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ENVIRONMENTAL RADIOACTIVITY LEVELS

SEQUOYAH NUCLEAR PLANT

1977

Introduction

The Sequoyah Nuclear Plant (SQNP), being constructed by the
Tennessee Valley Authority, is located on a site owned by TVA containing
525 acres of land in Hamilton County, Tennessee, bounded on the east by
Chickamauga Reservoir. See Figure 1. The site is 12 miles (19.3 kilo-
meters) northeast of Cbi:ttancoga, Tennessee, and 11 miles (17.7 kilometers)
west-northwest of Cleveland, Tennessee. The plant will consist of two
pressurized water reactors; each unit is rated at 3,423 MWt and 1,171 MWe,
Fuel load in unit 1 is scheduled for March 1978.

The preoperational environmental monitorinc program has the
objective of establishing a baseline of data on the d.stribution of
natural and manmade radioactivity in the environment near the plant site.

TVA has collected data in this precperational environmental mon-
toring program since 1971. Since the operation of the plant has been
delaved, the program was reduced as of November 1, 1973. All continuous
collections (air and charcoal filters) were discontinued as were milk and
monthly viver water samples. Only quarterly samples of soil, vegetation,
well water, public water, river water, plankton, Asiatic clams, sediment,
and fish, and annual samples of food products were collected. The full
sampling program was reinstated in February 1976, The program cutlined
herein describes the sampling program as conducted in 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 instrumental 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 11
low=background proportional counters. Two Muclear Data Model 100 multi-
channel analvzer systems employing sodium iodide, NaI(Tl) 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 radio=-
nuclides. Samples of water, vege;gtion, air particulates, food c¢rops, and
charccal (specific analysis for '’''I) are routinely counted with NaI(Tl)
detection systems, If significant concentrations of radioisotopes are iden-
tified, or if there is a reasonable expectation of increased radicactivity
levels (such as during periods of increased fallout), these sacples are
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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 '*'1 concentration in milk.

Data were entered in computer storage for processing specific to
the analysis conduzted. 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(TZL).
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 2, Sam-
ples processed by Nal(TLl) gamma spectroscopy were analyzed for 13 specific
pamma-emitting radionuslides and radionuclide combinations*, All photopeaks
found in Ce(Li) spectra were identified and quantified. LLD's for the anal-
veis of the radionuclides listed below* are given in Table 2-B. LLD's for
additional radionuclides identified by Ge(Li) analysis were calculated for
each analysis and nominal values are listed in che 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
areater 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: INEeinbpy. Slpps 1313, M0 180gy;
P3%cg: 1370g: *%z¢<Nb; %%*Co; *“Mn; *°Zn; ®%°Co; “°K; and '“"Ba-La.
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Atmospheric Monitoring

The atmospheric monitoring network is divided into three subgroups.
Two local air monitors are located within the plant boundary. Eight perim-
eter air monitors are located at distances out to 1l miles (17.7 kilometers)
from the plant in the towns of Sale Creek, Daisy, Red Bank, Harrison, and
four other densely populated areas. The remote air monitors are located at
distances out to 19 miles (30.6 kilometers) from the plant in the town of
Dayton and the city of Chattanooga. See Figures 2 and 3.

At each monitor, air is continuously pulled through a Hollingsworth
and Voss HV-70 particulate filter at a regulated flow of 3 ft*/min (0.085
m*/min). In series with, but downstream of, the particulate filter, is a
charcoal filter used to collect iodine. FEach monitor has a collection tray
and storage container to collect rainwater on a continuous basis, and a hori-
zontal platform cov:red with gummed acetate to catch and hold heavy particle
fallouyt., Moisture is collected (rom the atmosphere at each local monitor and
At one remote monitor and analyzed for tritium. 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 disintegration rate
of the atmospheric radioactivity is centinuously recorded at each station.
These stations will detect any significant airborne release from SQNP.

Air filters are collected weeklv and analvzed for gross beta activity.
No analyses are performed until 3 days after sample collection. The samples
are composited monthly for analysis of specific gamma-enitting radionuclides
and quarterly for *’8r, *°Sr analysis. The results are presented in Table &.

With reference to table 3, whi'h contains the maximum permissible
concentrations (MPC) recommended by 10 CFR 20 for nonoccupational exposure,
it is seen that the maximum beta concentration is 0.70 percent MPC.

Rainwater is collected and analyzed for gross beta activity, specific
pammi-emitting isotopes, and radiostrontium. For the gross beta analvsis, a
maximum of 500 ml of the sample is boiled to dryness and counted. & gamma
scan is performed on a 3.5-liter monthly sample. The stroatium isotopes are
separated chemically and counted in a low background svstem. An aliquot of
the quarterly composite is distilled and analyvzed by liquid scintillation for
tritium. The results are shown in Table 5. The highest valve reported for
beta activity is 3.72 percent of the MPC for drinking water.

fhe gusmed acetate that is used to collect heavy particle fallout

is changed monthily. The sample is ashed and counted for gross beta activity,
Mhe results are given in Table 6.
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Charcoal filters are collected and analyzed for radiciodine.
The filter is counted in a single channel analyzer system. The data
are shown in Table 7, where the highest value reported is 0.12 percent
MPC for '*'1.

An atmospheric moisture collection device containing molecular
sieve is located at each local monitor and at one remote monitor. Samples
dre taken every other week, the moisture driven off the molecular sieve,
collected in a cold trap, distilled, and counted {5 tritium content. The
results are shown in Table 8, where the highest value reported is 0.02 per-
cent MPC for 'H in air.
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Table 3

MAXIMUM PERMISSIBLE CONCENTRATIONS

FOR _NONOCCUPATIONAL EXPOSURE

Alpha
Nonvolatile beta
Tritium

”’CS
lO!DlOSRu

144

Ce

9550 -25Np
1a0pa 140
13y

bszn

““Mn

€00,

89

Sr

MPC

In Water

pci/1*

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

In Air
pCi/m *

100
200,000
560
200
200
1,000
1,000
100
2,000
1,000
300
300

30
80,000
400

2,000

*1 pCi = 3.7 x 107°

Bq.

11
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Terrestrial Monitoring

=

ilk

“ilk is col.ected from twe farms within a 10-miie radius of the
plant (see f1§ure 3), and from one control farm. Raw milk is analyzed
monthly for 4 lI, gamma-emitting isotopes, and for radiostrontium. The
results are shown in Table 9.

Vegetation

Vegetation samples were collected near each monitoring station
in the network and from each dairy farm to determine possible plant uptake
of radioactive materials from the soil or from foliar deposicion. Table 10
sives the results obtained from the laboratory analyses.

5011

Soil samples were collected near each monitoring station in order
that any relationship between the amouat of radioactive material found in

vegetation and that in soil might be established. 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 four onsite wells. In addition, samples were
taken quarterly from four other farms located within 5 miles of the plant.
All samples were analyzed for gross beta and for gamma-emitting radionuclides.
A quarterly composite was analyzed for tritium. The results are shown in
Table 12 and indicate the maximum beta concentration with reference to
Table 3, is 0.34 perceut MPC.

FPublic Water

Potable water supplies taken from the Tennessee River in the
vicinicy of Sequoyah Nuclear Plant are sampled and analyzed for gross beta,
gamma-emitt’ng radionuclides, **'*%Sr, and tritium. The first potable water
supply downstream from the plant is equipped with an automatic sampler with
composite samples analyzed monthly. Two additional water supplies are sampled
monthly and three other »otable water supplies are sampled quarterly., The
results, shown in Table 13, indicate that the maximum beta concentration is
0.27 percent MPC.

Environmental Gamma Radiation Levels

Thermoluminescent dosimeters (TLD's) are placed at eight stations
around the plant ncar the site boundary (see Figure 3) and at the perimeter



and remote monitors to determine the gzmma 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.

Food Crops

Food crops raised in the vicinity of Sequoyah 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 gross beta, specific gamma-emitting
radionu-1lides, *"Sr, and *%:r. The results are given in Table 15.
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guarter

November 1976 -

January 1977

February-April 1977

May=July 1977

August-October 1977

Table 14

ENVIRONMENTAL GAMMA RADIATION LEVELS

Location

On-Site (8)*
Maximum
Minimum
Average**

Off-Site (10)

Maximum
Minimum
Average

On-Site (8)
Maximum
Minimum
Average

Off-Site (10)

Maximum
Minimum
Average

On-Site (7)
Maximum
Minimum
Average

Off-Stte (10)

Maximum
Minimum
Average

Or=Site (8)
Maximum
Minimum
Average

Off-Site (10)

Maximum
Minimum
Average

Environmental Gamma
Radiation Levels

mR /Hour

0.010
0.009
0.009+0.001

0.009
0.005
0.007+0.062

0.019
0.007
0.01220.008

0.010
0.006
0.008£0.002

0.010
0.008
0.009+0,002

0.008
0.005
0.00720.002

0.013
0.006
0.00920.004

0.009
0.005
0.00720.002

*Number of stations (three TLD's at each station)
**All averages reported *20.

mR/Quarter

21.3
18.7
19:722.0

20.8
1.2
15.5%4.8

LY i
e

e .
-~ W W

19.6
14.1
16.623.6

22.1
17.1
19.9+3.8

17.7
11.8
16.0=3.4

v
1

& 1o
W o~
~

I+

19.429.6

20.0
11.7
16.0+4.8
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Reservoir Monitoring

Samples of aquatic media are collected quarterly along fcur river

stations in Chickamauga Reservoir--at Tennessee River miles (TRM) 496.5,
483.4, 480.8, and 472.8. 1In addition, water samples were collected by auto-
matic samplers installed at TR s 473.2, 483.4, and 49/.0. Samples collected
for radiological analyses include sediment from four stations; water, plank-
ton, and Asiatic clams from thre. of these stations; and fish from Watts Bar,
Chickamauga and Nickajack Reservoirs (see Tahle 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 496.5, the concrol station, is 12.7 miles (20.4 kilometers)
upstream from the Sequoyah plant outfall diffuser.

Samples of water, net plankton, sediment, Asiatic clams, and three
species of fish were collected quarterly (plankton only during the two quarters
of maximum abundance) and analyzed for radioactivity. Gamma, gross alpha, and
gross beta activity were determined in water, net plankton, sediment, shells,
and flesh of clams, flesh of two commercial and one game fish species, and the
whole body of one commercial fish species. In additicn to the above, tritium
concentrations were determined in river water samples. Except in the flesh
of clams, white crappie, and channel catfish, *°Sr and *°Sr content was deter-
mited in all samples by appropriate radiochemical techniques. The activity of
12 gimma-emitting radionuclides was determined with - multichannel gamma
spectrometer.

Wa 2

Automatic sequential-type water samplers were installed at the three
cross sections indicated above and shown in Table 16, with composite samples
analyzed monthly. Grab water samples were also collected monthly at the peint
of plant discharge to the Tennes ee River (TRM 483.7), at a noint on the

Hiwassee River, and at a point on Chickamauga Creek. Results are displayed
in Table 17.

Eish

Radiological monitcring for fish was accomplished by analyvses of
composite samples of adult figsh taken from each of three contiguous reser-
volrs--watts Bar, Chickamauga, and Nickajack. No permanent sampling, stationsg
have been established within each reservcir; this reflects the movement of
fish species within reservoirs as determined by TVA data from the Browns
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Ferry Nuclear i'lant preoperational monitoring program. Three species,

white crappie, channel catfish, and smallmouth buffalo, are collected rep-
resentiang both commercial and game species. Sufficient fish are collected

in each reservoir to yield 250 or 300 grams oven-dry weight for analytical
purpcses. All samples were analyzed for gamma, gross alpha, and gross beta
activity. Concentrations of *°Sr and *°Sr were determined on the whole

fish and flesh of the buffalo only. The composite samples contained approxi-
mately the same quantity of flesh from each fish. For each composite a

subsample of material was drawn for counting. Results are given in Tables
13, 19, 20, and 21.

Plankton

As indicated in Table 16, not plankton was collected for radio-
logical analyses at three 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 alpha
and gross beta activity. Sample quantities were not sufficient for the
analysis of speciiic gamma-emitting radionuclides, ®?Sr and *°Sr, Sample
results are given in Table 22.

Sediment

Sediment samples were collected from dredge hauls made for bottom
fauna. Gamma, gross alpha, and gross beta activity and 8%Sr and ?%sr con-
tent were determined in samples ccllected from points in four c¢ross sections.
Each samplc was a compcsite obtained by combining equal volumes ci 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
three stations and analyzed for gamma, gross alpha, and gross beta activity.
The *%Sr and *°Sr content was determined in the shells. Results are given
in Tables 24 and 25,



Table 16

SAMPLING SCHEDULE - RESERVOIK MONITORING

_Biological Samples = _ Water Samples
Distance From

Z;Eplnnktun,

Tennessee River Chlorophyll, Benthic __Left Bank Depths
. (Mile)  Phytoplankton*  Fauna*  Sediment*  Fish**  Feet Percent (Meters)
472.8 2 4442 89 1,-9
473.2 Automat ic samplor'**
480.8 1 1 2
483.4 1 1 2 266 11 1 Automatic sampler***
435 i | B
496.5 1 1 2 2500 57 1y 9
497.0 Automatic sampler***

*ﬁsﬁfiE;lEMSSEEles.
**Fish samples are taken from Watts Bar, Chickamauga, and Nickajack Reservoirs.
AkkComposite sample analyzed monthly.

%
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MONTTORING

SUMMARY

(WHETE CRAPPLE  FLESH)

EADIOGACTIVITY IS FisH
WENT [ ERE IR 1T, Gl LHRIEEL. o o v v i i i s i s o - 2
R R RN G R T TS KL TR S o AEEESRa— |} - 4 T | et
YR AN Plwlb LR AL
YELUILY L& PaTheay VOTAL RUMBLE (e INCTOATENR L OCATTIUNS
SARPLL tF ALRLYSTY RIS mEAN (0"
Cubll Ot ~tasisteenll} BLaluknt (TR ) — RS TN . TSN
LI (RAFF L W1y
PCI/Ge (DY wENEuT) CRUSS ATra LNy 2.0014 0rs Al
¢ ANALYSTS PERF RMpL -
ChALSY LA Lellit Lt il 2
(37 x 07" B gm) ' .19~ 39.2¢
GAMYA (N8 1)
.
GA-IGU L A-JsD s & (P ] X} 1/ 2
Vedb~ U.em
=60 L.l L. ¢ (8 2)
ANALYSES PERFLENEDL ~
Cs-131 Lebdt Delat 2/ 2
e~ LU Y
Th=9% JNE =94 f.120 O.0ng 0/ 2)
ANALYSIES FERFLEMEL -
1 -5 o290 3 .001¢ ul '3
ANALYSIES FPERFLRMED -
s =5) Uenlo a2t \/ 2
Vel2- V.2
LR 0.1%0 0.0n¢ 0s i
ANALYSTS VERFUKSED -
=13 L.200 D.5%1 V7 «)
LeS%~ [P )
#. Nowtual lower Limtr of Detection (LLD) as described ‘n Table 2.
b Mean and range based upon detectable measurements only

DLARET MU BRD=28=6=300 e e

ey el sa s RERDRIANG RRRNBO. BT . oo ns w s

AUCAEICY wlIy HIGHEST ANMUAL MEAN.

Nami

LASTALCE _aNL_DIRECILIUN

ALL FHLYW LLUL
CHICKARAUGA KES,
TR® 47} -0

CriCr AMAUGA RES,
ThY o 7)1-5%3¢

AL FRLILW LLD
CniI(eAamAUGY KES,
18P <« 7)-5%30

AL FELfw (LD

AL Btilw 0 LD
CHICCAMALLA RES,
Tew «J1-%30

ALL AELOW LLD
(HICnAarRULA RES .,
Tem 471430

Fraction of detectable measurements ot

wean (5"

_RANGED
32008 22 )
36.15% 39.26
0.2K0 V2 2}
G.20-  0.28
Odst 24 2
Lelé=  Gol&
G120 27 2)
Ueli- 0.2
0.55¢ 17 &)
0.5%  0.5%

(ONTROL
LUCATTINS

YEAN (R} "
___KANLE. . w
0.00( 07 &)
LU LT Y
33.96- 4b.22
03P 37 &)
0.26-  0.48
0.00¢ 07 &)
0.210 47 &)
G<15- 0.27
0.00t 0/ &)
0.00t 0/ &)
0.95%C 1/ &)
0.95%- 0.9%
0.00t O/ &)
0.72( W &)
0.72- 0.1

NUMBER F
NUNKOUTINE
KEPORTET
EASUREFLLI

specitied locations s indicated o parentheses (F).
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VIR . Al . TORISNL SUMMAKRY
RADIDACTIVIY IN FlaH SMALIMOUTH BUFFXLO, FLESH)
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0.76- O.76
-t vwel 3 1,001 e 2) 0.00t 07
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a. Nominal Lower Limit of Perection (LLD) as described in Table 2

b Mean and fanpe based apon detectable measurenents only.,  Fraction of detec table me

wsurements of specifie! locations 18 lncicated in parentheses (F).
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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 Sequoyah Nuclear Plant has not achieved criticality, there
has been no contribution of radioactivity from the plant to the environment.
The levels of radiocactivity 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 Pesples' Republic of China. This increase was widely
reported in the eastern portion of the United States. Levels of 1331 ‘in milk
as high as 8.1 pCi/l were observed. The primary radioisotopes identified in
the atmospheric media were *®2r, ?°Nb, ‘31, 13?1, '%%3a, '*%a, and ?%%Np.



