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SUMMARY

During the period from January 1l through December-31, 1986, the:
Research and Testing Laboratory (RTL), PSE&G Research Corpo-
ration, has been responsible for the collection and analysis of
all samples and the maintenance of sampling equipment coanected
with the Radiological Environmental Monitoring Program (REME)
at Artificial Island, Salem County, New Jersey.

This program was designed to identify .and quantify conceatra—
tions of radioactivity in variodus environmental media andéd ta
quantify ambient radiation levels in the:environs of Artificial
Island. Due to the proximity of the Salem and Hope Creek Gener-
ating Stations a common REMP is being, conducted Salem Gener-
ating Station (SGS) Unit One became’ crltlcal on December 11,
1976, thereby initiating the operatlonal phase of the REHP.
Data collected during the operatlonal phase served as a source
of preoperational data for Salem Unlt two and the Hope Creek
Generating Station. Salem Unit Two achieved initial criticality
on August 2, 1980 and the Hope Creek /Génerating Station achieved
initial criticality on June 28, 19860; This report preseats the
results of thermoluminescent dosimetry and radlologlcal analyses
of environmental samples collected durlng 1986.

i
A total of 4091 analyses were performed on 1615 environmental
samples during the period covered by this report.  Samples ef
air particulates, air iodine, surface, ground and drinking
water, benthic organisms, sediment, milk, £ish, crabs, vegeta-~
bles, game, fodder crops, meat, soil, and precipitation were
collected. Thermoluminescent dQSLmeters were used to measure
ambient radiation levels.

Ambient radiation levels remained,at normal levels observed in
previous years until May 9, 1986 when radioactivity from the
Chernobyl-4 reactor accident was detected. According to reports
provided to Western scientists at:ithe International Atomic
Energy Agency conference on Chernobyl held in Vienna, Austria,
it is now known that the accident occurred as a result of a
poorly planned reactor experiment. Soviet plant personnel
deliberately took actions which blocked the plant's safeguard
systems that would have automatically prevented the accident.
This action resulted in a reactivity excursion accident in which
the reactor became prompt critical [24]. The excursion resulted
in a power escalation which resulted in fuel melting and finally
a steam explosion which propelled fuel fragments, activation
products and burning graphite into the environment. The intense
heat of the graphite fire provided a mechanism for the radio-
active fission products and activation products to_become.
sufficiently buoyant to enter .the upper atmosphere [25].

Actions taken to fight the fire resulted in additional destruc-
tion of the core which caused airborne releases into the
environment to fluctuated by several orders of magnitude for
several days after the accident.




Estimates ' of projected -I-131 concentrations in milk:in.the town

of Pripyat,.USSR.were: reported as .high as 103,700, 000 pCl/L [25];7*l;f

The Soviets and the Scandanavian countries also reported measur--
ing excessive concentrations of radioactivity in soils, reindeer
flesh, fish, wells, rainwater and dgoat milk.  .Since all releases
from our nuclear stations were within our technical specifica-
tions, the increases in radioactivity as measured in various
environmental media in the vicinity of the Artificial Island were
due to the accident at Chernobyl-4 and not to the operation of
the Salem or Hope Creek Generating Stations..

INTRODUCTION

Artificial Island is the site of Salem and Hope Creek Generating
Stations. The Salem -Generating Station (SGS) consists of two
operating pressurized water nuclear power reactors. Salem Unit
One has ‘a net rating of 1090 MWe (3338 MWt), and Salem Unit Two
is rated at 1115 MWe (3411 MWt). The Hope Creek Generating
Station (HCGS) is a boiling water nuclear power reactor which
achieved initial criticality on June 28, 1986. The Hope Creek
Unit has a net rating of 1067 MWe (3293 MWt).

Delaware. River and was created by the deposition of hydraulic
fill from dredging operations. It is located in Lower Alloways
Creek Township, Salem County, New Jersey. The environment
- surrounding Artificial Island is characterized mainly by the
Delaware River and Bay, extensive tidal marshlands, and low-lying
meadowlands. These land types make up approximately 85% of the
land area within five miles of the site. Most of the remaining
land is used for agriculture [7,8]. ' More specific information
on the demography, hydrology, meteorology, and.land use of the
area may be found in the Environmental Reports {7,8], Environ-
mental Statements [9,10], and the Updated Final Safety Analysis
?ep?rt for SGS [11] and the Final Safety Analy51s Report for HCGS
12 ‘ /

Artificial Island is a man-made peninsula on the east bank of th‘

-Since l968_an off-site Radiological Environmental Monitoring
Program (REMP) has been conducted at the Artificial Island Site.
"Starting in December 1972, more extensive radiological monitoring
programs were initiated. The operational REMP was initiated in
December 1976 when Salem Unit 1 achieved criticality. The
Research and Testing Laboratory (RTL), PSE&G Research Corpo-
ration, a wholly-owned subsidiary of Public Service -Electric and
Gas Company, has been involved in the REMP since its inception.
The RTL is responsible for the collection of all radiological
environmental samples, and, from 1973, through June, 1983,
conducted a gquality assurance program in which duplicates of a
portion of those samples analyzed by the. prlmary laboratory were

also analyzed by the RTL. , \ ‘




From January,: 1973, through . June, 1983, Radiation Management

" Corporation (RMC) had primary responsibility. for the analysiS'oﬁeef

all samples under the Artificial Island REMP and the annual - -
reporting of results. RMC reports for the the preoperational
phase from 1973 to 1976 and for the operational phase from 1976 -
through 1982 are referenced in this report {1-3]. On July 1,
1983, the RTL assumed prlnary responsxblllty for the analysis of
all samples (except TLD's) and the reporting of results.
Teledyne Isotopes (TI), Westwood, NJ, at that time was made
responsible for third-party QA analyses and TLD's. .RTL reports
for the operational phase from 1983 to 1985 are referenced in
this report [4-=6]. Lo

This report summarizes the‘resdlEs from January 1 through
December 31, 1986, for the Artifiicial Island Radiological
Envxronmental Monltorlnq Programo

THE PROGRAM by

'v

The operatlonal phase of . the REMP was conducted in accordance
with Section Sections 3/4.12:and 6.9.1.10 of Appendix A to SGS
Operating Licenses DPR-70 and DPR=75 [14,15] and Sections 3/4.12
and 6.9.1.6 of Appendix A to‘HCGS Operating License NPF-=57 [15].

An overv1ew of the program is provided in Table 1 (page 21).
Radioanalytical data from samples collected under this program
were compared with results from the preoperational phase.
Differences between these: periods were examined statistically,

"where applicable, to determlne the effects, if any, of station

operations.

The REMP for the Artificial Island Site includes additional
samples and analyses not specifically required by the Salem and
Hope Creek Generatlng 'Stations Technical Specifications. The
summary tables in this report include these additional samples
and analyses,

Objectives L | e

The objectives 6§ft§e Operational Radiological Environmental
Monitoring Program are:

1. To fulfill the obligations of the Radiological Surveillance
sections of the Technical Specifications for the Salem
Generating 'Station (SGS) and the Hope Creek Generating
Station (HCGS)

2. To determlne whether any 51gn1f1cant increase occurs in the
concentration of radionuclides in critical pathways.




3. To determine. 1f SGS or HCGS has.caused :an-.increase in the .
radioactive: inventory. of .long-lived radionuclides. .

4. To.detect'any-change_in ambient gamma_radiation.levels,‘

5. To verify that SGS and HCGS operations have no detrimental
effects on the health and safety of the public or on the
environment.

This report, as required by Section 6.9.1.10 of the Salem .
Technical Specifications, and Section 6.9.1.6 of the Hope Creek
Technical Specifications summarizes the findings of the 1986
REMP. Results of the four-year preoperational program which was
conducted prior to the operation of any reactors on the Arti-
ficial Island have been summarized for purposes of comparison
with subsequent operational reports [2].

Sample Collection

In order to meet the stated objectives, an appropriate opera-
tional REMP .was developed. Samples of various media were
selected to obtain data for the evaluation of the radiation dose
. to man and other organisms. The selection of sample types was
based on: (1) established critical pathways for the transfer of
radionuclides through the environment to man, and (2) experience
gained during the preoperational phase. Sampling locations were
determined from site meteorology, Delaware estuarlne hydrology,<
- local demography, and land uses.

Sampling locations were divided into two classes - indicator and
control. Indicator stations are those which are expected to
manifest station effects, if any exist; control samples are
collected at locations which are believed to be unaffected by
station operations. Fluctuations in the levels of radionuclides
and direct radiation at indicator stations are evaluated with:
respect to analogous fluctuations at control stations. Indicator
and control station data are also evaluated relative to preoper-
ational data. . ' ’ ’

Air particulates were collected on Schleicher-Schuell No. 25
glass fiber filters with low-volume air samplers. Iodine was’
collected from air by adsorption on TEDA-impregnated charcoal
cartridges connected in series after the air particulate filters.
Air sample volumes were measured with calibrated dry-gas meters
and were corrected to standard temperature and pressure,

Precipitation was collected in a.- Wong Laboratory Automatlc : _
Precipitation Collector having a 95 square inch collection area.
The collector is automatically covered during periods of no

precipitation to exclude fallout resulting from dry deposition.
Samples were collected monthly and transferred to new polyethyle

4




bottles. The collector: was rinsed with distilled water to ..
include residual particulates-in. the precipitation. samples.-

. Tritium results were corrected for the tritium content 0of the.
distilled water.

Ambient radiation levels in the environs were measured with
energy-compensated CaSO4 (Dy) thermoluminescent dosimeters
(TLD's) supplied and read by Teledyne Isotopes. Packets for
monthly and quarterly:exposure were placed on and around the
Artificial Island Site at various distances.

Well water samples were. collected monthly by PSE&G personnel and
separate raw and treated potable water samples were composited
daily by personnel of the City of Salem water treatment plant.
New two-gallon polyethylene containers were used for all water
sanples° P

All estuarlne samples were collected by V. J. Schuler Associates,
Inc. and dellvered by PSE&G personnel. Surface water samples
were collected Ln ‘new containers which were rinsed twice with the
sample medium prior; to collection. Edible fish and crabs were
taken by net, and’ frozen in sealed polyethylene containers.
Benthos and sedlment samples were taken with a bottom grab
sanpler.

Milk samples were taken semi-monthly when cows were on pasture
and monthly when cows were not grazing on open pasture. Samples
were collected in new polyethylene containers. Food products,
fodder crops, game, and beef were sealed in new plastic bags or
jars. All perishable samples were transported in ice chests, and
no preservatives were'added.

Soil samplesLWhich-are collected once every three years were
collected at several locations in New Jersey and Delaware.

Appendix A describes and summarizes, in accordance with Section
6.9.1.10 of the Salem TS and Section 6.9.1.6 of the Hope Creek
TS, the entire operational program as performed in 1986.

Appendix B describes the coding system which identifies sample
type and location. Table B-~l lists the sampling stations and the
types of samples collected at each station. These sampling
'statlons are Lndxcated on maps B~l1 and B-2,

Data InEerpretation

Results of all analyses were dgrouped according to the analysis.
performed for each type of sample and are presented in the data
tables,ln‘Appendlx C. All results above the lower limit of
detection (LLD) are at a confidernce level of * 2 sigma. This
represents the range of values into which 95% of repeated
analyses of the same sample should fall. As defined in Regula-
tory Guide 4.8, LLD i§ the smallest concentration of radioactive

8




‘materialiinga sample thatﬂwill_yield‘a<nettcount‘(above*system“ _
. background). that will be detected with 95% probability with.only -

through E-5 in Appendix E.

5% probabi;ity of falsely concluding that a blank observation
represents a "real signal®". -LLD is normally calculated as 4.66
times one standard deviation of the background count or of the
blank sample c¢count as approprlate.

The grouped data were averaged and standard deviations calculated
in accordance with Appendix B of Reference 18. Thus, the 2 sigma
deviations of the averaged data represent sample and not
analytical variability. When a group of data was composed of 50%-
or more LLD values, averages were not calculated.

Grab sampling is a useful and acceptable procedure for taking
environmental samples of a medium in which the concentration of
radionuclides is expected to vary slowly with time or where
intermittent sampling is deemed sufficient to establish the
radiological characteristics of the medium. This method,
however, is only representative of the sampled medium for that
specific location and instant of time. As a result, variation
in the radionuclide concentrations of the samples will normally
occur. Since these variations will tend to counterbalance one
another, the extraction of averages based upon repetitive grab
samples is considered valid. ’

Quality Assurance Prodram

PSE&G Research Corporation, Research and Testing Laboratory
(RTL), has a quality assurance program designed to maximize
confidence in the analytical procedures used. Approximately 20%
of the total analytical effort is spent on quality control,
including process quality control, instrument quality control,
interlaboratory cross-check analyses, and data review. The
analytical methods utilized in this program are summarized in
Appendix D. :

The quality of the results obtained by the RTL is insured by the

 'implementation of the Quality Assurance Prodram as described in

the Environmental Division Quality Assurance Plan [19,201 and thé'
Environmental Division Procedures Manual [21]. The internal -

" quality control activity of the Laboratory includes the quality

control of instrumentation, equipment and reagents; the use of
reference standards in calibration, documentation of established
procedures and computer programs, and analysis of duplicate and
spiked samples. The external quality control activity is imple-
mented through participation in the USEPA Laboratory Intercom-
parison Studies Program. These results are listed in Tables E-1




Program’ Cha’ngé‘s DR

Location 2F4 from which milk;.fodder crops and soil were
collected, terminated milk production in September and was .
replaced by locatlon 2F7. No samples were missed due to this
change. .

RESULTS AND DISCUSSION -

Atmospheric

The analytlcal results of the 1986 REMP samples are divided into
categories based on exposure pathways: atmospheric, direct,
terrestrial,. and aquatic. The analytical results for the 1986
REMP are:summarized in Appendix A. The'data for individual

'samples are presented in Appendix C.

This sécéﬁbn discusses the data for samples collected under the
REMP. | It .does not include the data from the quality assurance
program discussed previously.

doiE
o

'
i .

CAir Partiéulates (Tables C-1, C=2, C=3)

The weekly air particulate samples were analyzed for gross alpha
and gross beta. Quarterly composites of the weekly samples from
each station were analyzed for specific gamma emitters and a

.single quarterly composite sample was analyzed for Sr-~89 and

Sr-90. Total data recovery for the eight sampling stations
during 1986 was 98.4 percent.

Concentrations were detected in 359 of the 416 weekly samples
analyzed for gross alpha emitters (Table _C-1). Alpha concentra-
tions ranged from 0.8 x 10-3 to 22 x 10-3 pCi/m3 w1th the

grand average for all stations being 2.6 x 10=3 pci/m3.

Analfsis of weekly air particulate samples for gross beta (Table

~.» €=2) .indicated concentrations were detected in 410 of the 416
""'samples ranging from 6.7 x 10=3 to 370 x 103 pCi/m3, w1tn
. the grand average for all stations being 41 x 10=3 pCl/n

éigure 1l indicates the relation between gross beta activity in

.'j: air particulates and precipitation for the preoperational and

operational periods, inciluding the effects of atmospheric weapons
testlng and the accident at the Chernobyl-4 nuclear power- -
reactor.

étrontium—BS and Sr-90 analyses are no longer required by the
Technical Specifications for the Salem or Hope Creek Generating
Stations. . In order to maintain documentation of the ambient




) .

levels of Sr-89 and sr-90:in _the air. surrounding the stations,: .
strontium analyses are performed on . the :lst quarterly sample frpm :

each location as a managenent audit- sample. : Strontium=-89 and
Sr-90 was not detected in any of the eight: nonthly conpos1ted
samples analyzed; LLD sensitivities ranged from <0.3 X 10-3 to
<2.0 % 10=3 pci/m3 and from <0.2 x 10-3 to <0.3 x 10-3.
pcl/m3 for Sr-89 and Sr-90 respectively. »

Results of gamma spectrometry indicated detectable levels of Be-7

in all of the 32 monthly composites, with a maximum of 110 x 103

pCi/m3. Berylium-7 is a naturally-occurring radionuclide
attributed to cosmic ray activity in the atmosphere. During this
reporting period detectable levels of Ru-103, Ru-106, Cs-134,

~Cs-137, Ra=-226, and Th-232 were noted in many of the_locations

sampled. Ruthenium-103 levels ranged from 7.5 x 10~3 to 9.2 x
10~ pcl/m3 Ruthenlum-los levels ranged from 4.0 x 10-3 to
8.3 x 10-3 gcl/m Cesium-134 levels ranged from 8.4 x 10-3
to 10 x 10~ pcl/m Cesium=-137 levels ranged from 16 x 10-3

to 18 x 103 pci/m3.

"In reviewing the data it is noted that Rﬁ-103, Cs-134 and Cs-137

levels increased significantly during the second quarter of 1986.
The Ru-103, Cs-134 and Cs-137 increased levels are not attribut-
able to the operation of the Salem or Hope Creek Generating
Stations. Based on their respective effluent release reports, -
there were no releases of Ru-103, Cs-134 or Cs-137 during the .
second quarter [22,23]. The increased levels are attributable

to the Chernobyl-4 reactor accident since similar concentrations
existed at indicator and control station locations. :

Radium-226 was also detected in one of the samples at a concen-

tration of 1.2 x 103 pci/m3, which is within the variations

of the LLD sensitivities for the other samples which ranged from
<0.3 x 10~3 to <10 x 10-3 pci/m3. Thorium-232 was detected

. in one of the samples at a concentration of 1.7 x 190~ -3 pCl/m3-

This value is within the variations of the LLD sensitivities for
the other samples which ranged from <1.1 x 10=-3 to <2.7 x 10-3
pCi/m3. . .

Alr Iodlne (Table C-4)

Cartrldges for the adsorptlon of air iodine were connected in

-series after each of the air particulate filters. The adsorption

, originating from the Chernobyl-4 reactor accident was detected.

media in these cartrldges is trlethylenedlamlne (TEDA) impregnated
charcoal. ,

Todine-131 was. below detectable levels for the first four months
of the year until the week of May .5 when radioactive iodine




I

‘Iodine=131 was detected at all locations during the three weekly .
sanpling-periods starting on May S5, 1986 and ending on May 27, -
1986. Elevated levels persisted at .several locations during the
last week -in- May and.the first week in June. Levels as aigh as.
320 x 10-3 pC1/n were detected at two locations. A valae
of ;610 x 10-3 pCi/m3 was measured in one of our managemest
audit samples but was not used in calculating any of our averages
because of the short sampling period. During the remainder af
‘the year I-131 levels remained at levels below our LLD. The LLD
. sen31t1v1t1es ranged from- <7 7 x 1073 to <40 x 10-3 pCl/m3

The increased I-13l1 levels are not, attributable to the operatiam

'fioﬁ the Salem or Hope Creek Generating Stations. Based oz their

}respectlve effluent release reports, there was no significamt

+ release of I-131 during the second quarter [22,23]. All of the
i elevated I-131 results are attrlbutable to the Chernobyl-4

! reactor accident.

K
W
! o
i

;‘Prec1p1tatlon (Tables C-6, C=7)

-,Although not required by the technical specxflcations, precipi-
“tation samples were collected at location 2F2 in the town of
!salem. Monthly samples were analyzed for gross. alpha, gross
"beta, tritium, and gamma emitters. Gross alpha concentratioms

4*were detected in four of the twelve samples analyzed. The

" results detected were 0.6, 0.9, 1.2 and 1.3 pCi/L. These results

' were within the variation of the LLD sensitivities for the
remaining samples which ranged from <0.3 to <1.7 pCi/L. Beta
activity was detected in all twelve monthly samples and ranged
from 1.9 to 15 pCi/L, with an average of 5.5 pCi/L. Tritium was
not detected in any of the twelve samples analyzed; LLD sensi-
tivities ranged from <130 to <140 pCi/L.

Gamma analysis was performed on each of the monthly samples
except for January, 1986 when there was insufficient precipita-
tion. Detectable levels of I-131 and Cs-~137 were found in one
sample during May 1986 at a concentration of 7.4 and 4.8 pCi/L
respectively. The increase in I-131 and Cs=137 levels was
attributed to the Chernobyl-4 reactor accident since similar
levels of iodine and cesium were measured in precipitation
collected at the Research and Testing Laboratory location 3H3,
located 110 miles away from the Salem and Hope Creek Stations.
Otherwise levels of I-131 and Cs-137 were below detectable
levels.

" Levels of other gamma emitters were comparable to levels observed
in previous years. The presence of Be-=7 was detected in each
sample at concentrations ranging from 35 to 71 pCi/L. Radium-226
was detected in three samples at a concentration of 7.0, 5.1 and
4.8 pCi/L. These values are within the variations of the LLD
sensitivities for the other samples which ranged from <4.2 to

|
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.schools and populatlon centers with 3 additional controls beyond

comparable to those obtained during 198S5.

" Terrestrial

<13 pCi/L. -.A sllghtly detectable level of naturally-occurrlng

' K-40 wds detected in one sample at-a level of: 59 pCl/L during. theafﬁ:~

September sampling period. . However, this wvalue was within the ...
variations of the LLD sensitivities measured throughout the year.
Thorium-232 was detected in orie sample :during ‘the August sampling
period at a concentration of 7.5 pCi/L. This vdlue is within the
variations of the LLD sensitivities for the other samples which
ranged from <7.2 to <21 pCi/L.  All other gamma emitters searched
for were below the LLD. o

Direct Radiation (Tables C-8, C-9)

A total of 41 locations were monitored for direct radiation
during 1986, including 6 on-site locations, 29 off-site locations
within the 10 mile zone, and 6 control locations beyond 10 miles.
Monthly and quarterly measurements were made at the 6 on-site
stations and at 15 off-site indicator stations, and 3 control
stations. An additional 14 guarterly measurements were taken at

the 10 mile zone in Delaware.

Four;readings for each TLD at each location were taken in order _
to obtain a more statistically valid result. The average dose

rate for the 15 monthly off-site indicator TLD's was 5.8 milli- .
rads per standard month, and the corresponding averaged control

dose rate was 6.4 millirads per standard month. The average dose

~rate for the 29 quarterly off-site indicator TLD's was 5.1
‘millirads per standard month, and the averaged control rate was

5.6. For these measurements, the rad is con51dered equivalent
to the rem, in accordance with lOCFRZO 4,

In Figure 2, the average radiation levels are plotted for the 13
year period through 1986. Figure 2A shows the monthly averages

of the off-site indicator stations and the control stations for

1982 -through 1986, Ambient radiation levels during 1986 were

‘Milk (Tables Cc-10, Cc-11, C-12)
Milk samples were collected in accordance with the Salem and Hope

. this reporting period, one dalry operator terminated operations

"'and added to. the surveillance program. Samples were collected

Creek Technical Specifications at six local dairy farms. During

(location 2F4) and, as required by the SGS and HCGS Technical
Specification, ‘a replacement location (location 2F7) was found

semi-monthly when cows were on pasture and monthly when cows wer
not on pasture. . :
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Each sample was. analyzed for -I-131-and gamma emitters. In addi-
tion, although not specifically required by the SGS and.ECGS
Technical Specifications, one sample from each location was

" analyzed for Sr-89 and Sr-90 in order to maintain the data base
developed in prior years. All Sr-89 results were below detect—
~able levels. Strontium=90 results were comparable at indicator
and control locations and averaged 2.1 pCi/L.

Following the nuclear accident at the Chernobyl-4 reactor im the
Soviet Union, iodine-131 levels increased significantly. Esti-
mates of the quantity of I-~131 released from the Chernobyl-4
reactor indicate that as much as 20% of the core inventory of
I-131 could have been discharged {25]. Samples collected during
the third week in May and analyzed for I-131 using an iom
exchange resin method, ranged between 11 and 53 pCi/L with the
highest result obtained at the control station location. The
elevated levels persisted during June and the first week of July.
The mean of the indicator locations which had detectable levels
of I-131 was 10 pCi/L while thé mean at the control locations
which had detectable concentrations of I-131 was 19 pCi/L.

Levels of I-131 in milk did not return to normal levels until the
third week of July. All other samples collected during the year
indicated no discernible I-131 activity. PFigure 3 and 3A shows
the average I-131 activity measured during this year compared to
results obtained in previous years. Table C-10 lists the results
and shows that sensitivities ranged from <0.1 to <0.8 pCi/L.

Gamma spectrometry showed detectable concentrations of naturally-
occurring K-40 in all samples. The annual mean concentratiom
measured at indicator locations averaged 1400 pCi/L, and the
annual mean concentration measured at control locations averaged
1400 pCi/L. Sodium-22 was detected in one sample in May at a
concentration of 4.6 pCi/L. The Na-22 LLDs for all stations
ranged from <1.0 to <6.4 pCi/L. Manganese=54 was detected in
only one sample at a level of 2.9 pCi/L. The Mn-54 LLDs for all
stations ranged from <0.7 to <4.9 pCi/L. 3Zinc-65 was detected
in only one sample at a concentration of 11 pCi/L. Cesium-137
was detected in six samples at levels which ranged from 3.3 to
5.1 pCi/L. Since the Cs-=137 LLDs for all stations ranged from
<2.3 to <5.1 pCi/L the positive results are not considered as
being significant. Levels as high as 14 pCi/L were detected
during the preoperational program [2]. Radium-226 was detected
in four samples at concentrations comparable to levels observed
during the preoperational program [2].

Although not as sensitive as the ion exchange method, I-131
results were also obtained in the gamma scan and the values were
comparable to the results obtained using the anion exchange resin
method. Iodine=131 levels obtained from the gamma scan averaged
20 pCi/L at the indicator locations which had detectable levels
and 36 pCi/L at the control locations. All other results
searched for were below LLD.
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‘Concentrations of I-131 in milk. in- the'an guarter:exceeded. the’

values in.Table 3.12-2 of the -SGS and-HCGS'® Technical- Spec1f1ca- w

‘tions. These concentrations are not.attributed to. the. operation. S

" their respective effluent release reports, there was no signifi-

of the Salem and Hope Creek: .Generating Stations.. Based upon

cant release of I-131 during the 2nd quarter [22, 23].

_ Well Water (Tables C-14, C-15, C-16)

Although wells in the vicinity of the Salem and Hope Creek
Generating Station are not anticipated to be affected by plant
operations, water samples were collected monthly from two indi-
cator wells and one control well. Each sample was analyzed for
gross alpha, gross beta, tritium, potassium-40 and gamma

emitters. Quarterly composites were analyzed for radiostrontium.

Gross alpha concentrations from 0.6 to 2.0 pCi/L were detected
in seven of the 'indicator locations, with LLD sensitivities for
the other analyses ranglng from <0.5 to <3.7 pCl/L Gross beta

'.act1v1ty was detected in all of the samples. The mean activity

for the indicator locations was 7.6 pCi/L with a range of 2.0 to

15 pCi/L; mean activity for the control location was 7.4 pCi/L

- with a range of 2.5 to 9.5 pCi/L. Potassium-40 in each monthly

PCi/L. . Radium=-226 was detected in seventeen of the twenty four

sample was determined by atomic absorption spectroscopy. 'Mean
activity for the indicator locations was 8.7 pCi/L with a range

of 2.7 to 16 pCi/L, and mean activity for the control location

was 9.4 pCi/L with a range of 7.4 to 17 pCi/L. All tritium

results were at LLD levels of <130 to <140 pCi/L. Neither Sr-89
nor Sr-90 was detected in any of the samples. The LLD sensitiv-

ities for Sr-89 ranged from <0.4 to <1l pCi/L, and from <0.3 to
<0, 6 pCl/L for Sr-90.

Gamma spectrometry was performed on each sample. Potassium—40,
Ra-226 and Th-232 were the only gamma emitters detected.

Although not as sensitive as atomic absorption, K-40 was detected"

by gamma scan in eight samples at levels ranging from 35 to 47

indicator locations and eleven of the twelve control station
locations at values which ranged from a low 2.9 pCi/L to a ‘high
of 170 pCi/L. The range of the Ra-226 values were higher than
values observed in previous years. We believe that results are
higher due to a procedural change in which the samples are no

"longer boiled down to a 100 ml standard geometry. This change

results in less radon daughters being removed from the sample.
Since Ra-226 is an alpha emitter, its identification by gamma .

‘isotopic analysis is obtained by counting the Pb-214 gamma rays

from the daughter products. We believe that values currently
being observed are indicative of the concentrations which have

. always existed.  Concentrations of Th-232 were detected in two

indicator station samples at 8.4 and 10 pCi/L; LLD values for
the other thirty four samples ranged from <4.6 to <10 pCi/L.

12
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Potable Water (Tables C-17,-C-18, C-19) -

Both raw and treated water samples were collected from the Salem
water treatment-plant. -Each consisted of daily aliquots
composited into a monthly sample. The raw water source for this
plant is Laurel Lake and adjacent wells. Each sample was
analyzed for gross alpha, gross beta, K-40, tritium, and gamma
emitters. Quarterly composites of raw and treated water were
analyzed for Sr-89, Sr-90.

Detectable alpha activity was noted in eleven water samples at
concentrations ranging from 0.5 to 1.5 pCi/L; LLD sensitivities
ranged from <0.5 to <2.4 pCi/L (raw), and from <0.5 to <1.9 pCi/L
(treated). Beta activity was observed in all of the 24 monthly
samples with ranges of 2.0 to 13 pCi/L (raw), and 1.7 to 8.2
(treated), and averages of 3.6 pCi/L (raw) and 3.6 pCi/L
(treated). Potassium=-40 concentrations for raw and treated
samples were similar but lower than the gross beta activity in
all cases. The K-40 average for the raw and treated samples was
1.6 and 2.0 pCi/L respectively. Tritium activity was observed
in one of the twenty-four samples at a concentration of 150
pCi/L.

Strontium-89 was detected in one of the eight quarterly composite
water samples at a concentration of 0.8 pCi/L; LLD sensitivities
ranged from <0.5 to <1.6 pCi/L for Sr-89. Strontium=9%90 was not
detected in any of the water samples and the LLDs ranged from

<0.4 to <1.0 pCi/L for Sr-90. Gamma spectrometry detected Ru-103

in one sample at 2.6 pCi/L; Ra-226 in three samples at concentra-
tions ranging from 2.6 to 8.4 pCi/L; and Th-232 in three samples
at concentrations ranging from 5.7 to 6.8 pCi/L. The LLDs ranged
from <0.5 to <5.6 pCi/L for Ru-103; from <3.7 to <5.8 pCi/L for
Ra-226 and from <4.9 to <9.6 for Th-232.

Food Products (Table C-20) -

Although vegetables in the region are not irrigated with water

in which liquid plant effluents have been discharged, a variety
of food products grown in the area for human consumption were
sampled. These included sweet corn, peppers, asparagus, cabbage,
and tomatoes.

All samples contained naturally occurring K-40 at concentrations
from 910 to. 3400 pCi/kg=-wet, with an average for all samples of
2100 pCi/kg-wet. Berylium-7 was detected in one sample at a
concentration of 24 pCi/kg-wet. Iodine-131 was detected in one
indicator location and one control location at levels of 33 and
62 pCi/kg-wet for samples collected during May. The increased
I-131 levels are not attributable to the operation of the Salem
or Hope Creek Generating Stations. Based on their respective
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effluent release. reports, there were no SLgnlflcant release of

I-131 during the second quarter [22,23]../All of the elevated.
I-131 results are attrlbutable to the Chernobyl -4 reactor
acc1dent.,

A trace of Cs-137 was detected in tomatoes from two control
stations at 1.5 and 2.1 pCi/kg-wet. Since the LLD sensitivities
ranged from <1.6 toc <24 pCi/kg-wet, the detectable levels of
Cs-137 are not considered as being significant. Concentrations
of Ra-226 were detected in three samples ranging from 8.3 to 68
pCi/kg-wet. The two highest concentrations measured occurred at
two different control locations at concentrations which were
comparable to the LLD values. The LLD values ranged from <1.8 to

g <51 pCi/kg=-wet. Thorium=-232 was detected in one tomato sample

o -~ at a concentration of 8.8 pCi/kg-wet. The LLDs ranged from <5.5

i - to <110 pCi/kg-wet for a variety of food products collected
durlng the reportlng period.

Game (Table C-21)

Since muskrats inhabit the marsh lands surrounding the.site, and
since muskrats are consumed by local inhabitants, two muskrat
samples were collected and analyzed for gamma emitters. Gamma
scans of the flesh indicated the presence of naturally-occurring
K-40 in both’ samples at concentratlons of 2200 and 2400 ;
pcl/kg-wet. :

Beef (Table C-21)

. Although not required by the SGS or HCGS Technical Specifica-
tions, beef samples are collected, when available, twice a year.
The second semi-annual beef sample was not obtained. Farmers from

" .whose animals the samples are normally obtalned dld not slaughter

'from July through December 1986.A‘ o _

Analy51s of the flesh for gamma- emltters 1nd1cated the presence :
of naturally-occurring K-40 at concentratlons of 2500 pCi/kg-wet, -
‘and Cs-=137 at 7.3 pcl/kg-wet. .

Fodder Crops (Table C-22)

"Samples of ‘crops normally used as cattle feed were collected at :
nine locations where these products may be a significant element = -
in the food-chain pathway. . 8ix of the locations. are or were mil
sampling stations. ' Samples .collected for wet gamma analysis . .
included barley, feed corn, corn silage and soybeans.

14
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Potassium-=40 was detected in all of the nine samples at concemn-.
trations.ranging from 2300 to 15000 pCi/kg-wet, with an average .-

of 7000 pCi/kg-wet. Berylium-7, from the atmosphere, was found . .

in five of the samples at concentrations ranging from 370 to 1400
pCi/kg-wet. Cesium-137 was detected in one of our contrel leca-
tions at a concentration of 13 pCi/kg-wet. The LLDs for Cs-137
ranged from <17 to <54 pCi/kg=wet. Radium-226 and Th-232 were
detected in two different samples at a concentrations of 35 and
170 pCi/kg-wet. The LLDs for the Ra-226 ranged from <36 ta <1@6
pCi/kg-wet while the LLDs for Th-232 ranged from <59 to <130

. pCi/kg~-wet.

Soil (Table C=23)

Soil is sampled every three years at 16 locations, including two
controls, and analyzed for Sr-90 and gamma emitters. Samples are
collected at each station in areas that have been relatively
undisturbed since the last collection in order to determine any
change in the radionuclide inventory of the area.

The concentrations of Sr-90 for the indicator stations ranged
from 27 to 140 pCi/kg-dry with an average.of 91 pCi/kg-dry. The
two control stations yielded results of 56 and 130 pCi/kg-dey
with an average of 93 pCi/kg. Since the purpose of these samples
is to determine if the operation of the nuclear stations is
resulting in an increase in the inventory of long lived reactor
produced radionuclides in the environment, the values obtained
were compared to data reported in previous years. Averages for
the indicator stations were 220 pCi/kg in 1977, 149 pCi/kg in
1980, and 125 pCi/kg in 1983. Averages for the control stations
were 430 pCi/kg in 1977, 195 pCi/kg, and 93 pCi/kg in 1983. The
gradual decrease is perhaps attributable to the wash-out and
decay of weapons testing fall-out from the 1950°'s to the 1960°s.

Gamma spectrometry of these samples showed detectable concentra-

‘tions of the naturally occurring radionuclides (K-40, Ra-226, and.

Th=-232) and the fission product Nb-=-95 and Cs-=137. The Nb-=95
concentrations found ranged from 34 to 63 pCi/kg with an average
of 48 pCi/kg. These results are comparable to measurements
obtained during the preoperational studies in which levels of
Nb-95 of 90 pCi/kg were observed [2]. The Cs-=137 at the
indicator stations ranged from 78 to 1500 pCi/kg with an average
of 393 pCi/kg. The two control stations were 210 and 690 pCi/kg
with an average of 450 pCi/kg. Averages for the indicator
stations were 710 pCi/kg in 1977, 445 pCi/kg in 1980 and 440
pCi/kg in 1983. Averages for the control stations were 620
pCi/kg in 1977, 650 pCi/kg in 1980 and 615 pCi/kg in 1983.
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- Aquatic

surface Water (Tables C-24,.C-25, C-26, C-27)

Surface water samples were collected monthly at five locations

in the Delaware estuary. One location is at the outfall area,
another is downstream from the outfall area, and another is
directly west of the outfall area at the mouth of the Appoquini-
mink River. Two upstream locations are in the Delaware River and
at the mouth of the Chesapeake and Delaware Canal, the latter
being sampled when the flow is from the Canal into the river.
Station 12Cl, at the mouth of the Appoquinimink River, serves as
the operational- control. All surface water samples were analyzed

"monthly for gross alpha and gross beta emitters, and gamma

emitters. Quarterly composites were analyzed for tritium.

Alpha concentrations were detected in 19 of the 48 indicator
samples and in four of the twelve control samples, with concen-
trations for all samples ranging from 0.7 to 12 pCi/L; LLD
sensitivities which ' ranged from <0.6 to <4.7 pCi/L. Beta con-
centrations for the indicator stations ranged from 2.4 to 130

pCi/L with an average of 51 pCl/L, and for the control station,
from 7.5 to 81 pCi/L with an average of 45 pCi/L.  Nearly all of
the beta activity was contributed by K-40, a natural component .

-0f salt and brackish waters, as illustrated in Figure 4, which

compares averaged gross beta and K-40 concentrations.

‘Tritium concentrations for the indicator stations ranged from 130

to 270 pCi/L. The average of the eight indicator samples with

. detectable levels of tritium was 160 pCi/L. Tritium was detected

in one of the four control samples at 150 pCi/L. Levels for the
years 1973 through 1986 are plotted in Figure 5.

Gamma spectrometriC'énalysis of surfacé water samples showed |
detectable concentrations of K-40 in 34 of the 48 samples. The

- average K-40 concentration at the indicator stations was 88

" pCi/L, with a range of 33 to 160 pCi/L. - Average K-40 concentra- -

tion at the control station, where detectable concentrations

. were found in nine of the twelve samples, was 70 pCi/L with a
- range of 29 to 95 pCi/L. - Radium-226 was detected in seven
-indicator station samples, with the values ranging from 2.6 to

11 pCi/L, and one control station‘sample at 25 pCi/L. Radium-226
concentrations in this year's samples were higher than in

" previous years due to procedural change in which water samples

are no longer boiled down to a 100 ml standard geometry. This
change results in less radon daughters being removed from the
sample. Since Ra-226 is an alpha emitter, its identification by

‘gamma isotopic analysis is obtained by counting the Pb-214
daughter product. Concentrations of Th-232 in five indicator

station samples were detected ranging from 5.3 to 9.3 pCi/L and

one control sample at 9.2 pCi/L. LLD sensitivities for Th-232
ranged from <5.3 to <9.3 pCi/L. o T '
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Fish (Tables C-28, C-=29). .

Edible species of fish were collected semi-annually at three .
locations and analyzed for tritium and gamma emitters (flesh) and -
for Sr-89 and Sr-90 (bones). Samples included channel catfish, -
summer flounder, weakfish and bluefish.

Gamma spectrometry of these samples indicated K-40 in all six
samples at an average concentration of 3000 pCi/kg-wet with a
range of 2700 to 3300 pCi/kg-wet. One of the six samples had
detectable concentrations of Cs-137 with a value of 8.3
pCi/kg-wet. The LLD sensitivity for the other five samples
ranged from <12 to <19 pCi/kg-wet. Radium=-226 was detected in
the second semi-annual sample at two locations, at concentratioms
of 33 and 41 pCi/kg-wet. Levels as high as 130 pCi/kg-wet were
observed during the preoperational period [2]. Thorium-232 was
detected in the first semi-annual sample from the control statian
at a concentration of 29 pCi/kg-wet. LLD sensitivities for
Th-232 ranged from <31 to <61 pCi/kg-wet.

Strontium-89 was detected in one of the six bone samples, with a
concentration of 330 pCi/kg-dry. The LLD sensitivities for the
other six samples ranged from <40 to <75 pCi/kg-dry. Two of the
four semi-annual indicator samples analyzed for Sr-90 had detect-
able concentrations of 34 and 240 pCi/kg-dry, with an average of
137 pCi/kg-dry. The level seen at the control location for the
sample collected during the period from May 12 to May 19, 1986
was 1500 pCi/kg=-dry. A review of station effluent telease
records does not indicate any significant quantity of Sr-8% or
Sr-90 being discharged during the first half of the year [23].

Tritium analyses were performed on the aqueous fraction of the
flesh portions® of these samples. None of the samples analyzed
indicated any detectable concentrations of tritium.

Blue Crab (Table C-30)

Blue crab samples were collected semi-annually at two locations,
and the edible portions were analyzed for gamma emitters, Sr-89
and Sr-920, and tritium in the aqueous fraction.

The shells were also analyzed for Sr-89 and Sr-90.

Potassium-40 was detected in the flesh portion of all four
samples. Potassium-40 levels ranged from 1700 to 2000 pCi/kgmwet
with an average of 1800 pCi/kg-wet. Radium-226 was detected in
two samples from the control location at concentratlons of 19 and
20 pCi/kg=-wet. :

Strontium-89 was not detected in any of the four flesh samples;
LLD sensitivities ranged from <28 to <46 pCi/kg-wet. One shell
sample from the first semi-annual set had detectable levels of
Scr-89 at 300 pCi/kg—dry, and LLD sensitivities ranging from <67
to <89 pCi/kg-dry. Similiar concent:atlons were obsezved during
the preoperational program [2].
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' Strontium-90 was not.detected in any of the edible flesh- portlons
of the blue crab samples. ' The LLD sensitivities for these

samples ranged from <18 to <24 pCi/kg-wet for -Sr-90. All.four 
shell samples had detectable concentrations of. Sr-90 ranging. from.
150 to 490 pCi/kg-dry with an average of 340 pCi/kg=-dry. -

Tritium activity was not detected in the aqueous fraction of any
of the edible flesh portion of the four blue crab samples
collected. The LLD sensitivity achieved, in all cases was <50
pCi/kg-wet. : :

Benthic Organisms and Sediment . (Tables C-31, C-32)

Benthic organisms were separated from the bottom sediment and
analyzed for gamma emitters., All gamma emitters searched for
-were <LLD sensitivities. It should be noted that, due to the
very small sample sizes for all samples, satlsfacto:y gamma

sensitivities could not be achieved. '

Sediment samples of sufficient size were available to enable
sensitivity requirements for both Sr-90 and gamma emitters to be
.. met. Levels of Sr-90 were below LLD (<19 to <38 pCi/kg-dry)
»2- - in all twelve samples analyzed. Results of gamma spectrometry
indicated the presence of naturally-occurring K-40, Ra-226, and ‘
Th-232 in all twelve samples with averages of 10000, 620, and 740
'pCi/kg-dry respectively. Concentrations of the gamma emitters,
Mn-54, Co-58, Co-60, Cs-134 and Cs-137 were also detected.
‘Manganese-54 was detected in three samples at an average concen-
tration of 26 pCi/kg-dry with LLDs ranging from <18 to <38 '
pCi/kg-dry. Concentrations of Co-58 were detected in four
samples ranging from 31 to 80 pCi/kg-dry, with the average being
-57 pCi/kg-dry. Cobalt-58 LLD sensitivities for the remaining
four samples ranged from <23 to <38 pCi/kg-dry. .Concentrations
-0f Co=-60 were detected in eight samples ‘ranging f£rom 37 to 110
pCi/kg-dry, with the average being 72 pCi/kg~-dry. Cobalt-60 LLD
- sensitivities for the remaining four samples ranged from <36 to
<48 pCi/kg-dry. Cesium-134 concentrations were detected in four-
samples at levels ranging from 46 to 82 pCi/kg-dry, with LLDs
ranging from <16 to <34 pCi/kg-dry. Cesium-137 concentrations
in four samples ranged from 49 to 82 pCi/kg-dry; LLD sensitiv-
ities ranged from <16 to <39 pCi/kg-dry. _
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PROGRAM DEVIATIONS

Air particulate/iodine sampler location -2S2 for the week begin~— -..
ning January 13, was operational for only 1.2 days out of a 7 day.
sampling week due to an instrument malfunction. :

Direct radiation measurement results frgm location 6Fl for March
are unavailable; TLDs were missing from the field location.

Ajir particulate/iodine sampler location 5D1 for the week begim-
ning May 12, was operational for only 2.1 days out of a 7 day
sampling week due to an instrument malfunction.

Air particulate/iodine sampler location 16El for the week hegin-
ning May 27, was operational for only 0.6 days out of a 7 day
sampling week due to an instrument malfunction.

Todine-131 results from location 3H3 for the week beginning
June 2, are unavailable due to a faulty sampling assembly.

Milk gamma results from location 3Gl for the September 22-23,
sample are unavailable due to loss of sample during preparatiaon.

: Air particulate/iodine sampler location 2S2 for the week begim-
. ning November 24, was operational for only 0.2 days out of a 7
" day sampling week due to an instrument malfunction. :
Air particulate/iodine sampler location 3H3 for the week begin-
ning December 1, was operational for only 2.0 days out of a 7 &ay
sampling week due to an instrument malfunction.

Air particulate/iodine sampler location 5Dl for the week begin-

ning December 15, was operational for only 0.3 days out of a 7
day sampling week due to an instrument malfunction.

CONCLUSIONS

L The Radiological Environmental Monitoring Program for Artificial
s . Island was conducted during 1986 in accordance with the SGS and
HCGS Technical Specifications. The objectives of the program
were met during this period. The data collected assists in

_ demonstrating that SGS Units One and Two and HCGS were operated
N in compliance with Technical Specifications.

The ability of the program to detect radionuclides released from
- .the accident at the Chernobyl-4 reactor, has demonstrated that
the program being conducted is effective in sensing small.
increases in radiation levels. It is evident that air, milk,
water, f£ood products and soil surrounding the Chernobyl power
reactor complex were seriously contaminated as a result of the

R)




accident.. However, radiation levels measured.in the .United-

States due. to the accident were not affected in terms of public. =

health and safety. Ambient radiation levels as measured:in our
program were relatively low, averaging 5.1 mrad/std. month.
Although ambient radiation levels remained normal, our surveil--
lance programs were sufficiently sensitive to detect radio-
nuclides in the environment which were discharged from the
damaged. Chernobyl-4 reactor. - The concentrations measured and
provided in this report although higher than normal were not
excessive., In fact, with the exception of I-131 in milk, none
of the concentration found exceeded the reporting levels estab-
lished by the USNRC. The reporting levels established in the
Technical Specifications applies only to abnormal environmental
- measurements caused by the licensed power reactor. None of the
- I-131 detected in milk was due to the operation of the Salem or

Hope Creek reactors. The operation of SGS Units One and Two and
HCGS had no. significant effect on the radiological character-
istics of the environs of Artificial Island.
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TABLE 1

1986 ARTIFICIAL ISLAND RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

STATION CODE COLLECTION
MEDIUK INDICATOR CONTROL FREQUENCY T!PE/FREQUENCY* OF ANALYSIS
I. ATMOSPHERIC ENVIRONMENT
a. Adir Particulate 282 5D1 16El 1F1 3H3 Weekly Gross alpha/weekly
551 10Dl 2F2 Gross beta/weekly
Sr-89 & Sr-90/first quarterly”*
Gamma scan/quarterly .
b. Air Xodine 282 5D1 16El1 1F1 3H3 Weekly Iodine-131/weekly
581 10Dl 2F2
C. Precipitation 2F2 Monthly Gross alpha/monthly
Gross beta/monthly
Tritium/monthly
Gamma scan/monthly
II. DIRECT RADIATION
a&. Thermoluminescent 282 5D1 2E1 1Fl 3G1 3H1 Monthly & - Gamma dose/monthly
Dosimeters 5S1 10Dl 3E1 2F2 3M3 Quarterly Gamma dose/quarterly
6S2 14Dl 13El1 2F6
781 16E1 b5F1
1081 6F1
1181 TF2
11F1

13F4




o | o . TABLE 1 (cont'd)

1986 ARTIFICIAL ISLAND RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

- STATION CODE COLLECTION :
MEDIUM ' ‘INDICATOR CONTROL FREQUENCY TYRE/FREQUENCY* OF ANALYSIS

" a. Thermoluminescent 4D2 = 9E1 2F5 ' 163 = .~Qharterly Gamma dose/quarterly
Dosimeters (cont'd) == . 11E2 3F2 10G1 : T
- AR 12E1 3F3 1661
10F2 7
12F1
13F2
13F3
14F2
15F3
16F2

22

I111. TERRESTRIAL ENVIRONMENT

1
§ . a. Milk , 13E3 2F4 - 3Gl . Monthly Iodine~131/monthly
-1 ' Lo 2F7*** : o (animals not Gamma scan/monthly
. 5F2 on pasture)
i , 11F3 : Semi-monthly Iodine-131/semi-monthly
. o ‘ ' : " 14F1 (animals on Gamma scan/semi-monthly
T : . ' ' ~ on pasture) Sr-89 & Sr-90/July, first -
| - o collection™* -
1i L
’ b. Well Water - 283 5D1 . 3EL - Monthly Gross alpha/monthly

Gross beta/monthly
‘Potassium—40/month1y
Tritium/monthly

| , o ~ Gamma scan/monthly -
: i . ' : Sr-89 & Sr-—-90/quarterly
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TABLE 1 {cont'd)

1986 ARTIFICIAL ISLAND RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

STATION CODRE COLLECTION
MEDIUM INDICATOR ~ CONTROL FREQUENCY TYPE/FREQUENCY* OF ANALYSIS
c. Potable Water 2F3 Monthly Gross alpha/monthly
{Raw & Treated) {composited Gross beta/monthly
daily) Potassium—-40/monthly
Tritium/monthly
Gamma scan/monthly
Sr—-89 & Sr-90/quarterly
d. Vegetables 2E1 1F3 1GL 3H5 Annually Gamma scan/on collection
3E1 4F1 2G1 {at harvest)
5F1
14F3
e. Game 4C1 11p1 Semi- Gamma scan/on collection
{Muskrat) annually
f. Beef 3E1 Semi- Gamma scan/on collection
annually
g. Fodder Crops 3E1 2F7 3Gl Annually Gamma scan/on collection
13E3 5F2
11F3

14F1
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TABLE 1 (cont'd)

19686 ARTIFICIAL ISLAND RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

STATIQN COQDE

COLLECTION

. MEDIUM INDICATOR CONTROL - FREQUENCY TYPE/FREQUENCY" OF ANALYSIS
h. Soil . 6S1 501- 2E1 1F1 3G1 3H3 Collected Sr—QO/on collection
- ioDl 16E1 2F1 Co from each Gamma scan/on collection
‘ 2F2 location o

2F4 once every

2F17 ‘three years.

5F1 Tl '

5F2

11F3
14F1
IV. AQUATIC ENVIRONMENT
a.,'Surface.water 11A1 7E1 1F2 ~l2c A Monthly ‘Gross alpha/monthly
: 16F1 . : Gross beta/monthly
Gamma scan/monthly
fritium/quarterly
b. Edible Fish 11A1'7El,_ 12C1 Semi- Pfritium (flesh)
~ annually. Aqueous fraction/on collection
. Sr-89 & Sr-90 (bones)/on collection
1 Gamma scan (flesh)/on collection
c. Blue Crabs 11A1 12C1 Semi- Tritium (flesh)/on collection
| S o annually Sr-89 & Sr-90 (shell)/on collection

Sr-89 & Sr-90 (flesh)/on collection
Gamma scan (flesh)/on collection .
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TABLE 1 {(cont°d)

1986 ARTIFICIAL ISLAND RADIOLOGICAL ENMVIRONMENTAL MONITORING PROGRAM

STATION CODE COLLECTION '
MEDRIUM . INDICATOR CONTROL FREQUENCY TYPE/FREQUENCY* OF AMNALYSIS
d. Benthic Organisms 11Al1 7El 16F1 12C1 -Semi— Gamma scan/on collection
annually
e. Sediment 11a1 7E1 16F1 12C1 Semi- Sr-90/on collection
15a1 annually Gamma scan/on collection
16A1

's Except for TLDs, the quarterly analysis is performed on a
composite of individual samples collected during the quarter.
#* Management audit amnalyses, not required by Technical Specifications

or by specific commitments to local officials.

ssz Station 2F7 replaced station 2F4 (terminated milk production)

on September 1, 1986.
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FIGURE

CQMPAHISiON OF AVERAGE CONCENTRATIONS OF
EMITTERS IN PRECIPITATION AND IN AIR PARTICULATES
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FIGURE 3A

'AVEHAGE CONCENTRATIONS OF IODINE—-1341 IN MILK
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ARTIFICIAL ISLAND RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

SALEM GENERATING STATION DOCKET NOS. b0-272/-311

HOPE CREEK GENERATING STATIOM ~ DOCKET HO. 60-364
SALEM COUNTY, NEW JERSEY JANUARY 1, 1986 to DECEMBER 31, 1986
ANALYSIS AND  LOWER NUMBER OF
MEDIUM OR PATHWAY  TOTAL NUMBER LIMIT OF ALL INDICATOR JOCATIONS . LOCATYON WITH HIGHEST MEAM  CONTRO! LOCATION  NONROUTINE
SAMPLED OF ANALYSES  DETECTION MEAN®* NAME MEAN MEAN REPORTED
(UNIT OF MEASUREMENT) PERFORMED  (LLD)* (RANGE) DISTANCE AND DIRECTION  (RANGE) (RANGE ) MEASUREMENTS
Alr Particulates Aipha 416 0.8 2.8 (311/364) 252 0.4 mi NNE 3.1 (46/62) 2.8 (48/62) 0
(103 pci/m’) (0.8-22) (0.9-22) (1.0-20) .
Beta 416 - 41 (369/364) 252 0.4 mi NNE 46 (60/62) 42 (51/62) 0
(6.7-370) (9.4-360) (11-330)
Sr-89 8 0.3 <LLD - <LLD _ <LLD 0.
i $r-90 8 0.2 <AL - <tLD <LLD 0
[y
Gamma
Be-7 32 - 77 (28/28) EDI 3.5 miE 91 (4/4) 76 (4/4) 0
: (60-110) (80-110) (64-90)
Ru-103 32 0.1 8.6 (7/28) 801 3.6miE 9.2 (1/4) 7.6 (1/4) 0
. (1.6-9.2) (9.2) (7.6)
Ru-106 32 1.6 6.5 (3/28) 1F1 6.8 mi M 8.3 (1/4) 4.0 (1/4) 0
(4.0-8.3) (8.3) (4.0)
£s-134 32 0.3 9.3 (7/28) 1F1 6.8 mi N 10 (1/4) 9.2 (1/4) 0
' (8.4-10) : (10) (9.2)
2F2 8.7 mi NNE 10 (1/4)
(10})
Cs-137 32 0.3 17 (7/28) 252 0.4 mi NNE 18 (1/4) 17 (1/8) 0
| (16-18) . (18) (17)
CBbl 3.6 mbE 18 (1/4)
i (18)
Ra-226 32 0.3 1.2 {1/28) 7 1Fl 6.8 mi N 12 (U4 <Lip 0
' (1.2) (1.2)
Th-232 28 1.1 1.7 (1/24) IFL 6.8 mi N 1.7 (1/4) <LLD 0

(L.7) (1.7)




ARTIFICIAL ISLAND RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

DOCKET NOS. 60-272/-311
DOCKET NO. 60-354

. SALEM GENERATING STATION
_ HOPE CREEK GENERATING STATION

SALEM COUNTY, NE“ JERSEY JANUARY 1, 1986 to DECEMBER 31, 1986

ANALYSIS AND ~ LOWER

(7.9)

e ( » o D o : . NUMBER OF
- MEDIUM OR PATHWAY  TOTAL NUMBER LIMIT OF  ALL INDICATOR LOCATIONS . LQCATION WITH HIGHEST MEAN _ CONTROL LOCATION . NONROUTINE
| . , ~ SAMPLED © ° OF ANALYSES DETECTION MEAN®: - CONAME MEAN MEAN REPORTED
i . (UNIT OF MEASUREMENT)  PERFORMED ~ ~ (LLD)* (RANGE) DISTANCE AND DIRECTION  (RANGE) (RANGE) = - - MEASUREMENTS

.Alr lodine - -~ I-131 416 7.7 160 (27/364) 16E1 4.1 mi NNW 190 (3/62) 170 (4/61) Q.
A (103 pci/md) : " (25-320) . - (70-300) (64-320) BRI

_ .7 .Precipitation . Apha 12 0.3 1.0 (4/12) 2F2 8.7 mi NNE = 1.0 (4/12) No Control -

g . (pCi/L) S : - (0.6-1.3) - _ (0.6-1.3) Location

T W Beta 112 1.6 6.5 (11/12) 2F2 8.7 mi NNE 6.5 (11/12) No Control
) T L (1.9-15) ' - (1.9-15) - location

o - --H-3. 12 130 <LLD’ - <LLD .No Control
ﬂ% - R o ' : " .location

R Gamma o , : T "
I Be-7 i :. 47 (11/11) - ;__zF_g..l._\§::A7_f“,!|.1;ifuvug. .41 (1) ' No Control
3 SR (38-71) . T (36-T1) Location

] K-40 11 26 89 (/M) i . 2F2 B.T i HNE---- 69.(1/11) -  No Contro)

B o _ (69) . TR (89) Location -

b 8 I-131. 11 1.5 . C 7.4 (1m1) 2F2 8.7-mi NNE - 7.4 (1/11)--- - NoControl

i o B C(1.4) ' - “T14)-. Locat ion. .

| €s-137 11 0.8 4.8 (1/711) 2F2 8.7.mi NNE 4.8 (1/11) No Control

] - , © . (4.8) ‘ ~(4.8) Location

4 Ra-226 11 - 4.2 6.6 (3/11) 2F2 8.7 mi NNE 6.6 (3/11) No Control

o ' B (4.8-7.0) -~ (4.8-7.0) Location

g Th-232 11 1.2 7.6 (1/11) 2F2 8.7 mi NNE. 7.5 (1/11) No Control

:? ‘ T (7.5) Location
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ARIiFICIAL ISLAND RADIOLOGICAL EMVIRONMENTAL MONITORING PROGRAM SUMMARY

SALEM GENERATING STATION
HOPE CREEK GENERATING STATION

SALEM COUNTY, NEW JERSEY

DOCKET NOS. 80-272/-311

DOCKET NO.

£0-364

JANUARY 1, 1986 to DECEMBER 3%, 1986

ANALYSES AND  LOWER
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF ALL INDICATOR !OCATIONS .. _LOCATION WITH HIGHESY MEAN = COMTROL SOCATION
SAMPLED OF ANALYSES DETECTION MEAN®* NAME MEAN MEAN
(UNIT OF MEASUREMENT)  PERFORMED (LLD)* (RANGE ) DISTANCE AND DIRECTION  (RAMGE) (RANGE ) MEASUREMENTS
Direct Radiation Gamma 287 - 5.9 (261/261) 751 0.1 mi SE 6.9 (12/12) 6.4 (36/36)
{mrad/std. month} Dose (monthly) (3.8 - 7.7) (6.9-7.7) (6.1-7.6)
Gamma 164 6.0 (140/140) 7s1 0.1 mi SE 6.0 (4/4) 5.6 (24/24)
Dose {qtriy.) (3.4-6.7) (6.6-6.5) {(4.9-6.4)
M1k I-133 122 0.1 10 (16/103) 361 17 mi NE 19 (3/19) 19 (3/19)
{pCi/L) (0.2-47) (0.3-53) (0.3-63)
Sr-88 - 7 0.8 <LLD - <LLD <LLD
Sr-90 7 - " 2.0 (6/6) 6F2 7.0 mi E 3.0 (1/1) 2.7 (i/1)
‘ (1.2-3.0) (3.0) (2.7)
Gamma
Na-22 121 1.0 4.6 (1/102) 6F2 7.0 mi E 4.6 (1/20) I
(4.6) (4.6)
K-40 121 - 1400 (102/102) 2F4 6.3 mi NNE  1400(13/13) 1300 (19/19)
(1200-1500) o (1300-1600)  (11006-1400)
Mn-64 121 0.7 2.9 (1/102) 1363 4.9 mi W 2.9 (1/20) <LLD
(2.9) (2.9)
In-66 121 1.8 11 (1/102) 11F3 5.3 mi SW 11 {1/20) «aLd
(11) (31)
1-3131 121 0.6 20 (8/102) 361 17 mi HE 36 (2/19) 36 (2/19)
(3.8-49) {7.4-65) (7.4-65)
€s-137 321 '2.3 4.1 (6/302) hE2 7.0 mi E 4.0 (2/20) Lip
(3.3-6.1) (3.9-6.1)
Ra-226 121 5.1 5.6 {3/102) 14F1 5.5 mi WNW 5.8 (2/20) 5.5 (1/19)
’ (4.4-7.3) §4.4-7.3) (5.5)




ARTIFICIAL ISLAND RADIbLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

'SALEM GENERATING STATION
HOPE CREEK GENERATING STATION

SALEM COUNTY, NEW JERSEY

DOCKET NOS. b60-272/-311
DOCKET NO. &0-354

JANUARY~1. 1986 to DECEMBER 31, 1986

MEDIUM OR PATHWAY

ANALYSIS AND
TOTAL NUMBER LINIT OF

‘LOWER

SAMPLED OF ANALYSES DETECTION MEAN®* NAME MEAN MEAN
(UNIT OF MEASUREMENT)  PERFORMED (LLD)* (RANGE) - DISTANCE AND DIRECTION  (RANGE) (RANGE ) MEASUREMENTS
Well Water Alpha 36 0.5 1.2 (1/24) 253 700 ft NNE 1.2 (4/12) <LLp
Co(pCi) o (0.6-2.0) ‘ (0.7-1.7)
Beta 36 1.0%%= 7.6 (24/24) 801 3.6 mi E 10 (12/12) 7.4 (12/12)
' (2.0-16) ' (2.0-16) (2.5-9.5)
K-40 /. - 8.7 (24/24) 601 3.6miE 13 (12/12) 9.4 (12/12)
: (2.7-16) ‘ (8.8-16) (7.4-17)
h-3 ©36° 130 <«LLb - <LLD <LLD
sr-89 12 0.4 <LLD - <LLD. <LLD
Sr-90 12 0.3 <LLD - <LLD <LLD
Gamma o o _ ,
K-40 36 21 42 (4/724) ED1 3.5 mi E 42 (4/12) <LLD
T (36-47) - : ; (35-47)
- - Ra-226 . 36 3.3 29 (17/24) 3E1 4.1 mi NE 59 (11/12) 69 (11/12)
S (3.3-96) (2.9-170) (2.9-170)
" Th-232 36 4.6 " 9.2 (2/24) 601 3.6 miE 9.2 (2/12) <LLD
C Y- (8.4-10) . (8.4-10)
Potable Water Alpha 24 0.6 0.8 (11/24) . 2F3-.8.0.mi NNE 0.8 (11/24) No Control
Raw-Treated ' (0.6-1.6) " T T emtiecenoo o T 7(0.651.8) - -location. -
_ (pCilL) Beta 24 1.0%*+ 3.6 (24/24) 2F3 8.0 mi NNE  3.6_(24/24) No Control
‘ ' (1.7-13) T (1.7-13) 7 Tlocation -
: K-40 24 - 1.8 (24/24) 2F3 8.0 mi NNE 1.8 (24/24) - No Control’
' ‘ E _ (1.3-4.9) ‘ - (1.3-4.9) Locat ion
H-3 24 . 130 150 (1/24) g 2F3 8.0 mi NNE 150 (1/24) No Control
' ' (150) . (150) Lacation
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ARTIFICIAL ISLAND RADIOLOGICAL ENVIROMMENTAL MéNITORING PROGRAM SUMMARY

SALEM GENERATING STATIONM
HOPE CREEK GENERATING STATIOM

SALEM COUNTY, NEW JERSEY

DOCKET NOS. b0-272/-311

DOCKET NO.

60-364

JANUARY 1, 1986 to DECEMBER 31, 1986

ANALYSES AND LOWER NUMBER OF
MEDIUM OR PATHWAY TOTAL MUMBER LIMIV OF ALL INOICATOR LOCATIONS .____LOCATION WITH HIGHEST MEAN  CONTROL |QCAYION  NONROUTINE
SAMPLED OF ANALYSES . DETECTION MEAN®= NAME MEAN MEAN REPORTED
{UNIT OF MEASUREMENT) PERFORMED {LiD)* (RANGE) DISTANCE AND DIRECTION ( RANGE ) { RANGE ) MEASUREMENTS
Potable Water cont'd Sr-89 8 0.5 0.8 (1/8) 2F3 8.0 mj NNE 0.8 (1/8) No Control 0
Raw-Treated (0.8) {0.8) Locat jon ’
{pCi/L) Sr-90 8 0.4 <LLD - <LLD Ho Contro} 0.
Location
Gamma )
K-40 24 22 26 (2/24) 2F3 8.0 mi NNE 26 {2/24) No Control 0
(25-26} {26-26) Location
Ru-103 24 6.8 2.6 (1/24) 2F3 8.0 mi NNE 2.6 {1/24) No Control 0
(2.6) . (2.68) Location
Ra-226 24 3.7 6.9 (3/24) 77T 2F3 8.0 mi NNE 6.9 {3/24) No Control 0
(2.6-8.4) ) (2.6-8.4) Location
Th-232 24 - 4.9 6.1 (3/24) 2F3 8.0 mi NNE 6.1 {3/24) No Control 0
(6.7-6.8) (6.7-6.8) Location
Fruit & Vegetables Gamma
{pCilkg-wetl} Be-7 20 1n 24 (1/12) 4F1 6.1 mi ENE 24 (112) <LLD 0
(24) (24)
K-40 20 - 2100 (12/12) 261 12 mi NNE 3400 (1/1) 2100 (8/8) 0
(910-2600) {3400} {1500-3400)
I-131 20 2.3 33 (1/12) 261 12 mi NNE 62 (1/1) 62 (1/8) 0
(33) (62) (62)
Cs-137 20 1.6 <LLD IH6 26 mi NE 2.1 (1/4) 1.8 (2/8) 0
{(2.1) (1.5-2.1)
Ra-226 20 1.8 8.3 (1/12) 161 10.3 mi M 68 (1/3) 63 (2/8) 0
(8.3) (68} (58-68)
Th-222 26 5.6 £.8 (1/12) 16F2 5.4 mi WNW 8.8 £17%) <LiD ¢

(8.8

A Sy
Y
{8y
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ARTIFICIAL ISLAND RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

SALEM GENERATING .STATION : . DOCKET NOS. 60-272/-311
HOPE CREEK GENERATING STATION DOCKET NO, 50-3b4
SALEM COUNTY, NEW JERSEY JANUARY 1, 1986 to DECEMBER 31, 1986
‘ _ ANALYSIS AND LOWER . NUMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER LIMIT OF ALL INDICATOR LOCATIONS __ LOCATION WITH HIGHEST MEAN  CONTROL LOCATION  NONROUTINE
SAMPLED OF ANALYSES  DETECTION MEAN** . » NAME ' MEAN MEAN REPORTED
(UNIT OF MEASUREMENT)  PERFORMED " (LLD)* (RANGE) DISTANCE AND DIRECTION  (RANGE) ( RANGE ) MEA§UREHENTS
Game Gamma : : ‘ co )
(pC1/kg-wet) K-40 2 - 2400 (1/1) 4C1 2.8 mi ENE 2400 (1/1) 2200 (1/1) SRR | IR
' (2400) (2400) (2200)
Beef Gamma 5 '
(pCi/kg-wet) k-0 1 - 2600 (1/1) © 3E1 4.1 mi NE 2500 (1/1) No Control =~ - 0
‘ : _ (2500) (2600) Location
Cs-137 1 - 7.3 (1/1) 3El 4.1 mi NE 7.3 (1/1) No Control .0
(7.3) . (71.3) Location -
Fodder Crops Gamma : ) .
(pCi/kg-wet) Be-7 9 140 880 (4/7) 14F1 6.5 mi WNW 1400 (1/1) 1100 (1/2) 0
(370-1400) o (1400) (1100) :
K-40 9 - 6600 (7/7) 361 4.1 mi NE - 16000 (1/1) 8600 (2/2) .0
: : (2300-15000) (16000) (3000-14000)
Cs-137 - 2 : 17 : <LLD : 361 17 mi NE 13 (1/2) 13 (1/2) 0
LTt D e (13) (13) ,
o . Ra-226 9 36 36 (1/7) " . 2FT 5.7 mi NNE 36 (1/1) <LLD 0
] (36) ' (35) ;
Th-232 9 T AR ¥ [ 3 & Yy A 14F1 5.5 mi WNW - 170 (1/1) - <LiD - 0

R § ¢} (170)
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ARTIFICIAL ISLAND RADIOLOGICAL ENVIRONMEMTAL MONITORING PROGRAM SUMMARY

SALEM GENERATING STATION - ' _ DOCKET NOS. 50-272/-311
HOPE CREEK GENERATING STATION DOCKET NO. 60-364
j ~ SALEM COUNTY, NEW JERSEY JANUARY 1, 1986 to DECEMBER 31, 1986

AMALYSIS AND  LOMWER : : _ NUMBER OF
MEDIUM OR PATHWAY YOTAL NUMBER LINIT OF ALL INODICAYOR {OCAYXONS . _LOCATION WITH MIGHEST MEAM  CONTROL LOCATION  NOHROUTEME
SAMPLED OF AMALYSES DETECTION © MEAN® ) NAME MEAN MEAN . REPORTED
{UMIT OF MEASUREMEMT)  PERFORMED {LLD)* (RANGE ) DISTANCE AND DIRECTION  {RANGE) (RANGE ) MEASUREMERTS
P / Soi1 Sr-90 16 22 91 (13/14) 2F1 5.0 mi NNE 140 (1/41) 93 (2/2) S
¥ {pCi/kg-dry) _ (27-140) ~ (140) {66-130). a
o Gamma . . o
K-40 16 - 7800 {14/14) .. 1IF3 6.3 mi SW 13000 (1/1) 8600 (2/2) SRR |
: (3200-13000) o~ (13000) (7900-9200) :
» Nb-96 16 4.5 ' 48 (2/14) 2F7 6.7 mi NNE 63 (1/1) <LLD R
=3 : (34-63) {63) .
Cs-137 16 - 390 (14/14) 1F1 6.8 mi N 1600 (1/1) 460 (2/2) 0
: (78-1600) . (1600) (210-690) o
Ra-226 16 - 680 (14/14) CR6E1 4.1 mi NNW 1000 (1/1) 810 (2/2) 0
{260-1000) {1000} (770-860)
11F3 5.3 mi SW 1000 (1/1)
_ (1000} Co
Th-232 16 - 710 (14/14) 16E1 4.1 mi NNW 1200 (1/1) 800 (2/2) 0
‘ : (270-1200) (1200) (780-810)
! Surface Water Alpha 60 0.6 3.1 (19/48) IF2 7.1 mi N 6.5 (3/12) 3.6 (4/12) 0
i {pCilL) (0.7-12) . . (2.6-12) (1.8-8.3) '
! Beta 60 3.8%ax - 61 (48/48) JE1 4.6 mi SE 76 (12/12) 46 (12/12) 0
; (2.4-130) {16-130) (7.6-81)
: ' -3 20 130 160 {8/16) 11A1 0.2 mi SW 210 (2/4) 160 (1/4) 0

: ‘ (130-270) ° (i60-270) (150)
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ARTIFICIAL ISLAND RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

SALEM GENERATING STATION
HOPE CREEK GENERATING STATION

SALEM COUNTY, NEW JERSEY

DOCKET NOS. b0-272/-311

DOCKET NO.

50-354

JAHUARY'1, 1986 to DECEMBER 31, 1986

MEDIUM OR PATHWAY

ANALYSIS AND
TOTAL NUMBER

LOWER

NUMBER OF

LINIT OF ALL INDICATOR LOCATIONS ... LOCATION WITH HIGHEST MFAN  CONTROl {QOCATION  NONROUTINE

SAMPLED OF ANALYSES DETECTION MEAN®* NAME MEAN MEAN REPORTED
" (UNIT OF MEASUREMENT)  PERFORMED (LLD)* (RANGE) DISTANCE AND DIRECTION  (RANGE) (RANGE) MEASUREMENTS
Surface Water cont'd. Gamma
' : » K-40 60 - 24 88 (34/48) 7E1 4.6 mi SE 100 (12/12) 70 (9/12) 0
' (33-160) (66-160) (29-95) .
Ra-226 60 3.3 6.6 (7/48) 12C1  2.5mi WSW 26 (1/12) 26 (1/12) 0
' (2.6-11) - (28) (28)
Th-232 60 4.9 7.4 (6/48) 12€1 2.6 mi WSW 9.2 (1/12) 9.2 (1/12) 0
(6.3-9.3) ‘ (9.2) (9.2) '
Edible Fish . Sr-89 6 40 <LLD 12C1 2.5 mi WSW 330 (1/2) 330 (1/2) 0
(pCi/kg-dry) (bones) : o (330) (330) T
: ' - $r-90 6 24 140 (2/4) 12¢1 2.5 mi WSW 1600 (1/2) 1500 (1/2) 0
: (bones) : (34-240) ' (1500) (1600) ,
(pCi/kg-wet) H-3 6 &0 <LLD - <LLD <LLD 0.
' (aqueous)
Gamma
K-40 6 - 3000 (4/4) 11A1  0.2'mi SW 3000 (2/2) 3000 (2/2) 0
‘ (2700-3300) : ' (2700-3300) (2700-3300)
121 2.5 mi WSW 3000 (2/2)
. (2700-3300)
Cs-137 & 12 8.3 (1/4) 11A1 0.2 mi SW 8.3 (1/2) <LLD 0
' (8.3) : (8.3) '
Ra-226 6 20 37 (2/4) 11A1 0.2 mi SW 41 (1/2) <LLD 0
s (33-41) ' . .(a1)
“ o Th-232.. .. 6 31 <LLD 12€1 2.5 mi WSW 29 (1/2) 29 (1/2) 0
- . o {29} (29)
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ARTIFICIAL ISLAND RADIOLOGICAL ENVIROMMENTAL MONITORING PROGRAM SUMMARY

SALEM GENERATING STATION
HOPE CREEK GEMERATING STATION

SALEM COUNTY, NEW JERSEY

DOCKEY NOS. 60-272/-311

DOCKET NO.

60-354

JANUARY 1, 1986 .to DECEMBER 31, 1986

ANALYSES AMD LOWER : NUMBER OF
MEDIUM OR PATHWAY ~ TOTAL RUMBER (IMIT OF ALL INDICATOR LOCATIONS ___ LOCATTON WITH HIGHEST MEAM _ CONTROL LOCATION  NONROUTINE
SAMPLED OF ANALYSES  DETECTION MEAN®= . NAME MEAN MEAN "REPORTED
{UNIT OF MEASUREMEMT)  PERFORMED (LLD)* (RANGE) ;;@HSIANCE AND DIRECTION {RANGE ) (RANGE ) 'MEASUREMENTS
Blue Crabs Sr-89 4 67 300 (1/2) 11A1 0.2 mi SW 300 (&/2) <LLD vﬂo.
{pCi/kg-dry) (shells) (300) (300) s
Sr-90 4 - 260 (2/2) 12C1 2.6 mi WSW 400 (2/2) 400 (2/2) 6
~ (shells) o (160-380) (320-490) {320-490)
{pCilkg-wet) h-3 4 60 <LLD - <LLD <LLD (]
(aqueous) »
Sr-89 4 28 <LLD - <LLD <LLD -0
{flesh) ,
Sr-90 4 18 <LLD - <LLD <LLD 0
{flash)
Gamma
K-40 . 4 - 1800 (2/2) 11A1 0.2 mi SW 1800 (2/2) 1800 (2/2) 0
: {1700-2000) {1700-2000) (1700-2000)
12C1 2.6 mi WsW 1800 (2/2)
(1700-2000)
Ra-226 4 28 <LLD 12C1 2.5 mi WSW 20 (2/2) 20 (2/2) 0
(19-20) (19-20)
Benthic Organisms Gamma 8 - <LLD - <LLD <LLD [V

(pCi/kg-dry)
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ARTIFICIAL ISLAND RADiOLQGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

SALEM GENERATING STATION
HOPE CREEK GENERATING STATION

SALEM COUNTY, NEW JERSEY

DOCKET NOS, b60-272/-311
DOCKET NoO.

60-364

JANUARY 1, 1986 to DECEMBER 31, 1986

ANALYSIS AND

K LOWER : :
MEDIUM OR PATHWAY = TOTAL NUMBER LIMIT OF ALL INDICATOR LOCATIOMS ' LOCATION WITH HIGHEST MEAN _  COMTROL |OCATION
SAMPLED OF ANALYSES  DETECTION MEAN** NAME MEAN' MEAN
(UNIT OF MEASUREMENT)  PERFORMED (LLD)* (RANGE) DISTANCE AND DIRECTION  (RANGE) (RANGE) MEASUREMENTS
Sediment . Sr-90 12 19 <LLD - <LLD <LLD
(pCi/kg-dry) Gamma : '
K-40 12 - 9600 (10/10) 16F1 6.9 mi NNW 16000 (2/2)  15000. (2/2)
(3600-16000) (15000-16000) (14000-16000)
Mn-84 12 18 26 (3/10) 11A1 0.2 mi SW = 27 (2/2) <LLD
(24-29) » (26-29)
Co-68 12 23 67 (4/10) 16A1 0.3 mi NW 80 (1/2) . . <LLD
: (31-80) , (80)
Co-60 12 36 72 (8/10) 11A1 0.2 mi SW 100 (2/2) <LLd
_ (37-110) . (92-110)
Cs-134 12 16 61 (3/10) 16A1 0.7 mi NNW 82 (1/2) 60 (1/2)
. (46-82) - (82) (60)
Cs-137 12 16 61 (3/10) 11A1 0.2 mi SW 82 (1/2) 20 (1/2)
_ N (49-82) (82) (20)
Ra-226 12 - 610 (10/10) 16A1 0.7 mi NNW 780 (2/2) 700 (2/2)
‘ : _ (330-810) (760-810) (670-840)
Th-232 12~ - 720 (10/10) 16F1 6.9 mi NNW 970 (2/2) 880 (2/2)
‘ (940-1000) (870-880)

(300-1000)

* LLD listed is tﬁe lowest calculated LLD during the reporting period,

** Mean calculated using values above LLD only. Fraction of measurements above LLD are
*x%x Typical LLD value.

in parentheses.
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APPENDIX B
SAMPLE DESIGNATION " "
The PSE&G Research.Corporation identifies samples by a three part cade. The

first two letters areée the power station identification code, in this case
"SA". The next three letters are for the media sampled.

AIO = Air Iodine IDM = Immersion Dose (TLD)
APT = Air Particulates MLK = Milk

ECH = Hard Shell Blue Crab PWR = Potable Water (Raw)
ESB = Benthic Organisms PWT = Potable Water (Treated)
ESF = Edible Fish- RWA = Rain Water

ESS = Sediment SOL = Soil

FPB = Beef SWA = Surface Water

FPLL = Green Leafy Vegetables VGT = Fodder Crops (Various)
FPVY = Vegetables (Various) WWA = Well Water

GAM = Game

The last four symbols are a location code based on direction and distance
from the site. Of these, the first two represent each of the sixteen angular
sectors of 22.5 degrees centered about the reactor site. Sector one is '
divided evenly by the north axis and other sectors are numbered in a clock-

- wﬁﬁe;directicns i.e., 2=NNE, 3=NE, 4=ENE, etc. The next digit. is a letter

which represents the radial distance from the plants -

4-5 miles off-site
5-10 miles off—-site
10-20 miles off-site
<20 miles off=-site

On-gite location

0-1 miles off-site
1-2 miles off-site
2-3 miles off-site
3-4 miles off-site

ogowmd»wm
nhwnnew
O L )
huwua

The last number is the station numerical designation within each sector and

- Zone; e.9., 1,2,3,... For example, the designation SA-WWA=-5D1 would indicate

a sample in the SGS program (SA), consisting of well water (WWA), which had
been collected in sector number 5, centered at 90°' (due east) with respect to
the reactor site at a radial distance of 3 to 4 miles off-site, (therefore,
radial distance D). The number 1 indicates that this is sampling station #1
in that particular sector.




SAMPLING LOCATIONS

_All 1986;sampling-locationé and specific.information about the individual
locations are given in Table B-1. Maps
sampling. stations with respect to the site..

B-1 and B-2 show the locations .of

54

TABLE B-1
STATION
CODE STATION LOCATION SAMPLE TYPES
282 0.4 mi. NNE of vent. AIO,APT,IDM
2s3 700 ft. NNE of vent;lfresn water holding tank WWA
581 i.o mi. E of vent; site access road AIO,APT,IDM
651 0.2 mi. ESE of vent; observation building area SoL
632 0.2 mi. ESE of wvent; observation building : IDM
781 otiz mi. SE of vent; station personnél gate IDM
1081 0.14 mi. SSW of vént; site shoreline . IDM
11s1 0.09 mi. SW of vent‘;_ site shoreline - , IDM .
‘1Al 0.2 mi. SW of vent; outfall area o ECH,ESB,ESF,
: ESS,SWA
15A1 0.3 mi. NW of vent; cooling tower bio&down - ESS
discharge line outfall
. 16A1 0.7 mi. NNW of vent; south storm drain l ESS
discharge line
41 2.8 mi. ENE of vent GAM
12C1 2;5 mi. WSW of vent;'wést bank of Delaware River  ECH,ESB,ESF,
. _ . . . : ESS,SWA .
4p2 3.7 mi. ENE of vent; Alloway Creek Neck Road IDM
5D1 3.5 mi. E of vent; local farm . AIO,APT,IDH,
) : SOL ,WWA :
10D1 3.9 mi. SSW of vent; Taylor's Bridge Spur ‘ AIO,APT,IDN,SOL
- 11D 3.5.mi. SW of vent | GAM
' 1am1 3.4 mi. WNW of vent; Bay View, Delaware l ’ IDM



TABLE B-l (cont‘d)

STATION A

CODE STATION LOCATION .SAMPLE.TYPES
2El1 4.4 mi. NNE of vent; local farm FPV,IDM,SOL

3E1 4.1 mi. NE of vent; local farm FPB,FPV,IDM,

VGT ,WWA

7E1l 4.5 mi. SE of vent; 1 mi. W of Mad Horse Creek ESB,ESF,ESS,SWA
SEl 4.2 mi. S of vent ‘ IDH
11E2 5.0 mi. SW of vent IDM
12E1 4,4 mi. WSW of vent; Thomas Landing IDM

13E1 4.2 mi. W of vegt; Diehl House Lab IDHY

13E3 4.9 mi. W of vent; local farm MLK,VGT
16E1 4.1 mi. NNW of vent; Port Penn AIOQ,APT,IDM,SQL
1F1 5.8 mi. N of vent; Fort Elfsborg AIé,APT,IDM,SOL
1F2 7.1 mi. N of vent; midpoint of Delaware River SWa

1F3 5.9 mi. N of vent; local farm FPL,FPYV

2Fl 5.0 mi. NNE of vent; locai farm SQL

2F2 8.7 mi. NNE of vent; Salem Substation AIO,APT,IDM,

RWA,SCL

2F3 éqo m;o NNE of vent; Salem Water Company PWR,PWT

2F4 6.3 mi. NNE of vent; local farm MLK,SOL

2F5 7.4 mi; NNE of vent; Salem High School IDM

2F6 7.3 mi. NNE of venﬁ; Southern Training Center iDM

2F7 5.7 mi. NNE of vent% local farm MLK,SOL ,VGT

3F2 5.1 mi. NE of vent; Hancocks Bridge Kunicipal IDM

Building

éFB 8;6 mi. NE of vent; Quinton Township School IDM

4F1 8.1 mi. ENE of vent; local farm FPL,FPV

5F1 6.5 mi. E of vent FPV,IDM,SOL

5F2 7.0 Bi. E of.vent: local farm MLK,¥GT ,SOL

88




STATION

CODE

TABLE B-1 (cont'd)

STATION LOCATION

SAMPLE TYPES

i . ' 6F1
‘ 7F2
10F2
11F1
11F3
12F1
13F2

13F3

13F4
14F1

14F2

' 14F3

15F3

16F1

§ ' 16F2
| 1G1
1G3
261
} S o 3G1
10G1

o ' 16G1
; 353

o 3HS

5.8
6.2
5.3
9.4
6.5

8.3

mi.

mi.

mi.

mi.

mi.

mi.

mi.

mi.

ESE of vent; Stow Neck Road

SE of vent; Bayside, New Jersey

SSW of vent

SW of vent; Taylor's Bridge Delaware

SW of vent; Townsend, ﬁelaware

WSW of vent; Townsend Elementary School
W of vent; Odessa, Delaware

W of vent; Redding Middle School,

Middletown, Delaware

S.8

5.5

6.6

5.4

5.4

6.9

8.1

mi.
mi.
mi.
Jai.
mi.
mi.

mi.

W of vent; Middletown, Delaware
WNW of vent; local farm

WNW of vent; Boyds Corner

WNW of vent; local farm

NW of vent

NNW of vent; C&D Canal

NNW of vent; Delaware City Public School

10.3 mi. N of vent; local farm

13

12

17

12

15

32

mi.

mi.

mi.

mi.

mi.

mi.

N of vent; Wilmington, Delaware

NNE of vent; Mannington Township, NJ

NE of vent; local farm

SSW of vent; Smyrna, Delaware

NNW of vent; Greater Wilmington Airport

NE of vent; National Park, New Jersey

110 mi. NE of vent; Research and Testing

Laboratory

25 mi. NE of vent; local farm

IDM
IDM
IDM
IDM
MLK,SOL,VGT
IDM
IDM

IDM

IDM

MLK,SOL,VGT

= @

FPV

IDN
ESB,ESS,SWA

IDM

FPV

IDM

FPY

IDM,MLK ,SOL, VGT
IDM

IDM

e e

IDM
AIO,APT,IDM,SOL--

FPL,FPV
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DATA TABLES
Appendix C presents the analytical results of the 1986 Artificial Island . .

Radiological Environmental Monitoring Program for the period of January 1 to
December 31, 1S86. .

TABLE OF CONTENTS

TABLE
NO. TABLE DESCRIPTION PAGE
ATMOSPHERIC ENVIRONMENT
AIR PARTICULATES
C=1 1986 Concentrations of Gross Alpha Emittersce..ccccecccccscosos 64
Cc-2 1986 Concentrations of Gross Beta EMitterS.ceeccecececocececscos 66
Cc-3 1986 Concentrations of Strontium—-89 and Strontium=90 and
Gamma Emitters in Quarterly CompositeS.ccccecceccss ceccas .o 68 -
AIR IODINE
C-4 1986 Concentrations of Iodine=l§lcooooo.an.aeczo.gaéo.eooc°oa°a 70
DATES
C-5 1986 Sampling Dates for Air SamMPleSccececccecccceccessccccsccocs 72
PRECIPITATION
C-6 1986 COncenérations of Gross Alpha and Gross Beta Emitters and
PritilUMeccceeesascooccescccececscoscsceccscocsesoaseccsecsoon 77
C=7 1986 Concentrations of Gamma EmitterScccocccocscceccccccccccsceas 78
DIRECT RADIATION
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C=8 1986 QUATtErly TLD RESULESc ..o coccccecocoecccesccssnnsoscsasosos 79
c=9 1986 HontnlymResultSQoueooooéoo_oeoocnneooco'ooe.eoooen.aooeeo . - 80.—
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DATA TABLES (cont'd.) . ..

TABLEL _ o ] - - L .
NQ. TABLE DESCRIPTION =~ "~ . C PAGE
TERRESTRIAL ENVIRONMENT
MILK |
C-10 1986 Concentrations of Iodine=l3l...ccececccsccceccacacccansons 82
c-11 1986 Concentrations of Strontium-89 and Strontium=90........... - 83
c-12 1986 Concentrations of Gamma EmitterSececceseccccccccccccaccccccse 84
.c-13 1986 Sampling Dates for Milk Samples......;.....;...........;.. 88
WELL WATER
c-14 1986 Cﬁncentrations of Gross'Alpnarand Gross:Beta Emitters;
Potassium=40 and TrititMe.ccccceccccccccacces cecececcncsssan 90
C-15 1986 Concentrations of Gamma EmitterScceececaccsccccccccasocccan 92
" C=16 1986 COncentfat;ibns of Strontium-89 and Strontium-so in. | '
Quarterly COMPOSit@Seesescassccacsocsosassososcsassssccacnancs 94.
POTABLE WATER
c-17 1986 Concentrations of Gross Alpha and Gross Beﬁa Emittérs;
Potassium=40 and TritilM..cccccccecsscscessacecccsnccccccas 95 -
c-18 1986 Concentrations of Gamma EMitterSeecececceccccccccescsscossas 96
- Cc-19 '1986'COncéntrétions of Strontium-89 and Strontium-90 in
' Quarterly COMPOSiteS...ececeeccaccccccsccccccsnccnacccccne 97
' FOOD PRODUCTS -
C-20 1986 cencentrationS-of Gamma,Emitters in Veqetabies........;...' 98
c-21 1986 Concentrations of Gamma Emitters in Game #nd Meat.cceaeses | §9
FODDER CROPS
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TABLE C-1
1986 CONCENTRATIONS OF GROSS ALPHA EMITTERS IN AIR PARTICULATES
Results in Units of 1073 pCilm3 t 2 sigma

STATION 1D

‘s w00 OO dmODS

MONTH* SA-APT-252 SA-APT-bS1 SA-APT-6D1** SA-APT-10D1  SA-APT-16£1  SA-APT-1F1 SA-APT-2F2 ?é—A{T—%?3 AVERAGE
. ) : : ontro
JANUARY 1.710.9 2.210.8 1.711.1 2.6:1.1 1.8:0.8 1.8:0.8 2.110.9 3.1£1.1 2.111.0
1.8121.0 1.810.9 2.1t1.1 1.910.9 2.010.8 <1.0 2.411.0 1.710.8 1.8:0.8
<4.0 (1) 1.410.6 2.0£1.0 1.320.8 1.710.7 1.710.8 1.810.7 3.2¢1.0 1.9:1.3
1.410.7 1.940.8 <0.9 1.610.9 1.6£0.8 1.610.8 1.3120.7 1.410.7 1.510.6
2.8:1.0 2.410.8 <0.9 1.910.9 1.710.9 2.010.9 2.010.8 1.8:1.0 1.9¢1.1
FEBRUARY <1.0 1.310.9 . 3.3t1.6 1.310.8 2.010.9 '1.710.8 1.9:0.9 <0.9 1.71.5
o § 2.010.8 2.910.8 o 1.140.8 2.610.9 2.610.8 2.210.9 2.0:0.7 2.1£0.7 2.2£1.1
1.310.8 1.610.9 <1.0 1.610.9 2.610.9 1.510.8 1.710.8 1.040.6 1.5¢1.0-
2.410.9 1.9:0.8 1.6:1.0 1.610.8 2.340.9 1.910.9 1.940.8 2.410.8 2.010.7
MARCH 2.7:1.0 2.3:0.8 . 2.611.3 2.610.8 3.010.9 2.410.8 2.610.8 2.410.8 2.610.4
1.240.8 <0.9: . <1.0 <1.1 - <0.8 <0.9 - <0.9 1.1£0.7 1.0:0.3
2.410.8 2.240.9-: “<1.0 2.811.0 . 3.0t1.0 2.010.8 2.210.8 2.110.8 2.2¢1.2
1.810.8 0.810.6 1.3£1.0 2.410.9 2.310.8 2.610.9 1.610.8 2.310.8 1.9i1.2
APRIL 2.210.8 2.110.8 <1.0 1.310.8. 1.240.8 1.1:0.7 1.510.7 1.310.7 1.510.9
: 0.940.7 1.120.7 <1.0 <0.8 1.120.6 1.410.7 1.610.7 1.010.6 1.110.6
1.810.8 “1.310.7 1.8:1.3 1.640.9 1.7:0.8 2.010.8 <1.3 2.110.8 1.740.6
2.010.8 1.340.7 - 1.7z1.1 1.00.7 2.010.8 1.5:0.8 2.210.8 1.110.7 1.6:0.9
MAY 2.210.8 3.311.0 1.8+1.3 3.0£1.0 3.2:1.0 2.310.8 2.810.9 1.9:0.7 2.611.2
' - 2242 2112 <0.8 1912 212 19+2 2012 - 20%2 18114
11£2 1012 <3.0 (1) 9.911.6 8.9+1.5 1212 1042 9.811.6 102 .
7.4£1.3 6.811.2 . 3.0¢1.4 6.6:1.3 6.6¢1.1 5.311.1 7.1:1.3 4.7t1.0 5.742.
7.2t1.5 6.2+1.6 2.6+1.8 6.211.6 <9.2 (1) 6.8+1.4 7.411.5 7.411.6 6.133.
JUNE 122 9.3¢1.6 <2.0 1012 8.2:1.4 9.211.6 9.611.6 8.7:1.4 8.61h,
- 2.0:0.8 1.310.7 <1.0 0.910.7 1.710.8 -1.610.8 1.910.8 1.610.7 1.510.
2.8¢1.0 3.0z1.0 2.111.2 2.0£1.0. 2.2140.8 2.311.0 2.410.9 2.410.9 2.410,
2,610.9 <0.8 1.4z21.1 1.9:0.8 1.240.7 1.810.8 1,640.8 2.210.8 1.7:1,




TABLE C-1 (cont'd)
1986 CONCENTRATIONS OF GROSS ALPHA EMITTERS IN AIR PARTICULATES

Results in Units of 1073 pci/md 1 2 sigma

STATION 1D

SA-APT-1001

AVERAGE

SA-APT-3H3

SA-APT-1F1

SA-APT-16E1

SA-APT-5S1 SA-APT-5D1**

SA-APT-252

HONTH*

SA-APT-2F2
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2.410.8

2.210.9
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2.6£6.4 1.811.4 2.746.9 2.816.0 2.616.1 2.716.2 2.7£6.l

2.9:7.1

AVERAGE

2,616.9

Grand Average

Result not included im any averages.

% Sampling dates can be found in Table C-5.

#% Results by Teledyne Isotopes.
(1) High LLD due to low sample volume.



TABLE C-2.
1986 CONCENTRATIONS OF GROSS BETA EMITTERS IN AIR PARTICULATES
Results in Units of 103 pCiIm3 t 2 sigma

STATION 1D , :
MONTH*-  SA-APT-2S2 SA-APT-BS1 SA-APT-5D1** SA-APT-10D1  SA-APT-16E1  SA-APT-1F1 SA-APT-2F2 ?é-AﬁT-??3 " AVERAGE { .
- ontro : :
JANUARY - 2613 ‘2733 2513 32¢3 2813 2613 . 2813 3243 2815
2913 2713 2613 2813 2112 1412 . 2713 2513 2519
" . 32112 (1) 1912 2013 2213 {1} 2 2013 2242 2813 . 2246
" Co o 2113 2012 - 2213 . 2413 2213 1712 1912 1842 2015
|- B ’ . 2913 2843 2913 2913 3013 3213 2913 2413 2914
FEBRUARY 1712 1643 1913 1943 ‘18+2 1612 1412 1322 1614
3013 3243 2913 3643 3012 3313 3242 2712 311b
1613 1443 1713 1813 1713 1543 1312 1612 1613
‘ 2813 2413 2313 2413 2413 2213 2413 2413 2413
MARCH | 2613 . 22¢2 2413 - 2643 - 22%2 25¢3 2613 T 2012 2414
Co o 1322 1312 1712 1613 1322 1612 1612 1712 1643
gg 2412 . 2413 2113 2413 2213 2242 2112 192 2214
232 . 2312 2013 2413 2312 2012 2112 2412 2213
: APRIL 1642 1312 1713 1012 1212 1612 1312 1212 1416
7l ‘ 9.412.3 7.622.2 1012 9.012.3 8.612.0 8.0¢2.3 . 8.012.2 1112 8.9¢2.3
o 1912 1612 1913 2243 2013 18¢2 - 1213 2012 1816
i 24+3 . thZ . 2313 2113 2112 1912 T 2113 1542 2115
o MAY ©- 2313 2413 . 2313 2613 2413 2313 2043 2242 2313
i 36048 - 34048 ° 2013 33018 37048 35018 340:8 33018 300+£230
S 27017 26017 170z10 (1) 26017 24047 27017 . 26047 26017 260t22°
s 17046 : 18016 140110 18016 . 16016 18016 18016 13016 160440
B 17016 16046 140110 17047 200+27 (1) 15016 16016 19017 _ 160134
JUNE 20016 18016 160110 190:6 - 16016 19016 18016 17015 180£29
! 3113 2613 . 2113 303 - 2913 3513 2613 3113 2916
.'é : 3213 3443 2813 3413 3413 3043 3513 3713 ,3316.
i 2713 6.7¢1.9 2613 . 2443 2513 2413 2343 - 2413 22413




TABLE C-2 {cont'd)
1986 CONCENTRATIONS OF GROSS BETA EMITTERS IN AIR PARTICULATES
. Results in Units of 10-3 pCi/m3 £ 2 sigma

STATION D )
MONTH= SA-APT-2S2 SA-APT-5S) SA-APT-6D1** SA-APT-10D1  SA-APT-16E)1  SA-APT-1F1 SA-APT-2F2 ?Q-AEI-%ﬁa AVERAGE
onkro
JuLy 2913 2413 2713 3123 3113 2413 2413 2543 2716
3013 2613 2013 3013 2813 3013 3113 2713 2817
263 2413 2713 24x) 2413 2413 27%3 2413 2543
2713 2413 - 2b43 2613 - 2643 2213 2213 2413 2414
AUGUST 2213 2213 2213 21123 2413 2042 2313 1913 2213
3613 3313 3014 3243 3313 3213 3113 2813 3234
2813 2622 2113 2413 2643 2843 2713 2213 2515
2013 1613 2413 20z3 2043 2013 1813 1913 2045
2312 2212 23123 2232 2412 2642 2413 : 2413 2312
SEPTEMBER 2643 2613 2814 2613 2613 : 2813 2613 2613 2642
. 3023 3213 3013 3013 - 3223 293 2513 2813 3014
§3 22£3 2012 . 2613 243 2112 2413 2313 1922 2218
. 2823 3113 2413 2823 - 2813 2713 2823 3613 2917
OCTOBER ‘2123 1822 1913 . 1843 1923 ' 1912 1913 2213 1913
19+2 - 20%2 1612 2022 202 1812 20x2 2012 1914
2613 2713 2614 2613 2613 2613 2613 2013 2544
39+3 4043 3814 3613 3413 3813 38:3 3843 3814
2413 2213 2513 2123 2313 " 2413 2313 2513 2313
NOVEMBER 1713 1612 1613 1412 1612 1612 1612 2043 1614
22+3 2423~ 2613 2613 2222 2413 2313 - 2413 2443
2813 2713 2613 2813 2612 2813 2613 3213 2814
€90 {2) 29¢3 . 3614 2312 2613 2613 3013 2713 2818
DECEMBER 2013 2122 2313 1812 192 2012 2213 1627 (1) 2013
2913 2943 3014 2823 2943 2613 2713 2523 2843
3623 3613 99149 (1) 3613 3213 3313 3313 2913 331§
2612 2843 2713 2923 2512 2713 2913 2613 - 2713
AVERAGE 452130 ~ 42t120 31160 442130 402320 432130 432120 42+£120

Grand Average 413120
& Sampling dates can be found in VTable C-6. : .

= Results by Teledyne Isotopes.
él Dus to low sample volume, result not included in any averages.
2) High LD due to low sample volume. Result not included in amy averages.



88

TABLE C-3 .

1986 CONCENTRATIONS OF STRONTIUM-89* AND STRONTIUM-S0 AND GAMMA EMITTERS** IN QUARTERLY COMPOSITES OF AIR PARTICULATES ,
Results in Units of 1073 pci/md + 2 sigma

STATION ID

'
‘ i

COLLECTION PERIOD Sr-89%*x . Sp_gQxxx Be-7 Ru-103 Ru-106 Cs-134 Cs-137 Ra-226 Th-232
SA-APT-252
"~ 12-30-85 to 03-31-86 <0.4 0.3 .6435 <0.4 3.1 <0.5 <0.b6 <1.0 2.2
03-31-86 to 06-30-86 95+7 8.810.8 1.7 9.810. 1811 <1.8 <2.6
.- 06-30-86 to 09-29-86 - - 8916 <0.5 <4.4 <«0.5 <0.4 «<1.0 1.7 .
09-29-86 to 12-29-86 6616 <0.6 <5.9 <0.6 <0.7 1.2 2.7
SA-APT-5651 )
12-30-86 to 03-31-86 <0.4 <0.2 6615 . <0.3 4.1 <0.6- <0.4 <1.1 (1.9
03-31-86 to 06-30-86 - S 1716 7.810.6 4.012. 9.310. 1711 <1.3 <1.6
06-30-86 to 09-29-86 - - 8815 «0.3 4.3 <«0.5 <0.4 <0.3 1.2
09-29-86 to 12-29-86 - 6616 <0.3 <6.3 <0.6 - <0.5 <1.0 <2.1
SA-APT-6D1 (1) '
12-30-86 to 03-31-86 <2.0 <0.3 8618 <0.8 <5.0 <0.6 0.6 <9,0 (2)
03-31-86 to 06-30-86 - 110112 9.2+1.3 <7.0 8.4x1. 1812 <10 {2)
06-30-86 to 09-29-86 - 89:11 <1.0 <8.0 <1.0 <1.0 <10 (2)
09-29-86 to 12-29-86 - 8016 <0.6 <3.0 <0.3 <0.4 <6.0 (2)
SA-APT-10D1 a
12-31-86 to 04-01-86 <0.4 0.3 7118 0.4 4.7 <0.6 <0.3 <1.0 2.3
04-01-86 to 07-01-86 - 8816 8.710.7 <7.0 9.010. 1711 <1.5 2.4
07-01-86 to 09-30-86 - 7615 <0.5 <4.3 <0.5 <0.4 <1.0 1.2
09-30-86 to 12-30-86 - 6014 <0.6 2.7 <0.5 <0.4 <0.7 <1.6
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TABLE €-3 {cont'd)

1986 CONCENTRATIONS OF STRONTIUM-89* AND STRONTIUM-90 AND GAMMA EMITTERS** IN QUARTERLY COMPOSITES OF AIR PARTICULATES
h Results in Units of 1073 pCiIm3 %t 2 sigma

STATION ID '
COLLECTION PERIOD Sr-89%**  Sr-gokas Be-7 Ru-103 Ru-106 Cs-134 €s-137  Ra-226 Th-232
SA-APT-16E1
12-31-86 to 04-0i-86 0.4 0.3 6414 <0.4 3.9 <0.4 <0.4 1.0 <1.8
04-01-86 to 07-01-86 - - 8316 7.5:0.6  4.2:2.1  8.410. 1611 1.4 <1.6
07-01-86 to 09-30-86 - 8316 <0.3 4.2 <0.8 <0.4 <0.4 1.1
09-30-86 to 12-30-86 - 6414 0.3 2.6. <0.4 <0.4 <0.6 1.1
SA-APY-1F1
12-30-86 to 03-31-86 <0.8 <0.3 6616 .1 <4.5 0.6 <0.6 1.210.6 2.2
03-31-86 to 06-30-86 - - 8616 8.820.7  8.3£3.3 1011 1711 <1.4 «2.3
06-30-86 to 09-29-86 - 7928 0.4 <4.8 <0.6 <0.5 <0.9 1.741.
09-29-86 to 12-29-86 - - 6416 <0.2 3.5 0.6 .4 <0.8 <1.3
SA-APT-2F2 N
12-30-86 to 03-31-86 <0.3 0.2 6324 0.3 2.8 0.5 <0.3 0.3 1.2
03-31-86 to 06-30-86 8016 9.0:0.8 <7.2 101} 171 1.7 2.3
06-30-86 to 09-29-86 - - 7816 0.6 3.0 0.6 <0.4 1.1 2.2
09-29-86 Lo 12-29-86 6716 <0.5 <1.8 <0.4 <0.4 <i.1 <1.8
SA-APT-3H3
Contred) - '
12-30-85 to 03-31-86 <0.3 <0.2 6414 0.3 .9 <0.4 <0.4 0.9 1.t
03-31-86 Lo 06-30-86 - - 8316 7.610.6  4.0:1.9  9.210. 1711 0.3 1.1
06-30-86 to '09-29-86 - - 9017 6.7 <1.6 0.6 <0.5 1.1 2.1
09-29-86 to 12-29-86 - 6416 <0.5 <5.8 <0.3 <0.6 <1.3 <1.9
AVERAGE - - 76124 - - - - -

* Sr-89 results are corrected for decay to sample stop dats,
== A}l other gamma emitiers searched for were <LLD; typical LADs are given in Table C-33,

»=* Management audit analyses, not required by Technical specifications or by specific comnitments to local officials.

{1) Results by Teledyne Isotopes.
{2) Mot analyzed by Teledyne Isctopes. .




TABLE C-4

1986 CONCENTRATIONS OF IODINE-131* IN FILTERED AIR
Results in Units of 1073 pctlm3 £ 2 sigma

STATION ID
- MONTH** SA-AI0-252 SA-AIO0-b6S1 SA-AIO-BD1*** SA-ATO-10D1  SA-AIO-16E1  SA-AIO-1F1 SA-AIO-2F2 ?A—AIO-??S AVERAGE
. . Coptro
JANUARY <19 <16 <20 <33 <22 < 9.3 <24 <1b -
<14 <26 <20 <14 <17 < 8.0 <14 <13 -
<140 (1) <13 <20 <23 <18 <22 <17 <22 -
<17 <23 <20 <21 <18 <16 <17 <16 -
<16 <16 <10 <11 <28 <16 <22 <29 - :
FEBRUARY <21 <24 <20 <23 <18 <21 <19’ <16 - :
’ <19 <10 <10 <11 <4 <17 <11 <16 - '

<16 <41 <30 <13 <28 <30 <21 <13 -
<16 <24 <10 <28 <20 <18 <14 <17 -
MARCH . <26 <21 <30 <14 <14 <19 <22 <13 -
-2 - <18 <17 <10 <26 <20 <16 <18 <18 -
o <19 <14 <20 <17 <19 <19 <11 <18 -
' : <13 <18 <10 <13 <12 <16 <20 <16 -
APRIL <18 - < 8.7 <40 <19 <22 <18 <26 <20 -
<16 <20 . <20 21 <16 <18 <17 <14 -
<19 <30 <30 <18 «21 <17 <39 <12 -
<16 < 9.9 <40 <156 <13 <23 <13 <16 . -
MAY <20 <15 <40 <16 <26 <20 <26 <22 -

. 310234 310132 280160 31029 30032 320136 270132 320132 300137

230130 180128 6101220 (2) 180128 190129 220128 220128 230430 210146

81114 66116 73118 60117 70118 76116 73118 65116 69117

48+20- <32 <60 - 46120 <390 (1) 42123 62122 64120 48120

i JUNE 26411 33113 30’ <28 <28 32116 <30 (3) -
: <16 <22 ' <40 <29 <19 <18 <20 <16 . -
- <17 <22 <20 <14 < 8.9 <28 <21 <19 -
<17 <14 <30 <14 <18 <14 <22 <20 -
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JABLE C-4 {cont'd)
1986 CONCENTRATIONS OF IdDINE-lI!l* IN FILTERED AIR

Results in Units of $0~3 pCi/m3 % 2 sigma

STATION ID
MONTH=* SA-A10-252 SA-AJ0-551 SA-AI0-BD1*** SA-AI0-10D1  SA-AIQ-16E1  SA-AIC-1F} SA-AlO-2F2 SA-A10-3M3 AVERAGE
: . {Cantrol) .
JULY <24 <14 <20 <26 <20 <19 <2b <18 -
<22 <13 <30 <16 <21 <18 <20 <16 -
<20 <14 «20 <22 <19 <16 <30 <17 -
<19 <12 <20 «11 <13 «20 <16 <20 -
AUGUST < 9.4 <17 <30 <9.9 <28 <14 <18 <15 -
<25 <19 <20 <22 <23 <12 21 <18 -
«id <16 <20 <30 < 8.0 <21 <10 <24 -
<19 <18 <30 <19 <13 <23 <1b <18 -
<18 <12 <20 <14 <i3 <20 <18 <16 -
SEPTEMBER <22 <24 <30 <21 <27 <23 <17 <20 -
< 8.7 < 7.7 <20 <26 <16 <19 <21 <22 -
<26 <24 <20 <17 <28 <33 <17 <12 -
<18 <32 <20 <14 <25 <13 <22 <19 -
OCTOBER <20 <10 <20 <36 <20 <21 <11 <17 -
<14 <1l <10 <14 < 9.0 <16 «22 <18 -
«23 <17 <30 <22 <31 <33 <26 <19 -
<i8 <19 <20 <it < 8.5 <20 <30 <20 -
<i6 < 9.6 <20 <26 <14 <12 < 8.5 <18 -
NOVEMBER <20 <16 <20 <19 <16 <20 <24 1313 -
<27 <28 <10 <27 <17 <17 <23 <26 -
<19 <1b <30 <21 <ii <16 <14 <18 -
<1000 (1) <17 <i0 <19 <21 <28 <25 <21 -
DECEMBER < 9.2 <18 <20 < 8.1 <i2 <13 <19 <120 (1) -
<22 <ib <10 <19 <16 «21 <22 <18 -
<20 1381 <1000 (1) <20 <13 <16 < 7.9 <17 -
<23 <21 <10 <29 <18 <29 <35 <30 -

¥ 1-131 results are corrected for decay to sample stop date.
=% Sampling dates can be found in Table C-6.

2% Results by Teledyne Isotopes.
1) High LLD due to low sample velume.

2) High uncertainty due to low sample volume.

{3} Mo results due to faulty sampling assembly.

Result not included in any averages.
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i TABLE C-b
. 1986 SAMPLING DATES FOR AIR SAMPLES
» STATION 1D
MONTH 2582 6S1 ' 6D1 10D1 16E1 1F1 2F2 3H3
JANUARY . 12-30-85 12 30-85 12-30-86 12-31-86 - 12-31-86 12-30-86 12-30-86 12-30-86
to . to to to to - to to to
01-06-86 " 01-06-86 01-06-86 01-06-86 01-06-86 ~ 01-06-86 01-06-86 01-06-86
01-06-86 01-06-86 - 01-06-86 01- 05 86 01-06-86 01-06-86 01-06-86 - 01-06-86
to to to o to to to . to
! 01-13-86 01-13-86 01-13-86 01- 14 86 01-14-86 01-13-86 01-13-86 01-13—86
| . ' .
; 01- 13 86 - | 01-13-86 '01-13-86 01-14-86 01-14-86 01- 13 86 01-13-86 01- 13 86
to to to to ) to
- 01- 14 86* 01-20-86 01-20-86 01-21-86 01-21-86 01- 20 86 01-20-86 01- 20 86
'01-20-86 01-20-86 - 01-20-86 01-21-36‘ 01-21-86 01-20-86 01-20-86 01—20—86
to to to to : to to to to -
01-27-86 . 01-27-86 01-27-86 01-28-86 01-28-86 01-27-86 . 01-27-86 01-27-86
i "2 01-27-86 ' 01-27-&6 01-27-86 01-28-86 01-28-86 01-27-86 . 01-27-86 01-27-86 -
o 0 to - to to , to . to to to to -
o 02-03-86 . 02-03-86 02-03-86 02-03-86 02-03-86 02-03-86 02-03-86 02-01-86*
3; FEBRUARY 02-03-86 02-03-86 '02-03-86 02- 03 86 02-03-86 02-03-86 02-03-86 02-03-86
3 to to to to to to to
E 02-10-86 02-10-86 02-10-86 02- ll 86 02-11-86 02-10-86 02-10-86 02-10-86
Uf 02-10-86 02-10-86 02-10-86 02-11-86 02-11-86 02-10-86 02-10-86 '02410-ﬁ6
:] to to to to to to to to -
02-18-86 02-18-86 02-18-86 02-19-86 02-19-86 02-18-86 02-18-86 02-18-86
02-18-86 ~ 02-18-86 02-18-86 02-19-86 02-19-86 02-18-86 02-18-86 02-18-86
to . to to to ' to to to - to -
02-24-86 02-24-86 02-24-86 02-26-86 02-25-86 02-24-86 02-24-86 02-24-86
i 02- z4 86 02-24-86 02-24-86 02-26-86 02-26-86 02-24-86 02-24-86 '02-24-86
2 o to to - to to to to to
- 03- 03 86 03-03-86 03-03-86 03-03-86 "03-03-86 03-03-86 03-03-86 03-03-86
MARCH 03-03-86 03-03-86 03-03-86 03-03-86 03-03-86 03-03-86 ’ 03-03-86 03—03-86
to to to to to to to to: -
03-10-86 03-10-86 03-10-86 03-11-86 03-11-86 - 03-10-86 03-10-86 03-10-86
03-10-86 03-10-86 03-10-86 03-11-86 03-11-86 03-10-86 03-10-86 03-10-86

to -to to to to . to to to

03-17-86 " 03-17-86 .03-17-86 ‘03-1' 03-18-86 03-17-86 03-17-86 03-17-86 .
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TABLE €-5 (cont'd)

1986 SAMPLING DATES FOR AIR SAMPLES

‘ © STATION ID
MONTH 252 681 D1 1001 16E1 1F1 2F2 3H3
MARCH 03-17-86 03-17-86 03-17-86 03-18-86 03-18-86 03-17-86 03-17-86 03-17-86
to to to to to to to to
03-24-86 03-24-86 03-24-86 03-26-86 03-256-86 03-24-86 03-24-86 03-2{—86
03-24-86 03-24-86 03-24-86 03-25;86 03-26-86 03-24-86 03-24-86 03-24-86
to to to to to to to to
03-31-86 03-31-86 03-31-86 04-01-86 04-01-86 03-31-86 03-31-86 03-31-86
APRIL 03-31-86 03-31-86 03-31-86 04-01-86‘ 04-01-86 03-31-86 03-31-86 03-31-86
to to to to to to to to
04-07-86 04-07-86 04-07-86 04-07-86 04-07-86 - . 04-07-86 04-07-86 04-07-86
04-07-86 04-07-86 04-07-86 04-07-86 04-07-86 04-07-86 '04-07-86" 04-07-86
to to to to- to to to - to
04-14-86 04-14-86 04-14-86 04-16-86 04-16-86 04-14-86 04-14-86 04-14-86
04-14-86 04-14-86 04-14-86 04-16-86 04-156-86 04-14-86 04-14-86 ' 04-14-86
to to to to to to to to
04-21-86 04-21-86 04-21-86 04-21-86 04-21-86 04-21-86 04-18-86* 04-21-86
04-21-86 04-21-86 04-21-86 04-21-86 04-21-86 04-21-86 04-21-86 04—23—86
~ to to to to to to to to
04-28-86 04-28-86 04-28—86 04-29-86 04-29-86 04-28-86 04-28-86 04728-86
MAY 04-28-86 04-28-86 04-28-86 04-29-86 04-29-86 04-28-86 04-28-86 04-29—86
to to to to to to to to
06-06-86 08-06-86 06-06-86 06-05-86 06-06-86 06-06-86 06-06-86 05-06-86
06-06-86 06-06-86 06-06-86 06-06-86 06-05-86 06-06-86 05-05-86 05-06-86
to to to to to to . to to
06-12-86 086-12-86 06-12-86 06-12-86 06-12-86 06-12-86 06-12-86 06-12-86
06-12-86 06-12-86 05-12-86 06-12-86 06-12-86 06-12-86 06-12-86 06-12-86
to to to to to to to to
06-19-86 05-19586 06-14-86* 06-19-86 06-19-86 065-19-86 06-19-86 06-19-86
056-19-86 06-19-86 06-19-86 06-19-86 06-19-86 06-15-86 06-19-86 05—19-86
to to to to to to - to to
06-27-86 . 06-27-86 06-27-86 06-27-86 06-27-86 0h-27-86 06-27-88 06-27-8f
06-27-86 06-27-86 06-27-86 06-27-86 06-27-86 06-27-86  05-27-86 06-27-86
to to to to to to t to
06-02-86 06-02-86 06-02-86 06-02-86 06-28-86% 06-02-86 06-02-86

[+]
06-02-86
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TABLE C-8 (cont'd)
1986 SAMPLING DATES FOR AIR SAMPLES
'_,}
. STATION ID
MONTH 252 ‘ N 131 601 1001 161 “1F1 2F2 343
JUNE 06-02-86 06-62-86 06-02-86 06-02-86 06-03-86 - 06-02-86 06-02-86 06-02-86
A to .to ) to to to - to to to
'”]' , 06-09-86 06-09-86 06-09-86 - 06-09-86 t 06-09-86 . - 06-09-86 06-09-86 06-09-86
1 - 06-09-86 06-09-86 06-09-86 06-09-86 06-09-86 06-09-86 06-09-86 . 06-09-86
. . to to to to to to . io to -
}, , o 06-16-86 06-16-86 - 06-16-86 06-16-86 06-16-86 06-16-86 06-16-86 06-16-86
‘ ' ) - 06-16-86 06-16-86 . 06-16-86 06-16-86 06-16-86 06-16-86 06-16-86 06-16-86
| ‘ - to to to to to - to to to
| : 06-23-86 - 06-23-86 06-23-86 06-23-86 06-23-86 06-23-86 06-23-86 06-23-86
06-23-86 06-23-86 06-23-86 06-23-86 06-23-86 - 06-23-86 06-23-86 06-23-86
to . to ‘ to to ' to to to ~ to
/ 06-30-86 06-30-86 06-30-86 07-01-86 07-01-86 06-30-86 06-30-86 06-30-86
_QF' JuLy » . 96—10-86 06-30-86 06-30-86 07-01-86 07-01-86 06-30-86 06-30-86 ~ 06-30-86
: to to to to to to to - to -
» .
) 07-07-86 07-07-86 . 07-07-86 07-07-86 07-07-86 07-07-86 07-07-86 0]-07—86
07-07-86 . 07-07-86 07-07-86 07-07-86 07-07-86 07-07-86 07-07-86 07-07-86
to ’ to to to to to to to -
. 07-14-86 07-16-86 07-16-86 07-16-86 07-15-86 . 07-14-86 .  07-16-86 07-14-86
07-14-86 07-16-86 . 07-16-86 >07-15-86 » 07-16-86 07-14-86 . 07-156-86 07-14-86
to to to “to to . to to ~to -
07-21-86 07-21-86 07-21-86 07-21-86 - 07-21-86 07-21-86 07-21-86 07-21-86
07-21-86 07-21-86 07-21-86 07-21-86 07-21-86  07-21-86 07-21-86 67-21—86
to to to to to to to to
07-28-86 07-28-86 »07—28—86 . 07-29-86 07-29-86 07-28-86 07-28-86 07-28-86
AUGUST .. 07-28-86 07-28-86 07-28-86 ' 07-29-86 07-29-86 07-28-86 07-28-86 07-28-86
" to - - to to " to to to to to
'i ’ 08-04-86 08-04-86 08-04-86 08-04-86 08-04-86 08-04-86 08-04-86 08-04-86
] . " 08-04-86 08-04-86 08-04-86 08-04-86 08-04-86 08-04-86 08-04-86 08-04-86
3 to - to to to to to to to :
3 08-11-86 08-11-86 08-11-86 08-12-86 08-12-86 08-11-86 08-11-86 08-11-86
08-11-86 : ‘08-11—86 08-11-86 08-12-86 08-12-86 08-12-86** 08-11-86 08-11-86
to o to to to to to to ’

‘ . to .
. 08-19-86 08-19-86 08-19-86 08-1,‘ 08-19-86 08-19-86 08-19-86 O?—'I_S—BB .
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TABLE C-5 (cont'd)

1986 SAMPLING DATES FOR AIR SAMPLES

STATION ID
MONTH 252 BSi\ 6D1 1003 16E1 1F1 2F2 3H3
AUGUST 08-19-86 08-19-86 08-19-86 08-19-86 08-19-86 08-19-86 08-19-86 08-18-86
to to . to to to to to to
08-26-86 08-26-86 08-26-86 08-26-86 08-26-86 08-26-86 08-25-86 08-26-86
08-26-86 08-26-86 08-25-86 08-26-~86 08-26-86 08-26-86 08-25-86 08-25-86
to to to to to to to to
09-02-86 09-02-86 09-02-86 09-03-86 09-03-86 09-02-86 09-02-86 09-02-86
SEPTEMBER 09-02-86 09-02-86 09-02-86 09-03-86 09-03-86 09-02-86 09-02-86 '09-02-86
to - to te to to to to to
09-08-86 09-08-86 09-08-86 - 09-08-86 09-08-86 09-08-86 09-08-86 09-08-86
09-08-86 09-08-86 09-08-86 09-08-86 09-08-86 09-08-86 09-08-86 09-08-86
to to to to to to to to
09-16-86 09-16-86 09-16-86 09-15-86 09-16-86 09-16-86 09-16-86 09-15-86
09-16-86 09-16-86 09-15-86 09-1b6-86 09-16-86 09-1b6-86 09-16-86 09-15-86
to to to to to to to to
09-22-86 09-22-86 09-22-86 09-22-86 09-22-86 09-22-86 09-22-86 09-22-86
09-22-86 09-22-86 09-22+-86 09-22-86 09-22-86 09-22-86 09-22-86 09-22-86
to to to to to to to to
09-29-86 £09-29-86 09-29-86 09-30-86 09-30-86 09-29-86 09-29-86 " 09-29-86
OCYOBER 09-29-86 09-29-86 09-29-86 09-30-86 09-30-86 09-29-86 09-29-86 09-29-86
to to to ) to to to to " to -
10-06-85 10-06-86 10-06-86 10-06-86 10-06-86 10-06-86 10-06-86 10-06-86
10-06-8 10-06-86 10-06-86 10-06-86 10-06-86 10-06-86 10-06-86 10-06-86
to - to to to to te to to
10-14-86 10-14-86 10-14-86 10-16-86 10-15-86 10-14-86 10-14-86 10-14-86
10-14-86 " 10-14-86 10-14-86 10-15-86 10-156-86 10-14-86 "10-14-86 10-14-86
to o to teo to to to " to
10-20-86 10-20f86 10-20-86 10-20-86 10-20-86 10-20-86 10-20-86 10-20-86
10-20-86 10-20-86 10-20-86 10-20-86 10-20-86 10-20-86 10-20-86 10-20-86
to to 0 to to to to to
10-27-86 10-27-86 10-27-86 10-28-86 10-28-86 10-27-86 10-27-86 10-27-86
10-27-86 10-27-86 - 10-27-86. 10-28-86 10-28-86 10-27-86 10-27-86 10-27-86
to to to to to to to to -
11-03-86 11-03-86 11-03-86 11-03-86 11-03-86 11-03-86 11-03-86 11-03-86



TABLE C-56 (cont'd) _
1986 SAMPLING DATES FOR AIR SAMPLES

N STATION ID
MONTH 252 651 8D1 10Dp1 16E1 1F1 2F2 343
NOVEMBER 11-03-86 11-03-86 11-03-86 11-03-86 11-03-86 11-03-86 11-03-86 11-03-86
’ to to to to to to to to
11-10-86 _ 11-10-86 11-10-86 11-10-86 11-10-86 11-10-86 11-10-86 11-10-86
11-10-86 11-10-86 11-10-86 11-10-86 . 11-10-86 11-10-86 11-10-86 11-10-86
to to to to to to to -~ to
11-17-86 11—17-86 11-17-86 ‘11-11-86 ' 11-17-86 11-17-86 11-17-86 11-17-86
1 11-17-86 11-17-86 11-17-86 11417-86 11-17-86 11-17-86 11-17-86 11-17—86
" to to to to - to to to te
v 11-24-86 11-24-86 11-24-86 11-24-86 11724-86 11-24-86 11-24-86 11-24-86
11—24-86‘ 11-24-86 1i—24-86 '11-24-86 11-24-86 - 11-24-86 11-24-86 11—24-36
to ' to to to ) “to to to to
11-24-86* 12-0!-86 12-01-86 12-02-86 12-02-86 12-01-86 12-01-86 12-01-86
-3 DECEMBER 12-01-86 12-01-86 12-01-86 12—02—86- 12-02-86 12-01-86 12-01-86 12-01;86
o to to to to to . to to - to -
: 12-08—86” -12-08-86 . 12-08-86 12-09-86 12-09-86 12-08-86 12-08-86 12-03-86*
12-08-86 .12-08-86 ' 12-08-86 12-09-86 12-09-86 12-08-86 12-08-86 12-08-86
to to to to to to " to ~ to
_12-15-86 12-16-86 12-16-86 12-16-86 12-16-86 12-16-86 12-16-86 12-15-86
12-16-86 "12-16-86 12-16-86 12-16-86 12-16-86 12-16-86 12-15-86 - 12—15-861
to to to to to to to - to -
12-22-86 12-22-86 12-15-86* 12—?2-86 12-22-86 12-22-86 12-22-86 12-22-86
12-22-86 12-22-86 12-22-86 12-22-86 12-22-86 12-22-86 i2-22-86 lZ-Zi—éG
to to to to ~to to to to
12-29-86 12-29-86 12-29-86 12-30-86 12-30-86 12-29-86 12-29-86

) * Reduced sampling period due to instrument malfunction.
T *x Start date was delayed by one day due to instrument malfunction at time of startup.
This required replacement of the air sampler.

12-29-86 .




TABLE C-6

1986 CONCENTRATIONS OF GROSS ALPHA AND.GROSS BETA EMITTERS, .
AND TRITIUM IN PRECIPITATION

STATION ID: SA-RWA-=2F2

Results in Units of pCi/L % 2 sigma

COLLECTION PERIOD ALPHA ~ BETA . TRITIUM
12-31-85 to 01-27-86 <1.6  <l.6 <140
01-27-86 to 02-25-86 <l.5 1.921.2 <130
02-25-86 to 03-31-86 <1.6  4.431.4 <140
03-31-86 to 04-28-86 <0.3 3.7:0.8 <140
04-28-86 to 06-03-86 <0.3 15¢1 <140
. 06-03-86 to 07-01-86 1.3%0.7 8.4£1.0 <140
07-01-86 to 07-29-86 <1.1 3.820.8 <140
07-29-86 to 09-03-86 1.2$1.1 121 <130
109-03-86 to 09-30-86 ©0.9%0.5  3.8£0.8 <140
09-30-86 to 10-27-86 <l.2 2.2%0.6 <140
10-27-86 to 12-01-86 0.6%0.6 3.5%0.7 <140
12-01-86 to 12-29-86 <1.7 1.9£0.6 . <130

AVERAGE . ' = o 5.2%8.6 -

77




TABLE-C-7 .
1986 CONCENTRATIONS OF GAMMA EMITTERS* IN PRECIPITATION
STATION ID: SA-RWA-2F2

Results .in Units of pCi/L * 2 sigma .

COLLECTION PERIOD Be-7  K-40 [-131  Cs-137  Ra-226  Th-232
12-31-85 to 01-27-86xx - - - - - -
01-27-86 to 02-25-86 35£12 <39 2.4 2.4 7.0£3.0  <7.2
02-25-86 to 03-31-86 = 71#21 <57 <4.7 - €2.9 6.7 <12
03-31-86 to 04-28-86 64515 <32 . <2.6 - <2.0  <4.8 8.0
04-28-86 to 06-03-86 41423 <BL  7.4%3.5 4.8£3.0° <13 <21
06-03-86 to 07-01-86 54:13 <40 <3.4 3.2 6.4 <1l
07-01-86 to 07-29-86 s2114 <42 <4.8 3.2 <B.4
07-29-86 to 09-03-86 4210 © <25 <1.6 0.8  <4.2 7.5%4.1
09-03-86 to 09-30-86  35:l14. 5925  <3.8 <3.7 1.7 <4
09-30-86 to 10-27-86 3612 <40 3.4  <2.6  5.1#2.4 o
10-27-86 to 12-01-86 - 43%12 <4l 1.5 2.1 4.8:2.7  <1.6

. 12-01-86 to 12-29-86. 42#13 <29 <4.8 <2.0 - <4.8 7.4
AVERAGE 4724 - .-" - - -

= All other gamma emitters searched for were <LLD; typical LLDs.are given in
Table C-33. . ‘ ' '
=zx Not analyzed.due to insufficient precipitation during sampling pericd.




TABLE C-8
1986 DIRECT RADIATION MEASUREMENTS = QUARTERLY. TLD :RESULTS .

Results in mrad/standard month=

(Results by Teledyne Isotopes)

AVERAGE

OCTOBER
to
DECEMBER

JULY
to
SEPTEMBER

APRIL

JUNE

MARCH

JANUARY
to
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Grand Average

4.6%1..0

5.520.9

AVERAGE

5.1%1.3
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= 30.4 days.

= The standard month

(C) Control station
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TABLE C-9
1986 DIRECT RADIATION MEASUREMENTS - MONTHLY TLD RESULTS

Results in mrad/standard months
{Results by Teledyne Isotopes)

STATION ID « JANUARY FEBRUARY MARCH APRIL MAY JUNE

SA-IDM-282 5.310.3 6.610.1 5.210.4 6.611.2 6.7%0.8 5.610.5
SA-IDM-5S51 5.210.4 5.910.1 4.540.2 6.210.7 5.910.6 5.0%1.2
SA-IDM-6S52 5.610.4 6.410.4 4.910.5 6.81£0.5 6.310.4 5.910.5
SA-IDM-7S1 6.510.6 7.510.7 6.010.7 7.74£0.6 7.3%0.6 7.010.9
SA-IDM-10S1 5.910.6 6.810.2 5.410.5 7.410.7 6.910.6 6.410.7
SA-1DM-11S1 5.210.4 6.110.3 4.7+0.2 6.910.4 7.7%1.0 6.010.9
SA-1DM-5D1 5.510.5 6.110.1 5.010.5 6.610.8 6.110.4 5.810.6
SA-IDM-10D1 5.7£0.5 6.610.3 5.310.4 7.210.6 6.910.6 6.710.7
SA-IDM-~14D1 5.610.4 6.610.4 5.5%1.3 6.910.5 6.910.7 6.210.7
SA-IDM-2El 5.540.3 6.210.4 4.910.5 6.610.6 6.7£1.0 5.610.6
SA-IDM-3El 5.510.5 6.110.3 4.710.1 6.510.5 6.410.6 5.210.8
SA-IDM-13El 5.310.8 6.210.2 4.710.3 6.510.4 5.8£0.7 5.910.7
SA-IDM-16El 5.610.6 6.7+0.6 5.0%0.2 7.010.4 6.810.7 6.310.9
SA-IBM-1F1 5.710.3 6.410.6 5.1+0.3 6.910.6 6.510.6 6.310.8
SA-IDM-2F2 4.810.4 . 5.810.3 4.1%0.2 6.010.5 5.410.3 5.010.4
SA-IDM-2F6 5.910.6 6.610.5 5.010.6 6.810.6 5.910.5 6.010.9
SA-IDM-5F1 5.510.6 5.910.3 4.610.3 6.510.5 6.110.4 5.610.7
SA-IDM-6F1 5.010.3 5.710.1 (1) 5.910.4 5.410.3 5.010.3
SA-IDM-7F2 4.310.3 5.410.3 3.810.3 5.510.7 5.110.4 4.5%0.7
SA-IDM-11Fl 5.810.4 7.0£1.0 5.510.5 7.410.6 7.110.9 6.510.6
SA-IDM-13F4 5.810.6 6.910.7 4.940.3 7.01+0.5 6.610.6 6.210.4
SA-1DM-3G1 (C) 5.510.2 6.3%1.0 5.310.4 7.411.5 6.810.8 6.110.4
SA-IDM-3H1 (C) 5.910.2 6.810.3 5.310.4 7.2%0.4 6.710.7 6.310.8
SA-IDM~-3H3 (C) 6.310.6 7.410.4 5.610.3 7.610.6 7.310.6 6.6%1.0
AVERAGE 6.411.0 5.0%1.0 6.8%1.1 6.5%1.3 5.911.2

5.510.9




TABLE C-9 (cont'd)
1986 DIRECT RADIATION MEASUREMENTS — MONTHLY TLD RESULTS
Results in mrad/standard monthx
(Results by Teledyne Isotopes)

STATION 1D JULY AUGHST SEPTEMBER OCTOBER  NOVEMBER DECEMBER AVERAGE
SA-IDM-2S2 - 5.910.3 5.710.5 5.320.5 5.4+0.3 4.910.4 7.140.7 5.811.4
SA-IDM-5S1 5.510.4 5.910.7 4.940.7 5.310.3 4.610.3 6.210.5 5.4%1.2
SA-IDM-6S2 6.1130.5. 6.1%0.4 5.510.4 5.740.4 4.910.5 6.610.6 5.9+1.2

. SA-IDM-7S1 7.010.8 6.910.4 6.610.8 6.510.9- 5.910.7 7.71.0 6.911.2
SA-IDM-10S1 6.510.6 6.5%0.4 5.740.5 6.4+0.6 5.540.3 7.6£0.9 6.4%1.4
SA-IDM-11S51 6.410.6 6.140.5 5.010.2 5.410.3 5.0£0.1 6.940.9 5.9+1.8
SA-IDM-5D1 6.210.5 6.010.7 5.540.5 5.5%0.5 4.810.4 6.510.6 5.8+1.1
SA-IDM-10D1 5.7£1.1 6.310.5 5.810.4 6.110.5 5.310.4 6.940.6 6.211.3
SA-I1DM-14D1 6.810.1 6.210.3 5.740.5 6.010.8 5.2+0.4 6.910.6 6.2%1.2
SA~-IDM-2E1 6.010.7 6.0£0.3 5.510.3 5.610.5 ° 4.910.6 6.510.9 5.811.2
SA-IDM-3E1l 6.010.4 5.910.5 5.110.3 5.540.3 4.810.4 6.310.5 = 5.7#1.2
SA-IDM-13E1l 5.910.4 5.910.4 5.210.6 5.710.4 4.8+0.5 6.610.6 5.7+1.2

@  SA-IDM-16El 6.4%0.5 6.110.4 5.810.6 5.9%0.5 5.110.4 7.110.7 6.11t1.4

=  SA-IDM-1F1 6.310.5 6.240.3 5.510.3 5.940.5 5.110.5 6.710.4 6.0%1.2
SA~IDM-2F2 5.410.4 5.310.2 4.740.2 4.810.2 4.210.2 5.910.3 5.1%1.2
SA-IDM-2F6 6.0%0.6 6.110.3 5.610.3 5.610.3 5.010.5 7.120.6 6.0%1.3
SA-IDM-5F1. 6.110.3 §5.910.2 5.5%0.3 5.610.4 5.010.3 6.410.6 5.7+1.1
SA-IDM-6F1 5.610.3 5.310.2 4.810.3 5.0%0.3 4.310.2 6.110.5 5.3%1.0
SA-IDM-7F2 5.0%0.3 4.910.1 4.240.2 4.610.3 3.810.2 5.510.6 4.741.2
SA-IDM-11F1 6.8%1.0 6.7+0.4 6.210.8 6.210.5 5.6£0.5 . 7.210.8 6.5%1.3
SA-IDM-13F4 6.540.4 6.1+0.2 5.740.4 6.010.5 5.310.4 6.910.5 6.211.3
SA-1DM-3Gl (C) 6.7+0.5 6.610.7 6.110.4 6.3%1.3 5.140.3 - 7.2%0.3 6.3%1.4
SA-IDM~3H1 {(C) 6.710.9 6.710.4 5.6%0.6 6.0£0.5 = 5.4%0.2 7.210.5 6.3%1.3
SA-IDM-3H3 (C) 6.910.5 6.910.4 6.310.8 6.5+0.3 5.910.4 7.440.6 6.7%1.3
AVERAGE 6.211.0 6.1%1.0 5.5%1.1 5.7%1.0 5.0%1.0 6.68t1.1

Grand Average 6.0%1.p
s The standard month = 30.4 days.
{C) control station ‘ :
(1) TLD missing from field location.
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TABLE C-10

1986 CONCENTRATIONS OF IODINE-131* IN MILK**

Results in Units of pCi/L + 2 Sigma

STATION ID*x*

JUNE

* 1-131 results are corrected for decay to midpoint of collection period.
** Monthly sample collected during Jan., Feb., March and Dec., when animals are not on pasture.

* pling dates can be found in Table C-13,
tion SA-MLK-2F4 terminated milk production on September 1, ¥
tion SA-MLK-2F7 replaced station SA-MLK-2F4 on September 1,

JANUARY FEBRUARY MARCH APRIL MAY
SA-MLK-13E3 <0.4 <0.5 <0.5 <0.5 <0.5 3.310.8
. . - - - <0.6 1111 0.7£0.4
SA-MLK-2F4 <0.4 <0.6 <«0.6 <0.5 <0.3 2.210.4
. - - - <0.6 29:1 1.310.4
SA-MLK-6F2 <0.6 <0.1 <0.4 <0.4 0.5 6.210.9
.- - - <0.6 4712 1.210.4
SA-MLK-11F3 <0.4 <0.5 <0.6 <0.6 <0.3 2.510.6
. - - - <0.4 2712 0.640.2
-~ SA-MLK-14F1 <0.5 <0.6 <0.9 <0.4 <0,1 5.0:0.8
- - - <0.6 2612 1.040.4
SA-MLK-3G1 <0.8 <0.6 <0.6 <0.6 <0.6 3.310.6
(Control) - - - <0.6 6312 0.310.2
AVERAGE - - - - - 2.313.17
: [
STATION ID*** JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
SA-MLK-13E3 <0.4 - - <0.6 <0.4 <0.6 <0.7 <0.6
<0.5 <0.6 <0.5 <0.6 <0.6 -
SA-MLK-2F4 (1) 0.210.1 <0.6 -- -- -- -
. . <0.6 - <0.6 - -- - -
SA-MLK-2F7 (2) -- <0.6 <0.56 <0.5 <0.6 <0.6.
) -- «<0.6 <0.2 <0.5 <0.4 .
SA-MLK-6F2 <0.7 <0.5 <0.6 <0.4 <0.6 <0.6
<0.6 " <0.3 <0.7 <0.5 <0.7 -
SA-MLK-11F3 <0.7 <0.7 <0.3 <«0.6 <0.5 <0.6
_<0.b <0.8 <0.7 <0.6 <0.5 -
SA-MLK-14F1 <0.7 <0.8 <0.7 <0.6 <0.6 0.1
: <0.8 <0.6 <0.6 <0.4 <0.8 -
SA-MLK-3G1 <0.8 . <0.6 <0.5 “<0.5 <0.6 <0.6.
(Control) <0.8 <0.4 <0.6 <0.6 <0.6 -
AVERAGE - - - - - -




TABLE C-11

1986 CONCENTRATIONS OF STRONTIUM-89* AND”

STRONTIUM-90 IN MILK**

Results in Units of pCi/L * 2 sigma

STATION ID COLLECTION PERIOD Sr-89 Sr-90
SA=MLK=13E3 07/06-07/86 <0.9 1.9%0.3
SA-MLK~-2F4 07/06-07/86 <0.8 . 1.8:0.3
SA=MLK-2F7 08/03-04/86 <1.5 2.4%0.6
SA-MLK~5F2 07/05-07/86 <l.1 3.0%0.4
SA-MLK-11F3 107/07-08/86 <0.8 1.7%0.3
SA-MLK-14F1 07/06-07/86 <0.8 1.2%0.3
SA-MLE-3G1 07/07-08/86 <0.9 2.7%0.3
(Control) :

AVERAGE - 2,121,2

* Sr-89 results are corrected for decay to midpoint of

collection period.

** Management audit analyses, not required by Technical

Specifications or by specific commitments to local officials.

B ek Ikt DRI
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TABLE C-12

1986 CONCENTRATIONS OF GAMMA EMITTERS* IN MILK< -

Results in Units of pCi/L % 2 sigma . -

STATION ID*~ NUCLIDE . JANUARY FEBRUARY MARCH
MONTHLY MONTHLY MONTHLY
SA-MLK-13E3 Na-22 <3.4 <3.9 <4.0
K-40 : 1400275 1400:79 1400298
Mn-54 . <2.5 <3.4 <4.0
Zn-65 <7.2 <7.7 <10 -
[-131 ] <3.0 <2.5 <4.7
Cs=-137 : <2.7 <2.8 <4.9
Ra-226 <§5.9 <7.2 <9.4
SA-MLK-2F4 (1) Na-22 . <3.7 <5.6 <3.4
K-40 - . 140074 - 1400498 : 1400*76
Mn-64 : - <2.8 <4.1 <2.3
Zn-65 <5.9 <6.3 <6.9
I1-131 ' <3.0 <3.8 <3.0
Cs-137 <2.9 <4.6 <2.7
Ra-226 <§.5 <7.4 <§.9°
SA-MLK-2F7 (2) Na-22 - - -
K-40 - - -
Mn-54 - - -
In-65 - - -
I-131 - - -
Cs-137 - - -
Ra-226 ‘ - - -
SA-MLK-5F2 Na-22 <3.5 2.2
) K-40 1300£72 1300481
‘Mn-54 . <2.5 <3.3 2.7
Zn-65 . . <5.9 <9.1 <1.8
I-131 ) . 3.2 <3.8 <0.6
Cs-137 <2.9 2.9 <3.6
Ra-226 <6.2 <7.7 <§.9 .
SA-MLK-11F3 Na-22 <4.6 <4.5 <3.6
K-40 130090 130082 1300=x74
Mn-54 <3.2 <2.0 <2.3
Zn-65" ) : 8.7 <7.3 <§.9
I-131. - <3.3 <0.6 <3.3
Cs-137 <3.3 <3.7 <2.9
Ra-226 <6.6 <6.8 6.2
SA-MLK-14F1 Na-22 . <2.4 <3.6 <3.5
K-40 . 130081 140077 1400277
Mn-54 . <3.8 <2.6 <3.2
Zn-65 S 9,1 <6.9 <1.8
I-131 . <4.7 <3.1 <4.,7
Cs-137 . 3.9 <2.6 <3.7
Ra-226 <6.1 <5.8 <7.9
SA-MLK-3G61 Na-22 <4.2 <§.2 <4,9
(Control) K-40 1300+£92 1300£92 1400292
Mn-54 <3.2 <3.5 <3.2 .
Zn-65 } 8.7 <8.7 <8.2
I-131 <3.1 3.4 <3.6
Cs-137 o <3.3 <3.5 <3.3
Ra-226 N - «<7.0 <7.0 <6.6
AVERAGE K-40 1300+100 1400£110 1400100
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Results in Units of pCi/L =

TABLE €-12 (cont'd.)
1986 CONCENTRATIONS OF GAMMA EMITTERS* IN MILK - -

2 sigma

STATION ID®= NUCLIDE APRIL MAY JUNE
SEMI-MONTHLY SEMI-MONTHLY SEMI-MONTHLY
SA-MLK-13E3 Na-22 <4.9 <4.5 <4.8 <4.2 .3 <«4.5
K-40 1400£100 1400283 1300:76 130077 1300232 1400279
Mn-54 <4.9 2.9:1.7 <2.8 <1.8 <3.8 <1.4
Zn-65 <8.6 <7.4 <9.7 <7.3 . <9.3 <8.3
I-131 <0.8 "<1.9 <3.9 13+2 3.8¢2.3 <4.4
Cs-137 <4.5 ¢3.6 <3.6 <3.4 €31.6 4.2
Ra-226 <8.6 <7.0 <7.4 <8.0 .0 <6.2
SA<MLK-2Fé& Na-22 6.2 4.4 <4,8 <4.6 <3.1 ¢4.6
K-40 1400299 1400+77 140099 - 1400292 140077 1400293
Mn-54 <3.8 <1.8 <4.4 <3.5 2.5 <3.1
" In-65 <11 <6.9 <8.8 <8.7 <4.6 <8.2
I-131 <2.3 3.4 <3.5 3223 <3.5 4.0
Cs=137 <4.2 <4.2 <3.0 <3.8 2.9 <3.6
Ra-226 <9,2 <8.3 <7.9 <7.0 5.9 6.2
SA-MLK-2F7 Na-22 - - - - - -
K-40 - - - - - -
Mn-54 - - - - - -
Zn-65 - - - - - -
I-131 - - - - - -
Cs-137 - - - - - -
Ra-226 s - - - = -
SA-MLK-BF2 Na-22 <2.8 <4,5 <4.0 4,6%2.3 <f.6 <3.6
K-40 1200+74 1300+96 1300£74 i300z76 126094 1300£72
Mn-54 2.9 <3.8 . €2.9 <3.5 <4.0 <2.3
IR-68 <7.0 <ii T <6.4 <6.2 <7.0 <6.7
I-131 <3.0 3.7 <3.2 4924 T.3:2.7 <3.4
Cs-137 <3.0 <4.7 <3.7 <3.6 5.122.4 3.9¢1.6
Ra-226 <7.6 <6.6 <7.7 7.7 <g.0: <6.2
SA-MLK-11F3 Na-22 <1.,0 <4,9 <4.8 4,1 2.3 <3.1
K-40 1400277 1400£92 140097 1300283 1200475 1300:82
Mn-54 <2.3 <3.1 <4.5 <l1.9 3.3 <3.1
Zn-65 <9.1 <8.7 <9.2 1126 <8.7 <8.1
I1-131 <3.9 <3.7 <3.5 24%3 4.2 <3.0
Cs-137 <2.3 <3.2 <4.3 <3.8 <3.8 <3.3
Ra-226 <6.3 <7.4 <7.8 <6.7 <. 1 <7.1
SA-MLK-14F1 Na-22 <3.8 <5.1 <1.2 <1.6 3.7 <4.9
K-40 1300£94 ° 1300:96 1300283 130098 1400276 140097
¥n-54 <1.1 <3.6 - <2.8 <3.8 2.8 <3.%
n-68 6.7 <5.0 <4,7 <§.4 .2 <10
I-131 <4.4 <3.2 . <2.8 2624 4,719 4.9
Cs-137 <2.6 <3.1 <3.8 L <4.1 3.3sk.7 4.2
Ra-226 <8.1 <8.8 7.324.3 <7.9 4,422 . & 8.2
SA=MLK-3G61 Na-22 <4.8 <3.5 <4.8 <§.§ 8.7 4.8
(Control) K-40 140093 140074 1400£82 1400£97 136681 1400:93
Mn-54 <3.58 <2.6 2.9 3.2 4.2 3.7
Zn-68 <8.7 6.7 <4.8 <1i <8.6 7.4
1=131 <4.1 <3.4 <4.0 6525 7.452.6 €3.3
Cs-137 <3.8 <2.9 2.7 <4.2 4.z 3.9
Ra=226 <7.7 §.522.9 <7.0 <8.8 6.2 6.6
AVERAGE K-40 1400£170 1400:100 1400110 1300:100 . 13692180  1400:100

88



1986 CONCENTRATIONS® OF. GAMMA EMITTERS* IN MILK -

TABLE C-12 (cont'd.)

Results in Units of pCi/L £ 2 sigma

NUCLIDE

AVERAGE

K-40

86

STATION ID»*= . JULY AUGUST SEPTEMBER
SEMI-MONTHLY SEMI-MONTHLY SEMI-MONTHLY
SA-MLK-13E3 Na-22 <3.5 <5.0 <4.9 <3.0 2.1 <3.3
K-40 140075 1500+97 1400196 1400+85 1400278 1400296
Mn-54 <2.6 <3.8 <2.8 <0.8 <0.7 <4.4
In-65 <5.4 <11 <8.0 2.1 <3.6 9.7
I-131 <3.6 <3.3 <4.0 <2.9 <3.1 <2.8
Cs=-137 <2.7 <4.5 <3.9 <4.0 . 3.7£2.0 <4.0
Ra-226 <§.9 <8.4 <6.6 <6.0 <8.8 <8.4
SA-MLK-2F4 Na-22 <4.8 <3.7 2.9 . «<5.4 - -
K-40 1300+£92 140075 140096 1800196 - -
Mn-54 <3.0 - <2.5 . <4,1 <«3.0 - -
in-65 <9.5 <5.9 <9.0 <9.7 - -
I-131 <4.0 <3.4 <0.7 <3.8 - -
Cs-137 <3.8 <3.0 <4.5 . <3.3 - -
Ra-226 <7.0 <§.5 <8.0 <7.0 - -
SA-MLK-2F7 Na-22 - - <3.7 <3.5 <4.5 <2.6
K-40 - - 1400£74 1300+73 140078 1400+78
Mn-54 - - <2.6 <2.5 - <2.6 .
In-65 - - <6.7 <6.9 <8.1
I-131 - - <3.2 <3.2 <3.2
Cs-137 - - <3.2 2.7 <3.2
Ra-226 - - 5.1£2.8 <5.5 <8.1
SA-MLK-5F2 ~ Na-22 3.9 <4.9 . <6.4 . €3.2 <1.6 -
K-40 1300+77 130092 11300+95 1300+72. 1200+91
Mn-54 <0.7 <3.1 <3.9 2.2 <2.0
In-65 <5.5 <8.2 <7.3 <6.4 <12
I-131 <4.1 <3.4 <4.3 <3.2 <2.3
Cs-137 <4.7 <3.9 <3.8 <2.9 <5.1
Ra-226 <7.1 <7.0 <7.2 <5.9 <7.3 <7 7
SA-MLK-11F3 Na-22 <6.3 3.2 <6.0 <8.0 <5.9 <4,4
: K-40 150098 1300278 1400£98 - 1500+100 1300£96 1300£93
Mn-54 <3.6 <3.1 : <2.9 <3.2 <3.3 <3.1
Zn-65 C <14 <9.5 <4,7 <9.0 <8.2 <8.5
' I-131 <4.6 <0.6 <4.5 <4,7 <0.8 <3.8 .
- Cs-137 <4.8 <4.0 <3.0 <3.7 <4.4 <3.6
) Ra-226 <6.8 <7.3 <8.3 <8.2 <8.2 <6.6
] SA-MLK-14F1 Na-22 . <§.8 <4.8 <4,1 <3.9 <3.5 <3.3
K-40 1400280. 1400£97 1400177 1400+78 1400175 1300£82
Mn-54 <3.3- - «1.8 <3.1 <1.7 <2.3 <3.1
. 1n-65 <9.4 <1l <1.8 <9.3 <6.4 <8.8
I-131 - <2.1 <3.7 3.7 <4.4 3.2 - <3.6 .
Cs-137 <3.6 <4.0 <3.7 <2.9 <2.7 - <3.7 -
S . Ra-226 <8.0 <7.5 <6.3 <8.7 <6.2 <6.9.
C SA-MLK-3G1 Na-22 <3.9 <2.9 <4.6 <4.5 <3.9 (3)
(Control) K-40 130073 1400+84 1300283 1100:85 1300+92 -
) Mn-84 <2.5 <2.4 <2.2 <3.2 <3.5 -
In-65 6.9 - <8.6 <6.3 <7.7 . <9.0 -
1-131 <3.0 <3.,7 <3.3 <3.3 <3.7 -
Cs-137 <2.9 <3.2 <3.7 <3.8 <3.5 -
Ra-226 <§,5 <7.5 <5.8 <6.6 <7.0 -
1400+£160  1400+150 1400+100 14002280 13002160  1300x170




TABLE C-12 (cont'd.)

1986 CONCENTRATIONS OF GAMMA EMITTERS* IN MILK -

Results in Units of pCi/L =+ 2 sigma

STATION ID*= = NUCLIDE OCTOBER NOVEMBER . DECEMBER AVERAGE
. SEMI-MONTHLY SEMI-MONTHLY MONTHLY

SA-MLK-13E3 Na-22 <2.6 <5.3 <3.5 <5.3 6.4 -
K-40 1400£79 1400493 1400279 1500+84 1400+98 1400+100
Mn-54 3.1 3.1 <3.6 <2.0 <3.5 -
Zn-858 <%.0 <8.7 6.6 <10 <7.6 -
I1-131 - <3.8 <3.7 2.4 . <2.8 <3.6 -
Cs=137 - <3.5 <3.6 <3.8 4.422.2 <3.5 -
Ra=-226 <7.1 <7.4 <6.4 <6.4 6.7 -

SA-MLK=-2F4 Na-22 - - - - - -
K-40 - - - - - 140082
Mn-54 - - - - - -
In-65 - - - - - -
I-131 - - - - - -
Cs-=137 - - - - - -
Ra-226 - - - - - -

* SA-MLK-2F7 Na-22 <2.9 4.2 <4.4 <4.0 <4,2 -

K-40 1300481 1400£98 1300295 140074 130081 1400+100
Mn-54 <3.0 <3.4 <3.2 <2.6 <3.2 -
Zn-65 <10 <5.8 <9.9 <6.9 <8.2 -
I-131 <4,3 <4.4 <4.4 <2.9 <2.3 -
Cs=137 <4.2 <4.9 <3.9 <3.2 <4.2 -
Ra-226 <6.7 <7.9 <8.3 <5,9 <7.1 -

SA-MLK-5F2 Na-=22 €3.9 <4.8 <3.5 <4.6 <4,1 -
K-40 1200271 120073 1200271 1300281 120088 i300z100
Mn<54 <2.3 <2.3 <2.3 <3.3 <3.4 -
Zn-65 <6.2 -¢7.8 6.9 6.2 <8.4 -
1-131 <2.9 <3.3 <3.3 <2.4 <3.8 -
Cs=137. <3.0 3.6 <3.0 <4,3 <3.5 -
Ra-226 6.2 <7.4 5.1 <7.3 <7.4 -

SA-MLK-11F3 Na-22 <3.1 <2.6 <3.9 ¢§.2 <4.4 -
K-40 1400278 1400+98 130083 140094 1300+77 1400£150
Mn-54 <2.8 <4.9 <3.3 <3.2 <3.6 -
Zn-65 <9.2 <13 <7.3 <8.5 <9.9 -
I-131 <2.9 <4.9 <4.5 <3.7 <3.6 -
Cs~-137 <3.3 <3.5 <3.9 <3.6 - 4,7 -
Ra-226 <7.3 <8.8 <6.5 <7.0 <7.58 -

SA-MLK-14F1 Na-=22 <3.3 <3.6 <§.3 <4,7 <3.8 -
K-40 1300£74 140074 1500£100 1300176 1300+76 1400£120
Mr-84 <3.3 2.8 4.1 <3.1 <1.7 -
In-68 <7.8 <6.4 <7.8 <7.0 <5.0 -
I[-131 o <3.1 <3.2 <4.3 <1.9 2.2 . -
Cs-137 <4.1 <2.7 <4.9 <2,7 <3.2° -

. Ra-226 <8.2 <5.9 : <7.4 <6.6 <8.0 -
SA-MLK-3G1 Na-22 - <51 C <4.7 <§.0 <3.9 <4.9 -
(Control) K-40 1300296 1400278 140094 140098 1300+76 1300150

Mn-84 <4.2 3.3 <3.6 <4.0 2.4 -
in-68 <10 <7.6 - <9.0 <11 <6.0 -
I-131 <3.8 <3.8 <3.6 <3.7 3.8 -
Cs=137 <4.1 4.7 <3.8 <4,.9 <3.8 -
Ra-226 <6.7 <9.0 <6.6 <7.9 <§.4 -
AVERAGE K-40 1300+£150 14002160 - 1400£210 14004150 1300£130- 1300:150

= A1l other ganma emitters searched for were <LLD; typical LLDs ars given in Table C-33.

*% Sampling dates can be found in Table C-13.

(1) Station SA-MLK-2F4 terminated milk production on September 1. 1986.
(2) Station SA-MLK-2F7 replaced station SA-MLK-2F4 on September 1, 1986,
(3) Sample lost during preparation

8%
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E 1986 SAMPLING DATES FOR MILK SAMPLES

. TABLE C-13

07-22-85

STATION ID
MONTH 13E3 2F4 BF2 11F3 14F1 361
JANUARY 01-06-86 01-06-86 01-04-86 01-06-86 01-05-86 01-06—56
to to to to to . to
01-07-86 01-06-86 01-06-86 01-07-86 01-06-86 01-07-86
FEBRUARY 02-03-86 02-02-86 02-01-86 02-03-86 02-02-86 02-03-86
to to to to to to
02-04-86 - 02-03-86 02-03-86 02-04-86 02-03-86 02-04-86
MARCH 03-03-86 03-03-86 , 03-01-86 03-03-86 03-02-86 03-03-86
to to to to to o to
03-04-86 03-04-86 03-03-86 03-04-86 03-03-86 03—04—86
APRIL 04-07-86 04-07-86 04-06-86 04-06-86 04-07-86 04-06-86
: to ) to - to to ~ to to
04-08-86 04-08-86 04-07-86 04-07-86 04-08-86 04-07-86
. 04-22-86 04-21-86 04-20-86 04-20-86 04-21-86 04-20-86
to : to to to to . to
04-22-86 04-22-86 »04—21-86 04-21-86 04-22-86 04-21-86
MAY 05-05-86 05-06-86 05-04-86 05-04-86 06-06-86 06-04-86
"~ to : to to to to ) to
06-06-86 05-06-86 06-05-86 06-05-86 05-06-86 05-06-86
' 06-19-86 05-19-86 06-18-86 06-19-86 05-19-86 05-18-86
to to to to to to
06-20-86 05-20-86 056-19-86 05-19-86 05-20-86 05-19J86
JUNE 06-08-86 06-08-86 06-07-86 06-09-86 . - 06-08-86 06-09-86
to to to to to - to
06-09—86. 06-09-86 06-09—36 06-10-86 06-09-86 06-10-86
06-22-86 06-22-86 06-21-86 06-23-86 06-22-86 06-23-86
to to to to to to
06-23-86 06-23-86 06-23-86 06-24-86 06-23-86 06-24-86
JULY 07-06-86 07-06-86 -07-05-86 07-07-86 07-06-86 07-07-86
to to to - to to to
07-07-86 07-07-86 07-07-86 07-08-86 07-07-86 07-08-86
07-21-86 07-20-86 07-19-86 07-21-86 07-20-86 ’07-21-86
to to to to to to
07-22-86 07-21-86 7-21-86 07-21-86 07-22-86
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TABLE C-13 (cont'd)

1986 SAMPLING DATES FOR MILK SAMPLES

_ STATION ID
MONTH 13E3 2F4* 2FFs® " 6F2 13F3 14F1 361
AUGUST 08-03-86 08-03-86 08-03-86 08-02-86 08-04-86 08-04-86 08—03-86
to to to to te to to
08-04-8% 08-04-86 -08-04—8§ 08-04-86 08-05-86 . 08-05-86 08-04-86
08-19-86 . 08-19-86 08-19-86 08-18-86 08- 18 86 08- 18 86 08-19-86
te to to to to
08-29-86 08-20-86 08-20-86 08-19-86 08- 19 86 08- 19 86 08-20-86
SEPTEMBER 09-08-86 09-08-86 09-07-86 09-07—86 09-07-86 09-08-86 .
to : to to to to to
09-09-86 09-09-86 09-08-86 09-08-86 09-08-86 09-09-86
09- 22—86 09-22-86 09- 21 86 09-21-86 09-21-86 09-22-86
to to to to
® 0%- 23—86 09-23-85 09- 22 86 09-22-86 09-22-86 09-23-86
© OCTOBER 10-06-86 10-06-86 10-05-86 10-05-86 10-05-86 10-06-86
to toe to to to ~ to
10-07-86 10-07-86 10-06-86 16-06-86 10-06-86 10-07-86
10-20-86 10-20-86 10-19-86 10-19-86 10-19-86 . 10-20-86
to to to to to . to
10-21-86 10-21-86 10-20-86 10-20-86 10-20-86 10-21-86
MOVEMBER 11-02-86 11-09-86 . 11-01-86 11-02-86 11-02-86 11-01-86
to to- to to to to
11-03-86 11-10-86 11-02-86 11-03-86 11-03-86 11—03-86»
13-17-86 11-17-86 11-16-86 11-16-8% 11-16-86 i1- 17-86
to to to to to T to -
11-18-86 11-18-86 11-17-86 11-17-86 11-17-86 11-18-86
DECEMBER 12-07-86 12-07-86 . 12-06-86 12-08-86 12-08-86 12-07-86
to to to to to to .
12-08-86 12-08-86 12-08-86 12-09-85 12-09-86

= Station SA-MLK-2F4 terminated milk production on September® 1, 1986.
% Station SA-MLK-2F7 replaced station SA-MLK-2F4 on September 1, ﬂ9$6,

12-08-86




TABLE C-14

1986 CONCENTRATIONS OF GROSS ALPHA AND GROSS BETA EMITTERS,
POTASSIUM-40 AND TRITIUM IN WELL WATER

Results in Units of pCi/L t 2 sigma

STATION ID
RADIOACTIVITY 01-13-86 02-10-86 03-10-86 04-14-86 05-12-86 06-16-86

SA-WWA-2S3
j Alpha <2.2 <1.2 <1.6 <1.1 <1.0(1)  <p.5
| Beta 3.3:0.8 5.8%0.9 3.60.8 3.2%0.7 5.4%0.9 2.5%0.7
| K-40 3.0x0.3 6.90.7 4.2%0.4 3.6%0.4 5.920.6 2.9%0.3 ,
} H-3 <130 <130 <140 <140 <130 <140
| SA-WWA-5D1 :

b Alpha B <3.7 <1.4 <1.9 <0.8 <0.7 0.9£0.5
| Beta 13:1 13%1 13t} 12t1 13:1 2.0%0,6
: K-40 8.8%0.9 13%} 15+2 15%2 14%1 - 12%)

i H-3 <130 <140 <150 <140 <130 <130

}

: SA-WWA-3El

I (Control) '

! Alpha <2.9 <1l.4 <1l.9 <0.9 <0.8 <0.8

i Beta 8.5t1.0 9.5%1.1 8.1%x1.0 g.8121.1 8.4*1.0 2.5%0,6

% K-40 172 9,320.9 . 9.6%1.0 9.9+1,0 9.1+0.9 7.6x0.8

| H-3 <130 <140 <140 <140 <130 <140

; AVERAGE

~Alpha - - - - - -

Beta 8.3%9.7 9.4%7.2 8.2+9.4 8.0%8.9 8.9t7.6  2.3%0.6
K-40 9.6%14 9.7+6.1 9.6%11 9.5%11 9.7+8.2  7.5%9.1
H-3 - - - - - -

i

1

| .

i .
i . ,
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TABLE C-14 (cont'd)

1986 CONCENTRATIONS OF GROSS ALPHA AND GROSS BETA EMITTERS,
POTASSIUM-40 AND TRITIUM IN WELL WATER

Results in Units of pCi/L * 2 sigma

'H-3 - - - . - -

(1) Station SA-WWA-2S3 was collected on 05-13-86.

STATION ID :
RADIOACTIVITY 07-14-86 08-11-86 09-15-86 10-14-86 11-10-86 12-15-86 AVERAGE
SA-WWA-2S83
Alpha 1.7%1.3 1.611.2 0.9%0.6 8.7%0.5 <1.3 . <1,9 -
Beta 8.6t1.1 6.5t1.0 2.5%0.6 7.3%1.0 3.630.8 3.8+0.8 4.7%4.0
K-40 7.3%0,7 8.0+0.8 4,7%0.5 3.2%0.3 .2,9%0.3 2.7%0.3 4.6%3,.8
H-3 <130 - <140 <140 <140 <140 <130 -
SA-WWA-5D1 . '
Alpha <1.5 2.0%1,2 0.6x0,5 <0.5 <1.4 <1.9 -
Beta : 13%1 12%) . 3,8%0.7 4.9%0.8 121 15%1 109
K-40 ' 131 . 16+2 121 12¢1 12+1 11t 134
H-3 <130 ... <130 <140 <140 <140 <130
SA-WWA-3E1
{Control) ‘ :
Alpha <1.5 <1.2 <0.5 <0.5 <1.5 <2.0 -
Beta 8.5%1,1 8.8%1.1 5.3%0.8 3.5%0,7 8.6%t1.0 8.611,1 7.424,6
K-40 8.5%0,.8 111 8.1:0.8 8.2+0.8 7.7+0.8 7.410.7 9.415,2
H-3 <130 <130 <140 <140 <140 <130 -
AVERAGE :
Alpha - 1.6%+0.8 0.720.4 - ) - - -
Beta 10t5 9,1t5,5 3.9:2.8 5.,2+3.8 8,1t8.4 9,1+11 7.6x7,.17
K-40 © 9,6%6,0 128 8.327.3 7.8%8.8 7.5t9.1 7.0:8.3 9.0%8.0
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TABLE C-15
1986 CONCENTRATIONS OF GAMMA EMITTERS* IN WELL WATER

Results in Units of pCi/L t 2 sigma

STATION .ID

Th-232

NUCLIDE 01-13-86  02-10-86 03-10-86 04-14-86 05-12-86 06-16-86
SA-WWA-2S3 * .
T K-40 <27 <28 <26 - <27 <23(1) <32
" Ra-226 3.3%1.9 153 6.0+3,.1. <5,.2 <3.3 7.4%¥2.9
Th-232 . <6.6 <7.1 <4.6 <7.1 <5.3 <6.8
. SA-WWA-5D1 - ' _
K-40 . <38 <34 35x15 <33 <26 <40
‘Ra-226 <4.0 1513 5915 4214 <4.0 44%4
Th—232. <7.1 N <6.1 <8.0 <7.9 <7.1 8.4x4.8
SA-WWA-3E1
Control B ' S
K-40 - <23 <38 <45 . <42 <41 ‘<31
Ra-226 2.9:1.5 213 1107 71%5 <4.6 63t5
Th-232 <5.8 _ <7.1 <9.9 " <10 <8.7 - <8.2
AVERAGE
K-40 - - - - . - -
Ra-226 3.4%1.1 1727 ‘581100 39t66 ) - 3856
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TABLE C-15 {cont‘'d)

1986 CONCENTRATIONS OF GAMMA EMITTERS* IN WELL WATER

Results in Units of pCi/L * 2 sigma

{1) station SA-WWA-2S83 was'collected on 05-13-86.

STATION ID . '
NUCLIDE 07-14-86 08-11-86 09-15-86 10-14-86 11-10-86 12-15-86 AVERAGE
SA-WWA-283 ,
K-40 - <23 <217 <30 <21 <27 <30 -
Ra-226 15£2 <4.8 <4.4 <3.7 9.6:2.6 8.4+2.9 7.28.3
Th-232 <%,.3 <7.0 <6.3 <5.3 <5.2 =~ <6.7 -
SA-WWA-5D1 .
K-40 <29 <29 <28 41%15 4716 4417 -
Ra-~226 504 29+4 10x3 665 2123 96+6 37156
Th-232 <7.1 <7.1 10%4 <7.5 ‘ <7.1 <8.4 -
SA-WWA-3EL
{Control) ‘
K-40 <30 <39 <39 <32 <23 <33 -
Ra-226 976 113 11+4 1707 28+3 685 551100
Th-232 <8.0 <7.7 <8.8s <6.1 <5,.3 <8.0 -
AVERAGE
K-40 - - - ' - - - -
Ra-226 54182 15225 8.5t7.1 - 80168 2018 57+89 33277
Th-232 - - - - - - -
% All other gamma emitters searched for were <LLD; tYpical LLDs are given in Table C-33,



TABLE C-16

1986 CONCENTRATIONS OF STRONTIUM-89% AND STRONTIUM-90

IN QUARTERLY COMPOSITES OF WELL WATER

Results in Units of pCi/L t 2 sigma

¥ Sr—-89 results are corrected for decay to sample stop date.

<0.4

(1) High LLD due to extended period between collection and analysis.

01-13-86 . 04-14-86 07-14-86 10-14-86
STATION ID to to " to to
NUCLIDE 03-10-86 06-16-86 09-15-86 12-15-86
SA-WWA-2S3
Sr—89 <0.4 <11(1) <0.6 ' <0.9
Sr-90 <0.3 <0.5 <0.4 <0.6
SA-WWA-5D1
Sr-89 <0.5 <g,0f1) <0.5 <0.7
Sr-90 <0.4 <0.4 <0.4 <0.5
SA-WWA-3E]
(Control)
Sr-89 <0.6 <9.0(1) <0.5 ~<0.8
Sr-90 <0.5 <0.4 <0.5
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TABLE C-17

1986 CONCENTRATIONS OF GROSS ALPHA AND GROSS BETA EMITTERS, POTASSIUM-40

STATION ID:

AND TRITIUM IN RAW AND TREATED POTABLE WATER
SA-PWR/T-2F3
Results in Units of pCi/L t 2 sigma

‘RADIOACTIVITY JANUARY FEBRUARY MARCH APRIL MAY JUNE
Alpha (Raw) 2.4 0.710.5 0.7%0.5 <0.5 0.540.4 <1.0
(Preated) <1.9 0.6%0.5 0.6 0.8%0.5 0.6%0.5 1.4
Beta (Raw) 2.240.6 3.710.8 2.410.6 2.2+0.6 2.1%0.6 2.410.7
(Treated) 2.4%0.7 2.610.7 2.310.6 3.00.7 2.240.6 2.110.7
K-40 (Raw) 1.430.1 1.710.2 1.410.1 2.010.2 1.31#0.1 1.4%0.1
(Treated) 2.3$0.2 1.7140.2 1.4%0.1 2.0+0.2 1.940.2 1.510.2
H-3  (Raw) <140 <140 <140 <130 15080 <140
(Treated) <140 <140 <140 <140 <130 <130
RADIOACTIVITY JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER AVERAGE
Alpha (Raw) 0.740.5 1.00.8 <0.6 <1.3 2.0 1.5+1.0 -
(Treated) 1.140.7 0.910.6 <0.5 <1.3 1.7 <0.9 -
Beta (Raw) 2.010.6 3.110.7 13%2 2.810.6 3.240.7 4.510.8 3.616.1
(Treated) 1.740.6 8.211.0 5.110.8 6.5%0.9 2.810.7 3.810.7 3.614.0
K-40 (Raw) 1.3140.1 1.310.1 1.310.1 1.510.1 1.740.2 2.610.3 1.640.8
| (Treated) 1.310.1 1.310.1 1.3%0.1 4.9%0.5 1.6£0.2 2.310.2 2.042.0
H-3  (Raw) <130 <140 <140 <140 <130 <130 -
(Treated) <130 <140 <140 <140 <140 <130 -
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TABLE 18

1986 CONCENTRATIONS OF GAMMA EMITTERS* IN RAW AND TREATED POTABLE WATER

Results in Units of pCi/L + 2 sigma

01-01-86"

03-01-86

*6 other

<4.9

<9.6.

gamma emitters searched for were <LLD; typical LLDs

02-01-86 04-01-86 05-01-86 06-01-86
STATION 1ID - to - to . to to to to
NUCLIDE : 0l1-31-86 02-28-86 . 03-31-86 04-30-86 05-31-86 06-30-86
SA~PWR-2F3 _
K-40 <22 <40 <23 <22 <21 44 -
Ru-103 <1.7 <1.5 <1l.4 <4.6 <3.3 <2.1
Ra-226 2.6x1.4 <5.0 <3.17 <3.17 <4.0 <5.1
Th-232 <5.8 <8.1 <4.9 <5.8 <7.1 <9.1
SA-PWT-2F3 '
K-40 <36 <29 <28 <28 <37 . <28
Ru-103 <2.2 <1l.9 <0.9 <5.6 <1.9 2.6x1.3
Ra-226 <4.4 L <4.2 <4.0 <4.4 <5.3 <4.8
Th-232 <6.6 5.7¢3.4 <7.3 <7.1 <7.2 <7.1
07-01-86 08-01-86 09-01-86 10-01-86 11-01-86 12;01—66
STATION ID to to. . to to to to
" NUCLIDE 07-31~86 08-31-86 09—30—86 10—31f86 11-30-86 12-31-86
SA-PWR-2F3
K-40 <29 <23 <27 25+13 <37 25+14"
Ru-103 <2,2 <l.4 1.7 <2.1 <l.8 <1l.9 -
Ra-226 <4.4 <3.7 <4.,2 8.412.4 <4.3 <4.4.
Th-232 " <7.,5 <5.8 <6.0 <7.1 . <6.1 5.8+3.3
SA-PWT-2F3 .
K-40 <22 <29 <41 <22 <40 <22 .,
Ru-103 <2,0 <l.1l <l.2 <1.7 <0.5 <l.6-
Ra-226 <3.7 <4.5 <4.8 6.611.8 <5.8 <3.7
Th-232 6.8£3.6 <5.3 <9.5 <5.3

are given in Table C—33.
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TABLE C-19

1986 CONCENTRATIONS OF STRONTIUM-89* AND STRONTIUM-90
IN QUARTERLY COMPOSITES OF POTABLE WATER

Results in Units of pCi/L t 2 sigma

61-01-86 04-01-86 07-01-86

# Sr-89 results are corrected for decay to sample stop date.

'

: 10-01-86
STATION ID - to ’ to to to
NUCLIDE 03-31-86 ) 06-30-86 09-30-86 12-31-86
SA-PWR-2F3

(Raw) ,
Sr-89 <1l.6 <0.8 . 0.8:0.3 <1.0
Sr-90 <1.0 <0.5 <0.6 <0.8
SA-PWT-2F3
{Treated)
Sr-89 <0.8 <0,.7 <D.5 <0.8
Sr-90 <0.5 <0,.5 <0.4




N TABLE C-20
. 1986 CONCENTRATIONS OF GAMMA EMITTERS* IN VEGETABLES
Results in Units of pCi/kg (wet) £ 2 sigma

COLLECTION

i STATION ID - . DATE(S) SAMPLE TYPE Be-7 K-40 1-131 Cs-137 Ra-226 Th-232
SA-FPV-2E1 ' 05/14-16/86 Asparagus <110 2300+310 33:13 <21 <47 < 94 ‘
SA-FPV-3E1 . 07-30-86 Tomatoes < 12 . 2300154 < 2.3 < 1.6 < 1.8 < 5.7
SA-FPV-3E1L 07-30-86 Corn <130 24004310 < 4.0 <12 <36 ¢ 55
SA-FPL-1F3 "07-29-86 - Cabbage <21 . 220093 . < 3.1 < 3.8 <1.9 <13
SA-FPV-1F3  07-29-86 Peppers < 82 18001300 <25 <14 <l < 83
'SA-FPV-1F3 07-29-86 Tomatoes < 16 2200163 €33 - 2.2 < 3.5 7.1
SA-FPL-4F} i 07-29-86 - . Cabbage 24116 2300199 < 3.9 < 3.7 8.3123.6 < 15
SA-FPV-4F1 07-30-86 Tomatoes < 17 . 2600174 ' < 4.0 < 2.2 < 3.9 < 6.7
SA-FPV-5F1 07-29-86 Peppers <130 1800+270 24 <17 <37 "¢ o8l

i .4 SA-FPV-14F3 07-28-86 Tomatoes « 17 170063 < 3.7 < 2.0 < 3.7 8.8:4.7

i SA-FPV-14F3 07-28-86 - Corn <160 23004250 - ¢ 3.8 < 3.2 <33 < 53

f SA-FPV-14F3 07-30-86 Peppers kl30 9101230 - <22 T <18 <36 <67

? -SA-FPV-161 (C) . 07-28-86 Tomatoes <11 - ' 1600162 < 3.3 1.510.8 < 2.9 < 6.1

: SA-FPV-161 (C) 07-28-86 Corn <140 22001290 - <20 ) <18 <40 < 78

;? SA-FPY-1G1 (C) 07-28-86 Peppers <190 17001280 < 3.8 <24 68134 <110

i - SA-FPV-2G1 (C) 06-13-86 Asparagus . <28 34001340 62120 ' <23 61 . < 95

| SA-FPV-3H5E (C) 07-28-86 Tomatoes < 14 1600152 3.2 2.120.9 < 2.9 " ¢ 5.5

g SA-FPV-3H5 (C) 07-28-86 Corn <170 27002350 22 <22 58126 < 95

§ SA-FPL-3H6 (C) 07-28-86 .  Cabbage <40 . 19002120 < 5.2 < 4.7 <10 <21

E SA-FPV-3HS (C) 07-29-86 - " Peppers <130 1600+260 <20 «21 <44 < 7b
AVERAGE S 5 . 210041100 - - - .

11 other gamma emitters searched for were <LLD; typical LLDs ag iven in Table C-33.
ntrol Station ' . ‘ ‘ ' .




TBBLE C-2I1

1986 CONCENTRATIONS OF GAMMA EMITTERS+ IN GAME AND MEAT

Results in Units of pCi/kg (wet) £ 2 sigma

COLLECTION

K STATION ID DATE(S) SAMPLE TYPE K-=40 Cs=137

SA=-GAM-11D1 01/11-13/86 Muskrat 2200170 <8.9

(Control)

SA=-GAM=4Cl 01-12-86 Muskrat 2400£220 <15
SA-FPB-3E1l 02-24~-86 Beef 2500£180 7.3%4.6

4 . AVERAGE Muskrat 2300%280 -
. Beef 2500+£180 7.3%4.6
= All other gamma emitters seqréned for were <LLD; typical LLDs given in

Table C-33.

89
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TABLE C-22

1986 - CONCENTRATIONS OF GAMMA EMITTERS*x IN FODDER CROPS

Results in Units of pCi/kg (wet) + 2 sigma

COLLECTION

STATION ID DATE(S) SRAMPLE TYPE Be-7 K-40 Cs-137 Ra-226 Th-232
SA-VGT-3E1 10-13-86 Soybeansv <160 150001590 <25 <39 <88
SA-VGT-13E3 09/01-05/866 Silage 10001190 ' 3600£510 <28 <67 <120
SA-VGT-2F7 09/03-08/86 Silage 370190 26001280 - <117 35417 <63
SA-VGT-5F2 09-14-86 Silage <250 23001470 <28 <16 <130
SA-VGT-5F2 . 11-01-86 . Soybeéns <150 150001610 <21 <38 <717
SA-VGT-11F3 09—01;86 ‘51iage 7401180 40001430 <19 <51 <16
SA-VGT-14F1 09-15-86 Silage >14001260 34004520 <54 <100 1704100
SA-VGT-3Gl (C) 09-08-86 Silage 11001240 30001550 <41 <83 <130
SA-VGT-3G1 (C) 11-01-86 Soybeans <140- 140001480 1317 36 <89 .
AVERAGE 5901960 700012000 - - -

- * All other gamma emitters searched for

(C) control station

were <LLD; typical LLDs are given in Table C-33.
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TABLE C-23

1986 CONCENTRATIONS OF STRONTIUM-90 AND GAMMA EMITTERS* IN SOIL

Results in Units of pCi/kg {dry) % 2 sigma

COLLECTION -
STATION ID DATE Sr-90 K-40 Nb-95 Cs-137 Ra-226 Th-232
- SA-SOL-681 07-30-86 27£10 92001450 34119 100119 490140 620172
SA-SOL-5D1 07-30-86 120114 5200£340 <22 350423 51037 550464
SA-SOL~10D1 07-30-86 110114 83001420 <29 370424 800141 840170
SA-SOL-2E1 07-29-86 110%13 73004400 <12 38027 700145 720474
SA-SOL-16E1 07-30-86 110114 120001410 <27 260+18 1000440 1200168
o SA-SOL~1F1 07-30-86 _ 120113 3600240 . <15 1500435 260124 270135
= SA-SOL-2F1 07-29-86 140115 91001430 <24 330425 870147 84077
SA-SOL-2F2 "~ 07-29-86 22 85500£380 22 - 110416 380136 340160
SA-SOL-2F4 07-29-86 55110 74001400 <28 370424 770140 . 130167
SA-SOL-2F7 07-30-86 87+13 83004420 63422 330426 890150 890481 ‘
SA-SOL-5F1 07-29-86 97114 5100+270 <18 800126 340126 41041
SA-SOL~5F2 07-29-86 77412 32004330 <22 290424 480138 410159
SA-SOL-11F3 07-30-86 : 43112 130001560 < 4.5 78119 1000451 1100198
SA-SOL-14F1 07-30-86 87+14 120001500 <19 230125 960148 1000182
SA-SOL-3G1 (C) 07-29-86 56+11 7900£450 <15 210122 770146 78082
SA-SOL-3H3 (C) 07-28-86 130115 92004440 <26 -~ 69031 ' 850146 810176
AVERAGE © 87174 7900£5800 - : 400£700 6901490 7201540

* All other gamma emitters searched for were <LLD; typical LLDs are given in Table C-33.
{C) control station
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1985 CONCENTRATIONS OF GROSS ALPHA EMITTERS IN SURFACE WATER

Results in Units of pCi/L % 2 sigma

TABLE C~24

02-03-86

STATION ID - 01-20-86 03-03-86 04-08-66 05-05-86 06-09-86
SA-SWA-11A1 2.0 8.314.2 2.611.6 §.2£4.0 4.0 2.0%1.4
SA-SWA-12C1 1.7 4.7 <1.2 8.312.5 1.8£1.3 1.4
(Control)
SA~SWA-TEL <2.0 3.642.6 1.240.9 <3.8 1.4 1.2
SA-SWA-1F2 a.s 5.03.1 1.1 1213 1.6 1.3
SA-SWA-16F1 <3.7 4.412.9 1.1 4.1 1.5 1.2
AVERAGE - 5.243.6 - 6.716.9 - -
STATION ID 07-11-86 08-04-86 09-08-86 10-07-86 11-03-86 12-08-86 AVERAGE
SA-SWA-11A1 1.511;2 1.841.0 <0.8 <0.8 1.8 1.240.9 2.7t4.4
SA-SWA-12C1 2.241.6 1.841.0 1.6 <0.6 <1.9 1.1 -
(Control)
SA-SWA-TEL 1.6%1.2 1.311.0 1.1%0.7 1.240.8 1.7 1.1 -
~ SA-SWA-1F2 1.5 2.611.1 <0.8 <0.8. <1.8 1.2 -
SA-SWA-16F1 1.6 1.5¢1.0 0.740.5 <0.9 2.0 1.1 -
AVERAGE 1.710.6 1.8%1.0 - - - -
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TABLE C-25-
1986 CONCENTRATIONS OF GROSS BETA EMITTERS IN SURFACE WATER

Results in Units of pCi/L %t 2 sigma

STATION ID 01-20-86 02-03-86 03-03-86 04-08-86 05-05-86 06-09-86
‘SA-SWA—llAl 8148 274 1211 3214 . 2414 2414
SA-SWA-12C1 81%8 1743 7.5%1.2 | 1743 3615 3315

{Control)
SA-SWA-7E1 9219 5116 1612 5016 63%7 4216
SA-SWA-1F2 3915 6.Qi2.4 2.410.7 lox2 9.2%2.7 2214
SA-SWA-16F1 5016 8.112.6 3.840.8 1313 1143 2514
AVERAGE 69146 22137 8.3%11 24133 29144 29116
STATION ID 07-11-86 08-04-86 09-08-86 10-07-86 11-03-86 12-08-86 AVERAGE
SA-SWA-11Al 8919 ’ 9619 130%12 7748 120111 1413 60186
S@—SWA—IZCl 6818 6917 7618 5917 . 7248 9.812.7 - 45156

{Control)
SA-SWA-T7E1l 11012 120111 | 13012 110111 100111 30t4 76¥§7_
SA—SWA—iFZ 42&6 3815 8519 ‘4516 5116 6.412.4 36#50
SA-SWA-16F1 4816 6617 7518 5616 878 1113 38158
AVERAGE 7157 78162 99157 69151 86153 14118

Grand Average 50155
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TABLE C-26

1986 CONCENTRATIONS OF GAMMA EMITTERS* IN SURFACE WATER

“Results in Units of pCi/L + 2 sigma

STATION ID NUCLIDE 01-20-86 02-03-86 03-03-86 04-08-86 " 05-05-86 06-09-86
SA-SWA-11A1 K-40 80£26 <41 80+19 33118 43119 64120
- Ra-226 <4.6 <4.4 - <4.4 <4.9 <4.4 <3.7
Th-232 <1.6 <6.6 6.2¢3.7 8.814.0 <8.4 §.312.8
SA-SWA-12C1 - K-40 © 86120 - 29117 4118 <29 46123 <43
{Control) Ra-226 <6.2 <3.7 3.1 <4.8 <4.6 <4.7
: Th-232 <6.8 <6.8 <6.3 <6.4 9.244.3 <1.6
SA-SWA-TEL K-40 90127 84:18 67121 73126 87120 83122
: Ra-226 <4.4 <6.5 <4.6 <6.0 <4.6 <4.4
: : Th-232 . «8.1 <8.6 <8.3 <6.5 . <b.2 1.1
SA-SWA-1F2 K-40 . 67£19 <39 <24 <32 <36 27
' Ra-226 4.4 <4.4 <3.3 <3.9 6.412.9 . <3.3
Th-232 <6.5 <9.0 <4.9 <7.6 <1.4 6.3
SA-SWA-16F1 K-40 61122 <27 <26 <41 <26 <30
Ra-226 . <4.2 <4.0 1113 <6.1 <4.3 <4.9
Th-232 <6.9 <7.1 6.2 . <8.2 <6.7 <1.7
AVERAGE K-40 - 76132 - 48450 - 47147 -
STATION ID NUCLIDE 07-11-86 08-04-86 09-08-86 10-07-86 11-03-86 12-08-86 AVERAGE
SA-SHA-11A1 - K-40 120124 110126 140126 140123 120123 <32 84183
Ra-226 » <4.6 <4.8 <4.1 <4.4 <4.9 <q4.6 C e
Th-232 <71.8 <7.% 7.644.4 <8.0 <71.4 <7.5 -
SA-SWA-12C1 K-40 73126 92121 79125 95120 91123 <43 62452
{Control) Ra-226 <6.3 <4.6 <«4.3 2613 <4.5 <h.1 -
Th-232 8.6 <6.4 <8.9 <5.8 <6.8 1.8 -
SA-SHA-TEL K-40 140121 100126 160124 130£27 140131 66117 102164
Ra-226 2.911.7 <4.4 <4.6 <6.5 <5.1 4.4 -
Th-232 «<6.3 <6.2 <1.6 <8.6 <9.0 J.1 -
SA-SWA-1F2 K-40 44122 49£17 865126 95120 61120 <24 -
Ra-226 <4.0 8.412.0 4.8 <b.7 <4.6 2.611.6 -
Th-232 <1.5 <5.8 <7.2 <1.6 <6.9 5.3 -
SA-SWA-16F1 K-40 68+19 53123 100+21 60+18 94127 <27 -
Ra-226 <4.9 <4.0 4.4 3.3:1.7 5.2¢2.8 <4.5 -
Th-232 <6.3 <7.8 <6.4 <6.8 9.314.8 <6.6 -
AVERAGE K-40 89179 81156 110171 100164 100160 -
Grand Average K-40 69172

. other gamn; emitters searched for were <LLD; typical LLDs a.n in Tabl‘e C-33.




TABLE C-27
1986 CONCENTRATICONS OF TRITIUM IN QUARTERLY COMPOSITES OF SURFACE WATER

Results in Units of pCi/L £ 2 sigma

EE RS g

01-20-86 04-08-86 07-11-86 10-07-86
STATION ID to to to to AVERAGE
03-03-86 06-09-86 09-08-86 12-08-86
SA-SWA-11Al 15080 <140 270190 <140 -
oo SA-SWA-12C1 15080 <130 <140 <130 -
o) {Control)
m .
~ SA-SWA-TE]1 13080 <140 14090 <140 -
SA-SWA-1F2 <130 <130 170+80 <140 -
SA—SWA-IGFI 14080 <130 16080 140180 14025
AVERAGE 140120 - 180+110 -
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TABLE C-28

1986 CONCENTRATIONS OF STRONTIUM—89* AND STRONTIUM-90 AND TRITIUM IN EDIBLE FISH

[}
TRITIUM (FLESH)**

STRONTIUM (BONES) AQUEOUS FRACTION

pCi/kg (dry) % 2 sigma pCi/kg (wet) * 2 sigma
STATION ID COLLECTION PERIOD Sr-89 Sr-90 H-3
SA-ESF-11A1 05-05-86 Eo 05-13-86 <70 24017 <50
: 10-08-86 to 10-08-86 <48 <29 <50
SA-ESF-12C1 . 05-12-86 to 05-19-86 330%100 1500464 : <50
(Control) 10-08-86 to 10-08-86 <75 <44 : <50
SA-ESF-7E1 ' 05-06-86 to 05-07-86 <65 34£13 <50
. - .10-09-86 to 10-09-86 <40 : <24 <50

¥ Sr-89 results are corrected for decay to sample stop date.
*% Pritium results by Controls for Environmental Pollution, Inc.

.
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TABLE C-29

1986 CONCENTRATIONS OF GAMMA EMITTERS* 'IN EDIBLE FISH

Results in Units of pCi/kg (wet) t 2 sigma

3
!
3
i
4
B
!
i

STATION ID COLLECTION PERIOD . K-40 Cs-137 Ra-226 Th-232

1 SA-ESF-11A1 05-05-86 to 05-13-86 27001180 8.3%4.5 <20 <31
0 ~ 10-08-86 to 10-08-86 3300%290 <19 4119 <61
. ~ SA-ESF-12C1 05-12-86 to 05-19-86 2700£230 <12 <24 29418
oo (Control} 10-08-86 to 10-08-86 33002240 <16 <34 <59

i . _ .

; 3

] SA-ESF-TEL 05-06-86 to 05-07-86 2800+230 <12 <24 <47

| 16-09-86 to 10-09-86 3000240 <14 3317 <53

: AVERAGE | ‘ 30001560 - - -

* All other gamma emitters searched for were <LLD; typical LLDs are given in Table C-33.
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TABLE C-30

1986 CONCENTRATIONS OF STRONTIUM-89% AND STRONTIUM-90, GAMHA EMITTERS*»

AND TRITIUM IN BLUE CRABS

- Results in Units of pCi/kg (wet) + 2 sigma

L COLLECTION o AQUEOUS FRACTION
STATION ID PERIOD "SAMPLE Sr-89 Sr-90 K-40 Ra-226 H-3xxx
¢ SA-ECH-11A1 06/05~06/86 Flesh <28 " <8 1700£210 <30 <50
: : - Shell (1) 300432 . 15024 (2) (2) -(2)
10/08-09/86 Flesh <46 <24 20004210 <28 50 ..
- Shell (1) <67 380119 (2) (2) (2)
. SA-ECH-12C1 06/05-06/86 Flesh <29 <19 2000160 1919 <50
- {Control) o Shell (1) <N 490126 (2) (2) (2)
'10/08-09/66 Flesh : 44 <24 17004150 2019 <50
N . shell (1) <89 320124 (2) (2) (2)
. AVERAGE - Flesh - - 1800350 - -
' - 3404280 - - -

Shell

* Sr-89 results are corrected for decay to sample stop date.

xx A1l other gamma emitters searched for were <LLD; typical LLDs are given in Table C-33.
xxs Tritium results by Controls for Environmental Pollution, Inc.

(1) Strontium results in units of pCi/kg (dry).

(

ma and tritium analyses not required. .




TABLE C-=31.
1986 CONCENTRATIONS OF GAMMA EMITTERS®* IN BENTHIC ORGANISMS . -

Results in Units of pCi/kg (dry)

COLLECTION GAMMA
STATION ID DATE - ACTIVITY
SA~ESB-11Al 06-05-86 <LLD
- 10-14-86 <LLD
SA-ESB-12C1 06-05-86 <LLD
(Control) 10-14-86 <LLD
SA-ESB-7EL 06-05-86 <LLD
. 10-14-86 <LLD
. SA-ESB-16F1 06-05-86 <LLD
o 10-14-86 <LLD

* All gamma emitters searched for were <LLD; typical LLDs are

given in Table C-33.
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TABLE C-32
1986 CONCENTRATIONS OF STRONTIUM-90 AND GAMMA EMITTERS* IN SEDIMENT**

Results in Units of pCi/kg (dry) ¢ 2 sigma

STATION ID
DATE - Sr-90 K-40-- Mn-54 Co-68 Co-60 Cs-134 Cs-137 Ra-226 Th-232
SA-ESS-11A1 ’
06-05-86 19 36001410 2916 a2 92417 <34 28 330144 360182
10-14-86 1 86002430 26114 38117 110£23 22 8219 - 760146 980183
ih:fﬁs;lﬁAl .
06-05-86 - <20 78001610 34 3 97122 <44 3 390450 440192
10-14-86 . <21 §8001360 <18 8016 37111 <16 - 22 400133 - 300167
06-05-86 <24 43001450 <35 <38 8026 82427 <16 810162 9002110
10-14-86 8 60001400 2413 79218 4921 21 29 760146 780176
(Control)
06-06-86 1 160004830 34" <37 <48 60£24 6 670163 8801110
10-14-86 <26 14000640 23 23 <36 <20 20:12 840142 - 870£74
SA:§5§:1£1 v '
06-05-86 20 160001650 26 1 37419 46118 4916 59044 770180
10-14-86 <30 130001660 29 31116 18126 21 6115 69042 720478
~ = .
06-05-86 _ <28 16000830 38 37 48 56126 <39 680166 9401110
10-14-86 29 160001670 33 <36 <44 <24 <25 680147 100051
AVERAGE - 1000019900 - - 63153 - -

* A1l other gamma emitters searched for were <LLD;
Sediment samples which include -benthic organisms constitute t'whos sample.

typical LiDs are given in Table C-33.

6201330 740490
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TABLE C-33
1986 PSE&G RESEARCH CORPORATION LLDs FOR GAMMA SPECTROMETRY

AIR WATER , FOOD PRODUCTS MEAT AND
: PARTICULATES ALL TYPES = = MILK AND FODDER CROPS GAME
NUCLIDES (207 3pci/m3). (pCi/L) (pci/L) {pCi/kg-wet) {pCi/kg-wet)
GEOMETRY 3 13 Filters 3.5 Liter 3.5 Liter 100mi 400ml 100ml 400ml
Be-7 3.0 14 ’ 14 8.0 120 37 92,
Na-22 0.54 ’ 1.8 1.8 1.2 15 5.3 11
K-40 8.0 32 * * = * ®
Cr-51 2.8 12 12 9.5 140 45 107
Mn-54 0.38 1.4 1.4 1.0 14 4.4 10
Co-58 0.39 1.6 1.6 0.99 15 4.5 11
Fe-59 0.83 3.2 3.2 2.4 32 10- - 24
Co-60 0.46 2.0 2.0 1.1 16 5.0 11
Zn-65 0.86 3.3 3.3 2.0 31 9.0 22
Nb-95 0.43 1.7 1.7 1.1 16 5.0 12
Zr-95 0.71 3.0 3.0 2.0 28 8.8 21
Zr¥b-95 0.71 3.0 3.0 2.0 28 8.8 21
Mo-99 12 20 20 51 1300 370 2400
Ru-103 0.39 1.4 1.4 1.0 16 4.9 12
Ru-106 4.0 14 14 10 130 42 98
Ag-110m 0.67 1.5 1.5 1.6 14 - 7.2 11
Sb-125 0.90 4.1 4.1 2.6 39 12 .27
Te-129m 14 . 63 63 40 620 183 480
I-131 0.46 1.8 1.8 1.7 30 . 9.0 30
Te-132 . 0.89 2.1 2.1 3.9 99 26 170
Cs-134 0.51 1.7 1.7 1.3 13 5.7 9.3
Cs-136 0.49 1.9 1.9 1.3 22 6.4 20
Cs-137 0.35 1.7 1.7 1.0 17 T, 4.4 12
Ba-140 1.6 6.2 6.2 5.0 82 25 71
La-140 0.73 2.3 2.3 2.2 32 11 28
BaLa~-140 1.6 6.2 6.2 5.0 82 25 i)
Ce-141 0.42 2.4 2.4 1.2 19 5.6 15
Ce-144 1.4 10 10 4.1 79 18 57
Ra-226 0.86 4.0 4.0 2.2 32 10 - 23
Ph-232 1.7 6.8 6.8 3.8

54 17 40
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TABLE C-33 (cont'd)
1986 PSE&G RESEARCH CORPORATION LLDs FOR GAMMA SPECTROMETRY

- SEDIMENT RIR
FISH SHELLFISH AND SOIL IODINE
NUCLIDES (pCi/kg-wet) (pCi/kg-wet) (pCi/kg-dry) NUCLIDES ( 10"3pCi /m:*l )
GEOMETRY : 100ml 400ml 100ml 400ml 100ml 100ml
Be-7 37 92 142 . 85 120 I-131 15 ; .
Na-22 5.3 11 21 10 14 1-132 26
K-40 x % * x * I-133 39
Cr-51 45 107 170 91 150 1-135 1.2
Mn-54 4.4 10 17 10 13
Co-58 4.5 11 18 10 14
Fe-59 10 24 41 - 22 - 36
Co-60 5.0 i1 19 11 15
Zn-65 9.0 22 35 22 25
Nb-95 5.0 12 19 10 15
Zr-95 8.8 21 35 20 26
ZrNb-95 8.8 21 35 20 26
Mo-99 370 . 2400 1200 530 13000
Ru-103 4.9 12 19 11 14
Ru-106 42 98 160 a7 120
Ag-110m 7.2 11 28 10 19
Sbh-125 12 27 46 27 28
Te-129m 183 480 720 430 600
1-131 9.0 30 33 18 52
Te-132 26 170 85 49 . 650
Cs-134 5.7 9.3 22 9 12
Cs-136 6.4 20 24 14 31
Cs—-137 4.4 12 17 12 12
Ba-140 25 71 94 51 105
La-140 11 28 . 41 20 52
BaLa-140 25 71 94 51 105
Ce-141 5.6 15 22 13 17
Ce-144 18 57 73 56 55
Ra-226 10 23 40 23 230 -
17 40 69 40 48

T™Th=232 '
‘cat’es a positive .concentration was measured in a‘\

ples analyzed..
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Appendix D presents a synopsis of the analytical procedures:
utilized by various laboratories for analyzing the 1986 -

SYNOPSIS OF ANALYTICAL PROCEDURES.

Artificial Island Radiological Environmental Monitoring Program

samples.
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SINOPSIS OF PSE&G RESEARCH CORPORATION . PROCEDURE
GROSS ALPHA ANALYSIS OF AIR PARTICULATE SAMPLES

After allowing at least a three-day (extending from the sample stop date to
the sample count time) period for the short-lived radionuclides to decay out,
air particulate samples are counted for gross alpha activity on a low back-
ground gas proporticnal counter. Along with a set of air particulate samples,
a clean air filter is included as a blank with an Am-241 air filter geometry
alpha counting standard. ’

The specific alpha activity is computed on the basis of total corrected air
flow sampled during the collection period. This corrected air flow takes
into account the air pressure correction due to the vacuum being drawn, the
correction factor of the temperature=corre¢ted gas meter as well as the gas
meter efficiency itself.

Calculation of Gross Alpha Activity:

Air flow is corrected first hy using the foilowing equations:

P = (B-V)/29.92 ' P = Pressure correction factor
B = Time=—-averaged harometric
pressure during sampling pericd,
- "Hg .
V = Time—averaged vacuum during
sampling period, "Hg
29.92 = Standard atmospheric pressure at
329¥, "Hg
V = F»P=0.94620.0283
E , F = Uncorrected air flow, ft>
0.946 = Temperature correction factor
from 60°F to 32°F
0.0283 = Cubic meters per cubic foot
E = Gas meter efficiency (= %
efficiency/100)
V¥ = Corrected air flow, m
P = Pressure correction factor

Using these corrected air flows, the gross alpha activity is computed as
follows: . .

Result (pci/m®) =  (G=B)/T
(2.22)=(E)=(V) G

Sample gross counts

w
0w

Background counts (from blank
filter)

T = Count time of sample and blank,
mins.

E = Fractional Am-24]1 counting
efficiency

V = Corrected air flow of sample, m3

2.22 = No. of dpm per pCi
e @




2-sigma error (pCi/ma) =.(l.96*(G+B)l/2)¥A
(G-B)

Gross alpha activity, pCi/m3
Sample gross counts ,
Background counts (from blank
filter)

W e
wun

Calculation of lower limit of detection:

A sample activity is assumed to be LLD if the sample net count is less than
4.66 times the standard deviation of the count on the blank.

. LLD(pCi/m3) = _4.656 = (B)1/2
| _ (2.22)=(E)*(V)=(T)

B = Background counts (from blank
. filter) '
| Fractional Am—-241 counting
| _ efficiency
' ' : Corrected air flow of sample, m
Count time of blank, mins.

m
[}

3

4
([
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SYNOPSIS OF TELEDYNE ISOTOPES -PROCEDURE
ANALYSIS OF AIR PARTICULATE FILTERS FOR GROSS ALPHA AND.BETA’

The air filter is first stored for 2 toc 5 days from date of receipt to allow
for decay of the radon-thoron daughters. It is then placed in a stainless
steel planchet which has been coated in the center with rubber cement. The
filter is then counted for beta activity and subsequently repeat counted for
alpha activity (at a different voltage setting) in a Beckman-Sharp Wide

Beta II automatic alpha-beta counter.

Gross alpha and heta activity (pCi/ma) are computed as follows:

A= _ (G/T -B) % °m"((G/T +B)/7)1/2
(2.22#VsY2DsE)  (2.22+V+YaD*E)

Total sample counts

Where G =
B = Background counts per minute
T = Sample count time, mins.
2.22 = dpm/pCi
V = Sample volume, n3
¥ = Chemical yield (Y = 1 in this case)
D = Decay factor from collection to count date (D = 1 in this case)
E = Counter efficiency
- Multiples of counting error

AE§
i

If the net activity (G/T =B) is equal to or less than the counting error,
then the activity is considered to be the minimum detectable level, or MDL.

where MDL = 3*(2*B/T)1/2
(2.22xV2Y+D2E)

vVariables are as previously defined
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SYINOPSIS OF PSE&G RESEARCH CORPORATION PRCCEDURE. - . ...
GROSS ALPHA ANALYSIS OF WATER SAMPLES - -- -

The sample is thoroughly mixed. Then, a 250ml portion of sample and an equal
volume of deionized water blank are acidified with dilute sulfuric acid.
Barium carrier is added and the sample heated to 50°C in order to help pre-
cipitate barium sulfate. Maintaining the same temperature for the remainder
of the procedure, iron carrier is then introduced. After a 30 minute equili-
bration period, the sample is neutralized with dilute ammonium hydroxide to
precipitate ferric hydroxide. The mixed precipitates are then-filtered onto
a membrane filter, dried under an infrared heat lamp, weighed and mounted on
a stainless steel planchet. The sample is then alpha-counted for 100 minutes
on a low background gas proportional counter, along with a U-238 source of
the same geometry. The blank is treated in the same manner as the sample.

Water samples found to be excessively turbid due to the presence of suspended
organic material require pretreatment of this material for the purpose of
keeping the final sample thickness to a minimum. This is accomplished by
filtering a measured aliquot of the sample (while the filtrate is set aside)
and ashing the collected residue in a crucible. A blank of the same wvolume is
handled in the same manner. Whatever leftover sample residue remains,after the
ashing,is dissclved in concentrated nitric acid and passed through a hardened
fast filter paper and combined with the sample filtrate. The combined sampl
is then neutralized with dilute ammonium hydroxide. From this point, both ‘
sample and blank are acidified with dilute sulfuric acid. Barium carrier is
added and the sample is heated to 50°C in order to help precipitate barium
sulfate. Maintaining the same temperature for the remainder of the procedure,
iron carrier 'is then introduced. After a 30 minute equilibration period, the
sample is neutralized with dilute ammonium hydroxide to precipitate ferric
hydroxide. The mixed precipitates are then filtered onto a membrarne filter,
dried under an infrared heat lamp, weighed and mounted on a stainless steel.
planchet. The sample is then alpha-counted for the appropriate time on a low

. background gas proportional counter, along with a U-238 source of the same

geometry. The blank is treated in the same manner as the sample.

Calculation of Gross. Alpha Activity:

Result (pCi/L) = {(G-B)/T
(2.22)=(E)=(V)=*(S)
. G = Sample gross counts
B = Background counts (from blank
sample)
T = Count time of sample and blank
E = Fractional counting efficiency
from U-238 source
'V = Sample volume, liters
S = Normalized efficiency regression

equation as ‘a function of thick-
ness

: 2.22 = No. of dpm per pCi : .




2-sigma error. (pCi/L) = (ln96*(G+B)l/3)=Af
(G-B)

A
G
B
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SYNOPSIS OF PSE&G RESEARCH CORPORATION PROCEDURE .. .. -
GROSS BETA ANALYSIS OF AIR PARTICULATE SAMPLES K

After allowing at least a three-~day (extending from the sample stop date to
the sample count time) period for the short-lived radionuclides to decay out,
air particulate samples are counted for gross beta activity on a low back-
ground gas proportional counter. Along with a set of air particulate samples,
a clean air filter is included as a blank with an Sr-90 air filter geometry

.beta counting standard.

The gross beta activity is computed on the basis of total corrected air flow
sampled during the collection period. This corrected air flow takes into
account the air pressure correction due to the vacuum being drawn, the
correction factor of the temperature-corrected gas meter as well as the gas
meter efficiency itself. )

Calculation of Gross Beta Activity:

Air flow is corrected first by using the following equations:

P = (B=V)/29.92 ' . P = Pressure correction factor
‘ B = Time-averaged barometric
pressure during sampling period,
- "Hg
V = Time-averaged vacuum during ‘

. sampling period, "Hg
29.92 = Standard atmospheric pressure at
32°F, "Hg

V = F*Px0.946*»0.0283

E F = Uncorrected air flow, ft3
: 0.946 = Temperature correction factor
from 609F to 32°F ,
0.0283 = Cubic meters per cubic foot
E = Gas meter efficiency (= %
efficiency/100)
V = Corrected air flow, m 7
P =

Pressure correction factor

Using these corrected air flows, the gross beta activity is computed as
follows:

Result (pci/m3) = (G-B) /T

(2.22)=(E)=(V)" : G = Sample gross counts
B = Background counts (from blank
. filter)
- T = Count time of sample and blank,
mins.
E = Fractional Sr-90 counting

. ‘efficiency
V = Corrected air flow of sample, m.

2.22 = No. of dpm per pCi
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(G-B)

Gross beta activity, pCi/m3
Sample gross counts
Background counts (from blank
filter)

W e 3=
nouwn

. Calculation of lower limit of detection:

A sample activity is assumed to be LLD if the sample net count is less than

o 2-sigma error (pci/m3) = (1.96=(G+B)>/2)=a .. - R . o
|
|

4.66 times the standard deviation of the count on the blank.

LLD(pCi/m3) = 4.66 = (B)1/2
(2.22)=(E)=(V)=(T)

B = Background counts (from blank
filter)

E = Fractional Sr-90 counting
efficiency

V = Corrected air flow of sample, m3

T =

Count time of blank, mins.

‘ i
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SYNOPSIS OF TELEDYNE: ISOTOPES PROCEDURE & .. -
ANALYSIS OF AIR PARTICULATE FILTERS FOR GROSS ALPHA .AND BETA -

The air filter is first stored for 2 to 5 days from date of receipt to allow-
for decay of the radon-thoron daughters. It is then placed in a stainless '
steel planchet which has been coated in the center with rubber cement. The
filter is then counted for beta activity and subsequently repeat counted for -
alpha activity (at a different voltage setting) in a Beckman-Sharp Wide-

Beta II automatic alpha—-beta counter.

Gross alpha and beta activity (pCi/ma) are computed as follows:

A= (G/T -B) + "m*((G/T +l3)/'1')1/2
(2.22*VxY2D=E) (2.22%V2¥*D2E)

Where G = Total sample counts
B = Background counts per. minute
T = Sample count time, mins.
2.22 = dpm/pCi

V = Sample volume, m3

¥ = Chemical yield (Y = 1 in this case)

D = Decay factor from collection to count date (D = 1 in this case)

E = Counter efficiency . ,
“m = Multiples of counting error '

If the net activity (G/T -B) is equal to or less than the counting error,
then the activity is considered to be the minimum detectable level, or MDL.

where MDL = 3x(2xB/T):/2
(2.22*V~I*D*E)

Variables are as previously defined -
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SINOPSIS OF PSE&G RESEARCH CORPORATION PROCEDURE
GROSS BETA ANALYSIS OF WATER SAMPLES

The sample is mixed thoroughly. Then, a 1.0 liter portion is removed from the
potable, rain or well water container and 250ml taken from each surface water.
A deionized water blank is prepared for each different volume of sample (e.g.
1.0 liter blank for 1.0 liter samples and 250ml for 250ml samples). All

~ samples and blanks are then evaporated on a hotplate until the volume
approaches 20 to 25mi. At that point, the samples and blanks are transferred
to tared stainless steel ribbed planchets and evaporated to dryness under an
infrared heat lamp. They are subsequently cooled in a desiccator, weighed
and counted on a low background gas proportional counter along with an Sr-=90
source of the same geometry.

Calculation of Gross Beta Activitys

Result (pCi/L) = (G-B)/T
(2:.22)=(E)=V)=(S)
' G = Sample gross counts
B = Background counts (from blank
sample)
T = Count time of sample and blank
E. =, Fractional counting efficiency
.. -from Sp=90 source
¥ = Sample volume, liters
S = Normalized efficiefncy regression

equation as a function of thick-=
ness
2.22 = No. of dpm per pCi

2-sigma error (pCi/L) = (1.96x(G+B)1/2)sa
{(G=B)

Gross bheta activity, pCi/L
Sample gross counts
Background counts (from blank
sample) "

A
G
B
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SYNOPSIS OF PSE&G RESEARCH CORPORATION, PROCEDURE: '~ - =
ANALYSIS OF WATER FOR POTASSIUM .40

A 60 ml aliquot of water sample {(with the exception of rain water) received
by the Research and Testing Lahoratory is first acidified to pH <2 with con-
centrated nitric acid and then analyzed. for potassium by the following Atomic
Absorption Spectrophotometry method: potassium standards of known concentra-
tion (similar to that of the unknowns) are first prepared. An aliquot of
each sample and standard is pipetted into stoppered flasks. In addition, a
duplicate sample, ERA standard and blank water sample are likewise pipetted
into their respective flasks. A solution consisting of 4% sodium is diluted
1:1 with water and then added to all the flasks. Depending on the AA
instrument used, a calibration curve is prepared from the standards after
which the samples are then run. If the absorbance of any sample is higher
than the upper standard used, the sample is then either diluted and re-run,
the burner head turned 90°, a more concentrated standard added to the
calibration curve or a less sensitive wavelength used.

The results, reported in parts per million (ppm), are converted to pCi/L by
means of a computer program.

_ ' ' Calculation of K=-40 Activity: - . _ '
) K-40 Activity (pCi/L) = 0.852C - '
0.85 = Proportionality constant for

converting ppm to pCi/L
C = Potassium concentration, ppm
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SINOPSIS OF PSE&G RESEARCH CORPORATION PROCEDURE
ANALYSIS OF WATER FOR TRITIUM

Approximately SOml of raw sample is mixed with sodium hydroxide and potassium
permanganate and is distilled under vacuum. Eight ml of distilled sample is
mixed with 10ml of Instagel® liquid scintillation solution, and placed in the
liquid scintillation spectrometer for counting. An internal standard is
prepared by mixing 8ml of sample, 1lOml of Instagel, and 0.lml of a standard
with known activity. The efficiency is determined from this. Also prepared
is a blank consisting of 8ml of distilled low-tritiated water and 10ml of
Instagel, to be used for a background determination. This is done for each
pair of samples to be counted.

Activity is computed as follows:

A (PCL/L) =  (G=B)=(1000)
3.227(E) 2 (V)= (T)

Activity

Background count of sample
Gross count of sample
Counting Efficiency
Aliquot volume (ml)

Count time (min)

DPM/pCL

Number of ml per L

LT T T

Efficiency (E) is computed as followss

E = (N)=(D)

A’
Net CPM of spiked sample
Decay factor of spike
DPM of spike

[w]
nuu

N is determined as followss

¥ = C=(G/T) .-
CPM of spiked sample
Gross counts of sample
Count time (min)

B onon

c
G
T
The associated error is expressed at 95% comfidence limit, as follows:

1.96%(G/72+8/12)1/2x (1000)
3.23%(V)*(E)

Samples are designated LLD if the activity'is less than the following value:

. LD (pci/L) = (4.66)=(8)1/2x(1000)

T 2.22%(V)=(E)=(T)
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SYNOPSIS OF .CONTROLS FOR. ENVIRONMENTAL POLLUTICN, INC., PROCEDURE
TRITIUM ANALYSIS OF AQUEOUS FRACTION OF BIOLOGICAL MATERIALS

An aliquot of fish or crab flesh is placed in a round bottom flask, along
with 200ml of benzene, and the water removed via azeotropic distillation.
Three milliliters of the extracted water is then mixed with aquasol cocktail
(NEF-934 Aquasol® cocktail, manufactured by New England Nuclear Corporation)

The resultant mixture is comprised of 19 percent samplé in a clear gel-type
aquasol and provides a tritium counting efficiency of approximately 30
percent, when counted on a Beckman LS-100 Liquid Scintillation Spectrometer.
The efficiency of the counting system is determined by placing 6 tritium
standards (certified by NBS) before each set of water samples to be counted.

The counting efficiency is determined from these standards which are equal in

activity but vary in the amount of quenching. All samples are counted for
500 minutes each.
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SINOPSIS OF PSE&G RESEARCH CORPORATION:PROCEDURE:: -
GAMMA ANALYSIS OF AIR IQODINE

Approximately 300m3 of air is drawn through a 50ml bed of triethylenediamine
(TEDA)-impregnated charcoal granules at a rate which closely corresponds to
the breathing rate of an adult male. The contents of the exposed air iodine
cartridge are emptied into an aluminum sample can containing 50ml of fresh
TEDA-impregnated charcoal.. The can is hermetically sealed and then counted
on a gamma detector.

Calculation of Gamma Activitys

The following are the calculations performed for the gamma activity, 2-sigma
error and LLD: ‘

Result (pCi/m3) = N*D =R
(2:22)=(E)=(R)=(T)=(V)

N = Net counts under photopeak

D = Decay correction factor
AtL*EXP(At2)
1-EXP(=Atl)

’ tli = Acquisition iive time
2 £2 = Elapsed time from sample

collection to start of
acquisition

» = 0.693/nuciide half life

E = Detector efficiency

A = Gamma abundance factor (no. of
photons per disintegration)

T = Acquisition live time, mins.

V = Sample volume, m

2.22 = No. of dpm per pCi

2-sigma error (pCi/m3) = l@96a(Gc+BC)l/2*R
N

GC = Grogs counts
BC = Background counts
All other variables are as defined earlier.

The LLD (pci/m®) = _ 4.66(8C)1/2«p
(2.22)=(E)=(a)*(T)*(V)
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SYNOPSIS OF TELEDYNE ISOTCPES PROCEDURE:

ANALYSIS OF CHARCOAL FILTERS FOR.IODINE-131

Charcoal cartridges are analyzed for I-131 using a lithium-drifted germanium
detector interfaced with a 2048 channel pulse height analyzer calibrated at
1.0 Kev per channel. Teledyne Isotopes employs one of three possible data
acquisition and computation systems. The first, a Data General NOVA mini-
computer, in series with the pulse height analyzer, calculates the number of

" .counts (and the standard deviation) in the peak region by performing a
linearly=-interpolated background subtraction. If no peak is observed, then
only the background is used (along with sample volume, collection date and
length of count) to determine the detection limit. The activity or MDL of
each nuclide is computed on an IBY 360. This semi-automatic system is in
contrast with the other two data acquisition'and computation systems, namely,
a Tracor Northern TN-1l and a Nuclear Data 6620, which perform all the above
computations automatically. ' All resultant spectra are stored on magnetic
tape.

1 - - -
. [ -
-
i
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SYNOPSIS OF PSE&G RESEARCH CORPORATION ‘PROCEDURE... ..
ANALYSIS OF RAW MILK ‘FOR .IODINE-131

Stable iodine carrier is equilibrated in a 4-liter volume of raw milk before
two separate 50ml batches of anion exchange resin are introduced to extract
iodine. After each batch has been stirred in the milk for an appropriate
time, both are then trausferred toc an aluminum sample can where the resins
are rinsed with demineralized water several times and any leftover rinsewater
removed with an aspirator stick. The can is hermetically sealed and then
counted on a gamma detector.

Calculation of I-=131 Activitys:

I-131 Results (pCi/L) = (G-B)/T*(1.05)=(H)

(2.22)*(E)=(V)=(Y)
G = Sample gross counts
B = Background counts (from blank
sample)
T = Count time of sample and blank
E = EO*EXP(-x*M) = efficiency
.:ﬁ- , equation where Ey = counting
R efficiency at zero sample
T : . thickness .
» = Self-absorption coefficient
¥ = Sample thickness, ng/cm?
¥ = Sample volume, liters
Y = Chemical recovery =
R
R1+R2

where R = mg of I~ recovered
Rl = mg of I” carrier added

R2 = mg of intrinsic stable
I” measured in sample

1.05 = Correction factor for protein-

bound iodine

J/(1-K)=EXP(L) = correction

factor for I-131 decay during

- counting period

(0.693/8.05)%(R/1440)

Count time, minutes

No. of minutes per day

Half-1ife of I-131, days

EXP(=J)

(0.693/8.05) =N

Elapsed time (days) from mid-

point of collection period to

beginning of count time.

3
L1}

(U I

gm&-a
o
ZTRMO MW
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SINOPSIS OF PSE&G .RESEARCH CORPORATION: PROCEDURE

- RADIOSTRONTIUM ANALYSIS OF AIR FILTERS

The air filters are placed in a small beaker and just enough fuming nitric
acid is added to cover the filters. A blank, composed of the same number of
clean air filters, is prepared in the same way. Stable strontium carrier is
then introduced into each sample and several fuming nitric acid leachings are
carried out to remove the radieostrontium from the filter media. Once this is
done, the resultant nitrates are dissolved in distilled water and the filter
residue is filtered out. Radioactive interferences are stripped out by
coprecipitation on ferric hydroxide (yttrium strip) followed by a barium
chromate strip. The strontium is precipitated as a carbonate, which is dried

-and weighed. The samples and blank are then counted on a low background gas

proportional counter and, adain, at least 14 days later. The basis for this
two count method is-that Sr-90 and Sr-89 are both unknown quantities requiring
two simultaneous equations to solve for them.

Calculation of Sr-90 Activity:

N4/R
(2.22)=2(E)*(E(15)/E"' )= (S6)=(V)=(U)

Sr-90 Results (pCi/m3)

where S6 A '+ BaM + C*MZ (This is the general form of the normalized Sr-90
efficiency reqression equation for one particular gas proportional
counter, where A, B and C are regression coefficients.)

M = Thickness density of strontium carbonate precipitate, mg/ sz

Ratio of Sr-90 efficiency at thickness value of lSmg/cm2 to Sr-so
counting standard efficiency run at the time of instrument
calibration (This standard is run with eacn group of environmental
strontium samples)

E(15)/E'

E = Sr-90 counting standard efficiency
v = sample quantity (m3)
U = Chemical yield:
N4 = (N2 - Fl1aN1)/Wl = net counts due to Sr-90 only
Wl = ((1 + R12I2) = (1 + R1*I1l)*F1l)
11 = 1 - EXP ((-0.693/2.667)2tl) = .
"I2 =1 - EXP ((-0.693/2.667)=*t2)

_tl = Elapsed time from Y-90 strip to first count: v v - .
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£2

2.667

N2

N1

2.22

Fl

R

Elapsed time from. Y-90 strip to second count- - .. -

Half-life of ¥-30, days

D + Ex¥ + F*Mz (This is the general form of the regression
equation for Y-90 eff'y/Sr-90 eff'y ratioc for one particular gas
proportional counter, where D, E and F are regression
coefficients.)

X - Y, where X and Y are recount gross counts and background
counts, respectively .

Xl = ¥1, where X1 and Y1 are initial gross counts and background
counts, respectively

No. of dpm per pCi
EXP ((-0.6393/2.667)=t2)

Count time of sample and blank

Using the same variable definitions as above,
the 2-sigma error for Sr-90 (pCi/mB) =

‘ :
. "
t

2| (X+Y) + SXI+YI%8F1 llz%;LEézﬁzlg_ .
w1l Wl (N2=F1=N1)

Again, keeping’ the same variable dEfinitiOﬂSp
the LLD for Sr~90 (pci/m3) =

4.66%[(x+y) + (x1+¥1)»F19]1/2
w14 wic - |

Calculation of Sr-89 Activity:

87

Ne

T ' N7

 E(15) /B

-
=

Sr-89 Results (pci/m3) = N6/R

(2.22)=(E)=(E(15)/E' )=(S7)=(V)=(U)=(F9)
= W3
G + BE=M + rwuz (This is the general form of the normalized Sr-89

efficiency regression equation for one particular gas proportional
counter where G, H and I are regression coefficients.)

N1 = N7=2(1 + Rl=Il)

(N2 = F1=N1)/W1l (This represents counts due to Sr-90)

Ratio of Sr-89 efficiency at thickness value of lqu/cm2 to Sr=90 .
counting standard efficiency run at the time of instrument
calibration (This standard is run with each group of environmental
strontium samples) ‘ S
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EXP ((-0.693/50.5)*t) - o

FS
t = Elapsed time from midpoint of collection pericd .to time of recount
for milk samples only. For all other samples, this represents the
elapsed time from sample stop date to time of recount.
50.5 = Half-life of Sr-89, days

All other quantities are as previously defined.

The 2-sigma error for Sr-89 (pCi/m) = 2 (s82+592)2 *w3
(N1 - N7=(1+R1=I1l))

_ 311/2
s8 =[(X+¥) + (X1+¥1)+F
[ WL w1% l
89 = (x1+v1)1/2 -

All other variables are as previously defined.

Keeping the same variable definitions, the LLD for Sr-g9 (pCi/m3) =
4.66%(S82+s92)1/2 '
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SYNOPSIS OF ‘TELEDYNE ‘ISOTOPES PROCEDURE... -
ANALYSIS OF COMPOSITED AIR PARTICULATE .-FILTERS FOR RADIOSTRONTIUM

The composited air filters are leached with concentrated nitric acid, with

‘heating, in the presence of strontium carrier. After adding deionized water,

the sample is gravity filtered through a paper filter and the filtrate diluted
further with additional deionized water, before being split into two equal
parts. One part is put aside for gross alpha analysis and the other part
evaporated on a hotplate to a small volume. The sample is transferred to a
centrifuge tube and fuming nitric acid added to form the strontium nitrate
precipitate. After centrifuging and pouring off the supernate, tlie precipi-
tate is dissolved in deionized water and an iron scavenge performed. This
marks tlie beginning of tlie ¥=-90 ingrowth period. Centrifuging and discarding
the precipitate, standardized yttrium carrier is added to the supernate and
the sample is set aside for 5 to 7 days. After this period, the sample is
alkalinized with ammonium hydroxide and heated in a hot water bath to form

‘yttrium hydroxide. After cooling, the sample is centrifuged and the supernate

saved for Sr—-89 determination. The precipitate is dissolved with dilute
nitric and hydrochloric acids, and the yttrium precipitated as oxalate using
saturated ammonium oxalate solution. The yttrium oxalate is mounted on a
tared paper filter, oven dried, weighed and counted on a gas proportional
counter. The sample is then recounted the following day to confirm the decay
of Y=90. .

The supernate, saved for Sr-89 determination, is treated with saturated

sodium carbonate solution to precipitate strontium carbonate which is filtered
on a tared glass fiber filter, overn—-dried and likewise counted 200 minutes on
a gas proportional counter. These samples, however, are covered with an
Somg/cm2 aluminum absorber to stop the Sr<90 beta emissions, thus allowing

the Sr-89 betas to be counted alone.

The Sr-89 activity (pCi/m3) is computed as follows:

A= (G/T-B.~B,) % “m"((G/T+B.+B,)/T)}/2

— e
(2.22=V={=D*E) - (2.22=V=2Y2D*E)

. If the net activity (G/T -B) is less than or equal to the 2¢ counting error,

the activity is considered MDL

where MDL = 2*(2&5/’!)1/2

(2.222V*¥=D*E)
where G = Total sample counts
T = Sample count time, mins.
B, = Background rate of counter, Cpm
B, = Background addition from Sr-90 and ingrowth of ¥-=90
2.22 = dpm/pCi ' .
¥ = Sample volume, m3
¥ = Chemical yield of strontium
- D = Sr-=89 decay factor from midpoint of collection period to counting
date.
E = Sr-89 counting efficiency with 80 mq/cmz aluminum absorber
op = Multiples of counting error
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The Sr-90 activity (pCi/m3) is computed as follows: -

A= (G/T-B)  +. o x((G/T+B)/T)1/2
" TZ.22+V#IsDaE)  (2.22+Vai*D*E)

Chemical yield of the mount or sample counted

Y =
D = Decay factor from the collection to the counting date
E = Counter efficiency

All other variables are as previously defined.

If the net activity (G/T-B) is less than or equal to the 2¢ counting error,
the activity is considered MDL

where MDL = 21"(2*B/T)l/2
(2.222V#Y, 21, *I*DE)
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SYNOPSIS OF PSE&G RESEARCH CORPORATICN PROCEDURE.
RADIOSTRONTIUM ANALYSIS OF RAW MILK -

Stable strontium carrier is first introduced into.a milk sample and into a
distilled water sample of equal volume to be used as a blank. The sample(s)
and blank are passed through cation resin columns which adsorh strontium,
calcium, magnesium and other cations. These cations are then eluted off with
a TRIS-buffered 4N sodium chloride solution into a beaker and precipitated as
carbonates. The carbonates are converted to nitrates with 6N nitric acid and,
by aqidifying further to an- overall concentration of 70% nitric acid,
strontium is forced out of solution somewhat ahead of calcium. Barium
chromate precipitation is then performed to remove any traces of radium and
radiobarium. Strontium recrystallization is carried out to remove residual
calcium which may have been coprecipitated with the initial strontium precip-=
itation. Another recrystallization removes ingrown Y=90Q, marking the time of
the yttrium strip. The strontium is precipitated as its carbonate, filtered,
dried and weighed to determine strontium recovery. The samples and blank are
then counted on a low background gas proportional counter and, again, at least
14 days later. The basis for this two-count method is that Sr-90 and Sr-89
are both unknown quantities requiring two simultaneous equations to solve for
them.

Calculation ofOSr?SO Activity:

Sr-90 Results (pCi/L) N4/R

(2.22)%(E)=(E(15)/E* )=(S8)=(V)=(U)

= W2

A + Bs¥ + C*M2 (This is the general form of the normalized Sr-90
efficiency regression equation for one particular gas proportional
counter, where A, B and C are regression coefficients.)

where S6

M = Thickness density of strontium carbonate pfecipitatey mq/cm2
E(15)/E' = Ratio of Sr-solefficiency at thickness value of lsmg/cm2 to Sr-90
counting standard efficiency run at the time of instrument
calibration (This standard is run with each group of environmental
strontium samples)
E = Sr-90 counting standard efficiency
V¥ = Sample quantity (liters)
U = Chemical yield
N4 = (N2 - FlsN1)/Wli = net counts due to Sr-=90 only .o -
Wi = ((1 + R1=I2) = (1 + RL~I1)=Fl)

I1 = 1 - EXP ((=0.693/2.667)*tl)
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I2

1 - EXP ((-0.693/2.667)*t2)
tl = Elapsed time.from ¥-90 strip to first count . :

t2 = Elapsed time from Y-S0 strip to second count

2.667 = Half-life of Y-S0, days
RL = D + E*M + FxM2 (This is the general form of the regression
_ equation for Y-90 eff'y/Sr-90 eff'y ratio for one particular gas
proportional counter, where D, E and F are regression
vcoefficients.)

N2 = X - ¥, where X and Y are recount gross counts and backgrdund
' counts, respectively

N1 = X1 - Y1, where X1 and Yl are initial gross counts and background
counts, respectively

- 2.22 = No. of dpm per pCi
Fl = EXP ((-0.5693/2.667)*t2)

R = Count time of sample and blank - _ .

Using the same variable definitions as above,
the 2-sigma error for Sr-90 (pCi/L) =

1/2 (WLxW2)_
Wl (N2-F1~N1)

Again, keeping the same variable defznltmons,
the LLD for Sr-90 (pCi/L) =

4. 56*EQL§_) LXJ._ZJ.%_EJ_]J'/Z

Calculation of Sr-89 Activitys:

N6/R
(2.22)=(E)*=(E(15)/E' )=(87)=(V)=(U)=*(F9)

Sr-89 Résults (pCi/L)

= W3

S§7 = G + H=2M +tI*M2 (This is the general form of the normalized Sr-89-
PR efficiency regression equation for one particular gas proport;onal
o : - counter where G, H and I are regression coefficients.)

N6 N1 - N7+(1 + RL=«Il)

,:i . R . . : . .
- N7 (N2 = FlaN1)/Wl (This represents counts due to Sr-90) ' ‘
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Ratio of Sr-=89 efficiency "at ‘thickness value of- lSmg/cmz'to sr-90
counting standard efficiency run-:at the time of instrument
calibration (This standard is run w:.th each group of env:.ronmental
strontium samples) -

E(13)/E*

F@ = EXP ((=0.893/50.5)=t)

t = Elapsed time from midpoint of collection period to time of recount
for milk samples only. For all other samples, this represents the
elapsed time from sample stop date to time of recount.

50.5 = Half-life of Sr-89, days
All other quantities are as previously defined.

The 2-sigma error for Sr-89 (pCi/L) = 2* (582+592)1/2 .y3
(N1 - N7*(1l+R1ixIl))

= 2]1/2
S8 =|(X+Y) + §X1+YLE*EL
[ Wl Wl ]
89 = (x1+!l)l/2

. All other variables are as previously defined.

Keeping tne same variable definitions, the LLD for Sr-89 (pCi/L) =
4.66%(58%+592)1/2
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SINOPSIS QF .PSE&G RESEARCH' CORPORATION PROCEDURE". e
RADIOSTRONTIUM. ANALYSIS OF ‘WATER

Stable strontium carrier is introduced into a water sample and into a
distilled water sample of the same volume which is used as a blank. The
sample(s) and blank are then made alkaline and heated to near boiling before
precipitating the carbonates. The carbonates are converted to nitrates by
fuming nitric acid recrystallization which acts to purify the sample of most
of the calcium. Radioactive interferences are stripped out by coprecipita-
tion on ferric hydroxide (yttrium strip) followed by a barium chromate strip.
The strontium is precipitated as a carbonate before being dried and weighed.
The samples and blank are then counted on a low background gas proportional
counter and, again, at least 14 days later. The basis for this two count.
method is that Sr-80 and Sr-89 are both unknown quantities requ;rzng two
simultaneous equations to solve for them.

Since surface waters,. as well as some drinking water samples, have been found
to contain significant amounts of stable strontium, a separate aliquot from
each sample is aualyzed for stable strontium. These results are used in
correcting the chemical recovery of strontium to its true value.

Calculation. of Sr-90 Activity:

Sr-90 Results (pCi/L) = N4/R ‘
: ' " (2.22)2(E)=(E(15)/E' )=(S6)=(V)=(U) '
= W2
where S6 = A + BzxM + C*Mz (This is the general form of the normalized Sr-90

efficiency regression equation for one particular gas proportiocnal
counter, where A, B and C are regression coefficients.)

¥ = Thickness density of strontium carbonate precipitate,’mg/cm2

Ratio of Sr-90 efficiency at thickness value of 15mg/cm2 to Sr-80
counting standard efficiency run at the time of instrument
calibration (This standard is run with each group of environmental
strontium samples)

E(15)/E*

E = Sr-QO»counting standard efficiency
V = Sample quantity (liters)
U = Chemical yield
N4 = (N2 - FlaN1)/Wl = net counts due to Sr-90 only

Wl = ((1 + R12I2) = (1 + R1xI1)*Fl) : »
1 - EXP ((-0.693/2.667)*tl) ' .

140

11




I2 1 - EXP ((-0:693/2.667)*t2) -
tl = Elapsed time from ¥-90 strip to first count
t2 = Elapsed time from Y-S0 strip to second count
2.667 = Half-life of Y¥-50, days
R1 =D + ExM + F*Mz (This is the general form of the redgression
equation for Y-90 eff'y/Sr-90 eff'y ratio for one particular gas
proportional counter, where D, E and F are regression
coefficients.)

N2 =X - ¥, where X and Y are recount gross counts and background
counts, respectzvely

N1 =X1 - Y1, where Xl and Y1 are znztial gross counts and background
counts, respectively

2.22 = No. of dpm per pCi
Fl = EXP ((-0.693/2.667)=t2)

R

Count time of sample and blank

Usiﬁg the same variable definitions as above,
the 2-sigma error for Sr-90 (pCi/L) =

% _Qg-g%l + + = 1/2, (W1=2W2)
Wl W1, (N2-F1=N1)
Again, keeping the same variable definitionms,
the LLD for Sr-90 (pCi/L) =

4.664] (X+7) + ~p14 1/2
le

Calculation of Sr—-89 Activitys

N6/R
(2.22)=(E)=(E(15)/E* )= (87)=(V)=(U)=(F9)

4

Sr-89 Results (pCi/L)

= W3

§7 =G + HsM + Isuz (This is the general form of the normalized Sr-89
efficiency regression equation for one particular gas prcport;onal
counter where G, B and I are regression coefficients.)

N6 N1 = N7=(1 + Ri=Il)

N7

(N2 = Fl=N1)/Wi (This represents counts due to Sr-=90)
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T | '

E(15)/E! = Ratio of Sr-89 efficiency at thickness value. of 15mg/cm2;to.Sr—90
counting standard efficiency run at the time of -instrument
calibration .(This standard is run with each group of environmental
strontium samples)

F9 = EXP ((-0,593/50.5)*t)

t = Elapsed time from midpoint of collection period to time of recount
for milk samples only. For all other samples, this represents the
elapsed time from sample stop date to time of recount.

50.5 = Half-life of Sr-89, days

All other quantities are as previously defined.

The 2-sigma error for Sr-89 (pCi/L) = 2x (S82+s592)1/2 .y3
' (NL — N7~(1+R1*I1))

= : 1/2
S8 =|(X+Y) + + *
[w1 w1% l '
” 89 = (x1+71)1/2

All other variables are as previocusly defined.

Keeping the same variable definitionsg, the LLD for Sr-89 (pCi/L) =
4.66=(S8%+592)1/2 ‘ '
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SYNOPSIS OF PSE&G RESEARCH CORPORATION- PROCEDURE. -
RADIOSTRONTIUM ANALYSIS OF VEGETATION, MEAT AND AQUATIC SAMPLES

The samples are weighed (recorded as "wet" weight) as received, before being
placed in an oven to dry at 100°C. At the completion of the drying period,
samples are again weighed (recorded as "dry" weight) and then pulverized. A
measured amount (quantity dependent on desired sensitivity) of the pulverized
sample is first charred over a Bunsen burner and then ashed in a muffle ’
furnace. The ash is fused with 409 sodium carbonate, along with 20mg
strontium carrier, at 900°C for 1/2 hour. After removal from the furnace, the
melt is cooled, pulverized and added to 500ml distilled water and heated to
near boiling for 30 minutes, with stirring. The sample is filtered (filtrate
discarded) and the carbonates on the filter dissolved with 1l:1 nitric acid
(HNO3)° The resultant nitrates are heated to dryness and are dissolved in
20ml distilled water before adding 60ml fuming HNO3° After calcium removal

- with anhydrous acetone, radicactive interferences are stripped out by

coprecipitation on ferric hydroxide followed by. coprecipitation on barium
chromate. The strontium is precipitated as its carbonate, which is dried and
weighed. The samples are then counted on a low background gas proportional
counter and, again, at least 14 days later. The basis for this two-count
method is that Sr-90 and Sr-89 are both unknown quaritities requiring two
simultaneous equations to solve for them.

Calculation of Sr-90 Activity:

N&/R
(2.22)=(E)=(E(15)/E* )= (S6)=(V)=(U)

Sr-90 Results (pCi/kg wet)

= W2

where S6 = A + BxM + C*H2 (This is the general form of the normalized Sr-90

efficiency regression equation for one particular gas proportional

counter, where A, B and C are regression coefficients.)

M = Thickness density of strontium carbonate precipitate, mg/cm2

E(15)/E* = Ratio of Sr-90 efficiency at thickness value of lSmg/cm2 to. Sr-90

counting standard efficiency run at the time of instrument

calibration (This standard is run with each group of environmental

strontium samples)

E = Sr-90 counting standard efficiency
V = Sample quantity (kg wet)
U = Chemical yield
N4 = (N2 - F1#N1)/Wl = net counts due to Sr=90 only

Wl = ((1L + R1=I2) = (1 + RL<I1)*F1)
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1
12
tl
t2

2.667

N2

N1l

2.22
Fl

R

i
-%

1 - EXP ((-0.693/2.667)=tl)

1 - EXP ((-0.693/2.667)*t2)

Elapsed time from Y-90 strip to first count

Elapsed time from Y-90 strip to second .count

Half-life of ¥-90, days

D + E«M + FaM? (This is the general form of the regressicn
equation for Y-S0 eff'y/Sr-90 eff'y ratio for one particular gas
proportional counter, where D, E and F are regression

coefficients.)

X - ¥, where X and Y are recount gross counts and background
counts, respectively

X1 - Y1, where X1 and Y1 are initial gross counts and background
counts, respectively

‘No. of dpm per pCi

EXP'((-0.593/2.557)at2) . :
Count time of sample and blank : ) . ‘ |

Using the same variable definitions as above,
the 2-sigma error for Sr-90 (pCi/kg wet) =

2% (x+§) + +71) = 1/2, (y1suw2)
Wi Wl (N2=F1xN1)

Again, keeping the same variable definitions,
the LLD for Sr-90 (pCi/kg wet) =

57

N6

Sr-8S Results (pCi/kg wet)

311/2
4.66% [(_mn + Miﬂq
Cw? T W

Calculation of Sr-89 Activity:

' N6/R
(2.22)*(E)*(E(15)/E" )=(87)=(V)=(U)=(F9)

= W3 ""
G + HaM + Is¥2 (This is. the general form of the normalized Sr-89

efficiency regression equation for one particnlar gas proportional
counter where G, H and I are regression coefficients.)

N1 - N7a(l + R1+I1) -~ , - .

144




N7 = (N2 = F1=N1)/W1l (This represents counts due to Sr-90) .

"Ratio of. Sr-89 efficiency at thickness value of lSmg/cm2 to Sr-90
counting standard efficiency run. at the time of instrument .
calibration (This standard is run with each group of environmental
strontium samples)

E(15)/E"

F9 = EXP ((-0.693/50.5)=t)

t = Elapsed time from midpoint of collection period to time of recount
for milk samples only. For all other samples, this represents the
elapsed time from sample stop date to time of recount.

50.5 = Half-1life of Sr-89, days
All other quantities are as previously defined.

The 2=-sigma error for Sr-89 (pCi/kg wet) = 2*.(582+592)1/2 *W3
(N1 = N7=(1+R1=Il))

s8 = + LXliZl%:El% 1/2
w1 Wi
S8 = (x1+y1)i/2

211 other variables are as previously defined.

Keeping the same variable definitions, the LLD for Sr-89 (pCi/kg wet) =
4.66%(S8%+392)1/2
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SINOPSIS OF PSE&G RESEARCH CORPORATION PROCEDURE . . .
RADIOSTRONTIUM ANALYSIS OF BONE AND SHELL

The bone or shell is first physically separated from the rest of the sample:
before being broken up and boiled in 6N sodium hydroxide (NaoOH) solution for
a brief time to digest remaining flesh/collagen material adhering to the
sample. After multiple rinses with distilled water, the bone/shell is then
oven dried and pulverized. An aliquot of the sample is removed, weighed and
ashed in a muffle furnace. Then, in the presence of strontium carrier and
cesium holdback carrier, the radiostrontium is leached out of the ash by
boiling in diluted nitric acid, after which the sample is filtered.

The sample is then treated with concentrated (70%) nitric acid and boiled
until strontium nitrate crystallizes out. The strontium nitrate is freed of
calcium by repeated fuming nitric acid recrystallizations. From this point
on, any radiological impurities are removed by coprecipitation with ferric
hydroxide followed by coprecipitation with barium chromate. The strontium is
precipitated as strontium carbonate, which is dried, weighed, then beta~
counted on a low background gas proportional counter. A second count is
performed at least 14 days later. The basis for this two-count method is
that Sr-90 and Sr-89 are both unknown quantities requiring two simultaneous
equations to solve for them.

Calculation of Sr-90 Activity: ' ' - .

N4/R_
(2.22)*(E)=(E(15)/E' )= (S8)=(V)=(U)

Sr-90 Results (pCi/kg dry)

= W2

A + B=*M + C*M2 (This is the general form of the normalized Sr-90
efficiency regression equation for one particular gas proportional
counter, where A, B and C are regression coefficients.)

where S6

M = Thickness density of strontium carbonate precipitate, mg/cm2

E(15)/E* = Ratio of Sr-90 efficiency at thickness value of'15mg/cm2 to Sr-90

counting standard efficiency run at the time of instrument
calibration (Thisfstandard is run with each group of environmental
strontium samples) - T

E = Sr-90 cgunting standard efficiency

Vv = Sample quantity (kg dry)

U = Chemical yield

N4 = (N2 - F1aN1)/Wl = net counts due to Sr-90 only




Wl = ((1L + R1=I2) = (1 + R1»I1)=F1)

I1 = 1 - EXP ((-0.653/2.667)*tl)

I2 =1 - EXP ((-0.693/2.667)2t2)

tl = Elapsed time from Y-S0 strip to first count

2 = Elapéed time from ¥-90 strip to second count

2.667 = Half-life of ¥Y-380, days

Rl=D+ EnH + Fan? (This is the general form of the regression
equation for ¥-90 eff'y/Sr-90 eff'y ratio for one particular gas
proportional counter, where D, E and F are regression

coefficients.)

N2 =X - ¥, where X and Y are recount gross counts and background
counts, respectively

Nl = X1 - Y1, where X1 and Yl are initial gross counts and background
counts, respectively

' 2.22 = No. of dpm per pCi
' F1 = EXP ((=0.693/2.667)%t2)
R = Count time of sample and blank

Using the same variable definitions as above,
the 2~sigma error for Sr-90 (pCi/kg dry) =

[(x+7) + (X1+71)*xF12|2/20 (w1aw2)
Wl Wl (N2-F1*N1)

Again, keeping the same variable defznitions,
the LLD for Sr-90 (pCi/kg dry) =

4.66% Ex+n + (X1+71)2F14 1/2
Wi W1

Calculation of Sr-8S Activitys

NS/R
(2.22)=(E)=(B(15)/E' )*(S7)=(V)x(U)=(F9)

Sr-82 Results (pCi/kg Ary)

= W3

i S7T =G + Hs¥ + Iauz {This is the general form of the normalized Sr-89
efficiency regression equation for one particular gas proportional
counter where G, H and I are regression coefficients.)




N1 - N7=(1 + Rl=Il)

. N6
N7 = (N2 - F1l=N1)/Wl (This represents counts due to Sr-90)

Ratio of Sr-89 efficiency at thickness value of lsmg/cm2 to Sr-90
counting standard efficiency run at the time of instrument
calibration (This standard is run with each group of environmental
strontium samples)

E(15)/E'

FS = EXP ((-0.693/50.5)=t)

t = Elapsed time from midpoint of collection period to time of recount
for milk samples only. For all other samples, this represents the
elapsed time from sample stop date to time of recount. )

50.5 = Half-life of Sr-89, days
All other quantities are as previously defined.

The 2-sigma error for Ssr-89 (pCi/kg dry) = 2= (sez+592)l/2 *W3

. (N1 = N7=(1+R1l=xIl))
+7) + +71)2F12] 1/2
Wl Wl

'(Xl+!l)1/2'

S8

s
aAll 6ther variables are as previously defined.

Keeping the same variable definitions, the LLD for Sr-82 (pCi/kg dry) =
4.66%(382+592)1/2
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SYNOPSIS OF PSE&G RESEARCH CORPORATION PROCEDURE -
RADIOSTRONTIUM ANALYSIS OF SOIL AND SEDIMENT

After the soil or sediment sample has been dried and pulverized, a 50gm
aliquot is added to approximately 1/3 ~ liter concentrated nydrochloric acid
(HC1), containing Sml of strontium carrier (10mg Sr**/ml). A blank con-
taining only 1/3 -~ liter concentrated HC1l and Sml strontium carrier is run in
parallel with the sample. The samples are stirred vigorously for at least 30
minutes and then filtered. The filtrate is then diluted to a known volume

and aliquots removed for stable strontium. The remaining sample is
alkalinized with ammonium hydroxide to precipitate all the transitional
elements. After filtering out these interferences, the filtrate is heated
and sodium carbonate added to precipitate strontium and calcium carbonate.
These carbonates are first filtered and then digested with 6N HN035 Two
. fuming (90%) HNO5 recrystallizations are then performed to remove calcium.
Subsequently, radiocactive impurities are removed by two precipitation steps,
using ferric hydroxide and barium chromate as carriers. The strontium is
precipitated as strontium carbonate before being dried and weighed. The
samples are counted for beta activity in a low background gas proportional
counter {(Count time will vary, depending on the desired sensitivity.). There
is a second count at least 14 days later. The basis for this two-count method
is that Sr-90 and Sr-89 are both unknown quantities requiring two simultaneous
equations to solve for them.

Calculation of Sr=90 Activitys

N4/R
(2022) (E)=(E(15)/E" )=(56)=(V)=(U)

Sr-90 Results (pCi/kg dry)

= W2

A + BxM + C*HZ (This is the general form of the normalized Sr—QO’
efficiency regression equation for one particular gas proportional
counter, where A, B and C are regression ceocefficients.)

where S6

M = Thickness density of strontium carbonate precipitate, mg/cm2
E(15)/E' = Ratio of Sr-90 efficiency at thickness value of lSmg/cm2 to Sr-90
counting standard efficiency run at the time of instrument
calibration (This standard is run with each group of environmental
strontium samples)
E = Sr-90 counting standard efficiency
Vv = Sample quantity (kg dry)
U = Chemical yield
N4 = (N2 - F1xN1)/W1i = net counts due to Sr-90 only

Wi = ((1 + RixI2) = (1 + R1=I1)=*Fl)

149




i
1
i

Il
I2
tl
t2

2.667

N2
N1l

2.22
Fl

R

1 - EXP ((-0.693/2.667)=tl)

1 - EXP ((Fo.593/2.ss7)*tz)

= Elapsed time from Y-S0 strip to first cbunt

= Elapsed time from ¥Y-90Q strip to second count

= Half-life of Y-850, days

= D + EsM + F+«M? (This is the general form of the regression
equation for Y-90 eff'y/Sr-90 eff'y ratio for one particular gas
proportional counter, where D, E and F are regression '

coefficients.)

=X - Y, where X and Y are recount gross counts and background
counts, respectively

= X1 - Y1, where X1 and Yl are initial gross counts and background
counts, respectively

= No. of dpm pér PCi
= EXP ((-0.693/2.667)=%t2)

= Count time: of sample and blank

. Using the same variable definitions as above,

the 2-sigma error for Sr-90 (pCi/kg dry) =.

' 1/2
2+ [(X+y) + (X1+71)s x (WLaw2)
[ W1 w1% l (N2-FL+N1)

Again, keeping the same variable definitioms,
the LLD for Sr-90 (pCi/kg dry) =

4.66 [(&g). + mﬂ%ﬂ%l/z _
wl< - "Wl :

Calculation of Sr-89 Activity:

Sr-89 Results (pCi/kg dry)

s7

N6

N6/R
(2.22)*(E)*(E(15)/E" )~(87)x(V)=(U)*(F9)

= W3

G + HxM + I*Hz (This is the general form of the normalized Sr-89
efficiency regression equation for cne particular gas proportional
_counter where G, H and I are regression coefficients.)

= N1 = N7»(1 + R1aIl)
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N7 = (N2 = F1sN1)/Wl (This represents counts due to Sr-9%0)

.Ratio of Sr-89 efficiency at thickness value of lSmg/cm2 to -Sr-90
counting standard efficiency run at the time of instrument
calibration (This standard is run with each group of environmental
strontium samples)

E(15)/E'

F9 = EXP ((-0.693/50.5)*t)

t = Elapsed time from midpoint of collection period to time of recount
for milk samples only. For all other samples, this represents the
elapsed time from sample stop date to time of recount.

50.5 = Half-life of Sr-89, days

All other quantities are as previously defined.

The 2-sigma error for Sr-83 (pCi/kg dry) = 2= (582+592)l/2 *W3

. (N1 - N7»(1l+Rl=Il))
s8 = |(X+y) + +y1) 212|172
Wl Wl

(x1+¥1)1/2

It

se
All other variables are as previously defined.

Keeping the same variable definitions, the LLD for Sr-89 (pCi/kg dry) =
4.66%(582+s592)%
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SYNOPSIS OF PSE&G RESEARCH CORPORATION. PROCEDURE. -
" ANALYSIS OF ENVIRONMENTAL SAMPLES FOR STABLE STRONTIUM .

It has been the practice of the Environmental Division to perform a stable
strontium determination on any samples to be analyZzed for strontium 90 and 89,
if they are likely to contain significant amounts of the stable isotopes.. In
the case of mineral (soil or sediment) or biological (bone and shell) media,
an ashing and/or acid leaching is performed to extract the element(s) of
interest. The removal of the aliquot is done early in the course of the
radiostrontium analysis and involves the withdrawl of 25 ml of diluted
leachate (soil and sediment only) from the regular sample, transferring it to
a flask. Bone and shell are prepared by ashing 2 ¢ of sample, digesting in

6N HCl, filtering out insoluble residues and then transferring to a flask. All
the above samples are analyzed by the method of Standard Additions, whereby
each sample leachate is spiked with known concentrations of stable strontium.
Absorbances for sample, spiked samples and blank are determined by Atomic
Absorption Spectroscopy (AAS) and are then plotted graphically and the true
concentration is then extrapolated. Chemical and ionization interferences are
controlled by adding 1% or more of lanthanum as chloride to all samples to be
analyzed. Stable strontium is then determined by AAS in the air-acetylene
flame at the 460.7 nm line.

PH<2 with hydrochloric acid and analyzed by AAS as follows: A group of
strontium standards (of similar concentration to the unknowns) is prepared. -
Then, to 9 ml of each prepared sample, blank and standard, is added 1 ml of
lanthanum oxide solution. These are analyzed at 460.7 nm by air-acetylene
AAS, following the manufacturer's recommended instrument parameters.

For analysis of water, a 60-ml aliquot of sample is removed, acidified to ‘

All results (calculated as milligrams of strontium per liter) are then used
to find the true chemical recovery of strontium based on both the amount of
carrier added (only in the case of soil and sediment) and the quantity of
strontium intrinsic to the sample.

© _Sample Calculation of Corrected Chemical Recovery of Stront;um in Soil and

Sediment:

Reported concentration of stable strontium (mg/L):119 .
Volume of specimen (ml):25 (removed from 1000ml of diluted 1eacnate)
Proportion of sample used for aliquot: 0.025

(119mg/L) x ( OZSL/ZSml) X (25ml)

Milligrams strontium in 25ml flask
. 2.98mg Sr

Since 2.968mg Sr represents the quantity of stable strontium in 2 1/2 percent

of the sample, total strontium (stable + carrier) in the full sample =

2.98mg Sr =‘119‘mg
0.025
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°

Net weight of~Src03 precipitate. (mg): 125
Percent of Sr in precipitate: 58.35
Quantity of strontium recovered = (125mg) X (.5935) = 74.2

Corrected chemical recovery of strontium = 74.2 = 0.623
119.0

The calculations follow the same sequence for bone and shell samples.
Sample Calculation of Corrected Chemical Recovery of Strontium in Water:

Reported concentrations of stable strontium (mg/L)s: 1.68
'Volume of radiochemical water sample (liters): 2.0

(1.65mg/L) x (2.0L)
3.30mg

Stable strontium in 2 liter sample

Quantity of strontium carrier added to sample (mg): 20.0
Total amount of strontium in sample (mg): 20.0 + 3.30 = 23.3mg

Net weight of SrCO4 precipitate (mg): 28.9
Percent of Sr in precipitate: 538.35
Quantity of strontium recovered = (28.9mg) x (.5935) = 17.2ng

Corrected chemical recovery of strontium = 17.2mg = .738
- 23.3ng
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o SYNOPSIS.OF PSE&G RESEARCH CORPORATION PROCEDURE

GAMMA ANALYSIS OF AIR PARTICULATE COMPOSITES

At the end of each calendar quarter, 13 weekly air filters from a given
location are stacked in a two inch diameter Petri dish in chronological order,
with the oldest filter at the bottom, nearest the detector, and the newest one
on top. The Petri dish is closed and the sample counted on a gamma detector.

The following are the calculations performed for the gamma activity, 2-sigma
error and LLD:

Result (pCi/m3) = ‘ N»D
(2.22)*(E)*(R)*(T)=(V)

Net counts under photopeak

N =
D = Decay correction factor
AtI*EXP (A £2)
1-EXP(-\tl)
tl = Acquisition live time
t2 = Elapsed time from sample
collection to start of
acgquisition
A = 0.693/nuclide half life .
E = Detector efficiency ' ‘
A = Gamma abundance factor (no. of
photons per disintegration)
T = Acquisition live time, mins.
V = Sample volume, m
2.22 = No. of dpm per pCi

2-sigma error (pCi/m3) = 1.96=(GC+BC)1/22R
N

Gross. counts
Background counts

GC
BC

SR All other variables: are as defined earlier.

The LLD (pCi/m3)\= 4.66%(Bc)1/2+p :
(2.22)=(E)*(a)=(T)= (V) e
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SYNOPSIS OF TELEDYNE ISOTOPES PROCEDURE - ="' """

ANALYSIS OF .AIR PARTICULATE FILTERS FOR GAMMA

Air particulate filters are analyzed for gamma using a lithium-drifted
germanium detector interfaced with a 2048 channel pulse height analyzer
calibrated at 1.0 Kev per channel. Teledyne Isotopes employs one of three
possible data acquisiticn and computation systems. The first, a Data General
NOVA minicomputer, in series with the pulse height analyzer, calculates the
_number of counts (and a one standard deviation) in the peak region by
performing a linearly-interpolated background subtraction. If no peak is
observed, then only the background is used (along with sample volume, collec-
tion date and length of count) to determine the detection limit. The activity
or MDI, of each nuclide is computed on an IBM 360. This semi-automatic system
is in contrast with the other two data acquisition and computation systems,
namely, a Tracor Northern TN-l1ll and Nuclear Data 6620 which perform all the
above computations automatically. All resultant spectra are stored on
magnetic tape.
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SYNCPSIS OF: PSE&G RESEARCH CORPORATION PROCEDURE
GAMMA ANALYSIS OF RAW. MILK
S . A well mixed 3.5-liter sample of raw milk is poured into a calibrated
| - Marinelli beaker along with 20ml of 37% formaldehyde solution (used as a
| preservative). After stirring, the sample is allowed to reach ambient
temperature and then counted on a gamma detector.

Calculation of Gamma Activity:

j g Wg The following are the calculations performed for the gamma activity, 2-sigma
o error and LLD:

Result (pCi/L) = N*D  = R
(2.22)2(E)»(A)=(T)=(V)

N = Net counts under photopeak
D = Decay correction factor

» E1xEXP(At2)

1-EXP(-rtl)
tl Acquisition live time

€2 Elapsed time from sample collec-
tion to start of acquisition .

» = 0.693/nuclide half life
E = Detector efficiency
A = Gamma abundance factor (no. of
photons per disintegration)
T = Acquisition live time, mins.
V = Sample volume, liters
2.22.=

No. of dpm per pCi

2-sigma error (pCi/L) = 1.96x(GC+BC)1/2aR
_ : T :

GC
BC

Gross counts _
Background counts ——

All other variables are as defined earlier.

The LLD (pCi/L) = - 4.66%(BC)1/2ap
- (Z:22)*(2) (M) = (D)~ (V)

=




R

' The LLD (pCi/L) =

SINOPSIS OF PSE&G ‘RESEARCH CORPORATION. PROQCEDURE

GAMMA ANALISIS OF WATER-

After thorouénly agitating the sample container, 3.5 liters of water sample
is poured into a calibrated Marinelli beaker and then counted on a gamma

detector.

Calculation of Gamma Activity:

The following are the calculations performed fof the gamma activity, 2-sigma

error and LLDs

Result (pCi/L) = N=D

(2,22)*(E)=(A)=(T)=(V)

2-sigma error (pCi/L) = l=96x(§c+BC)l/2*R

N

R

N

wow M

L ']

All other variables are as defined earlier.

4.66=(8C) L/ 22D

(2:22)=(E)=(2)=(T)=(V)

—

‘Net counts under photopeak
Decay correction factor

ALL*EXP(At2)

1-EXP(-\tl)

Acquisition live time

Elapsed time from sample collec-
tion to start of acquisition

0.893/nuclide half life
Detector efficiency
Gamma abundance factor (no. of

"photons per disintegration)

Acquisition live time, mins.
Sample volume, liters
No. of dpm per pCi

Gross counts
Background cournts




SYNOPSIS OF PSE&G RESEARCH CORPORATION-PROCED&REJ'TT.‘.'
GAMMA ANALYSIS OF SOLIDS -

Several metliods are employed in preparing solids for gamma analysis, depending
on the type of sample or sensitivity required. For high sensitivity analysis
of vegetation, meat and seafood, the sample is first weighed, then oven-dried
to a constant weight. A ratio of wet-to-dry weight is computed before the
sample is ground and compressed to unit density (lg/cm3), whenever possible,
in a tared aluminum can. The can is weighed and then hermetically sealed and
counted on a gamma detector. o :

In most cases, a wet sample is prepared (assuming sensitivity can be met) by
using a food processor to puree it. The sample is then poured into a cali-
brated and tared clear plastic container until a standard volume is reached.
-The sample is weighed and then sealed with a screw cap before gamma counting.

Soil and sediment samples are first oven dried until a constant weight is
achieved and then pulverized. The sample is added to a tared aluminum can,
compacted to a standard volume and weighed. It is hermetically sealed and.
gamma counted.

‘obviocus impurities- (such as shells or twigs). The dried organisms are weigh
and then wet-ashed with concentrated nitric acid. After all solids have bee
digested, the sample is evaporated to near dryness and the residual salts
taken up with distilled water. The sample is filtered and the filtrate added
to an aluminum can. The sample volume is brought up to the standard geometry
with distilled water and the can hermetically sealed before gamma counting.

Benthic organisms are oven dried, followed by the physical removal of any '
n ‘

Calculation of Gamma Activity:

The following are the calculations performed for the gamma activity) 2-sigma.
error and LLD: :

‘Result (pCi/kg) = N=D =R
E (2.22)*(E)*(B)~(T)*(V) A o
: . N = Net counts under photopeak
D = Decay correction factor.
AEL*EXP(A£2)
1-EXP(-Atl)
tl = Acquisition live time
" £2 = Elapsed time from sample collec-
tion to start of acquisition
- » = 0.693/nuclide half life
E = Detector efficiency
A = Gamma abundance factor (noc. of
" photons per disintegration)
T = Acquisition live time, mins.
.V = Sample volume, kilograms ‘
2.22 = No. of dpm per pCi

158

e T 8 e e o e e e L et S AR T 47 e e e, < v




2-sigma error (pCi/kg) = lnssﬁ(Gc+EC)l/2*R ©
T .

GC
BC

Gross counts
Background counts

All other variables are as defined earlier.

The LLD (pCi/kg) = 4.66%(BC)L/2:p
(2.22)*(E)=(A)*(T)2(V)
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SYNOPSIS OF TELEDYNE ISOTOPES PROCEDURE.

i - ANALYSIS OF TELEDYNE ISOTOPES THERMOLUMINESCENT DOSIMETERS - -

- These devices are rectangular Teflon wafers impregnated with 25% Caso4:Dy
phosphor. They are first annealed in a 250°C oven prior to exposure in the
field. Following field exposure (for a l-month or 3-month period) four
separate areas of the dosimeter are read in a Teledyne Isotopes model 8300
TLD reader. The dosimeter is then re-irradiated by a standardized Cs-137
source and the four areas are read again. Calculation of the environmental
exposure is performed by computer, using the re-irradiation readings to ~
determine the sensitivity of each area of the dosimeter. The readings of
control dosimeters are subtracted to allow for transit dose and system back-
ground. '

The results are computed as follows:

For any given area of the dosimeter, the dose in mR is calculated by the
following .formula:

DOSE = R » (REDOSE/RR)-AVC

R = .Initial reading of the area
"RR = Second reading of the area
: (after re-irradiation) .
REDOSE = Re-irradiation dose, mR
AVC = Average of control values, mR
where AVC = =CDOSE/4N
i=1

N = Total number of control dosi-
meters

CDOSE = CR=*(CREDOSE/CRR)

CDOSE = Control area dose, mR
CR = Initial reading of control area
CRR = Second reading of the control
area (after re-irradiation)
= Re-irradiation dose of the

CREDOSE
e control dosimeter, mR

¢ . i
El N " K : N .
S : _ : ‘II.’
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SUMMARY. OF USEPA INTERCOMPARISON STUDIES PROGRAM.

Appendix E presents a summary of the analytical results for the
1986 USEPA Environmental Radioactivity Laboratory Intercomparison
Studies Progran.

TABLE OF CONTENTS
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USEPA ENVIRONMENTAL RADIOACTIVITY LABORATORY INTERCOMPARSION STUDY PROGRAM -

TABLE E-1

Gross Alpha and GrosévBeta Analysis of Water (pCi/L)
and Air Particulate (pCi/filter)

» xxX xXKk*X
DATE ENV SAMPLE CODE PSE&G EPA GRAND AVG
MM-YY' ENV ID MEDIUM ANALYSIS Mean #* s.d. Known Mean * s.d.
01-86 EPA-WAT-ABLG9 Water Alpha - 3.6%0.3 " 3.0%8.7 3.6%1.4
86-90 ‘ Beta .. 6.7%0.5 7.0%8.7 7.2£1.8
03-86 EPA-WAT-AB17S Water Alpha 18%3 15+8.7 1343
86-374 Beta . 8%1 , 8+8.7 10+3
03-86 EPA-APT-GABS176 APT: Alpha 171 15+8.7 16+3
86-660 . Beta . 501 47+8.7 516
04-86 EPA-WAT-P178 Water Alpha 18+1 ‘ 17£8.7
86-512. Beta 29+1 " 35+8.7
05-86  EPA-WAT-AB180  Water Alpha o8+l ¢ . 8+8.7
‘ '86-871 ' Beta - 14%1 . 15%8.7
' 07-86 EPA-WAT-AB189 - Water = Alpha 6£1 . 618.7 .  6%2
' 86-1204 " Beta 15+1 18+8.7 - 18+3
08-86 EPA-APT-GABS192 APT Alpha = 24#1 2218.7 22+4
86-1567 Beta - 90%2 66£8.7 7148
09-86 EPA-WAT-AB194 Water . Alpha 15+1 1548.7 154
86-1766 : Beta . 82 . 818.7 10+3
10-86 v’EPA-WAT—P197 Water Alpha = 44%1 40$8.7  36%10
86-2079 . : Beta 1941 = 5148.7 476
'11-86 EPA-WAT-AB199 Water ~ Alpha . 19%2 . 20%8.7 175
86-2666 v : Beta 161 20+8.7 21+3

x s.d. - one standard deviation of three individual analytical results
‘=x kKnown value with control limits, indicating whether results are in
agreement- or disagreement
. *x» g5.d. - one standard deviation of acceptable results of all participatingn
laboratories o
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TABLE E-2

USEPA ENVIRONMENTAL RADIQACTIVITY LABORATORY INTERCOMPARSION STUDY PROGRAM

Gamma Analysis of Milk, Water (pCi/L), Air Particulate
(pCi/filter) and Food Products (pCi/kg)

xx

RN

168

DATE ENV SAMPLE CODE PSE&G EPA GRAND AVG
MM-¥Y ENV 1D MEDIUM ANALYSIS Mean £ s.d. Known Mean % s.d.
01-86 EPA-ORG-GS170 Food I-131 <30 20£10.4 212
86-108 Cs=137 14zl 15£8.7 172
X(1) 922211 950+248 957490
02-86 EPA=-WAT-G171 Water Cr-51 42+4 38£8.7 396
86-173 Co-60 181 18%+8.7 1823
Zn-65 41%2 40%8.7 414
Ru-106 <1l 0
Cs-134 28%1 3018.7 28+4
. Cs=-137 221 2218.7 22%3
. 04-86  EPA=APT-GABS176 APT Cs=137 10%1 . 1018.7 11z2
86-660
04-86 EPA=WAT-Pl78 Water Co-60 91 10£8.7 10%2
86-512 Cs=134 51 5£8.7 5x1
Cs-137 621 5£8.7 6+l
06-86 EPA-MLK-GS184 Milk I-131 4321 41%10.6 4414
86-1071 Cs~137 37£1 31+8.7 37%3
K(1) 1660£10 1600£140 1600£110
06-86 EPA~WAT-G181 Water Cr-51 <18 o 0
86-921 Co~-60 66+1 66+8.7 644
Zn-65 87+£3 8618.7 8626
Ru=106 435 50£8.7 50x1l
Cs=134 46%] 4918.7 46x4
Cs=-137 10+l 10£8.7 11%2
07-86 EPA-ORG=GS190 Food I-131 26%1 30£10.4 28%3
: 86-1205 Cs=-137 211 201£8.7" 21%£3
K(1) 1150%30 1150+100 1150104
08-86 EPA-APT-GABS192 APT CsS-137 21%1 22%8.7 2424
86=1567 T



TABLE E-2.(cont'd)
USEPA ENVIRONMENTAL RADIOACTIVITY LABORATORY INTERCOMPARSION STUDY PROGRAM

Gamma Analysis of Milk, Water (pCi/L), Air Particulate
(pCi/filter) and Food Products (pCi/kg)

] x%x xXRR
DATE ENV SAMPLE CODE PSE&G EPFA GRAND AVG
MM-YY ENV ID - MEDIUM ANALYSIS Mean % s.d. Known Mean * s.d.
10-86 .EPA~WAT-G195  Water Cr-51 57+8 : 57+8.7 56£17
86-1964 : Co-60 28+2 31+8.7 31+3
Zn-65 7946 - 85%8.7 8547
" Ru-106 693 © 74%8.7 - 6848
Cs-134 26%2 28+8.7 26+3
Cs=-137 422 | 44%8.7  45%4
10-86 EPA-MLK-GS198 - Milk I-131 481 . 49%10.4 " 49%5
‘ 86-2147 Cs=137 441 3948.7 44+3
. K(1) 1540£20 1565+135 1565106
S 11-86 EPA-WAT-P197 Water Co=-60 231 | 248.7 2412
‘ 86-2079 h - Cs-134 1131 © 1218.7 11£2 .
: N Cs-137 g1 - - 818.7 9:2

* s.d. - one standard deviation of three individual analytical results
: *x Known value with control limits, indicating whether results are in
¥ agreement or disagreement '
? =xx s.d. - one standard deviation of acceptable results of all participating
laboratories . :
(1) Reported as mg/L of Potassium.




TABLE E=3
USEPA ENVIRONMENTAL RADIQACTIVITY LABORATORY INTERCOMPARSION STUDY PROGRAM

Tritium Analysis of Water (pCi/L)

= xR . XRR
DATE ENV SAMPLE CODE PSE&G EPA - GRAND AVG
MM=YY ENV ID MEDIUM ANALYSIS Mean * s.d. Known Mean % s.d.
0286 EPA-WAT-H172 Water H=3 §170x70 5227£906 5105+£340
86-=244
06-86 EPA-WAT-=-H182 Water H=3 3000%£80 31251624 3052£347
86-981
10-86 EPA-WAT-H196 Water H-3 5890%100 §973+£1034 5694+4086
86-1965
. o= s.d. = one standard deviation of three individual analytical results

#* known value with control limits, indicating whether results are in
agreement or disagreement

zx% 3.4, = one standard deviation of acceptable results of all participating
laboratories '
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USEPA ENVIRONMENTAL RADIOCACTIVITY LABORATORY INTERCOMPARSION STUDY PROGRAM

TABLE E-4

Iodine Analysis of Water and Milk (pCi/L)

= XX ) REX
DATE  ENV SAMPLE CODE' PSE&G EPA GRAND AVG
UM-YY ENV ID MEDIUM ANALYSIS Mean % s.d. Known Mean * s.d.
03-86 EPA-MLK-I172  Milk(1) I-131 2.4%1 9+10.4 92
86-245
04-86 EPA-WAT-I177  Water  I-131 8l 9$10.4 - 9%2
’ - 86-424
08-86 EPA-WAT-I191  Water  I-131 3981 45%10.4 4216
86-1305 :
* S.d. = 'ohe standard deviation of three individual .analytical results .

*x known value- with control limits, indicating whetner results are in
agreement or disagreement
" x=xx g.d. - one standard deviation of acceptable results of all participating
laboratories. :
(1) Special EPA/NRC low level study.
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TABLE E=5 -

USEPA ENVIRONMENTAL RADIOACTIVITY LAECRATORY INTERCOMPARSION. STUDY PROGRAM

Strontium-89 and Strontium-30 Analysis of Air Particulates (pCi/filter),
Milk, Water (pCi/L) and Food Products (pCi/kg)

=

RRX

agreement or disagreement

laboratories
(1) Not analyzed by PSE&G.

DATE ENV SAMPLE CODE PSE&G EPA GRAND AVG
MM-YY ENV ID MEDIUM ANALYSIS Mean % s.d. Known Mean % s.d.
01-86 EPA-WAT-S168 Water Sr-89 24%2 31%10.4 3125
86-26 Sr=90 12%1 15%2.6 14£2.2
01-86 EPA-ORG-GS170 Food Sr-89 (1)
86-108 Sr-90 (1)
03-86 EPA-APT-GABS176 APT Sr-90 16+1 18+2.6 1742
86-660 . .
04-86 EPA-WAT-P178 water Sr-89 61 7£8.7 62
_ 86-512 Sr-90 61 7£2.6 7+L
. E 05-86 EPA-~WAT-S179 Water Sr-=89 . 41 5£8.7 52
i 86-675 Sr=90 41 5+£2.6 5+1
06-86 EPA-MLK-GS184 Milk Sr-89 <4 0 0
86-1071 Se-90 1221 16+2.5 1523
07-86 EPA-ORG-GS190 Food Sr-89 24+2 30+8.7 25+3
86-1205 Sr-90 1642 1S+2.6 19%7 .
08-86 EPA-WAT-GABS192 APT Sr-90 . 22#1 22%2.6 2243
. 86~1567
- 10-86 EPA-MLK~GS198 Milk Sr-89 8+1 S+8.7 9+3
5 86~2147 sr-90 <1.6 0 1%0.5
f 11-86 EPA-WAT-P197 Water Sr-89 1021 10%8.7 9%3
; 86-2079 Sr-90 321 4£2.6 41

* 5.d. - one standard deviation of tnree'individual analytical results.
=% known value with control limits, indicating whether results are in

‘ zx% §.d. - one standard deviation of acceptable results of all participating
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APPENDIX F

SYNOPSIS OF LAND USE CENSUS

171




APPENDIX F -

SYNOPSIS OF 1986 LAND.USE CENSUS -

A land use census was conducted to identify, within a distance
of 8 km (5 miles), the location of the nearest milk animal, the
nearest residence and the nearest garden of greater than 50m2
(500££2) producing broad leaf vegetation in each of the 16
meteorological sectors. ' -

Tabulated below are the results of these surveys:

Milk Nearest Vegetable
Animal Residence Garden
Meteorological Aug., 1986 Aug., 1986 Aug., 1986
Sector km (miles) km (miles) km (miles)
N None : None None
NNE None 6.9 (4.3) None
NE None 6.4 (4.0) None
ENE None 6.1 (3.8) None
E None 5.4 (3.4) None
. ESE None None None
’ SE None None None
R SSE None None None
S None 6.1 (4.1) None
SSW None 5.5 (3.4) None
SW : None 6.9 (4.3) None
WSW None 7.1 (4.4) None
W 7.8 (4.9) 6.5 (4.0) None
WNW None 5.5 (3.4) None
NW : None 5.9 (3.7) None
NNW None 6.8 (4.2) None
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