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INTRODUCTION

The Callaway Plant received an Operating License on
June 11, 1984. This report presents analytical data
from the environmental monitoring programs with
appropriate interpretation for 1996 and environmental
evaluations for plant modifications completed during
1996.

The third section of this repcort summarizes and
interprets results of the radiological environmental
monitoring program conducted in accordance with
Administrative Procedure APA-2Z2-01003, 'OFFSITE DOSE
CALCULATION MANUAL", Section 9.11.

Section four describes the conduct and results of the
activities associated with the Environmental
Protection Plan (EPP) contained in Appendix B to the
Callaway Plant Operating License.

This Annual Environmental Operating Report is
submitted in accordance with Section 6.9.1.6 of the
Technical Specifications and Appendix B to the
Callaway Plant Operating License.

CONCLUSION

The third section of this report contains results of
radiological environmental monitoring conducted in the
vicinity of the Callaway Plant during 1996.

Comparison of results for 1996 to preoperational data
and data from previous years of operation showed no
eignificant or adverse effects from operation of
Callaway Plant on the environment.

There were no Environmental Protection Plan

noncompliances or reportable events identified during
1996.

There were no plant modifications completed during
1996 with an unreviewed environmental question as
discussed in section four of this report.
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Abstract

['his report presents the Callaway Plent Radiological Environmental Monitoring Program

(REMP) data obtained from analysis of environmental samples collected in 1996

Evaluation of radiation levels in the environs around Union Electric Company's (UEC) Callaway
f

lant involved sampling at strategic points in various exposure pathways. The following types of
samples were collected and analyzed milk, vegetation, surface water, well water, bottom
sediment, shoreline sediment, fish, airborne particulates, airborne radioiodine, direct radiation

(TLD). soil and wetlands

Analytical results are presented and discussed along with other pertinent information. Possible

trends and anomalous results, as interpreted by Union Electric Company personnel, are discussed




1.0

NTRODUCTION

This report presents an analysis of the results of the REMP conducted during 1996 for
Union Electric Company, Callaway Plant

In accordance with federal and state regulations and the desire to maintain the quality of
the local environment, UEC began its radiological monitoring program in April, 1982

The objectives of the REMP are to monitor potential critical pathways of radioeffluent
to man and determine the radiological impact on the environment caused by operation of

Callaway Plant

Callaway Plant consists of one 1239 MWe pressurized water reactor, which achieved
initial criticality on October 2, 1984 The plant is located on a plateau approximately ten
miles southeast of the City of Fulton in Callaway County, Missouri and approximately
eighty miles west of the St. Louis metropolitan area  The Missouri River flows by the
site in an easterly direction approximately five miles south of the site at its closest point

RADIOLOGICAL ENVIRONMENT MONITORING PROGRAM

Program Design

The purpose of the operational REMP at Callaway Plant is to assess the impact of plant
operation on the environment. For this purpose, samples are collected from waterborne,
airborne, ingestion and direct radiation pathways. Sampling media are selected which
are likely to show effects of plant effluents and which are sensitive to changes in
radioactivity levels The types of sample media collected are: milk, surface water,
groundwater, shoreline sediment, bottom sediment, soil, wetlands, fish, vegetation,
airborne particulate, airborne radioiodine and direct radiation (TLD)

Samples are collected by Union Electric personnel and shipped to Teledyne Isotopes
Midwest Laboratory (TIML) for analysis. TLD's are analyzed by Union Electric
personnel The data obtained are reported monthly and summarized in the annual
report.

Environmental sample locations are divided into two types, indicator and control
Indicator samples are those collected from locations which would be expected to
manifest plant effects, if any. Control samples are collected at locations which are
expected to be unaffected by plant operation

D




Program Description

|

Sample locations for the REMP are shown in Figures |, 2 and 3. Table I describes the

sample locations, direction and distance from the plant, which are control and which are

indicator locations, and the types of samples collected at each location Sample
collection frequencies and required analyses for each sample type are given in Table 11
'he collections and analyses that comprise the program are described in the following

pages
[dentification of sample type codes used in Table | are as follows

Code Sample Collected

Al0 Air lodine

APT Air Particulate

AQF Fish

AQS Sediment

FPI Leafy Green Vegetables
iDM LD

MLK Milk

SOl Soil

SWA Surface Water

WWA Ground Water

Waterborne Pathway
Surface Water

Monthly composite samples of surface water from the Missoun River are collected from
one indicator location (SO2) and from one control location (SO1) The samples are
analyzed for tritium and by gamma spectrometry

Ground Water

Ground water samples are collected quarterly from two on-site wells (FOS5 and F15) and
one off-site well used for drinking water (DO1) The on-site ground water samples are
collected using a manual grab sampler which 1s lowered into the well The off-site
ground water sample 1s collected from a faucet after allowing the line to flush for two

minutes Ground water samples are analyzed for Trittum and gamma emitting nuclides
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TABLE ]

SAMPLING LOCATIONS

Location Sample

Code [k“u,.'.l'(lwn

10 8 mi NW: City of Fulton on Hwy Z. 0 65 mu East of

Business 54, West of Campus Apartments

66 mi NW: County Road 111, 0.6 mi South of Hwy UU

Callaway Electric Cooperative Utihity Pole No 17571

1 3 mi NW 01 mi West of Hwy CC on Gravel Road, 0 8 mi
South Hwy 0, Callaway Electric Cooperative Utility Pole No
|RS559

1 9mi N: 0.3 mi East of the O and CC Junction, Callaway [IDM, AP1

Electric ( \M!;\L‘I;HI\(" tilizv Pole No 18892

| 3 mi ENE, Primary Meteorological Tower IDM, APT

2.0 mu W, County Road 428, 1.2 mi West of Hwy C( [DM
Callaway Electric Cooperative Utility Pole No. 18609

| 3 mi S, County Road 459, 2 6 mi North of Hwy 94
Callaway Electric Cooperative Utility Pole No 35097

29mi S: County Road 459, 1.4 mi North of Hwy 94,
Callaway Electrical Cooperative Utility Pole No 06823

3 7 mi S, NW Side of the County Road 459 and 94 Junction
Callaway Electric Cooperative Utility Pole No. 06754

40 SSE: Hwy 94, 1 8 mi East of County Road 459

Callaway Electrnic Cooperative Utility Pole No. 12182

4 9 mi SE, City of Portland, Callaway Electric Cooperative

Utility Pole No 12110




TABLE I (Cont'd.)

Location Sample
Code Description Types
12a 5 2 mi SE, East Side of Hwy 94, 0 6 mi South of Hwy D, IDM
Callaway Electric Cooperative Utility Pole No. 27536
13 § 6 mi ESE. Hwy 94, 0 75 mu East of Hwy D, Kingdom IDM
Telephone Pole No 2X1
14 5 0 mi ESE. SE Side of Intersection D and 94, Cz"away IDM
Electric Cooperative Utility Pole No 11940
|5a 4 6 mi ESE, East Side of Hwy D, 3 8 mi South of Hwy 0, IDM
Kingdom Telephone Pole No 2Y1  (lnitiated 7/6/95)
i6a 3.7 mi E, West Side of Hwy D, 1 6 mi South of Hwy 0, IDM
Kingdom Telephone Pole No 3x9
17 4 0 mi E; County Road 4053, 0.3 mi East of Hwy 94, IDM
Kingdom Telephone Company Pole No 3X12
18a 3 9 mi ENE, East side of Hwy D, 0.5 mi South of O, Callaway IDM
Electric Cooperative Utility Pole No 38579
19 42 mi NE, Hwy D, 0.3 mi North of Hwy 0, Callaway Electric IDM
Cooperative Utility Pole No 12918
20 4 8 mi NE, City of Readsville, Callaway Electric Cooperative IDM
Utility Pole No 12830
21 4 0 mi NNE. County Road 155, 1.9 mi North of Hwy 0, IDM
Callaway Electric Cooperative Utility Pole No 19100
22a 2 0 mi NNE, North Side of Hwy O, 100 feet East of County IDM
Road 150, Callaway Electric Cooperative Utility Pole No
31094
23 6 7 mi NNE, City of Yucatan, Callaway Electric Cooperative IDM

Utility Pole No 12670



Location

Code

TABLE I (Cont'd.)

SAMPLING LOCATIONS

[)v scription

7 0 mi NE. County Road 191, 2 1 mi North of Hwy K

Callaway Electric Cooperative Utility Pole No 12498

8 7 mi E, County Road 289, 0.3 mi South of County Road
287, Callaway Electric Cooperative Utility Pole No. 11295
12 1 mi E, Town of Americus, Callaway Electric Cooperative

Utility Pole No 11159

9 5 mi ESE, Town of Bluffton, Callaway Electric Cooperative
Utility Pole No. 11496

3 3 mu SE. County Road 469, 2 0 mi North of Hwy 94

Callaway Electric Cooperative Utility Pole No. 06896

2 7 mi SSW. County Road 448. 1.2 mi North of County Road

459, Callaway Electric Cooperative Utility Pole No. 06851

4 4 mi SSE, City of Steedman, N side of Belgian Dr ., 150 feet
East of Hwy CC, Callaway Electric Cooperative Utility Pole
No 06557

' 8 mi SW. City of Mokane, Junction Hwy C and County
Road 400, 0.9 mi North of Hwy 94, Callaway Electric

Cooperative Utility Pole

S 4 mi WSW. Hwy VV, 0.6 mi West of County Road 447

l"ll’\\' i

Callaway Electric Cooperative Utility Po

y mi W. City of Hams Prairie, SE of Hwy C and AD

Junction

O 7 mi WNW. NE Side of Hwy C and County Road 408

Junction

S58m \\

ity of Toledo, Callaway Electric Cooperative

Utility Pole No 17684




TABLE 1 (Cont'd.) .
SAMPLING LOCATIONS '
Location Sample '
Code Description Types
36 5.2 mi N, County Road 155, 0.8 mi South of County Road IDM l
132, Callaway Electric Cooperative Utility Pole No. 19137
37 0.7 mi SSW, County Road 459, 0.9 mi South of Hwy CC, DM '
Callaway Electric Cooperative Utility Pole No. 35077
38 4 8 mi NNW, County Road 133, 1.5 mi South of Hwy UU, IDM '
Callaway Electric Cooperative Utility Pole No 34708
39 5.4 mi NW, County Road 112, 0.7 mi East of County Road [DM '
111, Callaway Electric Cooperative Utility Pole No. 17516
40 4.2 mi WNW, NE Side of County Road 112 and Hwy 0, IDM '
Callaway Electric Cooperative Utility Pole No. 06326 '
4] 48 mi W, Hwy AD, 2 8 mi East of Hwy C, Callaway Electric IDM
Cooperative Utility Pole No. 18239 '
42 44 mi SW, County Road 447, 2 6 mi North of County Road IDM
463, Callaway Electric Cooperative Utility Pole No. 06326 '
43 0.5 mi SW, County Road 459, 0.7 mi South of Hwy CC, IDM
Callaway Electric Cooperative Utility Pole No 35073 '
44 1.7 mi WSW, Hwy CC, 1.0 mi South of County Road 459, IDM
Callaway Flectric Cooperative Utility Pole No. 18769 '
45 1.0 mi WNW, County Road 428, 0.1 mi West of Hwy CC, IDM
Callaway Electric Cooperative Utility Pole No 18580 '
46 1.5 mi NNW, NE Side of Hwy CC and County Road 466 IDM
Intersection, Callaway Electric Cooperative Utility Pole No '
28242
47 0.9 mi NNE, County Road 448, 0.9 mi South of Hwy 0, IDM '
Callaway Electric Cooperative Utility pole No. 28151
48 0.4 mi NE, County Road 448, 1 5 mi South of Hwy 0, Plant IDM '
Security Sign Post

- 10 -




TABLE I (Cont'd.)

SAMPLING LOCATIONS
Location Sample
Code Description Types
49 1.7 mi E; County Road 445, Callaway Electric Cooperative IDM
Utility pole No. 06959, Reform Wildlife Management Parking
Area
50 0.9 mi SSE; County Road 459, 3.3 mi North of Hwy 94, IDM
Callaway Electric Cooperative Utility Pole No. 35086,
Sla 0.3 mi SE, Owner Control Fence, SE of the Water Treatment IDM
Plant
52 0.4 mi ESE, Light Pole Near the East Plant Security Fence IDM
A7 9.5 mi NW, C. Bartley Farm APT, AIO
A8 0.9 mi NNE, County Road 448, 0.9 miles South of Hwy 0. APT, AIO
A9 1.7 mi NNW, Community of Reform. APT, AlIO
DO1 5 1 mi SE; Holzhouser Grocery Story/Tavern (Portland, MO). WWA
FO5 1 0 mi SSE, Onsite Groundwater Monitoring Well WWA
F15 0.5 mi NE; Onsite Groundwater Monitoring Well WWA
M5 3.1 mi NW, Schneider Farm (Goats’ milk) MLK
M6 2 7 mi NW, Pierce Farm (Cows’ milk) MLK
M7** 14 8 mi SW. Kissock Farm (Cows’ milk) MLK
Yiee 15.0 mi SW, Beaz'ey Farm. FPL, SOL
V9 2 0 mi WNW, Meehan Farm FPL
A o 4 9 mi SSE, 0 6 River Miles Upstream of Discharge North AQS, AQF
Bank
C 5 1 mi SE; 1 0 River Miles Downstream of Discharge North AQS, AQF

Bank

« AT+




TABLE 1 (Cont'd.)

SAMPLING LOCATIONS
Location Sample
Code Description Types
SO1** 4 8 mi SE. 105 feet Upstream of Discharge North Bank SWA
S02 $ 2 mi SE. 1.1 River Miles Downstream of Discharge North SWA
Bank
Fl 0 98 mi S; Callaway Plant Forest Ecology Plot F1 SOL
F2 1 64 mi SW; Callaway Plant Forest Ecology Plot F2 SOL
F6 | 72 mi NE, Callaway Plant Forest Ecology Plot F6 SOL
F8 | 50 mi NE, Callaway Plant Forest Ecology Plot F8 SOL
Fo | 45 mi NNW, Callaway Plant Forest Ecology Plot F9 SOL
PR3 1 02 mi ESE; Callaway Plant Prairie Ecology Plot PR3 SOL
PR4 | 34 mi ESE, Callaway Plant Prairie Ecology Plot PR4 SOL
PRS | 89 mi NE; Callaway Plant Prairie Ecology Plot PRS SOL
PR7 0 45 mi NNW, Callaway Plant Prairie Ecology Plot PR7 SOL
PR10 I 55 mi NNW, Callaway Plant Prairie Ecology Plot PR10 SOL
Wl** 0.61 mi SE; Callaway Plant Wetlands, High Ground SOL
W2 0 60 mi SE, Callaway Plant Wetlands, Inlet Area SOL
W3 0 72 mi SSE, Callaway Plant Wetlands, Discharge Area SOL
W4 0 68 mi SSE, Callaway Plant Wetlands, SW Bank SOL

* All distances are measured from the center line of the reactor
** Control locations

o i3
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Sample Sample
Type Code Collection Frequency Required Analysis
Airborne lodine AlO Weekly I-131 weekly
Air Particulate APT Weekly Gross Beta weekly'
Sr-89/90 and Gamma
Isotopic of quarterly filter
composite
Fish AQF Semiannually SR-89/90 and Gammu
Isotopic
Sediment AQS Semiannually Gamr.a 1so*onic
Leafy Green FPL Monthly during the growing season  Gross A.pha, Gross Beta,
Vegetables I-121, and Gamma
Isotopic
TLD IDM Quarterly and yearly (Gamma Dose
Milk MLK Semimonthly when animals are on  1-131, Sr-89/90, Ca, and
Pasture, monthly otherwise Gamma Isotopic
Soil SOL Annually Gross Alpha, Gross Beta
and Gamma Isotopic
Surface Water SWA Monthly composite H-3 and Gamma Isotopic
Ground Water WWA Quarterly Grab H-3 and Gamma Isotopic

Note: 1) If gross beta activity is greater than the established baseline activity level gamma isotopic analysis

is performed on the individual sample
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Bottom Sediment

Bottom sediment samples are collected semi-annually from one indicator location (C)
and one control location (A). The samples are taken from water at least 2 meters deep
to prevent influence of bank erosion. A Ponar dredge is used to obtain the samples,
consisting of the uppermost layer of sediment. Each sample is placed, without
preservative, in a plastic bag and sealed Bottom sediment samples are analyzed for
gamma emitting isotopes

Shoreline Sediment

Shoreline sediment samples are collected semi-annually in the same area as bottom
sediment The samples are collected within two feet of the waters edge and consist of 2
six inch diameter by two inch deep sediment plugs. Each sample is placed in a plastic
bag ar1 sealed. Shoreline sediment samples are analyzed for gamma emitting isotopes

Wetlands Soil Samples are collected annually from 3 indicator locations (W2, W3, and
W4) and one control location (W1). Two 6 inch square soil plugs consisting of the
uppermost two-inch layer of soil are taken at each location. The samples are placed in
plastic bags and sealed Wetlands soil samples are analyzed for gross alpha, gross beta,
and gamma emitting isotopes

Airborne Pathway

Airborne Particulates

Airborne particulate samples are collected on a 47mm diameter glass fiber filter type
A/E (99 percent removal efficiency at | micron particulate) at a volumetric rate of one
and one-half cubic feet per minute at five locations. The particulate filters are collected
weekly and shipped to TIML for analyses. The filters are analyzed for gross beta
activity approximately five days after collection to allow for decay of naturally-occurring
short-lived radionuclides Quarterly composites of filters by location are
gamma-scanned and analyzed for Strontium-89 and Strontium-90. All five sample
locations are considered indicator locations (A1, A7, A8, A9, and B3) One of the
indicators (A9) is located at the community with the highest D/Q

Airborne lodine

Each airborne particulate air sampler is equipped with a charcoal cartridge in-line after
the particulate filter holder The charcoal cartridge at each location is collected at the
same time as the particulate filter and analyzed for lodine-131 within eight days after
collection



Ingestion Pathway
Milk

I'wo gallon milk samples are collected semi-monthly during the pasture season (April
through September) and monthly during the winter from one goat and one cow milk
location near the Plant (M5 and M6) and one cow milk location away from the Plant
(M7). Milk samples are shipped in ice to be received by TIML within 48 hours of
collection Analyses for lodine-131, elemental calcium, Strontium-89, Strontium-90

and gamma emitting nuclides are performed on all milk samples

Fish

['he five most abundant recreational or commercial fish species are collected
semi-annually from one indicator location (C) and one control location (A). Fish
samples are filleted and are analyzed for Strontium-89, Strontium-90 and gamma

emitting 1sotopes
Vegetation

Monthly, during the growing season, green leafy vegetation is collected from two
indicator locations (V6 and V9) and from one contro! location (V3). Vegetation
samples consist of mustard greens, turnip greens, cabbage, lettuce, and spinach The
vegetation samples are analyzed for gross alpha, gross beta, lodine-131, and by gamm..

spectrometry

Soil

Once a vear soil samples are collected from ten indicator locations (F1, F2, PR3, PR4,
f

PRS, F6, PR7, F8, F9, and PR10) and one control location (V3) To ensure only the
most recent deposition is sampled, the uppermost two-inch layer of soil is taken at each

location. Samples consist of 2 six inch square soil plugs. The litter at the surface and

the root mat is considered part of the sample. The samples are placed in plastic bags and
sealed. Each soil sample is analyzed for gross alpha, gross beta, and gamma emitting

:'w\tupc\
Direct Radiation
Ihermoluminescent Dosimetry

I'hermoluminescent Dosimetry (TLD) is eniployed to determine direct radiation levels in
and around the Callaway site. Panasonic model UD-814 TLDs sealed in plastic bags are
placed in polypropylene mesh cylindrical holders at fifty-two locations and exchanged
quarterly and annually Fifty of the fifty-two locations are indicators (2 through 33 and

.

'S through 52) and two locations are controls (1, 1a and 34)




Program Execution

The program was executed as described in the preceding section with the following
exceptions,

Surface Water

1

o

The downstream composite sampler was out of service from 01/01/96 to
01/10/96 to replace a failed sample pump

During the period of 01/27/96 to 02/10/96 the downstream composite sampler
was inoperable due to a frozen sample line

The upstream compositor sampler was out of service from 01/27/96 to 03/08/96
for replacement of a broken sample line and sample pump

From 03/19/96 to 03/28/96 the downstream composite sampler was taken out of
service for replacement of a pump hose and implementation of sampler
modifications to improve availability

Due to a break in the sample line, the downstream composite sampler was
inoperable from 05/14/96 to 05/24/96.

The downstream composite sampler was removed from service on 05/29/96
through 06/06/96 due to Missouri River conditions

The downstream sampler was taken out of service from 11/15/96 to 11/19,96
due to a plugged sample line

During the period of 12/26/96 to 12/29/96 the downstream composite sampler
was inoperable due to frozen sample line

The upstream sampler was taken out of service from 12/06/96 to 12/20/96 so
that the intake pun'n bay receiving the sampler discharge could be dewatered for
routine maintenance

While the composite samplers were inoperable, daily grab samples were taken and
composited monthly, except as noted below



Location SO2 daily grab samples were not collected from 01/08/96 to 01/10/96

due to unsafe ice conditions on the river bank at the sample location

Daily grab samples were not collected at location SO on 02/01/96 through

02/08/96 due to unsafe weather conditions
Airborne

The air particulate and airborne iodine sample results from location A8 for the
collection periods ending 08/15/96 and 09/26/96 were questionable because of

sampler power loss during the entire sampling period

Milk samples were unavailable from location M5 during the months of January,
February, March, October, November and December. Goats were not producing
milk during these months

Milk samples were unavailable from location M7 for the months of September,
October, November and December Cows were either not producing milk or
were nursing calves during these months

Green leafy vegetation was unavailable from location V3 during the month of
May due to lack of plant growth

There were no green leafy vegetation samples collected from location V3 for the
months of August, September, October, and November due to weather related
lack of plant growth or loss

No green leafy vegetation was available from location V9 during the month of
September due to dry weather cond:tions




Direct Radiation

| There was no direct radiation data from location 49 for the first quarter because
of TLD station vandalism

o

There was no direct radiation data from location 28 for the second quarter
because of TLD station vandalism

3 Annuai T1.'s from locations 24 and 28 were missing from the TLD holder
during the second quarter TLD changeout. New annual TLDs were installed at
these locations

4 The annual direct radiation data from location 15 is questionable due to the
pressence of visible moisture in all TLD elements used for dose determination

Analvtical Procedures

Analytical procedures and counting methods employed by the contractor laboratory
follow those recommended by the U S Public Health Service publication, Radioassay
Procedures for Environmental Samples, January 1967, and the U.S. Atomic Energy
Commission Health and Safety Laboratory, HASL Procedures Manual, (HASL-300),
1972

A synopsis of the routinely used analytical procedures for sample analyses is presented
below

Airborne
Gross Beta

The glass fiber filter type A/E (99 percent removal efficiency at | micron particulate), is
placed into a stainless steel planchet and counted for gross beta radioactivity using a
proportional counter

.18 -



2412 Gamma Spectrometry

Filters are composited according to location and counted using a germanium detector
coupled to a computer based, multi-channel analyzer. The resulting spectrum is
analyzed by computer and specitic nuclides, if present, identified and quantified

2413 Strontium-89 and Strontium-90

The composited filters, with stable strontium and barium carriers added, are leached in
nitric acid to bring deposits into solution. After fiitration, filtrate is reduced in volume
by evaporation. The residue is purified by adding iron and rare earth carriers and
precipitating them as hydroxides After a second strontium nitrate precipitation from
nitric acid, the nitrates are dissolved in acid again with yttrium carrier and stored for
ingrowth. The yttrium is precipitated as hydroxide and separated from strontium with
the strontium being in the supernate Each fraction is precipitated separately as an
oxalate (yttrium) and carbonate (strontium) and collected on a No. 42 (2.4 cm)
Whatman filter  The filters are counted using a low background proportional counter
and the Strontium-90 activity is calculated from the oxalate data. The Strontium-89
activity is determined by subtracting the calculated Strontium-90 activity from the
measured gross strontium activity calculated from the carbonate

2414 lodine-131

Each Charcoal cartridge is placed on the germanium detector and counted. A peak of
0.36 MeV is used to calculate the concentration at counting time The equilibrium
concentration at the end of collection is then calculated. Decay correction for the time
interval between sample collection and counting is then made

]
F
o

Direct Radiation

Direct radiation measurements are taken by UEC using Thermoluminescent Dosime® <
(TLD's) The UEC program employs the Panasonic Model UD-814 TLD and Model
UD-710A automatic dosimeter reader. Each dosimeter consists of three elements of
CaSO, Tm and one element of Li;B40;.Cu  The dosimeters are sealed in a moisture
resistant plastic bag and placed inside a polypropylene mesh cylindrical holder in the
environment  After exposure in the environment the dosimeters are read and the
exposure for the time period is determined from the CaSO, Tm elements. The
Li:B4O; Cu element is not used to determine exposure during routine operations
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Vegetation
lodine-131

A suitable aliquot of wet (as received) sample is placed into a standard calibrated
container and counted using a germanium detector coupled to a computer based,
multi-channel analyzer A peak of 0.36 MeV is used to calculate the concentration at
counting time  The equilibrium concentration at the end of collection is calculated by
decay correcting for the time interval between sample collection and counting

Gross Alpha and Gross Beta

A suitable aliquot of ashed sample is transferred to a two-inch ringed planchet. The
planchet is counted for gross alpha and gross beta activity using a proportional counter

Gamma Spectrometry

A suitable aliquot of wet (as received) sample is placed into a standard calibrated
container and specific nuclides, if present, identified and quantified using a germanium
detector coupled to a computer based, multi-channel analyzer

Milk

lodine-131

Two liters of milk containing standardized lodine carrier are stirred with anion exchange
resin for one hour. The resin is washed with NaCl and the iodine is eluted with sodium
hypochlorite lodine in the iodate form is reduced to I, and the elemental iodine
extracted into CCly, back-extracted into water, then precipitated as palladium iodide
The precipitate is counted for I-131 using a proportional counter

Strontium-89 and Strontium-90

One liter of milk containing strontium and barium carriers is passed through a
cation-exchange resin column

Strontium, barium and calcium are eluted from the cation-exchange resin with sodium
chloride solution Following dilution of the eluate, the alkaline earths are precipitated as
carbonates. The carbonates are then converted to nitrates, and strontium and barium
nitrate are precipitated The nitrate precipitate is dissolved, and barium is precipitated as
chromate, purified as chloride, and counted for Barium-140 (if required) From the
supernate, strontium is precipitated as nitrate, dissolved in w .ter and reprecipitated as
strontium nitrate. The nitrate is converted to carbonate, which is filtered, weighted to
determine strontium carrier recovery, and counted for "total radiostrontium" using a
proportional counter
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After counting total radiostrontium the second time after six to eight days, Sr-89
concentrations are calculated If the Sr-89 concentration shows a positive result, the
precipitate is dissolved, yttrium carrier added and the sample 1s stored for six to eight
davs to allow for additional vttrium ingrowth Yttrium is separated from strontium,

precipitated as yttrium oxalate and counted to determine Sr-90 concentrations

The concentration of Sr-89 is calculated as the difference between the activity for “total

radiostrontium” and the activity due to Sr-90

Gamma Spectrometry

3 5 liters or 500 ml aliquot of milk is placed in a standard counting container and specific
nuclides identified and quantified using a germanium detector coupled to a computer

based, multi-channel analyzer
Elemental Calcium

Strontium, barium, and calcium are adsorbed on cation-exchange resin, then eluted with
sodium chloride solution. An aliquot of the eluate is diluted to reduce the high sodium
ion concentration. From this diluted aliquot, calcium oxalate is precipitated, dissolved in
dilute hvdrochloric acid, and the oxalate is titrated with standardized potassium

permanganate
Surface and Ground Water
[rittum

\ 60-70 ml aliquot of water is purified by distillation, a portion of the distillate 1s
transferred to a counting vial and scintillation fluid added. The contents of the vial are

thoroughly mixed and counted in a liquid scintillation counter
Gamma Spectrometry

3 5 liters or 500 ml aliquot of water is placed in a standard counting container and

specific nuclides identified and quantified using the Method described in Section 2.4.1.2




Fish

Gross Alpha and Gross Beta

A suitable aliquot of ashed fish sampie is transferred to a two-inch ringed planchet The
planchet 1s counted for gross alpha and gross beta activity using a proportional counter

Strontium-89 and Strontium-90

A suitable aliquot of ashed sample transferred to a 250 ml beaker and strontium-yttrium
carriers added. The sample is leached in nitric acid and filtered  After filtration, filtrate
i1s reduced in volume by evaporation. The residue is purified by adding iron and rare
earth carriers and precipitating them as hydroxides After a second si.ontium nitrate
precipitation from nitric acid, the nitrates are dissolved in acid again with yttrium carrier
and stored for ingrowth of Yttrium-9C. The yttrium is precipitated as hydroxide and
separated from strontium with the strontium being in the supernate  Each fraction is
precipitated separately as an oxalate (yttrium) and carbonate (strontium) and collected
on No. 42 (2.4 cm) Whatman filter for counting using a low background proportional
counter. The Strontium-90 concentration is determined from the yttrium oxalate
counting results and the Strontium-89 concentration is calculated as the difference
between the strontium carbonate activity and the activity due to Strontium-90

Gamma Spectrometry

A suitable aliquot of prepared sample is placed in a standard calibrated container and
specific nuclides identified and quantified using a germanium detector coupled to a
computer based, multi-channel analyzer.

Bottom and Shoreline Sediment

Gamma Spectrometry

A suitable aliquot of prepared sample is placed in a standard calibrated container and
specific nuclides identified and quantified using a germanium detector coupled to a
computer based, multi-channel analyzer

Soil and Wetlands

Gross Alpha and Gross Beta

A suitable aliquot of dried sample is transferred to a two-inch ringed planchet. The
planchet is counted for gross alpha and gross beta activity using a proportional counter




Gamma Spectrometry

A suitable aliquot of prepared sample is placed in a standard calibrated container and
specific nuclides identified and quantified using a germanium detector coupled to a

computer based, multi-channel analyzer
Program Modifications

During 1996 three modifications were made to the monitoring program. The first
modification was the deletion of vegetation sampling location 6. Sampling at this
location was discontinued due to the residence being vacated,

I'he second modification involved reclassification of air sampling location A7 from a
control location to an indicator location. This change was in response to the Notice of

violation in Inspection Report 50-483/95016

I'he third change was replacement of TLD locations 1a and 34 with TLD locations 26
d

and 27 as control locations. There was no physical change made to the stations or their

locations

ISOTOPIC DETECTION LIMITS AND ACTIVITY DETERMINATIONS

A discussion of the calculations used in determining detection limits and activity by the
contractor laboratory is found in Appendix (

l'able II1 gives the required detection limits for radiological environmental sample

anaiysis. For each sample type, the table lists the detection level for each isotope




TABLE Il

DETECTION CAPABILITIES FOR RADIOLOGICAL ENVIRONMENTAL SAMPLE ANALYSIS

SOIL AND
WATER AIRBORNE FISH MILK FOOD PROBUCTS SEDIMENT
ANALYSIS (pCi/h ( i/m3) (pCi/kg wet) {(pCi/h (pCi’kg wet) (pCi/kg dry)
Gross beta 4
H-3 300
Mn-54 15 130
Fe-59 30 260
Co-58, -60 15 130
Y Zr-Nb-95 s
;I: I-131 I 0.07 i 60
Cs-134 15 0.05 136 15 60 150
Cs-137 18 0.06 150 I8 R0 180
Ba-La-140 15* 15%

NOTE: This list does not mean only these nuclides will be detected and reported. Other peaks which are measurable and identifiable together with above
nuclides, will also be identified and reported.

* Total activity, parent pius daughter activity.
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QUALITY CONTROL PROGRAM

To insure the validity of the data, the contractor laboratory maintains a quality control
(QC) program which employs quali'y control checks, with documentation, of the
analytical phase of its environmental monitoring studies. The program is defined in the
Quality Control Program, and procecures are specified in the QC Procedures Manual

The QC Program includes laboratory procedures designed to prevent
cross-contamination and ensure accuracy and precision of analyses. The quality control
checks include blind samples, duplicate samples, and spiked samples as necessary to
verify laboratory analysis activities are being maintained at a high level of accuracy

The Quality Control Program is in compliance with USNRC Regulatory Guide 4 15 and
includes appropriate control charts with specified acéeptance levels for instrument

5

source checks, background, efficiency, etc. for counting equipment
The laboratory participates in the USEPA Interlaboratory Companson Program
(crosscheck program) by analyzing radioactive samples distributed for that purpose

The results of the crosscheck program are presented in Appendix B

DATA INTERPRETATIONS

In interpreting the data, effects due to the Callaway Plant must be distinguished from
those due to other sources

One interpretation method used in assessment of those effects is the indicator-control
concept used in the design of the monitoring program. Most sample types are collected
at both indicator locations (areas potentially affected by plant operations) and control
locations (areas not affected by plant discharge) A possible plant effect would be
indicated if the radiation level at an indicator location was significantly larger than at the
control location. The difference would have to be greater than what couid be accounted

for by typical fluctuations in radiation levels arising from other sources
~

An additional interpretation method involves analysis for specific radionuclides present
in environmental samples collected around the plant site. For certain isotopes it can be
determined if the activity is the result of weapons testing or plant operations because of
the different characteristic proportions in which these isotopes appear in the fission
product mix produced by a nuclear reactor and that produced by a nuclear de n

Other means of distinguishing sources of environmental radiation that are also employed
in interpretation of the data Current radiation levels can be compared with
preoperational levels. Results can be related to those obtained in other parts of the
country Finally, results can be related to events known to have caused elevated levels
of radiation in the environment
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6.1

Analytical results for the reporting period January to December 1996 are presented in
summary form in Appendix D. For each type of analysis of each sampled medium, this
table shows the annual mean and range for all indicator locations and for all control
locations. Results for the location with the highest annual mean are also given

Discussion of the results is divided into four pathways, waterborne, airborne, ingestion,
and direct radiation. The individual samples and analyses within each category provides
an adequate means of estimating radiation dose to individuals from principal pathways
Data for individual samples are presented in tabular form in Appendix E.

Waterborne Pathway

The water pathway of exposure from Callaway Plant was evaluated by analyzing surface
water, well water, bottom sediment, shoreline s=diment and wetlands

Surface Water

Analysis of Tritium in surface water showed detectable activity in seven of the samples
collected at location SO2 with results ranging from 165 to 227 pCi/l. The mean Tritium
concentration at location SO2 was 198 pCi/liter. The LLDs for other samples ranged
from 146 to 187 pC¥/l

No gamma emitting nuclides were detected in any surface water samples

While the presence of detectable activity at the indicator location with none at the -
control location could indicate an influence from Callaway Plant, the levels measured

were barely above detectable and were within the range of preoperational background
data collected

Ground Water

In ground water samples, tritium results for all thirteen samples were below the
detection limit which ranged from 149 to 197 pCvl

No gamma emitting nuclides were detected in any ground water sample
There was no indication of plant operational effects on ground water

Bottom Sediment

Analysis of bottom sediment collected in April and October showed no plant related
gamma emitting nuclides in any of the samples
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Shoreline Sediment

Shoreline Sediment samples were collected in April and October, 1996 and analyzed for
gamma emutting 1sotopes. The shoreline sediment sample collected in April at Location
A showed Cesium-137 activity of 92 pCi/kg. There were no other gamma emitting
nuclides detected in shoreline sediment samples. Similar levels of Cesium-137 activity
due to fallout from atmospheric nuclear testing were observed in 1984, 1985, and 1987
thru 1995

Wetlands

Analysis for alpha emutters showed detectable activity in all samples, with results ranging
from 9280 to 13710 pCrkg The average sample concentration at the indicator location

was 11435 pCr/kg and at the control location was 9280 pCi/kg

I'he average gross beta activity in all wetlands samples ranged from 16615 to 2

pCrkg. The average activity at the control location was 17498 pCi/kg and at the

indicator location was 18744 pCirkg

Potassium-40 and Cesium-137 were the only gamma emitting isotopes detected
Potassium-40 was detected in all samples with results ranging from 9606 to 16590
pCvkg The average concentration for ind<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>