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INTRODUCTION

The Callaway Plant received an Operating License on
June 11, 1984. This report presents the analytical
data from the environmental monitoring programs with
appropriate interpretation for 1952 and the
environmental evaluations for plant modifications
completed during 1952.

The third section of this report summarizes and
interprets the results of the radioclogical
environmental monitoring program conducted in
accordance with Administrative Procedure APA-2Z-01003,
*OFFSITE DOSE CALCULATION MANUAL", Section 9.11.
Section four describes nonradiological environmental
monitoring and its results conducted in accordance with
Appendix B to the Callaway Plant Operating License.
The fifth section of this report describes changes in
plant design or operation, tests, and experiments made
in accordance with Section 3.1 of Appendix B of the
Callaway Plant Operating License.

This Annual Environmental Operating report is submitted
in accordance with Section €.9.1.6 of the Technical
Specifications and Appendix B to the Callaway Plant
Operating License.

CONCLUSION

The third section of this report contains all the
radiological environmental monitoring conducted in the
vicinity of the Callaway Plant during 1992. The
comparison of the results for the radiological
environmental monitoring conducted during 1982 to the
precperational data and data from previous years of
operation showed no unexpected or adverse effects from
the operation of the Callaway Plant on the environment.

There was no nonradiclogical monitoring conducted in
the vicinity of the Callaway Plant during 1952.

There were no plant modifications completed during 1552
with an unreviewed environmental guestion as shown in
section five of this report.
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Abstract

This report presents the data obtained from analysis of
environmental samples collected through the Callaway Plant
Radiological Environmental Monitoring Program (REMP) in 1992.

Evaluation of radiation levels in the environs around Union
Electric Company's (UEC) Callaway Plant has entailed 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,
f£ish, airborne particulates, airborne radiociodine, 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.
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This report presents an analysis of the result of the
REMP conducted during 19%2 for Union Electric Company,
Callaway Plant.

In compliance with federal and state regulations and in
ite concern to maintain the quality of the local
environment UEC begun its radioclogical monitoring
program in April, 1982.

The cbjectives of the REMP are to moniter potential
critical pathways of radioceffluent to man and to
determine radiological impact on the environment caused
by operation of the Callaway Plant.

The Callaway plant consists of one 123% 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 ite
closest point.

gram D

The purpose of the operational REMP at the 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 radiocactivity 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 lLaboratory (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 wnich would be expected

2
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to manifest plant effects, if any. Contrcl samples are
collected at locations which are expected to be
unaffected by plant operation.

: - e

Sample locations for the REMP are shown in Figures 1
and 2. 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 freguencies for each of the monitoring
locations are given in Table II. The collections and
analyses that comprise the program are described in the
following pages.

Identification of sample type codes used in Table I are
as follows:

Lode Sample Collected
AID Air lodine
APT Air Particulate
AQF Fish
AQS Sediment
FPL Leafy Green Vegetables
IDM TLD
MLXK Milk
SOL Seoil
SWA Surface Water
WWA Ground Water
Waterborne Pathway
Surface Water

Monthly composite samples of surface water from the
Missouri River are collected from cne indicator
location (S02) and from one contrel location (S01).
The samples are analyzed for tritium and by gamma
spectrometry.

Ground Water

Ground water samples are collected monthly from two
on-site wells (F05 and F15) and one off-site well used
for drinking water (D01). The on-site ground water
samples are collected using a manual grab sampler which
is lowered into the well. The cff-site ground water
sample is collected from a faucet after allowing the
line to flush for two minutes. Ground water samples
are analyzed for Tritium and gamma emitting nuclides.

3
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Location

—Code
A

501 ¢«

sC2

Fl

F2

Fé

F8

F9

PR3

PR4

PRS

PR7

PR1D

TABLE 1 (Cont'd.)
SAMPLING LOCATIONS

I -

4.9 mi SSE; 0.6 River Miles Upstream of
Discharge North Bank.

5.1 mi SE; 1.0 River Miles Downstream of
Discharge North Bank.

4.8 mi SE; 84 feet Upstream of Discharge
North Bank.

5.2 mi SE; 1.1 River Miles Downstream of
Discharge North Bank.

0.986
Plot

1.64
Plot

1.72
Plot

1.50
Plot

1.45
Plot

1.02
Plot

1.34
Plot

1.89
Plot

D.45
Plot

1.85%
Plot

mi §; Callaway Plant Forest Ecclogy
Fl.

mi SW; Callaway Plant Forest Ecology
48

mi NE; Callaway Plant Forest Ecology
F6.

mi NE; Callaway Plant Forest Ecclogy
FB.

mi NNW; Callaway Plant Forest Ecology
FS.

mi ESE; Callaway Plant Prairie Ecology
PR3,

mi ESE; Callaway Plant Prairie Ecology
PR4 .

mi NE; Callaway Plant Prairie Ecology
PRE.

mi NNW; Callaway Plant Prairie Ecology
PR7.

mi NNW; Callaway Plant Prairie Ecology
PR10O

12

Sample
—iYPEE

AQS , AQF

AQS,AQF

SWA

SWAR

SOL

SOL

SOL

SOL

SOL

SOL

SOL
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There were no air particulate or airborne iodine
samples from A7 for the collection period ending
08/13/92 due to a malfunction of sampling eguipment.

The air particulate and airborne iodine sample results
from location A8 for the collection period ending
11/05/92 are guestionable because the sampler power was
not on during the entire sampling period. The sampler
hour meter showed the sampler had operated for €7
hours.

Ne milk samples were available from location MSE during
the months of January, February, March, and April.
Goats were not producing during these months.

Ne milk sample was available from location Ml for the
collection period ending 05/08/92.

Vegetation

(]

bt

n

No green leafy vegetation samples were available from
location V3 during August and October due to lack of
plant growth.

There were no green leafy vegetation samples collected
from location V7 in September and October due to the
lack of plant growth.

- - Do e n

The data for the second guarter, third guarter and
annual TLD's for location 30 were lost due to vandalism
of the TLD station.

There was no direct radiation data from Location 44 for
the third guarter and annual because of vandalism to
the TLD station.

éng" 1 yf’ J ;a | Ezgggguxgs

Analytical procedures and counting methods employed by
the contractor Laboratory follow those recommended by
the U.S. Public Health Service publication, Radipassay
tal 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.

21
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2

.1 Airborne
.1.1 Gross Beta

The glass fiber filter type A/E (8% percent removal
efficiency at 1 micron particulate), is placed into a
stainless steel planchet and counted for gross beta
radicactivity using a proportional counter.

-4.1.2 GCamma Spectrometry

L8]

The filters are composited according to station and
counted using a germanium detector which is coupled to
a computer based, multi-channel analyzer. The
resulting spectrum is then analyzed by the computer and
specific nuclides, if present, identified and
guantified.

-1.3  Strontium-89 and Strontium-50

The composited filters, with stable strontium and
barium carriers added, are leached in nitric acid to
bring deposits into solution. After filtration,
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
added yttrium carrier and are stored for ingrowth
period. 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-S0 activity is
calculated from the oxalate data. The Strontium-8%
activity is determined by subtracting the previously
calculated Strontium-%0 activity from the measured
grose strontium activity calculated from the carbonate.

g 1047 <313

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 between the end of
collection period and the counting time is then made.
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&.4.3.2
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Direct Radiation

Direct radiation measurements are taken by UEC using
Thermoluminescent Dosimeters (TLD's). The UEC program
employs the Panasonic Model UD-814 TLD and Model UD-710
automatic dosimeter reader. Each dosimeter consists of
three elements of CaSO,:Tm and one element of
Li.B,0,:Cu. The dosiméters are sealed in a moisture
reiiatgnt plastic bag and placed inside a polypropylene
mesh cylindrical holder in the enviromnment. After
exposure in the environment the dosimeters are read and
the exposure for the time period is determined from the
CaS0, :Tm elements. The Li BQO :Cu element is not used
to détermine exposure duri%g rZutine operations.

Vegetation
lodine-133

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

G : Gy £

A suitable aliguot 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
gquantified using a germanium detector which is coupled
to a computer based, multi-channel analyzer.

Milk

- 2 5

Twe liters of milk containing standardized Iodine
carrier are stirred with anion exchange resin for one
hour. The resin is washed with NaCl and the iodine is
eluted with sodium hypochlorite. Iodine in the iodate

23



2.4.4.2

2.4.4.3

form is reduced to I, and the elemental iodine
extracted into CCl,, “back-extracted intc water, then
precipitated as pailadium iodide. The precipitate is
counted for I-131 using a proportional counter.

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
dissclved, and barium is precipitated as the chromate,
purified as the chloride, and then counted to determine
the Barium-140 (if required). From the supernate,
strontium is precipitated as the nitrate, dissolved in
water and reprecipitated as strontium nitrate. The
nitrate is converted to the carbonate, which is
filtered, weighted to determine strontium carrier
recovery, and counted for "total radiostrontium" using
a proportional counter.

After counting total radiostrontium the seccnd time
after six to eight days, Sr-85% concentrations are
calculated. If the Sr-89 concentration shows a
positive result, the precipitate is dissclved, yttrium
carrier added and the sample is stored for six to eight
days to allow for additional yttrium ingrowth. Yttrium
is separated from strontium, precipitated as yttrium
oxalate and counted to determine £r-%0 concentrations.

The concentration of Sr-89% is calculated as the
difference between the activity for "total
radiostrontium” and the activity due to S8r-90.

Gamma Spectirometry

3.5 litere or 500 ml aliguot of milk is placed in a
standard counting container and specific nuclides
identified and qguantified using a germanium detector

which is coupled to a computer based, multi-channel
analyzer.

24



2.4.4.4

2.

L]

4.5

4.5.1

Elemental Calcium

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

Surface and Ground Water
rrits

A 60-70 ml aliguot of the water sample is purified by
distillation, a portion of the distillate is
transferred to a counting vial and the scintillation
fluid added. The contents of the vial are thoroughly
mixed and counted in a liguid scintillation counter.

Gamma Spectromerry

3.5 liters or 500 ml aliguot of the water sample is
placed in a standard counting container and specific
nuclides identified and guantified using the Method
described in Section 2.4.1.2.

Eish

e s &

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

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 is reduced in volume by
evaporation. The residue is purified by adding iron
and rare earth carriers and precipitating them as
hydroxides. fter a second strontium nitrate
precipitation from nitric acid, the nitrates are
dissclved in acid again with added yttrium carrier and
are stored for ingrowth of Yttrium-90. 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

25
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(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-S0.

Gamma Spectrometlyy

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

; § Shoeating Sadisen
Gamma Spectromerry

A suitable aliguot of prepared sample is placed in
standard calibrated container and specific nuclides
identified and gquantified using a germanium detector
which is coupled toc & computer based, multi-channel
analyzer.

Seil W

” 2t

A suitable aliguot 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.

o 9% 8y r

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

: Modif] ,

During this year two modifications were made to the
monitoring program. The first modification involved
the addition of four wetlands soil sampling locations
in what was formally water treatment plant sludge
lagoon 1. Sludge lagcon 1 has evolved into a wetlands

26

S N RN R SN



in which Union Electric has implemented a tertiary/pelishing
treatment test program for the plant's sewage treatment
plant.

The second change involved the deletion of milk samples
collected from location M5 after the September collection.
The milk samples were discontinued due to the Farmer's
request to stop participating in the REMP milk sampling
program.

< ic 1 ion Limi ot Activity g L

A discussion of the calculations used in determining
detection limits and activity by the Contractor
Laboratory is found in Appendix C.

Table III gives the required detection limits for
radiological environmental sample analysis. For each
sample type, the table lists the detection level for
each isotope.

27
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SO1L AND
VATER ll!lt‘!t FISH MiLx FOOD PRODUCTS SEDIMENT
ANALYSIS (pts) pCrm )  Kptisvg wet)  Ap€/\) (pCi/kg wet) (pCiskg dry)
Gross bets & 0.
"3 500
Wn- 54 i5 130
Fe 59 30 260
Co-58,-60 15 130
Ir-wh-95 e
1-131 1 0.07 1 60
S; Cs 134 - 0.0% 130 15 60 150
Cs- 137 18 0.06 150 18 80 180
Ba-1a-140 e s
NOTE : This List does not mean anly these nuclides will be deterted and reported, Other peaks which are measurable and identifiable together with above

nuclides, will also be identified and reported,

- Total activity, parent plus daughter activity,



4.0 Quality Control Program

wn

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

The QC Program includes laboratory procedures designed
to prevent cross-contamination and to ensure accuracy
and precision of analyses. The quality control checks
include blind samples, duplicate samples, and spiked
samples as nzcessary to verify that 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 acceptance levels for instrument
source checks, background, efficiency, etc. for
counting eguipment.

The Laboratory participates in the USEPA
Interlaboratory Comparison Program (crosscheck program)
by analyzing radiocactive 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.

The principal interpretation method used in assessment
of those effects is the indicator-control concept
design of the monitoring program at the Callaway Plant.
Most sample types are collected at both indicator
locations {(areas potentially affected by plant
cperations) and at 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 that
at the contrcl location. The difference would have to
be greater than what could be accounted for by typical
fluctuations in radiation levels arising from other
sources.

29



An additional interpretation method involwves analysis
for specific radionuclides present in the envircnmental
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 propertions in which
these isotopes appear in the fission product mix
produced by a nuclear reactor and that produced by a
nuclear detonation.

Other means of distinguishing sources of environmental
radiation can be 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 cof radiation in the environment.

Resy) 3 D3 ,

The analytical results for the reporting period January
to December 1292 are present 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.
The location with the highest annual mean and the
results for this location are alsoc given.

The discussion c¢f the results has been divided into
four pathways:; waterborne, airborne, ingestion, and
direct radiation. The individual sanvles and analyses
within each category provides an adeg ate means of
estimating radiation dose to individuile from the
principal pathways. The data for ind.vidual samples
are presented in tabular form in Appendix E.

Waterborne Pathway

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

Surface Water

The analysis of Tritium in surface water showed
detectable activity in thirteen of twenty-four samples
with results ranging from 131.0 to 2711.0 pCi/l. The
mean Tritium concentration at the indicator location
was 381.3 pCi/liter and at the ccntrol location was
733.3 pCi/l. The LLDs for other samples ranged from
168.0 to 185.0 pCi/l. The tritium activity at the
control location is due to recirculation of the plant

30



discharge into the upstream intake Bay most likely via
the fish escape openings. The control location sample
point is located in the farthest upstream pump bay.
This condition varies depending on river flow rate and
which intake pumps are running.

There were no gamma emitting nuclides detected in any
surface water samples.

The levels of activity detected in surface water
samples during 1992 were consistent with previously
accumulated radiological environmental data and
indicate no influence from plant operations.

Ground Water

In ground water samples, tritium results for all
thirteen samples were below the detection limit which
ranged from 164.0 to 182.0 pCi/l.

There were no gamma emitting nuclides detected in any
ground water sample.

There was no indication of a plant effect on ground
water.

Bottom Sediment

The analysis of bottom sediment collected in April and
October showed positive Cesium-137 activity in cne
sample with a concentration of 87.4 pCi/kg. There were
no other gamma emitting nuclides detected in Bottom
Sediment samples. The presence of Cesium-137 in bottom
sediment exhibits a long term residual effect of
previous atmospheric nuclear tests and not an effect
from plant operations.

) 14 Sed;

Shoreline Sediment sample collections were made in
April and October, 1992 and analyzed for gamma emitting
isotopes. One shoreline sediment sample collected in
October from location C showed a positive activity of
Cesium-137 (58.4 pCi/kg). There were no gamma emitting
nuclides detected in shoreline sediment samples
ccllected in April. Similar levels of Cesium-137
activity due to fallout from atmospheric nuclear
testing were observed in 1984, 1985, 1987, 1588, 1989,
1990 and 1951.
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Wetlands

Analysis for alpha emitters showed detectable activity
in all samples, with results ranging from 8280.0 to
15750.0 pCi/kg. The average sample concentration at
the indicator location was 14786.7 pCi/kg and at the
control location was 8280.0 pCi/kg.

The average gross beta activity in all wetlands samples
ranged from 18050.0 to 248920.0 pCi/kg. The average
activity at the control location was 248%0.0 pCi/kg and
at the indicator location was 20086.7 pCi/kg.

Potassium-40 and Cesium-137 were the only gamma
emitting isotopes detected. Potassium-40 was detected
in all samples with the results ranged from 10800.0 to
18570.0 pCi/kg. The average concentration for
indicator locations was 13996.7 pCi/kg and for the
control location was 19570.0 pCi/kg.

One wetlands sample collected from location W4 showed
positive activity of Cesium-137 (295.0 pCi/kg).

The gross alpha and gross beta activity can be
attributed to naturally occurring isotopes (e.g.
Potassium-40). The Cesium-137 activity present can be
attributed to worldwide fallout from atmospheric
nuclear testing.

Airborne Pathway

The airborne pathways of exposure from Callaway Plant
were evaluated by analyzing samples of air particulate
and air iodine cartridges.

Airborne Particulate

The gross beta activity ig airborne particulate ranged
from 0.004 to 0.054 pCi/m” in all samples. The average
gross beta activity wag similar at both indicator
locatjons (0.018 pCi/m~) and control locaticn (03019
pCi/m”). The highest annual average (0.20 pCi/m~) was

measured at indicator location Al, 1.3 miles ENE of the
plant.

Gamma spectral analysis of guarterly composites of air
particulate filters showed Beryllium-7 in all samples.
The average Beryllium-7 activity for indicator 3
locations and for control locations was 0.054 pCi/m”.
The presence of Beryllium-7 can be attributed to cosmic
ray activity. No other gamma emitting isotopes of
interest were detected in the guarterly composities.
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The Strontium-8% analyses performed on the guarterly
composites showed all activities to be below the
detection limits. Strontium-%0 activity was indicated
in three of the 16 indicator iocations ccmpositg
samples. Thg activity ranged form 0.0003 pCi/m” to
0.0003 pCi/m~ with an average concentration of 0.0004
pCi/m~. The Strontium-%0 activity can be attributed co
the resuspension of Strontium-5%0 in the soil from
previous atmospheric nuclear tests by farming
activities in the vicinity of the sample location.
Strontium-9%0 was detected in the preoperational
radiological monitoring program.

L.evels and distribution of activity in the air
particulate samples are similar to the previously
accumulated data and indicate no influence from the
plant.

Airborne Jodine

Airborne Iodine-1313resu1ts were below the detection
limit of 0.07 pCi/m~ in all samples. Thus, there was
no indication of a plant effect.

ingestion Pathway

Potential ingestion pathways of exposure for Callaway
Plant were evaluated by analyzing samples of milk,
fish, vegetation, and soil,

Mil]

A total of twenty-seven analyses for Iodine-131 in milk
were performed during 1952. All samples were below the
LLD which ranged from 0.2 to 0.9 pCi/l.

Naturally occurring Potassium-40 was the only gamma
emitting isotope found in milk samples. Concentrations
ranged from $50.0C to 1980.0 pCi/l. The average
concentration for goats milk was 1775.0 pCi/l and for
cows milk was 1247.6 pCi/l.

Strontium-B8S% results were below the LLD for all
samples. The LLDs ranged from 0.4 to 2.3 pCi/l.
Strontium-%0 was detected in all milk samples averaging
5.3pCi/l for goats milk and 3.5pCi/1 for cowe milk.

The range of detectable results was 1.7 to €.% pCi/l.
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Calcium was analyzed in all milk samples with levels
ranging from 0.44 to 1.20 gm/l. The average calcium
concentration for goats milk was 0.%1 gm/1l and for
cow's milk wam 0.%2 gm/l.

In summary, the milk data for 1992 show no radiclogical
effects from plant operation. The presence of
Strontium-90 in milk samples exhibits a long range
residual effect of previous atmospheric nuclear tests.

Eish

The types of fish species collected during 1992 were:
River Carpsucker, Gizzard Shad, Channel Catfish,
Largemouth Buffalo, Freshwater Drum, and Carp.

All fish samples indicared positive Potassium-40
activity with levels ranging from 1759.0 pCi/kg-wet to
3400.0 pCi/kg-wet. The mean Potassium-40 activity was
2582.4 pCi/kg-wet for the indicator location and 2613.9
pCi/kg-wet for the control location.

No Strontium-8% activity was detected in the fish
samples collected during 1952. Strontium-%0 activity
was detected in two samples collected at location C
with mean results of 3.6 pCi/kg-wet.

Activities detected in fish samples were consistent
with the levels and fluctuations cf previously
accumulated environmental data. The Strontium-50
activity present in some samples can be attributed to
worldwide fallout from atmospheric nuclear testing. It
can be concluded that operation of the plant has had no
effect on fish samples.

Vegetation

The vegetation samples collected during 1982 consisted

of mustard greens, turnip greens, lettuce, cabbage, and
spinach.

Gross alpha activity was observed in twenty-one of
thirty-five vegetation samples with the results ranging
from 25.0 to 343.0 pCi/kg-wet. The average activity
for indicator locations was 14%.2 pCi/kg-wet and for
the control location was 234.7 pCi/kg-wet.

Gross beta activity was detected in all wvegetation
samples with results ranging from 1144.0 to 7720.0
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pCi/kg-wet. The average gross beta activity was
¢imilar at both indicator locations (4340.6 pTi/kg-wet)
and control location (431€6.% pCi/kg-wet).

Iodine-131 activity was below the detection limit in
all samples.

Naturally occurring Potassium-40 was found in all
vegetation samples. Concentrations ranged from 2020.0
to 7720.0 pCi/kg-wet and averaged 4371.0 and 4441.6
pCi/kg-wet at indicator and control locations
respectively. All other gamma emitting isotopes were
below their detection limit.

None of the vegetation sample results show
stacistically significant differences between indicator
and control locations, except for gross alpha. The
average grose alpha activity difference betwean
indicator and contreol locations is due to the limited
number of samples available at the control location
which showed activity above the detection limit. The
upper range of gross alpha activity was similar at both
indicator locations (316.0 pCi,Kg-wet) and control
location (343 pfi/Kg-wet). The levels of activity were
consistent with previously accumulated data and no
plant effect was indicated.

S0il

Gross alpha results ranged from 2159.0 to 15802.C
pCi/kg for all eleven samples. The mean activity for
indicator locations was 11734.4 pCi/kg and for the
control location was 11391.0 pCi/kg. Gross beta
activity was also detected in all eleven samples
ranging from 13027.0 to 245792.0 pCi/kg. The average
gross beta activity was 20614.2 and 2457%.0 pCi/kg at
indicator and control locations respectively.

Gamma spectral analysis of the soil samples showed
Cesium-137 and Potassium-40 in all samples. Cesium-137
results ranged from 389.0 to 1660.0 pCi/kg. The
average concentration was 1017.6 pCi/kg at the
indicator locations and 38%.0 pCi/kg at the control
location. Potassium-40 results ranged from 1600.0 to
17400.0 pCi/kg. The average concentration for
indic~tor locations was 11473.1 pCi/kg and for the
cont_~. location was 17400.0 pCi/kg.

The gross alpha and gross beta activity can be
attributed to naturally occurring isotopes {(e.g.
Potassium-40). The Cesium-127 activity present can be
attributed to worldwide fallout from atmospheric
nuclear testing. The level of activity and
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distribution pattern is very similar to previously
accumulated data and indicates no influence from the
plant.

6.4 Direct Radiation

All TLD results present in this report have been
normalized to a 90-day gquarter (standard guarter) to
eliminate the apparent differences in data caused by
variations in length of exposure period.

The range of guarterly TLD results for indicator
locations was 5.9 to 36.3 mRem/standard guarter and
15.3 to 26.0 mRem/standard quarter for control
locations. The quarterly TLD analyses yielded an
average exposure l2vel of 18.5 mRem/standard guarter at
all indicator locations and an average exposure level
of 18.2 mRem/standard quarter at all control locations.

The annual TLD results ranged from 12.5 to 22.9
mRem/standard guarter. The average exposure levels
were nearly identical at the indicator locations and
control locations (17.8 mRem/standard guarter and
16.7 mRem/standard guarter, respectively).

There was no significant difference between indicator
and control locations for the TLD's durirng 1992. The
exposure levels were consistent with previously

accumulated data and nco plant effects were indicated.
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INTRODUCTION

In accordance with Technical Specification 3.12.2,
the annual Land Use Census within a 5 mile radius of
the Callaway Plant was performed during July and
August, 1892 by the Union Electric Real Estate
Department. Observations were made in each of the 16
meteorclogical sectors of the nearest milking animals
(cows and goats), nearest residence, and the nearest
garden of greater than 50m® (500 ft*®) producing broad
leaf vegetation. This census was completed by
contacting the families identified in the.1991 census
and driving the roads within a § mile radius of the
Callaway Plant noting the location of the above-
mentioned items.

The results of the Land Use Census are presented in
Table 1 thru 3 and discussed below. In the tables,
the radial direction and mileage from the Callaway

lant containment are presented for each location.
The radial direction is one of the 16 different
compass points. The mileage was estimated from map
position for each location.

!‘:; l }; i ?a = &; iblﬂl E

Table 1 presente the locations where milking animals
were observed within the 5 mile yadius of the
- E |

13 >

¢
Callaway Plant. All milking animals, whose milk is
not used for human consumption and/or not yielcing
milk, are identified on Table 1. There were several
changes in the location and number of milking animals
cbserved during the 1%S2 census. However, none of
the changes cbserved resulted in changes to the
current milk sampling locations.

Nearest Rosgident

Table 2 presents the location of the nearest resident
to the Callaway Plant in each of the 1€
meteorclogical sectors. There were two changes in
the nearest residents noted in the 1992 census. The
changes were in the NE and ENE radial cdirectioms.

Vegetable Cardens

The locaticn of the nearest vegetable garden of
greater than 50m? producing broad leaf vegetation is
presented in Table 3. Two changee were noted in the
garden locations during the 1992 census. However,
the changes noted did not result in changes to the
current vegetable sampling locations.

)
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TABLE 1

NEAREST MILKING ANIMALS WITEIN FIVE MILES OF
TEE CALLAWAY PLANT

1992

Meteorological Radial Number Number

— Sector Mileage of Cows of Goats
NE £.70 50+ None
ENE £.87 e+ Ny g
E 3.92 S5¢ None
ESE 2.28 45% Nore
SE 2.38 100+ None
SSE <.80 1 None
£W 2.72 &« None
WNW 2.80 iB+ Nene
W 3.10 G 5

* Milk producing animals whose milk is nct used for
human consumption and/or for milk producing animals
that are not yielding milk.

** Milk from one cow is being used for human consumption.
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TABLE 2

NEAREST RESIDENCE WITEIN FIVE MILES OF THE CALLAWAY PLANT

1982

Meteoroclogical Radial
. Sector Mileage

N 1.76

NNE 2.00

NE 4.70

ENE 4.97

E 3.92

ESE 2.28

SE 2.38

SSE 2.58

g 2.64

SSw Z2.60

oW 2.57

WSW 1.35

=
(=]
o
o

WNW 2.60
NW 3.10
INwW 1.78

v
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TABLE 3

NEAREET GARDEN WITEIN FIVE MILES OF THE CALLAWAY PLANT

1992

Meteoroclogical Radial

— Sectoxr Mileage
N 1.76
NNE 2.00
NE 4.70
ENE 4.97
E 3.92¢
ESE 2.28
SE 5.00
SSE 2.50¢
s 2.4¢4
SSwW 3.3C
SwW %
WSW 1.80
W 1,82+
WNW 2.80¢
W 3.10
NNwW i1.78

In this sector there were no gardens noted within five

miles producing "broad leaf vegetation."

The distance

noted is the distance to the nearest residence.
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TABLE Bl
EPA INTERCOMPARISON STUDY RESULTS

1992
TIRL RESULTS EPE RESULTS”
TYPE DATE _ ANALYSIS 20° 15, N=l CONTROL LIMITS UNITS
WATER JAN 1982 SR-89 42.7 6.4  51.0 5.0 42.3 - 59.7 pCi/
SR-90 18.3 3.1  20.0 5.0 11.3 - 28.7 pCi/
WATER JAN 1992 PU-239 16.1 0.8  16.8 1.7 13.9 - 19.7  pCiNl
WATER3 JAN 1992 GR. ALPHA 23.7 9.2  30.0 8.0 16.1 - 43.8 pCi/)
GR. BETA 27.7 4.2  30.0 5.0 21.3 - 38.7 pCi/l
WATER FEB 1992 1-131 60.3 4.2  59.0 6.0 8.6 - 69.4 pCi/l
WATER FEB 1992 C0-60 4.3 5.0  40.0 5.0 31.3 - 48.7 pCi/)
IN-65 148.0 15.0 150.7 6.1 122.0 - 174.0 pCi/)
RU-106  188.7 28.8 203.0 20.0  168.3 - 237.7 pCi/]
CS-134 31.7 4.2  31.0 5.0 22.3 - 39.7 pCi/l
£5-137 51.0 3.4  49.0 5.0 0.3 - §7.7 pCi/l
BA-133 79.0 3.4  76.0 8.0 62.1 - 89.9 pri/l
WATER3 FEB 1992 H-3 7714.0 119.6 7904.0 790.0 6533.4 - 9274.6 pCi/
WATER MAR 1992 RA-226 9.0 0.4  10.1 1.5 7.5 - 12.7  pCi/)
RA-228 18.8 0.6  15.5 3.9 8.7 - 22.3 pCi/l
WATER MAR 1992 RN-222 0.0 0.0 0.0 0.0 0.0 - 0.0  pCiN
WATER3 MAR 1992 U 25.1 1.9  25.3 3.0 20.1 - 30.5 pCi/l
WATER4 MAR 1992 RN-222 0.0 0.0 0.0 0.0 0.0 - 0.0  pCiN©
AIR FILTER MAR 1992 GR. ALPHA 7.0 0.0 7.0 5.0 0.0 - 15.7 pCi/Filter
GR. BETA 39.3 1.6  41.0 5.0 32.3 - 49.7 pc1/ri1ter
SR-90 13.7 1.6  15.0 5.0 6.3 - 23.7 pCi/Filter
€S-137 10.0 0.0  10.0 5.0 1.3 - 18.7 pCi/Filter
WATER APR 1992 GR. ALPHA 35.7 6.1  40.0 10.0  22.7 - 57.3 pC1/1
RA-226 12.7 1.2 14.9 2.2 11.1 - 18.7 pCi/)
RA-228 14.5 2.1 14.0 3.5 7.9 - 20.1 pCi/
U 3.9 0.2 4.0 3.0 00 - 9.2  pCir
WATER APR 1952 GR. BETA 113.0 7.z  140.0 21.0  103.6 - 176.4 pCi/]
SR-89 12.3 4.2 15.0 5.0 6.3 - 23.7 pCi/l
SR-90 15.0 1.2  17.0 5.0 8.3 - 26.7 pCi/l
€0-60 61.0 4.0 56.0 5.0 47.3 - 64.7 pCi/
CS-134 24.3 1.2  24.0 5.0 15.3 - 32.7 pCi/
£s-137 26.0 2.0 22.0 5.0 13.3 - 30.7 pCiN)

Lo o]
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EPA INTERCOHPARIS?gggTUDY RESULTS

TABLE Bl (Cont.)

TIMC RESULTS EPK RESUGLTS"

TYPE DATE _ ANALYSIS _20° 15, N=l _CONTROL LIMITS UNITS
MILK APR 1992 SR-89 25.3 7.6 38.0 5.0 29.3 - 46.7 pCiN°©
SR-90 26.3 3.1 29.0 5.0 20.3 - 37.7 pCiN
1-131 78.7 9.5 78.0 8.0 64.1 - 91.9 pCi/]
€5-137 38.3 2.3 39.0 5.0 30.3 - 47.7 1{1
K 1610.0 72.1 1710.0 86.0 1560.8 - 1859.2 mg/
WATER MAY 1992 SR-B9 26.0 4.0 29.0 5.0 20.3 - 37.7  pCi/l
SR-90 6.7 1.2 8.0 5.0 0.0 - 16.7 pCi/
WATER MAY 1992 GR. ALPHA 12.3 2.1 15.0 5.0 6.3 - 23.7
GR. BETA  46.0 5.0 4.0 5.0 35.3 - 52.7
WATER JUN 1982 C0O-60 20.3 1.2 20.0 5.0 11.3 - 28.7 pCi/
IN-65 103.3 10.6 99.0 10.0 1.7 - 116.3 pCi/l
RU- 106 142.7 23.7 141.0 14.0 116.7 - 165.3 pCi/]
£S-134 14.3 2.3 15.0 5.0 6.3 - 23.7 pCi/l
CS-137 15.0 2.0 15.0 5.0 6.2 - 22.7 pCi/l
BA-133 2.7 11.0 98.0 10.0 80.7 - 115.3 pCiN
WATER JUN 1992 H-3 2153.3 144.6 2125.0 347.0 1523.0 - 2727.0 pCi/
WATER JUL 1992 RA-226 2.3 2.3 26.9 3.7 18.5 - 31.3  pCi/
RA-228 16.7 3.1 16.7 4.2 .4 - 24.0 pCi/l
WATER JuL 1982 U 3.6 0.3 4.0 3.0 0.0 - 8.2 pCi/
WATER AUG 1982 1-131 47.0 3.5 45.0 6.0 34.6 - 55.4 pCi/)
WATER AUG 1992 PU-239 8.5 0.9 8.0 0.9 7.4 - 10.6 pCi/
AIR FILTER AUG 1992 GR. ALPHA 25.7 1.2 30.0 8.0 16.1 - 83.9 pCi/Filter
GR. BETA  68.0 2.0 69.0 10.0 1.7 - 86.3 pCi/Filter
SR-90 26.0 4.0 25.0 5.0 16.3 - 33.7 pCi/Filter
CS-137 16.0 0.0 18.0 5.0 9.3 - 26.7 pCi/Fi\ter
WATER SEP 1992 SR-89 16.0 4.0 20.0 5.0 11.3 - 28.7 pCiN
SR-90 14.3 3.1 15.0 5.0 6.3 - 23.7 pCi/
WATER SEP 1992 GR. ALPHA 43.0 13.1  45.0 11.0 25.9 - 64.1 pCi/
GR. BETA 41.3 18.6 50.0 5.0 41.3 - 58.7 pCi/l
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TABLE Bl (Cont.)
EPA INTERCONPARIS?gggTUDY RESULTS

T SAMPLE  STUDY TIHL RESULTS EPK RESULTS®
TYPE DATE _ ANALYSIS 20° 1s, N=1 CONTROL LIMITS UNITS
MILK SEP 1992 SR-89 11.0 3.5 15.0 5.0 6.3 - 23.7 pCi/]
SR-90 12.7 1.2 15.0 5.0 6.3 - 23.7 pCiN
1-131 108.7 19.4 100.0 10.0 82.7 - 117.3 pCiN
Cs-137 14.0 3.5 15.0 5.0 6.3 - 23.7 pCi{e
K 1540.0 103.9 1750.0 88.0 1587.3 - 1902.7 mg/
WATER OCT 1992 C0-60 11.3 2.3 10.0 5.0 1.3 - 18.7 pCi/]
IN-65 168.7 25.0 148.0 15.0 122.0 - 174.C pCi/]
RU-106 170.1 2.3 175.0 18.0 143.8 - 206.2 pCi/l
CS-134 9.7 2.3 8.0 5.0 0.0 - 16.7 pCi/]
CS-137 9.7 1.2 8.0 5.0 0.0 - 16.7 pCi/]
BA-133 80.3 9.0 74.0 7.0 61.9 - 86.1 pCi/1
~ WATER 0CT 1992 H-3 5896.7 136.2 5962.0 596.0 4928.0 - 6996.0 pCiN
WATER OCT 1992 GR. ALPHA 24.7 5.0 29.0 7.0 16.8 - 41.1 pCi/]
RA-226 7.1 0.4 7.4 1.1 5.5 - 9.3 pCi/]
RA-228 11.5 1.0 10.0 2.5 5.7 - 14.3 pCi/]
U 8.7 0.5 10.2 3.0 5.0 - 15.4 pCiN
WATER OCT 1992 GR. BETA 42.7 8.1 3.0 10.0 35.7 - 70.3 pCiNl
SR-89 6.7 1.2 8.0 5.0 0.0 - 16.7 pCi/1l
SR-S0 10.0 2.0 10.0 5.0 1.3 - 18.7 pCi/l
C0-60 15.0 2.0 15.0 5.0 6.3 - 23.7 pCi/}
CS-134 5.7 1.2 5.0 5.0 0.0 - 13.7 pCi/]
Cs-137 8.0 2.0 8.0 5.0 0.0 - 16.7 pCiN
WATER NOV 1992 RA-226 7.5 0.8 7.5 1.1 5.6 - 9.4 pCi/l
RA-228 5.8 0.7 5.0 1.3 2.7 - 7.3 pCi/l
WATER NOV 1992 U 15.8 1.1 15.2 3.0 10.0 - 20.4 pCiNl

a Uniess otherwise indicated, the TINL resuTts are given as the mean 2
standard deviations for three determinations.

b EPA results are presented as the known value and expected laboratory
precision (1s, 1 determination) and control limits as defined by EPA.
€ See Addendum to appendix B for expianation of the reason why the sample

resuits were outside the control limits specified by EPA.
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ADDENDUM TO APPENDIX B

1982

TYPE DATE ANALYSIS EXPLANATION

WATER MAR 1682 RN-222 No Data; Special EPA Testing.

WATER4 MAR 1992 RN-222 No Data; Special EPA Testing.

MILK APR 1992 SR-89 The cause of low result is un-
known. Data was checked for
errors. The In-house sRike
sample was prepared wit
activity of Sr-89 41.0 10.0pCi
/1. results of the analysis
was 37.2 3.6 pCi/l.

MILK SEP 1982 K ACTIVITY WAS CALCULATED USING

THE WRONG VOLUME (3.5L),
INSTEAD OF 3.25 L. CORRECTION
FOR VOLUME RESULTED IN A VALUE
OF 1660.0 110.1 MG/L; WITHIN
EPA CONTROL LIMITS.
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1sotopic Detection Limits and Activity Determinations

a counting procedure cr a racdiochemical method is usually
complicated by the presence of significant background.

1+ must be considered that the packyground or klank is not a
fixed value but that a series of replicates would be
normally distributec. The desired net activity is thus the
difference between the gross sample activity and background
activity distributions,

The interpretation of this difference becomes 2 problem if

!

|

|

Making a reasonable estimate of the limits of detection for
the two distributions intersect as indicated in the diagram.
r
|
\

AN\ /1
BACKCROUND 71N \ CHOSS

| 1f 2 sufficient number ¢of replicate analyses are run, 1t 1is
tc be expected that the results would fall in 2 normal
| Gaussian distribution, In routine analysis such replicaticn
iz not carried out. Standard statistics allow an estimate
of the probability of any particular cdeviation from the mean
value. It is common practice to report the mean I one Or
two standard deviations as the final result

Anzlytical detection limits are gcverned by a2 number of
factors including:

: IS Sample Size

2. Counting Efficiency

The fundamental guality in the measurement of a
radicactive substance is the number of disintegrations
per unit time. As with most physical measurements”in
analytical chemistry, it is seldom possible tc make an
absolute measurement of the disintegration rate, but
rather, it is necessary to compare the sample with one
or more standards. The standards determine the counter
efficiency which may then be used to convert sample
counts per minute (cpm) to disintegraticns per minute
(épm) .

0
1
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Backaround Count Rate

Any counter will show a certain counting rate without a
sample in position. This background counting rate
comes from several sources: 1) natural environmental
radiation from the surroundings, 2) cosmic radiation,
and 3) the natural radicactivity in the counter
material itself. The background counting rate will
depend on the amcunts of these types of radiation and
sensitivity of the counter to the radiation.

Background and Sample Counting Time

The amount of time devoted to the counting of the
background depends on the level of activity being
measured. In general, with low level samples, this
time should be about egual to that rlevoted to counting
a2 sample.

Time Interval Between Sample Ccllection and Counting

Decay measurements are useful in identifying certain
short-lived isotopes. This disinteyration constant is
one of the basic characteristics of a specific
radionuclide and is readily determined, if the
half-life is sufficiently short.

Chemical Recovery of the Analytical Procedur

n

i

|

Most raciochemical analyses are carried out in such a
way that losses occur during the separatiocns. These
losses occur due to & large number of contaminants that
may be present and interfere during chemical
separatiens. Thus it is necessary te include a
technigue for estimating these losses in the
development of the analytical procedure.

The following method was used to determine lower limit
of detection (LLD) 25 per NRC Regulatory Cuide 4.1,
Rev. 1, "Program for Monitoring Radioactivity in the
Environs of Nuclear Fower Plants”, and the NRC Branch
Technical Position, November 157%, "An acceptable
Radiological Environmental Monitoring Program”. The
LLD is defined, for purposes of this guide, as the
smallest concentration of radicactive material in a
sample that will yield a2 net count (above system
background) that will be detected with 95%
probability with only &Y% probability of falsely
concluding that a blank cbservaticn represents a
"real" signal.



For a particular measurement system (which may
include radiochemical separation):

LLD= 4.66*°p
E*V % 222 * Y * exp (=)\dt)
WHERE :

LLD = "A prior" lower limit of detection as defined
above (as pCi per unit mass or volume).

®p = Standard deviation of the background counting
rate or of the counting i1ate cf a blank
sample as appropriate (as counts per minute).

E = Counting ef{ficiency (as counte per
disintegration).

v = Sample size (in units of mass or volume).

2.22 = Number of disintegrations per minute per
picocurie.

Y = Fractional radicchemical yield (when
applicable).

3 = Radicactive decay constant for the particular
radioisotope.

At = Elapsed time between sample collection (or

end of the sample collection period and time
of counting.

The value of ®p used in the calculation of the LLD for
particular measurement system is based on the actual
observed variance of the background counting rate, or,
of the counting rate of the blank sample, (as
appropriate), rather than on an unverified
theoretically predicated variance.

In calculating the LLD for a radionnclide determined by
gamma-ray spectrometry, the background included the
typical contributions of other nuclides normally
present in the samples.



Single Measurements

Each single measurement is reported as follows:
. X +s

where x = value of the measurement;

s = 2 counting uncertainty (corresponding to the
©5% confidence level).

In cases where the activity is found to be below the lower
limit to detection L it is reported as

<L

where L = is the lower limit of detection based on 4.66
uncertainty for a.background sample.

Duplicate Analvsis

1. Individual result: 1 + =1
X + s,
X + s
Reported result:
where x = (1/2) (xl & xZ)
_ T
8 = (1/2)\‘Sf b SZ
a “
2. Individual results: <L1
<L
b 4
Reported result <L
where L = lower of Ll and L2
3. Individual results: x + s
<L
Reported result: X * 9 if x > L;

<L otherwise

Computation of Averages and Standard Deviations

Averages and standard deviations listed in the tables
are computed from all of the individual measurements
over the period averaged; for examplie, an annuai
standard deviation would not be the average of
guarterly standard deviations. The average x and
standard deviaticon(s) of a set of n numbers xl, xz,
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xn are defined as follows:

Y =

" =X

Values below the highest lower limi' of detection are
not included in the average.

£ all of the values in the averaging group are less
than the highest LLD, the highest LID is reported.

1f all but one of the values are le~s than the highest
LLD, the single value x and associa'ed two sigma error
is reported.

In rounding off, the following rulex are followed:

1.

1f the figure following those to be retained
is less than 5, the figure is dropped, and
the retained figures are Izept unchanged. As
an example, 11.443 is rounded off to 11.44.

1f the figure following those to be reta.ned
is greather than 5, the figure is dropped,
and the last retained figure is raised by 1.
As an example, 11.446 is rounded off to
11.45.

If the figure following those to be retained
is 5, and if there are not figures other than
zeros beyond the five, th~ figure S5 is
dropped, and the last-pla~e figure retained
is increased by one if it is an off number or
it is kept unchanged if an even number. As
an example, 11.435 is rounded off to 11.44,
while 11.425 is rounded o7f to 11.42.
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APPENDIX D

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility: Callaway Plant
Location of Facility: Callaway County, Missouri
(county, state)
TYPE AND LOWER ALL INDICATOR
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS
SAMPLED OF ANALYSES DETECTION! MEAN (12
(UNIT OF MEASUREMENT) PERFORMED (LLD) RANGE
Surface Water H-3 (24) 1620 381.3 (3112)
(pCiry (161.0 - 794.0)
Gamma  (36) - - (Q/24)
Wall Water H-3 (13) 164.0 S (L)
(OCiny
Gamma ('3 - -~ (O/24)
Bottom Sadiment Gamma  (4)
(pCirkg) Cs-137 24.1 A7.4 (112)

Docket No.:  50-483

Reporting Period: 1992

LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF
ANNUAL MEAN MEAN (12 NONROUTINE
NAME MEAN (P RANGE REPORTED
DISTANCE & RANGE MEASUREMENTS
DIRECTION ____

ASmiSE; 111 733.3(10/12) 733.3 (10N12) 0
upstream of (131.0-2711.0) (131.0 - 2711.0)
discharge

NA NA - (012 0

NA NA “= (0/12) 0

NA NA -=  (0M12) 0
51miSE; 1.0mi 874 (1/2) -=  (0r2) 0

downstream
of discharge

- -



APPENDIX D (Cont.}

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility:

Location of Facility:

Docket No.:  50-483

Reporting Period: 1992

Callaway Plant

Callaway County, Missouri

(county, state)

TYPE AND LOWER ALL INDICATOR LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS ANNUIAL MEAN MEAN (12 NONROUTINE
SAMPLED OF ANALYSES DETECTION! MEAN (f? NAME MEAN (1P RANGE REPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLD) RANGE DISTANCE & RANGE MEASUREMENTS
DIRECTION
Shoreline Sediment Gamma  (4)
(pCirkq) Cs-137 30.3 584 (1/2) 51miSE;1.0mi 584 (1/2) -== (0/2) 0
downstream - -
) of discharge
o
Airborne Particulate Gross Beta (264) 0.018(212/212) 1.3 mi ENE; 0.020 (53/53) 0.019 (52/52) 0
(pCitm™) (0.004 - 0.054) Primary {0.009 - 0.054) (0.009 - 0.041)
Mateorological
Tower
Gamma  (20)
Ba-7 0.054 (16/16) 1.3 mi ENE; 0.065 (4/4) 0.054 (4/4) 0
(0.029 - 0.098) Primary (0.051 - 0.090) {0041 - 0.069)
Mataorological
Tower
Sr-89  (20) 0.0002 - (0Ne) NA NA - {(0/8) 0
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APPENDIX D (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility. Callaway Plant
Location of Facility:  Callaway County, Missouri
(county, state)
TYPE AND LOWER ALL INDICATOR
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS
SAMPLED OF ANALYSES DETECTION® MEAN (1)?
(UNIT OF MEASUREMENT) PERFORMED (LLD) RANGE
8-90  {20) 0.0001 0.0004 (3/16)
(0.0003 - 0.0007)
Airborne lodine =131 (258) 0070 -=  (0/207)
{pCiim?)
Milk 1-131 (2D 0.2 -=  (0110)
(pCin
Gamma (27)
K-40 1775.0 (10/10)
(1640.0 - 1980.0)
Sr-89  (27) 0.4 -=  {0N0)
Sr-90  (27) 1.0 5.3 (10110)
(1.7-69)

Docket No.: 50-483
Reporting Period: 1992

LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF
ANNUAL MEAN MEAN (T NONROUTINE
NAME MEAN (1@ RANGE REPORTED
DISTANCE & RANGE MEASUREMENTS
DIRECTION
1.3 mi ENE; 0.0007 (1/4) - (Or4) 0
Primary -
Meteorolngical
Tower

NA NA -~ (0I51) 0

NA NA = fonn 0
3.1 mi NW; 1775.0 (10/10) 12476 (\ 71D 0
Goats mitk (1640.0 - 1980.0) (950.0 - 1760.0)
Schneiders farm

NA NA -= {onn 0
3.1 mi NW; 5.3 (10/10) as omn 0
Goats milk (1.7-69) {(23-48)

Schnaiders tarm
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APPENDIX D (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility:

Location of Facility:

Callaway Plant

Callaway County, Missouri

(county, state)

TYPE AND LOWER ALL INDICATOR
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS
SAMPLED OF ANALYSES DETECTION! MEAN ()2
{UNIT OF MEASUREMENT) PERFORMED (L RANGE
(grams/titer) Ca 27N - 0.91 (10/10)
(0.60 - 1.08)
Fish Gamma (20)
(pCitkg - wel) K-40 2582 4 (10/10)
{(1759.0 - 3400.0)
Sr-89  (20) 25 - (0N10)
Sr-90 {20 15 36 (210
(21-50)
Vagetation Gross Aipha (35) 230 1492 (18/27)
(pCifkg - wet) (25.0 - 318.0)

Docket No.:

50-483

Reporting Period: 1992

LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF
ANNUAL MEAN MEAN (7@ NONROUTINE
NAME MEAN RANGE REPORTED
DISTANCE & RANGE MEASUREMENTS
DIRECTION ____

12.3 mi WwSW,; 09201717 0920171 0
Cows milk (0.44 - 1.20) (0.44 - 1.20)
greens farm
4 9 mi SSE; 2613.9(10/10) 2613.9 (101 0) 0
0.6 mi upstream (2237.0 - 2940.0) (2237.0 - 2940 .0)
of discharge

NA NA -~ {0110) 0
S51mSE 10m 36 (2/10) ~== (010) 0
downstream (2.1-50 -
of discharge
15.0 mi SW, 234.7 (3/B) 234.7 (¥/8) 0
Beaziey farm {(178.0 - 343.0) (178.0 - 343.0)



APPENDIX D (Cont))

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility: Callaway Plant Docket No.:  50-483
Location of Facility:  Callaway County, Missouri Reporting Period: 1992
{county, state)
TYPE AND LOWER ALL INDICATOR LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS ANNUAL MEAN MEAN (1 NONROUTINE
SAMPLED OF ANALYSES DETECTION! MEAN (f)? NAME MEAN (1@ FANGE REPORTED
(UNIT OF MEASUREMINT) PERFORMED (L) RANGE DISTANCE & RANGE MEASUREMENTS
DIRECTION _
Gross Beta (35) 43406 (27/27) 1BmiN; 4B41.6 (11/11) 4316.9 (B/8) 0
(11440 - 77200)  Meshan farm (25700 - 7720.0)  (2141.0 - 7396.0)
31 (3%) 134 - (0r29) NA NA -=  (0r22) 0
¥
o
Gamma (51)
K-40 4371.0(27127) 15.0 mi SW; 4441.6 (8/8) 4441.6 (8/8) 0
(20200 - 7720.0)  Beazley farm (24400 - 6640.0) (24400 - 6640.0)
Soil Gross Alpha (1) 11734.4 (10/10) 1.89 mi NE; 15802.0 (1/1) 11391.0 (171) 0
(pCirkg) (9159.0 - 15802.0)  Prairie ecology - s
plot PRS
Gross Beta (11) 20614 2 (10/10) 15.0 mi SW; 24579.0 (1) 24579.0 (V1) 0
(13027.0 - 24553.0) Beaziey farm i on



APPENDIX D (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility:

Location of Facility:

Callaway Plant

Callaway County, Missouri
(county, state)

TYPE AND LOWER ALL INDICATOR
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS
SAMPLED OF ANALYSES DETECTION? MEAN (2
(UNIT OF MEASUREMENT) FPERFORMED (o RANGE
Gamma  (11)
K-40 114731 (10110)
{(1600.0 - 14190.0)
Cs-137 10176 (10/10)
(425.0 - 1660 0)
Waetlands Gross Alpha (4) 14786.7 (3/3)
(pCifkg) (12950.0 - 15750.0)
Gross Beta (4) 20086.7 (3/3)

(18050.0 - 23160.0)

Docket No.:

50-483

Reporting Period: 1992

LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF

ANNUAL MEAN MEAN (1 NONROUTINE

NAME MEAN (1@ RANGE REPORTED

DISTANCE & RANGE MEASURFMENTS
DIRE

15.0 mi SW, 17400.0 (1Y) 174000 (1/1) 0

Beazley fram -- -

1.50 mi NE; 16600 (1/1) 3830 (1) 0

Forest acology - -

plot F@

0.68 mi SSE; 15750.0(1/1) 8280.0 (/1) 0

Waetlands SW - --

hank

0.61 mi SE; 24890.0 (/1) 24890.0 (1/1) 0

Watlands, - --

high ground



APPENDIX D (Cont)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility:

Callaway Plant

Location of Facility: Callaway County, Missouri
(county, state)
TYPE AND LOWER ALL INDICATOR
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS
SAMPLED OF ANALYSES DETECTION? MEAN ()
(UNIT OF MEASUREMENT) PERFORMED (Lo RANGE
Gamma (4)
K-40 13966.7 (3/3)
(10800 0 - 18000.0)
¥
~J
Cs-137 295.0 (1/3)
DIRECT RADIATION Quarterly 10 18.5 (197/197)
(mRem/Standard Quarter) TLDs (205) (9.9 - 36.3)
Annual
TLDs  (50) 10 17.8 (48/48)
(125 -22.9)

Docket No.:

50-483

Reporting Period: 1992

LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF
ANNUAL MEAN MEAN (1)? NONROUTINE
NAME MEAN (1 RANGE REPORTED
DISTANCE & RANGE MEASUREMENTS
JDIRECTION _

0.61 mi SE; 195700 (1/1) 19570.0 (1/1) 0
Watlands, - --

high ground

0.68 mi SSE; 295.0 (1/3) “=w  (O/1) 0
Watlands SW -- -

bank

4.8 mi NE; 23.8 (4/4) 18.2 (8/8) 0

City of (18.1 - 36.9) (15.3- 26.0)

Readsville

4 8 mi SE; 229 (1) 16.7 (2/2) 0

City of - (158 -17.6)

Portiand

(1) The LLDs quoted are the lowast actual LLD obtained in the various media during the reporting period. The required LLDs for radiological anvironmantal sample analysis is
ftound in Tabla lil. Where all nuclides were LLD for a specific media, no LLD was listed.
(2} Mean and range are based upon detectable measuremaents only. Fraction of detectable measurements is indicated in parentheses.
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APPENDIX E

LIST OF TABLES

No. Title Page

El Airborne Iodine-131 and Gross Beta E-2
in Air Particulate Filter

E2 Airborgﬁ Particulate, Quarterly E-4

Composites |
£2 Milk E-6 |
E4 Vegetation E-16
ES Soil E-21
E6 Wetlands Scil Samples E-23 :
E7 Surface Water E-24 s
E8 Ground Water E-30 |
ES Bottom Sediment E-33 |
E10 Shoreline Sediment E-34 1
E1l Fish €-35

Thermoluminescent Dosimetry



Definition of the term used in the data tables are as
follows:

Wet Weight A reporting unit used with organic
tissue samples such as vegetation and
animal samples in which the amount of
sample is taken to be the weight as
received from the field with no moisture
removed.

Dry Weight A reporting unit used for soil and
sediment in which the amount cf sample
is taken to be the weight of the sample
after removal of moisture by during in
an oven.

pCi/m3 A reporting unit used with air
particulate and radioiodine data which
refers to the radicactivity content
expressed in picocuries per cubic meter |
of air passed through the filter and/or |
the charcoal trap. Note that the volume ‘
is not corrected tc standard conditions. ‘

Gamma Emitters Samples were analyzed by high resclution
or (GeLi) gamma spectrometry. The

Gamma Isotopic resulting spectrum is analyzed by a
computer program which scans from about
50 to 2000 keV and liste the energy
peaks of any nuclides present in
concentrations exceeding the
sensitivity limits set for that particular
experiment.

Exrcr Terms Figuree following " + " are error terms
based on counting uncertainties at the
9% percent confidence level. Values
preceded by the "«<" symbcl were below
the stated concentration at the 9%
percent confidence level.

Sensitivity In general, all analyses meet the
sensitivity requirements of the program
as given in Table 3.1. For the few
samples that do not (because of
inadeguate sample guantities,
analytical interference, etc.) the
sensitivity actually cobtained in the
analysis is given.
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TABLE E2

AIRBORNE PARTICULATE - QUARTERLY COMPOSITES (pCi/ms)
1992

JANUARY - MARCH 1882

CA-APT-A1 CA-APT-A7 CA-APT-AB CA-APT-AS CA-APT-B3
Volume {Cubic Feet): 5572 5872 5578 8573 55717
Ana)ysis
Sr-88 <0.0002 <0.0003 <0.0002 <0.0002 «<D.0003
Sr-80 <D.0001 <0.0002 <0.0001 <0.0001 <{.0002
Be-7 0.0510 & ©0.0070 0.0410 2 0.0070 0.0380 2 ©.0070 0.0340 = 0.0050 0.0480 2 0.0100
Co-58 <0. 0008 <0. 0005 <0.0008 «<0.0006 <0.0011
Co-80 <0.0007 <0.0005 <0.0005 <0.0006 <0. 0008
ir-95 <0.0014 <0.0008 <0.0012 «0.0011 <0.0020
Cs-134 <0.0005 «0.0004 <0.0004 <0.0004 <0. 0006
Cs-137 <0. 0005 <0 .000% <0.0005 <0.0005 <0 .0008
Ba-La-140 <0.0047 <0.0043 <0.0052 «<0.0014 «<0.0078
Ce-142 <0.0023 <0.0021 «0.0036 <0.0015 <0.0051
APRIL - JUNE 1882
CA-APT-A] Ca-APT-87 CA4-APT-AB CA-APT-A8 CA-APT-B3
Volume (Cubic Feet): 5558 5564 5264 5560 5558
Analysis
$r-89 <0, 0003 <0.0007 <0.000E <0.00086 <0.0003
Sr-80 <0, 0002 <0.000D4 <D.0003 <0.0003 <0, 0002
Be-7 0.0900 = D.0210 0.DESD 2 0.0160 0.021C = 0.0080 0.0980 = 0.0220 0.0580 & 0.0120
Co-58 <0.001¢ <0.0012 <0.0012 <0.0012 <0.0014
Co-B0 <0. 0022 <0.0011 <0, 0008 <0.0008 <0.0012
Ir-85 <. 0038 <0.0026 <0.0016 <D. 0031 <(.002%
(s-134 <D.0013 <0.0010 <0.0007 <0.0011 <0. 0006
{s-137 <0.0012 <0.0010 <0.0007 <0.0D12 <0.0010
Ba-La-140 <0.D047 <0.0028 <0.002% <D, D038 «<0.0014
Ce-144 <{0. 0083 <0.0078 <0.001% <0. 0087 <0, 0028
Notes:



TABLE £2 (Cont.)
AIRBORNE PARTICULATE - QUARTERLY COMPOSITES (pCi/ns)
|
|

1982

i
f JULY - SEPTEMBER 1992
} CA-APT-A1 CA-APT-A7 CA-APT-AB CA-APT-AS Ch-APT-B3
| Volume (Cubic Feet): 5528 8137 5573 5565 5563 |
rﬁﬂ.".ﬂis |
i Sr-88 <0, 0005 <0. 0006 <0. 0006 <0. 0005 <0. 0006

$r-90 <0.0002 <0.0002 0.0003 + 0.0002 0.0003 2 0.0002 0. 0002 j
; 1
. Be-? 0.0620 = 0.0150 0.0570 & 0.0230 £.0530 ¢ 0.0160 ©.0440 2 0.0100 0.0640 = 0.0170
. Co-58 <0.0017 <0.0025 <0.0020 <0.0014 <0.0012

Co-60 <0.0007 <0 0023 <0.0016 <0001 <0.0011

Ir-8% <0.0037 <0. 0035 <0.0031 «0.0027 <0.002%

Cs-134 <0.0013 <0.0016 <0.0012 <0.0010 <0.0012

Cs-137 <0.0011 <0.0020 <0.0016 <0.0011 <0.0014

Ba-La-140 <. 0043 <0, 0047 <0.0029 <0.0030 <0.0032
’ Ce-14¢ <0.0082 <0.0120 <0.0077 <0.0084 <0.0078 |
' OCTORER - DECEMBER 1982

CA-APT-A1 CA-APT-LT CA-APT-AE CA-APT-RS CA-APT-B3

Volume [Cubic Feet): 5818 £564 5616 5602 5871
Anslysis

Sr-80 <0.000% <0.0004 <0.0003 <0.0D0& <0. 0004

$r-80 0.0007 = 0.0D03 0. 0005 <0.0003 <0.0004 <0. 0004
|
. Be-7 0.0570 ¢ 0.0180 0.0480 2 D.009S 0.0400 = 0.0110 0.0530 = 0.0082 0.0290 ¢ 0.0130

Lo-58 <0.0023 <0.0012 <0. 0016 <. 0010 <0.0021

Co-60 <0.0036 <0.D014 <0, 0015 <0.0011 <D. 0021

Ir-85 <. 0055 <0.0020 <0.0029 <0.0014 <0.0037

Ls-134 <D.0018 <0.0010 <0.001% <0.0007 <0. 0018

Cs-137 <0.0019 <0.0010 <0.0014 <0.0007 <. 0013

Be-La-140 «0.0088 <0.D033 <0.0047 <0.0035 <0.DD4E

Ce-148 <0.0100 <0. 0048 <0.0078 <D.0023 <D 00BE

Notes:
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TABLE E3

MILK (pCi/kg dry)
1992

Notes:

CA-MLK-W1 CA-MLK-M5B
Analysis (01/14/92) (01/14/92)
1-131 <0.3 ND
Sr-89 <0.5 ND
Sr-90 2.6 £ 0.5 ND
K-40 1180.0 ¢ 150.0 ND
In-65 <8.6 ND
(s-134 <4.6 ND
(s-137 <4.0 ND
Ba-lLa-140 <6.9 ND
Ca (g/1) 0.64 ND
CA-MLK-M] CA-MLE-M5E
Analysis (02/11/92) {02/11/92)
1-131 <0.2 ND
Sr-89 <0.% ND
Sr-80 3.0 2 0.6 ND
K-40 1200.0 ¢ 160.0 ND
n-65% <]13.8 ND
(s-134 <5.2 ND
Cs-137 <4.8 ND
Ba-La-140 <5.8 ND
Ca (g/1) 0.89 ND

ND = No Data. See section 2.3 for explanation.

E-6



TABLE E3 (Cont.)
MILK (pCi/kg dry)
1992

Notes:

ND = No Data. See section 2.3 for explanation.

CA-MLK-M] CA-MLK-M5B
Analysis (03/11/92) {03/11/92)
1-131 <0.2 ND
Sr-88 <0.4 ND
Sr-80 2.6 £ 0.5 ND
K-40 990.0 ¢ 130.0 ND
In-65 <]4.9 ND
(s-134 <b.2 ND
Cs-137 <7.7 ND
Ba-La-140 <6.2 ND
Ca (g/1) 1.05 ND
CA-MLK-M] CA-MLK-M5B
Analysis (04/14/92) (04/14/92)
1-131 <0.3 ND
Sr-89 <0.6 ND
Sr-80 3.8 ¢£ 0.6 ND
K-40 1080.0 ¢+ 100.0 ND
in-65 <11.8% ND
(s-134 <4.0 ND
Cs-137 <5.1 ND
Ba-La-140 <4.7 ND
Ca (g/1) 0.91 ND

E-7



TABLE E3 (Cont.)
MILK (pCi/kg dry)
1992

Notes:

CA-MLK-MI CA-MLK-M5B
Analysis (04/28/92) (04/28/92)
1-131 <0.2 ND
Sr-89 <0.6 ND
Sr-90 4.5 ¢+ 0.6 ND
K-40 1130.0 ¢ 130.0 ND
In-65 <12.0 ND
Cs-134 <3.9 ND
Cs-137 <5.2 ND
Ba-lLa-140 3.2 ND
Ca (g/1) 1.20 ND
CA-MLK-M] CA-MLK-M58
Analysis (05/12/92) (05/12/92)
1-131 <0.3 <0.3
Sr-89 <0.5 <0.5
Sr-90 4.3 ¢ 0.6 5.9 1 0.8
K-40 1210.0 + 160.0 1640.0 + 130.0
In-65 <18.1 <10.7
Cs-134 <6.8 <4.]
Cs-137 7.5 <5.2
Ba-lLa-140 <7.9 3.2
Ca (g/1) 0.88 1.08

ND = No Data. See section 2.3 for explanation.
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TABLE E3 (Cont.)
MILK (pCi/kg dry)
1992

Notes:

CA-MLK-N] CA-MLK-M5B
Analysis (05/26/92) (05/26/92)
1-131 <0.4 <0.3
Sr-89 <0.5 <0.5
Sr-90 4.0 £ 0.6 6.6 £ 0.5
K-40 1120.0 # 130.0 1830.0 ¢+ 120.0
In-65 <13.4 <16.1
Cs-134 <4.0 <5.1
Cs-137 5.3 <5.8
Ba-La-140 <4.9 <5.0
Ca (g/1) 1.05 1.04
CA-MLK-M] CA-MLK-M5B
Analysis (06/06/92) (06/06/92)
1-131 <0.4 <0.4
Sr-88 <1.7 <1.0
Sr-90 4.1 £ 1.2 6.9 ¢+ 0.8
K-40 950.0 + 170.0 1690.0 + 120.0
In-65 <15.9 <13.9
Cs-134 5.5 <4.2
Cs-137 <7.7 <7.2
Ba-la-140 <5.3 <5.4
Ca (g/1) 0.94 0.94
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TABLE £3 (Cont.)
MILK (pCi/kg dry)
1992

Notes:

CA-MLK-M] CA-MLK-M5B
Analysis (06/23/92) (06/23/982)
1-131 <0.3 <D.2
Sr-8% <1.2 <2.3
Sr-90 2.8 0.5 3.5+ 0.7
K-40 1100.0 = 110.0 1770.0 + 160.0
In-65 <10.6 <12.6
Cs-134 <4.2 <4.8
Cs-137 <3.8 <5.8
Ba-la-140 <6.0 <6.2
Ca (g/1) 1.18 0.60

CA-MLK-M] CA-MLK-M5B
Analysis (07/14/92) (07/14/82)
1-131 <0.3 <0.3
Sr-8% <D.8 <0.9
Sr-90 4.8+ 0.7 6.1 + 0.9
K-40 1160.0 + 150.0 1680.0 ¢ 190.0
In-65 <18.5 <25.5
Cs-134 <6.4 <7.3
Cs-137 <7.5% <7.1
Ba-la-140 <8.9 <10.8
Ca (g/1) 1.01 1.03
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TABLE €3 (Cont.)
MILK (pCi/kg dry)
1992

Notes:

CA-MLK-M] CA-MLK-M58
Analysis {07/28/92) (07/26/92)
1-131 <0.3 <0.4
Sr-89 <].4 <].4
Sr-80 2.3 £ 0.7 6.2 ¢+ 0.9
K-40 1300.0 ¢ 110.0 1850.0 ¢ 170.0
In-65 <13.4 <21.7
Cs-134 <5.6 <6.0
Cs-137 <4.6 <6.4
Ba-lLa-140 <6.0 <13.5
Ca (g/1) 0.93 0.85
CA-MLK-M] CA-MLK-M5E
Analysis (08/14/92) (08/14/92)
1-131 <0.3 <0.4
Sr-89 <].1 1.5
Sr-90 4.3 + 0.9 5.2 1.2
K-40 1560.0 ¢ 130.0 1980.0 ¢+ 210.0
In-65 <11.8 <25.8
Cs-134 <5.3 <7.9
Cs-137 <5.7 <B.8
Ba-La-140 <3.7 <13.0
Ca (g/1) 0.90 0.95
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TABLE E3 (Cont.)
MILK (pCi/kg dry)
1992

Notes:

CA-MLK-MT TA-MLK-M5E
Analysis (08/25/92) (08/25/92
1-131 <0.9 <0.8
Sr-89 <0.9 <1.0
Sr-90 3.9 0.8 5.1% 1.1
K-40 1760.0 ¢ 60.0 1910.0 ¢+ 70.0
In-65 <6.] <5.0
Cs-134 <2.0 <1.9
Cs-137 <2.1 <2.3
Ba-La-140 <]l1.3 <iy.]
Ca (g/1) 1.00 0.96
CA-MLK-M] CA-MLK-M5EB
Analysis (05/08/92) (09/08/92)
1-131 ND <D.6
Sr-89 ND <1.2
Sr-80 ND 1.7 £ 0.6
K-40 ND 1700.0 ¢+ 180.0
In-65 ND <21.8
(s-134 ND <6.3
Cs-137 ND <7.6
Ba-La-140 ND <]0.5
Ca (g/1) ND 0.78

ND = No Data. See section 2.3 for explanation.
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TABLE E3 (Cont.)
MILK (pCi/kg dry)
1992

Notes:

CA-MLK-M] CA-MLK-M5B
Analysis (09/21/92) (09/21/92)
1-131 <0.5 <0.4
Sr-89 <j.1 2.2
Sr-90 2.3 ¢ 0.7 5.4 ¢+ 1.1
K-40 1510.0 ¢ 160.0 1700.0 ¢+ 180.0
In-65 <21.4 <26.3
Cs-134 <7.1 1.5
Cs-137 <7.3 <7.5
Ba-lLa-140 <8.6 <10.5
Ca (g/1) 0.60 0.84
CA-MLK-M] CA-MLK-M58
Analysis (10/20/92) (10/20/82)
1-131 <0.3 ND
Sr-g8% <1.7 ND
Sr-90 2.3+ 0.8 ND
K-40 1330.0 + 160.0 ND
In-65 <12.5 ND
Cs-134 <5.4 ND
Cs-137 <5.9 ND
Ba-lLa-140 <4.1 ND
Ca (g/1) 0.44 ND

ND = No Data. See section 2.3 for explanation.
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TABLE E3 (Cont.)
MILK (pCi/kg dry)
1992

Notes:

CA-MLK-M] CA-MLK-M58
Analysis  (11710/82)  (11/10/92)
1-131 <0.2 ND
Sr-89 <0.9 ND
Sr-90 4.1 ¢+ 0.8 ND
K-40 1260.0 ¢+ 160.0 ND
In-65 <15.8 ND
Cs-134 <5.9 ND
Cs-137 <6.6 ND
Ba-lLa-140 2.3 ND
Ca (g/1) 1.01 ND
CA-MLK-M] CA-MLK-MEE
Analysis (12/08/82) (12/08/92)
1-131 <0.2 ND
Sr-8%8 <0.8 ND
Sr-90 4.5 £ 0.7 ND
K-40 1370.0 ¢ 160.0 ND
in-65 <12.3 ND
Cs-134 <4.5 ND
Cs-137 <6.1 ND
Ba-la-140 <7.6 ND
Ca (g9/1) 0.95 ND

ND = No Data. See section 2.3 for explanation.
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TABLE E4

VEGETATION (pCi/kg wet)

1992
CA-FPL-V3 CA-FPL-V3 CA-FPL-VE
MUSTARD
LETTUCE SPINACH GREENS

Analysis (06/09/92) (06/09/92) (06/08/92)
Gross Alpha <58.0 178.0 ¢ 117.0 <124.0
Gross Beta 3126.0 ¢ 130.0 7396.0 + 298.0 4489.0 ¢+ 192.0
1-131 <15.3 <21.0 <16.0
K-40 3950.0 # 317.0 6640.0 t 473.0 3980.0 t 272.0
Mn-54 <11.6 <15.8 <10.4
Co-58 <l2.7 <17.1 <]0.7
Co-60 <13.2 <19.7 <11.5
Cs-134 <}2.2 <15.4 <11.7
Cs-137 <11.7 <15.6 <10.6

CA-FPL-VE CA-FPL-Vb CA-FPL-VE

SPINACH LETTUCE CABBAGE

Analysis (06/08/92) (06/08/92) (06/08/92)
Gross Alpha 181.0 = 95.0 <46.0 25.0 £ 19.0
Gross Beta 6697.0 = 250.0 3279.0 + 125.0 1347.0 2 56.0
1-13] <19.7 <17.4 <14.8
K-40 6380.0 + 487.0 3980.0 # 363.0 2472.0 = 274.0
Mn-54 <18.3 <15.3 <13.2
Co-58 <lg.4 <15.4 <]2.4
Co-60 <23.7 <19.5 <]1.3
Cs-134 <15.3 <13.5 <9.5
Cs-137 <16.7 <14.0 <10.0
Notes:
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TABLE E4 (Cont.)

VEGETATION (pCi/kg wet)

CA-FPL-VE CA-FPL-V7 CA-FPL-VT

TURNIP MUSTARD

GREENS LETTUCE GREENS
Analysis (06/08/92) (06/08/92) (06/08/92)
Gross Alpha 237.0 = 92.0 <63.0 <53.0

Gross Beta 4519.0 ¢+ 170.0 2570.0 = 107.0 4667.0 + 136.0

1-131 <18.8 <13.8 <16.7

K-40 4221.0 ¢+ 276.0 2500.0 ¢ 220.0 5131.0 + 408.0

Mn-54 <11.8 <9.8 <14.0

Co-58 <11.7 <9.8 <15.0

Co-60 <9.2 <l2.2 <15.1

Cs-134 <§.5% <9.5 <11.5

Cs-137 <10.5 <10.3 <12.6
CA-FPL-V7 CA-FPL-V7 CA-FPL-V3

SPINACH CABBAGE LETTUCE

Analysis (06/08/92) (06/08/92) (07/14/92)

Gross Alpha 71.0 % 48.0 129.0 ¢+ 93.0 <B2.0

Gross Beta 6670.0 = 173.0 5148.0 + 238.0 5038.0 ¢+ 185.0

1-131 <20.0 <19.1 <16.7

K-40 6677.0 + 330.0 4010.0 + 312.0 4807.0 + 297.0

Mn-54 <12.5 <15.4 <14.5

Co-58 <13.4 <]4.6 <11.1

Co-60 <11.6 <15.5% <11.1

(s-134 <9.4 <13.0 <]0.8

Cs-137 <9.9 <14.1 21l.2

Notes:
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TABLE E4 (Cont.)
VEGETATION (pCi/kg wet)
1

£-17

892

CA-FPL-V3 CA-FPL-V3 CA-FPL-V3

TURNIP MUSTARD

GREENS GREENS CABBAGE
Analysis (07/14/92) (07/14/82) (07/14/92)
Gross Alpha 343.0 + 204.0 183.0 ¢+ 108.0 <45.0
Gross Beta 4626.0 + 290.0 4980.0 + 245.0 2255.0 ¢ 90.0
1-131 <25.2 <17.3 <18.6
K-40 4980.0 + 483.0 4963.0 + 458.0 3793.0 ¢ 408.C
Mn-54 <21.1 <15.6 <16.2
Co-58 <20.8 <15.6 <15.3
Co-60 <22.0 <17.9 <18.6
Cs-134 <19.4 <12.6 <13.4
Cs-137 <19.0 <14.4 <15.7

CA-FPL-VE CA-FPL-VE CA-FPL-VE

MUSTARD

GREENS CABBAGE LETTUCE
Analysis (07/13/92) (07/13/92) (07/13/92)
Gross Alpha 140.0 ¢+ 86.0 <43.0 <72.0
Gross Beta 3606.0 ¢ 171.0 2349.0 ¢ 99.0 4770.0 = 190.0
1-131 <20.4 <18.1 <31.1
K-40 4886.0 + 322.0 2320.0 ¢ 265.0 5070.0 ¢ 555.0
Mn-54 <14.3 <13.7 <20.1
Co-58 <]4.1 <14.7 <23.2
Co-60 <13.0 <14.3 <25.8
Cs-134 <l1.6 <13.6 <20.4
Cs-137 <13.2 <15.0 <21.5
Notes:



TABLE E4 (Cont.)
VEGETATION (pCi/kg wet)
]

992
CA-FPL-VE CA-FPL-V7 CA-FPL-VT
TURNIP TURNIP
GREENS CABBAGE GREENS
Analysis (07/13/92) (07/13/82) (07/13/82)
Gross Alpha 127.0 = 73.0 176.0 = 106.0 158.0 = 108.0

Gross Beta 4416.0 ¢ 179.0 4858.0 = 204.0 3960.0 ¢ 226.0

1-131 1.2 <21.1 <13.4
K-40 3830.0 + 346.0 3970.0 + 345.0 3160.0 * 239.0
Mn-54 <14.5 <15.7 <11.5
Co-58 <15.6 <16.8 <11.3
Co-60 <18.6 <l4.1 <11.6
Cs-134 <14.7 <15.9 <12.2
Cs-137 <15.8 <13.8 <10.1

1

| CAEPL-VT CAFPL-VT CA-FPL-V7

| MUSTARD

SPINACH LETTUCE GREENS

Analysis (07/13/92) (07/13/92) (07/13/92)

Gross Alpha 248.0
Gross Beta 7720.0

114.0 121.0 ¢ 63.0 137.0 = 78.0
263.0 3800.0 * 140.0 4082.0 = 176.0

4

i-131 <15.8 <20.0 <22.%
K-40 7720.0 + 401.0 3910.0 # 390.0 4010.0 + 429.0
Mn-54 <13.3 <16.3 <19.9
Co-58 <13.5 <16.9 <]8.3
Co-60 <14.2 <17.8 <21.3
(s-134 <13.2 <14.%6 <16.9
Cs-137 <13.3 <16.0 <16.6




TABLE E4 (Cont.)
VEGETATION (pCi/kg wet)

Notes:

CA-FPL-VE CA-FPL-VE CA-FPL-V7
MUSTARD

CABBAGE GREENS
Analysis (08/14/92) (08/14/92) (08/14/92)
Gross Alpha <23.0 178.0 ¢ 100.0
Gross Beta 1144.0 ¢ 53.0 7319.0 ¢ 385.0 3997.0 ¢ 183.0
1-131 <28.3 <24.2
K-40 2510.0 = 362.0 7340.0 ¢ 511.0 4460.0 + 455.0
Mn-54 <20.4 <19.3
Co-58 <18.5 <20.6
Co-60 <20.4 <19.7
(s-134 <18.8 <15.9
Cs-137 <16.7 <18.4

CA-FPL-V7 CA-TPL-V3 CA-FPL-V3

TURNIP

GREENS MUSTARD

Analysis (08/14/92) (08/08/82) (09/08/82)
Gross Alpha <173.0 <86.0
Gross Beta 5746.0 + 296.0 2141.0 # B5.0 4973.0 # 206.0
1-131 <19.2 <26.5
K-40 2840.0 + 319.0 2440.0 + 313.0 3960.0 # 471.0
Mn-54 <lé. 4 <21.4
Co-58 <16.1 <23.0
Co-60 <15.2 <22.7
Cs-134 <12.8 <18.7
Cs-137 <13.8 <20.5



TABLE €4 (Cont.)
VEGETATION épCi/kg wet)
]

82

CA-FPL-VE CA-FPL-VE CA-FPL-VE

TURNIP

GREENS CABBAGE MUSTARD
Analysis (09/07/92) (08/07/82) (10/13/92)
Gross Alpha 318.0 = 192.0 90.0 £ 3%.0 77.0 ¢ 42.0
Gross Beta 6346.0 ¢ 360.0 2116.0 = 81.0 2585.0 ¢ 108.0
1-131 «55.8 <18.3 <24.3
K-40 6650.0 ¢ 737.0 2020.0 = 281.0 4090.0 + 405.0
Mn-54 <34.0 <13.6 <17.5
Co-58 <37.8% <16.7 <16.7
Co-60 <36.2 <21.1 <16.8
(s-134 <35.3 <12.4 <16.1
Cs-137 <33.0 <13.8 <17.0

CA-FPL-Vo CA-FPL-VE

CABBAGE SPINACH
Analysis (10/13/92) {10/13/92) { )
Gross Alpha 117.0 2 54.0 155.0 ¢ 72.0

Gross Beta 3141.0 ¢ 123.0 5816.0 + 186.0

1-131 <17.4 <54.2

K-40 3050.0 ¢+ 322.0 6830.0 ¢+ B16.0
Mn-54 <14.6 <34.4

Co-58 <14.0 <43.5

Co-60 <19.5% <40.1
Cs-134 <12.5 <37.2
Cs-137 <13.5 <31.8
Notes:

£-20



TABLE E5
SOIL (pCi/kg dry)
1982

Anglysis

CA-SOL-F1

CA-SOL-F2
(12/15/82)

CA-SOL-Fe
(12/15/82)

(12/15/92)

Gross Alpha

11289.0 ¢+ 4264.0

9159.0 ¢ 3116.0

11007.0 * 3478.0

Gross Beta 22417.0 ¢ 2810.0 22374.0 z 2174.0 24553.0 t 2515.0

K-40 12900.0 ¢ 748.0 14190.0 ¢ 1122.0 13100.0 % 993.0

Mn-54 <39.4 <41.2 <55.8

Co-58 <46.5 <45.8 <62.2

Co-60 <49 .8 <50.8 <65.4

Cs-134 <58.6 <37.2 <73.2

(s-137 1080.0 ¢ 55.0 727.0 ¢ 75.0 1460.0 + 80.0
CA-SOL-F& CA-SOL-F9 CA-SOL-PRIO

Analysis (12/15/92) (12/15/82) (12/15/92)

Gross Alpha 12994.0 + 3540.0 11167.0 # 3615.0 12230.0 % 4224.0

Gross Beta 21877.0 + 2268.0 21927.0 + 2445.0 21215.0 % 2620.0

K-40 11700.0 ¢ 787.0 13690.0 # 1329.0 1600.0 = 972.0

Mn-54 <45.5% <62.0 <56.0

Co-58 <52.4 <57.7 <70.1

Co-60 <56.9 <69.2 <72.4

(s-134 <64.3 <47.1 <91.7

Cs-137 1660.0 ¢ 72.0 1134.0 ¢+ 105.0 992.0 ¢+ 70.0




TABLE £E5 (Cont.)
SOIL (pCi/kg dry)
1992

CA-SOL-PR3 CA-SOL-PR4 CA-SOL-PRS
Analysis (12/15/92) (12/15/92) (12/15/92)

Gross Alpha 9688.0 + 3353.0 14753.0 : 3458.0 15802.0 = 4393.0
Gross Beta 17287.0 ¢ 2383.0 13027.0 * 1461.0 21555.9 1 2704.0

K-40 11820.0 # 1128.0 12500.0 # 679.0 13460.0 = 1147.0

Mn-54 <56.4 <37.2 <51.3

Co-58 <57.7 <43.8 <51.0

Co-60 <63.0 <44 .0 <54.8

Cs-134 <41.0 <54.0 <40.6

Cs-137 948.0 ¢+ 86.0 661.0 ¢ 41.0 1089.0 ¢+ 83.0
CA-SOL-PR7 CA-SOL-V3

Analysis (12/15/82) (12/15/92)

Gross Alpha 9255.0 ¢+ 4009.0 11391.0 z 3841.0
Gross Beta 19910.0 + 2670.0 24579.0 = 2792.0

"

K-40 9771.0 = 962.0 17400.0 + B98.0
Mn-54 <42.6 <43.1

Co-58 <42.7 <48.9

Co-60 <46.4 <59.0
(s-134 <37.9 <57.5
Cs-137 425.0 + 59.0 389.0 ¢+ 38.0
Notes:

ND = No Data. See section 2.3 for explanation.
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TAPLE E6

WETLANDS (pCi/kg dry)
1992

Analysis

CA-SOL-W]

(12/22/82) ~ (12/22/92)

Gross Alpha

8280.0 + 3280.0

CA-SOL-W2

15660.0 + 4220.0

Notes:

Gross Beta 24890.0 + 3020.0 1905C.0 t 3020.0

K-40 19570.0 + 1830.0 13100.0 % 618.0

Mn-54 <B0.6 <33.8

Co-58 <74.8 <38.2

Co-60 <91.5 <40.8

Cs-134 <58.2 <48.7

Cs-137 <97.5 <31.1
CA-SOL-W3 CA-SOL -W4

Analysis (12/22/%2) (12/22/92)

Gross Alpha 12950.0 + 4380.0 15750.0 ¢ 4160.0

Gross Beta 18050.0 ¢+ 2870.0 23160.0 * 2690.0

K-40 10800.0 ¢+ B811.0 18000.0 ¢+ 1180.0

Mn-54 <47.2 <60.7

Co-58 <52.3 <6%9.8

Co-60 <57.6 <77.3

Cs-134 <67.6 <74.0

Cs-137 <47 .4 295.0 # 47.0

£-23



TABLE E7

SURFACE WATER (pCi/)
il (pCi/7)

Notes:

ND = No Data. See section 2.3 for explanation.

CA-SWA-S0T TA-SWA-S0Z
Analysis (01/14/92) (01/14/92)
H-3 <180.0 <180.0
Mn-54 7.1 <7.2
Fe-59 <15.8 <16.3
Co-58 <7.4 <7.2
Co-60 <B.7 <7.6
Ir-Nb-95 <i4.0 <13.6
Cs-134 <6.8 <6.2
(s-137 <7.2 <6.2
Ba-La-140 <15.0 <l4.1
‘ CA-SWA-SUT LA-SWA-SUZ
Analysis (02/11/82) (02/11/92)
H-3 .0 ¢ 92.0 161.0 ¢ 65.0
Mn-54 <6.7 <5.2
Fe-59 <]19.1 <13.5
Co-58 <7.3 <7.5
Co-60 <9.1 <7.3
Ir-Nb-95 <]13.9 <]0.8
(s-134 <6.] <5.1
Cs-137 <7.3 <6.3
Ba-La-140 <7.9 <8.0
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TABLE E7 (Cont.)
SURFACE WATER (pCi/1)
Yooz P

CA-SWA-SU1 TA-SWA-S0Z
Analysis (03/11/92) (03/11/92)
H-3 <182.0 <182.0
Mn-54 <6.6 <6.4
Fe-59 <14.9 <11.7
Co-58 <6.0 <5.8
Co-60 <8.6 <7.5
Ir-Nb-95 <11.2 <10.6
Cs-134 <5.6 <6.3
Cs-137 <6.4 <6.1
Ba-La-140 <9.0 <6.7
_ TA-SWA-SUI TA-SWA-S07
Analysis (04/14/92) (04/14/92)
H-3 + 80.0 <170.0
Mn-54 <5.7 <6.6
Fe-59 <12.6 <10 2
Co-58 <6.6 7.1
Co-60 <6.7 <6.5
Zr-Nb-95 <11.4 <]1.5
(s-134 <6.6 <5.7
(s-137 <6.6 <5.8
Ba-lLa-140 <B.4 <9.4
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ND = No Data. See section 2.3 for explanation.



TABLE E7 (Cont.)
SURFACE WATER (pCi/1
o (pCi/1)

TRA-SWA-SU01 — CA-SWA-S07Z
Analysis (05/12/92) (05/12/92)
H-3 248.0 ¢ 94.0 <169.0
Mn-54 <7.0 <5.3
Fe-59 <1}5.1 <7.4
Co-58 <6.3 <4.5
Co-60 <6.6 <4.7
Ir-Nb-95 <]1.9 <7.9
Cs-134 <5.9 <3.7
(s-137 <7.1 <5.7
Ba-1a-140 <B.4 <4.0
. CA-SWA-SUT CA-SWA-S02
Analysis (06/09/92) (06/09/92)
H-3 378.0 ¢ 99.0 <171.0
Mn-54 <4.5 <4.8
Fe-59 <]3.8 <11.1
Co-58 <5.4 <5.2
Co-60 <4.0 <4 .8
Zr-Nb-85 <9.4 <8 9
(s-134 <5.4 <5.4
(s-137 <4.6 <4.]
Ba-La-140 <]3.0 <14.1

tes:
ND = No Data. See section 2.3 for explanation.
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TABLE E7 (Cont.)
SURFACE WATER (pCi/1
T (pCi/1)

CTA-SRA-SUI LA-SWA-507Z
Analysis (07/14/92) (07/14/92)
H-3 560.0 ¢+ 106.0 <l72.0
Mn-54 <].8 <2.1
Fe-59 <7.0 <6.7
Co-58 <2.4 <2.0
Co-60 <l.7 <1.6
Zr-Nb-95 <3.8 <4.3
Cs-134 <1.4 <1.5
Cs-137 <].8 <].4
Ba-lLa-140 <12.7 <9.8
: CR-SWA-501 CA-SWA-SD?Z
Analys®; (0B/14/92) (08/14/92)
H-3 131.0 ¢ 95.0 <181.0
Mn-54 <6.5 <5.6
Fe-59 <13.3 <11.5
Co-58 <6.3 <6.5
Co-60 7.1 <5.6
Ir-Nb-95 <11.8 <10.5
(s-134 <6.4 <6.2
{s-137 <6.5 <5.%
Ba-la-140 <9.9 <9.4

£-27

tes:
= No Data. See section 2.3 for explanation.
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SECTION 4.0

NONRADIOLOGICAL
ENVIRONMENTAL MONITORING
















SECTION 5.0

PLANT MODIFICATION
ENVIRONMENTAL EVALUATION































