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I. INTRODUCTION

A. pre-operational environmental radioactivity survey, initiated {() in March, 1960, was conducted by Nuclear Science & Engineering Corpora-
tion for the Philadelphia Electric Company in connection with the Peach l

Bottom Atomic Power Station located in Peach Bottom Township, York
County, Pennsylvania. The initial loading of fuel into the Unit 1, a

40 MWe (net) high temperature, gas-cooled reactor, was started on
February 5, 1966, and initial criticality was achieved on March 3, 1966.
For the purposes of this monitoring program, the beginning of the opera-
tional period for Unit 1 is February 5, 1966. A summary of the Unit 1

pre-operational monitoring program is presented in a previous report (1).
This report presents and summarizes the results of all analyses

performed on samples collected from February 5, 1966 through August 8,

1973, since the first fuel was loaded into Unit 2 on August 9, 1973,

and criticality was achieved on September 16, 1973. As such it serves

as the pre-operational report for Units 2 and 3, boiling water reactors

each with a power output of about 1050 MWe (net). Program description,

station designations, reporting units, abbreviations, etc., as given in
this report reflect the present program status. Where changes have been

() made from the original program they are indicated in the appropriate
section of this report. In general any such changes have been made to

increase the scope and specificity of the program to fulfill the program
objective.

In 1967 site preparation for Units 2 and 3 at the Peach Bottom

site was undertaken which has resulted in certain physical changes which
required moving to some degree some sampling stations. Also beginning

in 1971, several sampling stations of significance to Units 2 and 3 were

added to the program. In 1973, some additions and changes were made in

the analytical requirements to reflect the latest recommendations of

various government agencies.

The responsibility for performance of the environmental radiation

monitoring program has been modified several times since the Unit 1 pre-
operational program was first undertaken in 1960. From the start of the

program until the first quarter of 1969, a single laboratory located in

Pittsburgh, Pa., was used. This was initially called Nuclear Science

and Engineering Corporation and later became Nuclear Science Division,
) International Chemical and Nuclear Corporation as the result of a change

of ownership. During the first quarter of 1969, the program was trans-

I.1
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ferred to ICN/Tracerlab, also part of International Chemical and Nuclear

Corporation, and was performed by IGN in the Waltham, Mass., laboratory
-

until the end of the first quarter of 1972. At this time the program

was transferred to Interex Corporation laboratories in Waltham, Ita ss . ,

which is presently carrying-out sample collection, analysis and report

preparation. During the various change-overs, extreme care was taken

to insure that continuity in all aspects of the overall program were

maintained. For example, samples were collected ty the same individual

throughout the entire p r. r i o d .
The objective of this program is to acquire quantitative data

for the concentrations of radioactivity in environme ntal media in the

vicinity of the reactor site prior to and during operation of the re-

actor plant. These data are then examined to determine the extent of

the impact of the plant or plants on the environment as reflected by

any changes in the radioactivity levels from those observed during the

pre-operational survey. Generally, this is done by comparing the

observed levels at sampling stations which would be expected from var-

ious considerations to show maximum effects of plant operation to levels

at stations remote from the site. When possible, comparison is also

O(./ made to data obtained by various government agencies. Since theta are

both natural and man-made radioactivity present in the environment

which are not related to plant operation, it is important to understand

and adequately measure these contributions.

A number of radioactive elements occur in nature. The most

important of these are uranium and thorium, along with their respective

radioactive decay products, and potassium-40 (K-40). The concentra-

tions of natural radioactivities vary with geographical location and

are primarily dependent on the concentrations of the respective elements

in the constituents of the lithosphere. Therefore, environmental radio-

activity measurements must be performed at a number of locations repre-

sentative of the general geographical area of interest.

Other radionuclides have been introduced into the biosphere as

a result of the detonation of nuclear devices in the atmosphere. A

significant fraction of those nuclides is generally disseminated through-

out the upper atmosphere with the fine particulate debris from the

detonations. Varying fractions of the nuclear debris eventually are

() deposited at ground level, principally in conjunction with precipita-

tion. After their arrival at ground level, the radionuclides enter

I.2
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soil or bodies of water, and varying fractions may enter drinking water
. supplies or be assimilated by edible plants or animals and thus enter

t, MF
J the human food chain. Natural radioactivities are also introduced into

the human diet by analogous ecological processes.
The deposition patterns of nucicar debris depend on many factors,

including latitude, proximity to detonation sites, annual accumulation
of precipitation, and the frequency, magnitude, location, and altitude
of the detonations. In the absence of detonations, seasonal variations
have been noted for several years, including maximum deposition rates
in the spring and summer months and minimum rates in the late fall or
early winter. Distinct variations have also been noted in individual
precipitations.

These latter variations have been attributed to varia-
tions of meteorological conditions prevailing during the respective
precipitation events.

Since significant geographical and temporal variations are ex-
pected in the concentrations of both natural and artificial radioactiv-
ities in environmental media, it was necessary to acquire experimental
values for their concentrations over a period of several years to
achieve statistically-significant data. Such an approach also provides

{ data for seasonal or annual trends in the temporal behavior of these
concentrations and permita carrelations of these trends with meteorologi-
cal or climatological factors or with known injections of artificial
radionuclides into the atmosphere.

II. PROGRAM DESCRIPTION

The program as it existed on August 8, 1973, the end of the pre-
operational period, is described below. Since its inception, several

changes have been nade which expanded the program to better accomplish
the program goals.

A. Environmental Monitoring Stations and Media Collected
The Environmental monitoring stations are described in

Table II.1 and are shown in Figures II.1 through II.3. In general,

stations have not been moved significantly since the start of the pro-
gram. Beginning in 1971, several new stations were added based on the
changes in water flow patterns, etc., to be caused by construction of
Units 2 and 3. Also sampling stations were given more specific numbers

!. and descriptions to define more precisely each location.
1

11.1
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II. B. Sampling and Analysis Program

The types of analyses performed, the frequency of samplingp_

. (_/ and analysis, the locations sampled, and the number of samples per '

station scheduled for each location as of August, 1973, are given in
Table II.2.

The history of the type of sample, sampling locaticn, and ''

type of analysis for the program is given in Table II.3. Beginning in
;

1972 Philadelphia Electric Co. modified the numbering system for sam-
pling locations to more clearly define the areas of collection. In

this process several large areas previously designated by a single
station number were broken-up into an A, B, C, etc., station. There-

fore, the locations now listed in Table II.3 as, for example, Station

4N is the same location called Station 4 in previous reports. In this

respect those fish sampling locations near the Peach Bottom site are

now designated lW, 1X, 1T, etc. These were previously called Station

4, which formerly was used to designate the entire Conowingo Pond.

O
II.2
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TABLE II.1

ENVIRONMENTAL MONITOR ING STATIONS

(')T February 5, 1966 - August 8, 1973%
Station Station Location, Direction Environmental
___ No. _ Station Name and Distance from Site Media Collection

1 Peach Bottom Located in Site Area Vegetation, Small Game
Site Area

1A Peach Botton - On Site at Weather Station Ambient Radiation,
Weather Station il #1, 0.1 miles ESE of Unit #1 Air Particulate,

Rain Water.
1B Peach Bottom - On Site at Weather Station Ambient Radiation,

Weather Station #2 #2, 0.6 miles NNW of Unit #1 Air Particulate,
Rain Water

1H Peach Bottom On Site at Canal Discharge Discharge Water-

Canal Discharge 0.9 miles SE of Unit #1
1P Peach Bottom - On Site at Unit #1 Intake, Surface Water

Unit #1 Intake 1350' ENE of Unit il

1Q Peach Botton Unit #2 On~ Site at Unit f2 Intake, Surface Water
Intake 1500' NNE of Unit il

1R Peach Bottom Unit #1 Unit il Screen Well from Discharge Water
Discharge which discharge pipe exits,

about 350 ft. ENE of Unit il
IT Peach Bottom Dis- On Site in the Station Dis- Discharge Water (a),

es charge Canal-2200 charge Canal, 0.4 miles S.E. Fish (Channel Catfish
( Ft. of Unit fl. 2200 ft. from and White Crappie)

Unit #1 Intake

IU Peach Bottom Site Well at Plant Site, 450' SW Well Water-

Utility Building of Unit il

IV Peach Botton Site - Well at Plant Site, 450' SE Well Water
Information Center of Unit #1

1W Peach Bottom Unit #1 About 800 ft. ENE of Unit Silt and Fish (b )
Discharge Pond A-1 #1 (Channel Catfish &

White Crappie)
1X Pecch Bottom Site About 1100 ft. ENE of Unit Silt and Fish (b )-

, cooling Tower Pond #1 (Channel Catfish &
j B-1 White Crappie)

1Y Peach Bottom Dis- Located in the Discharge Fish (Channel Catfish
chstge Canal - Canal about 950' ESE of & White Crappie) (a)
Het Trap #9 Unit il

1AA Peach Bottom - Located about 1400' SE of Soil
Discharge Canal Bank Unit #1 on the Discharge

Canal Bank

1BB Peach Bottom - On Site in the Station Silt (a)
Discharge Canal Discharge Canal, 2250' SE

of Unit #1
| 1CC Peach Bottom - On Site in Conowingo Pond, Silt (c)

{'_}e
Conovingo Pond near shore, 950' NNE

(upstream) of Unit #1! s

1DD Peach Bottom Site - On Site about ' of Well Water (d)
Old Hotel Unit #1

,

II.3
!
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TABLE II.1 (cont'd)
Station Station Location, Direction Environmental

No. Station Name and Distance from Site Media Collection
' )
v/ 2 Peach Bottom Site - On Site, 0.7 miles SE of Air Particulate

1300 Sector Hill Unit #1

3A Delta, Pa. - 3.6 mile.s SW of Unit #1 Air Particulate,
Substation 0.5 miles N of Maryland Vegetation, Soil

border

4A Conowingo Dam - 8.4 miles SE of Unit #1 Air Particulate
Powerhouse Roof on Power House roof in

Cecil County, Md.

4B Conowingo Dam - 8.4 miles SE of Unit #1 Air Particulate
Powerhouse Roof on Power House roof in

Cecil County, Md.

4C Conowingo Pond, 1,000 ft, downstream from Silt
Pa. the Peach Bottom Station

discharge

4D Conowingo Pond, 500 ft. downstream from the Silt
Pa. Peach Bottou Station Dis-

charge

4E Conowingo Pond, Near location of canal Silt
Pa. discharge 0.9 miles SE

o f Unit #1.

4F Conowingo Dam - In the conowingo Hydro-Elec- Surface Water
El. 33' MSL Grab tric Station about 8.4 miles

SE of Unit #1. Water is() sampled from a header which
''

continuously draws pond
water from about elevation
33' MSL.

4H Conowingo Dam - Tailrace on west side of Fish (American Shad)
Tailrace river 8.5 miles SE of

Unit #1

4I Conowingo Pond - Located in Conowingo Pond Fish (Channel Catfish
Net Trap #8 about 1450 ft. E of Unit and White Crappie)

#1

4J Conowingo Pond Located in Conowingo Pond Fish (Channel Catfish
Net Trap #15 about 6400 ft. SE of Unit and White Crappie)

#1

4L Conowingo Dam - Continuous sampler in the Surface Water
El. 33(Ft.) Com- Conowingo Hydro-Electric
posite Station. about 8.4 miles

SE of Unit #1. Water is
continuously sampled from
a header which draws pon'
water from about elevat. n
33' HSL.

4M Conovingo Dam - West bank downstream of Rain Water
Downstream El. Conowingo Hydro-Electric
40(Ft) MSL Station 8.5 miles SE of

Unit #1,-

\_)
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TABLE II.1 (cont'd)
Station Station Location, Direction Environmental

- No. Station Name av' Distance from Site Media Collection

'

4N Conowingo Dam - Environmental Monitoring Sta- Vegetation, Soil
Environmental Sta- tion on west shore upstream
tion of Conowingo Hydro-Electric

Station about 8.4 miles SE of
Unit #1

4P Conowingo Pond - Eastern half of Conowingo Fish (Channel Catfish
Trawl Zone 6 Pond from southern tip of and White Crappie)

Mt. Johnson Island to
Peters Creek

4Q Conowingo Pond - Western half of Conowingo Fish (Channel Catfish
Trawl Zone 5 Pond from Peach Bottom and White Crappie)

Unit #2 Inlet to Burkin's
Run (Station 4J)

4R Conowingo Pond - From a point off Peach Fish (Channel Catfish
Trawl Transect 2 Bottom Atomic Station and White Crappie)

Inlet to a point just S of
Mt. Johnson Island

4S Conowingo Pond - 2.4 miles N of Unit #1, 200' Fish (Channel Catfish
Net Trap #1 above the mouth of Fishing and White Crappie)

Creek

5 Wakefield, Pa. 4.5 miles E of Unit #1 Air Particulate, Soil,
and Vegetation

6A Holtwood Dam - 5.9 miles NW of Unit #1 Surface Water (through
Hydro-Electric Hydro Plant)
Station

6B Holtvood Dam - 5.9 miles NW of Unit il Air Particulate (Hydro
Hydro-Electric Power House Roof)
Station

6C Holtwood Pond, Pa. 6.2 Miles NW of Unit #1 Fish (Channel Catfish
near SW shore of pond just and White Crappie)
above Holtwood Dam in
York County

6D Holtwood, Pa. 6.0 miles NW of Unit il Vegetation
near Holtwood Dam in
Lancaster County

6F Holtvood Dam - 5.9 miles NW of Unit #1 Silt (above dam)
East Shore Upstream in Lancaster county

6C Holtvood, Pa. 6.0 miles NW of Unit il Soil
near Holtwood Dam in
Lancaster County

7 Darlington, 9.4 miles SSE of Unit #1 Well Water
Maryland Area in Harford County

8 Colora, 9.9 miles ESE of Unit il Well Water
Maryland in Cecil County

9 Tolchester, 38 miles south of Unit #1 Shellfish (Oysters)

Maryland on the east side of the
Chesapeake Bay

Hacketts Point, 56 miles S of Unit #1 on Shellfish J.Jysters)

O '
10

Haryland the west side of the
Chesapeake Bay

11.5
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TABLE II.1 (cont'd)

Station Station Location, Direction Environmental
No. Station Name and Distance from Site Media Collection7_s

( ]'' 11 Swan Point Bar, 44 miles S of Unit #1 on Shellfish (Oysters)
Maryland east side of the

Chesapeake Bay
12A Philadelphia, Pa. 63 miles ENE of Unit #1 Air Particulate

900 Sansom Street on the roof of 900
Sansom St.

12D Philadelphia, Pa. 62 miles ENE of Unit #1 Air Particulate
2301 Market Street on the roof of 2301 Market

Street

13A Chester Water Intake On the east shore of Conowingo Surface Water
Pond Pond at Chester Water Author-

ity Intake, 2.8 miles SE of
Unit #1

13B Chester Water Intake At Chester Water Authority Surface Water
Pump Discharge Intake 2.8 miles SE of Unit

#1

14 Peters Creek 2.3 miles W of Unit #1 Air Particulate

15 Silver Spring Road 3.8 miles N of Unit #1 Air Particulate

17 Riverview Road 4.4 miles ESE of Unit #1 Air Particulate

25A Pequea Creek In Pequea Creek, 10.8 miles Fish (White Sucker)
NNF of Unit #1 near PP&L
recreational area

25B Pequea Creek In Pequea Creek, 12.4 miles Fish (White Sucker)4

,/ N of Unit il near Creek and
School Roads

25C Pequea Creek In Pequea Creek, 12.2 miles Fish (White Sucker)
N of Unit #1 near Byerland
Church Road

25D Pequea Creek In Pequea Creek, 13.3 miles Fish (White Sucker)
N of Unit #1 nea r R adclif f Rd.

28 Peach Botton Site Well in Site Area about Well Water
Area 1.2 miles SW of Unit #1

30A Peters Creek In Peters Creek, 2.7 Miles Fish (White Sucker)
ENE of Unit #1

31 Pilottown Road 4.8 Miles SE of Unit #1 Air Particulate

| near Pilottown Rd.

L 32 Slate Hill Road 2.8 miles NE of Unit #1 Air Particulate
l near Slate Hill Road
|

| Peach Bottom Distant Regional Farms A, B Milk

| Regional Farms & C are on the west side of
| Conowingo Pond and D on the
; east side. Nearby farms

| surrounding the site on the

| west side of the pond are
I designated F, G, H, I & J

| and on the east side is K.(e)

i II.6

|

|
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TABLE II.1 (cont'd)

(a) These stations were enposed to Unit #1 discharge water after
12/6/72. Prior to this date only surface water was present.

(b) These stacions were expooed to Unit #1 discharge water until
12/6/72.

(c) Station 1CC was covered with landfill during the construction of
Units #2 and #3.

(d) Station 1DD was covered.with landfill during the construction of
Unit #1.

(e) The precise farms involved in the program have changed in some
cases due to circumstances beyond control of the program. The
replacement farms are in the same general locations distributed
so as to encircle the site close to and further away from the
site.

O

,

-9

O
II.7
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TABLE 11.2 |
'

ENVIRONMENTAL RADIATION MONITORING PROGRAM
August 1973

Type and Type and Sample Number Scheduled'

Frequency of Quantity of Collection of Station Samples
Media Analysis (1) Sample Frequency (2) Locations Number (3) Per Year

1. Ambient Gamma Continuous Monitor read Two lA, IB. 52 x 2
Radiation recording (4) weekly; Charts

scanned for max
and min values.

monthly.

I 2. Airborne Gross Beta About 1 cfm Filter Paper Fifteen lA, 1B, 2, 52 x 15
Particulate continuous Collected 3A, 4A, 4B,

' flow through weekly 5, 6B, 12A,
filter paper 12D, 14, 15,,

(approx 2" 17, 31, 32
d iam) (5)'

: Gamma Spectrum Monthly Compos- Fifteen lA, IB, 2, 12 x 15

] (Monthly) ite of Weekly 3A, 4A, 4B,g

Samples 5, 6B, 12A,-

k 12D, 14, 15,
! 17, 31, 32

i 3. Water
I a. Fallout Gross Beta Collected con- Monthly Three 1A, 1B, 4M 12 x 3

Water Sr-89,Sr-90 tinuously to
(Quarterly) form monthly
Cs-137 composite
(Quarterly) sample.

I
a b. Surface Gross Alpha (6) Spot; one gal Monthly Six 1P, lQ , 4F , 12 x 5
I Water Cross Beta (6) 6A, 13A

; Gamma Spectrum 13B (7)
j (6) Continuous Monthly One 4L 12 x 1

i Composite;
one gal

c. Discharge Gross Alpha (6) Spot; one gal' Monthly Three IR, IT, IM, 12 x 3
j Water Gross Be ta (6)
'

Gamma Spectrum
; (6)

-
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TABLE II.2 (CONT'D) ;

Type and Type and Sample Number Scheduled
Frequency of Quantity of Collection of Station Samples

Media Analysis (1) Sample Frequency (2) Locations Number (3) Per Year I

~3. Water (cont'd)
d. Well Cross Alpha Spot; one gal Quarterly Five 28, 1U, IV, 4x5

Water Gross Beta 7, 8

Uranium -

Sr-89,Sr-90
eSemi-annually)
Cs-137 (Semi-
annually)

Gamma Spectrum
(Semi-annually)

4 Milk Gross Beta Spot; one gal Quarterly Ten Farms A, B, 10 x 4
Potassium-40 C, D, F, G,
Sr-89,Sr-90 H, I, J, K
I-131
Cs-137

m

7 5. Vegetation Gross Alpha Stems, leaves Spring, Summer Five 1, 5, 6D 4 x 3(3)
* Gross Beta and fruit; and Fall 3A, 4N 2x 3

Potassium-40 Foods when-
Sr-89,Sr-90 ever available;
Cs-137 one container

,

full '

6. Fish Cross Alpha Channel catfish Quarterly (no Six 1X, lY, 4I, 32 x 5
(one fish of and White Crappie, sample when 4J, 6C
each species) four fish each ice conditions lW 32 x 1(9)'
Gross Beta (if available) prevail)
Potassium-40
Sr-89,Sr-90
(one fish of
each species)
Cs-137 (one fish
of each species)
Gamma Spectrum White Sucker Quarterly (no Two 30A 4x4
(all fish of four fish sample when ice 25A, 25B, 4 x 4
each species as (if availeble) conditions pre- 25C, 25D(11)
one sample) vail)

American Shad Annually in One 4H 4 x 1
Four fish Spring
(if available)
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TABLE II.2 (CONT'D)
1

Type and Type and Sample Number Scheduled
Frequency of Quantity of Collection of Station Samples

Media Analysis (1) Sample Frequency (2) Locations Number (3) Per Year
4

7. Shellfish Cross Beta and Oysters; appx. Quarterly (no Three in 9 (10) , 10 4x 3
Potassium-40 8 per sample sample when ice independent 11
of Shell and conditions prevail) beds
Tissue Sepa-,

d

rately;
Sr-89,Sr-90

; of Shell(Semi-
) annually)
1

Cs-137 of Shell

}
(Semi-Annually)
I-131 of Tissue
(Annually)

{ Sr-89,Sr-90
; of Tissue (Semi-

annually)
a

t Cs-137 of Tissue-

(Semi-annually)-

,
[, Camma Spectrum of

} Tissue (Semi-o

annually)

1 8. Small Came Cross Beta and Rabbits, 5 at Semi-annually one 1 10 x 1

.

j Potassium-40 each collection
., of muscle, soft (if available)'

i tissue and bone,
separately
I-131 of Thyroid

9. Earth Cross Alpha Sunshine Method; Quarterly Five IAA, 3A 4N 4x5. Gross Beta 500 grams'

Potassium-40 5, 6C
! Sr-89,Sr-90

(Semi-annually)4

i Cs-137(Semi-
annually)

10. Silt Cross Alpha Spot; 500 Semi-annually Seven 1BB, 1X, 4C, 6 x 2

i

Gross Beta grams
Sr-89,Sr-90 4D, 4E, 6F
Cs-137 lu 1 x 2(9)

: Gamma Spectrum
_ _ _
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TABLE II.2 (CONT'D)
1

i

] NOTES:

1) Trequency of each type of analysis is the same as the frequency of sample collection except where
i noted.
I

2) Sampling in conducted on the specified frequency unless unusual conditions, such as an equipment *

malfunction or an a:t of nature, prevent a specific sample from being obtained or analyzed.,

J

$ 3) Numbers indicate locations shown in Figures II.1, 11.2 and 11.3 and described " r. inble I1.1.r

J
Numbers are ' hose used in the present numbering system and may be diff-t.aut from_those previously

i used.

4) Instrument used is NMC Gamma Scintillation Monitor, Model CA-2A.

| 5) Sampler used is Gelman Pump Catalog no. 13400 or Bell & Cossett Pump Model SYC 19-1, Cast Model
I.

BF-lO-M100X or equivalent with Restricting Orifice.'

j 6) Soluble and insoluble radionuclides separately.

7) A monthly sample will be obtained only during those months in which the Chester Water Authority
withdraws water from the pond.

i 8) Two kinds of vegetation during harvest at all locations except Delta and Conowingo.
1
' 9) This location may be discontinued since the Peach Bottom Unit No. 1 Discharge was removed from Pond

Al on December 6, 1972.

} 10) The oyster beds in this location were destroyed by Hurricane Agnes in June, 1972. It is anticipated

that only small samples, if any, from this location will be available.'

11) Fish are taken from one or more of the four stations depending on availability.
!

|
,

:

)

-
M
.

I W,

N

|

|

T
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TABLE II.3 ,

HISTORY OF RADI ATION MONITORING PROGRAM S AMPLI}!G _ AND ANALYSISs

I) Type of Station Date of Date of
Media Analysis No. First Scmpic Last Sa3ple

Airborne Gross Beta 1A 3/26/60
Particulate 1B 8/5/67

2 5/12/60
3A 3/26/60
4A 3/26/60
*B 5/5/62
5 3/29/60
6B 3/25/60

12A 4/6/62
12D 3/20/72
14 6/10/72
15 6/25/72
17 6/4/72
31 7/22/73
32 7/22/73

Gamma Spectrum -
Monthly Composite 1A 7/29/73

1B 7/29/73
.- 2 7/29/73

3A 7/29/73
4A 7/29/73
4B 7/29/73

('/) 5 7/29/73s.
6B 7/29/73

12A 7/27/73
12D 7/27/73'

14 7/29/73
15 7/29/73
17 7/29/73
31 7/29/73
32 7/29/73

Fallout Water Grost Beta 1A 'i/5/60
1B 11/30/67
4M 7/5/60

Sr-89 1A 6/28/73
1B 6/28/73
4M 7/1 /73

Sr-90 1A 7/5/60
1B 11/3047

; 4M 7/5/60

Cs-137 1A 4/1/71
1B 4/1/71
4 11 4/3/71

(:).

II.12
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t TABLE II-3 (Cont'd)
Type of Station Date of Date of.

Media Analysis No. First Samp!a Last Sample
p, __

''- Surface Water Gross Alpha IP 5/25/71
14 5/25/71 ;

'

4F 3/29/60
4L 12/4/72
6A 3/29/60

13A 5/25/71
13B 6/21/71

Gross Beta IP 5/25/71
1Q 5/25/71
4F 3/29/60
4L 12/4/72
6A 3/29/60

13A 5/25/71
13B 6/21/71

Gamma Spectrum 1P 5/25/71
1Q 5/25/71
4F 5/2/71
4L 12/4/72
6A 5/2/71

13A 5/25/71
13B 6/21/71

Discharge Water Gross Alpha 1R 5/25/71
1T 5/25/71
1M 0/5/73

Gross Beta 1R 5/25/71
1T 5/25/71
1M E/5/73

Gamma Spectrum 1R 5/25/71
1T 5/25/71
IM 8/5/73

Well Water Gross Alpha 1DD 4/11/60 2/17/62
1U 5/9/71
IV 5/9/71
7 4/10/60
8 4/10/60

28 4/14 /62

Gross Beta 1DD 4/11/60 2/17/62
1U 5/9/71
IV 5/9/71
7 4/10/60
8 4/10/60

28 4/14/62

Uranium 1DD 4/11/60 2/17/62
1U 5/9/71
IV 5/9/71
7 4/10/60
8 4/10/60-

28 4/14/62
'- II.13

.

J

.



TABLE II.3 ( Con t ' d_)
Type of Station Date of Date of

Media Analysis No. First Sample Last Sample

/~s Well Water Sr-89 1DD
(_) (Cont'd) 1U 10/7/73

IV 10/7/73
7 10/7/75
8 10/7/73

28 10/7/73

Sr-90 1DD 4/11/60 2/17/62
1U 5/9/71
IV 5/9/71
7 4/10/60
8 4/10/60

28 4/14/62

Gamma Spectrum 1U 5/9/71
IV 5/9/71
7 5/9/71
8 5/2/71

28 5/2/71e

Cs-137 1U 5/9/71 '

IV 5/9/71
7 5/9/71
8 5/2/71

28 5/2/71
-

.
,

Milk Gross Beta Fara Group A 4/25/60 4/62
B 4/25/60 4/62" "

/"N " " C 4/25/60 4/62
km) D 10/18/61 4/62" "

Fara A 4/62 8/25/70
A a) 12/10/70"

Far's B 4/62 9/29/67 r

B 11/17/67 12/10/70"

B a) 3/12/71"

Farm C 4/62 5/8/67
C a) 9/29/67"

Fara D 4/62
F 5/6/71"

G 5/6/71"

H 5/6/71"

I 3/14/73"

J 3/14/73"

K 6/13/73"

K-40 Fara Group A 4/25/60 4/62
B 4/25/60 4/62" "

C 4/25/60 4/62" "

D 10/18/61 4/62" "

Fara A 4/62 8/25/70
A a) 12/10/70"

Farm B 4/62 9/29/67
B 11/17/67 12/10/60"

B a) 3/12/71"

a) These stations chang 4 : cations on the dates indicated, but retained

_

the same station nuC:tsr-

..

.
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TABLE 11.3 (Cont'J)
Type.of Station Date of aate of

1

O Media Analysis :lo . First f;apy,1y, 1.yy_t_ ,Spp1y,

()-
Milk (Cont'd) K-40 (Cont'd) Farm C 4/62 5/8/67

C a) 9/29/67"

Farm D 4/62
F 5/6/71"

G 5/6/71"

H 5/6/71"

1 3/14/73"

J 3/14/73* "

K 6/13/73"

Sr-89 Farm A 8/20/73
B 8/20/73"

C 8/20/73"

D 8/20/73"

F 8/20/73"'

C 8/20/73"

H 8/20/73"

J 8/20/73"

K 8/20/73"

Sr-90 Farm i.roup A 7/31/60 4/62
B 7/31/60 4/62" "

C 7/31/60 4/62" "

D 10/18/61 4/62" "

Farm A 4/62 8/25/70
A a) 12/10/70"

Parm B 4/62 9/29/67
,

''O B 11/17/67 12/10/70"

B a) 3/12/71"V -

Farm C 4'62 6/8/67
C a) 9/29/67"

Farm D 4/62
F 5/6/71"

" c. 5/6/71
11 5/6/71"

I 3/14/73"

J 3/14/73"

i K 6/13/73"

I Cs-137 Farm A 5/6/71
B 5/6/71"

C 5/6/71"

D 5/6/71"
'

F 5/6/71"

G 5/6/71"

H 5/6/71"

I 3/14/73"

J 3/14/73"

K 6/13/73"

1-131 Fara Group A 10/18/61 4/62
B 10/18/61 4/62" "

C 10/13/61 4/62" "

D 10/18/61 4/62" "

|
|

| a ). These stations changed locations on clie dates indicated, but retained|

j the same station number.
! 11.15
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TA,BLE II.3 (Cont'd,),
d; Type of Station aate of .s,te of

No. Firnt Sample Last- Media Analysis
_

!; n m .,1
,2 7

' ~~)'

Milk (Cont'd) I-131 (Cont'd) Farm A '4/62 H/25/70"
A a) 12/10/70

Farn D 4/62 1/29/(7"
B 11/17/67 12/10/70 .

"
D 4) 3/12/71

Farn C 4/62 6/8/67"
C a) 9/29/67

Farn 1 4/62 ,
"

F 5/6/71
" C 5/6/71
"

11 5/6/71
"

I 3/]4/73
" J 3/14/73
"

K 6/13/73
Vegetation Gross Alpha 1 7/2/60

2 5/20/61 9/10/61
3A 7/2/60
4N 7/2/60
5 7/2/60
6D 7/2/60

Gross Beta 1 7/2/60
2 5/20/61 9/10/61
3A 7/2/60
4N 7/2/60
5 7/2/60
6D 7/2/60

O K-40 1 7/2/60
2 5/20/61 9/10/61
3A 7/2/60
4N 7/2/60
5 7/2/60
6D 7/2/60

,

Sr-89 1 t/1/73
3A 9/l/73
4N 9/1/71
5 9/1/73
6D a /1/ 7 ')

Sr-90 1 7/2/60'

2 9/10/61 9/10/61
2 3A 7/2/60
'

4N 7/2/60
5 7/2/60
6D 7/2/60

Cs-137 1 5/1/71
3A 5/2/71
4N 5/2/71
5 5/2/71
6D 5/2/71

c) These stations changed locations on the dates indicated, but retained ,

~

the same station number.

,

e
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TABLE II.3 (Cont'd)
Type of Station Date of Date of

Analysis _ First Sample Last Sample() No.
Media

1T 3/31/60 11/1/68
Cross Alpha

Fish IW 3/18/69
Channel Catfish 1X 6/17/69
6 White Crappie 1Y 7/17/70

4G 8/60 7/17/61
41 3/25/69
4J 7/17/70
4P 6/7/68 6/7/68
4Q b) 6/17/69 6/17/69
4R b) 7/8/69 7/8/69
4S 7/2/68 7/2/68
6C 7/21/61

1T 3/31/60 11/1/68
Cross Beta 3/18/69IW

1X 6/17/69
1Y 7/17/70L 7/17/61
4G 8/60
4I 3/25/69 ''

,

4J 7/17/70
4P 6/7/68 6/7/68 t

4Q b) 6/17/69 6/17/69

I 4R b) 7/8/69 7/8/69
' 4S 7/2/68 7/2/68
| 6C 7/21/61

1T 3/31/60 11/1/68O K-40
IW 3/18/69
1X 6/17/69
1Y 1/17/70 7/17/61
4G 3/60
41 3/25/69
4J 7/17/70 ,

4P 6/7/68 6/7/68
4Q b) 6/17/69 6/17/69

| 4R b) 7/8/69 7/8/69
45 7/2/68 7/2/68

i
6C 7/21/61

'

12/3/73IW
Sr-89 1X 12/4/73

1Y c)
41 9/5/73
4J 11/27/73

9/18/736C

Channel catfish only.- printin8b)
No sample collected between initiation of Sr-89 analysis and)
of this report. 11.17

'
'

C:)

:
i . ,

e

|
'
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TABLE II.3 _(cont'd)

) Type of Station Date of Jate of

Media Analysis No. First Sample Last Snuply

Fish (Cont'd) Sr-90 1T 3/31/60 11/1/e,L

Channel Catfish IW 3/10/69
& White Crappie IX 6/17/69

1Y 7/17/70
4G 0/60 1/17/t1
41 3/25/69
4J 7/17/70
4P 6/7/6'J i./7/bb
4Q b) 6/17/69 t. /17 / o 9
4R b) 7/8/69 7/8/69
4S 7/2/68 7/2/6o
6C 7/21/61

Cs-137 IW 8/31/72
1X 8/31/72
1Y 9/3/71
41 9/3/71
4J 6/8/71
6C 5/24/71

Gamma Spectrum 1W 8/31/72
1X 8/31/72
1Y 9/3/71
4I 9/3/71
4J 9/3/71

0 6C 5/24/71

Fish Gross Alpha 25C 9/14/72
White Sucker 30A 0/8/72

Gtoss Beta 25C 9/14/72
30A 8/8/72

K-40 25C 9/14/72
30A 8/8/72

25C 9/24/73St-89 30A,- 9/24/73

Sr-90 25C 9/14/72
30A 0/8/72

Cs-137 25C 9/14/72
30A 8/8/72

Camma Spectrum 25C 9/14/72
30A 8/8/72

Fish Gross Alpha 4H 6/5/72
American Shad

Cross Beta 4H 6/5/72
i

K-40 4H 6/5/72

b) Channel catfish oniv.
IT.18
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T Al''.E II.3 (Cont'd)*

Type of Station p nto of ato of

11e d ia Analysis flo . First Sampic. 1.a n t !. uTjj

kJ Fish (Cont'd) Sr-89 4 11 e)
American Shad

Sr-90 4 11 - 6/5/72

Cs-137 41! 6/5/72

Gamma Spetsrum 4I! 6/10/73

Shellfish Cross Beta 9 4/21/60
(Tissue) 10 4/21/60

11 4/21/60

K-40 9 ../21/60
10 4/21/60
11 4/21/60

I-131 9 5/17/60
10 5/19/60
11 5/17/60

Cs-137 9 6/16/71
10 6/16/71-

11 6/10/71

Sr-89 9 0/18/73
10 9/18/73
11 9/18/73

Sr-90 9 6/16/71
10 6/16/71
11 6/16/71

|
Gamma Spectrum 9 6/16/71

10 6/16/71
! 11 6/16/71

Sheljfish Cross Beta 9 4/21/60
10 4/21/60(Shell)
11 4/21/60

K-40 9 4/21/60
10 4/21/60
11 4/21/60

Sr-89 9 9/18/73
10 9/13/73
11 9/13/73

Sr-90 0 4/21/60
10 11/6/67 1L/6/u/=
10 6/16/71
11 6/16/71

Cs-137 9 6/16/71
10 6/16/71
11 6/16/710 collected between initiation of Sr-89 analysis and printine,

c) No sampla
of this report.

* One Sample this date; Sr-90 analysis resumed 6 /1(, / 71
II.19

'
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TABLE II.3 (Cont'd)
Type of Station Date of Date of

Media Analysis No. Fi*st Sampic Last S a m p 1_,c,

Small Game Gross Beta 1 4/1/61
(Muscle)

K-40 1 4/1/61

Small Game Gross Beta 1 4/1/61
(Soft Tissue)

K-40 1 4/1/01

Small Game Cross Beta 1 4/1/61
(Jone)

K-40 1 4/1/61

Small Game I-131 1 4/1/61
(Thyroid)

Soil Gross Alpha IAA 4/4/60
2 2/26/61 8/19/t,1

3A 4/4/60-

4N 4/4/60
5 4/4/60
60 4/4/60

i

Cross Beta IAA 4/4/60
| 2 2/26/61 8/19/01
' () 3A 4/4/60

4N 4/4/60
5 4/4/60
6c 4/4/60

K-40 1AA 4/4/60,

l 2 2/26/61 8/19/61
! 3A 4/4/60

4N 4/4/60
5 4/4/60
60 4/4/60

Sr-89 1AA 10/14/73
3A 10/14/73
4N 10/14/73
5 10/14/73
6G 10/14/73

Sr-90 1AA 5/1/71
3A 7/2/60
4N 11/12/61 11/12/61e*

l 4N 5/2/71
5 11/12/61 11/12/61**
5 5/2/71
6c 7/2/60

| Cs-137 1AA 5/1/71
3A 5/2/71
4N 5/2/71

O, 5 5/2/71
6c 5/2/71

|

** One Sample this date; Sr-90 analysis resumed 3/2/71.
11.20

s _.
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TABLE 11.3 (Cont'd)
Type of _ Station Date.of ') ate nf

!/ 7 11e'd i a Analysis No. First Sample 1,a s t Sampic
~

-Q.
Silt' Gross Alpha 1BB 3/29/60 11/J2/t.1

1CC 4/8/62 10/22/60
IBB 4/3/67
1U 3/14/72
l'(

- 3/14/72
4C 12/3/71-

'4D 3/14/72
41: 12/14/69 12/3/71
6F- 3/29/60'

Gross' Beta ICn 3/29/60 11/12/o1
1CC 4/b/62 10/22/60
1BB 4/6/67

it' 3/14/72
1X 3/14/72
4C 12/3/71
4D 3/14/72 .

41; 12/14/69 12/3/71
6F 3/29/60

K-40 1BB 11/5/60 11/12/61
6F 11/4/60 11/12/61

Sr-89 1BB 10/14/73
IW 12/13/73
1X 12/13/73
4C 17/13/73

-

4D 12/13/73t
,

.

6F 10/14/73-

Sr-90 1BB 11/5/60 11/12/61
1BB 4/8/67
1CC 4/8/62 10/22/66
IW 3/14/72
1X 3/14/72
4C 12/3/71
4D 3/14/72
4E 12/14/69 12/3/71
6F 11/4/60<

cs-137 1BB 5/1/71
IW 3/14/72
1X 3/14/72
4C 12/3/71
4D 3/14/72
4E 12/14/69 12/3/71
6F 5/2/71

.

Camma Spectrum 1BB 5/1/71
IW 3/14/72
1X 3/14/72
4C 12/3/71
40 3/14/72
4E 12/14/69 12/3/71
6F 5/2/71

Ambient Radiation Gamma 1A 9/11/61
1B 10/22/67
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III. PROCEDURES

(f The procedures used to obtain the various sample types, how the
samples are handled and analyzed, the methods used to calculate final
results, reporting procedures and analytical sensitivitica are described

in this section.

III.A Sample Collection Procedures

The methods used in sample collection and ambient gamm radia- i

tion measurements are described below. An attempt is made to adhere to

the sampling schedule unless unusual conditions provail.
All samples are labeled with sample type and location as well

as collection date prior to shipment to the laboratory for analysis.
1. Gamma Radiation Monitoriti

Gamma radiation is monitored with a Nuclear Measurement
Corporation Model GA--2A scintillation system with a Leeds and Northrup
or equivalent strip chart recorder which records the gamma dose rate

continuously. Each monitor is read weekly by the sample collector and

its entire chart when removed is sent to Interex for examination to
insure that the weekly readings are representative of the entire period.,

The range of values is alno read and reported.

On June 19, 1973, the instrument at Station lA was moved
t about 120 feet co a new weather station building from its original

wooden structure.

Prior to February 1962, a recording ionization chamber

system (Victoreen Model 712) was used with a Texas Instrument recorder.

| 2. Air Particulates
i

Air particulate sampics are obtained using a system con-

sisting of a pump (Gast IVBS-10-M100X), a Gelman 1220 filter paper
holder with a 35mm diameter orifice and a running time meter to indicate

the total period of operation. Each air sampler is fitted with a limit- ;

ing orifice to maintain a constant flow rate of approximately 1 cfm
during the sampling period. The volume sampled for the period is
determined from the known flow rate and the running time. A typical
unit is shown in Figure III.l.

,

|

|

III.1

i
i
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The filter paper used is Gelman Type E glass fiber 47 mm
g-s diameter. Prior to 1966, Hollingsworth and Voss HV-70 2 inch diameter

paper was used.

Previously various other equivalent pumps such as Bell
and Gossett SYC-19-1, Gelman 13400 or Cast IVSF were used at the var-
ious locations and a Schmidt constant flow air sampler Model 2-AXP was
used at Station 12A.

Starting in 1970 the samplers were equipped with a filter,

holder with a 35 mm diameter orifice rather than the 44.5 mm orifice
previously used.

At the end of each weekly air particulate collection
period, the air sampling unit is stopped, the filter is removed from
the holder, placed in an individual envelope and identified. A new

filter is placed into the filter holder and the air sampling unit
returned to operation. The total sampling interval, the date of col-

lection, the flow rate, and the sampling location are recorded on a
special air sample data form uhich is attached to the appropriate
sample. Special notations are made on the data form of any unusual
conditions in the equipment or of weather conditions at the sampling,

() station which may have affected the samples. The collector also main-
tains a log sheet on each air sampling station containing a duplicate
record of the information appearing on the weekly air sruple data form.

The samples at Stations 12A and 12D are collected by Philadelphia
Electric personnel.

Beginning in June 1973, approximately every six months
or when a pump is replaced, units at all stations are calibrated, after
replacing the particulate laden filter, for true air flow volume using

i a dry gas meter. This is done by Philadelphia Electric Co. personnel.
During calibration, a measured amount of air is drawn through the system

; at a conetant tiow rate. Pressure within the meter is measured with a
vacuum gauge. By application of Boyle's law and using the measured

| pressure differential (to correct the dry gas meter reading to atmos-
pheric pressure), the elapsed sampling time and the measured volume

! of air pulled through the filter during calibration, the flow rate
through the filter is calculated. The temperature is assumed to be
constant during the calibration.

;
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Prior to June 1973, air particulate monitors at all

stations except 12A and 12D were calibrated by the sample collectorgg
\~/ using the same method. At Stations 12A and 12D the calibration was

performed by Philadelphia Electric Co. using the above procedure since
June 1972. Prior to this date, a wet gas meter was used.

3. Precipitation

Precipitation samples are collected in rain gauges.
2Collector areas at Stations lA and 1B and Station 4M are 0.0327 m ,

These are emptied weekly by Philadelphia Electric Co. personnel into
appropriate sized plastic bottles which are given to the sample col-
lector for transmittal to Interex. The entire volume for the given

period constitutes a sample. Since August'1972, plastic inserts in

the metal rain gauges have been used at Stations lA and 1B to collect

the rain samples.-

4. Surface Water

Each surface water grab sample consists of 1 gallon of
water obtained in a 1 gallon plastic bottle.

At Station 4L a monthly composite sample is obtained

using the sampler shown in Figure III.2. The apparatus samples at a

rate of approximately 46 ml/ minute giving a 7-day sample of approxi-
mately 140 gallons. The tank capacity is 175 gallons, the volume of

10-day sample at this flow rate. A one-quart sample is removed froma

the tank weekly after a few minutes of stirring to mix any insoluble
material in the tank and put into a 1- or 2-gallon bcttle. The tank

is then drained and rinsed. At the end of each month the collection
bottle is sent to Interex.

5. Well Water

Each well water sample consists of 1 gallon of well

water obtained as a grab sample.

Before sampling from wells, sufficient wate'r is allowed

to run to drain the pipes or is run for approximately 5 minutes if the

well is not used frequently.

6. Soil

For each soil sample the Sunshine !!e thod is used. Three

2" plugs of soil 4-6 inches deep are taken from a 4 square foot area
and mixed in a plastic bag. The composite is placed in a plastic

() bottle and consists of approximately 1000 g.
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7. Silt

Silt samples at Stations IBB and 6F are obtained in a

~() manner similar to soil samples under approximately two feet of water
by the Interex sample collector. The composited sample consisting of
approximately 1000 g is placed in a plastic bottle for shipment.

At Stations 1W, 1X, 4C and 4D silt samples are collected
in a similar manner by Icthyological Associates, a Philadelphia Elec-
tric Co. limnological consultant using a Ponar dredge.

8. Fish

Fish samples are obtainec by trapping or by hook and
line. Each sample generally consists of 4 fish of the same type when-
ever available. The fish are placed in a plastic bottle for shipment
or are placed in plastic bags and shipped in dry ice.

Presently the fish from lloitwood Pond, Station 6C, are
collected by the Interex sample collector using hook and line. All

other fish samples are collected by Icthyological Associates, a Phila-

delphia Electric Co. marine biology consultant. At Conowingo Pond

stations including the berm ponds and discharge canal, Stations 41,
4J, 1X, 1Y and 1W, fish are caught by net trapping. In Peter's Creek,

{ Station 3 A and Pequea Creek, Stations 25A through D, fish are caught by

seine or by electrc-shocking techniques. Shad in the Conovingo Dam

tailrace, S t a t ion 411, are caught by hook and line or a fish trap.
Prior to 1968 all fish were obtained by the program

sample collector using hook and line.

9. Shellfish

Shellfish (oysters) consist of approximately 8 oysters
from each location shipped in formaldehyde in a plastic bottle. The

shellfish are obtained by personnel of the Chesapeake Bay Institute,
Johns llopkins University, and are shipped to Interex.

10. Vegetation

Samples of approximately 500 grams of cut grass and wild
greens are placed in polyethylene bags and sealed for shipment. Crops,

when available, are also shipped in plastic bottles.

11. Small Game (Rabbits)
Small game (rabbits) obtained in the area are frozen and

shipped in dry ice. Five rabbits are collected as a sampling if avail-
able. Prior to 1971, 10 rabbits were collected as a sampling.

III.4



_ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12. Milk

Each sample consists of 2 gallons of milk removed fromI). the bulk dairy tank at a given farm. It is thus a composite of all
the cows in the herd for one to three milkings.

Prior to April 1962, each sample from a farm group con-
sisted of about 400 ml of milk from each of five separate farms com-
posited into a two liter sample.
III.B Handling and Reporting Procedures

Samples when received are logged into a notebook specificallyused for Philadelphia Electric environmental samples and a samplenumber is assigned. At this time a carbon copy of the log entry is
generated and submitted to the laboratory supervisor who verifies the

. analyses to be performed and assigns the analyses to laboratory per-
sonnel. In addition, the lo t: sheet is checked against the transmittal
sheet submitted by the sample collector to insure that all samples
were received and against the program schedule to cscertain that all
samples required for the period have been taken.

When analytical results are obtained, they are checked against
the analytical requirements to verify that all of the required anal-() yses have been performed. The results are then compared to previous
data to determine if the value is within normal limits.

A data sheet giving the details of the analytical results in-
cluding gross counts, count time, counter efficiency, sample volume,
etc., is submitted to Philadelphia Electric Company upon completion
of the sample analysis. There is immediate notification of any un-
usual result.

Representative portions of samples when possible are saved for
at least six months after submission of the report containing the
results of the sample analyses.

O
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III.C Sample Preparation and Analytical Procedures and Equipment

The procedures and equipment described below are presentlyg-)
\/ being used in the analysis of samples obtained in this program. There

havc been no changes from previous procedures or equipment that would
be expected to affect the comparability of the results obtained.

Where changes in a procedure have been made they are referred to in a
note at the end of the procedure. "ICN" refers to differences in pro-

cedures between those now in use and those used by ICN. "NSEC" is
used similarly for differences between Interex and Nuclear Science and

Engineering Corporation. Counting procedures and equipment are de-

scribed separately.

As a result of the changes in laboratories and in analytical

requirements, several general changes were made that pertain to numer-

ous procedures. The counting equipment is different, as is described

in section III.C.2, and the reporting units were changed from uuc to

pCi. Since these are general changes, they are inferred and not re-

stated for each procedure.

Sample aliquot size, chemical concentrations etc. are for the

sample as generally encountered and may be varied somewhat to accommo-

() date special situations.

III.C.1 Sample Preparation and Analytical Procedures

The following pages describe the procedures used for each

type of sample medium collected.

Toward the end of the period covered by this report, Sr-89

analysis was initiated on all samples which previously required only

Sr-90 determination. In the procedures given below, the addition of

Sr-85 is omitted if it is necessary to determine Sr-89.

Cesium-137 measurerents were also started in some samples

during the report period. Waere cesium was not determined the addition

of cesium carrier and the cesium separation steps were omitted.

1.1 Air Particulates

At least 72 hours is allowed to elapse between sample

collection and processing to allow for the decay of any radon and tho-

ron radioactivities,

a. Procedure for Cross Beta Analysis

(} (1) The air filters are placed on 2 inch diameter

planchets and beta counted in the counter described in section III.C.2.1.
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(2) The concentrations of gross beta activities

are calculated using conversion factors obtained from the sampler flow

() rates, the running time of the air sampling pumps, the sample counting

rates and the efficiency factor of the beta counter determined using a

Cs-137 standard. The concentrations of beta activity are reported in

terms of picocuries per cubic meter (pCi/m ) of air.

(ICN and NSEC - A Sr-90 - Y-90 standa'rd was used)
b. Procedure for Gamma Spectrum Analysis

(1) All air filter papers from a given month from

a given location are placed in a Petri dish, pressed flat with extra

paper on the side opposite the counter and counted on the gamma spec-
trometer described in section III.C.2.4.

3(2) Results are given in pCi/m using standards of

the isotope being measured. T he sum of the individual air volumes are used.

1.2 Precipitation

a. Procedure for Gross Beta Analysis

The total volume of the monthly precipitation sample

from each sampling location is measured to the nearest 10 ml. A 250-ml

or larger aliquot including uniformly suspended solids is evaporated

} nearly to dryness, transferred quantitatively to a tared 2 inch diameter

planchet, evaporated to dryness, weighed, and beta counted in the counter

described in section III.C.2.1. The gross beta activity conce'ntrations

are calculated for each sample from the volume of the aliquot used, the

counter ef ficiency based on a Cs-13 7 standard and the area of the sample

collector. The data are reported in units of picoeuries per liter

(pCi/1) and picoeuries per square meter (pCi/m2),
b. Procedure for Strontium and Cesium

(1) Strontium (40 mg as Sr(NO3)2) and cesium (35 mg
as Cscl) carriers and a known amount of Sr-85 are added t' o a measured
quantity of the unfiltered rample remaining after removal of the gross

beta aliquot. The liquid is evaporated to near dryness.

(2) The liquid and any residue are treated with

! acid several times by boiling to near dryness after addition of 4N HNO
3

The solution is cooled, diluted to 50 ml with 0.1 N HNO filtered and3,

the filter paper is washed combining the wash with the filtrate. Alter-

natively the dried aliquot is fused with sodium carbonate and leached

with dilute HNO
3

(3) Ammonium molybdophosphate (AMP) is added, the
I

; solution is made basic and then acid to precipitate cesium. The cesium
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precipitate is separated and cesium determined as given in section 1.12.

The supernate is saved for strontium determination.

( (4) The remainder of the strontium procedure is

given in section 1.11 starting with step 2.
2(5) Data are reported as pci/1 and pCi/m for each

isotope based on standards for the specific isotope being measured.
(NSEC - A 250 ml aliquot was used, and the residue in step 2

was filtered, fused with sodium carbonate, water leached, dissolved in
!!NO and combined with the filtrate before proceeding with step 3.)3

1.3 Surface Water

a. Insoluble Matter

(1) Procedure for Cross Alpha Activity

(a) A 1-liter aliquot of the surface water

sample ta filtered through a membrane filter (Millipore, type ll A , 47 mm
diameter, 0.45 micron mean pore size) to collect the insoluble particu-
late matter.

(b) The filter membrane is transferred to a

tared 2 inch diameter planchet, ignited to remove any organic material,

weighed and alpha counted in the counter described in section III.C.2.1.

() (c) Concentrations are reported in picoeuries

per liter based on a uranium standard.

(ICN prior to May 1971, and NSEC - a 250 ml aliquot,,

I and Millipore, type RA 47 mm diameter 1.2 micron filter paper was used.)

(2) Procedure for Cross Beta Analysis

(a) The planchet containing the ignited sample
obtained as described above is beta counted in the counter described in
section III.C.2.1. Joncentrations are reported in picocuries per liter
based on a Cs-137 standard.

(3) Procedure for Gross Gamma and Gamma Spectrum
Analysis

!

(a) The planchet containing the ignited sample
is counted on the gamma spectrometer described in section III.C.2.4.

j (b) Results are given in cpn/l and pCi/A using
standards of the isotope being measured.

b. Soluble Matter

j (1) Procedure for Gross Alpha Activity
i (a) The filtrate obtained from a 1-liter sur-

face water aliquot is evaporated to dryness in a beaker at low heat.
I
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(b) .The residue is transferred to a tared 2
inch diameter planchet with the aid of dilute nitric abid.

(c) The sample is evaporated to dryness and

the weight of the residue determined to permit correction for self

absorption.

(d) The sample is then alpha counted in the ;

counter described in section III.C.2.1. Results are reported in terms

of pCi/l based on'a uranium standard.

(ICN - A 250 ml aliquot was used in Step a.)

f(NSEC - The residue was wet ashed with HNO and H 0
3 2 2, eVAP-

orated and a weighed 200 mg aliquct of the residue was counted.) [

(2) Procedure for Gross Beta Analysis

(a) The planchet obtained from the gross

alpha procedure is beta counted on the counter described in section |
^

III.C.2.1. Results are reported in terms of pCi/1 based on a Cs-137

standard.

(3) Procedure for Gross Gamma and Gamma Spectrum
,

Analysis

(a) A4 liter aliqcot of filtered sample is |

() placed into a !!arinelli beaker and counted on the gamma spectrometer

described in section III.C.2.4.

(b) Results are given in epm /l and pEi/l
using standards of the isotope being measured.

1.4 Well Water

a. Procedure for Gross Alpha Analys,1,s
The same procedure is used as is given above for

surface water soluble activity except that the sample is not filtered.

The sample therefore contains both soluble and insoluble activity.
b. Procedure for Gross Beta Analysis

The sample procedure is used as is given above for
surface water soluble activity except that the sample is not filtered.

I (NSEC - The sample procedures used were as given in the nota-

,

tions to the surface water soluble activity procedures.)
,

I

c. Procedures for Uranium Analysis'

(1) A 1-liter aliquot of sample is evaporated to

25 ml and 1.5 mi conc. HNO3 and 50 mi cone. hcl are added.
'

(2) The solution is passed through a Dowex 1x 10,

100-200 mesh column. ,

r
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i

(3) The column is washed with 75 ml of 8N hcl and
'

uranium is eluted with 150 ml of 1N HC1.
O' (4) The solution is evaporated to dryness and-taken-

'

up in dilute HNO
3

(5) One-half of this solution is transferred to a
t

platinum dish and evaporated. The residue is fused with a sodium

-fluoride - lithium fluoride pellet.

(6) The fluorescence in the fused sample is measured

with a Turner Model 110 fluorimeter calibrated against known amounts of
|

uranyl nitrate solution which have been fused as in Step 5. i

(7) The concentrations of uranium are reported in !

units of micrograms per liter (ug/1).

(ICN - a 250 ml aliquot of unfiltered sample was evaporated to

dryness, the residue dissolved by treating several times with 4N HNO
3

and then diluted to 5.0 ml with water. A 0.2 mi aliquot was treated

as in step 5 above and the fluorescence measured with a Jarrell-Ash

fluorimeter calibrated as given above in Step 6.)

(NSEC - The residue was wet ashed with HNO and H 0 and
3 2 2

dissolved in 1M HNO The uranium was extracted into ether, the water
3

() phase discarded and the ether layer evaporated on a water bath. The

residue was taken up in 1M HNO and diluted to 5 ml. A 0.2 ml aliquot !3

was treated as in step 5 above and the fluorescence measured with a- [

Jarrell-Ash fluorimeter calibrated as given above in Step 6.)

d. Procedure for Strontium and Cesium

(1) Strontium (40 mg as Sr(NO3)2) and cesium
(35 mg as CsC1) carriers and a known amount of Sr-85 are added to a

1-11 tor aliquot and cesium is separated by precipitation with AMP.

The remainder of the procedure is as given above in section 1.2.b at

step 3.

(NSEC - Procedural changes are as noted above for precipita-

tion.)

e. Procedure for Cross Camma and Gamma Spectrum Analysis t

(1) A4 liter aliquot of unfiltered sample is placed

into a Mr.rinelli beaker and counted on the gamma spectrometer described

in section III.C.2.4. ;

(2) Results are given in cpm /1 and pC1/1 using [
.

( standards of the isotope being measured.

f
:
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1.5 Soil snd Silt

a. Procedure for Crosn_Alla Analysish

g-) (1) 20 to 25 g of the snmple of soil or silt is
\~/'

dried by heating at 110 C.

(2) The dried sample in crushed and a wel$ed 10 t
of the material transferred to a beaker.

(3) The sample is leached twice with 10 ml of 2E
HNO3, and the Jeachings are composited and filtered. The residue is
washed with 0.111 l!UO

3

(4) The filtrate in evaporated to approximately
5 m1, transferred to a volumetric flask, and diluted to 10 ml with 42
IINO

3

(5) A 2 ml aliquot of the solution (equivalent to
2g of dry soil) is evaporated onto a tared planchet, weighed and alpha
counted in the counter described in section III.C.2.1. The concentra-
tions of extractable gross alpha activity are reported in units of
pCi/g dry vt. based on a uranium standard.

(NSEC - The leaching was done with concentrated HNO and the
3filtrate was diluted with 0.13 HNO prior to treating as in step 5.)3

) b. Procedure for Cross Beta Activity
(1) The planchet from the gross alpha analysis is

beta counted in the counter described in section III.C.2.1. The con-
centrations of extractable gross beta activity are expressed in units
of pCi/g dry vt. based on a K-40 standard for soil and a Cs-137 standard
for silt.

c. Procedure for Potassium-40 Analysis
(1) A 1-ml aliquot of the sample solution used to

prepare the alpha sample is diluted to 100 ml in a volumatric flask.
(2) The potassium content is determined using a

Coleman Model 21 flame photometer and Model 22 Galvanometer. The
instrument is calibrated using known amounts of potassium for each
series of measurements. The beta radioactivity resulting from K-40 is
calculated using the known specific beta activity of K-40 in potassium
(1780 betas / min /g K). The contribution of K-40 beta activity to the
concentration of the gross beta activity in the sample is reported in
units of pCi/g dry wt.

() (NSEC Potassium was measured using a Secknan :todel DU spec--

trophotometer with a flame attachment at a wavelength of 766.5 mu.)
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d. Procedure for Net Beta Activit,g
(1) The concentration of K-40 in each sample, as() determined above, is subtracted from the concentration of the gross

beta activity, and the net beta activity concentration is expressed
as pCi/g dry ut.

6. Procedure for Cross Gamma and Gamma Spectrum Analysis
(1) The remaining dried sample is weighed and placed

into a Marinelli beaker and counted on the gamma spectrometer described
in section III.C.2.4

(2) Results are given in cpm /g and pCi/g using
standards of the isotope being measured.

f. Procedure for Strontium and Cesium
(1) A 75 gram sample of oven dried soil is weighed

into a tared beaker. Strontium (40 mg an Sr(NO3)2) and cesium (35 mg
as CsC1) carriers and a known amount of Er-85 are added.

(2) The sample is leached twice with 200 mi portions
of 4N hcl by heating for at least I hour on a hot plate, stirring fre-
quently.

(3) The combined supernates are evaporated to 200

{} ml and any residue filtered off.

(4) Approximately 1 g of AMP is added and the sample
is mechanically stirred for 1 hour. The AMP is allowed to settle and
removed for cesium purification as given in section 1.1.2.

(5) 12N NaOH is added to the supernate with stir-

ring until any precipitate that forms just barely dissolves (pH approx.
2). If no precipitate tends to form nore NaOH is added untiL the pH
is 5 and 20 ml of saturated (NH )2C0 is added to precipitate the4 24
oxalates. One 40 ml cone is centrifuged and the supernate tested for
completeness of precipitation. This is repeated until no precipitate

is formed in the supernate when more (NH4)2C 0 is added. If a precip-24
itate forms at pH 5 when NaOH is added, the solution is acidified and
few grams of (NH4)2C0 are added. The ph is then readjusted to pH 5.24
This is repeated until no brown precipitate is obtained at pH 5. The
objective is to complex any iron as the oxalate so that it does not

I precipitate at pH 5 with the alkaline earth oxalates.

(6) The solution is gravity filter and the oxalates

| g, converted to carbonates by ignition muffic furnace. The residue is
v dissolved in 30-50 ml SN HNO

3
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(7) The solution is transferred to a 250 m1 beaker
and 150 ml of fuming HNO added to precipitate nitrates. The precip-3() itate is allowed to settle and centrifuged.

(8) The remainder of the procedure is given in
section 1.11 starting with step 4

"

(9) Results are reported in pCi/g dry weight using
scandards of the isotope being measured.

(NSEC 50 gram samples were leached with HNO3 and treated
-

starting with step 2

1.6 Fish

a. Procedure for Gross Alpha Analysis

(1) A single fish is rinsed with tap water and

then with distilled water to free it of any adhering mud or slime,
weighed and placed in a beaker.

(2) The sample is wet ashed using concentrated
HNO evaporated and then ashed in a muffle furnace at 600 C.3,

(3) A weighed 200 mg aliquot of the ash is trans-

ferred to a 2 inch diameter planchet and alpha counted in the counter
described in section III.C.2.1. T'a e concentration of gross alpha
activity is reported in pC1/g ash based on a uranium standard,

b. Procedure for Cross Beta Analysis

(1) The planchet obtained from the gross alpha
analysis is beta counted. The concentrations of gross beta activity

are reported in pCi/g ash based on a K-40 standard,

c. Procedure for Potassium-40 Analysis

(1) 10 to 20 mg of white ash from the alpha procc-
dure is weighed, transferred quantitatively to a 100-m1 volumetric
flask and dissolved in HNO The solution is diluted to 100 m1 with3
water.

(2) The potassium concentration is determined,

using a Coleman 21 flame photometer and Model 21 galvanoneter. Potas-

sium chloride (KC1) standard solutions are used for calibration of the
instrument prior to each series of measurements.

(3) The beta activity resulting from K-40 is calcu-

lated using the natural abundance of K-40 in potassium. The contribu-

tion of K-40 beta activity to the concentration of gross beta activity
is reported in units of pC1/g ash,s

_) (NSEC Potassium was measured using a Beckman Model DU spec-i -

trophotometer with a flame attachment at a wavelength of 766.5 mu.)

111.13

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



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

k

d. Procedure for Net Beta Activity

(1) The concentration of K-40 in each sample, an

() determined above, is subtracted from the concentration of the gross '

beta activity. The net beta activity concentration is expressed as

pCi/g of ash,

e. Procedure for Gross Gamma and Gamma Spectrum Analyais
(1) Prior to performing any analysis, and after

washing, all fish of the same species from a sample are weighed and
placed together in a Marinelli beaker and counted on the gamma spec-
trometer described in section III.C.2.4.

(2) Results are given in cpm /g and pCi/g using

standards of the isotope being measured.

f. Procedure for Strontium and Cesium
(1) Strontium (40 mg as Sr(NO3)2) and cesium (35 mg

as CsC1) carriers end a known amount of Sr-85 are added to the weighed
ash remuining after the removal of the aliquots for gross beta and K-40.

(2) Approximately 150 ml of 8N HNO is added to
3

the sample and the sample is heated until the ash dissolves. The solu-

tion is evaporated to a small volume.

{} (3) Approximately 1 g of AMP is added and cenium
,

precipitated by making the solution basic and then acid. The AMP pre-

cipitate is separated for cesium purification as g^ven in section 1.12

(4) The surernate is processed for strontium as

given in section 1.11 starting at step 2.

(5) Concentrations are reported in units of pCi/g

ash using standards of the isotope being measured.

1.7 Shellfish

a. Procedu*e for Cross Beta Analysis of Shells

(1) The oysters are scrubbed free of dirt.

(2) After opening the shells and separating them

from the soft tissues, the shells are weighed and then ashed in a muf-

fle furnace at 600 C until a white ash is produced. It has been found

that the weight of shell is essentially unchanged by ashing.

(3) The ash is crushed, and a weighed 1 gm of ash

digested with concentrated llNO
3,

(4) The volume of the resulting solution is reduced

and then the solution adjusted to a volume of 10 m1 with 1.0 M HNO

O 3'

An aliquot of the solution equivalent to 200 mg c! shell ash is trans-
!

111.14
,

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



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

ferred to a tared 2 inch diameter planchet, dried, weighted, and beta
corated in the counter described in section II I . C . 2.1. ' ;~

( ') (5) The concentrations of gross beta activity arev
expressed in terms of pCi/g sheJ1 ash based on a K-40 standard,

b. Procedure for Potassium-40 Analysis of Shells

(1) A volume of the above solution equivalent to

200 mg of shell ash is diluted to 10 m1 with 1.0 g HNO3,

(2) The potassium content is determined as described

above for fish in section 1.6.c. The concentration of K-40 is reported
in units of pCi/g shell ash.

c. Procedure for Net Beta Analysis of Shells

The K-40 concentration is subtracted from the con-
centration of the gross beta activity. The net beta activity concentra-

tions are repe'ted in units of pC1/g shell ash,

d. Procedure for Strontium and Cesium in Shells

(1) Strontium (40 mg as Sr(NO3)2) and cesium (35 mg
as Cscl) carriers and a known amount of Sr-85 are added to a weighed
10 g ?'iquot of the shell ash, digested with HNO and filtered through3
filter paper.

-) (2) The remainder of the procedure is given in
k' section 1.6.f start'ing at step 3.

(3) The nuclide concentrations are reported in units

of pCi/g of shell ash using standards of the isotope being measured.

e. Procedure for Gross Beta Analysis of Soft Tissue

(1) A weighed portion of the tissues obtained from

the initial part of the analysis are macerated in a homogenizer. All

of the tissue is used except when I-131 is to be determined in which

case approximately half is used. The homogenized material is evaporated

to dryness and the dry tissue transferred to a beaker.

(2) The tissue is ashed in a muffle furnace at

600 C until a light brown ash is obtained.

(3) A weighed 200-mg aliquot of the ash is trans-

ferred to a2 inch diameter planchet and beta counted in the counter -

dtacribed in section III.C.2.1.

(4) The gross beta activity concentration is ex-

pressed in units of pCi/g soft tissue ath based on a K-40 standard.

O
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f. Procedure for Potassium-40' Analysis of Soft Tissue

(1) The potassium concentration is-determined as

-given for fish in section 1.6.c and results are reported in units of

pCi/g soft tissue ash,

g. Procedure for Net Beta Activity of Soft Tissue

(1) The K-40 concentrations arc subtracted from.

the corresponding gross beta activity concentrations. The concentra-

tions of the net beta activity are reported in units'of pCi/g soft

-tissue ash.

h. Procedure for Cross Camma and Gamma Spectrum Analy.-

sis in Soft Tissue

This procedure is the same as used for fish, section

1.6.e.

i. Procedure for Strontium and Cesium in Soft Tissue

This procedure is as given above for shells using

the largest aliquot of-ash available after gross beta measurement.

j, Procedure for Iodine-131 in Oyster Soft Tissue

(1) A veighed portion of soft tissue obtained from the

initial portion of the gross beta analyses is macerated in a homogenizer.

.() (2) Iodide carrier (20 mg as Hal) is added to the

sample and the sample made basic with NaOH.

(3) Sodium bisulfite (NaHS03) r sulfurous acid is

added to prevent oxidation of the iodide.

(4) The solution is evaporated at low heat and the

evaporated. residue ashed in a muffle furnace at 600 C.

(5) The ash is cooled, water leached,and filtered.

(6) The leach solution is transferred to a separa-

tory funnel, acidified in the presence of carbon tetrachloride (CCl4)- '

and oxidized to iodine with sodium nitrite (nan 02)*
(7) The iodine is extracted into the CCl4 phase.
(8) The iodine is then reduced to iodide with NaHSO3

or sulfurous acid and back-extracted into the water phase.

(9) The water phase is transferred to a beaker and

acidified with HNO 3'
(10) Silver nitrate is added to the beaker, and sil-

ver iodide precipitated.

(11) The AgI is filtered, weighed,and mounted (Noto 1)
for counting in the counter described in section III.C.2.2. If there
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is activity present above the counter background, the sample is re-
counted 3-4 days later. .If decay has occurred, counting is continued

s

\ for at least two half lives.
(12)' Tlie I-131 data are calculated as given'in

section III.C.3 expressed'in units of pCi/g ash.

(Note 1. The mount consists of an inverted nylon cup on which

the filter paper containing the precipitate is placed. The precipitate

and paper are then covered with two layers of household plastic wrap
squares with sides approximately 1 inch larger than the diameter of the
mount. The plastic is held down by placing a nylon slip ring'over the
plastic and around the sides of the cup. The excess plastic at the

bottom is then trimmed-off.)
1.8 Vegetation and Crops

a. Procedure for Gross Alpha Analysis

(1) A 40 to 50 g aliquot of sample is dried at

110 C for 12 to 24 hours.
(2) After drying, the sample is weighed, wet ashed

#

with HNO evaporated,and then ashed in a muffle furnace at 600 C.
3,

(3) After reduction of the ash to a fine powder'in

wrtar, a weighed 9.00 mg of the ash is placed in a 2 inch diameter()
p. achet and alpha counted in the counter described in section III.C.2.1-

(4) The concentrations of gross alpha activity are

a uraniumreported'in units of pCi/g vegetation or crop ash based on
standard.

(NSEC - 10-15 g samples were ashed over an open flame and then
ashed in a muffle furnace, A 250 mg aliquot was planchetted and counted.)

b. Procedure for Gross Beta Analysis

(1) The planchet from the gross alpha analysis is
beta counted. The concentrations of gross beta activity are reported
in pCi/g ash based on a K-40 standard.

c. Procedure for Potassium-40 Analysis

(1) The potassium concentration is determined as
described in the procedure for fish as described in section 1.6.c. The

results are expressed in units of pC1/g vegetation or crop ash,
d. Procedure for Ne.t Beta Activity

(1) Net beta activity concentrations are determined

}
by subtracting the K-40 activity from the gross beta activity. Results

are expressed in units of pCi/g vegetation or crop ash.

III.17
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e. Procedure for Strontium and Cesium I

Sr(No )2) and cesium (35 mg(1) Strontium (40 mg as
3,- ~(,) as Cscl) carriers and a known amount of Sr-85 are added to a weighed

amount of vegetation or crop ash remaining from the gross beta and K-40 |

measurement.

(2) The ash is acid 1 cached by boiling with several

and filtered.aliquots of HNO3
(3) The remainder of the procedure is given in

section 1.6.f starting at step 3.

(4) The concentrations are reported in units of

pCi/g vegetation or crop ash using standards of the isotope being
measured.

(NSEC - The ash was fused with sodium carbonate and water
leached. The residue was dissolsed in HNO and treated as in step 3.)

3

1.9 Rabbit

a. Procedure for Gross Beta Activity in Muscle or Soft

Tissue

(1) Leg muscle or scft tissue from the body is dis-

sected from each rabbit, weighed, transferred to a crucible and dried.

The dried sample is ashed in a muffle furnsee at 600 C.(}
(2) A weighed 200 mg aliquot of the ash is trans-

ferred to a 2 inch diameter planchet and beta counted in the counter

described in section III.C.2.1.

(3) The concentrations of gross beta activity are

expressed in units of pCi/g muscle ash or soft tissue ash based on a
K-40 standard.

(NSEC - The sample was wet ashed with HNO and H 0 evaporated
3 2 2

and wet ashed. A 250 mg aliquot was counted.)

b. Procedure for Gross Beta Activity in Bone

(1) A leg bone (femur) is taken and the adhering
tissue removed.

(2) The bone is weighed, placed into a crucible and

ashed in a muffle furnace at 600 C.
(3) A weighed 200 mg aliquot of ash is transferred

to a 2 inch diameter planchet and beta counted in the counter described
in section III.C.2.1. The groso beta activity concentration is ex-

pressed in units of pCi/g bone ash based on a K-40 -tandard.-

_-

,

|
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c .- Procedure for Determination of K-40 Activity in Each

Anatomical'Section of the Rabbit Specimen-w

'

(1) The potassium concentration is determined ass

given la-the procedure for fish in section 1.6.c. The results are

expressed in units of pC1/g muscle, soft tissue or bone ash,

d. Procedure for Net Beta Activity in Each Anatomical

Section of the Rabbit Specinen

(1) The K-40 concentration values obtained for

muscle, soft tissue or bonc are subtracted from the respcetive values-

for gross beta activity concentrations. The concentrations of net beta

activity are reported in units of pCi/g muscle, soft tissue or bone ash.
!

e. Procedure for Iodine-131 in Rabbit Thyroid

(1) The rabbit thyroid is dissected, placed into a

counting vial and covered with alcohol.

(2) The I-131 in the sample is measured with a well-

type sodium iodide crystal and a single-channel, pulse-height analyzer
as described in section III.C.2.3 which was previously calibrated with

an I-131 standard. The data are corrected for decay after sample col-

lection.

() (3) The I-131 concentrations are expressed in units

of pCi/ thyroid based on an I-131 s t anda rd .
(NSEC - Trior to May 1, 1968, the thyroid was weighed and con-

centrations were in units of pCi/g. After that time the above proce-

dure was used.)
1.10 Milk

a. Procedure for Gross Beta Analysis

(1) A 50 m1 sample of raw milk is evaporated to dry-

ness and ashed to whiteness in a muffle furnace at 600 C.
|

(2) The total ash is weighed and represents the

! entire 50 ml of milk.

(3) A 200 mg portion of the ash is weighed onto a
!

|
tared 2 inch diameter planchet and beta counted in the counter described

: in section III.C.2.1.
I (4) The concentrations of gross beta activity are

expressed in units of pCi/l milk based an a K-40 standard.
250 ml aliquot was used in step 1.)(NSEC -

O
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b. Procedure for Po t'a s s ium-4 0 A n a ly s i s

(1) The potassium concentration was determined as

I given in the procedure for fish in section 1.6.c. The results are

expressed in units of pC1/1 milk.
~

c. Procedure for Net-Beta Activity

(1) Net beta activity concentrations are determined

as given in the procedure for fish in section 1.6.d and are reported in

units of pCi/l milk.

d. Procedure for Strontium and Cesium

(1) Strontium (40 mg as Sr(NO3)2) and cesium (35 mg
as Cscl) carriers and a known amount of Sr-85 are a'dded to 1 liter of

raw milk and the sample is wet ashed using IINO
3

(2) The residue is ashed in a muffle furnace at

600 C. The ash is leached with 4N HNO and filtered.
3

(3) The remainder of the procedure is given in

section 1.6.f starting at step 3.

(4) The nuclide concentraticns are expressed in units

of pCi/1 milk using standards of the isotope being measured.

(ICN - A 400 ml aliquot was used. Until !!ay, 1971, strontium

() results were also reported in units of pti/g Ca assuming a liter of milk

contained 1.17 g Ca.)

(NSEC - The carrier and tracer were added to 2 g of r.h e milk

ash; the ash was tused with sodium carbonate, water leached and dis-

solved in llNO The resolution was then treated as in step 3.)
3

e. Precedure for Iodine-131 in Milk

(1) Prepare an ion exchange column 2 cm in di,ieter

by 10 cm long and fill to a height of 5 cm with Dowex 1x 8, 20-50 mesh,

Cl~ form. Add the resin from a water slurry.

(2) Add Icdido carrier (20 mg as NaI) to a 4-litor

milk sample and stir thoroughly. Accurately measure and record exact

volume of carrier added. Pass through the column at a flow rate of

about 30 ml per minute and discard effluent.

(3) Wash the column with 500 m1 hot (50"C) distilled
vater, followed by 100 ml of 2M Nacl. Discard washes.

(4) Transfer the resin to a 250-ml beaker using 50

ml of 5-6% Na0C1.

(5) Place a magnetic stirring bar in the beaker and'

j stir vigorously for 5 minutes on a magnetic stirrer to elute the iodide

! from the resin column.
.
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(6) Filter the' resin slurry through a suction filter

and retain the Na0Cl solution.

(7) Reextract the resin by repeating steps 4, 5, and

6.
(8) Discard the resin,' combine the two 50-nl solu-

tions and carefully add 20 ml of conc. IINO3,

(9) Pour the acidified Na0Cl solution into a 250-m1
separatory funnel and add 50 ml of CC1 4

(10) Add 1.5 of hydroxylamine hydrochloride andSm

shake tc oxidize iodide to iodine. Extract the iodine into the organic

phase (about 2 mir. equilibration.)

(11) Drain lower organic phase into a lean 250-m1

separatory funnel and save.

*2) Add 50 ml CC1 and 1 gm hydroxylamine hydro-
4

chloride to maintain oxidizing condir. ions to the aqueous phase in the

first separatory funnel and reextract.

(13) Add 25 ml H O and 10 drops of freshly prepared
2

1M NaHSO t the separatory funnel containing the combined CCl and
3 4

shake to reduce the iodine to iodide. Equilibrate for 2 minutes. Dis-

() card organic (lower) phase.

(14) Transfer the aqueous (upper) phase into a clean

50-m1 centrifuge tube and add 1 ml of conc. HNO and 10 ml of pdc 1 8 1"~
3 2

tion to precipitate PdI Stir and let stand for 5 minutes.
2

(15) Centrifuge PdI2 precipitate discarding supernate.
Wash prec.pitate by stirring with 10 ml of H 0.2

(16) Using a filter funnel setup, filter with suction

through a tared glass fiber paper (2.8 cm diameter), using a water wash
bottle to effect the transfer.

(17) Dry precipitate for 20 minutes in an oven set

at 110 C and weigh to the nearest 0.1 milligram. The yield is calculated

from the precipitate weight and the known amount of iodide added.
(18) Mount the filter paper containing the precipitate

for low-level beta counting as described in section 1.7.J.

(19) Count in a low-background counter described in

section III.C.2.2 for 900 minutes.

(20) If net counting rate of sample is greater than

0.3 epm, recount after 7-8 days.
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(21) Calculate as picoeuries I-131 per liter of milk

at time of sampling as described in section III.C.3.

() (Interex, prior to August 1973, and ICH starting with May 1971

Iodide carrier was added to a 1 liter sliquot of raw milk made bauic

with NaOH. ICN prior to May 1971 - A 300-400 ml aliquot was used.

NSEC-A 100-200 mi aliquot was used. For all laboratories the remainder

of the procedure was as given in section 1.6.j starting at Step 4)

1.11 Procedure f ffyontium

The following procedure is used with slight modifica-

tions in the early steps o f th e procedure to accommodate the various

sample types.

(1) Acid leach any insoluble material by boiling several

times with 4N HNO Cool, filter,and wash filter paper combining wash3

with fi?.trate.

(2) Adjust volume of filtrate to approximately 50 ml and

add 150 ml of fuming HNO t precipitate alkaline earth nitrates. -Let
3

settle, centrifuge and discard supernate.

(3) For samples with large amounts of calcium, treat

precipitate with 10 times the precipitate volume of hot, concentrated

() HNO centrifuge and discard supernate. This removes some of the cal-3,

cium nitrate. If only strontium-90 is required, repeat this step several

times until most of the calcium is removed. Then go to steps 3A through

13A listed below.

(4) Dissolve the precipitate in water, make basic with

HH 0H.and precipitate the alkaline earth carbonates with a slight excess4

of saturated (NH4)2CO 3'

(5) Centrifuge, discard the supernate,and dissolve the
precipitate containing strontium carbonate in a minimum volume of conc.

HC1. Heat to expel carbon dioxide.

(6) Add 250 ml of 0.1 M EDTA (ethylenediaminetetraacetic

acid) solution (pH 4.8) and adjust pH to 4.8 using NH 0H and a pH meter.
4

This complexes the alkaline earths.

(7) Pass the solution through a column of Dowex 50W x 8,
! 50-100 mesh resin (NH + form) (Note 1) at a rate of 3-10 ml/ min.4

(8) Elute calcium using approximately 250 ml of 0.1 M

EDTA solution (pH 5.25). Check pH of eluate, which rises from 4.8 to

(} 5.25 when elution is complete, and add more solution if necessary. Dis-

card eluate containing the calcium.
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(9) Elute strontium using 250 ml of 0.lM EDTA solution

(pil 6.0). Regenerate column using 200 ml of 0.lM EDTA solution (pli 9.0).,

(_) (10) Evaporate the eluate from step 9 to dryness and place

in a muffle furnace at 600 C for 3-4 hours to remove the EDTA. Allow to

cool.

(11) Dissolve the residue in 30 ml of water plus a minimum

of 6N HNO
3

(12) Add 10 mg of Fe carrier.

(13) Make basic with carbonate free NH 0H,_ heat,and centri-
4

fuge. Discard Fe(OH)3 precipitate and transfer supernate to small
beaker. If supernate is not clear, filter. Record time. The ferric

hydroxide seavenges the solution of unwanted ions and also removes any

yttrium which is present. The separation marks the start of Y-90 grow-in.

(14) Heat to boiling and add 15 ml of 10% Na2CO t PreciP-3

itate SrCO Avoid supersaturation.
3

(15) Digest until precipitation of SrCO is complete.
3

(16) Centrifuge and wash twice with 10 ml 110.
2

(17) Dissolve with a minimum amount of 1N HNO dilute to3,

15 ml and heat to drive off CO2*

{} (18) Transfer with water to a storage bottle and add 20 mg

Y carrier as Y(NO3)3 If nly Sr-90 is required and therefore Sr-85

has been added, gamma count the Sr-85 gamma ray and determine the Sr

yield by comparing-the amount of Sr-85 found to that originally added.
(19) Allow two weeks for Y grow-in and go to step 20.

(20) Again gamma count sample for Sr-85 as in step 18 to
verify Sr yield if Sr-90 only to required.

(21) Transfer sample to a 40 ml centrifuge cone.

(22) Precipitate Y(OH)3 by adding concentrated NH 0ll.4

(23) Centrifuge, decant supernate into a beaker, make acid

with IINO and save for step 30. If only Sr-90 is desired, return the
3

supernate to the storage bottle.

(24) To purify the Y dissolve precipitate with 11C1 and

precipitate Y(OH)3 again with NH 0H.4
(25) Centrifuge, discard supernate.

(26) Make acid with hcl and again precipitate Y(OII)3 with
j NH 0H. Discard supernate.

4

: (^)
:
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(27) Dissolve precipitate with 0.5 ml conce.itrated hcl and

transfer to a beaker.

(} (28) Dilute to 15 ml with water, warm solution and add 20

mi saturated ammonium oxalate to precipitate yttrium oxalate. Cool.

(29) Filter through tared glass fiber' filter paper, wash

with water, dry at 110 C, reweigh to determine yttrium yield,and mount

for low-level beta counting of Y-90 as described in section 1.7.j,

Note 1. Count as given in III.C.2.2.

(ICN Filter through Whatman 42 paper, wash with H 0, ignite-

2

to oxide in Pt crucible over a burner, transfer dry to a tared filter

paper, weigh,and mount for low-level beta counting.)

(30) If Sr-89 is required, make supernate from step 23

basic with NH 0H, heat to boiling add 15 ml of 10% Na CO digest and4 2 3,

allow to cool.

(31) Centrifuge, discarding supernate. Transfer precip-'

itate to tared glass fiber filter paper with water, wash with water,

dry at 110 C, weigh and mount for low level beta counting as described

in section 1.7.j, Note 1

Note 1. Wash new resin with 300 ml of almost saturated NH C14

[}
at approximately 5 ml/ min. Then wash with 200 ml of 0.01 M EDTA solu-

tion (pH 9.0). If the resin has been used, it is regenerated in step 9

of the procedure.

(2A) Dissolve precipitate in 8-40 ml of water depending

on amount of precipitate. If any significant insoluble residue is

present, filter, wash papersand combine wash with filtrate.

(4A) Add four times as much fuming HNO as the volume of
3

solution obtained from step 4 to precipitate alkaline carth nitrates

and allow to settle. Centrifuge and discard supernate.

(5A) Dissolve precipitate in about 30 ml of H 0. Heat in
2

a water bath for 10 minutes with stirring.

(6A) Add 10 mg Fe carrier.

(7A) Precipitate Fe(OH)3 with 6N NH 0H to scavenge solu-4

tion. Centrifuge and pour supernate into a 150 mi beaker.
*

(8A) To supernate, add approximately 30 mg Ba carrier and"

3 drops of 0.1% methyl red solution.

(9A) Neutralize with concentrated HAc and buffer with

6M NH Ac. Solution should be orange rather than yellow. (pHS)'

4
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(10A) Heat nearly to boiling point in steam bath.

(llA) Add 1 ml of 1.5N Na Cr0 dropwise with stirring to
7 4

() precipitate chromates of barium and radiem.

(12A) Digest on hot plate.for 10 minutes.

(13A) Centrifuge and discard BaCr0 precipitate which con-
4

tains any barium and radium activity. Go to step 12 above and stop

after step 29.

(NS EC-S tronthinr 90 analyses were performed by radiochemical
separation.atd purification of Sr-90 and the measurement of the

Y-90 decay product which had grown into the purified strontium in a

known period of time. The following special procedures were used:

(1.) The samples were dried and ashed, and the

mass of each sample was measured.

(2.) The samples were treated with HNO and stron-
3

tium carrier and Sr-85 tracer were added.

(3.) The sample was digested and filtered.

(4.) The filtrate was reserved. The residue was

ashed, fused with Na CO in a platinum crucible to metathesize insoluble
2 3,

salts to the carbonate, and the melt was leached with water.

(5.) The supernate from the leach was discarded
[}

and the residue, containing the metathesized strontium as tts carbonate,

was digested with dilute HNO
3'

(6.) The resulting solution was combined with

the filtrate of the original sample before continuing with the analysis.

(7.) The solution was then made basic to

phenolphthalein with NH4}2CO was added.
3

(8.) The supernate was decanted and discarded

after centrifugation, and the precipitate was dissolved in a minimum

amoont of concentrated HNO
3'

(9.) An equal volume of 90% HNO was added.
3

(10.) The sample was cooled in an ice bath, and

the precipitate was centrifuged, washed with concentrated HNO and3,

| dissolved in a minimum amount of water.

(11.) A few drops of ferric carrier (5-10 mg)

were added to this solution which was made basic with carbonate-free
j NH 0H.

4

(12.) The solution was centrifuged, and the

precipitate discarded.
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(13.) The supernate was acidified, and,the ferric

' hydroxide (Fe(OH)3) scavenging was repeatd.
' (14.) The time of the second Fe (OH)3 Precipitation

was taken as zero time for Sr-90-Y-90 equilibration.

c (15.) A few drops of barium carrier (5-10 mg)

were added, the solution was adjusted to a pH of 5.5 with acetic

acid and ammonium acetate, and barium chromate was precipitated from
the hot solution by the slow addition of 1.5 M Na Cr 0

2 2 7
(16.) The precipitate was filtered and discarded.

(17.) The filtrate was made basic with NH 0H.
4

The SrCO vas precipitated by the addition of a saturated solution
3

of (NH )2CO was filtered and dried, and the Sr-85 in the sampic4 3,

wa :: measured.

(18.) The ratio of the Sr-85 activity recovered

to that added was used as the strontium chemical yield.

(19.) The precipitate was quantitatively dissolved

in acid and stored.

(20.) After approximately two weeks (to allow

for equilibt.ation between Y-90 and Sr-90), standard yttrium carrier

('50 mg) was added to the acid solution of SrC0 and sequential
3

precipitations of Y(OH)3 were made with CO -free NH 0H.2 4
(21.) The time of the first Y(OH)3 Precipitation

was taken as the time of the Y-90 - Sr-90 separation.

(22.) The second Y(OH)3 Precipitate was dissolved
in acid, and the yttrium was precipitated as the oxalate at a pH of 1.

(23,)
The Y2(C 02 4)3 was filtered, was W , and

ignited to the oxide which was weighed to determine the yttrium

chemical yield.

(24.) The weighed Y 0 was placed on a micarta
2 3

semi-cylinder (0.75-inch I.D., 2.5-inches long) and mixed with an

queous solution of agar-agar.

(25.) The mixture was spread over an area of

2 to 5 cm to produce a sample of uniform thickness.

(26.) The sample was dried, covered with a thin

membrane (0.5 mg/cm2), and beta counted for Y-90 in the counter
described in section III.C.2.2.

O .
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1.12 Determination of Cesium

The cesium procedure.given below assumes that cesium
~

has been initially separated from the sample as cesium molybdophosphate.
(1) Dissolve the precipitate in 6N NaOH (3-4 ml) heat-

ing to aid dissolution. (The yellow precipitate should dissolve and

the solution should be clear and colorless. If a white precipitate is

obtained and the solution is colorless, dilute to approximately 20 ml,

-centrifuge and discard.the precipitate of molybdenum oxide.

(2) Dilute'to approximately 20 ml with water and add HAc

to pH5 (3-5 ml) using methyl red indicator.

(3) Add 1 g nan 0 and heat 10 min. in hot H O bath to
2 2

remove any oxidants. Discard any precipitate.

(4) Cool under cold water tap. To precipitare cesium

cobaltinitrite add fresh sodium cobaltinitrite solution with stirring

until solution is brown. Let stand 30 min, in ice bath or overnight at

room temperature.

(5) Centrifuge. Dissolve precipitate in 4 ml 6N hcl.

Heat over flame until yellow precipitate dissolves and solution turns
blue (not green). This assumes all of the yellow precipitate is dis-

() solved.

(6) Dilute to 20 ml, cool and remove by centrifuging

any white precipitate.

(7) To solution, add 10 drops H PtC1 Precipitating
2 6

CsPtC1 Stir and let settle (about I hour).
6

(8) Filter through glass fiber paper, dry , weigh, and moum
for low level counting as given in section 1.7.j, Note 1. Count as

described in section III.C.2.2. ,
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III.C.2 Counting Procedures and Equipment

The detectors used are described in detail since they are most
(~\
(_) significant. Supporting electronics are standard and are mentioned

only briefly. The procedures used to calculate results from the count-

ing data are given in section III.C.3.

2.1 Alpha and Beta

The co':nting system described in this section is used

for alpha and/or beta counting the following sample-types: air partic-

ulste, precipitation, surface and aischarge water (solubic and insoluble

fractions), well water, soil, silt, fish, shellfish (shells and tissue),

vegetation, milk and rabbits.

A Nuclear Chicago Model 480 flow detector is used for

alpha and beta counting by operating at the proper high voltage and in-
2put sensitivities. The detector has a window approximately 150 ug/cm

thick and is approximately 2 inches in diameter. The Nuclear Chicago

Model 1150 sample changer places the sample approximately 1 cm from the

counter window. Argon-methane proportional gas is used.

The Nuclear Chicago Model 8712 scaler, timer,and high

voltage supply with lister provides an output of sample number, counting

(O time and tstal counts accumulated.j
Samples are counted at least twice for a total accumu-

lated time of at least 60 minutes. Backgrounds are counted for at least

180 min. A kcl counter standard is included with each batch of standards

to insure proper operation. Counter efficiencies are based on natural

uranium for alpha, K-40 for beta where net beta is required and Cs-137

for samples where only gross beta is desired.

(ICN - The detector used for alpha and beta was a Tracerlab

FD-2 gas flow counter with FDW-2 Mono Mol window approximately 150 ug/cm

thick and approximately 2 inches in diameter. An automatic sample

changer (Tracerlab SC-100) was used and positioned the sample approxi-

mately 1 cm from the counter window.

For alpha counting, argon-methane proportional counting gas was

used and the counter operated in the alpha region. For beta counting

the same gas was used and the counter operated in the beta region or

helium-isobutane Geiger gas was used and the counter operated on the

beta plateau. The detectors ia all e ses were the same. Supporting

() electronics included a pre-amplifier (where required), scaler, timer

and printer which gave sample number, total counts accumulated,and time

counted.
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Samples were counted at least twice for a total r.ccumulated

time of at least 60 minutes. A counter standard was included in each
fx
(_) set of samples counted to insure proper counter operation. Counter

efficiencies were based on natural uranium for alpha, K-40 for milk,

fish and rabbit samples which required net beta and Sr-90 - Y-90 for

other samples. Until the third quarter of 1970, Sr-90 - Y-90 was used

for all samples.)

(NSEC - Prior to Apr. 1962, two types of beta counters were

used. One type was an end-window, methane flow proportional counter

(Atomic Model 821 "Microthin" End-Window, Methane Flow Proportional

Counter) with associated scaler and timer. The second type was a scin-

tilletion counter consisting of a specially adapted Nuclear Chicago DS5

probe, a bigh voltage supply and a scalor.

In Ap r . 19 6 2 a Nuclear Chicago (Model D-47) end-window, argon
flow-proportional detector was substituted for the other flow counter

and was used for all samples except for air particulates which were

scintillation counted. The Model D-47 was used with 1 inch diameter,

5/16 inch deep planchets. Calibration was done using K-40 and T1-204.

Until Apr. 1962, alpha counting was done using either a low-

background alpha proportional detector (Atomic Model 952 windowless flow

counter) or a specially adapted Nuclear Chicago DS5 scintillation probe

and associated electronics. Starting in Apr. 1962, the Nuclear Chicago

Model D-47 detector described above was used for alpha counting.

Standardization was done with natural uranium.)

1.2 Low-Level Beta

These detectors are used to count Sr-89, Sr-90, Y-90,

Cs-137,and I-131 which have been chemically separated from samples and

purified prior to counting.

The low background beta detectors are LND Model 49301

flow-type G-M. These consist of a guard counter with a 4 1/2" x 4 1/2"

x 3/8" counting volume positioned directly above the 1 1/4" diameter

sample counter. A manual sample changer places the sample approximately

2mm from the counter window. Helium-isobutane gas is used.

,

The associated high voltage supplies, anti-coincidence-

| circuits,and registers were custom built. Counter efficiencies are

determined as a function of the weight of the precipitate being counted

using Y-90, I-131, Sr-89, Sr-90 and Cs-137 standards. Cs-137 counter

standards are counted periodically to verify counter efficiencies. Back-
1
i grounds are counted over each weekend.

III.29
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It has been found that the background generally remains
constant within t 10%.

() Sr-89 and Sr-90 as strontium carbonate are counted as
.soon as possible after milking to minimize the amount of Y-90 in the
carbonate, generally at the same time as the corresponding Y-90 count-
ing time.

Y-90 is counted as soon as possible after milking. Gen-

erally at least two counts are taken within the first 48 hours and addi-
tional counts are obtained on the third and fifth day. These data are
plotted and examined to insure decay with_the proper half-life. If

necessary, additional points are obtained.

A similar procedure is followed for I-131 except that
longer intervals are taken between counts due to the longer half-life.
Cs-137 is counted at two different times to verify the validity of the
count. The total count and total counting time are used for calculation.

(ICN - The low-level beta flow counters were Isotopes, Inc.
Model LLD. These have the same dimensions as given above. Counting
procedures were as described above.)

4

(NSEC - The detectors used were cylindrical, thin-walled, gas
(} flow Geiger counters whi~ch accommodated samples mounted on a semi-

cylinder 3/4" 1.D. and 2 1/2" long. The counter was operated in anti-

coincidence with an umbrella of cylindrical G-M counters each approxi-
mately 1" diameter and 2 ft. long. The counting procedures were basi-
cally as described above.)

2.3 Gamma Well

For gamma counting of I-131 in thyroids, a Packard Model

5052 NaI(T1) scintillation detector is used. This detector is 2" in

diameter and 2" high with a 0.730" diameter well 1 34/64" deep. Wall

thickness of the well is 0.010" of aluminum. The pulses from the

detector are fed into a Packard 5000 Series Auto-Gamma Spectrometer,
which has two channels. Channels are set for the 0.28 and 0.36 MeV
I-131 gamma rays. Backgrounds are measured for at least 60 minutes in

!. between sample counts.

(ICN - A Tracerlab P-51LW-1 detector was used. This consisted

of a 2" x 2" cylindrical NaI(Tl) scintillation crystal with a 23/32"

diameter x 1 9/16" deep well, an RCA 6342A photomultiplier and the

required socket assembly. Pulses .ere fed through a single-channelO analyzer set for the I-131 gamma rays.)

III.30
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2.4 Gamma Spectrometer

The gamma spectrometer system is used t'o measure gross

(f gamma and gamma spectra on air particulates,. surface water (soluble and.

insoluble fractions),'well water, fish, shellfish tissue and tissue.

The detectors used are 3" x 3" NaI(T11 crystals Bichron
#3M3. These are connected to Nuclear Data ND520 amplifiers and through
a mixer router system to an ND2200 ADC and HD2400 !!ultichannel Ana--

lyzer. Each detector uses 256 channels. Output in counts per channel

is by teletype which also punches paper tape for computer input.

Backgrounds are measured for 40,000 seconds each night.
Samples are counted for known times, generally 6,000 sec.

(ICN - A 3" x 3" NaI(Tl) detector was connected to a Nuclear
Data Model 130A 512 channel analyzer using 256 channels. Output was

on a typewriter.)

III.C.3 General Calculation Procedure

Results are reported as calculated from the following general

equation:

pCi/ unit"
2.22 x E xA Y x DF X GF

where

E = Counter efficiency for the weight of sample counted,
determined from a standard. The self-absorption
factor is enerefore included for all but air partic-
ulates for which a constant efficiency _is used.

A = Aliquot counted or from which a nuclide is separated.

Y = Chemical yield.

DF = Decay factor to correct result from time of counting
to time of sampling.

GF = Growth factor to correct for non-equilibrium between
Y-90 and Sr-90 at time of separation.

For gross counts, Y and DF are 1 and the net epm value is that

obtained at the time of counting.

For Sr-90 determination, the Y-90 decay curve obtained by

counting yttrium oxalate is extrapolated to the time of the first count

and DF corrects to the time of yttrium separation. Y contains both the

strontium and yttrium yields.

(} For Sr-89 determination, the count rate obtained from counting
strontium carbonate is used. This count rate includes that due to Sr-89,
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|
|

Sr-90 and any Y-90 uhich has grown-in between the time of counting and

the time of separation. The Sr-90 contribution to the count rate is
|

~{} calculated from the known Sr-90 content of the sanple previously deter-

mined from the Y-90 decay curve as described above, correcting for

officiency and yield. The Y-90 count rate is calculated from the known

relative Y-90 and Sr-90 efficiencies and the Sr-90 count rate. The net

count rate after subtraction of the Sr-90 and Y-90 contributions is used

to calculate the Sr-89 concentration.

The net epm for I-131 is determined by extrapolation of the
decay curve-to the time of the first count.

For gross gamma the spectrum counts are integrated between 120
kev and 2.0 MeV.

The error reported is two standard deviations calculated as
a

2 /N2 S.D. 2R= =

t t

where

N = Total gross sample counts

R = Gross sample count rate

t = time sample was counted.

( In all cases the background is counted long enough so that its contri-
bution to the error in the net count rate is ssumed negligible.

.

III.C.4 Gamma Spectrum

Gamma spectrum analysis is performed by computer processing of
the data using a program which subtracts linear portions of the net
sprectrum thereby accentuating non-linear portions i.e. photopeaks.

Output is signal-to-noise ratio as a function of channel number. Energy

and nuclide identification and quantification is performed by the
analyst.

In analyzing the gamma scans, a specific nuclide is considered
to be present when the signal-to-noise ratio is greater than 3.0 at the
correct energy, or energies, for the specific nuclide within 1 two

channels after compensation for channel shifting due to the instrument

and/or nuclide mixture considerations. The quantities of radioactivity

in a sample for such nuclides are reported in pC1/1 or pCi/gm based on
an empirical curve developed for the equipment used and based on pre-() pared standards. If the signal-to-noise ratio is greater than 3.0 but

III.32
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|the energy does not correspond to that for any specific nuclide uithin
i two channels, identification is made, if possible, based on the

g- nuclides which might be present, the half-life of the nuclides, the
\~ degree of interference from natural occurring nuclides expected for the

given sample media and the relative quantity of other nuclides present.
Based on the above considerations and providing that the smearing or
channel shifting is consistent with the various factors, the nuclide

will be reported with a notetion te ind ic a t e the possible presence in
trace cuantities.

III.D Sensitivi, ties and Accuracy

The analytical sensitivities and accuracy generally obtained in
the program at the present time are given in Table III.3, as of August
1973. To some extent, these have varied over the history of the program
reflecting the levels of activity actually present in the environment

and the requirements imposed by plant opercting specifications.
For example in llay 1971 when gamma radioactivity measurement

was started on surface and discharge water, a 4 liter aliquot was
filtered rather than a 250 ml aliquot giving a significant increase

in the sensitivity in the insoluble fraction. The technique to measure

I-131 in milk has also been modified recently to permit measurement of
0.5 pC/l at sample time. A 4 liter rather than a 1 liter aliquot of

milk is used and the radioactivity measurement is made within one

half-life of sample time. This is made possible by shipping by

air-freight and use of an ion-exchange technique. Before May 1971,

an even smaller aliquot of 100-400 ml was used.

On a particular analysis, the sensitivity and accuracy may vary
from the numbers given in Table III.3. Factors which can cause such

changes are aliquot size, chemical yield, self-absorption corrections,
nuclide decay, etc. Every effort is made to maintain or better the

values presented in the table. Occasionally answers will therefore

be obtained which are lower than the sensitivity stated or with errors

which varf from the stated value.

O
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TABLE 111 1

ANALYTICAL SENSITIVITIES (a) Systematic
AUGUST 1973 Uncertainty of'

' the Analysis
Sample Size Limit of Reporting (Percent of-

Sample Medium Type of Analysis Analyzed Detection (b) Unit Re s ul t ) (d )

Air Particulate Gross Beta Filter 2 pCi/ filter pCi/m (f)

Fallout Water Cross Beta 500 ml 3 pCi/ liter pC1/11ter . pci/m3 2 10
Sr-89 1000 ml 0.4 pCi/ liter pCi/ liter.pci/m3 1 15
Sr-90 1000 ml 0.3 pCi/ liter pCi/ liter.pci/m3 2 10
Cs-137 1000 ml 0.3 pC1/ liter pCi/ liter.pci/m3 10

Surface Water Gross Alpha
Soluble 1000 ml 0.5 pCi/ liter pCi/ liter 20
Insoluble 4000 ml 0.3 pCi/ liter pCi/ liter 2 20

Gross Beta
Soluble 1000 ml 2 pCi/ liter pCi/ liter 1 10
Insoluble 4000 ml 0.5 pCi/ liter pCi/ liter 2 10

Camma Spectrum 4000 ml (c) pCi/ liter

7 Well Water Gross Alpha 1000 ml 0.5 pCi/ liter pCi/ liter : 20
y Cross Beta 1000 ml 2 pCi/ liter pCi/ liter 2 10

Uranium 1000 ml 0.03 ug/ liter ug/ liter 2 10 (g)
Sr-89 1000 ml 0.4 pCi/ liter pCi/ liter : 15
Sr-90 1000 ml 0.3 pCi/ liter pCi/ liter 2 10
Cs-137 1000 ml 0.3 pCi/ liter pCi/ liter 10
Gamma Spectrum 4000 ml (c) p C i/11'c e r

Soil, Silt Gross Alpha 2 g dry we. 0.2 pCi/g dry wt. pCi/g dry wt 20
Gross Beta 2 g dry vt. 0.8 pCi/g dry wt. pCi/g dry wt 2 15
K-40 1 g dry vt. 0.04 pCi/g dry wt. pCi/g dry vt i 15
Sr-89 75 g dry wt. 0.008 pCi/g dry wt. pCi/g dry wt 2 15
Sr-90 75 g dry wt. 0.004 pCi/g dry wt. pCi/g dry wt 2 15
Cs-137 75 g dry vt. 0.006 pCi/g dry vt. pCi/g dry wt 2 15
Gamma Spectrum 300-1000 g (c) pCi/g dry wt

dry wt.
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TABLE III.1

, (Cont.)
Systematic

- '~

Uncertainty of
the Analysis

Sample Size Limit of Reporting (Percent of
Sample Medium Type of Analysis Analyzed Detection (b) Unit Result)(d)

Fish Gross Alpha 200 mg ash 0.8 pCi/g ash pCi/g ash 1 20
Gross Beta 200 mg ash 8 pCi/g ash PCi/g ash 1 10
K-40 10-20 mg ash 1 pCi/g ash pCi/g ash 1 10
Sr-89 5 g ash 0.07 pCi/g ash pCi/g ash 1 15 I

Sr-90 5 g ash 0.05 pCi/g ash pCi/g ash 2 10
Cs-137 5 g ash 0.08 pCi/g ash pCi/g ash 1 10
Camma Spectrum 200-1500 g (c) pCi/g !

original wt. I

Shellfish Cross Beta Shell 200 mg ash 8 pCi/g ash pCi/g ash 2 10 I
f and soft tissue,

separately

K-40 Shell 200 mg ash 0 .1 pCi/g ash pCi/g ash 1 10(e)
s K-40 Soft * issue 20 mg ash 1 pCi/g ash pCi/g ash 1 10
s" Sr-89 10 g ash 0.07 pCi/g ash pCi/g ash 1 15
L Sr-90 Shell 10 g ash 0.05 pCi/g ash pCi/g ash 2 10
u Cs-137 Shell 10 g ash 0.08 pCi/g ash pCi/g ash 2 10

I-131 Soft Tissue 1 g ash 0.8 pCi/g ash pCi/g ash 2 10
Sr-89 Soft Tissue 10 g ash 0.2 pCi/g ash pCi/g ash 15
Sr-90 Soft Tissue 1 g ash 0.1 pCi/g ash pci/g ash 1 10
Cs-137 Soft Tissue 1 g ash 0.2 pCi/g ash pCi/g ash 2 10
Gamma Spectrum of 50-100 g (c) pCi/g
tissue original wt.

Vegetation Gross Alpha 200 mg ash 0.8 pCi/g ash pCi/g ash 1 10
Cross Beta 200 mg ash 8 pCi/g ash pCi/g ash 1 10
K'0 20 mg ash 1 pCi/g ash pCi/g ash 1 10
Sr-89 10 g ash 0.07 pCi/g ash pCi/g ash 1 15
Sr-90 10 g ash 0.05 pCi/g ash pCi/g ash 1 10
Cc-137 10 g ash 0.08 pCi/g ash pCi/g ash 2 10

.
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~



,

O O C)

TABLE III.1
(Cont.) Systematic

Uncertainty of
the Analysis

Sample Size Limit of Reporting (Percent of
Sample Medium Type of Analysis Analyzed Detection (b) Unit Result)(d)

Rabbit Gross Beta muscle, 200 mg ash 8 pCi/g ash pCi/g ash 1 10

soft tissue and
bone, separately

K-40 muscle, soft 20 mg ash 1 pCi/g ash pCi/g ash : 10

tissue and bone

I-131 thyroid Total Thyroid 8 pCi/ thyroid pCi/ thyroid (f)

Milk Cross Beta 200 mg ash 8 pCi/g ash, pCi/ liter 1 10
60 pCi/l

K-40 20 mg ash 1 pCi/g ash. pCi/ liter 10
8 pCi/l

[ Sr-89 1000 ml 2 15-

- Sr-90 1000 ml 0.2 pCi/ liter pCi/ liter 1 10

$ I-131 4000 ml 0.5 pCi/ liter pCi/ liter 2 10

Cs-137 1000 ml 0.4 pCi/ liter pCi/ liter 2 10

(a) Defined as the result corresponding to 2 standard deviations in the net counting rate assuming
typical count times, yields, etc.

(b) Limits of detection are a function of samplc volume, analytical methods, and instrument sensitivity.
The values stated above are typical of tho s e obtainable under the procedures used. Chemical yields,

solids content etc. will vary between samples and cause the sensitivity to change.
(c) Limit of detection varies with sample size and type (i.e. geometry and internal absorption), with the

specific nuclide in question, and with the mixture of nuclides present.
(d) Estimated overall error of measurement at levels where the counting error is.not dominant.
(e) Or 0.1 pCi/g due to the low concentrations of K-40 normally found in shells.
(f) There is no significant other systematic error compared to the counting error.
(g) Or 0.03 ug/ liter due to the low concentrations normally found.

- 1
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IV DISCUSSION OF RESULTS

The results obtained from the program are presented in the data
{ tables and figures following this section and are discussed below

according to sample type. For the purpose of this report all results

have been recalculated from the original data sheets and are given
with an error corresponding to two standard deviations in the net count
rate. Results which are not greater than the error are reported as
less than'(<) the value corresponding to the error. In previous

reports, results were generally reported with an error of one standard
deviation and less than values were reported as NSA (No Significant
Activity).

In presenting averages, the average of a series of numbers which
contains at least one number not a "less than" number is given as a
real number. If all of the numbers in a series to be averaged are
"less than" numbers, the average value is given as a "less than" value.

In many cases new locations have been added to the program, as
described in Table II.3. Data from these stations have been included
in averages, figures and tables as they become available. For 1966

and 1973 samples collected between the dates covered by the report
gx period are included in annual averages. Also new analyses have been
\- added and the frequency of analysis has been changed in some cases.

Results are again included when initiated. Where no value is given

for a result and there is no footnote, the analysis was not performed.
In the discussion of data, general trends in the data are

stressed as are comparisons of results from stations which would most
likely be affected by Unit #1 operation with data from those which
are more remote from the site. Because of the presence of generally

lower levels of radioactivity in the environment compared to earlier
periods of major atmospheric nuclear testing, precise trends tend to
become obscured in the normal variability of dcta.

A. Air Particulates

The values of the concentrations of gross beta radioactivity
observed in air particulate samples are listed in Tables 1.1 through
1.10 and are presented graphically in Figures 1.1 through 1.3.

For comparative purposes, stations have been divided into
| three groups. Group I, which is on site and closest to the plant,
t consists of Stations lA, 13, and 2. Group II rings the site at further

() distances and consists of stations 3A, 4A, 4B, 5, 6B, 14, 15, 17, 31,
.

|
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and 32. Group III, which is in Philadelphia, Pa., serves as a reference

~3 group, and consists of Stations 12A and 12D. Not all of these stations

%) have always been in the program, as indicated in Table II.3. As data

from new stations became available they have been included in the

group averages.

As compared to the 1962-1965 period, 1966 and 1967 showed

generally decreasing values with the najority of samples below 0.1

pCi/m This reflected the earlier cessations of the major atmospheric.

nuclear testing and the resulting decreases in the amount of radio-

activity present in the atmosphere.

~

For Group I the annual average decreased from 0.08 pCi/m

in 1966 to 0.07 in 1967. For Group II the corresponding decrease was

0.09 to 0.06 pCi/m and for Group III was 0.08 to 0.04 pCi/m An.

atmospheric test in December 1967 reversed this trend and caused 1968

averages for the three groups to rise to 0.14, 0.13, and 0.14 pCi/m

respectively. Additional testing in December 1960 and October 1970

caused the annual averages to rise progressively through 1971. The

1969, 1970, and 1971 annual averages for Group I were 0.19, 0.26, and
3 3() 0.41 pCi/m for Group II were .20, .26, and .41 pCi/m and for Group

,

3III were 0.19, 0.29, and .42 pC1/m .

The October 1970 test caused an abrupt rise in the values

for the week ending November 8, 1970. The second passage of the debris

was seen during the first week in 1971 indicating the extreme sensi-

tivity of the surveillance system. A test in January 1972 was seen in

the system during the middle of the month. Measurable quantities of

radioactivity from November 1971 and March 1973 tests did not reach
this part of the country.

Due to the general lack of testing, the prevailing weather

pntr. erns and the gradual decrease in the amount of debris in the atmos-

phere, the monthly average levels of activity have decreased to below
3G.08 pCi/m in 1973.

Superimposed on the gradual increase and decline in yearly

averages is the cycle seen during most yearly periods. Values obtained

in winter are generally low compared to the increasingly larger values

seen until mid-year. Values then decline through fall and reach the

( lower winter values. The magnitude of the rise depends on the amount

of radioactivity from weapons testing that is in the troposphere either

IV.2
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from direct injection or by transfer from the stratosphere. The observed

cycle is the result of the yearly variation in such transfer and the

( prevailing wind patterns.

While not included in the period covered by this report,

the data obtained for the period 1960 through 1965 dramatically illus-

trates the annual cycle and the effect of nuclear device testing. In

1960 and early 1961, for the then existing stations near the Peach Bottom

site, monthly mean values of net beta radioactivity concentrations
3

ranged from a high of 0.12 pCi/m in April 1960 to lows of 0.03 pCi/m
in December 1960 and August 1961. In the fall of.1961 atmospheric tes-

ting started to increase causing the maximum monthly values to increase
3

greatly to approximately 2.6 pCi/m in November 1961, 4.7 pCi/m in

April 1962 and 8.7 pCi/m in April 1963.

A decrease in testing then caused the values to decline

gradually to the values seen at the beginning of the report period.
'

The annual cycle was quite evident as can be seen by comparing minimum
3monthly values of approximately 1.8 and 0.6 pCi/m seen in the fall and

winter months in 1962 and 1963, respectively, with the maximum values
given above.

() A comparison of the data from the three groups as shown in
Tables 1.9 and 1.10 and Figures 1.1, 1.2, and 1.3 .ndicates the great

similarity between groups. No measurable contribution to air particu-

late activity in the environs from the operation of the Peach Bottom
facility is indicated.

For comparison, data from the Environmental llealth and
Protection Agency (EPA) are presented in Table 1.11 and shown on
Figures 1.1 and 1.3. It is evident that the data from the Peach Bottom
surveillance program are generally consistant with the EPA data. Pre-

cise comparison with EPA data after mid-1967 is difficult. At that

time, the EPA procedure was changed in a manner which caused it to be
very dependent on the concentration of naturally occurring thoron.

This can be seen in the sudden rise in the monthly values at Harrisburg
s

and Trenton in August 1967. Since July 1966, EPA data are reported to
the nearest integer which masks any of the fine-structure seen in this
program. The winter lows and summer highs are still evident however.

B. Precipitation

The concentrations and surface densities of gross beta,fgs
Sr-90, and Cs-137 radioactivity in precipitation samples collected at'

IV.3
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Stations 1A, 1B, and 4!! are reported in Tables 2.1, 2.2, and 2.3. Gross

beta and Sr-90 radioactivity annual averages and ranges ~ are presented

() graphically in Figures 2.1 through 2.6 with available comparable EPA

data.

In general, the amount of radioactivity present in precip-

itation' samples tends to follow the amount present-in the' troposphere

as reflected by the data obtained for air particulate samples. Most

of the radioactivity in precipitation samples is in the form of partic-

ulates which are washed out of the air by rainfall and collected in

sample containers. Since most of the particulate material is washed

out in the initial part of a rainfall, the surface density, i.e. pCi/m ,-

is used in addition to concentration (pCi/1) because it tends to mini-

mize the effect of sample volume. Lack of complete correlation with air

particulate values comes about because rainfall generally does not occur

at-frequent intervals. The dependence of the activity levels on the

precise conditions occurring at the start of each rainfall can cause

wide variability between samples even taken over limited geographical

areas. The higher values in mid-year samples, preceded and followed

by low values, can be seen to some extent in the monthly values as

(} given in Tables 2.1 and 2.2 similar to air particulate activity trends.

The period 1966 through 1969 generally showed essentially

censtant or slightly decreasing annual average amounts of gross radio- ,

activity based on both surface density and concentration measurements

as given in Table 2.3 and plotted in Figures 2.1 and 2.3. Increased

icvels of approximately a factor of 2 were noted in 1970 and 1971

followed by decreases in 1972 and 1973 to levels generally lower than

the levels seen in 1969. An examination of Figures 2.1 and 2.3 shows

that the average levels at Stations lA and 1B are similar to those at

Station 4M and have approximately the same range in monthly values. ;

This again indicates that there is no contribution to radioactivity in -

-precipitation from the operation of Unit 1.

Table 2.2 and 2.4 which show EPA results from Baltimore,1!d.

and, when available, from Harrisburg, Pa. indicates somewhat the same

trends of activity although at higher levels of activity. The EPA data

rely on field measurements which are made using detectors much less

sensitive than those used in this program. For the EPA measurements
'

this has the effect of overemphasizing small detector responses and not

.O detecting low levels of radioactivity.

IV.4
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yearly average levels of Sr-90 measured at Stationsa sad

1A, 1B, and at Station 4M are given in Table 2.3 and are plotted in
O- Figures 2.5 and 2.6. The same general trends seen for gross beta radio-

-activity are somewhat evident here, especially in the surface density
plot (Figure 2.6). Again Stations 1A and 1B exhibit values and trends
consistent with those at Station 4M and no plant effects are measurable.

C. Surface Water and Discharge Water

The concentrations of gross alpha, gross beta and gross *

gamma radioactivity in the soluble and insoluble fractions of surface
water and discharge water are given in Tablas 2.1 through 3.10. Com-

parative averages are presented in Figurcs 3.1 through 3.8.
Figures 3.1 through 3.4 present a comparison of Station 6A,

which is at the inlet to Conowingo Pond and Station 4F which is at the
Pond outlet. Any radioactivity introduced into Conowingc Pond would
he' reflected as difference in radioactivity measured at the two

stations.
The concentrations of gross alpha radioactivity in the

soluble fraction as shown in Figure 3.1 decreased from the 1967 annual
mean values of 4 pCi/1 at both stations to 0.5 and 0.6 pC1/1 for
Stations 6A and 4F respectively in 1970. Since that time the annual()
mean values have remained in the 0.4 to 0.6 pCi/1 range. Higher month-

ly values of 2 and 1.4 pC1/1 were seen at Stations 4F and 6A respective-
ly in April 1973 probaoly due to spring runoff. The gross alpha radio-

activity concentration in the insoluble fraction as presented in Table ;

3.7 and Figure 3.2 show essentially the same te"' oral behavior reaching

relatively constant levels of 0.3 to 0.5 pC1/1 in 1971, 1972, and 1913.
This is a decline from icvels of 1 to 2 pC1/1 in the 1966-1968 perf. ,
Both stations exhibited similar trends.'

The gross beta radioactivity concentrations in the soluble
fraction is shown in Tables 3.3 and 3.4 and Figure 3.3. Annual mean

valu7s at Stations 4F and 6A have remained roughly constant in the 1967
through 1970 period in the range of 9 to 15 pCi/1. The average for

both stations in 1967 was approximately 11 pCi/1. The 1970 value for

Etation 4F and the 1971 values for both stations are slightly higher
because of single monthly samples which showed values in the region of
78 to 120 pCi/1. These values fluctuate within the range of values
seen in the 1960-1965 period. Annual mean values in the 1972-1973(}

IV.5
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period are between 3 and 5 pC1/1. The January 1972 sample fr,n Station

4F was again somewhat higher at 30 pCi/1.,.

I )s
\

( Annual mean insoluble gross beta radioactivity concentra-

tions have shown an overall decrease from approximately 18 pCi/1 in

1966 to 1.3 pC1/1 in 1973 as presented in Table 3.8 and Figure 3.4

The decrease was interrupted by rises in the 1969-1971 period corre-

sponding to some degree with periods of increased fallout from weapons

testing. The higher values for the samples obtained early in each year

may reflect the washout of debris from testing which occurred in the

fall or early winter of the previous year.

The similarity of values and trends obtained from analysis

of samples from Stations 4F and 6A indicates that no change in radio-

activity concentration which would have resulted from Unit 1 operation

has been detected.

This is further confirmed by comparison of gross beta

radioactivity concentrations for Unit 1 Intake (Station 1P), Unit 1

Discharge (Station 1R), and Discharge Canal (Station IT. as shown in

Table 3.10 and Figures 3.5 and 3.6. Station IT becar discharge

water sample after December 6, 1972, since the Unit e. ondenser dis-

() charge was modified to discharge into the discharge canal on this date.

Prior to this time it was surface water only. Station IT was not

included in the comparison before it became a discharge sample. Both

soluble and insoluble fractions show similar levels of radioactivity

indicating that no increase was detected in the water after passing

through Unit 1.

Monthly gross beta radioactivity concentrations for combined
Jtations IP, lQ , a r.d 1T, Station 13A and Station 4F are given in Table

3,1 and Figures 3.. and 3.8 for the soluble and insoluble fractions

respect 4.vely. Samples from all stations show the same levels of radio-

| activity and have approximately the same degree of variability. Soluble

! fraction radioactivity concentration has decreased tomewhat from 1971
and early 1972 to values between <2 and 8 pC1/1 in 1973. Numerous <2

pCi/l values have been seen since April 1972. Concentration of insolu-

ble gross beta radioactivity has also shown a gradual decline although
a precise trend is difficult to determine because of the wide range of
values obtained. 1973 levels tend to lie in the <0.4 to 3 pCi/l range.

|
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Comparison of'~ Figures 3.3, 3.5 and 3.7 and Figures 3.4,

3.6 and 3.8, and the data in Tables 3./, 3.8 and 3.9, indicates that

the gross beta radioactivity concentrations are uniform over the entire

Conowingo Pond and are independent of sampling location. :

D. Well Water

The concentrations of gross alpha, gross beta, Sr-90,

Cs-137, and grons. gamma radioactivity and uranium in well water samples
are givc.; in Tables 4.1 through 4.6. The annual'mean concentrations

of gross beta radioactivity of grouped Stations lU, IV, and 28 and

grouped Stations 7 and 8 listed in Table 4.6 and are plotted in Figure

4.1.

Radioactivity in well water samples generally arises from

the leacuing of naturally occurring nuclides from the rocks and soil

past which the water flows. As levels of the water table change,

variations c a n ' tua encountered in the flow pattern followed by water

which appears in a given well. This can cause changes in the radio-

activity content of the water since e' teachability of the radioactiv-

ity varies as the permeability of the soil and rock encountered by the
water differs. An additional factor which can change radioactivity

() concentration is the well usage. A well which is used at a constant

rate tends to maintain a more constant radioactivity level. Lack or

usage can cause buildup of radioactivity concentration if conditions ,

i very close to the well are amenable to leaching or car cause concentra-

tions to decrease if water from the major sources of the radioactivity

does not reach the well when samples are taken.

Gross alpha radioactivity concentrations have generally
been undetectable at levels above a few pei/l or since 1969 at levels

above several tenths of a pCi/1. Higher individual values in the range

of 7 to 26 pCi/l were seen at Stations 7,8, and 28 in 1967 during

periods when high gross beta radioactivity concentrations were seen,
but have not been seen since. In the Ilsy 1971 through July 1973 period

for which data are available for Stations 1U and IV, no values above

2 pCi/l were seen. Present levels at all stationc are in the 0.8 to
0.2 pCi/l rangn.

.. nual mean enneentrations of gross beta radioactivityThe '

as given in Table o.6 and presented graphically in Figure 4.1 shows a
,

decrease 1 the period 1966 through 1968 to a level of 6-7 pCi/1. This

was followed by an increase to levels between 10 and 17 pCi/l in 1969,
i
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1970, and 1971. In 1972 and 1973, most samples show less than values

in the 1-3 pCi/l range. These changes in levels seem to correlate with

() changes in laboratories. However, there is no apparent reason why this
should be the cause.

Sr-90 and Cs-137 radioactivity concentrations have general-
ly been below the detections limit most recently a few tenths of a3

pCi/1. A feu samples have shown high levels. A Sr-90 concentration
of 29.1 pC1/1 was seen in a sample from Station 8 in October 1970 and
a Cs-137 concentration of 3.5 pC1/1 was measured in a sample from the
same location in May 1971. The May 1971 sample from Station 28 showed

a Cs-137 value of 8 pC1/1. These intermittent values may have been
caused by entry of surface water from r a is, runoff + tto the wells.

Uranium concentrations have also generaily been below the
limit of detection of approximately 0.04 ug/1. Some positive values

of a feu tentha of a ug/ liter were seen at various wells ia 197' This

may be due to the changing water table levels described above.

From a comparison of the well water results, it would

appear that there is no significant difference between wells and no

indication a any increase in radioactivity concentrations of wells

{^T close to Unit 1.
''

E. Soil

The results obtained for concentrations of acid-leachable
gross alpha, gross beta, K-40, let beta, Sr-90, and Cs-137 radioactiv-

ity in soil samples are tabulated in Tables 5.1 through 5.6 and are
presented graphically in Figures 5.1 through 5.4

Alpha and beta radioactivity are found in soil samples
because of the presence of naturally occurring nuclides in the uranium '

and thorium series and K-40, and from nuclides present in fallout from

weapons testing. Specific analyses for Sr-90 anl Cs-137 which are

normally present in fallout are done to measure these nuclides in the

presence of the larger quantities of naturally-occurring radioactivity.
Comparison of tha annual averages of gross alpha radio-

activity as given in Table 5.6 indicates that the values obtained for

Station 4N are generally lower than those of the overall average and
those from Station 5 tend to be higher that. the average. The net beta

radioactivity from Station 4N is also somewhat lower than that found
at other locations. This is most often the result of diffet?nt soil

( composition at the vatious locations.
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The temporal behavior of the annual averages of gross

alpha and net beta radioactivity for Station lAA and combined Stations

() 3A, 4N, 5, and 6G can be seen in Table 5.6 and Figures 5.1 and 5.2

Gross alpha activity at the combined stations remains essentially con-
stant at about 3-4 pCi/g over the report period except for the 1973

values which average 1.1 pCi/g. The concentration at Station 1AA is

similar in magnitude to that at the combined stations and is also

essentially constant except for the 1973 values averaging-1.5 pCi/g

and perhaps for a decline in 1967 to 4 pCi/g from the 6 pCi/g value of

1966.

Net beta activity declined generally in 1967 and continued

through 1969. Annual averages from Station lAA then remained essen-

tially constant at a level of 3-4 pCi/g until 1973 when a level of

2.6 pCi/g was obtained. The average from the combined stations rose

in 1970, then was relatively level at a concentration of approximately

4 pCi/g until the 1973 average of 2.4 pCi/g. The rise in 1970 may be

caused by the increase in fallout from nuclear testing during that

period.

Strontium-90 annual mean concentration values for the com-

b''T
bined stations as shown in Tabic 5.6 and Figure 3.3 appear to show an

overall decrease in the range of 0.6 to C 3 pCi/g from 1967 through

1972, interrupted by a high value averaging approximately 0.9 pC1/g in

1970 corresponding to a period of high fallout. The 1973 value then

rose abruptly to 0.58 pCi/g for Stations 3A and 5. The Station 1AA

values averaged approximately 0.1 pC1/g in 1971 nd 1972 and then rose

to 0.40 in 1973.

The concentration of Cs-137 at all stations is given in

Tables 5.1 through 5.5 and presented crnphically in Figure 5.4. The

coacentrati.ns show a general decrease over the period May 1971 through

September 1972 follewed by an abrupt decrease at all stations except

Station 4N in March 1973 and a return to previous levels in July 1973.

May 1971 valuen are in the range of 0.1 to 0.5 pCi/g and September 1972

values have declined to the range of 0.06 to 0.13 pCi/g except for

Station 4N which is 0.43 pci/g. For the March 1972 sample Station 4N

showed a higher value of 0.78 pCi/g. March 1973 values are between

<0.006 and 0.23 pC1/g except for the 0.22 pCi/g value for Station 4N.

July 1973 values range from a low of 0.13 pCi/g at Station 1AA to a

IV.9
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high of 0.97 pCi/g at Station 6G. The reason for the .tbnormally low
T

. ,) values obtained in March 1973 is not known. In general, the concentra-y

tion of Cs-137 at Station lAA is lower than that for the other stations

and the Station 4N value tends to be higher.

The above data indicate that the radioactivity .evels at

the Peach Bottom site are comparable to or lower than the average

values from the surrounding sampling stations. No activity which can

be attributed to the operation of Unit I has been found.

F. Silt

Tables 6.1 through 6.4 give the analytical results for

concentrations of acid-leachable gross alpha, gross beta, gross gamma,

Sr-90 and Cs-137 radioactivity far silt samples. Annual mean concentra-

tions of gross alpha and gross beta radioactivity are graphed in

Figures 6.1 and 6.2 respectively.

Silt samples are expected to contain naturally-occurring

radioactivity, as discussed above for soil samples, in addition to any

other activity introduced into the aquatic environment which would

settle onto or be absorbed by the silt. As can be seen by comparison

of the data in Tables 6.3 and 5.6, the activity levels in silt approxi-

mate those found in soil.

The concentrations of gross alpha radioactivity is similar

at all sampling stations. As can be seen in Tabla 6.3 and Figure 6.1

where data from Stations 1BB and 6F are presented the annual averages

follow roughly the same trend and appear to be decreasing in 1972 and

1973. The Station 1BB values have generally been higher than the

values from Station 6F. The 1973 values are for analysis on only one

sample. The annual averages for Stations lW, 1X, 4C, and 4D of 4, 2,

5, and 3 pCi/g respectively as given in Table 6.2 are comparable to

other values.
The concentration of gross beta radioactivity is generally

within the range of 1-6 pCi/g with no major differences between loca-

tions. A high sinric value of 14 was seen at Station 4D in 1972. As

can be seen from Figure 6.2, the concentration of activity tends to be

higher at Station IBb as compared to Station 6F and may have been show-

ing a rising annual everag- until the single 1973 values were obtained.

Sr-90 annusi mean concentrations,as given in Table 6.2 are

generally similar for all stations in the range of <0.02 to 0.30 pC1/g-)
\/ with most values below 0.15 pC1/g. As plotted in Figure 6.3, the values.
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for Station 1BB and Station 6F follow the same general trend and show

no significant difference. Somewhat lower values were obtained in 1960
and 1968 as compared to the value obtained 1967. After a rise in 1969,

there may he a decreasing trend in the period 1971 through 1973.
Annual mean concentrations of Cs-137 radioactivity as given

in Table 6.2 are also comparable between stations. Station 1BB tended
to have lower averages in 1971 and 1972. The values for individual

samples for Station 1BB and 6F are given Table 6.1 and plotted in
Figure 6.4. Except for the June 1973 and May 1971 samples, the values
obtained from samples taken at Station 1BB tend to be much lower than
those from Station 6F.

Gross gamma radioactivity concentrations are also comparable
between the various stations in the range of 0.6 - 1.8 epm /g.

A comparison of the limited data from Stations 1W and 1X
with those from the other stations shows no increase in radioactivity

concentration at Stations 1W and 1X caused by the discharge from Unit 1.
C. Fish ,

The results of the analysis of fish samples for concentra-(} cions of gross alpha, gross heta, K-40, net beta, Sr-90, Cs-137 and
gross gamma ra ioactivity are given in Tables 7.1 through 7.11. Net

beta and Sr-90 data are plotted in Figures 7.1 through 7.4. .

A comparison of annual average gross alpha radioactivit,
concentratione sa given in Table 7.11 for all stations indicates similar

temporal behavior over the period of the report. Higher annual average

values of 10 pCi/g ash at Station 6C and 6 pCi/g ash at Station IT in
1967 decrease gradually to tpproximately 2 pC1/g ash at all stations in
the 1971-1973 period. Mosc of the individual values are less than values
indicating generally no d e':e c t ab l e grora alpha radioactivity in the fish
samples.

Annual averaga net beta radiotetivity concentrations for all
ntations are given in Table 7.11. The annual averages for Station 6C,

Holtvood Fond, and for two groups of combined stations are plotted
in Figure 7.1. Stations 1T, lY, 41, 4J, 4 P ., 40, 4R and 4S,which have
been combined as one group, are those locations in Conowingo Pond which
would not be expected to be effected by Unit 1 discharge fer the periods

() 'ndicated in the footnoten on Figure 7.1. In contrast, Stations 1T,

f IW, 1X, 1Y and 41,which have been conbined as one group for the periods
indicated, are those stations exposed to Unit 1 discharge.

I IV.11
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The majority of the beta radioactivity in fish samplea is

due to naturally occurring K-40 as can be seen from Tables 7.1 through
7.9 showing the individual values. The net beta result typically 20 10

pCf/g ash is thus the difference between two numbers of approximately
enual values and has a large associated error. As a result, trends

in the averages are difficult to determine unless they are of large
magnitude.

Th_ annual averages for the two groups of combined stations
and Station 6C generally lie in the range of 10-20 pC1/g ash for the
period 1967 through 1973. The combined stations not under the influence
of Unit i discharge had a value of 8 pCi/g ash in 1968 which is slightiv
below this range. 1966 values for Stations 6C and the combined stations
under the influence of Unit 1 discharge were 30 and 40 pCi/g ash respec-
tively. Many of the individual values are again below the limit of

seen in a
detection. A net beta concentration of 300 pC1/g ash waa
single channel catfish sample collected from Station 4I in October, 1970.
Camma spectrum measurements on the ashed sample shoved that the activity

essentially all Cs-137, most probably due to the ingestion of parti-was
culate matter from nuclear device testing which contained a large amount
of Cs-137. The absence of the radioactivity in the other fish caught
at the same time would indicate that the radioactivity seen was not
due to a general increase of the Cs-137 radioactivity concentration in
Conowingo Pond.

Annual mean Sr-90 radioactivity concentrations for Station
6C and the two groups of combined stations are plotted in Figure 7.2.
F.xcept for the low value of <0.2 pCi/g ash obtained at the combined
stations in 1967, the annual mean values have been in the range of 1.0-
3.1 pCi/g ash with the majority of the values between 1.2 and 2.1
pCi/g ash. The highest annual average value of 3.1 pCi/g ash was
seen at Station 6C, Holtvood, in 1969. There is general overlap of

ranges of the individual values at all stations. There nay be a trend

in the annual averages showing a slight decrease from 1966 to 1968
followed by a rise in 1969 and a decrease and leveling after 1969 at t' '

1,2-2,1 pCi/g ash level.
The similarity of the values for the various types of

radioactivity concentrations measured at Station 6C and the groups of(} combined stations indicates that the discharge from Unit I has had no
measurable effect on the levels of radioactivity in Conowingo pond and

I,V .12
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*'aat the leveln in Conowingo Pond are similar to those seen in Holtwood
O Pond, which in upstream from the Peach Bottom Site.i

The results of radioactivity concentration measurements

on white sucker samples from Peques Creek, which empties into Holtwood
Pond, and Peters Creek, which empties into Conowingo Pond, are given
in Table 7.9. Cross alpha radioactivity concentrations are all less

-than values, generally <2 to <4 pCi/g ash, again indicating.the absence
of measurable alpha radioactivity in fish samples.

Comparison of the individual net beta radioactivity concentra-
tion values given in Table 7.9 and the quarter 1v average values presented
in Figure 7.3 indicate similarity of values between the two ntations.
The net beta concentration values may be somewhat higher than those seen
in Holtwood and Conowingo Ponds, however, the ranges of individual
values show overlap. There in not vwt sufficient data to determine if
there in a difference between creek fish and nond fish, a difference
betwsen species, or if all values are the same within the limits of the

a

measurement.
Sr-90 radioactivity concentration values presented in Table

7.9 and the quarterly average values plotted in Figure 7.4 generally
lie within the same range for both creek stations and for the pond sta-
tions as shown in Figure 7.2.

Cs-137 annual mean radioactivity concentrations are given

in Table 7.11 are generally comparable between all stations and tend to
be a few tenths of a pCi/g ash. Values from individual samples as given

in Tables 7.2 through 7.9 have ranged from approximately 0.08 to 2.8 -

pCi/g ash, however, the majority of the values are below 1 pCf/n ash.
;

Comparison of all radioactivity concentration data from
fish samples indicates no measureable radioactivity which can be attributed
to the operation of Unit 1.

H. Shellfish
The results of the measurement of concentrations of gross

; beta, K-40, net beta, St-90, and Cs-137 radioactivity in oyster shells
i und soft tissue and of I-131 in soft tissue are given in Tables 8.1

through 8.5 for Stations 9, 10, ac4 11. Annual mean values of net octa
,

radioactivity and Sr-90 are plotted in Figures 8.1, 8.2, and 8.3.

The oyster bed at Station 9 To1chester, Pa., and to a

1 esser extent the bed at Station 11, Swan Point, Pa., were severely

} 1972 caused by hurricane Agnes which has madedamaged by floods in June
finding samples somewhat difficult,

a

IV.13 ,

|

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



As can be seen from Figure 8.1, the concentration of net

beta radioactivity in soft tissue samples from all three stations

follow essentially the same pattern over the period and tend to range
between the lower limit of detection of about 7-8 pCi/g ash to 40-50
pCi/g ash. The annual mean values vary over approximately the same

range. Since the net beta value is determined from the difference
bet 9een the gross beta radioactivity measurement and the chemical
measurement of potassium, it is difficult to determine whether the
increases and decreases seen in the annual mean values are really
significant, or due to inherent differences in thn measuring techniques
used over the period of this report.

Except for the early part of the report period, the net
beta radioactivity concentration in oyster shells has been below the
detection limit of 6-10 pCi/g ash. Since the oyster shells contain

primarily calcium, it is to be expected that there would be little if
11.0 slightlyany K-40 or other naturally-occurring nuclides present.

higher values of approximately 10-30 pCi/g ash seen in 1966 may be due
to residual foreigt fatter on the shells which are generally difficult
to clean thoroughl;

Sr-90 radioactivity concentrations in oyster shells are given
in Tables 3.1, 8.2 and 8.3. The annual mean values have been relatively
constant over the period at approximately 0.2-0.4 pC1/g ash. Since

very little weight is lost in ashing the sample, this is essentially
,

the concentration in the original shell. Because Sr-90 would tend to
concentrate in the shell due to its chemical similarity to calcium and
the ready availability of large quantities of shell, this analysis
should detect any s1&nificant changes in radioactivity leve*, which would
be below the level detectable in timsue.

Results for the analysis of Sr-90 and Cs-137 radioactivity
concentrations in oyster tissue are given in Tables 8.1 through 8.3.
From the values obtained it would appear that Sr-90 concentration is
very similar to that found in shells, i.e., a few tenths of a pCi per

gram ash. This would be expected if the ash consisted primarily of
calcium salts, and there was no recent increase in the Sr-90 present
in the river water. This would be equivalent to approximately a few

ten thousandths of a pC1/g of raw sample. The relatively high value

of 2 i i pCi/g ash seen at Station 9 in March 1973 was obtained using{}

IV.14
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a small aliquot of sample due to conditions at the oyster bed. cs-137
>

concentration is also a few tenths of a pCi/g ash, barely above the
detection limit.

No 1-131 has been detected in oyster tissue samples.
The overall similarity between locations even though they

are at different distances from the Peach Bottom site and the relative
constancy of radioactivity levels would indicate that the concentra-
tions seen are due to general environmental conditions and are not the
result of operation of Unit 1.

1. Vegetation

The concentrativas of gross alpha, gross beta, net beta,
K-40, Sr-90, and Cs-137 radioactivity are given in Tables 9.1 through
9.6 for vegetation samples. Gross alpha, net beta, Sr-90, and as-137

-

data for Station 1 and combined Stations 3A, 4N, 5, and 6D are plotted

in Figures 9.1 through 9.4.
are essentisilyGross alpha radioactivity concentrations

degree of variability. The
the same for all stations and show the same
temporal behavior of the annual mean values is similar between Station

() 1 and the combined stations as can be seen from Table 9.6 and Figure
9.1. There is a general dacreasing trend from approximately 10 pC1/g
ash for Station 1 in 1966 and 1967 and 15 and 17 pCi/g ash at the
combined stations in 1966 and 1967, respectively, to Irvels of 3 and 4
oCi/g ash for Station 1 in 1969 and 1970, respectively, and 5 pCi/g ash
for the combined stations in both years. This is followed by levelling

to 7 pCi/g ash for Station 1 andin 1971 and 1972 followed by a rise
11 pCi/g ash at the combined stations in the samples taken in June 1973.

The concentrations of net beta radioactivity are alco
similar for all stations and appear to have approximately the same
spread. As shown in Table 9.6 and Figure 9.2, the annual nean values

comparable between Station 1 and the combined stations. Lov
are
averages of 40 pCi/g ash at Station 1 and 50 pC1/g ash at the combined
stations were seen in 1968 a compared to values of approximately 80
and 140 pCi/g ash at Station 1 and 80 and 90 at the combined stations
in 1966 and 1967, respectively. This apparent decrease was followed

by a return to previous levels in 1969 and 1970 and then a slight
decline in 1971. Values in 1972 and 1973 were approximately 100 and 80

pCi/g ash at Station 1 and 70 and 80 at the combined stations. Based

on the variability between sample typen and individual results, it is

IV.15

o



r~3 difficult to determine an exact trend. There is no distinction between

/ stations which indicates no measurable radioactivity has been introduced
by Unit 1 operation.

Strontium-90 annual mean radioactivity concentraticns are

presented in Table 9.6 and Figure 9.3. Except for lod values of approxi-
mately <0.5 pCi/g ash for Station 1 in 1966 and <0.6 pci/g ash for

Station 1 and <0.4 pCi/g ash for the combined stations in 1967, the
Sr-90 concentration seems to be decreasing over the 1966 through 1973
period. The annual average of approximately 12 pCi/g ash for Station 1
and 11 pCi/g ash for the combined stations in 1968 has decreased to
values of 2.9 and 5 pCi/g ash for Station 1 and the combined stations

in 1973. The range between values has become greater since 1971
probably reflecting the wider variety of crops and vegetation being
sampled. There is no significant difference between stations.

The concentrations of Cs-137 radioactivity are given
in Tables 9.1 through 9.5 and Figure 9.4. Where more than one sample

was taken on the same date at a given station, the average is plotted
! trend toward decreasing concentrationsin Figure 9.4 There may be a
j

over the total report period from values between the high 10.1 pCi/e()
ash value obtained at Station 6D and the lov of 0.5 pCi/g ash from
Station 1 in the May 1971 samples to the range between 1.6 pCi/g ash
at Station 1 and 0.049 pCi/g ash at Station 3A for the June 1973 samples,
For Stations 1, 5 and 6D and possibly 3A concentrations tend to rise

j
in the fall of 1972 as compared to the June values. A similar effect

|

is not seen at Station 4N. In general the individual values from Station
5 tend to be lower than the majority of the values and those from 4N
tend to be higher.

The general comparability of concentrations of net beta,
gross alpha, Sr-90, and Cs-137 radioactivity over the period measuredj
for Station 1 and the combined Stations 3A, 4N, 5, and 6D would indicate
that there is no significant difference in radioactivity concentrations

| between the on-site and off-site locations and therefore no increase in
I radioactivity in the environment due to ,the operation of Unit 1.

J. Milk i

of gro|ss beta, K-40, net beta, Sr-90,The concentrations

Cs-137, and I-131 radioactivity are givpn in Tables 10.1 and 10.2.
Table 10.2 also contains EPA results for Sr-90 and Cs-137 concentra-()
tions. Sr-90 annual average concentrations and Cs-137 concentrations
are shown graphically in Figures 10.1 and 10.2, respectively.

IV.16
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The concentration of net beta radioactivity has essen-
{ tially remained constant throughout the 1966-1973 period in the general

<100 to 500 pCi/1. The major beta activity in milk is due to the
range concentrations of approximatelypresence of naturally-occurring K-40 at
1200 pCi/1. The residual net beta values are most probably the result

The gross betaof the difference between two types of measurements.
the K-40 value isradioactivity is measured directly on milk ash while

calculated from chemical measurement of potassium. From the known

metabolic process of cows, it is unlikely that any nuclides other than
those of Strontium, Cesium, Barium-Lanthanum, or Iodine would be present

in milk.
The absence of I-131 and the comparability of the concentra-

theSr-90 and Cs-137 from this program with thone measured bytion of
EPA make it unlikely that any real net beta radioactivity is present.

The annual mean concentrations of Sr-90 from this program
and comparative EPA data are given in Table 10.2 and are plotted in
Figure 10.1. Farms have been divided into two groups, one containing

Farms F, C,H, 1, and J which are regional farms near the site and the

other consisting of Farms A, B, C,D, and K which encircle the site at

() greater distances.
The latter group, for which data are available from

1966 through the present indicate an overall rise in the annual average
concentration from the 6 and 4 pCi/1 values seen in 1966 and 1967,
respectively, to values between 7 and 9 pCi/l seen in the 1966-1973
period. The 1971 through 1973 concentrations from the nearby farm
group are similar to those seen for the more remote farm group.

Values for Cs-137 radioactivity concentration for the two
farm groups are given in Table 10.2 and plotted in Figure 10.2 with
comparable EPA values. The mean values for both farm groups are in

the range of 8 to 12 pCi/l from the May 6, 1971, samples through the

March 3, 1972, samples. Both farm groups show an increase for the
June 13, 1972, samples to 17.4 and 15.4 pCi/l for the nesrby and more
remote farms respectively. This is generally consistent with the
usual increase in fallout from weapons testing in sunmer. The value

for the remote farm group continued to rise to 18.C pC1/1 for the
September 16, 1972, samples while the value for the nearby farm grcup
decreased to 9.2 pCi/1. The former higher value is due to an individual
milk sample from Farm A which showed a value of 51 pCi/1. Values are

() then relatively constant from November 5, 1972, through June 13, 1973,

with mean values in the 5.7 to 10.1 pCi/l range. The two farm groups

follow the same trend and have essentially the same concentrations.
IV.17
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- A comparison of t h e'Sr-90 and Ca-137 concentrations from
thia program with the values obtained by the EPA for Philadciphia, Pa...

Trenton, N.J., and Baltimore, Md., as given in Table 10.2 and Figures

10.1 and 10.2 indicates that the program values and the-EPA values are
.

similar.
Annual mean concentrations of I-131 radioactivity are given

in Table 10.2 end presented graphically in Figure 10.3. Most.of the

values are less than values and the apparent decrease in I-131 radio-
activity concentration is due to changes in aliquot size and analytical

procedures as indicated in Figure 10.3 and improvement in the time
allowed to elapse between sample collection and analysis. The neveral

slightly positive values for I-131 concentration obtained in 1972 and
1973 are based on very low count rates and lou chenical violds. The

t

further change in the I-131 analysis procedure institu:ed in the second
half of 1973 will permit analysis to levels as low as 0.5 pCi/1.

The agreement of the radioactivity concentration values
between nearby and distant farm groups and with the available EPA values
indicates relatively uniform radioactivity concentration in milk through- !

out the region, and no detectable addition of radioactivity due to the() ;

operation of Unit 1.
K. Rabbits

Tables 11.1 and 11.2 present the analytical data obtained
from the analysis for gross beta, K-40, and net beta radioactivity in
rabbit bone, soft tissue, and muscle. Iodine-131 concentrations in ,

rabbit thyroids are also given. The annual average concentrations of |
.

net beta radioactivity for each anatomical section are plotted in *

Figures 11.1, 11.2 and 11.3.
As can be seen in Figure 11.1 and in Table 11.2. net beta

radioactivity in muscle averages in the range of 30 to 80 pCi/g wita
a general, but erratic rising trend over the 1960 through 1972 period.
Based on the single sampling thus far in 1973, the trend may be
reversing.

The annual average concentration of net beta radioactivity

J
in soft tissue is presented in Tabic 11.2 and in Figure 11.2. The

value declined in 1967 and 1968 from the 1966 level of 80 pC1/g and
remained essentially constant in 1969 at about 30 pCi/g. This was |

() followed by a gradual increase to 60 pci/g in 1972 and then a decrease
in the 1973 value to less than 10 pCi/g. The long term trend tends to

be downward.
IV.18
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Rabbit bones as shown in Table 11.2 and in Figure 11.3 tend
-)

\/ to show an overall pattern for annual average concentration of net beta
radioactivity similar to that seen for soft tissue. There is a decrease
from a value of 60 pCi/g in 1966 to 20 pC1/g in 1969 followed by an
increase in 1970 and 1971 to 38 and 33 pCi/g respectively. In 1972 and

1973 the values decreased slightly. The rise in 1972 and relatively

large decrease in 1973 which was econ in nuscle and soft tissue was not
seen in bone.

Yearly averages for 1-131 in rabbit thyroids are given in
Table 11.2 and Figure 11.4. What might appear to be a decreasing trend
is a result of differences in the time allowed to elapac between sam-
pling and sample counting time. presently samples are generally counted
within two weeks of collection while prior to 1968 several weeks had been
allowed to elapse. This results in a higher less than values

since results are decayed to the time of sampling. As can be seen in

Table 11.2 one rabbit in June 1969 showed a level of 10 10 pci/ thyroid

and one in Itay 1971 showed a value of 3 : 3 pC1/ thyroid. These values

are barely statistically significant.

('; L. External Camma Radiation
V

.

The dose rate readings and rangen from the Nu c le a r *f e a sur e-

ment Corporation gamma radiation nonitors at Station 1A and 1B are
given in Tables 12.1 and 12.2. The rangen for a period are obtained
by scanning the entire chart for that period at a later time.
Instrument readings are made by the sample collector on a week 1v basis.
Ste an annual values are presented granhically in Firure 12.1.

The monitor at Station 1A has exhibited ennentially constant
annual averages at approximate 1v 0.017 mR/br over the 1967 through 1973
period. Examination of the reccrder charts for the numner indicates
the presence of a 24 hour cycle with maximum readings during the dav
and minimun readings during the night. The nonitors are knowr. to be
temperature sensitive in a manner consistent with the observed renponse.
Because of its outdoor location prior to June 1973, the monitor in
nubject to wide temperature changen. On that date, the detector was

Imoved into a small, heated (and air-conditioned) building similar to
the installation used for Station 18.

The annual mean values obtained from Station IB have varied i

() from a low of 0.012 mR/hr in 1969 to valuen of 0.019 nt/hr for 1971 andn

'1972 and a value of 0.026 mR/hr in 1973. Temperature dependence is
'M
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f-s - also indicated from the chart readings especially during the anting, and

summer of 1973. The apparent increases in the readings at Station in
appear to be related to times when the instrument was calibrated
indicating a possible downward drift betueen calibrations. The readinna

obtained at-Stationn 1A and 1B are of the name order of manniture as
the values of 0.009 to 0.012 mR/hr reported for 10 locations in Pennsvi-
vania in 1966 which are the latent conparable readings (2).

M. Camma Spectrum

The gamma spectra data from the analysis of surface
water, both soluble and insoluble fractions, well water, silt, and
shellfish tissue were still in preparation at the time of preparation
of this report. They will be issued and discussed at a later date.

O

O
;
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V SUMMARY

Results from the pre-operational environs radiation monitoring
() program for Units 2 and 3 at Peach Bottom Atomic Power Station for the

period covered by this report have been presented both in tables and

graphically. Comparisons of data from various locations and various

groupings of locations have been done by sample and analysis type.
Several general conclusions can be drawn that pertain to the program
and its results as a whole.

For any given sample type, the concentration seen in the envi-

ronment for each type of radioactivity is not a constant, but tends

to vary between different sampling times and different sampling loca-
tions. Sometimes, as in the case of gross beta radioactivity in air

particulates and precipitation, seasonal effects can be seen and, in

the case of air particulates, rhe effects of single nuclear device

tests are evident. In other types of samples, such as gross beta

radioactivity in water, the body of water tends to reflect the average

of the radioactivity concentration present over several months depend-

ing on water flow, fallout from weapons tests, etc. These types of

samoles show less short-term trends and indicate the general change in

{ concentration over periods of several n.onths or more. The normally-

encountered variability in such samples can be seen by comparing

monthly values. Soil samples tend to increase in radioactivity due to

the presence of new fallout from weapons testing and loose radioactivity

due to leaching in an analogous manner.

The program is designed to fulfill the difficult task of trying

to measure small increases in the radioactivity in the environment in

the presence of normally-encountered variability in the environment in

order to detect the presence of radioactivity at levels far below

those which would be of significance to the population. This is done

by careful selection of the types of samples to be analyzed and the

analyses to be performed.

For example, milk, vegetation and crops, fish, water, and oysters

are selected because of their role in the human or animal food chains.

These are analyzed for Sr-89, Sr-90, and Cs-137 in addition to gross

alpha or gross beta radioactivity and in some cases are analyzed for

I-131. These nuclides are potentially present in any releases from a

nuclear power station in addition to their production in nuclear

v.1
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weapons testing. Their presence'in sampics from locations'near a
nucicar power station in concentrations significantly different from

() those in other locations may indicate the presence of nucicar plant-
produced radioactivity. Further comparison of isotope ratios, plant

release data and known nuclear device testing can aid in a determina-

tion of the source of the radioactivity. Air particulates and precip-

itation indicate the presence of any unusual concentrations of radio-
'

3 activity in the atmosphere which could be inhaled or deposited on soil,

vegetation, and water to be seen later in the data from these sampics.

Silt samples tend to concentrate certain insoluble or exchangeable

radioisotopes in the aquatic environment.

Certain additional analyses such as the measurement of I-131 in

rabbit thyroid make use of the natural bio-accumulation of iodine in

the thyroid and the eating and living habits of rabbits. Similarly

the measurement of Sr-89 and Sr-90 in oyster shells utilizes the bio-

accumulation of strontium and calcium in the shell to permit determina-

tion at concentrations much lower than could be seen in oyster tissue,

which contains much less calcium.

Within the limits imposed by analytical sensitivities, using the

most sensitive techniques practical, and the natural variability in

the environment there is no detectable radioactivity in the environment

as the result of operation of Unit 1. Over the period covered by the

i report, the general radioactivity levels tend to be decreasing or

essentially constant with some interruptions due to specific weapons

tests. This general decrease should continue, barring new atmospheric ;

nuclear testing, until levels are reached which are due to only i

naturally-occurring nuclides and the slow deposition of the present

stratospheric burden from previous testing. The design and implementa-
,

tion of the environs radiation monitoring program at Peach Bottom should

encble it to measure any radioactivity introduced into the environment

by the operation of Units 2 and 3 at extremely low levels.
,

i
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ANALTTICAL DATA F08i' ' / s Concentrattom of Cross

perted-1972 1A 18 2 3A iA 41Collection

12/27 - 1/2 0.12 1 0.01 0.12 2 1.01 0.13 1 0.01 0.13 2 0.01 0.12 2 0.01 0.13 2 0.01 0.

1/9 0.09 2 0.01 0.08 2 0.01 0.08 2 0.01 0.08 2 0.01 0.08 2 0.01 0.10 1 0.01 0.-

1/15 0.18 1 0.01 0.57 2 0.01 0.16 2 0.02 0.76 2 0.02 0.23 1 0.02 0.32 2 0.02 0.1/2 -

1/22 0.46 8 0.07 0.60 2,0.02 0.19 1 0.01 0.19 * 0.01 0.17 2 0.01 0.18 . * 0.01 0.'1/9 -

1/30 0.184 1 0.004 0.142 2 0.008 0.19 2 0.01 0.19 * 0.01 - 0.171 1 0.000 0.145 2 0.008 0.1/15 -

2/6 0.18 2 0.01 0.11 t 0.01 0.22 1 0.01 0.16 2 0.01 0.21 2 0.01 0.23 2 0.01 0.-1/22 -

2/12 0.134 2 0.008 0.15 * 0.01 0.16 2 0.01 0.14 1 0.01 0.16 1 0.01 0.17 2 0.01 0.1/30 -

2/21 0.101 2 0.006 0.110 2 0.008 0.11 2 0.01 0.106 2 0.005- 0.103 2 0.008 0.105 2 0.008 6.2/6 -

2/27 0.18 t'0.01 0.18 1 0.02 0.18 2 0.02 0.17 2 0.02 0.17 2 0.01 0.16 3 0.02 0.2/12 -

3/5 0.13 2 0.01 0.15 1 0.01 0.13 * 0.01 0.14 2 0.01 0.16 2 0.01 0.13 x 0.01 '0.2/21 -

3/12 0.15 1 0.01 0.15 2 0.01 0.19 2 0.01 0.16 2 0.01 0.16 2 0.01 0.15 2 0.01 0.2/27 -

3/18 0.09 1 0.01 0.10 2 0.01 0.07 2 0.01 0.08 1 0.01 0.09- 1 0.01 0.10 1 0.01 0.i3/5 -

- 3/12
3/26 0.12 2 0.01 0.12 2 0.01 0.17 2 0.01 0.12 2 0.01 0.12 2 0.01 0.12 2 0.01 0.-

3/18
3/31 0.07 2 0.01 0.04 2 0.01 0.08 2 0.01 0.09 0.02 0.06 * 0.01 0.07 1 0.01 0.-

3/26
3/31 - 4/9 0.076 2 0.008 0.082 2 0.008 0.083 1 0.008 0.072 1 0.006 0.073 2 0.008 0.080 s 0.008

0.*-

4/16 0.08 0.01 0.08 2 0.01 0.81 2 0.02 0.08 2 0.01 0.08 2 0.01 0.08 2 0.01 0.'
4/9

4/23 0.26 1 0.01 0.17 2 0.01 0.1.1 2 0.01 0.35 t 0.01 0.12 2 0.01 0.12 2 0.01 0.-

4/16
4/30 3.76 1 0.02 0.13 2 0.01 0.14 2 0.01 0.73 2 0.02 0.14 1 0.01 0.18 2 0.01 0.-

4/23
4/30 - S/7 0.07 2 0.01 0.14 * 0.01 0.13 2 0.01 0.11 1 0.01 0.17 2 0.01 0.14 2 0.01 0.-

5/14 0.17 * 0.01 0.18 2 0.01 0.44 2 0.02 0.264 2 0.006 0.16 2 0.01 0.15 2 0.01 0.
5/7

5/20 0.08 * 0.01 0.10 2 0.01 0.12 2 0.01 0.10 2 0.01 0.09 2 0.01 0.09 2 0.01 0.-

5/14
5/28 0.10 2 0.01 0.11 1 0.01 0.14 2 0.01 0.23 1 0.01 0.16 2 0.01 0.12 2 0.01 0.-

5/20
6/4 0.18 2 0.01 0.19 2 0.01 0.21 2 0.01 0.22 2 0.01 0.21 2 0.01 0.19 2 0.02 0.-

5/28
6/10 0.2! * 0.01 0.27 * 0.02 0.31 2 0.02 0.23 2 0.02 0.23 2 0.01 0.23 2 0.01 0.-

6/4
6/17 0.30 s 0.0s 0.26 2 0.02 0.31 2 0.01 0.26 1 0.01 0.29 2 0.01 0.24 2 0.01 0.-

6/10
6/25 0.092 2 0.008 0.11 2 0.01 0.13 2 0.02 0.09 2 0.01 0.087 2 0.008 0.11 1 0.01 0.'-

6/17
7/2 0.12 * 0.01 0.14 7 0.01 (a) 0.30 2 0.08 0.12 2 0.01 0.13 s 0.01 0.-

6/25
7/10 0.19 2 0.01 0.08 4 0.01 0.33 2 0.03 (a) 0.10 1 0.01 0.20 2 0.01 0.--

7/2
7/16 0.18 2 0.01 0.17 * 0.01 0.16 1 0.01 0.13 1 0.02 0.16 2 0.03 0.16 1 0.01 0.-

7/10
7/23 0.10 t 0.01 0.13 2 0.01 0.11 2 0.01 0.13 * 0.01 0.10 1 0.01 0.12 * 0.01 0-

7/16
7/29 0.17 h 0.01 0.15 * 0.01 0.17 * 0.01 0.17 2 0.01 0.16 3 0.01 0.17 1 0.01 -0.-

7/23
8/5 0.15 t 0.01 0.14 2 0.01 0.16 2 0.01 0.17 2 0.01 0.14 2 0.01 V.13 1 0.01 0.-

7/29
8/13 0.109 2 0.008 0.107 t 0.008 3.114 2 0*.004 0.13 2 0.01 0.109 2 0.008 0.121 2 0.008 0.-

8/5
8/19 0.09 1 0.01 0.11 a 0.01 0.11 2 0.01 0.09 1 0.01 0.12 2 0.01 0.12 2 0.01 0.-

8/13
8/27 0.088 2 0.008 o L99 2 0.008 0.092 2 0.008 0.102 a 0.008 0.104 2 0.008 0.125 * 0.008

0.--

8/19
9/3 0.09 2 0.a1 0.09 2 0.01 0.10 2 0.01 0.08 2 0.01 0.08 2 0.01 0.08 2 0.01 0.-

.

8/27
9/10 0.109 4 0.008 0.11 1 0.01 0.10 1 0.01 0.11 2 0.01 0.11 2 0.01 0.11 1 0.01 0.'-

| 9/3
9/37 v.094 2 0.003 0.09 2 0.01 0.099 2 0.008 0.11 2 0.01 0.029 2 0.008 0.09 2 0.01 0.-

9/10
9/24 0.053 2 0.008 0.0e0 2 0:008 0.06 2 0.01 0.052 s 0.008 cu.000 0.04 2 0.01 0.-

9/17
9/24 - 10/1 0.06 2 0.01 0.02 2 0.01 0.051 2 0.006 0.049 2 0.006 0.065 * 0.008 0.054 2 0.006 0.--

10/1 - 10/8 0.061 2 0.008 (a) 0.10 1 0.01 0.061 1 0.008 0.072 * 0.008 0.07 2 0.01 0.-

10/8 - 10/15 0.07 2 0.01 0.060 2 0.008 0.07 1 0.01 0.062 2 0.008 0.059 1 0.009 0.00 2 0.01 0.*

10/15 - 10/22 0.07 * 0.01 0.057 2 0.008 0.053 2 0.008 0.057 * 0.008 0.055 2 0.008 0.07 2 0.01 0.

10/22 - 10/29 0.055 2 0.008 0.051 2 0.006 0.050 2 0.008 0.041 1 0.006 0.048 2 0.008 0.048 1 0.008
0.'

10/29 - 11/5 0.06 2 0.01 0.063 2 0.006 0.06 2 0.01 0.056 2 0.008 0.064 2 0.008 0.06 2 0.01 0.-

11/5 - 11/12 0.033 2 0.008 0.032 2 0.008 0.028 0.008 0.022 2 0.008 0.036 2 0.008 0.030 2 0.008 0.

11/12 - 11/19 0.039 2 0.006 0.032 2 0.006 0.045 1 0.008 0.030 2 0.006 0.045 2 0.006 0.048 2 0.006 0.

11/19 - 11/26 0.065 2 0.008 0.055 2 0.008 0.059 2 0.006 0.055 2 0.008 0.049 1 0.006 0.063 2 0.008 0.

11/26 - 12/3 0.049 1 0.006 0.049 2 0.006 0.045 1 0.008 0.050 2 0.006 0.055 t 0.008 0.044 2 0.008 0.-

12/3 - 12/10 0.056 2 0.008 0.06 2 0.01 0.046 1 0.008 0.044 2 0.008 0.048 2 0.008 0.047 3 0.008 . . .

12/10 - 12/17 0.056 2 0.008 0.063 1 0.008 0.063 2 0.008 0.059 2 0.008 0.056 1 0.008 0.055 2 0.008 C.s
12/17 - 12/24 0.038 1 0.008 0.028 1 0.008 0.06 1 0.01 0.044 2 0.008 0.044 2 0.008 0.039 1 0.008 L
12/24 - 12/31 0.04 2 0.02 0.026 t 0.008 0.04 2 0.02 0.044 1 0.008 0.032 1 0.008 0.02 2 0.01 0.

(a) Mo sa,ap'le due to equipment as1 function.
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1R-PARTICULATE 8AMPLES
3to R$dicactivity (pci/m )

Collection

1 6Jg M 15 17 Period.1972 13 Mg

* 0.01 0.13 3 0.01 ;

- t 0.01 0.08 2 0.01 12/31 - 1/7 0.12 1 0.01
2 0.01 0.18 0.02 1/7 1/14 0.088 2 0.008-

1/21 0.29 2 0.01* 0.01 0.23 2 0.01 1/14 -i

1/31 0.136 2 0.006't 0.01 0.158 * 0.008 1/21 -

2/4 0.17 1 0.02s'2 0.01 0.21 2 0.01 1/31 '-

2/10 0.150 2 0.009* u.02 0.17 * 0.02 2/4 -

0.004 0.103 2 0.008 2/10 2/17 0.19 2 0.01
")4 1

-

2/25 0.124 2 0.007* 0.02 0.20 2 0.02 2/17 -

) 0.01 0.15 2 0.01 2/25 3/3 0.12 * 0.01-

9 1 0.01 0.16 2 0.01 3/3 - 3/10 0.16 2 0.01
t'0.01 0.10 2 0.01 3/10 3/20 0.098 2 0.005-

' 0.01 0.11 2 0.01 3/20 3/24 0.44 2 0.01 0.13 2 0.01- ,

t 0.01 0.07 0.01 3/24 3/30 0.14 2 0.01 0.26 2 0.01 '-

2 0.01 0.08 1 0.01 3/30 4/7 0.087 1 0.008 0.097 2 0.008-

3 2 0.01 0.08 1 0.01 4/7 4/14 0.081 2 0.008 0.090 2 0.008-

3 2 0.01 0.26 1 0.01 4/14 4/23 0.074 2 0.008 0.088 1 0.008-

4/23 0.13 2 0.01 0.13 1 0.013 t'0.01 0.1, 1 0.01 4/23 -

3 s 0.01 0.14 2 0.01 4/28 5/5 0.21 1 0.01 0.34 2 0.01-

5/14 0.117 s 0.008 0.104 2 0.008D 2 0.01 0.16 -t 0.01 5/5 -

3-t 0.01 0.16 1 0.01 5/14 5/22 0.121 2 0.008 0.130 2 0.006-

7 2 0.01 0.10 2 0.04 5/22 5/26 0.12 2 0.01 0.19 2 0.01-

1t 0.01 0.16 2 0.02 5/26 6/2 0.140 1 0.008 0.24 2 0.01-

Qt 0.02 0.26 2 0.02 0.36 t 0.01 6/2 6/13 0.184 2 0.006 0.239 2 0.008-

6/16 0.26 2 0.02 0.37 * 0.02D 2 0.0; 0.37 2 0.02 0.31 2 0.01 0.39 2 0.01 6/13 -

0 t 0.01 0.17 1 0.01 0.124 2 0.008 0.10 2 0.01 6/16 6/26 0.077 * 0.006 0.080 2 0.006-

'S 2 0.01 0.12 2 0.01 0.15 2 0.01 0.16 2 0.02 0.19 1 0.01 6/26 6/30 0.12 2 0.01 0.14 2 0.01-

0 2 0.01 0.06 2 0.01 0.23 * 0.01 0.15 2 0.01 0.24 2 0.01 6/30 7/10 0.200 2 0.008 0.262 1 0.008-

7/14 0.15 2 0.01 0.18 1 0.017 0.01 0.17 2 0.01 0.167 t 0.008 0.183 2 0.008 0.171 2 0.000 7/10 -

2 1 0.01 0.12 2 0.01 0.106 * 0.006 0.121 * 0.008 0.110 2 0.006 7/14 7/23 0.083 2 0.006 0.107 1 0.006-

9 0.01 - 0.17 2 0.01 0.20 2 0.01 0.20 2 0.01 0.18 2 0.01 7/23 7/29 0.136 2 0.008 0.19 1 0.01-

7 * 0.01 0.15 2 0.01 0.169 t 0.008 0.161 1 0.008 0.148 2 0.008 7/29 8/4 0.156 2 0.008 0.179 2 0.008-

1 2 0.01 0.108 1 0.008 0.114 1 0.006 0.117 2 0.006 0.115 1 0.006 8/4 8/11 0.101 2 0.006 0.137 2 0.008-

0 2 0.01 0.12 2 0.01 0.104 2 0.008 0.115 2 0.0C8 0.101 * 0.008 8/11 8/19 0.080 2 0.006 0.108 2 0.006-

'97 2 0.008 0.093 2 0.008 0.097 2 0.006 0.098 2 0.006 0.094 2 0.006 8/19 8/27 0.064 2 0.008 0.098 2 0.008-

0 1 0.01 0.09 1 0.01 0.090 1 0.006 0.090 t 0.006 0.093 2 0.006 8/27 9/3 0.07 2 0.01 0.13 * 0.01-

't t 0.01 0.10 t 0.01 0.103 2 0.008 0.108 2 0.008 0.028 1 0.008 9/3 9/10 0.096 1 0.006 0.101 2 0.008-

0 t 0.01 0.10 2 0.01 0.093 1 0.006 0.091 1 0.006 0.090 t 0.006 9/10 - 9/15 0.081 2 0.008 0.094 2 0.008
7 1 0.01 0.05 1 0.01 0.064 2 0.008 0.058 2 0.008 0.062 2 0.008 9/15 9/24 0.048 2 0.006 0.069 * 0.006
59 1 0.008 0.060 1 0.008 0.048 1 0.006 0.053 2 0.006 0.050 2 0.006 9/24 9/29 0.047 2 0.006 0.060 2 0.008-

6 2 0.01 0.07 2 0.01 0.057 2 0.006 0.054 2 0.006 0.055 2 0.006 9/29 - 10/6 0.048 2 0.006 0.060 * 0.008
4 2 0.01 0.09 t 0.01 0.068 1 0.006 0.066 2 0.006 0.064 2 0.006 10/6 - 10/13 0.048 2 0.008 0.057 * 0.008
7 * 0.01 0.07 2 0.01 0.057 2 0.006 0.052 2 0.006 0.056 2 0.006 10/13 - 10/20 0.039 2 0.006 0.056 1 0.008
5 * 0.01 0.053 2 0.000 0.046 2 0.006 0.039 2 0.006 0.040 2 0.006 10/20 - 10/27 0.046 2 0.006 0.034 1 0.006
6 2 0.01 0.06 2 0.01 0.055 1 0.006 0.049 2 0.006 0.054 2 0.006 10/27 - 11/3 0.041 2 0.008 0.044 2 0.008
3 2 0.01 0.03 2 0.01 0.024 2 0.004 0.026 1 0.004 0.026 2 0.004 11/3 - 11/10 0.030 1 0.006 0.06 2 0.01
34 2 0.008 0.035 2 0.008 0.042 1 0.006 0.032 2 0.004 0.035 2 0.004 11/10 - 11/17 0.020 2 0.002 0.022 2 0.004
'58 2 0.008 0.06 2 0.01 0.052 2 0.006 0.046 2 0.004 0.047 2 0.004 11/17 - 11/24 0.036 2 0.004 0.040 1 0.006
3 2 0.01 0.038 2 0.006 0.040 2 0.006 0.037 t 0.004 0.040 t 0.006 11/24 - 12/1 0.034 2 0.004 0.041 2 0.004
5 t 0.01 0.05 2 0.01 0.050 2 0.006 0<041 2 0.006 0.042 1 0.006 12/1 - 12/10 0.041 2 0.006 0.047 2 0.006
8 2 0.01 0.06 2 0.01 0.052 2 0.006 0.034 1 0.006 0.050 t 0.006 12/10 - 12/17 0.060 2 0.006 0.046 2 0.006
5 2 0.01 0.C1 2 0.01 0.039 2 0.006 0.040 t 0.006 0.030 t 0.006 12/17 - 12/24 0.044 2 0.008 0.054 * 0.008
4 * 0.01 0.04 2 0.01 0.036 1 0.006 0.034 * r.006 0.028 2 0.006 12/24 - 12/31 0.044 2 0.006 0.027 2 0.006
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-ANALYTICAL D(
Concentration e

4

Collection
Period-1973 1.1 le 2 h ,4,,A 1,B,

12/3t- 1/7 .044 i 009 032 009 .046 * .009 .030 t .008 038 009 a.03 06 '
.

3// - )/14 .06 2 01 052 t .003 .06 * .01 .051 * .008 .07 * .01 .017 * .008 .06

1/14- 1/21 .07 * .41 .06 2 01 .06 01 .046 .006 .045 t .004 (a) .05|.

.037(2h)
.053 * .009 .053 1 009 .040 * .006 .028 .008 (b) .05'1/21 1/23 .

.009 .U44 2 009 030 t 009 .031 2 .008 (c) .032 * .008 .04t/20 1 2/4 .

2/4 - 2/11 039 2 .0J9 041 009 .044 009 .042 .000 (c) .048 2 .004 .06 ,
.

2/13- 2/16 05 8.. 01 .06 2 01 .06 * .01 .05 2'.01 (b) .06 .01 .051
2/16- 2/24 .070 t 009 .047 .006 .057 .009 .050 t .GJ8- .051 2 008 056 2 .008 .061

2/24- 3/4 .050 t .uuo .053 * .008 057 .006 .036 * 008 .044 * 004 .046 2 .008 .05q
3/4 - 3/11 .036 * .003 033 .003 .038 2 4008 .033 1 .006 .044 * .009 .038 * .000 - 05 |.

3/11- 3/17 .u4 2 .01 .05 a .01 .04 * .01 .040 t .006 .05 t 01 .04 .01 .05i
3/17- 3/25 .0J6 2 . 0 iJ 3 030 * .003 .037 2 .008 - .042 * .008 .036 1 008 034 t .005 '. 0 4 |

3/25- 4/1 .046 * .003 .034 * 008 .043 1 .00$ .033 2 .008 .035 t .008 041 1 .008 .040

'4/1 - 4/3 043 * .004 .036 1 .008 .037 * .098 .029 1 .008 .035 * .008 .037 2 .008 .04 i
4/6 - 4/14 .04 1 01 .04 * 01 .054 2 .012 .05 t .01 .04 * .01 .04 2 .01 .04E
4/14- 4/20 .05 2 .01 .05 2 01 .06 * .01 .057 .039 .06 2 .01 06 2 .01 09|
4/20- .4/27 .038 * .003 .051 * .009 .054 2 .009 .044 * .004 042 2 .006 .044 2 .008 .04

. 05f'4/27- 5/6 .u22 2 .007 .037 2 0U7 .046 * 007 .048 2 007 .045 007 .036 .007
5/6 - 5/13 .046 007 043 * .009 .048 2 .009 .042 * .008 .050 t .008 014 * .009 .05i
$/13- 5/20 .039 2 009 .042 * .008 .043 * .009 .041 .008 051 000 .014 .008 05

5/20- 5/27 .uSU * 009 031 * .009 060 t 009 .025 . 008 .036 * .009 .023 2 006 .04
5/27- 6/3 .uol 1 .009 .047 t .009 .034 * .008 .037 * .009 .053 2 .009 .042 2 .006 .04 ;

6/3 - 6/8 05 t .41 .05 .01 .04 2 01 04 2 .01 .05 * .01 .046 * .008 .05!
6/8 - 6/16 054 * .008 055 2 008 .053 * .008 046 2 .007 .047 008 049 .006 05l
6/16- 6/23 .u28 s .009 .034 1 009 .019 2 .009 .032 * .000 029 * .009 .028 .006 .04 !

6/23- 7/1 .036 * .007 .U42 * 007 .04 2 .G1 .034 * .007 .036 * 008 032 .005 .05(
7/1 - 7/6 063 * 000 .06 2 01 .07 2 01 06 * 01 .02 .01 053 * .007 .07;

7/6 - 7/15 068 005 078 t .003 .064 2 .008 .079 .007 073 1 003 067 .005 .08f
7/15- 7/22 062 .008 062 .009 .059 2 .008 059 .008 06 .01 .063 2 .006 .07!
7/22= 7 /29 (d' .036 2 .006 052 2 .008 .052 * .008 047 * .007 .053 009 .045 .006 .05;

7/29- 8/5 .046 2 .006 .048 .006 .010 t .005 .053 * .008 042 * .004 .053 .007 .04{
>

(a) temp breakdeva - no esepte.

(b) le easple pumpe ehanced.

(t) le cample retelved.

(d) Statted 31 and 32 began operatten. Their values set intluded la
spath1, everates.

7/22 - 7/29 ?/29 - 8/5 .

Stettet 31 .048 : 006 .043 * .006.

Stattet 32 052 .006 .041 * .005

i

j

|

| |
| !

1

, , ,

f

.- w

- - - - = . , - . , - , - - - , . . ,,,,-n._.,-. .m-- n.n.~..-,----,-,n. .-.-,o------,,_.-.--.-.----nn...-a
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. TABLE 1,8-
CA~FZK AIR PARTICULATE SAttPLE8

Crass Bets Radfoactivity (pC1/k3)

Collection

5 68 14 15 17 Period-197 12A 120

- t ^. 01 .04 1 .01 .006 2 006 .029 .00L 028 2 .006 12/31- 1 030 t 306 037 i .000.

s.44 .00.7 .062 2 .003o'

t .01 .08 .01 .061 2 .006 .059 2 .008 .040 t .006 1/7 -- 1/14 .

2 .01 .055 2 .008 048 2 .006 .047 .006 .010 t .004 1/14- 1/21 035 2 .007 .04) .u;7
.

1 .01 05 * .01 038 2 004 044 2 .006 (b)- /19- 1/26 016 2 .Qub .044 i .uno_ .

'* .008 .04'O 2 .008 .035 2 006 036 1 006 030 t 006 1/2f. 2/5 035 1 006 .034 .LJ).

2 01 .06 2 01 .039 2 .006 .046 2 .008 047 1 .000 2/4 - 2/10 041 1 .069 .450 t .001.

* 01 .06- t .01 .050 t 008 .040 t .008 .05 2 .01 2/10- 2/15 034 2 .007 349 .007.

2 .01 .06 * .01 .053 2 .006 .051 2 .006 048 2 .003 2/15- 2/23 041 1 007 .we6 2 .000.

.051 : 008 .040 t .006 .045 ^ 006 043 1 .008- 2/23- 3/2 033 1 .006 ! .057 * .007t .008
..04 2 .01 .032 2 .006 .032 2 .006 046 * 008 3/2 - 3/5 05 t .02 .032 2 .006

.

2 01 .

: 01 .05 2 .01 .036 2 .006 .029 2 006 036 2 .005 3/11- 3/16 336 2 .006 .6 7 1 .o07.

-2 .01 .05 1 01 .034 2 .006 029 2 .006 040 t .006 3/16- 3/23 .027 026 024 . tJ 6
2 008 .047 2 004 .041 1 006 .033 * 004 .033 2 .006 3/23- 3/30 037 * .006 . 0 5 '. 1 .000.

-t .01 .047 2 .010 .039 1 .006 .029 2 .006 .027 2 .008 3/30- 4/6 020 t .006 .02( a .006.

2 012 .047 1 .012 .044 1 .006 024 2 006 .048 2 .i O8 4/6 - 4/13 U34 2 .006 .ani 2 .004.

2 .01 .07 2 .01 .054 2 .007 .03 2 01 .048 2 .009- 4 :)- 4/19 046 2 007 046 1 .007.

* .01 .06 1 .01 046 2 006 .12 2 02 .040 t 007 4/19- 4/27 033 1 .005 .040 t .000.

t .008 .045 2 003 .040 t .005 .08 2 .01 .040 t .006 4.27- 5/7 .026 : .004 .052 .007
'

1 01 .05 1 .01 .046 2 .007 .06 1 .02 .035 2 .008 5/7 - 5/11 03 .01 .041 .006.

* .01 .05 t .01 .040 t .006 .06 2 .01 .038 2 .007 5/11- 5/18 032 1 .006 .037 i .0S6.

t'.01 03 2 .01 .033 1 .006' .05 2 01 .034 i .007 5/18- 5/29 016 s .004 025 * .004.

2. 01 .04 .01 .044 1 .007 .08 2 .01 .038 2 008 5/29- 6/1 00 t 05 . 0 t- t .01.

2 01 .05 2 .01 .045 1 .003 .03 2 .02 .05 t .01 6/4 - 6/0 .05 2 .01 .033 1 .007

1 .01 .060 t .009 .046 2 .006 .10 t .01 044 2 .007 6/0 - 6/15 .036 1 .006 .049 .007
*

* .01 .0% 2 .01 .026 * 005 .06 t .01 .024 * .007 6/15- 6/22 013 2 .005 .033 2 000
2 009 .04 2 .01 .022 2 .005 05 t .01 .028 2 .006 6/22- 7/2 022 2 .004 . U .14 2 .005.

2 01 .07 -t .01 .062 2 .000 .11 * .02 .06 1 .01 7/2 - 7/9 .042 : .v06 .056 2 .066 f

2 .01 074 * .000 .059 1 .005 .13 2 .01 .068 1 .007 7/9 - 7/13 .11 1 61 .07 s .01

1 .01 .06 .2 .01 .057 1 006 .11 2 .02 .051 1 .007 7/13- 7/20 051 2 .007 .061 1 .007
2 .01 .050 t .009 .046 2 .006 .10 t .02 .036 2 .007 7/20- 7/27 .046 .0a7 .055 t .007,

1 006 .045 2 .005 .043 2 .006 .052 2 .007 .052 2 .006 7/27- U/3 .045 t .JJ6 .05) 2 097

Revised June 1974
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11/30 - 12/29 0.06 0.10 0.08 0.03 0.10 0.08 11/18 - 1/2/70 0.061 0.153 0.090

12/29 - 2/1/70 0.07 0.12 0.10 0.07 0.13 0.10 1/2 - 1/30 0.078 0.092 00085
2/1 - 2/28 0.098 0.16. 0.13 0.092 0.A6 0.13 1/30 - 3/27 0.088 0.160 0.116

2/28 - 3/27 0.12 0.26 0.17 0.10 0.24 0.18 2/27 - 4/3 0.120 0.205 0.17

3/37 - 5/2 0.146 0.27 0.20 0.102 0.29 0.21 4/3 - 5/1 0.22 0.32 0.76

5/2 - 5/30 0.21 0.41 0.JO 0.19 0.38 0.29 5/1 - 5/28 0.32 0.60 0.47

5/30 - 6/26 0.43 0.90 0.57 0.36 0.83 0.55' 5/28 - 7/2 0.39 0.94 0.63

6/26 - 8/1 0.30 0.59 0.44 0.25 0.62 0.42 7/2 - 7/31 0.25 0.65 0.50
8/1 - 8/28 0.15 0.52 0.38 0.18 0.70 0.36 7/31 - 8/28 0.34 0.67 0.47
8/28 - 10/2 0.11 0.29 0.21 0.066 0.37 0.22 8/28 - 10/2 0.141 0.29 0.20

10/2 - 11/1 0.086 0.26 0.15 0.09 0.25 0.14 10/2 - 10/30 0.073 0.25 0.18

11/1 - 11/30 0.127 0.38 0.22 0.12 0.38 0.20 10/30 - 12/3 0.102 0.26 0.16
11/30 - 12/28 0.09 0.21 0.14 0.08 0.19 0.13 12/3 - 12/31 0.064 0.40 0.19

12/28 - 1/30/71 0.10 0.33 0.16 0.09 0.32 0.16 1/1 - 1/29/71 0.107 0.121 0.11
1/30 - 2/27 0.13 0.18 0.15 0.13 0.18 0.15 1/29 - 2/25 0.10 0.19 0.14

2/27 - 4/3 0.22 0.50 0.30 0.22 0.50 0.31 2/26 - 4/2 0.27 0.46 0.32

4/3 - 5/2 0.12 0.91 0.59 0.22 0.92 0.61 4/2 - 4/29 0.33 0.76 0.58
5/2 - 5/29 0.70 1.17 0.90 0.68 1.37 0.93 4/29 - 6/4 0.66 1.00 0.85

5/29 - 7/2 0.69 1.13 0.89 0 67 1.15 0.87 6/4 - 7/2 0.73 1.17 0.90

7/2 - 8/2 0.27 1.25 0.73 0.025 1.27 0.15 7/2 - 7/30 0.52 1.29 0.95
8/2 - 8/29 0.43 0.66 0.53 0.06 0.61 0.49 7/36 - 9/3 0.36 0.73 0.51
8/29 - 10/3 0.14 0.36 0.22 0.13 0.45 0.22 9/3 - 10/1 0.12 0.34 0.20

10/3 - 10/30 0.06 0.25 0.15 0.05 a.25 0.14 10/1- - 10/29 0.074 0.102 0.14
10/30 - 11/27 0.07 0.16 0.13 0.03 0.19 0.13 10/29 - 12/3 0.074 0.12 0.10
11/27 - 12/27 0.10 0.16 0.13 0.05 0.10 0.12 12/3 - 12/30 0.110 0.14 0.12
12/27 - 1/30/72 0.03 0.60 0.22 0.03 0.76 0.17 I?/31 - 1/31/72 0.088 0.29 0.16
1/30 - 2/27 0.101 0.22 0.16 0.103 0.23 0.16 1/31 - 2/25 0.124 0.19 0.16
2/27 - 3/31 0.06 0.19 0.11 0.06 0.17 0.12 2/25 - 3/30 0.093 0.26 0.16
3/31 - 4/30 0.076 0.81 0.23 0.072 0.73 0.15 3/30 - 4/28 0.074 0.13 0.10
4/30 - 5/28 0.07 0.44 0.15 0.09 0.264 0.14 4/28 - 6/2 0.104 0.34 0.17

5/2s - 7/2 0.092 0.31 0.20 0.037 0.37 0.20 6/2 - 6/30 0.077 0.37 0.18
7/2 - 7/29 0.03 0.33 0.16 0.06 0.24 0.15 6/30 - 7/29 0.083 0.262 0.16
7/29 - 8/27 0.033 0.16 0.11 0.09 0.17 0.12 7/29 - 9/3 0.064 0.179 0.11
8/27 - 10/1 0.02 0.11 0.08 <0.008 0.11 0.07 9/3 - 9/29 0.047 0.101 0.074 ;

10/1 - 10/29 0.05 0.10 0.06 0.039 0.09 0.06 9/29 - 11/3 0.034 0.060 0.047
10/29 - 11/26 0.032 0.065 0.05 0.022 0.064 0.04 11/3 - 12/1 0.020 0.06 0.04

11/26 - 12/31 0.026 0.063 0.05 0.02 0.08 0.04512/1 - 12/31 0.027 0.060 0.046
12/31 - 1/28/73 0.032 0.07 0.01 0.006 0.0S 0.04 12/31 - 1/26/73 0.016 0.062 0.037

g 1/28 - 3/4 0.037 0.070 0.05 0.030 0.06 0.05 1/26 - 3/2 0.034 0.057 0.042
3/4 - 4/1 0.033 0.05 0.04 0.029 0.051 0.04 3/2 - 3/30 0.024 0.054 0.04

D 4/1 - 4/27 0.036 0.06 0.04 0.024 0.12 0.05 3/30 - 4/27 0.020 0.048 0.036
4'27 - 6/3 0.022 0.060 0.046 0.014 0.0a 0.04 4/27 - 6/1 0.016 0.03 0.04
6/3 - 7/1 0.019 0.055 0.04 0.022 0.10 0.05 6/1 - 7/2 0.013 0.053 0.04
7/1 - 7/29 0.052 0.073 0.06 0.036 9.13 0.07 7/2 - 7/27 0.042 0.11 . 0.06 |

7/29 - 8/5 0.010 0.048 0.035 0.042 0.053 0.048 7/27 - 8/3 0.045 0.055 U.050
'

(a) Croup T consists of Stations 1A, 1B, and 2. Collections at Station 13 started on
August 5 1967. e

(b) Croup II consists of Stations 3A, 4A, 43, 5, 6B. 14, 15, and 17. Collections at Station
h ]14 startad on June 10, 1972. Collections at Station 15 started on June 25, 1972. . p- (7 73Collection at Station 17 etarted on June 4, 1972. , 4

(c) Croup III consists of Stations 12A and 12D. Collections at Statloa 12D started on h b
ZdMMarch 20, 1972. O

\ q ~ em
(d) When no weekly data is available due to pump-breakdo in , etc., average is calculated with bf Od

remaining data. In cases where the sample represents less than 1/2 the normal weekJr 2 W
volume due to equipment malfunction, the values do not enter into the monthly averages. N
or the maximum, minimum values.

.
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. TABLE 1.10
ANALYTICAL DATA FOR AIR. PARTICULATE SAMPLES

Concentrations of Gross Beta Radioactivity (pC1/m3)
Yearly Averages'

Group I Croup II. Grout ,TII

Year Min. Max. Mean Min. Max. Mean Min. Max. Mean

1966 < 0 's 1 0.39 0.08 <0.01 0.47 0.49 <0.01 0.30 0.08
,

1967 <0.01 0.99 0.07 <0.01 2.18 0.06 <0.009 0 .' 12 ' O.94

1963 0.02 0.38 0.14 <0.02 0.44 0.13 0.02 0.34 0.14

1969 <0.01 0.55 0.19 0.03 0.68 0.20 0.038 0.46 0.19 i

1970 0.07 0.90 0.26 0.066 0.88 0.26 0.064 0.94 0.29

1971 0.06 1.25 0.41 0.025 1.37 0.41 0.074 1.29 0.42-

1972 0.02 0.81 0.13 <0.008- 0.76 0.12 0.020 0.37 0.11

1973 0.010 0.078 0.05 0.006 0.13 0.05 0.016 0.11 0.04

STATION NUMBER:

1A IB 2 3A 4A 4B 5 6B 12A 12p. 14 15 17

Overall .16 .19 .18 .17 .17' .18 .21 .17 .17 .09 .07, .07 .08

!
.

%

&

-
-

. . . . . . . _ . . . _ _ .
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TASLE 2.3
PRECIFITATION!

.

CONCENTRATION pCi/l
YEARLY AVERACES ,

Station 1A & 18 ~ Station 4M

Y e a r.. Beta Sr-90 Cs-137 Beta Sr-90 Cs-137
,

| 1966 50(a) 4(a) 40 5

1967 60(a) <5(a) 20 <3 ,

'

1968 30 2 40 1

1969 30 2 20 1

1970 80 2 60 2.2

1971 60 3 5 50 1.4 1.3

1972 18 2 1 20 1 2.81

1973 9 0.6 0.4 12 1 0.3

Overall 40 2 2 40 2 1.6

1

SURFACE DENSITY pCi/m

r

1966 2300(a) 140(a) 2700 250
!

1967 240e(a) 90(a) 1500 <80

A968 000 110 2100 100

1969 1000 70 1200 40

1970 3200 120 5300 200 s

!-

1971 2700 80 80 3200 80 50

1972 800 100 50 800 80 80

1973 700 60 40 600 100 30,

Overall 1700 100 50 2300 100 60

i

(a) During 1966 and 1967 samples were taken at station 1A only.,

i

!

!

1
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TA8LE 3.1
SURFACE WATER

CROSS ALPHA RADIOACTIVITY
Concentrations in pC1/1

Years 1966 to 1971

Conowingo Dam - Holtwood Dam - Conowingo Dam - Holtvood Dam -

El. 33' HSL nydro. Sta. E1. 33' MSL . Hydro. Sta.

Collection (4F) (6A) Collection (4F) (6A)
Period Soluble Insoluble Soluble Insoluble Period Soluble Insoluble Soluble Insoluble

2/2/66 <3 <1 <2 32 2 7/3/68 <1 <0.5 <2 <1

3/5 <1 <1 <1 <1 8/3 <4 <1 <3 <1

4/2 <2 <1 <2 <1 9/6 <2 <1 <2 <1

5/7 <1 <2 <1 <3 10/4 <4 <1 <3 <0.7

6/4 7 2 4 52 4 82 5 6 2 4 11/2 <4 <0.7 <4' <1

7/1 10 2 4 <1 <4 <2 12/8 <4 4 1 2 <3 <1

8/5 <3 <1 <4 <3 1/5/69 <2 <1 <3 32 2

9/3 <2 <2 <3 <1 2/2 42 4 <1 <2 <0.7

10/1 <2 <0.6 <3 <1 3/2 <0.6 1 1 1 <0.6 <1

11/4 10 2 6 3 1 2 <3 3 2 2 4/7 <0.4 32 2 <0.4 1 2 1

12/2 4 ! 4 <3 6 ! 5 <3 5/3 <0.6 <2 <1 <1

1/7/67 <3 <2 52 4 <2 6/7 <0.4 1 1 1 <0.6 1 1 1

2/4 <2 <2 21 2 4 2 3 7/5 <2 <1 <0.3 <1

3/3 <3 <1 <2 <1 8/4 <0.8 <1 <0.8 1 2 1

4/8 <1 2 2 1 82 4 2! 2 9/6 <0.4 <0.6 1.3 1.0.8 <0.2

5/5 8*5 <2 62 5 3 2 10/5 <0.6 <0.4 <0.6 <0.6

6/3 9 2 5 2 1 2 13 2 8 22 1 11/1 1 2 1 <0.8 <0.4 <0.4

7/3 82 5 52 3 <2 62 3 12/7 <0.6 <0.8 <0.6 <0.4

8/5 <2 6 2 4 <3 <1 1/4/70 <0.4 <0.8 <0.6 <0.6

9/2 <2 <1 <4 2 2 2 2/8 <0.8 2 2 1 <0.6 <1

10/11 <2 <2 <2 <C.5 3/7 <0.7 1 1 1 <0.3 <0.8

<4 <2 <3 <2 4/5 <0.8 <0.9 <0.7 <0.9
11/4
12/1 <3 <2 <3 <1 5/2 <0.4 2.0 1 0.9 <0.4 <0.4

1/14/68 <3 <3 <4 <0.9 6/6 <0.2 0.9 t 0.6 . <0.4 <0.4

2/3 <2 <1 <2 <1 7/5 <0.5 <0.4 <0.5 <0.7

3/2 <3 -0.9 <4 <0.6 8/1 <0.7 0.6 1 0.6 <0.5 <0.6

4/6 7 2 4 <1 <2 1 2 1 9/5 <0.4 <0.7 <0.4 <0.6

5/4 <2 <2 <3 <1 10/4 <0.3 <0.3 <0.4 <0.3

6/1 <2 <2 <2 2 2 2 11/8 <0.6 1 2 1 <0.6 <0.5

12/6 <0.9 <0.7 <0.6 <0.5

!

|

-1,

l__ _



_ _ _ _ _ _ . _ _ _____ _ _ _ _ _ _ . _ _ _ _ _ _ . . _ _ . _ _ . _ _ _ _ _ . _______ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ ,_ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _

%% &-

94 % 4 *e -s # 9 aset M ee M e4
3| e 3 se me 1 O ** " 4o 1*#h aM4e e e e e o e e e e e'9

e o e e e e e e e e e
4di9 J4 TM* 1 ) e4 1 4 1 ) *3 9 3 ' ;F 9e 3 e3 3e

a * et as es es .s et se es es es es ete e a n seh 9 O 4 es se H es es '* sa es ea se
wS L M J em 4 g M m e4 es ,, y g og en J re = 4 9 se e4 N *4 M Meg es ww w

e e e e e e e e e e e e e a e ag g e ed i e s ee M e iee 9,e 3 9 q p 7 e 5 S c em S sg .3
e e 3 *1 e a rgygey

- [.\ 4 ee -

43 3 1i

p keM
enM 4 ad N P4 se N M N 4 N d *ff~ W SW D N P* e9 4 N e =# 4 4 M N f 4 ed Ne e a e a e e e e e e a e e e e e o e e e a e e e e
gg A . C0000SO3000003*4000000000000e se M

W v vv vv v v v vvv vv v v v v v v vvvvv vvAM S
g M

0
M. ,

i

h6 6 M M NM NHS NMMM
e

OvoNOMOM4dMa e e e e e e e e e e * a e e e e e a eMe
4hd4@OMOOOOOOOOO3cNMOONOOOMOOOONeM e

e e e e a e
e e e

HHOHHHHO4 J
H H et et O C H H O M w3

O O O O c es O H H H M H H H v w w w
C = M N4M N4tm
94 O v y w w w *

M 40AN*MMNRhN N M. e e e000'0e MMM eO *N * e 8 e e e e o
Ou o

9 de O e * e9 *O +O000 09 OOMmag
O O W

@ee'OMOO ed e
>OOw
Ch4HMOM44M4A4MMNN4Nn44mnMNMOAON4se

e
3h e e

e o e a e e e e e e e e e e e e e e e e e a e e e
a e

9HO6u% *

HOOOOHOOOOOOOOOOOOOOOOOOOOOHwh A

3 W W v v v vv v vv v vv vv vv vvvv v vv v v v vv
03 s 4 h

o
O tt 9 e

OM
p| ee

M O

@h@ 4 MNMM M MNM

N W O O.O. M M M M M.4 d N 4e e e e e e e a e e e e
4' S COOOOOOONOMOOOONONOOOe ee e e e

3 M e
deh000000 e e

e eO
MMOOOHHHHHHMHHMMNHMONOHHHHOHOHHH

A e e egJ g v vv v
h NMdM M WMMen M

QW O ww v v MMWhSNWNMM4PMSe eMMM e e e e e e e e e e e e e e e e a e

*O00000000 O 0000 O 00.19 @
O. mg e e *
MMbe O OO

000 4
9o eeM4

4d>4e@M4dM@444MNN4Ce@NhMMAMMMOeN
M w

e o e e e e e e e e e e o e a e e e
e e o e e o e e e e e g

3 e e

OOOOOOOOOOOOOOOOOOHOOOOOOOOHOHOO
eOM M

u M v vv v vvv v vv vv v v v v v v
vv v vv v " y v v v go"gg A

O 3 N @

O O
' oge h * e

e

F O 4
*

=

NNNeM C
e4 MMNNANN4M44Ne

00000e e e e e e e e e e e e e e o eeMCOMMMM t

'000000000000e o e e e e e e
e t 00000000 M e

e HHHHH HH o H H e# H H HHHH HHH enHHHM MO M N
g O A O

hM@hMNNNvM44MN4mphMNNwNNM - Auk sNas O MM 3ppm ON WM e e e e e e e e e o e e a e e o e M4Mgg COOMO OW V O e sNM e e e e COOOMOOOOMMO3bM d p | e n eOOOO #00 egg,
O as e *OOgpge nMHH 4*

NNMeden 44

* Mog g eM O
g4gw AG* O e

ue W Men 4N4 MNMmM44M4N40M b e a e e e e e e e e e e e e o eH e e eogd eu M e e e e e eM 00000000000M0000000 *
- muag g b 000000v vv vvv@ vv w www wwvvv v vv v vvew w 3eg4gy b e 2 e vWMg g 0 M e O

,3 g MM e O O Ig gun M M
40mep O *NubWW h4 * 4M4M N HnM M

4JW 4MOOMMMMOMN4M449e o e e e e e e e e e e e e e e e o e e
o e e a .A400 O COO 3C0000000000000000000g gm e NM N Hgpqg M

HHHHHHHHHHHHHHHHHHHDOe H e et e H
e O4mg g t 3 O MebOOp e & VNweh4

4 N h D N M M. M.M 4 . J N P e M * f. m O. V
ggy 60 M e e e

O C00 "G
e ee e e e e epu oe O e eMM e e N

*O000 eOMOOOOOOOOMg wM e w00 *

wCAe OO O 4
O N>
OMM *

M4NAh4NMMnN4444Mtv 4

e e e e e e e e - e e e e e e e o e e e e a e e e eA # NOM 4M4AMM4 8

COOOOOOOOONOOOOOOOOOOOOOOOOue M * M

w y vv v v v vv w y vv vvvv v v vvv v v vv ven A N 4
ed # h >
bO M % e

e e M p
m % k $

N % H
049 4 NeNMN NN M eMMOOOMMMOMM4N4NNNN e e e e o

00
e e

e e e e o e e e e e e e e e e o e
%

*
*00000 G 4000000000000000000e' N N O 6

HHHH eHHHHH *HH # WMs
0 A HHHHHHHHHHHHH O 8 9 eOe v4NNMNY MM8M 8 O 3 g

M. M. W e M M N M. M d 4 4 M M M M 4 MNNN e e H e e e e e e e e e
e e a e e e eMOs M

*O00 eO00000000 OMOOO 00w& O w 4 e
wg e e e M00 e e

I OMA 5 000 O W A
[ e OM @ G 9 wGS e 8- NM M e e

MMO4Nm4hMMNMeOOMM4NNNMM4404e b g a4%v
e e e e e e o e e e e e e e e o e e e e e a

y g * O

OCHOOOOOOOOOOHMOMOOOOOOOOHOeW M W b

v v vv v v vvvvv v v v v vv v v v v vgm A # 4 8eba 8 me M 3 4
eO M e 6> e eo Oe. MM e s e

m O W O 4
W M
4 W I

ehe MenM4MNMM MNNdM A 4 M

hoOOMMMMMee e e e e e e e e e e e e e o e o e e e e e e e u u

40COOOOOOOOMOOOOOOOOOMOOOOO
s' 8 ,W S

e M C| M
e A H H el H O M M H et H 9 b Me

ONNNHHHHHkHOHHHHHe fOSJ p ~w
MN4*4 8 > 4wO G M eMeeheMe+w

e e e e o e o e e o e e o ej W W O 4*OMNMN4MM W
C0000 0 % Mi ua e eMNN e e e a e e OaOOOOOOO| OMA g *OOOOOMM e e S O

m be 000 a e M E
h.MM W h Oa

MMMMM4dMMMMNNOMh&hMMeNOM4 cme A b *
Ahv W G k

e e e eo ?
e o e e e e e e o e e e e e e e e e a eOHOOOOI GM M

0000000000000HO000000M y y vvvv vvvvvvv vvv v vvvv v vv v N O Eem A
M M O Og bn 9 M a M *D M e

O M $ W W
I m, M O v v
i M t t

& M M
g @ M M
* W O O

A M u VG Me ^ wN n MMs M ,A h w
w OGMM%I gg

' de a a a
% e & MhM% Mm l 9 A g

**h"NNNNd%%%Nd*""*'8MM**%>**M*"%%1 g.
%%OMN%%%%%%l w w v

l
gg

% % % % %%% % % O M M % % % % % % %WHM4echhDMMMMMMMMehgeMMMMNM4edheMe
gg
g

i W es *
I

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



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

a

.pn

x.,) ' ~

TABLE 3.3
SURFACE WATER

CROSS BETA RADIOACTIVITY
Concentrations in pC1/1
Years 1966 to 1971

Conowingo Dam - Holtvood Dam - Conowingo Dam - Holtvood Dam -
El. 33' MSL Hydro. Sta. El. 33' MSL Hydro. Sta.

Collection (4F) (6A) Collection (4F) (6 A)
Period Soluble Insoluble Soluble Insoluble Period Soluble Insoluble Soluble insoluble

2/2/66 9 2 6 <6 21 2 8 <6 7/3/68 <> <5 <6 <5
3/5 <6 <6 <6 <6 8/3 13 2 6 <6 <6 <6
4/2 16 2 6 13 2 6 11 2 6 <6 9/6 <5 <$ <6 <6
5/7 10 2 6 11 2 6 11 2 6 8 2 6 10/4 <5 <5 <5 <5
6/4 11 2 6 3 2 6 11 2 6 12 2 6 11/2 <6 <6 <6 <6
7/1 33 2 8 25 2 8 32 2 8 34 2 8 12/8 <6 <6 20 2 6 20 2 o
8/5 37 1 4 31 2 8 36 2 9 33 2 8 1/5/69 <6 <6 <6 <6
9/3 54 2 9 30 2 8 48 2 9 44 2 9 2/2 <6 <6 13 1 6 <6
10/1 15 1 8 21 2 8 20 2 8 16 8 3/2 13 2 8 71 6 37 2 8 <6
11/4 14 2 6 11 2 6 18 2 8 13 1 6 4/7 12 ! S 6 2 6 36 2 8 9 2 6
12/2 11 2 8 21 2 9 21 2 9 28 1 9 5/3 36 2 8 20 2 6 13 2 8 <6
1/7/67 16 2 8 19 2 8 50 2 10 22 2 9 6/7 38 2 3 19 2 6 13 2 d <6
2/4 <6 <8 <6 <8 7/5 82 8 <3 <3 <S
3/3 <8 <8 <8 <7 8/4 <8 <8 <a <8
4/8 11 2 8 14 2 8 12 2 3 <8. 9/6 7 2 6 17 2 3 10 2 6 18 2 3
5/5 23 2 9 11 2 8 11 2 8 18 2 8 10/5 11 ! a <J 9 : o <6
6/3 13 1 3 <8 9 1 3 <8 11/1 10 2 8 <6 6 : 6 <6
7/5 <8 s8 <3 11 2 8 12/7 15 3 <3 6 2 6 <6
8/5 <6 <3 <8 <8 1/4/70 <6 21 2 6 <6 15 2 6
9/2 <6 <6 <6 <8 2/8 78 2 6 7 2 6 9 2 6 16 2 6
10/11 <8 <8 <6 <6 3/7 11 2 5 16 2 5 12 2 6 13 2 6
11/4 8 ! 8 <6 <6 <6 4/5 G 2 6 10 2 2 8 2 5 21 2 5
12/1 <6 <6 9 2 3 <6 5/2 0 2 5 16 2 6 3 2 5 <6
1/14/68 9 ! S <6 9 2 6 11 2 8 6/6 11 2 5 16 2 5 21 2 5 1.9 : 6.3
2/3 14 J <6 <6 <G 7/5 <9 10 : 13 <? <10
3/2 <7 <6 <6 <6 8/1 <9 <10 <> <10
4/6 25 t 9 <8 11 2 8 <3 9/5 12 2 9 20 2 9 9 2 9 9 2 9
5/4 9 2 3 <8 30 9 <6 10/4 <6 <6 11 2 6 18 2 6
6/1 52 5 11 2 6 <5 <5 11/8 <9 <9 <9 <9

12/6 14 2 9 <9 '9 <9

.,
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TABLE 3.5
SURFACE WATER

COMPOSITE SAMPLES
COLLCCTED FROM STATIONS 13B AND 4L

COLLECTED FROM CHESTER WATER INTAKE PUMP DISCHARGE
Station 13B

-Concentrations
Concentrations pCi/ liter ___ N e t cp m / li t;e_r _ ,Gross Alpha Gross Beta

Radioactivity kadioactivity Cross CammaDate Collected Sol. Insol. Sol. Insol. Sol.. Insol.

' ~6/21/71 <0.4 s.4 ! 0.1 9 ! 4 3.2 2 0.7 <0.9 <0.910/ 8/71 <0.3 0.6 2 0.1 11 1 4 4.8 2 0.7 <1 12 ! l-

Annual Mean <0.4 0.5 10 4.0 <1 6

COLLECTED FROM CONOWINGO DAM
Station 4L

Concentrations
Con cen t rat ior Ci /li te r Net-cpm / liter _

Gross Alpha Cross Beta
__ ,,

Radioactivity Radioactivity Cross Camma
Date Collected Sol. Insol. Sol. Insol. Sol. Insol.~

1/ 7/73 <0.2 2! 1 <2 61 2 3.9 1 0.8 1.6 ! 0.8
2/ 4/73 <0.5 0.2 1 0.2 <2 <2 <0.8 <0.8
3/ 4/73 <0.2 0.4 2 0.2. <2 0.8 ! 0.5 <0.8 - <0.8;

; 4/ 1/73 <0.5 0.4 2 0.2 3 ! 2 0.5 2 0.4 <0.8 <0.8'
5/ 6/73 <0.4 0.2 1 0.2 32 2 0.6 2 0.4 <0.8 <0.8

j 6/ 3/73 <0.5 <0.2 <2 <0.4 <0.8 < 0 ., 8
7/ 1/73 <0.5 0.3 2 0.2 <2 <0.4 1.2 2 0.9 <0.8-1'

8/ 5/73 <0.2 0.4 2 0.3 31 2 <0.4 1.3 1 0.8 <0.e
'

.

IAnnual Mean <0.4 0.5 2 1 1.3- 0.9 !

|

_
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' TABLE 3.10

SURFACE WATER
' GROSS BETA RADIOACTIVITY
|

Concentra 'ans (pCi/1)
Comparative Monthly Values

;

Combined Intake Conowingo Dam - Chester Water
Stations El. 33' MSL Intake Pond

d

,

Collection (1P, 'Q and IT)(gl (4F) (13A)-
Date Soluble Insoluble Soluble Insoluble Soluble Insoluble

'

5/25/71 8 <4 17- 13.6 .6 <4

7/2 10 2.9 9 4 9 <9,

7/29 7 1.3 5 2.6 41 0.6
|

| 9/4 9 1.4 9 1.4 5 <0.6

10/3 7 1.0 8 0.9 10 1.0

j 11/7 4 1.6 4 2.2 6 6.84

! 12/5 6 1.6 8 4.3 5 0.6

Annual M-an 7 1.9 9 4 12 3

1/2/72 5 1.9 30 2.1 <4 1.9
4

1 2/6 5 1.4 10 6.6 9 0.6

j 3/5 13 9.0 6 9.6 9 12.8

,
3/31 2 19 <2 1.9 <2. 0.7

! 5/7 2 0.7 2 3.1 2 3.2

{
6/4 2 0.8 <2 7.2 <2 0.8

7/2 3 2.6 2 1.2 2 4.9

8/6 2 0.9 <2 0.9 4 0.7

9/10 2 0.6 <2 3.8 <2 1.0

10/8 2 0.6 <2 <0.4 <2 2.0

; 11/15 2 0.7 2 <0.4 4 <0.5

12/3 2 1.1 <2 0.5 <2 <0.5

Annual Mean 4 1.8 5 3.1 4 2.5,

4 1/7/73 6 2.6 8 3.8 <2 1.1<

2/4 <2 1.9 <2 1.3 <2 1.5
'

3/4 <2 0.5 <2 0.6 <2 0.9 )
1 4 ,' 1 6 0.6 8 1.0 <2: 1.1

i 5/6 4 <0.5 5 <0.5 4 0.6

j 6/3 2 0.6 8 0.7 <2 0.5

7/1 3 2.3 <2 2.9 0.3 <0.5 ;

5 1.0 <1 <0.4i

i 8/5 3 0.6
j Annual Mean 4 1.1 5 1.5 2 0.8

!

1 (a) Station IT was included as an Intake Station until 12/3772, when it changed to -

1
. -

a discharge station.;

!
. . __ _____._a
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TABLE 3.11

SURFACE AND DISC 11ARGE WATER SA'!PLES
GA}NA SPECTRUM AttALYSIS
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SURFACE AND DISCll ARGE t/ATLit SAMPLI.S
C AH!!A SPECTRUtl Ali ALYS IS
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TABLE 4.1
WELL WATER S AMPLES

COLLECTED FROM PE ACH BOTTOM SITE - UTILITY SUILDING
Station IU

Uranium
Concentrations

Concentrations (p Ci /li t e r) ug/ liter
Collection Gross Alpha Gross Beta

Date Radioactivity Radioactivity Sr-90 Cs-137

5/ 9/71 <2 <20 <0.3 <0.4 <0.046/30/71 3 ! 2 <0.047/30/71 2.0 1 0.9 <9
10/ 7/71 0.6 1 0.4 8 1 4 0.4 ! 0.3 <0.3 <0.04
11/ 7/71 0.4 ! 0.3 5 1 4 <0.04
1/ 2/72 1.4 2 0.9 6 1 3 <0.04
3/31/72 <0,5 <2 <0.1 <0.1 <0.03
7/ 2/72 <0.7 <2 <0.1 0.3 2 0.2 0.08

10/ 8/72 <0.2 <2 <0.03
11/15/72 <0.2 <2 <0.03
1/21/73 <0.3 <2 <0.8 0.4 2 0.1
3/ 4/73 <0.2 <2 <0.0'
7/ 1/73 <0.4 <1 <0.2 <0.3 <0.03

COLLECTED FROM PEACH BOTTOM SITE - INFORMATION CENTER
Station IV

5/ 9/71 2 1 <9 <0.2 <0.6 <0.04
7/ 2/71 0.1 1 0.1 <2
7/30/71 <0.6 11 2 9

10/ 3/71 <0.7 40 1 3 0.7 1 0.5 <0.4 <0.04
11/ 7/71 0.4 1 3.3 4 1 4 <0.04
1/ 2/72 <0.3 <3 <0.043/31/72 <0.008 <2 0.36 1 0.04 <0.2 <0.03
7/ 2/72 <1 <2 <0.1 <0.3 0.11

10/ 8/72 <0.3 x1 <0.03
11/15/72 <0.3 <2 <3.33
1/21/73 <0.3 <2 <0.3 <0.2
3/ 4/73 <0.4 <1 <0.03
7/ 1/73 <0.4 <1 <0.7 1.0 r 0.6 0.25
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TABLE 4.2
WELL WATE R - S AMPLES

COLLECTED FROM PEACH BOTTOM SITE AREA
Station 28

Uranium
Concentrations

Concentrations (p Ci /li te r) pg/ liter

Collection Gross Alpha Gross Beta
Date Radioactivity R,adioactivity Sr-90 Cs-137

2/20/66 <1 6 1 6 <0.04
5/ 7/66 <2 20 2 6 <4 <0.04
9/10/66 <3 44 2 9 <0.04
12/ 2/66 <0.4 11 1 8 <2 <0.04
2/26/67 <2 8 1 8 <0.04
5/ 5/67 8 2 5 11 1 8 <3 <0.04
8/12/67 <2 9 2 8 <0.04

12/10/67 <1 <o <1 <0.04
2/24/68 <3 <6 <0.04
5/ 4/68 <1 9 1 8 <3 <0.04
7/21/68 <3 <6 <0.04
12/ 8/68 <3 <6 <4 <0.04
3/ 2/69 <3 17 2 8 <0.04
6/13/69 <1 <8 <2 <0.04
8/18/69 <0.4 <6 <0.04

12/14/69 <0.6 36 1 8 <0.7 <0.04
3/ 4/70 <0.8 <8 <0.04
5/ 2/70 0.6 1 0.5 22 2 8 <0.3 <0.04
7/26/70 1 1 1 <10 <0.04

10/18/70 <0.9 <20 <0.4 <0.04
5/ 2/71 <3 20 ! 20 <2 8 2 <0.04
7/ 2/71 0.3 2 0.2 31 2
10/ 3/71 <0.7 32 2 3 <0.5 <0.5 <0.04
11/ 7/71 0.4 2 0.4 9 2 4 <0.04

1/ 2/72 <0.4 <3 <0.04
3/31/72 <0.6 <2 <0.1 <0.1 <0.03

7/ 2/72 <0.4 <2 <0.1 0.2 2 0.2 <0.04

12/24/72 <0.4 <2 <0.03

3/20/73 <0.5 <2 <0.4 <0.3 <0.03
5/ 6/73 <0.4 <2 <0.03

7/ 1/73 <0.4 <2 <0.2 <0.3 0.11

4

i

Revised June 1974

|
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TABLE 4.3
WELL WATER SAMPLES

COLLECTION FROM DARLINGTON, MD.
Station 7

Uranium
Concentrations

Concentrations (p Ci /li te r)
Collection Gross Alpha Cross Beta

_

pg/ liter

Date Radioactivity Radioactivity Sr-90 Cs-137

2/21/66 <3 <6 <0.04
5/15/66 <2 16 ! 6 4 <0.04
8/15/66 <2 49 2 9 <0.04

10/25/66 <2 37 2 9 <0.6 <0.04
2/26/67 92 5 11 2 8 <0.04
6/ 7/67 7 2 5 16 1 8 <4 <0.04
8/ 4/67 <3 9 8 ' <0.04

11/12/67 <3 <6 <2 <0.04
2/26/68 <2 <6 <0.04
5/ 4/68 (a)
7/20/68 <1 <6 <0.04

12/18/68 <3 <6 <3 <0.04
3/15/69 <3 18 28 <0.04
6/13/69 <1 <8 <3 <0.04
8/18/69 <0.4 <6 <0.04 ~

12/14/69 <1 13 1 8 <0.4 <0.04
,

|
3/15/70 <0.8 12 2 6 <0.04
5/ 2/70 <0.5 61 6 <0.6 <0.04
7/25/70 <0.5 <10 <0.04 |

10/18/70 <0.9 <20 <0.4 <0.04
5/ 9/71 <0.9 <9 <0.1 0.5 ! 0.3 <0.04
6/25/71 <2 <0.04
10/ 6/71 <0.5 18 2 3 <0.2 <0.3 <0.04
11/ 7/71 0.3 2 0.3 82 4 <0.04
1/ 2/72 <0.3 <3 <0.04
3/31/72 <0.1 2 22 <0.1 0.3 0 .1 <0.05
8/ 5/72 <0.4 3 1 2 <0.3 <0.2 <0.03

11/19/72 <0.6 <2 0.07
3/20/73 <0.4 <2 <0.2 <0.03 <0.03
5/ 6/73 <0.8 31 2 0.28
7/ 1/73 <0.4 2 1 l' <0.2 <0.3 0.35

- _ .-_
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TABLE 4.4 '

WELL WATER S AMPLES
COLLECTION FROM COLORA, MD.

Station 8 -)
;

Uranium
Concentrations ;Concentrations (p Ci /li t e r)

Collection Gross Alpha Gross Beta-
_

ug/ liter I
_

Date Radioactivity Radioactivity Sr-90 Cs-137

2/20/66 <3 <6
<0.045/21/66 <3 12 2 6 <4 <0.048/ 5/66 31 3 28 1 8 <0.0411/11/66 <2 16 1 8 <7 <0.042/19/67 26 1 8 37 2 9 <0.04 :5/12/67 10 6 14 i 8 <3 <0.04 )8/12/67 <3 <8 <0.04 '

12/10/67 <2 <6 <3 <0.042/24/68 <3 <6 <0.045/ 4/68 <2 9 8 <2 <0.047/21/68 <1 <6 <0.0412/18/68 <2 <6 <3 <0.043/15/69 <3 9 1 8 <0.046/13/69 <0.7 9 2 8 <2 <0.048/18/69 <0.7 11 2 5 <0.04 ;12/14/69 <0.3 <8 <0.2 <0.04 '

2/20/70 <0.4 <8 <0.045/ 2/70 <0.5 9 2 6 <1 <0.04
,7/25/70 <0.6 <10 <0.04 )10/18/70 1 1 1 <2 0 29.1 0.4 <0.04 1

5/ 2/71 <0.8 38 ! 8 <2 3.5 t 0.8 <0.047/ 2/71 0.1 2 0.1 2 2
10/ 6/71 <0.6 26 2 3 <0.4 <0.4 <0.0411/ 7/71 0.6 1 0.4 <4 <0.041/ 2/72 <0.3 <3 <0.043/31/72 <0.6 <2 0.10 2 0.09 0.8 2 0.2 <0.038/ 5/72 <0.2 <2 <0.5 <0.6 0.0511/19/72 <0.5 <2 0.083/20/73 <0.4 <2 <0.5 1.7 * 0.5 . 145/ 6/73 <0.6 <2 <0.037/ 1/73 <0.5 2 2 2 <0.3 <0.5 0.18-

|
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TABLE 4.3
WELL WATER S AMPLES'

; . GROSS G AM'4A . R A DI 0 ACT I VI TY -

Volume
Station Collection Scanned Net

Location No. Dete _ (1) cpm /1'
,

Colora, Md. 8 5/ 2/T1 0.9 4 :t 4
10/'6/71- 4.0 7.3 2 08
3/33/72 1.97 <2
8/ $/72 4.0 1.3 2 0.8
7/ 1/73 3.86 1.9 t-0.9

Peach Botton Si a 28 5/ 2/71 1.0 <3
10/ 3/71 3.9 6.0 ! ~0.9 i
3/31/72 2.0 <2
7/ 2/72 2.0 62 2
7/ 1/73 4.0 0.9 0.8

4

Peach B..ttom 1U 5/-9/71 1.0 <3
Utility building 3/31/72 2.0 <2 *

7/ 2/72 2.0 <2

1/21/73 4.0 2.5 1 0.8
,

; 7/ 1/73 3.8 <0.9

L O.

Peach Bottom IV 5/ 9/71 1.0 <3
Information Center 10/ 3/71- 2.9 62 1

3/31/72 2.0 2! 2
7/ 2/72 2.0 <2

1/21/73 4.0 1.8 1 0.8
*7/ 1/73 3.8 (0 . 9

Darlington, Md. 7 5/ 9/71 1.0 <3
10/ 6/71 4.0 7.3 2 0.8
3/31/72 2.0 <2

8/ 5/72 4.0 1.2 2 0.8
7/ 1/73 3.85 1.8 2 0.9

.

f|

,

I

{
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TABLE 4.6
UELL UATER

YEARLY AVERAGES
Concentrations in pC1/11ter

'

_

Colora. Md. Peach Botton Site-Darlington. Md.
Station 7 Station 8 Station 28

Crore Alpha Cross Beta Cross Alpha Gross Beta Cross Alpha Gross Bata
Year Baatosctivity Radioactivity Sr-90 Co-137 Radioactivity Radioactivity F . 90 Co-137 Radioactivity Radioactivity S r-90 Cs-137

1966 <2 27 2 3 20 <6 <2 16 <3

1967 6 10 <3 10 16 <3 3 8 <2

1968 <2 <6 <3 <2 7 <2 <2 7 <4

1969 <1 11 <2 <1 9 <1 <1 17 41

1970 <0.7 8 <0.5 0.6 11 15 0.8 15 <4

1971 0.6 9 <0.2 0.4 0.5 18 <1 2.0 1 16 <1 4

1972 <0.4 2 <0.2 0.2 <0.4 <2 0.3 0.7 <0.4 <2 <0 *; 0.2

1975 <0.5 2 <0.2 <C.2 <0.5 2 <0.4 1.1 <0.4 2 <0.3 0.3

overall 2 10 1 0.3 2 10 4 1.2 1 10 1 2

Feach Botton - Utility Building Peach Botton - Information Center
Station IU Station IV Combined Yearly Averages For

Cross Alpha Cross Beta Cross Alpha Cross Beta Cross Bete Radioactivity

Year Radioactivity Radioactivity Sr-90 Cs-137 Radioactivity Radioactivity Sr-90 Co-137 Year Stations 1U.IV e 28 Stations 7 & 8

1971 1 9 0.4 0.( b.8 13 0.4 <0.5 1966 16 21<

. 1972 06 3 <0.1 3.2 <0.4 <2 0.2 <0.2 1967 8 13

1973 <0.3 2 <0.5 0.4 <0.4 <1 <0.5 0.1 1968 7 6
overall 0.7 5 0.3 0.3 0.5 6 0.4 0.3 1969 17 10

1970 15 10
1971 12 13
1972 2 2
1973 2 2
Overall 9 10

i

__ - . _ _ _ _ _ _ _ _ . _ . - -
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TABLE 4.7

WELL WATER SAMPLES
GAMMA SPECTRUM ANALYSIS

O To Be Issued
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TABLE 5.3
~

SOIL: SAMPLES
COLLECTION FRO!I CONOUINGO, PA.

Station 4N

Concentrations (pCi/n dry ut.)
Collection Gross Alpha Gross Beta Met Beta

Date Radioactivity Radic.ctivity K-40 Radioactivity Sr-90 Cs-l'37

2/15/66 <0.7 1.6 2 0.8 1.0 2 0.1 <0.3
5/ 7/66 4 2 2 4.1 1 0.9 1.1 2 0.1

~

3.0 1 0.9
8/ 5/66 <0.7 92 1 1.4 2 0.1 82 1

10/22/66 <0.5 3.9 1 0.9 1.6 2 0.2 2.3 t'O.9
2/ 4/67 52 2 31 1 1.6 0.2 1 !1
.4/ 8/67 52 2 6 2 1 1.4 2 0.1 51 1
7/21/67 <2 6 1 0.80 2 0.08 5t 1

10/21/67 2 1 1 3! 1 0.30 2 0.04 3 1
2/ 3/68 <2 1.2 1 0.9 1.3 2 0.1 - <0.9
4/ 6/68 1 1 1 3 1 1 0.20 2 0.04 32 1
7/13/68 <0.5 4.3 1 0.3 1.6 2 0.2 2.7 . 2 0.8

10/27/68 <0.5 1.3 1 0.8 0.90 2 0.09 0.9 2 0.3:
2/ 2/69 0.5 1 0.5 2.8 0.8 1.9 2 0.2 0.9 0.8
5/11/69 0.6 2 0.5 <0.8 0.40 2 0.04 <0.8
8/1R/69 1.3 2 0.7 2.5 ! O.9 1.1 1 0.1 1.4 2 0.9

11/ 1/69 0.6 1 0.5 1.7 1 0.9 0.80.2 0.08 0.9 1 0.9 --

2/28/70 <0.6 5.5 1 0.9 5.0 2 0.5 <1
5/ 2/70 1.1 2 0.7 1.6 2 0.9 0.10 2 0.04 1.5 1 0.9

'

7/25/70 2.1 2 0.7 6 1 1 1.0 0.1 5 .1 1
10/18/70 0.3 2 0.5 4.6 2 0.9 0.90 1-0.09 3.7 i O.0
2/21/71 0.8 1 0.7 6 2 1 1.2 2 0.1 5 t 1
5/ 2/71 <0.7 3.0 0.8 0.50 2 0.05 2.5 2 0.8 0.28 1 0.01 0.49 ! 0.01
7/13/71 3 1 1 3.4 2 0.3 0.10 2 0.04 3.3 1 0.8

10/ 3/71 <0.3 1.1 1 0.8 0.12 2 0.04 1.0 1 0.3
1/ 2/72 0.7 1 0.6 2.8 1 0.8 0.12 2 0.04 2.7 ! 0.0
3/31/72 <0.6 4 1 1 2.6 2 0.3 2 1 1 9.090 1 0.006 3.704 2 0.305
P/23/72 0.6 2 0.4 <0.7 0.40 0.04

11/19/72 0.7 1 0.5 1 r 1 0.08 2 0.04
, <0.7 0.15 0.01 0.43 ! 0.01

1 1 1
3/ 4/73 0.5 1 0.3 1.1 1 0.8 0.13 2 0.04 1.0 !J0.S~ 0.79 1 0.03 0.22 2 0.01
5/ 6/~/3 0.4 2 0.3 2.4 1 0.8 0.06 2 0.04 2.3 2 0.8
7/ 1/73 <u.2 2.2 ! 0.7 0.52 * 0.05 1.7. * 0.7 (a). 0.42 2 0.02

i

(a) Analysis in process.

Revised June 1974
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TABLE 5.5
SOIL SAMPLES

COLLECTION FR0!! !!OLTUOOD, PA.
Stattov 6G !

.

-

Concentrations (pci/n dry vt.)Collection Cross ~ Alpha Gross Deca
9 ate Radioactivity Radioactivity K-40

:le t Beta
Radioactivity Sr-90 Cs-1372/15/66 21 1 5t 1 0.40 1 0.04 52 15/ 7/66 4 1 2 4.2 1 0.9 0.40 2 0.04 3.8 2 0.9 6.22 0.04S/ $/66 52 2 12 2 2 0.60 2 0.06 11 2 210/22/66 4 2 2 71 1 0.30 2 0.04 72 12/ 4/67 4 2 2 4 1 1 0.40 t 0.04 42 14/ 8/67 41 1 4 1 1 0.dn 1 0.08 3 ! 1 0.3 2 0.27/21/67 42 2 72 1 0.20 2 0.04 72 110/21/67 31 1 3 1 0.20 2 0.04 3 2 1

,

2/ 3/63 51 4 5! 1 0.10 2 0.04 51 14/ 6/68 4 1 2 4 1 1 0.50 2 0.04 4 1 0.25 1 0.057/13/68 2.0 ! 0.7 9: 1 1.6 i 0.2 72 110/27/63 1.2 1 0.9 3.2 ! 0.8 0.20 2 0.04 3.0 1 0.82/ 2/69 1.2 ! 0.8 5.2 1 0.9 0.50 2 0.05 4.7 2 0.95/11/69 41 1 2.0 t 0.9 1.0 1 0.1 2.0 0.9 0.40 2 0.023/18/69 72 1 82 1 4.1 2 0.4 41 111/ 2/69 3 2 1 3.1 2 0.9 0.40 x 0.04 2.7 2 0.92/23/70 4 1 1 3.2 2 0.9 0.30 2 0.04 2.9 1 0.95/ 2/70 42 1 4.0 2 0.9 0.20 1 0.04 3.8 ! 0.9 1.15 2 0.027/25/70 4 t 1 10 t 1 0.20 1 0.04 10 2 1 .10/10/70 11 1 1 11 1 1 0.20 1 0.04 11 2 1g 2/21/71 2 2 1 61 1 0.40 1 0.04 6 1 1e 5/ 2/71 52 1 3.6 1 0.8 0.40 2 0.04 3.2 1 0.8 0.380 2 0.004 0.47 2 0.03
6 7/18/71 52 1 5.2 ! 0.9 0.20 1 0.04 5.0 ! 0.9$ 10/ 3/71 2.0 1 0.6 4.3 1 0.9 0.20 2 0.04 4.6 0.9D. 1/ 2/72 5t 1 4.8 2 0.7 0.28 0.04 4.5 0.7p 3/31/72 0.7 ! 0.4 2.2 1 0.9 0.36 2 0.04 1.8 1 0.9 0.G6 1 0.03 C.31 2 0.02
a 9/23/72 1.8 1 0.5 2.9 x 0.8 0.65 2 0.06 2.2 1 0.8 0.31 1 0.01 0.127 1 0.008

,*
11/19/72 3.3 0.7 4.2 1 0.9 0.10 2 0.04 4.1 2 0.97 1/ 4/73 1.7 1 0.6 3.5 2 0.8 0.29 1 0.04 3.2 2 0.8 1.93 2 0.065/ 6/73 0.9 2 0.4 2.2 0.8 0.13 2 <0.0060.04 g.1 t 0.87/ 1/73 1.3 2 0.5 3.9 1 0.8 2.3 * 0.2 1.7 * 0.8 (a) 0.97 * 0. 04 '

(a) Analysis in process.

.
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TABLE 5.6
SOIL SANFLES

YEARLY AVERACES

Concentrations in pC1/g dry wt.

Feach Betten - Diet. Canal Delta. Fa. - Sobotation Cenovingo Dam - Eayironmental Station
Station 1AA Gration 3A Statics 4x

met meta Gross Alpha Met Beta Gross Alpha ~~~ Ee t meta G ros e Alpha,

Year Radion :ivity Sr-90 Co-137 Radioactivity Radioactivity Sr-90 Co-137 Radioactivity Radiescrivity Sr-90 Co-137 Radi> activity

1966 7 6 7 0.32 3 4 2
1967 4 4 6 0.9 4 4 4
1968 4 4 4 0.6 2 2 1
1969 2.5 3 4 0.28 4 1.0 0.9

| 1970 3 3 5 c.61 4 3 1.2' 1971 3 0.098 0.128 4 3 0.47 0.48 3 3 0.28 0.49 1
1972 3 0.10 0.061 4 5 0.36 0.25 2 2 0.12 0.61 0.6
1973 2.3 0.40 0.07 1.5 2.4 0.66 0.27 1.1 1.7 0.79 0.32 0.4
Overall 3 0.22 0.08 4 5 0.5 0.30 3 2 0.33 0.47 1

Wakefield, Pa. Moltwood. Fa. Comoined Yearly Averagel Station 5 station 68 of Statione 3A. 4N. 5. 6GWet Beta Gross Alpha Not Beta Gross Alpha Net Seta Gross Alpha
. Year Radioactivity Sr-90 Co-137 Radioactivity Radioactivity Sr-90 Co-137 Radioactivity Radioactivity Sr-90 Co-137 Radioactivity

1966 7 8 7 0.22 4 6 0.27 41967 3 2 4 0.3 4 4 0.6 41966 5 5 5 0.25 3 4 0.4 31969 5 6 3 C,40 4 3 0.34 41970 4 4 7 1.15 6 5 0.89 41971 4 0.17 0.21 6 5 0.!5 0.47 4 4 0.32 0.41 31972 6 0.16 0.13 6 3 S.49 0.22 3 4 0.28 0.30 31973 2.2 0.50 0.16 1. 6 2.4 1.93 0.49 1.3 2.2 0.84 0.31 1.1
overall 5 0.30 0.16 5 5 0.6 0.38 4 4 0.4 0.33 3

i

!

| '
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1
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fastE 4.2
SILT SanFLES

TEASLT ATERACES
-

Peach Settee -
dette*ed See

Fench settee a dett #1 Dios. Feed A-1
E. $hese Opetwees Stettee IWDischosse Cees! Stettee 67

Stettee ISS

Ceeeeetsettoes - pCE/3 Cemeestrettese Concentrettoes - pC1/J Ceaseetrettoes

- Wet tes/a
- See ese/aConcentrattoes - pC1/g Ceaseetrettese

- met spe/s
. _ _gr ee s alphe crees s.t crees ale e crees seten

C eee Ceems sedteeest , sty meds,setteler Sr-90 Co-137 brees comme andteacts, tty medie. cts,ttr St-90 Co-137 Crees Comma___

_ Crees alene sweee sete
nedleesttelig tedieset1*ttr Sr-90 Co-137 I,ser

2 3.3 0.13

1967 2 2 =0.04 1.4 2 S.05
*

1966
2 3 9.04

1968 6 2.6 a0.02
2 1.1 C.11

1969 3 3.7 9.10

1970 4 4 9.10 2.8 3 0.10

1971 4 3 0.09 0.04 1.400 2 1 0.04 0.10 1.100

1.P32 0.7 4 0.116 0.23 1.046 4 6 0.104 0.66 1.268

1972 1.0 6 0.032 0.044 , 0.939 0.5 *1 0.092 0.957
1973 0.4 at 0.103

1 4 0.06 0.03 1.163 2 3 0.08 S.13 1.030
'eersts,

Comentose Pose -
'enestege pond - S00* free stettee Disc.Peach Ses s ee - 1000* free Stettee asse.Coeltog Tener read flotten 4D , , , ,

, _ _ ,
Stettee II _ 5tettee 4C

Cemeestrattoes - pct /s Ceecentrettoes Ceeeentrattene - pct /s Ceecent ra t t oes

- Net ess/a _
- 8et 47 ele,Cemeestrettoes - pct /s Cemeestrettene

- Wet trof a _ -cr... al,me cre. s.te
cre.. al,m. ca... set. c ses

t e. a r a es test st e t e r sect osetivat, sr-90 c.-137 crees coes. neste.ets.st, seatesett.str se-90 Co-137 tw e e t_g.eene esateectt ,tti neat. acts st, s r-90 C.-13 7 cre.e a
dr_e,s_e__a t e . cr. . set.n

3 6.2 .e.e9 0.43 1.400

3 *7; 2 4 0.10 0.29 1.220 3 4 0.144 0.36 1.07 3 20 3. 14 0.38 4.se
is71

4 3 0.13 0.39 1.la
~ '

Ceseelege Feed -Fesch set t ee
6ea .: os.c. C..e1C***=tas' '***

.
stettee 1(C stettee 44

.__t ...etreet.e3 - ,Cai. Cee..eteettee.
-- c,,,,,,,,,,,,_,c,f, c,,,,,,,,,,,,,

-set crois - s e e . ,ets-

or-.e se m. crees set e c,,,, ,3,,, c,,,, e.,,.

r c,,,,c,,,,
g,,,,,,,,,,,, ,,,,,,,,,,,,, 3, ,9 c,_ 37 ~~

m.a i rf, t . y . m.4ie. cts,it, s r.-9 9. C,-137 crogg_g,,gt 3,,* er
s 4.o a. .1: e.43

Ti,i6**** * 5 '8 82
3 yg 3 J.7 *J.06 0.30 0.800
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TABLE 7.1
FISH SAMPLES

'

COLLECTIONS FROM PEACH BOTTOM DISCIIARCE CANAL - 2200'
STATION IT

Concentrations in pCi/g ash
Collection Fish Cross Alpha Cross Beta Net Beta

Type Date _ No. Radioactivity Madioactivity K-40 Radioactivity Sr-90 Cs-137

5/22/66 1 <4 21 2 9 13 2 1 <9 1.1 2 0.4
2 <5 42 2 9 13 2 1 29 2 9
3 <5 33 2 9 9.0 2 0.9 24 2 9
4 <5 47 2 9 30 2 3 17 2 9

7/8/66 1 10 2 9 70 2 10 15 2 2 60 2 10 1.0 2 0.4
2 <7 60 2 10 21 2 2 40 1 10
3 47 90 2 10 31 2 3 60 2 10
4 <5 90 2 10 25 i 2 60 2 10

7/25/66 1 72 7 60 2 10 24 2 2 40 2 10 2.8 2 0.8
2 <7 90 2 10 57 2 6 30 2 10
3 49 70 2 10 18 2 2 50 2 10
4 10 2 10 80 2 10 21 1 2 60 2 10

11/ 6166 1 52 5 50 2 10 24 2 2 30 2 10 1.3 2 0.5
2 <5 60 1 10 29 2 3 30 2 10
3 <5 70 2 10 42 2 4 30 1 10
4 <4 40 1 10 39 2 4 <10

6/1/67 1 (7 60 2 10 27 2 3 30 2 10 40.2
2 <5 40 2 10 32 2 3 <10
3 <7 60 2 10 34 2 3 30 2 10
4 <5 30 2 10 14 2 1 20 2 10

10/31/67 1 <5 22 2 8 19 2 2 <8 <0.2
2 44 27 2 9 14 2 1 13 2 9
3 <7 29 2 9 15 2 2 14 2 9
4 <5 60 2 10 35 2 4 20 2 10Channel Catfish 8/8/68 1 10 2 10 '" 36 2 8 ~~24 1 2 12 2 8

'

O.5 2 0.5
.

2 43 18 2 7 29 2 3 <8
3 (4 29 2 9 25 2 2 <9
4 <5 24 2 8 16 2 2 8 2 8White Creppia 8/8/68 1 <4 37 2 8 17 2 2 20 2 8 0.4 2 0.4 ^

2 <5 <8 12 2 1 <8
3 44 26 2 8 15 2 2 11 2 8
4 <4 19 2 8 12 2 1 <8White Crappie 9/3/68 1 <4 22 2 8 23 2 2 <8
2 <5 19 2 8 20 2 <8
3 *5 34 2 8 38 2 4 <9
4 <3 38 2 9 32 2 3 <9Chamael Catfish 10/10/68 1 47 18 2 8 25 2 2 <8
2 <5 13 2 8 23 2 2 <8
3 <4 24 2 8 32 2 3 <8
4 <5 20 2 8 17 2 2 <8Chaosel Catfish 11/1/68 1 <5 20 2 10 24 2 2 <10 0.8 2 0.22 <5 31 2 9 35 2 4 <10
3 54 27 2 S 28 2 3 <8
4 *5 25 2 8 32 2 3 <8

__ _ __ .-_ -. _----- - - - - _ .
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COLLECTIUd3 F80'1 PfACb B OTT3rt UJIT FI - |

'D I S CliA P.C L FO!!b A-1
ST AT IO:3 IV

Collection Fish Cross Alpha Cross Esta Bet seta
, |concentratione la pC1/r ash

j
Type Date No. Radioacttwity Radioactivity K-40 Radioactivity $r-90 Co-137 j

1

White Crappie 3/18/69 1 *1 20 * 10 16 * 2 <10 2.88 * 0.09 |
White Crapple 4/22/69 1 9 * 5 40 * 10 23 * 2 20 e 10 1.9 * 0.1

'

White Crappie 9/12/69 1 *1 17 * 9 25 * 2 <9 3.3 * 0.3
Chassel Catfish 9/24/69 1 41 37 * 9 35 * 4 <10 1.8 * 0.7
White Crapple 8/4/70 1 <2 92 8 15 1 2 48

2 22 2 13 2 8 12 2 1 <8
3 <2 *8 9.0 2 0.9 <8 2.4 2 0.2

Chamael Catfish 8/3/70 1 <2 41 2 9 41 2 4 <10
2 <1 29 2 9 38 2 4 <10
3 <2 18 2 8 29 2 3 <3 1.6 2 0.4

Channel Catfish 8/18/70 1 <2 28 2 8 27 2 3 <S
2 <3 32 2 8 24 2 2 8 2 8
3 <2 36 2 9 32 2 3 <9
4 42 42 2 9 25 1 2 17 2 9 1.7 2 0.4

White Crapple 8/18/70 1 42 25 2 8 22 2 2 <8
2 43 37 2 8 25 2 2 12 2 8
3 42 38 t 8 31 2 3 <8
4 <2 31 2 8 15 2 2 16 2 8 1.3 2 0.1

White Csapple 9/4/70 1 42 19 t 8 20 2 2 <8
2 <2 32 1 9 26 2 3 <9
3 42 34 2 9 24 2 2 10 t 9
4 <3 28 2 8 25 2 2 <8 1.8 2 0.2

Chassel Catf.sh 9/4/70 1 42 74 2 9 42 2 4 30 1 10
2 <3 51 2 8 28 2 3 23 2 8
3 <3 24 2 8 27 2 3 48
4 <3 46 2 9 35 2 4 10 2 10 2.0 2 0.6

White Crappie 10/28/70 1 <2 42 2 9 31 2 3 11 2 9
2 <2 41 1 9 36 2 4 <10
3 <3 57 2 9 27 2 3 30 2 9
4 42 46 1 9 28 2 3 18 1 9 2.6 2 0.2

Chamael Catfish 10/28/70 a <3 66 2 9 29 2 3 37 9
2 <2 30 t 8 21 2 2 91 8 I

3 <3 36 2 8 26 2 3 10 2 8 1.3 2 0.1 I

White Crapple 1/19/71 1 28 2 8 23 2 2 48
2 31 2 8 28 2 3 48
3 37 2 8 29 2 3 8 2 8
4 <2 29 2 8 13 2 1 16 2 8 0.75 1 0.02

Chaamel Catfish 1/20/71 1 41 2 9 26 2 3 15 2 9
2 41 43 2 9 13 2 1 30 1 9 1.4 1 0.2 I

White Crappie 2/26/71 1 36 2 8 30 2 3 <8 |

2 4G 2 9 28 1 3 12 2 9
3 38 2 8 27 2 3 11 2 8
4 41 40 t 8 23 2 2 17 2 8 0.98 2 0.04

Jhite Crapple 6/31/72 1 <0.8 23 2 9 20 1 2 49
2 <3.8 57 2 9 34 2 3 23 2 9
3 <J.8 20 2 9 23 2 2 <9
4 <2 60 2 10 18 2 2 40 2 10 2.13 2 0.07 0.36 * 0.07

Chamael Catfish s/31/72 1 <2 28 2 9 27 2 3 <9 (e) g,)
1 2 <3 33 2 9 18 2 2 12 2 9

i

3 <0.8 26 2 9 20 1 2 *9 '

4 42 27 2 9 23 2 2 49
Caamael Catfien 11/21/72 1 <2 39 2 9 37 3 4 <10 1.7 2 0.1 0.65 2 0.05 I

2 73 2 10 55 2 6 23 2 13
3 24 2 9 44 1 4 <10

Ca ao ma l Catfisa 11/22/72 1 *2 45 t 9 34 2 3 13 1 10 1.65 2 0.03 0.43 2 0.06 I
1

(a) A11guot test la proccastny

!
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TABLE 7.3

I FISH SAMPLES
COLLECTIONS FROM PEACH BOTTOM SITE -

COOLING TOWER POND B-1
STATION 11

4

Concentrations in pC1/a ash

Collection Fish Cross Alpha Cross Beta Net Beta

Type Date _ No . Radioactivity Radioactivity K-40 Radioactivity Sr-90 co-137

White Crappie 6/17/69 1 41' 10 * 10 10 8 1 <10 2.4 8 0.5'

2 <2 30 * 10 20 * 2 10 a is'

3 <2 40 8 10 20 * 2 20 * 10
4 <2 - 70 * 10 18 * 2 <10

,

-White Crapple 7/15/69 1 <1 80 * 10 65 a 6 20 a 10 2.7 * 0.4'

2 <1 4) e 8 32 * 3 15 * 8
. 3 <1 43 * 8 20 a 2 23 a 8
' 4 <1 69 * 9 29 * 3 20 * 9

Channel Catfish 7/30/69 1 <3 42 * 9 24 * 2 18 8 9 2.1 * O.2
| White Crappie 7/30/69 1 <3 29 * 9 27 * 3 49 1.4 * 0.2

i t'hite Crappie 10/9/69 1 <2 60 a 10 28 * 3 30 * 10 2.8 a 0.1 I

i Channel Catfish 10/9/69 1 <3 42 * 9 29 * 3 13 * 9 1.8 * 0.2
i White crappie 3/31/70 1 <0.9 66 * 4 50 * 5 16 * 6 1.4 * 0.3

,

'
Channel Catfish 3/31/70 1 <0.9 64 * 4 35 * 4 29 8 6 2.4 * 0.3 |

White crappie 5/8/70 1 4 * 3 50 * 10 39 * 4 10 * 10 ;

2 <2 60 * 10 39 * 4 20 * 10
. |

'

! 3 <2 40 e 10 29 * 3 10 * 10 0.5 * 0.1
Channel Catfish 5/9/70 1 <1 70 * 10 51 * 5 20 * 10 |

2 <3 70 * 10 49 * 5 20 * 10 1

3 <2 50 * 10 43 * 4 <10 0.6 e 0.1
White Crapple 8/31/72 1 <2 51 2 9 37 2-4 10 2 10

2 <2 50 2 9 19 2 2 31 2 9
3 <3 51 2 9 36 2 4 10 2 10
4 <0.8 58 2 9 34 2 3 24 2 9 1.4 2 0.1 0.48 2 0.05

White Crappie 11/10/72 1 <2 27 1 9 20 2 2 <9 1.68 2 J.03 0.19 2 0.06
2 27 2 9 36 2 4 <10
3 43 2 9 41 2 4 <10
4 22 2 9 22 2 2 49

!

.

.
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TABLE 7.4
F IS11 SAMPLES

. COLLECTIONS FROM PEACil BOTT0*t DISCII ARCE CANAL -
NET TRAP #9
STATION 1Y

Concentrations in pCi/g ash

Collection Fish Cross Alpha Cross Beta Net Beta

Date No. Radioactivity Radioactivity K-40 Radioactivity Sr-90 Cs-137
Type

__

.

I <0.7 40 . 9 35 1 4 <10

Channel Catfish 7/17/70 2 2 2 2 49 2 9 21 1 2 28 2 9

3 <2 13 8 9.0 2 0.9 <8 1.6 2 0.2

White Crappie 9/3/71 1 <2 41 1 7 35 1 4 <8 2.45 2 0.06 0.12 2 0.08

2 25 1 8 30 1 3 <8

3 28 i 8 29 2 3 <8

White Crappie 9/30/71 1 <1 54 2 9 34 2 3 20 2 9 1.93 2 0.06 0.23 2 0.09

2 38 1 9 33 2 3 <9

3 50 1 9 36 2 4 10 1 10

4 44 2 9 36 2 4 <10

'Chennel Catfish 9/30/71 1 <3 40 10 26 2 3 10 2 10 <2 0.8 2 0.3

2 30 2 10 19 2 2 10 2 10

3 30 2 10 24 2 2 <10

4 40 2 10 38 1 4 <10

White Crappie 12/1/71 1 <2 22 2 6 21 2 2 <6 1.98 2 0.05 0.08 2 0.05

2 17 2 8 22 2 2 <8

3 13 2 8 14 2 1 <8

4 36 2 9 22 2 2 14 2 9

. White Crappie 3/3/72 1 <2 34 2 7 27 2 3 <8 2.8 2 0.2 0.6 2 0.2

2 33 2 7 26 2 3 <8

3 37 2 7 28 2 3 91 8
4 32 2 7 12 2 2 10 2 7

White Crappie 6/8/72 1 <2 35 t 9 28 2 3 <9

2 <2 35 2 9 34 2 3 <9 1.8 2 0.1 0.57 2 0.05

5 6 1 4 40 1 9 42 2 4 <10

4 <3 47 2 9 24 2 2 23 2 9

Chensel Catfish S/4/72 1 <2 70 2 10 60 2 6 10 2 10 1.4 2 0.2 0.4 * 0.1

Chr,nnsi Catfish 9/1/72 1 <2 30 2 9 24 a 2 <9

2 <0.8 35 9 35 * 3 <9

3 <2 35 2 9 37 * 4 <10
4 <2 190 1 10 170 * 20 <20 1.6 2 0.1 0.68 2 0.04

White Crappie 9/15/72 1 <3 31 2 9 32 2 3 <9 (a) (a)
.

2 <3 16 2 9 19 2 2 <9

3 <0.8 22 2 9 19 2 2 <9

4 <3 25 2 9 21 2 <9

White Crappie 11/21/72 1 <2 32 2 9 20 2 2 12 2 9 2.2 2 0.2 1.1 2 0.2

2 3? ! 9 29 2 3 <9

3 29 2 9 27 2 3 <9

4 39 2 9 34 2 3 <9

(a) Alinuot l o r. - in procesJing
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Collestles fleh - Orese Alpha Grees Sete not sets

_ y e_ _, Date h settesettwity 7ealesejlvsty t, .6,0, Radiesetlwitr ig ,9 0 1.t. _LLI.

* I '' 3*I i '*I
Chassel-Cattleh 3/23/69 1 et 29 : to 16 s4

elo 1.3 e u.I
White Crappte 3128/69 i *2 to a le le a 2

*Id I*' ' d'I
Chamael Catfien $120/49 1 e3 130 t 10 130 a 10

3*II I *I38 8 I '8
L.6u a u'*.09White Csapple 12/9/69 1 el 13 8 10 - 34 4 4

elo
Chamael Catfish 12/9/69 1 el 40 a 10 35 t 4

Chassel Catfish 4/20/70 1 48 40 t le 23 8 3 '30
30'O

,82 et 80 t 10 39 8 4
e 1.8 u.2

3 al 13 : 9 7.0 t u.7

White Crappie 10/12/70 1 *2 og 9 30 8 3 g1 a 9

2 e2 41 8 9 34 a3 49
3 e3 40 t 9 30 t 3 10 t 9
4 e3 38 9 to * 2 18 t 9 1.5 s 0.2

Chasse! Catfish 10/12/70 1 33 3 34 s 9 24 a 3 et

2 el 28 s 8 22 4 2 s8
3 e2 35 8 9 16 8 2 19 9 9
4 e3 330 a 10 31 2 3 300 a 10 0.65 8 0.09

Chsemel Catfish 9/3/71 1 el 44 s7 36 s4 10 s 8 A.60 t 0.04 0.28 s 0.06
2 37 8 9 30 s 3 et
3 47 9 38 s4 10
4 34 s 9 37 a4 e10

White Crapple 9/3/71 1 e2 45 7 35 a 4 10 t 8 2.21 a 0.08 0.28 s 0.04
2 4189 34 a3 et
3 42 s 9 30 s 3 12 8 9

Chassel Catfish 9/30/71 1 <2.
2$ $ 8 29 3.3 e84
30 t 10 29 a3 elo 1.7 4 0.2 *0.4

2 40 a 10 31 3 3 <10

3 30 a 10 38 4 elo
4 10 t 10 34 8 4 10 t to

White Caspple 9/30/71 1 48 3 49 a 9 to a 2 25 s 9 1.48 s 0.09 0.6 4 0.2

2 30 a 10 23 3 2 e10
.

3 $0 a 10 att 4 *10
4 30 10 40 t 4 10 a 10,

Cheesel Catfish 12/1/71 1 el 10 t 6 13 a 1 ** 2.7 3 0.2 <0.2
2 11 s 8 15 a 2 16 2 8
3 21 t 8 23 a 2 e4

4 21 s 8 14 a1 e8

White Crapple 12/1/71 1 e3 24 3 7 2232 e7 2.4 8 4 0.D4 0.13 3 0.07
2 23 8 8 23 a 2 e8

3 15 8 4 18 a 2 e4

4 26 s 8 21 e 2 el
Chassel Catfish 3/3/72 1 el 24 7 27 8 3 $8 1.56 s 0.09 0.31 4 0.09

2 31 e * 27 a 3 el

3 34 a. 27 a 3 *8

4 42 4 7 33 a 3 9a8
White Crapple 3/3/72 1 181 to a 7 25 s 3 *0 1.79 3 0.06 0.20 4 0.03

2 Il a 7 23 s 2 e7

3 26 a 7 16 8 2 10 a 7
4 27 a 7 24 8 2 e7

* White Crapple 4/9/72 1 e2 37 9 42 a 4 elo
2 e2 37 8 9 25 8 2 12 9 4.33 s 0.09 0.22 3 0.35
3 et.4 80 s 10 64 a6 10 s 10
4 <0.8 29 a 9 25 s 2 et

White Itapple 8/31/72 1 <0.8 52 s 9 35 a3 17 8 9
2 <0.8 58 8 9 34 3 3 24 2 9
3 e0.8 50 a 9 27 a3 Il a 9

4 3 50 t 9 29 8 3 21 s 9 1.32 s 0.09 c.36 8 0.46
Chassel Catfish 4/31/72 1 <0.4 54 1 9 SS : 3 22 * 9 2.8 8 0.2 1.0 e 0.6

'

Chameet Cat fish 11/9/72 1 42 29 a 9 21 a 2 et 1.$8 2 0.05 0.28 3 0.J4
J 30 s 9 29 a3 *9

3 31 39 31 2 3 <9

White Castple 11/9/72 1 el 29 t 9 40 a 4 sle 1.44 a 0.06 0.330.2
3 42 3 9 42 3 4 e10

3 70 e 10 43 e 4 30 t 10 i

,

4 Si e 9 41 t 4 <10

1 Chassel Catfish 11/10/72 1 e2 39 9 38 8 4 e10 1.34 a 0.02 1.00 s 0.06

White Crapple 3/4/73 1 e3 29 s 9 h1 a 2 9 ts) 0.10 3 0.02
*

2 $6 3 9 32 2 3 24 8 9
Chassel Catfish 3/9/73 1 el 27 9 38 8 4 e10 a.7 * 0.9 0.e t 0.1,

2 33 3 9 32 e3 <9

3 $13 9 31 a3 21 8 9
4 26 a9 35 t 3 e9

White Casppte 3/23/73 1 e3 33 . 9 32 e 3, et .
-

2 29 9 9 25 t 2 .p 8.as e 4.*7 0.31 a 0 . e '.
3 44 e9 27 a 3 17 9

'

4 41 1 9 28 a3 14 8 9
5 49 t 9 25 s 2 25 a 9

Chassel Cottish t/26/73 1 i2 22 * ) 32 * 3 ,

2 e3 28 8 9 33 s 3 ., (3) *0.6

3 e2 27 * y 35 ' 6 elo
4 el 26 a 9 22 * 7 +1
3 =3 20 * t 22 * 2 9

d White Crapple 6/27/73 1 e2 34 * 9 40 * 4 +10 (el (ei
2 *2 44 8 9 12 ' 3 14 * 9ig '

' 3 et 3s s 9 34 * 4 10
4 3 37 8 9 IL 5 9'

.

(a) analyste la preteeni
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TAtil 7.6
FISE SAMPLtl

COLitCTIONS FROM CONov1500 7050 *
Ntf itAp #15

.
.

STATION 4J

Concentrattese is pct /m seh

Cotteetles Flab Orees Alpha Croce Seta Net Data
type Date h Radleattivit?_ tadteattivity M Radiesetivity Sr-90 Cs-137

white Crapple 7/17/70 1 <3 10 t 8 14 4 1 <8
2 2a2 14 2 4 21 a 2 e4
3 41 20 a 8 18 4 2 48 2.1 1 0.2

White Caspple 4/8/71 1 42 to 8 8 at a 1 88 8
2 13 3 8 12 a 1 <8
3 1518 14 1 1 <8
4 26 8 8 17 2 2 93 0 1.8 8 0.8 0.18 4 S.06

Chassel Catfish 6/8/71 1 <2 14 a 8 11 s 1 48
2 18 8 8 12 a 1 88
3 20 t 8 9.0 2 0.9 11 t 0 0. 7 * 0.3 0.33 * 08

Chamael Catfish 9/3/71 1 <1 47 a 7 36 8 4 11 3 8 1.24 2 0.04 0.6 s 4.3
white Crapple 9/3/71 1 <2 45 * 7 27 a 3 18 8 8 1.73 2 0.02 0.20 t 0.04

2 42 9 31 2 3 11 a 9
3 31 3 8 29 3 3 <8
4 34 4 9 28 a 3 et

White Crapple 9/30/71 1 41 to 2 10 4645 30 a 10 2.6 3 0.2 <0.4
2 52 8 9 39 8 4 to a 10
3 54 8 9 33 1 3 21 a 9
4 48 8 9 3924 <10

chenael Catfish 9/30/71 1 <1 30 s 10 16 a 2 20810 3.1 2 0.1 0.3 3 0.1
2 30 a 10 29 a 3 <10
3 40 2 10 30 t 3 10 a 10
4 60 a 10 40 2 4 20 a 10

Chassel Catfloh 12/1/71 1 3s2 16 a 7 8.0 4 0.8 81 7 2.3 1 0.5 <0.9
2 48 11 a 1 <8
3 17 a 8 18 a 2 <8
4 48 1781 <$

White Crapple 12/1/71 1 <2 <6 10 a 1 e6 2.4 3 0.4 <0.9
2 1288 17 a 2 48
3 20 a 8 19 a 2 48
4 22 8 8 20 2 2 <8

C' assel Catfish 3/3/72 1 <1 26 3 7 19 a 2 47 1.94 2 0.06 0.40 s 0.04
2 28 8 7 23 8 2 47
3 31 3 7 21 e 2 10 t 7
4 35 t 7 29 a 3 <8

white Crapple 3/3/72 1 <1 30 a 7 35 a 4 58 2.1 2 0.1 0.2 3 0.1
n 2 30 t 7 27 3 3 <8

~( k 3 36 8 7 26 3 3 10 t 8(j 4 26 1 7 25 a 2 <8
White Crapple 6/30/72 1 <3 38 8 9 19 a 2 19 a 9 1.83 4 0.05 0.19 a 0.05

2 <0.8 40 8 9 24 e2 16 a 9
3 42 21 a 9 to a 2 <9
4 <3 23 8 9 15 a 2 <9 1.4 1 0.2

White Crapple 11/9/72 1 <3 50 a 10 28 a 3 20 e 10 1.3 3 0.1 <0.04
2 49 8 9 33 3 3 20 e 10
3 37 8 9 51 a 5 <10
4 26 a 9 30 3 3 <10

Chassal Catisch 11/9/72 1 <3 20 t 9 to a 2 et 1.50 3 0.03 1.49 1 0.09
f 2 19 8 9 16 a2 <9

3 40 t 9 25 a 2 15 t 9
Chassel Catfish 11/21/72 1 <2 34 8 9 29 a 3 <10 1.90 3 0.09 1.32 1 0.05

2 42 8 9 33 3 3 <16
3 39 8 9 23 s 2 16 8 9
4 21 2 9 16 8 2 <9
5 38 8 9 30 a 3 410

Chaans! Catfish h8/73 1 32 8 9 23 a 2 <9 .

2 43 2 9 23 s 2 20 t 9 0.78 8 0.06 0.24 8 0.07
3 34 29 25 1 2 98 9
4 50 8 9 25 * 2 26 8 9
5 83 58 8 9 22 2 2 36 * 9

white Crapple 3/8/73 1 42 8 9 41 a 9 sto
2 40 t 9 35 a 3 <9 1.0 1 0.2 0.20 * 0.04
3 <3 36 t 9 34 a3 59
4 46 a9 39 a 4 <10

| White Crapple 6/24/73 1 <2 25 * y 36 a 4 30

| 2 <3 41 a 9 38 * 4 <10 .t a ) 0.30 * 0,03
3 <3 35 a 9 41 s 4 <10
4 <2 43 s 9 44 * 4 *10

| Chasast Catflah 6/27/73 1 <2 40 * 9 44 e 4 <10
2 <2 16 e 9 32 e 3 <9 (a) 1.0 8 0.3

| 3 <2 37 a 9 57 s 6 <10
4 <2 38 e9 48 * 5 <10
5 <3 50 8 9 42 8 4 *10

(a) ' Analysis la preesse tevised June 1974

|

|O
,
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TABLE 7.7 j

FISM SAMPLES
)COLLECTIONS FROM CONOWIN40 DAM - TAILRACE .|

STATION 4H 1

I

.fConcentrations in pC1/g ash

Collection Fish Gross Alpha Gross Reta Net Beta

Type Date N o .. Radioactivity Radioactivity _ K-40 Radioacttwity Sr-90 co-137

I

American Shad 6/5/72 1 <2 80 * 10 69 * 7 <10 0.08 e 0.02 0.53 * 0.05
'||

6/6/72 1 <0.8 90 e 10 85 a 8 <10

American Shad 6/10/73 1 <2 90 * 10 100 * 10 <10 2.a ! 9.3 2.0 * 0. 3 !

2 42 * 9 87 * 9 <10

COLLECTIONS FROM CONOWINGO POND -
TRAJL 20ME 6

STATION 4F

White Crappte 6/7/68 1 88 8 25 * 7 26 * 3 48 1.7 * 0.3

Channel Catfish 2 <3 70 * 10 68 * 7 <10 0.9 * 0.3

COLLECTIONS FROM CONOWINCO POND -
TRAdL ZONE 5

STATION 4Q

Channel Catfish 6/17/69 1 <3 30 e 10 26 * 3 <10 2.0 * 0.2

2 <2 30 * 10 26 * 3 <10

3 <3 10 * 10 12 * 1 <10
4 <3 20 * 10 18 * 2 <10 ,

COLLECTIONS FROM CONOW1hGd FOND -
|
|TRAWL TRANSECT 2

STATION 4R

Channel Catfish 7/8/69 1 *1 36 * 9 22 a 2 14 *9 1.7 e 0.2

2 <0.6 42 *8 20 * 2 22 *8

3 <1 32 *9 14 * 1 18 8 9

4 41 50 * 8 20 * 2 30 e 8

-

COLLECTIONS FROM CC.10WINCO POND -
MET TRAF #1
STATION 45

White Crapple 7/2/68 1 <3 9 *6 11 * 1 <6 1.9 * 0.4

Channel Catfish 2 <9 10 e 6 11 * 1 <6 1.7 * 0.4

'

. _ , , _ .~ .. . , - . _ _ . _ . , , - - . - ..
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Tellt 7.8

Fttu SASIPLit
COLL 1C21018 Fion noLTwo00 PD.. FA.

Stat!05 eC

Cescentrathee to sci /t ash
Colleetten Fish Grote 419ha Crees Sets met tota

Egli,activitt RadiesttivitY E,M bdiesettvier try90 CM3J
T J P e__ Date A <

5/15/66 1 *S 49 2 9 20 a 2 29 s 9 3.5 t 0.9
2 *) 37 8 9 15 t 2 22 t 9

3 57 41 1 9 21 e2 20 a 9

4 10 a 9 32 s 9 10 s 1 22 s 9

7 / 8 / i,6 1 47 70 1 10 22 1 2 to i 10 *J.04

2 *S 60 1 10 15 3 2 40 s 10
3 ** 70 a 10 10 * 1 60 s 10

4 20 t 10 60 2 10 18 s2 40 4 10
1/23/46 1 *S 50 a 10 14 8 2 30 s 10 2.2 1 0.6

2 1. t 9 70 a 10 21 a 2 50 1 10
3 7*7 60 a 10 19 s 2 40 s to

4 10 t 9 70 10 28 a 3 40 s 10
11/ 4/64 2 55 80 t 10 43 s 4 4 0 e 10 2a1

2 *S 70 t 10 42 3 4 30 a 10
3 *S to a 10 31 a 3 30 3 10
4 *5 70 a 10 56 6 10 a 10

6/2/67 1 10 t 10 40 a 10 to a 3 to i 10 <3

2 *S 50 1 10 34 1 3 20 s 10

3 *7 40 a 19 la a 2 20 1 10
4 83 30 1 10 17 s 2 10 a 10

10/30/67 i *S 40 t 10 32 s 3 *10 0.2 a 0.2
2 54 30 s 10 34 1 4 10 s 10
3 *4 100 8 10 4514 60 a 10
4 *9 to a 10 40 4 20 a 10

4/28/68 1 57 23 a 8 17 3 2 e8

2 *S 33 3 23 a 3 to a 3

3 84 20 s 0 12 a 1 4: 8

4 54 23 3 4 17 a 2 sg

3 54 16 * 4 17 8 2 et 1.3 a 0.3

Channel cattleh 8/14/68 1 *3 e8 14 t1 <8 =0.8

2 *4 26 s 4 25 s 2 48
, 3 83 64 s9 $9 6 sto

4 53 29 s 4 23 1 2 et

Chamael Catfish 6/12/69 1 *2 20 s 10 13 1 1 *10 4.4 s 0.3

[Ah chassel Catfish 7/12/69 1 "A 4789 27 a 3 20 t 9 2.040.2

2 *3 33 a 9 13 a 1 20 a 9
k / 3 28 2 30 a 10 1141 40210

4 *1 47 8 9 24 42 23 a 9v'
9/11/69 1 *2 36 8 9 36 4 *10 2.8 * 0.2

Cheesel Catfish S/4/70 1 3s2 3) s3 30 3 3 25 a 6 1.6 s 0.5

4/14/70 1 *1 17 8 8 12 a 1 58

2 *2 34 3 9 24 e2 10 1 9
3 *1 40 t 9 36 t 4 sie 2.0 8 0.4

Channel Catf1st 10/19/70 1 *2 30 8 17 a 2 12 a s

2 *2 51 a 9 25 t 2 26 t 9 1.9 s 0.1

Channel Catften 11/17/70 1 *2 43 1 9 29 * 3 14 4 9
2 *3 34 s 4 40 a 4 at

,e
3 53 41 a 9 24 a2 17 8 9
4 *2 47 8 9 40 1 4 <10 1.3 a 0.1

Chanaal Catfish S/24/71 1 34 t 9 40 a 4 10 s 10
2 42 9 36 44 <10

3 52 s 9 36 : 4 10 10

4 *2 33 4 8 30 a 3 <8 1.97 0.06 0.21 0.08

Chassel Catfish 4/20/71 1 *2 44 3 7 29 3 15 3 8 1,41 1 0.06 2.3 2 0.6

2 34 t 9 24 s2 10 $ 9
3 33 9 27 t 3 *10

Channel Cattleh 9/29/11 1 9 60 1 30 3834 to a 10 2.4 a 0.2 =0.8

2 50 6 10 40 4 10 a 10
4 0 a 10 43 a 4 <10

3
4 40 10 31 s 3 <10

Chamael Catfish 11/19/71 1 =2 22 s 7 4.2 3 0.6 16 3 7 1.73 2 0.04 0.39 1 0.07

2 13 t 8 .0 1 el

Chassel Catfish 6/20/72 1 7 5 40 t 10 30 3 4 <10

2 *0. 6 40 a 10 28 3 3 10 a 10 1.31 s 0.09 0.64 1 0.0$

Chamael Catfish 8/2/72 1 54 24 a9 13 a 2 59 1.7 s 0.2 0.39 * 0.07

2 6 4 4 23 3 9 12 3 1 11 9

3 *l 37 s9 20 s 2 17 8 9

4 *2 SS 9 35 a 4 to 10

Chamael Catfish 8/14/72 1 *0.4 29 8 9 22 s 2 <9 1.8 8 0.2 (a)

2 so.4 30 a 9 21 s3 at

3 e3 29 9 20 s2 et

4 4 s4 33 s 9 16 a2 17 9

Chassel Catiteh 6/.1/.3 I of 15 t 9 8.9 s 0.9 et
l.' s 3.1 0.30 s 0,03

2 21 1 9 24 t 2 *9

*7 4.3 s 0.9 57
3

46 3 9 24 9 2 22 8 9
54 9 33 s 3 21 s9 1.'O t 0 . '4 0.97 * 0.044

25 s 9 25 a 3 59 1.41 1 0.9s 0.41 * 0 09Carp 4/1;/73 1

teatteh 6/11/73 1

(v) (si niie.e. i.e. .. ...aee. .,
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TA8LE 7.10
plSS S AMFLES

C8055 CAMMA R&DICACTIVITT
Cemeentrattees in set cyn/8

Weight Wetght
$tation Collectice Sc aemed set station Collecties Scammed het

Lecetfee ___
me. Date Type (te a) cre/a Locaties No. Date___ Tfee (se R) Coeft

pe ac h settee Cett #1 - IW 8/31/72 White Crappte 235 0.07 * 0.01 Comeelege poed - 41 9/ 3/71 Cheeeel Cattaeh 440 0.030 * 0.00'
0.007 set Trap #8 9/ 7/71 White Crappte 390 C.050 0.C09Discherse Fo=4 8131/72 Chaemel Catfish 443 0.044 **

11'21/72 Channel Catfish 155 0.06 * 0.w2 9/ 30/71 Chaneet Catfish 1511 0.020 O.002'

9/30/71 Ekste Crappte 486 0,010 2.00711/22/72 Channel Catfish 160 0.03 * 0.02
~ ~ ~ ~ ~ ~ ~ -

12/ 1/71 Cheneet Catfish 246 0.03 * 0.C1
12/ 1/71 White C.2ppte 407 0.020 * 0.008
3/ 3/72 Channel Catfish 403 0.050 0.008*

Feach settem 5tte - II 8/ 31/72 White Crappte 151 0.07 * 0.02 3/ 3/72 White Crapple 392 0.100.* 0.008
Coelica f ewer Feed 6-1 11/10/72 White Crapple 348 0.08 * 0.01 6/ 9/72 White Crappse 294 0.07 * 0.C1

8/31/72 Witte Crappte
0.0 ,7

* O.02
8/31/72 Cheesel Catf1;h 45 0.0 e ,.07
11/ 9/72 Channel Catfish 118 0.06 * 0.03

teach setten IT 9/ 3/71 White Crappte 302 0.04 * 0.01 11/ 9/72 White crappte 305 0.04 * 0.01
01echarge Canal 9/10/71 Chassel Catfish 1446 0.020 * 0.002 11/10/72 Chamael rettish 225 0.06 * 0.01

9/30/71 White Crappie 467 *0.007 3/ 8/73 White Crapple 149 0.C2
12/ 1/71 White Creppte 382 0.020 * 0.009 1/ 9/73 Chammet Catftsh 224 *0.02
3/ 3/72 White Crappte 403 *0.008 3. 2/73 White Creppte 376 0.015 * 0.004
6/ 8/72 White Crappte 599 0.021 * 0.005 6/2s*F3 Chamael Cas!*eh 205 0.07 * 0.C2
8/ 4/72 Channel Catfseh 48 0.23 * 0.07 6/27/73 White Creprie 287 0.09 * 0.01
9/ 1/72 Channel Catissh 1546 0.016 * 0.002
9/15/72 White C apple 110 0.18 * 0.03 Comestege Dam - 4a 6/ 5/72 swerscae Shad 601 0.0 0 * 0.00e
11/21/72 White crapple 142 0.07 * 3.02 Tetirace 6/ 6/72 seerican Shad 744 C.05a * 0. 20 5

6/10/73 American shad 2422 0.022 * 0.001

soltweeJ pond. Fa. 6C 5/24/71 Chancel Cettssh 102 0.03 * Q .C )
Coroetage pond - 4J 6/ 8/71 Channel Catfish 424 =0.08 8/20/71 Chamael Cettish .46 0.03 = 0.02

het Trap 815 6/ 8/71 White Crappte 220 *0.02 9/30/71 Chamael Catfish 255 0.03 * 0.2.e

9/ 3/71 Channel Catfieh 404 0.040 * 0.008 11/19/71 Chaseel Catfish 341 0.03 * 0.c;

9/ 3/71 Wht.e Crapple 453 0.040 * 0.007 e/20/72 Channel Catfish 468 3.068 0.037
9/30/71 Chamael Catfish 486 0.020 * 0.007 8/ 2/72 Chemmet Catfish 321 0.0$ * G.Ci
9/30/71 White Crapple 255 0.04 * 0.01 8/14/72 Chammet Carissh 355 0.05e 2.;G.

12/ 1/71 Chane*1 Catfish 227 0.01 * 0.01 6/11/73 Channel Catfish 380 0.22n
12/ 1/71 White Crappte 238 0.01 * 0.01
3/ 3/72 Chaene! Casfish 430 0.020 * 0.008 Fege*a Creek 25C 9/14/72 socker 712 0.032 * C . 3c 5

3/ 3/F2 White Crapple 352 *0.009 3/23/73 socker 1581 0.01e * 0.0).
6/30/72 White Crappte 302 0.05 a 0.01 6/28/73 secker 941 0.03a a 0.03)

11/ 9/72 Cheesel Catfish 331 0.05 * 0.01
2.0111/ 9/72 White Crappte 271 0.06 * 0.01 Peters Creek 30A 8/ s/72 socker 245 -0.09 e
0.00511/21/72 Chamael Cetfish 382 0.044 * 0.006 9/14/72 Sucher 728 0.037 *

3/ 8/73 Channel Catftsh 267 =0.01 12/20/72 socker a42 0.05 * 0.32
* 3/ 8/73 White crappte 300 *0.01 3/23/73 seeker m31 0.02e a 0.2G?

6/26/73 White Crappte 312 0.02 * 0.01 6/ 7/73 sucher 623 0.028 * 0.voi
e/27/73 Channel Catfish 271 0.07 * 0.03



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

\

J v v

TeoLE 7.11
F t San

9&&RLT A W . A A4.k $
Concestrattene le yCt/s esets)

Feech Settee Diocherme Come! - 2200 P*ech bettee Lett en elecherre reed A-1 neltweeJ eend. re.

Stettee IT Stettee tw Steenom et

Crees Alphe set Sete Crose alphe met tote cree,alohe set este

y.e e2 seat,ettt it, seateeees.se, St-90 Co-t37 crees Cecos sednesett.it, e.dt..ett.ity s e-e4 C o -13 7 Cr.se s..eme meds .<tt.st. eatesett,tt- g r - vs C o -n F cree. Case.

10 J~ 2
1966 6 ed 1.4
1947 e6 20 =U.2 10 2d 2

e4 tw 1.01968 S 9 0.=
1969 3 to 2.2 2 20 3.1

1970 2 10 1.4 2 10 1.7

2971 al 13 1.0 *2 to 1.9 0.9 0.g3

1972 *2 10 1.8 0.44 d.05 3 to 1.5 4.31 0.0e

1973 (b) e2 16 1.2 0.6 *d.0090.,3
0..re11 s 2c 0.9 2 10 1.s e.4e 0.35 4 20 2 .06

eesca a.ts.e site - :eente. To er end ,
reach settee steemerge Cseal - s.t Tro, e7 to - teee r**4 . .t => s

m$ ~ ~ - - ~ ~ ~ Tr'ee e71',1. Jet Eb ~ '~- - ~~

''N ^ ~ ~ - - - - - ~
ne cr.se at,se 2etCr.se al,6. set

Teer m.4 t em e t iv o r wodteacts.tt, sr-9e C.-117 r see cows sediesett.ity seateeett.ity sr-92 C.-i37 re.e Ceeos m ed t e.c t s .m east scetwity tr-eu C.-137 t r e si f .ne_ .

e2 to 1.7
1969 *2 20 2.2

1970 2 20 1.2 2 2w 1.4 2 ed tot

*2 Id 2 0.3 9.uS 2 Id 2.0 0.3 0.0)
1971 (6)
1972 2 1D 1.5 c.34 0.be 2 10 2.0 v.7 J.10 1 14 1.? o.5 v..,

(t) *2 10 1.6 3.5 J.se
1975 ft)
o..r.11 2 2s 1.s o.36 0.0e 2 le 2 u.s 0.27 2 Ju 1.s 0.4 0.03

Comewiege fand - met Trop W15 Ceoowlese Dee - Tetirote Ceseutose Food - Tre=1 2eee S
Stetten 4J Stettee 44 S1s_ t t eo 40

. Crees Alphe set sete Cree. Alpes met Sete crese Alphe met sete

Teor seateacts,try esoteactt,*a r-90 Co-137 Cree. Cag t *edlescatetty medtoecttetty se-90 Co-137 Crees Ce==e medioactivier mesteactivttY 5 t-90 Co-13 7 C,Le e . Coe==

*) ele 2.0
1969
1970 2 =8 2.1

1971 2 10 2.0 0.9 0,93

1972 *2 10 1.0 0.6 0.04 at e10 0.04 0.53 0.057

1973 e2 to 0.9 0.e 0.c3 *2 =10 2.0 2.0 0.d22

0, ore 11 2 10 1.8 0.3 0.03 2 *10 1.= 1.3 0.045

Cementase reed - Trew! Zees 6 Ceeestege Feed - Tes=1 Tr eeeec t 2 Ces**teso Pend - 3et Trap #1
Stetten 45Stettee 4P Stettem 4R

,

Grose Alphe het Sete
_

frees Alphe Net Dete 4rese Alohe Wet sete
_ _ _ ,

Year todlesettetty todteoctietty Sr-90 Co-137 Crees Comme 9edioectivity Redtoectivity Sr-90 Co-137 Grese Caese Reeseacttwiry Redtee tivtty $r-wa Co-137 Crees t.em e

*4 *e 1.9
1960 4 =9 1.3

|
1969 al 21 1.7

feewee freek Fetere Creek
trettee 2ir Stettee 39A

reene AlpWe .s t sete Crees Alphe Let Bote
'r * * C o-l i F rreos Ceano poeteactivity Medteactivity St-7@ Co-137 Crees beangTear testesettyty e dseactivtr)

to 1.22 0.23 v.032 *2 30 9 1.6 e.we
=. 2

1972
2 20 0.35 0.2 0.026 =2 20 1.0 0.22 0.w271973

overall *2 40 0.78 0.2 0.024 *2 20 7 1.0 0.0$

(e) for Crose Gemee Red I sac t ivir, saaremtretteos are se het t re/ g.
(b) en itsh evealebte fer thte N*td-

1

1
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TABLE 8.1
ANALYTICAL DATA POR SHELLFISH SAMPLES.

'

COLLECTED FROM TOLCHESTER, PA. - STATION 9
A

_f Concentracions (pCi/a ash)
Collection Gross Beta Net Beta

Date Radioactivity K-40 Radioactivity Sr-90 Cs-137 I-131(d)

SHELLS

3/ 2/66 <8 0.4 2 0.1 <8 0.85 2 0.09
6/ 1/66 17 2 9 0.2 2 0.1 17 2 9 0.13 2 0.04
9/ 8/66 26 2 9 0.2 1 0.1 26 2 9 <0.02

11/15/66 <8 0.3 2 0.1 <8 0.24 2 0.08
3/13/67 <9 0.3 2 0.1 <9 0.03 2 0.01
7/24/67 <8 0.6 20.1 <8 80.02

11/ 6/67 <7 0.4 2 v.1 <7 0.6 2 0.3
2/23/68 (a)
6/26/68 <6 0.4 1 0.1 <6 0.50 2 0.09
9/27/68 <6 1.5 1 0.1 <6 0.40 1 0.08

'

12/18/68 <8 <0.1 <8 0.17 2 0.05
No Samples Collected in 1969.

9/28/70 <9 0.3 2 0.1 <9 0.55 2 0.02
12/17/70 <10 0.2 2 0.1 <10 0.40 2 0.02
3/18/71 <10 <0.1 <10 0.05 2 0.02
6/16/71 <8 <0.1 <8 (b) 0.009 2 0.005
7/ 8/71 <8 0.1 2 0.1 <8

10/25/71 <7 0.3 2 0.1 <7 0.34 2 0.04 <0.3
3/29/72 <6 0.2 2 0.1 <6 0.55 * 0.04 <0.5
6/27/71 <7 0.4 2 0.1 <7
9/19/72 (a) (a) - (a) (a) (a)

12/19/72 <7 0.6 2 0.1 <7
f-)(d 3/ 6/73 <9 0.2 1 0.1 <9 0.39 2 0.03 <0.03

6/ 6/73 <8 0.6 2 0.1 <8 - <0.04 . (d)

SOFT TISSUE

3/ 2/66 40 2 9 45 2 4 < 1,0

6/ 1/66 60 1 10 22 2 2 30 1 10 <309/ 8/66 60 2 10 35 14 20 2 10 {11/15/66 60 2 10 32 2 3 30 2 10 <33/13/67 120 2 10 72 2 7 40 1 10 (c)7/24/67 50 2 10 45 2 4 <10 ; (c)11/ 6/67 21 2 9 16 2 2 <9 (c)'
2/23/68 (a)
6/26/68 24 2 8 <1 24 2 8 <0.01

, 9/27/68 36 2 8 51 2 5 <9
! 12/18/68 42 2 6 65 2 6 <8 <3

No Samples Collected in 1969.
9/28/70 60 2 10 19 2 2 40 2 10 co,1

12/17/70 60 2 10 33 2 3 20 2 10 co,1
3/18/71 31 2 8 4324 <9
6/16/71 52 2 9 32 2 3 20 t 9 (b) <0.3 <0.5
7/ 8/71 33 2 8 9 2 1 24 2 8 0.5 2 0.3 <0.4

10/25/71 27 2 7 13 1 1 15 2 7 (b) 0.6 2 0.4
3/29/72 22 2 7 13 1 1 9 2 7 <1 0.5 2 0.3 <3
6/27/72 13 2 9 10 2 1 <9
9/19/72 (a) (a) (a) (,).

12/19/72 22 2 9 26 2 3 <9
3/ 6/73 21 1 9 72 1 14 2 9 22 1 <1O 6/ 6/73 5329 4725 <10 -5* 1 . 0.7 * 0.4

(a) No sample collected.
(b) Aliquot lost in processing.
(c) Analysis not performed.
(d) Analysis in process

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



TABLE 8.2
ANALYTICAL DATA FOR SHELLFISH S AMPLES

COLLECTED FROM HACKETT'S POINT, PA. - ST/. TION 10,

(

Concentrations (pC1/g ash)
Collection Gross Beta Net Beta

Date Radioactivity K-40 Radioactivity Sr-90 Cs-137 I-131(c)

SHELLS

3/ 2/66 <8 0.6 2 0.1 <8
6/ 1/66 27 2 9 0.6 2 0.1 27 * 9
9/ 8/66 36 2 9 0.52 0.1 35 2 9

11/15/66 <7 0.2 2 0.1 <7
3/13/67 <9 0.2 2 0.1 <9
7/24/67 <8 0.6 2 0.1 <8

11/ 6/67 <8 0.3 2 0.1 <8
2/23/68 14 2 9 0.5 2 0.1 14 29
6/26/68 <6 0.5 2 0.1 <6
9/27/68 <6 0.6 2 0.1 <6

12/18/68 8*8 <0.1 82 8
No Samples Collected in 1969.

9/22/70 <10 0.4 1 0.1 <10
12/17/70 <10 0.2 1 0.1 <10
3/18/71 <1 <0.1 <1
6/16/71 <8 0.1 2 0.1 <8 (a) 0.004 2 0.003
7/ 8/71 <8 0.1 2 0.1 <8

10/25/71 <7 0.3 2 0.1 <7 0.23 2 0.02 <0.2
3/29/72 <6 0.2 2 0.1 <6 0.33 2 0.03 <0.1
6/27/72 <7 0.4 2 0.1 <7
9/19/72 <7 <0.1 <7 (b)- (b)

12/19/72 <7 0.3 2 0.1 <7
4 3/ 5/73 <9 0.4 1 0.1 <9 0.32 2 0.03 <0.03

6/ 6/73 <8 C.1 2 0.1 <8 < 0. 03 - (c)

SOFT TISSUE

3/ 2/66 40 2 9 39 2 4 <10
6/ 1/66 90 2 10 5325 30 1 10 <30
9/ 8/66 70 2 10 53 2 5 20 10

11/15/66 60 2 10 26 2 3 40 2 10 <3
3/13/67 50 2 10 52 2 5 <10 (b)
7/24/67 50 1 10 49 2 5 <10 (b)

11/ 6/67 50 2 10 47 2 5 <10 (b)
: 2/23/68 40 2 10 39 2 4 <10

6/26/68 <7 16 2 2 <7 <0.01
9/27/68 50 2 10 60 2 6 <10

12/18/68 42 2 6 62 2 6 <8 <3

| No Samples Collected in 1969.
j 9/22/70 40 2 10 15 2 2 20 2 10 <0.1
1 12/17/70 60 2 10 32 2 3 30 2 10 <0.1

3/18 71 32 2 8 39 14 <9'

| 6/16/71 45 2 9 30 2 3 1! t 9 (a) 0.1 2 0 .1 <0.5

| 7/ 8/71 15 2 8 72 1 <8 0.3 2 0.2 0.6 2 0.2
10/25/71 22 2 7 92 1 13 2 7 0.9 2 0.1 <0.3
3/29/72 41 2 7 26 2 3 15 * 8 0.6 2 0.3 0.2 10.2 <3
6/27/72 24 2 9 30 2 3 <9

! 9/19/72 12 2 9 14 2. 1 <9 (b) (b)
| 12/19/72 17 2 9 20 2 2 <9

3/ 5/73 29 2 9 52 1 24 m 9 0.23 2 0.36 0.3 2 0.1

( 6/ 6/73 47 9 30 2 3 17 * 9 0.8 8 0.2 - <0.2

i (a) Aliquot lost in processing.
| (b) Analysis not performed.

(c) Analysis in process.

. _ - . . - . - , . - - _ _ - - _ . .- . . - - - --
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TABLE 8.3
ANALYTICAL DATA FOR SHELLFIS!! SAMPLES

7-% COLLECTED FROM, SWAN POINT, PA. STATION 11-

Concentrations (pCi/a ash) *

Co lle c t ion Gross Beta Net Beta
Date Radioactivity K-40 Radioactivity Sr-90 Cs-137 I-131(c)

SHELLS

3/ 2/66 10 2 8 0.5 2 0.1 10 2 8
6/ 1/66 21 2 9 0.4 2 0.1 2129
9/ 8/66 27 2 9 0.2 1 0.1 27 2 9

11/15/66 <9 1.4 2 0.1 <9
3/13/67 <8 0.2 1 0.1 <8
7/24/6 7 21 2 9 0.3 1 0.1 2129

11/ 6/67 <8 0.32 0.1 <8 .

2/23/68, <9 0.6 2 0.1 <9
6/26/68 <6 0.4 2 0.1 <6
9/27/68 <6 0.5 1 0.1 <6

12/18/68 82 8 <0.1 81 8
No Samples Collected in 1969.

9/28/70 <9 0.6 2 0.1 <9
12/17/70 <10 0.3 2 0.1 <10
3/18/71 <10 <0.1 <10
6/16/71 <8 0.1 1 0.1 <8 (a) 0.004 2 0.002 I

7/ 8/71 <8 0.3 2 0.1 <8
10/25/71 <7 0.2 2 0.1 <7 0.31 1 0.03 <0.3
3/29/72 <6 0.2 1 0.1 <6 0.43 2 0.04 <0.1
6/2 7/72 <7 0.5 2 0.1 <7
9/19/72 <7 <0.1 <7 (b ) (b )12/19/72 <7 0.6 2 0.1 <7

Oi 3/ 5/73 <9 0.1 2 0.1 <9 0.30 2 0.03 <0.03 .6/ 6/73 <8 0.2 2 0.1 <8 <0.03 (c)-

i

SOFT TISSUE

3/ 2/66 40 1 10 53 x 5 <10
6/ 1/66 60 2 10 48 2 5 <10 <30
9/ 8/66 50 2 10 25 2 2 20 1 10

11/15/66 50 2 10 26 2 3 30 2 10 < 3
3/13/67 60 2 10 57 2 6

. 10 2 10 (b)
<10 (b)7/24/67 60 2 10 41 2 4

11/ 6/67 30 2 10 32 2 3 <10 (b)2/23/67- 23 2 9 27 2 3 <9
6/26/68 40 2 10 42 2 4 <10 <0.04
9/27/68 25 1 8 29 2 3 <8

15/18/68 40 2 6 53 2 5 <8 <3
No Samples Collected in 1969.

9/28/70 50 2 10 10 1 1 40 1 10 <0.1'

12/17/70 50 2 10 24 2 2 30 2 10 < 0 .2
i 3/18/71 42 2 8 40 2 4 <9
i 6/16/71 29 2 8 25 2 2 <8 (a) 0.2 2 0.2 <0.5

7/ 8/71 34 * 8 15 2 2 19 2 8 0.4 2 0.3 0.32 0.3
10/25/71 30 * 7 15 2 2 15 2 7 0.70 2 0.08 0.6 2 0.3
3/29/72 27 1 7 16 2 2 <7 0.6 2 0.5 0.32 0.3 <3
6/27/72 46 2 9 31 2 3 15 1 9
9/19/72 21 2 9 16 2 2 <9 (b ) - (b ) -

12/19/72 14 2 9 16 22 <9
3/ 5/73 36 * 9 6 2 1 30 2 9 0.21 2 0.08 <0.02,

6/ 6/73 60 1 10 25 2 3 40 1 10 - 0. 2 * 0.2 <0.03

O
(a) Aliquot lost in processing.
(b) Analysis not performed. ,

(c) Analysis in process,

d
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-TABLE 8.4
SilELLFISil S A!!PLES

GROSS GAMMA RADIOACTIVITY
,

' Concentrations in Net cpm /g

-Volume
Station Collection Scanned Net-Location :(o .

_
Date m. ( Q_ c_p m /,1,,,

. To1 che s te r 9 6/16/71 98 0.05 2 0.037/ 6/71 59' <0.06
10/25/71 67 0.10 0.05
3/29/72 74- <0.04
9/19/72 (a)
3/ 6/73- 28.5 <0.1

Hackett Pt. Bar 10 6/16/71 88 <0.04
7/ 8/71 69 <0.04

10/25/71 59 0.30 2 0.06
3/29/72 92 0.17 2 0.04
9/19/72 182 <0.02
3/ 6/73 256 <0.01

Swan Pt. Bar 11 6/16/71 103 0.07 1 0.03
7/ 8/71 85 <0.04

10/25/71 65 0.10 2 0.05
3/29/72 72 <0.05

4 9/19/72 166 0.02 2 0.02'

3/ 5/73 236 <0.01

(a) No sample collected
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TABLE S.S ]
$5ELLF155 S An1Lt$

TEARLT &T% RACES
|

SetLLE

Swee reist Ber. Fe.
Telchester. Fe. Rockett Fotet Bew. Fe. Stettes 11

, S t et t re 9 Stettee to
|

J o.ee_esteettees pct /m se L Ceegentrattese sC1/a och _Cee<*sitettees sCt/m sob1

Set Sete
| Bet Bets set geg e medteacts-str u s co-137-
| Teor s ea t eee t t,s3.x t r-90 c.-Ist m.at.actietty s,-90 c.-137

17
f 1964 15 3.31 19 12

1967 es 0.2 43
F

196s 7 0.36 .e (a)
1969 (a) (e) (e) *10

*10
3. 48

| 1970 410 0 0.3i 0.15
. . 0.2 6 0.23 0.1 e7 0.43 0.1! i911 .. 0.11972 er 0.35 0.5 e7 0.33

1973 <a 0.22 0.03 .g 0.1g 40.03 *S 4.16 =0.03
10 0.27 0.1

ever*11 9 0.3 0.2 10 0.14 0.1

SOFT TISSUE

Seen Feiet Ser. Fe.Beckett Fe. 7 t Ser. Fe.Telchester. Fe. Stettee 11
s ts'_1 10Stettes 9

Caecentrattene
Cemeestretteen .

(eecentrettese - eC11a seh - set cre/a .. Ceecentretsene oct/m een - set ep./a Cootestrettene - 3Ct/m .sh - 1st cre/aCeseestrettoes

ses sets
met mete

Teen amage.ettoite so-90 Co-137 x-131 crees c.e.e__ meateecet, tty se-9s Co-137 1-lu crees co.ne _ a_esteacts.st , se-93 c.-137 1-13t Cre.. c. e_set sete

15 *16
1966 25 *16 22 e16 13 (b)
1967 23 (c) ele (b) =1.3
1960 16 .g,3 .g .g,3 (e)
19e9 (e) (e) 33 *0.2
19FJ 35 *0.1 to *0.1 13 0.6 0.4 .0.S 0.17
1971 17 0.5 0.4 =0.5 0.07 11 0.6 0.3 * 0 .5 0.13

10 C.6 0.3 43 J .9 4
1972 9 *1 0.5 e3 *0.06 12 0.6 0.2 43 0.10

I 1973 12 4 1 =0.1 20 0.51 0.1 *0.01 40 e.2 0.2 *3.91>

20 0.4 0.9 3 .3)
***e e t ! 25 2 0.6 5 .07 to 0.6 0.3 S .10 _

.

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



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

|

O.

TABLE 6.6
SilELLFISH SAMPLl;S,

| TISSUE
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I CAlt!!A SPECTRUM ANALYSIS
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i TABLE 9.1 "|
| VECETATION SAMPLES
! COLLECTION FROM PEACH BOTTOM SITE
I STATION 1 |

| '!
'

|
;

j Concentrations (pci/g ash) '

Collection Gross Alpha Cross Beta Net Beta .1
'

| Sample Tyge Date Radioactivity Radioactivity K-40 Radioactivity Sr-90 Cs-137
! l
; 5/ 7/66 10 2 10 210 2 20 130 1 10 80 2 20 <0.5.
! 10/22/66 10 1 10 100 2 10 20 1 2 80 2 10
1 4/ 8/67 20 2 10 200 2 20 73 1 7 130 20 <0.6- |
i 10/22/67 <9 180 2 20 36 ! 4 140 2 20 |
; 4/ 6/68 <7 230 1 20 170 2 20 60 2 30 13 1 4
1 10/27/68 <5 52 1 9 62 2 6 <10
! 5/11/69 4 2 3 110 1 10 31 2 3 80 2 10 5.2 2 0.2
: 11/ 1/69 22 2 200 1 10 100 2 10 100 1 10
i 5/ 2/70 52 3 136 2 8 70 1 7 70 2 10 4.4 2 0.4 ,

| 10/18/70 2.0 2 0.7 200 2 10 86 2 9 110 1 10 l
^

| Wild Greens 5/ 1/71 82 2 80 2 9 26 2 3 54 1 9 16.8 2 0.2(a) 0.5 2 0.2 l
Barley (Mature) 6/30/71 13 2 6 130 1 10 51 2 5 70 2 10 0.08 ! 0.02 0.77 2 0.02 l

i Corn 9/ 4/71 32 3 200 2 10 190 1 20 <20 0.42 2 0.08 1.8 2 0.2
Green Apples 10/ 3/71 <4 320 2 10 280 1 30 40 1 30 5.9 2 0.8 2.1 1 0.8
Delicious Apples 10/ 3/71 <4 350 1 10 320 2 30 <30 72 4 2 2 14

,

Crops 6/17/72 51 4 36 1 9 82 1 28 2 9- 0.95 2 0.04 0.52 ! 0.02 |
.

1 Corn 8/ 5/72 <3 210 1 10 200 1 20 <20 4.5 2 0.5 2.3 2 0.6
! Creen Tomatoes 8/ 5/72 <2 290 1 10 190 2 20 100 2 20 0.7 2 0.1 1.5 2 0.2
i Applies 10/ 8/72 62 5 360 2 10 280 2 30 80 1 30 2.8 2 0.3 2.3 2 0.2 I
I Corn 10/ 8/72 <1 490 1 20 220 t 20 270 1 30 0.38 2 0.04 1.08 2 0.03
j Clover Hay 6/23/73 <3 180 2 10 76 2 3 100 2 10 2.87 * 0.6 0.86 2 0.06
i Hay 6/23/73 17 1 7 100 2 10 22 2 2 80 2 10 (b) 4.2 2 0.1 ;
"

Beets 6/23/73 9 1 5 60 2 10 36 2 4 30 t 10 1.14 2 0.04 1.62 2 0.04 i

j Grass 6/23/73 <4 260 2 10 130 2 10 120 1 10 0.14 * 0.04 0.09 ! 0.02
; Cabbage 6/23/73 <3 230 1 10 100 2 10 130 1 10 7.3 * 0.1 1.14 1 0.07
i 1

{ (s) Based oc assumed ash % of 2.0.
I

j (b) Anelysis in process.

;

<
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TABLE 9.2
VECETATION SAMPLES

COLLECTION FROM DELTA. PA.
STATION 3A

Concentrations (pCi/g ash)
Collection Gross Alpha Gross Beta Net Beta __,

Sample Type Date Radioactivity Radioactivity K-40 Radioactivity Sr-90 Cs-137

5/ 7/66 10 t 9 240 20 180 2 20 60 2 30 <0.510/22/66 20 1 10 130 2 10 29 2 3 100 2 10
i

| 4/ 8/67 20 2 10 140 2 20 32 2 3 110 2 20 <0.2'

10/22/67 <7 190 2 20 42 1 4 150 1 20
4/ 6/68 <5 300 2 30 190 2 20 110 2 40 20 t 410/27/68 <5 190 2 20 160 2 20 30 2 30
5/11/69 <3 150 1 10 40 t 4 110 2 10 5.8 2 0.311/ 1/69 1.0 2 0.8 230 2 10 140 1 10 90 1 10i 5/ 2/70 2t 2 239 2 8 120 1 10 120 2 10 16 2 1|

10/18/70 3.8 t 0.9 210 2 10 91 1 9 120 1 10
i vild Creens 5/ 2/71 8 1 2 140 1 10 47 5 90 2 10 15.3 2 0.2(b) 5.4 2 0.2(b)| Wild Greens 10/ 3/71 81 3 200 2 10 100 2 10 100 2 10 (a) 5.0 1 0.2(b)6/17/72 <4 160 2 10 82 2 8 80 1 10 11.2 2 0.9 1.2 1 0.2Leaves 8/ 5/72 11 2 6 210 2 10 110 ! 10 100 2 10 (a) (a)uild 10/ 8/72 4 2 4 240 2 10 100 2 10 140 1 10 39 2 1 1,5 1 0.1| Wild 6/23/73 13 2 6 260 t 10 100 1 10 150 1 10 2.99 1 0.04 .049 1 .00S

(a) Aliquot lost in processing.

(b) Based on assumed ash I of 2.0.

|

. . . - - . - _ .
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TABLE 9.3
VEGETATION SAMPLES

COLLECTION FROM CONOWINCO DAM
STATION 4N

Concentrations (pci/g ash)
| Collection Gross Alpha Gross Beta Net Beta

Sample Type Date Radioactivity Radioactivity _K-40 Radioactivity Sr-90 Cs-137

5/ 7/66 <7 140 1 20 92 2 9 50 1 20 25 1 5
10/22/66 20 1 10 110 2 10 36 1 4 70 1 10
4/ 8/67 20 2 10 170 2 20 76 2 8 90 2 20 <0.5

10/21/67 <9 70 2 10 17 2 2 50 1 10
4/ 6/68 10 2 10 110 1 20 33 1 3 80 2 20 4' 2 1
10/27/68 <5 36 2 8 24 2 2 12 1 8,

l 5/11/69 <3 160 1 10 42 1 4 120 1 10 6.6 1 0.2
11/ 1/69 4 2 2 250 2 10 130 2 10 120 ! 10
5/ 2/70 11 1 218 ! 8 130 1 10 90 2 10 6.0 2 0.3

10/18/70 2.6 2 0.7 90 1 10 40 1 4 50 2 10
i vild Creens 5/ 2/71 21 1 100 1 10 30 1 3 70 1 10 12.0 2 0.2(b) 2.7 2 0.2(b)
| Wild creens 10/ 3/71 82 3 210 2 10 90 2 9 120 2 10 (a)- 4.2 2 0.2(b)

6/17/72 <4 220 2 10 170 20 50 2 20 9.0 2 0.5 2.6 2 0.1 '

Crass 8/ 5/72 72 5 350 2 10 120 2 10 230 ! 10 (a) (a)
| Wild 10/ 8/72 62 5 280 2 10 160 2 20 120 1 20 23.4 2 0.7 2.2 2 0.1

Wild 6/23/73 42 4 190 2 10 81 1 8 110 1 10 6.8 2 0.1 1.21 2 0.05

i

( (a) Aliquot lost in processing.

(b) Based on assumed ash I of 2.0.

I
i

:

i i
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TABLE 9.4
VECETATION SAMPLES

COLLECTION FROM WAKEFIELD, PA.
STATION 5

Concentrations (pC1/g ash)
Collection Gross Alpha Gross Beta Net BetaSample Type Date Rad?.oactivity Radioactivity K-40 Radioactivity Sr-90 Cs-137

5/ 7/66 <7 320 2 30 190 2 20 130 2 40 7 210/22/66 20 t 10 140 1 20 51 2'5 90 2 20
4/ 8/67 20 2 10 80 1 10 22 2 2 60 2 10 <0.610/21/67 20 2 1C 260 2 20 100 2 10 160 1 20
4/ 6/68 <7 320 2 30 240 2 20 80 2 40 19 2 810/27/68 <9 57 2 9 82 2 8 <10
5/11/69 41 3 150 2 10 36 2 4 110 2 10 10.7 2 0.511/ 1/69 22 2 280 1 10 180 2 20 100 2 20
5/ 2/70 22 2 282 2 9 180 2 20 100 2 20 17 2 110/18/70 4.1 2 0.9 280 2 20 140 1 10 140 2 20
5/ 2/71 3 2 2 46 2 9 4 2 1 42 1 9 8.7 2 0.4 (b) 3.8 1 0.2(b)Corn (immature) 6/30/71 4 2 4 280 2 10 190 2 20 80 2 20 0.72 i 0.04 0.17 2 0.02Corn 9/ 4/71 <2 230 2 10 240 2 20 <20 0.5 2 0.3 0.5 2 0.2Cucumber 10/ 3/71 32 3 150 1 10 130 2 10 20 1 10 2.1 2 0.2 0.2 2 0.2Tomatoes 10/ 3/71 <3 370 1 10 330 2 30 40 2 30 0.7 2 0.3 0.6 2 0.36/17/72 12 2 6 90 2 10 62 2 6 30 2 10 1.9 2 0.1 0.35 2 0.01Corn 8/ 5/72 <0.8 190 2 10 170 2 20 20220 0.9 2 0.1 0.9 2 0.2'Red Tomatoes 8/ 5/72 <3 180 2 10 140 2 10 40 2 10 1.22 2 0.09 0.9 2 0.2Beans 10/ 8/72 <3 320 2 10 260 2 30 60 2 30 5.2 2 0.3 1.0 2 0.1Corn 10/ 8/72 52 5 180 2 10 87 2 9 90 1 10 0.24 2 0.05 0.25 2 0.04Corn (immature) 6/23/73 16 2 7 100 2 10 29 2 3 70 t 10 (c) 0.40 2 0.02Lettuce 6/23/73 10 2 6 120 2 10 74 2 7 50 1 10 1.05 2 0.04 0.4 2 0.1

(a) Aliquot lost in processing.

(b) Based on assumed ash % of 2.0
(c) Analysis in process.

j
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TABLE 9.5
VECETATION SAMPLES

COLLECTION FROM HOLTWOOD, PA.
STATION 6D

Concentrations (pCi/g ash)
Collection Gross Alpha Gross Beta Net Beta

Sample Type Date Radioactivity Radioactivity K-40 Radioactivity Sr-90 Cs-137,

5/ 7/66 <3 230 2 20 190 ! 20 40 1 30 (a)
10/22/66 20 1 10 120 2 20 27 2 3 90 1 20
4/ 8/67 20 1 10 110 1 20 34 1 3 80 2 20 <0.4

10/21/67 <7 200 1 20 140 1 10 60 1 20
4/ 6/68 10 1 10 70 2 10 14 1 1 60 ! 10 1 2 1

10/27/68 <7 170 2 20 150 2 20 <30
5/11/69 7 1 5 50 2 10 10 ! 1 40 2 10 2.0 1 0.1
11/ 2/69 92 3 90 2 10 20 2 2 70 1 10
5/ 2/70 14 1 4 88 1 6 25 1 2 63 1 6 3.9 1 0.2
10/18/70 6 2 1 390 2 20 140 2 10 250 1 20

i vild Creens 5/ 2/71 4 1 2 28 2 8 2 1 1 26 1 8 16.1 1 0.6(c)10.1 2 0.6(c)
Barley (mature) G/30/71 10 2 6 85 2 9 49 2 5 36 2 7 0.98 2 0.02 0.64 2 0.04(S

| Corn 9/ 4/71 <2 .?20 1 10 220 1 20 <20 1.2 2 0.1 0.9 2 0.5
l Delicious Applies 10/ 3/71 52 5 370 2 10 290 1 30 80 2 30 12 2 3 4 .t.

| Cauliflower 10/ 3/71 <3 290 1 10 250 ! 20 40 1 20 2.8 1 0.2 0.2 2 0.2
Crops 6/17/72 11 1 6 50 2 10 24 2 2 30 1 10 3.4 1 0.1 0.55 2 0.06

i

Corn 8/ 5/72 <4 230 2 10 220 2 20 <20 1.2 1 0.2 0.4 1 0.1'

Red Tomatoes 8/ 5/72 <2 190 2 10 180 t 20 <20 2.2 2 0.1 2.1 2 0.3
Cauliflower 10/ 8/72 <2 400 1 10 280 1 30 120 2 30 2.7 2 0.1 0.65 2 0.09
Corn 10/ S/72 <2 210 1 10 210 2 20 <20 0.11 1 0.01 0.10 2 0.02 {
Peas (wholeplant) 6/23/73 14 2 6 100 2 10 43 2 4 60 2 10 2.1 2 0.2 0.38 2 0.02 )

'

Radish {wholeplant)6/23/73 12 2 6 120 2 10 66 1 7 60 1 10 0.17 * 0.02 0.48 2 0.02

(a) Aliquot lost during processing

(b) Partial sample loss.

(c) Based on assumed ash I of 2.0.
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TABLE 9.6
TECETATION SaleLES

TEARLT ATERACES
.

Concentrattene in pC1/3 ash

Comewinge Dee - Envireemental Stettee
Fesch Betten Site Area De lt a. Fa. - Sebatettee Staties 45

Stattes 3A
Crees Alpha Net Seta Creon Alpha~~~Station 1

Crees Alphe Not Beta

Teer medioactivity S r-90 Co-13 7 Bedteacttwity Radteactivity Sr-90 Co-137 Radteactivity
medioactivity 3r-90 Co-137 medioectivityset Beta

1966 80 40.3 10 80 40.5 20 60 25 Its
70 40.5 10

1967 140 =0.6 10 130 <0.2 10

1968 40 13 4 70 20 <5 50 4 10

1969 90 S.2 3 100 5.8 2 120 6.6 4

1970 90 4.4 4 120 16 3 70 6.0 2

1971 60 6 1 6 100 15.3 S.2 e 100 12.0 3.4 5

1972 100 1.9 1.5 3 110 25 1.4 6 1 30 10.2 2.4 6

1973 . 90 2.9 1.6 7 150 2.99 0.049 13 110 6.3 1.21 4
90 10 2.6 7

overett 40 4 1.3 6 100 12 2.4 10

Wake field. Fe. W el tw eed. Fa. Cometaed Veerly Averese

Stetten 3 Stettem 63 of St at tens 3A . 43. 3. 60
set Sata Crees Alpbe Set Se te Grose Alpha det Seta Grose Alpha

Test Radioecttwity Sr-90 Co-137 Radteacttwity Radteettletty Sr-90 Co-117 Radioactivity medioactivity Sr-90 Co-137 Badioacctwitw

1966 110 7 10 70 10 30 11 10

1967 lit *0.6 20 70 =0.4 10 90 40.4 13

1965 30 19 6 50 1 10 50 11 7

1969 110 10.7 3 60 2.0 8 100 6 4

1970 120 17 3 160 3.9 10 120 11 4

1971 70 2.5 1.1 3 SO 7 3 3 60 6 3 $

1972 30 1.9 0.7 5 40 1.9 0.8 4 70 7 1.0 5

1973 60 1.05 0.4 13 60 1.1 0.43 13 30 2.6 0.5 11.5
80 8 2 a

overall 70 5 0.8 7 60 3 2 3

--
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TABLE 10.1 (test.)
ANALTTICAL DATA FOR MILE SAMPLES

|D
6-

\m /
Gross tota set Seta

Collection Radioastivity E 40 Radteastivity 8r 90 Co.137 1 131
Legggtta ,,,33 e (,Ct/ttter) (pct /11ter) (pct /11ter) (pct /Itter) (ptt/ liter) (pct / liter)

Farm C 3/12/46 1400 a 100 1500 e 100 <100
6/ 3/64 1400 e 100 1400 * 100 *100
8/15/66 740 t to 580 s 60 396 -t- I to

11/14/66 1200 a 100 460 t to 300 a 100 <200
3/ 1/67 1200 t 100 1100 t 100 <100
5/ 4/67 1300 4 100 1000 a 100 300 s 100
9/29/67 1400_t,200 1408 a 100 e200

11/17/67 560 t 76 490 t 50 <90
2/23/64 900 s 100 1000 a 100 <100
5/10/68 1100 3 200 1100 2 100 *200 62 3 <6 0
8/22/64 1000 4 100 1100 t 100 <100

12/14/64 800 t to 1000 a 100 *100
2/25/69 600 t 100 450 t 50 *100
6/24/69 1100 t 90 1100 4 100 <100 13 a 3 <7
9/ 9/69 1270 * 90 1300 a 100 *100

12/18/69 1950 1 90 1000 a 100 *100 4 s2
3/ 4/70 1130 t 80 930 t 90 200 t 100
5/29/70 1200 1 70 1100 a 100 =200 6a3 <3
8/25/70 970 e 70 1000 s 100 <100

12/10/70 1200 t 80 1100 a 100 <100 5s1 9
3/12/71 1220 1 80 1^00 a 100 200 a 100
5/ 6/71 1210 a 80 1200 s 100 <100 41 1 8.5 0.8 el
7/13/71 1180 s 80 1100 a 100 <100 7.1 s 0.5 12.4 s 0.5 42

12/12/71 1200 a 70 1300 8 100 e100 3.5 3 0.3 9.7 a 0.9 el
3/ 3/72 1300 3 100 1300 s 100 <100 7.3 2 0.4 11.1 0.4 *2
4/13/72 1200 t 80 1100 s 100 *100 10.46s 0.07 13.3 a 0.9 11 s5
9/16/72 860 t 80 800 t 40 <100 8.8 8 0.4 8.1 : 0.3 4 1 2

11/15/72 1400 100 1300 a 100 *100 6.6 3 0.2 7.4 3 0.6 *1
3/14/73 1000 : 40 850 to 200 a 100 6.8 s 0.2 6.1 0.7 *1
6/13/73 1290 s 80 920 a 90 400 a 100 8.1 2 0.9 9.4 t 0.6 10 a 5
overs 11 100 7 9.6 20

vekette14 Tisistty 3/11/46 1800 200 1600 s 200 <300
Fars 9 6/ 1/66 1600 s 200 1400 a 100 <200 <1 <90

4/15/66 1000 e 100 730 70 300 a 100
11/12/66 1300 a 100 900 t to 400 8 100 10 a 2 *200
3/ 2/67 1500 t 200 1500 a 100 <100
5/ 7/67 1100 a 100 840 s 90 200 s 100 2 *J000
9/29/67 1700 s 200 1300 100 400 s 200

('',sI 11/17/67 630 s 70 510 a 50 120 a 90 5a4 <2 0
s_ / 3/23/68 1100' t 100 1100 le <100

5/10/68 1400 a 200 3200 100 <2v0 5a3 56 0
8/22/88 1000 a 100 1100 a 100 <100

12/17/68 790 t 90 1200 100 =100 9a2 90
2/25/69 400 e 100 900 t to 4100
6/24/69 1060 s 80 1100 t 100 <100 5a3 <9
9/ 9/69 1190 90 1200 s 100 *100

12/10/69 1170 90 1100 a 100 <100 3a2
3/ 4/70 1130 s 70 920 t to 200 a 100
5/29/70 1330 a 50 1200 : 100 100 s 100 9 2 4 =0 . 6
8/25/70 1230 a 40 1200 a 100 *100

12/10/70 1300 : 90 1200 a 10 0 130 4 a1 c5
3/12/71 1280 t 80 1100 a 100 200 a 100
5/ 4/71 12.0 a 80 1200 s 100 e100 a.1 a 0.7 8.2 a 0.6 6
7/13/71 1410 a to 1200 s 100 200 a 100 7.0 a 0.3 15.0 s 0.5 0.0

12/12/71 1270 : 70 1300 a 100 <100 5.9 s 0.6 7 4 20
3/ 3/72 1400 a 100 1400 a 100 <100 6.9 s 0.5 9.8 0.4 3

4/13/72 1400 a 100 1500 100 <100 9.27 0.03 13.3 1 0.2 8

9/14/72 1240 a 90 1200 e 100 <100 7.7 4 0.6 7.2 t 0.7 0.9
11/15/72 1600 s 100 1500 : 100 <100 4.8 0.4 5.7 2 0.9 2

3/14/73 1110 s 80 920 t to 200 a 100 5.2 a 0.2 6.6 0.2 e2
4/1)/73 1400 t 90 930 t to 500 s 100 23.1 1 0.3 5.4 2 0.4 43
Overall 200 7 9 <2nc

Revised Jut' l'I'

(
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TASLE 10.1 (cont.)
ANALYTICAL DATA FOR HELK SAMPLES

{ Cross Beta Net Beta
Collection Radioactivity K-40 Radioactivity Sr-90 Co-137 I-131

Location _ pote (,C1/11ter) (pCi/11ter) (pC1/11ter) (pct /liteel (pci/ liter) (pci/11ter)_

Farm F 5/ 6/71 1280 2 90 1200 2 100 100 1 100 9.9 2 0.5 4.6 2 0.5 <0.9
,

l 7/13/71 1140 2 80 1100 2 100 <100 11.8 2 0.6 12.4 2 0.4 <2

12/12/71 1380 2 70 1300 2 100 100 2 100 7.4 2 0.4 11.0 2 0.9 <2

3/ 3/72 1300 1 100 1300 2 100 <100 10.1 2 0.4 10.5 2 0.4 <2

6/13/72 1480 2 90 1300 2 100 200 1 100 10.9 2 0.3 10.2 2 0.7 <20

9/16/72 1400 2 100 1400 2 100 <100 3.6 2 0.4 9.3 2 0.9 <0.9

11/15/72 1300 2 100 1200 2 100 <100 6.3 2 0.5 5.9 1 0.5 el

3/14/73 940 2 70 700 2 70 200 1 100 8.8 2 0.3 12.2 2 0.8 <2
;

6/13/73 1340 2 80 1000 2 100 300 2 100 18.4 2 0.4 8.3 2 0.5 <3
1

Overall 100 10.2 9.4 <4
,

| Farm C 5/ 6/71 1320 2 80 1100 2 100 200 1 100 18.5 2 0.7 11.0 2 0.9 <1

i 7/13/71 1300 2 90 1200 2 100 100 2.100 14.0 2 0.9 12.8 2 0.8 <2

| 12/12/71 1500 2 80 1300 2 100 200 2 100 10.0 t 0.7 13 2 1 <10
! 3/ 3/72 1500 2 100 1300 2 100 200 2 100 5.9 2 0.4 11.0 2 0.4 <2

6/13/72 1140 1 70 1300 2 100 <100 11.98 2 0.05 15.1 2 0.8 20 2 10

9/16/72 1400 2 100 1300 2 100 <100 7.7 2 0.7 9.2 2 0.3 <0.6

11/15/72 1400 2 90 1300 1 100 <100 4.3 2 0.4 5.7 2 0.5 <0.9

3/14/73 840 2 70 690 2 70 100 2 100 5.3 2 0.3 10.0 2 0.6

6/13/73 1210 2 80 8*0 2 90 300 2 100 6 2 1 5.0 2 0.4 <1

Overall 200- 9 10 $

Fara u 5/ 6/71 1270 2 90 1200 2 100 100 2 100 13.2 2 0.6 10.4 2 0.7 <2

7/13/71 1140 2 80 1000 2 100 100 2 100 7.7 2 0.7 10.2 2 0.5 <2

12/12/71 1000 2 30 1100 2 100 <100 4.0 2 0.3 6.9 2 0.9 <20

3/ 3/72 1400 1 100 1300 2 100 <100 5.6 2 0.3 9.7 2 0.4 <4

6/13/72 1570 2 90 1400 2 100 200 1 100 6.5 2 0.2 27.0 2 0.3 <30

9/16/72 1200 1 100 1205 x 100 <100 7.7 2 0.3 9.1 2 0.3 22 1
'

11/15/72 1030 2 90 950 2 90 <100 4.4 2 0.5 5.6 2 0.5 <2'

3/14/73 800 1 70 630 2 60 170 2 90 4.5 2 0.4 9.5 2 0.3 <2

6/13/73 1280 2 90 1000 2 100 200 2 100 82 1 7.4 2 0.5 <3
100 7 10.6 7

overall
Fars 1 3/14/73 1130 2 90 880 2 90 209 2 100 6.4 2 0.5 8.9 2 0.3 <5

.6/13/73 1290 2 90 1100 2 100 200 2 100 11.4 2 0.3 11.2 2 0.7 22 1

Overall 200 8.9 10.0 4

Farm J 3/14/73 1260 2 90 880 1 90 400 1 100 (a) (a) <2
*

6/13/73 1460 2 90 930 2 90 500 2 100 14.1 2 0.3 7.5 2 0.4 <2

Overall 400 14.1 7.5 <2

Fara K 6/13/73 1500 2 90 1000 1 100 500 1 100 6.4 2 0.2 5.1 2 0.4 62 3

(a) Sample lost in process.

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



TABLE 10.2
MILE SAMPLESO YEARLY AVERACES

by Concentratione in pC1/11ter

1 11
RECIONAL FARMS NEARBY RECIONAL FARMS

l Farms A g A (n D. K) ,Qafne F. C. h. 1. J)5
Net Sata het Seta

Year Radioact,1y m tr-90 co-137 1-111 Radtosettvtty 3r-90 Co-137 t-131

1966 200 6 <200
1967 200 4 <2000
1968 100 8 <70
1969 100 7

1970 200 7 <3
1971 100 7.7 10.2 425 100 10.2 10.2 <5
1972 <100 7.9 12.7 5 100 7.7 10.7 7

1973 300 8.3 6 3 300 9 8.9 2

5/ 1 8.1 8.7
7/13/71 12.1 11.8

12/12/71 10.4 10.3
3/ 3/72 10.1 10.6
6/13/72 15.4 17.6
9/16/72 18.8 9.2

11/15/72 6.6 5.7
6.2 10.13,14/73 -

6/13/73 6.1 7.9

COMPARATIVE EPA DATA FOR
STRONTICM-90 AND C181L'M-13 7

(pct / liter)

Philadelphia. Pa. Trenton N.J Baltisere. Mbt
Year $r-90 Co-137 $r-90 co-137 sr-90 co-137

1966 12 12 13
1967 10 10 11
1968 9 10 10
1969 10 9 8
1970 9 8 8

1971 8 6 8 8 8 7

1972 5 5 7 6 7 5

1973

Salttuore. Md.
Date Co-1)?

5/71 13 ;

6 0 +

7 20
8 11
9 0
10 0 |
11 0 j
12 11 .

1/72 0 ;

2 0
3 0 j
4 23
5 0
6 0 |
7 0

1

I
0 0
9 13 '

10 26
at 0 i

12 0 j

1/73 0 '

3 0
4 12
5 0
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'' TABLE 11.2

[]-- RABBIT SAMPLES
'

:

COLLECTED FROM PEACH BOTTOM SITE AREA,

YEARLY AVERA0ES
,

Nat Beta Radioace.ivity I-131
(Concentrations pCi/3 ash) (Concentrations

pCi/thyroad

Collection Soft

,
Period Muscles Tissue Bone Mean

J

l 6-66 40 80 60 <50

1-67 40 50 40 "30

5-6-67 50 70 16 "10
10-67 40 40 20 <1000

i

5-68 <20 10 13 <8

12-68 40 40 33 <10

6-69 80 40 30 8

; 12-69 20 30 10 <8

4-5-70 50 50 45 <4

11-70 30 30 24 <5

5-71 50 40 33 3
|

-6-72 110 60 31 < 7-

12-72 60 50 40 <3

6-73 30 <10 26 < 1
overall 50 40 30 70'

1

I
i

!

!
4

)
!
,

1

!O '

|
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3/ D/66 0.016 6/30/67 4.01b
3/16/66 0 015 7/ 7/69 c. cap

3/30/96 0.01) 7/15/47 8.0 L6

8/lette G.0IS f /31/6 F e.gge

3/ S/68 0.919 f/54/67 4,044

1/n3/66 9.915 8/ Stel 0,g36

3/19/64 4.011 0/13/67 0.416
3 3116/66 9.91) 4/18/67 g,elg

, el 3/66 0.019 4/36/67 g,016

6/10/66 0.013 f/ 8/67 g,ggy

4/17s46 9.917 9/ 8/67 0.046
, 4/13/66 0.ent f /17/6 7 p.33;

! 4/18t66 0.cle 9/33/67 0,415

S/ F/66 6, elf 9/39/47 0.017'

t/11/66 0 016 19/ f/67 0.4.6

1/31/66 9 4L4 18/19/87 3,337

$/30/66 0.043 19/83/47 0.017 e,34

6/ e/44 8.918 10/39/67 0,017 g,gg

trielto 0.419 11/ l/67 e,st) g ,3 a
4 g,gg

8.ett 31/31/67 g ,0 4,7e

| 6 /10. / e4 e.eie tilleie: 0.0i .. 33
e/3 66

i t/ 4/64 0.436 13/ 3/47 6.017 0.064
'

?/ 9/64 0.047 33/30/67 e ett g ,3 3 3

//12/06 6,035 12/16/67 e.ent g,ggg

t/3 /66 0.034 13/34/6f 0,01; (g),
'

7/31/s6 4,637 13/30/6? 0,013 (a)
! 4.917 1/ 6/68 3.037 (a)

8/ n/66
9/11/66 4.619 4/16/48 9.936 (al

J f/19s46 4.648 4/31/48 t ,417 (g)

i 6/3t/46 4.437 &#3f/68 0.046 (e;

el 1/66 f.939 3/ 3/89 0.010 (a)
, tite /66 4 017 3/11/40 0,64s (el

3 9/16/04 6.914 8/4f/68 0.017 (e)
, 9/34/06 9.919 8/36/48 0.egt ge3

{ 14/ &lto 0.04P 31 3/68 9.946 66)

19/ Se6t 0.914 1/18/60 4.018 (a)

10/16/66 0.047 3/31/80 4.917 0.e36

10/33st4 0.010 3/83/60 0,417 e.gle

50/40164 0.614 3/38/88 0.047 o ,e 3

11/ Sitt 4,917 6/ 6/68 4.436 e,333

11/13/66 6.s!F 4/33/68 p 013 g ,g 3 3

4. 016 e, ,,4,3 9,
,

16/30/66 0.019 4/30/60i
. 1 i

! tilisitt o.eit 6/3r/6s

13/ Id66 4.437 S/ eles e ,e t t 9 ,619
i

4.468 $/18/60 s .t ne 3, gig

13/48/66 9. ell 6/34/68 0.019 4,43614'49r66

L3/36f66 0,446 $/31/60 0.033 e.033,

4

1/ I/68 9.914 4/ 1/68 0.033 s g31
<

at 4/67 4.016 6/ 8/68 e ,4 3 3 0.gle
d

1/lesti 6.446 e/36/48 3,030 0.683

| 1/31/67 8.917 4/34/68 0.01 f 0.013

|| t/8tief 8.01e 6/39/64 0.616 0,0ge

3/ 6/67 4.917 P/ 7/48 0,913 g)
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d.916 0.018 6.615
- li t ,t 16 ? 7/31/68

3/4 I4? 9.0!g 8.618 0,843Il3 Il # 8J ar/6/87 f.41F e.917 0.683
)! 4<67 6.017 el 3/e4

i 8/10/60 9.439 8.615
1/in?tt 0.elg 0+435 8.C138/18/08
3/ggroP 4.416 #*017 0.043

IIIII88
. pils,67 8.014 8.8Il I .II S8#I3888
i 3/It/67 9.917 9.916 0.0139/ 6/68

6/ 3:47 0. Sip 0.016 6.t 8
t/43/60

a/15/6, g,gg3 0.019 0,0139/38/98
4/32fet 0.egy 9.014 0,o139/37/40

. afgelt1 0.01; S.04) 9,443
e.gLP 14/ e/683

,

gl g/ey 18/i1/88 6.041 t ,913
s. espgftg/s7 16/19/60 0.044 (gi

4 S/20/67 8.817
/ 9 818 08#II#88 0.8II 8.033

1/2 tit? II# Il#8 (b3 8.833
I

} 6/41st? 6.834 11/88/64 4.449 0.0186/ Itti
8.639

6/19/,67 0. 9 t,g 11/14./60
6.,.83 30.017

>>il it e.Sie .13
I

41/39/68 0.04) 4 g436,36 6, is

; III 8/68 0.017 4.e n t

13/14les s.ent e .e s i

i 13/31/se 0, ens e .a s i

til)alet e.ent e.#43
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