.8 2 0.3 7.8 1 0.2 7.9 t 0.4 1.1 t 0.4 7.2 2 1.9

, W-26 6.0 1 0.2 5.3 2 0.2 5.2 1 0.4 4.2 * 0.2 5.2 1 1.5
| WNW-27 5.2 t 0.1 5.9 i 0.2 5.5 t O.4 5.2 1 0.3 5.5 t 0.7

WNW-28 5.5 t 0.1 6.0 t 0.3 6.0 t 0.2 5.4 1 0.2 5.1 t 0.6
NW-29 8.1 1 0.03 8.0 t 0.03 8.6 2 0.2 7.9 2 0.4 8.2 1 0.6
NW-30 5.5 t 0.1 5.8 2 0.07 5.9 t 0.3 4.9 2 0.4 5.5 t 0.9
NNW-31 6.0 1 0.03 5.9 2 0.07 6.5 2 0.1 7.2 a 0.4 6.4 1 1.2
NNW-32 5.6 2 0.1 5.4 1 0.1 6.4 1 0.4 5.8 2 0.5 5.8 1 0.9N-33 6.4 1 0.3 5.2 a 0.1 5.6 a 0.0 5.5 t 0.3 5.7 1 1.0
N-34 5.5 2 0.2 5.3 2 0.1 5.7 2 0.2 5.4 2 0.1 5.5 2 0.3NNE-35 6.1 1 0.2 6.4 2 0.07 6.9 t 0.1 7.5 1 0.4 6.7 2 1.2
NNE-J6 6.8 t 0.07 6.4 1 0.1 6.2 1 0.1 5.5 1 0.8 6.2 t 1.1
N[-37 8.2 1 0.2 7.7 1 0.1 8.7 1 0.3 7.5 2 0.7 8.0 t 1.1
* Standard month 30.4 days! =

(a) TLD Vandallied
(b) Several of the TLD's had collection dates 09/30/87-01/06/8J.
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TABLE 30

{Page 2 of 2)

VIRGINIA POWER - NORTH ANNA - 1987

DIRECT RADIATION MEASUREMENTS - SECTOR QUARTERLY TLD RESULT 5

mR/ standard month * i 2 Sigma

STATION FIRST QUARTER SEEOND QUARTER THIRO QUARTER FOURTH QUARTER AVERAGE,

j DUMBER 12/31/86-04/01/87 04/01/87-06/30/87 06/30/87-09/30/87 09/30/87-01/05/88(b) e 2.s.d

N(-16 4.4 2 0.1 4.8 1 0.2 4.7 1 0.2 4.5 t 0.1 4.6 t 0.4
EhE-39 6.8 t 0.1 6.4 2 0.07 7.3 t 0.4 6.8 2 0.5 6.8 1 0.7>

ENF-90 5.3 1 0.1 4.7 i 0.1 5.3 2 0.2 4.9 1 0.3 5.1 1 0.6
E-41 7.9 t 0.2 7.4 1 0.2 7.5 2 0.2 6.9 1 0.2 7.4 1 0.8
E-42 6.1 1 0.1 6.8 i O.2 6.1 2 0.4 6.5 1 0.4 6.4 1 0.7
[5E-43 6.0 t 0.1 7.1 t 0.5 7.3 t 0.4 6.3 t 0.7 6.7 1 1.2
E5[-4& 6.8 1 0.2 6.0 1 0.2 7.8 1 0.4 6.5 2 0.1 6.8 2 1.5
SE-45 6.3 2 0.1 6.3 2 0.1 2.3 t 0.2 6.5 t 0.5 5.4 1 4.1
SE-46 6.0 t 0.0/ 6.5 1 0.2 7.3 t 0.4 (a) 6.6 t 1.3
55E-47 7.4 i 0.4 6.7 i 0.2 7.9 1 0.4 8.1 2 5.8 7.5 1 1.2
55E-48 5.6 t 0.1 5.9 2 0.07 6.7 t tr.3 5.5 1 0.2 5.9 1 1.1

3 5-49 8.1 1 1.0 7.2 2 0.2 9.1 1 0.4 7.3 1 0.1 7.9 1 1.8
5-50 4.1 1 0.07 4.1 2 0.07 5.6 1 0.2 4.310.5 4.5 t 1.4
55W-51 8.5 2 0.1 10.0 t 0.5 9.9 i 0.3 8.4 2 0.7 9.1 1 1.5
55W-52 4.4 1 0.1 5.4 2 0.1 5.3 2 0.4 5.1 1 0.3 5.1 1 0.9
SW-53 8.5 t 0.1 9.1 t 0.3 10.2 1 0.5 9.4 2 0.8 9.3 2 1.4
SW-S4 5.8 t 0.3 (a) 7.5 1 0.1 7.7 1 0.4 7.0 1 2.1
W5W-55 6.3 t 0.1 6.0 t U.1 6.4 1 0.3 6.1 a 0.5 6.2 2 0.4
W5W-56 7.1 1 0.03 6.8 2 0.1 7.0 t 0.9 5.6 1 0.2 6.6 1 1.4
W-57 7.5 1 0.2 7.8 2 0.3 8.7 1 0.6 7.8 1 0.2 8.0 t 1.0
W-58 5.1 e 0.03 5.9 2 0.1 5.2 2 0.2 5.9 1 0.2 5.5 t 0.9
WNW-59 5.1 i 0.07 6.1 1 0.3 5.9 2 0.2 5.8 1 0.3 5.7 1 0.9
WNW-60 5.5 t 0.1 6.0 t 0.07 6.9 2 0.3 6.4 2 0.1 6.2 a 1.2
NW-61 8.4 1 0.1 9.1 2 0.4 9.0 2 0.4 9.2 a 0.5 8.9 2 0.7
NW-62 5.1 2 0.07 5.5 2 0.2 5.9 2 0.1 5.0 1 0.1 5.4 2 0.8
NNW-63 7.0 2 0.5 7.0 2 0.1 7.5 t 1.1 7.1 1 0.2 7.2 2 0.5
NNW-64 6.3 1 0.2 6.1 t 0.1 6.3 t 0.2 5.4 1 0.4 6.0 1 0.9
C-1 5.2 t 0.1 5.3 2 0.07 6.4 2 0.2 5.2 1 0.5 5.5 1 1.2
C-2 5.2 2 0.07 6.1 1 0.3 5.6 i 0.2 5.3 1 0.2 5.6 1 0.8
C-3 4.9 2 0.07 4.6 t 0.4 5.2 1 0.3 4.3 2 0.9 4.8 2 0.8
C-4 4.2 1 0.03 4.3 * C.5 4.8 t 0.1 3.8 1 0.1 4.3 2 0.8
C-5 4.4 t 0,07 4.2 2 0.1 4.6 t 0.2 4.0 t 0.3 4.3 1 0.5
C-6 5.1 10.2 5.1 t 0.4 5.0 t 9.4 4.6 2 0.2 5.0 1 0.5
C-7 5.8 1 0.07 5.8 1 0.1 6.8 2 0.4 5.9 1 0.2' 6.1 1 1.0
C-8 6.7 4 0.1 6.2 1 0.4 6.8 2 0.3 6.4 1 0.1 6.5 1 0.6

Average 6.1 e 2.4 6.3 2 2.6 6.6 2 2.9 6.2 2 2.9 6.3 2 0.4
2 2 s.d.

* Standard month 30.4 days=

a TLD vandalized
b Several of the TLD's had collection dates 09/30/87-01/06/88.

I
I
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V. CONCLUSIONS

The results of the 1987 Radiological Environmental Monitoring Program

for the North Anna Nuclear Power Station have been presented. The results

[ were as expected for normal environmental samples. Naturally occurring

activity was observed in sample media in the expected activity ranges.

Occasional samples of nearly all media showed the presence of man-made

isotopes. These have been discussed individually in the text. Observed

activities were at very low concentrations and had no significant dose

[ consequence.

As a method of referencing the measured radionuclide concentrations in

b sample media to the dose consequence, the data may be compared to the

Reporting Level Concentrations listed in the NRC Regulatory Guide 4.8.

These concentrations are based upon 25% of the annual dose commitment

{
recommended by 10CFR50, Appendix 1, to meet the criterion "As low as is

Reasonably Achievable." Specific examples of sample media with positive

analysis results are discussed below.

( AIRBORNE EXPOSURE PATHWAY

Air particulate gross beta concentrations of all the indicator
[ locations for 1987 followed the gross beta concentrations at the control

location. The gross beta concentrations were comparable to levels observed

since 1982 except for a five week period in 1986 which was influenced by the

( Chernobyl accident. Gamma isotopic analysis of the particulate samples

identified the gamma emitting isotopes as natural products (berylliun-7 and

potassium-40). No man-made activity was found in the particulate media

during 1987. No iodine-131 was detected in charcoal filters in 1987.

[

88



_ _ - _ _ - - _ _ -
.

. .. . .

[

[
A precipitation sample was collected monthly and analyzed far gross

{ beta activity. All the gross beta activities were comparable to those

measured in previous years. Semi-annual composites were analyzed for gamma

emitting isotopes and tritium. All gama emitters and tritium were below

their detection limits.

[ WATERBORNE EXPOSURE PATHWAY

No man-made or natural isotopes were monitored in the surf ace water of

Lake Anna except tritium. The average tritium activity at the waste heat

treatment facility was 3763 pCi/l which is 18.8% of the reporting level for
[

a water sample. In 1986 the tritium level was 3918 pCi/t. The preopera-

{ tional level was 150 pCi/l and has been rising since 1977. The tritium

level upstream of the site was 2655 pCi/l as compared with 2883 pCi/l in

b 1986. This is particularily significant since it is upstream of the site.

( The sampics of surf ace water collected by the Commonwealth of Virginia

at the waste heat treatment facility had similar tritium results with an

average activity of 3510 pCi/t. The upstream location had a lower average I

activity of 825 pCi/l. Naturally occurring potassium-40 was detected two

times at the upstream location. No other gamma emitting isotopes were

( detected. I

River water collected from the North Anna River, 5.8 miles downstream

of the site had an average tritium level cf 3680 pCi/l. The average tritium

in 1986 had been 4020 pCi/l. No gamma emitters were detected.

Ground water from the environmental well on site contained no gamma

( emitters. The average level of tritium in ground /well water was 160 pCi/l

which is a low environmental level.

89
_ _ _ _ _ _ _ _ _ _ _



. _ _ _ ---

AQUATIC PATHWAY

Sediment / silt suples provide a sensitive indicator of discharges from
{

nuclear power stations. The sediment from North Anna environmental samples

[ indicated that two man-made isotopes were present. Cesium-137 was tonitored

at all six stations. Cesitan-137 was also monitored in preoperational
s

samples of aquatic sediment; however, additional man-made isotopes appear to

have accumulated. Cesiun-134 was monitored at stations 08 and 11 but not at

station 09. Sediment contamination does not provide a direct dose pathway

[ to man.

The samples of shoreline soil monitored downstream of the site contained

no cesium-134. Cesium-137 occurred at levels considerably lower than in

sediment samples.

INGESTION PA1HWAY

lodine-131 was not measured in any of the 24 milk samples using the 4

radiochemical separation method. Cesittn-137 was detected in two milk

samples in February 1987. Cesium-137 has been detected occasionally in

previous years and then was attributed to past atmospheric nuclear weapons i

testing. Strontium-90 was measured in all of the milk samples. The values
I were comparable to the levels in 1986 and somewhat lower than preoperational

years. Strontium-90 from those years is attributed to past atmospheric
{

nuclear weapons testing. No strontium-89 was detected in any of the milk

s ampl es. Naturally occurring potassium-40 was measured in all the milk
i

samples at nor;nal environmental levels.

Activity in fish and vegetation samples along with milk does pre 3ent a

{
direct dose pathway to man. Fish samples in 1987 showed the presence of the

man-made isotopes cesitan-134 and cesitan-137. These isotopes were at an

90
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b

activity level somewhat higher than preoperational levels but statistically

similcr to levels in 1986. Only cesium-137 was measured in preoperational

environmental fish samples. The average level of activity in 1987 of

[ cesium-134 was 6.9% of the reporting level and cesium-137 was 13.5% of the

reporting level.

[
Vegetation samples contained the man-made isotope cesium-137. The

I cesium-137 activity levels in 1986 and in preoperational samples were

statistically similar to the 1987 level.

DIRECT EXPOSURE PATHWAY

The direct exposure pathway as measured in the environment of the

North Anna site by thermoluminescent dosimetry has remained essentially the

same since the preoperational period in 1977 at 6 milliroentgens per month

[ or 0.2 milliroentgens per day. The average dose levels monitored have

shown a normal fluctuation about these levels which are less than the |

r
L estimated whole body dose due to natural terrestrial and cosmic radiation

and the internal dosage from natural radionuclides. -r
L

|

Based upon the evidence of the environmental monitoring program the
L station is operating within regulatory limits. Thus, no unusual radiological

[ characteristics were observed in the environs of the North Anna Nuclear j

Power Station in 1987.

L

r
L

I
L

r

L
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[

[
VI. LAND USE CENSUS

b
A. Technical Specification 3.12.2 requires that a Land Use Census

[ be conducted within a distance of 8 km (5 miles) from North

Anna on an annual basis. This census identifies the location of the

nearest milk cow, the nearest resident and the nearest garden of

greater than 50 m2 (500 ft.2) producing broad leaf vegetation in

each of the 16 meteorological sectors.

B. The results of the Land Use Census are used to calculate the

{ principal exposure pathway from gaseous effluents. This pathway

analysis is compared to previous analysis to determine the

( requirements for modification of the Radiological Environmental

Monitoring Program and/or the calculational model used for
[ determining dose contributions to the unrestricted area.

[ C. The results of the 1987 Land Use Census show no changes to the
|

Radiological Environmental Monitoring Program or to the Offsite |
[

Dose Calculation Manual Pathway Models.

[

[

[

[

[

~
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{ VIRGINIA POWER

NORTH ANNA POWER STATION

b ANNUAL RADIOLOGICAL ENVIRONMENTAL LAND USE CENSUS DATA FCR 1987

(JULY 28-30)
'

[
NEAREST NEAREST SITE MILK * MEAT MILK * VEG. GARDEN -

SECTOR RESIDENT BOUNDARY COW ANIMAL G0AT 500 ft{ ,

N 2.41 km 1.40 km 3.51 km 2.36 km

[ NNE 2.17 km 1.36 km 2.36 km 4.0 km
,

NE 1.93 km 1.32 km 2.55 km 2.49 km
[

ENE 3.21 km 1.31 km 4.10 km 3.21 km

E 2.01 km 1.33 km 5.95 km 4.26 km{
ESE 2.69 km 1.37 km 8.85 km 6.20 km

( SE 2.33 km 1.41 km 2.33 km 2.32 km

SSE 1.53 km 1.47 km 2.33 km 1.59 km

S 1.61 km 1.52 km 2.30 km 2.41 km

SSW 2.17 km 1.62 km 2.50 km 2.17 km
{

SW 2.38 km 1.70 km 2.74 km 2.45 km

[ WSW 2.25 km 1.75 km 2.90 km 2.90 km

W 2.91 km 1.71 km 6.83 km 6.83 km )

WNW 2.34 km 1.64 km 6.20 km 4.18 km

NW 2.39 km 1.56 km 4.35 km 4.35 km

NNW 1.93 km 1.45 km 3.62 km 3.36 km

I

* NOTE: No milk cows or milk goats within a five mile radius of North

Anna Power Station.

~
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VIRCINLA POVER - NORTH ANNA POWER STATION

1 ANNUAL RADIOLOGICAL DIVIRONMENTAL LAND USE CENSUS HAT FOR /TT7
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( Vll. SYN 0PSIS OF ANALYTICAL PROCEDURES

[ Section Vil is a synopsis of the analytical procedures performed on
samples collected for the North Anna Power Station Radiological Environmental
Monitoring Program. All analyses have been mutually agreed upon by VEPC0
and Teledyne isotopes and include those requested by the USNRC Regulatory[ Guide 4.8,BTP, Rev. 1, November 1979.

[ ANALYSIS TITLE PAGE

{ Gross Beta and Gross Alpha of Air Particulate Samples.................. 98

Gros s Bet a An alys i s of Water Samples. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 9

h An al y s i s of S am pl e s f o r Tr i t i um . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

w a t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 00
[

An a lys i s of S ampl e s f or lod i ne-131. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

[ s i n o r w a t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

Gamma Spectrometry of Samples......................................... 102

[ siik and water............. ..................................... 102

Dri ed Solids other than So ils and Sediment . . . . . . . . . . . . . . . . . . . . . . . 102
[ risn............................................................. 102

{
Soils and Sediments.............................................. 102

Ch arcoal Cartridges ( Ai r lodine) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

[ Air Particulates................................................. 102

E n v i ro nme n t a l Do s i m e t ry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

[
An alysi s of Samples for St ront ium-89 and -90. . . . . . . . . . . . . . . . . . . . . . . . . 105

Total Water...................................................... 105

Milk............................................................. 105
|
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GROSS BETA AND GROSS ALPHA ANALYSIS OF AIR PARTICULATE SAMPLES

[
.

b
After a delay of five or more days, allowing for the radon-222 and radon-220

(thoron) daughter products to decay, the filters are counted in a gas-flow

proportional counter. The sample is counted at one operating voltage for

gross beta and then changed to a second operating voltage for gross alpha.

[
Calculation of the results, the two sigma error and the lower limit of

detection (LLD). j

|

[
l

RESULT (pCi/m3) =((S/T) - (B/t))/(2.22 V E)
TWO SIGMA ERROR (pCi/m3) =((S/T ) + (B/t ))1/2 (2.22 V E)2 2 /
LLD(pCi/m3) 1=4.66 (B /2)/(2.22 V E t){

where.
[

S = Gross counts of sample I
B = Counts of background (different for alpha and beta)

[ E = Counting efficiency (different for alpha and beta)
T = Number of minutes sample was countere

Number of minutes background was c'suntedt =
V = Sample aliquot size (cubic meters)

{

[

[

[

[

~
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[
GROSS BETA ANALYSIS OF WATER SAMPLES

b

[
One liter of sample is evaporated to near dryness and the residue is trans-

ferred to a tared, 2" diameter planchet and final evaporation to dryness

takes place under heat lamps. The planchet is weighed and then counted in a

gas-flow proportional counter.

.

Calculation of the results, the two sigma error and the lower limit of

b detection (LLD).

[
RESULT (pCi/l) =((S/T) - (B/t))/(2.22 V E)

=((S/T ) + (B/t ))1/2 (2.22 V E)2 2 /{ TWO $1GMA ERROR (pCi/t)

1=4.66 (8 /2)/(2.22 V E t)LLD (pCi/t)

[
where.'

[ S = Gross counts of sample
B = Counts of background
E = Counting efficiency
T = Number of minutes sample was counted[ t = Number of minutes background was counted
V = Sample aliquot size (liter)

.

[

[

[

[ .

-
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ANALYSIS OF SAMPLES FOR TRITIUM

[

Water

Approximately 2 ml of water are converted to hydrogen by passing the water,
heated to its vapor state, over a granular zinc conversion column heated to

{ 400* C. The hydrogen is loaded into a one liter proportional detector and
the volume is determined by recording the pressure.

[
The proportional detector is passively shielded by lead and steel and an
electronic, anticoincidence system provides additional shielding from cosmic
rays.

[ Calculation of the results, the two sigma error and the lower limit detec-
tion (LLD) in pCi/f:

RESULT = 3.234 T Y (Cg - B)/(CN Y)N N S

b TWO SIGMA ERROR = 2((Cg + B)ot)1/23.234 T Y /((C Y )(C "0))N N N S G

[ LLO =4.66(3.234)T Y (C )l/2 (at C Y)/N N g N S
;

{ where: T = tritium units of the standard
N

3.234 = conversion factor changing tritium units to pCi/l

[
.

V = volume of the standard used to calibrate the
N efficiency of the detector in psia

[ V = volume of the sample loaded into the detector in psia
3

C = the cpm activity of the standard of volume Vg g

C = the gross activity in cpm of the sample of volume V
G 3and the detector volume

h B = the background of the detector in cpm

at = counting time for the sample

[

[
~
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ANALYSIS OF SAMPLES FOR 10 DINE-131

[
Milk or Water

[ Two liters of sample are first equilibrated with stable iodide carrier.
A batch treatment with anion exchange resin is used to remove iodine from the
sample. The iodine is then stripped from the resin with sodium hypochlorite

{ solution, is reduced with hydroxylamine hydrochloride and is extracted into
carbon tetrachloride as free iodine, it is then back-extracted as iodide into
sodium bisulfite solution and is precipitated as palladium iodide. The
precipitate is weighed for chemical yield and is mounted on a nylon planchet

[ for low level beta counting. The chemical yield is corrected by measuring the
stable iodide content of the milk or the water with a specific ion electrode.

Calculations of results, two sigma error and the lower limit of detection (LLD)
in pCi/f-

RESVLT = (N/At-B)/(2.22 E V Y DF)

TWO SIGMA ERROR = 2((N/At+B)/at)l/2(2.22 E V Y DF)

= 4.66(8/at)1/2 (2.22 E V Y DF)LLD /

[ total counts from sample (counts)where: N =

at = counting time for sample (min)

B = background rate of counter (cpm)

2.22 = dpm/pCi
[ l

V = volume or weight of sample analyzed '

[ Y = chenical yield of the mount or sample counted
,

DF = decay factor from the mid-collection date to the

{
counting date

E = efficiency of the counter for 1-131, corrected for
self absorption effects by the formula

[
E = E (exp-0.0061M)/(exp-0.0061M )

3 3

[ E = efficiency of the counter determined from an
3 I-131 standard mount

M = mass of PdI2 on the standard mount, mg{ 3

M = mass of Pd!2 on the sample mount, mg

[
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GAMMA SPECTROMETRY OF SAMPLES{

( Milk and Water

A 1.0 liter Marinelli beaker is filled with a representative aliquot of the
[ s ample. The sample is then counted for at least 1000 minutes with a shielded

Ge(Li) detector coupled to a mini-computer-based data acquisition system
which performs pulse height analysis.

Dried Solids Other Than Soils and Sediments

A large quantity of the sample is dried at a low temperature, less than 100*C.
[ As much as possible (up to the total sample) is loaded into a tared 1-liter

Marinelli and weighed. The sample is then counted for at least 1000 minutes
with a shielded Ge(Li) detector coupled to a mini-computer-based data acquisi-

[ tion system which performs pulse height analysis.

Fish

As much as possible (up to the total sample) of the edible portion of the
sample is loaded into a tared Marinelli and weighed. The sample is then
counted for at least 1000 minutes with a shielded Ge(Li) detector coupled to a
mini-computer-based data acquisition system which performs pulse height
analysis.

Soils and Sediments
,

Soils and sediments are dried to a low temperature, less than 100*C, The soil |
| or sediment is loaded fully into a tared, standard 300 cc container and
L weighed. The sample is then counted for at least six hours with a shielded |

Ge(Li) detector coupled to a mini-computer-based data acq0isition system I

which performs pulse height analysis. Ir
L

Charcoal Cartridges ( Air lodine)

E Charcoal cartridges are counted up to five at a time, with one positioned on
L the f ace of a Ge(Li) detector and up to four on the side of the Ge(Li)

detector. Each Ge(Li) detector is calibrated for both positions. The l
r detection limit for I-131 of each charcoal cartridge can be determined (assum-
L ing no positive 1-131) uniquely from the volume of air which passed through

it. In the event 1-131 is observed in the initial counting of a set, each
g charcoal cartridge is then counted separately, positioned on the face af the
L detector.

Air Particulate
1

The four or five (depending on the calendar month) air particulate filters for'

a monthly composite for each field station are aligned one in front of another
r and then counted for at least six hours with a shielded Ge(Li) detector
L coupled to a mini-computer-based data acquisition system which performs pulse

height analysis.

L

'
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A mini-computer software program defines peaks by certain changes in the
r slope of the spectrum. The program also compares the energy of each peak with
L a library of peaks for isotope identification and then performs the radio-

activity calculation using the appropriate fractional gamma ray abundance,
half life, detector efficiency, and net counts in the peak region. The

7 calculation of results, two sigma error and the lower limit of detection (LLD)u
in pCi/ volume or pCi/ mass:

I
RESULT = (S-B)/(2.22 t E V F DF)"

= 2(S+B)1/2 (2.22 t E V F DF)TWO SIGMA ERROR /

[ = 4.66(B)1/2 (2.22 t E V F DF)/LLD

[ where: S = Area, in counts, of sample peak and background (region
of spectrum of interest)

p E = Background area, in counts, under sample peak, deter-
mined by a linear interpolation of the representativeL

backgrounds on either side of the peak

[ t = length of time in minutes the sample was counted

2.22 = dpm/pCi .

E = detector efficiency for energy of interest and geometry
of sample :

>
e

L V = sample aliquot size (liters, cubic meters, kilograms, or ,

grams)

[ F = fractional gamma abundance (specific for each emitted
gamma) |

F DF = decay factor from the collection to the counting date
L

E

[

r

]
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[
ENVIRONMENTAL 00SIMETRY

Teledyne Isotopes uses a CaSO :Dy thermoluminescent dosimeter (TLD) which4

[ the company manufactures. This material has a high light output, negligible
thermally induced signal loss (fading), and negligible self dosing. The
energy response curve (as well as all other features) satisfies NRC Reg. Guide

{ 4.13. Transit doses are accounted for by use of separate TLDs.

Following the field exposure period the TLDs are placed in a Teledyne Isotopes
Model 8300. One fourth of the rectangular TLD is heated at a time and the

[. measured light emission (luminescence) is recorded. The TLD is then annealed
and exposed to a known Cs-137 dose; each area is then read again. This
provides a calibration of each area of each TLD after every field use. The

[ transit controls are read in the same manner.

Calculations of results and the two sigma error in net milliRoetgen (mR):
[

RESULT = D = (0 +D +D +D )/41 2 3 4

[
TWO SIGMA ERROR = 2((D -D)2+(D -D)2+(D -D)2+(D -D)2)j3) Wy 2 3 4

[ where D = the net mR of area 1 of the TLD, and similarly for D , 0 , and Dy
2 3 4

D =1 K/Rg-A{ i 1

1 = the instrument reading of the field dose in area 11

( K = the known exposure by the Cs-137 source

R = the instrument reading due to the Cs-137 dose on area 1
1

[ A = average dose in mR, calculated in similar manner as above,
of the transit control TLDs

b

[

[

[

[

.
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ANALYSIS OF SAMPLES FOR STRONTIUM-89 AND -90

WATER

Stable strontium carrier is added to 1 liter of sample and the volume is

[ reduced by evaporation. Strontium is precipitated as Sr(NO )2 using3
nitric acid. A barium scavenge and an iron (ferric hydroxide) scavenge are
performed followed by addition of stable yttrium carrier and a 5 to 7 day
period for yttrium ingrowth. Yttri m is then precipitated as hydroxide, is
dissolved and re-precipitated as oxalate. The yttrium oxalate is mounted on a
nylon planchet and is counted in a low level beta counter to infer Sr-90
activity. Strontium-89 activity is determined by precipitating SrC03 from

[ the sample af ter yttrim separation. This precipitate is mounted on a nylon
planchet and is covered with an 80 mg/cm2 aluminum absorber for low level
beta counting.

MILK

[ Stable strontium carrier is added to 1 liter of sample and trichloracetic i,

acid (TCA) is added to produce a curd. The curd is separated by filtration j
and is discarded. An oxalate precipitation is performed on the filtrate and !

( the precipitate is ashed in a muffle furnace. The ash is dissolved and
stronti n is precipitated as SrN03 using funin A bariumchromate scavenge and an iron (ferric hydroxid )(90%) nitric acid.scavenge are then performed.

[ Stable yttrium carrier is added and the sample is allowed to stand for 7 to 10
days for yttrium ingrowth. Yttrium is then precipitated as hydroxide, is
dissolved and re-precipitated as oxalate. The yttrium oxalate is mounted on a
nylon planchet and is counted in a low level beta counter to infer Sr-90

[ activity. Strontium-89 is determined by precipitating StC03 from the sample
after yttriun separation. This precipitate is mounted on a nylon planchet and
is covered with an 80 mg/cm2 aluminum absorber for low level beta counting.

[
S0IL AND SEDIMENT

The sample is first dried under heat lamps and a 10 gram aliquot is taken.
Stable strontium carrier is added and the sample is leached in nitric acid.
The mixture is filtered and the liquid portion is reduced in volume by evapo- I

( ration. Strontium is precipitated as Sr(NO )2 using f ming (90%) nitric3acid. A bariun chromate scavenge and an iron (ferric hydroxide) scavenge are
then performed. Stable yttrium carrier is added and the sample is allowed to

[ stand for 7 to 10 days for yttriun ingrowth. Yttriun is then precipitated as
hydroxide, is dissolved and re-precipitated as oxalate. The yttrium oxalate
is mounted on a nylon planchet and is counted in a low level beta counter to

[
infer Sr-90 activity. Strontium-89 activity is determined by precipitating
SrC03 from the sample after yttrium separation. This precipitate is mounted
on a nylon planchet and is covered with an 80 mg/cm2 aluminum absorber for
low level beta counting.

~
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b

Organic Solids

A 200g wet portion of the sample is dried and then ashed in a muffle furnace.
Stable strontium carrier is added and the ash is leached in nitric acid. The
sample is filtered and the volume is reduced by evaporation. Strontium is
precipitated as Sr(NO )2 using fuming (90%) nitric acid. An iron (ferric3
hydroxide) scavenge is performed, followed by addition of stable yttrium

[ carrier and a 7 to 10 day period for yttrium ingrowth. Yttrium is then
precipitatd as hydroxide, is dissolved and re-precipitated as oxalate. The
yttrium oxalate is mounted on a nylon planchet and is counted in a low level
beta counter to infer strontium-90 activity. Strontium-89 activity is deter-[ mined by precipitating SrC03 from the sample after yttrium separation. This
precipitate is mounted on a nylon planchet and is covered with an 80 mg/cm2
aluminum absorber for low level beta counting.

Air Particulates

Stable strontium carrier is added to the sample and it is leached in nitric
acid to bring deposits into solution. The mixture is then filtered and the
filtrate is reduced in volume by evaporation. Strontium is precipitated as

[ Sr(NO )2 using funing (90%) nitric acid. An iron (ferric hydroxide)3
scavenge is performed, followed by addition of stable yttrium carrier and a 7
to 10 day period for yttrium ingrowth. Yttrium is then precipitated as

{. hydroxide, is dissolved and re-precipitated as oxalate. The yttrium oxalate
,

is mounted on a* nylon planchet and is counted in a low level beta counter to |infer strontium-90 activity. Strontium-89 activity is determined by precipi- )tating SrC03 from the sample after yttrium separation. |[. mounted on a nylon planchet and is covered with 80 mg/cm{his precip. tate isaluminum absorber
for level beta counting.

;

1

[
Calculations of the results, two sigma errors and lower limits of detection '

(LLD) are expressed in activity of pCi/ volume or pCi/ mass:
[ RESULT Sr-89 = (N/At-B "0 )/(2.22 V Y DF ESR-89)C A 3 SR-89

TWO SIC +1A ERROR Sr-89 = 2((N/4t+B #0 )/6t)1/2 (2.22 V Y DF ESR-89)/C A 3 SR-89

LLD Sr-89 = 4.66((B *0 )/at)l! /(2.22 V Y DF ESR-89)C A 3 39,gg

( RESULT Sr-99
= (N/At - B)/(2.22 V Y) Y2 DF IF E)

TWO SIGMA ERROR Sr-90 = 2((N/at+B)/at)l/2 (2.22 V Y/ Y DF E IF))y 2

= 4.66(B/At)l/2 (2.22 V Y) YIF DF E) i
LLD Sr-90 /

2

~
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Vill. EPA INTERLABORATOP,Y COMPARISON PROGRAM

[ Teledyne Isotopes participates in the US EPA Interlaboratory Comparison

_ Progre to the fullest extent possible. That is, we participate in the

- progra for all radioactive isotopes prepared and at the maximisn frequency

{
of availability, in this section trending graphs (since 1981) and the 1987

data stsnmary tables are presented for isotopes in the various sample media

[ applicable to the horth Anna Stations Radiological Environmental Monitoring

Program. The footnotes of the table discuss investigations of problems

encountered in a few cases.

_
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US EPA CROSS CHECK PROGRAM
Tritium in Water

10000

9000 -

8000 -

7000 -

&<

e
u 6000 - i >w "

-

% R - i
M 5000 -

E

k
-

i > i
' |

,

'

..

,l |>.

4000 - -
-

'

. it .
I L

-

' -'i>
~ , >. -

''

,

E
~

>iE -

,
|

il.

3000 -

>T-
-

- il
. i;'

-
' '>.'

[
- > "

-
ii ,

'
- i , in . .i ,, .i , -

>
''

2000 -

E.' .

'E . .
''

'l- i k.i ,

, -
,,

.L [.- i
1000 - .-

0 . , , , .
. . , , .

1981 1982 1983 1984 1985 1986 1987 1988
m EPA 13 sigma

Tl13 sigma*

_ _ _ - _ _ _ _ _ . __ _



]
i

,

) ) )
gn c d e

R
no ( ( (
ii

nt * * *rc * * *
aA * * *
W

*
* *

R
**

.

v) 1 428 15 4184 10133 5 4 2 440 98627012en 1 517 81 1791 10107 4 6 8 350 24407069Dw . .. . . . . . . .

R
o 0 130 01 0010 06011 0 0 0 010 00300010mn - - - - - - - - - - - - - -

rK
o(
N

8 899 80 3160 21570 0 8 8 480 05388025
823 50 8461 551565 0 5 5 650 12755051

R
) . .

b 03255 00 2157 12153 0 0 0 201 00100111
3 9 6 1 0(

s 2
t 2l 1t2 12 21tt 11tt1 t 1 1 t1t 11ti11i1
l <

I u 7 300 60 0000 33300 0 7 7 060 06033033

R
6 300 60 0000 33300 0 6 6 060 88033033T s

e .

R 8 480 26 0414 08022 0 8 6 258 33669852
543 22 5798 50069 0 41 51 11

S 9 11 1
I 4

1
~

~
~
-
f

7
8 00000 00 0000 00000 0 0 0 000 00000000
9 05000 05 0000 00000 0 9 7 050 66005000

R1
)
a 51658 51 0859 55555 1 0 0 515 00551555M ( 7 1 4 2

A s 4
R At ttt2 ti ittt 1ttt1 2 1 1 it1 1t1tttt2G Pl
O [ u 00000 00 0000 00000 0 0 0 000 00000000R s 00000 00 0000 00000 0 0 0 000 90000000

RP
e

R 90095 55 9840 01097 9 9 7 378 34690805N 436 22 4788 59058 0 41 611 21O 5 9 1 2
S 1 4
I

R A
A N

RP N
M A )

O 3
C H a a

T f e 7 7 647 t 7 68t 47Y R o
R O id 9013 90 013 05033 1 1 e03 22e900338931 89 9310 66111 3 3 B91 22B89611

nA
O N 1 l - - 1 - - - 1 4 - 3 1 1 - - - - - - - -T c rr - 5 rr r - CK C2RCC H

s- onuss - - - rrs aarrross- e u SSICK SS SI I I GSC RRGSSCCCR g N
0 O a
8 C P rA P ( e .
L E

nT
t fR V
l rE
i ea r r r r F PN i k e d e e k e

I d l t o t t l t r be i a o a a i a i aA M M W F W W M W A L

nE
P

S s
U t

l

u
s 7 7 7 7 7 7 7 7 7

n Ae 8 8 8 8 8 8 8 8 8PR / / / / / / / / /
E 9 6 7 5 5 6 2 6 7

d 0 1 0 1 1 2 0 1 2ee / / / / / / / / /
t u 2 6 5 4 4 5 6 7 7

_as 0 0 0 0 0 0 0 0 0 _

n
Ds

_
i

_

_
.

d _

.

e _
_

l

l

n
eas 7 7 7 7 7 7 7 7 7 lMt 8 8 8 8 8 8 8 8 8 bl / / / / / / / / / aI u 9 4 9 8 3 2 4 5 6 tT s 0 2 0 1 1 1 2 0 2e / / / / / / / / / feR 1 2 4 3 3 3 4 6 6 o

n
t 0 0 0 0 0 0 0 0 0a
D d

n
e
tN aO

n
I 6 7 7 7 7 7 7 7 7 sT 8 8 8 8 8 8 8 8 8 eA / / / / / / / / / tAR 4 9 0 6 3 7 3 0 7 oPA 0 0 3 0 1 2 0 1 2 nEP / / / / / / / / / tE 1 1 1 2 2 2 4 4 4 o

n
R 1 0 0 0 0 0 0 0 0 oP F

t

g



munum - muurm um numuu m m m m -'- g - g
US EPA I N T E RL ASV R A Tf,R V LOMPARISON PRUbRAM 198/

VEPCO - NORTH ANNA

(Page 2 of 3)

EPA Date Il Muiled date EPA EPA Tl Norm Dev. ** WarningPREPARATION Results !ssued Results Media Nuclide Results(a) Results(b) (Known) *** Action

05/08/87 06/12/87 08/31/87 Water Sr-89 41.00 1 5.00 40.33 1 2.31 -0.23
Sr-90 20.00 t 1.50 21.33 2 0.58 1.54

06/05/87 07/15/87 08/26/87 Water Cr-51 41.00 t 5.00 <53.33 -

Co-60 64.00 t 5.00 63.00 1 4.36 -0.34
2n-65 10.00 1 5.00 <9.67 -

,

|Ru-106 75.00 t 5.00 72.00 t 11.79 -1.03 {Cs-134 40.00 t 5.00 34.66 1 1.52 -1.84 || Cs-137 80.00 t 5.00 79.00 t 4.36 -0.34 1

05/12/87 07/10/87 07/27/87 Water H-3 2895.00 1357.00 2800.00 2100.00 -0.46

06/26/87 08/13/87 10/01/87 Milk Sr-89 69.00 1 5.00 63.67 1 2.51 -1.84
Sr-90 35.00 t 1.50 39.66 1 1.15 5.39 ***

(f)1-131 59.00 1 6.00 49.33 i 3.21 -2.79 (g)**
Cs-137 74.00 1 5.00 77.00 1 5.20 1.03_

g K 1525.00 t 76.00 1533.33 t 98.15 0.19

07/24/87 08/21/87 09/11/87 Water Gr-Beta 5.00 t 5.00 6.33 i 0.58 0.46

07/31/87 09/30/C' 11/09/87 food Sr-89 20.00 t 5.00 18.67 1 1.15 -0.46
Sr-90 30.00 t 1.50 31.00 t 1.00 1.15
I-131 80.00 1 8.00 88.00 t 10.58 1.73
Cs-137 50.00 t 5.00 57.33 2 5.51 2.54 ** (h)
K 1680.00 t 84.00 1603.33 1201.08 -1.58

08/07/87 09/02/87 11/05/87 Water 1-131 48.00 1 6.00 58.67 2 0.58 3.08 *** (1)

08/28/87 10/07/87 12/14/87 Air Filter Gr-Beta 30.00 1 5.00 26.33 t 2.89 -1.38
Sr-90 10.00 t 1.50 9.33 1 0.58 -0.77Cs-137 10.00 t 5.00 9.00 i 1.00 -0.35

09/18/87 09/13/87 11/09/87 W ' '. e r Gr-Alpha 4.00 1 5.00 2.67 * 0.58 -0.46
Gr-Beta 12.00 2 5.00 13.00 t 1.00 0.35

10/09/87 11/07/87 12/14/87 Water Cr-51 70.00 t 5.00 90.67 i 11.59 7.16 *** (j)
Co-60 15.00 t 5.00 16.33 1 0.58 0.46
Zn-65 46.00 t 5.00 50.67 1 0.58 1.62Ru-106 61.00 t 5.00 55.67 i 4.04 -1.85
Cs-134 25.00 1 5.00 25.67 1 0.58 0.23
Cs-137 51.00 1 5.00 54.67 i 2.08 1.27

Footnotes at end of table

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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US EPA INTERLGBORATORY COMPARIS00 PROGRAM 1981

1
VEPCO - NORTH QNDA '

(Page 3 of 3)

EPA Date TI Malled Date EPA EPA TI Norm Dev. ** Warning
PREPARATION Results Issued Results Media NuCllde Results(a) Results(b) (Known) *** Action

10/16/87 11/12/87 12/14/87 Water H-3 4492.00 1449.20 4300.00 1100.00 -G.74

10/21/87 01/04/88 02/01/88 Lab Perf. Ra-226 4.80 1 0.72 4.77 2 0.15 -0.08
Ra-228 3.60 1 0.54 3.30 1 0.30 -0.96
Gr-Beta 72.00 1 5.00 72.67 t 1.53 -0.23
Sr-89 16.00 t 5.00 14.67 i 0.58 -0.46
Sr-90 10.00 t 1.50 9.67 1 0.58 -0.38
Co-60 16.00 t 5.00 19.32 t 2.52 1.15
Cs-134 16.00 t 5.00 14.33 1 2.52 -0.58
Cs-137 24.00 t 5.00 25.00 t 3.61 0.25

11/20/87 12/16/87 02/01/87 Water Gr-Beta 19.00 t 5.00 <l.0 - (k)
12/04/87 01/12/88 02/08/88 Water I-131 26.00 1 6.00 26.33 1 1.53 0.10

Footnotes:
-

(a) Average i experimental sigma.~
"

(b) Expected laboratory precision (1 sigma. I determination).
(c) The three results were 42, 50 and 52. The efficiency for C5-137 was checked and no reason for the two high

results could be ascertained. The efficiency of the two detectors giving high results is being checked.
(d) No reason for the high result could be determined. Previous tests showed a normalized deviation from the known

of 0.58 (06/06/86) and -0.34 (10/10/86). Future results will be examined for a trend in the Zn-65 results.
(e) No explanation available yet. (BC working on this)
(f) The reported high result was due to small aliquot available for the Sr-90 analysis. Inadvertently a large aliquot

was used for another analysis leaving 40% of the normal volume for Sr-90. Additionally, the narrow acceptance
limits defined by EPA is particularly difficult to meet. For this analysis 631 of the participants were beyond the
t 3 sigma limit.

(g) The low result is attributed to the appilcation of the resin method rather than the hydroxide method to this analysis.
The resin method is inefficient at absorbing protein-bound lodine thus leading to low results. The results obtained
by Gell were higher.

(h) The Cs-1?? results in EPA foods have typically been biased high. We are in the process of performing our annual
calibrations. We are using a new Amersham mixed gamma standard rather than the most recently prepared NBS standard which
is now several years old. Based on preliminary results the three Cs-137 values would be 52.1, 50.3, and 50.9
which average 51.1.

(t) Erroneously high electrode reading of stable lodide in sample (possibly because of interfering species such as S--)
leading to erroneously low chemical yleids. After repeating the electrode reading, the calculated average I-131 is
49.6 pCl/f. Technicians have been made aware to be suspicious of high electrode readings. When unusually high
readings occur samples will be diluted and/or oxidized and remeasured.

(j) The data for the Cr-51 results were reviewed. The detector efficiencies appear to be correct. The other five isotopes
measured in this sample were within two standard deviations indicating there is no systematic error. Chromium-51
is difficult to measure at this activity level because of the low branching intensity of the gamma ray and being
in the high background region of the spectrum since Cr-51 has a low energy gamma ray.

(k) The EPA sample was not analyzed. A newly trained technician minsinterpreted the Samole Receipt Form and proceeded
to dilute and analyze instead an in-house blank of delonized water. In the future, all dilutions will be

r performed by the laboratory supervisor or the laboratory manager to ensure accuracy.
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