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INTRODUCTION

The Susquehanna SES wil]l contain 2 BWR generating units, each with a capacity
of about 1050 MWe. Units #1 and #2 are scheduled for commercial operation in 1982
and 1983, respectively. This site is located on a 1075 acre tract along the Susque-
hanna River, five miles northeast of Berwick in Salem Township, Luzerne Courty,
Pennsylvania.

The area surrounding the site can generally be characterized as rural, with
forest and agricultural lands predominating, More specific information on the dem-
ography, hydroloqy, meteorology and land use characteristics of the local area may
be found in the Environmental Report(1), the Safety Analysis Report(2) and the Draft
Environmental Statement - 0.L. (3) for Susquehanna SES.

RNC has previously reported results for the radiological environmental monitor-
ing program (REMP) from 1972-1978 (4-10); the present document continues the series
with coverage for 1973. It presents in detail the type and number of samples anal-
yzed, the analyses performed and the data generated. OData are discussed and compared
with those from previous years. This report provides information to Pennsylvania
Power and Light Company, requlatory agencies and the general public.

PROGRAM

The REMP continued in 1979 and will continue until initial criticality of
Unit #1, At that time the operational phase of the program will be instituted and
continue thereafter, The REMPs are and will be designed utilizing the guidance in
NUREG-0473, Draft Radiological Effluent Technical Specifications for BWR's (11) and
ORP/SID 72-2, Environmental Radioactivity Surveillance Guide (12). The REMPs were
designed:

1. To establish baseline raaiological characteristics of the environs of
Susquehanna SES for comparison with future data;

nN
.

To assure that media sampled and analyzed are sensitive to fluctuations
in the radiological characteristics of the Susquehanna SES environs; and
assure that the program will be responsive to station radiceffluent
discharge,

3. To estuu'ish potential critical pathways of station radioeffluent to man.

Samples for the 1979 REMNP were taken from direct, waterborne, airborne and inge:-

tion pathways with emphasis on those media which would yield data for the evaluation
of radiation dose tc man. Specific sampling locations were chosen on the basis of
potential water use, site meteorolony, local demographv and land uses.

Environmental sampling locations were divided into two classes, indicatn+ and
control. Indicator samples are those collected at locations which are expected to
mani fest future station effects, if any exist, and were selected on the basis of
a:stance from the site, topography, hydrology, meteoroloqgy, demography, and drainage



characteristics. Control samples are collected at locations which it is believed
will be unaffected by station operation. These provide a basis by which to evaluate
fluctuations in radioactivity at indicator locations in relation to natural phenomena
and fallout after the station is operational.

Table 1 surmarizes the Susquehanna REMP for 1979. Appendix A describes and sum-
marizes the entire program as performed in 1979. Appendix B describes the RMC coding
system, which specifies sample type and locations. Included in Appendix B, Table B-1
gives the pertinent information on individual sampling locations, while maps B-1 and
B-2 show the sampling locations.

Sample Collection

Waterborne pathways around Susquehanna SES were examined by analyzing samples
of surface water, ground water, drinking water and sediment., Surface, ground and
drinking water samples were collected in new, unused two gallon containers monthly,
Sample containers were rinsed three times with the sample medium prior to collection.
Susquehanna River sediment was also sampled. The biological consultants to PP&L col-
lected the samples.

Airborne pathways were rxamined by analyzing air particulates, and air iodine.
Air particulates were collected weekly at five locations on Gelman type-A/E, glass
fiber filters with low-volume air samplers. Air sample volume: we:~ measured with
temperature-compensated dry-gas meters. Air iodine was collected a one inch deep

Mine Safety Appliance charcoal cartridges connected in series bahind the particulate
filter,

Ingestion pathways were examined by analyzing samples of fith, soil, milk, fodder
crops, game and locally grown food products. Fish samples were colliected in spring and
late summer at both the control and indicator locations. The samples were prepared by
fillet, and frozen for shipment to RMC. Milk and food products were purchased directly
from local farmers. The soil samples were taken in the immediate vicinity of the air
monitors. Game samples were obtained by hunting or from road killed animals.

Direct radiation (immersion dose) measurements were made using thermoluminescent
dosimeters (TLDs). The TLDs were placed at locations designed to take advantage of lo-
cal meteoroloqgic, topographic characteristics and population distribution characteristics.

Data Interpretation

The radioanalytical and ambient radiation data collected during 1979, together with
that collected previously, will be used as a baseline with which operational data may be
compared, Several factors are important in the interpretation of the data. These factors
are discussed here to avoid repetition in sections that follow.

Within the data tables (Appendix C) a 95% (42 sigma) confidence interval is supplied

for each result above the lTower limit of detection (LLD) with the exception of strontium-89,

-90 analyses, which are reported as minimum detectable level (MDL). Humerically, the LLD
is equal to 4.66 times the square root of the quotient resulting from the background counts
divided by the background counting time. The result is then divid:d by a dpm/picocurie
conversion factor, the counting efficiency and the sample volume. Whereas the MD. is

equal to 3 times the square root of the quotient resulting from *.e background counts
divided by the background counting time. This result is then divided by the dpm/pico-
curie conversion factor, the counter efficiency and the sample volume (the exact speci-
fications of the calculations are noted in Appendix D). The MDL or LLD is reported when
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The analysis of surface water for iodine-131 began in May 1979, on a monthly basis.
Iodine analyses were not performed during Septerber and December, due to an analytical
schedulirg error, Positive iodine results, in surface water, were reported in three of
thirty-five samples., Positive values were reported in samples from station 6S2 of 0.11
and 0.5 pCi/1 during June and Hoverber, respectively, and station 12F1 of (.15 pCi/1 in
June,

Some results of I-131 analysis failed to meet *-e analvtical sensitivity as stated
in the REMP of 0.1 pCi/l. However, the sensitivity, as quoted in USHNRC Requlatory Guide
4.8 (11), of 1.0 pCi/1 was met for all samples. The samples involved are as follows.

A1l samples collected in May were analyzed with one-half the required volume and not
counted within 8 days due to transit time. LLD values ranged from <.2 to <.5 pCi/l.

A sample from station 12F1 collected in August had a Tow chomical yield resulting
in an LLD of <.2 pCi/1. A sample from station 12G2, also coliected in Auqust was analyzed
using a reduced volume resulting in an LLD of <.6 pCi/l.

Samples collected in October from locations 103, 13E1 & 12G2 had a Tow chemical yield
resulting in LLDs of <.2 pCi/1. The October sample from location 652 was not counted with-
in 8 days resulting in an LLD of <.2 pCi/l.

Well Water

Two wells, the peach stand on-site (552) and the Berwick Water Co. (12F3), were sam-
pled quarterly until May, 1979, when the sampling frequency was changed to monthly. Well
water was analyzed for tritium quarterly until May, when the sampling frequency changed to
monthly, The tritium analysis was changed to a quarterly compesite of monthly grab sarples.,
Gross beta and gamma analyses were performed on the monthly samples. Three of eight sam-
ples showed positive tritium results, ranging from 81 to 92 pCi/1 with an LLD of 120 pCi/l.
Garma analyses were all below LLD, with exception of the llovember sample taken at 5S2.

A small concertration of naturally-occurring K-40 (12 pCi/1) was detected. Gross beta re-
sults were generally at or below the LLD of 3.0 pCi/l.

Drinking (Potable) Wa.er

Potable water was sampled on a quarterly basis until May 1979, when monthly sampling
was initiated. Gross beta and gamma emitters were analyzed monthly beginning in May. Tri-
tium and strontium-89 and -90 were analyzed as quarterly composites. Thize of eigi.t sam-
ples showed positive tritium results ranging from 99 to 138 pCi/1, with other results be-
low the LLD (120 pCi/1). The tritium results, for potable water, were consistent with
results for tritium observed in surface water of the Susquehanna River. Strontium-90 anal-
yses of eight quarterly compos®tes showed strontium-80 results in three samples ranging from
0.4 to 0.7 pCi/1., The MDLs of the other samples were between <0.5 and <1.1 pCi/1. A1l
Sr-89 results were below the DL (<0.7-<2.0 pCi/1). Gross beta analyses were performed
quarterly until May, when monthly analyses were initiated. Of the eighteen samples analyzed
for gross beta, «ight were positive ranging from 2.0 to 4.8 pCi/l. Gamma analysis of pota-
ble water was initiated in May 1979. A1l results for all gamma emitting nuclides were less
than LLD.

Sediment
Sediment samples were taken from three locations in the Susquehanna River, Samples

were taken at Bell Bend (7B), downstream near Hess Island {(11C) and upstream near Gould
Island (2B). A1l samples were analyzed by Ge(Li) gamma spectrometry. Haturally-occurring






Regulatory Guide 4.8 (11) of 1.0 pCi/1 was met by all analyses.

Samples collected in April from locations 12B2 and 1283 were not counted within
8 days resulting in an LLD of .2 pCi/1. Samples froin all Jocationc collected in June
were inadvertently counted for the lower sensitivity. LLDs for these samples ranged
from 0.3-0.4 pCi/1. Samples collected in November from locations 'JC1 and 9G1 had low
chemical yields resulting in an LLD of 0.2 pCi/1. Since insufficient volume is always
used in analyzing goat's milk, the best achievalle LLD was 0.4 pCi/1.

Strontium-89 analyses showed eight of thirty-six samples with positive results
ranging from 1.1 to 33 pCi/i, with NDL values ranging from 1.9 to 27 pCi/1 for stron-
tium-89. Thirty-two of thirty-six samples had positive results for strontium-90,
ranging from 0.9 to 11 pCi/l. High results have large counting errors associated
with them and are generall the result of low yields. The strontium procedure is cur-
rently under review to el nate this source of error. Specific sampies where the DL
or result were high (for Sr-89, <6.5-33 pCi/1 and for Sr-90, <2.7 to <12 pCi/1) because
of Tow chemical yields were as follows: July samples from locations 12B2 and 9Gl; and
December samples from locations 1282, 10C1 and 9G1. High MDLs for Sr-89 (<13 pCi/1)
in goat's milk (8D1) sampled in September was due to insufficient volume.

K-40 was found in all milk samples, in levels ranging from 630 to 1800 pCi/1.
Cs-137 was found in twenty of thirty-six samples, in levels ranging from 1.6 to 5.7
pCi/l.

Fish

Analysis of he flesh for strontium-89, -90 and gamma emitters was performed on
each species samplad. The species included were: walleye, white sucker and channel
catfish,

Strontium-89 and -90 analyses were generally less than MOL, ranging from .077-01
pCi/g(wet) for Sr-P9 and ,003-.007 pCi/g(wet) for Sr-90. A positive Sr-89 resuv t of
.005 pCi/a(wet) in the channel catfish sample taken at the control location can be
attributed to statistical fluctuations.

Garma spectrometry of the flesh portions of all fish samples detected concentra-
tions of two nuclides above the LLD; K-40 and Cs-137. Naturally-occurring K-40 was de-
tected in eleven of twelve samples with results rangina from 1.7 to 4.0 pCi/g(wet).
Cesium-137 was detected in one walleye, at a level of .016 pCi/g(wet). A1l results
were consistent with those previously found. Since the station is not in operation,
and there are no other major nuclear power installations in the area, the man-made
nuclide observed can be attributed to nuclear weapons testing fallout.

Food Products

Gamna spectrometry =5 used to analyze various types of food products, including
lettuce, corn, cabbage, apples, eggs, chicken (flesh & bones) and beef (flesh & bones).
Naturally-occurring K-40 at levels of 0.8 to 7.2 pCi/g(wet) was found in all samples,
except beef bones. (s-137 at a concencration of .20 pCi/g{wet) was found in one sampie
of beef bones. All other gamma emitting nuclides were below the respective LLDs. Stron-
tium-89 and -90 analyses were performd on chicken and beef bones., Strontium-89 was found

in one sample of beef bones at the detection level (0.9 pCi/g-dry). Strontium-90 was found

in both chicken bones (0.38 pCi/g-dry) and beef bones (4.1 pCi/g-dry).






CONCLUSIONS

The Radiological Environmental Monitoring Program for Susquehanna SES was conducted
during 1979 as a continuation of the program initiated in 1972. The data collected during
1979 further devel os a baseline for comparison with future operational data.

The purpose- . the design and development of the Susquehanna SES REMP were:

1. To establish baseline radiological characteristics of the environs
of Susquehanna SES for comparison with future data:

. To assure that the media sampled and analyzed are sensitive to fluc-
tuations in the radiological characteristics of the Susquehanna SES

environs; and assure that the program will be responsive to station
radioeffluent discharge;

3. To establish potential zritica® pathways of station radioeffluent
to man,

The 1979 RENP further establishes the baseline radiclogical characteristics for
the vicinity of the Susquehanna SES. This is evident by the continuation of sampling
and analysis for the aquatic, atmospheric and terrestrial environrments, as well as mon-
itoring of ambient radiation. The sampling and analysis of these media reflect the
normal background radiation found in this environment.

The media sampled by the Susquehanni REMP are sensitive tc radiological fluctuations
of the environment monitored., This is evident by the measurerd gradual ~ecline in the sur-
face water concentration of tritium, primarily due to the decrease i~ atmospheric nuclear
detonations. Gross beta analyses of air particulates are sensitive to seasonal variations,
as well as the atmospheric testing of nuclear weapons (10).

The media sampled by the Susquehanna REMP also monitors potential critical pathways
of station radioeffluent to man.

Monitoring of the waterborne pathway consisted of sampling surface water, well water,
drinking water and sediment and were chosen to reflect the characteristics of normal back-
ground radiation for this medium. The airborne pathway was monitored by filtering and
analyzinq the particulate matter, and by passing filtered air through a charcoal filter which
was analyzed for the presence of iodine-131. The ingestion pathway was monitored by the
sampling and analysis of milk, fish, game, various food products and soil. The results
obtain=d by analysis of these samples were consistent with previously measured levels of
redicactivity, in their respec’ive media. Direct radiation levels, in tie vicinity of
Susquenanna SES, were approxir. .ely the same at all locations.

From the results obtained and the analyses performed on the samples, i‘ can be con-

cluded that the levels and fluctuations of radiocactivity detected in the vicinity of the
Susquehanna SES were expected for this environment,

11
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APPENDIX B

Table B-1 lists the sampling locations and includes both the distance and direction
from the Susquehanna SES and the media sampled at each location. Maps B-1 and B-2 show
the sampling locations with respect to the Susquehanna SES.

Sample Designation
Samples are identified by a three part code. The first two letters are the power

station identification code, in this case "SS" for Susquehanna Steam Electric Station.
The next three letters are for the media sampled.

AIO = Air lodine FPP = Food Products, Poultry
AQF = Fish GAD = Game, Deer

AQS = Sediment GAS = Game, Squirrel

*°T = Air Particulates GMK = Goat Milk

FPB = Food Products, Bee: IDM = Immersion Dose (TLD)
FPE = Food Products, Eggs MK = Milk

FPF = Food Products, Fruit PAS = Pasture Grass

FPG = Food Products, Grain PWT = Potable Water, Treated
FPL = Food Products, .eafy Vegetables SOL = Soil

FPV = Food Products, Vegetables SWA = Surface Water

WWA = Well Water

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 16 angular sectors of 22-1/2 degrees
centered about the reactor site. Sector one is divided evenly by the north axis and other
sectors are numbered in a clockwise direction; i.e., 2=NNE, 3=NE, 4=ENE, etc. The next
digit 1s a lTetter which represents the radial distance from the station:

s = sitel!) jocation E = 4-5 miles off-site
A = 0-1 miles off-site F = 5-10 miles off-site
B = 1-2 miles off-site G = 10-20 miles off-site
C = 2-3 miles off-site H = >20 miles off-site

D = 3-4 miles off-sice

The last number is the station numerical designation within each sector and zone;
e.9. 15 2, 35 .

Specific information about the individual sampling locations is given in table B-1.
Maps B-1 and B-2 show the locations of sampling stations with respect to the site.

1. Site is defined as that area within PP&L's property boundary.

29
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TAB'E B-1 (cont.)

SUSQUEHANNA SES RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SAMPLING LOCATIONS
SAMPLING LOCATIO!

1979
LOCATION SAMPLE
CODE DESCRIPTIOIM™ TYPES
1283 1.9 mile WSW, Young Farm MLK,FPB
11Cxn% 2.0 mile SH, Hess Island AQS
102 3.7 mile N, Near Mocanagua Substation APT, IDN
103 3.7 mile N, llear Mocanagua Substation SWA
104 3.7 mile N, Near Mocanagua Substation SOL
3D1 3.2 mile NE, Pond Hill APT,IDN
312 3.2 mile NE, Pond Hill SOL
801 2.2 mile SSE, Poltrock Farm GHK
1001 3.1 mile SSW, Ross Ryman Farm MLK,FPL
1201 3.2 mile WSW, N, Shultz MLK
12E1 4.7 mile WSW, Berwick Hospital APT,AIO,IDN
12E2 4.7 mile WSH, Berwick Hospital SOL
13E1 4.5 mile W, Glen Brook Reservoir SWA
12F1 5.2 mile WSH, Berwick Bridge SWA
12F2 5.2 mile WSH, Berwick Substation IDh
12F3 5.2 mile WSH, Berwick Water Co. WWA,PUT
DGHe* 30 mile HNE, MNear Falls, PA AOF
9G1 14 mile S, Davis Farm MLK
1261 17 mile WSW, Bloomsburqg, PA APT,IDHM
12G2 17 mile WSW, between Bloomsburg and Berwick, PA SWA
12G3 17 mile WSW, B oomsburg, PA SOL
2H1 21 mile NNE, Vegetable Stand FPL
7H1 47 mile SE, PP&L roof, Allentown APT,AIO, 1D
31
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TABLE
NO.

C-1

C-2

C-3

C-4

C-9

c-14

APPENDIX C
DATA TABLES

TABLE TITLE

Waterborne Pathway

Concentrations of Beta Emitters in Surface Water Samples in
the vicinity of Susquehanna SES «-=vecmcmmmmmmocmnccme e

Concentrations of Gamma Emitters in Quarterly Composite
Samples of Surface Water in the vicinity of Susquehanna SES --

Concentrations of Tritium an Quarterly Composite Samples
of Surface Water in the vicinity of Susquehanna SES -=eccce---

Concentrations of Iodine in Surface Water samples in the
vicinity of Susquehanna SES ~cmmmccccmmmcr e e

Concentrations of Beta Emitters in Well Water samples in the
vicinity of Susquehanna SES =-ececcmmmmmm e

Concentrations of Gamma Emitters in Well Water samples in
the vicinity of Susquehanna SES =eeecccmcmmmcmmcccciacccaaaae

Concentrations of Tritium in Quarterly Composite Samples of
Well Hater in the vicinity of Susquehanna SES =-eemcmccccaaaa-

Concentrations of Beta Emitters and Gamma Emitters in Drink-
ing (Potable) Water Samples in the vicinity of Susquehanna

SES s e e e
Concentrations of Tritium and Strontium-89 and -90 in Drinking
(Potable) Water in the vicinity of Susquehanna SES -=-eceeeea-

Concentrations of Gamma Emitters in Sediment Samples from the
Susquehanna River in the vicinity of Susquehanna SES --cccc--a

Airborne Pathway

Concentrations of Beta Emitters in Air Particulate Samples
in the vicinity of Susquehanna SES -=-cscmmmmmmmccc e cceees

Concentrations of Gamma Emitters in Quarterly Composites of
Air Particulate Samples in the vicinity of Susquehanna S{S --

Concentrations of 1-131 in Filtered Air in the vicinity of
Susquehanna SES =eeermcmmcc el

Ingestion Pathway

Concentrations of Garma Emitters and Strontium-89 and -90
in Milk ir. the vicinity of Susquehanna SES ==eeccmeccccacaaa.
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GROSS BETA ANALYSIS OF

¥l
T
<
2]

Total Water (Bp)

A 250 ml aliquot is evaporated to dryness and transferred to a preweighed,
ringed planchet and reweighed. The planchet is then counted in a Tow ba
flow proportional counter, Self-absorption corrections are made based ¢
residue weight and calculated thickness. The calibration standard used

Y-90., A 250 ml sample of distilled water is evaporated in the same manner
as a blank,

Air Particulates (BD)

After a delay of two to five days, allowing for the radon-222 and radon-2¢
daughter products to decay, the filters are counted in a gas-flow proporti
Unused filter paper is counted as the blank,

Calculations of the results

(LLD).
- e A 5 L
RESULT (pCi/m”) = ((S/T) - (B/t)) / (2.22 V I
M o ¢ 3 e P A I b . .
2 SIGMA ERROR (pCi/m~) = 2 (( ) + (B/t%)) (2.22 V E)

where
S = Gross counts of sample including blani
B = (Counts of blank
E = Fractional Sr-90-Y-90 counting efficiency
T = Number of minutes sample was counted
t = Number of mnutes blank was counted
V = Volume of sample (cubic meters or liters)

(=]
N

the two sigma errcor and the lower 11mic of detection



ANALYSIS OF SAMf
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ANALYSIS OF SAMPLES FOR STRC ~"'™.89 AND -90
Tetal Water (7@, SP)

A two liter aliquot of sample is used. Stahle strontium carrier is added to
the liquid to facilitate chemical separation of Sr-89 and -90, and to determine
the strontium recovery, Strontium concentration and purification is ultimatelv
realized by at least two precipitations of strontium nitrate in concentrated
nitric acid. Additional iron/rare earth hydroxide precipitations and barium
chromate separations are performed to remove suspected interferring nuclides.
The purified strontium is converted to a carbonate for weighing and counting,
Soon after the separation, the sample is counted in a low-background gas-flow
proportional counter. After about 14 days, the sample is recounted, then Sr-89
and -90 activities are calculated on the basis of Y-90 ingrowth and Sr-89 decay.
A sample of distilled water is used as a blank,

Milk (54, T4)

A one and half liter aliquot of milk is ashed to destroy organic material and then
dissolved in concentrated mineral acid, Stable strontium is added to the eluted
liquid or dissolved ash to facilitate chemical separation of Sr-89 and -90, and

to determine the strontium recovery. Strontium concentration and purification

is ultimatei, realized by at least two precipitations of strontium nitrate in
concentrated nitric acid. Additional iron/rare earth hvdroxide precinitations

and barium chromate separations are performed to remove suspected interferring

4

niclides. The purified strontium is converted to a carbonate for weighing and
counting. Soon after the separation, the sample is counted in a low-background
gas-flow proportional counter. After about 14 days, the sample is recounted,
thern Sr-89 anc -90 activities are calculated on the basis of Y-90 ingrowth and
Sr-89 decav. A sample of distilled water is used as a blank.

Organic Solids (S8, T8)

A 250 g wet portion of the sample is ashed, then dissolved in concentrated nitric

or mineral acid. Stable strontium carrier is added to the dissolved sample to facil-
itate chemical separation of Sr-89 and -90, and to determine the strontium recovery,
Strontium concentration and purification is ultimately realized by at least two pre-
cipitations of strontium nitrate in concentrated nitric acid. Additional iron/rare
earth hydroxide precipitations and barium chromate separations were performed. The
purified strontium is converted to a carbonate for weighing and counting. Soon after
the separation, the sample is counted in a low-background gas-flow proportional
counter, After about 14 days, the sample is rezounted, then Sr-89 ard -90 activities
are calculated on the basis of Y-30 ingrowth and Sr-89 decav. A sample of distilled
water is used as a blank,

Calculations of the results, the two sigma errors and minirum detectable levels (MDL)
for Sr-89, -90 are expressed in activity (pCi) per unit volume (liter) or mass (gram).

RESULT Sr-90 = ((Z(S1-Bl) - (S2-B2)) / (2.22 KVES Y T)
(pCi/vol, or mass)

2 172 2,1/2 T
2 SIGMA ERROR Sr-90 = 2 (2°(S1+B1) + S2+B2) / (2.22 (K%) VES Y T)
(pCi/vol. or mass)
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MDL Sr-90 = (=9 -6(282+2(S1-B1) + 2.25 + 22 (51+81))1/2

(pCi/vol, or mass)

/ 2K)/ (2.22VESYT)

RESULT Sr-89 = (F(S1-B1) + H(S2-B2)) / (2.22 VEB Y T exp. (~-.693t4/52.7))
(pCi/vol, or mass)

2 SIGMA ERROR Sr-89 = 2 (F2(S14B1) + H%(52+82))1/% / (2.22 V EB Y T exp. (-.693t4/52,
(pCi/vol. or mass)
MDL Sr-89 = (F(X-B1) + H(S2-B2)) / (2.22 VEB Y T exp. (-.693t4/52.7))
(pCi/vol. or mass)
where:
Sr-89(1) = Sr-89 counts on first count
Sr-86(2) = Sr-89 counts on second count
Sr-90 = Counts of Sr-90
Y=90(1) = (Counts of Y-90 on first count
Y-90(2) = Counts of Y-90 on second (after equil.)
S1 = Sr-89(1) 4+ Sr-90 + Y-90(1) + B(1)
S2 = Sr-89(2) + Sr-90 + Y-90(2) + B(2)
Bl = Background counts in first count
B2 = Background counts in second count
tl = Time in hours from separation time to S1
t2 = Time in days from separation time to SZ
t3 = Time in days from S1 to S2
td = Time in days from sampling date to separation date
£l = ] - exp (=.693t3/64 hours
EZ = 1 - exp (-.693t2/2,667 days)
Z = exp (-.693t3/5...7 days)
& > E9/EY
H = (1 + E1/R) /K
K = 2 (E1/R+1)~-1- (E2/R)
F = ]« (2/K) = 2 (E1/KR)
o]
c = (-9 F% B1) - 9 H® (S2+B2) + (F B1)%- 2 F W B1 S2+2 F H Bl B2 ,
+(H(52-B2))"
- " S 2 o
B = 2 FH(S2-B2) -2 F° Bl ~-9F
X = (B2 -a e )2 . )/ (2 ¥
£E9 = Counting eff, of Sr-90 = 3590 - ,7082 X (Wt. n g of
strontium carbonate)
EY = Counting eff, of Y-90 = ,4380 - .1337 X (Wt., in g of
strontium carbonate)
E8 = (Counting eff, of Sr-89 = 4568 - ,2060 X (Wt, in g of
strontium carbonate)
T = Number of minutes sample and background were counted
y = Yield (determined by atomic absorption spectrophotometry)
Vv = Aliquot size (liters or grams)

-2\
/

/



ANALYSIS OF SAMPLES FOR IODINE-131
Milk or Water (19)

The initial stable iodide concentration in milk is determined with an iodide

fon specific electrode. Thirty miiligrams of stable iodide carrier is ther

added to four (4) liters of milk. The iodide is removed from the milk by

passage through ion-exchange resin. The iodide is eluted from the resin with
sodium hypochlorite, and purified by a series of solvent extractions with the
final extraction into a toluene phase. The toluene phase is mixed with a
toluene-based liquid scintillation solution. The sample is then counted in a
beta-gated gamma coincidence detector, shielded by six inches of steel., Distilled
water is used as a blank, The yield is calculated from stable indide recovery
based on the recovered volume, Results are corrected for decay from the sampling
time to the middle of the counting period, using a half-life value for 1-131 of
8.06 days.

Air Cartridges (I1)

An iodine absorber composed of charcoal is emptied into an aluminum can (6 cms
T

high by 8 ¢ms in diameter) and counted with a Nal (T1) detector, coupled to a
multi-channel pulse height analyzer,

Calculation of results, two sigme error and the lower 1imit of detection (LLD).

The data are obtained by smoothing the spectrum to eliminate spurious statistical
noise. Jlodine-131 is identified by fitting the spectrum to a Gaussian curve, and
noting the net area, in counts, above the baseline projection. The calculations
of the results, the two sigme error and the lower limit of detectior LLD) for
Iodine-131 are then expressed in activity (pCi) per unit volume (liter or cubic
meter, depending whether the sample is either milk and water or air),

RESULT = ((S/T) - (B/t)) / (2.22 EVY F)
(pCi/vol)

2 SIGMA ERROR = 2 ((S/T%) + (B/t°N)Y2 / (2.22 E vV Y F)
(pCi/vol)

LD = 4.66 (BY/%) 7/ (2.22EVYFt)
(pCi/vol)

where:

Net are2, in counts, of sample (I-131 peak)

Net are., in counts, of background (1-131 peak)

Number of minutes sample was counted

Number of minutes background was counted

I-131 counting efficiency

Volume of sample (aliquot) utilized

Fractional gamma abundance (specific for each emitted gamma)
Chemical yield of lodine (milk and water only)

< TM<Mecr 41D
LU LB RN B B I
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GAMMA SPECTROMETRY OF SAMPLES
Water (N1)

Four liters of sample is reduced to 100 m! and sealed in a standard container
and counted with a Nal(T1) detector coupled to a multi-channel pulse-height
apalyzer. The counting time is 50,000 seconds.

Milk (N7)

A three liter aliquot is dried at 175°C, ashed at 500°C until no carbon residue

is present, compressed and sealed in a standard container, and then counted with

a Nal(T1) detector, coupled to a multi-channel pulse-height analyzer. The counting
time is 50,000 seconds.

Dried Solids (N8, G8)

A large quantity of the sample is dried at a low temperature, less than 100°C,
A 100 gram aliquot (or the total sample if less than 100 grams) is taken, com-
pressed to unit density, sealed in a standard container, and counted with a
NaI(T1) or Ge(Li) detector, coupled to a multi-channel pulse-height analyzer.
The counting time is 50,000 seconds.

Air Dried Solids (NA)

A large quantity of sample is air dried, compressed to a known geometry and sealed
in a standard container and counted with a Nal(T1) detector, coupled to a multi-
channel pulse-height analyzer. The counting time is 50,000 seconds,

Air Particulate (GB)

A1l samples received for the month are mixed and sealed in the standard
container, and counted with the high resolution Ge(Li) detector, coupled
to a multi-channel pulse-height analyzer.

Calculation of results, two sigma error and the lower 1imit of detection (LLD).

The data are obtainec , . .wothing the spectrum to eliminate spurious statistical
noise. Peaks are identit.>d by changes in the slope of the gross spectrum. The
spectrum is fitted to a Gaussian curve and the net area, in counts, above the
baseline projection is determined. The calculations of the results, two sigma
error and the lower limit of detection (LLD) for lodine-131 are then expressed
in activity (pCi) per unit volume or mass (Titers or grams).

RESULT = ((S/7) - (B/t)) / (2.22 E V F)
{(pCi/vol. or

mass)

2 SIGMA ERROR = 2 ((S/T°) 2yy172
{pCi/vol, or

mass)

+ (B/t / (2.22 E V F)
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ENVIRONMENTAL DOSIMETRY (D@)

~

By RMC definition, a thermoluminescent dosimeter (TLD) is considered one end
of a capillary tube containing calcium sulfate (Tm) powder as the thermolumi-

nescent material,

dosing.

This material was chosen for its characteristic high light
owtput, minimal thermally induced signal loss (fading), and negligible self-

The energy response curve has been flattened by a complex multiple

elvment energy compensator shield supplied by Panasonic Corporation, manufac-

turer of the TLD reader.

There exists four dosimeters per station sealed in

a prlyethylene bag to demonstrate integrity at the time of measurement, and
for visualization of the sample placement instructions. The zero dose is
determined from TLDs located in the lead shield found at RMC, Philadelphia.

Following the predesignated exposure period the TLDs are placed in the TLD

reader,

The reader heats the calcium sulfate (Tm) and the measured light

emission (luminescence) is used to calculate the environmental radiation
exposure.

Data are normalized to standard machine conditions by correcting machine
settings to designated values before readout, Data are also corrected for
in-transit dose using a set of TLDs kept in a lead shield in the field,
exposed only during transit,
associated error is then calculated,

The average dose per exposure period, and its

The Cs-137 source is used to expose TLDs as a reference sample. An absorbed
dose in tissue is determined using the 0,955 rad/Roentgen conversion factor
and dose eguivalent (mrem) by using a qua'ity factor of 1.

Calculation of results and two sigma error:

Gross

ITD =

TLD (i) = (TLD(1)=-DP(i)) x CF (i) x CF (ins) x 0.955 mrad/mRoentgen

NET (site @) - (NET(RMC @) (D(sta) / D (RMC 2)))

NET TLD(i) = gross TLD(i) - ITD

AVG =

ERROR

where:

n

((sigma NET TLD) / n) (D(STD) / D (EX))

i=]

(95% CL) =

Gross TLD(i)

TLD(1)

NET TLD (i)
CF(ins)

ELS

DR(1)

CF(1i)

I1TD
NET(site)@
NET(RMC)PQ

t(n-1) (sigma NET TLD (i) / n) (D{STD) / D (EX))

Individual TLD reading corrected to standard
instrument conditions

Gross reading of dosimeter i

Net dose obtained during exposure period in the
Correction factor of reader = (6.21) (£LS-0.93)
External light source

Zero for dosimeter, i

Calibration factor for dosimeter i

In-Transit dose

Mean of n dosimeters in site lead shield

Mean of n dosimeters in RMC lead shield

field
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TABLE E-1

INTER-LABORATORY (OMPARISONS
GROSS ALPHA AND BETA IN WATER
(pCi/liter and AIR PARTICULATES (pCi/filter)

SAMPLE AND RMC FPA A1l Participants
TYPE OF MEAN$S.D, MEAN+S.D. MEAN:S.D.
DATE RMC # RADIATION
Jan, 1979 99915 APT 1 4+] 5+5 52
Q 21+1 18+5 2043
Jan. 1979 100511 Water a 7+1 6+5 742
Q 13+2 1645 1643
Apr, 1979 2323 Water a 8+1 1045 10+4
1741 1645 16+3
Apr. 1979 2546 APT 1 13+1 1445 14+3
R 61+3 63+5 EE6
May 1979 4650 Water o 2] 22+6 2548
3643 4445 43+6
June 1979 6446 Water o 19:2 18+5 16 +6
[ 25+3 2245 3+5
July 1979 8393 APT 1 9+1 945 10+2
- 3942 3045 33+4
July 1979 8672 Water a B+2 945
' 15+1 12+5
Oct. 1979 19995 Water 5¢+1 5+5 82
4347 40+5 1] ¢
Oct. 1979 20468 APT ¢ 10+¢1 * .
3342 o *



TABLE £E~1 (cont.

INTER-LABORATORY COMPARISON
GROSS ALPHA AND BETA IN WATER

(pCi/liter and AIR PARTICULATES (pCi/filter)
SAMPLE ANI M EPA A1l Participants
TYPE OF
DATE RMC # RADIATION MEAN+S.D. MEAN+S.D. MEAN+S.D,
Nov. 1979 21865 Water 1 ] ) )
4 | * .
Dec. 1979 23054 Water a 1043 ) Y
144 * .

» Results are not available at this time.



TABLE E-2
INTER- LABORATORY COMPARISONS

TOITIUM IN WATER
A1l results in pCi/liter

DATE RMC # SAMPL § RMC EPA A1l Participants
TYPE MEAN+S.D., MEAN+S.D. MEAN+S.,D.

Feb. 1979 100914 Water 1158+30 1280+331 1293+224

Apr. 1979 3729 Water 20574232 2270+349 2292+257

June 1979 7054 Water 1367 +140 1540+337 1573+231

Aug. 1979 9937 Water 1054 +140 1480+335 1508+214

Oct., 1979 20368 Water 1498+63 15604370 *

Dec. 1979 23541 Water 2068+49 * *

* Results are not available at this time.






TABLE E-4

INTER-LABORATORY COMPARISONS: GAMMA
Results reported in pCi/liter for milk and water, pCi/sample

for air particulates, and pCi/kilograms for food products except
K which is reported in mg/kilogram

[ATE RMC ¢ SAMPLE ISOTOPE RMC EPA A1l Participants
TYPE MEAN:S.D. MEAN:S.D, MEAN:S.D.
Jan, 1979 99915 APT Cs-137 71 6:5 822
Jan, 1979 10057 Milk I1-131 10223 1055 1068
Cs-137 51=1 45+5 5124
Ba-140 <6 0 0
K 151644 1560+78 1499+113
Mar, 1979 101060 Water Cr-51 <14 0 0
Co-60 12+1 g+5 1023
In-65 2523 2115 22+5
Ru-106 <9 0 0
Cs-134 621 €5 722
Cs=137 13z1 1225 133
Mar. 1979 1604 Food ) [-131 140+17 9015 9026
Cs-137 92+3 74+5 7526
Ba-140 <70 0 0
K 3185271 27002135 27982236
Apr. 1979 2546 APT Cs~137 24+2 215 2325
Apr. 1979 3577 Water [-131 43+4 40+4 4147
Apr, 1979 4606 Milk I-131 7311 96 +5 100210
Cs-137 182+10 154:8 156213
Ba-140 <22 0 0
K 1702+31 1560278 1504+110
May 1979 4650 Water Co-60 1321 1545 1624
Cs-134 10+1 19:5 2045
Cs-137 <2 0 J
Jun 1979 7025 Water Cr-51 <35 0 0
Co-60 44+6 47 +5 47+6
In-65 <3 0 0
Ru~-106 <12 0 0
Cs-134 62+5 7125 687
Cs-137 <2 0 0
July 1979 8393 APT Cs-137 1321 10:5 12:4

82



TABLE E-4 (cont.)

INTER-LABORATORY COMPARISON: GAMMA
Results reported in pCi/liter for milk and water, pCi/sample
for air particulates, and pCi/kilogram for food products except
K which is reported in mg/kilogram

RMC # SAMPLE ISOTOPE RMC EPA A11 Participants
TYPE MEAN:S.D. MEAN:S.D. MEAN:S.D.
1979 8394 Food i-131 <3 . ®
Cs=137 30+3 * i
Ba-140 <] * *
K 2812377 * *
1979 8837 Milk [-131 1743 1745 *
Cs~-137 1523 1245 *
Ba-140 <6 0 *
K 1629277 1629:83 "
1979 9208 Water I-131 2121 26+5 2524
. 1979 20446 Waier Cr-51 11625 * *
Co-60 g:2 w *
In-65 w .
Ru-106 <11 w "
Cs-134 7z1 * *
Cs=137 212 * *
1979 20468 APT Cs-137 1820 * *
. 1979 21865 Water Co-60 38+2
Cs-134 5347 *
Cs=-137 (2 *
v. 1979 22079 Milk I1-131 632:+12 637+32 *
Cs-~137 52+2 49:5 *
K 1509267 1470273 w
. 1979 22473 Food [-131 1313 » »
Cs-137 213 w *
Ba-140 <] - B
K 1440+59 * "

* Results are not avail.hle at this time.

(1) RMC gamma analysis, for March 1979, was not acceptable. Check reference (13)
for explanation,



INTERLABORATORY ANOMALIES

The interlaboratory results for gross alpha and beta, tritium in water and urine

and Ra-226 were very good and no anomalies were noted.
noted in the gamma analysis of food and milk for March 18739 and April 1979,

Interlaboratory anomalies were
Also,

anomalies were noted for strontium-89 and -90 analyses; milk (January 1973), food
(March 1979), milk (April 1979) and milk (July 1979).

The results of I-131, Cs-137 and ¥ were not acceptable 7or the March 13875 food

sample,
results,
milk sample,
anomalous results,

An investigation was conducted, resulting in no finding for the anoma ous
The results of I-131 and Cs-137 were not acceptable for the April 1879

An investigation was conducted, resulting in no findings for these

A thorough examination of the data for the above anomalies did

not reveal any errors in calculations, efficiency calibration, geometry and/or sample

preparation,

A1l of these samples were counted in Marinells

beakers.

The results of strontium-8% and -90 for the January 13979 milk sample were 23:1

pCi/1 and 24:1 pCi/1, respectively.
The decay
was based on only two analyses,
analyses) is 21:5 pCi/1 and is acceptable.

analyses) for the March 1979 food sample was 11% which is not acceptable.
April 1979 milk sample, the ingrowth period was 6 days instead of 14 days.
nf strontium-89 was 29:6 pCi/1 without decay correction, with decay correction the result
The rcsults of strontium-89 and -90
milk samples were <3 pCi/1 and 7:1.5, respectively,
of milk samples were used for strontium analyses.

was 5129 pCi/1 and is acceptable.

poor agreement,

The strontium-89 result was not decay corrected.
corrected result is 28:7 pCi/l1 and is acceptabie.
The corrected result for strontium-90 (based on three

The strontium-90 result

The average chemical yield (based on three
For the
The results

for July 1975
Due to other analyses, 0.5 liters
Insufficient sample size resulted in

GAMMA ANOMALIES (INTER-LABORATORY)

DATE RMC # SAMPLE NUCL IDE RMC EFA A1l Participants NI1T
TYPE MEAN#s.d. IEAN:s .d. MEAN=s .d.
Mar 1979 1804 Food 1-131 14017 0=5 9026 pCi/kg
rs=-137 92:+3 74:5 756 pCi/kg
K 3189:71 2700135 2798+236 mg/kg
Acr 1979 4606 Milk [-131 73211 96:5 100+10 pCi/l
Cs=137 182+10 15418 15613 pCi/1
STRONTIUM ANOMALIES (INTER-LABORATORY)
DATE RMC ¢ SAMPLE ISOTOPE RMC EPA A1l Participants UNIT
TYPE MEAN:*s .d. MEAN:s.d. MEAN+s .d.
Jan 1979 100557 Milk Sr-89 23:1(2827) 33:% 29+4 pCi/l
Sr-90 24:1(21+5) 19:1.5 17:3 pCi/1
Mar 1979 1604 Food Sr-89 3644 48-5 43:8 pCi/k
54
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TABLE F-1
NEAREST MILK

Secter Distance (Miles)
1 N »5
2 NNE >5
3 NE >5
4 ENE 3.9
S E Set
6 CSE 2.4
7 SE 2.5
8 SSE 3.3
9 § 2.4
10 SSW 3.05
11 SW 3.5
12 WS¥ 1.6
13 W 4.9
14 WNW >5
15 NW 1
16 NNW 4.1



