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I

Gentlemen:

Arkansas Nuclear One, Units 1 and 2 (ANO-1 & 2) Technical Specifications
6.12.2.5 and 6.9.4, respectively, requires the submittal of an annual
radiological environmental report for the previous calendar year prior to
May 1 of each year.

Attached is the annual radiological environmental report for ANO for the
year 1991. This completes the reporting requirements for the referer.ced
specifications.

Should you have any questions regarding this submittal, please contact
me.

;
Very truly yours,

/ s .

pt.- n%*

ames Fisicaro
Director, Licensing

JJF/ RWC/ sj f
Attachment

cc: Mr. Robert Martin
U. S. Nuclear Regulatory Commission
Region IV
611 Ryan Plaza Drive, Suite 400
Arlington, TX 76011-8064
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Rockville, Maryland 20852
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SUMMARY ;

|

The Annual Radiological Environmental Report (ARER) presents data

obtained through. analyses of environmental samples collected for Arkansas

Nuclear One's (ANO) Radiological Environmental Monitoring Program (REMP) for

the period January 1, 1991 through December 31, 1991. The ARER fulfills the

requirements of ANO Unit 1 Technical Specifications 6.12.2.5 and Unit 2
I

Technical Specifications 6.9.4.

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM |

Radiation and radioactivity are monitored around ANO within a 22-mile

radius. The environment around ANO has been monitored for radiation and

radioactivity for approximately 19 years. The REMP was established about two

. years before the station became operational. This program provided data on

background radiation and. radioactivity which is normally present in the area.

;- Arkansas Nuclear One has continued to monitor the environment by sampling air,

milk, water, food products, vegetation, sediment and fish, as well as

measuring radiation directly.

Samples are collected from both indicator and control locations.
,

Indicator locations are within approximately five miles of the site, and are
,

f expected to show any increases or buildup of radioactivity that might occur

! 'due to station operation. Control locations are farther away from the

- station, and are expected to indicate the presence of only naturally occurring
i

| radioactivity. The results obtained from indicator locations are compared

!

l' with control locations and with concentrations present in the environment

h before the station became operational. This allows for assessment of any
1 -

impact the operation of ANO might have had on the surrounding environment.

1
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In 1991, approximately 970 radiological environmental samples were

collected and analyzed for radioactivity. Radionuclide concentrations,

measured at indicator locations were compared with control locations as well

as those. measured in previous years. Radiological Environmental Monitoring
.

Program personnel assessed plant operations using this data and concluded that*

no significant impact occurred on the environs surrounding the plant.

Radiation levels in the environment were undetectable in many cases and at or

'

near previous levels in significant pathways associated with ANO, as in
,

previous years. Therefore, REMP personnel concluded that ANO operation has
,

|

| had no harmful effects nor resulted in any irreversible damage to the

environment.

ATTACHMENTS
'

Attachment I contains results of air, milk, water, food products,'

vegetation, sediment and fish samples collected in 1941 and analyzed by

Entergy Services, Inc. (ESI)' System Chemistry, formerly Arkansas Power u

Light's Technical. Analysis Section. Results of ESI System Chemistry's

participation in the Environmental Protection Agency (EPA) Interlaboratory

|- Comparison Program are also contained in Attachment I.

Attachment II contains results of thermoluminescent dosimeters (TLDs)'

collected in 1991 and analyzed by ANO Dosimetry.

Attachment III _contains the statistical analyses performed and equations4

:

- that were utilized.p

Attachment IV contains dose calculations performed for sediment using
i -

;

generalized equation from Regulatory Guide 1.109.

i'

i

f

!
!
L
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INTRODUCTION

1.1 RADIATION

People are always subjected to natural radiation. This radiation exposure

d comes from the sun and naturally occurring radioactive materials present in the

earth., structures we inhabit, and in the food and water we consume. There are
|

radioactive gases in the air we breathe and our bodies are themselves )

radioactive. The IcVels of natural or background radiation vary greatly from j

location to location. In addition, man-made sources of radiation, such as
i

X-rays, radiation for medical ' purposes, fallout from nuclear explosives testing

and radioactive materials from nuclear power plants contribute additional

exposure. Ilowever, as -shown in Figure 1-1, an individual receives the major

portion of dose from natural background and other sources with nuclear power

plants contributing the least. |

1.2 BENEFITS OF RADIATION

The uranium used in nuclear power plays an important part in meeting

today's electricity needs, and will continue to serve as an important source of

energy well into the future. In addition, other uses of radiation have brought

- tremendous benefits to our everyday lives during the past 20 or 30 _ years.
,

Radioisotopes and controlled radiation are used, for example, to sterilize

medical supplies, to improve the keeping qualities of foodstuffs, in industrial'

processes, in medical science, and in the study of environmental pollution,

agriculture and hydrology. Medical diagnosis and treatment are the main

sources of public exposure to man-made radiation but the benefit in terms of'

human lives and health is enormous.

.
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* d the safety of radictien command considerable public7 ..d w . p

ct g .cson, dowever, it is not generally realized that safety regulations are

much stricter for radioactive materials t han for other dangerous substances.

For example. in the case of coal, it has been estimated that in Pennsylvania

30,000 miners died in the mines between 1870 and 1950, an average of about one

man a day for 80 years. If the nuclear power industry was compared to this

toll, one could see how the safety history would be uniquely encouraging. _

.

In addition, radioactive element s gradually lose their radioactivity

and toxicity with time. Other non-radioactive materials, such as arsenic,

remain toxic forever. It was reported that three years after an accidental

dioxin chemical release in Seveso, Italy, in 1976, the dioxin deposited in the

region showed no signs of diminishing. These examples demonstrate how the

safety of radiation tends to be viewed separately from other, and sometimns

greater safety hazards.
,

1.4 PURPOSE AED DESIGN CRITERIA 0F THE RADIOLOGICAL ENVIRON!H3TAL MONITOMQ
PROGRAM (REMP)

<

The REMP was established to ensure that plant operating controls properly -

function to minimize any associated radiation endangerment to human hea th or

the environment. The piirpose of the REMP is:

o To measure radiation levels and their variations in environmental media in
the area surrounding the plant

To determine average IcVels of radiation and radioactive material ino
various environmental media

To evaluate environmental sampling procedures, equipment and techniqueso

o To detect effects, if any, of ANO operation on the environmental radiation
levels and 'oncentrations.

1991ANO.RER/JRSFLR - 1-2
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The desien critrIla for the REMP are:

o To analyze important pathwsys for anticipated types and quantities of
radionuclides released into the environment

o To consider the possibility of-a buildup of long-lived radionuclides in
the environment ena identify physical and biological accumulations that
may contribute to humar, exposures

o To consider the potential radiation exposure to plant and animal life in
the er.vironment surrounding ANO

o To correlate levels of radiation and radioactivity in the environment with
radioactive releases from station operation. |

|

1.5 DOSE PATHWAYS ASSOCIATED WITH ANO i

Figure 1-2 shows potential exposure pathways that could occur as a result

of a nuclear power plant. Ilowever, the most significant envitenmental dose

4 pathways from a nuclear power station are direct dose f rom gaseous ef fluent and

thyroid dose due to the ingestion of milk. ANO operations are expected to have

little, if any, impact by these pathways due to the very low levels of

radiation released.

1.6 PATHWAYS MONITORED

The airborne, waterborne, ingestion and direct radiation pathways ,

are monitored as required by ANO Technical Specifications. The REMP implements

the sampling program required to meet the above intent. This program is

supplemented with additional sampling in order to provide a comprel.cnsive and

well-balanced program. Sample locations to monitor exposure pathways are

described in Table 1-1 and shown ir, Figure 1-3. Section 2.0 of this report

provides a discussion of 1991 sampling results.

|
_
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1.7 PREVIOUS DATA COMPARISDN

A comparison by RE!!P personnel of 1991 results to preoperational studies,

operational controls and previous ARERs shows no significant changes. Results

remained at levels, similar to those of previous years. Sur.h results confirm

that ANO effluent controls and equipment are performing satisfact.orily.

-_

M
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TABLE 1-1

Page 1 of 17

SAMPLE STAT 1_0NS

Sample Station Number: 1

Approximate Direction and Distance from Plant: 88' - 0.6 elles
Sample Types: 1) Airborne radiolodines

2) Airborne particulates

3) Direct radiation
Sample Station Location:

The sample station is near the meteorology tower approximately 0.6 miles east
of ANO.

Sample Station Number: 2
- Approximate Direction and Distance from Plant: 235' - 0.4 miles

( Sample Types: 1) Airborne radiolodines
2) Airborne particulates

3) Direct radiation
Sample Station Location:

1E traveling from ANo,

IHIH go approximately 0.2 miles west toward Gate 4. Turn left and go

approximately 0.1 miles. Turn right and go approximately 0.1 miles. The
sample station is on the right at the former AP&L + *ge location,

lE traveling south on Flatwood Road,
IEIH go approximately 0.25 miles from sample station 109. Veer left at fork
in road and go approximately 0.2 miles. Turn right and go approximately 0.1
miles. Turn right and go approximately 0.1 miles. The sample station is on
the right at the former AF&L lodge location.

Sample Station Number: 3
~

Approxin. ate Direction and_ Distance from Plant: O' - 0.6 miles
Sample Types: 1) Airborne radioiodines

2) Airborne particulates

3) Direct radiation
4) Ground water (alternate)

Sample Station Location:

II traveling west on Highway 333,
IHIH go approximately 0.35 miles from Gate 2 at ANO. Turn left onto gravel
road and go approximately 0.05 miles. The sample station is on the left.

1E traveling east on Highway 333,
IllEH go approximately 0.9 miles f rom junction of Highway 333 and Flatwood
Road. Turn right onto gravel road and go approximately 0.05 miles. The
sample station is on the left.

i

1991ANO.RER/JRSFLR - 1-5
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TABLE 1-1

Page 2 of 17

. SAMPLE. STATIONS i
-

1

I

Sample Statfon Number: 4 |.

Approximate Direction and Distance from Plant: 180' - 0.7 miles
Sample Types: 1) Airborne redioiodines

2) Airborne particulates
3) Direct radiation |

Sample Station Location: 1

Go approximately 0.25 miles south from bridge over intake canal. Turn right
onto gravel road. Proceed approximately 0.1 miles west of May Cemetery
entrance. The sample station is on the left approximately 50 feet south of
the road.

Sample Station Number: 5
Approximate Directi.cn and Distanca froa Plant: 2988 - 8.2 miles
Sample Types: 1) Direct radiation
Sample Station Location:

While traveling on Highway 64, turn onto Cherry Street in Knoxville, AR and go
approximately 0.7 miles. Turn left onto Highway 64 South and go approxicately
0.2 miles. The sample station is on the right.

. _ - -

Sample Station Number: 6
Approximate Direction and Distance from Plant: 111' - 7.0 miles
Sample Types: 1) Airborne radiof odines

2) Airborne particulates
3) Direct radiation

Sample Station Location:

Go to the AP&L local office which f located of f Highway 77 in Russellville,
AR (305 South Knoxville Avenue). The sample station is in the southeast
corner of the back lot.

|
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TABLE 1-1
i

Pago 3 of 17
|

SAMFLE STATIONS !

|
iSample Station Number: 7

Approximate Direction and Distance from Plant: 209' - 19.3 miles
Sample Types: 1) Airborne radiolodines

2) Airborne particulates
3) Direct radiation

Sample Station Location:

Turn west at junction of Highway 7 and Highway 27 in Dardanelle, AR. Proceed
to junction of Highway 27 and Highway 10 in Danville, AR. Turn right onto I

Highway 10 and proceed a short distance to the AF6L supply yard, which is on
the right adjacent to an AP&L substation. The sample station is in the
southwest corner of the supply yard.

I
|

I
Sample Station Number: 8
Approximate Direction and Distance from Plant: 180' - 0.1 miles
Sample Types: 1) Surface water (composite)

2) Choreline sediment
3) Fish

Sample Station Location: Plant discharge car.s1

Sample Station Nr.a,ber: 10

Approximate Direction and Distance from Plant,: 95' - 0.9 miles (shoreline
sediment and fish)
plant intake structure
(surface water) >

Sample Types: 1) Surface water (composite)
2) Shoreline sediment
3) Fish

Saaple Stat ion location:

Surface water (composite) is collected at plant intake structure. Shoreline
sediment and fish are collected at plant' inlet canal.

Sampic Station Number: 13
Appro_ximate Direction and Distance from Plant: 271' - 0.5 miles
Sample Types: 1) Broad leaf vegetation
Sarple Station Location:

II traveling south on Flatwood Road,
IEEN go approximately 0.2 miles from semple station 109. The sample station
is on the left.

lE traveling west from ANO toward Gate 4,
IHES go approxiestely 0.4 miles from turn right onto Flatwood Road. Go a
short distance (approximately 30 yards). The sample station is on the right.i

1991ANO.RER/JRSFLR - 1-7
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TABLE 1-1

Page 4 of 17

SAMPLE STATIONS

Sample Station Number: 14
70' - 5.3 milesApproximate Direction and Distance from Plant:

Sample Types: 1) Drinking water
Sample Station Location:

From junction of Highway 7 and Water Works Road, go approximately 0.8 miles
west on Water Works Road. The sample station la on the left at the intake to
the Russellville city water system from the Illinois Bayou.

Sample Station Number: 16
Approximate Di*ection and Distance from Plant: 290' - 5.9 miles
Sample Types: 1) Shoreline sediment
Sample Station Location:

From junction of Highway 64 and Highway 359 (Flat Rock Piney Bay Recreational
Area turnoff), go approximately 0.7 miles west on Highway 64. The sample

station is at the Piney Creek area on Lake Dardanelle.

Sample Station Number: 19
Approximate Direction and Distance from plant: 95* - 5.1 miles
Sample Types: 1) Milk
Sample Station Location:

Turn from Highway 7 onto Harrell Drive in Russellville, AR and go
approximately 0.1 miles. Turn right and go approximately 0.25 miles. The
sample station is on the left at the Arkansas Tech Dairy.

Sample Station Number: 29
Approximate Direction and Distance from Plant: 24' - 6.9 miles
Sample Types: 1) Milk (alternate)
Sample Station Location:

Turn south from Highway 333 onto County Road 141 and to approximately 0.55
miles. Turn left and go approxi ately 0.6 miles. Turn left and gom

approximately 0.05 miles. The sample station is on the right at the
Harold'Steuber Dairy.

|

;
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TABLE 1-1

Page 5 of 17

SAMPLE STATIONS

Semple Station Number: 32
Approximate Direction and Distance from Plant: 132' - 0.9 alles
Sample Types: 1) Ground water

2) Food products
Sample Station Location:

Turn leftFrom bridge over intake canal, go south approximately 0.25 alles.
and go approximately 0.25 miles. Turn left on Bunker Hill Lane and go
approximately 0.05 miles. The sample station is on the right at
Clifton Stewart's residence.

Sample Station Number: 33
Approximate Direction and Distance from Plant: 94* - 3.8 alles
Sample Types: 1) Ground water
Sample Station Location:

From junction of Highway 64 and Highway 326 (Dike Road), go approximately
0.3 miles east on Dike Road. The sample station is on the left at the Quita
Lake Recreation Area on the Illinois Bayou.

Sample Station Number: 36
Ap_ proximate Direction and Distance from Plant: 140' - 0.05 miles
Sample Types: 1) Pond water

2) Pond sediment
Sample Station location:

The sample station is at the Settling Pond on the ANO site east of the
discharge canal.

Sample Station Number: 37
Approximate Direction and Distance from Plant: O' - 7.5 miles
Sample Types: 1) Milk
Sample Station Location:

II traveling north on Highway 333,
IHEH go approximately 3.5 miles f rom junction of Highway 333 and Hill Creek
Road on Highway 333.' Turn left and go approximately 0.1 miles. The sample

; station is on the left at the Lawrence Steuber Dairy.

II traveling from junction of Highway 7 and Highway 333,f

l IEE8 go approximately 6.0 miles west on Highway 333. Turn right and go

|
approximately ~ 0.1 miles. The sample station is on the left at the
Lawrence Steuber Dairy.

i

|
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TABLE 1-1

page 6 of 17

SAMPLE STATJONS

Sample Station Number: 38

Approximate Direction and Distance from Plant: 314* - 2.4 miles
Sample Types: Food products (alternate)

__

Sample Station Location:

From west junction of Highway 64 and Highway 333 in London, AR, go
approximately 0.4 miles west on Highway 64 Turn right at Hornet Estate
and go approximately 0.1 miles. Turn left and go a
The sample station is on the lef t at Ronnie Jones' pproximately 0.1 miles.residence.

Sample Station Number: 40
Approximate Direction and Distance f rom Plant: 119' - 2.2 miles
Sample Types: 1) Foods products
Sample Station Location:

From junction on Highway 64 and Highway 326 (Marina Road), go approximately
2.0 miles on Marina Road. The sample station is on the left at Horace Hollis'
residence just prior to curve.

Sample Station Number: 41
Approximate Direction and Distance from Plant: 358' - 3.8 miles
Sample Types: 1) Milk
Sample Station Location:

IE traveling from junction of Highway 333 and Hill Creek Rord,
IEES go approximately 1.8 miles on Hill Creek Road. Turn right onto Lowe
Lane and go approximately 0.1 miles. Turn right and go approximately 0.05
miles. The sample station is on the right at the James Gibson Dairy,

lE traveling from junction of Highway 64 and Mill Creek Road,
IHEN go approximately 3.6 alles on Mill Creek Road. Turn left onto Lowe Lane
and go approximately 0.1 miles. Turn right and go approximately 0.05 alles.
The sample station is on the right at the James Gibson Dairy.

Sample Station Number: 42
Approximate Direction and Distance from Plant: 73' - 12.4 miles
Sample Types: 1) Hilk
Sample Station Location:

From junction of Highway 124 and Highway 326 in Gum Log, AR, go approximately
1.1 miles northeast on Highway 124. Turn left onto Gravel Hill Road and go
approximately 0.6 miles. Turn right onto Hudson Loop and go approximately 0.3
elles. The sample station is on the left at the Hudson Dairy.

1991ANO.RER/JRSFLR - 1-10
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SAMPLE STATIONS |

1
|

)Sample Station Number: 45
Approximate Direction and Distance fro,e Plant: 90' - 0.9 miles l

Sample Types: 1) Broad leaf vegetation
Sample Station Location: ,

The sample station is located near mouth of inteke canal.

Sample Station Number: 46
Approximate Direction and Distance from Plant: 295' - 4.1 miles
Sample Types: 1) Food products
Sample Station Location:

From west junction of Highway 64 and Highway 333 in Londosi, AR, go west on
Highway _64 approximately 2.4 alles. Turn right onto Scottie Lane and go
approximately 0.1 miles. The sampls location is on the right at Dewey
Gregory's residence.

Sample Station Number: 47
Approximate Direction and Distance from Plant: 344' - 2.8 miles
Sample Types: 1) Hilk
Sample Station Location:

1[ traveling from junction of Highway 64 and Mill Creek Road,
THEN go approximately 1.0 mile on Mill Creek Road. Turn left onto Bailey Loop
Road and go approximately 2.4 miles. Turn left at Sims Hollow Road and to
approximately 0.35 elle. The sample station is on the right at the Bryan Irby
residence.

1[ traveling from junction of Highway 333 and Mill Creek Road,
THEN go approximately 1.1 miles on Hill Creek Road. Turn right onto Bailey
Loop Road which is located near East Point Esptist Church and go approximately
1.7 miles. Turn right at Sims Hollow Road and go approximately 0.35 mile.
The sample station is on the right et the Bryan Irby residence.

Sample Station Nu>ber: 108
Approximate Direction and Distance from Plant: 301' - 0.9 miles
Sample Types: 1) Direct radiation
Samph Station Location:

lE traveling from Highway 333,
IHEN turn south onto Flatwood Road and go approximately 0.4 miles. The
sample station is on a utility pole on the right.

! II traveling north on Flatwood Road,
IHEN go approximately 0.4 miles from saeple station 109. The sample station
is on a utility pole on the left.

1991ANO.RER/JRSFLR - 1-11
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SAMPLE STATIONS

Sample Station Number: 109
Approximate Direction and Distance from Plant: 285' - 0.5 miles

Sample Types: 1) Direct radiation
Sample Station Location:

H traveling south on Flatwood Road,
IlES go approximately 0.4 miles from sample station 108. Sample station 109
is on a utility pole on the lef t across from the junction of Flatwood Road
and Round Mountain Road just before pavement ends.

E traveling west from ANO toward Gate 4,
IEH go approximately 0.4 miles and turn right onto Flatwood Road. Go
approximately 0.2 miles. The sample station is on a utility pole on the
right across from the junction of Flatwood Road and Round Mountain Road just
after pavement begins.

Sample Station Number: 110
Approximate Direction and Distance from Plant: 138' - 0.8 elles
Sample Types: 1) Direct radiation
Sample Station Location:

From bridge over intake canal, go south approximately 0.25 miles. Turn left
and go approximately 0.25 miles. Turn right on Bunker Hill Lane. The sample
station is on the first utility pole on the left.

.

Sample Station Number: 111
Approximate Direction and Distance from Plant: 121' - 2.2 miles
Sasple Types: 1) Direct radiation
Sample Station Location:

From junction of Highway 64 and Highway 326 (Marina Road), go approximately
2.1 miles on Marina Road. The sample station is on a utility pole on the left
just prior to curve.

Sample Station Number: 112
Approximate Direction and Distance from Plant: 74' - 2.6 miles
Sample Types: 1) Direct radiation
Sample Station Location:

Go to the junction of Highway 64 and the I-40 exit which is approximately 1.3
alles east of sample station 113. Sample station 112 is on a utility pole on
the northeast corner of the junction.

1991ANO.RER/JRSFLR - 1-12
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SAMPLE STATIONS

Sample Station Nusber: 113
Approximate Direction and Distance from Plant: 528 - 1.5 miles

;

Sample Types: 1) Direct radiation i

Sample Station Location:

Go to the east junction of Highway 333 and Highway 64. The saeple station is ;

on a utility pole on the southwest corner of the junction.

Sample Station Number: 114
Approximate Direction and Distance from Plant: 31* - 1.3 miles
Sample Types: 1) Direct radiation
Sample Station Location:

IE traveling west on Highway 64
IHIH go approximately 0.6 miles west of the east junction of Highway 64 ar.d
Highway 333. The sample station is on a utility pole on the right.

II traveling east on Highway 64,
IEEH go approximately 1.1 miles from sample station 115. Sample station 114
is on a utility pole on the left.

Sample Station Number: 115
344' - 1.4 allesAp, proximate Direction and Distance from Plant:JSample Types: 1) Direct radiation

Sample Station Location:

II traveling west on Highway 64,
IEEH go approximately 1.1 miles west of sample station 114. Sample station
115 is on a utility pole on the right.

II-traveling east on Highway 64,
IEEH go approximately 0.8 miles f rom the west junction of Highway 64 and
Highway 333 in London, AR. The sample station is on a utility pole on the
left.

Sample Station Number: 116
Approximate Direction and Distance from Plant: 320* - 1.8 miles
Sample Types: 1) Direct radiation
Sample Station Location:

Go one block south of the west junction of Highway 333 and Highway 64 in
London, AR. The sample station is on a utility pole north of the railroad
tracks.

1991ANO.RER/JRSFLR - 1-13
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SAMPLE STATIONS'

.

!

|Sample Station Nusber: 117
'

Approximate Direction and Distance from Plant 305' - 17.2 miles
. Sample Types: 1) Direct radiation
Sample Station Location:

JJ[ traveling west on I-40,
IEEN take Exit 58 at Clarksville, AR. Turn right onto Rogers Street. At

- junction of Rogers Street and Highway 64, turn left and proceed west to first
stop light. Turn lef t.onto Cravens Street. The sample station is en a
utility pole on the right between the county courthouse and the post office.

II traveling west on Highway 64,
IEEN go to first stop light past junction of Fogers Street and Highway 64.
Turn .lef t onto Cravans Street. - -The sample station is on a utility pole on
the right between the county courthouse and the post office.

Sample Station Number: 115
Approximate Direction and Distance from Plant: 294' - 5.6 miles >

Sample Types: 1) Direct radiation
Sample Station Location:

+II traveling east on Highway 64,
J.EEH go approximately 0.3 miles.from bridge which goes across Piney. The
sample station is on a utility pole on the left.

II traveling west on Highway 64,
IHEN go approximately 0.4 miles past Flat Rock Piney Bay Recreational Area
turnoff. .The sample station is on a utility pole on the right. ;

Sample Station Number: 119
' Approximate Direction and Distance from Plant: 309' - 4.8 miles i

"

Sample Types: 1)-Direct radiation
' Sample Station Location:

Turn west from Highway 333 on.tv Will Baker Road, which intersects Highway 333 ,

'

approximately 1.4 miles north of the I-40 Overpass near London, AR. Go
approximately 2.0 miles. .The sample station is on a utility pole on the left
just prior. to pavement ending.

,

J
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SAMPLE STATIONS

Sample Station Number: 120 ,

Approximate Direction and Distance from Plant: 336' - 4.2 elles
,

Sarple Typest 1) Direct radiation'

Sample Station Location:

II traveling from 1-40 Overpass in London, AR,
IHEN go north on Highway 333 approximately 2.4 miles. The sample station-is
on a utility pole on the right near Martin Chapel.

II traveling from junction of Mill Creek Road and Highway 333,
IHEN go approximately 1.0 mile south on Highway 333. The sample station is
on a utility pols on the left near Martin Chapel.

Sample Station Namber: 121
Approximate Direction and Distance from Plant: 349' - 4.6 miles
Sample Types: 1) Direct radiation
S_smple Station Locetion:

II traveling from I-40 Overpass in London, AR,
IHEN go north on Highway .333 approximately 3.4 miles to Mill Creek Road.
Turn right .onto Mill Creek Road and go approximately 0.7 miles. The
sample station is on a utility pole on the right.

II traveling northwest on Mill Creek Road,
IEIH go approximately 0.4 alles past East Point Baptist Church and Cemetery.
The sample station is on a utility pole on the lef t.

Sample Station Number: 122 *

Approximate Direction and Distance from Plant: 18' - 3.3' miles
Sample Types: 1) Direct radiation
Sample Station Location

|

| II traveling north from junction of Highway 64 and Mill Creek Road,
IEEH go approximately 2.5 miles. The sample station is on a utility pole on ,

the right.
_ _

,

IE traveling southeost un Mill Creek Road,
IEEH go aPProximately 1.9 miles from East Point Baptist Church. The sample
station is on a utility pole on the left. ;

,
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SAMPLE STATIONS

.

Sample Station Number: 123
Ajproximate Direction and Distence irom Plant: 46' - 3.5 mile.s
Sample Types: 1) Direct radiation
Sample _ Station I,ocatioj: *

Turn north from Pleasant Viae Road onto Pull Hill Road and to approximately
0.8 miles. The sample statler is an e utility pole on the lef t.

.-

Sample Station Numberj 124
A proximate Direcifon and bistance from Plant: 60' - 3.2 milesJ
Sample Types: 1) Direct radiation
Sample Stat _fonl ocation:

II traveling f rom junction of Highway 64 and Hill Creek Road,
IHEN go north on Hill Cre-k Road approximately 0.7 miles. Turn right onto
Pleesant View Road and ge approximately 1.3 miles. The sample station is on
the right on a utility pole which is across from a siren and below r,
transmissior, line.

II traveling west from junction of highway 7 and Pleasant View Road,
IliEH go approximately 3.1 miles. The sample station is on the left on a *

utility pole which is across from a siren and below a transmission line.
.

Sample Station Number: 125
Approximate Direction and Distance frca Plant: 46' - 9.1 miles
Sample Types: 1) Direct radiation
Sample Station Location:

While traveling north on Highway 7, turn lef t onto k'ater Street in Dover AR.
Go one block and turn lef t cnto South Elizabeth Street. Go one block and turn
right onto College Street. The sample station is on a utility pole at the
southeast corner of the red brick school building, which is located on top of
hill.

s

Sample Station Number: 126

A m orimate Direction and Distance from Plant: Bl* - 5.5 miles
Sample Types: 1) Direct radiation
Sample Station Locatien:

The sample station.is located on the west side of Highway 7 directly across*

from Shiloh Road, which is approximately 1.3 miles north of the junction of ,

Highway 7 and Dike Road.

.

1991ANO.RER/JRSFLR - 1-16
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SAMPLE STATIONS

Sample Station Number: 127
Approximate Direction and Distance from Plant: 102' - $.6 miles
Sample Types: 1) Direct radiation
Sample Ctation Loestlog:

The sample station is loc ted on the Arkansas Tech Campus on West 0 Street on
a security light pole in front of Bryau Hall, which is the first buildfra on
the left when traveling from North Arkansas :n West 0 Street.

Sample Station Number: 128
Approximate Direction and Distance from Plant: 113' - 8.6 miles
Sample Types: 1) Direct radiation
Sample Station Location:

The sample station is on a utility pole inside the security fence near the
Russellville Airport Office. The airport is located off of East 1f th Street
and is well marked by airport signs.

Sample Station Number: 129
Approximate Direction and Distance from Plant: 118' - 7.3 miles
Sample Types: 1) Direct radiation
Sample Station Location:

The sample station is on a utility pole north of the Russellville High School
sign, which is in f ront of high school on east side of Highway 7T.

Sample Station Number: 130
Approximate Direction and Distance from Plant: 245' - 4.6 miles
Sample Types: 1) Direct radiation
Sample Station Location:

At janction of Highway 7 and Highway 22 in Dardanelle, AR, take Highway 22
toward Delaware, AR. Go approximately 0.4 riles west of Delaware Recreation
Area turnoff. The sample station is on a utility pole on the right in
Delaware, AR near Shirley's Beauty Salon.

)
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SMiPII STATIONS

Sample Station Nurber: 131

Approximate Directi,on and Distance from Plant: 244' - 2.4 miles
Sample Types: 1) Direct radiation
Sample Station Locatloa:

Turn north from Highway 22 onto Highway 393 at Delaware Recreation Area
turnoff and go approximately 2.9 miles. The sample station is located past
the boat ramp on an oak tree near crosatie steps in northeast quadrant of
circle drive.

Sample Stat _fon Number: 132
Approxieste Direction anc Distance from Plant 267' - 5.8 miles
Sample Types: 1) Direct radiatione

Sample Station. Location:

Turn north from Highway 22 onto Highway 393 at Delaware Recreation Area
turnoff and go approximately 0.9 miles. Turn left onto dirt road and go
approxiniately 2.3 elles. The sample station is on a utility pole on the right.

<
J

Sa_mp_le Station Number: 133
Approximhte Direction and Distance from plant: 233' + 3.7 miles
Say le Typest 1) Ofrect radiation
Sample Station Location:

H traveling wen,t on Highway 21,
IliM go approximately 2.0 mile from sample station 134 Sample station 133
is on the south side of the Highway 22 causeway attached to the first NO
PARKING ANY TIME sign west of the bridge.

E traveling east i:n Highway 22 from Delaware, AR,
IliM go approximintaly 0.8 miles from Delaware Recreation Area turnoff. The
sample station is on the south side of the Highway 22 causeway attached to the
first NO PARKING ANY TIYE alga west of the bridge.

Sample Station Number: 134
Approximate Direction and Distance from Plant: 200' - 2.5 miles
Sample Type 5: 1) Direct radiation
Sample Station Location:

H traveling west on liighway 22,
Ilid go approximately 0.8 miles from sample station 135. Sample station 134
is on a utility pole on the right at Hockingbird Lane.

H traveling east ran Highway 22
Il!M go approximately 2.0 miles from useple station 133. Sneple station 134
is on a utility pole on the left at Mockingham Lane.

_
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SAMPLE STATIONS
!

Sample Station Number: 135
Approximate Direction and Dir,tance from Plant: 188' - 3.2 miles
Sample Types: 1) Direct radiation
Sample Station Location:

IE traveling northwest on Highway 22,
IEEH go approximately 1.7 alle6 from sample station 136. Sample station 135
is on a utility pole on the right.

II traveling east on Highway 22,
IHEH go approxi9ately 0.8 alles from sample station 134. Sample station 135 ,

'

is on a utility pole on the left.

Sample Station Number: 136
Approximate Direction and Distance from Plant: 168' - 4.3 miles
Sample Types: 1) Direct radiation
Sample Station Location:

IE traveling west on Highway 22,
IHEH go approximately 3.7 miles from junction of Highway 22 and Highway 7.
The sample station is on the right on the first utility pole west of the
Little Hays Creek Bridge.

1E traveling east on Highway 22
IEEH go approximately 1.7 miles from sample station 135. Sample station 136
is on the left on the first utility pole west of the Little Hays Creek Bridge.

Sample Station Number: 137
Approximate Direction and Distance from Plant: 150' - 8.4 miles

( Sample Types: 1) Direct radiation
7

i Sample Station Location:

i

At junction of Highway 7 and Highway 28 in Dardanelle, AR, go approximately
0.2 mile- on Highway 28. "The sample station is on a speed limit sign on the
right- in front of the Horris R. Moore Arkansas National Guard Armory.

l'

1991ANO.RER/JRSFLR - 1-19|



._ _

TABLE 1-1 |
l

Page 16 of 17

SAMPLE STATIONS
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|

Sample Station Number: 138 |3

Approximate Direction and Distance from Plant: 193* - 5.8 miles
)Sample Types: 1) Direct radiation
1Sample Station Iocation: '

At junction of Highway 22 and Highway 155 (Mt. Nebo Road) in Dardanelle, AR,
turn west and go to top of mountain. Veer right at stop sign and proceed
toward Sunset Point. The sample station is down a dire road on the right
which is approximately 0.1 miles southeast of Sunset Point. The sample
station is on the left side of the dirt road on a utility pole near a TV
tower.

i

Sample Station Number: 139
Approximate Direction and Distance from Plant: 178' - 19.2 miles
Sample Types: 1) Direct radiation
Sample Etation Location:

Take Highway 7 South through Dardanelle, AR to Ola, AR. Turn left at junction
of Highway 7 and Highway 10 West in Ola, AR and go approximately j block. The
sample station is on a utility pole on the left in front of the U. S. Post
Office.

Sample Stption Number: 140
Approximate Direction and Distance from Plant: 151' - 21.8 miles
Sample Types: 1) Direct radiation
Sample Station Location:

Preceed through Ola, AR and take Highway 10 East to Casa, AR, which is in
Perry County. Turn right at the Perry-Casa High School. The sample station
is on a utility pole at the southwest corner of the school.

, _ _

Sample Station Number: 141
Approximate Direction and Distance from Plant: 125' - 3.8 miles
Saaple Types: 1) Direct radiation
Sample Station Location:

While traveling southwest on Highway 326 (Marina Road), go approximately 2.4
miles from sample station Ill. Sample station 141 is on the right on a
utility pole, which is approximately 50 yards east of a transmission line.,

(The semple station is approximately 0.35 miles west of the junction of'

11111 top Drive and Marina Road.)

|
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SAMPLE STATIONS

Sample Station Number: 142
Approximate Direction and _ Distance from Plar.t: 129' - 5.1 elles
Sample Types: 1) Direct radiation
Sample Station Location:

Th6 sample station is on a utility pole at the junction of Skyline Drive and
Nordin Lane in Russellville, AR, near a peach orchard.

Sample Station Number: 143
Approximate Direction and Distance from Plant: 106' - 17.5 miles
Sample Types: 1) Direct radiation
Sample Station Location:

IE traveling east on Highway 64 to Atkins, AB,
IHES turn left at junction of Highway 64 and North Church Street. Proceed
north. The sample station is on a utility pole on the left in front of
Atkins High School near stop sign at corner of North Church Street and
Northeast 3rd Street.

II traveling east on Interstate 40,
I}iES take Exit 94 at Atkins, AR. Turn left onto North Church Street and
proceed south. The sample station is on a utility pole on the right in
front of Atkins High School near stop sign at corner of North Church Street
and Northeast 3rd Street.

Sample Station Number: 144
Approximate DirectI5n and Distance from Plant: 313' - 12. 7 miles
Sample Types: 1) Direct radiation
Sample Station Location:

While traveling on Highway 64, turn south onto Cumberland Street in Lamar, AR,
and go approximately 0.7 miles. Veer left at stop sign. The sample station
is on a utility pole across the one way fire lane in f ront of Lamar Elementary
School.

|

|
t
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FIGURE 1-1
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FIGURE 1-2
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SECTION 2.0

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

- IFRERPRETATIONS AND TRENDS OF RESULTS

- DEVIATIONS FROM THE REMP

- PROGRAM DESCRIPTION

l
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2.1 AIR PARTICULATES AND RADl010D!NES

NOTE: Analytical. results are presented in Tables 1.1 through 1.7 of
A'tachment I and summarized in Section 4.0.

__
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2.1.1 JNTERPRETATIONS AND TRENDS OF RESULTS

. Air particulate and Iodine-131 results for 1991 were similar to

those obtained in previous years of the operational and preoperational

REMP. Gross beta results for indicator locations ranged from .001 .038

pCi/m with an average of .015 pCi/m' as compared to control locations-8

which ranged from .004 .034 pCi/m' with an average of .016 pCi/m . This

indicates the airborne exposure pathway has not been affected by the

Ioperation of AND and that airborne concentrations continue to be at or

near background levels.

In addition, when comparing the calculated and tabular "t" values

for gross beta concentrations as shown-in Attachment III, it can be seen
'

that there is no statistical difference between means from the indicator

locations when compared to the control location, with the exception of

Station 3. The mean for Station 3 was statistically lower than that of'

the control.

However, gross beta concentrations shown in Figure.2-1 emphasize

that ANO has had no lufluence on ambient radiation levels. This figure

shows 1991 monthly average results compared to preoperational results and-

1973 through 1991 yearly average results for indicator locations compared

to controls.
,

i- 2.1.2 DEVIATIONS FROM THE REMP
, .

An air sample was missed at Station 1 located at the meteorological

tower on- October ~ 8,1991 due to pump failure. The unit was replaced and
L.

air sampling resumed. This problem did not rooccur in 1991, and no othery

i

; deviations occurred.
!

|
|
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y
i-

. _ _ _ . _ _ _ _ _ _ _ - . . _ _ . ._ , . , . . _ . __ _ ,, . . , . . ,. ,. . . - ,



2.1.3 ERQGRAM DESCRIPTION

ANO Unit 1 and Unit 2 Technical Specification Tables 4.30-1 and

3.12-1, respectively,-require five air sampler locations for measurement

of radioactivity in the airborne exposure pathway. The'ANO REMP used six'

cor;tinuous air samplers to provide gross beta, gamma and radiciodine

activity measurements. Four of the air r.amplers were used as indicators

(Stations 1, 2, 3 and 4) with the remaining two utilized as controls

(Stations 6 and 7). These air samplers were placed at distances from 0.4

to 19.3 miles (Table 1-1, Figure 1-3).

The air samplers were placed cpproximately one meter above the

ground in weatherproof houses. A 47-millimeter glass fiber filter was

installed in the intake line of the vacuum pump with a charcoal cartridge

located directly downstream. Flows were adjusted to 30 1 3 liters per

minute. Filters and cartridges were changed weekly and analyzed for gross

beta radionuclides and radiolodine activity, respectively. In addition,

..

the filters were composited quarterly-and analyzed for gamma
i

radionuclides.

i-

I

x
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FIGURE 2-1
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2.2 THERMOLUMINESCENT DOSIMETRY (TLD)

.

NOTE #1: Analytical results are presented in Attachment II and summarized in
Cection 4.0. j

|
,
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2.2.1 1h'TERPRETATIONS AND TRENDS OF RESULTS

Gamma radiation dose in 1991 was similar to that obtained in previous

years as illustrated in table 2-1. Quarterly doses recorded by TLDs were

as follows:

O - 2 miles, mean of 27.2 mrem and range of 18 - 43 mrem*

2 - 5 miles, mean of 24.5 mrem and range of 17 - 46 mrem*

>5 miles, mean of 26.3 mrem and range of 19 - 40 mrema

Semiannual doses recorded by TLDs were as follows:

O - 2 miles, mean of 45.1 mrem and range of 32 - 54 mrem*

>5 miles , mean .of 44.5 mrem and range of 34 - 54 mrem*

This indicates that the ambient radiation levels remained at or near

background and have been uninfluenced by the operation of ANO.
r

Tu addition., when comparing the calculated and tabular "t" values for

quarterly and semiannually radiation doses as shown in Attachment III, it

can be seen that there is no statistical difference between means from

0 - 2 miles when compared to loce.tions >5 miles. The quarterly mean f rom

2 - 5 miles, however, was statistically lower when compared to locations
,

>5 miles.

However, Figure 2-2, which shows 1991 quarterly average results

compared to preoperational and 1973 through 1991 annual quarterly average

results for indicator locations compared to controls, indicates that
.

ambi'at radiation levels nave remained at or near background levels,
|-
i

!

I-

!
| -

-

,
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2.2.2 DEVI ATIONS FR03 TifE REdf

Two quarterly TLDs were lost in the field during 1991 due to

vandalism and two semiannual TLDs were damaged due to water. However, TLD

losses of this type are characteristic of other TLD programs. The 1991

recovery rate for quarterly and semiannual TLDs was 99% (174 of 176) and

86% (12 of 14), respectively, which is comparable with other TLD programs.

2.2.3 EBOGRAM DESCRIPTION

AND Unit 1 and Unit 2 Technical Specification Tables 4.30-1 and

3.12-1, respectively, require forty TLD locaticas for measurement of

direct radiation doses. The ASO REMP measured ambient radiation in the

environment surrounding ANO with 44 quarterly and 7 semiannual TLDs (two

lithium borate and calcium sulfate elements) to provide a quantitative

measurement of the area radiativ. levels. ANO REMP personnel placed these

environmental TLDs at distances f rom 0.4 to 21.8 miles (Table 1-1, Figure

1-3).

Each dosimeter was sealed in a plastic protective holder and normally

suspended one meter above the ground, where feasible. The dosimeters were

collected and analyzed quarterly and semiannually.

The TLD locations may be summarized as follows:

- 11 quarterly stations in the 0 - 2 mile range
'

- 13 quarterly stations in the 2 - 5 mile range

18 quarterly stations > 5 miles-

- 4 semiannual statloas in the 0 - 2 mile range

- 3 semiannual stations > 5 miles

1991ANO.RER/JRSFLR - 2-7
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TABLE 2-1

1973-1991 AVERAGE mR/ QUARTER TLD DOSE RATES

LEAR INDICATORS CONTROLS

1973 20.8 24.3

1974 24.0 29.3

1975 28.0 30.7 .

A

1976 10.5 10.0
s

1977 11.7 11.6
.

1978 15.8 14.7
a

1979 14.0 12.3

1980 17.0 17.0

'

1981 16.0 15.0

1982 15.7 14.8

1983 1).5 14.0

1984 17.1 16.8
=

1985 15.3 14.3

1986 13.4 13.0

1987 23.2 21.5

1988 23.0 24.2

1989 21.0 22.0

1990 26.4 29.0

1091 25.9 26.3
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' FIGURE 2-3-

TLDs. RADIATION DOSE
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2.3 MILK

.

:|

NOTE #1: Analytical resulta are presanted in Tables 2.1 through 2.5 of Attachment I
and summarized in Section 4.0.
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2.3.1 INTERPRETATIONS AND TRENDS OF RESULTS

Milk samples were collected monthly from five locations in 1991 and

analyzed for Iodine-131 and gamma radionuclides. Positive results of

Iodine-131 at a concentration of 1.0 pC1/1 and Cesium-137 at a

concentration of 4.0 pCi/1 were detected once in 1991 at an indicator

location (Irby). However, since these concentrations are at or below the
v

maximum lower limit of detection (LLD), a high percentage of counting

error exists. In addition, the Cesium-137 may be attributed to

. international f allout based on preoperational monitoring. Overall, there

has been no significant radiological impact tc r.he environment or public.

2.3.2 PEVIATIONS FROM THE REMP

During 1991, an additional milk sampling location (3. Irby) was added

and one location (True-X Goat Dairy) was deleted. However, milk samples

required by ANO Technical Specifications were collected and analyzed

during 1991 without exception.

2.3.3 PROGRAM DESCRIPTION ,

ANO-Unit l'and Unit 2 Technical Specification Tables 4-30-1 and
!

3.12-1, respectively, require four milk locations for the measurement of

radioactivity by the ingestion exposure pathway. ANO REMP-and Arkansas

Department of Health personnel collected milk monthly from five locationsc

at distances from 2.8 to 12.4 miles (Table 1-1, Figure 1-3). Foor of the

locations were utilized as indicators ( Arkansas Tech, Steuber, Gibson and

;
-

Irby) with the remaining location as a control (Hudson,.

Milk was collected from each location in two labeled gallon
4

,

containers. ' Samples were preserved with formaldehyde and then aaalyzed

for Iodine-131 and gamma radionuclides.

1991ANO.RER/JRSFLR - 2-11
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2.4 WATER

|
|

|

() NOTE #1: Analytical results are precenteo in Tables 3.1 through 5.2 of
| Attachment I and summarized in Section 4.0.
t

!
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2.4.1 INTERPRETATIONS AND TRENDS OF RESULTS

ANO REMP personnel sampled drinking water, surface water ..d

'

groundwater as required during 1991. Analytical results were similar to

those reportsd in previous years.
'

Drinkine Water

Drinking water samples were collected m nthly from one location and

analyzed for gross beta radionuclides, Iodine-131, tritium and gamma
i

adionuclides. Gross beta concentrations ranged from 1.0 - 6.1 pCi/1 withr

a.mean of 3.5 pCi/1 which are consistent with previous levels. Iodine-131

was detected at a concentration of 0.2 pC1/1. However, since this

concentration is below the required LLD, there exists a degree of

uncerta inty. Overall, concentrations continue to be at or near background

levels.
,

Surface Water

Surface water samples were collected monthly and analyzed for gamma

radionuclides and a composite was analyzed quarterly for tritium. In

addition, the Arkansas Department of Health and ANO split monthly grab

samples from the discharge and Piney Creek locations. These samples were

analyzed monthly by each laboratory for gamma radionuclides-and tritium.*

.With. the exception of the April discharge split sample, gamma

. radionuclides were not detacted in 1991. The split sampic contained a
,

Cobalt-58 concentration of 3 pC1/1. However, this level is well below the

required LLD,'therefore it contains a degree of uncertainty.
A

d

4

~

1991ANO.RER/JRSFLR - 2-13

- .-. . . - _ . . - -. - - _ __-.. -_ -- ._ _ .. . -_ , - ._ -..



__ . . . -_ _ _ _ _ . . _ . _ _ . _ _ . _ .- ._._. _ -. . < _. _ _

As shown in Section 4.0, tritium levels for the indicator location

(Discharge)-ranged from 211 - 602 pC1/1 with a mean of 390.6 pC1/1 in 1991

as compared to the controls (Intake and Piney- Creek) range of '235 - 378

pCi/1 and mean of 302.8 pCi/1. The levels detected in the discharge may

be due to samp1.es being taken during or after controlled releases from the

plant. However, as shown in' Figure 2-3, 1991 tritium levels in the

discharge appear to be similar to those of previous years.

'

When comparing the calculated and tabular "t" values as shown in

Attachment III, it can be concluded that there is no statistical

dif ference between tritium results from the discharge indicator location

and Piney Creek control. Overall,1991 gaaea radionuclide and tritium

levels did not constitute any significant radiological impact to the

; environment or public,
t

Groundwater

Groundwater samples were collected quarterly from two locations and

analyzed for gamma radionuclides and tritium. As in previous years,

concentrations continue to be at or near background levels. ,

L 2.4.2 DEVIATIONS FROM THE REMP
i

L Water sampics required by AND Technical Specifications were collected
L

and analyzed during 1991 without exception.

'2.4.3 PROGRAM DESCRIPTIOS.

i ANO Unit 1 and Unit 2 Technical Specification Tables 4.30-1 and

3.12-.1, respectively, require one drinking water location, two surface

water locations, and two groundwater locations for the measurement of

radioactivity by the waterborne exposure pathway.

!
|

'

l
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Drinkine water was sampled monthly from a control location

(Intake to Russellville City Water System from Illinois Bayou) at a

distance of 5.3 miles (Table 1.1, Figure 1-3). Water was collected in two

labeled gallon containers. Upon return from the field, the samples were

acidified with hydrochloric acid and then analyzed for gross beta

radionuclides, Iodine-131 and gamma radionuclides. In addition, a

composite was analyzed quarterly for tritium.

Surface water samples were collected from three locations, an

indicator location (Discharge) and two controls (Intake and Piney Creek)
c

at distances from 0.1 to 5.9 miles (Table 1-1, Figure 1-3). The discharge

and intake surface water samples were composited with an automatic sampler

I that collected a preset volume at set intervals (= 2 gallons per week).

Weekly, one gallon of sample from each location was acidified with

hydrochloric acid and placed in an appropriate labeled composite carboy.

At the end of the month, a one gallon sample from each composite carboy

was placed in a labeled container. The samples were then analyzed for
|-

gamma radionuclides and a composite was analyzed quarterly for tritium.

In addition, monthly grab surface water samples from the discharge

and Piney Creek locations were collected by the Arkansas Department of

: Health and split with ANO. These samples were analyzed monthly for gamma

radionuclides and tritium.

.

Groundwater was sampled quarterly from two locations, the Stewart

Residence (indicator) and Quita Lake (control), at distances from 0.9 to

; 3.8 miles (Table 1-1, Figure 1-3). Water was collected from each location
i .-

in two labeled gallon containers. Upon return from the field, the samples

were acidified-with hydrochloric acid and then analyzed for gamma

radionuclides and tritium.

i
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FIGURE 2-3

DISCHARGE TRITIUM
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2.5 VEGETATION AND FOOD PRODUCTS

.

_

,

,

7

NQTE #1: Analyti::a1 results are presented in Tables 8.1 through 8.6 of
- Attachmenn I and summarized in Sectico 4.0.

.
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|
|

2.5.1 lEIERPRETATIONS AND TRENDS OF RESULTS

Vegetation and food product samples were collected when

dVallable from siX locations in 1991 and analyzed for Iodine-131 and

gamma radionuclides. As in previous years, concentrations continue

to remain at or near background levels.

2.5.2 DEVI ATIONS FROM Tile RE' fd
,

Vegetation and food product samplas required by AND Technical

Specifications were collected and analyzed during 1991 without
i

exception. >

.

2.5.3 PROGRAM DESCRIPTION

ANO Unit 1 and Unit 2 Technical Specification Tables 4.30-1 and

3.12-1, respectively, require three food product locations and one

vegetatica location for measurement of radioactivity by the ingestion>

exposure pathway. ANO REMP personnel collected, when available, from -

two vegetation indicator locations (Flatwood Road and Intake Canal)

and four food product indicator location. Stewart, Jones, Hollis and

Gregory) at distances of 0.5 to 4.1 miles (Table 1-1, Figure 1-3).
6

In addition, the Arkansas Department of Health and ANO split food,

product samples from the Stewart residence locatiot.

The preferred source of food products were fruits, Llowering

vegetables and tubular vegetables. The preferred source of non food
'

products were any vegetation with relatively broad 1 caves on which

airborne radioactivo particulate material might be deposited..

Norr. ally when available, a minimum of 1000 grams of food products or

vegetation was collected. The samples were then analyzed for gamma

radionuclides and Iodine-131.
0
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2.6 SEDIMENT

|
'

, .

.

i

l'

|

l

|-

!.
!
!

NOTE #1: - Analytical results are presented in Table 7.1 of Attachment I and
summarized in Section 4.0.

i
|
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'2.6.1 INTERPRETATIONS AND TRENM _OF RESULTS

Sediment samples were collected semiannually from three

locations in 1991 and analyzed for gamma radionuclides. As in

previous years, radionuclides attributable to ANO was detected in

p the discharge sediment. Table 2-2 shown tha average Icvels and

,

ranges of radionuclides detected since 1985. Figure 2-4, which is

derived from Table 2-2, shows that 1991 levels are similar to those

of previous years.

Since reporting levels for radionuclides in sediment have not ,

been established, an evaluation of potential dose to the public

from this media was performed as shown in Attachment IV. The

annual maximum dose from all radionuclides to the skin and total

body.was approximately .01 uillirem. _ Design objectives given in
;-

10CFR50, Appendix I for liquid effluents are ant a1 doses of 53

millirem total body and 110 millirem any organ. The values of .01

millirem for the skin and total body are well within the design

objective criteria.

In addition, the dese from S11ver-110m is well within the
-

Unit 1 and Unit 2 Specifications 3.25.1.2 and 3.11.1.2 criteria,

|
respectively, of 13 millirem total body and 110 millirem any organ.;

|
Therefrre, the level of radionuclides detected in 1991 had no

significant impact on the environment or public.

| 2.6.2 DEVIATIONS FROM THE REMP

Sediment samples required by AND Technical Specifications

were collected and analyzed during 1991 without exception.

-1991ANO.RER/JRSFLR - 2-20
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2.6.3 EROGRAM DESCRIPTION

ANO Unit 1 and Unit 2 Specification Tables 4.30-1 and 3.12-1,

respectively, require two sediment locations for measurement of
,

radioactivity by the waterborne exposure pathway. Contract

personnel collected sediment semiannually from three locations, an

indicator (Discharge) and two control locations (Intake.and Piney

Creek), at distances from 0.1 to 5.9 miles (Table 1-1, Figure 1-3).

A minimum of 1.5 litern of sample was collected with a dredge

from the top layer of sediment from each location. After foreign

u objects were discarded, the samples were transferred to, labeled

containers and then analyzad for gamma radionuclidos.
,

1

1

1

|
|
|

|

|
|

|

!-
|-
p

i

1
i

i
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. TABLE 2-2

1985 -1991 DISCHARGE SEDIMENT ANALYTICAL SUMMARY.

1985 1986 1987 1988 1989 1990 1991 1985 - 1991
Mean Mean Mean Mean Mean Mean- Mean Range

Radionuclide (pCi/kg) (pC1/kg) (pCi/kg)' (pCi/kg) (pC1/kg) (pC1/kg) (pC1/kg) (pCi/kg)

Mn-54 54.6 20' 30 359 606 204 228 15 - 953
Co-58 133.2 62 162 901 246 126 338.5 54 - 901
Co-60 654.3 -305 326 426 508 304 340.5 40 - 673
Ag-110m ND* ND* ND* 4130 1535 690 197 117 - 4130

'

Cs-134 329.4 238 316 554 658 290 387 30.6 - 856
Cs-137 1486 1186 1436 1793 3200 2087 | 2404.5 39 - 4560

* None detected

i
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FIGURE 2-4
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2.7 FISH

,

.

NOTE #1: Analytical results are presented in Tables 6.1 through 6,3 of Attachment I
and summarized in Section 4.0.
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2.7.1 INTERPRETATIONS AND TRENDS OF RESULTS

Fish samples were collected semiannually from two locations and

analyzed for gamma radionuclides. As in previcus years, Cesium-134

and Cesium-137 were detected in fish from the discharge. Cesium-134

activity was at a range of 13 - 36 pCi/kg with a mean of 23 pC1/kg

and, Cesium-137 activity at a range of 14 - 73 pCi/kg with a mean of

41.2 pC1/kg.

However, no reporting levels as outlined in ANO Unit I and Unit

2 Technical Specification Tables 4.30-3 and 3.12.3, respectively,

were exceeded when averaged over any calendar quarter. Also as shown

in Figure 2-5, all detectable activities over previous years were

well below the required LLD, and therefore, contains a degree of

uncertainty. Overall, the operation of ANO had no significant

radiological impact upon th( environment or public by this pathway.

2.7.2 DEVIATIONS FROM THE REMF

Fish samples required by ANO Technical Specifications were

collected and analyzed during 1991 without exception.

2.7.3 EROGRAM DESCRIPTION

ANO Unit 1 and Unit 2 T3chnical Specification Tables 4.30-1 and

3.12-1, respectively, requires two fish locations tor measurement of*

radioactivity by the ingestion exposure pathway. Fish were collected

semiannually by a contractor from two locations, an indicator

(Discharge) and a control (Intake) at distances from 0.1 to 0.9 miles

(Table 1-1, Figure 1-3). In addition, the Arkansas Department of

Health and ANO split samples at the discharge location.
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_

-A sufficient amount was' collected from each location to provide a

minimum of 1000 grams (wat weight') of eviscerated fish sample. The

samples were.than analyzed for gamma radionuclides,

,
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FIGURE 2-5 1
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2.8 ANNUAL LAND USE CENSUS

J
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2.8.1 INTERPRETATIONS AND TRENDS OF RESULTS

The 1991 Annual Land Use Census identified a new milk producing

location at 345', 2.3 miles from the plant. These individual milk

animals belong to Byran 11by, who agreed to provide milk for ! -a ANO
,

REMP. In addition, the True-X goat dairy has gone out of business ;

i

since the 1990 Annual Land Use Census.

As a result of the Census, the Offsite Dose Calculation Manual :

,

(ODCM) was revised and approved on Jcnuary 21, 1992 to incorporate

these changes. The ODCM revision will be reported in the Semiannual
,

-

Radioactive Effluent Release Report for the first and second quarters,
1

of 1992 to the NRC. Results of the 1991 Land Use Census are

presented in Tables 2-3 and 2-4.

2.8.2 DEVIATIONS FROM TEE REMP

The Annual Land Use Census required by AND Technicn1 <

Specifications was conducted during 1991 without exception.
,

2.8.3 PROGRAM DESCRIPTION
f

ix6MP personnel conducted an Annual Land Use Census, as required

by ANO Unit-1 and Unit 2 Technical Specifications 4.30 and 3/4.12.2,

respectively. The purpose of the census was to identify chanRen in

uses of land within five miles of ANO which would require ,

modifications to the REMP or ODCM. The most important criteria

during the census were to determine location, in each of the 16

meteorological sectors, of the nearest:
.

o Residence
! o Animal milked for human consumption

o Garden of1 greater than 50 m (500 ft') producing broadicaf2I

I vegetation.

,
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i

I

The method us.ed for conducting the 1991 Land Use Census was as4

follows:
,

REMP personnel conducted door-to-door field surveys in eacho
meteorological sector out to five miles in order to locate thn
nearest resident, allk animal and garden,

o Consultation with local agricultural authcrities was used in
i

instances when personal contact could not be made, j
|

'

o As a result of these surveys, the following information was
,

obtained in each meteorological sector

Nearest permanent residence-

Nearest garden and approximato size-

Nearest milking animal. ;-

REMP personnel identified locations on the map, measured io
distances to ANO and recorded results. :

4

REMP persor.nel compared 1991 Census results to 1990 Censuso
results.

,

1
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TABIE 2-3

Page 1 of 3

1991_ LAND _USE CENSUS

LAND USE CENSUS OF MILK PRODUCING ANIMALS WITil!N A |
R ADIUS OF FIVE (5) MILES OF ARK ANSAS NUCLEAR ONE |

(JulyIS. 16, 1991)

Milk . producing animals arc, divided into two categories defined at:

1, C'<en',A Dalties: darles la which milk 18 Intended primarily for
hu Ws msumption as Grade A milk.

2. Individual Mllk Animals: family animals in which the milk is
intended for home use.

CLASS A DARIES
i

Dairy Aalmuth . Distance

James Gibson 358 degrees . 3.3 miles

INDIVIDUAL MILK ANIMALS

Bryan Irby 345 degree . 2.8 miles

CURRENTLY SAMPLED MILK PRODUCING ANIMALS

CLASS A DARIES
.

Dairy Arlmuth . Distance .

James Gibson 358 degrees 3.8 miles

Arkantar Tech. Univ. Dairy 95 desices 3.l miles

Harold Steuber (alternate) 24 degrecs . 6.9 miles

Lawrence Steuber 0 degreen . 7.5 miles

Hudson Dairy (control) 13 degrees .12,4 miles

INDIYlDUAL M1LK ANIMALS

None
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TABLE 2-3

Page 2 of 3

199_1_, LAND _ESE CENSES

LAND USE CENSUS
ARKANSAS NUCLEAR ONE

.

(July !$ 16,1991)

LOCATION OF NEAREST RESIDENCES

Sector Resident 1.ocation Distance (miles)

i S.Lynn Ilwy 333 0.7

2 R.Ilorn liwy 64 1.2

3 B. West IIwy 333 1.3

4 Knight Knight Ln. 0.7

5 O.Bibler Bibler Ln. 0.9

6 Cravens Scott Ln. 0.7

7 Douglas Dunker 11111 Ln. 0.8

8 M. Wood Wood Ln. 0.8

9 J. Kelley Rt. 2, Box 1204 2.8
Dardanelle

10 Melurdy May Rd. 0.8

11 Mhalderrnan llwy 22 3.2

12 G. Shelton Flatwood Rd. 0.7

13 J. Nichols Flatwood Rd. I.

14 Shivers Flztwood Rd. 0.9

15 Stiles F!atwood Rd. 0.9

16 C.Bohannan liwy 64 1.2
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TABLE 2-3

Page 3 of' 3
,

!

1991 LAND USE CENSUS

|

!

LAND USE CENSUS
ARK ANSAS NUCLEAR ONE

(July 15 16,199.P

DISTANCE TO NEAREST MILK ANIMAL, RESIDENCE AND G ARDEN (miles)

Sertor Milk Animal Residence Garden

1 3.8 0.7 2.4-

1
2 1.2 3.8 |

3 1.3 2.3

4 0.7 1.1
1

5 0.9 0.9

6 0.7 0.!

7 0.8 0.9

8 0.8 4.2

9 2.8 2.8

10 0.8 0.8

II 3.2 3.4

12 0.7 3.3

13 1 4.2

14 0.9 0

15- 0.9 1.6

16 2.8 1.2 1.52
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TABLE 2-4

| RELATIVE DEPOSITION FOR GARDEN LOCATIONS
[

"telative Dcposiron for Carden Locations

(July 15-16.1991)

I Setter Distance location or Depositon Race Wind Frequency Relative Depositten Notes

(alles) (meter ) tendowner (1/s)
1 2.4 3,692 D. Goeden 2.20E-05 3.22E-02 4.89E-!O c1

2' 3.8 5_,846 8. McKenney 1.60E-05 2.67E-02 1.E6E-10 : 1 J

2. 30E-05 2.2)E-02 3.730-10 1

3 2.3
' 3,539 A._Horton

4 1.1 1,692 Homereau 3.80F-05 _ 4.89E-02 2.80E-09 1

5 0.9 1.385 20. Bibler 4. 30 E-05 9.03E-02 7.14E-09 1

0.9 1,385 |Intske Canal 4.30E-05 9.03E-02 7.14E-09 2,3

6 0.7 1.077 Cravens 5.00E-05 7.31E-02 | 3.65E-09 1

8 2.2 3,385 H._Hollis 2.30E-05 7.31E-02 F 1.27E-09 1,3 i

7 ' O.9 81,385 C. Stewart 4.80E-05 2.69E-02 2.38E-09 1,3

8 4.2 6,462 T. Race 1.40E-05 1.92E-02 1.06E-10 ' l
,

9 2.8 4,308 J. Kelley 1.80E-05 2.63E-02 2.30E-10 11
_

10r O.8 1,231 - McClurdy 4.80E-05 4.47E-02 4.44E-09 1 ,

!

11' 3.4 5,231 D. Johnson 1.70E-05 8.60E-02 7.12E-10 - 1'

i

5,077 Unde sect. 1.70E-05 1.37E-01 1.17E-09
'

l
|

12- 3.3

13- C.5 769 Flatwood Rd. 6.40E-05 1.59E-01 3.37E 08 2.3'

4.2 6,4G2 B. Carrison 1.40E-05 1.59E-01 8.77E-10 1

7.18E-09 L

14 0.9 1.385 Shivers 4.30E-05 9.03E-02 '

4.1 6,308 D Cres,ory 1.40E-05 9.08E-02 5.13E-10 1,3

15 1.6 2.462 1.. Richards 2.80E-05 6.06E-02. 1.76E-09 1

2.4 3,692 R. James 2.20E-05 6.06E-02 9.20E-10 1,4

1.29E-09 |1

16 1.5 2,308 R. Vincent 2.90E-05 4.03E-02 1

.

Note 1 Food product samples
Note 2 Non-food broadleaf samples

| Note 3 Location currently sampled
Note 4 location currently an alternate
Note 5 locaction to be added
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SECTION 3.0

ANALYTICAL PROGRAM TECHNICAL DESCRIPTION

,

=
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3.1 - f AMPLE IIANDLING AND..TREATMENI ]

Once a representatito sample is rectived by analytical laboratory, !

laboratory staff is responsible for properly treating and storing the sample.

Environmental sauples frequently require treatment prior to analysis.-

Treatment of the sanple af ter it is received depends on sample and analyses to

be performed.

3.1.1 Water Samnles
-

,

1

Depending on sample type, one gallon water samples were

acidified with five to twenty ml of concentrated 1101 acid when

collected. Samples for tritium analyses should not be stored in |

polyethylene bottles for more than 3 or 4 months because water can i

I

evaporate through polyethylene.
'

3.1.2 Air Filters

Air filters were handled with care when heavy dust loadings were

Iobserved because particulate matter is easily removed from filter.

i Air filters were normally received by laboratory in plastic
,
,

containers; some extremely low-level analyses required analysis of
,

the container as well as sample.

I

| 3.1.3 Milk
.

Milk samples were usually refrigerated until analyses could be

performed. Milk samples analyzed for lodine-131 had 100 m1 i

formaldehyde added to avoid binding of the lodine that may occur with

smaller levels of formaldehyde.

_ _ _

,
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3.1.4 Soil and Bottom Sediment !

Soil and sediment samples were dried, pulverized and sieved

before analysle. To ensure a homogeneous sample, thorough mixing was
'

req u.i red .
,

3.1.5 Qiher Samtiles

Perishable sampics were preserved by refrigeration or freezing.

Vegetation and other sampics may need to be dried, pulverized or

ashed before or after analysis for long-term storage.'

3.2 ANALYflS OF AIR SAMPLES FOR GROSS ALPilA/LETA RADIONUCLIDES

Air filters were counted in a low-background alpha-beta counter at least

24 hours after collection in order to allow for decay of short-lived materials

such-as radon and thoron.

Calculations of the results, two sigma error and lower limit of detection

(LLD) were performed as indicated in the following:

ALPHA RESULT = [(N/T)-(B/t)]/(2.22 V E)
| (pC1/m3)

BETA RESULT = [(N/T)-(B/t)-fr)(N/T)]/(2.22*V E)
(pC1/m3)

TWO SIGMA ERRCR = 1.96 J(N/T )+(B/t )/(2.22 V E)2 8

(pCi/m3)
,

p LLD (pC1/m3) = 4.66 4(B)/(2.22*V E*t)

where: N -= Gross counts of sample
T = Number of minutes sample was counted
B = Counts of blank
t = Number of minutes blank was counted
2.22 = dpn/pci
V = Sample aliquot otze (cubic noters)
E = Countir.g ef ficiency

| r- = Ratio of alpha counts in beta counting (cross-talk)

,
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3.3 ANALYSIS OF WATER SAMPLES FOR GROSS ALPilA/ BETA RADIONUCLIDES

Section 3.3 describes process used to measure overall alpha-beta
,

radionuclides of water samples without identifying specific radioactive isotope '

present. No chemical separation techniques were involved. Two hundred m1 of -

i sample was evaporated in a beaker at approximately 100*C. The residue was
,

'

transferred and dried in a 2-inch stainless steel planchet.

The planchets were counted for 100 minutes in a low-background alpha-beta

counting system. Calculation of activity includes a self-absorption correction

factor for counter efficiency based on weight of residue on each planchet.

Calculations of the results, two sigma error and lower limit of detection

(LLD) were-performed as indicated in the following:

ALPliA RESULT = [(N/T)-(B/t)]/(2.22 V E)
(pCi/1)

BETA RESULT = [(N/T)-(B/t)-(r)(N/T)]/(2.22 V E)
(pC1/1)

TWO SIGMA ERROR = 1.96 4(N/T )+(D/t*)/(2.22*V E)2

(pC1/1)

LLD (pC1/1) = 4.66 4(B)/(2.22 V*E t)

.where: N = Gross counts of sample
T = Number of minutes sample was counted
B = Counts of blank
t = Number of minutes blank was counted
2.22 = dpm/pCi
V = Sample aliquot size (liters)
E = Counting efficiency
r = Ratio of alpha counts in beta counting (cross-talk)

If net activity [(N/T) - (B/t)] was equal to or less than counting error, the

activity on collection date was below limits of detection and was designated.

less -than - the - lower limit of detection (LLD).

|

|

!
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3.4 ANALYSIS OF WATIR SAMPLES FOR TRITIU11

Five milliliters of water was added to 15 ml of 11guld scintillation

solution in a 25 m1 vial. The sample was laserted into a liquid scintillation

spectrometer and counted for 300-500 minutes.

; Calculations of the results, two sigma error and lower limit of detection

(LLD) were performed as indicated in the following:

[(N/T)-(B/t)]/[(2.22 V E) exp(-1Aty))RESULT =
'

(pC1/1)

TWO SIGMA ERROR = 1.96 J(N/T )+(B/t2)/[(2.22 V E) exp(-lat,)]2

' --(pC1/1)

4.66 JB__LLD (pC1/1) =

2.22 E V t exp(-lat )
2

where: N = Gross counts of sample
T = Number of minutes sample was counted
B = Counts of blank o
t = Number of minutes blank was counted

2.22 = dpm/pCi
V = Sample aliquot size (1) i

E = Counting efficiency

exp(-lat2) = Decay correction where At, is time elapsed
between collection of semple and date of counting.

3.5 ANALYSIS OF SAMPLES FOR 10 DINE-131

Up to four liters of sample was thoroughly mixed with a stable lodine -

carrier solution. The sample was then passed through an anion exchange resin

column to remove iodine from tbc sample. The lodine was then stripped from the

resin with a sodium hypochlorite solution, reduced with hydroxylamine ,

hydrochloride and extracted into carbon tetrachloride as free iodine. It was

then back-extracted into sodium bisulfite solution and was precipitated as

silver iodide. The precipitate was weighed to determine chemical yield and

mounted on a stainless steel planchet for low-level beta counting. The

chemical yield was corrected by measuring the stable lodido content of milk or

water with a specific ion electrode.
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Calculations of the results, two sigma error and loser limit of detection

(LLD) were petformed as indicated in the followir.g:
4

(N/t-B/t)/[(i.22 E V Y)cxp(-14ty)JRELULT =

(pC1/1)

TWOSIGMAERROR=(1.96J(N/t")+(B/SI)/[(2.22EVY)exp(-1Ata)J
(pC1/1)

(4.66 J(B/t*)/[(2.22 E V Y)exp(-lat )ILLD-(pC1/1) e
2

Total counts from sample (counts)where: N =

t = Counting time for sample (min)

Total counts of blank (counts)B =

2.22 = dps/pCi
Efficiency of the counter for lodiru> 1-131-E =

corrected for self atmarption effects
V = Volume of sample analyzed
Y = Chemical yield of the amount of sample counted

Decay factor from the time of co11cetionexp(-14t ) =
2

to the counting date

3.6 ANALYSIS OF SAMPLES FOR GAMMA RADIONUCLIDES

3.6.1 Milk and Water

A 3.5-liter Marinelli beaker was filled with a representative {

aliquot of the sample. The sample was then counted for a minimum of

240 minutes, or until. required LLDs were achieved, in a shielded

Germanium-Lithium (gel 1) detector ccupled to e. computer-based data

acquisition system which performed a pulse height analysis.

A' computer software program defined peaks by certain changes in

slope of the spectrum. The program also compared energy of each peak
,

with a library of peaks for radionuclide identificatic, and then
i

performed calculation using appropriate fractional gamma ray

abundance, half life, detector efficiency and not counts in the p.nak

region.
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3.6.2 [egttation. Food and G n dcjLQLeys. and Fish

A maximum quantity of undried vegetation, food or garden crop

sample was loaded into a tared 3.5-liter Marinelli beaker and

weighed. The sample was then counted for a minimum of 200 minutes,

or until required LhDs were achieved, in a shielded GeLi detector as

described in Sectio 1 3.6.1.

As much as possiale (up to the total sampic) of the edible

ps t on of a fish was loaded into a tared Marinelli beaker and _

weighed. The sample was then diluted with deionized water to weigh

3.5 kg and counted for a minimum of 240 minutes in a shicided GeLi

detector as described in Section 3.6.1.

3.6.3 Soils and Seding;.a
i

Soils and sediments were dried at a low temperature (less than

100 C), loaded into a tared 1.0-11ter Marinelli beaker and weighed.

The sample was then counted for 240 minutes, or until required LLDs

were achieved, in a shielded GeLi detector as described in

Section 3.6.1.

3.6.4 Charcoal Cartr.idges

Charcoal cartridges were counted in a harinelli beaker, with one

to four cartridges positioned on the face of a GeLi detector and up

to seven cartridges on its side. Each detector was calibrated for

both top and sido positions and a counting efficiency determined.

The Iodine-131 detect ion limit was determined for each charcoal

cartridge, assuming no positive results for Iodine-131, by utilizing

smallest volume of air recorded for a cartridge within Marinelli
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beaker. If lodine-131 was observed in the screening count of a set

of cartridges, ecch charcoal cartridge was positioaed on face of the

detector and then counted separately.

3.6.5 Air Particulat_e

The 12 to 14 (depending on the calendar quarter) air particulate

filters for a quarterly composite for each field station were stacked

one on top of another and counted for at least four hours, or until

required LLDs were achieved, in a shielded Gehl detector as described

in Section 3.6.1.

The calculations of results, two sigma error and lower limit of

detection (1.LD) in pC1/ volume or pCi/ mass were performed as indicated

in the following:

(S-B)/[(2.22 T E V F) exp(-late)]RESULT =

TWO SIGMA ___

(1.96 JS4B)/[(2.22 T E V F) exp(-lats)]ERROR =

~

(4.66 J B/[(2.22 T E V F) exp(-lats)]LLD =

Area, in counts, of sample peak andwhere: S =

background (region of spectrum of interest)
Background area, in counts, under sampleB =

peak, determined by a linear interpolation
of the representative backgrounds on eithe .
side of the peak
dpm/pC12.22 =

Length of time in minutes the sample wasT =

counted
Detector efficiency for energy of interestE =

and geometry of sample
Sample aliquot size (liters, cubic meters,V =

kilograms, or grams)
Fractional gamma abundance (specific forF =

each emitted gamma)
Decay factor from the time of collectionexp(-1 Ate) =

to'the counting date
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3.7 THERM 0 LUMINESCENT DOSIMETERS (TLDs}

Environmental radiation doses were measured using TLDa Laat contained two

lithium borate and calcium sulfate elements. Approximately forty-ofght hours
I

prior to installation, the TLDs were annenled. After cooling, the TLDs were '

,

|

mounted in appropriate labeled blue clamshell type hangers and double scaled in
|

whirl-pak, or similar protective covering. Upon return from the field, TLDs l

were read in a Panasonic UD-710A TLD Reader.

.

,

f

L

1991ANO.RER/JRSFLR - 3-8

L
-- . . - - - . . .. .. , , -. . . ~ . . . . . . - . . . . . . - . _ . . . . . . . _ . . - _ . . . - - - , . . . . . . _ . - . .-



- . . - - . . - . . _ - .- . - .. . - . . _- ..

--- . _ _ _ , .

-- --

g
_

_.

l

i

SECTION 4.0

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

1991ANO.RER/JRSFLR - />-1
,

f

. _ _ , , . . . - . _ . . _



.._ _ . _ . . _ . _ . __ _._ _ _ _ _ _ . _ _ _ _ . __ . ~_ _ _ . - - _ _.-. ._ ___.. ._ _ _ _ _ .._.._

4.1 1991 PROGRAM RESU QS SUMMARl*

Results of the REMP for 1991, which includes all sampling locations, are

summarized in Table 4-1. This summary also includes those sampics split with

the Arkansas Department of Ilealth. Indicator and control locaticns for this

table are summarized in Table 4-2. For determining ranges and means for

indicator and control locations, values reported as less than (<) were not

used.

|

.

,

,

|

|
* Analytical results were provided by Entergy Services, Inc. System Chemistry

Section, formerly Arkansas Power & Light Company's Technical Analysis Section,
I with exception of thermoluminescent dosimeter analysis provided by AND
| Dosimetry Section.
I.
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Table 4-1
Page 1 of 4

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUYl.1ARY
Name of Facility ANO - Units 1 and 2 Docket No. 50-313 and 50-368

Location of Facility Pone. Arkansas Reporting Period Januarv - December 1991
,

(County, State)

I Indicator Location with !!ighest Control
Type and Locations Annual Mean Locations Number4

Sample Type Number a b Mean (F) c d .Mean (F) Mean (F) of Non-Routine
j (Units) of Analyses LLD [ Range] Location [ Range] [ Range] Results e

Air Particulates GB 311 0.01 .015 (205/207) Station 1 .018 (50/51) .016 (104/104) 0 | !
8 *

(pCi/m ) [.001 .038] (88 0.6 mi) [.008 .038] [.004 .034]

GS 24 -

:

| Cs-134 0.01 <LLD N/A N/A <LLD 0
.

,

!Cs-137 0.01 <LLD N/A N/A <LLD 0
!

_
i

Airborne Iodine I-131 311 0.07 <LLD N/A N/A <LLD 0
(pCi/m')

i

'

TLD (0-2 Miles) Gamma 44 (f) 27.2 (44/44) Station 1 31.5 (4/4) N/A 0

(mR/Qtr.) [18 - 43] (88 , 0.6 mi.) [20 - 43] ,

!
TLD (2-5 Miles) Gamma 57 (f) 24.5 (57/57) Station 135 31.0 (4/4) N/A 0 [

(mR/Qtr.) [17 - 46] (1G8', 3.2 mi.) [22 - 46] !

r

TIS (>5 Miles) Gamma 72 (f) N/A N/A N/A 26.3 (72/72) 0 ii

(mR/Qtr.) [19 - 40] [,

TLD (0-2 Miles) Gamma 8 (f) 45.1 (8/S) Station 3 48.0 (2/2) N/A 0 ;

(mR/192 Days) [32 - 54] (0*,0.6 mi.) (42 - 54] !

|

TLD (>5 Miles) Gamma 4 (f) N/A N/A N/A 44.5 (4/4) O !

(mR/192 Days) [34 - 54] !

! ,

|-

i

|
>

!
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Tcb13 4-1
Pcg3 3 of 4

RADIOLOGICAL ENVIRONiiENTAL MONITORING PROGRAM SUMMARY
,

Name of Facility ANO - Units I and 2 Docket No. 50-313 and 50-368
Location of Facility Pope. Arkansas Raporting Period Januen - December 1991

'

(County, State)

Indicator Location with Highest Control | b

Type and Locations Annual Mean Locations Number *

Sample Type Number a b Mean (F) c d Mean (F) Mean (F) of Non-Routine
(Units) of Analyses LLD [ Range] Location [ Range] [ Range] Results e

Groundwater H-3 8 1000 <LLD N/A N/A <LLD 0
(pCi/1) GS 8

Mn-54 15 <LLD N/A N/A <LLD 0
.

'Tc-53 30 <LLD N/A N/A <LLD 0
Co-58 15 <LLD N/A N/A <LLD 0
Co-60 15 <LLD N/A N/A <LLD 0
Zn-65 30 <LLD N/A N/A <LLD 0
Zr-95 15 <LLD N/A N/A <LLD 0
Nb-95 15 <LLD N/A N/A <LLD 0
Cs-134 15 <LLD N/A N/A <LLD 0
Cs-137 18 <LLD N/A N/A <LLD 0 ,

Ba-140 15 <LLD N/A N/A <LLD 0 i
La-140 15 <LLD N/A N/A <LLD 0

i
"

Milk I-131 54 1.0 1.0 (1/42) Station 47 1.0 (1/42) <LLD 0
(pCi/1) [N/A] (344 , 2.8 mi.) [N/A]

GS 54,

'Cs-134 15 N/A N/A N/A <LLD 0
Cs-137 18 4.0 (1/42) Station 47 4.0 (1/42) <LLD 0 ;~

[N/A] (344*, 2.8 mi.) [N/A]
Ba-140 15 N/A N/A N/A <LLD 0

'

La-140 15 N/A N/A N/A <LLD 0

Vegetation I-131 6 60 <LLD N/A N/A N/A 0 t

(pCi/kg wet) |

) GS 6
Cs-134 60 <LLD N/A N/A N/A C

'

Cs-137 80 <LL9 N/A N/A N/A 0 [
- L

Food Products I-131 17 60 <LLD N/A N/A N/A 0
(pCi/kg wet)

GS 17
ICs-134 60 <LLD N/A N/A N/A 0i

Cs-137 80 <LLD N/A N/A N/A | 0 |

1991ANO.RER/JRSFLR - 4-4 i
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RADIOLOGICAL ENVIRONMENTAL MONITORIN3 PROGRAM SUMMARY ,

Name of Facility ANO - Units 1 and 2 Docket No. 50-313 and 50-368
Location of Facility 'Pooe. Arkansas Reporting Period Januarv - December 1901

(County, State)-

Indicator Location with Highest Control

Type ara Locations Annual Mean Locations Number
Sample Type Number a b Mean (F) c d i Mean (F) Mean (F) of Non-Routine

(Units) of Analyses LLD [ Range] Location [ Range] [ Range] Results e ;

Fish G3"~~~~ 10
- 's 130 (LLD N/A N/A <LLD 0(pCi/kg wet)
~i 7 260 <LLD N/A N/A <LLD 0,

~

:/ 130 (LLD N/A N/A <LLD 0

Go 130 <LLD N/A N/A <LLD 0'

y Zn-65 260 <LLD N/A N/A (LLD 0

Cs-134 130 23.0 (3/6) Station 8 23.0 (3/6) <LLD 0'

[13 - 36] (180*, 0.1 mi.) [13 - 36]
Cs-137 150 41.2 (6/6) Station a 41.2 (6/6) 20(1/4) 0

I [14 - 73] (180*, 0.1 mi.) [14 - 73] [N/A]
1

_

Bottoa Sediments GS 6
(pC1/kg dry)

Mn-54 (f) 228 (2/2) Station 8 228 (2/2) 14.5 (2/4) 0

[208-248] (180 0.1 mi.) [208 - 248] [11 - 18],

Co-58 (f) 338.5 (2/2) Station 8 338.5 (2/2) 15 (2/4) 0

[255-422] (180*, 0.1 mi.) [255 - 422] [12 - 18]
Co-60 (f) 340.5 (2/2) Station 8 340.5 (2/2) <LLD 0

[317-364] (180*, 0.1 mi.) [317 - 364]
Ag-110m (f) 197 (2/2) Station 8 197 (2/2) <LLD 0

[117-277] (180*, 0.1 mi.) [117 - 277]
Cs-134 150 387 (2/2) Station 8 387 (2/2) 92 (1/4) 0

[315 - 459] (180*, 0.1 mi.) [315 - 459] [N/A]
Cs-137 180 2404.5 (2/2) Station 8 2404.5 (2/2) 158.8 (4/4) 0

,

[2285 - 2524] (180*, 0.1 mi.) [2285 - 2524] [56-451]

a GB = Gross beta; I-131 = Iodinc- 131; H-3 = Tritium; GS = Gamma scan.
b LLD = Required lower limit of detection based on Arkansas Nuclear Dne Unit I and Unit 2 Technical Specification

Tables 4.30-2 and 3.12-2, respectively.
Mean and range based upon detectable measurements only. Fraction of detectable measurements at specified locationsc
is indicated in parentheses (F).

d Locations are specified (1) by name and (2) degrees relative to reactor site.
e Non-routine results are those which exceed ten times the control station value. If no control station value la

available, the result is considered non-routine if it exceeds ten times the preoperational valu- for the location.
f LLD not defined 3n ANO Unit I and Unit 2 Technical Specification Tables.

1991ANO.RER/JRSFLR - 4-5
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TABLE 4-2
Pags 1 of 3

INDICATOR & CONTROL LOCATIONS
2

Total
Samole Tvoe Locations No. of Samoles Total No. & Tvoc of Analyses

AIR o Indicators - Station 1 (Met Tower) 51 51. ea. - Gross Beta, I-131; 4-Gamma*

,

Station 2 (AP&L Lodge) 52 _52 es. - Gross Beta,1-131; 4-Gammai

Station 3 (Bennett Farm) SL 52 ea. - Gross Beta, I-131; 4-Gamma ;

Station 4 (May Cemetary) 52 52 ea. - Gross Beta, I-131; 4-Gamma '

'.
i

o Controls - Station 6 (Russellville) 52 52 ea. - Gross Beta, I-131; 4-Gamma

Station-7(AP&L Substation) 52 52 ea. - Gross Beta, I-131; 4-Gamma t

!i

TLDs o Indicators (Quarterly)
'

-

.

; - 0 - 2 Miles !

Stations 1, 2, 3, 4, 108, 109, ;
; 110, 113, 114, 115, 116 44 44-Gamma |

!

- 2 - 5 Miles
Stations 111, 112, 119, 120, 121,

; 122, 123, 124, 130, 131, 133, 134,
135, 136, 141 57 57-Gamma

o Controls (Quarterly) i
, '
i
4

- >5 Miles
Stations 5, 6, 7, 117, 118, 125, 126,
127, 128, 129, 132, 137, 138, 139,
140, 142, 143, 144 72 72-Gamma* '

Indicators (Semiannually)o

- 0 - 2 Miles
'

Station 1, 2, 3, 4 8 8-Gamma !

o Controls (Semiannually)

- >5 Miles '

Stations 5, 6, 7 4 4-Gamma !

i.

;

'

1991ANO.RER/JRSFLR - 4-6
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TABLE 4-2.
Pr.cs 2 of 3

INDICATOE & CONTROL LOCATIONS
;

Total'.

Samole Tvoe Locations No. of Samoles Total No. & Tvoe of Analyses

i - WATER Drinkine

o Indicator - None N/A N/A '

1

] o Control - Stotion 14 (Russellville) 13 13 ea. - Gross Beta, I-131, Gamma;

WATER

(cont'd) Surface
,

Indicator - Station 8 (Discharge) 24 16-Tritium (11-3); 24-Gammao i

o Controls

Station 10 (Intake) 12 4-Tritium (H-3); 12-Gamma
Station 16 (Piney Creek) 12 12-Tritium (H-3); 12-Gamma

Groundwater t

!

o Indicator - Station 32 (Stewarts) 4 4 ea. - Tritium (H-3), Gamma
,

o Control - Station 33 (Quita Lake) 4 4 ea. - Tritium (H-3), Gamma

- MILK o Indicators N/A

Station 19 (Arkansas Tech) 12 12 ea. - I-131, Camma
Station 37 (Steuber) 13 13 ea. - I-131, Gamma

; Station 41 (Gibson) 12 12 ea. - 1-131, Gamma
Station 47 (Irby) 5 5 ea. - I-131, Gamma

o Control - Station 42 (Hudson) 12 12 ea. - I-131, Gamma

r

i

!

i

,

1991ANO.RER/JRSFLR 4-7
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TABLE 4-2
Pegs 3 of 3

INDICATOR & CONTROL LOCATIONS

Total
Samole Tyne Locations No. of Samnles Total No. & Tvoe of Analyses

VEGETATION o Indicators --

Station 13 (Flatwood Road) 3 3 ea. - I-131, Gamma

Station 45 (Intake Canal) 3 3 ea. - I-131, Gamma

o Control - None

N/A N/A-

FOOD o Indicators-

PRODUCTS

Station 32 (Stewart Residence) 3 8 ea. - I-131, Gam-

Station 38 (Jones Resf. :ce) 3 3 es. - I-131, Gamma
Station 40 (Hollis Res_,ence) 4 4 ca. - I-131, Gamma
Station 46 (Gregory Garden) 2 2 ca. - I-131, Gamma

o Controls - None N/A N/A

- FISH o Indicator - Station 8 (Discharge) 6 6-Gamma

o Control - Station 10 (Intake) 4 4-Gamma

SEDIMENT
o Indicator - Station 8 (Discharge) 2 2 -Gamma

o Controls -

Station 10 (Intake) 2 2-Gamma
Station 16 (Piney Creek) 2 2-Gamma

t

!
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5.1 GROSSCHECK PROGRAM RESULTS

To fulfill the requirements of ANO Unit 1 and Unit 2 Technical

Specifications 4.30.3 and 3/4.12.3, respectively, Entergy Services, Inc. (ES1) )
i

System Chemistry Section, formerly Arkansas Power & Light's Technical Analysis
'

Section analyzed Environmental irotection Agency (EPA) crosscheck sampics for

ANO. These results are provided in Attachment I, 1991 Radiological

Environmental Monitoring Program Report. ESI System Chemistry's analysis

participation shown in Figure 5-1, indicate that consistent, valid data is ;

reported based on acceptable sample results.

,

+

|

;

. . . .

:

.
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FIGURE 5-1

EPA INTERCOMPARISON STitD1

1991 RESULTS
EPA INTERLABORATORY COMPARISON

3 N YSE$)e

y,);
ACCEPTABLE * 92%

(34 ANALYSES)

i *' i#lTHIN THNEE UTAND RD DEVikTION NANGE
' '

! .**. Og,10E THREE STANDAR0 DEVIATION RANGE
, , ,,
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SECTION 6.0

1991 SAMPLING AND ANALYTICAL RESULTS

i

s

1991ANO.RER/JRSFLR - 6-1

- - - _ - - _ .- . _ .



. . ~ . - - - . . - ~ - .. - ___ - - - -_- -.- . _ . ~ ~ _ . . - . -_

,

!

.

6.1 1991 DATA

h Attachments 1 and 11 presents analytical data obtained by Entergy

Services, Inc. (ESI) System Chemistry Section, formerly Arkansas Power and

Light's Technical Analysis Section and Arkansas Nuclear Ona's Dosir.etry Section

on samples collected from January through December 1991. Data was provided by

ESI System Chemistry in monthly progress reports with excention of

thermoluminescent avsimeters (TLDs). Arkansas Nuc1 car One's Dosimetry Section

provided TLD data in quarterly and semiannual reports.

Data presented in Attachments I and II is comparable to that encountered

in previous years.

6.2 LOWER LIMIT OF DETECTION fLLD)

lu many analyses, the LLD achieved by ESI System Chemistry Laboratory

was lower than maximum LLD-required by ANO Unit 1 and Unit 2 Technical

Specificat or. Tables 4.30-2 and 3.12-2, respectively. Factors such as,

k unavoidaF', sample size, background fluctuations, presence of interfering
;

other uncontrollable circumstances may cause Technicalradionuc i ' d a.3 or

..
Specifications' iud to be unachievable. However, in 1991 all Technical

-Specification LLDs were achieved.

6.3 REPORTING LEVELS

Radioactivity attributable to ANO was found in surface water, sediment and
'

fish from the' discharge. However, no reporting levels for radioactivity

concentration in environmental samples, as outlined in ANO Unit 1 and Unit 2

| Technical Specificatica Tables 4.30-3 a.d 3.12-3, respectively, when averaged

over any calendar quarter, were equaled or exceeded due to ANO effluents. One

radionuclide (Silver-110m), which is not listed in AND Technical Specification;

| Tables 4.30-3 and 3.12-3, was detected during 1991 in the discharge sediment..

However as seen in Attachment IV, the quantity detected was not capable of

( causing a dose to a member of the public exceeding calendar year limits of Unit
i

1 and Unit 2 Technical Specifications 3.25.1.2 and 3.11.1.2, respectively, of 3

[ 1991ANO.RER/JRSFLK - 6-1
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'

millirem total body and 10 millirem any organ. Therefore, the radiological
:

impact to-the environment or public from Silver-110m was insignificant and no

. Radiological Monitoring Special Reports were required.

i6.4 SAMPLING DEV1ATIONS

Samples required by ANO Unit 1 and Unit 2 Technical Specifications 4.30.1

and 3/4.12.1, respectively, were collected within the scheduled period unless

noted otherwise 'in Attachmer.ts I and II.

. Sample . deviations at locations required by ANO Technical Specifications

are discussed in Sections 2.1 through 2.7. These sections provide more

explanation concerning reasons why samples were missed and describes corrective

action wher, appropriate.

6.5 RADI0 ACTIVITY NOT ATTRIBUTABLE TO ANO

Radioactivity attributable to other sources has been detected by the ANO
_

REMP in 1977, 1978 and 1981 following nuclear weapons testing. The most recent

-incident occurred in May 1986 when the radioactive plume release due to reactor

core degradation at Chernobyl Nuclear Power Plant was detected.

6.6 SAMPLIhG RELOCATIOR-

There were two changes to the AND REMP that occurred in 1991 as a result

,

of the Annual Land Use-Census. An additional milk sampling location (B. Irby)
I

was added and the Yrue-X goat dairy -location deleted. Revisions to the ODCM

were made and will be reported in the Semiannual Radioactive. Effluent Release
.

Report for the first and second quarters of 1992.

| f6.7 ' COMPARISON TO FEDERAL AND' STATE PROGRAMS

Data from the ANO REMP was compared to federal and state monitoring

L programs-as results became available. The federal'mor.it.oring program used for

comparison wes the U.S. Nuclear Regulatory Commission (NRC) TLD Direct

Radiation Monitoring Network. The state program is conducted by the Arkansas

Department of flealth.

1991ANO.RER/JRSFLR - 6-2
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The latest available results from the NRC TLD Network, which cover 16

collocated TLD locations, have been compared to those from the ANO REMP. Prior

!
to 1991, no change in TLD results has been attributed to ANO operation. j

Radiological monitoring by the Arkansas Department of Ilealth entails similar i
I

sampling requirements as the ANO REMP. In many cases air samples and TLDs are

collocated, while sample media such as food products, water, milk and fish are

shared or split. Through 1991, both programs have obtained results that are

within similar ranges. The only common location where radioactivity

attributable to ANO has been detected is the ANO discharge. Discharge water,-

iediment and fish results were above background due to ANO effluents.,
,

6.8 UNAVAILABLE RESU1IS4

Analytical contractor results were received in adequate time for

i . inclusion. No missing results were identified during REMP personnel's review
'

of these results.

6.9 HARMFUL EFFECTS OR IRREVERSIBLL DAMAGE

No harmful effects or evidence of irreversible damage were detected by

REMP monitoring. Therefore, no analysis or planned course of action to

alleviate problems was necessary,,
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Summary of Monitoring Results

Plant-related isotopes were detected in bottom sediments collected from
the ANO Discharge Basin.

.

|.
L
L

4

|
=. . -,



E-

&
_s,

O ~

k
& a.

.

:

eyOeram Osesu gsonnN e-4 -

G5UB S0p0g 5853 8558 9859 90 80 0

dddd dddd dddd edddd dddd dd d*

. v v v v v v v v v v v v v v v v v v v v v v v v v

EEEE EEEE EEEE EEE80 EE8E EEEE
> dadd addd ddad adidd d .d d d adda

-3 $$$$ $$$$ $$$$ $$$$$ $$$$ $$$$
, =cuc

n n E. b~ n B, s e E, e E, c useen E, u = e
-

E I Bs 3 33 3 3 33333 330 3333.

m O O OOO O O O O O O O O O O O O O O O O O O O O O

.t..
8
:
h
4

i 3
R
%
.1 .
a - ---- ---- ---- -.---- ---- ----

2 RRRR R$tt RRRR RRRRR $RRR RRRR-

sssst R *s t s 300k*MS 22 Su22 B S '. A? 8CM"
.

ssssssssss sssy
E555 8280 GEBE BEE 88 8888 8888*

*
. ---- - -- ---- ----- ---- ----

j RRt$ RR$$ RRRR R$RRR R$tt RRR$5 580s RS-- 2822 40 8 2 '' 3E EB;-sst f0= ss s s sssg 3333 3 sag sggg ss
G3383 4888 8888BO O 80 0 0a D O O D O

d D u am~C #see
.,h*n.salgEEEE
g EE80NkeEn3350

3 E!!! g"Eg"i ! "E E "! ! E E i s
R g* *

as s
-

3
a R

-
t
a! $
, -
_

O#
) -

:. n.
".' :

-a
&

'IL~.
E

'-

% _5
.

~

I;j*( " %.

.- 5 8
h- "

: * 5E g %
:a .. ;

_% 532-4 *

yf=85= 8
" '

.- e u i
|

|

_ _ _ ___ _ ___ _ ______



_ . _ _ _ _ -- -- . _~ _ _ . -

;
I

.

.E.

.n
>
o. M

3 t2 - ,

.

ene-a
E. ~ s 3

nasa ann -a-ses 4ne- s s
- -

-sss8s 48 esse 8 se s e.-g ooooo oooo oooo o ooo aoao oao
v v v v v v v v v ..,v v v v v v v v v v- y v v;

- -

-

~~EEE EEE~ - ~ ~8 8 E ,dE~8m ~m
E 88

mm
88 8 88 888

. didad addd d d d d. dBddd dddd d d.
E sisit bits isis +yisk +5++ git.

1 E -says ses4 4sase~-~u ses- -~en-

slee-snec
S. E G. I.

dnns ,oq= .o ecomo cooo oooo o ooo oooo oo
F
j;a-

~
-

h
..

1' . _te;

R
: T

- 1
. . --- ----

k
$(R
-- --- - - . - - ---

2 ~ $Q
RRR RRR$1 R RRR R R

E8Co&&o$
0$e2RR

RRGe$
-

7 Rhs$ (C2 Ge
8 5' 8' q 8' 8 8 8'

q -

>>>> .4-4 4w - ooo. 8 o
----- ---- ..,

- 1 ----- - - - - . . ----- ---- ---

-RI"RR RRRR -RRR$ k ---t-R R R RRRR RRR*

- ]< s eEn ggea sqq- Essen as~e ese
.

| I s*.aEk. .'sER sssE 88233 3222 >^ao o --- ---- ---

'
e . .

.

. . . _

niin: = c" s--. - eee n~g, , ---
1 55555 5555 5555 55555 5555 55aa.

| *
i E,g

,-
Je

m
b.

-.s

'>bv "
*

f.,

2 ,~ -t
.

*
.V. 8

3

- E"
g

-
.

-

| . .: f j " s.
* -

L 8

-

%
8.

.e

:7 'E
2 : i- g y

*
-

-

*82 :
-

i .

|
g 8- ji *-

05 "
'.-

| =
,

b

,- - +- , r,. , , , , - , . . , ..-.....---m . ~ . - ,. . . . . - - - - . . - , . am - . . . - . - . . .-



.

1

Table No.: 1.ib Envirarsmentet Radictogical Monitoring Report Date: 01/21/92
Sample: Air Sanples.(Beta,I-131)
Cottection: Continuous with Weekly Exchange
Units: pC1/M**3

Location: 01, Met Tower

Lab Wo. Begin Date Erri Date Cross-Beta I-131

920046 12/17/91 12/23/91 0.015 */-0.002 < 0.070
920039 12/23/91 12/31/91 0.020 +/-0.003 4 0.027

i
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8 = Control Location * = Low Level Analysis Page 4
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Table No.: 1.2b Erivfrornental Radiological emitoring Report Date: 01/21/92

Sanple: 'r Senplea,(Betis,1-131)
,

Cottectico: Continuous with Weekly Exchange
Units: gCl/M**3

!>

Location: 02,5V of Site ;

Lab No. Begin Date End Date Gross Bets I-131

920047 12/17/91 12/25/91 0.011 +/-0.004 < 0.070

920040 12/23/91 12/31/91 0.021 +/-c.003 < 0.027
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Table No.: 1.3b : Emironmentet pedfotegical Monitoring Report 'Date: 01/21/92
sampte: ' Air samptoe,(sete,1 131) 3,

Collection: Continuous with Weekly En:hange
Units: pCf/M**3

Location:~03,N of site

Lab No. ' Seeln Date End Date Gross-Bets I-131 . ,

926068 12/17/91 12/23/91- D.011 +/-0.003 < 0.070
920041 12/23/91 1?/31/91 'O.015 +/-0.002 < 0.627
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Table No.: 1.4b Erwirornental Radiologicet Monitorfrg Report Date: 01/21/92
Sample: Afr Samples,(Bets,I-131)
Cottection: Cor.tfruraus with Weekly Excharge
Units: pCI/M"3

Location: 04,May Cemetery

Lab No. Begin Date Erd Date Cross-Beta I-131

920049 12/17/91 12/23/91 0.009 +/-0.002 < 0.070
920042 12/23/91 12/31/91 0.017 */-0.003 < 0.027
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Table No.: 1.5b Emirersio ital Radiologleat Monitoring Repwt cate: 01/22/92-
Sample: Air samples,(Bets,1-131)
Cctiection: Continuous with Weekly Exchange
tinits: pci/N"3

Location: 06,Locat office

Lab Wo. Regin Date End Date cross-sets 1-131

9200$0 12/17/91 12/23/91 0.010 */-0.002 < 0.070
920043 12/23/91 12/31/91 C.020 +/-0.003 < 0.027

.

8 = contfo! Location * * Low Level Aralysis Page 16
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- .Tabte No.: 1.6h -
~ Emiremmentet Radiotocical leoef tering Report

. Samples . Air, Samples,(Seta,1-131) Date: 01/22/92
*

Cottectiunt Cantinuous with Weekty Excharge
: Units pct /te*3

>

Lacetten: 07,0amitle -

Lab iso. Begin Date End Dato croom-sets 1-131'

i
i.920051~ 12/17/91 12/23/91 0.006 +/-0.002 ' < 0.070 - .i
920044 .12/23/91 12/31/91 0.019 +/ 0.003 < 0.027

;

!
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h
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!
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e
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4
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3
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# * Centrol Location * = Low Levet Anotysle #p.g, 19
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Table No.: 2.1 frwirarwmtal Radletoeleet Monttoring a, port ' cate: 01/22/92sagte: Mitk inspies,(I-131*,Gamme)
Cot tectior:: Mortthly
Units: pCf/L

Location: 19, Ark. Tech.

Lab Wo. Collection Date I-131* Cs 134 Cs-137 sa 140 La-140

910079 01/10i91 < 0.4 < 2 < 2 < 6 < 2

'910230 02/05/91 < 0.5 < 2 < 2 < 9 < 2

a910439 03/05/91 < 0.3 < 2 < 2 < 8 < 2

51068.7 04/'M/91 < 0.3 < 3 < 2 < B < 2

910833 05/07/91 < 0.3 < 3 < 3 < 13 < 4

911038 06/11/91 < 0.3 < 3 < 3 < 9 < 2

911263 07/11/91 < 0.3 4 2 < 2 < 8 < 2

911472 CS/20/91 < 0.2 < 5 < 4 < 16 < 4

911686 09/30/91 < 0.8 < 2 < 2 < 9 < 2

911783 10/15/91 < 0.3 < 2 < 2 < 8 * 2

912001 11/12/91 < 0.2 < 2 < 2 < 6 < 2

912148 12/10/91 < 0.3 < 3 < 2 < 8 < 3

# = control Location * = Low Level Ana:/.la
Pege 21
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Table No.: 2.3 Erwirorumerttet Radiological partitorfrw Report Date: 01/22/92
Sa mte: Milk sa mtes,(I-?31*,Goume)

'

Cet lect f ort: Monthly
Urtits: pCI/L

Locat f ort: 41,Cibs6n Dairy

Lab 20 Cc!!*ction Dete 1-131* Cs-134 Cs *.37 sa-140 La-140

910000 01/09/91 < 0.4 < 5 < 4 < 16 * 6

910231 02/05/91 < 0.3 < 3 < 3 * 9 < 3

91043 7 03/05/91 < 0.3 * 3 < 3 < 9 * 3

910M5 04/03/91 < 0.3 = 2 < 2 < 7 < 3

910834 05/07/91 < 0.4 4 3 < 2 < 8 < 2 -

911039 06/11/91 < 0.3 < 2 < 2 < 7 < 2

911264 07/11/91 < 0.3 < 2 < 2 < 6 2-

I 911473 08/21/91 < 0.3 < 2 < 2 < 7 < 2
|

|
| 911682 09/30/91 < 0.4 < $ < 4 e T4 4 4
|

911784 10/15/91 < 0.3 * 4 < 4 < 14 < 4

917002 11/12/91 < 0.3 < 3 = 2 < 8 * 2

912149 12/10/91 < 0.2 * 3 < 2 < 9 < 3

|

| .

i

|

l O = control Location * = Low Levet Anstysis em 23
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Table No.: 2.5 Emironmentst Redlologicet Menitoring Report Date: 01/22/92
sample: Milk sa 9 ee,(I-131*,camme)1 *

Collection: Monthly

Units: Kf/L

Location: 47, 8.1rtyy Farm

tab No. Collection Date I-131* Cs-134 Cs-137 sa-140 Le-140

9114TJ 08/18/91 4 0.2 < 3 < 2 < 9 < 3

911636 09/18/91 < 0.3 < 2 < 2 < 9 < 3

I*911805 10/17/91 < 0.5 < 4 < 4 < 14 < 4
e

9120j5 11/14/91 < 0.2 ~ < 3 < 2 < 9 < 3

912173 12/11/91 1.0 */-0.7 * 3 4 */-2 < to < 3

s

t

# = Control L w atton * = Low Levet h tysis p, 25
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Date: 03/16/92
Table wo.: 3.1 Environmentet Radiological Monitoring Report

Sarple: Drinking Water,(seta,1-131 camme)
Collection: Monthly
Units: pCi/L

Locattun: 14, City deter

Cottection
Lab. No. Date Beta 1-131' Mn-54 Co-58 Fe-59 Co-60 2n-65 Nb-95 Zr-95 Cs-134 Cs-137 Be-140 La-140

2
910135 01/16/91 3.D+/-2.4 4 0.3 < 2 < 2 < 2 < 2 < 2 < 2 < 3 < 2 < 2 * 5 <

910293 02/12/91 6.1+/-1.7 < 0.2 < 2 < 2 < 3 < 2 < 4 < 2 < 4 < 2 < 2 < 7 < 3

910439 G3/12/91 < 3 0.2 +/-0.2< 3 < 2 < 6 < 2 < to < 3 < 5 < 3 < 2 < 8 < 3

910674 04/10/91 < 3 < 0.3 < 2 < 2 < 2 < 2 < 3 < 2 < 4 < 2 < 2 < 7 < 2

91D549 05/07/91 < 3.3 < 0.4 < 2 < 2 < 3 < 2 < 4 < 2 < 5 < 2 < 2 < 10 < 3

< 6
911003 06/05/91 < 1.4 < 0.? < 3 < 3 < 5 < 8 < 7 < 3 < 8 < 4 4 4 <*5

3
911230 07/03/91 < 2.9 < 0.3 < 2 < 2 < 3 < 2 < 5 < Z < 5 < 2 < 2 < 11 <

911374 07/31/91 < 2.9 < 0.3 < 2 < 2 < 2 < 2- < 4 < 2 + 4 < 2 < 2 < 8 < 3

911500 08/27/91 5.7 +/-1.8 < 0.2 < 1 < 2 < 2 < 2 < 4 < 2 < 3 < 2 < 2 < 6 < 2

911670 09/24/91 1.7 +/-0.9 < 0.3 < 2 < 2 < 2 < 2 <3 < 2 < 3 < 2 < 1 < 6 < 4

911841 10/22/91 < 1.4 < 0.4 < 2 < 2 < 2 < Z < 4 < 2 < 4 < 2 < 2 < 7 < 2

912027 11/19/91 1.0 +/-0.8 < 0.2 < 2 < 2 < 3 < 3 < 5 4 3 < 5 < 3 < 2 < 8 < 3

920013 12/20/91 < 1.5 < 0.5 < 1 < 2 < 2 < 2 < 3 < 2 < 3 < 2 < 1 < 10 < 4

Page 26
# = Contret Locotion * = Low Level Analysis
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Table No.: 4.1 Erwironmental Radiological Monitoring Report Oste: 03/16/92
Sample: Surface Water,(Ga m n)
Collection: Monthly Caposite
Units: pCi/L

Location: 08,Discharg.

Begin End

Lob. No. Date- Date m-54 Co-58 Fe-59 Co-63 Zn-65 6 95 Zr-95 I-131 Cs-134 Cs-137 to-140 La-140

920001 11/30/91 01/02/92 < 2 < 3 < 3 < 4 < 5 < 2 < 5 < 3 = 3 < 3 < 9 < 4

910248 12/31/90 01/31/91 < 2 < 2 < 3 < 2 < 4 < 3 < 5 < 5 < 2 < 2 < 12 < 5

'
910443 01/31/91 02/28/91 < 2 < 2 < Z < 2 < 4 < 2 < 5 < 5 4 2 < 2 < 10 < 3

910649 02/28/91 03/31/91 < 3 < 3 < 5 < 3 < 6 < 3 < 6 < 6 = 4 < 3 < 15 = 6 i

910795 03/31/91 04/30/91 - 3 < 2 < 4 < 3 < 6 < 2 < 5 < 4 < 3 < 2 < 12 < 4e

911004 04/30/91 05/31/91 < 4 < 3 < 6 * 7 < E < 4 < 8 < 7 < 3 < 3 < 18 < 6
i

ti

! 911292 05/31/91 06/30/91 < 2 < 2 < 3 < 2 < 4 < 3 < 4 < 8 < 2 < 2 < 15 < 6

911375 06/30/91 08/01/91 < 3 < 3 < 5 < 3 < 7 * 4 < 7 < 5 < 3 < 3 < 15 < 5
911532 03/01/91 08/31/91 < 2 < 2 < 3 < 2 < 5 < 3 < 5 < 4 < 3 < 2 < 10 < 4

i

I 911702 08/31/91 09/30/91 < 2 < 2 < 2 < 2 < 4 < 2 < 4 < 2 = 2 * 2 < 7 < 3 !

911977 09/30/91 10/31/91 < 3 < 3 < 4 < 4 < 6 < 3 < 6 < 6 * 4 < 3 < 17 * 5

| 912097 10/31/91 11/30/91 < 2 < 2 < 2 < 2 < 3 < 2 < 4 < 2 < 2 < 2 < 7 < 3

>

!
1

, !

,

| f

!

8 = Control Location * = Low Level Analysis Page 23
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Table me.: 4.2 Erwirementet Radiological Monitoring Report Date: G3/16/92
Sarete: Surface Water,(M-3)
Collection: Quarterly Ccuyosite ,

Units: pCi/L

Location: OS, Discharge
Begin End

Lab. No. Date Late n-3

920175 09/30/91 C1/02/92 < 659

910703 12/31/90 03/31/91 320 +/-1804

911315 03/31/91 06/30/91 < 360

911704 06/30/91 09/30/91 < 350

1

i

i
1

,

i

1

1

# = control Location * = Lcw Level Analysis Fege 29
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Table ko.: 4.3 Envircruentet Radiological Monitoring Report Date: C3/16/92
Sacote: Surface Water,(Garme)
Collection: Monthly Composite
tJnits: pCi/L

Location: 108, Intake ,

Begin End4

Lab. No. Date Date hn-54 Co-58 Fe-59 Co-60 zn-65 kb-95 Zr-95 I-131 Cs-134 Cs-137 so-140 La-140 )
920002 11/30/91 01/02/92 < 3 < 3 < 4 < 4 < 5 < 3 < 7 < 4 < 4 < 3 < 12 < 4

910249 12/31/90 01/31/91 < 3 < 3 5 < 3 < 6 < 4 < 7 < 8 < 3 < 3 < 16 < 6<

f,

910444 01/31/91 02/28/91 < 3 < 3 < 5 < 4 < 7 < 4 < 8 < 6 < 4 <. 3 < 17 < 5
!

910650 02/28/91 03/31/91 < 2 < 2 < 5 < 2 < 7 < 3 < 5 < 7 < 2 < 2 < 15 < 6

910796 03/31/91 04/30/91 < 3 < 3 < 4 < 4 < 7 < 4 < 7 < 6 < 4 < 3 < 14 < 5

4 < 4 < 5 < 4 < 8 < 4 < 9 < 9 < 4 < 4 < 22 < 6 i'911005 04/30/91 05/31/91 -

,

911293 05/31/91 06/30/91 < 2 < 2 < 4 < 2 < 5 < 3 < 5 < 11 < 2 < 2 < 22 < 7

911376 06/30/91 08/01/91 < 3 < 3 < 5 < 4 < 6 < 4 < 8 < 6 < 4 < 4 < 15 < $ |

911533 08/01/91 08/31/91 < 3 < 3 < 3 < 3 < 6 < 3 < 6 < 5 < 3 < 3 < 14 * 7

[

< 4 < 2 < 2 < 3 < 3 = 2 < 9 < 3 [911703 08/31/91 09/30/91 < 2 < 2 < 3 < 2
!

9i1976 09/30/9' 10/31/91 < 4 < 4 < $ < 4 < 8 < 4 < 9 < 8 4 4 < 4 < 21 < 5
*

912098 10/31/91 11/30/91 < 3 < 3 a 4 < 3 < 7 < 4 < 7 < 5 < 4 < 3 < 14 < 4 I
i n

! t

'

L
i

;

i, i
4

!

t,

! L

# = Control Location * = Low Level Anotysis Pege 33
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Date: 03/16/92Environmental Radiologf cet Monttoring RepertTable No.: 4.5
Septe: Surface Water split w/ADM(M-3,Ganne)
Collection: Monthly

Units: pCi/L

e ocation: 08, Discharge
Cottection

Leb. No. Date N-3 Rn-54 Co-58 Fe-59 Co-60 Zn-65 2r-95 wb-95 1-131 ts-134 (s-137 so-140 La-140

910136 01/15/91 290 +/-210 < 2 < 2 < 3 * 2 < 5 < $ < 2 e 3 * 3 * 2 * 8 * 3

910291 02/12/91 < 350 < 3 < 3 < 4 < 3 < 6 < 8 < 4 < 8 < 3 < 3 < 19 < 4

91D487 03/12/91 < 350 < 2 < 2 < 4 4 2 < 7 < 4 < 2 < 2 < 2 < 2 < T < 3

910693 04/09/91 520+/-180 < 2 3+/-2 < 2 < 3 < 4 < 4 < 2 < 2 < 2 < 2 < 7 < 3

910877 05/14/91 < 350 < 5 < 6 4 8 < 5 < 11 < 13 < 6 < 8 < 6 < 5 < 24 < 8
!

2
911075 06/18/91 < 350 < 2 < 2 < 2 < 2 < 3 < 3 < 2 < 2 < 2 < 2 < 5 <

2
911317 07/23/91 < 350 < 2 < 2 < 2 < 2 < 4 < 4 < 2 < 2 < 2 < 2 * 6 <

911501 08/27/91 < 350 * 2 < 2 < 2 < 2 < 3 < 3 < 2 < 2 < 2 < 2 < 6 < 2 |

|

* 5 < 10 * 10 < 4 * 5 < 5 < 4 < 17 < 4
911684 09/30/91 < 350 < 4 < 4 < 5

911644 10/22/91 600 +/-220 < 2 < 2 < 3 < 2 < 5 < 5 < 2 * 3 < 3 < 2 < 10 < 4

2 < 9 < 3
911962 11/05/91 220 +/-220 < 2 < 2 = 3 < 2 < 5 < 5 < 2 < 3 < 3 -

3 < 4 < 3 < 6 < 7 < 3 < 4 < 4 < 3 < 12 < 4

912151 12/10/91 < 370 < 3 <

,

Page 32
# = Control Location * = tcw Level Analysis
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Table No.: 4.6 Erwiretel Radiological Monitorirg Report Dete: 03/16/92
Samle: Surf ace Water split w/ADN(M-3,Came)
Cottection: Monthly

Units: pCi/L

Location: 168, Piney Creek
Cottoction

Lab. No. Date N-3 Mn-54 Co-58 Fe-59 Co-60 2n-65 Zr-95 Mb-95 1-131 Co-134 Cs-137 se-1 0 Le-140

910137 01/15/91 < 360 < 2 < 2 < 2 < 2 < 3 < 4 < 2 < 3 < 2 < 2 < 3 < 4

910292 02/12/91 < 350 < 3 < 3 < 4 < 2 < $ < 6 < 3 < 10 < 3 < 2 = 17 < 6

910488 03/12/91 < 350 < 2 < 2 < 3 < 2 < 5 4 5 < 2 < 3 < 3 < 2 < 8 < 3

910692 04/09/91 < 230 < 3 < 3 < 6 < 3 5 9 < 6 < 3 < 5 = 3 < 2 < 13 < 5

9106/8 05/14/91 < 350 < 3 < 3 4 < 4 < 6 < 6 < 3 < 5 < 4 < 3 < 15 < 4-

911076 06/18/91 < 350 < 2 < 2 = 3 < 3 < 5 < 5 < 2 < 3 < 3 < 2 < 8 < 2

917318 07/23/91 270 +/-210 < 2 < 2 < 3 = 2 < -. < 5 < 2 < 3 < 3 < Z = 8 < 3*

2 < 4 < 4 = 2 < 3 < 2 < 2 < 8 < 2911502 08/27/91 380 +/-210 < 2 < 2 < 3 <

911687 09/30/91 < 350 < 4 < 4 < 5 < 4 < * < 9 e 4 < 5 < 4 < 4 < 16 < 4

911845 10/22/91 230 +/-220 < 4 < 4 < $ < 4 < 10 < 9 < 4 < 5 < 5 < 4 < 18 5=

911 % 3 11/05/91 < 360 < 2 < 2 < 3 < 2 < 4 < 4 < 2 < 3 < 2 < 2 < 8 < 3

912152 12/10/91 < 370 < 6 < 4 < 8 < 6 < 13 < 13 < 6 < 8 < 7 * 6 = 26 < 7

8 * Ccatrol Location * * Low Levet Analysis Fece 33

- _ - - - - - _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ . _ _____ ~
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Table No.: 5.1 Envirorsuontet Itediological Monitoring Report cate: 01/22/92
Sample: Grourd Water,(M-3,Genene)
Cottection: Guerterly

Units: pCf/L

Location: 32 stewart Res.
Cottection

Lab. no. Date N-3 h 54 Co-58 F=-59 Co-60 Zn-65 Zr-95 6 95 I-131 cs-134 Cs-137 se-140 L=-140
<

t

910296 02/12/91 < 350 < 2 < 2 < 3 < 2 4 5 < 5 < 3 < 5 < 3 < 2 < 12 < 4 I

910251 05/07/91 < 350 < 2 < 2 < 2 < 2 < 3 < 4 < 2 < 3 < 2 < 2 < 8 < 3

911377 07/31/91 < 424 < Z < 2 < 3 < 2 < 4 < 5 < 2 < 4 < 2 < 2 < 11 < 4

I 911842 10/22/91 < 355 < 2 < 2 < 3 < 3 < 5 < 5 < 2 < 3 < 3 < 2 < 9 < 3

.; -

f

.

>

# = Control Location * = Lew tevet Anotysis Pege 34*

4

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ . _ _ ._
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.

febte No.- 5.2 Ervrtrerwentat medletostest Monitoring menort cate: 01/22/92,

Sample: Ground Water,(R-3,Gamme)
Cottection: Guerterly

Units: pCi/L

Location: 33,0ulta sec.
;

Cottection
Lab. No. Date N-3 Mn-54 Co-58 Fe-59 Co-60 2rt-65 Zr-95 ab-95 1-131 Cs-134 Ca-137 se-140 La-140

910295 02/12/91 < 350 < 2 < 2 < 3 < 2 < 5 < 5 < 2 * 4 < 3 < 2 < 10 < 4

910852 05/07/91 < 350 < 2 < 3 < 3 < 2 < 5 < 5 <3 < 4 < 3 < 2 < 11 < 5 i

911378 07/31/91 < 424 < 4 < 4 < 5 < 3 < A < 9 < 4 < 7 < 4 < 4 < 20 < 5
'

911843 10/22/91 < 355 < 3 4 3 < 4 < 3 < 7 < 6 < 3 < 4 < 3 < 3 < 12 < &

i
i

!

r

1

0 = Controt Location * = Low Level Anotysle
% 35
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Table No.: 6.1 Erwirorwental indiologient Monitoring Report Date: 01/22/92
sagte: Fish Samtes,(Gamme)
Coltect1on: Seniamust ty
Units: pCl/rg

Location: 05, Discharge

Lab No. Collection Date Sample type nn-54 Co-58 Fe-59 Co-60 Zn-65 Cs-134 Cs-137

910723 03/16/91 CATFISM < 4 4 6 < 10 < 5 < 11 < 5 14 +/-5
910729 03/16/91 BASS & CRAPPIE < 8 < 11 < 21 < 10 < Z3 < 10 27 */-8

911723 10/07/91 CATFise < 6 < 6 < 9 < 6 < 15 13 +/-6 39 +/-T
911729 10/07/91 SASS & CRAPPIE < 5 < 6 < 8 < 6 = 14 36 */-8 70 */-B

;

O = Control Location * = Low Level Analysis Pege 36
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Tabte No.: 6.2 Erwironmentet Radiologiest sionttorttw seport cate: 01/22/92
Senple: Fish samples (Gamme)
Cetlection: Seelemuelty ,

Units: pCl/Kg

'

Locatlen: 10#,Intske

Lab mo. Cettection Date sample type nn-54 Co-58 Fe-59 Co-60 Zn-65 Cs-134 Cs-137 '

910726 03/17/91 CATFism < 4 < 6 < 11 < 5 < 12 < 5 < &

910727 03/17/91 BASS & CRAPPIE < 6 < 8 < 14 < 6 e 15 < 7 < 7 '

911726 10/07/91 CATFISM < 11 < 15 < 16 < 11 < 27 < 13 = 12 ,

11T27 10/07/91 SASS & CRAPPIE < 7 < 7 < 11 < 8 e 17 g 9 20 +/-6

L

.

# = Control Location * = Low Levet Anotysis Psge 37

--- _ ___ - _ _ _ _ - - _ _ _ _ _ _ - - _ _ _ - _ _ . . _ - - _ _ _ _ _ _ _ __ _ _ _ .
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Date: 03/16/92
Erwirorseental Radiotegical Monitoring Report

T bte No.: 6.3
Sanple: Fish sa mles split w/ADN. (Ganne)
Collection: As regaested.
Units: gCi/kg

Location: 08, Discharge

Lab No. Collection Date Sappte type Mn-54 Co-53 Fe-59 Co-60 Zn-65 Cs-134 Cs-137

910762 04/25/91 TYPE h07 GIVEN < 5 < 6 < 7 < 6 < 13 < 6 24 +/-6

011603 09/16/91 TYPE NOT GIVEN < 4 < 3 4 5 < 5 < 9 20 +/-5 73 +/-5

I

I

1

|

|

|
| '

1 1

'

|
,

|
|

|

! Pege 33

# = Control Location * = Low Level Analysis

.

. I
.

..

.

. .. . .

.
.



. _ _ .

.

.

1

Table No.: 7.1 Erwironmentet Radiotowlcet Monitoring Report Date- 01/22/92

semple: Sediment,(Casus)
toLLectIon: semiannust1y

Units: pC1/Kg

Location Lab to. Cettection Date Mn-54 Co-58 Co-60 As-110e Cs-134 Cs-137

08,Discheree 910472 03/09/91 243 +/-21 422 +/-21 317 +/-21 117 +/-48 315 +/-22 2524+/-35

08,Discher9e 911612 09/14/91 208 +/-16 255 +/-14 364 +/-18 277 +/-50 459 */-2c 2285 +/-25

|
108,Inteke 910473 03/09/91 18 +/-7 12 +/-5 < 7 < 50 < 10 56 +/-6

'108,Inteke 911611 09/14/91 < 16 < 14 = 17 92 +/-16 451 +/-22

< 8 < 51 < 9 57 */-716#, Piney Creek 910474 03/09/91 11 +/-6 18 */-6 ,

16#, Piney Creek 911613 09/14/91 < 7 < 7 < 7 < 9 71 */-T

,

Pese 39# = Centrol Location * = Low Level Anotysis

..
.

.
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Date: 61/27J92 {Erwirementet Radicionical Monitoring Report
|Tabte No.: 8.1

Sample Vegetation: Broadteaf,(I-131,Gessa)
Collection: Monthly edien evaltable.
thits: pCf/Kg

Locatlen: 13,U of Site

Lab Mo. Cottectice.Date saapte type I-131 Cs-134 Cs-137

l

( 911001 06/06/91 < 40 < 31 < 24

911229 07/03/91 < 16 < 10 * 9

911372 07/31/91 *N *U * *

1

p,9, so
# = Control Locatim * = Low Level Analyste

' r
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Emirementet Radiologicot scenitoring Report Date: C1/22/92 -|.febte so.: 8.2 r
4

s-
,' semple: Vegetetton: troedteef,(1-131. h ) {,

.
Cettection: leanthly iden evettelde. ;

[ Units: pCl/Kg
,

!Location: 45,E of Site

Letr uc. Cottoction Dete sample type 1-131 Cs-136 Co-137 i.*
;
,

911002 06/06/91 < 54 < 34 < 32 ;

i
3

911228 ~ OT/05/91 < 36 < 21 < 18 -

>

911373 87/31/91' < 33 < 23 < 22 I

;

i
i

:

?

I

|

'
t

| !
*

:
!

! ,

!- |
: ;

.
,

i ?
8 >

>

>
l<

r

|
I

r

I'

i
i
i
t

!

i

Page 41O = control Location * = Low Level Anotysis ,
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Table No.: 8.3 Estreramentet Radiotonical seenitorfng Report Dete 01 M ;; '
Sample Veg.: Food Prod. aptit en/40ft (Gesume)

' * '

| Cottection: As requested.
Units: pCl/kg;

'Locatlan: '32,Stowert Res.

i
'

Lab me. - Collection Dete souple type I-131 *s-134 Cs-137. -

- i
!

! 911073 06/18/91 CAme0TS & culait < 16 < 17 < 14 i
1 ,

911074 06/18/91 T0lenf0EStesameag < 18 4 18 4 16 ;

911087 06/18/91 suaP sEAnt < 32 < 29 < 28 y

9111GB 06/20/91 Potatoes < 8 < 7 < 6,
,

i,
911111 06/20/91 eenm<si & OJose < 17 < 12 < 11

i
911775 10/15/91 PEPPEt4TOttTOES < 14 < 13 < 12 |

911776 10/15/91 Timne:P cmEtus < 16 < 15 < 14 !,

911777 10/15/91 Tumutes < 12 < 14 < 11 i
i

f

i I
-

!

i

!' [
1 |l'
t i

!.
1 I

| k
1 r

>

l

I"
i L

;<

I !
'

i
t

s t
i
?

.i

?
-

1

i !
!

1
'

1 !

j # = Control Location * = Lou Level Anotysis Page 42 |
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Table No.: 8.4 Erwircrummtal Redlotocical Monitoring Report Cate: 01/22/92Jasple: Vegetation: Food ProdJcts,(Cassus)
Cottection: At Time of Marvest
Wits: pCl/Es

Location: 40,nottis Res.

Lab me. Cettectlan Date temple type I-131 Co-134 Cs-137

911106 06/20/91 EMAP 9 TANS < T < 6 * 5
911107 06/20/9} TcMAroEsa PwNs < 9 < 6 < 6
911109 06/20/91 TUEMIPs < 11 < 10 < 10
911110 06/20/91 PEACNES < 6 < 5 < 4

.

(

;

i

+

0 = Contret Location * = Low Level Anotysis
p.9, 43

i
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Table No.: 8.5 Erwirormental Radiologicst Monitorirva Report Date: 03/16/92
Sanple: Vegetation: Food Products,(Germ)
Cottection: At Time of nervest <

1Units: pCl/KO
<-

,

Locaticn: 46, Gregory res.
,

Lab No. Collection Date $ ample type !*131 Cs-134 Cs-137

911271 07/11/91 CUCUMBERS < 9 < 6 < 6
911270 OT/15/91 POTATOES < 8 < 9 < 8

li

i

h

,

,

# a Control Location * = Low Level Analysis Page 44
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Table No.: 8.6 Erwiranentet Radletogical Monitorire Report Date: 01/22/92
Sample: Wegetation: Fotd Prodxts (Casema)
ColIectient At ifme of Marvest
thits: pcl/Xg

,

Location: 38, Jones Res.

Lab Wo. Collection Date sample type I-131 Cs-134 ts-137

911126 06/25/91 TOMATOES < 6 <5 < $
911127 06/23/91 (Etw < 13 < 14 < 11
911128 06/25/91 QKUMBERS < 10 < to < 9

'

I

a

A

|

0 = Controt Location * = Low Level Analysis Page 65

__-_____-________________s



ITA CROSS CllFCK RESULTS

EPA PREP DATE EPA EPA APf.L NORM DEV

DATE ISSUED RESULTS MEDIA NUCLIDE RESULTS RESULTS KNOWN
________ ____________.________ ..__ ___ .. ___ _____________________ .._______________ __

4th Qtr.
1190
CC36036-74 1/11/91 Analytic, Inc. I-131 3.18E-2 3.43E-2 1.08

Iodino Cartridge Ratio
(uci/cc)

02/08/91 04/15/91 Water
Ci/L) Co-60 40.0 40.67 0.23t

Zn-65 149.0 145.67 -0.30 -

Ru-106 106.0 196.67 0.97
Cs-134 8.0 9.00 0.35
Cs-137 8.0 9.00 0.35
na-133 75.0 85.33 2.24

02/22/91 04/16/91 Water H-3 4?l8.0 4613.33 0.77
(pci/L)

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

05/17/91 07/22/91 Water Beta 46.0 47.00 0.35
(pC1/L)

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
(pci/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
Ba-133 62.0 63.67 0.48

05/30/91 11/15/91 Air Filter Iie ta 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 98.3 100.00 0.35

- _ - _ - - - _ _ _ - _ - _ - - _ - _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ - _ - - _ _ _ - _ _ - - _ _ _ - - _ - - _ _ _ _ _ - _ _ _ - _ - - - _ - - - _ - _ _ _ _ _ - - _ -



EPA CROSS CHECK RL'SULTS

EPA FREP DATE EPA EPA AP&L NORM D7T
DATE ISSUED RESULTS MEDIA NUCLIDE RESULTS RESULTS KN04~

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10/18/91 12/05/91 Water H-3 2454.0 2336.67 -0.50
(pci/L)

09/27/91 01/03/92 fiilk 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

Cs-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 30% high
than previous gecretries using air particulate filters.

**2 Blind water samples contain several isotopes which have different beta energies. T'
efficiency curve for beta in water was constructed using Co-137. Because t;

strontium isotopes have different beta energies than Cs-137, the results may
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 than t1
lower control unit established by EPA for this sample. System Chemistry wi'-

investigate possible sources of error within the gamma spectromater ef ficiency curvc

| and the calculations used to convert K-40 measurements into Total-Potassium resultt ,

' 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 resul-
were -included in the Grand Average was 1.5 standard deviations below the value us-

-by the EPA as the "known value" for Total Potassium for this cross-check sample
Of the results classified as outside the ccr. trol limits by EPA, 17 were outside
the lower control limit set by the EPA while only 3 results were outside of t'
higher control limit. The submitted results were drastically shifted below the E! ,

established "known value". A request will be made to EPA to recheck the publish.
"known value" for Total Potassium of this sample. Results of this inquiry will 1
included in the next monthly report af ter receipt of a reply from the EPA.

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

| value was calculated to be 0.993 of the theoretical value.

_ _ _ _ . _ _ . . _ _ . _ _ _ __ _ _ _ . _ _ _ . . ~ , _ , _.- . _
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1991 AND TLQ_RESULTS

2-2 MILES

imremLQThi.

I

STATION JJJ'_ QTR 2ND OTB 3RD OTR 4TH OTR MEbH

1 32 43 31 20 31.5
2 29 24 32 23 27.0
3 26 37 35 22 30.0

'

4 27 19 20 22 22.0
108 25 25 28 24 25.5
109 29 33 25 28 28.8
110 31 22 30 22 26.3
113 18 26 32 26 25.5

114 28 26 30 30 28.5
115 23 42 32 24 30.3
116 21 27 25 23 24.0

Average 26.3 29.4 28.8 24.0 --

|

|

,

''

.

ANORPT.RND-1-

|
l

. . - - - . - -
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1991 ANO TLD RESULTE

2-5 MILES

Lmrtm/OTR1

[

STATION IST OTR 2ND OTR 1RD OTR 4TH OTR t!EAN

111 38 28 21 22 27.3

112 22 27 24 28 25.3
119 24 35 21 28 27.0

120 20 19 21 21 20.3

121 ND* ND' 23 21 22.0

122 21 22 13 23 22.3

1.13 18 20 22 21 20.3
124 25 30 33 26 28.5

130 28 29 23 24 26.0

131 22 22 22 24 22.5

133 26 19 17 19 10.3
134 27 33 28 25 25.8
135 46 25 ND' 22 31.0

136 30 24 23 17 23.5
141 22 25 25 21 23.3

.

Average 26.4 25.6 23.3 22.8 --

*

ND* - No Data; TLD lost in field.

ND' - No Data; Value was "0", therefore not used.

.

ANORPT.RNB 2

- _ - _ - _ _ _ - _ - _ - _ _ - _ _ _ _ _ _ - _ _ _ _ - _ - _ _ _
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1991 AND TLD FXSLLLT.S

> 5 MILEE

tmrom/OTR)

STATION IST OTR 2ND OTR 3RD OTR 4TH OTE MEAM

L 20 26 25 22 23.3

6 23 23 40 30 29.0

7 24 30 24 26 26.0

117 19 36 28 22 26.3

118 24 26 25 26 25.3

125 21 24 23 23 22.8

126 23 31 26 27 26.8

127 22 36 23 26 26.8

128 33 23 28 24 27.0

129 36 39 26 25 31.5

132 28 26 26 28 27.0

137 26 30 19 '26 25.3

138 20 P9 20 20 22.0

139 30 *b 31 26 28.8
.

140 23 29 22 23 24.3

142 36 28 25 23 28.0

143 30 33 20 24 26.8

144 28 22 26 29 26.3

Average 25.9 28.8 25.4 25.0 --

|
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119_1 ANO TLD RESULTS-

(mrem /192 Days)-

0-2 MILES

STATION IST 6 MONTHS 2ND 6 MONTHS MEAN

1 52 42 47.0
2 52 43 46.5
3 54 42 48.0
4 46 32 39.0

> S MILES

STATION IST 6 MONTHS 2ND 6 MONTHS MEAN

5 ND* ND* N/A
6 54 34 44.0
7 47 43 45.0

ND* - No data; TLD damaged by water.

|

|

|
t

1.
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STATISTICAL ANALYSES

Page 1 of 5

Calculation of the mean, standard deviation and "t" values are as follows:
*

EAN: X = I X1/n

Mean of sample resultswhere: X =

Sum of Individual resultsXi =

Number of Samplesn =

STANDARD DEVIATION:
,

_

J I (X-X)*Sd =

n-1

where: Sd = Standard deviation

Individual sample resultX =

Mean of sample resultsX =

Number of samplesn =

"t" VALUE:
- _

(x - y)t =

(n,- 1)s,* J _1_ + 1J(n, - 1)s,' +
nn, y__

-2n + n
X y

Calculated "t" valuewhere: t =

Mean of first data setX =

' Hean of second data sety =

Number of variables in first data setn =
X

.

s, = . Standard deviation of first data set
i Number of variables in second data set
|

n =y
,

l. Standard deviation of second data setL s =
Y

1991 ANO.RER/JRSFLR - III-1
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STATISTICAL ANALYSES

Page ? of 5

Calculated "t" values were compared to tabular "t" values obtained from the CRCe

Standard Mathematical Tables, 26th Edition (1981) to test the hypothesis that
the true mean of the first population is equal to the true mean of the second4

population. The "t" test was performed for air samples, TLDs and surface water
tritium as shown below and on the following pages.

AIR SAMPLES

Parameter 1 2 3 4 6 7

Gross Beta Mean
(10E-3 pCi/m ) 18 15 13 14 15 16

Gross Beta
Standard
Deviation
(10E-3 pCi/m ) 7.4 6.2 6.3 6.2 6.5 6.0

;
~~~'

Number-in
Sample 50 52 51 52 52 52

Calculated "t'

Value to
Comparison with .1.503 0.836 2.475 1.672 0.816 N/A
Control,

| Station (7)
|

Tabular "t"

Value at 95% 1.987 1.986 1.986 1.986 1.986 N/A
Confidence
(t, 0.025, n)

1:

1991ANO.RER/JRSFLR - III-2
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STATISTICAL ANALYSES

Page 3 of 5 |

i

QUARTERLY TLDs.c

Parameter 0 - 2 Miles 2 - 5 Miles > 5 Miles

Hean
(mrem /Qtr) 27.2 24.5 26.3

Standerd
i. Deviation 5.5 5.2 4.7

(mrem /Qtr)

Number in
Sample 44 57 72

. Calculated "t"

.

Value to
'

Comparison with
Stations Located -0.939 2.064 N/A

,

> 5 Miles

Tabular "t"

Value at 95% 1.982 1.978 N/A
I Confidence

(t, 0.025, n)t

.

c

.

|-

f'
J -

I '.I

.
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STATISTICAL ANALYSES

Page 4 of 5

SEM1 ANNUAL TLDs

|
Parameter 0 - 2 Miles > 5 Miles

Mean
(mrem /192 Days) 45.1 44.5

Standard
-Deviation 7.4 8.3
(mrom/192 Days)

Number in
Sample 8 4

Calculated "t"

Value to
Comparison with

0.128 N/AStations Located -

> 5 Miles

Tabular "t"

Value at 95t' 2.228 N/A
Conf 1 der.ce
(t. 0.025, n)

.

+-

_ _ |

,
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STATISTICAL ANALYSES

Page 5 of 5

SURFACE WATER
I

Parameter Discharge Placy Creek
(All Samples) (ADil Split)

Tritium Mean ,

i (pCi/1) 390.6 293.7

Tritium Standard
Deviation 162.3 74.9
(pCi/1)

Number in
Sample 4 3

Calculated "t"

Value to
Comparison with

; Control Location -0.944 N/A
(Piney Creek)'

| Tabular "t"

Value at 95% 2.571 N/A
Confidence
(t, 0.025, n)

'

|

1991ANO.RER/JRSFLR - III-5

- _ . _ . . _ - _________ _ - .. _



_ _ _ _ - , _ _ _ _

!

|

ATTACHMENT N

DOSE CALCULATIONS
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DOSE CALCULATIONS

o Dose calculation for the discharge sediment was performed using

generalized equation found in Regulatory Guide 1.109, Appendix A as

follows:

R = (40) (C) (U) (D) (W)

where: R = Annual dose to skin or total body in mrem / year;

40 = Area-mast; conversion f actor given in Appendix A of Regulatory

Guide 1.109 in Kg/m2;

C = 1991 maximum radionuclide concentration in pCi/kg;

U = Maximum exposure time given in Table E-5 of Regulatory Guide

1.109 (67 hours for teenager);

D = External dose conversion factor for standing on contaminated

ground given in Table E-6 of Regulatory Guide 1.109 in mrem /hr

2per pC1/m , and

W = Shore-width factor (0.1) given in Table A-2 of Regulatory

Guide 1.109
d
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DOSE FROM SEDIMENT IN MILLIREM / YEAR

Conversion. Conversion
Maximum Factor Total Skin Factor For Total Body

Radionuclide Concentration For Skin Dose Total Body Dose
l'

Mn-54 248 6.80E-09 4.52E-04 5.80E-09 3.85E-04

Co-58 422. 8.20E-09 9.27E-04 7.00E-09 7.92E-04

Co-60 364 2.00E-08 1.95E-03 1.70E-08 1.66E-03

Ag-110m 277 2.10E-08 1.56E-03 1.80E-08 1.34E-03

Cs-134 459 1.40E-08 1.72E-03 1.20E-08 1.48E-03

Cs-137 2524 4.90E-09 3.31E-03 4.20E-09 2.84E-03

TOTAL 9.92E-03 8.50E-03

I

,

't

9-

1

}

i

|

i
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