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Introduction

This report presents an analysis of the results of the
REMP conducted during 1991 for Union Electric Company,
Callaway Plant.

In compliance with federal and state regulations and in its
concern to maintain the guality of the local environmeny
UEC began its radiological monitoring program in April,
1982.

The cbjectives of the REMP are to monitor potential critical
pathways of radiceffluent to man and to determine
radiclogical impact on the environment caused by operation
>f the Callaway Plant.

The Callaway plant consists of one 1239 MWe pressurized
water reactor, which achieved initial criticality on Oc¢tober
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.

Progzxam Degign

The purpose ot the operaticnal REMP at the Callaway Flant is
to assess the impact of plant operation on the environment.
For this purpose samples are collected from waterborne,
airborna, 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, eurface water, groundwater, shoreline sediment,
bottom sediment, soil, fish, vegetation, airborne
particulate, airborne radioiodine and direct radiation
(TLD) .,

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

Envircunental 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. Contrecl samples were collected at
lecations which are expect=d to be unaffected by plant
cperation.

N



2.2 Program Description

2
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Samyle 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 locaticns, 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 Tuble I are as
follows:

Code Sample Collected
AIC Air lodine

APT Air Particulate
AQF Fish

AQS Sediment

FPL Leafy Green Vegetables
IDM TLD

MLK Milk

SOL Soil

WA Surface Water
WWA Ground Water
Waterborne Pathway

Surface Watex

Monthly cumpcsite samples of surface water from the
Missouri Rivir are collected from one indicator
location (802) and from one control location (801).
The samples are analyzed for gross alpha, gross beta,
tritium, Strentium-89%, Strontium-90, and by gamma
spectrometry.

Ground Water

Ground water samples are collected monthly from two
on-site wells (F0S5 and F15) and cone off-s.ite well used
for drinking water (DC1). The on-site ground water
samples are collected using a manual grab sampler which
is lowered into the well. The off-site ground water
sample is collected from a faucet after allowiug the
line te flush for two minutes. Cround water samples
are analyzed for gross alpha, gross beta, Tritium,
Strontium-8%, Strontium-50, and gamma emitting
nuclides.



e

1 Jwfihe

B Ourieany S
AIYNDOCNCIGY .

invYd Avmyiivd
G5 DIHAD3 N3 NOWIN

TSR EN TR NER TS AN 3RS N . WS,

e e el o8

- SRS Beind TN P
————— 0 G v B o -
R i

SUORTIO, OIS se

BB T e ——

- —— U ———

a4

[+




IR T= TRy qeeme.) Fe P e -y

5

COUNTY

>\/_\" 45%

Y STEEDMAN'

2000 0 2000
e —

&
{
!

-
o

UNION ELECTRIC CO

CALLAWAY PLANT J

RADICLOGICAL 1
SAMPLING NETWORK

s iz M
rlogw®o i




Location
gode.

Ae*

4.E3

S,Al

10

i1

12

13

I Tey —

SAMPLING LOCATIONS

Sample
~Rescxiption —tYReR
13 mi NW, City Limits of Fulton on Hwy Z,
0.8 mi East of Business 54. IDM
6.6 mi NW; County Road 111, 0.6 mi South of
Hwy UU, Callaway Electric Cooperative Utility
Pole No. 17571. IDM
1.3 mi NW; 0.1 mi West of Hwy CC on Gravel
Road, 0.8 mi South Hwy 0, Callaway Electric
Cooperative Utility Pole No. 18559. IDM
1.3 mi N;0.3 mi Bast of the O and CC Junction,
Callaway Electric Cooperative Utility Pole
No. 18852. IDYM APT,AIQ
1.3 mi ENE; Primary Meteorological Tower. IDM,APT,ALD
2.0 mi W; County Road 428, 1.2 mi West of
Hwy CC, Callaway Electric Cooperative Utility
Pole No. 18609, IDM
1.3 mi 8; County Road 45%, 2.6 mi No-th of
Hwy 94, Callaway Electric Cooperative Utility
Pole No. 35097 IDM
2.9 mi 8; County Road 45%, 1.4 mi North of
Hwy 94, Callaway Electrical Cocperative
Utility Pole No. 06823. IDM

3.7 mi S; NW Side of the County Road 459
and 94 Junction, Callaway Electric Cooperative

Utility

Pole No. 06754. IDM

4.0 mi SSE; Hwy %4, 1.8 mi East of County Road
459, Callaway Electric Cooperative Utility

Pcle No.

1e.82. IDM

4.8 mi 3B; City of Portland, Callaway Electric.
Cooperative Utility Pcle No. 12112, IDM

5.3 mi SE; Hwy 94, 0.6 mi South of Hwy D,

Ucilicy

Pole on East side on Hwy. IDM

S.6 mi ESE; Rwy S4 0.78 mi East of Hwy D,

Kingdom

Telephone Pole No. 2X1. IDM

&



TABLE 1 (Cont'd.)
SAMPLING LOCATIONS
a Location Sample
Code Degcription BRI " o] T
14 .0 mi ESE; SE Side of Intersection D and 94,

Callaway Electric Cooperative Utility Pole
No. 11940. IDM

15 4.2 mi ESE; Hwy D, 2.5 mi North of Hwy 954,
P Cal.away Electric Cooperative Utility
E Pole No. 27379, IDM

i 1€ 4.1 mi ENE; Hwy D, 3.6 mi North of Hwy 94,
f Callaway Electric Cooperative Utility Pole
j No. 12976. IDM

f 17 4.0 mi E; County Road 4053, 0.3 mi East of
idwy 94, Kingdom Telephone Company Pole
t No. 3Xi2. IDM

18 3.8 mi ENE; Hwy D, 0.4 mi South of O,
Callaway Electric Cooperative Utility
PFole No. 129572. iDbM

19 4.2 mi NE; HHlwy D, 0.3 mi North of Hwy 0,
Callaway Electric Cooperative Utility
Pole No. 12918, IDM

Rl R R et I

20 4.8 mi WB; City of Readsville, Callaway
Electric Coroperative Utility Pole No.
12830, IDM

23 4.0 mi NNE; County Road 155, 1.% mi North of
Hwy 0, Callaway Electric Cooperative Utility
Pecle No, 19100, IDM

22 2.5 mi NNE; County Road 150, 0.5 mi North
of Hwy 0, Callaway Electric Cocperative
Utility Pole No. 19002.

23 €.7 mi NNE; City of Yucation, Callaway
Electric Cooperative Utility Pole No. 12670 IDM

e T D Ly e e o = L IN.

24 7.0 mi NE; County Road 181, 2.1 mi North
of Hwy K, Callaway Elzxctric Cooperative
Utility Pole No. 12498. IDM

R S S e T e e

| 25 8.7 mi E; County Road 289, 0.3 mi South
! of County Road 287, Callaway Electric
Ccoperative Utility Pole No, 112985, IDM

hﬁf
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it TABLE I (Cont'd.)

Location Sampls

——le DRescription - -

26 12.1 mi E; Town of Americus, Callaway IDM

Eiectric Cooperative Utility Pole No. 11159,

27 9.5 mi ESE; Town of Bluffton, Callaway
- Electric Cooperative Utility Pole No. 114%6. IDM
£
ol 28 3.3 mi SE; County Road 46%, 2.0 mi North of
w ‘ Hwy 94, Callaway Electric Cooperative Utility
i) Pole No. 068%6, IDM
i 25 2.7 mi SSW; County Road 448, 1.2 mi North of
- County Road 459, Callaway Electric Cooperative
: Utility Pole No. 068%51. IDM
e
: 30 4.6 mi SSE: W side of County Road 447 and
: 462 Junctiln, Kingdom Telephone Company
4 Pole No. 2Kl. 1DM
3 31 7.6 Mi SW; City of Mokane, Callaway Electric
,_ Cocperative Utility Pole No. 06038. IDM
Haly 3z 5.4 mi WSW; Hwy VV, 0.6 mi West of County
e Road 447, Callaway Electric Cooperative
. Utilicy Pole No. 27031. IDM
] Kk 7.3 mi W; City of Hams Prairie, SE of Hwy C
b and AD Junction. IDM
:
k 34 $.7 mi WNW; NE Side of Hwy C and County Road
R 408 Junction. IDM
]
E 38 5.8 mi NNW; City of Toledo, Callaway Flectric
%ﬁ Cooperative Utility Pole No. 17684, 1DM
B 36 £.2 mi N; County Road 155, 0.8 mi South of
; County Road 132, Callaway Electric Cooperative
i; Utility Poac No., 19137, 1DM
5 a7 0.7 mi S8W; County Road 459, 0.2 mi South
# of HMwy CC, Callaway Electric Cooperative
s tility Pole No. 38077, 1DM
A
i
F
: B
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40

A1

42

43

@b

45

46

47

48

45

TABLE 1 (Cont'd.)

| A

R i T ] T

SAMPLING LOCATIONS
Sample
Descripticn —Jypes
4.8 mi NNW; County Road 133, 1.5 mi South
of HAwy UU, Callaway Electric Cooperative
Utility Pole No. 34708, 1DM
5.4 mi NW; County Road 112, 0.7 mi East
of County Road 111, Callaway Electric
Cooperative Utility Pole No. 178516. IDM
4.2 mi WNW; NE Side of County Road 112
and Hwy 0, Callaway Electric Cooperative
Utility Pole No. 06326, IDM
4.8 mi W; Hwy AD, 2.8 mi Bast of Hwy C,
Callaway Electric Cooperative Utility
Pole No. 18239, IDM
4.4 mi SW; County Road 447, 2.6 mi North
of County Road 463, Callaway Electric
Cooperative Utility Pole No, 0€326. IDM
0.5 mi SW; County Road 45%, 0.7 mi South
of Hwy OC, Callaway Electric Cooperative
Utility Pole No. 35073. IDM
1.7 mi WSW; Hwy CC, 1.0 mi South of County
Road 459, Callaway Electric Cooperative
Utility Pole No. 18769. IDM
1.0 mi WNW; County Road 428, 0.1 mi West
of Hwy CC, Callaway Electric Cooperative
Utility Pcle No. 18%580. IDM
1.5 mi NNW; NE Side of Hwy CC and County
Road 466 Intersection, Callaway Elactric
Cooperative Utility Pole No. 28242. IDM
0.9 mi NNE; County Road 438, 0.% mi South
of Hwy 0, Callaway Electric Cooperative
Utility Pole No. 281851. IDM
0.4 mi NE; County Road 448, 1.5 mi South
of Hwy O, Plant Security 8Sign Post. IDM
1.7 mi E; County Road 448, Callaway Electric
Cooperative Utility Pole No. 0695%, Reform
Wildlife Management Farking Area. IDM

0
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Location
.‘*m_
S0l

802

Fé

FB

FS

PR3

PR4

TABLE 1 (Cont'd.)
SAMPLING LOCAT.ONS

Rescription

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

E.2 mi SE; 1,1 River Miles Downstream of
Discharge North Bank.

0.98
Plot

1.64
Plot

AT i
Plot

1'50
Plot

1.48
Plot

.02
Plot

1.34
Plot

1.88
Plot

C.45
Plot

1.58
Plot

mi 8; Callaway Plant Forsst Ecology
Fl.

mi SW; Callaway Plant Forest Ecology
TR

mi NE; Callaway Plant Forest Ecology
Fé.

mi NE; Callaway Plant Forest Ecology
F8.

mi NNW; Callaway Plant Forest Ecology
F9.

mi ESE; Callaway Plant Prairie Ecology
PR3,

mi ESE; Callaway Plant Prairie Ecclogy
PR4.

mi NE; Callaway Plant Prairie Ecology
PRE.

mi NNW; Callaway Plant Prairie Ecology
PR7.

mi NNW; Callaway Plant Prairie Jcology
PR10O

Sample

SWA

SWA

SOL

SOL

SOL

SOL

SOL

SOL

SCL

SOL

SOL

SOL

*All distances are measured from the center line of the reactor
**Contros locations
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JABLE 11
COLLECTION SCHEDULE
Air Air Vall Surtace

Collection Site _Particulates _Radiciodine ~ Vater uater Sediernt Fish ®ilk
Al, Primary Metrorological - u
Tower
A7, €. Bartiey Farm W W
A8, County Rd. 448, £.9 miles w w
South of Nwy O
A9, Commur.ity of Reform W -
B3, 0.6 miles East of O and
€C Junctrion “ W
D01, Holzhcuser Grocery Q
Store/Tavern
FOS, Onsite Groundwater G
Monitoring Well
F15, OGnsite Grountduater ]
Monitoring Nell
R, Green’s farm SM/M
MS  Schneider Farm swy”

Q@=Quarterly Woldeekiy M-Monthly SM/M=Semi Monthly when rows are on Pasture, Monthly othersuise A=Annually SA = Semi Armually
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TABLE 11 (Cont’d.)

,s Air Air vell  Surface e
| —Collection Site _Particuleres ~  Radiciodine  Water  Mater  Sediment  fish  Wilk  vegetation  Seil e
. f
i' A8
' VE, Beaziey Farm ” A A.]
» V&, Becker Farm L 1
1
. V7, Mechan farm L
; A,0.6 River miles Upstream SA SA ]
of Discharge North Bank 4
;. £,1.0 River miles Downstream :
E of Bischarge Nerth Bank A SA
501, 84 feet Upstream
s of Discharge North Bank ~
: S82, 1.1 River miles Downstream
of Discharge North Bank L]
Fi, Callias=say Plant Forest A ']
tcology plot F1
F2, Caltaway Plant Fforest
Ecalogy Plet F2 »
‘ @=Quarterly Weleekly MeoMonthly SM/M=-Semi Monthly when cows are on Pasture, Monthiy otherw'se A-Annualily SA = Semi Annuaily
i
i
) :
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Thermoluminescent Dosimetry (TLD) are employed to
determine uirect radiation levels in and around the
Ca'lavay site. Panasonic model UD-814 TLD's sea’ed in
p itic bags are placed in poliypropylene mesh

¢, .indrical holders at f.fty two locations and
exchanged guarterly and annually. Fifty of the fifty
two locations are indicators (& through 33 and 3%
through $2) and two locations are controls (1 and 34).

Erogram Execution

The proegram was executed as described in the preceding
section with the following exceptions;

1. No milk samples were available from location M5 during
the monthe of January, February, M. “h, and April.
Goate were not producing during the nonths.

2. The well water samples from locations FO5 and F15 were
not collected in January due to 1loss of the well
sampler in one of the wells.

3. The downstream frurface water composite sampler (8502)
wag inoperable from 12/19/90 to 02/12/%1 due to a
frozen sample line. Daily grab samples were taken
while the composite sampler was out of service.

4. The air particulate and airborne iodine sample
results from location A7 for the collection period
ending 01/17/91 are questionable because the
sampler flow rate was below the required 1.5 CFM when
the sample wag collected,

8 Fish samples from location A and T were not collected
during January because of adverse river and weather

conditions.

6. There was no direct radiation data i1rom Locaticn 0 for
the firgt guarter because of vandalism to the TLD
station.

e The downstream gurface water compotite sampler (802)
was inoperable from 05/'4/%1 to C7/05/981 due to a
gilted over ¢ .pler inlet and a failed pump. Dai.iy
grab samples >re taken while the ccmposite sampler was
out of servic..

17

e A, R N R . R R R O R R P G R R R R R R R R I I R N R R R R N R e ey o SRy L S S SRR R O NTEA



x 8.
9.
] 10.
:
.
L. 5
|
]‘
| 12,
l
t
5
) 13.
!
B
j
|
)
|
2.4.1

|

F 2.4.1.1
5

I

|

]

|

The air particulate and airborne lodine sample results
from location A8 for the collection fcr;odn ending
07/18/91 and 07/25/91 are guestionable because the
aamflcr power wag not on during the entire sampling
period. The sampler hour meter showed the sampler had
operated for 35 hours and 141 hours, respectively.

The upstream surface water composite sampler (801) was
inoperable from 07/09/%1 to 08/13/91 due to a
malfunccion of the na??ling equipment. Daily grab

samples were taken while the composite sampler was out
of service.

There were no air particulate or a.rborne iodine
samples from Al for the co'lection period ending
10/16/91 due to a malfunction of sampling eaquipment.

No green leafy vegetation samples were available from
location Vé and V7 during Septembey due to lack of
plant growth.

The upstream surface water composite sampler (801) was
out of service from 10/08/91 to 11/21/91. Daily grab
samples were taken while the composite sampler was
inopevable.

The data for the annual TLD's for locations 11 and 30
wag lost due to vandalism of the TL station,

Analysical Frocedures

Analytical procedures and counting methodes employed by
the contractor Laboratory follow those recommendes by
the U.S. Public Health Service publication, Radic.ssay

: \Le8 , January 1967; and
the U.8, Atomic ¥nergy Commission health and Safety

Laporatory, HASL Procedures Manual., (HASL-300), 1872,

A synopsis ©f the routinely used analytical procedures
for sample analyses is presented belcw.

Aizhorve

Rross Beta

The glass fiber filter type A/E (9% percent removal
efficiency at * micron particulate), is placed into a

stainless steel planchet and courted for gross beta
radicactivity using a proportional counter.

18
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2.4.4.3

20"4.4

P P ——————

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

column.

Strontium, barium and calcium are eluted from the
cation-exchange resin with sodium chloride solution.
Following dilution of the eluate, the alkaline earths
The carbonates are
then converted to nitrates, and strontium and barium

are precipitated as carbonates.

nitrate are precipitated.

The nitrate precipitate is

diesolved, and barium is precipitated as the chromate,
purified as the chioride, and then counted to determine
From the supernate,
strontium is precipitated as the nitrate, diseolved in

the Barium-140 (if required).

water and reprecipitated as strontium nitrate.

nitrate ig converted to the carbonate,
filtered, weighted to determine strontium carrier

recovery, and counted for "total radiostrontium® using
a proportional counter.

The

which is

After counting total radiostrontium the second time
after six to eight days, Sr-89 concentrationg are

calculated.

If the Sy-89 concentration ghows a

positive result, the preci,itate is dissolved, yttrium
carrier added and the sample is stored for six to eight

days to allow for additional yttrium ingrowth.

Yrtraium

is reparated from strontium, precipitated as yttrium
oxalate and counted to determine Sr-%0 concentrations.

The concentraticon of Syr-89 is calculated ag the
difference between the activity for "total

radicstrontium® and the activity due to Sr-90.

gamma Spectior eLxy

3.5 liters or 500 ml aliguat of milk is placed in a
gtandard counting container and specific nuclidzs
identified and gquantified using a germanium detuctor
which is coupled to a computer based, multi-channel

analyzer.

Eiemental Calclum

barium, and calcium are abscorbed on the

Strontium,

cation-exchange resin,

solution.

reduce the high sodium ion concentraticn,

then ~luted with sodium chloride

An aligquot of the eluate is diluted to

From this

diluted aliguot, calcium oxalate i# preclpitated,
dissolved ir dilute hydrochloric acid, and the oxalate
ig titrated with standardized potassium permaganate.
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Groes Alpha and Gross Beta

: A suitable aliquot of asghed fish sample i transferred
to a two-inch ringed planchet. The planchet is counted

i for grose alpha and gross beta activity using a

= proportional counter.

2.4.6.2  gtrontium:-8§9 and fStrontium-90

A suitable aliguol 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 |
h and rare earth carriers and precipitating them as |
| hydroxides. After a second strontium nitrate
f precipitation from nitric acid, the nitrates are :
| dissclved in acid again with added yttrium carrier and
are stored for ingrowth or Yttrium-50. 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 (stroatium) and collected on -
No. 42 (2.1 om) Whatman filter for counting using a low |
background proportional counter. Tre Strontium-$0 I
concentration is determined from the yttrium oxalate
counting results and the Strontium-8% concentration is
calculated as the difference between the strontium
carbonate activity &nd the activity due to
Strontium-90.

2.4.€.3 Gamma Spectrometry

| A suitable aliguot of prepared sample is placed in
gtandard calibrated container and specific nuclides
identifiea and gquantified using a germanium detecter
which ig coupled to a computer based, multi-.channel
analyzer.

2.4.7 Bottom and Shoreline Sediment
," 2.4.7.1 Gross Alpha and Gross Beta

5 A pnitable aliquot of ashed sanple is transferyad to a
‘ two-inch ringed planchet. The planchet is courred for
gross alpha and gross beta activity using a 0 “
proposticonal counter. $

J e A ™ il

23

e e ™ e i i e e e e A e e e e i o . r—— P —— T




ey £ — o S
= =TT

e e S e B

2.4.7.2

2.4.7.3

2

% ]

Stxoptium-65 and Strontium-30

A suitable aliquot of ashed sample transferred to a 250
ml beaker and Strontium-Yttrium carriers >dded. The
sample is leached in nitric acid and {.itered. 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
procigitation from nitric acid, the nitrates are
dissolved in acid again with added yttrium carrier and
are stored for ingrowth of Yttrium-%0. The yttrium ig
precipitated as hydroxide and separated from strontium
with the strontium being in the supernate. Each
ssaction is precipitated separately as an oxalate
(yttrium) and carbonate (strontium) and collected on
No, 42 (2.4 com) Whatman filter for counting using a low
background proportional counter. The Strontium-%0
concentration ie determined from the yttrium oxalate
cousting results and the Strontium-89 concentration is
calculated as the difference between the strontium
carbonate activity and the activity due to
Strontium-90,

Lamma Spectromelry

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

Exooram Modifications

During March of this year several modifications
were made to the monitoring program. These changes
resu_ted fi1om the National Po)lutant Discharge
Elimination System Permit renewal issued to the
Callaway Plant by Missouri or March 15, 1%%1. The
changes are:

24
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{near the 8t. Louis City water intake) wag deleted

from the program.

The surface water grab asample from location S03 ’

The ground water sample collection freguency
was changed from monthly to guarterly.

Washload and bedload sediment sampling was
deleted from the program,

The sample collection frequency for bottom
samples was changed from guarterly to
semi-annual and sample iccation D was
deleted.

Fish sample collection frequency was changed
to semi-arnually and sample location D was
deleted.

| 3.0 JIsotopic Detection Limits and Activity Determinations

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

Table TII gives the required detection limits for
radiol jical environmental sample analysis. For each

sample type, the table lists the detection level for

each isotope.
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4.0 Quality Control Program

s.o

To irsure the validity of the data, the contrzctor
laboratory maintaine a quality contrel (QC) program
which employs quality control checks, with
dosumentation, of the analytica’ 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 eneure accuracy
and precision of analyses. The quality control checke
«nclude blind samples, duplicate samples, and spiked
samples as necessary to versify that laboratory analysis
activities are being maintained at a high level of
accuracy.

The Quality Contrel Program ie in compliance with USNRC
Regulatory Guide 4.15 and includes appropriate controcl
charte with specified acceptance levele for instrument
gource checks, background, efficiency, etc. for
counting equipment.

The Laboratory participates in the USEPA
Interlaboratory Compariscn Program (crosscheck program)
by analyzing radiocac.ive samples distributed for that
purpcse. The results of the crosscheck program are
presented in Appendix B.

Data lntsrpretations

In interpreting tne data, efiects due to the Callaway
Plant must be distinguished from those due to other
gsources.

The principal interpretation method used in assessment
of those cffects ie the indicator-cortrol concept
desicn of the monicoring program at the Callaway Plant.
Most sample types are collected at both indicator
locatious (areas potentially affected by plant
operations) and at contrcl locations (areas not
affected by plant discharge). A poswxible plant effect
would be indicated if the radiation level at an
indicator location was significantly larger than that
at the contrel location. The difference would have to
ba greater than what covld be arcounted for by typical
fluctuations in radiation levels arising from other
sources.

An additional interpretation method involves analysis
for specific radionuclides present in the environmental
gamples collected around the plant site. For certain
isotopes it can be determined if the activity is the
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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 detonation.

:

; Other means of distinguishing sources of environmental ,
| radiation can be employed in interpretation of the
| data. Current radiation levele can be compared with

f preoperational levels. Results can be related to those :
i obtained in other parts of the country. Finally, |
| results can be related to evente kncwn to have caused f
. elevated levels of radiation in the environment,

|
|

€.0 Ekesulte and Discussion

The analytical results for the reporting period January

to December 198% 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 tor all control locations.

. The location with the highest annual mean and the
results for this location are also given.

The discussion of the results has been divided into
4 four pathways; waterborne, airborne, ingestion, and
r direct radiation. The individual samples and analyses
within each category provides an adeguate means of
estimating radiation does to individuals from the
principal pathways. The data for individual samplas
are presented in tabular form in Appendix E£.

| €.1 Materborne Pathway

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

Surface Watexr |
Analysis for alpha emitters showed detectable activity |
in sixteen of the twentv-six samples, with results

ranging from 1.2 to 11.2 pCi/l. The average sample '
concentration at the indicator location was 3.2 pCi/l
and at the control location was 3.7 pCi/l. The values

are gimilar to those measured in previous years and can
be attributed to natural occurring isotopes.

. e e B R R . e T

The average gross beta act .vity in all surface watrer 1
samples ranged from 4.1 to 19.3 pli/liter. The average |
activity at the control location was 8.0 pCi/l and at

the indicator locaticn was 7.4 pCi/l. Essentially

similar results were cbtained in 1983, 1584, 198%,

1986, 15987, 1988, 1985, and 19%0.
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The analysis of Tritium in surface water showed
detectable activity in fourteen of twenty-six samples
with results rangiiig from 133.0 to 689.0 pCi/l. The
mean Tritium concentration at the indicator location
was 244.4 pCi/liter and at the control location was
436.8 pCi/l. The LLDs for other samples ranged from
159.0 to 183.0 pCi/l.

There were nc gamma emitting nuclides detected in any
surface water samples,

Strontium-89 activity was below the detection limit in
all samples. Strontium-%0 activity was detected in
gix of the twenty-six samples and ranged from 0.4 to
1.2 pCi/l. The mean sample concentration was 0.6 pCi/l
for the indicator location and the contrel location.

The levele of activity detected in surface water
samples during 1989 were consistent with previocusly
accumulated radiclogical environmental data and
indicate no influence from plant operations.

Gxound Water

In ground water samples, gross alpha was detected in
thirteen of twenty-one samples with resulte ranging
from 0.8 to 4,2 pCi/l. The mean activity for indicator
locatione wae 2.8 pCi/l and for control 'ocations was
2.1 pCi/l. Gross beta results showed positive values
in twenty-one of twenty-one gamples with the results
ranging from 2.5 to 412.1 pCi/l. The average activity
for indicator locations was 6.6 pCi/l and for contrel
location was 8.9 pCi/l. The ¢gross alpha and gross beta
values are similar to those measured in previous years.

Tritium resultes were below the detection limit which
ranged from 163.0 to 19/.0 pCi/l.

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

No Strontium-89 activity was observed above the
detection limit in any of the ground water samples.
Strontium-90 was dete ted in four of the twenty-one
samples and ranged from 0.4 pCi/l ro 1.3 pCi/l.

The mean sampl2 concentraticn at indicator locations
was 0.7 pCi/l. Similar Strontium-5%0 results were
cbserved in 1984, 1985, 1986, 1989 and 1990. There was
no indication of a plant effect on ground water,
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Calcium was analyzed in all milk samples with levels
ranging from 0.€63 to 1.14 gm/l. The average calcium
concentration at the indicator location was 0.93 gm/1
and at the contrel location was 0.88 gm/1.

In summary, the m. k data for 19%1 ghow %o radiological
effects from plant operation. The presence of
Strontium-S0 in milk samples exhibits a long range
residual effect of previous atmospheric ruclear tests,

Figh |

The types of fish species collected during 1991 were:
River Carpsucker, Gizzard Shad, Channel Catfish,
Shortnose Gar, Largemouth Buffalo, Blue Catfish,
Smallmouth Buffalo, Freshwater Drum, Flathead Catfish,
Carp, Shorthead Redhorse, Goldeye and Quillback.

Twenty-one of forty samples analyzed for gross alpha
showed detectable activity. Concentrations ranged from f
44.0 to 174.0 pCi/kg-wet. The mean activity at the

indicator location was 83.6 pli/kg-wet and at the

contrel location was 9%5.8 pCi/ko-wet,

All fish zamples indicated positive gross beta
concentrations with levels ranging from 2155.0 to
3315.0 pCi/kg-wet. The average beta activity in fish
wap similar for indicator and control locations (2673.3
and 2790.8 pCi/kg-wet, respectively).

Potassium-40 was the only gamma emitting isotope
detected, The mean Potassium-40 activity was 2784.3
pCi/kg-wet tor the indicator location and 2728.%

| pCi/ky-wet for the control lecation. a

No Strontium-8% activity was detected in the fish :
samples collected during 15%0. Strontium-3%0 activity '
was detes.ted in two samples collected at the control :
location with mean results of 3.2 pCi/kg-wet. ‘

| Activities detected in fish samples were consistent
| with the levels and fluctuations of previously
accumulated environmental data. The gross alpha and
| gross beta activity can be attributed to maturally
). ocourring isoctupes (e.g. Potassium-40). The
Strontium-9%0 activity present in some samples can be
: attributed to worldwide fallout from atmospheric i
nuclear testing. It can be concluded that operation of
the plant has Jad no effect on fish samples.
|
i



Yegetation

The vegetation samples collecting during 1591 consisted
of mustard greens, turnip greens, lettuce, cabbage, and
spinach.

Gross alpha activity was observed in thirty-two of
forvLy-eight vegetation samples with the resultes ranging
from 42.0 to 595.0 pCi/kg-wet. The average activity
for indicator locatione wasg 209.5 pCi/kg-wet and for

| the control leocation was 225.4 pCi/kg-wet.

Groes beta activity wag detected in all vegetation
samples with results ranging from 1581.0 to &772.0
pCi/kg-wet. The average gross beta activity for
indicator locations was 4416.8 pCi/kg-wet and for the
contrel was 4718.5 pCi kg wet.

R S g T T

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

Naturally occurring Potassium-40 was found in all
vegetation samples, Concentrations ranged from 1750.0
to 9430.0 pCi/kg-wet and averaged 43B85.5 and 49€7.¢€

| 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

: statistically significant differences between indicator
and control locations and the levels of activily were
consistent with previously accumulated data.

Therefore, no plant effect was indicated.

| Gross alpha results ranged from 8645.0 to 17698.0

! pCi/kg for all eleven pamples. The mean activity for

| indicator locations was 14019.2 pCi/kg and for the
control location was 10466.0 pCi/kg. Groes beta
activity was alro detected in all eleven samples

| ranging from 176%1.0 to 25605.0 pCi/kg. The average

| gross beta activity was 22271.3 and 19091.0 pCi/kg at

- indicator and contrel locations respectively.

, Gamma spectral analysie of the coil samples showed

: Cesium-137 and Potassium-40 in all samples. Cesium-137

i resulte ranged from 375.0 to 1869.0 pCi/kg. The

| average concentraticn was 1308.1 pCi/kg at the

| indicator locations and 375.0 pCi/kyg at the control

| location. Potassium-40 results ranged from $7%2.0 to

| 14500.0 pCi/kg. The average concentration for

i indicator locations was 11026.7 pCi/kg and for the
control location was 14%00.0 pCi/kg.
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TABLE 1
NEAREST MILKING ANIMALS WITHIN FIVE MILEC OF THE CALLAWAY PLANT
1991

Meteorological Radial Numher Number

———Scror Mileage ef Cows of Goats
ENE 5.00 50 None
E 3.92 10+ None
ESE 2.28 100+ None
SE 2.38 100+ None
s 2.90 3%y None
SEW 3.30 ige None
EW 2.72 10+ None
WSW 1.38 13w None
WNW 2.80 25¢ None
KW 31.10 Graw g

* Milk producing aaimals whose milk ig aot used for human
consumption and/or f£o2r milk producing animals that are not
yielding milk.

** Milk from vne cow Lis being used for human consumption.

**+v Milk from two milk producing animals is being used for human
consumption.



TABLE 2

NEAREST RESIDENCE WITHIN FIVE MILES OF THE CALLAWAY PLANT

1991

Meteorological Radial

—Sector Mileage
N 1.76
NNE 2.00
NE 2.00
ENE 3.80
E 3.92
ESE 2.28
SE 2.38
SSE 2.58
g .64
SSW 2.60
SW 2:587
WEW 1.35%
W 1.60
WNW 2.60
NNW 3.10
NNWw 1.78




TABLE 3
NEAREST GARDEN WITHIN FIVE MILES OF THE CALLAWAY PLANT

1991

Meteorclogical ~adial

——RRCEOT Mileage
N 1.76
NNE 2.00
NE 2.00
ENE 5.00
E 3.92¢
ESE 2.28
SE 5.00
SSE c: o8
S 3.44
SEW 3.30
Sw « 57
WEW 1.80
W 1.52¢
WNW 2,80+
Nw 3.10
WNW 278

* In this sector there were no gardene noted within five miles
producing "broad leaf vegetation". The distance noted is

the distance to the nearest garden,
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TABLE Bl (Cont.)

EPA INTERCOMPAKISON STUDY RESULTS

1991
SANFTE STUDY TINL RESULTS EPA RESULTS
- N DATE __ANALYSIS __ * 20 As, N2} . CONTROL LIMITS UNITS
MILK APR 1991 BR-69 24.0 ¢ 8.7 32.0 ¢ 5.0 23.3 ~ 40.7 pci/l
SR-90 26,0 = 2.0 32.0 £ 5.0 23.3 - 427 pCi/l
€8-137 54.7 £ 11.0 49.0 2 5.0 42.3 = 7.7 pcin
K 1591.7 ¢ 180.1 1650.0 2 83.0 1e06.0 =~ 17%8.0 mg/l
WATER MAY 1991 SR-89 40.7 & 2.3 39.0 ¢ 5.0 30.3 - 47.7 pCi/l
SR-%0 23.7 & 1.% 4.0 2 5.0 1.3 « 32.7 pCi/l
WATER MAY 1991 GR. ALPEA 27.7 £ 5.8 26,0 2 6.0 13.6 -« 34.4 pei/l
GR. BETA ¢6.0 2 0.0 46.0 1 5.0 37.3 - 540 pCi/l
WATER JUN 1991 CO-60 11.3 £ 1.2 10.0 2 5.0 1.3 = 18.7 peci/il
IN-65 119.3 ¢ 16.3 i08.0 ¢ 1:.0 88.9 -~ 127.1 pC€i/l
RU~106 162.3 2 19.0 149.0 2 15.0 123.0 - 1785.0 pCi/l
“‘13‘ ‘.03 2 1-2 ls.o ] ’.0 ‘t’ o 3107 pc‘/l
C8~137 16.3 2 1.2 14.0 2 5.0 8.3 - 22.7 pCl/lc
BA-133 74.0 ¢ 6.9 62.0 ¢ 6.0 51.6 « 72.4 pCi/l
WATER JUN 1991 E-3 13470 & 385.8 12480 2 1248 10315 - 14645 pCi/l
WATER JUL 1991 RA-226 14.9 ¢ 0.4 15.9 & 2.4 1.7 20.1 pCi/l
RA~228 17.6 & 1.8 16.7 2 4.2 2.4 24.0 pCi/l
WATER JUL 1991 U 12.8 £ 0.1 14.2 £ 3.0 9.0 - 19.4 pCci/l
WATER AUG 1991 1-131 9.3 = 1.2 20,0 = 6.0 9.6 - 30.4 pci/l
WATER AUG 1991 PU~-229 21.4 ¢ 0.5 19.4 & 1.9 16,1 = 22.7 pCi/l
AIR FILTER AUG 1991 GR. ALPHA 33.0 2 2.0 4.0 = 6.0 14.6 - 35.4 pCi/Filter
GR. BETA 868.7 ¢ 1.2 $2.0 ¢ 10.0 80,4 -~ 103.6 pCi/Filter
SR-90 27.0 2 4.0 30.0 £ 5.0 21.3 =~ 38.7 pCi/Filter
Cs-137 26.3 & 1.2 30.0 £ 5.0 21:3 = 3017 pCi/Filter
WATER SEP 1991 SR-8% 47.0 £ 10.4 49.0 ¢ 5.0 40.3 - §7.7 pCi/l
SR~90 24.0 2 2.0 25.0 £ 5.0 16.3 - 33.7 pCi/l
WATER SEP 1991 GR. ALPEA 12.0 = 4.0 10.0 ¢ 5.0 1.3 18.7 pei/l
GR. BETA 20.3 = 1.2 20,0 2 5.0 11.3 26.7 pei/l




TABLE %) (Conmt.)

EPA 1FTERCOMPARISON STUDY RESULTS

1991
SAMFLE STUDY TIML RESULTS EPA RESULTS
~—SXPE DATE ___ANALYS1S 120 A, N=d CONTROL LIMITSE VUNITE
MILK BEP 1991 BR-8% 0.3 2 8.0 25.0 ¢ 5.0 16.3 = 33.7 pei/l
SR-90 19.7 ¢ 3.1 235.0 ¢ 5.0 16.3 ~ 337 pci/l
1-131 130.7 ¢ 16.8 108.0 2 11.0 88.9 ~ 127.1 pei/dt
Ce-117 33.7 & 3.2 30.0 2 5.0 21.3 - 3.7 pci/l
K 1743.3 ¢ 340.8 1740.0 ¢t 87.0 1589.1 - 1890.9 mg/i
WATER OCT 1991 CO-60 29.7 ¢ 1.2 29.0 ¢ 5,0 20.3 - 37,7 pCi/l
IN-65 75.7 2 8.3 73.0 ¢ 7.0 60.9 - 85.1 pei/l
RU«1086 196.3 ¢ 15,1 199.0 ¢ 20.0 164.3 = 233.7 pCi/l
Cl'l" 9.7 2 1.3 10.0 2 ’vo 1.3 » 18.7 ”‘/1
C8~137 11.0 2 2. 10,0 ¢ 5.0 1.3 » 18.7 pei/l
BA-133 94.7 2 3.1 9.0 & 10.0 80,7 ~ 118.3 pCi/l
WATER OoCT 1991 H-3 2640.0 ¢ 156.2 2454.0 2 352.0 1843.3 ~ 3064.7 pCi/l
WATER OCT 1991 GR. ALPEA 73.0 ¢ 13.1 82.0 ¢ 21.0 é5.6 -~ 118.4 pCi/l
RA-228 19.6 ¢ =3 22.3 2 5.6 12.% - 30.9 pei/l
v 13.% ¢ 0.6 13.9 ¢ 3.0 8.3 -~ 18.7 pei/il
WATER OCT 1991 GR. BETA $5.3 2 3.1 6% 0 ¢t 10.0 47.7 -~ 82.3 peisl
.l'., 2.7 & ,-1 ‘o:o 2 ’co l-) » ‘.o’ PC‘/)
SR~90 8.7 ¢ 1.2 10.0 £ 5.0 1.3 = 18.7 pCi/l
Co-60 «0.3 2 1.2 20,0 2 5.0 11.3 =~ 287 pci/l
cs~134 .02 5.3 10.0 ¢ 5.0 1:3 = 18.7 pci/l
c."’? 1‘17 2 ‘vo 1‘00 4 5-0 2:’ - 1’07 Pc‘/l
WATER NOV 1991 PA~226 5.6 ¢ 1.2 6,5 & 1.0 4.8 - 8.2 pCi/l
WATER NOV 199\ U 24.7 & 2.3 2.9 2 3.0 19.7 - 30.1 pCi/l

& Unless otherwise indicated, the TIML results are given As the mean t 2
standard deviations for three determications.
b EPA results are presented as the known value and expected laboratory

precision (1ls,

1 determination) and control limits as defined by EFA,
¢ See Addendum to appendix B for explanation of the reason why the sample
results were outside the control limits specified by EFPA.



ADDENDUM TO APPENDIX B

199)

SAMPLE
~ZXPE . DATE ____ ANALYSIS

STUDY

AIR FILTER MAR 1991

WATER

WATER

WATER

MILK

MAR 1991

MAY 19%0

JUN 1991

SEP 1991

EXPIANATION . .

GR. ALPHA

GR. ALFPERA

BA-133

1-131

The cause of tihe high result
is the different: in geometry
between the standard used in
the TIML lab and BPA fiiter.
No further actions reguired.

Ssmple lost during apalyses.
No data reported to EPA.

Sample as reanalyzed in trip~
licste., Resu.'s of rosnnlyses
13.421.0 pCi/)l. mo further
action is planned,

Sample was reanalyred. Results
of the reanalyses were 63, .82
6.9 pCi/L within epa limit.
The cause of the high result
is unknown.

The cause of the high resuilt
is unknown. Inhouse spike
saaple was prepared with
activity of 1-131 68.346.8pCi/
L. Results of the analysis was
69.129.7pCi/L.
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APPENDIX C
Isotopic Detection Lim.ts
And

Activity Determinations



Isotopic Detection Limits and Activity Detrrminations

Making a reasonable estimate of the limits of detection for
a counting procedure cr a radiochemical method is usually
complicated by the presence of significant background.

It must be cousidered that the background or blank ieg not a
fixed value but :hat a series of replicates would be
normally distributed. The desired net activity is thus the
difference between the gross sample activity and background
activity distributions.

The interpretation of this difference becomes a problem if
the two distributions intersect as irdicated Ir the diagram.

\\ ; rd ‘\
BACKGHROUND : N \ C KOS
. \ / \

\ p; \,

N/ ¢

1f a sufficient number cf replicate anslyses are run, it is
to be expected that the results would fall in a normal
Gaussian distribution. In routine analysis such replication
i3 not carried t. Standard statistics allow an estimate
of the probability of any particular devaation from the mean
value. It iz common practice to report the mean * one oOr
two standard deviaticns as the final result.

Analytical detection limits are governed by a number of
factors including:

1. Sanple Size
< 3 Counting Efficiency

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

€
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Background 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 surrocundings, 2) cosmic radiation,
and 3) the natural radicactivity in the counter
material itself. The background counting rate will
depend on the amounts of thesre types of radiation and
sensitivity of the counter to the radiation,

Background and Sample Counting Time

The amount of time devoted t¢ the counting of the '
background depende on the level of activity being ~
neasured. In general, with low leval samples, this

time should be about egual to that rlevoted to counting

s sample.

Time Interval Between Sample Collection and Counting

Decay measurements are useful in identifying certain
ghort-lived isotopee. This disinteyration constant is
or2 of the basic characteristics of a specific
radionuclide and is readily determined, if the
half-life is sufficiently short.

Chemical Recovery of the Anelytical Procedures

Most radiochemical analyses are carvied out in such a T
way that losses occur during the separations. These

losses cccur due to a large numbeyr of contaminants that

may be present and interfere during chemical

separatione, Thus it is necessary hto in: lude a

technigue for estimating these losses in the

development of the analytical procedure.

The following method wae used to delermine iower limit
of detection (LLD) as per NRC Regulatory GSuide 4.1,
Rev. 1, "Program for Monitoring Radigactivity in the
Environs of Nuclear Power Plants", and the NR7T Branch
Techinical Position, November 1878, "An acceptable
Radiclogical Environmental Monitoring Program". The
LLD is defined, for purposes cf thin guide, as the
smallest concentraticon of radicactive material in a
sample that will yield a net count (above system
background) that will be detected with 25%
probability with only £% probability of falszely
concluding that a blank cbservation representis &
"real" signal.
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Single Measurements

Each single measurement is repcorted as follows:

X * s

where % = value of the measurement:

g = 2 counting uncertainty (corresponding te the
95% 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.

: Individual result: 3 * 4
“ax Vs
X %+ 8

resul

where x = (1/2) (xl + x2)
s = (1/2)‘ 2 %+ 2
LT

idividual results: <L

<L;
Reporte N <L
whare L = lower of Ll and L2
Individual results: X * s
<L
Reported result: x 8 if x 2 L,

<L, otherwise

Computation of Averasges and Standard Deviations

Averages and standard deviations listed in the tables
are computed frem all of the individual measu ~ments
over the period averaged; for example, an annual
standard deviation would not be the average of
gquarterly standard deviations. The average x and

standard deviation(s) of a set of n numbers Xyo ¥g,

c-4






APPENDIX D

RAD!OLOGICAL ENVIRONMENTAL MONITORING PROGRAM
ANNUAL SUMMARY
1991



APPENDIX D

RADIOLOGICAL ENVISONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility: Callaway Plant

Location of Facitity.  Callaway Count, Missouri
(county, state}
TYPE AND LOWER ALL INDICATOR
MEDIUM OR PATHWAY TOTAL NUMBER LiMIT OF LOCATIONS
SAMPLED OF ANALYSES DETECTION! MEAN (T2
(UNIT OF MEASUIREMENT) PERFORMED Lm RANGE
Surface Water Gross Aipha (26) 09 32 (111
(eCim (18-78)
Gross Bata (26) -— 7.4 {14714)
(4.7 - 136}
H-3 {26) 158.0 244 4 {(10/14)
(133.0 - 500.0)
Gamma {26) -- -- (04
Sr-89 (26} 04 --  (0Nh4)
Sr-90 (26) 0.3 06 (214)
(04-0.7)
Ground Water Gress Alpha (21) 08 28 (B14)
{(pCim (08-42)

Docket No.:  50-483

Reperting Period: 1991

LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF
ANNUAL MEAN MEAN (1@ NONROUTINE
NAME MEAN (1P RANGE REPORTED
DISTAKRCE & RANGE MEASUREMENTS
DIRECTION
48miSE 111 370y 3.7 (N3 o
downstream of (12-11.2) (12-11.2
discharge
4BmMISBE 111 Bo(12na 8.0 (1212 0
downstraam of 41 -19.3) 4 -193
dischargn
48miSE 1.1 4368(412) 4368 (42) 0
vostraam of {2120 - 689.0) (2129 - 683.0)
discharge

NA NA - [N 0

NA NA - (2 0
48mISE; 1.1 8 CE6(ND 0.6 (aNn2) 0
upstream of 04-12 048-12)
discharge
5.1 mi SE; 32(5/8) 2.1 (5 0
Portland, MO. (14-42) (16-286)




APPENDIX D {Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility. Callaway Piant
Location of Facility:  Caltaway County, Missouri

(pCikg}

{eo.r * 1, state)
TYPE AND LOWER ALL INDICATOR
MEDIUL: OR PATHWAY TOTAL NUMBER LT OF LOCATIONS
SAMPLED OF ANALYSES DETECTION! MEAN (@
{UNIT GF MEASUREMENT) PERFORMED {LLD) RANGE
Gross Beta (21) .- 6.6 (14/14)
(25-12.1)
H-3 (2%) 163.0 -~ (0a)
Gamm3 (21) - --  {(0/14)
Sr-8¢ {21) 04 - (i)
Sr-80 21) 03 0.7 (4114)
04-13
Bottom Sediment Gross Alpha (4) 6£276.0 12837.0 (2/2)

{B466.0 - 17208.0)

225615 212y
{12022 2 - 26107.0}

Gross Beta {(4) -

Docket No.:  50-483

Reporting Period: 1991

LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF
ANNUAL MEAN MEAN (17 RONROUTINE
NAME MEAN (i@ RANGE REPOARTED
DISTANCE & RANGE MEASUREMENTS
DIRECTION
1.0 mi SSE; 11.4 (6/6) 82 (71N 0
Dusite weil (9.8-121) Ba-97)

NA NA -~ (O 0

NA A -- (o ]

NA NA -~ (o) ¢
1.0 mi SSE; 0.7 {(4/6) - &7 0
Onsite well 04-1.3 £y
5.1 mi SE; 13891 .0 (4/4) 10930.0 (V/2) 0
1.0 mi down- 11738.0-17062.0) (10930.0 - 1093C 0)
straam of
discharge
4.9 mi SSE; 24756.C (210 24756 0 (D) 0
C.6 miup- 23086 0-26424 ) (23088.0 - 26424 0)
stream of

discharge



APPENDIX D (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Facility: Callaway Plant

Location of Facility: Callaway Ccunty, Missouri

{county, state)
TYPE AND LOWER ALL INGICATOR
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS
SAMPLED OF ANALYVSES DETECTION® MEAN (fy@
(UN!T OF MEASUREMENT) PERFORMED LD RANGE
Gamma (4)
Cs-137 219 987 (W15
S-8% (9 115 - {02)
Sr-90  (4) 6.2 208 (22
(106 - 31.0)
Shoreline Sediment Gamima {4)
UpCifkg) Cs-137 %7 -~ (¥2)

Docket No..  £0-483

Reporting Period: 1991

LOCATION WITH HIGHEST CONTROL L OCATION NUMBER OF
ANNUAL MEAN MEAN T2 NONRO! TN
NAME MEAN (1@ PANGE REPORTED
DISTANCE 2 RANGE MEASUREMENTS
JOBECTION
5.1 mi SE; 99.7 (U2 -== {0/4) 0
1.0 mi down- - s
stream of
discha.ge
NA NA - ) 0
5.1 mi SE; 208 (212 9.7 (12 9
1.€¢ mi down- {106 - 31.0) -
stream of
aischarge
4 3 mi SSE: 111.0 (2) 111.0 (V2) 0
0.6 mi up- - -
stream of

dischargs



APPENDIX D (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITOCING PROGRAM ANNUAL SUMMARY

Name of Facility: Callaway Plant Docket No.:  50-483
Location of Facility.  Callaway County, Missouri Reporting Period: 1991
{county, stata)
TYPE AND LOWER ALL INGICATOR LOCATION WITH HIGHEST CONTROL LOCATION NUMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS ANNUAL MEAN MEAN (T2 NONROUTINE
SAMPLED OF ANALYSES  DETECTION! MEAN (7P NAME MEAN (17 RANGE AFPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLLy RANGE DISTANCE & RANGE MEASUREMENTS
DIRECTION
Airborne Particulate Gross Beta (259) 0.010 0.020 (206/207) .9 mi N'E; 0.023 (52/52) 0015 (E252) 0
{pCifm?) (0.007 - 0.056) Alternate {0.011 - 0.055) (0.204 - 0.035)
Assamibly Area
Gamma (20)
Be-7 - 0.051 {16/16) 0.9 mi NNE, 0.060 {4/4) 0.038 (4i4) ]
(C.025 - 0.068) Aliernate 0.051 - 0.067) (0.029 - 0.038)
Assembly Are >
Sr-89  (20) 0.0002 -~ {0/16) NA NA -~ {0i<) o
Sr-90  (20) 0.0001 - (0N6) NA NA - (0r8) 0
Airborne lodine 1131 (259 0.07 -=  {0f207) NA NA -~ {052} 9

{(pTim™)




APPEND!X D (Co

1 of Facility it
{Count state)
I AN NER LL INDICAT i
A TAL NUMBER WATT ( LOCATIONS
£ ANAL YSE 1F HON MEAN (1
SAL A PEREOFIME { BANGE

Al ENVIRONMENTAL M( WITORING PROGRAM ANNUAL SUMMARY

DCockat No S0
Reporting Peariod ‘3';'

| OCATION WITH HIGHEST

ANNUAL MEAN

MEAN (17

CONTROL LOCATION

NLMRER OF
NONROUTINE
REPOATED

MEASUREMENTS

NAME MEAN (1 RANGE
DISTANCE & RANGE
DIRECTION
NA NA (0/18)
N 1757 7113 2 4 Al
A & 4 ann
e >
MNA ™A { =
AW .
.y 4
) B {(1.¢
NW ]
{ c » 4 L. 1
’ Y y
€ aH




APPENDIX D (Cont.)

RADICLOGICAL FNVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

N.me of Facility: Callaway Plant Docket No.:  50-483

Location of Facility. Callaway County, Missouri Reporting Period: 1291
(county, state)
TYPE AND LOWER ALL INDICATOR LOCATION WITH HICHEST CONTROL LOCATION NUMBER OF
MEDIUM CR PATHWAY TOTAL NUMBE#HR LIMIT OF LOCATIONS ANNUAL MEAN MEAN (17 NONROUTINE
SAMILED OF ANALYSES DETECTION® MEAN (N2 NAME MEAN (P AANGE REPORATED
{UNIT OF MEASUREMENT) PERFORMED {iD RANGE DISTANCE & RANGE MEASUREMENTS
DIRECTION _
Gross Beta (40) - 2673.3 {25125) 4.9mi SSE; 2790.8 (15/15) 2790.8 (15/15) ]
(2155.0 - 3315.0) 0.6 mi up- (2376.0 - 3124.0) (2376.0 - 3124.0)
stream of
Gamma (40) discharge
K-40 .- 2784 3 (25/25) 530 mi ESE; 2660.2 (10/10) 2728.5 (15/15) 0
{2250.0 - 3678.0) 59.5 midown- (2250.0 - 3678.0) (1970.0 - 3560.0;
stream of
discharge
Sr-89  (40) 21 -~ {25) NA NA -~ (0/15) [«
Sr-90 (40 1.2 --  {¥25) 4.9 mi SSE; 3.2 (21%5) 3.2 (2115) )
0.6 mi up- (31-34) (3.1 -34)
stream of
discharge
Vegetation Gross Alpha (48) 42.0 2095 {23/31) 1.8 miN; 237201\ 3 2254 (N7 0
{pCi/kg - wat) (77.0 - 453.0) tMeehan farm (77.0- 453.0) (420 - 5950)
Gross Beta (48) - 4416.8 {31/31) 15.0 mii SW,; 47185 {(A\7i17) 47185 (1717 0
(15810 - 8772.0) Beaziey tarm {2613.0 - 7587.0) (2613.0 - 7687.0)
i-131 {48) 88 -~ {0I37) NA NA --  {ONn7) 0



APPENDIX D (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name of Faciliiy. Callaway Plant
Location of Facility.:  Callaway County, Missouri

{county, stats)
TYPE AND LUWER ALL INDICATOR
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS
SAMPLED OF ANALYSES DETECTION® MEAN (12
{UNIT OF MEASUREMENT) PERFORMED (R8s} RANGE
Gamma  {48)
K-40 - 4385 5 (31/31)
{(1750.0 - 7440.0)
Soil Gross Alpha (11} -- 14018.2 (10/10)
{(pCkg) (8645.0 - 17398.0)
Gross Beta (11) - 22271.3 (/1)
{17691.0 - 25605.0)
Gamma  {11)
K-40 ¢ 11026.7 (10/10)
{9792.0 - 12226 0%
Ce-137 - 1308.1 (10/10)
(582.0 - 1869.0)

Docket No.:  50-483

Reporting Period: 1991

LOCATION WiTH HIGHEST CONTROL LOCATION NUMBER OF
ANNUAL MEAN MEAN (P2 NONAOUTINE
NAME MEAN {1 RANGE REPORTED
DISTANCE & RANGE MEASUREMENTS
DIRECTION _

15.0 mi SW; 49676 (\INT 49676 (\TNT) 9
Beaziey farm (2650.0 - 9430.0} (2650.0 - 9430.0)

1.50 mi NE; 17898.0 (1/7) 104860 (/1) 0
Forest ecology -- Sk

plot FB

098 mS; 25605.0 (1) 19091.0 (1/1) ]
Foiast acology -- -

piot F1

15.0 mi 5w, 14500.0 (1/1) 1450090 (/1) 0
Rearley farm - --

098 mi§; 1869.0 (/1) 375.0 (V1) 0
Forast ecology - --

ot F1



APPENDIX D (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM ANNUAL SUMMARY

Name o’ Facility. Callaway Plant Docket No.:  50-483
Location of Facility: Callaway County, Missouri Reporting Period: 1991
{county, stata)
TYPE AND LOWER ALL INDVCATOR LOCATION WITH HIGHEST CONTROL LOTATION
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF LOCATIONS ANNUAL MEAN ME AN (P
SAMPLED OF ANALYSES DETECTION! MEAN (@ NAME MEAN (1@ AANGE
(UNIT OF MEASUREMENT) PERFORMED {wio RANGE DISTANCE & RANGE
DIRECTION ___
Direct Radiation Quarterly
{mRem/Standard Juarter) TLDs (207 10 15.6 (199/199) 42miNE;. 03 17.7 (a/a) 149 (a/8) 9
(10.3-200) mi N of HWY O {154 - 20.0) 128-168)
on HWY D
Annual
TiLDs {51) 10 17.2 {49/49) 5 3mi SE; 28.8 (/1) 16.3 (2 0
(10.8 - 28.8) 0.6miSof -- {(14.1- 18.5)
HWY D o HWY 94

(1) The LLDs quoted ars ihe lowest actuai LLD obtained in the various media during the reporting peried. The required LLDs ‘or radiciogical environmental sampie analysis is
tound in Table il Whare ail nuclides were LLD for a specific madia, no LLD was listed.
{2) Mean and range ara hased upon detectable measurements onty. Fraction of detectable measurements is indicated in parenthesas.
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ik APPENDIX E
LIST OF TABLES

No. Title Page
El Airborne Iodine-131 and Gross Beta E-3
in Air Particulate Filter
» E2 Airborne Particulate, Quarterly E-5
i Composites
: £3 Milk E-7
? E4 Vegetation E-16
ES Soil E-24
E6 Surface Water E-26
E? Ground Water E-32
, ES8 Bottom Sediment E-6
| ES Shoreline Sediment E-37
E10 Fish E-38
E E1l Thermoluminescent Dosimetry E-43
E
E
|
3
|
]
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vefiniticn 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 firom the field with no moisture
removed.

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

pCi/m3 A reporting unit used with air
particulate and radioiodine data which
refers to the radiocactivity content
expressed ! n picocuries per cubic meter
of air pas:ted through the filter and/or
the charcoal trap. Note that the volume
is not corrected to standard conditions,

Gamma Emitters Samples were anzlyzed by high resolution
or (Geli) gamma spectrometry. The

3amma Isotopic resulting spectrum is analyzed by a
computer program which scans from about
50 to 2000 KeV and lists the energy
peake of any nuclides present in
concentrations exceeding the sensitivity
limits get for that particular
experiment.

Error Terms Figures following " &+ " are error terms
based on counting uncertainties at the
9% percent confidence levei. Values
preceded by the "<" symbol were below
the stated concentration at the 8§
percent confidence level,

Jensitivity In general, all analyses meet the
sensitivity reguirements of che program
as given in Table 3.1. For the few
samples that do not (becavse of
i.adegquate sample gquantities, analytical
interf{erence, etc.) the sensitivity
actually obtained in the analyeis is given.
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TABLE E2
AIRBORNE PARTICULATE - Q%:'{ERLY COMPOSITES (pC1/m3)

JANUARY - MARCH 1981

CA-APT-A) CA-APT-A7 CA-A T-AB CA-APT-AS CA-AFT B3
Volume (Cubic Feet) 5134 5084 5132 $13) 5130
lysis k'
$r-89 <0.0002 <. 000¢ <0, 0002 <0.0002 <0.0003
$r-80 <. 0002 «0.0002 <Q. 0002 «0.0002 «0.0002
be-? v 0590 & 0.D130 0.0290 1 0.0060 0.0670 ¢ 0.0110 0.0560 + ¢.0080 0.0680 ¢ 0.0110
Co-58 <. 0010 <0, 0006 <0.0010 «0.0007 <0, 0008
Lo-60 <(0.0008 <0. 0008 <0.0008 «0.0007 <0, 0008
ir-93 <0.0017 <0.0011 <0.0016 <0.0008 <0.0017
Ls-13¢ «0. 0008 4. 0004 <0.0008 <0. 0006 <0, 0007
Cs-137 <0, 1008 <2, 0008 <0.0008 <0, 0005 «0.0008
Ba-la-140 «0.0011 <¢.0011 <0.0012 <0.0010 <0.0018
Ce-16¢ <0.0042 «0.0016 <0.0038 <0.0018 0. 0038
r APRIL - JUNE 189,
CA=APT-AL CA-APT-A? CA-APT-AB CA-APT-AS CA-APT-B3
Volume [Cubic Feet): 5562 5559 £564 5564 5572
o Analysis
Sr-89 «0. 0003 <0, 0004 <0, 0003 <0.0003 «0.0003
Sr-80 <9 0001 0. 0002 <0, 0001 «0.0002 <0. 0002
Be-/ 0.9580 2 0.0090 0.0380 2 ©.0070 0.0560 ¢ 0.0110 0.0490 ¢ C.0080 0.0440 3 0.0120
Co-58 <0, 0008 <0, 0008 <0, 0007 <0, 0009 <0. 0010
Co-E0 <{. 0006 <0. 0005 <0. 0008 <0. 0007 <0 0003
Ire8s «0.%011 <0.0013 <0.0020 «0.0C1E <0, 0020
Ce-134 <0 0008 «0. 0005 <0.0007 <(}. 6007 «0. 0006
{5137 <0, 0005 <0. 0004 <0.0005 «0.0007 0. 0008
Ba-La<ial <0.0018 <0. 0020 «0.0028 <{.0020 «0.0022
Ce~lad <0, 0018 <0.0015 <. 0042 <0.0037 <0. 0041
Motes:

E-5
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TABLE E2 (Cont.)
AIRBORNE PARTICULATE - QUARTERLY COMPOSITES (pCi/ns)

1961

JULY - SEPTEMBER 1881

CA-APT-A1 CA-APT-A? CA-APT-AB CA-APT-AS CA-APT-83
~ Volume (Cubic Feet): 5968 5987 5642 5988 5098
- Analysis
|
 sress <0.0003 <0.0003 <0.0003 <0.0004 <0.0003
$r-90 «0.0002 «0.0001 +.000} <. 0002 <0. 0002
.‘ Be-) 0.0470 & 0 0080 0.0410 & 0.0090 0.0510 ¢ 0.0070 0.0460 2 ©.0100 0.0250 + 0.0059
: (o-58 <0.0007 «0.000? <0.0010 <0, 0008 «0.0009
Co-80 <0, 0007 <0, 0006 <0, 0007 <0, 0008 <0. 0006
1r-8% «0.0015 <0.0016 0. 0017 <0.0014 <0.0015
: Ca-134 <0.0005 <0.0006 <0.0008 <0.0006 «0.0006
o te1d? <0. 0007 <0, 0007 <0.0008 0. 0007 <0.0007
3 Ba-la-140 <0.0017 <0.0018 <0, 0014 <0,00186 «0.0014
| Ce-144 <0.0036 <0.0038 <0.0051 «0.0034 0. 0043
OCTOBER - JECEMBER 1991
CA-APT-A| CA-APT-A? CA-APT-AR CA-APT-AS CA-APT-82
Volume (Cubic Feet): §187 5563 5588 £565 5566
- __Anaiysis
} 5r-88 <0.0003 <0.0002 <0.0002 <0.0002 «0.000¢
l‘ §r-80 <0, 0003 <0.0002 <0. 0002 <0.0002 <0, 0002
| Be-1 0.0470 3+ ©0.G300 0.0450 £ 0.0070 0.0650 & 0.0120 0.0450 ¢ 0.0080 0.0300 « 0.0050
| Co-58 <0.0011 «0. 0008 <0.0010 <0, 0006 <0.0007
; Lo-60 <0.0009 <.0007 <0,0012 <0. 0008 <0.0007
| Ir-g8 <0.0020 <0.0014 <0.0018 «0.0014 «0.0011
+ Cs-13¢ <0.0007 <0. 0006 <0.0010 0. 0006 <«0.0005
| Cs-137 <0.0011 <0. 0006 <0, 0011 <0 0008 «0.0008
i Ba-La-140 «0.0023 <0.0011 «0.0022 <0.0011 <0.0010
{ fe-144 <0.0052 <0 0039 <0.0054 «0.0022 «0.0022
l
Notes

E-6
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TABLE E3

MILK (pCi/kg dry)
1991

CA-MLK-MT CA-ALK-M5F
Analysis ___ (01/08/91) (01/08/81)
{-13] <0.4 ND
Sr-R9 <0.4 ND
Sr-90 2.7 ¢+ 0.4 ND
K-40 1260.0 ¢ 80.0 ND
in-65 <12.2 ND
Cs-134 <4.6 ND
Cs-137 <5.0 ND
Ba-la-140 <4.1 ND
Ca (g/1) V.85 ND

CA-MLK-M] CA-MLK-M5B

Analysis (02/12,/91) (02/12/91)
1-13] <0.2 ND
Sr-89 <0.4 ND
Sr-90 1.7 £ 0.4 ND
K-40 1160.0 # 110.0 ND
In-65 <12.9 ND
Cs-134 <6.0 NO
Cs-137 <6.] ND
Ba-La-140 <6.3 ND
Ca (g9/1) 0.90 ND

£-7

ND = No Data. See section 8.0 for explanation.
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TABLE E3 (Cont.)
MILK (pCi/kg dry)
1981

CA-MLK-M] CA-ML¥.-MSB
Analysis (03/13/81) (03/13/91)
7-131 <0.3 ND
Sr-89 <0.5 ND
Sr-80 2.2 2 0.8 ND
K-40 1020.0 ¢+ 110.0 ND
In-65 <li.¢ ND
Cs-134 <3.3 ND
Cs-137 <3.5 ND
Ba-La-140 <2.6 ND
Ca (g/1) 0.65 ND
CA-MLK-M] CA-MLK-M5B
Analysis (04/09/91) (04/09/91)
1-131 <0.3 ND
Sr-8% <0.5 ND
Sr-80 2.8¢0.6 ND
K-40 1370.0 + 140.0 ND
in-65 <10.3 ND
Cs-134 <4.4 ND
Cs-137 <6.0 ND
Ba-La-140 <3.7 ND
Ca (g/1) 0.87 ND

Notes:

ND = No Data. See section 8.0 for explanation.
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TABLE E3 (Cont.)
MILK (pCi/kg dry)
1991

Notes:

CA-MLK-N] CA-MI K-M58
Ar-Tysis  (04/23/81) (04/23/91)
1-131 <0.3 ND
Sr-89 <0.6 ND
Sr-90 3.910.6 ND
K-40 1330.0 ¢ 150.0 ND
In-65 <16.7 ND
Cs-134 <6.0 ND
Cs-137 <6.6 ND
Ba-La-140 <t.3 ND
Ca (g/1) 0.91 ND
CA-MLK-M] CA-MLK-M5B
Analysis (05/14/91) (05/12/91)
1-131 <0.4 <0.4
Sr-89 <0.5 <0.6
Sr-90 3.0+ 0.5 4.2 + 0.7
K-40 1370.0 ¢ 170.0 1630.0 ¢ 190.0
in-65 <22.8 <24.0
Cs-134 6.5 <6.7
Cs-137 <6.5 <7.7
Ba-La-140 <8.3 L1157
Ca (g/1) 0.93 1.01

ND = No Data. See section 8.0 for explanation.
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TABLE E3 (Cont.)
MILK (pCi/kg dry)
1991

CA-MLK-M] CA-MLK-M58
Analysis (05/28/91) (05/27/91)
1-131 <0.3 <0.3
Sr-89 <0.6 <0.6
Sr-90 3.4+ 0.6 7.5 £ 0.9
K-40 1210.0 ¢ 1490.0 1580.0 ¢ 160.0
in-65 <14.4 <11.2
Cs-134 <§.3 <4.7
Cs-137 <4.4 <7.0
Ba-la-140 <2.0 <5.6
Ca (g/1) 0.89% 0.91
CA-MLK-M] CA-MLK-M5B
Analysis (06/11/81) (06/09/91)
[-131 <0.2 <0.3
Sr-89 <0.6 <0.7
Sr-90 5.3 2 0.7 5.4 £ 0.7
K-40 1270.0 ¢ 120.0 1720.0 ¢+ 180.0
In-65 <13.5 <22.4
Cs-134 <§.7 <6,2
Cs-137 <5.6 <7.8
Ba-La-140 <3.8 <6.5
Ca (g/1) 0.88 0.90
Notes:
E-10



TABLE E3 (Cont.)
MILK (pCi/kg dry)
1991

Notes:

CA-MLE-M] T CA-MLK-M5B
Analysis (06/27/%1) (06/24/¥1)
1-131 <0.2 <0.2
Sr-89 <1.0 <0.8
Sr-90 4." ¢ 0.8 7.4 £ 0.9
K-40 1300.0 ¢ 150.0 1770.0 & 150.0
In-65 <13.6 <1€.0
Cs-134 <5.1 <5.6
Cs-137 <5.0 <5.8
Ba-La-140 <t .6 <8.7
Ca (g/1) 0.95 0.9]
CA-MLK-M] CA-MLK-M5B
Analysis (07/09/91) (07/08/91;
1-131 <0.3 <0.2
Sr-89 <0.5 <0.6
Sr-80 2.6 ¢+ 0.5 8.4 ¢+ 0.9
K-40 1330.0 ¢ 150.0 1540.0 ¢ 160.0
In-65 <17.1 <22.4
Cs-134 <5.6 <6.2
Cs-137 <6.1 <7.0
Ba-La-140 <7.9 <7.0
Ca (g/1) 0.86 0.87



TABLE E3 (Cont.)
MILK (pCi/kg dry)
1991

Notes:

CA-NLK-M] ~MLK-
Analysis (07/23/31) (07/21/91)
1-131 <0.4 <0.3
Sr-89 <0.6 <0.6
Sr-90 2.7 £ 0.5 3.4 ¢ 0.5
K-40 1330.0 ¢ 160.0 1850.0 ¢ 190.0
in-65 <20.5 <19.2
(s-134 <5.9 <6.0
Cs-137 <5.7 <6.8
Ba-La-140 <7.9 <8.1
Ca (g/1) 1.12 I o
CA-NLK-M) CA-MLK-M5SB
Analysis (08/13./91) (08/10/91)
1-131 <0.2 <0.4
Sr-89 <0.6 <0.6
Sr-90 4.1 ¢ 0.6 1.6 £ 0.4
K-4n 1270.0 ¢ 60.0 1910.0 ¢ 100.0
In-65 <6.6 <10.2
Cs-~134 <2.4 <3.5
Cs-137 2.6 3.7
Ba-lLa-140 <9.6 <14.9
Ca (g/1) 0.95 1.03

£E-12
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TABLE £3 (Cont.)

] MILK (pc ifrg dry)
| 7 F L) E— e
" Analysis . (08/27/8]1) (08/25/901)
i "l’] <°t’ (o..
! Sr-89 <0.6 <0.6
f Sr-60 3.9120.7 5.7 ¢ 0.8
K-40 1400.0 ¢ 160.0 1760.0 ¢ 180.0
In-6% <17.6 «22.7
- Cs-334 6.4 <5.9
i' (6137 6.6 <1.2
La-La-140 <11.2 <)4.2
Ca (g/1) 0.94 0.86
) TTRNIRCRY T T TACWLKNSE
Jnglysis  (09/10/91) (09/07/81)
1131 <0.4 <0.3
Sr-09 <0.8 <0.6
Sr-8) 2.3 0.4 4.5 ¢ 0.6
K-40 1180.0 ¢ 110.0 1670.0 ¢ 180.0
YA 1 <15.6 <18.6
(r=134 <6.% <6.8
(s-137 <6.8 <7.5
La-La-140 <, .8 <8.7
fa (g/1) 1.00 1.0]
Nutes:

£-13
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TABLE E3 (Cont.)

' MILK (pCi/kg dry)
j 199)
B | 3 U6 — e e
~Analysis (09/21/91) (08/27/91)

14131 <0.4 <0.%
Sr-89 &3 <0.8

| Sr-90 3.4 20.9 6.210.9
K-80 1230.0 ¢ 160.0 1840.0 ¢ 140.0
In-65 <15.0 <16.3
Cs-134 4.7 <1.7
Cs-137 5.3 9.1
Ba-La-140 <6.0 <13.6
ta (g/1) 0.80 0.86

~Analysis . (10/08/81) L10/06/81)

1-13] <0.3 <0.5
Sr-89 <0.8 <].0
Sr-90 4.52 06 10.2 ¢+ 1.9

| K-40 1260.9 & 150.0 1€60.0 ¢ 160,0

| In-65% <13.3 <15.8

| Cs-134 4.4 4.8

| Cs-137 <5.2 ¢1.9
ba-'a-140 <4.8 <5.1
Ca (g/1) 0.91 0.7%



TABLE €3 (Cont.)
MILK (pCi/kg dry)
1991

Analysis (11712/91) {11710/91)

1-131 <0.2 <0.2

Sr-R9 <0.6 <0.%

Sr-90 3.0: 0.6 5.1 ¢ 0.6

In-65 <24.0 <12.5

Cs-134 <1.2 <4.9

Cs-137 <8.5 <5.8

Ba-La-140 <8.5 <5.6

Ca (9/1) 0.86 0.90
CA-MLK-M] TCRWMIK-MEE

Analysis (12/10/91) (12/08/91)

1-131 <0.2 <0.3

Sr-89 <0.6 <0.7

Sr-80 2.9 0.5 5.9 2 0.9

K-40 920.0 ¢ 100.0 1910.0 ¢ 190.0

in-65 <15.0 24,7

(s-134 <5.2 <7.4

Cs+137 <6.] <’.4

Ba-lLa-140 <5.1 <10.%

Ca (9/1) 0.63 0.88

Notes:

Y NSNS _Singreest e N N N e L 1~ R g -
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TABLE E4
VEGETATION (pCi/kg wet)
1991

MUSTARD TURNIP

GREENS GREENY SPINACH
Analysis (05/28/91) (05/28/91) (!
Gross Alpha 121.0 ¢ 8¢.0 <106.0 117.0 ¢ 56.0
Gross Be’s 4768.0 ¢ 201.0 4486.0 ¢ 195.0 6042.0 ¢ 243.0
1-131 <24.2 <16.4 <4] .4
K-40 3392.0 ¢ 400.0 3600.0 ¢ 275.0 £530.0 ¢ 401.0
Mn-54 <18.3 ¢l2.]l <23.7
Co-58 <16.6 <12.9 <25.0
Co-60 <14.] <15.7 <22.0
Cs-134 <13.7 9.2 <20.8
Cs-137 <16.7 <10.1 <24 .4
“TAFPLVE CA-FPL-VE . —
TURKIF
LETTUCE SPINACH GREENS
— o Bnalysis (05/28/9]1) (05/29/91) (05/29/9!)
Gross Alpha 235.0 ¢ 109.0 99.0 ¢ 80.0 179.0 ¢ 69.0
Gross Beta 3968.0 ¢ 184.0 4860.0 t 1%88.0 4096.0 ¢ 131.0
1-13] <43.5 <28.0 <15.5
K-40 3390.0 ¢ 322.0 £905.0 2 555.0 3695.0 £ 231.0
Mn-54 <24 .4 <16.7 <13.7
Co-58 <27.0 <]8.8 <13.1
Co-60 <22.8 <20.0 <16.1
Cs5-134 <19.6 <|7.4 9.6
Cs-137 <23.4 <17.7 <l2.]
Notes:

£E-16



TABLE €4 (Cont.)
VEGETATION (pCi/ko wet)
1991

CA-FPL-VE -FPL-VE CA-FPL-VE
MUSTARD
GRIZNS CABBAGE LETTUCE
D00 s (05/20/9]1) (05/29/91) 105/29/91)
Gross Alpha 81.0 ¢ 42.0 87.0 ¢ 65.0 127.0 ¢ §9.0
Gross Beta 2159.0 ¢ 88.0 2909.0 ¢ 143.0 3185.0 £ 117.0
1-131 «22.6 «24.2 <22.0
K-40 320€.0 ¢ 396.0 3503.0 ¢ 415.0 3050.0 ¢ 334.0
Mn-54 <16.0 <18.7 <]4.5
Co-58 <17.4 <19.7 <14.0
Co-69 <17.7 <21.0 <14.8
(s-134 <12.4 <11.7 <12.5
Cs-137 <17.} <11.5 <l2.9
CA-FPL-VY CA-TPL-VT “CA-FPL-VE
MUSTARD
Lo ITUCE GREENS SPINACH
e ADR L YS S 8 (05/29/91) 105/29/80) . (06/11/81)
Gross Alpha 91.0 ¢ 65.0 233.0 2 115.0 <120.0
Gross Beta 3932.0 ¢ 170.0 4487 .0 1 200.0 6398.0 1 260.0
1-131 <27.0 <20.6 <30.8
K-40 3596.0 ¢ 221.0 3270.0 ¢ 242.0 9430.0 2 754.0
Mn-54 <13.2 <15.8 <24.2
Co-58 <]4.3 <16.] <24.0
Co-60 <l2.2 <21.7 <27.6
Cs-134 <10.7 <11.3 <19.9
Cs-137 €13.% <14.1 <24.8
Notes:

T T . b b e
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TABLE E4 (Cont.)
VEZETATION (pCi/kg wet)
1991

—hnalysis (06/10/9)) . (06/11/8])

Gross Alpha

CA-FPL-VS CASFPLVE CAFPL-V3
TURNIP MUSTARD
GREENS CABB’GE ( GREENS

06/11/91)

<165.0 <51.0 «122.0

Gross Beta 6177.0 ¢ 306.0 2613.0 ¢ 112.0 4504 .0 ¢ 732.0
1-134 <20.7 <16.4 <10.5
K-40 5650.0 ¢ 267.0 2680.0 ¢ 158.0 5657.0 ¢ 266.0
Mn-54 <15.9 <12.1 <B.5
Co-58 <lh.] <12.4 <B.4
Co-60 <15.3 <10.8 <9.2
Cs-134 <13.8 <10.5 <6.2
Cs-137 <16.2 <12.8 <10.5
CA-FPL-V3 CA-FPL-VE CA<YPL-VE
TURNIP MUSTARD
LETTUCE GREENS GREENS
———nnalysis  (06/11/91) (06/11/91) (06/11/81)
Gross Alpha 239.0 ¢ 111.0 <123.0 <129.0
Gross Beta 4439.0 ¢ 193.0 5286.0 ¢ 215.0 5379.0 ¢ 229.0
1-13] <9.7 <10.4 <19.1
K-40 4530.0 = 248.0 4440.0 ¢ 271.0 £187.0 ¢ 323.0
Mn-54 V.7 <10.6 <11.4
Co-58 <71.8 <10.7 <11.0
Co-60 <8.3 <11.5 <l1.8
Cs-134 <6.6 <7.8 <9.9
Cs-137 <7.6 <9.4 <12.]
Notes:






TABLE [4 (Cont.)
VEGETATION (pCi/kg wet)
1981

s

CL-FPL-VE TR PP VY TCRPRLNY T
TURNIPS CABBAGE TURNIPS
e Analysis  (07/22/81) (07/09/9]) (01/08/91)
Gross Alpha 179.0 ¢ 118.0 133.0 ¢ 73.0 265.0 ¢ 124
Gross Beta 4795.0 ¢ 235.0 3182.0 ¢ 126.0 3357.0 ¢ 175,
1-131 <43.5 <3].1 <?21.1
K-40 4240.0 ¢ 469.0 2760.0 ¢ 314.0 5406.0 ¢ 443.0
Mn-54 <30.0 <20.5 <12.5
Co-58 <«3] .4 <20.5 <11.1
Co-60 <27.8 <23.9 <14.5
Cs-134 <31.0 <21.8 <9.4
Cs-137 «37.1 <26.2 <15.5
CA-FPL-V3 CA-FPL-V3 CA-FPL-VE
TURNIP
GREENS LETTUCE TURNIPS
——Analysis (08/13/91) (08/13/9:) (08/12/91)
Gross Alpha <172.0 262.0 ¢ 127.0 202.0 + 118.0
Gross Beta §579.0 ¢ 241.0 5150.0 ¢+ 227.0 6125.0 ¢ 248.0
1-131 <17.6 <32.8 <32.2
K-40 6360.0 ¢ 466.0 4880.0 ¢ 755.0 6240.0 ¢ 828.0
Mn-54 <18.1 <42.5 <42.0
Co-58 <20.2 «42.9 <47.8
Co-60 <24.5 <44.6 <53.7
Cs-134 <}5.3 <34.9 <32.7
Cs-137 <17.5 <38.3 <43.3
Notes:
£-20




TABLE £4 (Cont.)
VEGETATION (pCi/kg wet)
193]

CASFPL-VE CA-FPL-V -FPL-
CABBAGL CABBAGE TURNIPS
—hDAlysis  (08/12/80) . 100/]3/8]1) (08/13/91)
Gross Alpha <54.0 100.0 ¢ 58.0 372.0 ¢ 120.0
Gross Beta 3395.0 ¢ 132.9 2936.0 ¢ 122.0 5035.0 £ 178.0
1-131 <13.7 <12.4 <16.8
K-40 3650.0 ¢ 408.0 1750.0 ¢ 253.0 4135.0 ¢ 343.0
Mn-54 <18.% <14.6 <24.)
Co-58 <22.1 <14.8 <24.9
Co-60 <25.2 <17.8 <25.5
Cs-134 <14.5 <12.1 <19.6
Cs-127 <20.4 <12.7 <25.3
I CA-FPL-V3 CA-FPL-VE CA<FPL-V3
TURNIP
LETTUCE GREENS LETTUCE
e Hhnalysis (09/10/81) (03/10/91) 110/09/91)

Gross Alpha 126.C ¢+ 63.0 292.0 ¢ 124.0 <42.0

Groes Beta 3698.0 ¢ 135.0 5158.0 ¢+ 209.0 3465.0 ¢ 101.0
1-13) <24.7 <21.7 <26.3

K-40 3500.0 ¢+ 452.0 4090.0 2 394.0 §550.0 ¢ 535.0
Mn-54 “20.4 <15.7 <23.4

Co-58 <?4.6 <16.4 <19.8

Co-60 €25.2 <18.0 <24.2
Cs-134 <18.2 <15.4 <19.2
Cs-137 <22.7 <15.3 <19.4
Notes:

£.2]



TABLE E4 (Cont.)
VEGETATION (pCi/kg wet)
19981

MUSTARD

TCASFPL-VE T CASFPL-VE CASPRLVE

IURN]P
GREENS GREENS TURNIPS
——h0alysis  (10/08/9]) (10/06/81) L10/06/81)
Gross Alpha 42.0 ¢ 25.0 <78.0 <92.0
Gross Beta 3518.0 ¢ 70.0 5115.0 ¢ 192.0 5019.0 ¢ 172.0
1-i31 <34.4 <35.4 <30.1
K-40 5690.0 ¢ 622.0 4440.0 ¢ 501.90 4360.0 ¢ 431.n
Mri- 54 <32.8 <23.7 <18.1
Co-58 <27.6 <22.0 <20.]
Coc-60 <34.2 <22.7 <18.8
Cs-134 <23.4 <19.9 <17.6
Cs-137 <30.6 <21.0 «17.%
CA-FPL-VT CA-FPL-VT TA-FPL-VY

LETTUCE CABBAGE TURNIF
Analysis {10/08/91) (10/08/91) (10/08/51)
Gross Alpha <64.0 <114.0 156.0 ¢ 50.0
Gros: Beta 4028.0 ¢ 120.0 4200.0 + 195.0 2017.0 ¢ 67.0
1-131 <24.3 «22.2 <?7.4
K-40 3%30.0 ¢ 416.0 3410.0 ¢ 395.0 5040.0 + 448.0
Mn-"* <18.6 <19.9 <17.4
Cu-58 <i9.2 <18.2 <18.5
Co-60 <22.1 <20.9 <17.3
(s-134 <16.6 ‘16.0 <16.0
Cs-137 <18.] <19.¢ 17,2
Notes:

HE
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TABLE £4 (Cont.)
VEGETATION (pCi/kg wet)
1991

e ADR) Y815

MUSTARD

[ 541 A ¥ 7 1 R 1

TURNIP

Gross Alpha

MUSTARD GREENS GREFNS
(10/08/91) (11/05/91) (11/04/91]
360.0 ¢ 154.0 §95.0 ¢ 227.0 377.0 ¢ 111,

11.0
6386.0 ¢ 183.0

£-23

Gross Beta 7323.0 ¢ 253.0 7687.0 ¢ 316.0
1-131 «29.8 <15.7 <22.%
K-40 §020.0 ¢ 493.0 6870.0 ¢ 397.0 5910.0 ¢ 300.0
Mn-54 <21.0 <13.0 «19.4
Co-58 <22.% <12.8 <13.9
Co-60 <20.2 <12.9 <16.]
(s-134 <19.4 <11.7 <12.0
Cs-137 <20.2 <12.1 <13.%

CA-FPL-VE CA-FPL-VY CA-FPL-VT

MUSTARD MUSTARD

GREENS GREENS CABBAGE

Analysis {11/04/81) (11/05/91) N & § V4174 ) § I—
Gress Alpha 416.0 ¢ 178.0 453.0 ¢ 202.0 77.0 ¢ 32.0
Gross Beta 7333.0 ¢ 294.0 8772.0 ¢ 355.0 1591.0 ¢ 58.0
1-131 <19.6 <16.0 <]13.3
K-40 6410.0 ¢ 327.0 7440.0 + 442.0 3090.0 ¢ 274.0
Mn-54 <11.0 <13.4 <9.8
Co-58 <11.4 <13.1 <10.4
Co-60 <1).6 <14.3 <11.0
Cs-134 <10.9 <11.2 «9.%
Cs-137 <10.9 <12.4 <10.%
Notes:

******






TABL" ES (Cont )
SOIL (pCi/kg dry)
1991

— . Mnalysts  (12/17/9)) A8 (2/11/90)

Gross Alpha 8645.0 ¢ 3720.0 15758.0 ¢ 6]00.0 14715.0 2 5803 .0
Gross Beta 19236.0 ¢ 2340.0 22505.0 ¢ 3536.0 23255.0 ¢ 3488.0

K-40 10100.0 ¢ 668.0 11150.0 2 1002.0 11400.0 & 890.0
Mn-54 <38.1 <45.4 <43.6
Co-58 <4].2 <45.4 <34,V
Co-60 <46.5 <$1. <54.0
Cs-134 <51.2 <51.y <40.0
Cs-137 £868.0 ¢+ 58.0 1011.0 ¢ 103.0 1150.0 ¢ 87.0
CA-SOL-PRY CA-SOC-V3
o Analysis (12/17/81) (12/11/81)

Gross Alpha 12732.0 ¢ 3792.0 10466.0 ¢ 3882.0
Gross Beta 22172,0 ¢ 2267.0 19091.0 ¢ 2502.0

K-40 10900.0 ¢ 800.0 14900.0 ¢ 912.0
Mn-54 <43.7 <39.9
Co-58 <49.3 <46.5
Co-60 <56.5 <62.5
(s-134 <64 .6 <59.1
(s-137 1390.0 ¢ 79.0 375.0 ¢ 43.0
Notes:

| ND = No Data. See section 2.3 for explanation.

|
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TABLE €6

SURFACE WATER (pCi/1
Yool (pCi/1)

t - - 1 . . - (4 i - '
(01/ i { RL - L

Gross Alpha RERY 2.8t 1. 1.8 ¢ 0.6
Gross Boga g.% t é. 5.8 ¢ 1.3 6.1 £t 0.6
H-3 <173.0 216.0 ¢ 94,0 <174.0
Sr-8 <0.6 <0.6 g
8 14 <04 <06 0's
Mn-54 <70 <7.8 <4.9
Fe-59 <28.5 <4 .4 «10.4
Co- 8 <?.6 7.7 <4.7
Co- < ;.% 7.2 <6.2
Zr-Nb-95 <13, <]3.2 9.1
Cs-134 <8.9 <8.1 <4.2
Cs-137 <7.6 <8.3 <4.4
Ba-La-140 <11.% <10.9 <l2.4

CR=SWA=SUT™ ™~ 7 "CA-SWR-S07 TA-SWA-

—DA)ysis  (02/17794)  ___102/12/9] (02/08/91)
Gross Alpha <0.%9 ;. ¢ 0.5 3.820.7
Gross Beta 4.1 2 0.6 .3 20.4 8 0.6
H-3 <174.0 133.0 ¢ 65.0 <174.0
Sr-89 <0.5 <0.4 <0.7
Sr-80 <0.5 <0.3 <0.6
Mn- 54 €].? <2 .3 <3.9
Fe-5%9 3.5 <5.0 <9.3
Co-58 ¢l.% <2.4 <3.9
Co-60 <1.7 2.4 <3.3
r-Nb-§5% <2.9 4.2 <B8.8
s-134 <1.5 2.9 <3.3

Cs-137 1.8 <2.8 <4.0
Ba-La-140 <].4 <3.3 <1.8
Notes:
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TABLE E6 (Cont.)
URFACE WATER (pCi/1
SURFACE r”g (pCi/1)

e e b Bt It N T s .

TA-SWA CA-SWASS
{03712/8)!

ross Alpha 2 t0. 22 0.8
gross loga ;.f t 0. ;.g 1 0.6
H-3 <179.0 173.0 ¢ 95.0 i
Sr- <].2 <0.

4+ 33 0.74 0.3
Mn- 54 ] <6,3
Fc-§9 :’.l <]2.8
Co-£8 < § <g§
Co-60 <3, <B,
Ir-Nb-95 <65 <1i.3
t139 33 %3

a-la-140 <4.? <1.0

_Analysis (040981, 104709731

Gross Alpha 91 1.4 1.84 1.2
Gross Bega ;.0 t 1.0 £.5 2 { 0
H-3 <163.0 182.0 ¢ 91.0
Sr-B9 <0.§ <C.6
Sr-90 <0.4 <0.5
Mn-54 <7.6 <6.2
fe-59 <l4.2 <14.5
Co-58 7.4 <5.8
0-60 <6.9 <7.0
r-Nb-95 «14,2 <]2.3
Cs-134 <1.5 <5.7
(s-137 7.3 <6.4
Ba-La-140 <6.0 «10,1

Notes:
ND = No Data. See tection 8.0 for expanation.
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TABLE €6 (Cont.)
SURFACE WATER (pCiN
'] (pCi/1)

CA-SWA-SU TATSWA-S0?

, , (05/14/91)
Gross Alpha Lt 1.9 1.6 ¢ 1.
Gross beta 3.4 1 }.2 6.4 2 I.S
H-3 456.0 ¢ 116.0 199.0 ¢ 106.0
Sr-89 <0.5 <0.5
Sr 80 <0.4 <0.4
Mn- 54 <6,2 <5.9
Fe-59 <]2.3 <14.6

0-58 <7 <5.9

0-60 <7 <B8.1
%r-ﬂbiOS <}2§1 <9.3

5~ <4, <5,
Cs-%%? <5.5 <2.3
Ba-lLa-140 <12.8 <6.7

TR-SWASSUT TLESSWASSUSTT

Anunn.___mmu__._.__(wwm
Gross Aleha ;.7 t 1.5 3.1 £1.2
Gros; Beta B2 1.1 7.7 £ 0.8
H-3 €89.0 ¢+ 113.0 <177.0
Sr-89% <0.7 <C.8
Sr-90 0.5 ¢ 0.3 <0.4
Mn-54 <B.6 <6.9
fe-59 <13.7 <13.1
Co-58 <8.1 <6.2
Co-60 <1.8 <6.4
lr-Nb-8% «]3.3 <]0.5
fs5-134 <6.1 <5.1
Cs-137 <k .4 <5.8
Pa-lLa-140 <11.0 <11.5

Notes:
ND « No Data. See section 8.0 for expanation.
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TABLE E6 (Cont.)
SURFACE WATER (pli/1)
1991

S - TE-SWASTD] rn-swn-guz
Analysis {07/09/9]. /91)
rose Al ha 1.2 ¢ 4.6 7.8 % 2.;
rot: 9.3¢ 1.8 12.6 ¢ 1.
H-3 390.0 ¢ 104.0 <183.0
Sr-BY 1.1 <1.2
Sr-90 2t 0.6 <0.4
Mn-54 <5.0 <&, 6
Fo-59 <11.9 <]2.3
Co-58 5.2 <5.4
Co-60 <6.0 <5.3
§- <5. 9.
Cs-}if <E.i <. 4
Ba-la-140 <8.1 <12.2
TTURTSWASSUT CATSWAS0?

Analysis ___ (08/13/891) (08/13/91)
Gross Algha 2.1 2.6 £ 1.7
Gross Be 7.0 ¢ 1.2 7.2 ¢ 1.2
H-3 <]83.0 339.0 ¢ 104.¢C
r-8% <0.6 <0.6
Sr-80 <0.4 <0.4
Mn- 54 <6.6 7.4
Fe-59 <id. 4 <14.3
co-58 <B.4 <7.6
%c-GC <B.2 <6.7
r-Nb-9% <l4.1 <13.8
(s-134 <6.9 <B.1
Cs-137 <7.8 <8, 6
Ba-La-140 <9.4 «10.4

£-29
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ND = No Data. See section &.0 for expanation.
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TABLE E6 (Cont.)
SURFACE NATER (pti/)
199% (pti/1)

CA»‘:WI";- | S
Anslysic 109/11/91)

LRCSWR SO T

(Q!/llltll___
Gross ' ha %.! % }.4 <l.8
Gross “ela 12.4 ¢ 1.4 5.221.0
H-3 212.0 ¢ 98.0 222 0 ¢ 98.0
Sr-89 <0.8 <1.0
Sr-90 0.4 £ 0.3 <0.6
Mr-54 “7.3 ¢7.3
fe-59 <16.7 <]5.8
Co-58 <6.7 <9.0
Co-60 <8.0 <1.7
%r-Nbi95 <l4sl <;367
- <6, <7.
Cs-}§7 <?.0 <8.0
Ba-La-140 <]4.8 <]0.]
CETSWA-SUT CATSWA-SO?
_Analysis (10/08/91) _ __ (10/09/91) _
Gross Algha %.3 t 0.7 5.6 ¢ 1.%
Gross Bela .7 ¢ 0.6 13,6 ¢ 1.0
H-3 <182.0 196.0 ¢ 98.0
Sr-89 <l.1 <1.0
Sr-980 <0.5 <0.4
Mn-54 <6.8 9.2
Fe-5% <18.5% <]8.3
Co-58 <6.9 <B.7
Co-60 7.3 <g8.1
Zr-Nb-9% 13,7 <14.6
(s-134 <;.9 <7.8
Cs-137 <7.% <9.5
Ba-lLa-140 <B.4 <}3.3

Notes:
ND = No Data. See section 8.0 for expanation,
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TABLE €6 (Cont.)
SURFACE WATER (pCi/)
| ek

' CITSUi:SYI tlTYWl-;U« :
~Analysis (11/12/81) (112128791
Gross A1eb| 2.2 2.2
Gross Beta 5,02 1.3 4.7 ¢ 1.3
H-3 <16]1.0 500.0 ¢ 100.0
r-89 <0.8 <0.8
1-90 0.4 £+ 0,2 0.4 ¢ 0.2
Mn-54 4.6 6.3
Fe-59 <10.4 9.7
Co-58 <4, <5.7
Co-60 <4, <g.1
r-Ngiﬂs <z. <5.9
5= <4, <5,
s-%J? <4.3 <6.¥
a-La-140 <5.3 <5.8
CR-SWA=SUT TTURTSWASS02
Analysis (12/10/81) 112/10/321)
Gross Beta 3:1.0 6.1 21.]
H-3 <159.0 284.0 ¢ 90.0
Sr-83 <0.7 <0.6
Sr-90 <0.6 <0.4
Mn-54 <6.6 <6.8
Fe-58 <12.8 <15.0
(o-58 <7.2 <7.0
%o-so <7.6 <6.8
r-Nb- 858 <]1.9 <14.7
Cs-134 <5.8 <6.8
(s-137 <6.5 <B.3
Ba-La-140 <13.0 <]1.3

Notes:
ND = No Data. See section 8.0 for expanation.
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TABLE €7
GROUND WATER (pCiN
IISI g

' RLLE TETTTTTORSWNASTTS TASREETYOS -
ross Alpha 4.2 1. N ND
ross Beea 3.4 ¢ 8.2 Ng WD
H-3 <]73.0 ND ND
Sre <0.6 N ND
sr-33 <8.4 NB ND
Hn»gl <4.8 ND ND
fe-5% 9.8 NG ND
to-zs <$5.0 ND ND
Lo~ <5.3 ND ND
r-Nb-9% <9.8 ND N
s-134 < .g N N
$-137 <5, N N
Ba-lLa-140 <10.1 ND N
' “WWES TA-WWE-TTS TAWWASTOS
e MO 8RS (02/12/9 102/12/91Y
grons A'lpha 5.4 t 0.7 1.6 1 0.7 1.920.7
ross Bela 41 0.6 8.7+0.7 11.9 £ 0.7
H-3 <174.0 <174.0 <]174.0
Sr-gg <0.5 <0.6 <0.%
r- <0.4 <0.5 <0.4
Mn-54 <3.; <6.3 <4.)
Fe-£9 <6. <)12.4 <9.%
(o-58 <3.6 <6.4 <4.0
Co-60 <3.6 <5.4 <4.9
Ir-Nb-§5 <6.4 ¢«11.2 <7.3
Ls-134 <5.0 <6.0 <4.0
(s-137 <3.8 <b.4 <3.8
Ba-La-140 <4.7 <. € <5.0

Notes:
ND = No Data, See section 8.0 for explanation
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TABLE E7 (Cont.)
GROUND WATER (pCiN)
ns: (pCi/N)

CA-WWE- TR-WWA-F1E TTTTASWNRSYOS T
(05/14/9] (05/17/81) (05/14/91) i,
ross Alpha 3.6 ¢+1]. 5t 1. N
ross Bega 3.1 ¢ 0., 3.? * o.g NB
H-3 <197.0 <197.0 ND
Sr-89 <0.6 <0.4 ND
Sr-90 <0.4 <0.3 ND
Mn-54 <6.9 <B8,2 ND
Fe-59 <13.7 <]3.% N
Co-58 7.1 <B.4 NE
Co-60 <6.3 <5.8 N
Ir-Nb-95% <13.8 <13.0 N
c:-%gl <9.s <1.3 N
L5-137 <7.4 <7.8 N
Ba-La-140 <6.6 <6.7 N

Gross Al
Gross Be

H-3

Cs-137

gha

Ba-La-1¢y

Note

_,___Jmmu.__jmu

3.

TASWWA-TTS CTE-WWA-TDS
(07/09/91) (07/09/91)
<1.8 <l.6 <].3
2 +0.8 9.0 2 0.7 12.1 ¢ 1.1
<183.0 <183.0 <183.0
<].] <0.8 <1.0
<0.5 <0.4 0.520.3
<5.4 <5.8 <4.7
() <13.5 <il.4
<5 3 <6.7 <5.4
<4 <6.8 <6.5
<9 & <l1.? <9.9
<5.7 <5.9 <5.1
<4.9 <6.6 <5.4
<11.2 <13.4 9.2

ND = No Data, See section 8.0 for explanation
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TABLE €8

BOTTOM SEDIMENT (pCi/kg dr
ml(p /kg dry)

ngil )

Notes:

£-36

R-AUS-T -

Analysis. (Gazpden)
Gross Alpha 0 t 37 466 ¢ 26)
Gross Beta %3338 t 3733 13022 1 1ee§
Sr-89 <Il.g <11.5
Sr<90 9.7 £ 5.2 10.6 ¢ 4.4
Mn-54 <56.9 <49 .4
Fe-i’ <147.0 <316.7

0- <49, <42,
Ir-Nb-95% <]01.8 <90.8
Cs-134 <53.5 <gﬁ.0
Cs-137 <67.0 <50.7
Ba-La-140 <138.7 <104.9

CA-RJS-R CR-RUS

Analysis (10/28781) (10728791
Gross Algha <6276 8 t 6 57

Gross Be 26424 ¢ 3756 10] £ 3
Sr-89 <16.2 <17.7
Sr-90 6.2 31.0 ¢ 7.3
Mn-54 <25.0 <25.2
Fe-59 ¢73.5 <78.3
Co 58 <26.7 <30.4

Co-60 <3%.1 <28‘§
Ir-Nb-95 <52.2 <h4,
Cs-134 <16.5% <35.7
Cs-137 <21.9 9.7 ¢+ 18.0
Ba-La-140 «72.3 <181.0



TABLE E9

SHOREL INE SED!TS%} (pCi/kg dry)

£-37

L . m LA~ - j¥. -C
Analysis 1) { x
Mn-54 <38, <4s.5
Fe-53 <99, <]06.7
%o-zg <33, <48.]

0- <48, <54 .8
%r-ug-ﬂs <80. <96.)

s-134 <3].1 <40.8
(s-137 0 ¢t 46.0 <49 .4
Ba-La-140 <65.8 <114.6

CAvlg?-A CEAQS-T

Analysis (10/29/91) (10/29/91)
Mn-54 < g.; <37.3
Fe-59 <97, <171.6
Co- <35.6 <56.6
%o-GO <«29.8 <43.4
cr-NgiOS <ZI.5 <%%3.5

$- <4). <32.
ts-i)? <2%.g <39.?
Ba-la-140 <383.0 <373.8
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TABLE E10

FISH, CA-AQE-A (pCi/kg WET)

R R R RRTTRE ==—————~

ntwm RIVER GIITARD CHamsiL LUt

DRUN CARPSUCKER SMAD CATF ] 8K CATFIGM F
Eross Alphs «.0 «0.0 0.0 0.0 <0.0 !
Gross Beta «0.0 «0.0 «0.0 0.0 <0 ]

.

SreBy ND ND N LY KD
$r-80 KD KD L) N KD r
K40 «0.0 0.0 «0.0 «0.0 0.0
Hn-bd «0.0 <00 0.0 0.0 «0.0
fe 5% «$.0 «0.0 «0.0 «0.0 «0.0
Co-58 «0.0 0.0 «0.0 0.0 «0.0
Co-60 «0.0 «n.0 «0.0 0.0 0.0
Ce-134 «0.0 0.0 0.0 <0.0 0.0
Le-137 «0.0 0.0 0.9 0.0 0.0

SHORTHEAD RIv.R GI12ZARD SMALLMOUTH

REDHORSL GoLLEYE CARPSUCKER SHAD BUFFALD .

Anglysis (102/08/81) 102/08/81) (02208/81) (02/05/81) (02/06/81)
Gross Alpha «47.0 1000 8 53.0 0.0 2 50.0 «67.0 «60.0
Gross Bets 2638.0 2 1240 2376.0 2 1140 2545.0 2 1190 2776.0 2 130.0 312¢.0 2 1410
Srefb 7. ? 3.3 8.1 .3 3.8
Sr-80 «5.6 .5 <t 8 <. B L
|

L-40 A187.0 ¢ 132.0 19700 2 226.0 2385.0 ¢ 407.0 2462.0 5 2080 21470 ¢ #26.0 ‘
¥n- 54 «i7.1 1.0 <20.6 <14 8 <15.7
Fe 58 2] 8 <30.3 «h4 .8 «30.0 <45 7
Co-t8 «17.4 <i3.3 «16.2 «13.% «17.6
Co-B0 g0 6 %11.% 1.6 <i4.1 €% 3
(s~ ls4 «)2.% «12.% <16 .3 <10.8 «14 8
Ce-137 LH N «i2.2 <18.0 «l4 & «}7.1 i
hotes.
KD = No Dete. See section 8.0 for explanation.

£-38
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TABLE £10 (Cont.)

FISH, CA-A?;;? (pCi/kg WET)

—— N N R R T RN R AR R AR

FLATHEAD BLUE RIVER FRESHWATER
Chaap CATFISH CATFIEH CARPSUCKER DiRUm
—m00lyaie_ (04/20/80) _ (04/28/81) 104/28/81) ~A04/28/81) I TH 5 T4 J R —
Gross Alpha 0 <%0 166 ¢ 400 <50 «17.0
bross bets 10140 2 830 2067.0 5 85.0 N0 s 800 3036.0 ¢ 103.0 226.0 2 121 .
$ro0% .8 2.4 3.4 8.4 2.6
Sr-90 21.} .4 «.? 344 1.8 «1.8
L4 7855.0 ¢ 220.0 2600.0 & 426.0 2960.0 2 356.0 26821 .0 ¢ 286.0 30040 2 48%.0
- b4 «2%.1 €20.86 « 80 €143 2.7
fe-58 <82 .6 TN «67 .4 T <88 |
Co-58 <316 <253 «19.? «16.2 0.}
Co-60 5.3 9.7 «19.1 «14.1 «?8.¢
Lo-134 246 «17.% «14.3 «12.0 €7 %
Cs- 187 «2h.8 b4 8.7 €12.6 <187
o CHANNEL FRLSMAT LK RIVER LARGEWOL T
CATFISM CAKP DRUM CARPSUCKER BUFFALD
E— V5 JQ/a0/81) JL0/30/81) LI0/30580) UQ/30/81) 1T 174 ) S N—
Gross Alpha 106.0 ¢ 1.0 95.042 500 7.0 87.0 ¢ 60.0 540
Gross Beta 20770 & 116,0 2764.0 ¢ 685.0 2488.0 # 1050 2008 0 ¢ 124.0 ?211.0 2 110.0
Sr-B8 «19 . % <4 .t 5.4 5 B
Sr-80 €8 <% 31214 <2 .4 «2.3
V-4 2608.0 ¢ 356.0 26300 » 416.0 3560.0 ¢ 388.0 2670.0 2 256.0 2678.0 ¢ 432 0
L) «)5.2 1.8 «@0.5 «16.4 4.8
fe-58 «63.7 «100.2 «§4. 0 «57.8 <8b 2
Co-58 £20.% 6.7 8.2 «20.0 <14 .8
Ce-60 «14.4 «23.% “w? § ST €17.3
Casldd 2.5 «i7.8 «22.8 «12.3 <18}
{s-137 €11.6 «22.1 €20.0 <id.0 <184
hotes:
£-39
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TABLE E10 ,lont.)
FISH, CA-AQF- i/kg WET
. ?n? Ve WL |

FRESHWATER RIVER 1 220D CHANKEL BLut
DRUM CARPSUCKER CHAD CATH 5K CATFISH |

| ——m00lvats__(OUSIL (0131/81) A00/31081) 101/31/81) (OL/31/8)) |
. Gross Alphe .0 0.0 0.0 .0 <6.0 |
; Gross Beta 0.0 «0.0 0.0 <0.0 «0.0
i :
5 Sr-89 D N KD Ll N0 L
‘E Srep0 O N N ND D |
! K4y 0.0 .0 .9 «0.0 0.0 :
; M- 54 «0.0 0.0 «0.0 0.0 «0.0
* LI «0.0 0.0 «0.0 «0 ¢ 0.0
| to-58 0.0 «0.0 0.0 «0.0 «0.0 |

Co-80 «0.0 0.0 0 «0.0 0.0

Ca~134 «0.0 «0.0 «0.0 0.0 0.0
L Cs-137 <0.0 0.0 0.0 0.0 0.0 |
[ |
_ GILZARD SHOKTHEAD
iy SHAD CaRP GOLDEYE UL ILLBACK REDHORSE
, Analysis 100/08/81) (0g/08/81) (02,05/81) ~L02/05/81) 102/05/81)
< i .
l Lross Alphe <B0. 0 0.0 2 41.0 «36.0 8.0 2 23.0 $3.0 2 40.0 :

Gross beta 2611.0 2 126.0 27%:.0 ¢ 118.0 2210.0 ¢ 84.0 2611.0 ¢ 62.0 2623.0 ¢ 900 ,
: Lr-88 5.8 38 <1 3 3.t
: Sr-80 4.5 2.8 <« .4 <.t <z 8
j K-40 20000 & 35,0 6200 ¢ 358.0 2461.0 ¢ 25¢.0 2535.0 & 202.0 2030.0 ¢ 363.0
‘ wn- 54 «i6.? “l4 1.} 4.7 €19 1 i
i fe-58% <18 at 4 <80 «39.4 8.y
" Co-58 «21.4 <180 «§.? «1%.7 <gl.2 :
¥ Co-60 €17.1 <18 .8 SER <148 «18 .8 .

Cs-134 <16.4 «16.2 <96 «15.0 €Fe.o i
_', Cs-137 «17.0 ‘5§ «11.? «15.2 «21.1 :‘
*_ |
= hotes:

ND = Ko Data. See section E.0 for explanation.
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TABLE E10 (Cont.)
FISH, CA-AQF-C (pCi/kg WLT
?’91 (pCi/kg WET)

Cwn FLATHEAD FRESHWATER RIVER
CATFISH CATFISM CARP DRUM CARPSUCK(R
4081y (08/28/81) (08/28/8)) (04/29/81) (04/29/81) (04/28/81)
Gross Alpha 72.0 2 32.0 $8.0 2 53.0 .0 s 200 §4.0 2 38.0 70.0 2 38.0
Gross Bets 2382.0 2 0.0 £732.0 2 116.0 2570.0 2 76.0 2636.0 ¢ 76.0 2207.0 ¢ 78.0
Sr-8% <40 <13.6 2. 2.6 <43
§r-80 2.6 6.2 <l .4 1.6 2.9
r40 23/ v. 66.0 2080.0 ¢ 4420 3150.0 2 3840 3050.0 2 333.0 2350.0 ¢ €99.0
Mn-5¢4 g4 <350.8 <i7.6 «32.6 «1%.7
Fe 56 <§2.3 <§%.7 <38.8 <86.% “43.8
Lo-58 <108 <34 6 «18.5 «33.2 €17.2
Lo-50 LHAN | <30.8 «16.7 «22.8 «)8 3
{s-134 «16.5 <21.8 «4.¢ <278 <l4. 8
£s-137 <2 .4 <¢1.9 <16.0 «271.9 «16.1
CHANNEL FRESHWATER RIVER LARGEMOUTH
CATFISH CARP DRUM CARPSUCKER BUFFALD
Anelysis [10/30/81) L19/38/51) (10/30/81) (10/30/81) (10/30/81)
Grors Alpha <64 .0 <54 .0 103,02 55,0 1240 ¢ 78,0 <64 .0
Gross Beta 2623.0 2 95.0 2824.0 2 82.0 2672.0 2 }16.0 2842.0 2 122.0 2679.0 ¢ 1C1.C
ir-88 «4 8 <5.§ <4.) «2.6 <5.0
Sr-90 <2.3 «2.% 2 <1.2 .2
K-40 2907.0 2 404.C 2500.0 ¢ 268.0 28A0.0 & 338.0 2660.0 ¢ 304.0 3233.0 2 487.0
Mn-54 «54.0 .0 1.2 <17.3 «22.0b
Fe-58 <80.8 «63.2 <78.9 «58.7 «80.%
Co-58 «23.3 €23.1 21 6 «21.7 <28.%
Co~-80 «14.3 «1E. «73.6 «20.0 «<]18 .8
Cs~138 <iz.0 <}4.L <15.8 <}3.7 «i7.
Ls-137 ri6.-3 <ié.| «<]7.8 <14 8 «21.9
kotes
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TRBLE E10 (Cont.)

FISH, CA-AJE-D (pCi/kg WET)

S T o T -

£-42

rntsmm RIVEM s:zmo CHARNEL BLUE
CARPSUCKER CATFISH CATF]SH
Aoalyris tmmu___._wmuw_...._.mmn L01206/81) (olzle/e)
Gross Alpha <0 44.0 2 300 0.0 - w40 8904 20.0 57.0 ¢ 28.0
Gross Beta 2748.0 2 B1.0 2848.0 2 790 3315.0 2 104.0 2856.0 3 83.0 2751.0 2 2.0
Sr-88 <8.0 3.3 <10.0 <34 <11
Sr-80 <13 <2.8 6.7 .7 <66
K-40 2808.0 ¢ 326.0 2910.0 ¢ 338.0 2750.0 ¢ 270.0 3678 0 2 7860 2510.0 4 230.0
Mn-54 <178 <16 § <11 & <20.3 «10.7
Fe-58 «a.§ <37.% <351 33 & «27.8
Co-58 «i2.4 <18.7 €131 €1b B «10.8
Co-80 «13.8 <16.4 x12.3 «22.8 <12 .0
Cs-134 «10.1 <13.6 «13.8 «19.2 <58
Cs-13) <13 3 <13.% <13.6 <238 <11.4
RIVER GIZZARD BLUE LARGEMOUTH SKIATNOSE
CARPSUCKER SHAD CATFISH BUFFALD 6’2
*-alysis .. “B/81) 402/06/81) (0270679} 102/06/81) (02/08/81)
Gross Alpr . £ 75.0 <81.0 «32.0 5.0 <47 .0
Gross Betes s 136.0 2717.0 2 143.0 2630.0 2 79.0 2565 0 ¢ 127.0 2185.0 1 104.0
Sr-gy <A 2.5 <4 & <3.3 <5.1
§r-80 oy %l .7 6.5 £2.8 <4 0
K-40 2048.0 2 310.0 2724.0 = 382.0 2250.0 ¢ 315.0 2932.0 4 435.0 3090.0 & 343.0
Mr-54 €ld .4 «9.& «32.7 «20.1 <18.7
fe-58 «dj ] «53.2 <B1.0 <85 .U «31.7
{o-58 <14.7 «15.2 <38.7 <158 <17.4
Co-60 €12 .4 <16 B «26.8 <178 <20 &
Cs-144 <12 & <13 2 3.6 <16.8 <147
Cs-137 €138 <14.0 «29.1 <18.5 <166
Notes:



=

TABLE E1l
THERMOLUMINESCENT DOSIMETRY
1oaj
FIRST QUARTER SECOND CUARTER THIRD QUARTER FOURTH CUARTER ENNUAL
NET wEY NET Ny wET
FIELD TLTAL EXPOLURE Fitio TOTAL EXPOSURE FIELD TOTAL EXPOSURE FIELE TOTAL EXPOSURE FIELD TOTAL FYPOSIRE

LOCAT (0% TIMT  EXPOSURE (MREM/STIO TIME  EXPFOSURE (MREM/STD  TIMS  EXPOSURE (MEEM/STO TIME EXPOSURE TINT  EXPOSURE (HRER/STD
_CODE (PAYS) {MREM ¢ 2c) ©1' s+ 20}  (DAYS) (MREM ¢ 2o} QIR : 20) (DAYS) (MREM 3 2¢ : i )

CA-1Dm-01 78.0 1342 0.7 154+ 0.8 8.0 15,1+ 0.6 153+ 0.6 10 17.3202 15.02 0.1 5.0 17.7¢4.P 6.8 20 s 7T5.429.0 185 2.2
Ch-1omM-02 TB.C .5 203 1572 0.4 go.e 5.5203 172073 104 168+ 06 14.5:205 75.6 15.7 + 0.8 4.9+ 0.7 356 73.122.1 1W0205
CA-1DM-(3 78.0 15.2 2 1.5 VW€ + 1.8 89.0 %£.6120.8 6.8+ 08 106 18.0 « 0.7 15.6 2 0.6 6.9 1.5 ¢ 0.7 15.&6 2 0.7 366 %6235 Wrs09
CA-1DM-04 78.C 12.6¢90.7 %5203 8.0 1.3+ 08 4.5:+008 06 15,1 228 151 ¢ 0.7 9.7 H.2:202 135202 356 56.%5 226 13.7:+0.0
CA-108-05 7.6 119+ 0.5 22108 8.0 12.82 0.7 3.9+ 0.7 WL Wb 0.6 12,7205 $%.S 131 2 0.4 12.5 2 0.4 366 605 226 .92 0.6
CA-TDN-06 .0 %5207 1692+ 6.8 8%.9 15.7 ¢ 0.7 15.3 2 0.7 166 17.8+ 0.8 15.4 + 8.7 9%.9 16.220.7 15.3+08 6 6.7 0% 157202
CR-1DM-07 780 13.4+0.5 15.4 205 8.0 156+ 0.3 5.3:2873 14 17.7+ 6.8 15.3: 0.7 5.1 M4 e2.4 56223 W 625235 154209
CA-10%-08 78.0 150+ 0.7 17.3+ 0.8 8.0 WB.T7T+07 159+ 0.8 106 186+ 1.1 151269 2.9 175203 B.6202 W6 70.1 £ 9.7 1.2 2.4
CA-1DM-09 7.0 1532 0.7 7.6 2 0.8 890 1832 1.0 185~ 1.0 164 200+ 2.1 17.3¢ 1.8 6.9 179+ 1.9 4.9: 5.8 3£ 7742 T8 WO .9
CA-10M- 19 7.0 13.9:0.8 16,1z 0.9 89.0 16,1205 K53 +05 0% 1792 0.9 5.5+ 6.8 9.9 63203 155+ 03 366 4.1222 15.8:205
CA-1DM-1% 8.0 15.4¢05 17.82 0.6 89.0 174 ¢+ 6.9 7.4 2109 106 19.32 1.1 1472079 %9 5.2+ 04 17.3 2 0.4 6 9.2+ 1.2 WO0:00
CA- DM 12 B0 1.7 +0.4& 1692+ 0.5 B8.% 179+ 1.1 18.2 2 1.1 We 19.2¢ 1.3 6.6+ 1.0 9.6 .02 0.6 17.7 2 0.6 386 M7.2:22502 B2 b0
CR-1DM-13 7B.0 4.2 2 0.7 .42 0.8 8.0 7.6+ 0.5 17.8 + 0.5 6L 188204 1.1204 2%.9 174 ¢ 6.7 15" 2 0.8 364 6B B2 2.6 192066
CA- [OM- 14 780 14.8¢ 0. 17.1+2.8 8¢ 171206 17.3: 0.8 104 18.3206 15.9:05 9%.9 156205 158205 356 7TV.229%0 75222
L~ 108~ 15 7.0 .3+ 1.2 BS54 W0 159206 6.1+ 0.6 106 8.0 : 0.8 15.64 2 0.7 4.9 14205 155205 34 665225 15906
CA-1DR- 16 780 12,62 0.7 .46 . .8 29.0 % £ 203 %903 0w 15.9: 0.3 13.8: 0.2 U9 W.T s 06 WO 0.6 36 SB.8 237 WNS5:0®
CA-ID#M-17 8.0 1.0 0.3 16.1 ¢ 0.4 ES.C 16.0 ¢+ 0.6 16.7 ¢ 2.6 104 17.3: 0.6 15.0 % 0.5 95,9 15.82 0.5 15.0 ¢+ 0.5 346 86.2 ¢ 12.2 26.7 2 3.9
CA-1Dm-18 78,0 13.6 + 0.7 15.7+ 0.8 8.0 WM.0+0.8 162+ 0.6 106 17.7¢ 07 15.3¢ 0.6 $6.7 163203 15.5 s+ 0.2 366 65.1¢2.¢ 1502 05
CA-10M-19 73.) 1.7 298 1691z 0.9 8.0 122 ¢+ 1.8 BLs 13 W6 17.8: 0.3 154 ¢ 03 5.0 21.1 4.0 200+ 3.8 366 95.2¢ 35 234 :09
TA-1DM-20 .0 4.7+ 1.1 8913 8%.0 16.7:06.9 %.9: 10 W6 13.6¢ 2.0 1612 1.7 9%.9 %.8:2048 159205 3 TV 290 75222
CA-10M-21 780 13.4 2 0.5 15.4 2 0.5 29.0 1.4 £ 0.3 16.6 2 0.4 104 7.3 ¢ C.6 5.0+ 05 S6.9 .4+ 06 15506 36 660230 5.7:0.7
CA-1D8-22 TB.O .7 206 17.06: 0.7 89.0 17.722.2 7.9+ 2.2 104 18,5 ¢ 0.7 16.0 : 0.4 9%.8 7.4 .06 1.5 : 086 356 BA 687 208220
CA-1DM-23 TR.O 12.3 204 185 2 0.4 85.0 152 + 0.3 154 2 0.3 36 188221 %3: 1.8 .9 WV,.B: 06 5.9+ 06 366 76.2 2 0.5 187 258
TA-1DM-24 7280 13,0208 .9 s«DQ 8.8 15.2+ 1.0 154 ¢« 3.0 106 15.5 ¢ 3.1 6.3+ 1.0 9.9 154205 K6+ 04 356 ST.4: 10 %.1 s 0.%
CA-1DH®-25 TB.0 1.0+ 086 16.2 0.5 9.0 156+ 0.7 1582 0.7 106 176+ 1.0 15.2 ¢« 0.8 .9 .05 1546205 366 65.4 2 1.7 6.1 2 0.4
CA-IDM-25 7.0 19.1 ¢ 0.4 1.7 =2 0.5 ;oL N6e2.2 N.7222 0 12604 L9073 9.9 WP +04 103+ 0.4 386 4.0 238 3B 0.9

Notes:

Lt el B N L
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TABLE Fil (Cont.)

THERMOLUMINESCENT DOSIMETRY

1991
FIRST QUARIER SECOMD QUARTER THIRD OUARTER FOURTH QUARTER ANWIAL
NET 3 Wl wEl vt
FIELD  TOTAL EXPOSURE FIELD  TOTAL EXPOSURE  FIELD  TOTAL  EXPOSURE FIELD  TOTAM ENPOSURE  FIELD  TOTAL  ENPOSURE

LOCATION TIME  EXPOSURE (MREM/STD 1'4E  EXPOSURE (MREM/STO TiME  SXPOSURE (MREN, 5 1D TiMgE EXPOSLRE (MREM/STD  TIME  ENPOSURE (MREM;/STD
LT (BRYS) (MREW 3 20) OTR ¢ 2o) (DAYS) (MREM s 2o) CIR ; 20} (DAYS) (MREM s 20) QiR ¢ Zo) (DAYS) (MREM ¢ Zo) OTR ¢ 2o0) (DAYS) (WREM ¢ 20) QIR ¢ 20)
CA-1DM-27 B0 B0 1-3 173295 8.6 16.9¢ 1.% 7.9 2 1.2 106 18.2¢t 0.8 15820.7 6.9 1762 1.6 16.7 ¢ 1.5 366 7.1 2 2.3 1.5 0.6
CA-10%-28 78.0 .62 1.2 6.8+ 1.4 89.0 16.9 2146 17.1 2 1.4 104 18,0207 15.6¢ 6.6 6.9 .62 1.2 15.82 12 356 BL2 2182 207 245
CA-1DM-29 8.0 13.1+ 0.5 15.1 2 0.6 89.0 16.2 ¢ 1.9 6.6 2 2.0 106 159+ 0.7 13.8+¢+ 0.6 P49 .7+ 0.4 4.1 ¢ 0.4 346 665 2 124 WMe s 3
CA-10M-38  77.9 ¥ o 88.9 n 16.0 3+ 2.4 104 w0 13.0¢3.7 9.0 ® 151203 386 wo ¥
CA-10oM-31 78.0 .1 £0.4 1635205 B9.0 1.4 2 0.5 17.6 2 6.4 10 12.1¢35 165¢ 3% 5.0 .62 0.7 5.7 0.7 366 65.6 2 1.2 %.0:073
CA-1DN-32 78.0 1381204 15.0 ¢ 0.5 88.9 1.3 0.4 1.5+ 0.4 106 18.1 £ 0.5 15.6 2 6.5 9.0 6.1+ 06 1532046 366 B39 2 146 2062 6.6
TA-IDM-33 780 4.4 £ 0.4 166204 B89 152305 154205 104 9204 WAEes0& 950 155203 W.T+03 366 636455 1562 1.4
CA-1DM-34 78.0 1252 0.8 15.5 2 0.9 89.0 15,02 0.6 15.2 ¢ 0.7 W4 1532 0.7 13.2 2 0.5 95.0 15,5+ 0.4 128+ 04 366 S7T.32 2.4 .14 06
CA-1DM-35 8.0 12.52 0.5 1.4+ 0.8 B8P.0C .5 206 W62 0.6 106 14.1 2 0.7 14.02 0.6 5.1 1. 32046 135+ 0.4 36 59.32 3.3 wWe:08
CA-10M-36 78.0 13.9: 0.9 6.1z 1.0 89.0 6.1 2 0.6 16.2 £ 0.6 104 17.82 08 154 265 %9 18,1206 5.2+ 0.6 366 B82.3 2 13,0 202+ 2.7
CA- 1DM-37 8.0 3.6+ 0.3 15.6 2 0.4 89.0 153+ 6.4 155 2 0.4 06 174209 5.1+ 0.8 5.1 5.3 04 1.5+ 6.4 366 63.C 2 4.2 155+ 1.0
CA-iDM-38 8.0 W61 0.7 122+ 0.8 B9.0 118204 11,92 0.4 We 130296 113 <05 95.1 11,5205 0.9+ 05 366 45.6 ¢ 1.3 1121208
CA-1DM-39 78.0 13.74 0.9 158211 890 16.4208 166206 104 174206 15.1:0.3 95.0 18.2:4.C 17.3: 3.8 366 938245 231 1.0
CA-1DM-40 78.0 1.6 207 1%.62 0.8 B9.¢ 169+ 07 7.1+ 0.7 106 17.9+ 0.8 1552 0.7 95.0 15.3+ 0.4 155+ 0.4 366 76.2 2 8.0 18.7:2.0
CA-1DM-41 78.0 13.1 : 0.6 15.1 2 0.7 88.9 15,0 0.5 15.1 205 106 219285 19.0: 7.4 9.1 15.020.2 W.22+02 366 6742 2.4 16564086
CA-10M-42 0 1212909 13.9¢ 1.0 88.9 17.02 6.5 7.2 2 6.6 106 15.3 2 0.7 13.2 2 0.6 95.0 13.52 9.5 128205 366 70.3 ¢ .Y 17.3 235
CA-10M-43 5.0 3.4 206 15512 0.7 890 1552046 15.7 : 0.4 MW 17.1 210 .8+ 9% 5.1 156+ 0.7 .8 ¢ 0.6 366 62.8 222 1541205
CA-1DM-44 78.0 15.6: 0.8 15.7 2 1.0 89.0 15.8 ¢+ 9.4 160 2 0.4 106 179209 155208 95.1 B 0206 15.1205 366 6.9 210 15.9¢ 02
CA-1DM-45 78.8 13,8206 16.0 ¢ 0.6 289.0 15.3 ¢ 0.7 15,52 0.7 164 208215 1B.0¢13 4.9 15.1 206 .32 0.6 366 9.8 1.6 17.2:03
CA-IDM-46 78.0 4.4 ¢ 2.7 1%.6 2 0.8 89.0 15.1 £ 0.6 153 2 0.6 104 1862 1.2 16.1¢ 1.0 %9 Wt 15.3 05 366 BL.3 ¢ 174 20.7T 2 4.3
CA-1DN-47 TE.O 1% .02 0.4 1.1 1205 B9.0 15.2 2 0.6 15.4 2 0.6 108 17.1 2 0.9 .8 0.7 9T 1552 0.3 W7 e0T 36 T1.B 268 VW77
CA-TDM-48 729 15.7+ 1.1 121+ 1.3 B9.0 16.4 2 0.7 6.6 0.7 19« 17.92 0.5 154295 %% 6.4 2 0.7 15.6 0.7 366 S48+ 5.0 412
CA-1DH-49 7.0 13.9¢«0.9 150 ¢ 1.1 82.0 15.5¢ 0.6 5.8+ 0.6 0L 17.2:20.3 .9+ 0.2 WY TH20.8 B DT 366 9.0 64 170+ 16
CA-1DM-50 8.0 139+ 04 %0205 B850 %.7+08 169208 106 18.4 + 0.8 1%.0 ¢ 0.7 95.1 17,3225 16.4:23 366 4.9 256 149214
CA-1DM-51 78.2 14.4 2 0.7 1.5 s« 0.8 B8.8 1.3+ 0.7 165+ 0.7 104 1832909 15.8+0.3 95.2 W3 227 4226 366 43.8¢ 1.0 15.7+03
CA-1DM-52 78.2 13.9¢ 0.4 360+ 25 28.8 160+ 0.8 16.2 ¢+ 0.8 106 18.1 2 0.7 15.7 2 9.6 9.9 1582 0.6 5.8+ 0.5 366 6346 22.% 156+ 05

mnde— e

Notes: 1. MO =~ do Da'a. See section 2.3 for explination.
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CULTURAL RESOURCES

In accordance with Sections 4.3 and 5.4 of Appendix B to
Facility Operating License No. NPF-30, a description of the
implementation of Cultural Resources requireaents follows.

Union Electric has submitted an amendment request dated
2/21/92 (ULNRC-2566) which proposes to revise the Callaway
Facility Operating License NPF-30, Appendix B, Ernvironmental
Protection Plan (Non-radiological), by removing Sections 2.3
and 4.3, "Cultural Resources." Union Electric has developed
and maintains a management plan for the protection of
cultural resources on the Callaway Plant site including those
withir the area of potential effects. This management plan
was - - ised and forwarded to NRC by letter dated 4/16/92
{(ULNRC~2620). The amendment request provides the status and
disposition of each portion of the present Appendix B which
addresses cultural resources.
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2.0 AERIAL PHOTOGRAPHIC MONITORING AND INTERFRETATION OF

VEGETATION AT CALLAWAY

The final report of the 1991 Callaw.y . :rial infrared
vegetation monitoring study completed by Applied Biology,
inc. follows. This study was completed in order to fulfill
the requirements of Section 4.2 of Appendix B to Facility
Op2rating License No. NPF-30.

The vegetation monitoring conducted during 1991 was the fifth
operational monitoring effort. As with prior efforts, no
evidence of detrimental effects from cooling tower drift was
found; vegetation stress in the vicinity of the plant site
was determined to be caused by natural factors.

A copy of tie color photographic prints and color
transparencis have been sent under separate cover to:

Mr. L. R. Wharton

Office of Nuclear Reactor Regulation
U. §. Nuclear Regulatory Commission

1 White Flint, North, Mail Stop 13E21
11555 Rockville Pike

Rockville, MD 20852



AERIAL PHOTOGRAPHIC MONITORING AND INTERPRETATION

OF VEGETATION AT CALLAWAY

AUGUST 1991

FINAL REPORT

NOVEMBER 1891

UNION ELECTRIC COMPANY

A

APPLIED BIOLOGY, INC




TABLE OF CONTENTS

EXECUTIVE SUMMARY . . . . . .

10
20
3.0
40
50

INTRODUCTION

STUDY METHODS

RESULTS AND DISCUSSION
CONCLUSIONS . . . . . . ..
LITERATURE CITED




)
EXECUTIVE SUMMARY
i
£ »
- v i
gt
-
| 4
\ fi
4
1
N
L]
'
9
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species composition of the vegetation community at the Callaway Plant. This work was
performed in 1973 - 1975, 1981, and 1983 - 1884, and concentrated on a st of per-
manent terrestrial study plots.
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2.0 STUDY METHODS

Applied Biology, Inc. (ABI) acied as coordinator for the infrared aerial photography,
photointerpretation and ground truthing of stresced vegetation, vegetation mapping
and phytopathological assessment of stressed vegetation conductea at the Callaway
Plant site in 1921,

2.1 Agrial Photography

Aerial photograpiy for this project was fiown: frorn 0835 10 0910 hours on 16 July
1991 by Walker and Associates, Inc. of Fenton, Missouri. NG cloud cover was present.
Atmospheric conditions were haze- and dust-tree. Color infrared film was exposed in
& Wild RC-8 precision aerial mapping camera with € inct. focal lengih lens. Ten one-
nectare ter:estrial study piots were photographed with 80 percent forward overiap at
a scale of 1" = 250", The residual lands of the p'ant site were photographed with 60
percent forvard ovarlap and 30 percent side overiap at a scale of 1" = 1.000". Qver-
lapping of photo frames is used to assure adequate ccverage that avoids any visual
distortion or loss of infrared photograph brightness that may occur along the edges of
ar aerial photographic exposure. Duplicate sets of positive film transparencies and

positive prints were produced in 8" by 2" format.

2.2 Photointerpretation

Analysis of color infrared aerial photographs for the presence of vegetation stress
is based upon the changes in infrared foliage reflectance that occur as a result of plant

stress. A number of technical sources describe the theory and application of color in-






photographic signature in order to idertify stressed trees. Ground truthing took place
on 24 and 25 August 1991,

2.4 Yegetation Mapping

After photoinierpretation and ground truthing, the locations of stressed or dying
trees were plotted on a map of the Callaway Plant site at a scale of 1" = 2,000' (Figure
1). Individual stressed or dying trees were represented by a diamond (e) on the vegeta-
tion map. A considerab'e numbei of the trees that were plotied on the site vegetation
map were inspected for photointerpretation ground truth correlation and

phytopathological &, Jraisal.

2.5 Phytopathological Investigations

individual trees that were located at the Callaway site from aerial photograph piot-
ting were appraised by plant pathoiogist Barbara Lucas Corwin of Hallsville, Missouri.
The purpose of this appraisal was to provide diagnoses of the causes of vegetation
stress found on specimens at the study site. The causes of plant stresses were
categorized as environmental, disease, or insect. Plant species ve y in their tolerance
uf, or sensitivity 10, adverse conditions brought about by any of the above categories.
It is pertinent to note that stress symptoms in plants, especially trees, can be very similar

among the categories of causes mentioned above.

Freezing and thawing, drought, fiooding, lightning darmage, chemical injury, me-
chanical injury, or high winds are all examples of environmental conditions that can

result in stressed plants. These conditions may cause outright death of piants or may

(8]
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spection of tree leaves, branches, bark and roots. In addition to field observations,
standard culturing procedures using twigs and small branches we e carried out in the
laboratory in 1984 and 1887 in an attempt to recover the causal fungus in cases of
suspected fungal infestation. Samples were plated on two cuiture media: 1) oak wii
agar (Nutrimigen base) and 2) acid potato-dextrose agar. These laboratory procedures
were inconclusive in 1984 and were not repeated in 1985 or 1986. In 1887, twig samples
from tw . oak specimens were again cultured in an attemgt to isolate the causal fun-
gus. The oak wilt fungus Cergtocystis fagacearym was isolated in 1987. Further at-

tempts to isolate this fungus were not repeated in 1988 or 1991.



appeared as stressed aggregations on infrared aerial photography. In an area 1o the
west of Vegetation Ecology Site 2, numerous trees appear as whitish, barren trurnks
on infrared aerial photography. These dead trees have been left standing on this site
for some time and have been noted in the five previous annual reports on aerial
photographic vegetation monitoring at the Callaway site. This area is not mapped as
a tres rlamage zone in this 1991 report since the observed trees at this location have
been Jdead for several years and the area is now in a process of regrowth/recovery.
Selective cutting along the lowland timber edges, performed by the Missouri Depart-
ment of Conservation in the general vicinity of Sites 3, 4, 5, 8, 8, 9 and 10, was noted
but was not mapped during the 1489 Callaway vegetation monitoring report. Some of
these trees were cbserved during the 1891 vegetation photointerpretation and field sur-
vey 10 be still standing as dead sterns. August 24, 1991 field investigations revealed
that there had been very recent cutting and clearing of trees along the woodland/field
edges in the general vicinity north of Site 2. This tre ~ clearing had apparently occurred
since the July 16, 1891 aerial photography flight at the Callaway site, becauss these
dead or dying cleared trees were not visibie on 1991 aeriai photography. Because of
their scafttered occurrence these trees could not be effectively illustrated as a tree
damage zone on the accompanying topographic map of the survey site. No other new
tree damage zones were noted over the entire Callaway study site in 1981 vegetation

monitoring.

Healthy eastern redcedar (Juniperys virginiana) and plantation grown white p.ne
Pinus strobus), both everareen species, displayed reddish grey coloration in infrared
photography. A single recently dead white pine, overgrown with poison ivy vines which

appear as pinkish white on infrared aerial photographis, was iocated in a cultivated

10



3.0 RESULTS AND DISCUSSION

3.1 Photointerpretation and Groung Truthing

Analysis of color infrared aerial photographs indicated that the vast majority of
deciduous trees at the Callaway Plant site were in good health as indicated by their in-
tense magenta reflectance. Certain deciduous trees observed across the study site
displayed somewnhat lighter magenta or pink coloration or a light fringed appearance
on inirared aerial photographs. Ground truthing in 1891 and in previous years has
revealed these trees to be species such as red maple (Acer rubrum), sycamore
(Platanus occidentalis), persimmon (Diospyros virginiana), ~ottonwood (Populus del-
ioides) and mulberry (Morys rubra) that were in good heaith. Such trees possess a
somewhat different infrared color signature than the deep magenta ot the oa'ss and
hickories that are dominant at the Callaway site. Deciduous trees that si owed signs of
stress reflected in shades of lignt pinkish mauve, grey and tan on infrared photography.
These deciduous trees were plotted as individual stressec or dying trees on the site
vegetation map (Figure 1). The distribution of these trees showed no ~oparent patern.
Ground truthing and phytopathological examination revealed that a variety of stress
factors (detailed in Section 3.2) were affecting these trees. During previous years of
vegetation monitoring. areas with relatively high densities of stressed, dying or dead
dec.duous trees were observed on the aerial photographs. These areas were recorded
in past years as tree damage zones on the site vegetation map. Field inspection
revealed that these zones were subject to forest management practices carried out by
the Missour. Department of Conservation in which less robust tree specimens or un-

desired species were girdled by chain saw cutting. The culled dead and dying trees




stand just northwest of the complex of power plant buildings. As a whole, the stand of
white pine was in fairly good conuition but with some lower branch dieback, perhaps
due to crowding and sunlight shading, as well as with some ongoing root and butt rot
decline. Eastern redcedars were in good conditicn across the study site in general.

3.2 Phytopathological investigations

Oak wilt (OW), a vascular disease caused by the fungus Ceratocystis jagacearum,
was diagnosed as the cause of stress in a number of oak specimens. All of the oak
trees which were identified in the field in 1991 10 be affected by oak wilt were black caks
(Quercus veluting). Diagnoses were based on symptom expression in the field.
Symptom development begins in the upper crown of infected trees. Leaves exhibit mar-
ginal scarching, @ moisture stress symptom, and often fali from the tree. Leaf scorch
symptoms develop because the fungus multiplies in the vascular system, effectively
blocking the uptake of water. The disease develops ranidly in the red oak group (which
includes black oak), spreading throughout the entire tree. Infected trees in this group

are often kilied in a cingie season.

Once a tree dies, the fungus produces mycelial mats underneath the outer bark.
The mycelial mats, or "pressure pads”, often split the bark, exposing the pad surface
upon which spores are produced. The spores have a fruity odor that is attractive to the
sap- and bark-feeding beetles that vector the fungus to healthy trees. Pressure pads
are formed in the late summer of death if adequate moisture is available. If moisture is
limiting, pads may not form until early spring if at all (Boyce, 1857, Tainter and Gubler,

1873). invasion of the oak-wilted trees by secondary disease organisms inhibits pad

11



formation (Shigo, 1985, Tainter and Gubler, 1873). Oak wilt symptorns were observesd
at Sites 1, 2,  and 8.

Dutch elm disease (DED), caused by the fungus Ceratocystis yimi, has been iden-
tified for several years at the Caliaway site as a stress factor on American elm (Uimus
americana) trees. Diagnoses were basad on visual symptoms: wilting, dieback of
branches, and discoloration of the vascular sysiem. DED is a vascular disease similar
to oak wilt, It has been devastating on American eim (Uimys americana) and other na-
tive species because it iv caused by an “introduced" pathogen against which native
American elms have not developed genetic resistance. Aithough DED has been en-
countered tor several years during Callaway vegetation monitoring, particularly at Site
8, no trees were located by 1991 aerial photointerpretation or ground truthing which

were affected by this disease.

Ancther disease that was encountered was root and butt rot. Root ana butt rot
was observed on plantation grown white pine (Pinus strobus) at Site 7. Roct and but!
rots are caused by a variety of fungi napable of antacking healthy trees and kiling the
roots and the living bark of the lower trunk. Mary of the root and butt rot fuagi survive
as saprophytes in cut stumps. They utilize the stump as an energy source for growth
through the soil unti! 2 healthy root is encountered. These rots are therefore common
in longed areas. Above-ground symptoms of root and butt rot are expressed as branch
dieback and sparse, off-cnlor foliage. Fruiting bodies (basidiccarps) of the causal fungi,
when they w.aur, are usually formed in the fall. Decay and discoloration and fungal
mats can be observed at the base of the trunk and on large roots just under the soil

surface.
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ing symptoms of a funga! foliar anthracnose (slide 2-3), common wtere the species
oceurs. Again, severe symptoms develop late in the season, causing trees to defuliate
slightly earlier than they normally wouid. The last problem encountered on this site was
oak wilt (slides -1, 2-4).

Stte 3

The stressed trees detected on this site were dying hioneylocusts, specimens 3.1
and 3-2 (slide 3-2). It is suspected that herbicide was used to selectively destroy this

species.

Site 4

Specimen 4-1 was an eastern redcedar that had been intentionally girdied (slide

4-1). Shagbark hickories on this site had foliar anthracnose (slide 4-2).

Site 9

Two white oaks, specimens 5-1 and 5-2, were in a state of decline. A fungal twig
blight and damage from a foliar teeding insect were evident (slides 5-1, 5-2). Specimen
5-3 was a large white oak with a forked main trunk. Half the tree was dead. The bark
had sloughed and cracked, suggesting physical clamage as the probable cause. A,
ditionally, black oaks on this site, specimens 5-4, 5-5 and 5-6, were exhibiting the

characteristic symptoms of oak wilt.
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