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ENVIRONMENTAL RADIOACTIVITY LEVELS

WATTS BAR NUCLEAR PLANT

1977.

Introduction

The Watts Bar Nuclear Plant (WBNP), being constructed by the
Tennessee Valley Authority, is located on a site owned by TVA containing
1770 acres of land in Rhea County, Tennessee, bounded on the east by
Chickamauga Reservoir. See Figure 1. The site is approximately 50
miles (80 kilometers) northeast of Chattanooga, Tennessee, and 8 miles
(13 kilometers) southeast of Spring City, Tennessee. The plant will
consist of two pressurized water reactors; each unit is rated at 3,411
MWt and 1,160 MWe. Fuel load in unit 1 is scheduled for December 1979.

A preoperational environmental radiological monitoring program
was implemented in December 1976. This program has the objective of
establishing a baseline of data on the distribution of natural and
manmade radioactivity in the environment near the plant site. This
report presents the results obtained from that program during 1977.

Field staffs in the Division of Environmental Planning and the
Division of Forestry, Fisheries, and Wildlife Development carried out
the sampling program outlined in Tables 1 and 16. Sampling locations
are shown in Figures 2, 3, and 4. All the radiochemical and instru-
mental analyses were conducted in a central laboratory at Muscle Shoals,
Alabama. Alpha and beta analyses were performed on Beckman Low Beta II
and Beckman Wide Beta II low-background proportional counters. Two
Nuclear Data Model 100 multichannel analyzer systems employing sodium
iodide, NaI(T2,) detectors and one Nuclear Data Model 4420 in conjunction
with Germanium, Ge(Li) detection systems, were used to analyze the
samples for specific gamma-emitting radionuclides. Samples of water,
vegetation1 air p articulates, food crops, and charcoal (specific anal-
ysis for 1B'I) are routinely counted with NaI(TZ.) detection systems. If
significant concentrations of radioisotopes are identified, or if there
is a reasonable expectation of increased radioactivity levels (such as
during periods of increased fallout), these samples are counted on the
Ge(Li) system. Identification of gamma-emitting radionuclides in all
other types of samples is routinely performed by analysis on the Ge(Li)
system. A TVA fabricated beta-gamma coincidence counting system is
utilized for the determination of 131, concentration in milk.
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Data were entered in computer storage for processing specific

to the analysis conducted. An IBM 370 Model 165 computer, employing an

ALPHA-M least-squares code, was used to solve multimatrix problems

associated with estimating the activities of the gamma-emitting nuclides

analyzed by NaI(Tt). The data obtained by Ge(Li) detectors were resolved

by the ND-4420 software.

The detection capabilities for environmental sample analysis

given as the nominal lower limits of detection (LLD) are listed in Table

3. Samples processed by NaI(T9Z) gamma spectroscopy were analyzed for 13

specific gammua-emitting radionuclides and radionuclide combinations*.

All photopeaks found in Ge(Li) spectra were identified and quantified.

LLD's for the analysis of the radionuclides listed below* are given in

Table 3-B. LLD's for additional radionuclides identified by Ge(Li)

analysis were calculated for each analysis and nominal values are listed

in the appropriate data tables. In the instance where an LLD has not

been established, an LLD value of zero was assumed. For each sample

type, only the radionuclides for which values greater than the LLD were

reported are listed in the data tables.

*The following radionuclides and radionuclide combinations are quantified

by the ALPHA-M least-squares computer code: "141 1 4 4 Ce; 51'r 131 1;

10 3 2106 Ru; 134'.s 137 C; 9 5 Zr-Nb 58 Co; 54 Mn; 6 5 Zn; 60 Co; 4 OK and
14 '.Ba-La.





Ai
Station Location Fil

Site SSW W

Site N W

Petty Farm W

Spring City W

Cedine W

Ten Mile W

Decatur W

Goodf~ield

r
ter

Char coal
Filter

W

W

w

W

W

W

W

W

W

Table 1

ENVIRONMENTAL RADIOACTIVITY SAMPLING SCHEDULE

Rain- Heavy Particl e

water Fallout Soil Vegetation

M M S

M M S

M N S Q

M M S

M M S

M M S

M M S

N N S

N M S

Well
Milk Water

Public Aquatic Life
Water and Sediment

M* M

M

Dayton W W M M S

Farm L Q M M

Farm M Q, M

Control Farm Q M N

Onsite Wells (6) 
M

Watts Bar Reservation 
M

C. F. Industries 
M

Chickamauga Reservoir 
Q

*When available

W - Weekly M - Mothly Q - uartrly S - Semiannually- Monthly Q - Quarterly



Atmospheric Monitoring

The atmospheric monitoring network 'is divided into three
Subgroups. Two local air monitors are located within the plant boundary.
Six perimeter air monitors are located at distances out to 11 miles (18
kilometers) from the plant in the towns of Spring City and Decatur, and
four other densely populated areas. The remote air monitors are located
at distances out to 17 miles (27 kilometers) from the plant in the towns
of Dayton and Rockwood. See Table 2 and Figures 2 and 3.

At each monitor, air is continuously pulled through a Hollings-
worth and Vose HV-70 particulate filter at a regulated flow of 3 ft3/min
(0.085 M3 /min). In series with, but downstream of, the particulate
filter, is a charcoal filter used to collect iodine. Each monitor has a
collection tray and storage container to collect rainwater on a contin-
uous basis, and a horizontal platform covered with gummed acetate to
catch and hold heavy particle fallout. Thermoluminescent dosimeters are
used to record gamma radiation levels at each remote and perimeter
station.

Each of the local and perimeter air monitors is fitted with a
GM tube that continuously scans the particulate filter. The disintegra-
tion rate of the atmospheric radioactivity is continuously recorded at
each station.. These stations will detect any significant airborne
release from WBNP.

Air filters are collected weekly and analyzed for gross beta
activity. No analyses are performed until 3 days after sample collec-
tion. The samples are composited monthly for analysis of specific
gamma-emitting radionuclides and quarterly for 8 'Sr,, 90 Sr analysis. The
results are presented in Table 5.

With reference to Table 4, which contains the maximum per-
missible concentrations (MPG) recommended by 10 CFR 20 for nonoccupa-
tional exposure, it is seen that the maximum beta concentration is 0.65
percent MPG.

Rainwater is collected and analyzed for specific g amma-emitting
isotopes, and radiostrontium. A gamma scan is performed on a 3.5-liter
monthly sample. The strontium isotopes are separated chemically and
counted in a low background system. The results are shown in Table 6.

The gummed acetate that is used to collect heavy particle
fallout is changed monthly. The sample is ashed and counted for gross
beta activity. The results are given in Table 7.
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Charcoal filters are collected and analyzed for radioiodine.

The f ilter is counted in a single channel analyzer system. The data

are shown in Table 8, where the highest value reported is 0.12 percent

MPG for 1311.



Table 2

Atmospheric and Terrestrial Monitoring Stations Locations
Watts Bar Nuclear Plant

Sample Station

LM - 1 WB

LM - 2 WB

PM - 1 WB (Smith Bend)

PM - 2 WB (Spring City)

PM - 3 WB

PM - 4 WB (Ten Mile)

PM - 5 WB (Decatur)

PM - 6 WB (Goodfield)

RM - 1 WB (Rockwood)

RN - 2 WB (Dayton)
(Identical with RN - 2S,
Sequoyah Nuclear Plant)

Tentative Location,
Approximate Distance

and Direction from Plant

1/2 mile N (1-3/4 kilometers)

1/2 mile SSW (3/4 kilometers)

3-1/2 miles SW (5-1/2 kilometers)

7 miles NW (11-1/4 kilometers)

11-1/2 miles NNE (18-1/2 kilometers)

7-3/4 miles NE (12-1/2 kilometers)

6-1/4 miles S (10 kilometers)

9 miles SSW (14-1/2 kilometers)

17-1/4 miles NNE (27-3/4 kilometers)

15 miles SW (24-ý1/4 kilometers)



Figure 2

ATMOSPHERIC AND
TERRESTRIAL MONITORING NETWORK

NOTE: THE FOLLOWING SAMPLES ARE COLLECTED
FROM EACH STATION:
AIR PARTICULATES RAINWATER
RADIOIODINE SOIL
HEAVY PARTICLE FALLOUT

2* DECATUR
PM-5 WB

MILES

SCALE
0 5

MILES

(1 mile - 1.6 kilometers)

ROCK WOOD



Figure 3
0

WWATTS BAR

,A AIR MONITOR
o TLD STATION

oWELL
*DAIRY FARM

SCALE
LO Q 5 0 1.0

DECA1 MVILES

(1 mile = 1. 6 kilometers )



Table 3

DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS

A. Specific Analyses

NOMINAL LOW4ER LIMIT OF DETECTION (LLD)*

Air
Particulates

PCi/M3

0.005
0.01

0.005
0.001

Vegetation
Charcoal Fallout Water and grain
pCi/rn3 mCi/Km 2 pEiLL pCi/g, dry

0.05

0.01

0.4
2.0
2.3

330

10
2

0.01
0.05
0. 20

0.25
0.05

Soil and
Sed iment

pCi/g, dry

0.35
0.70

1.5
0.3

Fish,.
clam flesh,
plankton,

pCi/g, dry

0.1
0.1

0.5
0.1

Clam shells
pCi/g, dry

0.7
0.7 -

5.0
1.0

Foods, meat,
poultry, Milk

pCi/Kgm, wetpi/

1.5

25

0.5
10

*All LLD values for isotopic separations are calculated by the method developed by Pasternack and Harley as described in HASL-300.
Factors such as sample size, decay time, chemical yield, and counting efficiency may vary for a given sample; these variations
may change the LLD value for the given sample. The assumption is made that all samples are analyzed within one week of the
collection date. Conversion factors: 1 pCi = 3.7 x 10- Bq; 1 mCi = 3.7 x 107 Bq.

Total ai
Gross ai
Gross
3 H
1 311

8 9 Sr
9 0 Sr



Table 3

DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS

B. Gamma Analyses

NOMINAL LOWER LIMIT OF DETECTION (LLD)

Air Water Vegetation Soil and Clam flesh Foods, tomatoes Meat and

particulates and milk and grain sediment Fish and plankton Clam shells potatoes, etc.) poultry

pCi/n 3ý pCi/l p~j/g, dry pCi/g, dry P9i/&, dry pCi/g, dry pCi/g, dry pCi/Kgm, wet pCi/Kgm, wet

NaI* Ge(Li* NaI Ge(Li) NaI Ge(Li) EaI Ge(Li) NaI Ge(Li) NaI Ge(Li) NaI Ge(Li) NaI CeCLi) NaI Ge (Li)Y

11'14e 0.03 30 0.55 0.35 0.35 0.35 30 .90

14e0.02 33 0.22 0.06 0.06 0.35 0.06 33 40
5 1 Cr 0.07 0.03 60 44 1.10 0.47 0.60 0.10 0.60 0.10 0.56 0.60 0.10 60 4-4 200 90

131 1 0.01 0.01 15 8 0.35 0.09 0.20 0.02 0.20 0.02 0.07 0.00.02 15 8 50 20
1 0 3 91 0 6 Ru 0.04 30 0.65 0.45 0.45 - 0.45 30 150

106Ru 0.03 40 0.51 0.11 0.11 0.74 0.11 40 90
1 34 Cs 0.01 0.02 10 26 0.20 0.33 0.12 0.08 0.12 0.08 0.48 0.12 0.08 10 26 40 50
1 3 7 Cs 0.01 0.01 10 5 0.20 0.06 0.12 0.02 0.12 0.02 0.08 0.12 0.02 10 5 40 15
9 S Zr-N 0.01 10 0.20 0.12 0.12 0.12 10 4.0

95Zr 0.01 10 0.11 0.03 0.03 0.15 .0.03 10 20

.95Nb 0.01 5 0.05 0.01 0.01 0.07 0.01 5 15

S Co 0.02 0.01 15 5 0.23 0.05 0.20 0.01 0.20 0.01 0.07 0.20 0.01 15 5 55 15

54Mn 0.02 0.01 10 5 0.20 0.05 0.15 0.01 0.15 0.01 0.08 0.15 0.01 10 5 40 15
.6 Zn 0.02 0.01 15 9 0.25 0.11 0.23 0.02 0.23 0.02 0.17 0.23 0.02 15 9 70 20
6 *Co 0.01 0.01 10 5 0.17 0.06 0.11 0.01 0.11 0.01 0.08 0.11 0.01 10 5 30 15

40K 0.10 100 2.50 0.90 0.90 0.90 100 400

'4 'Ba-La- 0.02 15 0.68 0.15 0.15 0.15 15 50
14 0Ba 0.02 25 0.34 0.07 0.07 0.30 0.07. 25 50
14 'La 0.01 7 0.08 0.02 0.02 0.10 0.02 7 15

ý*The NaI(Ti) LLD values are calculated by the method developed by Pasternack and Harley as described in HASL-300 and Nuci. Instr. Methods 91,

533-40 (1971). These LLD values are expected to vary depending on the activities of the components in the samples. These figures do not-

represent the LLD values achievable on a given sample. Water is counted in a 3.5-L Marinelli beaker. Vegetation, fish, soil, and sediment

are counted in a 1-pint container as dry weight. The average dry weight is 120 grams for vegetation and 400-500 grams for soil sediment and

fish. Meat and poultry are counted in a 1-pint container as dry weight, then corrected to wet weight using an average moisture content of

70%. 'Average dry weight is 250 grams. Air particulates are counted in a well crystal. The counting system consists of a multichannel

analyzer and either a 4" x 4" solid or 4" x 5" well NaITIl) crystal. The counting time is 4000 seconds. All calculations are performed by

the least-squares computer program ALPHA-M. The assumption is made that all samples are analyzed within- one week of the collection date.

**The Ge(Li) LLD val'ues are calculated by-the method developed by Pasternack and Harley as described in HASL-300. These LLD values are expected

to vary depending on the activities-of the components in the samples. These figures do not represent the LLD values achievable on given samples.

Water is counted in either a 0.5-L or 3.5-L Marinelli beaker. Solid samples such as soil, sediment, and clam shells are counted in a 0.5-L

Marinelli beaker as dry weight. The average dry weight is 400-500 grams. Air filters and very small volume samples are counted in petrie

dishes centered on the detector endcap. The counting system consists of a ND-4420 multichannel analyzer and either a 8%, 14%, or 16% Ge(Li)

detector. The counting time is normally 8 hours. All spectral analysis is performed using the software provided with the ND-4420. The

assumption is made that all samples are analyzed within one week of the collection date.

Conversion factor: 1 pCi = 3.7 x 10-2 Bq.



Table 4

MAXIMUM PERMISSIBLE CONCENTRATIONS

FOR NONOCCUPATIONAL EXPOSURE

Alpha

Nonvolatile beta

Tritium

1 37Cs

1 0 3 ~10 6Ru

9 5 -9 5 Nb

140 Ba- 140 L

131 1

65 Zn

54 Mn

60 C

89Sr

90 S

51 Cr

1 34Cs

58Co

In Wter NPC

30

3,000

3,000,000

20,000

10,000

10,000

60,000

20,000

300

100,000

100,000

30,000

3,000

300

2,000,000

9,000

90,000

* 1 pCi = 3.7 X 10-2 Bq. I

In Air
pahune *

100

200,000

500

200

200

1,000

1,000

100

2,000

1,000

300

300

30

80,000

400

2,000



GAMJMA (NAI)
119__ -_

(3.7 x 10-2 Bg/cubic meter) CE-14J,144

BA.-140PLA-140

RU-103A 106

C S-134

CS-137

ZR-95, NB-95

1-131

0.030

0,020

0,040

0.010

0,010

0.010

0.010

- 0~ 0 4 6Iý2 9.O0MILE"S *- -a Ut 7 -

0,06( 59/ 95) PM"6Wg GOODFIELO C.07( 7/ 12) 0406( 17/ 24)
0,01- )-0I1 9.0 MIJ..S.&SW 0 - 4- 0.ts n 03n 4-10
0,04( 14/ 95) LM-2W3 N(WBSP GATE) 0.06( 2/ 12) Q,03(* 6/ 24)

~ ~QZ0080 4 5iltL S-&S.S C- 0,.0 0~~0~-__a04 _ _ __
0,05( 24/ 95) PM-2WB SPRING CITY 0906( 3/ 12) 0,06( 3/ 24)

0s 9 7-0 QMLA IL E.S NW Cn5 0 ý0 .007 ~ ,7 ____

95 VALUES <LLD 0,01( 1/ 24)
0 01- 0.01

0,01t 1/ 95) PM-2WB SPRING CITY 0.01( 1/ 12) 24 VALUES <LLD
0,0-1- 0_4~1 7a__MLLLES _W C.01- ,OjkQ- -------

0,06( 74/ 95) PMv6WB GOODFIELD 0,ObC 10/ 12) 0,05( IS/ 24)

-_ 0 0-.1 - 04 9-e-0.--KLES-S-SW_ 0.0-1 - 0412 _0. 80 1L _ 0 12
0,02( 27/ 95) PM-2W8 SPRING CITY 0.04( 2/ 12) 0,03( 7/ 24)

GAMMA (GEL!) LSJ UI.UIar

I. VALUES <LLD 0 VALUES <LLD
________________________ __ -- ANAL L~Si~l&i ~ L BELOW.LLD

SR-89 0,005 0,01( 28/ 32) LM'-1WB ENV DATA STAT 0.01( 2/ 4) 0,01( 7/ 8)
40 0.01- Q.02 0.5 M11 FS N 0.01- 0.02 0.0 - 0.02

SR-90 o0101 0e00( 12/ 32) PM'-1WB E. FERRY RD 0*00( 2/ 4) 0403( 4/ 8)
__________________________0 000 0.00 3.75 MILES WSW Go-0 0.00 0.00- 0.1-0___ _0

a. Nominal Lower Limit of Detection (LLD) as described in Table 3.

b. Mean and range ýbased upon detectable measurements-only. Fraction of detectabl measueme of . peCilfpe' lorationg is indiCAtpd in qptpp;

ENVIROfNMENTAL MONIJTOlRING SUJMMARY

_____________________________RADIOACTIVITY IN AIR

___ _______ NA~EftE O FCLITY_6AIIS..BAa -- CET------__
LOCATION OF F4CILITY_&ULA----------------------IEUNESSEE ----------------- EPRIG ERO.22---------

TYPE AND LOWER LIMIT ALL CONTROL NUMBER OF

M E IHM OR_ AT *AY~ L-ANUMBER ------ OF QLATJN -- NONR0L4T INh

SAMPLED OF ANALYSIS DETECTION'a MEAN (gbNAME MEAN (F )U MEAN ýF~ REPORTED

-iLUIT nE___S~EFT -- E-0tI_--RNE

E~l 7i 1 FP

PCI/CUBIC METER GROSS BETA 0.010 0,12( 399/ 403) PM-'6wB GOGOFIELD 0.13( 49/ 49 ,12(102/1C2)



TARLE 6

ENVIRONMETL MNITORING SUMMARY

RADIOACTIVITY IN RAIN

.t0CATIUN OF FACILITY-EUEA ----------------------IEUNESSEE ------------ ------ REPORTING PERIOD.1~272--;-------

TYPE AND LOWER LIMIT ALL .CONTRUL NUMBER OF
MEDIUM ODR PATHWAY TOTAL-ilUMBER OF I N1C .0 0ZL0CA11N-W--W-WICkU 1bW, -dEA,- 4 CATp, OROT~

S AM P LED OF ANALYSIS DETECTIONa MEN()NAME MEAN(ýD MEA'F-b RE-PO0R T ED

lut I TN RAG - -A

PC I/L GROSS BETA 2,300 2,98( 4/ 8) LM-2W8 N(WBSP GATE) 4.101 1/ 1.) 20,311 12/ 12)
20 2,32- 4.10 -D,-5ili-LE S S SW 4,10- 4.,10 3.40v- 61,44

GAMMA (NA!)
90 ________________ ________

BrCE-141A144 30,000 37,48( 1/ 71) P14-5WB DECATUR 37.4a( 1/ 8) 19 VALUES <LLD
(3.,7 x 102 B/Q) 374-34 6z2-L S 37,48-. 37.42

BA-140oLA-140 15,000 21,31( 9/ '71) PM=4m4W TEN MILE 25.431 2/ 9) 15,63( 1/ 19)
15 05-~4A,7 M-1LE 5 -N E - 2 2--4 17 28,4 __"_15 ,843.- --1, 83-

CO-60 10.000 18,56(- 1/ 71) PM-6WB GCODOFIELD 16.56( 1/ 9) 19 VALUES <4LL
____________________ _ _____________1.6~ tB56 9 19- MIL E S SS 5W- 9,l8.5 - -1' 56___ ___

RU-103,-106 30,000 41,721 15/ 713 PMr2WB SPRING CITY 5C.47( 2/-9) 3f,934/ )
323.0.54 7.0 MILES NW 4C.40- 60.54.93WO- 5ý!,,A.

ZR-95,NB-95 10.000 21,08( 29/ 71) 4M-1lWB ENV DATA STAT 26.78( 2/ 10) 20,34( 8/ 19)
19.1 27- 3.4 1 6Q0,Os ý LES-N 16.97-, 34,_kO_10.49- 33.28 _____

CR-51 60,000 72,14(1 1/ 713 PM-3WB C. BIBLE CAFP 72,14( 1/ 8) 19 'VALUES <LLD

ZN-65 15.000 16,92( 2/ 71) PM-LWB E. FERRY RD 17,03( 1/ 9) 19 VALUES <LLD
16.81- 17.03 3.75 MILES WSW 17.03- 17.03

1-131 15,000 44,651 4/ 71) PM-4WB TEN MILE 49.55( 1/ 9) 20,74C 3/ 19)
_____________________33.91- 49.55 7c75 M4ILES NE 49.55-. 49.55 15,43T 24.95

GAMMA (GELI)

CE-141 NOT ESTAB 17 VALUES <LLD 14,281 17 3)
14,28?- 14.28

BA-140 25.000 50,421 1/ 17) LM-1WB ENV DATA STAT 50.421 1/ 1) 3 VALUES <LLD
50,.42-50,4Z 0 1 MikEfS N Q4 2 50.4 42

LA-140 7.000 20,431 6/- 17) L.MIWB ENV DATA STAT 30.68( 1/ 1) 11,67( 2/ 3)
--- 9,02- 36.68 - 0,5-ý-LES N 36.68- 36,6 8 -- 9-,5 4- 13,81 ________

1-131 8,000 14s44( 2/ 17-) LM--1WB ENV DATA STAT 17.*50( 1/ 1) 17,611 1/ 3)
11.37- 17.50Q.Q.5 MILES- N 17.50- 17-.50 17tl?. 17.61~b

TE-13Z NOT ESTAB 3,371 2/ 17) LM-lwB ENV DATA STAT 4.65( 1/ 1) 3 VALUES <LLD
2109- -4,6 0, IJES N 4.65- 4"065 ________

SR-89 10.000 15,96( 21/ 88) LM-1WB ENV DATA STAT 22.41( ý/ 11) 130321 6/ 22)
_______________________--I- A0_______ ,p- _Q q33,6Z 0 MLLES N 13,44- 33.621t 9~ -L19.09________

SR-90 2.000 2,901 2/ 88) LM"2W8 N(W8SP GATE) 3.481 1/ 11) 3,22( 1/ 22)
11 -2. U-- 3.48 015 MILES SSW 3048- 3,48 3,22= 3.22

TRITIUM 330.000 2 VAL`UES <LLD 2 VALUES <LLD
4 ANALYSIS PERFORMED '-A~LLBELOW Lk D

a. Nominal Lower Limit of Detection (LLD) as described in Table 3.

-B. MRean afid range based upon detectable measurements only. F~raction or detectable measurements of speciried locations 19 Indicateil in par rileses I(F).



TABLE~ 7

FNVI1QfNMFNTAI MflNIjlR!Nn SUiMMARY

RADIOACTIVITY IN HEAVY PARTICLE FALLOUT

LOCATION OF FACILITY..aUEA----------------------- IENNESSEE------------------- REPORTING PERIOD-122-----

TYPE AND LOWER LIMIT ALL CIJNTRO L NUMBER OF
JAEnLWMfOR PATHWAY TOTAL Q" Ck4Q1 A-IA .--- 5 N.GJfN 9OL!TN-E_

SAMPLED OF ANALYSIS DETECTIONa MEAN (p NAME MEAN ft)b MEAN (p) RE PORTED
~Lj~jNT -nFM mFcii~E~ _ M MnLDI& t-DSA N -LjGMASUREM~WT~ -

ni- M PAPER

MCI/SQ.KM GROSS BETA 0,050 2,35( 86/ 86), LMwZWB N(WBSPGATE) 3,67( IX/ 11) 2112( 22/ 22)
log 0,22" 145 0,5 M~TIS SS.W 0,71- 14.5 OI a6 9

(3.7 x 10 Eq/sq. 1cm)

a. Nominal Lower Limit of Detection (LLD) as described in Table 3.
b. Mean and range based upon detectable measurements only. Fraction of detectable measurements of specified locations is indicated in parentheses (F).
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_-t_ " a____I___IT___n___R__________________r.___v

RADIOACTIVITY IN CHARCOAL FTIRS

LOCATION OF FACILITY-..BEA----------------------- IENUESSEE------------------ REPORTIN'G PERIOD-L272------------------

TYPE AND LOWER LIMIT ALL CONTRUL NUMBER OF

SAMPLED OF ANALYSIS DETECTIONa MEAN (Fib NAME MEAN (F)b MEAN ýF)b REPORTED
PE& 0tEa _ _L0 __ -AG t - - R ~ ~ _ _ AUL) _ tEAU1UU _

PCI/CUBIC METER IUDINE -AIR 0,010 0,02( 98/ 398) PM"3WB C. BIBLE CAPP 0103( 11/ 51) 0,03( 19/102)
sonf 0O -0.4 1 1.5 MItL ESNN EC n d 0 4~~ ~ _

(3.7 x 107 Bq/cubic meter)

a. Nominal1 Lower Limit of Detection (LLD) as described in Table 3.
b. Mean and range based upon detectable measurements only. Fraction ofdeeab mntfseifd

H
0'

10ACT1VITY INCEARCO.ALELLTERS



Terrestrial Monitoring

Milk

Milk is collected from two farms within a 10-mile radius of

.the plant (see Figure 3), and from one control farm. Raw milk is analyzed
monthly for 131 1, gamma-emitting isotopes, Iand for radiostrontium. The
results are shown in Table 9.

Vegetation

Vegetation samples-were collected near each dairy farm to
determine possible plant uptake of radioactive materials from the soil

or from foliar deposition. Table 10 gives the results obtained from the

laboratory analyses.

Soil

Soil samples were collected near each monitoring station. The

results are given in Table 11.

Ground Water

Well water was obtained monthly from the dairy farms from

which milk was sampled and from six onsite wells. All samples were
analyzed for gamma-emitting radionuclide and a quarterly composite was
analyzed for tritium. The results are shown in Table 12.

Public Water

Potable water supplies taken from the Tennessee River in the
vicinity of Watts Bar Nuclear Plant are sampled and analyzed for gross

beta, gamma-emitting radionuclides, 893,90 Sr, and tritium. The results,

shown in Table 13, indicate that the maximum beta concentration is 0.27
percent NPC.

Environmental Gamma Radiation Levels

Thermoluminescent dosimeters (TLD's) are placed at ten stations

around the plant near the site boundary (see Figure 3) and at the perim-

eter and remote monitors to determine the gamma exposure rates at these

locations. The TLD's are changed every 3 months. The quarterly gamma

radiation levels determined from these TLD's are given in Table 14.
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Food Crops

Food crops raised in the vicinity of Watts Bar Nuclear Plant

are sampled annually as they become available during the growing season.

During this sampling period., samples of cabbage, corn, green beans,

potatoes, and tomatoes were collected and analyzed for specific gamma-

emitting radionuclides. The results are given in Table 15.



~~~~~ AS V&N £L L EV

___________ ________________________________RA-DIOACTIVITY IN MILK _____ ____________________________ ___

LOCATION OF FACILITY..RUEý----------------------- IENU~SEa-------------------- REPORTING PERIOD-1222------------------

TYPE AND LOWER LIMIT ALL CUNTRUI. NUMBER OF
J4E0DJ-L0LPATHWAY TPIL L._U.MB E.R ___ Il ItDIC.A-TOR--LDCkTlatLs. LDCAIIU-iI-.L 4E.5I AtUUkA,-MEA CTIN. NOP'T-~

SAMPLED OF ANALYSIS DETECTION a MEAN (t)~ N AME MEAN (FOb MEAN (tb REPORTED

PCI IL IODINE-MILK 0.500, 34t,54( 1/ 21) MUJLLINS FARM 34.5-4( 1/ 11.) 7 VALUES <LLD

(3.7 X 1 0 -2 Bq/l) MILX SCAN

21 VALUES <LLD 7~ VALUES <LLD
ANlSSPR.RVn--l ~n flW

SR-89 10.000 10,56( 1/ 21) MULLINS FAR"M 10.56( 1/ 11) 7 VALUES <LLD
5_ 0_5-_ 0 a5 6__ 3 -7 5 - ITLES__ L1-I 5(

SK-90 2.000 5,06( 19/ 21) MULLINS FARM 5.28( 9/ 11) 4,46( 7/ 7)

___________________ 2__ 8 -5.4~ F-5.3.5ML S-E-S- 3 41ýi3 _52 2 ,2-i 5 ___--

a. Nominal Lower Limit of Detection (LLD) as described in Table 3.
b. Mean and range based upon detectable mneasurem~ents only. Fraction of detectable measurements of specified locations is in~dicated in parentheses (F.



SENVIRONMENTAL MONTOINGSUMARY

RADIOACTIVITY INjE-G.ETAT.If)N___________________________

___ -___ fAMEDF ACL.I-T-Y-AIIS-Ba------------------------------------------- OCK ET-N N: a ~ 1------------- -F-LOCATION OF FACILITY-aUEA----------------------- IEUUESSEE------------------- REPORTING PERIDD-Ji72------------------

TYPE AND LOWER LIMIT ALL

-tEDI-UI LRAR I LIT-AL-NIUMBE R DF N LC T R-1C 0NS--QCL1Uk UU .1" U4L-,EU-ý-LO I QN -N ONRUOL 7 IN*-

SAMPLED OF ANALYSIS DETECTIONa MEAN NAEMA p(pEN(~b RPRE

PCI/GM (DRY W.EIGHT) GROSS BETA 0.200 0 VALUES <LLD 42,43( 5/ 5)

5 _____________ __________________________28,*50- 
59,88 ______

(37x12Bq/gin) TOTAL ALPHA 0.010 0 VALUES <LLD 0,06( 4/ 4)
(3.7 x_ _ _ _ _ _ _ _ 10 __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ Q0 2 ~ 0 ,

GAMMA (NAI)

CE-141,#144 14 0.550 2191( 8/ 9) LIA Y IMAN FARM 3,89( Z/ 3) 4.t,4( 3/ 5)

6A-140,LA-140 0.680 9 VALUES <LLD 1,46( 1/ 5)
____ ___ _______ ___ _________________ -1,46- 1,,46

CO-60 0,170 0,18(. l/ 9) MULLINS FARM 0.18( 1/ 3) 5 VALUES <LLD

±i- 0.18 3,-7 5 M~ ESE 0.a18A-w " 068________________

ýU-103o106 0,650 1.,03( 5/ 9) PETTY FARM 1.16( 2/ 3 .2 /5
_________ __________________ _____ __07A=_jjA,24 375 j.-L~ES O-W L4 .4 095 f6______

CS-134 0.-200 0,48-( 1/ 9) MULLINS FARM C,48( 1/ 3) 0,25( 1 5)

0 4~- QA ___37 IES ESE C.4 8"0. 4 8  0.25- 0,25

ZR-95PNB-95 0.200 3,27( 9/ 9) MULLINS FARM 3.7 3/ 3) 4,72( 5/ 5)

1.17- 7.97 3i-15-M1-LES ESE I k7 2,71-6An 3 1-

CO-58 0.230 0,29( 1/* 9) PETTY FARM Q.29( 1/ 3) 5 VALUES <L.LD

0,29- 0,2 3.75 MILEI-w 0.29- 0. Z____ 9___

CR-51 1910c; 9 VALUES <LLD 2,42- 1/ 5)

ZN-65 0.250 0,44( 2/ 9) PT FRM C5 /3) 0.29 1/ 5)

__________________0,U2- 0,56 3t75 MILES WSW Q,56- 0.56 0.29- 0929 _______

1-131 0.350 9 VALUES <LLD 17( 1 5)
1.74- 1,74

GAMMA (GEL!)

C-E-1.41 0.200- 0,85( 3/ 3) MULLINS FARM 1,05( 1/ 1) 0 VALUES <LLD

CE-144 0.220 4,19( 3/ 3) MULLINS F-ARM 4,55t 1/ 1) 0 VALUES <LLD

_______________3 ,___________ 349-___. 55 3, 75-MI LE E SE5E 4.55- 45

RU-103 02200 0,52( 3/ 3) LAYMAN FARM" Q.74( 1/ .1) 0 VALUES <LLD

________________________ 027- 0-174-- 1,5MILES SSW 74__07 ____ __

RU-106 0.52.0 1,11( 1/ .3) MULLINS FARM L1( / ) 0 VALUES <LLD

CS-137 0.060 0,37( 3/ 3) LAYMAN FARM C.54( It 1) 0 VALUES <LLD

-________0-,22- 0.54 1,5 MI.LES SSW C.54ý 0'. 54_

___- ZR-95 0.110 1~,57( 3/ 3) MULLINS FARM 2.02( 1/ 1) 0 VALUES <LLD

____ ____ __________ ____094-' 20 3,75 MLS SE2,02- 2.-02

NB-95 0,050 3,12( 3/ 3) MULLINS FARM -3.90( l/ 1) 0 VALUES <LLD

2,.00- 3 2 1  AiL S E 3,go J L2-90-

MN-54 0.050 0,13( 1/ 3) MULLINS FARM 0013( 1/ 1) 0 VALUES <LLD

_____ ________________ ___ 0L Oq03- 3-t 375ýT M~ES5 E SE_ 0-.43 __ _

JABLE LO_______ __________



TABLE 10 (CONTD)

FNVIROMFENTAL Hr1NITnRIRNc SUMMAMRY

RADIOACTIVITY IN VEGETATION_______________

LOCATION OF FACILITY-EUEA---------------------- IENUESSEE ------------------ REPORTING PERIOD-1222------------------

TYPE AND LWRLMTALCONTROL NUMBER OF
M~n~u, ngPATHWY Tnai NU LOWRER -LNNAIEA ALL-UN UM -N

SAMPLED OF ANALYSIS DETECTIONa MEAN C)oNAME MEAN CF~b MEAN (F - REPORTED
-- Uj-F Mr1&EVUdT1 -RU~ - ASUEt9N---

RI-14 O C1- / 31 PETTY FARM ~ 6,481 1/ 11 0 VALUES <LLD

0,23- 0,48 3,75 MILES WSW C,48- 0,48
SR-89 0 ýZ 6 6 1 6 101 12 )-YA-LL IN'S EARM AC-aIl-al 4

17 0025- 1,33 3,75 MILES ESE 0.40- 1. 10 0,48-v 2129
SR ~0-50 a 21 1241- Z12--PUTIUy-Ft.M 0,.26( 4Lý- 0. -!(4/ 5 --

17 0110- 0,34 3,75 MILES WSW 0.16" 0,13I 0,110 2,62

a. Nominal Lower Limit of Detection (LLD) as described in Table 3.
b. Mean and range based upon detectable measurements onl. Fraction of detectable measurements of specified locations is indicated in parenthese~s_(F}.!



TI5aLEii

rh~~tI?[ I.MiN Al MIT CRI N SUM4 j

RADIOACTIVITY IN SOTL___

LOCATION~~~~~ OF -AC-IT- --- - EOTN -E!D.1 -
.LOC TIO OF ACI ITY aUL4- -- -- - - - -- -- -- - - - EUNE SEE- -- - - - -- -- -- - EPO TIN PER OD- a22 - - - -- -- -- - - -

TYPE AND LOWER LIMIT ALL CONTROL

M- DI)IJM--R-AiWY---.A-N~AE -OLOCATIONSNLOCATION
SAMPLED OF ANALYSIS DETECTION' MEAN pbNAME MEAN ,F)b MEAN (FP

!L_11O~1ESaPFT - 2EEEF0 _LL1 RAG!! _ _1NL _

REPCRTED

PCI/GM (DRY WEIGHT) GROSS BETA 0,700 0 VALUES <LLD
C,7.~' C1IA?0 /

A7L. 807i- 2 11 -9.7

-, -- ,,-~2 i.~ GAMMA (GEL!)
.IX IU Bq gmfl 20

CE11 NOT ESTAB 0826( 1/ 16) PM-6145 GOJ0F!ELD C .26( 1 2) 4 VALUES <LLD

CE-144 0,060 0,17( 3/ 16) PPM-5W DECATUR 0.20( 1/ 2) 0,17( 3/ 4)

RU-103 NOT ESTAB 0.07( 5/ 16) PMr2WB SPRING CITY 0.13C1 / 2) 0,05( 3/ 4)

__________________________________0,02-0, ~~.-MLES__NW________ "23- 0413_0,ý03- ,0

CS-137 0,020 0,82(16l/ 16) PM-ZWB SPR1*NG CITY 1.46( 2/ 2) 0.61( 4/ 4)

o..3'- 2,4A 7,0 MLLEtI.Nw C,44- 2 .4 -0,3 0.84

ZR-95 0.030 0,111 5/ 16) PM-6W5 GOUOFIELD 0.13(1 / 2) 0,09( 3/ 41)

______~~~~~~ *_______________________,94 9,0 I ~L.ES- 5SW C113- A043 0~O- 01

NB-95 0,010 0,16( B/ 16) PM-5WE. DECATUR C.26( 1/ 2) 0,22(1 3/ 4)

___________________________________0571_j0 Th26 , Z5ilK!L.E5S.__ _26 at 0,13-t _0 , 28_

BI-214 0,020 0,95( 16/ 16) PM-LwB E. FERRY RD 1..09( 2/ 2) 0,99( 4/ 4)
0__ __7___ _A__ _-__1__ _12___ _...__ 3,7 5 m fF S-w N 5 w I 7- 1.12 0 _vOm 1.21

BI-212 0.100 1,181 16/ 16) PM-1WB E. FERRY RD 1.56( 2/ 2) 01701 4/ 4)

_______________________________ * 73L 80 ,7UILSWS 34-8q~ S~~_ _

RA-223 NOT ESTAB 0,36( 3/ 16) PlM-4WB TEN MILE 0.39( 1/ '2) 0,35( 2/ 4)

_____-_______0.30 - 73 ,7.5_fALES _NE ~ 3 9-n0_3 __ _ Q35b -Q ._2_6

TL-206 0,020 0,35( 16/ 16) PM-4WB TEN HlLE 0.44( 2/ 2) 0,21( 4/ 4)
O 4 f1Lb~~~L ~ L NE

AC-228 0.000 1,30( 16/ 16) PM-4WB TEN MILE 1..69( 2/ 2) 0,81( 4/ 4)

__________________________ _ _, M.5~h7 2JIE -Ei . 2 -.7 0,6 -At ILQ I__

PA-226 NOT ESTAB 0,06( 6/ 16) LM'1WB ENV DATA STAT 0.07( I/ '2) 0,02( 1/ 4)

_________________________ -_0,04- -0-a-07~. . J SiLE&J Q_._0_7__0 * 02-"A_ 0.2 Z

SR-89 1,500 16 VALUES <LLD 2 VALUES <LLD

iA A NA L_~___PEfDME D[' AUS<L
SR'-90 0.300 0,44( 4/ 16) LMý-1IB ENV DATA STAT 0.66( 1/ 2) 2VAUS LL

a. NominaJ~be L ii oU-ECc~h L-LDT- as- escilbj5_~dln TabTe-3.

b. Mean and range based upon detectable measurements only. -Fraction of detectable measurements of specified locations is indicated in parentheses (F).



ENVIRONMENTAL MOlNITORING.SMMR

RADIOACTIVITY IN WELL WATER

LOCATION OF FACILITY...a&UE4---------------------- -~EUESSH------------------ REPORTING PERIOD-.a22 
------------------

TYPE AND LOWER LIMIT ALL CCN ONU,6ET

EDIU OKUHWfrJhTALNUMER____ OF~~1NL~A~R ~ T~O?4A ~ . ~L~E ~j OCATLOt4S NONROLTIN__

SAMPLED OF ANALYSIS DETECTIONa MEAN C~ AEMA ~b MA P ~ PRc

CI/L GROSS BETA 2.300 4,40( 4/ 9) WBNP WELL NO,2 8.19( 1/ 2 3,54( 5/ 10

___________19 
2.39- L9OSTSS8.9 8Lk i3 5 7

.7 x 10-2 Bq/1) GAMMA (NAI)

CS-137 93 10.000 56 VALUES <LLD 1O,28( 1/ 37)

GAMMA (GELI)

4I24NO SA 7,44( 1/ ).) WBNP WELL NO,3 7.'44( 1/ 1) 53920( 2/ 3)
811-214 NO , ESTAB~O SI E~ '7 .44 w 1,44 14 J I1 91 6

4 4k 537.00' 53/.00

a. iiV we iit or Detec t i:n(5r I as(F).~~il 3

k b. Mean and range based upon detectable measurements only. Fraction of detectable measurements of specified locations is indiaeinprthss()



_____ TABLE_13

ENVIRONMEN'TAL MONITORING SUMMARY

RADIOACTIVITY IN PUSLIjL-YTER

NAME OFFALIAJ5A-REOTN 
EOOi..~-.---

CONTROL NUM8ERO

_F N_ IOSLCAIN 
NONFROUTIN-E __

MEDIUM CR PATHIWAY TOTAL NUMBER CEA __INFI)TOELCATIOD

- SA -LEýD - OF A N AL YSI S-D-ETEIfC T1 a- MEAN (FF)bt NAMEMEN(b MAN FbEOTD

PP I C A E LP L . GROSS ALPHA 2.000 3 VALUES <LLD 3 VALUES <LLD

6 ___/_ ANALYSIS PERFORMED -- ALL-BELOW LLD

GRS BT .30 4 6q1/6) CF INDUSTRIES 4.841 9/ 12) 3.28( 7/ 23)

(3.7 x 10- 2g~ 47 -2-.63- 8.13 TRM 473.0 59 6, 23- .8-

GAMMSA (N AI)

BA14,L-40 1500 1.9 /1) C.F. INDUSTRIES 19.39( 2/ 9) 22 VALUES <LLD

BA10L 4 500 15.39- 23.31) TRM 473.0 15.47- 23.31.

CS-34 0.00 8 VLUE <LD o.53C 1/ 22)
CS- 1600 1 VAUE <LD1 -0.3 ~--,53 ---

GAMNA (GEL!)

8174NO SA 17.111 5/ 6) C.F. INDUSTRIES 19.37( 3/ 3) 34.25( 1/ 1)

BI-214_ N.72 27.50 TR 73.0 11.93- 27.50 34.2ý5- 34.25. -

SP-89~- -00 21 ALES LL 8 VALUES <LLD

S89 2o0 211 VALUES ILLO

29 ANALYSIS PERFORMED <UAL EL: L

TRITILM 330.000 535.30( 30 4 ATN567.00- 9/712)0 374.00- 1/4.0d

32 341.00- 971.00 TRM 5n3.835.0 9700 740- 7.0

a.NoialLwe Lmt fDeetion (LLD) as described in Table 3. 
iee.()

a. ionand Lwrne Lased uof detec tbemau mnsol. Frcin f detectable measurements of specified .locations is indicated in parentee ()

h. jgaaA-nrang baed ponde tc tble meaureent ony. FaS~~onof -



Table 14

ENVIRONMEN TAL GAMMA RADIATION LEVELS

,Quarter

December 1976 -

February 1977

March-May 1977

June-August 1977

September-November
1977

Location

On-Site (lO)*
Maximum
Minimum
Average**

Off-Site (7)
Maximum
Minimum
Average

On-Site (10)
Maximum
Minimum
Average

Off-Site (8)
Maximum
Minimum
Average

On-Site (10)
Maximum
Minimum
Average

Off-Site (8)
Maximum
Minimum
Average

On-Site (10)
Maximum
Minimum-
Average

Off-Site (8)
Maximum
Minimum
Average

Environmental Gamma
Radiation Levels

mR/Hour mR/Quarter

0.010
0.008

0. 009±0.002

0.010
0.006

0.007±0.002

0. 012
0.007

0.009±0.004

0.008
0.006

0.007±0.002

0.012
0.005

0. 008±0. 004

0.011
0.007

0.008±0.003

0.012
0.005

0.008±0.004

0.008
0.005

0.007±0.002

21. 2
16.6

19.0±3.4

21.0
12.9

15.9±5.4

27.3
16.0

19.9±8.4

18.4
12.1

15.1±4.4

27.0
10.1

17. 7±9 .4

25.1
14.9

17.1±6.6

26.4
11.7

18.6±8.4

17.5
10.2

14.9±4.6

*Number of stations (three TLD's at each station)
**All averages reported ±2a



ENVIRONMENTAL MOP41TORING SUMLMARY

R,ýDIOACTIVITY IN FOOD CROPS___

LOCATION OF FACILITY-aUE --- -- -- -- -- -- ---------- -- -- -- -- -- -- -- ---- REPORT!NG PERIODa7222- -- -- -- -- -- -- -- ---

TYPE AND LUWER. LIMIT ALL CONTRUL NUMBE R OF

T )- ND !•ATO3-QR_ TION OCA~ ~l~ AT IONS b N.-~L IN

SAMPLED (iF ANALYSIS DETECTION MA ~ AEMA ~- ENRPRE

PCI/KGM (WET WEIGHT) GAMMA (NAI1)

CS-137 10,000 1 VALUES <LLD 16,09r, _1609

PCI/K<GM (WET WEIGHT) GAMMA (GEL!)

5124NOT ESTAB 33,95( 1/ ).) WBNP AREA 33.95(1 / 1.) 0 VALUES 4LLD

33.95- 33,95 33.95- 33.95

PCI/KGM (WET WEIGHT) GAMMA (NAI)

CS-134 10,000 1 VALUES <LLD 
13,56( 1/ 1)

CS-137 10,000 1 VALUES <LLD 11,14(1 / 1.

11 14- U.1

PCI/KGM (WET WEIGHT) GAMMA (NA!)

CS-137 '10.000 02 31 1/ 1) WBNP AREA IC.231 1/ 1) 0 VALUES <LLD

- - 10 12 3 J 2 3

PCIL/KGM (WEST WEIGHT) GAMMA (NAI) 
____

______ ______2 
1 VALUES <LLD VLES<D

,a. Nominal Lower Limit of DetecinLL)a described in Table 3.ofseiedlctnssidcadinprthes()

b. Mean aýnd rap~ebnsd uon etctable measurements only. Fraction of de -tectable measurementsofseied latnssidctdin arnhes ()



Reservoir Monitoring

Samples of water and aquatic media are collected quarterly along
five river stations in Chickamauga and-Watts Bar Reservoirs--at Tennessee
River miles (TRM) 496.5, 518.0, 527.4. 529.9,i and 532.1. ýSamples collected
for radiological analyses include sediment, plankton, and Asiatic clams
from four stations; water from three of these s~tations; and fish from Watts
Bar, Chickamauga and Nickajack Reservoirs .(see Table 16). The locations of
these stations are shown on the accompanying map (Figure 4) and conform to
sediment and special ranges established and surveyed by the Data Services
Branch, TVA. River station 532.1, the cohtrol-station, is 5 miles (8 kilo-
meters) upstream from the Watts Bar plant outfall diffuser.

Samples of water, net plankton, sediment, and Asiatic clams were
collected quarterly and analyzed for radioactivity. In addition, samples
of the flesh of two commercial and one game species of fish and the whole
body of one commercial fish species were collected and analyzed semiannually.

Water

Grab water samples were collected quarterly from-three locations
in the Tennessee River; one upstream from the plant discharge area, one
immediately downstream from the discharge area, and one approximately 9
miles downstream. The samples were analyzed for gamma-emitting radionuclides,
89Sr, 905r, and 'H. Results are displayed in Table 17.

Fish

Radiological monitoring for fish was accomplished by analyses of
composite samples of adult fish taken from each of three contiguous reservoirs--
Watts Bar, Chickamauga, and Nickajack. No permanent sampling stations have
been established within each reservoir; this reflects the movement of fish
species within reservoirs as determined by TVA data from the Browns Ferry
Nuclear Plant preoperational monitoring program. Three species, white
crappie, channel catfish, and smallmouth buffalo,- are collected represent-
ing both commercial and game species. Sufficient fish are collected in
each reservoir to yield 250 or 300 grams oven-dry weight for analytical
purposes. All samples were analyzed for gamma, gross alpha, and gross beta
activity. Concentrations of 89S and 90Sr were determined on the whole
fish and flesh of the buffalo only. The composite samples contained approx-
imately the same quantity of flesh from each fish. For each composite a
subsample of material was drawn for counting. Results are given in Tables
18, 19, 20, and 21.



Plankton

As indicated in Table 16, net plankton was collected for

radiological analyses at four stations by vertical tows with a one-half

meter, 100 micro-mesh net. For analytical accuracy, at least 50 grams

(wet weight) of material is required; and collection of such amounts

will probably be practical only during the period April to September

because of seasonal variability in plankton abundance. Samples were

analyzed for gross beta activity. Sample quantities were not sufficient

for the analysis of specific gamma-emitting radionuclides, 89 Srand 9Or

Sample results are given in Table 22.

Sediment

Sediment samples were collected from dredge hauls made for

bottom fauna. Gamma activity and 89Sr and 90S content were determined

in samples collected from points in four cross sections. Each sample was

a composite obtained by combining equal volumes of sediment from each of

three dredge hauls at a point in the cross section. Results are given

in Table.23.

Asiatic Clams

Samples of Asiatic clams were collected with a Ponar dredge

from four stations and analyzed for gamma activity. Results are given

in Tables 24 and 25.



Table 16

Sampling Schedule - Reservoir Monitoring

Biological
Tennessee River Benthic

(Mile) Plankton Fauna

532.1 X X

529.9

527.4 X X

518.0 X X

496.5 X x

Samples

Sediment Fish*

Water Samples
Distance from Depths
Left Bank, % (Meters)

*Fish samples are taken from Watts Bar, Chickamauga, and Nickajack Reservoirs.



Figure 4



FNV I ROIMýFNTAL ON!ITrRI V 3V . ý2 I

RADIOACTIVITY IN RESERVOIR WATER (TOTAL)

-!AtME-OF FC-_FIJ1YAWB-.IY. ..---------.. O K E T - N-

LOCATION OF FACILITY-adBEA----------------------- IMtESSEE------------------ REPORTING PERIOD.1272------- i-----------

TYPE AND LOWER LIMIT ALL CUNTRUL NUMRER OFh

ý-BE-D-1AIVOA IH9-E4-W'A-y TOT AL.iUMRE R OF Ii N DCA T OR -L-OCA T PASL _LOAT IONS NONRILuT I NE _

SAMPLED OF ANALYSIS DETECTIONa MEAN (g)b NAME MEANr4ý MEAN-ý Cy-b---REPORTED--

/",i,Tyr nl.C M.CA(iPrM;:NIT - BFnFflpnF b _meA__ a vi --

RFSFRv01R WATER TOlT IVLE LD
PCI/L GROSS ALPHA 2.000 2 VALUES <LLD1VAUS LL

3 Ar{ALYSIS PERFORMED 7!-- ."L BELOW LLD AUS<L
102GROSS BETA 2,300 2,68( j/ 2) TRM 527,4w67-1 2,63( 1/ 1) VAUSLL

(3.7 x 1 Bq/l) 3 7 6 8 2,68- 2.66

GAMMA (,NAI)

128 VALUES <LLD 4 VALUES <LLD

ANALIYS$SPERF RPMED ~- ALL BEL.1.)Lý .4VLUS<L
SR-89 10,000 a VALUES <LLD4VAUS LO

12 ANALY~S~SpERFOL iEQp--_-ALL-@-LjLYJJ.D
SR..90 - 2,000 8 .-VALUES <LLD RL4 VALUES <LLD

12 ANALYS15 FE~ORMED -- ALL BELOWJ LLD

TRITIUM 330,000 405,33( 3/ 8) TRM 516,0"67-0 412.50( 2/ 4) 519.00( 1/ 4)

12 3690-Q:4A56,0-t 369.00-. 456.00 519#00u 5 9 00

b. Mean and range based upon detectable measurements only. Fraction of detectable measurements of specified locations -s indicated in parentheses (F).



_____________________________________E!{YL11RONMENT 4Lý =1NTOP1-5-U MA R

RADIOACTIVITY IN FISH (CHANNELCATFISH, FLESH)

LOCATION OF FACILITY-.BEbA-----------------------I1EUESS~E-----------EOTN PEIO. ~----------------

TYPE AND LOWER LIMI.T ALL NTONUBRF

-j.LLMQ--JWA 
QCAT0jN5 ____NONOL I A

SAMPLED OF ANALYSIS DETECTIONa MEAN (F)b N AIME MEAN (FP MEAN REPORTED

LAELCATIUSH (Fl AUS<L
PCI/GM (CRY WEIGHT) GROSS ALPHA 0.100 4 VALUES <LLD2VLUS<L

_________________________________ANALYI PRORE AL B-ELOW kL-_____________

GROSS BETA 01100 28,32( 4/ 4) NICKAjACK RESERVOIR 32,27( 2/ 2) 28,44( Z/ 2)

(3.7 x 10-2 Bq/gzn) -17.97- 313 0 TRM 4154j7 2 1)3A-5,24.94 " 34.9ý4

GAMMA (NA?')

BA-140,-LA-140 0,-&50

CS-137 04120

CR-51) 0.600

0,24( 3/-4) NICKAjACr( RESERVOIR 0,27( 2/ 2) 0,39( 1/ 2)
oj 0.,- 0A~Q39--- 0 59

0,14( Z/ 4) NIC4AJACK RESERVOIR C.17( 1/ 21 0126( 2/ 2)

-0.12 - Q-I-L-7 JM 7 5 -t7I-S7L L2---2______

1,82( 3d 4) CHICKAMAUGA RES, ),8( 1/ 2) 2 VALUES <LLD

ZN-65 ,3 0,24( 1/ 4') CHICKAMAUGA RES, C.24t 11 Z) 2 VALUES <LLD

_________0, ___________________ 4- QO24- Q.24

a. Nominal Lower Limit of Detection (LLD) as described in Table 3.

b. Mean and range based upon detectable me asueenes o1y,~tjno ltcai eaieet f~e~~c oan~i~idctAi ~rnh~



V

ENV/IRONMNTALMOfNITOlRING SUhtýy

________ ~~~~~~~~RADIOACTIVITYIN FISH _(WHIT CRAPNIEFLE'___________________________________

LOCATION OF FACILITY...bEA -----------------------IEUNESSEE ---------------- REPORTING PERIO0.-19,22------- :-----------

TYPE AND LOWER LIMIT ALL CONTROL NUMBER OF
~ 1CATR OCA ~~U A~ LOfCATION - N(INRJT I N!;--

S4MPLED OF ANALYSIS DETECTIONa MEAN b)bNAME MEAN cyb MEAN (3) REPORTED

PCI/GM (DRY WEIGHT) GROSS ALPHA 04100 4 VALUES <LLD 2 VALUES <4LD

A ---- ANALY-S-!S-PER-FaRIIED --ýALL--BE L.OWI-LD
(37x 10O2 Bq/gm)- GROSS BETA 0.100 39,4(C 4/ 4) NICKAJACK RESERVOIR 40457( 2/ 2) 39.021 2/ 2)

________6_____ 34#.92---46s 22 - TRW±-4Z5-47*1 34-9-n-ta

GAMMA (NAI)

BA-140,-LA-140 0.150 0,31( 3/ 4) NICr(AJACK RESERVOIR 0,33( Z/ 2) 0,48( 1./ 2)
0126-. *3iP--li425 5-47-.___ z0 S3 Q44

CS- 137 0.120 0,16( 4/ 4) NICKA~JACK RESERVOIR 0,17( 2/ 2) 0,26( 2/ 2)
0.4~~I TM 25 71.l -0 o 24r' 02

CR-51 0.600 0,72( 1/ 4) CHICKAMAUGA RES, 0,72( 1/ 2) 0,95( 1/ 2)
0 72- n.72 TRM 471-530) 0.7;;- 0.72 O0gQL

2,

1-131 0,200 0,55( 1/ 4) CHICKAMAUGA RES, 0.55( 1/ 2) 0172( 1/ 2)
0 0i0 5 5- -TX-k7 "- 3O 0 .55- 0-;_ 0,72- 0.12

a. ~omina. Lower Limit ot Djetection I(LLD- -as es~cribe1 3-n Ta le 3.s

b. Mean and range based upon detectable measurements only. Fraction of detectable measurements of specified locations is indicated in parentheses (F.



TA~LE 2Q

,?~rThMcMTAI T~r~O ?I.JC. CIi~MA~V

RADIOACTIVITY IN FISH (SMALLMOUTH BUFFALO, FLESH)

LOCATION OF FACILITY-RUEL ------------ILNUESSEE --------- EPORTING PERIOD-22S2 ---------

TYPE AND LOWER LIMIT ALL CCONTROI., NUM¶BER OF

-ME ) -1LJ2flK9AThWA1Y -- Q-LALN1j.1A.B1R___ _A T 0 R L~AAN 0 C- 1N - OATIONS NONROL TI NE

SA~MPLED OF ANALYSIS 0ETECTIONa MEAN jF)b NAME MEAN tFjýb MEAN (F-P REPORTED

S;m.,mnuTH rýUFF IFL)
PCI/GM CORY WEIGHT) GROSS ALPHA 04100 4 VALUES <LLD I VALUES <LLD

5 - ANALYSIS PERFORMED ~- 4L____..__________

(3. 7 x 10-2 Bq/gm) GROSS BETA 04100 25,89( 4/ 4) CHICKAMAUGA RES, 26,43( 2/ 2) 39,15( 1/ 1)

2 9 0,7 5 9LilLt4 471 -- ~3 0 2 5,fll~ia 5  3 9 I 15
GAMMA. (NAI)

BA-140.-LA-14O 0.150 0,35( 2/ 4) CHICKAMAUGA RES, 0,42( 1 / 2) 0,60( ~
4 JR1 4ý71n_530 _ 0.42- 0,42 -- 0 6O 0 .-w-06 0

CS-137 0.120 0,14( .1/ 4) CHICKAMAUGA RES, 0.141 I / 2) 0,16( 1/ 1.)
_______._0_14- --_ --0_______ t 0-4 9 __TM _4 7~-1 53 0- _ __d4 4  0 -416 - 0!

CR-51 0,600 0,76( 1/ 4) NICKAJACK RESERVOIR 0.76( 1/ 2) 1 VALUES <4LD

0.74~~6 TM454107- 07

SK-89 0.500 4 VALUES <LLD I VALUES <LLD
SANALYSIS.2ERFORMED ~- OL ELLDA&VLUS<L

S900,100 4 VALUES <LLDIVAUS<L

a. Noýh1.we ii fDe~tecEtio-nTLLLD as -describ-ed in -Table 3.

b. Mean and range based upon detectable measureiments only. Fraction of detectable measurements of specified locations is indicated in paýrenjheses F)

(-1

.0 . I

K, 'A C Ki T A I T 0 TNr C I I M.Y A 9 Vils-k I U-61ý1 A---- -------- 6-L"_



I

- -___ _____TAB L E-1 _______

r-N\J1~nNW4jEr1_ 1,1NI.TNING2 ;LMMýRy

RADIOACTIVITY IN FISH _(SMALLMOUTH BUFFALO, WHOLE)

LOCATION OF FAIIYEE ----------- ENSE ------- REPORTING PERID-2 .2-------- ----

TYPE AND LOWER LIMIT ALL CONTROL NUMBER OF
MEDH Il N ,.ATQF-. - l1N 1 0N_ L -lLk :S AuUI- bEA LCTCN - NIONRDOTINL,_

SAMPLED OF ANALYSIS .DETECTIONa -MEAN ( )b NAME MEAN () MEAN (F)b REPORTED
ýE __ 7A____ - : -_--

PCI/GM (DRY WEIGHT) GROSS ALPHA 0.100 0010( 1/ 4) CHIICKAMAUGA RES, O.1O( 1/ 2) 0,33( 1/ 1,
5 040,10.4- 0At -7 3 C 0 "j~L_ "3_13" 0-,3.3 _

(3.7 x 1lO2 Bq/gin) GROSS BETA 01100 21,56( 4/ 4) NICKAJACI< RESERVOIR 23.39( Z/ 2) 33.59( I 1/3)
5 15-1 3- 2-&9 ----- JRM-A Z5-!!4 71 171-216 343.59_ý,

GAMMA (NAI)

8A-14OLA=140 0,150 0,26( 1/ 4) NICKAJACK RESERVOIR 0,26( 1,/ 2) 1 VALUES 4LLD
_D,2 6--v - .~2 M_ I' Z 5 _r 47 0,26- 01~26 - -_

CR-51 0,600 0,94( 1/ 4) NICK'AJACK RESERVOIR 0.94( 1/ 2) 1 VALUES <LLD
- -__0,94-09 - A_4 _ _TRtt42 5- 4-7 1 G ý9i4_ _0 0-4

1-131 0,200 0,29( 2/ 4) NICKAJACK RESERVOIR 0.311 1/ 2) 1 VALUES <LLD

SR-89 01500 4 VALUES <LLD I. VALUES <LLD
---- ANA LYSLSPERF.Rft4EO D__nAL LBELa"LLL

SR-90 0,100 0021( 3/ 4) CHICKAMAUGA RES, 0,30( 1/ 2) 0,51( 1/ 1)
5 n .La n,0 TRM 471-53-0 0,30- 0,210 C.Slm 04-5

a. Nominal Lowe-r-Limit of Detection (LLD) as described in Table 3.
b. Mean and range based upon detectable measurements only. Fraction of detectable measurements of specified locations is indicated in parentheses (F.



TARI F 22

F!Pv 7 ;mimNIT A M 7t, I !,Ir 1 IN' MtiM P;2v

__________________________ ______ _______ RADIOACTIVITY IN PLANKTON

NAM Q FA LL TW~IS,.~..-------------------____DOCKE-T .______

LOCATION OF FACILITY-.aELI----------------------- 1ENUEZLE ---------------- REPORTING PERIOD-1.272------------------

TYPE AND LOWER LIMIT ALL CONTROL NUMBER OF
-EGIjLjN QR-ALTAy~ TnTA.L_ _4U~tER___OF --- IND NI-CATOR-LOCATON I i IA U L E r OC ¶ O ORLTN

SAMPLED OF ANALYSIS DETECTIONa mEAN (F) 5 - NAME MEAN (F)b MEAN MF REPORTED

PCI/GM (DRY WEIGHT) GROSS ALPHA 01100 3,74( 3/ 4) TRM 496,5 3,74( 31 4) 0 VALUES <LLD

(3.7 x 10-2 Bq/gm) GROSS BETA 0OJ00 32,57( 12/ 12) TRM 518,0 35,56t 4,/ 4) 18j60( 41/4)
JA 6,31- 5-3L, -9-. 25-,8-42,19 31- 6u!Z1j0L.____ __

a. Nominal Lower Limit of Detection (LLD) as described in Table 3.
b. Mean and-range based upon detectable measurements only. Fraction of detectable measurements of specified locations is indicated in parentheses (F).



________---TAB__ J LE_23 __ __-- -

F N Vi I rNA M ltJIJ ,I1 NJ~flf[LRj Iti &UjY

RADIOACTIVITY IN SEDIMENT _________ _____________

LOCATION OF FACILITY..BdEA----------------------- IEUNESSEE------------------ REPORTING PERIOD_122ý------------------

TYPE AND LOWER LIMIT ALL C ONT ROL NUMBER OF

MEDIU M ORPAIMHW L ITL nTA1NUPBE a ~ EE NoLCTO F_ LLN O.IC~ Z~~5 C A TI DNS N 0N R 01L T f; ;7L
SAMPLED OF ANALYSIS DETECTIONa MA FbNAME MEAN (f)D MEAN ~F)b EDuE

-S -I.Y.ENTAV
PCI/GM (DRY WEIGHT) GAMMA (GEL!)

(3.7 X 10-2 Bq/gin) C0O-60 0,010 0,12( 3/ 12) TRM 496,5 0.12( 3/ 4) 0,3( 4. 4)

CS-137 0,020 0,44( 12/ 12) TRM 496,5 l.011 4/ 4) 4,85( 4/ 4)

ZR-95 0.030 0,04( 1/ 12) TRM 516*0 0.04( 1/ 4) 4 VAI.UES <LLD

D4- 0 aA_____ QDk!_ 0 4
NB-95 0,00i 0,23( 3/ 12) TRM 516,0 0.39( 1/ 4) 0910( 1/ 4)

0_4 1 3!__ ,03 .39- ---- 01 0 4 0s-r. 11
BI-214 0.020 1906( 12/ 12) TRPM 51.8,0 1..1S( 4/ 4) Is3) 4/ )

08- 1,227 .I-1 1.22 1.O j i.

BI-212 0.100 1,36( 12/ 12) TRM 518,0 1.51( 4/ 4) 1060( 4/ 4)
~~~-- I 1 82 8-~.9 ).ný~9 2 2 17 -

RA-223 NOT ESTAB 0,35(- 1/ 12) TRW 496,5 0.35( 1/ 4) 4 VALUES <LLD

_____________________________ _3.35- _0A5_. Q-5- O.5
TL-208 0,020 0v41( 12/ 12) TRM 51.8,0 0,461 4/ 4) 0,50( 4/ 4)

0,32- n.'50 0.'43- 0'.50 0.42- 0.61
AC-228 0,060 1951( 12/ *12) TRM 518,0 1,61( 4/ 4) 1,711 4/ 4)

~~~~~ -. 5_1,12 1 ~7.1 Z - 2_ 4-k_______
PA-228 NOT ESTAB 0o06( 1/ !2) TRM 518,0 C.06( t/ 4) 4 VALUES <LLD

0 40 617- -r 4 -l& C_ _i

SR-89 1,500 2,36( 3/ 12) TRH 527,4 2,54( 1/ 4) 1.64C 1/ 4)
16 1#-79 - 2, 74 2,54- 20 54 -1,64- 1.64

SR.-90 0g300 0,31( 1/ 12) TRM 496,5 0.31( 1/, 4) 4 VALUES <LLD

16 0d90. 1 31. 0.31

a. Nominal Lower Limit of Detection (LLD) as described in Table 3.

b. Mean and range based upon detectable measurements only. Fraction of detectable measurements of specified locations is indicated in parentheses (F).



_______________________________________ _________ TB 2
4

/' WIEn-?fTJAiL MONITORINGC SUMMARY

______________________________RADIOACTIVITY IN CLkNI FLESH _______________________________

E1LOY F-AC-I1 L-- A T1S--AL-s------------- DOCE
LOCATION OFFCLT.JA-------- -----EINE~SE ------------------- REPORTING PERIDl-- --- -----

TYPE AND LOWER LIMIT ALL CONTROL NUM3ER OF
ILRPAH.JY TUIALNU'i nL I CAT0DRtC _ TLNQL 1 NONROYTINE

SAMPLED OF ANALYSIS DETECTIO0a MEAN (F'NAME MEAN ( b MEAN (-F)b- REPORTED

Utl- L-tA51 E-Ni F N~ IM E~ D I~ -LZRFOME -fLQ -- --- -- U~

rLM-i FL FSH AVG,

PCI/GM (DRY WEIGHT) GROSS ALPHA 0,100 0,36( 4/ 4) TIRM 496,5 0.38( 4/ 4) 0 VALUES <LLD-
4 01- ~ C10- 0.59-C5 9_________

(3.7 X 10-2 Bq/gm) GROSS BETA 0,100 4,49( 4/ 4) TRM 49605 4.49( 4/ 4) 0 VALUES <LLD
4 2 "!k- 7. 2.14- TV03

GAMMA (GELI)

CS,-i3 7 0,050 0,24( 1/ 12) TRM 518,0 0,24( 1/ 4) 0,32( 1 / 4)
S0 uZ p -1k Q,2 4- Qý- ~24.. L _0 093 2

NB-95 0,070 0,20( 1/ 12) TRM 518.0 Q.28( 1/ 4) 4 VALUES <4LL
0, *- il2 028 L8________________

BI-214 NOT ESTAB 1,18( 6/ 12) TRM 496,5 Z,07( j/ 4.1 2,181 3/ 4)
0.52- 2.07 2,07. 2.07 1,0- 3.8

TL-208 NOT ESTAB 0,17( 1/ 12) TRM 518,0 0.17( 1/ 4) 4 VALUES <4LD
0 -At- 0 17 0.17 0`Q17 ___ _____________

AC-228 NOT ESTAB 0,56( 1/ 12) TRM 518,0 C.561 1/ 4) 1,771 j/ 4)
0.56- 0.56 0.56- 0,.56 1,77-- 1.77

a. Nominal Lower Limit of Detection (LLD) as descri e1 in --13.
b. Mean and range based upon detectable measurements only. Fraction of detectable measurements of specified locations is indicated in parentheses (F).



-T ABL.E25__

r MI/T D lt'' -.1lT A I Mr) ITh T. P TJ( N, . , Im m ý V

RADIOACTIVITY IN CLAM SHELL____________________________

LOCATION OF FACILITY.BUEA----------------------- IENNESSEE------------------ REPORTING PER!OO..1221------------------

TYPE AND LOWER LIMIT ALL C 0 NT R 0 NOMm3ER OF
IMAE-0LUM 0?A Kh A y IOTA"ANi22-a --- OF- ll-4a IC A10R -L 0C & T-10 N L~ L C.-- :LONE -NONR Q TJ N

SAMPLED OF ANALYSIS DETECTIONa MEAN (F)b NAME MEAN, b MEAN, 5ýF)b REPORTED
1.0 ~EA~a 1i~~E EG&~.~LL 0)_____ D~A~EA~0f~Ei12L A-- &-~ 11 L ;Uiz1--

PCI/G,1 (DRY WEIGHT) GROSS ALPHA 0.700 4 VALUES <LLD0VAES LL
-i A\NALYS IS-P PER-PYýEUR.D- --ALit. BE NLL-AJD- _________________

(3.7 x10-2 Bq/g-rn) GROSS BETA 0.700 8,48( 4/ 4) TRM 496,5 8.4B( 4/ 4) 0 VALUES <LLD
________ ________ ___4__- 7__ _ .67 -b i 2 9__ __ __9_ __

GAMMA (GEL!)

CO-60 16 0.010 0,02( 3/ 12) TRM 518,0 Q,03( 1/. 4) 0,04( 1/ 4)

CS-137 0.020 0,0)5 3/ 12) TRM 518,0 0,08( 1,/ 4) 0,17( 2/ 4i)
-- n 10 3 -- D40 0.08 D~6 6L0. -s-2 8

51-214 0,020 0,16( 12/ 12) TRM 496,5 0.18( 4 4) 0.16'( 4/ 4)
__ __ __ __ __ __ __ __ __ __ __ __ __ __ _ n - 1 -0.D ~ 0.10= 0,26

BI-212 04100 0,36( 1/ 121 TRM 516,0 0.6 I4) 4 VALUES <LLD
0,36- 0"a

TL-208 0,020 0,05( 9/ 12) TRM 516,80 0.06( Z/ 4) 0,o5( 31, 4)
_______________.D2_ _______ Q-01Z~ IO10O _0_~f ~. 3 - ~0 9

AC-228 01060 0.27( 11/ 12) TRM 496,5 0.31( 4/ 4) 0,33( 1/ 4)
__ __ _ __ _ __ __ _ __ _ __ __ _ _93__ _ C- , - 'A o.

3
3- 0.3'A

SR-89 5,000 5,95( 21 4) TR~M 4945,5 5,95( 2/ý 4) 0 VALUES <LLD
4 5 423- 6.6 VALUES <LLD__SR.-90 1.000 1.90( 3/ 4) TRM 496,5 1,901 3/ 4) 0VAUS LL

_________4 243~~,~ )ý2 249

a.Nominal Lower Li-mit of Detection (LLD) as described in Table 3.
b. Mean and ragebaaed up n detectablemasrmet only. Fraction of detectable measurements of specified locations is indicated in parentheses (F). -



Quality Control

A quality control program has been established with the Tennessee
Department of Public Health Radiological Laboratory and the Eastern Envi-

ronmental Radiation Facility, Environmental Protection Agency, Montgomery,
Alabama. Samples of air, water, milk, fish, and soil collected around

nuclear plants are forwarded to these laboratories for analysis, and results
are exchanged for comparison.

Conclusions

Since Watts Bar Nuclear Plant has not achieved criticality, there

has been no contribution of radioactivity from the plant to the environment.

The levels of radioactivity being reported in this document are due to

natural background radiation, nuclear weapons testing, or other nuclear

operations in the area.

Increased levels of radioactivity were observed in milk, rainwater,

air particulates, heavy particle fallout, vegetation, and in atmospheric

radioiodine in September and October following the atmospheric nuclear

weapons testing conducted by the Peoples' Republic of China. This increase

was widely reported in the eastern portion of the United States. Levels of
131 1 in milk as high as 34.54 pCi/l were observed. The primary radioiso-

topes identified in the atmospheric media were 95 Zr, 95 Nb, 131 1, 132 1,
14'0Ba, 14'0La, and "9Sr.


