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| Introduction to Radiation Surveillance Data for the Second
Half of 1983.

During the second half of 1983 the Fort St. Vrain Nuclear

Generating Station produced electrical energy as follows:

Month Dates with Electrical # of Days Without Gross Electrical
Generation Generation Ener?y Generation

‘MWH )

July 16-31 15 34,331

August 1-31 0 140,498

September 1-30 0 144,116

October 1-29 2 135,325

November 8-30 7 100,999

December 1-8, 11-31 2 130,463

The total energy generated was 4.9 times that generated during the
first half of 1983, the previous reporting period. The radioactivity
released in reactor effluents, however, did not increase by that
proportion. The effluent release of tritium, the major radionuciide
released that is measured in this project,actucly was less during the
last half of 1983 than during the first half of 1983. This is due to
several r._asons, but principally a result of the plant shutdown
during April, May, and June of 1983. A complete and detailed listing of
radioactivity released by all effluent routes may be found in the Public
Service Company of Colorado semi-annual Effluent Release Report to the

U.S. Nuclear Regulatory Commission. When possible in this report any



correlation of radioactivity in environm:ital samples with the effluent
release data 1s discussed. This analysis is found in each sample type
section and in the summary section, II.H.

This report covers the last period of operation under the original
environmental technical specifications. Since January 1, 1984 a
revised set of technical specifications (8.0) has been in effect.
Although the intent and major components of the new specifications are
very similar tc the previous set, there are some changes in sample
numbers, types and collection frequencies. As a result this will be
the last report in this identical format and that can be compared
dirvectly t- previous reporting periods. Therefore,in this report, some
analysis of pre-and post-operational data is provided for the major
sample types.

T-opospheric fallout was a« minor, but not a negligible contributor
to radionuclide activities measured during this period. The most recent
Chinese atmospheric nuclear weapon test was conducted in December of
1980. Air concentrations were at pretest background Tevels, but the
resulting surface deposition of the fallout from that test was still
observed. Significant troposcheric fallout from Chinese weapon tests
has been observed during the entire preoperational and operational
period of the reactor. The fallout measured has been extremely
variable and does not allow direct comparisoen of preoperational and post
operational data. Fallout deposition and more importantly natural

background must be subtracted before any such comparisons are made.




The environmental sampling and analysis program was essentially
identical to that used in the mest -ecent reporting periods. No
changes occurre during the last half of 1983.

The radioactivity concentrations measured in this project are very
close to baseline concentraticns and, more importantly, near the minimum
detectable concentratior (MDC) 1:vels for each radionuclide and sample
type. It has been well documented that even independent of the above
reasons, environmental data exhibit great inherent variability. This is
due to sampling and a~alysis variability, but principally due to
true environmental ~r biological variability. As a result, the overall
variability of the surveillance data is quite large, and it is necessary
to use mean values from a large sample size to make any corclusions
about the abzolute radioactivity concentrations in any environmental
pathway.

The resulting frequency distributions of the environmental
radiation surveillance data is generally non-normal. Usually the data
can be satisfactorily treated using log-normal statistics. However,
when the number of observations is small, i.e., less than 10, log-normal
treatment is tentative.

When a high percentage of data points is less than MODC, (the
minimum detectable concentrations of activity in that sample type),
calculation of true arithmetic mean values is impossible. Therefore in
these reports we have chosen not to include mean values with each data
table. At the end of this report in Section II.H., Conclusions and Summary,

we have listed the calculated arithmetic means and confidence intervals



for the reporting period as well as for the last 12 months. We also
list the geometric means and geometric standard deviations for the last
year of data reporting. If any data points measured resulted in negative
values, these values were used in calculating the true mean values in
Table II.H.1. (negative values are possible due to the statistical
nature of radioactivity counting, i.e. the observed gross sample count
rate can be statistically less than the observed background count rate).
This is the current accepted practice by the U.S. National Bureau of
Standards. It should be noted that we have not used any footnote for
values less than MOC. Rather we 1ist the measured value as less than
the actual MDC value. Because the MDC is dependent upon variables such
as the sample and the background count time and sample size, the value
will be different for each sample type and even within -~ample type.

Many sets of data were compared in this report. The statistical
test used was either a "t-test" or a paired "t-test”. If data sets are
noted to be significantly different or not significantly different, the
confidence for the statement is at the 95% level (a = 0.05).

In this report we have added to appropriate tables the maximum
permissible concentration applicable to that radionuclide. We have
chosen to Tist the maximum permissible concentrations as found in
Appendix B, Table II of 10 CFR 20. This is the concentration of any
radionuclide which if ingested or inhaled continuously, would singularly
produce the maximum permissible dose rate to a member of the gencral
public. That value is 170 millirem/year, but must include the dose from
all sources and routes, but excludes background radiation dose and medical

radiation doses. The MPC values are given only for comparison of the



measured environmental values. As stated in 10 CFR 20 these are the
maximum concentrations above natural background that a licensee may
release to an unrestricted area. It is generally assumed that no direct
ingestion or inhalation of effluent concentration can occur right at

the restricted area boundary and that dilution and dispersion decreases
the concentration before it reaches nearby residents. This is certainly
the case for the Fort St. Vrain environs.

There is no specified maximum permissible dose rate or dose commituent
for residents near the Fort St. Vrain reactor. Such limits for water
cooled reactors are found in 10 CFR 50 Appendix I. These are judged the
"As Low as Reasonably Achievahle" dose rates from such reactor types
and although not directly applicable to the Fort St. Vrain gas cooled
reactor, can be used for comparison purposes.

A limit that does apply is the independent maximum permissible dose
conmitment rate set by the E.P.A. (40 CFR 190) for any specified
member of the general public from any part of the nuclear fuel cycle.
This value is 25 mrem/year as the dose to the whole body from all
contributing radionuclides. As will be noted in this report, dose

commitments are calculated for any mean concentrations noted in

unrestricted areas that are significantly above control mean values.




The following is the footnote system used in this report.
a. Sample lost prior to analysis.
b. Sample missing at site.
C. Instrument malfunction.
d. Sample lost during analysis.
e. Insufficient weight or volume for analysis.

r. Sample unavailable.

g. Analysis in proaress.
h. Sample not collected (actual reason given).
i. Analytical error (actual reason given).

N.A. Not applicable.



II. Surveillance Data for July through December 1983 and Interpretation.
Of Results.

A. External Gamma-ray Exposure Rates

The average measured gamma-ray exposure rates expressed in mR/day
are given in Table II.A.1. The values were determined by CaFZ:Dy
(TLD-200) dosimeters at each of 37 locations (see Tables III.B.1, IIl.B.2,
I11.B.3). Two TLD chips per package are installed at each site and
the mean value is reported for that site. The mean calculated total
exposure is then divided by the number of days that elapsed between
pre-exposure and post-exposure annealing to obtain the average daily
exposure rate. The TLD devices are changed monthly at each location.

The 1LD data indicate that the arithmetic mean measured exposure
rate in the Facility area for the last half of 1983 was 0.45 mR/day.
The mean exposure rate was 0.45 r/day for the Adjacert area and 0.42
mR/day for the Reference area. There were no significant differences
between the vaiues for the Facility, Adjacent and Reference areas.
There was also no significant Jirference from the values measured
during the first half of 1983. The exposure rate measured for October
1983 at A-35 is concluded to be a true value. The two TLD chips in
the packet indicated nearly identical readout values. See past reports
for discussion of anomalies at A-35.

The exposure rate measured at all sites is due to a combination of
exposure from cosmic rays, from natural gamma-ray emitters in the earth's
crust and from ground surface deposition of fission products from

previous world-wide fallout. The variation in measured values is due



to true variation of the above sources plus the variation due to
the measurement method. The purpose of the TLD ring around the reactor
is not to measure gJamma-rays generated from the reactor facility itself,
but to document the presence or absence of gamma-ray emitters deposited
upon the ground from the reactor effluents. Since the inception of
power production by the reactor there has been no detectable increase
in the ex*ernal exposure rate due to reactor rzleases.

The TLD system is calibrated by exposing chips to a scattered
gamma-ray flux in a cavity surrounded by Uranium mill tailings.
This produces a gamma-ray spectrum nearly identical to that measured

in the reactor environs.



.
DNDONMD Nt D O TN D WS O O D DN LD OO D P~
DR R LR R e S pan— S R R R R R L R R = R R R R R RN R e R

9| o s sSsssaa cCoococccococooco coocococcocoococo

.

@

L ¥ RIS YT @ LO—HOMWO —~NWOD T ™ AL DNOOOME M A

0 Bl ST ovosheneT S e = R S S s e S R K St T S gl g
9 |>l coooccoocococcoococo coococooccoococoo Cococococoococococ
HE
Y
[
2B OO ONO DD~ OND NDOWDDMN Dt DN O OO MM CYO — I~ X I~ D
@ B ENTTDOODOLT SO TOb e dFITOSTFOONDOD S e = = POy e i
m..ﬂ coococococococoococooo cooocoocooco~oO cCoooCcooOoC I S000
LT} =
=
o) @
.
2 mh
< Elogyouvenovnesow Nt OO~ ONMOWOWm NOMOOWLNSOOT ™Moy
v ol e IS A S e v ST TS TS T ST ME MO ST ST T O T
- - - 8l ccoccnooococoococcee cocoococooocoos cCococococococooo
o
: a :
M\h m
>
o o
-
by 0 b7 NFOYIINTYNDevas Wi N D WO O N O ™ CODO IO MNO™MO N
th P EARE R R R i e S a4 A A A S o S S R s R R S
°g - 2| °©ccocoocococooco ooooocococCcoococo ScooCcoCcococoCcoLo
o
o
33 .
£ 2
pose
©
m..mﬂ >l SN NOLTMOWDON u WON Nt O NS DO NN et O )
g 5| S eSS esveSovas S e Svfgee ew R R R s R R e
=2 S| ocoococoococoocococoo DCO cCovoocoe oo LCoocoocococOoCcooCo
33 |
LY
i @
o
-t [
< u 5y <o
™~ O N ™ Vo~ NOMN®OHD N ™ O Ol nOr OO HMNE g0
R A se 111““65-1 " TNNAnemnam o ke R R KR R RO R
- Tre B B B B B B e B B B B B m - CLC L < W o opd oKl ool e ol o
@ Ll
—~
a

Sample missing at site.

e



10

I1.B. Air Sampling Data

1. Gross alpha and beta activity.

The measured air concentrations of particulate gross alpha and
gross beta activity for the Facility and Adjacent sampling sites are
listed in Tables II.B.1 and II.B.2. The concentrations are listed
in units of femtocuries per cubic meter of air, although the activity
is due to a mixture of radionuclides.

The arithmetic mean of the values of gross alpha activity for
all the Facility stations was statistically the same as the mean for
the values measured at the Adjacent stations for both the third and
fourth quarters.

The gross alpha mean was greater during the fourth quarter than
during the third quarter and this difference was statistically
significant. A slight peak in gross alpha concentrations car be noted
for the two week period ending 11/5/83. There was a corresponding
peak in gross beta concentrations during the same period. There
was an earlier additional peak in gross beta concentrations for the
week ending 7/2/83. No corresponding gross alpha peak was apparent.
The gross beta means for the fourth quarter were also slightly, hut
significantly, greater than during the third quarter.

There was no significant difference between Facility stations
and Adjacent stations during the entire sampling period. There has
never been a significant difference observed between the Facility
and Adjacent sites. Thus it can be concluded that stack effiuents of
particulate fission products or 2-tivation products is not a pathway
of concern for the Fort St. Vrain reactor environs.

Station F-2 is in the flood plain of the Platte river and during






Table 11. B.1
Concentrations of Long-l ' Ipha Activizy in Airborne

femtocuries per cubic meter o

confidence interval




Table I1. B.1 8
Concentrations of Long-Lived Gross Alpha Activity in Airborne Particles (fCi/md).
b. Fourth Quarter, 1983.
TDate Facility Areas jacent Areas
Collected | X t 3 5 [ 35
10-1-83 1.2 (1.9)"! 6.5 (1.1) | 11.4 (1.9) | 11.1 (2.0) = 8.3 (1.7) e
10-8-83 6.8 (1.3) 9.0 (1.5) 7.0 (1.5) 11.2 (2.0) 8.3 (1.9) 8.4 (1.4) 2.2 (1.6)
10-15-83 7.8 (1.3) 6.8 (1.2) 5.8 (1.0) 7.3 (1.3) 9.3 (1.8) 4.5 (0.9) | 8.8 (1.5)
10-22-83 9.0 (1.2) 16.9 (1.9) 15.6 (2.0) 17.8 (2.2) 14.9 (2.3) 16.1 (2.2) 11.0 (1.5)
10-29-83 18.6 (2.5) 16.0 (2.2) 16.3 (2.2) 19.7 (2.6) - 13.1 (2.0) | 22.7 (3.1)
11-5-83 21.5 (2.9) 22.0 (2.6) 20.4 (2.8) 22.9 (3.3) il 21.3 (3.2) *
11-12-83 10.9 (1.8) 14.4 (1.9) 8.5 (1.7) 11.4 (1.8) 14.2 (2.2) 3.5 (1.6) 16.5 (2.4)
11-19-83 1.7 (0.4) 4.8 (1.0) 5.6 (1.2) 5.5 (1.2) 1.7 117 7.5 (1.5) ke
11-26-83 3.6 (0.9) 3.5 (0.8) C1 2.2 (0.7) 3.8 (1.0) .2 (0.4) 4.6 (1.2)
12-3-83 6.3 (1.5) 6.5 (1.3) c1 17.9 (2.6) c, 9.0 (1.6) C, e
12-10-83 6.9 (1.4) 2.0 (0.6) 5.2 (1.3) 6.8 (1.0) Cl 3.0 (0.9) Cl
12-17-83 4.0 (1.0) 4.1 (0.8) 3.7 (0.8) 3.6 (0.9) 3.2 (€.8) 3.9 (0.8) ¢,
12-23-83 12.1 (1.8) 11.3 (1.4) 12.0 (1.5) 13.4 (1.8) 15.3 (1.8) .5 (1.1) 15.5 (0.7)
12-31-83 14.3 (2.2) 5.1 (1.0) 8.9 (1.7) 8.0 (1.5) 8.0 (1.3) 5.2 (1.0) | 2.6 (0.7)
Average 9.6 9.2 10.0 11.3 9.4 8.3 11.3
Nuarterly Quarterly
(54 Samples) 1.7 -minimum (31 Samples) 1.2 -minimum
zzuo-mg_ximum 22.7 -maximum
b e 10.0- X 9.4 - X

-1
A1l concentrations are expressed in femtocuries per cubic meter of air: lfCi/m3 = 10 5 uCi/mil.
* Uncertainties (in parentheses) are for the 95% confidence interval (+ 1.96 S.D.)

** fFycessive dust load on filter prevented valid alpha counting.
C1 Pump in for repair.
C2 Electricity out at pump.
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humidity at the F-4 site is relatively constant, and the correlation

of measured tritium specific activity in atmospheric water vapor and
air concentration is very high. For this reason inspection of Table

11.B.3a shows the same site dependence on reactor effluent discussed

above.



Table 1I. B.3
Tritium Concentrations in .‘tmospheric Water Vapor (pCi/l).

a) Third Quarter, 1983.

Date Facility Areas Adjacent Areas
Collected 1 | 2 3 { 4 5 | 6 | 35
7-2-83 < 300 < 300 < 300 < 300 < 300 < 300 < 300
7-9-83 < 300 < 300 < 300 56770)* < 300 < 300 < 300

353
7-16-83 < 297 < 297 < 297 < 297 < 297 < 297 < 297
7-23-83 < 297 620 382 < 302 < 302 < 302 < 302
(304) (301)
7-30-83 (355) < 324 < 324 < 324 < 324 < 324 < 324
318
8-7-83 620 458 < 324 < 324 328 < 324 < 324
(321) (313) (318) _
8-12-83 < 304 < 304 < 304 < 304 < 304 < 304 < 304
8-20-83 454 735 < 304 < 304 < 304 < 304 < 304
(300) (303)
8-27-83 420 816 < 304 < 304 411 321 < 304
(299) {304) (29¢9) 1298)
9-3-83 < 328 1,850 < 328 < 328 < 328 < 328 < 328
(309)
9-10-83 < 328 < 328 < 328 < 328 < 328 < 328 < 328
9-17-83 <« 328 < 328 < 328 < 328 < 328 < 328 < 328
9-24-83 < 295 < 295 < 295 < 295 < 295 < 295 319
(289)
|

61

* Uncertainties (in parentheses) are for the 95% confidence interval, (* 1.96 S.D.).
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Table I1.B.3a

Tricium Concentrations in Air (pCi/Is)

a) Third Quarter, 1983

[ Date Facility Areas Adjacent Areas

Collected 1 2 3 4 5 6 35
7-2-83 % 3.26 < 3.26 < 3.26 < 3.26 3.26 < 1.26 < 3.26
7-9-83 < 3.25 < 3.25 < 3.25 62.5 3.25 < 3.25 < 3.25
7-16-83 < 3.3 < 3.31 < 3.31 < 3.31 < 3.1 ol I | <3N
7-. .-82 < 4.31 1.7 8.24 6.66 4.38 £.88 6.56
7-30-83 4.30 < 3.93 < 3.93 < 3.93 3.93 < .93 < 3.93

‘ 8-7-83 8.46 6.25 < £.48 < 4.48 4.54 < L. 48 < 4.48
8-12-83 2.77 < 3.74 < 3.74 < 3.74 3.74 < 3.74 < 3.74
8-20-83 3.14° 5.09 < 2.10 < 2.10 2.10 < ¢.10 < 2.10
8-27-83 5.21 10.1 < 317 <3.77 5.10 3.98 < 3.77
9-3-83 < 4,71 26.6 < 4.7 < 4.7 4.7 <4.7 < 4.7
9-10-83 < 1.95 < 1.95 < 1.95 < 1.95 1.95 < 1.95 e 12
9-17-83 < 2.79 <2.79 < 2.79 < 2.79 2.79 < ¢.79 < 2.79
9-24-83 < 2.40 < 2.40 < 2.40 < 2.40 2.40 < ¢.40 2.89

H MPC_ = 2x10°

pCi/m>. (10CFR20, Appendix B, Table I1).

12
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3. Activity of gamma-ray emitting radionuclides in air.

Table 11.B.4 lists the ccncentrations of I-131 observed in air
by activated charcoal sampling and gamma-ray spectrum analysis. The
sample counted is a composits from all seven air sampling stations.
A1l charcoal samples are counted for at least 1000 minutes on the
Ge(Li) detector essentialiy immediatelyv after collection to minimize
decay of I-131. A1l radon and thoron daughters are trapped cr the
particulate filter and radon daughter ingrowth on the charcoal
can be corrected by Ge(Li) high resolution spectrometry. Background
is determined from counts of unused charcoal. The I-131 concentrations
presented are the result of decay correction back to the midpoint
of the sampling period. Decay correction to the midpoint of the
sampling period is appropriate as any I-131 in air would not arrive
at the sampling station at a constant rate, but rather in pulses of
short duration compared to the collection period. This is the case whether
the 1-131 source term would be weapons testing fallout or reactor
stack effluent.

The composite air concentrations of [-131 measured during the
second half of 1983 were all less than the lower limit of detection.
The mean value for this reporting period was C.069 fCi/m3 but not
significantly ‘ifferent from zero. The Effluent Release Report data
indicated negligible reactor release of I-131 during the period.

Table I1.B.5 lists the results of the gamma-ray spectrum
analysis of weekly composites of the membrane air filters from each

of the seven samplers. The mean values for Ru-106, Cs-137 and



Zr-Nb-95 were essentially identical to those measured during the first

half of 1983. All fission product mean concentrations were lower
than during 1981 when fission product debris from the most recent
Chinese weapon test was readily apparent.

A1l samples are counted after decay of Radon and Thoron daughters,
several of which 2re gamma-ray emitters.

The radioruthenium data is listed in the tables as Ru-106.
However. it is true that the activity measured can be a mixture of
Ru-103 and Ru-10€. Both isotopes have gamma-rays at essentially the
same energy, and they cannot be separated by Nal(T1) spectral analysis.
No separation by half-life determinatiun was attempted on the data.
Since the half-life of Ru-103 is 40 days and that of Ru-106 is one
year, in periods soon after an atmospheric weapon test, a high proportion
is expected to be Ru-103, and at later times predominately Ru-106. Since
the element Ruthenium and its compounds have negligible biological
availability, neither isotope have any consequence in calculation of
population dose, and efforts to separate them are not warranted. The
naturally occurring radionuclide Be-7, which is produced in the
atmosphere by cosmic rays also has a gamma-ray very close tc the two
Ruthenium isotopes. Air concentrations of Be-7 are apparently very
constant over the U.S. The mean concentration recently measured from
air filters collected on the project was 87 fCi/m3. (1)

We correct for Be-7 in our spectrum stripping program, but likely
small errors due to gain shift, etc., often produce significant

variation in the Ru-106 estimate.

(1) Personal Communication, Dr. Owen Hoffman, Oak Ridge National
Laboratory.


















the correlation between the two upstream locations was respectable.
Since the distance from E-38 to D-39 is considerable and the volume
of the underground aquifer, while unknown, mus* be very large, it
seems logical to expect sufficient dilution that the tritium
released at the Goosequili pond outlet should not be observed at
D-39. The statistical analysis of this data during 1983 confirms
this conclusion. Beginning January 1, 1984 a sha'low well used for
drinking water at the farm near F-1 has been included in the normal
sampling prcgram. Since this well is at one of the closest
residences to the reactor it will be an excellent site to document
any effluent tritium seepage into ground water. The Gilcrest city
water well will continue tu be monitored, but at the 1984 technical
specification frequency. Weekly samples are composited and analyzed
every two weeks.

Table I11.C.3 and II1.C.4 list Sr-90 and Sr-89 concentrations in
surface water at the same sampling locations. These values were all
close to the MDC values and mean values for each category were not
significantly different. Table II.C.4a lists the same radionuclides
as well as tritium in reactor effluent water samples collected weekly
at E-38.

The concentrations of Ru-106, Cs-137, and Zr-Nb-95 in surface
and potable water are given in Table [1.C.5. The same radionuclides
were measured in the weekly samples collected at E-38. This data is
shown in Table II.C.5. The concentrations of all of the fission

products measured in water are similar to those previously measured.



Table 11.C.1
Gross Beta Activity in Surface Water (pCi/L)

Sampling Monthly Collection Dates
Locations
7-16-83 8-20-83 9-10-83 10-8-83 11-12-83 12-10-83
Ef fluent
i) 8.07 5.92 §.53 18.1 8.57 9.56
£ 38: Farm Pond (2.15)* (2.09) (2.21) (2.44) (2.13) (2.19)
(Coosequill) -
E 41: Goosequill Ditch 6.98 18.5 14.0 15.6 12.0 8.85
L (2.12; (2.50) (2.40) (2.38) (2.27) (1.40)
Downstream
S i 9.70 8.77 8.24 .4 6.2 0.8
D 37: Lower Latham (4.32) (2.19) (2.18) %9.20) i2.38) t2.22)
Reservoir
D 40: S. Platte River 5.79 7.47 4.47 9.26 9.42 8.90
Below Confluence (2.07) (2.13) (2.05) (2.15) (2.15) (2.38) ~
b A+ ‘St Vet 5.15 4.98 7.56 8.00 7.62 7.05
s T, (2.06) (2.06) (2.18) (2.11) (2.10) (2.76)
Upstream
8.12 6.34 6.23 7.64 12.9 6.27
] 42: St. Vral ‘
C,e¢_‘<j1 ! (2.16) (1.22) (2.11) (2.09) (2.26) (2.05)
I} 43: S. Platte 4.90 5.77 8.94 8.62 8.83 8.98
| River (2.04) (2.06) (2.17) (2.11) (2.12) (2.12)
gg;able
, 6.48 5.23 3.62 4.91 4.94 4.22
F 49: Visitor's
Center (4.31) (4.28) (4.23) (4.26) (4.26) (4.24)
D 319: Cil t Cit 8.32 11.0 8.17 8.42 11.9 5.33
L e (4.38) (4.51) (4.48) (4.43) (4.50) (4.30)

* Uncertainties (in parentheses) are for the 95Z confidence interval, (+ 1.96 s.10.°

MPC,= 30 pCi/L Table II, Appendix B limit 10 CFR20 for an unidentified mixture of radionuclides in
water 'if either the identity or the concentration of any radionuclide is not known.'






Table II. C.2

Tritium Concentrations in Surface Waters (pCi’'l).

Sampling Monthly Collection Dates
Locations
7-9-83 8-20-83 9-17-83 10-8-83 11-12-83 12-10-83
Ef fluent
E 38: Farm Pond 634 , 1,840 324 3,270 1,300 667
(Goosequill) (287) (309) (296) (330) (301) (300)
E 41: Coosequill Ditch 407 2,750 668 1,540 1,900 668
(285) (319) (298) (309) (308) (300)
Downstream
D 37: Lower Latham < 289 < 297 < 299 < 301 321 < 301
Reservoir (295)
n 40: S. Platte River < 289 953 429 463 < 301 < 301
Below Confluence (299) (295) (297)
402 < 297 339 519 503 < 301
: % k
D 45: St. Vrain Cree (285) (294) (297) (292)
Upstream
r < 289 < 297 395 < 301 323 303
i 42: St. Vrs
Crosk (298) (290) (298)
) i 463 < 297 < 299 < 301 < 301 505
] l‘:’: S. P1
Riveratle (285) (296)
Potable
' 465 < 297 < 302 339 < 301 569
F 49: Visi
et (285) (295) (297)
3 R < 289 < 297 < 302 < 301 613 604
¢ Gtle
D 39 Wato:ESt City (293) (297)

* Uncertainties (in parentheses) are
3

N 6
H MPCw- 3x10

for the 95% confidence

pCi/L (10CFR20, Appendix B, Table II)

interval, (* 1.96 S.D.)
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Table I1. C.5.

40

Gamma-ray Emitting Radionuclide Concentrations in Surface Water. (pCi/L)

Collected August 20, 1983
106, 137 .
~ Sample Location Ru 37 (s 955. & Nb
Effluent
E 38: Farm Pond 7.25 , 0.771 1.43
(Goosequill) (2.31) (0.572) (0.368)
E { : Goosequill Ditch - 7.06 < 0.674 0.584
(3.36) (0.545)
Downstream
D 37: Lower Latham 5.20 1.27 1.50
Reservoir (3.29) (6830) (0.500)
D 40: §S. Platte River 5.36 < 0.674 0.810
Below Confluence (3.30) (0.479)
D 45: St. Vrain 8.27 < 0.674 < 0.288
Creek (3.32).
Upstream
U 42: St. Vrain 5.07 < 0.232 n.248
Creek (2.42) (0.365)
U 43: §S. Placte 6.79 < 0.224 0.089
River (2.41) (0.340)
Potable
F 49: Visitor's 3.42 < 0.799 < 0.341
Center (2.47)
D 39: Gilcrest < 2.54 < 0.799 0.556
City Water (0.399)
* Uncertainties (in parentheses) are for the 951 confidence interval,
(2 1.96 8.D.)
1%py Mpc_=1x10" pei/L
1¥cs wpc_m2x10* pei/L
95

Zr-Nb urcw-6x1c“ pCi/L

(10CTR20,Appendix B, Table II)
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Table 11. C.b.

Gamma-ray Emitting Radionuclide Concentrations in Surface Water. (pCi/L)
Collected fctober 8, 1983

A

: 106, " 137 _ :
Sample Location Ru 3" s 955, & Nb
Effluenc
E 38: Farm Pond 6.69 , 6.13 1.80
(Gooseguill) (3.42) (0.862) (0.600)
E 41: Goosequill Ditch - 5.52 3.32 1.36
(32.37) (0.838) (0.571)
Downstrean
D 37: Lower Lathaz 11.2 5.39 1.33
Reservoir (3.40) (0994) (0.556)
40: S. 5.73 0.866 0.711
agair gttt (3.24) (0.825) (0.423)
D 4S: St. Vrain 3.74 Q.340 C.632
Creek 2.21) (0.561) (0.319)
Upstrean
U 42: St. Vrais 8.99 3.35 2.67
Creek (3.64) (C.868) (0.851)
U 43: §S. Platte 7.94 3.07 . 1.29
River (3.37) (0.837) (0.665)
Potable
F 49: Visitor's 8.91 5.15 1.17
Center (2.97) (0.734) (0.590)
D 39: Gilcrest 6.88 2.31 0.732
City Water (1.08) (0.257) (0.214)

* Uncertainties (in parentheses) are for the 93X confidence interval,
(% 1.96 5.D.)

106p, wpc =1x10" pei/L

137¢s wpc m2x10" pei/L

9 2e-m nrcw-axlo‘ oCi/L
(10C7R20,Appendix B, Table II)









| Table I1.C.5.A.

1 Gamma-ray Emitting Radionuclide Concentraticns in Effluent Water,

: Goosequill Pond, L-38, (pCi/L)
: Collection Date 106Rn 137Cs 95,. & -
| 7-2-83 <2.19 < 0.686 3.67 (0.885)"
? 7-9-83 < 2.19 < 0.686 < 0.293
; 7-16-83 < 2.15 1.78 (0.832) 1.76 (0.700)
; 7-23-33 4.41 (3.35) 2.27 (6.831) 1.46 (0.768)
? 7-30-83 < 2.17 2.77 (0.835) 1.47 (0.470)
{ 8-3-83 3.77 (3.37) 2.37 (0.832) 1.20 (0.530)
: 8-12-83 2.54 (3.32) 0.831 (0.825) 0.821 (0.526)
8-20-83 7.25 (2.31) 0.771 (0.572) 1.43 (0.368)
8-27-83 < 0.823 < 0.259 < 0.110
9-3-83 1.1 (2.18) < 0.674 0.544 (0.496)
i 9-10-83 3.18 (2.31) < 0.212 0.469 (0.298)
: 9-17-83 11.1  (2.34) 7.79 (0.658) 1.5 (0.303)
9-24-83 8.26 (2.64) 3.69 (0.600) 1.15 (0.634)
| 10-1-83 8.59 (3.19) 3.53 (0.856) 1.81 (0.392)
| 10-8-83 6.69 (3.42) 6.13 (0.862) 1.80 (0.600)
| 10-15-83 5.21 (2.17) 1.44 (0.552) 0.664 (0.317)
| 10-22-83 < 2.15 2.43 (0.822) 0.600 (0.646)
| 10-29-83 < 2.15 1.80 (C.821) 1.38 (0.612)
| 11-5-83 < 2.16 1.93 (0.822) | 0.833 (0.615)
; 11-12-83 < 0.823 < 0.258 £ 0.111
| 11-19-83 < 2.10 2,16 (0.823) | 0.765 (0.534)
[’ 11-26-83 < 0.680 0.715 (0.582) 0.707 (0.358)
| 12-3-83 < 2.56 3.87 (0.693) | 0.670 (0.532)
| 12-10-83 - 0.685 1.21 (0.313) 0.114 (0.172)
: 12-17-83 < 2.16 0.846 (0.811) < 0.290
| 12-23-83 < 0.941 1.91 (0.631) 0.279 (0.323)
E‘ 12-31-83 < 2.17 1.78 (0.827) 0.39 (0.390)
| 106 137 4 95

cad o kel O® woe
Ru M?Cw-IXAO pCi/L Zr-Nb MPC 6x10" pCi/L

(10CFR20, Aprendix B,

Cs MPC_#2x10" pCi/L
Tablell).

L * Uncertainties (in parentheses) are for the 95% confidence interval,
(' 1.96 §.0.)
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Although again occasicnal high values appear, the mean values for
these sample types (Table II.H.1) indicate no significant difference
for any of the fission products in each of the sampling locations.
Sediment samples are subiect to leaching. Solubility differences
between the three radionuclides should be expected.

It should be noted thet the sand fraction of the sediment samples
is removed and only the silt plu: the clay mineral fraction is
analyzed. These two particie size fractions should contain essentially
all of the radioactivity, both natural and any due to reactor effluents.
Tritium of course is lost in the heat drying of the sample.

The high minimum detectable concentrations are due to the fact
that sediment samples are counted by Ge(Li) gamma-ray spectrometry.
High resolution gamma-ray spectrum analysis is necessary due to the

presence of members of the Ra-226 and Th-232 decay series.
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Table II. C.7
Strontium 90 Activity Concentrations in Bottom Sediment (pCi/kg).

Sampling Monthly Collection Dates
Locations

7-16-83 8-20-83 9-10-83 10-8-83 11-12-83 12-10-83
Ef fluent

38: Farm Pend < 177 298 * < 200 <198 533 < 211
(Goosequill) , (292) (429)

41: fal ill Dpi h < 169 < 183 < 189 462 < 161 216
oosequ tch ) (265) (2291
Dawnstream

37: Lower Latham 181 < ¢58 < 191 < 180 259 163
Reservoir (159) (239) (136)
Below Confluencei (210) (200) (718) (325)

45: St. Vrain < 316 < 169 < 198 < 435 < 1N 376
Crerk (347)
Upstream

42: St. Vrain < 160 < 245 < 165 354 253 328
Creek L. (341) (381) (274)

] 43: S. Platte < 182 < 257 < 215 < 305 368 < 171
River (420)

*

Uncertainties (in parentheses) are for the 95% confidence interval, (+ | 96 s.D.)

. R

6%
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Table II. C.8

RS NI ——

Strontium 89 Activity Concentrations in Bottom Sediment (pCi/kg).

S apppYy

Sampling Monthly Collection Dates
lacations 8-20-83 9-10-83 10-8-83 11-12-83 12-10-83
Fffluent
38: Farm Pond < 205 < 170 < 165 < 244 < 172
(Goosequill)
41: CGoosequill vltch (gg?) <1 < 19 < 139 < 148
Downstream
37: Lower Latham 281 < 225 131 - 146 < 149 < 119
Reservoir (278) (384)
40: Ss.Platie River < 153 513 < 157 < 146 <« 280 < 210
Below Confluence (505)
45: St. Vrain < 369 170 < 171 < 348 < 150 < 260
Creek (273)
Upstream
42: St. Vrain < 139 < 211 494 < 266 < 151 < 165
Creck (342) :
. 250 < 219 < 179 < 246 < 179 < 149
§3: S. Platt
River (368)

* Uncertainties (in parentheses) are for the 95X confidence interval, (

+ 1.96 S.D.)




Table 1I. C.9
GCamma-ray Emitting Radionuclide Concentrations in Bottom Sediment (pCi/kg)

for Samples Collected _ July 16, 1983 e

Sampling 106 137 95
Locations o 1 - e dediecs
Effluent
E 38: Farm Pond < 3,640 < 632 < 227
(Goosequill)
E 41: Goosaquill Ditch < 10,400 < 1,810 2,510
oy (1,330)
Downstream
D 37: Lower Latham ' < 5,140 < 888 < 320
Reservoir . o
D 40: S. Platte River
Below Confluence < A 5 1,758 b
D 45: St. Vrain < 8,690 < 1,500 < 540
Creek 4
Upstream
U 42: St. Vrain < 3,740 < 650 < 234
Creek
U 43: §S. Platte . .t
River < 3,690 640 i 230

* Uncertainties (in parentheses) are for the 952 confidence interval, (+ 1.96 5.D.)

s
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Table 1I1. C.9
Gamma-ray Emitting Radionuclide Concentrations in Bottom Sediment (pCi/kg)

for Samples Collected _ Ayqust 20, 1983 .

Sampling 106 137 95
Locations ™~ ! Cs Zr & ®
Ef fluent
E 38: Farm Pond 8,430 < 1,070 < 385
(Goosequill) (8,160)
E 41: Goosequill Ditch < 2,440 < 423 < 152
Downstream
D 37: Lower Latham < 4,360 < 742 < 269
Reserveir o=
D 40: S. Platte River < 3,680 < 639 < 230 ™
Below Confluence
D 45: St. Vrain < 5,770 < 997 < 360
Creek
Upstream |
U 42: St. Vrainm < 3,710 < 645 250
Creek (379)
U 43: S. Platte < 5,070 < 881 728
River (445)

* Uncertainties (in parentheses) are for the 95% confidence interval, (¢ 1.96 5.D.)



Table II. C.9
Camma-ray Emitting Radionuclide Concentrations in Botcom Sediment (pCi/kg)

for Samples Collected _September 10, 1983 .

Sampling 106 137 95
Locations - e -
Effluent

E 38: Farm Pond < 3,630 < 630 < 226
(Coosequill)

E 41: Goosequill Ditch < 3,570 < 620 < 223
Downstream

D 37: Lower Latham < 3,850 < 669 < 241
Reservolir

D 40: S. Platte River < 6,980 < 1,220 < 438
Below Confluence

D 45: St. Vrain < 3,210 < 557 « 200
Creek
Upstream

U 42: St. Vrain < 433 < 75.2 < 27.0
Creek

U 43: §. Platte H < 3,670 < 637 < 229
River

£S




Table II. C.9
Camma-ray Emitting Radionuclide Concentrations in Bottom Sediment (ofi/kg)

14

for Samples Collected _October 8, 1983 .
Sampling 106 137 95
Locations Ru Cs 7r & Nb
Effluent
E 38: Farm Pond < 3,020 < 523 < 188
(Goosequill)
E 41: Goosequill pitch < 2,830 < 491 <176
Downstream
D 37: Lower Latham < 3,320 < 570 367 ,
Reservoir (510)
Y 3,560 < 502 < 180
D 40: S. Placte River
Below Confluence (5,430)
D 45: St. Vrain < 6,430 < 1,120 < 402
e Creek
Upstream
U 42: St. Vrain < 6,180 < 1,070 1,090
Creek (1,350)
U 43: S. Platte
River I < 5,540 < 964 < 346

* Uncertainties (in parentheses) are for the 95X confidence interval, (¢ 1.96 S.D.)




Table II. C.9
Camma-ray Emitting Radionuclide Concentrations in Bottom Sediment (pCi/kg)
for Samples Collected _November 12, 1983 >

Sampling 106 137 95
Locations s - -5
Effluent

E 38: Farm Pond < 5,350 < 930 444
(Goosequill) (589)

E 41: Goosequill Ditch < 2,620 < 454 < 163
Downstream

D 37: Lower Latham < 6,130 < 1,070 < 383
Reservoir

D 40: S. Platte River < 2,900 < 503 < 180 &
Below Confluence

< 3,790 < 658 347

D 45: St. Vrain
Creek (475)
Upstream

U 42: St. Vrain < 3,690 < 641 < 230
Creek

U 45: S. Platte < 3,070 < 533 < 191
River

* Uncertainties (in parentheses) are for the 952 confidence interval, (: 1.95 S5.D.)
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Yable II. C.10
Gross Beta and Tritium Deposition from Precipitation at Locations F1 and F4.

—
Sample Cumulative Total Gross Beta Tritium in Collected
Ending Volume 2
Dates (1iters) Deposition (pCi/m~) Precipitation (pCi/L)

Fl Fa Fl Fa Fl Fa

7-30-83 50 50 |48.5 (13.0) | 63.4 (12.7) | < 303 < 303

8-27-83 80 75 40.4 (22.5) | 32.5 (19.8) < 297 < 297

9-24-83 61 43 45.0 (25.7) | 56.9 (20.8) < 292 <« 292

10-1-83 12 12 6.44 (3.42)] 20.7 (3.13)] < 301 < 301

10-15-83 12 24 14.2 (5.79)| 22.7 (7.39)| < 295 < 295

10-29-83 12 12 7.38 (2.91)] 7.86 (2.75)] < 295 < 295

11-26-83 40 45 23.8 (9.62)] 21.8 (10.2) < 295 < 295

12-10-83 16 41 5.57 (3.74)| 7.14 (8.77)| < 303 < 303

12-31-83 30 %0 13.0 (7.06){ 45.5 (11.8) < 303 < 303

** Uncertainties ( in parentheses) are for the 95% confidence interval, (+ 1.96 S.D.)















in milk. The arithmetic mean for the Facility milk samples was not
significantly different than the means for the other two areas.
Variations noted during this reporting period are typical of past
periods and attributed to differences in feeding practices and
methodological variation, but not to reactor effluents. The mean
values for Sr-89 appear to be greater for the Reference samples,
but were not statistically different.

The concentrations of 1-131, Cs-137 and ¥-nat in milk are
given in Table I1.D.4. The arithmetic meun values of I1-131 and Cs-137
for the Facility area (Table 11.G.1) for the reporting period were
not significantly different from the means of the Adjacent and Reference
areas. The means were less than MDC. The occasional I-131 concentrations
in milk reported above MDC are assumed to be due to methodological
variability. No I-131 peak was observed on the gamma-ray spectra
of these samples and the variation is probably due to variation in
Be-7 concentraticns and therefore unexpected Compton counts in the
| 1-131 absorption peak region. No I-13! was released from the reactor
during the last half of 1983 and no other source of [-131 can be
postulated. Inspection of Table II[.B.4 shows that no I-131 was
detectable in air samples during the period.

K-natural, as measured by K-40 is very constant in milk. The
mean literature value is 1.5 g/L. K concentrations are hcmeostatically
controlled and independent of K intake. K-nat is measured and
reported therefore,only as a quality control measure of Cs-137 and

I-131 determined in the same sample by gamma-ray spectrometry.

A close relationship between forage deposition and milk




concentrations should be expected for tritium, the strontium radioisotopes,
for Cs-137 and for 1-131 only if the cows are on pasture or fed green

cut forage. This, unfortunately, is not the general feeding practice

at the dairies around the r2actor. Nesrly all cattle feed is hay harvested
locally or brought in from Nebraska or from the North Park region cf
Colorado. At times it can even be cuttings from the previous year.

This makes correlation of milk concentrations with air concentrations

very difficult. On the other hand, if elevated [-131 or tritium
concentrations ir milk are noted, the surface depositions must have

been reasonably related iu time and 1ocation due to the short

effective half lives of these radionuclides in the dairy ecosystems.




Table II. D.1
Tritiw Concentrations in Water Extracted from Milk (pCi/l).

s;:'t’t: Ending Facility Area 44 Adjacent Composite * Reference Composite *
Pasture Season
3 L 3
7-2-83 395 (313) < 300 < 300
7-9-83 < 300 ‘ < 300 < 300
7-16-83 510 (303) < 303 < 303
7-23-83 *** < 303 < 303 < 303
7-30-83 < 303 317 (297) < 303
8-7-83 < 303 492 (299) < 303
8-12-83 < 324 < 324 < 324
8-20-83 < 324 < 324 < 324
§ 8-27-83 < 328 < 328 < 328 =
; 9-3-83 < 328 < 328 < 328 >
9-10-83 < 328 < 328 < 328
9-17-83 459 (323) < 328 < 328
9-24-83 566 (305) < 308 < 308
Post Pasture

Season

1C-8-83 314 (302) 479 (304) < 308
11-12-83 < 302 < 302 < 302
12-10-83 < 300 < 300 < 300

* Adjacent Composite Locations: A6, A28, A31, A50, A 36, A48.
Reference Composite Locations: R16, P17, R20, R22, R23, R25.
** Uncertainties (in parentheses) ave for the 95% confidence interval, ( ¢ 1.96 £.D.)

*** F.44 Collected 7-27-83.
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Table I1. D.5
Tritium, Strontium 89, and Strontium 90 Concentrations in
Fey:ge for Samples Collected September 17, 1983 .

Avads Tritium Strontium 89 Strontium 90
(pCi/l) (pCi/kg) (pCi/kg)
Facility
“ < 299 26.5 (23.2) 40.2 (15.6)
44 e 11.6 (17.1) 72.8 (12.8)
Adjacent
6 e < 27.6 245 (35.4)
28 e < 11.9 56.8 (15.2)
.31 < 299 < 15.7 98.1 (24.5)
36 e 86.0 (20.6) < 4,94
48 e < 8.47 122 (12.4)
50 e < 11.3 63.9 (16.1)
Reference
16 e < 9.44 101 (16.6)
17 e < 24.7 175 (25.7)
20 [= 35.8 (36.8) 138 (28.3)
22 e < 15.3 48.7 (15.4)
23 < 299 < 21.5 53.5 (22.0)
25 L e 19.8 (46.6) 91.7 (18.0)

* Uncertainties (in parencheses) are for the 95X confidence
interval, (s 1.96 §.D.).
e Insufficient water in forage sample for analysis.
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Table II. D.7
Gross Beta Concentrations in Soil and Forage (pCi/kg) for
Samples Collected

Third

Quarter, 1983.

Sampling July 9, 1983 August 12, 1983 September 17, 1983
Hnation Soil Forage Soil Forage Soil Forage
Facility ﬁ

4 31,000 6.480"] 27,500 31,300 25,600 20,900
(1,760) (166) (1,390) (530) (1,200) (333)

44 31,300 15,800 18,100 22,600 30,700 19,300
(1,670) (794) (1,160) (349, (1,410) (330)

Adjacent

6 26,800 20,400 26,100 7,730 || 22,700 48,700
: (1,730) (602) (1,220) (165) (1,230) (796)

28 22,000 19,706 22,000 11,800 16,500 15,300
(1,430) (977) (1,240) (258) (1,120) (235)

31 27,500 16,900 25.900 25,000 25,400 18,500
(1,690) (755) (1,300) (440) " (1,270) (475)

36 25,700 16,700 25,300 14,300 22,900 14,700
(1,610) (804) (1,300) (226) (1,240) (230)

46 31,500 2,510 26,100 21,300 I 26,700 20,300
(1,870) (84) (1,3220) (291) (1,280) (328)

50 24,100 23,400 26,820 13,800 26,600 7,990
(1,490) (765) (1,350) (263) (1,330) (179)

Reference

16 30,800 14,600 27,800 21,200 25,200 18,300
(1,710) (549) (1,380) (333) (1,300) (289)

17 22,700 13,300 26,900 12,200 21,800 17,800
(1,540) (556) (1,35C) (192) (1,120) ({287)

20 28,000 20,900 26,700 20,000 23,900 20,600
(1,760) (734) (1,370) (393) (1,260) 344)

22 25,200 18,800 27,100 14,200 29,300 18,100
(1,630) (286) (1,380) (224) (1,350) (308)

23 19,900 22,500 21,600 4,470 26,400 14,900
(1,400) (1,060) (1,140) (114) 'ﬂ (1,320) (267)

25 9,700 22,500 27,400 18,200 23,500 25,400
(1,880) (746) (1,370) (368) (1,300) (486)

* Unce tainties {(in parentheses) are for the 95% confidence
{aterval, (£ 1.96 S.D.).

** (Collected 7/16/83.
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Table II. E.l

Sampling locations

Fish
Upstream
Downstream /-23

Ef f luent J-23-¢

Benthic _u.(gani};m:;
Upstream 7.973-
Downstream 7-23-83

Ef fluent sl

vascular Plants
Upstream =16
Downstream

Eff luent

Seston
Upstream
Downstream

Eff luent ]~

# Upstream Compos ite:

Downstream Composite:
4% Uncertainties (in parentheses) are for

For Samples collected _July

——————————

P

the 95% confidence

Strontium 89
pC1i/Kg
1A €
i9 )
’8 Q
.
.4
A S
&4
z"»" i
12¢
)

interval,

Strontium 90
pCi JKg

¥
35. 4 f
c A
2L . i
198 44
)
" .
4 119
"
4
)
’ *®
~Y L
3.D. )




Table II. E.1
For Samples collected AugL

MU
—i

o 14 1 g Cross Beta Strontium g9 Strontium 9Q
o é } OC ns
sampling cation pCi/Kg pC1/Kg pC1/Kg

Fish
Upstream
Downstream

Eff luent

Benthic Organisms
Jystream 8-10-8
Downstream

Effluent

Vascular Plants

Upstream
Downstream

Eff luent

Seston
Upstream

Downetream

Eff luent

Upstream Composite: U 42, U
Downstream Composite: D 40,

A% Uncertainties (in p-uc-nlh(-ri('.‘i) are for the 95% confidence intervel, ¥ ¥




Table I1I. Analyels of Composite* Aquatie Plota
For Samples collected September, 1983

GCross Beta Strontium g9 | Strontium g
pC1/Kg pCi/Kg pCLl/Kg

Upstream
Downstream

Eff luent

Benth ic Organicms

Upstream
N :
Downstream

Effluent

Vascular Plantes

Seston

'

Downstream

Eff luent

Upstream Composite: U 42, U 43.

£

Downstream Composite: D 40, D 45.
A% Uucertainties (in parentheses) are for the 95% confidence interval,

d ct Adurr INA




Table IIX

Sampling

Upstream
Downstream

Eff luent

Benthic \}l’£;<xr\i sSmS

Upstream
DownstLream
Eff luent

Vascu

l'l.' trean
Downstream

1ent

® Upstream

Downstr:

. E.l

locations

Fish

AL

lar Pl

1 {:(A“

eam
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4
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For Samples collected
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Analysis of Composite* Aquatic Blota

Yia 3 Y
IdV LET , 4

Strontium 89
pCi/Kg

J

£

P

£

*

)

A A T A
QO' + -

£

§

£

confidence interval,

S
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Strontium 90
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Table 1I, E.2

Gamma~-ray Fmitting Radionuclide Concentrations in Aquntic Biota Samples
(pCi/kg) for Samples Collected _ Jyly, 1983

Sampling Locations * 106!:1 137(:: 9521' & Nb
Fish =t

Upstream 7-23-83 < 250 177 (82.2) < 33.2
Downstream 7’23‘83 273 (257) 202 (63.1) 122 (“.1)
ffluent 7-23-83 < 250 355 (64.8) 150 (45.0)

Benthic Organisms
Ups tream 7-23-83 < 298 3G9 (75.3) 102 (45.1)
Downstream 7.23-83 < 250 284 A4.2) 192 (41.4)
Ef{luent 7-23-83 238 (88.2) 285 (22.0) 138 (13.5)

Vascular Plants b

Upstream 7-16-83 < 481 450 (122) 218 (91.0)
pownstream 7-16-83 901 (528) < 159 < 67.6
Ef fluent 7'16’83 -~ 568 449 (141) < 75.5
Upstream 7-23-83 1,280 (352) 503 (84.6) 355 (56.6)
Downstream 7-23-83 1,640 (619) 300 (:47) 205 (98.4)
Eff luent 7-23-83 © e e

* Upstream Composite: U 42, U 43.
Downstrezm Composite: D 40, D 45,
Effluent: E 38.
%% Uncertainties (in parentheses) are for the 95% confidence interval, (2 1.96 S.D ).
*** Counted on Ge(Li) detector.
e Insufficient sample weight for analysis.




Table II. E.2
Camra-ray Fmitting Radionuclide Concentrations in Aquath. Biota Samples

(pCi/kg) for Samples Collected _ August, 1983

Sampling Locations * 106&\: 137(:. ”Zr & Nb
Fish 2o
Upstream 8-10-83 285 (242) 24R (63.5) 55.8 (30.7)
Downstream 8-10-83 < 250 130 (61.7) 35.3 (30.0)
Ef f luent 8-10-83 < 250 244 (63.2) 46.8 (30.5)
Benthic Organisms
Upstreai 8-10-83 < 312 465 (80.9) 174 (37.2)
Downstream 8-10-83 < 250 434 (66.6) 198 (28.9)
Effluent 8-10-83 < 304 515 (79.7) 169 (34.6)
Vascular Plants
Upstream 8-27-83 < 385 234 (99.8) 166 (67.3)
Downstream 8-27-83 < 432 328 (113) 227  (76.4)
Effluent ~ 8-27-83 510 (444) 162 (109) 178  (75.0)
Seston
Upstream  g_10-83 461 (380) 565 (101) 206 (44.2)
Downstream g§.10-83 < 556 419 (138) 180 (61.2)
Effluent 8-10-83 e e e

* Upstream Composite: U 42, U 43.
Downstream Composite: D 40, D 45.
Ef flueat: E 38.
#% Uncertainties (in parentheses) are for the 95% confidence interval, (* 1.96 S5.D.).
e. Insufficient weight for analysis.




Table I1. E.2
GCamma-ray Emitting Radionuclide Concentrations in Aqnntic Biota Samples
(pCi/kg) for Samples Collected _ September, 1983

L6

Sampling Locations * lo‘ln lJ,c- 952: & Nb
Fish
Upstream  9.28-83 195 (139) 108 (32.8) 76.9 (2.7}
Downstream 9-28-83 122 (57.5) 66.5 (13.4) 47.0 (11.9)
Efitluent  9-28-83 < 120 71.9 (30.6) 47.4 (27.0)
Benthic Organisms
Upstream  9-28-83 228 (132) 240 (30.9) 194 (26.7)
Downstream 9-28-83 538 (283) 250 (66.6) 173 (58.2)
Effluent 9-28-83 1,340 (390) 875 (94.2) 426 (72.4)
[
Vascular Plants
Upstream 9-10-83 722 (465) 235 (104) 183 (113)
Downstream 9-10-83 659 (183) 20c (41.7) 177 (40.9)
Ef f luent 9-10-83 799 (448) 302 (192) 205 (99.3)
Seston ***
Upstream 9-28-83 < 6,130 < 1,060 455 (382)
Downstream 9-28-83 « 25,800 < 4,490 < 1,610
Ef fluent 9-28-83 < 22,800 < 3,850 < 1,420

* Upstream Composite: U 42, U 43.
Downstream Composite: D 40, D 45.
Effluent: E 38.

%% Uncertainties (in parentheses) are for the 951 confidence interval, (+ 1.96 S.D.).

*** (Counted on Ge(Li) detector.



» - s .
L
of ’
\‘ ] -t
‘ + ’ ‘ + ¢
v A
-~ .
" ! 4 r .
i O ~ + " " ' ‘
» A -
s . { 4 §
»
o~ G
m 4 -
| W - 4
’ c > b
€
a - e = e i S - . -
Y —— . i
c 4L
e |
R .
y -
i U
‘& d
- . - -3 .
.z e = «t o
+ . . "
- .
i B ‘
. ( -
. < ’
E -~ b———t= = == —— - -« - k- 3
B
X :
‘ . " v -
ol H § [ -
¢
3 2




99

I1.F. Beef Cattle. Two head of beef cattle from the herd that grazes the
faciiity area are counted eacn quarter in tne L,U whoie-Doay-counter. |nhe
animals are washed carefully and courted for 20 minutes each. This method
is far more sensitive than ccunting meat samples and is the method of
choice for detecting Cs-137 in the meat food chain of humans. If thyroid
1-131 contamination were significant this would be detected from the whole
body count. Detectable I1-131 a.civity has never been observed.

Table 11.F.1 gives values for whole body counting of beef cattle
for the second half of 1983. The animals are selected at random; however,
the animal number is recorded and the animal may be retrieved and recounted
if necessary. The Cs-137 body burdens are greatly different between third
quarter and fourth quarter. This only reflects a different cutting and/or
source of hay and pasture for the animals. The values are still within
the range of past data.

The Cs-137 ccncentration is expressed as pCi per gram of K in
the whole animal. This is done to more easily compare the counts between
different size animals. K and Cs are both intracellular cations and by
normalizing the Cs-137 activity to K, differences due to fat percentage
in the animals are eliminated because the K concentration of fat free
muscle is very constant.

Table II.F.Z2 lists the Cs-137, tritium, K and radiostrontium
concentrations in one beef animal from the local herd which was slaughtered
at the end of the pasture season. The radionuciide of concern for FSV

effluents would be tritium,but the observed concentration was less than MOC,



Table II.F.1.

100

Radionuclides in Facility Area Beef Cattle

In-vivo Gamma-ray activity in Fort St. Vrain Area beef cattle.

Third Quarter Values

9-22-83 ' 13¢5 peizg k
Cow 1 none detected < 2.21
Cow 2 none detected < 2.21
12-21-83 Fourth Quarter \alues
Cow 1 none detected 48.6
Cow 2 none detected | 33.5

Table II.r.2.

Radionuclides in Beef Sample from Local Herd.
Anima! Slaughtered, Fourth Quarter, 1983 *

Hamburger
137 !
Cs pCi/Kg K g/kg ¢ Tritium pCi/]
0.171 0.610 < 299
Bone
89r pci/Kg 05 pei/Kg
< 320 | 367 (337)

* Uncertainties shown in parentheses) are for the 95% confidence
interval (& 1.96 S.0.).
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11.6.1 Sample Cross Check Data.

To assure the prec.sion and accuracy of the environmental data
obtained from the radiation surveillance program provided for the
Fort St. Vrain reactor, Colorado State University participates in the U.S.
Environmental Protection Agency (EPA) sponsored laboratory
intercomparison studies program. This involves the analysis of a
variety of environmenta! media containing various levels of
radioactivity. The media, type of analysis and frequency of analysis

are summarized below.

The media, type of analysis and frequency of analysis

Medium Analysis (radioruclide) Fregquency

Water 3 bimonthly

Water gross a, Qross g bimonthly

Water 51Cr. 60Co. 65Zn,mﬁRu.la‘.'Cs, triannually
137Cs

Water 895r, 90Sr triannually

Water 1311 triannually
20.. 137 )

Air particulate Sr,”"'Cs, gross a, gross g triannually

filters

Milk 8%y, 905, 131; 137, 4Cy trignnually

For each radionuclide analysis of a particulaer medium, three

iadependent measurements are performed and the mean value is then

celculated. The percentage deviation of our determined mean value

from the EPA cpecified value is also calculated.
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Marinelli beaker.
€ i1.6.2 shuws Lhe resuiis ol independent anaiyses of the
.ame water sample by CSU, the Colorado Department of Health, and
Public Service Company or Colorado. The samples are 7rom two effluent
locations and one upstream location. The results for gross beta
analyses have been reviewed and the following corrective actions have
been adopted.
1. Samples will be counted at approximately the same time after
collection to correct for possible S-35 activity in the sample.
2. The same sample volume (100 ml) will be used by each group so
that sample self-absorption will be identical.
3. A1l samples will be homogenized and treated with acid identically.

The tritium results were acceptable.
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Table II.G.1. EPA Cross-Check Data Summary, (cont.)
Radio csu EPA Standard ted Labor- % deviation
Date nuclide | Value Value [Deviarion » Prociciank |  fram known
Air, LCi/Fﬂter
8-26-83 gross a 1! 13 5 . - 15.4
ross g 38 36 5 “ P + 5.6
oSy 11 1C 1.5 2.6 + 10.0
137 Cs 15 15 5 8.7 0
Water r":_ ma_ pCi/l
63-83 | ‘igr 8,; 21 60 5 8.7 - 65
“9Co 3) 2.3 13 5 8.7 - 82
“52n (3) 9.3 36 5 8.7 - 74
106 2y 11 40 5 8.7 - 73
Mh g 6; 74 a7 5 8.7 ‘57
137 g * 37 26 5 8.7 + 42
10-7-83 | sier | 16 51 5 8.7 - 68.6
GOCO (8) 20 19 5 8.7 + 5-3
657n 26 40 5 8.7 - 35.0
L6 Ry H54** Z 5 8.7 + 3.8
134 Cg 22 15 5 8.7 + 46.7
137 s 30 30 5 8.7 0
Gamma, Milk pCi/l
6-10-83 835y (9) 17 25 5 3.7 - 32.0
05y 20 16 1.5 .6 + 25.0
131§ 28 30 6 4 T
137Cs 50 47 5 At ] + 6.4
K 1,557 1,486 75 + 4.8
10-28-83 835y 10 15 5 i - 33.3
NS (10) 15 14 1.5 .6 R A |
1317 » 20 40 4.8 .4 - 50.0
137 ¢s 32 33 5 7 - 3.0
K 1,637 Ny 78 + 5.6
* 30/vn

** Result nf reanalysis.



Table 11.6.2 Crosscheck Analyses on Split Water Samples Determined
by Colorado State University, Colorado Department of

-wd N, $o Cuwnir?d oea Jr—— ol P '
na Public Service Company of Coloredo.

HHantal

HeY I W w

106

w ——
collection Sample Gross Beta pCi/L Tritium pCi/L
Date fLocation

csu CDH PSC csu CDH PSC

7-15-83 £38 7.6 12 < 78.2 1,110 1,030 < 651
E41 7.6 9 < 78.2 ]1,440 1,120 936

U4z 4.7 28 < 78.2 297 350 651

8-12-83 £38 W 22 < 73.7 14,170 4,190 5,490
E41 9.4 20 < 131 805 993 873

uaz 5.7 15 < 13.7 < 303 350 1,140

9-16-83 £38 9.3 17 21.0 11,230 1,404 1,280
E41 13.4 23 171 744 1,759 < 695

U4z 6.6 12 11.2 | < 297 469 < 695

10-14-83 £38 12.2 17 23.2 11,840 1,377 2,080
E4] 12.3 21 27.6 861 911 1,660

U4z r 3 ) 10 26.4 1,170 855 1,010

11-25-83 E38 11.0 18 < 69.8 |3,420 4,554 3,760
E41 12.2 19 < 70.1 {3,750 4,629 3,770

u42 7.3 11 < 69.8 |< 302 571 482

12-8-83 £38 10.7 16 13.8 }1,350 1,359 1,350
E41 16.7 18 24.5 11,220 1,033 948

u4z 5.7 12 14.3 < 302 < 350 477
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GROSS BETA CONCENTRATIONS IN AIR
1974 - I9R3

&—® Facility Sampling Stations (4) X =71 fCI/m®
a~ -4 Adjacent Sampling Stations (3) X =76 fCi/m®

1 A "
73 74 75 76 77 78 79
TIME (years)




TRITIUM CONCENTRATIONS IN WATER, 197 1983

—e Syrface Upsireom = 524 pli/L

& A Surfoce Downsireom = 787 pCi/L

O---O Potable = 595 pCi/L

TIME (years)
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11.H.1. Mean Vaiues for zl1 Sample Types
. Nuaber of Minimum Ma x 1 mum
Samples Value Observed Value Observed X, o
5 y '
5
s Analy:zed 6 Months 6 Months X X
Sample Type Area 6 Months 1 Yean 1 Yaar & Months
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rable 11.H.1. Mean Values for all Sample Types.(Cont'd.)

Number of Minimum Meix 1 mum
value Observed Value Observed
6 Months 6 Months

Samples
Analyzed
6 Months

Sample I'ype




. . < |
Table I1.H.1. Mean Values for all Sample Types. (Cont'd.)
Number of Minimum Max imum ~
Samples Value Observed Value QObserved X u‘: ¢ x

Analyzed 6 Months 6 Months X X

. - " 1 2 1 ar Mo hs
Sample Type Area 6 Months 1 Year 1 Yeaz 6 Months
£Ffl t U. 200 - o 64 O
Water Effluent ‘ ! . é
| N 134 i 'x ] £4 ’
; > 1 Downstream - 030 1909 A £ S .
1 1% [ = * ) { A ¢ ) 14 g é g
pLi/1i Upstr<an ic s o =09 . |
Potable ¥ 50 1.4 66 e
Natex Eftluent ' 685 11.1 1 : 49
oR ] !'h:h‘ﬂ t am ‘ ) 17 ) 2 " 1 1
1] < o ) £ 2
plL1 ] l}»II il ‘A \ 29 Q g ) 1 )
Potable I a )./ | 1 a C ’
y
i
?
™ . " .
P waLel Efflu ¢ ‘{38 : A P
‘ y
|
\ bownstrea :, ) a4 AL
P (C 1 1 Uy trea ] : : s/ F
|
Potable )9 5.1 ) ; 1.44
| + 4 % [ [
w grriuen 11 f
1 pownst 1 l 1 61 a 14 11
pLi/i “l » LI ] | 67 H5Y ~4 )
ytab 1l a1 1 ? )E 629 EAf
fiment Efflaent 1 ). 9 10. 1. 1.1 ‘
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Table II1.H.1. Mean Values for all Sample Types. (Cont'd.)

Number of Minimum Maximum

Samples Value Observed Value Observed

Anaiyzed 6 Months 6 Months X

6 Months i» Months




11.H.1. Mean Values for all

Minimum
Value Obser ed
Analyzed 6 Months
6 Months

Number of

Samples

Sample Type

mple Types. (Cont'd.)

Maximum
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Mean Values for all Sample Types. (Cont'd.)

Number of Minim.m Maximum
Samples Value Observyed Value Observed
Analyzed 6 Months 6 Months

.

y

Sample l'ype 5 Months







Table I1.11.1. Mean Values for all Sample Types.(Cont'd.)

Number of Minimum Max i mum

Sacples Value Obsetyed Value Observed ﬁ‘ ) )
Analyzed 5 Months 6 Months X

6 Months ‘ p ) 6 Months
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Table II1.H.1. Mean Values for all Sample Types. (Cont'd.)

Number of Minimum Max imum

Samples Value Observed VYalue Observed

Analyzed 6 Months 6 Months
Sample Type 6 Months

Aquatic Biota




Tabic II.H.1. Mean Values for all Sample Types.(Cont'd.)

Number of Minimum Maximum

Samples Value Observed Value Observed

Analyzed o Months 6 Months - X
Area 6 Months > 6 Months

Sa.ple Type

Aquatic Biota Upstre
Downsti




Table I1.H.1. Mean Values for ali Sample Types. (Cont'd.)

Number of Ainimuom Max imum

Samples Value Observed Value Obseryed

Analyzed 6 Months 6 Months : X X

6 Months 1 Year 1 Year 6 Months

Sample Type

Aquatic Biota
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