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1. Introduction to Radiological Environmental Monitoring

Data for the Period January 1, 1990 = December 31, 199%0.

During 1990 the Fort St. Vrain Nuclear Generating Station
did not operate and is presently in a defueling phase.
1ae operational phase of the reactor ended on July 18,

1989,

A complete and detailed listing of radiocactivity releaseid
by all effluent routes may be found in the Public Service
Company of Colorado Semi-annual E.flue: t Release Reports for
1990 to the U.S. Nuclear Regulatory Commission. When possible
in this report, any correlation of radioactivity in
environmental samples with the effluent release data is
discussed. These discussions are presented in the appropriate
gample type section and in the summary section, II.H.

Table III.A.2 lists the LLD values achievable by the
countiny systems used during 1990 on proje." samples. These
values are given for typical sample sizes, counting times and
decay times., The LLD is, therefore, an a priori parameter to
ind :ate the capability of the detection system used. The LLD
values in Table III.A.2 ~*e calculated as suggested in NUREG~
0472.

Throughout the report —cowever, when a sample result is
listed as less than a specified value, that value is the
calculated MDC (minimum detectable concentration). This

approach is analc.ous to that of Currie (NUREG/CR-4007): the



MDC is the same as S, the critical signal, and the LLD is
equal to 8,, the detectable signal. The MDC value applies to
the actual sample size, counting time and decay time

applicable to that individual sample. It is calculated as:

MDC = 2,33 0,/E Y V EM

Where: oy = Standard deviation of background count rate
E = Counting efficiency, ¢ s' pc.'
Y = Chemical vield

= Sample volume (or mass)

v

A 0.693,Half-life

t = Decay time berween sample collection and
analvsis

Thigs calculation method assumes that E and Y are constants and

makes no allowance for systematic error.

It should be noted that we have not used the notation
"<MDC" for values less than MDC. Rather, we report the
result as less than the actual MDC value. Because the MDC is
dependent upon variables such as the background count time and
sample size, the value will be different for each sample type
and even within sample type.

Essentially all radiocactivity values measured on this
project are near background levels and, more importantly, near
the MDC values for each radionuclide and sample type. It has

been well-documented that environmental radicactivity values

exhibit great inherent variability. This is partly du:z *»



sampling and analytical variability, but most importantl

+

0 true environmental or bioclogical variabllity. As a ret

the overall variability of the survelllance data 1t

use mean values from

to make any ¢

concentrations

arithmetic mean for ea

ch 3sample
B Al measured values, both

negative, are used in the calculatiors of the arithmetic me

This 1s the suggested practice by Gilbert (Health Physics

40:377 1984) and the NRC (NUREG/CR~4007).

Many sets of data were compared in this report.

Al

statistical test used was either a "t"-test or a paired "

test., If data sets are noted t gnificantly diffe

significantly different, the confidence for the ¢
at the 95% .evel (a

In this report we have footnoted appropriate tabl

I

the maximum concentration applicable

radiocnuclide, e have chosen to list the maximum perml

concentrations as f in Appendix B Table

This 18 the concentration in water or air of each radion

10NUCL]

which if ingested or inhaled continuously would singularl

produce the maximum permissible radiation dose rats
specified individi

dual member of the general public.

500 mrem/year from




effluent. As stated 10CFR20 these are the

concentrations above natural background that a licensee

release to an unrestricted area. . 18 assumed that no direc

inhalation of effluents can
area boundary and that dilution
concentration Dbefore

certainly the case

ified maximum permissible dose

dose commitment for residents near the Fort St. Vrailn

from the reactor effluents. Such 1liw

11tg for wate:

reactors are found in 10CFR50 Appendix I. Thesc are judged as

"Ag Low as Reasonably Achievable" dose rates from such reactc

types and, although not directly applicable to the I

Fort St.,

Vrain gas cooled reactor, can be used for comparison purposes.

1

A limilt that does apply s the 1indepenrdent

:

permissible dose commitment rate set by the E.P.A. (40C

for any specified member of the gancral public from any

of the nuclear fuel cycle. This value 18 25 mrem/year,
} J

10se rate to the whole body from all

contribi

radionuclides excluding background and medical radiatic«

rate.

Dose commitments are calcula*ec for

hypothetical

individuals . 'y mean ccncentrations noted 1n unrestricte

- L LCted

areas the are significantly above control m=2an values.




The following is the footnote system us in thig rep«

Sample lost prior to analysis.

le missing at site,

ument malfunction.
camg
Insufficient weigh ) /olume for analysils.
Sample unavallable.
Analysis 1n progress.
Sample not cevllected (actual reaso
Analvtical error (actual reason given)

Nct applicable.




I1. Surveillance Data for January Through December 1990 and

Interpretation of Results

A, External Gamma-ray Exposure Rates

The average measured gamma-ray exposure rates expressed
in mR/day are giver in Table II.A.1l. The values were
determined by CaF,:Dy (TLD-200) dosimeters at each of 41
locations (see Table 1II.B.1). 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 quarterly at each location.
Fading during field exposure is minimized by the post-
annealing readout procedure.

The TLD data indicate that the arithmetic mean measured
exposure rate in the facility area for all of 1990 was 0.40
mR/day. The mean exposure rate was 0.39 mR/day for the
adjacent area and 0.39 mR/day for the reference area. These
mean values were not significantly different from each other.

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 due to 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 having two TLD rings
arcund the reactor is not to measure gamma-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 effluent. Since the inception of power production
by the reactor, there has been no detectable increase in the
external exposure rate due to reactor releases, Fallout
deposition, both from the Chinese nuclear weapon tests and
from the Chernobyl accident, was detected in the past.

The TLD system is calibrated by exposing chips to a
scattered gamma-ray flux produced in a cavity suriounded by
uranium mill tailings. This produces a gamma-ray spectrum
nearly identical to that from natural background meacured in
the reactor environs. The quality control program includes
calibration before readout of each quarterly batch of TLD
devices.

For conparion purposes, the EPA in EPA 520/5-89~034
Raport #58 lists 0.37 ¢ 0.27 mR/day for the background
external exposure rate in Denver during the period April to
June 1990. This is excellent agreement with the results fr
this program.

Figure II.A.1 shcws the measured mean exposure rate in
the Facility Area since the inception of the program. The
steady decrease in exposure rate over the period is due to the
decay and weathering of fission product deposition from

previous atmospheric weapon tests.



Table I1.A,1 Gammma Exposure Rates. [!mR/day) 1990

s e

Facility Area lst Quarter 2nd Quarter 3Ird Quarter dth Quarter
Fel «39 .44 34 .43
| Fa2 39 .42 .32 .43
| Fe3 45 .35 | 41
F-4 45 37 .44 41
Fe§ .40 .40 .31 .47
Feb .40 .35 b 41
Fa? .42 .45 233 .47
Fe8 .44 41 b a7
Fe9 ; .42 a7 35 .45
F«10 ‘ 43 .40 .26 .41
F-11 .47 .46 .48 .45
F.12 | .39 .42 .37 41
Fa13 ' .40 .28 .32 .29
F-14 A2 ~{ ¢ .28 .41
F«15 .40 .42 24 .40
Fal .42 .43 A 37
F-17 ‘ .40 .36 35 £ .42
F-18 .45 .38 42 .47
x (1.960) | .42(0.048) .40(0.066) +35(0.103) .42(0.059)
Adjacant Area[
A-1 .46 .38 .37 .46
A-2 A8 .41 42 b
A‘3 l‘!.‘, '40 u38 ‘46
A“ 037 036 038 n43
A-S b 137 b -36
A-6 .36 385 %} 4 37
A7 .40 .38 .37 .40
A-8 .42 .42 W30 .43
A"g 0‘2 041 n38 037
A-10 . .48 .43 .38 .45
A-11 .30 .35 .38 .39 |
A-12 .39 .34 .40 43 |
A-ls '34 034 035 o3‘ l
A"l‘ 036 '39 035 039
A‘ls 036 o36 034 a39 i
A-16 .44 .38 .36 .40 |
A-17 .44 .40 .38 .42 |
A-20 .43 .44 .38 .40
x (1.9609) .41(0.079) .38(0.060) .37(0.040) .41(0,069) |
Reference Area
1
R=2 .41 b b 42 |
R-3 : .46 .39 .40 .37
R-4 | .37 b .32 .40
R-5 .45 .41 .34 .43
R-7 .39 b .35 .29
x (1.960) | 42(0.075) .40(0.028) .35(0.067) .40(0,047)

b - sample missing at site 8
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II.B. Ambient Air Concentrations

1. Gross Beta Activity

The air concentrations of long lived particulate gross
beta activity measured at the facility and reference sampling
sites are listed in Tables II.B.la~1d for esach quarter of
1990. A-19, while technically in the adjacent zone, is only
a few meters from the facility boundary and logically should
be considered a facility site. It has been termed a facility
site since the inception of the monitoring program. The
reference sites R-3, R-4, and R-11 are all new locations as of
January 1, 1984 and sufficiently distant to be considered
reference (control) locations. (See Table II1I.B.1).

The reported concentrations are listed in units of
femtocuries per cubic meter of ambient air, although the
neasured activity is due to a combination of radionuclides
almost all of which are naturally occurring. It should be
noted that the current technical specifications no longer
require measurement of gross alpha activity. All filters,
however, are saved indefinitely for later alpha activity
analysis if needed.

The mean gross beta concentration in air for all tacility
stations for all of 1990 was 23 fCi/m', For 1989 the mean
value was 26 fCi/m’. The mean concentration for 1990 for all

reference stations was also 23 fCi/m'. These measurec mean

10



valu«=s were obviously not statistically significant at the 95%
confidence level,

The gross beta data for 1990 have been added to the plot
of air concentrations observed since 1973 (Figure II.B.1)- 1In
this figure the half-yearly mnan values for the facility sites
are plotted with th. values from the reference sites. The
contribution from Chernobyl is clearly evident in 1986. It
can be observed that overall mean values are not significantly
different and that world-wide fallout, principally due to past
Chinese atmospheric nuclear weapon tests, is the predominant
contributor to the measured values over the period shown.

There has never been a significant dif{erence observed
between facility and reference sites. Thus, it can be
concluded that reactor eir effluentg of particulate fission
products or activation products during operation were not a
source of dose commitment for the Fort St. Vrain environs
population. This is expected to be true as well during the

defueling and decommissioning phase.

11
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Table 11.B.1 Cencentrations of Long-lived Gross Beta Particulate Activity in Air.

a) First Quarter, 1990

(FCi/m )

oni Facility Sites Reference Sites
Coilecti
Pate F-7 F-9 F-16 A-19 R-3 R-4 R-11
1/6/90 20(1.2)*  23(1.9) 21(1.3) 23(1.2) 20(1.4) 21(1.5) 24(1.6)
1/13/90 20(1.1) 19(1.3) 19(1.4) 18(2.0) 20{1.6) 16{1.0) 19(1.5)
1/20/90 17(1.2) 24(1.9) 23(1.4) 27(1.3) 24{1.5) 23(1.5) 31(1.9)
1/27790 27(1.2) 26(1.4) 23(1.5) 3713.7) 21{1.7) 21{1.1) 25(1.6})
2/3/90 13{1.2) 1711 €) 18(1.2) 2°"1.)) 20(1.4) 17(1.2) 20(1.5)
2/10/90 29(1.3) 28(1.5) 23(1.6) 21{(1.9) 25(1.8) 20{1.1) 26(1.7)
2/17/90 26(1.3) 26(2.0) 25(1.4} 33(1.5) 26(1.7) 25(1.5) 27(1.7}
2/24/9%0 20{1.0) 21{1.3) 18(1.3) 13(1.8) 19(1.5; 13(1.1) 19(1.5)
3/3/90 31(1.7} e 29(1.5) 31(1.2) 27(1.7) 26{1.4) 27{(1.7}
3/10/9¢C 21(1.1) 1610.91) 17(1.3) 2012.0) 18(1.7) 16(0.93) 21(1.5)
3/17/96 12(1.0) 12(1.1) 13(1.1) 15(0.90) | 14(1.3) 14(1.1) 15(1.4)
3/24/90 18(0.97) 17(0.97) 16(1.3) 13(i.9) 18(2.3) 17(1.0) 17(1.4)
3/31/90 19{(1.2) 20(1.3) 20(1.3) 19{(1.0) 18(1.3) 17(1.1) 21(1.5)
3 21 21 20 22 21 19 22
B 1 9.4 8.3 15 7.3 7.3 9.0
—RAY: X(1.960):  21(11) max: 31 x(1.96¢):21(8.1)
MIN: 12 n: 51 MIN: 14 ok

* 1.960 {(Due to Counting Statistics.)
e - insufficient weight or volume for analysis



3
Table 11.8.1 Concentrations of Long-lived Gross Beta Particulate Activity in Air. (fCi/m )
b) Second Quarter, 1990

£l

0y Facility Sites Reference Sites

Collection;

Date F-7 _F-9 E-16 A-19 R-2 R-4 _R-11
4/7/90 1.’ 21{1.1) 18(1.3) 18(2.0) 22{1.8) 22(1.1) 22(1.6)
4/14/90 19(.u) 20(1.0) 13{1.8) 19(1.1) C 20(1.1) 19(1.6)
4/21/90 23(1.3) 25(1.2) 22(1.5) 22(1.1) 14(1.0) 20{1.1}) 16(1.5)
4/28/90 19(1.2) 15(1.0) 19(1.4) 18(i.1) i) 17(1.0) 19{(1.5)
5/5/90 19(1.2) .8(1.0) 17(1.3) 17(1.0) 17(1.1) 17(0.95) 18(1.4)
5/12/90 16(1.2) 15(1.0) 16(1.3) 16{1.0) 18(1.4) 17(1.0) 17(1.4)
5/19/90 25(1.5) 19(1.1) 24(1.5) 21(1.4) 15(1.1) 18(1.0) 23(1.7)
5/26/90 23(1.4) 24(1.2) 21(1.4) 21(1.1) 25(1.3} 23(1.2) 23(1.6)
6/2/90 5.5(1.0) 14(1.0) 12(1.2) 13(0.93) | 12(0.91) 14(0.93) 15{1.3)
6/9/90 19(1.4) 20(: 19(1.3) 19(1.1) 200(1.2) 29(1.7) 18(1.4)
6/16/90 17(1.4) 16(1.1) 17(1.3) 15(1.0) 17(1.1) 16(1.0) 18(1.4)
6/23/90 25(1.5) 21(1.1) 19(1.4) 19(1.1) 21(1.2) 21(1.1) 21(1.5)
6/30/90 42(1.8) 30(1.4) 32(1.%; 28(1.4) 28(1.4) 25(1.3) 28(1.8)

= 21 20 19 19 19 20 20
1.96 o 16 8.9 10 7.3 9.0 8.0 6.9
[~ MAX: ¥Z2°  X(1.960): 20(11) MAX: 29 —() gg,):20(7.9)
MIN: 5.5 n: 52 MIN: 12 .38

* 1.960 (Due ‘> Counting Statistics)
¢ - instrument malfunction
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Table I1.B.1 Concentrations of Long-lived Gross Beta Particulate Activity in Air. (fCi/m )

d) Fourth Quarter, 1990

Facility Sites Reference Sites
Collection
Date F-7 F-9 F-1€ A-19 R-3 R-4 R-11
‘ 10/06/90 23 (1.6)* 24 (2.C) 24 (1.7) 24 (1.2)| 28 (1.2) 25 (1.3) 24 (1.8)

10/13/90 20 (1.5) 22 (2.6) 20 {(1.5) 17 {0.95)! 22 (1.2) 21 (1.2) 21 (1.3)
i0/20/90 28 (1.7) 25 (2.8} 23 (2.0} 19 {1.1)§ 22 (1.2) 22 (1.2) 23 (1.5
10/27/90 30 (1.7} 26 (1.2) 30 (1.4) 20 {(1.3)| 27 (1.2) 26 (1.3) 29 (1.6)
11/03/90 34 (1.9) 31 (1.4) 32 (1.5) 31 (1.4)] 31 {1.5) 29 {1.4) 10 (1.4)
11/10/9G 28 (1.7) 30 (1.3) 25 (1.3) 29 (1.3)} 25 (1.2} 32 (1.7) 22 (1.1)
11/17/60 50 (1.7) 28 (1.3) 30 (1.5) 29 (1.3)] 28 (1.7) 20 (1.3) 24 (1.4)
11/24/90 42 (2.0) 29 (1.4) 30 {1.4) 25 (1.2)] 24 (1.3) 40 (1.B) 56 (2.3}
12/01/90 23 (1.6) 22 (1.2) 26 (1.4) 18 (1.1)| 27 (1.4) 22 {1.3) 43 (2.6)
12/02/90 9.7 (1.3) 14 (1.0) 21 (1.3} 1B (1.1)] %4 (3.1) i7 (1.2) 16 (1.1)
12/15/90 29 {1.6) 25 (1.2) 29 (1.4) 28 (1.2)| 21 (1.2) 22 (1.3) 26 (1.3
12/22/90 52 (2.5} 37 (1.5) 37 (1.6) 36 (1.4)| 33 (1.6) 35 (1.7) 36 {1.7)
12/29/90 49 (2.4) 33 (1.6) 42 (2.0) 43 (1.8) 12 (1.1) 32 (1.8) 34 (1.6)

x 30 27 28 27 27 26 28
1.96¢ 23 11 12 15 19 14 23 .

MAX: 52 x(1.960):  28(17) MAX: 56 3(]_96):2/(20)

MIN: 9.7 n: 52 MIN: 10 .39

* 1.960 (Due to Counting Statistics.)
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2. Tritium Activity

Atmospheric water vapor samples are collected
continuously by passive absorption on silica gel at all seven
air sampling stations (four in the facility area and three in
the reference area). The specific activity of tritium in
water extracted from these weekly samples for 1990 is listed
in Tables 1I1.B.2a-2d. The corresponding tritium concentration
in air (pCi/m') is calculated from the specific activity data
using weekly mean temperatures and dew points measured at the
FSV meteorological tower. The measuring point is at a height
of 2 m from the surface. The tritium air concentrations are
shown in Table 1I.B.3a-3d.

The principle release mode of tritium from the reactor
was batch liquid releases from holding tanks (system 62). The
tank water is first analyzed and then released with sufficient
additional dilution, if necessary, to meet 10CFR20
concentration limits. The summary of tritium release by all
modes is shown in Table II.B.4. The summary indicates that
the total tritium released in 1990 was 70 percent of that
released in 1989 by all routes. This effluent release was not
detected at F~16 and A-19, two air sampling sites close to the
Goosequill ditch effluent path.

The mean values for sites F-16 and A-19 were
statistically the same as for all other sites during the year.
In any case, inhalation is not a significant pathway for dose
tc humans. The milk and food product pathway is the only

significant source of radiation dose to humans from

17



environmental tritium. See results for these pathways in
sections II.D and 1I.E,

Since the same weekly relative humidity is assumed for
all sites, Table II.B.3 would show the same site dependence on
reactor effluent as Table II.B.2. Only the units used to

measure tritium in surface air are different.

18
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Tabie I11.B.2 Tritium Concentrations in Atmospheric Water Vapor. (pCi/L)
| b) Second Quarter, 1990
_ Facility Sites Reference Sites
Collection
; Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
" as7/% <420 <420 <420 <420 <420 <420 @20
l 4/14/90 <420 <420 <420 <420 <420 <4290 a
; 4/21/90 <420 <420 <420 <420 <320 <420 <420
r 4/28/90 <420 <420 <420 <420 <420 <420 <420
} 5/5/90 <430 <429 <430 <430 <430 <430 <430
i 3 5/12/90 <390 <390 <390 <390 <390 <390 <390
5 : 5/19/90 <420 <420 <420 <420 <420 <420 <420
' 5/26/90 <400 <400 <400 <300 <400 <400 <400
' 6/2/30 <390 <400 <400 <390 <400 <400 <400
| 6/9/90 <390 <390 <390 <390 <390 <390 <390
6/16/90 <390 <39) <390 <390 <390 <390 <390
6/23/90 <390 <390 <3%0 <390 <290 <390 <390
6/30/20 <390 <390 <400 <390 <400 <400 <390
- ==

*1.96¢c (Due to Counting Statistics)

a-sample lost prior to analysis




fable T1.B.2 Tritium Concentrations in Atmospheric Water Vapor. (pCi/1)

. €) Third Quarter, 1990 ot ol g = SRl
Facility Sites Ref ‘rence Sites
Collection
bate | F-7 = F9  F-16 A9 |m3 w4 mnm
07/07/90 < 390 < 390 < 390 < 390 < 390 < 390 < 390
07/14/90 < 400 < 400 < 400 < 400 < 400 < 400 < 400
07/21/790 < 390 < 390 < 390 < 390 < 390 < 390 < 390
07/28/90 < 390 < 390 < 390 < 390 < 390 < 390 < 390
08/04/90 < 390 < 390 < 390 < 390 < 390 < 390 < 390
= B/11/90 < 390 < 390 < 390 < 3%0 < 396 < 390 < 390
08/18/90 < 396 < 390 < 390 < 390 < 390 < 399 < 390
8/25/90 < 390 < 390 < 390 e < 390 < 390 < 39¢
09/01/90 < 390 < 390 < 390 < 390 < 399 < 390 < 390
(9/08/90 < 400 < 400 < 400 < 400 < 400G < 400 < 400
09715799 < 390 < 390 < 390 < 390 < 390 < 390 < 390
09722790 < 400 < 400 < 400 < 400 < 400 < 400 < 400
09/29/90 < 390 < 390 < 390 < 390 < 390 < 390 < 390

e - insufficient weight or volume for analysis
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Table 11.B.2 Tritium Concentrations in Atmospheric Water Vapor. (pCi/m’)

a) First Quarter, 1990

l Facility Sites Reference Sites
Collection
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
'Amo»i;’;).ﬁi—“— E <« 1.2 < 1.2 < 1.2 < 1.2 z < 32 e; e
01/13 < 1.4 < 1.4 < 1.4 < 1.4 <i.4 e < 1.4
01/20 < 1.4 < 1.4 <1.4 < 1.4 <1.4 <1.4 <1.4
01727 o < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
02/03 < 1.2 i -4.9 < 1.2 < 1.2 <« 1.2 < 1.2 < 1.2
. 02/10 < 1.4 < 1.4 < 1.4 <1.4 <1.4 < 1.4 < 1.4
- 02/17 < 1.1 < 1.1 < 1.1 < 1.1 3 < 1.1 2 11
02/24 e < 1.6 e e < 1.6 e e
03703 < 1.7 < 1.7 e < 1.7 e < 1.7 <« 1.7
03/10 <« 2.0 < 2.0 <« 2.0 <2.0 < 2.0 < 2.0 < 2.0
03/17 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
03/24 < 1.7 <R < 1.7 < 1.7 € X7 < 1.7 < 1.7
03/31 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 < 2.0 °

e - insufficient volume for analysis
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Table 11.B.3 Tritium Concentrations in Atmospheric Water Vapor. (pCi/m’)
c) Third Quarter, 1990

‘ Facility Sites Reference Sites
Collection
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
0707 | <2.9 €29  <2.9 <2.9 <2.9 <29 <29
67/14 < 2.8 < 2.8 < 2.8 < 2.8 « 2.8 < 2.8 < 2.8
07/21 < 2.6 < 2.6 < 2.6 < 2.6 <2.6 « 2.6 < 2.6
07/28 ¢ 2.7 < 2.7 < 2.7 < 2.7 < 2.7 < 2.7 < 2.7
08/04 « 2.6 < 2.6 < 2.6 < 2.6 < 2.6 < 2.6 < 2.6
08/11 <« 2.7 < 2.7 < 2.7 < 2.7 € 27 £ 2.7 < 2.7
= 08/18 < 2.9 <2.9 <2.9 < 2.9 <2.9 < 2.9 <2.9
08/25 < 2.0 < 2.0 <2.0 e < 2.0 <« 2.0 < 2.0
09/01 < 3.0 < 3.0 < 3.0 < 3.0 < 3.0 < 3.0 < 3.0
09/08 < 3.3 < 3.3 < 3.3 < 3.3 < 3.3 < 3.3 g 3.3
09/15 < 2.4 < 2.4 < 2.4 <2.4 <2.4 < 2.4 < 2.4
09/22 < 2.6 < 2.6 < 2.6 < 2.6 < 2.6 < 2.6 < 2.6
09/29 < 2.5 <« 2.5 < 25 < 2.5 «2.5 < 2.5 < 2.5

e - insufficient volume for analysis
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Table 11.B.3 Tritium Concentrations in Atmospheric Water Vapor. (pCi/m )
d) Fourth Quarter, 1990

i Facility Sites Reference Sites i
Collection

,#"_EEES,______ F-7 F-9V F-16 A-19 R-3 R-4 R-11
10/06 < 2.0 < 2.0 < 2D < 2.0 < 2.0 < 2.0 « 2.0
10/13 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
16/20 < 1.4 < 1.4 < 1.4 < 1.4 < 1.4 < 1.4 <1.4
10/27 < 1.5 < 1.5 L WL < 1.5 < 1.5 < 1.5 < 1.5
11/03 < 1.5 ¢ 1S «<1.5 £ 1.5 <1.5 <1.5 < 1.5
11/10 £ 2 < 1.2 < 1.2 < 1.2 < 1.2 < 1.2 < 1.2
11/17 1.6{1.5)* < 1.5 < 1.5 < 1.5 < 1.5 < 1.5 < 1.5
11/24 1.3 < 1.3 < 1.3 < 1.3 L 5.3 < 1.3 < 1.3
12/01 < 1.0 < 1.0 < 1.0 <1.0 < 1.0 < 1.0 < 1.0
12/08 < 0.95 < 0.95 < 0.95 < 0.95 < 0.95 < 0.95 < 0.95
12715 < 1.2 <« 1.2 < 1.2 < 1.2 < 1.2 < 1.2 < 1.2
12722 < 0.49 < 0.49 < 0.49 < 0.49 < 0.49 < 0.49 < 0.49
12/29 < 0.52 < 0.52 < 0.52 < 0.52 < 0.52 < 0.52 < 0.52

IS . 2 _ i {

*1.960 (Due te Counting Statistics)




Table 11.B.4

Tritium Released (mC1) in Reactor Effluents, 1990

MODE JEN fes AR APR MAY JunN JUL AUG sSgP ocy ROV pEC TOTAL
Cont inuous
{turbine 13 4.9 18 0.72 0.31 0.9% 3.9 4.7 1.1 0.65 0.91% 1.4 50
Huitding
Sump )
flatch
Release
(Reactor 14 28 19 3.4 1.9 28 2.5 2.4 1.4 0. 73§ 2.5 242 105
Building
Sump }
fiarch
S rrat 62 198 | 170 | s1 8.5 | 55 1.6 § 51 so3 | 135 | 44 427 § 492 2135
Gaseuvns
Stack 28 7.6 543 40 314 i1 i1 14 11 7.6 12 8.7 728
ToTAY 253 § 211 | 630 | 52 91 42 68 s24 § 148 | 53 443 | 504 3018

1
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analyses on weekly air filters composited guarterly from each
of the seven air sampling stationz, The occasional positive
C8~-137 concentrations measured are likely due to resuspension
of surface so0il. The Cs~-137 activity is due to Chernobyl or
previous fallout which is bound by clay minerals on the
surface of undisturbed soil. For the entire year, the mean of
the facility stations was not different from the mean of the
reference stations.

Although only Cs~134 and Cs~137 are reported, each gamma~
ray spectrum is scanned for evidence of peaks from other
fission products and activation products. Only gamma=-ray
activity due to the naturally occurring Dbackground
radionuclides are cobserved. During the second guarter of
1986, however, many other fission product and activation
product radionuclides were observed due to the Chernobyl
accident. Of these only Cs~137 can still be detected, but at

steadily decreasing concentrations.

ro
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Table 11.B.5 lodine-131 Concentrations in Air.

a2) First Quarter, 1990

(fCi/m3)

Facility Sites

Reference Sites

o et bt e

Collection
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
1/03/90 < 14.0 < 33.0 < 11.90 29.0 < 32.0 < 26.0 < 12.0
1/10/90 < 22.0 <22.0 < 33.0 11.0 37.0 {29.0)*< 7.7 < 6.9
1/17/90 < 16.0 < 16.0 < 16.0 28.0 < 14.0 < 11.0 < 19.0
1/24/90 < 19.0 < 34.0 < 25.0 20.0 < 24,0 < 26.0 < 6.4
1/31/90 < 16.0 < 17.0 < 22.0 26.0 < 20.0 <17.0 < 18.0
2/7/90 < 16.0 < 20.0 < 30.0 26.0 < 8.9 < 9.0 < 16.0
2/14/90 < 7.1 < 18.0 < 7.0 13.0 < 17.0 < 9.7 < 14.0
2/21/90 < 5.4 < 13.0 < 20.0 32.0 < 13.0 < 16.0 < 33.0
2/28/90 < 24.0 < 20.0 < 18.0 7.6 <7.3 < 5.5 < 7.9
. 3/7/90 < 13.C < 11.0 < 11.0 14.0 < 8.8 < 13.0 < 25.0
i 3/14/90 < 23.0 31.0 (38.0) < 22.0 15.¢ < 16.0 < 16.5 < 14.0
| 3/21/90 < 9.6 < 7.4 < 11.0 17.0 < 16.0 30.¢ {28.0) < 7.1
3/28/90 < 31.0 < 8.9 < 21.0 8.2 < 15.90 < 16.0 < 13.9

*1.96¢c (Due to Counting Statistics)

AT R
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Table 11.B.5 lodine-131 Concentrations in Air. b e’

b) Second Quarter, 1990
Facility Sites Reference Sites

Collection
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11 |
4/04/9%0 < 20.0 < 8.4 < B.6 19.0 (20.61 < 24.0 < 24.0 < 26.0
4/11/90 < 8.0 < 13.0 < 13.0 < 11.0 e < 6.9 < 16.0
4/18/90 <5.4 e 7.7 < 11.0 < 8.7 < 6.8 < 19.0 < 14.0
4/25/90 < 22.0 < 19.0 < 26.0 < 17.0 < 14.0 < 16.0 < 26.0
5/02/90 < 4.9 <« 11.0 <« 8.2 < 11.0 < 13.0 <7.9 <11.0
5/09/90 < 12.9 < 11.0 < 11.0 < 12.0 < 16.0 < 14.0 « 7.4
5/16/%0 < 26.0 < 18.0 < 20.C < 23.0 27.0 (31.0) < 14.0 < 14.0
5/23/90 < 22.0 < 19.0 < 13.90 < 13.0 < 20.0 < 14.0 < 18.0
5/30/90 < 29.0 < 25.0 < 13.0 < 15.0 23.0 (22-0) < 11.0 < 24.0
6/06/90 < 33.0 < 14.0 < 23.0 < 18.0 < 12.0 < 21.0 < 17.0
6/13/90 < 29.0 < 15.0 < 28.0 <9.1 < 13.0 29.0 {26.0) < 14.0
6/20/90 43.0 (43.0) < 12.0 < 248.0 < 5.6 < 8.7 < 9.6 < 21.0
6/27/90 13.0 {13.0) < 16.0 < 29.0 < 20.0 < 29.0 25.0 (24.0) < 31.0

*1.96¢ (Due to Counting Statistics)
e-insufficient weight or volume for analysis
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Table 11.B.5 lodine-131 Concentrations in Air. (fCi/m?)
d) Third Quarter, 1990
Faciiity Sites Reference Sites
Collection
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
7/04/90 < 19.0 < 14.0 < 15.0 < 13.0 < 26.0 < 10.0 < B.2
7/11/90 <17.0 <22.0 <31.0 <27.0 [1a.0 (14.0ff <15.0 < 30.0
7/18/90 < 20.9 < 17.0 < 21.0 < 14.0 < 21.0 « 23.0 < 2.0
7/25/90 < 17.0 < 32.0 31.0 (34.0) < 7.3 < 19.0 < 15.0 <« 22.0
8/01/90 < 31.0 < 12.0 < 11.0 < 18.0 < 27.0 < 13.9 < 31.0
8/08/90 < 25.0 < 26.0 < 19.0 < 13.0 < 22.0 < 9.3 < 32.9
8/15/90 < 20.0 h < 15.0 < 12.06 < 9.0 <« 20.0 < 20.0
8/22/90 < 23.0 < 14.0 < 21.0 < 12.0 < 13.0 < 19.0 < 9.6
8/29/90 < 24.0 < 17.0 < 22.0 29.0 (34.0n < 30.0 < 21.0 < 20.0
9/05/90 < 15.0 < 14.0 < 17.0 « 20.0 < 25.0 < 4.4 26.0 (21.0)
9/12/90 < 35.0 < 17.0 < 9.4 < 5.3 < 4.5 < 16.0 < 35.0
9/19/90 < 24.0 < 7.1 < 27.0 < 13.0 < 29.0 < I18.0 < 8.6
9/26/90 < 7.5 < 27.0 < 19.C < 18.0 < 9.4 < 16.0 < 33.0
ST Y | - W PReT i, = |

*1.960 (Due to Counting Statistics)
h - sample not collected (air pump not functioning)
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Table 11.B.5 lodine-131 Concentrations in Air.

d) Fourth Quarter, 1990

(fCi/m’)

P Facility Sites Reference Sites
Collection
Date F-7 F-9 F-16 A-19 R-3 R-a R-11
10/03/90 | 36.0 (35.0)*< 23.0 < 13.0 < 38.0 | < 3.0 < 29.0 < 34.0
10/10/90 | <17.0 <27.0 < 23.0 17.0 (16.0* <220 <330 <5.7
10/17/90 | <17.0 < 15.0 <18.0 < 4.4 < 3.0 <22.0 < 18.0
10/24/90 | <13.0 < 19.0 < 11.0 < 28.0 ({18.0 (20.0) < 21.0 < 24.0
10/31/90 | < 34.0  <21.0  <5.6 <19.0 |<20.0 <13.0 <230
11/07/90 | < 25.0 < 8.3 <15.0 <95 <4.4 < 8.0 < 15.0
11/14/90 | <11.0 <350 <17.0 <18.0 |<29.6 < 16.0 8.0 (29.0)
11/21/90 | <11.0  <11.0 < 14.0 < 9.1 <18.0  <19.0  49.0 (41.0)
11/28/90 | < 26.0  <18.0 <22.0 <1840 {<20.0 <28.0 < 28.0
12/05/90 | <27.0  30.0 (31.0) < 26.0 3.0 (35.0M<19.6 < 16.6 < 31.0
12/12/90 | <19.0 < 25.0 <20.0 < 7.1 <16.0 <200 < 33.0
12/19/90 | <27.0 <22.0  <19.0 <180 |<21.0 <28.0 <230
12/26/90 | < 30.0 < 23.0 52.0 {40.0) < 18.0 |<30.0 < 15.0 < 30.0

*1.960 {Due to Ceunting Statistics)

T
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Table 11.B.6 Radiocesium Concentrations in Ambient Air.

e —

(fCi/m?)

1990 Facility Sites ‘— Reference Sites
Collection! Radio-

Date nuclide{ F-7 F-9 F-16 A-19 R-2 R4 R-11

1st Cs-134 1.3 (1.3)* < 1.1 < 1.1 <1.4 < 2.0 « 1.2 < 1.3
Quarter Cs-137 } < 1.1 <« 1.2 < 1.2 < 1.4 <1.9 < 22 < 1.4

nd Cs-134 | < 1.4 < 1.5 < 1.3 < 1.7 < 1.8 < 0.72 < 1.6
Ouarter Cs-137 1< 1.4 < 1.5 1.7 {1.7) < 1.8 < 1.7 < 0.76 < 1.8

rd Cs-134 < 1.7 < 2.3 2.7 {2.8) < 1.2 < 1.6 < 0.86 < 2.1
Quarter Cs-137 (< 1.9 2.3 (2.8) «<2.2 < 1.2 < 1.6 < 0.9 < 2.0

ath Cs-138 |< 1.2 < 1.2 <1.3 <1.3 < 0.5 <1.2 < 1.7
Quarter  [€s-137 < 1.4 < 1.2 <1.4 <1.3 < 0.5 < 1.3 < 1.7

*1.96¢ (Pue to Counting Statistics)

RS e
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17.C. Radionuclide Concentration in Water

1. QRrinking Water

Drinking water is sampled weekly and composited biweekly
at two locations. Location R-6 is the well used for drinking
water by the town of Gilcrest, Coloraa. and R~3 is a water
tap located on the CSU dairy farm. The Gilcrest well is the
nearest public water supply that could be affected by the
reactor effluents, R-3 samples are from the Fort Collins
drinking water supply and serve as a reference location since
its source is run-off surface water from the Rocky Mountains
to the West. However, water treatment systems for the two
water supplies are very different.

Table I1.C.1 shows gross beta concentrations measured in
1990 from each water supply. As in every past year, the mean
for the Gilcrest site was significantly higher than the
Reference site in Fort Collins. This is only due to the
different water treatment practices and the different supply
sources. The city of Gilcrest does not completely filter its
water and natural radionuclide concentrations due to the
suspended solids are responsible for the higher measured
concentrations, As can be observed in Table II.H.2, the mean
for the entire year for the Gilcrest site was similar to that
observed in previous years.

Table II.C.2 lists measured tritium concentrations in
these same two drinking water sources. No concentrations
above MDC were detected in either source. The yearly

arithmetic mean value for the Gilcrest location was less than
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MDC. The mean yearly concentration measured in the Gilcrest
supply was statistically the same as in the Fort Collins
supply. The EPA limit for community drinking water systems is
20,000 pCi/L for tritium.

The two drinking water supplies are also analyzed for
fission product and activation product concentrations. A
sample of 18 liters is passed through Dowex 1-x8 anion
exchange resin and the resin then counted by Ge(Li)
spectrometry for 1-131. A three liter aligquot of the original
sample is counted directly for the other gamma-ray emitters.

Inspection of Table II-C.3 reveals occasional positive
values of radionuclide concentration, but with the exception
of Cs~137, these are interpreted to be random variations about
the detection limit. The Cs=-137 is the residue from the 1986
Chernobyl accident fallout as well as from past world-wide

fallout from nuclear weapon testing.
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Table 11.C.2
Tritium Concentrations in Biweekly Composites of Drinking Water. (pCift)

Collection Gilcrest City R-6 Fort Collins City R-3
Nate 90 (Reference)
12/30 1/06 <420 <429
1/13 1720 <420 <4290
1727 2/3 <420 <420
2/10 2717 <420 <420
2/28 373 <420 <A20
10 3717 <430 <430
3/28 3/31 <420 <420
477 4/14 <420 <420
/21 4778 <420 <420
5/% 5712 <3190 <390
5/19 5/26 <390 <390
6/2 6/9 <400 <400
6/16 6/23 <390 <390
6/30 777 <390 <399
7714 7/21 <390 <390
7/28 B8/4 <390 <190
8/11 R/I8 <390 <390
R/2% 971 <190 <390
9/8 9715 <400 <400
9722 9729 <400 <400
10/6 106713 <400 <400
10/20 10/27 <400 <400
11/3 11/10 <396 <390
11/17 11/24 <399 <390
1271 12/8 <400 <400
12715 12722 <400 <400
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Table 11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

r %
Collection for two weeks ending for two weeks ending for two weeks ending

Date 2/14/90 2/28/90 3/14/30 s

Radionuciide| Gilcrest Ft Collins | Gilcrest Ft Collins | Gilcrest Ft Coilins

i R-6 R-3 R-6 R-3 R-6 R-3
1-131 < 0.2 < 0.37 < 0.17 < 0.22 < 0.41 < 0.18
Cs-134 222 < 1.2 ¢ 1.2 < 1.7 1.5 {1.4) < 2.1
Cs-137 2.9 {3.2}* < 1.4 1.6 (1.9) < 1.8 1.7 (1.7) < 3.0
Ir-95 < 8.5 < 2.5 < 2.7 < 3.5 < 2.6 < 4.6
Nb-95 < 2.1 1.6 (1.4) < 1.3 < 1.5 < 1.3 < 1.8

| Co-58 <2.1 < 1.1 < 1.2 < 1.5 < 1.1 < 2.1

- mnsa 2.7 (2.1 < 1.2 1.3 <1.5 < 1.2 <21

E In-65 < 5.7 < 2.8 9.4 (4.1} < 3.9 £ 3.7 < 4.8

é Fe-59 «<5.4 < 3.2 < 3.4 < 3.6 ¢ 3.3 < 4.6

g Co-60 <2.4 < 1.1 1.2 {1.5) < 1.3 < 1.2 < 2.2

| Ba-140 < 3.6 <2.0 <2.2 < 3.2 < 2.1 < 4.2

% La-140 < 4.1 < 2.3 < 2.5 < 3.7 < 2.4 < 4.9

L

|
R TS SRR, S UNSE RSOt N — ———

N —

*1.960 (Due to Counting Statistics)
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Table 11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. {(pCi/L)

[ ,

[or two weeks ending

Collection for two weeks ending for two weeks ending
H'____/Date 3/28/90 4/11/90 4/25/96 e

Radionuclide| Gilcrest Ft Collins | Gilcrest Ft Collins | Gilcrest Ft Coliins
SR R-6 R-3 R-6 R-3 R-6 R-3 e

1-131 < 0.43 < 0.37 < 0.34 < 0.21 < 0.39 < 0.33

Cs-134 < 1.6 < 2.0 ¢« 2.3 < 1.4 < 2.6 < 2.2

Cs-137 3.0 (2.3) < 2.4 2.8 {3.3) 2.0 {1.9) < 3.1 5.0 (3.3)

Ir-95 € 3.3 < 4.9 <5.4 < 3.0 < 6.1 < 5.1

Nb-95 < 1.7 < 1.8 «<2.0 < 1.3 < 2.3 <2.3

Co-58 < 1.5 < 1.8 < 2.1 <1.3 < 2.4 < 2.1

Mn-54 < 1.6 2.4 (2.4) <2.2 < 1.3 < 2.5 < 2.2

n-65 < 6.7 <53 < 6.4 < 3.8 < 7.0 < 7.5

Fe-59 < 4.0 < 4.6 < 5.2 <335 « 6.2 < 5.0

Co-60 1.5 (1.8) < 2.1 < 2.4 < 1.3 < 2.8 < 2.2

Ba-140 < 3.2 < 3.1 < 3.6 < 3.1 6.4 (6.2) < 4.5

La-140 g < 3.6 < 4.1 < 3.5 7.3 (1.2) < 5.2

*1.960 {Due to

Counting Statistics)

b od o o A et LA A
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Table 11.€.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. ({pCi/L})

Collection for two weeks ending for two weeks ending Lor two weeks ending
Date 06/20/90 4 87/04/90 07/18/90 el
Radionuclide | Gilcrest Ft Collins | Gilcrest Ft Collins |Gilcrest Ft Collins
R-6 R-3 R-6 R-3 R-6 R-3
e I-131 < 0.45 < 0.2 < 0.46 < 0.2 < 0.47 < 0.49
Cs-134 2.3 2. < 1.4 <1.5 € Tl <1.4
Cs-137 < 2.8 < 2.5 < 1.7 < 1.8 < 2.7 3 ™
Ir-95 < 5.2 < 4.5 6.8 (4.1 < 3.4 < 4.5 < 3.1
kb-95 < 2.5 < 1.9 < 1.6 < 1.4 6.1 (2.6) <1.4
Co-58 < 2.2 < 1.9 < 1.4 < 1.5 < 2.0 £ K.
Mn-54 < 2.4 <28 1.6 {1.7) 2.2 {1.8) <2.3 < 1.4
In-65 < 6.9 <5.7 < 5.0 < 3.3 < 6.1 < 3.8
Fe-59 < 6.2 < 5.1 < 3-F < 3.5 <5.9 < 3.6
Co-60 <« 2.3 < 2.0 < 1.4 2.1 {1.6) < 2.1 < 1.3
Ba-140 <5.9 < 3.2 < 2.4 <25 §.1 {5.9) < 2.5
La-140 < 6.8 < 3.7 < 2.8 < 2.3 5.9 (6.8) <2.9
3

*1.96¢c {Due to Counting Statistics)
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Table 11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

ror

Collection for two weeks ending for two weeks ending two weeks ending
Date 08/01/90 08/15/90 08/29/90
Radionuclide G;lcrest Ft Collins | Gilcrest Ft Collins | Gilcrest F;ﬂééli{nﬁw
-6 R-3 R-6 R-3 R-6 R-3
P‘n‘;:i3l < 0.37 < 0.2 < 0.47 < 0.4 0.44 (0.38)» 0.44 ;biii;"
Cs-134 ¢ 2.2 < 1.4 < 2.7 < 1.4 <« 2.1 <1.4
Cs-137 < 2.8 < 1.6 3.9 (3.7} 2.0 (2.0) 4.0 (3.0) < 1.8
Ir-95 < 5.0 3.4 (3.7) < 5.6 < 3.3 < 4.7 < 3.0
Nbh-95 < 2.4 < 1.2 < 2.5 <1.4 < 2.0 <1.3
Co-58 <« 2.1 £ 13 < 2.5 < 1.3 < 2.0 < 1.3
Mn-54 < 2.5 1.3 (1.6} < 2.2 <1i.4 < 2.0 <1.4
In-65 < 7.5 < 3.5 < 7.4 < 3.9 < 6.1 < 3.6
Fe-59 < 5.7 < 3.8 5.8 (7.3) < 4.2 < $.2 < 3.6
Co-60 < 2.7 < 1.3 < 2.5 < 1.3 <« 2.2 < 1.3
Ba-140 <5.4 < 3.2 < 6.3 < 2.4 < 3.3 < 3.3
La-140 < 6.2 < 3.7 < T2 <2.8 < 3.8 < 3.8
I

*1.960 (Due to Counting Statistics)
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Table 11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water.

(pCi/L)

HEI) s

e e ey

L

Collection for two weeks ending for two weeks ending for two weeks ending
Date 09/12/90 09/26/90 10/10/90 o
Radionuclide! Gilcrest Ft Collins| Gilcrest Ft Collinc | Gilcrest Ft Collins
R-6 R-3 R-6 R-3 R-6 R-3
-1-131 < 0.4 < 0.34 < 0.27 < 0.44 < 0.28 < 0.21
Cs-134 < 2.6 < 0.89 < 2.2 <2.0 < 1.5 « 2.4
Cs-137 4.3 (3.6)* 2.7 (1.3) < 2.6 < 2.5 <315 < 2.8
Ir-95 < 5.6 < 2.0 < 5.2 < 4.8 < 3.9 <5.0
Nb-95 3.5 (3.7) 1.3 {1.1) < 2.0 2.7 12.5) < 1.8 < 2.2
Co-58 « 2.4 < 0.8 < 2.2 < 2.0 < 1.6 <28
Mn-54 2.8 {3.1) < 0.91 c2.2 < 2.0 < 1.6 «2.3
In-65 < 9.4 < 2.4 < 6.3 < 5.6 < 4.9 < 7.4
Fe-59 < 6.3 € 2.5 < 4.9 <« 5.5 4.9 (5.3) < 6.4
Co-60 <2.5 < 0.87 2.1 (2.5) < 2.0 < 1.5 3.2 (2.8)
Ba-140 < 4.5 <2.4 €33 < 3.7 < 2.5 < 3.8
La-140 < 5.1 < 2.8 < 3.8 < 4.2 < 2.9 < 4.4

*1.962 Due to Counting Statistics)
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Table 11.C.3 Radioniclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/t)

k3

e —

Collection for two weeks ending for two weeks ending 1tor two weeks ending

.. kel R i . B RN L

Radionuclide] Gilcrest Ft Collins| Gilcrest Ft Collins | Gilcrest Ft Collins
= - ~R-6 __R3 R-6 R-3 R-6 _ R3 Bl

I-131 < 0.43 < 0.2 < 0.46 < 0.19 < 0.33 < 9.31

Cs-134 1.6 (1.3)* < 2.2 < 2.0 < 2.8 < 2.3 < 2.0

Cs-137 <1.9 3.7 (2.9) < 2.4 < 3.2 <« 2.9 < 2.5

1r-95% < 3.6 < 4.5 < 4.2 « 5.8 <« 5.6 <« 4.7

Hh-9%5 1.9 {2.0) < 2.1 < 1.8 < 2.3 < 2.3 <1.8

Co-58 1.5 {1.8) < 2.0 < 1.8 < 2.5 < 2.1 < 1.8

Mn-54 < 1.6 <« 2.1 < 59 < 2.6 < 2.3 < 2.0

In-65 <« 5.3 < 6.3 < 5.6 < 7.1 < 6.6 < 5.6

fe-59 < 3.9 <« 5.1 <« 5.1 < 6.3 < 5.4 < 4.8

Co 60 < 1.3 < 1.9 2.0 (2.2) < 2.6 < 2.6 < 1.9

Ba-140 4.0 (4.4) < 5.1 < 3.1 <« 4.1 < 3.9 <« 3.1

La-140 4.6 {5.1) <5.9 < 3.6 < 4.8 < 4.5 < 3.5

*1.960 (Due to Counting Statistics)




Table 11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. {pCift)

AT L

Collection
Date

Fadi onuc 11 del
TR
fs-130
Cs-137
Ir-9%
Hh-95
Co-%8
Mn-54
In-6%
Fe-50
Co-60
Ba-ig0
1a-140

4

*1.96 0 {Due to Counting

&

for twe weeks ending
12/05/90

12/19/99
Gilcrest It Collins
R-6 R-3
<049 <03
< 1.0 < 0.88
1.6 (1.5) 1.3 (1.3)
<« 2.4 <19
< 0.2% < .82
< 0.96 <« B.87
1.2 {1.3) <« 0.88
« 2.8 «2.5
< 2.7 < 2.0
< 1.1 < 0.87
< 5.7 «<1.8
«<1.9 <« i.6

Gilcrest  Ft Collins
R-6 R-3
<05 <039

2.2 (2.3 «2.2
4.6 (2.7) 4.4 (1.2)
<« 4.1 <5.3
<« 1.7 < 2.1
<« 1.7 < 2.2
<1.8 2.4 {2.6)
< 5.4 < 6.1
< 4.9 < 5.0
< 1.8 < 2.1
<2.9 < 3.8
< 3.4 < 3.9
Statisties)




2. Surface Water

Surface water is collected monthly from five sites.
Since the reactor water effluent can be directed to either the
$t. Vrain Creek or the South Platte River, there are upstream
and downstream sampling locations on both river courses.

Table 11.C.4 shows tritium concentrations measured during
1990 at the four surface water sites. All of the values were
less than MDC, The arithmetic mean value for the downstream
locatiors in 1990 therefore was not significan..y different
from the two upstream locations (Table II1.H.2). The EPA lists
300 ¢ 200 pCi/L for tritium measured in surface water samples
from the South Platte River at Platteville during January to
March 1990, This data is in good agreement with that measured
in the REMP program,

Table 11.C.%5 shows measurements of fission product and
activation product concentrations in surface water samples
collected monthly. There were occasional positive values, but
the mean of the downstream sites was not significantly
aifferent from the mean of the upstream sites during 1990 for
any of the gamma-ray emitting radionuclides measured. This
has been the case since the inception of reactor operations at
the Fort St. Vrain site. The occasional positive values are
either fallout Cs-137, which can be expected, or values close
to the uncertainty limits and assumed to be false positives.

In addition to the monthly sampling of the South Platte

River and S8t. Vrain Creek, a continuous water sample is

48
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Table 11.C.5 Radionuclide Concentrations In Surface Water. (pCi/L)
Collection Date: 2/10/90

Downstream Sites Upstream Sites Effluent
Radie St. Vrain S. Platte St. ¥rain S. Platte
-nuclide F-20 R-10 A-21 F-19
peilonr o
Cs-134 < 2.5 2.0 {2.9) < 1.6 <2.3
Cs-137 4.4 (3.8)* < 2.4 < 1.8 8.5 (4.1}
Ir-95 < 6.0 < 4.4 < 3.5 <5.3 <
Nb-85 < 2.4 < 1.9 < 1.6 < 2.3 <
Co-58 < 2.3 < 1.7 <1.4 " B I <
Mn-54 < 2.6 <290 2.3 {1.8) ¢ 2.3 <
In-65 < 6.4 < 5.6 < 4.2 < 5.7 <
Fe-59 < 6.0 < 5.4 < 3.8 < 5.4 <
Co-60 < 2.7 < 2.0 <1.5 < 2.4 <
Ba-140 < 8.5 < 3.4 €« 2.7 < 3.7 <
ta-140 < 5.1 < 3.9 < '3 < 8.3 <
Ty L

] G6o {Due to Counting Statistics)



Collection Date: 3/10/90

Radio

-nuc s ide

Cs-134
Cs-137
Ir-95%
Nb-G5
Co-58
Mn-54
In-65%
Fe-59
Co-60
Ba-140
La-140

4

et

{ Due

Downstream Sites

St. V¥rain
F-20

. . . -
.
N
e
»

NAGORNNWG ~N

.
N et N O N

.
e
— -
.
N
S —

|
|

S. Platte
R-10

|
;
P
|

wWmenhDoomoD

WA & 8 vt bt b i NN
. . .

!
AAAAAAAANAAANAN

to Counting

Statistics)

St. ¥rain S. Platte

A-21 F-19

"y B < 2.1

< 1.6 « 2.8

< 2.9 < 5.0
3.5 (1.5) < 1.9

3.2 < 1.9
1.4 {1.6) 2.8 {2.5)
7.7 (4.0) < 5.9

< 3.7 < 5.1

« 1.2 <23

< 2.3 & 3.4

< 2.6 < 3.9

Upstream Sites

Table I1.C.5 Radionuclide Concentrations In Surface Water. (pfi/l)

Effluent

Goosequill
A-25

|
|
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Table 11.C.5 Radionuclide Concentrations In Surface Water. (pCi/i)
Collection Date: 5/12/90

Downstream Sites Upstream Sites Effiuent
kadio 5t. ¥rain S. Platte St. ¥rain S. Platte Goosequill
~nucide F-20 R-10 A-21 F-19 J A-2%
Cs-134 < 2.5 < 1.3 < 2.4 < 2.2 .1
£s-137 < 3.1 < 1.6 < 2.9 < 2.5 <2.6

i Ir-95 <5.9 «<2.9 < 5.7 < 4.7 .4
Nb-95 <« 2.2 « 1.2 < 2.2 <« 2.1 2.2
Co-5¢ «<2.3 < 1.2 « 2.2 «<2.0 «1.9
Mn-54 < 2.5 < 1.3 < 2.4 <« 2.1 .27
In-65 < 6.8 < 3.4 < 6.4 <« 6.2 5.6
Fe-59 <59 < 3.3 <« 5.6 <« 4.9 5.6
Co-60 < 2.8 < 1.3 < 2.6 < 2.1 2.1
Ba-140 < 4.2 < 2.4 < 3.8 < 3.4 <3.4
La-140 < 4.8 <« 2.7 < 4.4 < 3.9 3.9

. SIS SIS R

|
|
]
|
|
|
|

*1.960 (Due to Counting Statistics)
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ki

Radio
-nuclide

Cs-134
Cs-137
Ir-95
Nb-95
Co-58
Mn-54
In-6
Fe-59
Co-80
Ba-140
1a-140

Table 11.C.5 Radionuclide Concentrations In Surface Water. (pCi/i)

Collection Date: 7/14/90

Upstream Sites

*1.90 (Pue to Counting Statistics)

Downstream Sites Effluent

St. Vrain 5. Platte St. ¥rain S. Platte Goesequill
F-20 R-10 A-21 F-19 A-2%
«<2.3 «< 2.0 < 2.2 < 2.0 < 1.4
3.3 (3.4) §.2 (2.9) 2.9 (3.2) <2.3 < 1.7

« 5.5 5.2 (5.3) < 5.3 <« 8.2 4.2 (4.2)

<« 2.1 < 1.8 < 2.0 <«1.9 1.8 {1.8)
< 2.1 <1.9 2.7 12.5) < 1.8 <1.%
< 2.3 < 2.0 « 2.2 X R:9 <« 1.4
< 6.5 <« 5.7 < 6.1 <5.3 < 3.7

<« 5.6 < 4.6 < 5.1 < 4.5 4.5 (5.5)
<« 2.6 « 2.1 < 2.8 <1.9 < 5.3
< 3.8 < 3.2 <« 4.0 < 3.4 «<2.8
< 4.4 < 3.7 < 4.6 < 3.9 < 2.7




Table 11.C.5 Radienuclide Concentrations In Surface Water. (pCi/l)
Coliection Date: 8/11/90

Downstream Sites Upstream Sites Effluent
Radio St. Vrain S. Platte St. Vrais S. Platte Goosequill
-nuclide F-20 R-10 A-21 F-19 A-2%
Cs-124 < 2.4 <2.0 < 2.4 < 2.2 < 1.2
Cs-137 <2.9 4.6 (3.0) £ 2.9 <« 2.7 < 1.5
Ir-95 <« 5.7 < &.5 < 5.7 « 4.5 < 2.7
Nb-Q5 <« 2.2 < 2.0 < 2.2 3.4 (2.7) < 1.2
Co-58 ¢ 2.2 <1.9 < 2.2 «<2.0 < 1.1
Mn-54 2.5 (2.8) < 2.0 <« 2.4 2.5 (2.7} 1.7 (1.5)
< In-65 < 6.5 «5.7 <« 6.9 < 6.7 < 3.6
o Fe-59 < 5.8 < 8.7 % <S.5 < 3.2
Co-60 < 2.5 < 2.0 « 2.6 <2.3 1.3 (1.4}
Ba-14C 7.0 {5.3) < 3.8 < 4.3 < 4.5 « 2.1
La-140 8.1 (6.1) < 4.3 < 4.9 « 5.2 «<2.4
N

*1.96c {(Due to Counting Statistics)
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Table 11.C.5 Radionuclide Concentrations In Surface Water. (pCi/jiL)

Collection Date: 10/13/90

*1.96c (Due to Counting Statistics)

Downstream Sites Upstream Sites Effluent
Radio St. Vrain S. Platte St. Vrain 5. Platte Goosequill
-nuclide F-20 R-10 A-21 F-19 A.2%
Cs-134 < 3.5 < 3.3 < 2.3 < 2.9 « 2.8
Cs-137 <42 < 3.9 <« 2.6 <« 2.6 3.0 {(3.2)*
Ir-95 < 7.6 2 1.7 < 5.0 4.8 (5.8) < 4.9
Nb-95 < 3.2 <« 2.9 «<2.9 1.5 (2.6) < 2.3
Co-58 S < 3.0 « 2.1 «1.9 « 2.1
Mn-54 € 3.5 < 3.3 < 2.2 «<2.0 <« 2.2
In-65 < 10.0 < R.9 < 6.2 < 6.3 «<7.0
Fe-59 < 9.0 < 8.8 7.0 (6.7} < 5.6 < 6.7
Co-60 3.4 (4.0) < 3.6 < 2.2 2.5 (2.3) « 2.1
Ba-140 < 5.3 8.8 (8.€) < 4.9 < 31.% < 4.0
La-140 < 6.1 10.0 (9.9) <S5.7 < 4.9 < 4.7

S e
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Table 11.C.5 Radionuclide Concentrations Ir Surface Water. (pCi/L)

Collection Date: 11/10/90

S

Badio
-nuclide

r— SIS

Cs-134
Cs-127
Ir-95
Nb-95
Co-58
Mn-54
In-65
Fe-59
Co-60
Ra-140
La-140

- EOCS

Downstream Sites lipstream Sites Efflgent

St. ¥rain S. Platte St. Vrain L Platte Goosequill
F-20 R-10 A-21 F-19 A-25

< 2.4 < 1.2 < 2.8 < 1.5 3.6 (2.7)
<29 <« 1.5 3.9 (4.1)* 3.9 {2.1) < 2.7
<« 5.9 <« 2.9 < 6.5 < 3.8 <« 5.2
2.2 < 1.2 < 2.6 < 1.3 <2.0
< 2.4 < 1.2 <2.9 ¢ 1.3 < .2
< 2.8 < 1.2 <« 2.8 3.4 (1.8) « 2.3
< 6.8 < 3.5 < 7.3 <« 4.0 < 6.2
< 6.7 <2.9 < 7.7 5.5 (4.5) «5.2
< 2.2 < B2 < 3.0 < 1.6 « 7.4
< 3.7 <1.9 < 4.6 <« 2.4 < 6.5
< 4.2 < 2.2 < 5.3 « 2.8 <7.%5

*1.96c {Due to Counting Statistics)
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Table 11.C.5 Radionuclide Concentrations In Surface Water. (pCi/iL)
Collection Date: 12/08/90

R S R —

Downstream Sites Upstream Sit-: Effluent
Rad. ~ St. Vrain S. Platte St. ¥rain S. Platte Goosequill
-nuc lide F-20 R-10 A-21 F-19 A-25
e PG =i
Cs-134 < 3.0 « 2.6 < 2.6 <« 2.6 « 2.1
Cs-137 < 3.7 < 3.1 4.5 (3.8)* 6.5 (3.8} 2.5 (3.0)
Ir-9% < 7.6 <« 5.9 < 6.3 <59 < 8.5
Nb-95 < 3.0 2.5 « 2.4 «2.9 <1.%
Co-58 1.8 {3.6) <2.3 « 2.6 <« 2.6 «<1.9
“n-54 < 3.0 « 2.6 « 2.6 < 2.6 <« 2.1
In-65 < 8.8 «<6.9 < 7.0 « 9.0 <« 5.8
Fe-59 < 6.9 <59 <« 6.9 < 6.1 <« 4.8
Co-60 <« 3.2 « 2.8 « 2.6 « 2.6 «<2.0
Ba-140 < 7.8 < 4.1 <« 4.1 < 6.6 <3.3
ta-140 < 8.9 < 4.8 « 4.7 < 7.6 « 3.8
S .

*1.9 - {Due to Counting Statistics)



3. Ground Water

Ground water is sampled gquarterly at two locations,
These are at F-16, a well on the farm immediately north and
the clesest to the reactor down the hydrological gradient, and
at R+5, a well at a personal residence in the town of
Milliken. Table 11.C.6 lists the measured concentrations of
fission products and activation products in ground water. The
Ce~137 results are not surprising due to residue of Chernobyl
fallout, and the other results above MDC are assumed to be
statistically false positive values,

Table 11.C.7 shows tritium concentrations in the same
vell water samples. The results indicate short-lived
contamination of the aguifer supplying F-16 well. This well
ie not used for drinking water purposes and therefore dose
commitment calculations are not warranted. Figure 11.C.1
shows measured tritium concentrations in the F-16 well eince
1984, To test the mean life time of tritium in the agquifer we
have initiated weekly sampling of thie site beginning early in
1991,
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Tritium Concentrations at Location F-16
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Table I1.C.8 Maximum Pernissible Concentrations in Drinking Waier.

H-3
1-131
Cs-134
Cs-137
Ir-o5
Nb-©5
Co-58
Mn-54
In-55
Fe-59
Co-60
23-140

La-150

(10Cr 720, Appendix B,
Ix

I x
% x
2 x

6 x
S x
3

Zx

Table II)
10° pcin
10 pCisL
10° peint
10° pcinL
10* pein
10° pCi/L
10° pCi/L
10° pCisL
10° pCisL
10* pcin
10* pein
10° pcin
10° pcin
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IT.D., Milk

The dairy food chain is the critical pathway for possible
radiation dose commitment around any nuclear facility. This
is true for both chronic and acute releases. The critical
individual would be an infant consuming milk produced from
cows grazing local pastures. Milk is the critical pathway for
possible dose commitment to humane from environmental
contamination of H-3, I-131, Cs-137 and Sr-90. For this
reason milk is sampled extensively to document the presence or
absence of radiocactivity due to reactor operations. A three
liter milk sample is counted for determination of Ce~-137, Cs~
134 and Ba~La-140. To measure I-131 at the required LLD of
1.0 pCi/L, an 18 liter sample is concentrated by anion
exchange and the resin counted by gamma-ray spectroscopy. The
method of treating the milk is modified from that of McCurdy
and Mellor, Health Physics 38: 203-213, 1980,

There are no dairies (or personal milk cows) in the
facility area, 1.6 km radius. The six dairies in the adjacent
area, 1.6-8 km radius, were selected as they are located in
the highest X/Q areas (refer to wupdated FSAR). The
description of these locations can be found in Table III.B.1
and Figure 111.B.2. The eingle reference location dairy, R-8,
is 22.5 km West of the reactor in the least predominant wind
direction. Herd management practices are virtually identical
at all dairy locations., The cows in the milking herd are
never on pasture but under dry-lot management typical of

Eastern Colorado,

68



Table 11.D.1 1lists the concentrations of all
radionuclides that are investigated in milk samples. During
1990, elevated concentrations of I~131 were again consistently
observed only at site A-22. The source of this I-131 is from
nuclear medicine thyroid therapy practice in the Denver
hospitals. The releases enter the 8. Platte River just North
of Denver, A-22 dairy uses irrigation ditch water for its
herd during the summer and fall rather than well water. The
ditch (Independence) receives 8. Platte water upstream of FSV,
This observation was first made in 1985 and discussed at
length in the 1985 REMP summary report, A manuscript
describing this observation and the magnitude of the 1-131
concentrations has been submitted for publication in the
Health Physics Journal. Note that A-22 drops out of the
sampling program each November, December and January in order
to meet milk collection system guotas.

K=natural, as measured by K~40, is extremely constant in
milk. The mean literature value for cow milk is 1.5 g/L. K
concentrations are homeostatically controlled and independent
of K intake. K=-nat is measured in all milk samples as a
gquality control measure for the other radionuclides determined
in the same sample by gamma-ray spectrometry, but K-nat
concentrations are no longer reported in Table II1.D.1,

Table I1.D.2 lists measured tritium concentrations in
milk., Significant elevated tritium concentrations in milk due
to reactor effluents have never been observed during the

operational or defueling phase of the reactor., This implies
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Table 11.D.1 Radionuclide Concentrations In Milk. (pCi/L).

| LocATioN A-6 A-18 A-22 A-23 A-2¢ A-26 s |
Collection Datd 1/06/90 1/13/90 1/13/90  1/13/%0 1/06/90 1/13/90 1/20/9

BT <0.19 < 0.41 < 0.32 < 0.3 <0.38 < 6.42 < 0.3
Cs-138 < 3.8 « 3.3 < 3.5 < 2.3 < 4.1 < 2.6 < 2.5
Cs-137 < 5.6 <4.9 <45 < 3.5 < 5.9 3.4 (3.7F < 3.0
Ba-140 < 5.5 6.7 i8.0) <5.8 <a.5 7.9 (8.5) < 4.1 < 8.7
La-140 <6.3 7.7 (9.1) < 6.7 < 5.2 9.0 {9.8) < 4.8 <5.4
Collection Datd 2/24/90 2/03/90 2/03/90  2/03/90 2/24/90 2/16/90 2/17/%0 |
1 < 0.2 < 0.27 < 0.44 0.35 <0.28 < 0.31 0.36 (0.37)
Cs-134 2.9 (2.8) < 2.% < 3.8 < 2.7 < 1.6 < 1.8 < 1.%
Cs-137 <2.9 3.5 (3.3) 5.6 (5.6) < 2.9 <1.8 2.6 (1.9) <1.7
Ba-140 < 3.7 <49 < 6.1 <5.0 <2.8 <« 2.7 <2.5

E La-140 < 4.3 < 5.6 «<7.0 < 5.7 < 3.2 < 3.1 < 2.9

Collection bated 3/17/90 3/16/90 3/03/90  3/03/90 3/31/90 3/17/90 3724790

| 113 <0.22 < 0.19 <90.23 0.2 < 9.21 < 0.27 < 0.2

i €s-134 < 2.6 <25 <25 < 2.7 < 2.1 < 1.4 < 2.6
Cs-137 < 3.0 3.9 (8.8) < 3.7 < 3.3 <2.5 < 1.6 < 3.1
Ba-120 < 4.5 < 3.9 <« 2.9 < 8.3 < 3.9 < 2.1 < 4.7
La-140 <5.2 <4.5 < 4.5 < 5.0 <4.8 <2.% <54 |

* 1.96 ¢ (Due to Counting Statistics.)
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Table 11.0.1 Radionuclide Concentrations In Milk. (pCi/L}.

LOCATION A-6 A-18 A-22 A-23 A-24 A-26 28

| Collection Date] 6/16/90  6/02/9  6/02/9%  6/02/9%0  6/09/%  6/09/%  6/02/%0 |
1-131 < 0.21 < 0.21 < 0.35 < 0.41 < 0.5 «<0.32 <« 0.27
Cs-134 < 2.6 <2.8 < 13.3 2.7 (3.0" <16 <2.4 <2.6
Cs-137 < 3.0 < 3.4 5.5 (4.5) < 3.1 < 2.0 <2.8 <18
Ba-140 8.2 <4.a <5.0 <8.2 <2.9 <82 <318

| La-140 < 4.9 < 5.1 <S5.7 < 4.8 < 1.3 < 4.8 <44

" Collection Date| 6/30/90 6/16/90  6/16/96  6/16/90  6/23/90 6/23/90 msm;__
1-131 < 0.5 < 0.32 2.5 {0.32) <0.18 < 0.17 < 6.28 < 0.24
Cs-134 <1.9 <2.8 < 2.7 < 2.0 < 2.1 < 1.6 <2.3
Cs-137 <2.3 < 3.4 < 3.2 2.8(2.7) <25 <2.0 5.3 {4.9)
Ra-140 < 2.9 7.7 {6.1) < 4.3 < 3.8 < 4.1 4.6 (3.5) < 3.3
La-140 < 3.4 8.9 (7.0, <5.0 < 3.8 <4.8 5.3 (4.9) <3.8

Collection Date | 7/14/90 7/07/90 7/07/90  7/07/90 /14790 7714790 7/07/90
1-131 <0.31 <0.49 6.5 (0.63) 0.4 (0.46) < 0 43 < 0.22 < 0.24
Cs-134 < 1.7 < 3.2 <« 2.0 « 2.3 < 2.6 <« 1.7 < 1.7
Cs-137 <2.0 <3.4 2.8 (3.1) < 3.8 <2.9 ©1.9 <2.0
Ba-140 <2.6 5.9 (6.3} 6.2 {5.2) <4.1 < 4.2 < 2.6 < 3.2
La-146 < 3.0 6.816.9 7.2 (6.0) <4.7 <49 < 3.0 < 3.5

* 1.960 (Die to Counting Statistics.)
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Radionuclide Concentrations In Mi"k. (pCi/i).

LOCATION : A-18 A-24

Collection Date 9/01/90 9/01/90 9/01/90 9/08/90

1.1 (D.62)7

.4)

29/90
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