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INT<ODUCTION

The preoperational radioiogical environmental monitoring program for Fermi-2 was
initiated on March 15, 1978 and will continue until fuel loading, presently scheduled
for 1982. This program is being conducted by NUS Corporation under contract with
The Detroit Edison Company (Edison). This is the third Anral Report for the
radiological environmental monitoring program being conducted under the contract.
This report covers the period December 29, 1979 through January 6, 1981 and
summarizes the results of measurements and analyses of data obtained from
samples collected during this irterval.

A. Site and Station Description

Fermi-2 is a BWR designed to operate at a zower levei  f about 1130 megawatts of
electrical output with the main condenser circulating water cooled by two natural
draft, wet typ=, hyperbolic cooling towers. The plant is located on approximateiy
1120 acres about eight miles east-northeast of Monro'e. Michigan; thirty miles
southwest of downtown Detroit, Michigan; and, twenty-five miles northeast of
dwntown Tnledo, Ohio. Fermi-2, bounded on the east by Lake Erie, is situated in
Frenchtown Township in Monroe County, Michigan.

B. Objectives and Overview of Fermi-2 Monitoring Program

United States Nuclear Regulatory Commission (USMNRC) regulations require that
nuclear power plants be designed, constructed, and operated to keep levels of
radioactive material in effluents to unrestricted areas as low as reasonably achiev-
able (ALARAXI0 CFR 50.34). To assure that these criteria are met, each license
authorizing reactor operation includes technical specifications (10 CFR 50.36a)
governing the release of radioactive effluents.

In-plant monitoring wili oe used to assure that these predetermined release limits
are not exceeded. Hov.ever, as a precaution against unexpected and undefined
processes which might allow undue accumulation of radioactivity in any sector of
man's environment, a program tor monitoring the plant environs is also included.
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The regulations governing the quantities of radioactivity in reactor effluents allow

nuclear power plants to contribute, at most, only a few percent increase above
normal background radioact vity. Background levels at any one location are not
constant but vary with time as they are influenced by external events such as
cosmic ray ! ombardment, weapons test fallout, and seasonal variatiors. These
levels also can vary spatially with'n relatively short distances reflecting variation
in geological composition. Because of these spatial and temporal variations, the
radiological surveys of the plant environs are divided into preoperational and op-
erational phases. The preoperational phase of the pregram of sampling and mea-
suring radioactivity in various media permits a general characterization of the
radiation levels and concentrations prevailing prior to plant operation along with an
indication of the degree of natural variation to be expected. The operational phase
of the program obtains data which, when considered along with the data obtained in
the preoperational phase, assist in the evaluation of the radiological impact of
plant operation.

Implementation of the preoperational monitoring program fulfills the following

objectives:
i Evaluation of procedures, equipment and techniques
2. Identification of potentially import:~t pathways to be monitorec
after the plant is in operation
3. Measurement of background levels and their variations along
potentially important pathways in the area surrounding the plant
4. Provision of baseline data for statistical comparison with future

operational analytical results.

Sampling locations were selected on the basis of local ecology, meteorology,
physical characteristics of the region, and demographic and land use features of the
site vicinity. The pre. erational program was originally designed on the basis of
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the USNRC Branch Technical Position on radiological environmental monitoring
issued by the Radiological Assessment Branch (March 1978).“)

In 1980 the radiological monitoring program included the measurement of ambient
gamma radiation by thermoluminescent dosimetry; the determination of gamma
emitters in shoreline sediments and fish (Perca flavascens); the determination of

gross beta and gamma emitters in air particulates; the measurement of gross beta
in drinking water; the determination of gamn'a emitters and tritium in drinking
water and surface water; and the determination of gamma emitters in milk at the
control location.

In response to guidelines established in the USNRC Branch Technical Position on
the radiological portion of Regulatory Guide 4.8 (November 1979, Revision l),(Z)
Edison expanded the TLD program at Fermi-2 to thirty-seven locations beginning

the third quarter of 1980.
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1L PROGRAM DESCRIPTICN

Forty-five (45) locations within a radius of about 15 miles from the Fermi-2 site
were monitored. The number and location of monitoring points were determined by
considering the locations where the highest off-site environmental concentrations
have been predicted from plant effluent source terms, site hydrology, and site
meteorological conditions. Other factors considered were applicable regulations,
population distribution, ease of access to sampling stations, security ar< fucure
program integrity.

The preoperational environmental radiological monitoring program for Fermi-2 is
summarized in Table |. Sampie collection at Station |5 (drinking water control),
indicator milk locations, and gaseous radioiodine monitoring are expected to be
implemented in 1981 or 1982. This implementation will be correlated with the
finalization of the fuel i0ad date for Fei:ni-2. Table 2 describes sample locations,
associated media, and approximate distance and direction from the site. Figures |
through 3 designate sampling locatio s by station number.
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TABLE |
Preoperational Environmental Radiological Monitoring Program at Fermi-2, 1980

A iy
Sample Media station Number Location Samgling Frequency Type Frequency
Direct Radiation L} Telephone pole #DE69I3H6 Continuous sampling Gamma dose Quarterly
TLDs changed quasterly
2 Tree at the termination of Brancho Street (2 TLDs/station)

Treo adjacent to Swan Boat Club

-~ -

Site Boundary and Toll Road,
Telephone pole #DF762336C

b} Site Boundary and Toll Road,

Telephone pole FDESER77633GH

[ Site Boundary and Toll Road telephone pole

7 Doty Farm. N Custer Road (control)

S Pole NE corner Dixie Highway and Post Road

S-2 Pole N¥ corner Dixle Highway and Swan Creek

- 53 Pole FDEI2NOGS on Masserant - South on SE corner

of driveway to abandoned barn

-4 Pointe Moulllee - W Jeflerson and Campau Road,
Pole #DE704ASGCY on SE corner of Bridge

s-3 Pointe Moulllee Game Area - Field Office, pole near
trec north area of parking lot

5-6 Labo and Dixie Highway - Pole #173W3909 on SW
corner with light

S-7 Labo and Brandon - Pole #DE6130GA on SE corner
near RR

S8 Pole #RI6DE27303 behind post office In Newport

5-9 Pole #RAIDES02I0 on SE corner War and Post Roads

s-10 Pole #MG78SPG733 on NE corner Nedau and Lapard -
near moblle home park

S Pole FDECO37406 on NW corner Mentel and Hurd

s-12 Pole FDE7IV0H in ing lot of Department Nétural

Resources Office Bullding - Stearling State Yark



Sample Media

Direct Radiation
(Continued)

Station Number

S-1a

S-13

S-16

s-17

5-18

S-19

$-20

s5-21
s-22
5-2)

S-24

$-23
S-2¢

S-7

S-28

S-29
$-30

TABLE | (Continued)

Location

Pole ADE74340GC on Willlams Rosd - school
complex approximately 200 yards S ol Jefferson
High (special area)

Pole #DE43IIGERE0, N side of Pearl -
Woodland Beach (populated area)

Pole FDE7640HS, S side of Long and Point
Aux Peaux (site boundary)

Pole #DESSAOGIRGAY, S side of Point Aux
Peaux - next to veni pipe (site boundary)

Fermi gata Point Aux Peaux Road -
on fence post W of gate (site boundary)

Pole #DECOMIS on S corner ¢! Toll Road
S of maln gate (site boundary)

Pole FDE7440HS on Toll Road, lirst residence
from Enrico Ferml Ixive

Pole #DE77858B1 at end of Front Street -
in front of Detroit Edison Generation Plant

Pole #878150, junction of Mortar and Laplaisance
Junction of Dixie Highway and Laplaisance/Albain

Pole JDEAI4OBA, Custer!St. Mary's) Park, corner of
N Custer and Dixie(Monroe St.)(N side, pext to river)
(special area)

Pole FDECOII6DA, Milton “Pat® Munson Recreational
Reserve - N Custer Road {control)

Pole IMTBC2, corner Stony Creek and Finzel Roads
Pole #DECO3028, N corner Grafton and Ash Roads

Pole FDECOI6H0, junction of Port Creek and
Will-Carlion Roads

Pole #O6AY7224, SE side of 1-73, corner Pace and
S Huron River Drive (special area)

Pole #DECOASN0, N side of Cahill and Gibraltar Roads

Pole FDEINOGH, S corner of Adams and Glbraltar
{across from Humbug Marina)

Preoperational Environmerntal Radiological Monitoring Program at Fermi-2, 1980

Sampling Frequency

Continuous sampling
TLDs changed quarierly

(2 TLDs/station)

Analysis L
Type Frequency
Gamma dose Quarterly



TABLE | (Continued)
Freoperational Envl onmenial Radiological Monitoring Program at Fermi -2, 1980

samgile inedia Station Number Location Sampling Frequency
Fish 16 Fermi-2 discharge Semi-annualty
Yellow Perch
(Perca flavescens) 1] Control In vicinity of Celeron Island
Shorsline (5 B Point Aux Peaux, 100 ft offshore sighting
Sediments d'rectly %o land-based water tower
9 Fermi-2 discharge Sem|-annually
10 Estral Beach, 300 feet offshore sighting
directly to land-based windmill
Alrborne i Telphone #DE69IIHE Continuous sampting ,
Particulates & change fliters weekly
L] Site Boundary and Toll Road,
Telephone pale #DET62336C
) site Boundary and Toll Road,
Telephone pole #DEISR77633GH
~ 7 Doty Farm, N Custer Road (control)
Surface Water 12 Upit | Raw Lake Water Intake Structuye Monthly
1] Trenton Power Plant Intake Structwe
(5 eenhouse #2)(control)
Deinking Water 1 Monwoe Water Station Monthly
Mik ’ Doty Parm (control) Monthly

()
(2)

3)

v)

Samples analyzed in duplicate/repilcate

Lake Erie current patterns in the Fermi-2 area fluctuate In opposite directions shoreline contours

for approximately equal “urations during an annual perlod. As a result, no “control® is esteblished.
ll'ouhulndtuvlmhpalctmIOlmlmmolcmuolwnplﬂlaan,.um
Isotoplc ana.ysis periormed on individual samples

To be finalized after milch animal “ensus

-

Analysis L
yp2 rrequency
Gamma lIsotopic  Seml- (
(edible portion)  anmually
Gamma isotopic  Semi- T

annually
Gross beta'?  weetty!"!
following each
filter change
Gamma Isotopic  Quarterly-
composite (1)
sy location
Gamma lostepic  Monthiy'??
Tritlum Quarierly- )
compesite by
location
Gross beu(” Mcnlhly“;
Gamma Isotopic  Monthly ()
Tritium Quarterly-
composiie by
socation
Gamma Isotopic  Monthly



Station

S-1

5-2

S-3

5-4

S-3

5-6

S-7

Direction

NE

Preoperavional Environmenial R
Sample Locations

Distance from
oX.

1.3 ml.

1.1 mi.

1.1 mi.

0.6 mi.

0.6 mil.

0.6 mi.

i3 mi.

2.4 mi.

2.4 ml.

2.6 mi.

6.3 mi.

3.1 mi.

.3 mi.

3.0 mi.

TABLE 2

ical Moniioring Program, Fermi-2
Assoclated Media

Descripticn
Telephone Pole #DE69IHE

Tiee at the termination of
Beancho Street (private residence)

Tree adjacent to Swan Boat Chid
Site Boundary and Toll Road,
Telephone Pole #DE7623%C

Site Boundary and Toll Road,
Telephone Pole FDEJR77E3I3G)

Site Boundary and Toll doad,

Telephone Pole
Doty Farm, N Custer Road
(control)

Pole NE corner Dixle Highway
and Post Road

Pole NW comer Dixle Highway
and Swan Creek

Pole #DE3S200G3,0n Masserant - South
on SE corner of driveway to abandoned bain

Pointe Moulllee - W Jefferson and Campau
Road, Pole #DEJONSGC) on SE corner of

Bridge
Pointe Moulllee Game Area - Fleld Office,
pokmuunmmuuolpdsl"bt

Labo and Dixie Highway - Pole #I175W3909
on SW corner with light

Labo and Brandon - Pole #DE6I30GSE on SE
corner near RR

Medla
Direct Radiation
Radiciodine *
Particulates

Direct Radiation

Direcy Radiation
Direct Radiation
Radiolodine*
Particulates
Direc: Radlation
Radic' sdine*
Particulates
Direct Radiation
Direct Radiation
Radiolodine *
Particulates
Milk

Direct Radiation

Direct Radiation

Direct Radiation

Direct Radiation

Direct Radiation

Direct Radlation

Direct Radiation



5-10

-7

S-13

S-19

5-20

s5-21
s-2

v

W

wsvy

SSw

W

wswW

SSW

Sw
wsw

TABLE 2 (Continued)

Preoperational Environmental R ical Monltoring Program, Feimi-2

Distance from

Reactor ox.

4.0 mi.

4.9 mi.

3.3 ml,

8.5 mil.

4.9 mi.

2.8 mi.

2.8 mi.

0.9 mi.

1.0 mi.

0.9 mi.

1.2 mi.

6.2 mi.

10.1 mi.
9.9 mi.

Sample Locations Assoclated Media

Description

Pole #R36DE27305 behind
post office In Newport

Pole FRASDESNO230 on SE corner
of War and Post Roads

Pole IMO78SPG733 on NE corner Nedau
and Lapard near mobile home park

Pole FDECOIT406 on NW corner
Mente! and Hurd

Pole FDE714%0H In iot of Depariment
Natural Resources Office Building - Stearling

State Park

Pole FDEZ4340GC on Willlams Road - school complex
W‘;"N“‘V M0 yards S of Jefferson High (speciai
area

Pole #DEA3ISBRE0 N side of Pearl - Woodland Beach
(populated area)

Pole #DE7640HS S side of Long and Point Aux Peaux
(site boundary)

Pole FDESBAOGIRGEY S side of Point Aux Peaux -
next to vent plpe (site bouncary)

Fermi gate along Point Aux Peaux Road -
on fence post W of gate (site boundary)

Pole #DECOMIS on S corner of Toll Road
S of maln gate (site boundary)

Pole FDE74%0H5 on Toll Road, first residence
from Enrico Ferml Drive

Pole #DE77898B1 at end of Front Street -
in front of Detroit Edison Generation Plant

Pole #378130 junction of Mortar and Laplaisance
Juncilon of Dixie Highway and Laplaisance/Albaia

Direct

Direct

Direct

Direct

Direct

Direct

Direct

Direct

Direct

Direct

Direct

Direct

Direct

Radiation

Radiation

Radiation

Radlation

Radiation

Radiatlon

Radiation

Radiation

Radiation

Radiation

Radiatlon

Kadiation

Radiation

Radiation

Radsation



Station
Dumbey

-1

S-24

5-23
S-26
-

S-

5-29

5-30

1
i2
13
(L}
13
16

TABLE 2 (Continued)

Preoperational Environmental R ical Monltoring Program, Fermi-2
Sample Locations Assoclated Media

Distance from

Direction Reactor (Appeox.) Description
wsw 5.0 mi. Pole DEASOBA, Custer (St. Mary's) Park

corner of N Custer and Dixis (Monroe St.}
(N side, next 1o river )(special area)

wsw 9.2 mil. Pole FDECO3IIS0A, Milton "Pat™ Munson
Recreational ve - N Custer Road (control)

WNY 10.1 mi. Pole IMTBC2, corner Stony Creek and Finzel Roads

NV 8.7 mi, Pole IDECO3028, N corner Grafton and Ash Roads

NNV 9.9 ml, Pole FDECO35640, pmction of Port Creek and

; Will-Carlton Roads

N 6.9 mi. Pole #O64YT7224, SE side of 1-73, corner Pace and
S Hwron River Drive (speclal area)

N 9.3 mil. Pole #DECOA34N0, N sld: corner of Cahill and
Gibraltar Roads

NNE 9.9 mi. Pole #DE3SA0GS, S cornes of Adams and Gibraltar
(across from Humbug Marina)

s 0.9 mi. Polnt Aux Peaux, 110 ft offshore sighting directly to
land based waier tower

E 0.2 mi. Fermi-2 discharge

NE ).1 mi. Estral Beach, 300 ft offshore sighting directly to
land based windmill

NNE 9.3 ml. Control In vicinity of Celuron Island

SSE 0.4 mi, Unit | Raw Lake Water Intake Structure

S 1.2 mil. Monroe Water Statlon

NE 13 mi. Trenton Power Plant 'niake Structure (Screenhouse #2)

NNE 20 mi. Detrolt Wateyr Station'?!

E 0.8 mi. Fermi-2 discharge (1200 1 offshore)

(1) indicator milk sampling locations ~ill be finalized after milch snimal census Is conducted
(2) Access 1o this location not finalized

*  Sample coilections for these media not performed during 1980

Media
Direci Radiation

Direct Radlation

Direct Radiation
Direct Radlation
Direct Radiation

Direct Radlation
Direct Radiation
Direct Radiation
Sediment

Sediment
Sediment

Perca flavescens
Surface Water
Drinking Water
Surface Water
Drinking water

Perca flavescens
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ENRICO FERMI ATOMIC POWER PLANT
UNIT 2

Figure 2
Sampling Locations-By Station Number
(Greater Than § Miles)
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FIGURE 3

SUPPLEMENTARY TLD LOCATIONS -~
BY STATION NUMBER
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IL SAMPLING METHODS AND PROCEDURES

To derive meaningful and useful data from the environmental radiological mon-
itoring program, sampling methods and procedures are requirec which will provide
samples representative of potential pathways of the area. During e preoper-
ational phase of the program, samples are collected and analyzed not only to obtain
background radiclogical levels, but at the same time to acquire experience with the
sampling methocclogy and procedura! format dictated by site specific
requirements.

A. Direct Radiation

Thermoluminescent dosimeters (TLDs) were used to determine the direct (ambient)
radiation levels at thirty-seven (37) monitoring points as described in Tables | and
2. Stations | through 6 are situated in the six sectors around the plant having the
highest calculated mixed-mode X/Q values. In July, the TLD network was
expanded by thirty locations. These points were selected in accordance with the
RATS (ring-around- (ne-station) philosogny outlined in the USNRC Branch Technical
Position on Radioiogical Monitoring (Revision |, November 1979).(2) The RATS
locations are situated at the site boundary and at aistances of approximately 2, 5,
and 10 miles from Fermi-2. Stations 7 and $-24, the control locations, are located
approximately 15 and 9 miles west of Fermi-2, respectively, in the least prevalent
wind direction.

Duplicate dosimeters of CaSOQ:Dy in teflon, were deployed at each location and
exchanged on a quarterly basis. To minimize the in-transit dose contritution, the
dosimeters were annealed close to the site prior to field placement. Freshly
annealed control dos.meters were sent along with the exposed field dosimeters to
determine the exposure received by the dosimeters in-transit from the site tc
readout in Rockville, Maryland. Calibrations of the dosimeters were performed by
obtaining accu.ately known Cs-137 radiation exposures.

14

NUS CORPORATION



B. Fish

Because of its importance to both commercial and recreational fishermen, and the
pred>minance of the species in lucal waters, yellow perch (Perca flavescens) were

collected for the monitoring program. As described in Table 1, perch were
collected from Lake Erie in the vicinity of the Fermi-2 discharge (Station 16) and
from the control location in the vicinity of Celeron Island (Station 11) ap-
proximately nine /¢) miles NNE of the plant. Or!y the fall samples were collected
in 1920 as discussed in Appendix A.

Using a passive collection technique, an experimental gill net (mesh ranging from
approximately 0.5 to 3.5 inches to decrease size selecuvity) was set at each
sampling location by biologists from The Detroit Edison Company. Thre net was
retrieved after approximately 24 hours. Entrapped, surviving species other than
yellow perch were released.

Ce Shoreline Sediments

Sedimen:s w+ e collected in November from three (3) locations by biologists from
The Detroit Edison Company. Sampies were taken with a Ponar dredge from the
vicinities of Point Aux Peaux (Station 8), Fermi-2 discharge (Station 9), and Estral
Beach (Station 10). The locations are shown in Fizure 1. The scheduled spring
samples were not collected in 1980 2d are addressed in Appendix A

D. Airborne Particulates

Airborne particulate sampling was initiated on December 30, 1978 after apprux-
imately two months of trial operation. Sampling was performed by a RADeCo
continuous low volume air sampler (Model HD-28B) by which particulates were
collected by drawing air through a 47-millimeter diameter glass fiber filter. The
sampling systems are housed in ventilated wooden cabinets bolted to telephone

poles.
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The air particulate sampiing retwork consists of four (4) stations; one is located at
Estral Beach, two are located at ** _ ..: boundary along Toll Road; a control
station is situated at the Doty Farm, approximately 15 miles west of Fermi-2.
These locations are identified in Figures | and 2 and described in Tables 1 and 2.

The samples were run continuously and the filter exchanged weekly. The elapsed
time of sampling was recorded on an elapsed time meter. Total air volume was
calculated from the initial and final liow rates recorded by the Site Technician.
Calibrations of sach ai: sampler were performed on January 5, 1980, April 4, 1980,
December 13, 1980 and following major repairs.

E. Water

The water sampling network consists of three (3) stations, two (2) surface and (1)
drinking, as identified in Figures | and 2 and described in Tables 1 and 2. A
Horizon Interval Sampler was used to collect a small volume of water per day. This
was automatically composited into a five (5) gallon container. The sampie was
collected monthly by the Site Technician. Thz collection of drinking water is
scheduled to begin at Station 15 (Detroit Water Station, Allen Park, Michigan) when
Edison ic notified that access to Station 15 has been granted by the City of Detroit.
Sampling at this location will be correlated with the finalization of the fuel load
data for Ferms2.

F. Milk
Milk s7'nples were collected monthly from the Doty Farm (Station 7) on North
Custer Road. As a preservative, formalin was added *o each sample at the time of
collection.
Indicator locations will be finalized following a milch animal survey in 1981 or

1982. The survey and subsequent sample -ollections will be correlatzd with the
Fermi-2 fuel load date.

16
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v, SUMMARY AND DISCUSSION OF 1980 ANALYTICAL RESULTS

Data from the radiological analyses of environmental media collected during the
report period are tabulated and discussed below. The procedures and specif’ itions
followad in the laboratory for these analyses are as renuired in Section 5.0 of the
Environmental Systems Group Quality Assurance Manual, Issue B, of NUS
Corporation and are detailed in tiie NUS Radiological Laberatory Manual - "En-
vironmental Menitoring and Radiological Serivces Procedure/Work Instructions.”

Radiological analyses of environmentzl media characteristically approach and fre-
quently fall below the detection limits of staie-of-the-art measurement
methods.(3 ) The use of "LT" in the data tables is the equivalent of the less than
symbol ( ) and is consistent with the NUS Radiological Laboratory practice of data
reporting. The number following the "LT" is a result of the lower limit of detection
(LLD) calculation as defined in Appendix D. "ND" (Not Detected) is used
periodically in the tables presenting gamma analysis resplts for various media. It
primarily anpears under the "Others" column, and indicates that no other
dete talie gemma emitting nuclides were identified. NUS analytical metho~s meet
the LLD requirements addressed in Table 2 of the USNRC Branch Technical

Position on Radiological Monitoring (November 1979, Revision l).(Z)

Tables 3 through 1l give the radioanalytical results for individual samples. A
statistical summary of the results appears in Table 12. The reported averages are
based only on concentrations above the limit of detection. In Table 12, the fraction
(f) of the total number of analyses which were detectable follows in parentheses.
Also given in parentheses are the minimum and maximum values of detectable
activity during the report period.

17
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A. Direct Radiation

Environmental radiation dose rates determined by thermoluminescent dosimeters
(TLDs) are given in Tables 3 and 3A. Duplicate TLD badges of four readout areas
each were deployed at each location quarterly. The mean values of four reacings
(corrected individually for response to a known dose and for in-transit exposur-’ are
repcrted as "a" and "b."

A statistical summcry of the 1980 data is included in Table 12. Individual
measurements of external radiation levels in the environs of the Fermi-2 site
ranged from 0.09 to 0.24 mrem/day (0.10 to 0.27 mR/day). Annual levels ranged
from 32 to 87 mrem/year (36 to 99 mR/year). Oakley(“)
radiation dose equivalent of 82.2 mrem/year for Michigan, including a terrestrial

calculates an ionizing

component of 45.6 mrem/year and an ionizing cosmic ray comjonent of 36.6
mrem/year (excludes neutron component). Since Oakley's values represent
averages covering wide geographical areas, the measured ambient radiation
average of 60 mrem/year for the irninediate locale of Fermi-2 may not be
inconsistent with Oakely's observations. Significant variations cccur between
geographical areas as a result of geological composition and altitude differences.
Temporal variations result from changes in cosmic ray intensity, local human
activities and factors s.ch as ground cover and soil moisture.

18
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Environmental Radioiogical Monitoring Program, Fermi-2

TABLE 3

Preoperational, 1980-Q3 and Q&

Direct Radiation - Analytical Results

Results in Units of mR/day + 20

(0

Q3 Qe
T i _mean ¥’ i S mean '”!
0.10°0.0% 0..850.08 0.14%0.08 0.i1%0.02 0.17%0.03 0.1450.02
0.2050.02 0.18%0.03 0.:9%0.02 0.160.03 0.20%0.03 0.18°0.03
ns'? NS NS NS
0.18%0.01 0.2370.04 0.20°0.02 0.1720.02 0.15%0.02 0.1620.92
5.2050.02 0.212¢.03 0.2050.02 0.18%0.02 0.1820.05 0.12%0.04
0.15%0.01 0.18%0.08 0.16=0.08 0.!5%0.03 0.1650.02 0.1620.02
0.190.06 0.2170.02 0.2070.04 0.130.03 0.13%0.02 0.13%0.02
0.2120.08 0.2270.02 0.2270.03 0.24-0.08 0.17%0.02 0.200.03
NS NS NS NS
0.22%0.02 0.2050.03 J.21%0.02 0.1977.08 0.18%0.03 0.18%0.08
0.18%0.02 0.15%0.03 0.1620.02 0.13%0.03 0.15%0.02 0.1456.02
0.1820.02 0.1770.02 0.1870.02 0.12%0.02 0.12%0.0: 0.12%0.02
0.2220.02 0.21%0.03 0.2220.02 0.18°0.03 0.1720.08 0.18%0.08
NS NS 0,17%0.03 NS 0.17-0.03
0.2320.0% 0.2129.02 0.22°0.08 NS NS
0.21%¢.03 0.2630.03 0.22%0.08 0.17%0.03 0.15%0.02 0.1620.02
0.19%0.01 0.20%0.03 2.20%0.02 NS NS
0.18%0.02 0.20%0.03 0.i9%0.02 0.16%0.02 0.1820.08 0.1720.05
0.25%0.09 0.2620.03 0.2420.06 0.1450.03 0.20°0.03 0.17%0.03
0.1926.02 6.2650.02 0.22%0.02 0.18°0.02 0.19%0.03 0.18%0.02
0.22%0.¢" 0.18%0.02 0.20%0.02 0.12°0.03 0.16=0.02 0.1820.02
NS NS 0.13%0.02 0.11%0.02 0.12%0.02
0.2120.02 0.20°0.03 0.20°0.02 0.18%0.02 0.18%0.02 0.1%%0.02
NS NS 0.18%0.03 0.16%0.12 0..7°0.02
r.233" 23 0.26%0.02 0.2%20.02 0.1820.03 0.25%0.05 0.22-7.0%
0.22%0.03 0.27%0.03 0.2620.03 0.25°0.08 0.21°0.03 0.23%0.0%
0.17%0.03 0.i7%0.03 0.17%0.03 0.12%0.02 0.1129.02 0.1230.02
0.21%0.08 0.21%0.03 0.2120.0¢ 0.1650.03 0.:4-0.02 0.15%0.02
0.18%0.03 0.15%0.02 0.160.02 0.'8%0.02 0.13%0.02 0.16-0.02
0.18%0.01 0.17%0.05 0.18%0.03 0.1¢%9.02 0.12%0.08 0.11%0.03
0.1220.06 0.2220.0! 0.20°0.08 0.13%0.03 0.1720.03 0.15%0.03
0.20%0.02 0.19%0.03 0.20°0.02 0.23%0.03 0.18%0.03 0.20%0.03
0.20%0.02 0.20%0.02 0.20%0.02 0.13%0.02 0.18%0.03 0.1820.02
0.1620.03 0.1920.05 0.1820.08 0.1520.03 0.15%0.03 0.1520.08
0.19%0.02 0.16%0.02 0.18%0.02 0.13%0.02 0.15%0.02 0.1830.02
NS NS NS NS
NS NS NS NS

(1) 2 x standard deviation of four($) readout areas
(2) Simple average (rounded) ® simple average (rounded)

(3) NS = No Sample

(TLD vandalized)
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Fish

The results of gamma analyses performed on yellow perch ( Perca fiavescens)

collected during 1980 are presented in Table 4. Although only one sample

collection from each location was performed in 1980, the results have been

included in Table 12 for completeness.

Naturally occurring K-40 constituted the major detectable nuclide activity in the
flesh portions of the fish. Cs-137 was detected in the sample collected from
station 1l. This isotope has been identified in fish samples collected from this
locatior: in previous years. Since it is present in giobal fallout, the occasional

detection of Cs-137 in environmental media is not unusual.

NUS CORPORATION
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et Shoreline Sediments

The processes by which radionuclides and stable elements are conce .trated in
bottom sediments are complex, involving physicochemical interaction in the en-
vironment between the various organic and inorganic materials from the watershed.
These interactions can proceed by a myriad of steps in which the elements are
adsorbed on or displaced from the surfaces of collodial particles enriched with
chelating organic materials. Biological action of bacteria and other benthic
organisms also contribute to the conce (ration of certain elements and in the
acceleration of the sedimentation process.

Resuits of the gamma isotopic analyses of the sediments sampled from the Fermi-2
Cavironment are given in Table 5. The cverage, fraction of detectabies, and range
of radionuclide concentrations are summarized in Table !°. Samples were
collected only in November (see Appendix A).

In 1980, Cs-137 was detected n the sample collected from Sta.ion 9. A review of
historical data shows that this isotope has routinely been identifi-d in sediment
semples from this location. The mean Cs-137 concentration of 380 pCi/kg (dry) is
consistent with previous results.

23
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D. Airborne Particulates

The weekly gross beta results for airborne particulates are listed in Table 6. The
results of gammma analyses performed on composited filters quarterly, by loca ‘on,
are given in Tables 7 and 7A. A statistical summary cf the data is provided in
Table 12.

On October 16, 1980, the Peoples Republic of China conducted an above ground
nuclear weapons test. L'. S. Environmental Protection Agency (USEPA) monitoring
data indicate that high altitude debris from the test passed over the west coast of
the United States early on October 19, !980. Debris did not reach the east coast
until late on October 20. Initial USEFA test results showed only traces of ground
level activity directly attributable to the weapons test. Milk samples contained no
activity above normal background.  Subsequent but less intensive USEPA
monitoring of air particulate samples indicate a slow buildup of gross beta activity.
This trend is considered somewhat unusual based on the absence of "peak" periods
normally associated with the cyclic passage of radionuclides from atmospheric
nuclear tests.(5 )

In considering the results of gross activity measurements, it i, imp--tant to keep in
mind the inherent limitations of gross beta counting for mixtures of unknown
composition. The counting efficiency for an unknown mixture of activities varies
considerably with the energy of decay and the amount of absorbing material in the
sample. Because of this, the results of gross activity measurements are difficult to
interpret.

USEPA observations are supported by the gross beta results of air particulate
samples collected after October 16, 1980 from the Fermi-2 area. As indicated in
Table 6, average gross beta activities increased beginning with the sampling period
October 14, 1980 to October 21, 1980. This trend conginued for the remainder of
the reporting period.

25
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’ Gamma analyses of the fourth quarter composites identified various fission prod-
ucts attributable to the “hinese test. The occasioral detection of Cs-137 in
previous quarterly compusites is i.kely associated with long term global fallout.
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TABLE 6

Environn.cntal Radiological Monitoring Program, Fermi-2

Preoperational, 1980

Air Particulates
Analytical Resuits - Gross Beta

Results in Units of 10" pCi/m> * 20

Station Number

Month Sampling Period ) 4 5 7
+ + + (3)
to b (2) 27 25 3236 70 27
1-12-80 me %235 126 74 2 8
1-12-80 a 28 : 6 32 -: 6 66 : 7 NS
1-19-80 miean 306 3516 69 17
1-19-30 a 17 : 5 23 : 6 15 { 5 NS
to b 20 2 5 1825 1525
1-25-80 mean 1825 2 !¢ 1525
1-25-80 a 12 : 5 16 { 5 39 : 6 NS
2-2-80 mean 12%s 1€ *s 18 16
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TABLE € (Continued)

Environniental Radiolegical Monitoring Program, Fermi-2
Preoperational, 1980

A‘r Particulates
Analytical Results - Gross Beta

Results in Units of 10~ pCi/m° * 20

Station Number

Month Sampling Period | “ 5 7
February 2-2-80 a NS 14 ; 5 35 : 6 NS
to N s 28 1 6
2-9-80 mean t12°5 1216
2-9-80 a 16 : 4 41 : 6 80 : 7 NS
to b TRE 3526 6 17
2-16-80 mean 152 4 3826 7% 7
2-16-80 a 21 { 5 295 60 : 7 NS
to b 21 55 -2235 48 - 6
2-23-80 mean 21 %5 %> 54 1 ¢
2-23-80 a 37 : 11 30 : 5 68 : 7 23 { 5
' b 25 2 12 27 2 6 60 17 N
3-1-80 mean 31 212 £ S 3 64 ¥ 7 205



Environmental Radiological Monitoring Program, Fermi-2

TABLE 6 (Continued)

Preoperational, 1980

Air Particulates

Anaiytical Results - Gross Beta

Results in Units of 10™> pCi/m’ * 20

Station Number

Month Sampling Period 1 4 5 7
March 3-i-80 a 37! 18 : 5 41 2 6 N { 4
to b 55{15 17 55 35{6 524
3-8-80 mean YT 1825 816 61y
3-8-80 a T 23 : 5 ¢ 26 13 { 5
to b 9{# 935 u{s 1535
3-15-80 mean 1024 2125 50 16 1425
3-15-80 a 9{@ x7§s 45 - 6 9{6
3-23-80 mean <8 16 25 4 6 2816
3-23-80 a 9733 13{3 1533 ~{~
to b 14 22 17 23 21 23 633
4-5-80 mean 122 i3 18 13 5ty
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TABLE 6 (Continued)

Environmental Radiological Monitoring Program, Fermi-2

Preoperationai, 1980

Air Particulates
Analytical Results - Gross Beta

Results in Units of 10”2 pCi/m> * 20

Station Number

Month Sampling Period 1 4 5 7
April 4-5-80 a 1234 1324 39 %5 423
to b 72 624 3 6 1024
4-12-80 mean 1014 104 % > & 7Yy
4-12-80 a |2{~ :s{s 36{6 11 {u
4-19-30 mean T 16 4 126 1ntys
4-i9-80 a 16 2 & 235 3% 25 528
to b 15 2 4 17 25 3% 1 6 o'y
4-2¢-80 mean 16 & 2025 352 6 g1y
3 24.%0 a 10 %4 122 19 %5 Lt 6
to b 824 10 - & 18 3 5 LT 6
5-3-80 mean 91 4 1y T B LT 6
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,ABLE 6 (Continued)

Environmental Radiological Monitoring Program, Fermi-2

Preoperational, 1980

Air Particulates
Analytical Results - Gross Beta

Results in Units of 10°° |>Ci/m3 22

Station Number

Month Sampling Period | 4 5 7
May 5-3-80 a 1825 23 { 5 32 { 4 12 { 4
5-10-80 mean TR 2”5 29 14 112y

5-10-80C a 16{4; u{t 49 17 7{~

to b 14 2 4 153 4 ~2{7 10 2 4

5-12 .80 mean 1s2yq 16 2 4 46 17 82y

5-18-80 a 12 { 4 26 { 5 NS 20 : 4

to b 1725 24 15 16 2y

5-25-80 mean 104 252s 17 2y

5-25-80 a 26 : 6 37 16 NS 19 { 5

to b 306 29 : 6 2 2 6

5-31-80 mean B¢ 3326 226
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TABLE 6 (Continued)

Environmental Radiolcgical Monitoring Program, Fermi-2

Preoperational, 1980

Analytical Results - G

Air Particulates

ross Beta

Results in Units of 10~ pCi/m> ¥ 20

Station Number

Month Sampling Period 1 4 5 7
June 5-31-80 a 14 : 4 22 -: 5 NS 13 : 4
to b 16 & =S 814
6-7-80 mean 15> & 2225 1024
6-7-80 a 18 : 4 26 : 4 LT 10 13 { 4
6-15-80 mean 16 * 4 24 1 4 LT 10 14 2 4
6-15-80 a 1625 1535 NS s
to b 16 : 5 5 { 5 13
6-21-80 mean THE 1525 1235
6-21-80 a 22 : 4 26 : 5 NS 19 % &
to b 25 1 4 306 20 { 4
6-30-80 mean 24 1 gy . 20 2 &



TABLE 6 (Continued)

Environmental Radiological Monitoring Program, Fermi-2
Preoperational, 1980

Air Particulates
Analytical Results - Gross Beta

Results in Units of 10”2 pCi/m3 22

Station Nurmber

£t

Month Sampling Period 1 “ 5 /
July 6-0-80 a 1l { 5 NS NS 1335
to b s s
7-6-8C mean i1 ts 12293
7-6-80 a 24 { 5 32 { 7 27 : 9| 3 : 10
to b 235 3 * 8 23 2 11 312110
7-13-80 mean 2315 s VEDA | 25 2 11 3% %10
7-13-80 a 1825 1337 NS 1329
to b 14 25 1537 1333
7-19-82 mean 14 - 5 TRE 1323
7-19-80 a 20 : 5 LT 7 NS 19 { 4
to b 14 3 10 LT 7 16 24
7-27-80 mean 1728 LT 7 18 24
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Month

August

Results in Units of

Sampling Period

7-27-80
to
8-2-80

8-2-80
to
8-9-80

8-9-8J
to

8-16-80

8-16-80
to

8-23-80

8-23-%0
to

8-30-80

TABLE 6 (Continued)

Air Particulates

mean

107

25
22
24

16
17
16

I+l s el ais

it

o

o™

WA BN

Analytical Results - Gross Beta

Environmental Radiological Monitoring Program, rermi-2
Preoperational, 1980

3 p(‘i/m} > 20

Station Number

NS

NS

NS

NS

NS

4

NS

NS

NS

NS

NS

5

24
19
22
14

18
16

12

10

23

I+l sl IR E R
- -

FYL AL

IR

I+

25 -
24 -

WA\
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TASLE 6 (Continued)

Environmental Radiological Monitoring Program, Fermi-2
Preoperational, 1980

Air Particulates

Analytical Results - Gross 3eta

Results in Units of lO'3 pCi/m3 <2

Station Number

Month Sampling Period | 4 5 7
September  8-30-80 a NS NS NS s
to b 15283
9-7-80 mean TEE
9.7-80 a NS NS NS 1925
to b 15%s
9-14-80 mean 1725
9-14-80 a 35 : 7 NS 24 { 6 1535
to b 39 27 : 21 2 6 12 : 5
9-20-80 mean 3717 ®2s 14 s
9-20-80 a 25 : 5 20 : 7 20 : 5 131
to b 27 %5 19 27 2525 g1y
9.28-80 mean %3 20 27 215 1024
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TABLE 6 (Continued)

Environmental Radiological Monitoring Program, Fermi-2

Preope-ational, 1980

Analytical Results - Gross Bet»

Air Particulates

Results in Units of 10”2 pCi/m’ 26

Station Number

Month Sampling Period | + 5 7
October 9-28-80 a NS NS 30 : 5 18 2 n
to b 31214 19 %4
10-7-80 mean 31 Yy 18 2 4
10-7-80 a 10 : 5 12 { 5 12 { 5 LT 7
to b 925 1535 925 9 1y
10-14-80 mean 1025 16 25 i0 s (1/2)
10-14-80 a 38 : 6 6l * 6 33 : 6 B
to b 3326 30 36 27 3 6 3536
10-21-80 mean 36 * 6 36 6 30 16 6 - 6
10-21-80 a 351 6 36 : 6 »n > 59 : 6
to b 2 2 6 236 z9§s 47 2 6
10-28-80 mean 3026 31216 31226 s3teg
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TABLE 6 (Continued)

Environmental Radiological Monitoring Program, Fermi-2

Preoperational, 1980

Air

rticulates
Analytical ¢ -sults - Gross Beta

Results in Units of 107> pCi/m3

+

20

Statior Number

Month Sampling Period 1 o 5 7
MNovember 10-28-80 a 37 { 6 31316 2325  VRRAN'3
to 5 W 26 3l-:6 l:{i 33{6
11-5-80 mean 3% 6 0:é 2015 e
11-5-80 a 26 : 5 23 { 5 12 { 5 20 ; 5
to b 27 1 6 17 25 935 2235
11-11-80 mean %2¢ %5 105 215
11-11-80 a 17%5 06{6 35{6 51 -:e.
11-18-80 mean 16 25 4 16 30 16 47 1 6
11-18-80 a sl s 61 { 6 43 : 5 41 X5
to b 4215 64 = 6 87 < 3 44 15
11-26-80 mean 42 1 5 2% ks X s 4215
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TABLE 6 (Continued)

Environmental Radiological Monitoring Program, Fermi-2
Preoperational, 1980

Air Particulates
Analytical Results - Gross Beta

Results in Units of 10~ pCi/m> * 2o

Station Number

Month Sampling Period 1 R 5 7
December 11-26-80 a 48 : 6 NS 71 { 7 50 : 6
12-4-80 mean 48 - 6 66 - 6 52 - 6
12-4-80 a 79 : 6 NS 83 : 6 66 6
to b 89 =7 80 - 6 66 { 6
12-13-80 mean n.2% 8216 66 - 6
12-13-80 a 48 { 5 NS NS 51 { 5
to b 53 25 . 51 25
12-22-30 mean 5125 5125
12-22-80 a 70 ; 8 110 : 9 NS 76 1 8
to b 76 - 8 110 2 9 85 - 8
12-28-80 mean 752 % 1o X 9 80 ' 8

(1) Replicate count

(2) Simple average (rounded) * simple average (rounded)

(3) NS = No Sample

(4) LT = Less Than

(5) Fraction in parentheses indicates number of detectables/number of analyses



Quarter

Sampling Location

TABLE 7

Environmental Radiological Monitoring Program, Fermi-2

Preoperational, 1980

Air Particulates

Analyticai Results - Gamma Emitting Nuclides
Quarterly Composite, By Location (1980-Q1,Q2,Q%

Results in Units of pCifm> * 2¢

Cs-134 Cs-137 Be-7

ot 1ae-03'? L1 1.0e-03 4.2E-03%1.0€-
LT 26-03 LT JE-03 3.0E-03:1. 1E-
LT 1.6B-03 LT 26-03 4.6E-03"1.0F-
LT SE-04 LT 9E-04 c.se-a){u
LT 1.1E-03 LT 1.26-03 6.5E-03:9E
LT 1.0E-0) LT |.0B-0) 6.6E-039E
LT L. 1E-0) LT 1.5E-0) |.|e-02;|

LT 1.86-0) LT 3E-0) 1. 1E-02:1

LT 1.4E-03 LT 2E-0) 1.1E-02%1

LT 1.36-03 LT 1.6E-03 7.‘5-0151

LT 1.36-03 LT 26-03 6.6E-03]1

LT 1.0E-03 LT 1.8E-03 7.1E-03'2.
LT 1.6E-03 1.1E-03"5.7E-00 7.3E-03°1

LT 1.1E-0) LT 2E-03 7.9€-03%1

LT 1.3E-0) (1/2) 7.6E-032

LT 1.6E-03 LT 3E-03 7.96-03%1

LT 6E-04 LT 9E-04 9.0E-031

LT 1.1E-03 LT 2E-03 8.4E-0371

LT 4E-03 LT 4E-03 1.2E-02°2€
LT SE-03 LT 3£-03 |.n=.-oz{2e
LT 4E-03 LT 4E-0) 1.2E-02128
LT 7E-08% LT 9E-04 6.0E-0)'8E
LY 1.18-03 LT 1.7E-03 5.8E-0329E
LT 9E-04 LT 1.3E-0) 5.9E-038E-

Ce-14] Ce-144 Ru-103 Zr-95 Nb-95 Bi-214 Others
o' b ND O ND O ND ND ND
ND ND ND ND ND ND  ND
ND ND ND ND ND ND ND
ND ND ND ND ND ND  ND
ND ND ND ND ND ND  ND
ND ND ND ND ND ND  ND
ND ND ND ND ND ND ND
ND NB ND ND ND ND  ND
ND ND ND ND ND ND ND
ND ND MD ND ND 4D ND
ND ND ND ND ND ND  ND
ND ND ND ND ND ND  ND
ND ND ND ND ND ND ND
ND Nb ND ND ND ND ND
ND ND ND ND ND ND ND
ND ND ND ND ND ND  ND



TABLE 7 (Continued)

Environmental Radiological l‘onlluuoﬁo.um. Fermi-2
Pr-operational, |

Alr Particulates

Analytical Results - Gamma Emitting Nuclides
Quarterly Composite, By Location (1980-Q1,Q2,Q3)

-

Results in Units of p(:mn‘ - 20

Quarter Sampling Location Cs-134 Cs-137 Be-7 Ce-141 Ce-184 Ru- 103 2Zr-93 Nb-93 Bi-Z1%
3 i a9 LY 1.2E-0) LT 26-0) b} 1!-0’{0.’5-0) ND ND ND ND ND ND
b LT 26-03 LT 26-03 Q.GE-O);O.,E-O’ NI ND ND ND ND ND
mean LT 1.6E-03 LT 26-0) §.9E-03-0.9E-03
L] a LT 38-0) LT 1.3E-92 9.0F.03'3.6E-03 ND ND ND ND ND ND
b LT 3E-03 LT 1.2E-02 LT 9E-0) ND ND ND ND ND ND
mean LT 35E-03 LT 1.28-02 (2
3 a LT 3E-0) LT 2E-02 7.IE-03-:2.TE-01 ND ND ND ND ND ND
b LT 3E-0) LT 8E-03 l.ZE-O?;O.)E-OI ND ND ND ND ND ND
mean LT 3E-03 LT 1.4E-02 1.0E-02-2.8E-03
7 a LT BE-04 LT 2E-03 3.6E-0510.86-03 ND ND ND ND ND ND
b LT 2E-0) LT 2E-03 ).68-0);0..E-03 ND ND ND ND ND ND
mean LT L.&E-03 LT 2E-03 3.6F-03-0.83E-0)

(1) Regiicate count

(2) Simple average (rounded) ® simple average (rounded)

(3) LT = Less Than

(4) ND = Not Detected

(3) Fraction in parentheses indicates number of detectables/number of analyses

i
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TABLE TA

Enviropmental Monitoring Program, Fermi-2
Preoperational, 1980

Air Particulates

Analytical Resuits - Gamma Emitting Nuclides
Quarterly Compusite, By Location (1980-Q¢)

Results in Units of pCijm> * 26

Cs-134 Cs-137 Be-7 Ce-141 Ce-144

a Lt 12e-00' Y LT 1.2E-03 s.u-o:{u-m z.w-on{u-m 2.36-031: .4E-0)
2 () LT 1.0E-03 LT 1.0E-03 6.1E-03 8E-04 2.7E-0326E-04 LT 3E-Q1,
mean LT 1.1E-0) LT 1.1E-0) 6.0E-03"8E-08 2.6E-03"6E-04 (1/2)

a LT 1.5E-0) LT 26-03 s.u-m{me-os 3.4E-03%1.3E-0) LT 1.0E 02

b LT 1.3E-03 LT 2E-03 8.9€-03:1.3E-03 LT 6E-03 LT 26-03

mean LT 1.36-03 LT 2E-03 8.86-031.3E-0) (1/2) LT 26-03

a LT 1.6E-03 LT 1.4E-0) 7.26-03%1.2E-03 2.5E-0311.3E-03 LT 7E-03

b LT 1.36-03 LT 1.4E-0) s.zz-oa{t.ze-o: ).52-0)-:1.11-03 LT 7E-03

mean LT 1.4E-03 LT 1.4E-03 6.7E-0311.2E-03 3.0E-03%1.3€-03 LT 7E-03

a LT 6E-04 LT 7E-04 q.aﬁ-o;{re-m z.of:-ol{ie-o«u 2.2E-03%1.3E-03
b LT 8E-04 LT 7E-04 5.9E-03:7E-04 2.3E-0315E-04 LT SE-03

mean LT 7E-C4 LT 7E-04 S.4E-03°7E-04 2.2E-03°5E-04 (1/2)



TALBLE 7A (Continued)

Environmental Monitoring Program, Fermi-2
Preperational, 1980

Air Particulates

Analytical Results Gamma Emitting Nuclides
Quarterly Composite, By Location (1980-Q4)

Results In Units of p('n/m’ 2

Quarter Sampling Location 10 _Ze-93 93 Bi-214 Others
“ | a .OF as:u: 04 2.05.os;|.|e,on : on{rr 08 no'?) ND
b BE-03:7E-04 2.5E-0) 8E-04 .OE-03-7E-04 ND ND
mean .9E-037E-04 2.2€E-03°1.0E-0) LBE-03-7E-04

£-0321.1E-0) LT 4E-0) : os:l.lt 4 IPVO):I.‘)P 03
03: 2€-0) LT SE-03 8E-0311.2E-02 3.5E-03°1.6E-0)
-03%1.2E-0) LT 4E-0) .2E-0371.2F 3.86-031.8E-0)

- m{n.or-, 03 2.4E-0371.4E-0) v ODEI,IF ND
£-03°1.1E-0) LT &F-03 L2E-0%°1.1E- ND
-0311.0FE-0) (1/2) 2. 03°1. 1E-

-03 6E-0% z.w—o,.:sf 04 SE m:rf 0% ND
:_ 03 7E-04 2.5E-03°1.1E-0) .BE-03 6E-04 ND
.03 6E-04 2.5E-0311.0E-03 6E-03'6E-0%

Replicate count

Simple average (rounded) ! simple average (rounded)

LT = Less Than

Fraction in parentheses indicates number of detectablas/numuver of analyses
ND = Not Detected




E. Warer

Analytical results of gamma emitting nuclides and tritium for all water samples are
presented in Tables 8 and 9, respectively. Gross beta results of the drinking water
samples are reported in Table 10. A statistical evaluation of the analytical results
is given in Table 12.

Mn-54 and Cs-137 were detected in the May samples collected from Station 13
(Monroe Water Statio). These isotopes were not detected in their respective
duplicate samples. The occasional detection uf Cs-137 is probably a result of long
term global fallout. The identification of Mn-54, 1 -orrosion product, is likely
attributable to counting statistics. No other gamma emitting isotopes were
detected in any water samples collected during the reporting period.

Detectable tritium concentrations ranged from 200 to 310 pCi/l for all monitoring
stations. These measurements are not inconsistent with historical tritium concen-
trations identified in the environs of Fermi-2.

The gross beta activiiy for drinking water at Station 13 was consistent during the

reporting neriod with an overall mean of 4.3 pCi/l. This nuuber was calculated
from detectahle measurements only.

43
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TABLE 9

Environmental Ridiological Monitoring Program, Fermi-2

Preoperational, 1980

Water

Analytical Results - Tritium

Quarterly Composite, By Location

Sampling Location

15D
B
15(2)
12

14

13

Results in’Units of

pCi/l = 20
n LT 300'%
b (3 LT 300
mean . LT 300
a LT 300
5 LT 300
mean LT 300
A LT 300
b LT 300
mean LT 300
a 230 I 200
5 LT 300 4
mean (1/2)
a LT 300
b LT 300
mean LT 300
a 310 ¥ 200
b LT 300
mean (1/2)
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TABLE 9 (Continued)

Environmental Radiological Monitoring P:ogram, Fermi-2
Preoperational, 1980

Water
Analytical Results - Tritium
Quarterly Composite, By Locacion

Results in Units of

Quarter Sampling Location pCi/l + 20
3 12 a LT 300
b LT 300
mean LT 300
14 a 200 3 180
b 240 : 180
mean 220 - 180
13 a " 390
b 240 - 180
mean (1/2)
4 12 a LT 300
b LT 300
mean LT 300
14 a LT 300
b LT 300
mean LT 300
13 a LT 300
b LT 300
mean LT 300

‘1) Surface water

(2) Drinking water

(3) Simple average (rounded) * simple average (rounded)

(4) LT = Less Than

(5) Fraction in parentheses indicates number of detectables/number of analyses
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TABLE 10

Environmental Radiological Monitoring Program, Fermi-2
Preoperational, 1980

Drinking Water , Analytical Results - Gross Beta

Results 1n ynits ol

Compusiting Month Sampling Location pCi/i-2g
January 13 a 5.9 7 1.8
b 5.1 2 1.6

(l) . *> .

mean 2.5« )7

February 13 a 3.6 { 1.6
b 4.8 - 1.5

mean 4.2 2 1.6

March 13 a 3.0 ; 1.3
b 3., - loz

mean 3.2 2 1.2

April 13 a 5.8 3 2.0
D 8-“ ; 2.1

mean 7.1 = 2.8

May 13 a 4.5 2 1.4
b 2.0 - 103

mean 3.2 2 1.4

June 12 a 5.0 2 0.5
b ’-6 - l-“

mean 4.3 2 1.4
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TABLE 10 (Continued)

Ervironmental Radiological Monitoring Program, Fermi-2
Preoperational, 1980

Drinking Water, Analytical Results - Gross Beta

Results in Units of

Compositing Month Sampling Location pCi/l = 20
July 13 a No Sampie
b
mean
August 13 a Lt 2?2
b LT 2
mean I.T 2
Seztember 13 a LT 5’
b 3.8 - 3.2 (3)
mean (1/2)
October i3 a 2.6 3 1.4
b 2.8 s 1.7
mean 2ol = il
November 13 a 7.1 ; 1.5
b 4.3 - 1.4
mean 5.7 - 1.4
December 13 Bl &7 3.
b 3.6 = 1.%
mean (1/2)

(1)  Simple average (rounded) * simple average (rounded)
(2) LT = Less Than
f3) Fraction in parentheses indicated number of detectables/number of analyses

51



F. Milk

The analytical results of gamma emitting nuclides in milk are reported in Table 11.

The only ruclide identified during the reporting period was naturally occurring K-
40.

A statistical summary of the analytical data is provided in Table 12.
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TABLE 11

Environmental Radiolog:cal Mor:t~ring Program, Fermi-2

Analytice' Results - Gamma Emitting Nuctides

Preoperational, 1980

Miik

Results in Units of pCi/l * 20

Collection Month Stagion Number Cs-134
January 7 Lt sl
February 7 LT &
March 7 LT 6
April 7 LT 8
May 7 LT 3
June 7 LT &
July 7 LT 7
August 7 LT 5
September 7 LT 8
October 7 LT 1%
November 7 LT 6
December 7 LT 10

(1) LT = Less Than
(2) ND = Not Detected

Cs-137 Ba-La-140 K-40 Others
LT 13 LT il 1300* 100 ND'2)
LT 8 LT 5 1300°100 ND
LT 7 LT 8 1200°100 ND
LT 9 LT 13 1300100 ND
LT 5 LT 5 1200%100 ND
LT 10 LT 7 12002 100 ND
LT 8 LT 9 15002100 ND
LT6 LTIl 13001100 ND
LT 9 LT 13 14002200 ND
LT Il LT 17 12002200 ND
LT 6 LT 15 14002200 ND
LT Il LT 14 1290”200 ND



TARLE 12
Bwironmental Kadiological Monitor iy Progeam Awwal Report

Name of Pacility: Ewico Permi Unit 2 Ducket No. 50-341
location of Facility: 30 miles Southwest of Detrcit, Michigan (Frenchtown Tuwnsd.ip)

Reporting Period: Decesber 29, 1979 through January 6, 198]

Lower Limit All Indicator Location with Gontrol Mber of
Madium or Pathway of Locations __ Highest Awwal Mear Locations Nonaout Ane
Sampled Type and Total Amber petect fon 1) Mean (£) (2) None - Mean () 27 Mean () (2) Repon ted
{Unit of Measurement) of hnalyses Pexformed (D) __Range  Distance & Direction " Range __ Rage Measu: ement s
TD's - Direct Radiation Gammas  Dose: 149 0.14 (137/137) Station S-19 0.24 W 0.17 Qwz/\y 0
{ mR/day ) 0.10 - 0.27) Site Boundary W ©.21-0.27) 0.13-0.22)
Fish 0
Ci/kg twet weight)) G Sy . One (1} indicator
K-40 3300 (2/72) location sampled 2800 (2/2)
{3100~ 3500) during report ing (2400~ 3100)
M54 130 un pesies. uo °
Fe-59 260 un un 0
0o-58, 60 130 o un 0
n-65 260 uon o 0
Cs-134 130 uon o [
Cs-137 150 o 22 2/2) 0
ar-zn
Shorel ine Sediments (3) Canma Spec 6 . £
[(Ci/kg (dry weight)] fos oo 3
Bi-214 550 (6/6) Station 9 820 (2/2) 0
(260-890) 0.2 mi. E (740-8%0)
Pb-214 560 (6/6) Station 9 820 (2/2) 1]
(320-920) 0.2mi. E (710-920)
Ra- 224 50 (5/6) Station 9 870 (2/2) 0
(330-900) 0.2 mi. E (840-900)
Bi-212 920 (2/6) Station 9 1300 {1/1) 0
(540-1300) 0.2 mi. E {1300--1300)
P-212 270 (6/6) Station 9 450 (2/2) 0
(130-460) 0.2mi E (440-460)
T1-208 410 (6/6) Station 9 600 (2/2) o
(300-670) 0.2 mi. E 530 -670)



Mxdium or Pathway

Sampled
{Unit of Measurement)

Sorel e Sediments (3)
(Cont inued;
[pCi'kg (dry weight))

Aizbone: Farticnlates
(1 E-G3 pCi/md)

Alrborme Particulates
(1 E-02 pCi/m)

TABRLE 12 (Oont inued)

tg|v11119;1.(‘?! k\glpl)llulg al Monitoring Prograe Annual Report

Name of Facility: Barico “umi Unit 2 Docket No. 50-341

locat iom of Facility: 30 miles Southwest of Detroit, Michigan (Frenchtown Townsh 1p)

Report ing Period: Decentesr 29, 1979 through Jamuary ©, 1981

Lower Limit All Indicatox Location with
of locations Highest Anwal Mean
ll:h\‘ll-.-'.‘” H‘Al\((l‘z’ Noune M‘tn(fl(?‘

Type and Total Naber .
Range pistance & Direction Range

of Analyses Performed (D)

Gamma  SpecC
(Cont irued)

Ac-228 430 (6/6)
{210-690)

K-40 13000 16/6)
(11000~ 14000) 1.1 mi. NE

Ca-144 b

Cs-117 WO (2/6)
(340-430)

Station 9 620 (2/2)
0.2mi. E (540-690)
Station 10 14000 (2/2)
(13000~ 14000)

Station WO (2/6)
0.2mi. E (31.0-430)

Station 17 (W )722)
0.6 mi. (6-110)

29 (221/226)
(6-110)

CGross Beta

Gana  Spec

Cs-134 o

Cs-137 L

B 7 0.80 (23/24)
(0.42-1.3)

Ce- 141 0.30 (5/29)
(0.25-0.36)
0.25 (1/24)
(0.25-0.25)
0.3 (6/24)
(0 25-0.40)
0.23 (3/29)
(0.20-0.25) 0.6 ul.
0.28 (6/24) Station 0.32 (2/8)
(0.18-0.138) 0.6 ma {0.27-0.138)
0.38 (2/24) Stat ion 0.38 (2/29)
(0.35-0.42) 0.6 mi. (0.35-0.42)

Stat .on 0.99 (8/%)
0.6 mi (0.62-1.3)
Station 0.30 (2/8)
0.6 mi {0.25~u. 36)
Station 0.25 (1/8)
i.3m (0.25-0.25)
Station 0.39 (2/8)
1.3 m (0. 38-0.40)
Station S 0.24 (1/8)
(0.24-0.24)

Control Nanber of
Locat vons Nonrout e
Meanit) (2) Reported

Rarge Measurenment s

2 (B3/84)
4-85)

2
{

0.55 (/8/8)
(0. 36-0.76)
0.22 (2/8)
(0.20-0.23)
0.22 {1/8)
(0.22-0.22)
0.30 12/8)
(0.29-0.31)
0.25 (2/8)
(0.25-0.25)
0.26 (2/8)
(0.25-0.28)
1D




by

Madiue or Patimay
Lwpled

(mit of Measurement )

wWater, Suface/

D ink .y

WCi/liter)

(To 4 te, =awpling

has not been initi-

ated at the drinking
water control Locatian)

O ank ey Water
(g /Niter)

m
)
(1}

Locat won of

Gamoa Spec 0

Fe-59
o-58/60
65

e /M- 95
Ca-14
Ca-137

Ba/la-140
Tr it v 24

Gomna Spec 12

Co-1M4
Cs-137
Ba/la-"40
X 0

TAME L2 (ont timexd)

Bwiromeital Radiological Monitoring Program Awwal agort

Name of Facility: Buwrico Permi tnit 2 focket No. 50-341
30 miles Smthacst of betwoit, Michigan (Frenchtowm Taship)

Facility:

Reporting Period: Decesber 29, 1979 through Jamacy 6, 1941

Lower Limit All brcacstor Location with
of locations o Mighest Awmal fean
petect ton {1 Mean (£) (2) T Name mean (f) 12V
_ up) _ Rwwe  Distance & Direction ~ Range
15 5.6 (1/4) Station 13 5.6 (1/22)
15.6-5.6) 1.2mi. S 15.6-5.6)
30 o
15 o
£y o
30/15 uo
15 o
18 5.4 (1/48) Stataon 13 5.4 (1722)
5.4-5.4) 1.2mi. 8 5.4-5.4)
60/15 o
2000 0 (3/16) Station 13 280 (2/8)
230-310} 1.2 mi. S (240~ 310)
4 4.3 e/22) * e (1) bdicatoc
{0.2-8.49) locat ion sanpled
Sur g report dig
MIA:’
T date, indicator locations not finalized.
15
18
60/15

WD = lowor Limit of Ietection as defined i the USNRC Brawch Tedtnical Position on radiological envicommental sonatos g, Tabie 2,
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APPENDIX A

Deviations in the Sampling and Analytical Regime

The following deviations in the Fermi-2 monitorir g program have been documented
by NUS Corporation and transmitted to The Detroit Edison Company during 1380.

A. Direct Radiation

The TLDs depioved at Stations 3, © 2, S-7, S-14, S-17, S-29, and S-3C for 1980-Q3
and Stations 3, §-2, S-7 (1 TLD), 58, 5-29 and $-30 for (980U-Q4 were m.issing 2t the
tuume of collection. Vandalism, inherent tu & f.eld prosram of this type, is assumed

to be responsible.

1980-Q4 was the s.zond consecutive quarter in which TLDs deployed at Stations S-
2, $-7, $-29 and $-30 were vandalized. Since t e locations have cnly been included
in the program since mid-1980, no data has been obtained to dare. If this pattern

continues, these stations may be relocated to 'ess visible areas.
8, Fish/Sediment

No spring fish or sediment samples were coliected by Edison biologists as
scheduled. Edison personnel changes apparently resulted in a communication
breakdnwn relative to sampling schedule requirements.

ks Air Particulates
No air particulate sampie was collected at Station ! for the period Febriary 2,
1980 to February 9, 1980. A blown fuse on the instrument was discovered by the

Site Technician. The cause was most likely attributable to short circuit caused by
heavy rains. The fuse was replaced and routine sample collection initiated.
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No air particulate sanples were collected froin Station 7 for the period January 5,
1980 to February 23, 1980 The instrument normally installed at this location and
also the spare sampler were still at the vendor for repairs. Following repairs and
calibration, the instruments were shipped to the Site Technician for installation in
late February.

Data recovery from Stations 4 and 5 was very limited during the middle of 1380 as
evidenced in Table 6. Aithough the Site Technician was performing preventive
maintenance on all instruments, malfunctions still occurred. Some samples were
declared invalid upon receipt at the NUS Laboratory. This wa~ a result of an
instrument(s) not operating wher the Site Technician made h:s scheduled weekly
collections and cou!! not determ.ne a final flow rate. There was evidence,
however, to support instrument performance during the week. The instrument
timers indicated some collection had occurred and the filters were "loaded." Other
problems such as broken oil lines, oil reservoir leakage, split vanes, and electrical

cifficulties impacted data recovery.

Pending contractual zgreements (Edison/NUS), instrument venJor misplacement of
records and hack-orders delayed the purchase of spare equipment. Edison now has
two complete spare sampling instruments and an inventory of spare components

which experien.ce has shown are particularly subject to failure.

Ajr particulate samples not collected or void_1 during the fourth quarter are ad-
dressed in the following tible:
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Collection Peri d

9/28 - 10/7
11/2¢6 - 12/4
12/4 - 12/13

12/13 - 12/22

12/22 - 12/28

Station Number(s)

4,5

€0

Rationale

Station | - instrument not functionai
at time of collection. Could not
determine final flow rate - sample
voided (spare installed).

Station 4 - flow indicator erratic -
sample voided.

Recurrence of 9/28 - 10/7 problem
Sample voided.

Continuation of 11/26 - 12/4.
Problem ident [ied during audit.
Site Technician instructed to re-
pair within 24 hours. Loose hose-
breach of vaccum. Sample voided.

Air particulate samples from both
locations placed into same envelope
by site Technician. Imoossible to
differentiate samples - bath voided.

Instrument not functional at time

of collection. Could not determine
final flow rate - sample voided.
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D. Water

No drinking water sample was collected in July from Station 13. The City of
Monroe changed locks on the doors to their pumping station where the sample is
collected sometime during the month. The Site Technician was not able to gain
access to this location until approximately one week after the scheduled collection.
Because the schelule date had passed, the technician erroneously disposed of the
July composite in order to begin collection of the August sample.

The tritium samples collected in June and July were inadvertently discarded with
the packing material upon receipt in the laboratory.
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APPENDIX B

Laboratory Quality Assurance

L. [ntroduction

The quality assurance program of the Radiological Laboratory of NUS is driefly

described in this appendix.

Information on each ncoming sampie (s entered in a permanent log book. A sampie
number is assigned to each sample at the ume of receipt. This sample number

Jniquely identifies each sample.

Semarate laboratory notebocks are used for each major environmental MONITOriNg

program.

Laboratory counting instruments are calibrated, using radionuclide standards oD-
sained from the National Bureau of Standards, the EPA, and reliable commercial
suppliers, such as Amersham-Searie. Calibration of counung inriruments is main-

tainec by regular counting of radicactive reference sources. Background counting

-

"1

rates are measured regularly on all counting instrumants. Acddiuonal performance
checks for the gamma-ray scintillation specirometsr inc.ude regular checks anc

adjustment, when necessary, of energy calibration

Blank samples are po-cessed, with each gro.g of samples analyzed for specific
-adicnuclides, using radiochemical separation procegures. R.ank, spiked (known
quantities of radicactivity acded), and replicate sampies are processe periodically
to deterin e analytical precision and accuracy.

aI. Laboratory Analyses for Quality Assurance

The quality assurance procedures emploved in the conduct of radiological mon-

-~

itoring programs by the Northern Environmental Services Livision Raadiclegical




Labc-atory are as required in Section 5.0 of the Environmental Systems Group
Quality Assurance Manual and detailed in the NUS Radiological Laboratory Manual.
These procedures include the requirement for (1) laboratory analysis of samples
distributed by appropriate government or other standards-maintaining agencies in a
laboratory intercomparison program, (2) analysis of some of the client's en-
vironmental samples split with other independent laboratories, and (3) analysis in
duplicate of a specified fraction of the client's envi-onmental samples.

A, Samples Split with Independent Laboratories

Aliquots of shoreline sediments collected in November from Stations 8 and 10 were
sent to an independent laboratory for gamma inalyses. The results are listed in
Table B-1. Considering the low levels of -adionuclides present in the samples and
the difficulty included in processing sed.ment so that replicate, homogeneous

portions may be obtianed, the agreement between the results is considered good.

Samples of water collected in December from Stations 12 and |4 were sent to an
independent laboratory for gamma analysis. Composites of water for Q-4 collected
from the same locations were also split for tritium analysis. The results of these

analyses are shown in Table B-2.

After analysis at NUS, the Necember milk sample from Station 7 was sent to an
independent laberatory for gamma isotopic analysis. The results appear in Table B-
3.

B. United States Environmental Protection Agency
Intercomparison Program

The NUS Radiological Laboratcry participates ir the U.S. Environmental Radio-
activity Laburatory Intercomparison Studies (Cross-check) Program. The NUS

results of anziyses performed on samples pertinent to the Fermi-2 program during
1980, and the known values are listed in Tables B-4 through B-8.
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c. In-House Duplicate Analyses

The majority of analytical work for the Fermi-2 program during 1979 was
perf-~med in duplicate/replicate and has been addressed in Tables 3 through [2.

NUS CCRPORATION
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A IV

Fovitomnental Radwlogie ol Progoam, e ?

Preoperational, 1980

Shorehne Sedunents  independent Laboratory Results

Gamma Enntting Nuchdes

ollec tion Sampling Results mn Uhts of pl IRg, dry 2 2o
OQuacter Naic Location M-214 Pb-216  Ra-226 W-212 Pb-212 T 208 Ac-22% K40 Cs- 136 sV Ih-22%
‘) (2) ' ' (%)
" 11280 8 NR NR 1 T300 NR NR NR NR Hooo - 1000 LT 20 LT 20 3100 30
H-12-80 10 NR NR L 1300 Ni NR Ni NR 13000 © 1000 LT 30 LY 20 2900 ' W

it
(1) NER - Not Reported
(2) L1 Less Than

(3)  Th 228 concen: atton was calcalated using Ph-212 and M- 212 gammna energies



TABLE B-2

Environmental Radiological Monitoring Program

Preoperational, 1980
Surface Water - Independent Laboratory Results

Gamma Emitting Nuclides/Tritium

Collection Sampling Results in Units of pCi/i =20
Quarter Date Location Cs-137 Others H-3
4 12-28-80 12 LT ¢l np (2 170 = 100
12-28-80 14 LT 9 ND 260 2 100
(1) LT = Less Thar
(2) ND = Not Detected
(3)  Quarterly Composite
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TABLE B-3

Environmental Radiological Monitoring Program
Preoperational, 1980

\'iIk - Independent Laboratory Results

Gamma Emitting Nuclides

Collection Sampling Results in Units of pCi/l = 20
Quarter Date Location Cs-137 K-40 QOthers
4 12-28-80 7 vt 7D 800 Z 190

. 900 = 100'%

(1) LT = Less Than
(2)  Revised result from independent laboratory
(3) ND = Not Detected
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TABIE B-4

United States Environmental Agency

Intercomparison Program - 1950

Analytical Results - Gross Beta in Water

Month Known Value NUS Vvalue
pCi/l * 3 oci/t'V

January 45 2 15 50

March 22 2 15 25

May 14 2 15 22

July 38 215 92 (49)'?

September 21 = 15 24

November 1329 16

(1) Mean of three reported values

(2) The value original!l'’ reported to EPA for this program was high

due to the use of an incorrect gross beta transmission factor curve.

The number in parentheses is the corrected calculaticn.

68

NLIS CORPORATION



2991

:.ﬂ:..t

71 11

a1 vy

(/) .:»:.:5 SN

it

(L

EVSD)

it i 0ez ; 0scl
007 17 081 ; 0611
L1 |} LT 009
@t N
11 ¢ 1/Funy

‘-;/ tH runuvy)

0%l ™

SIS IV AUy

0%t wir tlo s g voshiediao oy

VOO OOTO A VIR K naviy

CMO TNV

SN Pl

<l

<l

19

il

ueyy ssa LY (7))
sangea paprodar jo urayy (1)

ot 0 Ape s
87 £l ;e pady
0% -5 W A pesmany
$ TSR oy

(™ .l_\_ x: MYOA :’.:_‘.

oY



nmenta

r

P
t




LA

AN

)

A

nE 1S

001 11 87 LU ¢ ;2 <1 ;07
LTS ot <1 0k <1 ;0
9010 Oz n9-0) 1640 6150 hlSD

o __‘:.;..: IIPA STIN

uryy) ssa) 1 (7)

sara paprodon jo weawy (1)

Si ;9% Y ;ST sV <l ; 9% 1N 0
P16 S WU W i, 101 Aseraga.t
901 -1 947 0990 110

m - :l. vN.- .u.m...ﬂ) l.mx.‘

I UL Punnety SpmEay v AUy

uss1 wirido sy wosoedun

a1

A wiat ¢ i aoa) IVNHAUINIO ALY SOV, poinyy

(M v




TABLe B-8

United Status Environmental Protection Agency

Intercomparison Program - 1980

Analytical Rasults - Cs-137 and Gross Beta - Air Filters

Knowr, Value (pCi = 30) NUS Value (pCi) (1)
Month Cs-137 Gross Reta Cs-137 Gross Beta
March 20215 41 215 27 45
June 12215 28215 16 29
September 1029 1029 11 11

(1' Mean of reportad values
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APPENDIX C

Analytical Procedures

Environmental samples for the Fermi-2 environmental radiological monitoring
program were coilected and analyzed in accordance with procedures described in
detail in the NUS Laboratory Marual - "Environmental Monitoring and Radiological
Services Procedures/Work Instructions.” These analytical procedures have Leen
adapted from the published analytical methods of the Environmental Measurements
Laboratory (EML - formeriy HASL), the laboratories of the En’ironmental
Protection Agency, and pertinent ASTM procedures.

NUS CCRPCRATICN
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APPENDIX D

Reoorﬁn; of Analytical Results

[n the tabies presenting analytical measurements, the calculated value is reported
with the two sigma counting error (2e) derived from a statistical analysis of dotn
the sample and background count rates. The precision of the resuits is influenced
Dy the size of the sample, the background count rate, and the method used to round
off the value obtained to reflect the cegree of significance of the results. For
analytical resuits obtained from gamma spectril analysis, the precision is also
influenced by the composition and concentrations of the rac.onuclides in the
sample, the size of the sample, and the assumptions used in selecting the radio-
nuclides to be quantitatively determined. The two sigma error for the net counting

rate s:
2c = 2 /FE’ - Rb
vy

where
Rs = sample counting rate
Rb B background counting rate
t, =z sampie counting time
Ty - background counting time

f the measurements on th2 samples are not statistically signiticant (i.e., the two
sigma counting error is equal to or greater than the net measured vaiue), then the
radioactivity concentratons in the sample are considered not cetected.

NUS CCRPCRATICN
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Results reported as less than - "LT" - are below the lower [imit of detection (LLD).
The LLD is defined as the smallest concentration of radicactive material in a

sample that will yieid a net count (above system tackground) that will be detected
with 95% probability with only 5% probability »f falsely corcluding that a blank
observation represents a "real" signal. '

For a particular measurement sys.em (which may include radiochemical separation):

LD =

where

4.66 Sy

ExVx22xYxexpl-A At

LLD

At

is the lower .imit o¢ detedtion as defined above (as pCi
per unit mass or volume)

is the standard deviation of the background counting rate
or of the counting rate of a blank sample as appropriate (as
counts per minute)

is the counting efficiency (as counts per disintegration)

is the sample size (in units of mass or volume)

is the number of disintegrations per minute per picocurie

is the fractional ~adiochemicai yieid (when applicable)

is the radicactive decay constant for the particular radio-
nuclide

is the elapsed time between sample collection and counting

NUS CORPCRAT'CN
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The following are definitions or descriptions of statistical terms used in the

reporting and analysis of environmental monitoring resuits.

Precision reiates to the reproducibility of measurements within a set, that is, t0
the scartter or dispersion of a set about its central value.

Vieasures of the Central Value >f a Set. Mean (or Average or Arithmetic Mean) is
the sum }E .’(i of the values of individual results divided by the number of results
in the set. ~The mean is given by
~ |
A Xn)/n =Z Xi/‘n ‘

X = (XL « X |
isl ‘

2

Measures of Precision with a Set. Standard Deviag.;g is the square root of the

quantity (sum of squares of deviations of individual results from the mean, divided

Oy one less than the number of results in the sec). The standard deviation, s, is
. given by:

e / E X, X%/ -1
3

Standard deviation has the same units as the measu ement. [t becomes a more

reliable expression of precision as n becomes larger. When the measurements are
independent and normally distributed, the most useful statistics are the mean for
the central value and the standard deviation for t e dispersion.

Relative Standard Deviation is the standard deviation expressed as a fracton of the
mean, s/ X. It is sometimes multiplied by 100 and expressed as a percentage.

Range is the difference in magnitude between the largest anc smallest results in a

set. [nstead of a single value, the actual imi“; are sometimes expressed (minimum
value - maximum value).
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