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ABSTRACT

Tnis report is issued pursuant to Waterford 3 Technical Specification 6.9.1.7. Its
purpose is to discuss the Waterford 3 Radiological Environmental Monitoring Program
(REMP), present the results of the program for the year of 1991, and evaluate the
radiological impact on the environment resulting from plant operation.

The Waterford 3 REMP coilected data on environmental radioactivity levels around the
Waterford 3 nuclear power plant. These levels were determined by analyzing samples
of air, water, shoreline soil, fish, vegetation, and milk from various locations around the
facility. Based on the evaluation of the environmental data collected, the operation of ~

Waterford 3 exhioited no discernable impact on the levels of radioactivity in the
environment during 1991.
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1.0 INTRODUCTION

This report describes the Radiological Environmental Monitorinq Program
(REMP) for the Waterford 3 Steam Electric Station and discusses the results
obtained (Wing the calendar year 1991. The results discussed in this report
were used to evaluate the radiological environmental impact resulting from the
operation of Waterford 3. The submission of this report to the Nuclear
Regu!atory Commission (NRC) fulfills the requirements pursuant to Waterford 3
Technical Specification 6.9.1.7.

1.1 Procram and Roo. ort Objegives

The objective of the monitoring program is to evaluate the radiological
environmental impact of the plant. In order to conduct this evaluation, the
data analyses and interpretations contained in this report fulfill the
following specific objectives;

a. to identify any radioactive ma erials or radiation in the environment
associated with plant operation,

b. to compare the results obtained during the reporting period with past
operational and pre-operational data and identify any trends
associated with accumulation of radioactivity in the environment,
and

c. to verify compliance with federal regulatory requirements.
_

1.2 Plant and Site Descriotion

Waterford 3 employs a pressurized water reactor for the production of
approximately 1153 gross (1104 net) megawatts of electricity. The station
uses a flow of water obtained from and discharged to the Mississippi River
for condenser cooling, On March 4,1985, the unit achieved initial
criticality.

1
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The plant is located on the west bank of the Mississippi River at River Mile
129.6 between Baton Rouge and New Orleans, Louisiana. The site is in,

the northwestern section of St. Charles Parish approximately 3 miles
southeast of the St. John the Baptist Parish boundary between the towns
of Kiliona and Taft. The Mississippi River is the closest prominent natural
feature; other features include Lac des Allemends, abcut 5.5 miles
southwest of the site, and Lake Ponchartrain, about 7 miles northeast of
the site.

.

Most of the man made features are located on the narrow strip of land
between the Mississippi River and the wetlands. Specifically, several A
industrial facilities including Waterford 1 and 2 Steam Electric Stations (0.4 -

miles northwest), Little Gypsy Steam Electric Station (0.8 miles northeast),
Agrico, a fertilizer manufacturer (0.6 miles east scutheast), Occidental
Chemical Company (0.8 miles east southeast), and Union Carbide, a
chemical manufacturer (1.2 miles east southeast) are operating in the
area.

Major urban centers in the region include New Orleans (aporoximately 25
miles east) and Baton Rouge (approximately 50 miles west northwest).

Communities near the site in St. Charles Parish include Killona (0.9 miles
west northwest), Montz (1.0 miles north), Norco (2.5 miles east), Hahnville
(3.7 miles east southeast), and Destrehan (6.3 miles east southeast).
Laplace (4.7 miles north) is located in St. John the Baptist Parish.

2.0 PROGRAM DESCRIPTION
.

A general summary of the REMP is given in Table 2.1; brief descriptions anc4
locations of the sampling stations are presented in Table 2.2. In addition, station
locations are illustrated in Figures 2.1 through 2.3. A more detailed description
of the REMP is provided below.

2
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2.1 _ History and Develgpment

The Waterford 3 REMP evolved from the Pre-operetional Environmental
Radiological Surveillance (PERS) program (1978-1982) and was initiated in
April of 1983. Equipment, procedures, techniques, and sampling locations
used during the pre-operationa! survey were incorporated into the
operational program. Further, the environmental data collected during the
first two years of the REMP (1983 and 1984), prior to initial criticality, were
used to supplement the baseline established during the PERS Program.

2.2 Responsibilities
_

Waterford 3 personnel are responsible for implementing and insuring that I

the REMP complies with federal regulatory, Technical Specification, and
Offsite Dose Calculation Manual (ODCM) requirements. Responsibilities of o

Waterford 3 personnelinclude collecting (with the exception of fish,

I
samples), preparing, and shipping of environmental samples; conducting
enviror' mental dosimetry measurements; reviewing analyticci results
reports; and preparing and submitting toe annual Radiological
Environmental Monitoring and other relevant reports to the Nuclear
Regulatory Commission.

.

The primary contractor, the Environmental Services Department of
Arkansas Power & Light (AP&L) located in Little Rock, Arkansas, is
responsible for performing radiological analyses; conducting initial data
review; preparing results reports; and overseeing laboratory quakty -

assurance and control. Additionally, a separate contractor, the Fisheries
Co-coerative Extension Service of Louisiana State University, is
responsible for the collection of fish samples.

2.3 Sample Collection and Handiino ! ueedures

Sample types, location, collection frequency, and the analyses performed

are surnmarized in Tables 2.1 and 2.2. The information contained in these
tables is based on requirements specified in Table 5.8-1 of the Waterford 3
ODCM. Location maps of the sa~1pling stations are illustrated in Figures
2.1 through 2.3. Any deviations (i.e., unavailable samples and missed
lower limits of detection) or changes made to the REMP during 1991 are
discussed in Section 3.6.

3
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The environmental samples collected are classified into four general
categories according to exposure pathways: direct radiation, airborne,
waterborne, and ingestion. Sample coliection and handling procedures
are described in the following sections. The descriptions are intended to
provide a concise procedural overview rather than a step-by-step
description.

2.3.1 Direct Radiation Exoosure Pathway Samples

Integrated external gamma exposure, determined using Panasonic
Multi-element thermoluminescent dosimeters (TLDs), was measured
at thirty-one locations as follows:

a. an inner ring of stations, one in each of the sixteen
meteorological sectors, in the general area of the site
boundary;

b. an outer ring of stations, one in ten of the sixteen
meteorological sectors, in the six to eigh+ 1:ilometer range from
the site; and

c. the balance placed in areas of special interest (e.g.,
population centers, schools, etc.) with one area serving as a
control.

The TLDs weie exchanged and analyzed quarterly by Waterford 3
personnel.

2.3.2 Airborne Expgsure Pathway Sampin

Samples of airborne particulates and radiciodines were collected at
f?ur indicator stations (APP-1, APO-1, APG-1, APC-1) and one
control station (APE-30). Low-volume air pumps and flow
totalizers in weather proof shelters provided continuous air
sampling.

I

4
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. Using the sampling device described above, airborne particulate
|

samples were obtained on a filter and collected weekly by
Waterford 3 personnel for shipment to the contract laboratory for |
gross beta analysis. Tne filters were composited quaderly by the

-|
.

contract laboratory for isotopic analysis by gamma spectroscopy.
_

Altborne iodine sampling was cone in conjunction with air
particulate sampling using a charcoal cartridge to collect iodine.
The cartridges were collected weekly by Waterford 3 personnel
and sent to the contract labcratory for lodine-131 analysis by
gamma spectroscopy.

2.3.3 Waterborne Exoosure Pathway Samoles

: Because the plant discharges into the Mississippi River, the major
source of drinking water in the vicinity of Waterford 3, water
samples taken from the Mississippi River were designated as both
drinking and surface water samples.

Composite drinking / surface water samples were obtained biweekly
from the Mississippi River using automatic composite samplers
placed at one upstream (DWP 7/SWP 7) and two downstream
(DWG-2/SWG-2, DWE 5/SWE 5) locations. Hydrochloric acid was
added to each sample prior to shipment Tne contract laboratory
analyzed the biweekly samples for iodine 131, composited them
monthly for gross beta and gamma spectroscopy, and composited
them quarterly for tritium analysis.

.Due to the high water table resulting from shallow aquifers in the
vicinity of the site, drainage canal sampling represents
groundwater discharge. Groundwater was obtained quarterly by

,

grab sampling from one sampling location (GWK-1). Apain,
hydrochloric acid was added to the sample prior to shipment to
the contract laboratory for tritium and gamma spectroscopy
analyses.

5
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Shoreline sediment samples were obtained semi-annually from a
|

sampling station at each plant discharge point. Station SHWE-3 is
located downctream on the shoreline of the Mississippi River;
station SHWK-1 is on the shoreline of the 40-Arpent canal. The
samples were shipped without further processing.

2.3.4 inaestion Exoosure Pathway Samoles<

Milk samples were collected semi-monthly from one indicator
location (MKO-5) and one control location (MKO-45). Sampling of
the control station was performed by Louisiana Radiation
Protection Division personnel. Although one additionalindicator
location was identified (MKE-4), no samples were available from
this location during 1991 (see Section 3.6). Formaldehyde was
added as a preservative to all samples prior to shipment lodine-
131 and gamma spectroscopy analyses were performed.

Fish samples were collected bi annually from the Mississippi River
upstream (FH 1) and downstream (FH 2) from the plant. A >

contractor performed the sampling by netting. Subsequently, the
fish were segregated by species and location prior to delivery to

- Waterford 3. The samples were shipped frozen for analysis by
gamma spectroscopy.

The Waterford 3 ODCM, Section 5.8.1, requires broad leaf
vegetation to be sampled from 3 locations within 5 miles of the

. plant in the event milk samples are unavailable. Since milk
samples were collected from only one samp|ing location within five

.

miles of Waterford 3, broad leaf vegetation was sampled monthly
at two indicator locations (BLO 1 and BLB-1) and one control
location (BLK-15). The samples were shipped without further
processing.

Food product sampling was not required because no areas -
surrounding the plant were irrigated with water in which plant
wastes are discharged. However, food products grown within the
site boundary were collected to demonstrate the absence of
radionuclide accumulation.

6
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These food product samples (sugarcane and soybeans) were
co!!ected at the time of harvest from three locations (FPP-1, FPG 1,
and FPQ-1) by normal harvesting techniques and shipped without
further processing, lodine-131 and gamma spectroscopy analyses
were performed.

2.4 Analvtical Procedures

A brief synopsis of the analytical procedures used by AP&L and Waterford
3 are given in Appendix D to provide an overview of the program.-

The minimum sensitivities for the analytical procedures are reflected by the
Lower Umits of Detection (LLD) values presented in Table 2.3 from Table

5.8-3 of Waterford 3 ODCM. The LLD's are a oriori estimates based ont

!

assumed sample volumes, counting times, detector efficiencies, etc.
Analyses that could not achieve these lower limits of detection are!

discussed in Section 3.6.

2.5 Laboratorv Ouality Assurance

During 1991, AP&L performed between 5% and 10% of all analyses for
quality assurance purposes. Spiked and blank samples were prepared in-
house. In addition, AP&L' participated in the EPA Radiological
intertaboratory Comparison (cross-check) Program.

This_ quality assurance program satisfies the requirements of the Waterford
3 ODCM, Section 5.8.2, for participation in an interlaboratory cornparison

| program. The. program involved analyses on various sample media
| typically found in the REMP. As a result of participation in the program, an

objective measure of analytical precision and accuracy was obtained, in!-
'

the event that results obtained by AP&L were not within control limits (3
standard deviations), an investigation was conducted to determine the

-cause, and corrective action was taken to prevent a recurrence. Appendixr

C lists the 1991 results of AP&L's participation in the cross-check
program.

7



TABLE 2.1

RADIOLOG! CAL ENVIRONMENTAL MONITORING

PROGRAM (REMP) SUMMARY *

SAMPLE TYPE LOCATION ANALYSIS FREQUENCY

Direct A-2, B 1, C-1, D-2, E-1 F-2, 0-2. H-2, J-2 TLD gamma Quarterly
Padiation K-1, L-1, M-1, N-1 P-1, 0-1, R-1, A-5, B-4,

D-5 E-5. F-4, G-4, H-6, P4 0-5, R4, G-9
E-15, J-15. E-30

Radiolodine and APP-1 APO-1, APG-1. APC-1, APE-30 Gross beta,1-131 Weekly
Particutates gamma isotopic Quarterly composite

Drinking Water" DWG-2, DWE-5, DWP-7 H-3 Ouarterly compos:te
Gross beta, gamma Monthly composite
isotopic,1-131 Bi-weekly composite

Surface Water" SWG-2, SWE-5 SWP-7 H -3 Quarterly composite
gamma isotopic Monthly composite

Ground Water G W K-1 gamma isotopic, H-3 Quarterty

Shoreline Sediment SHWE-3, SHWK-1 gamma isotopic Semi-annually

Milk MKE-4, MKO-5, MKO-1, MKO-45 gamma isotopic,1-131 Semi-montNy/montNy

Fish FH-1, FH-2 gamma isotopic In season or
semi-anw.3!!y

Food Products FPG-1, FPP , FPO-1 gamma isotopic At harvest time

Broad Leaf BLO-1, BLB-1, BLK-15 gamma isotopic,1-131 Monthly
When milk samples
not collected

a. Based on requirements in Table 5.8-1 of Waterford 3 SES Offsite Dose Calculational Manual, Section 5.8-1.
b. Drinking and surface water samples are ider.tical.

8
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( TABLE 2.2

DESCRIPTION OF REMP SAMPLING STATION LOCATIONS

LOCATION LOCATION MILES FROM SECTOR
NUMBER DESCRIPTION PLANT DIRECTION

DIRECT RADIATION (TLD)

A2 (Eastbank) On fence enclosure 1.1 N
surrounding water tower west of
Uttle Gypsy opposite Etienne St.

Access from River Road (LA 628).
The TLD's are located on the (S)
fence opposite the entrance gate
to the water tower.

B-1 (Eastbank) On fence enclosing the 0.8 NNE
transmission tower 0.3 miles west
(up-river) from Uttle Gypsy. 5

Access from River Road (LA 628).
TLD's are located at SW corner of
fence enclosure.

C-1 (Eastbank) On fence enclosing the 0.8 NE -

Little Gypsy Cooling Water intake.

Access is from River Road (LA 628)
across from Little Gypsy Steam
Electric Station entrance. TLD's
are on the south side (inside) of
the Cooling Water intake fence
enclosure, directly opposite the
entrance gate. >

9
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TABLE 2.2
|

(CONTINUED)

LOCATION LOCATION MILES FROM SECTOR
NUMBER DESCRIPTION PLANT DIRECTION

D-2 (Eastbank) Located approximately 1.1 ENE
0.3 miles east of Little Gypsy
Power Station. Acceri from River
Road (LA 628) near tne west end of
the Bonne Carre Spillway. TLD's
are on the fence at the west
entrance to the Spillway (located
on levee).

E-1 (Westbank) Located on utility pole 0.2 E
along River Road (LA 18) approxi-
mately 0.3 miles east of Waterford
3 SES plant entrance. Access from
LA 18. TLD's are on the third
utility pole east of the

construction entrance road.

F-2 (Westbank) Located on fence 1.1 ESE "

enclosure surrounding the LP&L
substation on LA 3142 Access
from LA 3142 approximately 0.2
miles south of LA 18. TLD's are
on the southeast corner of the
fence enclosure.

G-2 (Westbank) Located on utility pole 1.2 SE
on East side of LA 3142 near Witco
entrance gate (Next to Union Carbide

Star Plant Gate 3). Access from
LA 3142 approximately 0.2 miles
north of railroad overpass.

10
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TABLE 2.2

|

(CONTINUED)

_

LOCATION LOCATION MILES FROM SECTOR
NUMBER DESCRIPTION PLANT DIRECTION

H2 (Westbank) Locsted on fence 1.2 SSE
enclosure to shell road off of LA
3142. Access from LA 3142 south
of railroad overpass on east side
of LA 3149. TLD's are on the
south side of the gate for shell

road. (Just south of Texaco
pipeline station)

J2 (Westbank) Located on northeast 1.3 S
corner of fence enclosing Texaco
valve station south of LA 3127.
Access from LA 3127, approximately

0.S miles west of LA 3127/3142
intersection.

K1 (Westbank) Located behind "Privata 1.0 SSW
Road" sign at Gate 8 entrance off '-
of LA 3127. Access from LA 3127,
approximately 1.3 miles west of

LA 3127/3142 intersection. (Gate
8 is the access to the Waterford 3
SES switchyard station)

L-1 (Westbank) Located behind " Private 1.0 SW
Road" sign at LP&L Gate 9 entrance
off of LA 3127, approximately 1.6

miles west of LA 3127/3142 inter-
section. (Gate 9 is an access road
for Waterford 3 SES)

11
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TABLE 2.2

(CONTINUED)

- l|OCATION LOCATION MILES FROM SECTOR
NUMBER DESCRIPTION PLANT DIRECTION

M1 (Westbank) Located on south gate 0.7 WSW
,

into the Waterford 1 and 2 SES
. fuel oil storage tank enclosure.
Access is either thru LP&L Gate 8,

!
Cate 9 off of LA 3127, the shell '

access road from LA 18 between
Waterford 3 SES, or thru the
Waterfo d 1 and 2 SES access road. |

<

N-1 (Westbank) Loceted behind the *No 0.9 W
Trespassing" sign off of Short >

f Street, in Killona, just south of
'

the entrance to Killona Elementary
School.

P l. .(Wes' bank) Located off Shori Street, 0.8 WNW
in Killona. TLD is on fence at '

air sample statiori APP 1,

O-1 (Westbank) Located on fence 0.8 NW
'

enclosing air sample station
approximately 0.5 miles west of
Waterford 1 and 2 on River Road
(LA 18).

e4

g R-1 (Westbank) Located on fence 0,5 NNW
enclosure for Waterford 1 and 2 *

%[
Cooling Water intake Structure.

Access is from River Road (LA 18)
opposite Waterford 1 and 2.
TLD's are on the southwest corner
of fence.

12
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TABLE 2.2
,'

(CONTINUED)
r

LOOATION LOCATION MILES FROM ' JECTORNUMBER DESCRIPTION PLANT DIRECTION

A5 ,

(Eastbank) Located on utility 4.5 N
4

pole just east of the Shady Nook
Trailer Park on Hwy 61 in Laplace.

'

TLD's are on second utility pole
east of trailer park on north side

of Hwy 61 (eastern end of Laplace).

B-4 (Eastbank) Located on utility pole 3.8 NNEjust east of shell access road to

South Central Bell transmission.
tower on cotnh side of Hwy 61.
Transmission tower is just east of ,

Weigh Station at St. John /St. Charles

Parish line. TLD's are on tha first -
utuity pole east of access road. :

D-5 (Eastbank) Located on fence gate ' 4.2 ENE
on shell access road to Big 3 -

Chemical Plant. Shell access road
is approximately 0.1 miles west of
Hwy 61/48 intersection (at black
and yellow gate). TLD's are on
fence gate 0.1 miles nonh on .

shell access road from Hwy 61.

DS
(Eastbank) Located on the Norco 4.2 E
Suostation fence enclosure. ,

Access from River Road (LA 48)'

onto Wesco St. (adjacent to Norco ;

Shell Chemical Plant), take Wesco

St. to the dead end. TLD's are
loca ad on sixth fence post south
of the north substation gate.

13
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TABLE 2.2

i

(CONTl4UEC)

LOCATION LOCATION MILES FROM SECTOR
NUMBER DESCRIPTION PLANT DIRECTION

. - _ _ _

F-4 (Westbank) Located on utility pole 3.5 ESE
behind blonde brick house on
Aquarius St in Hahnville. Access

from River Road (LA 18) and turn
onto Oak St. Follow Oak St. to *

Hickory St., turn right on Hickory
St. and follow to Aquarius St. and
turn left. Blonde brick house is

''second house on right (west) side
of Aquarius St. Peading south.

G-4 (Westbank) Located on railroad sign 3.2 SE

northwest side of LA 3160/ railroad
track intersection. Access from

either LA 3127 or River Road (LA 18)
onto LA 3160.

H6 (Westbank) Located on a road sign 5.7 SSE
on the northwest side of the second
canal bridge east of LA 3160 along
LA 3127.

P-6 (Westbank) Located on utility pole 5.5 WNW
at so.;thwest corner of IA 640/
railroad track intersection.
Utility pole is just west of LA 640
and east of radio trarismission tower.

O5- (Westbank) 1.ocated on fence post 5.0 NW
surrounding (green) river marker
on levee just east of Edgard.
Fence post is located along River

Road (LA 18) across from the
Webre's house.

14
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TABLE 2.2
:

(CONTINUED)

LOCATION LOCATION MILES FROM SECTOR
NUMBER DESCRIPTION PLANT DIRECTION

R-6 (Eastbank) Located on fence 5.3 NNW
enclosing LP&L Laydown Yard on
LA 0223 in Laplace. Access from
Hw! 61 onto FJm St. (LA 3223),

. take Elm St. to the northeast

corner of LA 3223/ railroad
intersection. TLD's are located
on the southeast corner of fenco
enclosure.

,

F9 (Eastbank) Located on entrance 8.2 ESE
gate to Destrehan Substation '

Access from River Road (LA 48),
approximately 0.3 miles east of
Luling-Destrehan Ferry, onto
Destrehan Road (west of Bunge
Corp. Grain Elevator), and
proceed to substation gate.

T

G-9 -(Westbank) Located on back fence 8.1 SE
of LP&L District Office in Luling.
Access via Ellington St. from
either River Road (LA 18); or
Second or Third St. from Paul
Mallard Rd. (LA 52) to Ellingtoa
St.

E 15 (Eastbank) Located on Kenner 11.8 E
Substation fence enclosure.
Access from either River Road
(LA 48) or Hwy 61, turn onto
Alliance Ave. TLD's are located
on the north side of the fence

. enclosure, near a light pole.
15
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TABLE 2.2

(CONTINUED)

. . . - . - __

LOCATION LOCATION MILES FROM SECTOR
NUMBER DESCRIPTION FU NT DIRECTION

. -
. . - . . . . -

J-15 (Westbank) Located on fence 1st.0 S

enclosure surrounding LP&L
switchyard at LA 631/ Hwy 90
intersection in Des A!!emands.
TLD's are on the northwest
corner of fence. Access from
LA 631 via shell road.

E-30* (Westbank) Located on fence at U.0 E

LP&L General Office on Delaronde
St. In Algiers. TLD's are on
the fence, facing the Mississippi
River, in the passageway to the
transformer shop.

AIRBORNE

APP 1 (Westbank) Located in soybean 0.8 WNW
field at northwest corner of .

' Short St. in Killona.

APO 1 (Westbank) Located at northwest 0.8 NW
corner of soybean field on east
side of Killona. Access from
River Road (LA 18) approximately

0.6 miles east of LA 18/3141
intersection.

APG-1 (Westbank) Located at the north 0.5 SE
side of the Secondary
Meteorological Tower.

16
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TABLE 2.2

(CONTINUED)

>

LOCATION LOCATION MILES FROM SECTORNUMBER DESCRIPTION PLANT DIRECTION -

APC 1 (Eastbank) Located inside the 0.8 NE
Little Gypsy Cooling Water intake
Structure fence enclosure.

,

APE 30* (Westbank) Located on the roof of 27.0 E
;

the LP&L General Office building
on Delaronde St. in Ngiers.

WATERBORNE

DWG2 (Westbank) Located at the Union 2.0 SE
SWG-2 Carbide drinking water canal. *

Access from LA 3142 through
Gate 28.

'

- DWE-5 (Eastbank) Located at the 4.5 ESWE5 St. Charles Parish Waterworks
,

off of River Road (LA 48) near
New Sarpy,-

DWP 7* (Westbank) Located at the St. 6.5 NNW
SWP-7 * John Parish Waterworks off

of LA 18 in Edgard. i

SHWE3 (Westbank) located at the Foot 3.0 E
Ferry Landing off of LA 18 in
Taft.

SHWK1 (Westbank) Located at the 40 Arpent 0.5 SSW
Canal south of the Plant. Access
from LA 3127 through Gate 8.

17
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TABLE 2.2

(CONTINUED)
._

LOCATION LOCATION MILES FROM SECTOR
NUMBER DESCRIPTION PLANT DIRECTION

,

b

GWK1 (Westbank) Located at 40 Arpent 0.5 SSW
Canal south of the plant. Access
from LA 3127 through LP&L Gate 8.
The canalis northwest of the
shell access road / railroad track
intersection.

- |NGEST!ON

MILK
MKE 4 (Westbank) Located 0.8 miles west 4.0 E

of the Time Saver in Hahnville
off of River Road.

MKO-1 (Westbank) 1.0 miles west of 1.0 NW
Waterford 3 SES at the corner cf
River Road and Post Street in
Killona.

MKO-5 (Westbank) Located at the Webre's 4.9 NW
house, just across LA 1P from river
marker, at the eastern end of Edgard.

,

MKO-45* (Eastbank) Located off of I 12 in 42 NW
Denham Springs, take LA 3002 south
to LA 1034, then right to LA 1032,
then left. Farm is 1 mile on the
right.

1
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TABLE 2.2

(CONTINUED)
--

=_.

LOCATION LOCATION -MILES FROM SECTOR
NUMBER DESCRIPTION PLANT DIRECTION

~

i

EIS11
'

FH 1 * Upstream of the plant intake NA* * NA* *>

structure.,
..

FH 2 Downstream of the plant intake NA* * NA* *
structure.

BROAD LEAF

BLO-1 (Westbank) Located between LA 18 0.8 NW -

and soybean field on eastern edge
of Killona, near air sample station
APO 1.

c

BLB 1 (Eastbank) Located at wooded area 0.8 NNE
at the southwestern corner of the '

LP&L Little Gypsy plant along
River Road.

BLK-15* (WestbankY Located 3.5 miles SSW 15 SSW
of Des Allemands on Hwy. 90.

!

FOOD PRODUCTS ***

FPP 1 (Westbank) Located in sugarcane 0.8 WNW
- field on eastern edge of Killona,
between air sample station APP-1
and APO 1.

FPG-1 (Westbank) Located in a sugarcane 0.4 SE
field adjacent to the plant near
the meteorological towers.

19
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TABLE 2.2

(CONTINUED) q

*
DENOTES CONTROL LOCATION

** NA - NOT APPLICABl.E
,

***
Food products are not required since no areas surrounding the plant are irrigated
with water into which plant wastes are discharged Food products grown within the -
site boundary were collected however, in order to demonstrate the absence of-
man made radionuclides.

.

f.

W

,i.
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TABLE 2.3

DETECTION CAPABluTIES FOR ENVIRONMENTAL SAMPLE ANAYLS!S

LOWER LIMIT OF DETECTION (LLD) "

WATER ' AIRPORNE PARTICULATE FISH MILK FOOD PRODUCTS * SEDIMENTANALYSIS (pCi/I) OR GAS (pC!/m3 (pCl/kg-wet) (pCi/I) (pCi/kgwet) (pCf/k dry)
.

D

!gross beta 4 0.01
4

H-3 2000

Mn-54 15 130

.

Fe-59 30 260 .

Co-58, 60 15 ,

130

Zn45' 30 t260

3 Zr-Nb-95 15
.

1-131 1 0.07
1 601

l Cs-134 15 0.05 130 15 60 150

iCs-137 18 0.06 150 18 80 180
1

Ba-La-140 15
4 IS

r

a. From Table 5.8-3 of Waterford 3 SES Offsite Dose Calculation Manual

b. Applicable to broad leaf vegetation.

21 i
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|
3.0 DISCUSSION OF RESULTS

Analytical results for the year 1991 are discussed in this section by exposure
pathway, sample type. and analysis performed. Further, analytical results,

focusing only on man-made radioactivity are summarized in Appendix A; dcta for
the individual analyses are presented in the tables of Appendix B.

3.1 . Direct Radiation Exposttry Pathway

The average exposure rates measured by thermoluminscent dosimeters
(TLDs) at both control and indicator stations were 12,13,12, and 13
mrem / standard quarter for the first, second, third, and fourth quarters of
1991 respectively. The average exposure rate of the 117 indicator TLD
locations was 13 rarem/ standard quarter compared to 12 mrem / standard
qvm r average exposure rate at the controllocation. The lowest and
highest individual exposure rates were 7 mrem / standard quarter (C 1, 2nd
and 3rd quar 1ers) and 19 mrem / standard quar 1er (G 9,1st quarter),
respectively, for all locations. Table 3.1 compares the indicator TLD results
by directional sector and distance from the facility. A comparison of 14
mrem / standard quarter directional sectors indicates the highest overage
exposure rate to be in Sectors A, G and O.

The average exposure rates during 1991 are consistent with those from
the pre operational program and the previous five years of operation
(Figure 3.1). Specifically, the pre-operational survey indicates that
exposure rates ranged between 11 and 33 mrem / standard quarter.
Similarly, the range indicated during the previous five years of operation
was from 6 to 30 mrom/ standard quarter with an average exposure rate of
14 mrem / standard quarter.

3.2 Airborne Exposure Pathway

3.2.1 Airborne ParticuMtp3

Gross beta activity ranged from 0.005 pCi/m' (APO 1 and APP-1,
8/26-9/3) to 0.039 pCl/m' (G 1) (APG 1,11/5-11/11) with an
average of 0.018 pCl/nf for 260 measurements from all five
locations. The average gross beta activity for both control (APE-
30) and indicator (APG 1, APO 1, APP-1, APC 1) locations was
0.018 pCi/m .

The gross beta activity results obtained during 1991 are consistent
with those from the pre operational program and the previous five
years of operation (Figure 3.2). Specifically, the pre-operational

_

survey indicates that in periods not significantly influenced by
nuclear weapons testing the gross beta activity ranged between
0.006 and 0.08 pCi/rrf with an average of .02 pCi/m'. Similarly,
the range indicated during the previous five years cf operation was
from 0.003 to 0.05 pCl/n1 with an average activity of 0.02 pCi/m .

25
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3.2.2 Altborne lodine

All of the 264 airborne iodine 131 results were below the calculated
lower limit of detection (LLD). The sample LLD variability (0.011 to
0.040 pCl/ cubic meter Table B 2) was due primarily to the
difference in air sample volumes.

:

3.2.3 Gamma Isotoolc Analysis

Gamma spectroscopy results of the twenty air sample quarterly
composites indicate that no man made radionuclides were detected
above their respective lower limits of detection.

3.3 . Waterborne Exoonpre Pathway
4

3.3.1 Drinkina/ Surface Water

As mentioned previously, drinking water samples also serve as
surface water samples for Waterford 3. Therefore, monthly and
quarterly gamma spectral analysts of drinking water and quarterly
tritium analyses also satisfy the surface water sampling
requirement.

Seventy eight composite drinking / surface water samples were *

analyzed by a radiochemical procedure for lodine 131 (Table B-4).
Results from these analyses indicate that no activity was detected
above the calculated LLD for lodine 131.

Gross beta activity was detected in thirty five of the forty-two
composites with a range of 1.1 (DWP 7,11/512/3) to 9.5 (DWG 2,
7/29-8/26) pCl/l and an average activity of 3.8 pCl/l. The average
activity for the control location, DWP 7, was 3.9 pCl/l compared to
the averages of 4.2 and 3.3 pCi/l for indicator stations DWG 2 and
DWE 5 respectively.

.

The gross beta activity results obtained during 1991 are consistent
with those from the pre operational program and tha previous five
years of operation (Figure 3.3). Specifically, the pre-operational
survey indicates that in periods not significantly influenced by
nuclear weapons testing the gross beta activity ranged between 3
and 14 pCi/l with an average of 7.0 pCi/l. Similarly, the range
indicated during the previous five years of operation was from 2 to
60 pCl/l with ari average activity of 61.pCl/l.

Tritium analysis of dricio g/ surface water samples indicate that--n

eleven of the twelve measurements were be'ow the respective LLD.
Tritium was detected in the first quarter of 1991 at a concentration
of 260 pCl/l (DWE 5, an indicator station).

26
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Tritium is man made and cosmogenically produced and levels
detected during 1991 are consistent with the pre operational
program and the previous five years of operation. Specifically, the
pre operational survey indicates that tritium activity ranged between
60 and 220 pCl/l with an average of 136 pCl/l. Similarly, the range
indicated during the previous five years of operation was from 170
to 545 pCl/l with an average activity of 265 pCl/l.

3.3.2 Groundwater _

Four groundwater samples were collected from one sampling'

location, GWK 1, and analyzed for tritium and
Gamma emitters were not detected; however, gamma emitters.

4

tritium was detected
in two of the four samples at concentrations of 200 and 340 pCl/l.

Tritium is man made and cosmogenically produced and levels
detected during 1991 are consistent with the pre operational
program and the previous five years of operation. Spec;fically, the
pre operational survey indicates that tritium activity ranged between
50 and 180 pCl/l with an average activity of 121 pCl/l. Similarly,
the range indicated during the previous five years of operation was
from 249 to 650 pCl/l with an average activity of 336 pCl/l.
Although the concentrations detected in 1991 are slightly higher
than the pre operational data, they are within the same range as
those reported during the previous five years and well below the
reporting levels and LLD (2000 pCl/l) required by the Waterford 3

.

ODCM.

3.3.3 Shoreline Sediment

Four shoreline soil samples were collected from the following
sampling locations: two samples from tne Mississippi River -
shoreline downriver of the plant
the shoreline of a drainage cana(SHWE 3) and two samples from

l (SH'NK 1).

Naturally occurring radionuc' ides including potassium-40, radium-
226, and actinium 228 were detected in ali of the sarnples.
Ceslum 137, a man-made nuclide was detected in samples from
station SHWK 1 ano SHWE at concentrations of 49 and 32
pCi/kg(dry) respectively. No other man-made radionuclides were
detected in any of the samples.

i

The cesium 137 results obtained during 1991 are consistent with
those from the pre-operational program and the previous five years
of operation. Specifically, the pre-operational survey indicates that
cesium-137 was detected in 13 of 18 soil samples at concentrations
ranging between 30 and 890 pCi/kg(dry) with an average
concentration 01138 pCi/kg(dly). Similarly, the range indicated

27
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,

during the previous five years of operation was from 21 to 142
pCl/kg (dry) with an average activity 0151 pCl/kg (dry) ;

respectively. Further, studies in Louisiana indicate that cesium 137 '

is commonly found in soils and sediments as a result of ;
atmospheric weapon testing. Because the cesium 137 levels are '

- consistent with pre operational values and cesium 137 has been
shown to be present in most Louisiana soils, these cesium 137
levels are more than likely attributable to weapon testing fallout.

3.4 Innestion Exoosure Pathwa.y

3.4.1- Milk
- '

Fo:ty eight milk samples were collected from two sampling
locations and analyzed by gamma spectroscopy. Naturally
occurring potassium 40 was detected in all samples and cesium- *

137 was detected in two samples (MKE-45 9/3 and 11/18) at levels
of 3 and 4 pCl/l respectively from the control location. The i
samples were also analyzed by a radiochemical procedure for
iodine 131. Results from these analyses indicate that no activity

'

was detected above the calculated LLD for iodine 131.

The cesk.m ;37 results obtained during 1991 are consistent with
those from the pre operational survey and the previous five years

,

of operation. Specifica!!y, the pre-operational survey indicates that '

cesium 137 activity ranged between 3 and 7 pCi/l with an average
activity of 4.8 pCl/l. Ceslum 137 was detected in 1986 at 4 pCi/l.

3.4.2 Fish
.

Twenty fish samples, ten upstream and ten downstream of the
plant were collected and the edible portions analyzed by gamma
spectroscopy. Only naturally occurring potassium-40 was detected
above the lower limits of detection in any samples.

,

3.4.3 Broad Lepf Veg_etation

Thirty six broad led vegetation samples were collected and
i analyzed by gamma spectroscopy and a radiochemical procedure

for iodine-131. Naturally occurring radionuclides were detected in
all of the samples; however,- no man made radionuclides were ~

detected above their lower limits of detection.

3.4.4 Food Products

Three food products samples were collected and analyzed by a
radiochemical procedure for lodine 131. Results indicated iodine-
131 concentrations to be below the lower limit of detection.

28
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Further, the samples were analyzed by gamma spectroscopy.
Natura:ly occurring potassium 40 was the only radionuclido detected
in all the samples. All man made garnma emitters were below their
respective lower limits of detection.

|

3.5 . Statistical Analyses

3.5.1 Calculation of the Mean and Standard Deviation I

The mean and standard deviation for differont groups of analyses are
calculated using the following equations- '

(F1) 2= '

., n
f 30.6,,

E X' - (n) (X):
(F2) g, s.t

(n-1) j,

x = mean of sample population,
s = standard deviation of sample population,
n = number of samples in sample population, and
x , = value of the l'th sample.

'

3.5.2 Comparing Two Sample Population Means

The meant of two sample populations are compared for statistical
difference ising the standard 't" test. The use of the test requires
the assum,Lon that the data within the populations are normally
distributed and that the true standard de.vlations of the mean are
equal for both populations. The standard "t" test tests the hypothesis
that the true means of both populations are equal. The 't" value can
be calculated from the equation below (obtained from the
CRC Standard Mathematical Tables,26th Edition (1981)):

(R-T')f,

(F-3) '(n,-1)s,' + (n -1) s[" 'y y*5y

where: A" * A ~E A A
* t s r x n

t = calculated T value,
,

x = mean of first data set,
y = mean of second data set,

29
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l

n , = number of variables in first data set, |

s , = standard deviation of first data set, )
n , = number of variables in second data set, and

1-

s = standard deviation of second data set.y

If the data from both sample populations are treated as correlated
pairs, the difference between individual measurements can be
examined using the statistical T test, in this case, if the true
means and true standard deviations for the sample populations
are equal, the difference between the correlated data points
should be normally distributed about a mean of zero. The T value !
can be calculated from the following equation (obtained from the

!CRC Standard Mainematical Tables, 26th Edition (1981)):
,

(F-4) I = -- (n)"
where: '

'd = the average of the difference between the correlated data
points from the two sample populations:

_ _.

d = f 'UYlol

x , = the l'th data point from population y,
y , = the l'th data point from population y, ;

N = the number of correlated pairs of data points,
n = degrees of freedom, for equation F 4, n=N 1, and
s ,= the standard deviation of the difference between the i

correlated data points.

The calculated "t" value in both cases is used to test the
hypothesis that the true mean of the first population ,) is equal
to the true mean of the second population (p ) assu(ming that the
true standard deviations of both populations are equal (

y

The calculated "t" value is compared to a tabular T value such
,).,=p

that: ,

a. it t > t x,n then reject the hypothesis when >, ,,

b. if t < t
x,, then reject the hypothesis when p , < p ,,

c. if t > t xy, then reject the hypothesis when = p ,,,

- where t x gand t x,, are the tabular T values, with a preselected
;

y

error (5 percent in this case), confidence level (1 x) or (1 =/2),
and degrees of freedom n (n=n ,+n -2 for Equation F-3 and .

*y

ncN 1 for F-4, respectively). Tabular values of the T were
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- obtained from the CRC Standard Mathematkal Tablet 26th Edrtion
(1981).

3.5.3 TLD Measurements

TLD stations were categorized by distance into three groups: 02
miles,2 5 miles, and >5 miles from the plant. A statistical analysis
using the standard "t' test (described above) was performed
comparing the a<erage exposure rates from 0 2 miles and 2 5 miles
to the average exposure rate at >5 miles, in short, the results of
the analyses show the average expost:re rate at 0 2 miles to be
statistically lower than at >5 miles and the average exposure rate
at 2 5 miles to be statistically the same as at >5 miles. Table 3.2
)ummarizes the results of this analysis.

3.5.4 Gross Beta Activity on Air Particulate Filters

Additionally, the standard 't" test was used to compare average
gross beta activity from each indicator station to the average gross
beta activity at the control station. The results from this test show
average activity detected at all indicator locations to be statistically
the same as the activity detected at the control location. Table 3.3
summarizes the result of this analysis.

3.5.5 Gross Beta Activity in Monthly Drinking Water Composites

FinaBy, the standard "t* test was used to compare average gross
beta activity from the two indicator stations to the average gross
beta activity from the control station. The results from this test
show average activity detected at both indicator locationt to be
statistically the same as the average activity detected at the control
location. Table 3.4 summarizes the result of this analysis. .

3.6 Deviations from the REMP

3.6.1 Unavailable Samoles

Deviations from the REMP associated with missing TLDs resulted
from theft of the dosimeters and were beyond the control of
Waterford 3. Three TLDs were discovered missing from locations
A 2, D 5, and R-6 during dosimeter change out at the end of the
third quarter. Consequently, the missing TLDs were replaced and
the deviation noted.

Milk samples were not available during 1991 from the animal
owners at station MKO 1 since the cows are not currently
producing milk for human consumption. With the absence of milk
samples at these stations, broad leaf vegetation sampling was
performed.
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:

i

Mechanical malfunction of a sample pump resulted in low sample
,

volume for one air sample. Although the sample volume was
sufficient to complete analysis, the requirement for continuous
sampling was not met for this sample period. A routine sampler
maintenance schedule is currently in effect to reduce instances of
malfunction.

Additionally, three water samples failed to meet requirements for
sample continuity. Tubing problems were responsible for two of

-

the failures, while the third was a result of a power failure at the ,

sample site. As a result, the routine maintenance schedule will be
modified to address sampler tubing problems. Sample volumes in
all instances were sufficient to complete analysis.

A list of deviations and associated explanations is provided in Table
3.5.

3.6.2 Missed Lower Umits of Detection
.

All lower limit of detection requirements were met for 1991.

3.7 Annual Land Use Census
-

in compliance with Waterford 3 ODCM, the annualland use census was
,

conducted on October 1 and 2,1991. The nearest residence, garden, and
milking animalin each sector within a five mile radius of the plant were
located by visual inspection and verbal inquiry.

Although residence and garden locations remained unchanged from the
1990 census, three new milk goat locations were identified. Upon inquiry,
It was discovered that the animals are not currently producing mi:k for

.

human consumption. The results of the 1991 census are summarized in
Table 3.6.

.

|
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!
,

TABLE 3.1 !,

'

1991 DIRECT RADIATION DATA
ORGANIZED BY COMPASS DIRECTION

AND DISTANCE FROM WATERFORD 3 SES
;

,

BY COMPASS DIRECTION

iSECTOR- COMPASS AVERAGE STANDARD NUMBER
DlhECTION DOSE RATE DEVlATION IN

(mrom/std gtr) (mtem/std qtt) GROUP
|

.
.

A N 14 ' 1.2 7
B NNE 13 -08 8C NE 9 0.8 4

'

D ENE 11 1.7 7
E(a) E 12 1.7 12

.

F ESE 13 1.2 12G SE. 14 2.4 12H SSE 13 0.8 8J S- 13 1.0 8K SSW 11 0.5 4
,

L- SW 12 0.8 4-M WSW 12 0.8 4N- W 13 0.7 4
'

P WNW 12 2.4 8 'O NW 14 1.0 8R NNW 12 1.8 7
,

CONTROL- E 12 1,7 4
.

b

4

BY DISTANCE FROM PLANT
i

. DISTANCE AVERAGli STANDARD NUMBER
,

FROM PLANT DOSE RATE DEVIATION IN
'(MILES) Immm/std fr) (mrom/std qtr) GROUP

;
- .- %. ,_m -

02 12 2.0 63
; 2 _5 - 13 1.3 27

5(a) 13 1.7 27

CDNTROL 12 1,7 4
-

a. Does not include control station dut

33
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TABLE 3.2

STATISTICAL COMPARISON OF 1991 TLD MEASUREMENTS FROM
STATIONS GROUPED BY DISTANCE FROM WATERFORD 3 SES '

,

Stations Located 0-2 Miles Stations Located 2-5 Stations Located more thenfrom the Plant Miles from the Plant 5 miles from the Plant
,

J

J

Mean
11.95(12) 13.22(13) 13.15(13)(mrem /std. qtr.)

|

Standard Deviation 1.96 1.29(mrem /std. qtr.) s.74-
,

; -.-

Number in Sample. 63,

i 27 27

}- Calculated T Value to 2.79 0.23 NA
!

; Comparisons with Stations
;

;- Located more than 5 miles !

from the Plant
! :

; i
,

Tabular "t* Value at 1.990(a) 2.008(a) NA I

t

95% Confidence
-

; (t, ,,,,)
i
"

_ r

b

Results indicate that the mean for stations located 0-2 miles from the plant is lower than those greater than 5 miles
a. b

and for 2-5 miles from the plant means are statistically identical to stations located more than 5 miles from the plant.
1 NOTE NA means Not Applicable
4a 34
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TABLE 3.3

STATISTICAL COMPARISONS OF GROSS BETA ACTIVITY
ON AIR PARTICULATE FILTERS FOR 1991

,

SAMPLE STATION APC-1 APG-1 APP-1 APO-1 APE-30
.

;

Mean 19.0 - 18.0 ' 18.1 17.1 18.1
(10*pCi/m')

'
(

i

Standard Deviation 7.02 6.71 7.07 5.49 6.70
(10 *pCi/m')

;'

Number in Sample 52 52 52 52 52 !

; Calculated 't" Value 0.70 0.06 0.04 0.85 NA
t

Comparing Contro: Station
(AFE-30) to Indicator Station

L

Tabular T Value at 1.986 1.986 1.986 1.986 NA95% Confidence
(tom)

!

NOTE: NA means Not Applicable
:

1

T

i

$
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TABLE 3.4

STATISTICAL COMPAR; SON OF GROSS BETA ACTIVITY

IN MONTHLY ORINKING WATER COMPOSITES FOR 1991

SAMPLE STATION DWG-2 DVG-5 DWP-7

Mean 4.2 3.3 3.9(pCi/I)

Standard Deviation 2.5 2.0(pCi/I) 2.3

Number in Sample 9 7 9

Calculated T Value 0.32 0.49 NAComparing Control Station
(DWP-7) to indicator Station

Tabular "t Value at 2.120 2.145 NA95% Confidence
(tom,)

NOTE: NA means Not Applicable
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TABLE 3.5 '
i

:
SUMM.ARY OF 1991 REMP DEVIATIONS i

'
t

h ..
| !
*

,

, ,

j SAMPLE ' TYPE ANALYSIS LOCATION 'DATE EXPLANATION OF DEVIATION {

,

,

:. >

o t~

1. Miik 1-131, Gamma MKO-1 01/01/91-12/31/92 No samples availab!e; cows did not
{

:

supply mirs for human consumption. t

2. Water 1-131 DWP-7 01/14/91-01/28/91 First week sample not obtained _due
i

i,

I
to power failure.

[3. Water I-131 DWG-2 01/14/91-01/28/91 Second week sampie not obtained
i
'

1 due to fau'ty tubing connection.
3 4 Air 1-131, Gross Beta APQ-1 01/14/91-01/21/91 Pump motor found not operating due i
j
i to mechanical failure. '

; 5. Water 1-131 DWG-2 03/25/91-04/08/91 First week sample not obtained due toI
-

i tubing obstruction.
!

; 6. Direct Radiation NA A-2 Third Quarter TLD P*issing
!!.
t

4 7. Direct Radiation NA D-5 Third Quarter TLD Missing !
i

!8. Direct Radiation NA R-6 Third Quarter TLD Missing ;

;

i
:

|' .!
'

; NOTE- NA means Not Applicable
I

,

E,
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TABLE 3.6

1991 ANNUAL LAND USE CENSUS RESULTS I,

SECTOR DIRECTION DISTANCE FROM PLANT I

(MILES)'

BEEF MILK MILK FOOD
COW CQW GOAT GARDEN RESIDENCE PRODUCTS

A N 3.5 - 3.9' 1.0 0.9 4.1 ,

B NNE
|

1.3 1.3- - - -

0.9 0.9 IC NE 1.3 - - -

i
D ENE 1.0' O.9 0.9- - -

E E 2.3 2.2 2.2 0.3- -

.

F- ESE 2.3 2.2 3.1 0.3- -

rG SE 2.4 2.3 4.0 0.3 :- -

H SSE 0.3- - - - -

J S 0.7- . - - -

>

K SSW 0.5- - - - -

.L SW
[

0.5- - - - -

.

.

M WSW 1.0 1.5 0.7 !
- - -

!

( M' W ,

1.1 1.0 0.7- - -

P WNW 0.9 0.9 0.9 0.6 >
- -

>

0 NW 0.9 4.9'* 4.9' O.9 0.9 0.6

8 NNW 2.3 3.0 30 2.0- -

None found in sector within five mile radius of the plant.-

,

'
a Samples are being taken at 4.9 miles (MKE 5) for the Waterford 3 REMP. .

Cows at Locatic;iMKO 1'are currently not producing milk for human consumption.- The owner will beb '

contacted on a periodic bads to determine if rnlik will be used for hurnan consumption and for the availability
of samples.

c Goats located in Sectors A D, and O are currently not producing milk for human consumption. The owners
will be contacted on a periodic basis to determine if milk will be used for human '

consumption and for the availability of samples.
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*

4.0 CONCLUSIONS-

The radiological environmental data collected during 1991 are consisterv. with the
data obtained during the previous five years of plant operation (1986 90), the Pre-
operational Environmental Radic.:ogical Surveillance (PERS) Program, and the first

;

two years of the REMP prior to Waterford 3 initial crhicality (1983 84). The only
man-made radionuclides detected in the environmental samp!es analyzed during
1991 were ceslum 137, and tritium.

Ceslum 137 was detected in two milk and shoreline soil samples. Studies in
Loulslana indicate that cesium 137 is commonly found in so!!s and sediments as a
result of weapons testing. Further, the detected activity in allinstances was at
levels less than the required lower limit of detection and well below levels requiring
notification. In addition, the detected concentrations were consistent with pre-
operational levels. Therefore, it is unlikely that the presence of cesium in these
samples can be attributed to Waterford 3 operation.

Tritium was detected in one drinking / surface water samp!e at levels below the
. required lower limit of detection and well below levels requiring notification.
Tntium is man made and cosmogenically produced and was frequently detected
in samples taken prior to Waterford 3 operation. Due to the absence of tritium in
drinking / surface water samples located at a closer downstream location and the
presence of tritium in pre operational samples at comparable levels, it is not likely
that the tritium detected in the drinking water samples in 1991 was a result of
plant operation.

Tritium activity in the groundwater samples was slightly higher than pre-
operationallevels.but consistent wit" levels detected during the previous five
years of operation. Additionally, the high statistical errors associated with the
indicated concentrations are higher than would be expected with true activity.
Further, the amounts released were well below regulatory limits, and the
concentrations detected in the groundwater were well below both the required

'

LLD and the reporting level.

In conclusion, based on the evaluation of the REMP data collected during 1991
the operation of Waterford 3 had no discernable radiologk alimpact on the
environment.

39
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FIGURE 3.1

DIRECT RADIATION DOSE COMPARISON | ;
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FIGURE 3.3-
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TABLE A-1

RADtOLOGICAL ENVIRONMENT AL MONITORING PROGRAM SUMMARY
Name of Facility __.Waterford 3 SES ; Docket No.- 50-382

.

" January 1 to
Locath of Facility St. Charles. Louisim Reporting Period Dacember 31.1991

(Parish, State)

MEDIUM OR PAlHWAY ANALYSIS AND - LOWER LIMIT ALL INDICATOR LOCATIONS
LOCATION WITH HIGHEST ANNUAL MEANSAMDLED TOTAL NUMBER OF MEAN* NAME MEAN* MEAN*. NONROUTINE

CONTROL LOCATION N5 DER Of .(UNIT OF MEASUREMENT 1 OF ANALYSES .. DETECTION * - (RANGEI'PERFORMED (LLD) DISTANCE AND DIRECTION (RANGE)* (RANGEl* REPORTLD
MEASUREMENTS

1 Direct Radiation TLD 121 (cl 13(117/117) G-9 14(4/4) E-30 - 0
(n$ rem /Std. Otr.)

(8-19) 8.1 miles SE (13-19) 12t4/41
(11 13)

2. Airborne Gross ' 260 $0 15(208/208) APG-1 19(52/528 APE-30 0
Particulates Beta
(10 'pCi/m') 16-3 9) 0.5 maes SE (6-39) 18(52/52)

(8-37)
Gamms 2') (d) < tLD (0/16) NA NA APE-30 0(-)

< tLD (0/41
V13. Airbome lodine I-131 260 70 < t LD (0/208) NA NA APE-30 0

(10 'pCi/m')
01

<LLD (0/53)

'55)E FNtemtes at end of tabte.
bl

;

!
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1 *laE A-1 (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

Name of Facility Waterford 3 SES Docket No. 50-382

. . January 1 to
Locatkm of Facisty St. Charles. Louisiana Reporting Period December 31.1991

,
(Parish, Statel

MEDIUM OR PATHWAY ANALYSIS AND LOWER LIMIT dLLL INDfCATOR LOCATIO?G LOCATION WITH HtGHEST ANNUAL MEAN CONTROL LOCATION NUMBER 06:SAMPLED TOTAL NUMBER OF MEAN* NAME MEAN* MEAN* NONROUTINC t
(UMIT OF MEASUREMENTI OF ANALYSES DETEC*lON* (RANGEf DISTANCE AND DIRECTION (RANGEl* (RANGEl* REPORTED

PERFOf1MED (LLD) MEASUREMENTS

4. Drinking Water Gross 42 a 3.8(21/28) DWG-2 4.2112/14) DWP-7 0(pCIA) Deta (1.1-9.5) 2.0 miles ESE (2.3-9.5) 3.9(9/14)
(1.1 7,6)

I-131 78 1 <tLD (0/52) NA NA DWP-7 0
(4 <tLD (0/26)

()
Gamma 39 (d) <tLD (0/26) NA NA DWP-7 0

(4 <tLD (0/131
(-l

Tritium 12' 2000 260(1/81 DWE-5 NA DWP-7 0
(-l 4.5 miles E <tLD (0/4)

4

(-l

feOTE: Footnotes at end of tab e.
4
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TABLE A-1 (Cont.) -

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY
' Name of FacEty Waterford 3 SES Docket No. 50-382

January 1 to
Location of Facility ~ St. C> mitt.Lo,vigiang,, Reporting Period December 31.1991_

(Parish State) .

MEDtUM OR PATHWAY ANALYSIS AND . LOWLR LIMIT
ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST ANNUAL MEAN . CONTROL LOCATION NUM8ER OF

SAMPLED TOTAL NUMBER OF MEAN*(UNIT OF MEASUREMENT) OF ANALYSES DETECTIOtt . (RANGEl*
NAME MEAN* MEAN*

PERFORMED (LLDI OtSTANCE AND CHECTION (RANGE)* NONROUTINE
- (RANGEl* REPORTED'

MEASUREMENTS
5. Surface Water Gross 42 4 3.3421/28) SWG-2 4.2(12/14) SWP-7 0

(pCi/fl Beta (1,1-9.51
2.0 miles ESE (2.3-9.51 3.9(9/14)

11.1-7.6)
1-131 78 1 <LLO (0/52) NA NA SWP-7 0H '

<LLD 80/26)
HGamma 39 (di < LLD (0/26) NA NA SWP-7 0(-)

<tLD (0/13)
HTritium 12 2000 ' 260(1/83 SWE-S NA SWP-7 CH '

4.5 miles E
< LLD (0/4)

H
NOTE: Footnotes at end of table.
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TABLE A 1 (Coat.1
i

RADIOLOGICAL ENVIRONMENTAL MONITORING FROGRAM SUMMARY
Name of Facility Waterford 3 SES Docket No. 50-382 _

January 1 to
Location of Facility _ St. Chartes t ostiaDE

Reporting Period Decemby 31.1991_(Parish, State)

MEDIUM OR PAT 1tWAY ANALYSIS AND
LOWER LIMIT - ALL INOtCATOR LOCATIONSSAMPLED TOTAL NUMBER OF MEAN* LOCATION WITH HIGHEST ANNUAL MEAN CONTROL LOCATION NUMBER OF(UNIT OF MEASUREMENT) OF ANALYSES DETECitON9- (RANGE)*

.NAME MEAN* MEAN*
PERFORMED ILLD) OfSTANCE AND DIRECTION (RANCEl* NONROUTINE

(RANGEl* REPORTED
MEASUREMENTS

' 6. Groundwater : Gamma 4' id) <tLD (0/4) NA NAIpCiA)
g NONE 0

Tritium 4 2000 270(2/41 GWK1 270(2/1) NONE O

'

(200-3401
g*00.3403

7. Shoreline Gamma 4
Sediment Cs-137 180 4 112/4) SHwK-1 49(1/2) NONE O
fpClikg-*y)

(32-49) 1_O miles S (4

i

WOTE: Footnotes at end of table.
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TABLE A-1 '(Cont.)

RADIOLOGICAL' ENVIRONMENTAL MONITORING PROGRAM SUMMARY

FOOTNOTES

a

Nominal Lower Limit of Detection (LLD) as defined in the Waterford 3 Offsite Dose Calculation Manual.
b

Mean and range based upon detectable measurements only. Fraction of detectable measurements at
specified locations is indicated in parenthesis.

c
lower Limit of Detection (LLD) not defined in Waterford 3 Offsite Dose Calculation Manual.

d
Lower Limit of Detection (LLD) ;or individual radionuclides using gamma spectroscopy are

given in Waterford 3 Offsite Dose Calculation Manual.
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TABLE B 1

OUARTERLY TLD DOSE RATES

LOCATION - 1ST QUARTER 2ND OUARTER 3RD QUARTER 4TH OUARTER AVERAGE
~

- (01/12 04/06) (04/0647/06) = (07/06-10/05) (10/05 41/04) DOSE RATE
DOSE RATd DOSE RATE DOSE RATE DOSE RATd (mrom/std qtr)
(mrem /std qtr) (mrem /std qtr) (mrem std qtr) (mrem /std qtr)

A2 14 15 N/A' 16 15A5 13 14 12 14 13
B1 13 14- 12 14 -13
B41 13 14 12 14 13
C-1 08 09 - 08 -10 09
D-2 09 10 09- 11 10
D-5 11 13 N/A* (4 13
E-1 10 11 10 11 11
E-5 15 13 14 12 14
E 15 09 13- 11 13 12
E-30 11 11 13 12 12
F-2 12 2 11 12 121

F4 14 15 13 15 14
F-9 13 13 1P 14 13
G-2 15 16 14 16 15-G4 12 11 11 11 11G9- 19 14 13 -13 15
H-2 13- 14 13 14 14

~

-H4 -12 13 14 12 13
J-2- 14 11. 14- 13 13
J-15 12 13 12 13 13
K-1 10 11 10 11 11
L-1 12 13- 11 13- 12
M-1 - 11 12 13 - 13 12
N1 13 14 12 13 13 --

.P-1- 09 11 09 10 - 10-
7

P4 -14 15 13 -15 14
0-1 12 : - 14 - 13 12 13
O-5 - 14 15 14 14 14

- R 1- 10 12 . 11 10 11
-R4- 14- 15 N/A* 11 13

Average 12 13- 12 13

'

' - TLD stolen, replaced - See Table C 5
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_ TABLE B-2':(continued)
.

- AIR PARTICULATE FILTERS AND CHARCOAL CARTRIDGES -
.

;.
GROSS BETA-AND IODINE-131 ANALYSES .

.,
1

SAMPLE LOCATION: APC-1 '

UNITS: pCi/ CUBIC METER -
-

Lab Wo.' .' Segin Dete End Date ,Grose Seta ' I 131

.912217 12/17/91[12/23/91
'

0.016 +" 0.002. < 0.040
920017.. .12/23/91 12/31/91 0.026 +/-0.002 < 0.019
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TABLE B-2 (continued)

AIR PARTICULATE FILTERS AND CHARCOAL CARTRIDGES
GROSS BETA AND IODINE-131 ANALYSES

SAMPLE LOCATION: APO-1
UiilTS: pCi/ CUBIC METER

Lab Wo. Begin Date End Date
Gross-Beta I-131

912215 12/17/91 12/23/91
0.019 +/-0.003 < 0.040920015 12/23/91 12/31/91
0.025 +/-0.002 < 0.019

:

.
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1TABLE B 2 '(continued)f
,

AIR PARTICULATE FILTERS AND CHARCOAL CARTRIDGES'-

. GROSS BETA AND LODINE-131. ANALYSES - .

,

m:

'

d
SAMPLE LOCATIONi? APG-1

UNITS: pCi/ CUBIC METER . Q
,

Lab ho. . tegiri Dete End Dete ' : Cross-Sete' I-131 !1
-

i
912214 12/17/91.:12/23/91 - 0.016 */-0.002 *0.M0'

'

920014- -12/23/91 :12/31/91-- 0.029.+/-C.002 < 0.019:-
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TABLE B-2 (continued)

AIR PARTICULATE FILTERS AND CHARCOAL CARTRIDGES
GROSS BETA AND IODINE-131 ANALYSES

-

SAMPLE LOCATION: APP-1
UNITS: pCi/ CUBIC METER

Lab No. Begin Date End Date Cross-Sete I-131

912216 12/17/9? 12/23/91 0.019 +/-0.003 < 0.0&O
920016 12/23/91 12/31/91 0.024 */-0.002. < 0.019

.

1
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; TABLE B-2 (continued) ..

; -AIR PARTICULATE FILTERS AND CHARCOAL CARTRIDGES ~
. GROSS BETA AND. LODINE-131 ANALYSES .

- SAMPLE LOCATION: . APE-30
: UNITS: pCi/ CUBIC METER -

,

' /'
Lab so. Begin Date End Date cross-tete I-131

' 912218' 12/1T/91/12/23/91 - 0.020 +/-0.003 < 0.040.

,

920018 12/23/91 12/31/91 . 0.032 +/-0.003 < 0.019
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TABLE B-5 (continued)

DRINKING WATER
GAMMA ISOTOPIC ANALYSIS ;

ON MONTHLY COMPOSITES

SAMPLE LOCATION: DWG-2
UNITS: pCi/ LITER

segin Erd
Lab. Wo. Date Date nn-54 Co-58 Fe-59 Co-60 2n-65 Mb-95 Zr-95 1-131 Cs-134 Co-137 se-140 to-140
910199 12/31/90 01/28/91 < 2 < '2 < 2 < 2 < 3 < 2 < 3 < 2 = 2 < 2 < 6 < 2

] 910360 '01/28/91 02/25/91 < 3 < 2 < 3 <3 < 5 < 2 < 5 < 3 < 3 < 2 < 8 < 2i

910535 02/25/91 03/25/91 < 2 < 2 <3 < 2 < 5 < 2 < 5 = 3 = 3 < 2 < 8 * 3
910659 03/25/91 04/08/91 < 2 < 2 < 2 e 2 < 4 < 2 < 3 < 2 < 2 <2 < 6 < 2
910821 04/08/91 05/06/91 < 4 < 4 < 5 < 4 * 9 < 4 < 9 < 4 < 4 < 4 < 15 < 5

4

' 910970 05/06/91 06/03/91 < 2 < 2 < 3 < 2 < 5 < 2 < 5 < 3 < '2 * 2 < 9 * 3.

| 911137 06/03/91 07/01/91 < 2 < 2 < 3 * 2 < 4- < 2 .< 4 * 2 . < 2 < 2 < 8 < 2911347 07/01/91 07/29/91 < 2 < 2 < 2 < 2 < 4 < 2 < 3 < 2 < 2 < 2 < 6 < 2 '

911497 07/29/91 08/26/91 < 2 < 2 < 2 < 2 < 3 < 2 < 3 < 2 < 2 < 2 < 6 < 2

i
1

j
911656 08/26/91 09/24/91 < 2 < 2 < 3 = 2 < 4 < 2 < 5 * 3 < 2 < 2 < 8 < 3

|

{911739 09/24/91 10/08/91 < 2 < 2 < 3 < 2 < 4 < 2 < 4 < 4 < 2 < 2 < 10 < 3
r

911954 10/08/91 11/05/91 < 2 < 2 < 3 < 2 < 5 < 2 < 5 < 3 < 3 < 2 < 8 < 3s

912096 11/05/91 12/03/91 <4 < 3 < 5 * 4 <8 <4 < 8 < 4 < 4 < 4 * 14 * 6
!

920024 12/03/91 12/31/91 < 3 < 3 < 4 <3 < 6 < 3 < 7 < 5 <4 < 3 < 15 < 5

75
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TABLE B-5 (continued)
i
;t

DRINKING WATER i

GAMMA ISOTOPIC ANALYSIS |

ON MONTHLY COMPOSITES

j SAMPLE LOCATION: DWE-5 .

'

UNITS: pCi/ UTER [
8egin End

Lob. me. Date Date h 54 Co-58 fe-59 00-60 2m65 ab-95 2r-95 3-131 co-134 s-137 so-140 te-140
.

910197 01/14/91 01/28/91
910200 12/31/90 01/28/91 < 3 < 3 < 3 < 3 < 6 < 2 < 6 < 3 < 3 < ! < 9 < 3

|910359 01/28/91 02/25/91 < 2 = 2 < 4 < 2 < 7 < 2 < 4 < 2 < 2 < 2 < 7 < 2
.

'
910534- 02/25/91 03/25/91 < 2 < 2 < 3 < 2 < 4 < 2 < 5 * 3 < 3 * 2 < 7 < 2
910660 03/25/91 04/06/91 < 2 < < 3 < 2 < 5 < 2 < 5 * 3 < 3 < 2 < 8 * 3-I

910322 04/08/91 05/06/91 < 4 < 4 < 5 < 4 * 8 < 4 < 8 < 4 < 4 < 3 < 14 = 4
910969 05/06/91 06/03/91 < 2 < 2 < 2 < 2 < 4 < 2 < 3 < 2 * 2 < 2 < 6 * 4 *

;

911138 06/03/91 07/01/91 < 2 < 2 < 2 < 2 < 4 < 2 < 4 < 2 < 2 < 2 < 6 < 6911348 07/01/91 07/29/91 <-4 < 3 < 4 < 3 < 8 4 * 8 < 4 < 4 < 4 < 14 < 4
*

911496 07/29/91 08/26/91 2 < 2 < 2 < 2 < 4 < 2 < 4 < 2 < 2 < 2 < 7 < 2 !

<

911655 08/26/91 09/24/et < 2 < 2 < 2 < 3 = 4 < 2 < 4 < 2 < 2 < 2 < 6 < 2 I

!

911738 09/24/91 10/08/91 < 1 < 2 < Z < 1 < 3 < 2 = 3 < 2 < 2 < 1 < T < 3 ,

911953 10/08/91 11/05/91 < 2 < 2 < 2 < 2 < 4 < 2 < 4 < 2 < 2 < 2
,

6 < 2*
! ,

!912095 11/05/91 12/03/91 < 2 < 2 < 3. < 2 < 5 < 2 < 4 < 1 < 3 * 2 < 8 < 2
6'

'920023 12/03/91 12/31/91 < 2 < 3 < 3 < 2 < 5 < 3 * 5 <4 < 3 < 2 < 11 < 5
.-

,

76
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TABLE B-5 (continued)
.

ORINKING WATER
GAMMA ISOTOPIC ANALYSIS
ON MONTHLY COMPOSITES

'

SAMPLE LOCATION: DWP-7
! UNITS: pCi/ LITER

9egin Erd
Lab. wo. Date Date pen-54 Co-58 Fe-59 Co-60 2n-65 ab-95 2r-95 1-131 Cs-134 Cs-137 se-140 to-140
910196 01/14/91 01/23/91
910201 12/31/90 01/28/91 < 3 < 4 < 5 < 4 < 8 < 1 < 8 = 4 = 4 < 3 < 12 < 5

4

910358 01/28/91 02/25/91 < 2 < 2 < 3 < 2 < 4 < 2 = 4 < 2 < 2 < 2 < 7 * 2
910536 02/25/91 03/25/91 * 4 < 4 < 5 < 4 =9 < 4 < 9 < 4 < $ = 4 < 14 = 4

<
,

910658 03/25/91 04/0S/91 < 2 < 2 <.2 < 2 < 4 < 2 < 4 < 2 < 2 -2 < 6 * 3
I

910820 04/05/91 05/06/91 < 2 < 2 < 3 < 2 < 4 < 2 < 5 < 4 < 2 <2 < 11 <

!
4

3
910968 05/06/91 06/03/91 < 4 < 4 < 5 < 4 < 8 < 4 < 9 < 5 < 4 4 4 = 16 < 4 '

911136 06/03/91. 07/01/91 < 3 < 3 < 4 < 3 < 6 < 3 < 7 < 4 * 4 < 3 < 11 < 4
'

i
911349 07/01/91 07/29/91 < 2 < 2 < 2 < 2 * 3 = 2 = 3 < 2 < 2 < 2 < 6 < 2 '

911495 07/29/91 06/26/91 < 2 < 2 < 3 < 2 = 4 < 2 = 4 < 3 < 2 < 2 < 8 < 3 e

911654 08/26/91 09/24/91 < 4 < 4 * 5 < 4 < 9 < 4 < 9 = 5 < 4 < 4 < 15 < 4

!
i
;'

911737 09/24/91 10/08/91 < 2 < 2 < 3 < 2 < 4 < 2 < 4 < 3 = 2 < 2 < 9 < 6
t

; 911952 10/06/91 11/05/91 < 4 < 4 < 5 < 4 < 9 < 4 < 9 < 5 < 5 < 4 < 17 < 4 |

!

|912094 11/05/91 12/03/91 < 3 < 2 < 3 < 3 < 6 < 3 < 5 * 3 < 3 * 3 < 9 < 3 ;

,
t

920022 12/03/91 12/31/91 <3 < 3 < 4 <4 *5 < 3 = 7 < 4 .< 4 4 3 < 13 < 41
t

b

|
-
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TABLE B-8 (continued)

SURFACE WATER
GROSS BETA ANALYSIS

ON MONTHLY COMPOSITES

SAMPLE LOCATION: SWP-7 UNITS: pCi/ LITER

tSe9 n Erd
Leb. No. Date Sete Sete

1

910201 12/31/90 01/28/91 1.9 +/-1.9 l

910358 01/2S/91 02/23/91 6.6 +/-1.8

1910536 02/25/91 03/25/91 7.6 +/-2.1 |

|910658 03/25/91 04/06/91 2.6 +/-2.2 |

910$20 04/G8/91 05/06/91 2.2 */-2.2

910968 05/06/91 06/03/91 < 3.6
910968 05/06/91 06/03/91 < 3.6

911136 06/03/91 07/01/91 < 3.2
911349 07/01/91 07/29/91 < 2.9

911495 07/29/91 08/26/91 6.7 */-2.0

911654 08/26/91 09/24/91 < 3.4

911737 09/IE/91 10/08/91 2.8 */-1.0

911952 10/08/91 11/05/91 3.2 +/-1.0

912096 11/05/91 12/03/91 1.1 +/-0.9
920022 12/03/91 12/31/91 < 1.5

84
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TABLE B-8 (continued)

SURFACE WATER
I GAMMA ISOTOPIC ANALYSISi

ON MONTHLY COMPOSITES

1

SAMPLE LOCATION: SWG-2 UNITS: pCi/ LITER

|
| segin truf

tab. tso. Date Date nn-54 Co-58 Fe-59 Co-60 Zrt-65 ab-95 Zr-95 I-131 Cs-134 Cs-137 sa-140 Le-140
|
| 9T3199 12/31/90 01/28/91 < 2 < 2 < 2 < 2 < 3 < 2 < 3 < 2 < 2 < 2 < 6 < 2l

910360 01/28/91 02/25/91 < 3 < 2 < 3 = 3 < 5 < 2 < 5 < 3 < 3 < 2 < 8 < 2
|
| 910535 02/25/91 03/25/91 = 2 < 2 < 3 < 2 < 5 e 2 < 5 < 3 < 3 < 2 = 8l < 3
i

910659 03/25/91 04/08/91 < 2 < 2 < 2 < 2 < 4 < 2 < 3 < 2 < 2 < 2 < 6 * 2
|

| 913821 04/08/91 05/06/91 < 4 < 4 < $ < 4 < 9 < 4 < 9 e 4 < 4 <4 < 15 = 5

910970 05/06/91 06/03/91 < 2 < 2 < 3 < 2 < 5 < 2 < 5 < 3 < 2 < 2 < 9 < 3
.

l

j 911137 06/03/91 07/01/91 < 2 < 2 < 3 < 2 < 4 < 2 < 4 < 2 < 2 < 2 < 8 < 2
I 911347 07/01/91 07/29/91 < 2 2 < 2 < 2 < 4 < 2 < 3 < 2 = 2 < 2 < 6 < 2

<

911497 07/29/91 08/26/91 < 2 < 2 < 2 e 2 <3 < 2 < 3 < 2 < 2 < 2 < 6 < 2 I

l911656 08/26/91 09/24/91 < 2 < 2 < 3 < 2 < 4 < 2 < 5 < 3 < 2 < 2 < 8 * 3
|

911739 09/24/91 10/08/91 < 2 < 2 < 3 < 2 < 4 < 2 < 4 < 4 <2 < 2 < 10 < 3

911954 '0/08/91 11/05/91 < 2 < 2 < 3 < 2 < 5 < 2 < 5 < 3 < 3 = 2 < 8 * 3

912096 11/05/91 12/03/91 <4 < 3 < 5 < 4 < 8 < 4 < $ < 4 < 4 < 4 < 14 < 4
920024 12/03/91 12/31/91 < 3 < 3 < 4 <3 <6 < 3 < T * 5 < 4 < 3 < 15 < 5

.
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TABLE B-8 (continued)

SURFACE WATER
GAMMA ISOTOPIC ANALYSIS
ON MONTHLY COMPOSITES

|

SAMPLE LOCATION: SWE-5 UNITS: pCi/ LITER

Begin Erd
tab. no. Date Date h 54 co-58 re-59 co-60 2n-65 + 95 zr-95 t 131 cs-134 co-137 as-140 te-140

910200 12/31/90 01/28/91 < 3 < 3 < 3 < 3 < 6 * 2 < 6 < 3 < 3 * 3 * 9 < 3

910359 01/28/91 02/25/91 < 2 < 2 < 4 = 2 < T < 2 < 4 < 2 < 2 < 2 < 7 * 2

910534 02/25/91 03/25/91 < 2 < 2 < 3 < 2 < 4 < 2 < 5 < 3 < 3 < 2 < 7 < 2

910660 03/25/91 04/03/91 < 2 < 2 < 3 < 2 < 5 < 2 < 5 < 3 < 3 < 2 < R < 3

910822 04/08/91 05/06/91 < 4 < 4 < 5 < 4 < 8 = 4 * 8 < 4 < 4 *3 < 14 < 4

910969 05/06/91 06/03/91 < 2 < 2 < 2 < 2 < 4 < 2 < 3 < 2 < 2 < 2 < 6 < 4

911138 06/03/91 07/01/91 < 2 < 2 = 2 < 2 < 4 < 2 < 4 < 2 < 2 < 2 * f * 6
911348 07/01/91 07/27/91 < 4 < 3 < 4 < 3 < 8 < 4 < 8 < 4 * 4 * 4 * 14 * 4

911496 07/29/91 08/26/91 < 2 < 2 < 2 < 2 < 4 < 2 < 4 < 2 < 2 < 2 < 7 < 2

911655 03/26/91 09/24/91 < 2 < 2 < 2 < 3 < 4 < 2 < 4 < 2 < 2 < 2 < 6 * 2

911738 09/24/91 10/08/91 < 1 < 2 < 2 < 1 < 3 < 2 < 3 < 2 e 2 < 1 < T < 3

911953 10/05/91 11/05/91 < 2 < 2 < 2 < 2 < 4 < 2 < 4 < 2 < 2 = 2 < 6 2-

912095 11/05/91 12/03/91 < 2 < 2 < 3 < 2 < 5 < 2 < 4 < 3 < 3 < 2 < 8 < 2
920023 12/03/91 12/31/91 <2 < 3 < 3 <2 <5 < 3 < 5 < 4 < 3 < 2 < 11 < 5

. -
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TABLE B_-8; (continued)

SURFACE WATER
GAMMA ISOTOPIC ANALYSIS
ON MONTHLY COMPOSITES

SAMPLE LOCATION: SWP-7 UNITS: pCi/ LITER

Begin End j

Leb. No. cote cate Mn-54 Co-58 Fe-59 co-60 Zn-65 ub-95 Zr-95 I-131 Cs-134 cs-137 to-140 La-440
I

910201 12/31/90 01/23/91 < 3 < 4 < 5 < 4 < 8 < 3 < 8 < 4 < 4 < 3 < 12 < 5

910358 01/28/91 02/25/91 < 2 = 2 < 3 * 2 < 4 < 2 < 4 < 2 < 2 < 2 < T < 2

910536 02/25/91 03/25/91 < 4 < 4 < 5 < 4 < 9 < 4 < 9 < 4 < $ < 4 < 14 < 4

910658 03/25/91 04/08/91 < 2 < 2 < 2 < 2 < 4 = 2 < 4 = 2 < 2 < 2 < 6 * 3

910820 04/03/91 05/06/91 < 2 < 2 < 3 < 2 < 4 = 2 < 5 < 4 <2 < 2 < 11 < 3

910968 05/06/91 06/03/91 < 4 < 4 < 5 < 4 < S < 4 < 9 < 5 < 4 < 4 < 16 < 4

911130 06/03/91 07/01/91 < 3 < 3 < 4 < 3 < 6 < 3 < T < 4 < 4 < 3 < 13 < 4

911349 07/01/9* 07/29/91 < 2 < 2 < 2 < 2 < 3 < 2 < 3 < 2 < 2 < 2 < 6 < 2
l

911495 0//29/91 03/26/91 < 2 < 2 < 3 < 2 < 4 < 2 < 4 < 3 < 2 < 2 < 8 * 3

911654 08/26/91 09/24/91 < 4 < 4 < 5 < 4 < E < 4 < 8 < 5 < 4 < 4 < 15 < 4

911737 09/24/91 10/08/91 < 2 < 2 < 3 < 2 = 4 < 2 < 4 < 3 < 2 < 2 < 9 < 6

911952 10/03/91 11/05/91 < 4 < 4 < 5 < 4 < 9 < 4 < 9 < 5 < 5 < 4 < 17 < 4

912094 11/05/91 12/03/91 <3 < 2 < 3 < 3 * 6 < 3 < 1 < 3 < 3 < 3 < 9 < 3
920022 12/03/91 12/31/91 < 3 < 3 < 4 < 4 <5 < 3 < T < 4 < 4 < 3 < 13 = 4

| . .
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TABLE B-10
i

GROUNDWATER
TRITIUM AND GAMMA ISOTOP!C ANALYSES

SAMPLE LOCATION: GWJ-1 UNITS: pCi/L!TER

l
|
| CetIeetien

Lab. No. Date M-3 h 54 Co-58 Fe-59 to-60 Zn-65 2r-95 mb-95 I-131 ts-134 Cs-137 se-140 to-14e
i

910048 01/07/91 < 350 < 2 < 3 < 4 < 3 < 6 < 6 < 3 < 5 < 3 < 3 < 11 < 4

910615 03/31/91 200 +/-180 < 2 < 2 < 3 < 2 < 5 < 5 < 2 < 3 < 3 < 2 < 9 3=

91147 07/01/91 < 490 < 2 < 2 < 3 < 3 < 5 = 6 5 3 * 3 < 3 < 2 < 9 < 3

911740 10/08/91 340 +/-220 < 2 = 2 * 3 < 2 < $ < 5 < 3 * 3 3 < 2 < 12 <4*

i

89
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TABLE B-11

SHOREUNE SOIL
GAMMA ISOTOPIC ANALYSIS

SAMPLE LOCATIONS: ALL SAMPLE SITES UNITS: pCi/Kg

|

Loca t t ors tab Wo. Collectiore Date h 54 Co-58 Co-60 Cs-134 Cs-137

SWE-3 910616 03h 1/91 < 13 < 13 < 13 < 16 e 11SWE-3 911745 10/08/91 < 15 < 15 < 14 * 20 32 +/-10
SWJ-1 910617 03/31/91 < 11 < 11 < 11 < 14 49 +/-9SWJ-1 911744 10/03/91 < 16 = 15 < 15 < 19 < 15

90
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TABLE B-12

MILK
IODINE-131 AND GAMMA ISOTOPIC ANALYSES

SAMPLE LOCATION: MKO-5 UNITS: pCi/ LITER
l

!
Lab No. Coll u tion Oste 1-131< co-134 Co-137 to-140 to-140

910016 01/02/91 < 0.4 < 3 < 3 < 12 < 4
910133 01/15 < 0.3 4 4 < 3 < 10 * 4

910228 02/05/91 < 0.5 < 3 < 3 < 9 < 3
910325 02/19/91 < 0.5 < 3 < 2 < 9 < 3

910425 03/05/91 < 0.7 < 3 < 2 < 8 < 3
910500 03/19/91 < 0.3 < 3 < 2 < 8 < 2

910625 04/02/91 < C.2 < 2 < 2 < 7 < 2
910707 04/16/91 < 0.3 * 3 < 3 < ? < 2

910836 05/07/91 < 0.5 < 2 < 2 < T < 2
910904 05/21/91 < 0.3 < 5 < 5 < 19 < 5

910963 06/04/91 < 0.29 < 3 < 3 < 9 < 3
911071 06/18/91 < 0. 2 '. < 3 < 3 * 9 < 3

911154 07/02/91 < 0.3 < 4 < 4 < 15 < 4
911280 07/16/91 < 0.3 * 2 < 2 < S < 2

911384 08/06/91 < 0.2 < 2 < 2 < 6 < 2
911453 08/20/91 < 0.2 < 4 < 3 < 10 < 3

911525 09/04/91 < 0.3 < 4 < 3 < 10 < 8
911614 09/17/91 < 0.2 < 3 < 2 * 9 - < 2

911730 10/09/91 < 0.4 < 2 < 2 < T < 3
911873 10/24/91 < 0.5 <3 < 3 < 10 <3

91
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TABLE B-12 (continued)

MILK
IODINE-131 AND GAMMA ISOTOPIC ANALYSES

SAMPLE LOCAT!ON: MKO-5 UNITS: pCi/ LITER

Lab h. Cottection Date I-131* Cs-1% Cs-137 Es-140 Le 140

91196S 11/06/91 < 0.6 <2 < 2 < 7 < 2
91L28 11/20/91 < 0.3 < 2 < 2 < 2 < 2

912099 12/04/91 < 0.3 <5 < 4 < 15 < 4
912183 12/18/91 < 0.6 < 3 - 2 < T * 2'

1

|
!
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. TABLE B-12 (continued)

MILK
IODlI4E-131 AND GAMMA ISOTOPIC ANALYSES

SAMPLE LOCATION: MKO-45 UNITS: pCi/ LITER

|

|

| Lab Wo. Cottection Date I-131* Cs-134 ts-137 to-140 to-160

911961 11/04/91 < 0.4 4 4 < 4 e 12 < 4

912029 11/18/91 < 0.3 < 2 4+/-1.5 = 7 ' < 2

i

i 912100 12/03/91 < 0.3 < 2 < 7 <8 < 3

| 912189 12/17/91 < 0.6 < 3 < 3 < to <4

|
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! TABLE B-13

FISH
GAMMA ISOTOPIC ANALYSIS

SAMPLE LOCATION: FH-1 UNITS: pCi/Kg

Lab po. Cettection Date Se pte type h 54 Co-58 Fe-59 Co-60 In-65 Cs-134 Cs-137
910896 05/17/91 CAfr!SW < 10 < 10 < 15 < 10 < 24 < 12 < 11910897 05/17/91 SmAD < 6 < 6 < 9 < 6 < 12 < 6 < 591089S 05/17/91 DPJE < 6 7 < 10 < 7 < 16

<
910399 05/17/91 asutLET < 11 < 12 < 16 < 12 < 30 < 14 < 10

< 7 * 7

911825 10/11/91 CATF1SM |< 6 < 6 < 10 * 6 < 15 < 7911826 1G/11/91 asJLLET * 3< 6 < 7 < 11 < 6 < 15 < 7 < 6911827 10/11/91 i < 5 < 6 < 9 * 6 < 13 < 6 =911828 10/11/91 5< 4 < 3 < 7 < 4 < 10 < 5 < 4
|
t
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TABLE B-13 (continued)

FISH
GAMMA ISOTOPIC ANALYSIS

SAMPLE LOCATION: Ft(-2 UNITS: pCi/Kg

tab Wo. Collection Date Sampi. type h 54 Co-58 Fe-59 Co-60 Zn-65 Cs-134 Cs-137

910900 05/17/91 CATFISM < 11 < 10 < 16 < 12 < 26 < 12 < 11

910901 05/17/91 snAs < 29 < 30 < 40 < 26 < 66 < 31 < 30

910902 03/17/91 D=UM < 14 < 13 < 20 < 15 < 31 < 18 < 12

910903 05/17/91 MULLET < 19 < 17 < 23 < 18 < 39 < 20 < 18

911829 10/11/91 CATFISH < 9 < 10 < 15 < 9 - 76 < 11 < 10

911830 10/11/91 Mta tET < 4 < 4 < 7 < 4 < 10 < 4 < 4

911831 10/11/91 Sr.c < 6 < 7 < 11 < 6 < 18 < 7 < 6

911532 10/11/91 BA$$ < 4 < 5 < 8 < 5 < 11 < G < 4

i
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fTABLE B-14

BROAD LEAF VEGETATION
IODINE-131 AND GAMMA ISOTOPIC ANALYSES

l
.J

SAMPLE LOCATION: BLO-1 UNITS: pCi/Kg

I

tab No. Collectler. Date 1-131 Cs-134 Co-137

910179 0f '25/91 * 8 < 7 * 7

< ? < 13 < 11910344 02/21/91

910514 03/21/91 < 14 < 17 < 15

910764 04/25/91 < 5 < 6 * 5

910916 05/23/91 < 17 < 13 < 11

911088 06/20/91 < 10 < 9 < 7

911329 07/25/91 < 18 < 18 < 17

911477 08/22/91 < 23 < 22 < 19

911671 09/26/91 < 18 < 16 < 16

911882- 10/25/91 < 40 < 34 < 32

912069 11/26/91 < 34 < 24 < 19

912219 12/26/91 < 12 < 13 < 12
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TABLE B-14 (continued)

BROAD LEAF VEGETATION
IODINE-131 AND GAMMA ISOTOPIC ANALYSES

SAMPLE LOCATION: BLB-1
UNITS: pCi/Kg

Lab 50.' Cottectlen Date 1-131 Cs-134 Cs-137

910180 01/25/91 < 9 < 7 < 6 ,

.i910345 n2/21/91 < 21 < 15 < 14

910515 03/21/91 < 11 < 12 < 10

910765 04/25/91 < 6 * 7 < 6

910917 05/23/91 < 16 < 12 < 11

911089 06/20/91 < 12 < 9 < S

911330 07/25/9i < 27 < 24 < 24

911478 OC/22/91 < 20 < 16 < 15

911672 00/26/91 < 20 < 16 < 15

911883 10/25/91 < 16 < 14 < 13

912070 11/26/91 < 35 < 22 < 20

912220 12/26/91 <9 < 12 < 10
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TABLE B-14 (continued)

BROAD LEAF VEGETATION
IODINE-131 AND GAMMA ISOTOPIC ANALYSES

SAMPLE LOCATION: BLK-15 UNITS: pCi/Kg

Lab Wo. Collection Date I-131 Cs-134 Cs-137

910181 01/25/91 < 12 < 12 < 19

910346 02/21/91 < 14 < 10 < 10

910516 03/21/91 < 11 < 14 < 11

910766 04/25/91 < 12 < 14 < 12

910918 05/23/91 < 14 < 13 < 11

911090 06/20/91 < 23 < 18 < 16

911331 07/25/91 < 15 < 18 < 16

911479 08/22/91 < 20 < 16 < 15

911673 09/26/91 < 12 < 12 < 11

911884 10/25/91 < 27 < 24 < 20

912071 11/26/91 < 28 < 24 < 18

912221 12/26/91 < 12 < 11 < 11
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TABLE B-15

VEGETATION - FOOD PRODUCTS
| IODINE-131 AND GAMMA ISOTOPIC ANALYSES

SAMPLE LOCATION: ALL' SAMPLE SITES UNITS: pCi/Kg

I Location Lab Wo. Cottection Date sanuts type I-131 Cs-134 Cs-137

I
FPG-1 911564 09/09/91 S'XM CANE < 6 < 5 < 5

i

fPP-1 911566 09/05/91 SUCAR CANE < 4 < 3 4 3

FPo-1 911565 09/05/91 SUGAR CANE < 4 * 3 4 3

l

i
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APPENDIX C
SUMMARY OF INTERLABORATORY COMPARISONS

_
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EPA PREP DATE EPA EPA AP&L NORM DEVDATE ISSUED RESULTS MEDIA NUCLIDE RESULTS KNOWN.................................................................RESULTS........................

4 th Qtr.
1190
CC36036-7% 1/11/91 Analytic, Inc. I-131 3.18E-2 3.43E-2 1.08lodine Cartridge Ratio

(uCi/ce)

02/08/91 04/15/91 Water
(pCi/L) Co-60 40.0 40.67 0.23

-

Zn-65 149.0 145.67 -0.38
Ru-106 186.0 196.67 0.97
Cs-134 0.0 9.00 0.35
Cs-137 8.0 9.00 0.35
Ba-133 75.0 85.33 2.24

02/22/91 04/16/91 Water H-3 4418.0 4613.33 0.77
(pCi/L)

03/29/91 07/19/91 Air Filter Beta 124.0 122.33 -0.40
(pC1/ Filter) Cs-137 40.0 59.33 6.70**1

05/17/91 07/22/91 Water Beta 46.0 47.00 0.35
i

(pC1/L)
g

04/16/91 07/25/91 Water Beta 115.0 73.33 +4.25. 2
Blind b Cs-134 24.0 23.33 -0.23
(pC1/L) Cs-137 25.0 25.67 0.23

,

06/07/91 09/11/91 Water Co-60 10.0 10.33 0.12
-

(pci/L) Zn-65 108.0 106.00 -0.31
Ru-106 149.0 146.00 -0.35
Cs-134 15.0 14.67 -0.12
Cs-137 14.0 14.67 0.23
Be-133 62.0 63.67 0.48

08/30/91 11/15/91 Air Filter Beta 92.0 93.67 0.29
(pCi/ Filter) Cs-137 30.0 30.00 0

09/09/91 10/25/91 Water I-131 20.0 17.67 -0.67
(pci/L)

10/04/91 12/02/91 Water Co-60 29.0 28.00 -0.35
(pCi/L) Zn-65 73.0 73.33 0.08

Ru-106 199.0 194.00 -0.43
Cs-134 10.0 9.67 -0.12
Cs-137 10.0 10.33 0.12
Ba-133 98.0 100.00 0.35

|
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EPA CROSS CHECK RESULTS
|

EPA PREP DATE EPA EPA AP&L NORM DEV
DATE ISSUED RESULTS MEDIA NUCLIDE RESULTS RESULTS KNOWN

10/18/91 12/05/91 Water H-3 2454.0 2336.67 -0.58
(pCi/L)

09/27/91 01/03/92 Milk I-131 108.0 102.00 -0.94
(pCi/L) Cs-137 30.0 30.33 0.12

K 1740.0 1570.00 -3.38**3

10/22/91 01/24/92 Water Beta 65.0 52.00 -2.25
Blind B
(pCi/L) Cs-134 10.0 11.00 0.35

Co-137 11.0 11.00 0.00
Co-60 20.0 20.33 0.12

**1 A new efficiency curve was constructed using a blank EPA plastic air filter.
Efficiencies calculated using this air filter geometry were approximately 30s hicher
than previous geometries using air particulate filters.

**2 Blind water samples contain several isotopes which have different beta energies. The
efficiency curve for beta in water was constructed using Cs-137. Because the
strontium isotopes have different beta energies than Cs-137, the results may not
always agree with the standard beta in water efficiency using only Cs-137.

,3 The results submitted by System Chemistry for Total Potassium (K) were less thnn the**

lower control unit established by EPA for this sample. System Chemistry will
investigate possible sources ef error within the gamma spectrometer efficiency curves
and the calculations used to convert K-40 measurements into Total Potassium results.
The results of these investigations will be included in the next monthly report.

It should be noted that the mean result submitted by 63 laboratories whose results
were included in the Grand Average was 1.5 standard deviations below the value used
by the EPA as the "known value" for Total Potassium for this cross-check sample.
Of the results classified as outside the control limits by EPA, 17 were outside of
the lower control lbmit set by the EPA while only 3 results were outside of the
higher co: rol limit. The submitted results were drastically shifted below the EPA
established "known value". A request will be made to EPA to recheck the published
"known value" for Total Potassium of this sample. Results of this inquiry will be
included in the next monthly report after receipt of a reply from the EPA.

The U.S. EPA was contacted and confirmed that the "known value" for Total Potassium
was correct. An independent experiment was developed to measure Total Potassium
using a known mass on Potassium Nitrate dissolved in 3.5L of water. The experimented
value was calculated to be 0.993 of the theoretical value.

|
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APPENDIX D
SYNOPSES OF ANALYTICAL PROCEDURES
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D 1.0 ANALYSIS OF SAMPLES FOR GROSS BETA ACTIVITY,

D-1.1 Air Particulates

After allowing for the radon 222 and radon-220 daughter products
to decay, the particulate filters were counted in a gas-flow
proportional counter.

D-1.2 WateI

A known volume of water, usually 200 milliliters, was reduced by
evaporation, transferred to a two inch diameter planchet, and
evaporated to dryness. The planchet was counted for 100 minutes
in an automatic alpha-beta counter.

D-2.0 ANALYSIS OF WATER SAMPLES FOR TRITIUM

A known volume of water,5 milliliters, was added to 15 milliliters of
liquid scintillation solution in a 25 milliliter vial. The sample was
counted for 500 minutes in a liquid scintillation counter.

D-3.0 ANALYSIS 7F SAMPLES FOR IODINE-131

D-3.1 Milk and Water

Up to four liters of sample were mixed with a stable iodine carrier
solution and eluded through an anion exchange resin column to
remove iodine from the sample. The iodine was stripped from the
resin with sodium hypochlorite colution, reduced with
hydroxylamine hydrochloride, and extracted into carbon
tetrachloride as free iodine. It was back-extracted as iodide into

_

sodium bisulfite solution ano precipitated as palladium iodide. The
precipitate, palladium iodide, was weighed for chemical yield and
mounted on a nylon planchet level beta analysis. The chemical
yield was corrected by measuring the stable iodide conter.t of the
milk or water with a specific ion electrode.

D-3.2 Broad Leaf Veoetation

lodine analysis was performed using gamma spectroscopy. The
time between sample receipt and analysis, the sample size and
count times were adjusted in order to attain the required lower limit
of c tection. Refer to Section E-4.2 for a description of gamma
spectroscopy procedure.

105
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D-4.0 GAMMA SPECTROSCOPY ANALYSIS
I
I Air particulate filters and iodine cartridges, water, milk, broadleaf vegetation,

sediment, food products and fish samples are analyzed by gamma
spectroscopy. Initially, the samples are prepared in containers, using the
appropriate geometry for its sample type. Secondly, the sample is counted
in a shielded high purity germanium (HPGE) or germanium lithium (GeLi)
detector coupled to a computer based data acquisition system that
performs pulse height analysis.

The computer software program defines peaks by changes in the slope of
the spectrum. Additionally, after comparing each specific peak energy with -
a library of peaks for isotopic identification the program performs the
radioactivity calculation using the appropriate fractional gamma ray
abundance, half life, detector efficiency. and net counts in the peak region.

D 5.0 ENVIRONMENTAL DOSIMETRY

Thermoluminescent Dosimeters (TLDs) manufactured by Panasonic (model
UD-814AO) were used for environmental dosimetry. Although the
Panasonic TLDs contain one lithium borate and three calcium sulfate
phosphor elements, only the calcium sulfate phosphor elements were used.
For placement in field, two annealed dosimeters are placed inside a plastic
bag and mounted in an aluminum frame. The dosimeters are checked
monthly and exchanged for analysis each quarter using an automatic TLD
reader manufactured by Panasonic (Model UD 710).
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