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{. Introduction to Radiological Environmental Monitoring Data for
the Period January 1, 1987 - December 31, 1987
During 1987 the Fort St. Vrain Nuclear Generating Station produced

electrical energy as follows:

Dates with Thermal Gross Thermal Energy
Month Energy Generation Production (MWH)
Jan,-March 0 0
April 17-30 15018.3
May 1-31 164842.3
June 1-12 68393.1
15-30 80085.6
July 1-29 248206.8
August 0 0
September 12 0.4
17 43.0
30 42,7
October 1-3 3860.9
November 0 0
December 11-25 63648.8
27-31 23793.9
Total for 1987 667934.8

A complete and detailed listing of radioactivity released by all
effluent routes may be found in the Public Service Company of Cclorado
Semi-annual Effluent Release Reports for 1987 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 sample
type section and in the summary section, II.H.

Table III1.A.2 lists the LLD values achievable by the counting
systems used during 1987 on project samples., These values are given for
typical sample sizes, counting times and decay times, The LLD is,
therefore, an a priori parameter to indicate the capability of the
detection system used, The LLD values in Table II[.A.2 were calculated

as suggested in NUREG-0472.



Throughout the report, however, when a sample result is listed as
less than a specified value, that value is the calculated MDC (minimum
detectable concentration). This approach is analogous to that of Currie

(NUREG/CR-4007): the MDC is the same as S_  the critical signai, and the

c.
LLD is equal to S,, 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 og/E ¥ v E7

Where: og = Standard deviation of background count rate
= Counting efficiency, ¢ g1 pCi'1
Y = Chemical yield

V = Sample mass or volume

A= 0,693/Half-life

t = Decay time between sample collection and analysis
This calculation method assumes that E and Y are constants and makes no
allowance for systematic error,

It shouid 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 i: 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.

tEssentially all radioactivity 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 radioactivity values exhibit great inherent variability.

This is partly due to sampling and analytical variability, but most



importantly due to true environmental or 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 rather large sample

population size to make any conclusions about the absolute radiocactivity

concentrations in any environmental pethway.

Environmental radiation surveillance data also commonly exhibit

non-normal frequency cistributions. 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, The geometric means and geometric standard
deviations are calculated for each sample set. If any data point
measured resulted in a negative value, the corresponding MDC s used in
the calculation of the log-normal statistics. (Negative values are
possible due to the statistical nature of radiocactivity counting.) In
Section II.H. Conclusions and Summary, the geometric means and geometric
standard deviations for the reporting period of 1987 are listed in Table
I1.H.2,

The arithmetic mean for each sample set is also listed in Table
I1.H.2, A1l measured values, both positive and negative, are used in
the calculations of the arithmetic mean. This is 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., 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 footnoted appropriate tables with the

maximum permissible concentration applicable to each radionuclide., We



have chosen to list the maximum permissible concentrations as found in
Appendix B Table II of 10CFR20., This is the concentration in water or
air of each radionuclide which if ingested or inhaled continuously would
singularly produce the maximum permissible radiation dose rate to a
specified individual member of the general public. That value is 500
mrem/year, but must include the dose from all possible sources, and,
therefore, cannot be solely due to reactor effluent. As stated in
10CFR20 these are the maximum concentrations above natural background
that a licensee may release to an unrestricted area. It is assumed that
no direct ingestion or inhalation of effluents can occur at the
restricted area boundary and that dilutior 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
commitment for residents near the Fort St. vrain reactor from the
reactor effluents, Such limits for water cooled reactors are found in
10CFR50 Appendix I. These are judged as "As Low as Reasonably
Achievable" 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
commitment rate set by the E.P,A, (40CFR190) for any specified member of
the general public from any part of the nuclear fuel cycle., This value
is 25 mrem/year, the dose rate to the whole body from all contributing

radionuclides excluding bacxground and medical radiation dose rate,



Dose commitments are calculated for hypothetical individuals 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,
¢. Instrument malfunction,
d. Sample lost during analysis.
e. Insufficient weight or volume for analysis,
f. Sample unavailable.
g. Analysis in progress.
h., Sample not collected (actual reason given).

i. Analytical error (actual reason given).

. N.A. Not applicable.






power production by the reactor, there has been no detectable increase
in the external exposure rate due to reactor releases.
The TLD system was calibrated by exposing chips to a scattered

gamma-ray flux produced in a cavity surrounded by uranium mill tailings.

This produces a gamma-ray spectrum nearly identical to that from natural

background measured in the reactor environs. The quality control
program includes calibration before readout of each quarterly batch of

TLD devices.
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Table I11.A.1 Gamma-Ray Exposure Rates. (mR/day) 1987.

Faci1ity Area

}
Lo

18t Quarter

énd Quarter ] 3rd Quarter

4th Quarter

¥ 03T 031 0,37 .37
F-2 0.43 0.39 0,45 0.45
F-3 0.46 0.45 0.41 0.£0
F-4 0.44 0.26 0.42 0.40
F-5 0.45 0.39 0.42 0.52
F-6 0.45 0.37 0.36 0.45
F-7 0.48 0.48 0.44 0.43
F-8 0.47 0.46 0.47 0.44
F-9 0.45 0.40 0.43 0.44
F-10 0.41 0.39 0.44 0.45
F-11 0.52 0.46 0.48 0.49
F-12 0.47 0.43 0.52 0.45 |
F-13 0.42 0.41 0.36 0.52 !
F-14 0.42 0.37 0.43 0.42
F-15 0.43 0.38 0.41 0.43
F-16 0.47 0.38 0.43 0.43
F-17 0.45 0.41 0.46 0.50
F-18 C.47 0.39 0.48 0.49
X (1.06:) 0.45 (0.03) | 0.41(0.04) | 0.44(0.04) 0.46(0.04)
Adjacent Area
E-1 U.%9 0.79 T.38 U35
A-2 0.50 0.41 0.49 0.47
A-3 0.46 0.41 0.46 0.45
A-4 0.43 0.37 0.44 0.44
A-5 0.40 0.39 0.40 0.43 |
A-6 0.43 0.37 0.44 0.39 ,
A-7 0.44 0.41 0.46 0.37 f
A-8 0.52 0.40 0.53 0.46 |
A-9 0.50 0.37 0.46 0.50
A-10 0.51 C 48 0.56 0.54 J
A-11 0.46 0.35 0.48 0.48 |
A-12 0.43 0.37 0.45 0.42
A-13 0.40 0.37 0.40 0.34
A-14 0.42 0.40 0.32 0.40
A-15 0.45 0.40 0.44 0.42
A-16 0.44 0.44 0.44 0.41 |
| A-17 0.53 0.41 0.48 0.46 |
| A-20 0.49 0.40 0.55 0.49
X (1.96¢) 0.46 (0.04) | 0.40(0.03) | 0.46(0.06) % 0.44(0.05)
Reference Area ‘ !
| R=l 0.44 0.40 0.43 ; 0.39
| R-2 0.46 0.37 0.48 | 0.44 |
. R-3 0.41 0.37 0.40 | 0.47
R-4 0.47 0.44 0.46 0.49
R-7 0.40 0.34 0.48 | 0.41
% (1.960) 0.44 (0.03) | 0.38(0.04) | 0.44(0.03) | 0.44(0.04)




11.8. Ambient Air Ciuncentrations
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 11.B.la-1d for 2ach quarter of 1987, 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 inzeption of the monitoring
program, The reference sites R-3, R-4, and R-l1 are all new locations
as of January 1, 1984 and sufficiently distant to be considered
reference (control) locations. (See Table II1.B.1).

The reported concentrations are listed in units of femtocuries per
cubic meter of ambient air, although the measured activity is due to a
mixture of radionuclides, It should also be noted that the current
technical specifications no longer require measurement of gross alpha
activity. A1l filtars, however, are saved indefinitely for later alpha
particle analysis if needed.

No statistically significant difference was found in the arithmetic
mean values between the facility and reference sites during any quarter
of 1987, There was also no difference between quarters as was observed
during 1986 due to the Chernobyl fallout,

The gross beta data for 1987 have been added to the plot of air
concentrations observed since 1973 (Figure I11.B.2). In this figure the
half-yearly mean values for the facility sites are plotted with the
values from the reference sites, The contribution from Chernobyl is
clearly evident in 1986, [t can be obsérved that overall mean values

are not significantly different and that world-wide fallout principally
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due to Chinese atmospheric nuclear weapon tests is the predominant
contributor to the measured values.

There has never been a significant difference observed between
facility and reference sites., Thus, it can be again concluded that
reactor air effluents of particulate fission products or activation
products are not a source of dose commitment for the Fort St. Vrain

environs population.
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Table 11.B.1 Concentrations of Long-lived Gross Beta Particulate Activity in Air. (fCi/at)
c.) Collection period: Third Quarter, 1987.

T [ | gy
: Collection Facility Sites Reference Sites
: Date F-7 F-9 F-16 A-19 R-2 R-4 R-11
| L—--——-f—--—-~~-o--—---—--<-~——,—---~-- -,’—~ ———
Jul 3 28 (1.7)*| 22 (1.8) 24 (2.0) 25 (2.0) 27 (2.0) 29 (1.5) 22 (1.5)
Jul 11 31 (1.5) 29 (1.5) 31 (1.6) 29 (1.5) 27 (1.7) 26 (1.3) 27 (1.4)
Jul 17 24 (1.7) 26 (1.7) 22 (1.8) 23 (1.6) 23 (1.8) 40 (2.0) 21 (1.2)
Jul 25 26 (2.7) 18 (1.4) 21 (1.2) 20 (1.2) 16 (1.8) 17 (1.1) | 9.7 (1.2)
Aug 1! 21 (2.0) 22 (1.9) 13 (1.4) 25 (2.5) 20 (1.7) 18 (1.0) 59 (5.6)
Aug 8 33 (2.1) 30 (2.2) 27 (1.4) 28 (1.6) 20 (2.0) 24 (1.2) 11 (0.88)
Aug 15 20 (2.0) 26 (2.0) 24 (1.7) 23 (1.8) 22 (1.8) 23 (1.2) 21 (1.2)
Aug 22 33 (2.3) 23 (1.6) 23 (1.3) 11 (1.0) 24 (2.2) 23 (1.4) 22 {1.4) -
Aug 29 18 (1.9) 17 (1.9) 17 (1.5) 15 (2.0) 23 (1.9) 19 (1.1) 19 (1.1) -
Sept § 32 (2.1) 32 (2.2) 29 (1.5) 33 (2.4) 28 (2.3) 23 (1.2) 20 (1.7)
Sept 12 28 (2.1) 27 (2.1) 25 (1.8) 30 (2.4) 31 (2.3) 13 (1.0) 23 (1.8)
Sept 19 22 (1.9) 25 (2.1) 24 (1.5 24 (1.9) 28 (2.5) 35 (2.1) 24 (1.5)
Sept 26 44 (2.5) 43 (2.7) 39 (2.2) 49 (3.0) 41 (2.8) 38 (1.6) 35 (2.6)
I A A ——— ——— e ———— e e e -
X: 27 26 25 26 25 25 24
n: 13 13 13 13 13 13 13
1.965; 14 13 13 18 12 16 24
P s - o o o o
MAX: 49 X: 26 MAX: 59 X: 2%
MIN: 11 n: 52 MIN: 9.7 n: 3%
1.960: 14 1.965: 18
e ————— — . sy

* 1.96. (Due to counting statistics.)
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. Figure 11.B.1

s Gross Beta Concentrations in Air
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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 1987 is listed in Tables I1.B.2a-2d. The corresponding
tritiur concentration in air (pCi/m3) is calculated from the specific
activity data using weekly mean temperatures and dew points measured at
the FSY meteorological tower. The measuring point is at a height of 2 m
from the surface. The tritium air concentrations are shown in Table
I1.B.3a-3d.

The principle release mode of tritium from the reactor is batch
liquid releases from holding tanks. The tank water is first analyzed
and then released with sufficient additional dilution, if necessary, in
order not to exceed 10CFR20 concentration limits, The summary of
tritium release by all modes is shown in Table II.B.4, The summa:y
indicates that tritium released in 1987 was less than in 1986 for all
routes. (See 1986 aniwal report to the USNRC).

Sampling locations F-16 and A-19 are located near the Goosequill
Ditch, which is the principal route for affluent tritium release.
Tables 11.B.2a-2d indicate a strong correlation of elevated atmospheric
tritium congentrations corresponding to the batch ielease of tritium in
water along the ditch., Du2 to evaporation while 1n transit, elevated
tritium concentrations in air have been observed for these two locations
often in past years. The concentrations observed, however, have always

been below the limit of regulatory concern. The occasional elevated
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values at the reference sites are assumed to be statistically faise
positive values,

The mean value for sites F-16 and A-19 were significantly greater
than for all other sites during the year. When all four facility sites
are averaged, however, the total mean value is less than the MDC value
of 250 pCi/L. Radiation dose commitment estimates are not warranted on
the basis of elevated air concentration values alone, Inhalation is not
a significant pathway for dose to humans. The milk and food product
pathway is the only significant source of radiation dose to humans from
environmental tritium,

Since the same relative humidity is assumed for all sites, Table

I1.B.3 shows the same site dependence on reactor effluent as Table

11.8.2,




Table 11.8.2 Tritium Conceatrations in Atmospheric Water Vapor. (pCi/L)

a.) Collection Period: First Quarter, 1987.

Collection Facility Sites Reference Sites

Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
Jan 3 < 230 < 230 230 230 < 230 230 < 230
Jan 10 < 240 < 240 240 240 < 240 240 < 240
Jan 17 < 240 < 240 240 240 290 (280)* 240 290 (280)
Jan 24 < 230 < 230 230 230 < 230 230 < 230
Jan 31 < 230 < 230 230 230 < 230 230 < 230
Feb 7 < 230 < 220 230 230 < 230 230 < 230
Feb 14 < 230 < 230 230 230 < 230 230 < 230
Feb 21 < 240 < 240 240 240 < 240 240 < 240
Feb 28 370 (290) | 300 (280) 240 240 < 240 240 < 240
Mar 6 < 240 < 240 240 240 < 240 240 < 240
Mar 14 < 240 < 240 240 230 < 240 240 < 240
Mar 21 < 230 < 230 23C 230 < 230 230 < 230
Mar 28 e < 230 230 230 < 230 e < 230

*1.96 . (Due to counting statistics.)

e Insufficient sample volume for analysis.

81



Table 11.B.2 Tritium Concentrations in Atmospheric Water Vapor. (pCi/L)

b.) Collection Period:

Second Quarter, 1987.

Collection Facility Sites Reference Sites

Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
Apr 4 240 ¢ 240 < 240 < 240 < 240 < 240 370 (280)*
Apr 11 230 230 < 230 < 230 < 230 < 230 < 230
Apr 18 230 230 < 230 < 230 < 230 < 230 < 230
Apr 25 240 : 240 < 240 < 240 < 240 < 240 < 240
May 1 230 | 230 < 230 < 230 < 230 < 230 < 230
May 9 230 | <23 < 230 < 230 < 230 < 230 < 230
May 16 230 230 250 (270) < 230 < 230 < 230 230 (270)
May 23 230 230 870 (280) < 230 < 230 < 230 < 230
May 29 230 230 710 (280) | 510 (280)] < 230 < 230 < 230
Jun 6 230 230 580 (290) | 620 (290)| < 230 < 230 < 230
Jun 12 230 230 < 230 < 230 < 230 < 230 < 230
Jun 19 230 230 s e < 230 < 230 < 230
Jun 26 230 230 < 230 1000 (290)| < 230 < 230 < 230

* 1.96 - (Due to counting statistics.)
e Insufficient sample volume for analysis.

61




Table 11.B.2 Tritium Concentrations in Atmospheric Water Vapor. (pCi/L)

c.) Collection Period: Third Quarter, 1987.

Collection Facility Sites Reference Sites

Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
Jul 3 230 230 310 (280)*] 360 (280) < 230 < 230 < 230
Jul 10 230 230 460 (280) 620 (280) < 230 < 230 230 (280)
Jul 17 230 230 250 (280) < 230 < 230 < 230 < 230
Jul 25 230 230 440 (280) < 230 < 230 < 230 < 230
Aug 1 230 230 480 (280) 270 (280) < 230 < 230 < 230
Aug 8 230 230 < 230 290 (280) < 230 < 230 < 230
Aug 15 220 230 < 230 < 230 < 230 < 230 e
Aug 22 230 230 < 220 280 (270) < 230 360 (270) < 230
Aug 29 230 230 < 230 400 (270) < 230 < 230 < 230
Sept 5 230 230 < 230 < 230 < 230 < 230 < 230
Sept 12 230 230 < 230 < 230 < 230 < 230 < 230
Sept 19 230 230 < 230 < 230 580 (260) < 230 < 230
Sept 26 230 230 < 230 < 230 < 230 < 230 < 230

* 1.96 ; (Due to counting statistics.)

e Insufficient sample volume for analysis.



Table 11.B.2 Tritium Concentrations in Atmospheric Water Vapor. (pCi/L)
c.) Collection Period: Fourth Quarter, 1987.

ICollection T Facility Sites Reference Sites

| Date | F-7 F-9 F-16 A-19 R-3 R-4 R-11

|- ! .

‘(Oct3 ,?<z4o ?<2¢o !«zw f<24o < 240 < 240 < 240

' Oct 10 < 230 <230 | <230 | <23 < 230 < 230 < 230

Oct 17 < 230 < 230 <230 !540 (280Y§<230 | < 230 340 (270) |
Oct 24 <230 | <230 ’ < 230 : <20 | <23 < 230 350 lZ&O)j
Oct 31 < 230 < 230 | 250 (280) = 300 (280) | < 230 | < 230 < 230 |
Nov 7 < 230 <230 | 410 (280) 340 (280) ‘ < 230 <230 440 (280) 1
Nov 14 < 230 < 230 .K < 230 | <230 ‘] e | < 230 < 230 :
Nov 21 < 230 <230 <230 | <23 | <230 | <23 <230 |
Nov 28 < 23) L < 230 < 230 | < 236 } < 230 ! < 230 < 230 '
Dec § < 256 < 250 L <220 < 230 < 250 < 250 < 230
Dec 12 < 230 7<23o | < 230 < 230 | 3310 (280) | < 230 < 230 f
Dec 19 < 290 " < 290 400(280)I530(290)‘<290 < 290 < 290 ‘
;Dec 28 o J < 290 J < 290 < 290 1 o < 290 < 290 }
L |

* 1.96 “(bue to counting statistics.)
e Insufficient volume for analysis.

12






Table 11.B.3 Tritiur Concentrations in Atmospheric Water Vapor.

a.) Collection Period:

Second Quarter, 1987.

(pCi/m ")

Collection Facility Sites Reference Sites
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
- T

Apr 4 < 0.75 < 0.75 < 0.75 < 0.75% 0.7% 0.75 1.2 (0.87)%
Apr 11 < 0.78 < 0.78 <0.78 < 0.78 0.78 0.78 <0.78
Apr 18 < 0.99 < 0.99 < 0.99 < 0.99 .99 0.99 < 0.99
Apr 25 < 1.1 < 1.4 < 1.1 < 1.1 1.1 B | < §.1
May 2 < 1.6 < 1.6 < 1.6 ~ 1.6 1.6 1.6 < 1.6
May 9 <1.5 < 1.5 < 1.5 < 1.5 1.5 1.8 < 1.5
May 16 < 1.8 < 1.8 1.9 (2.1) < 1.8 1.8 1.8 1.8 (2.1)
May 23 <1.9 <1.9 7.4 (2.4) <1.9 1.9 1.9 <1.9
May 29 < 1.6 < 1.6 4.9 (1.9) | 3.5 (1.9) 1.6 1.6 < 1.6
Jun 6 < 1.5 < 1.5 3.8 (1.9) | 4.0 (1.9) 1.5 1.5 <1.5
Jun 12 < 2.0 < 2.0 < 2.0 < 2.0 2.0 2.0 < 2.0
Jun 19 < 2.0 < 2.C e e 2.0 2.0 <2.0
Jun 26 <1.9 <1.9 <1.9 8.2 (2.4) 1.9 1.9 < l.§

* 1.96 = (Due to counting statistics.)

e Insufficient sample volume for amalysis.

3 (10cFR20 Appendix 8, Column 11).

34 mpc
al

5

- * 2x107 pCi/m

€2



Table 11.B.3 Tritium Concentrations in Atmospheric Water Vapor. (pCi/m )
c.) Coilection Perind: Third Quarter, 1987.

[Collection Facility Sites [ Reference Sites 1
| Date F-7 F-© F-16 A-19 R-3 R-4 R-11
T w3 | <23 | <23 3128036 2.8 <23 < 2.3 2.3 |
| Jul 10 < 2.1 <2.1  4.2(2.5) 5.6(2.5) <2.1 <21 (2.1 (2.8)
TR < 2.1 < 2.1 2.2 (2.5) | 2.1 (2.5) < 2.1 < 2.1 i < 2.1
Jul 25 < 1.9 <1.9 3.6 (2.3) <1.9 < 1.9 <1.9 : <1.9
Aug 1 < 2.5 < 2.5 5.2 (3.0) 3.0 (2.9) < 2.5 < 2.9 | « 2.8
Aug 8 < 2.8 < 2.4 < 2.4 3.0 (2.9) < 2.4 < 2.4 <« 2.4
Aug 15 € 2.3 & &% < 2.3 < 2.3 < 2.3 < 2.3 < 2.3
Aug 22 <1.9 <1.9 ¢ 1.9 2.3 (2.3) <1.9 3.0 (2.2) < 1.9
Aug 29 < 2.1 < 2.1 < 2.1 3.7 (2.5) < 2.1 < 2.1 <21
i Sept 5 < 2.1 < -k < 2.1 < 2.1 .2 < 2.1 < 2.1
| Sept 12 £ 1.7 < 1.7 < 1.7 £ 17 < a7 £ 1.7 o
Sept 19 < 1.6 < 1.6 < 1.6 < 1.6 3.9 (1.8) < 1.6 < 1.6
Sept 26 < 1.4 < 1.4 < 1.4 | < 1.4 < 1.4 <1.4 < 1.4
- i A ] i 1 J

* 1.967(Due to counting statis*ics.)
HMPC . = 2x10
amwr

3 5

pCi/m> (10CFR20 Appendix B, Column I1).
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3. Concentrations of Gamma-ray Emitting Radionuclides in

Ambient Air

Tables I11.B.5a-5d 1ist the concentrations of [-131 in air as
measured by activated charcoal sampling and high resolution gamma-ray
spectrum analysis. Each sample from the seven air sampling stations is
counted within 96 hours after collection, A 100 minute count is
typically required to achieve an MDC of 33 fC1/H3. Radon daughters and
Thoron daughters are trapped on the particulate filter ahead of the
charcoal trap. Radon-222 daughter in-growth on the charcoal does not
provide interference to the region of interest for [-131 using the
Ge(Li) high resolution spectrometry, Any positive I-131 activity is
corrected for radiocactive decay back to the midpoint of the collection
period, Decay correction to the midpoint of the sampling period is
appropriate as any I1-131 in air would not arrive at the sampling
stations 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,

There were only uccasional positive values very near the MDC value
and all are assumed to be false positive., I<131 concentrations due to
reactor effluent have never bet: detected in the Fort St, Vrain
environs,

Table I1.B.6 lists measured ambient air concentrations of Cs-134
and Cs=137. These values are from gamma-ray spectrum analyses on weekly
air filtars composited quarterly from each of the seven air sampling
stations., The occasional positive Cs-137 concentrations measured are
likely due to resuspension of surface soil. The Cs-137 activity is due

to Chernoby! (or previous) fallout which is bound by clay minerals on
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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, Normally only gamma-ray activity due to the
naturally occurring background radionuclides are observed. During the
second quarter of 1986, however, many other radionuclides were observed
due to the Chernobyl accident, Of these only Cs-137 can still be

detected,



Table 11.B.5 1lodine-131 Concentrations in Air. (fCi/lq)

a.) Collection Period: First Quarter, 1987.

Collection Facility Sites Reference Sites

Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
Jan 3 <19 < 31 < 30 < 18 < 22 < 26 < 21
Jan 10 < 30 < 30 <18 < 28 <22 <28 < 18
Jan 16 < 31 < 18 < 9.7 < 27 < z8 < 8.6 <29
Jan 24 <13 < 23 < 28 < 32 < 24 <29 <19
Jan 31 | <28 < 34 <20 < 20 <12 < 29 <32 3
Feb 7 <15 < 16 < 12 < 32 < 20 < 30 < 14
Feb 14 < 14 < 14 40 (29)* <18 < 21 27 (28) < 27
Feb 20 < 27 < 29 <13 < 16 < 17 < 30 < 27
Feb 28 < 25 < 34 < 18 ct < 32 <13 <29
Mar 6 < 18 < 14 < 28 cl < 10 < 16 <19
Mar 14 < 12 < 32 < 21 < 22 < 14 c2 €95
Mar 21 <19 < 22 < 18 <13 < 14 < 19 < 15
Mar 28 < 22 < 34 < 30 < 16 <13 < 18 < 26

* 1.96° (Due to counting statistics .)

1-131 MPC = 10%fCi/m’. (10CFR20, Appendix B, Table 11)

cl Pump inoperative. No replacment pump availalle

€2 Pump inoperative for major fraction of sampling period.




Table 11.8.5 lodine-131 concentrations in Air. (fCi/m ) |
b.) Collection Period: Second Quarter, 1987. \

Collection Facility Sites Reference Sites

Date F-7 F-9 F-16 A-19 R-3 R-4 R-11

Apr 4 <21 < 34 < 25 < 15 < 26 <« 24 < 22
Apr 11 <« 21 < 25 < 18 <29 < 12 < 16 < 30
Apr 18 © < 28 <17 < 20 < 22 < 27 < 18 < 24
Apr 24 < 31 < 33 < 26 < 7.1 <19 < 28 cl ‘
May 1 < 15 <« 78 < 16 < 20 < 25 < 29 < 20 I: 3
May 9 < 11 <27 < 17 <19 « 21 <19 < 26 :
May 16 « 25 < 25 < 30 <« 25 < 28 < 17 < 32

| May 23 <29 <12 < 22 < 32 42 (42)* <33 <21

May 29 < 18 < 14 <23 < 24 < 30 < 23 < 28
Jun 6 < 9.4 < 25 <« 27 < 26 <29 < 16 < 25
Jun 11 <29 < 16 < 30 < 34 < 20 <19 < 33
Jun 19 <33 <25 < 34 34 (37) < 27 <21 <11

Jun 27 < 17 <21 <15 < 24 <21 < 12 < 23

* 1.96° (Due to comting statistics.)
[-131 MPC = 105 fCi/m . (10CFR20, Appendix B, Table II)
cl Pump inoperative for major fraction of sampling period.




Table 11.8.5 lodine-131 concentrations in Air. (fCi/m )
c.) Collection Period: Third Quarter, 1987.
- -~
Collection Facility Sites Reference Sites
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
t —
Jul 2 < 34 < 29 < 32 < 23 < 18 < 15 « 19
Jul 10 < 12 <19 < 24 < 8.3 < 6.9 < 14 L (3.6)J
Jul 17 < 25 < 15 <29 < 18 < 26 <25 < 14
Jul 25 < 24 < 18 < 11 <19 < 21 <17 < 27
Aug 1 <25 < 16 <« 21 < 22 < 16 < 16 <« 22
Aug 8 < 18 < 21 < 18 14 (16) < 25 < 6.7 < 7.8
Aug 15 < 24 <13 <15 < 17 < 16 < 12 < 7.0
Aug 22 < 15 < 24 < 18 < 23 <13 < 15 <« 22
Aug 29 < 21 < 28 < 17 < 20 < 21 < 10 ~ 13
Sept § < 20 < 1.4 < 18 < 32 < 34 <11 < 32 |
Sept 12 <13 <17 <3N < 3.4 <N <13 < 16 |
Sept 19 <19 < 28 < 29 <35 < 26 < 12 < 21
Sept 26 < 35 <« 23 < i9 < 25 <29 < 17 <17
; o np{Dueltgwrounting statistics.) :
3 0>Ci/m’. (10CFR20, Appendix B, Table II)
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Tabie 11.B.5 Iodine-131 concentrations in Alr. (fCil-s)
d.) Collection Period: Fourth Quarter, 1987

Collection Facility Sites Reference Sites

Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
Oct 2 35 (327 < 33 <11 < 26 < 27 <9.7 7' < 13
Oct 10 < 18 < 11 <19 < 18 <11 19 (21) <21
Oct 17 < 32 <21 < 16 <23 < 31 21 (21) c3
Oct 24 < 30 < 14 < 26 <11 < 14 < 20 < 18
Oct 31 <33 < 20 30 (31 < 32 cl <29 < 22
Nov 7 <« 23 <20 < 30 <19 < 16 36 (33) < 18
Nov 14 - 22 c2 < 31 < 25 < 35 < 27 < 32
Nov 21 < 34 < 23 e 47 < 32 <29 <13 < 17
Nov 28 < 26 <19 < 16 < 16 <33 < 14 <21
Dec 5 < 7.1 <13 < 8.2 <6.9 <20 < 15 <23
Dec 12 < 31 < .9 < 17 < 15 <21 < 22 <« 21
Dec 19 < 2° <21 < 33 < 10 < 35 <23 <23
Dec 28 <12 <1.9 < 1.6 <17 < 35 < 16 < 31

i

2t

* 1.96 - (Due to counting statistics.)

#* 1D Could not be met Jue to a low sample volume.

[-131mpL = 105fFCi/m . (10CFR20, Appendix B, Table 11)

c1 Broken caririrz, air filter and charcoal not representative of air flow
c2 Instrument waifunction- no pump available.

¢3 Not enough volume, pump only ran for one day.




Table I1.B.6 Radiocesium Concentrations in Ambient Air.

(fCi/m7), 1987.

Faciiity Sites Reference Sites
Collection ! Radio-
P ‘iod nuclide F-7 F-9 F-16 A-19 R-3 R-4 R-11
1st Cs-134 <1.4 - 1.8 <2.4 < 2.7 <1.7 1.6 (1.9) < 2.2
Quarter
1987 Cs-137 <1.6 < 2.0 <2.4 (2.8 (3.4)* 2 1T < 1.7 £ 2.3
2nd Cs-134 <1.8 <1.6 < 2.6 < 1:9 < 2.3 <1.7 < 1.6
Quarter
1987 Cs-137 |3.5 (2.1)] 2.2 (2.0) < 2.8 <1.9 < 2.4 < 1=7 < X7
|
3rd Cs-134 <2.4 < 2.4 <18 <1.7 <19 o < 37
Quarter
1987 Cs-137 < 2.5 < 2.5 <1.6 <1.9 < 2.0 <14 < 1.8
4th Cs-134 & 25 <2.0 < ¥7 <149 < 3.8 €112 € 21
Quarter
1987 Cs-137 < 2.5 < 2.2 <1.9 < 2.1 < 3.9 <1.4 |2.9 (2.6)
*1.96 , (Due to counting statistics.)
Cs-134 MPC = 1 x 10°fCi/m’ , Cs-137 MPC = 2 x 10" fCi/m" (1UCFR20, Appendix B, Table II).

€€
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IT1.C., Radionuclide Concentration in Water

1. Drinking 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, Colorado, 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 s. “ve as a reference location since
its source is run-off surface water from the Rocky Mountains to the
West,

Table II.C.1 shows gross beta concentrations measured in 1987 from
each water supply. The mean for the Gilcrest site was again
significantly higher than the Reference site in Fort Collins. This is
only due to different water treatment practices. The city of Gilcrest
coes not filter its water and natural radionuclide concentrations are
responsible for the higher measured concentrations. As can be observed
in 1chle II1.H.2, the mean for the entire year for the Gilcrest site was
not greater than in previous years.

Table I1.C.2 lists measured tritium concentrations in these same
two drinking water sources. The yearly arithmetic mean values for both
locations were less than MDC and, therefore, not statistically uifferent
from each other. No evidence of the tritium released from the reactor
was observed, Figure [I.C.1 shows that tritium concentrations in
drinking (po*table) water sources were less than MDC for 1987,

The two drinkirg water supplies are also analyzed for fission
product and activation product concentrations. A sample of 13 liters is

passed through Dowex 1-x8 anion exchange resin and the resin then
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counted by Ge(Li) spectrometry for I-131. This same method is used for
milk samples, A three liter aliquot 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 randem variations, The Cs-137 is the residue from the
1986 Chernobyl accident fallout as well as from past world-wide fallout

from nuclear weapon testing.




36

Table I1.C.1
Gross Beta Concentrati s in Biweekly Composites nf Drinking Water.
First Half, 1987. (pCi/L)

Collection Gilcrest City R-6 Fort Collins City R-3
Date (Reference)
Jan 3, 10 3.2 (2.2)* 0.90 (0.53)
Jan 16, 24 2.2 (2.1) 0.64 (0.54)
Jan 31, Feb 7 3.0 (2.2) 0.79 (0.54)
Feb 14, 21 3.1 (2.2) 0.47 (0.52)
Feb 28, Mar 7 4.1 (2.2) 0.62 (0.53)
Mar 14, 21 | 5.3 (2.3) 0.57 (0.52)
Mar 28, Apr 4 2.9 (2.2) 1.1 (0.55)
Apr 11, 18 5.2 (2.3) 0.47 (0.52)
Aor 24, May 1 6.2 (2.4) 0.69 (0.53)
May 9, 16 5.8 (2.3) 0.57 (0.52)
May 23, 29 2.6 (2.2) < 0.45
Jun 6, 12 3.9 (2.2) 0.51 (0.50)
Jun 19, 27 5.2 (2.2) J 2.0 (0.56)

*1.96 (Due to counting statistics.)

MP&, = 30 pCi/L Table II, Appendix B 1imit, 10CFR20 for an
unidentified mixture of radionuclides in water if either the
identity or the concentration of any radionuclide is not known.




Table II.C.1
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Gross Beta Concentrations in Biweekly Composites of Drinking Water.
Second Half, 1987. (pCi/L)

Collection Gilcrest City R-6 Fort Collins City R-3
Date (Reference)
Jul 3, 10 6.1 (2.3)* 0.74 (0.50)
Jul 17, 25 2.5 (2.1) 0.83 (0.52)
Aug 1, 8 5.0 (2.2) 0.88 (0.51)
Aug 15, 22 5.2 (2.2) 0.58 (0.49)
Aug 29, Sept § 4.1 (2.1) 0.90 (0.50)
Sept 12, 19 6.1 (2.2) 1.4 (0.53)
Sept 26, Oct 3 5.9 {2.3) 0.74 (0.43)
Oct 10, (7 10 (2.4) 0.48 (0.51)
Oct 24, 31 7.6 (2.4) 0.88 (0.52)
Nov 7, 14 5.9 (2.3) 0.70 (0.51)
Nov 21, 28 7.5 (2.3) 1.0 (0.53)
Dec 5,12 5.8 (2.3) 1.1 (0.53)
Dec 19, 28 4.7 (2.2) 1.1 (0.53)

* 1,96¢ (Due to counting statistics.)

MPC, = 30 pCi/L Table II, Appendix B 1imit, 10CFR20 for an
unidentified mixture of radionuclic:s in water if either the
identity or the concentration of any radionuclide is not known.
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Table II.C.2
Tritium Concentrations in Biweekly Composites of Drinking Water.
First Half, 1987. (pCi/L)

Collection Gilcrest City R-£ Fort Collins City R-J
Date (Reference)
Jan 3, 10 430 (280)* < 240

Jan 16, 24 < 230 < 230

Jan 31, Feb 7 < 230 < 230

Feb 14, 21 430 (280) 450 (280)

Feb 28, Mar 7 < 240 < 240

Mar 14, 21 260 (280) < 230

Mar 28, Apr 4 < 240 < 240

Apr 11, 1§ < 230 < 230

Apr 24, May 1 < 230 < 230

May 9, 16 < 230 < 230

May 23, 29 < 230 < 230

Jun 6, 12 < 230 < 230

Jun 19, 27 < 220 < 230

* 1,96 ; (Due to counting statistics.)

"

H-3 MPC = 3 X 10® pCi/L (10CFR20, Appendix B, Table II)
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Table 11.C.2
Tritium Concertrations in 6 - -ekly Composites of Drinking Water.
Second half, 1987. (pCi/L)

rCo]lection | Gilcrest City R-6 | Fort Collins City R—Z‘Aj
;Date: (Reference)
' Jul 3, 10 < 230 250 (280)*
Jul 17, 25 < 230 < 230
Aug 1, 8 < 230 < 230
| Aug 15, 22 < 230 < 230
| Aug 29, Sept 5 < 230 < 230
| Sept 12, 19 ¢ 230 < 230
L) ' Sept 26, Oct 3 390 (280) < 230
' Oct 10, 17 610 (280) < 230
oct 24, 31 | < 230 < 230
Nov 7, 14 | < 230 < 230
| Nov 21, 28 < 230 < 230
Dec 5, 12 ¢ 230 | <230
' Dec 19,26 320 (280) . <290
L 0 e 5 |

* 1,96 - (Due to counting statistics.)

H-3 MPC = 3 X 10% pCi/L (10CFR20, Appendix B, Table 11)
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Table II.C.3

Bl D D

Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

—-g-

Collection Date

Jan 3, 10, 1987

Jan 17, 24, 1987

Jan 31, Feb 7, 1987

b ——

Radronuclide Gilcrest Ft. Collins | Gilcrest |Ft. Collins Gilcrest | Ft. Collins
R-6 R-3 R-6 R-3 R-6 R-3

I-131 0.51 (0.54)* | < 0.19 < 0.27 < 0.20 < 0.23 < 0.25
Cs-134 < 2.4 < 2.4 < 2.3 < 2.5 < 2.4 < 2.2
Cs-137 <2.9 < 3.0 5.1 (4.1) < 3 <2.9 < 3.2
Ir-95 < 5.6 < 5.8 < 5.1 <5.9 < 5.6 < 4.9
Nb-95 < 2.2 o ¢ 2.1 L % < 2.2 2.9 (2.4)
Co-58 € 2 ¢ 2.2 < 2.3 < 2.3 < 2.2 < 2.2
Mn-54 < 2.4 < 2.5 < 23 € 2.5 < 2.4 L Y
Zn-65 < 5.8 < 5.6 < 5.5 < 5.8 9.0 (6.8) < 5.1
Fe-59 < A.4 < 4.8 < 4.2 < 4.7 ¢ BT <5.3
Co-60 < 2.6 < 2.7 <23 < 2.7 < 2.6 < 2.2
Ba-140 < 3.9 < 5.9 < 3.3 < 4.1 < 5.5 < 3.2
La-140 < 4.5 < 6.8 < 3.8 < 4.7 < 6.3 < 3.7

* 1.965 (Due to counting statistics.)

84



Table I1.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

Collection Date Feb 14, 20, 1987 Feb 28, Mar 6, 1987 Mar 14, 21, 1987
Radionuclide Gilcrest | Ft. Collins Gilcrest | Ft. Collins Gilcrest | Ft. Collins
R-6 R-3 R-6 R-3 R-6 R-3
I-131 < 0.46 < 0.19 <0.19 < 0.31 < 0.22 < 0.15
Cs-134 < 2.2 < 2.8 < 2.6 < 2.4 A < 1.8
Cs-137 < 3.4 < 3.4 e < 3.6 5.6 (3.8) | 3.8 (3.2) "
Ir-95 < 5.5 < 6.6 < 6.2 8.3 < 4.7 < 4.4 P
Nb-95 | o< 2.1 < 2.5 < 2.3 27 (&:7) <1.9 < 1.6
Co-58 'f < 2.3 & 2T €< 2.8 < 2.4 < 2.0 < 1.8
Mn-54 | < 2.2 < 2.8 < 2.7 < 2.4 < 2.1 <1.8
In-65 < 5.3 < 6.4 < 6.2 9.4 (6.6) < 5.3 < 4.1
Fe-59 < 5.6 < 6.6 < 6.2 < 5.4 < 4.8 < 4.1
Co-60 < 2.3 < 3.0 < 2.8 < 2.4 < 2.1 < 1.9
Ba-140 < 3.4 < 4.6 < 4.3 < 3.6 < 341 < 27
La-140 < 3.9 : 5.3 < 5.0 < 4.2 < 3.6 < 3.0
. A i

* 1.96 ¢ (Due to counting statistics.)




Table II.C.3

Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

Collection Date Mar 28, Apr 4, 1987 Apr 11, 18, 1987 Apr 24, May 1, 1987
Radionuclide Gilcrest | Ft. Collins Gilcrest | Ft. Collins Gilcrest |Ft. Collins
R-6 k-3 R-6 R-3 R-6 R-3

I-131 < 0.47 < 0.36 <0.24 0.41 (0.47) < 0.27 < 0.39
Cs-134 < 2.0 < 2.4 < 2.1 < 2.5 < 1.2 < 2.2
Cs-137 5.0 {3.5)*] < 2.9 & % | < 3.0 <1.4 4.1 (3.9)
Zr-95 < 4.9 55 < 5.0 < 6.1 < 2.7 < 5.0
Nb-95 < 1.7 € 23 <1.9 < 2.1 <1.1 < 2.1
Co-58 <1.9 < 2.3 ¢ 2.1 < 2.2 < 1.1 < 2.1
Mn-54 < 2.0 < 2.4 < 2.1 <2.4 < 1.2 < 2.2
In-J5 < 4.5 <5.4 <5.0 < 5.6 < 2.7 6.4 (6.2)
Fe-59 6.7 (6.5) < 6.1 < 5.2 < 5.8 <. 2.7 < 5.0
Co-60 < 2.0 < 2.6 < 2.1 < 2.6 < 1.2 € T2
Ba-140 6.9 (6.6) < 6.1 < 4.4 < 5.6 < 3.2 <33
La-140 7.9 (7.6) < 7.0 < 5.0 < 6.4 < 3.7 < 3.8

* 1.965 (Due to counting statistics.)

(37




Table 11.C.3

Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

Collection Date May 9, 16, 1987 May 23, 29, 1987 Jun 6, 12, 1987
Radionuclide Gilcrest |Ft. Collins Gilcrest | Ft. Collins Gilcrest | Ft. Collins
R-A R-3 R-6 R-3 R-6 R-3

- -+
I-131 < 0.48 < 0.40 < 0.36 < 0.23 < 0.36 < 0.41
Cs-134 < 2.3 < 1.9 < 2.5 £ < 1.8 <2.4
Cs-137 < 2.9 < 2.8 < 3.0 < 3.4 2.5 (2.6) | 3.2 (3.5)
Zr-95 <5.4 < 4.3 < 6.0 < 5.0 < 4.2 < 5.8
Nb-95 < 2.1 < 1.7 < 2.3 2.4 (2.4) < 1.6 < 2.2
Co-58 < 2.1 < 1.8 < &3 ¢ 23 < 1.6 g
Mn-54 3.5 (2.8)*| < 1.9 < 2.4 < 2.2 3.3 (2.2) < 2.5
In-65 < 5.4 6.4 (5.3) < 5.7 < 5.1 < 4.3 < 5.8
Fe-59 < 5.5 < 4.7 <5.8 <5.4 < 4.9 <5.8
Co-60 < 2.5 < 1.9 < 2.6 €2k 2.1 (2.4) < 2.7
Ba-140 < 5.2 < 2.7 < 3.9 < 3.2 <2.9 < 4.1
La-140 < 6.0 < 3.2 < 4.5 < 3.7 < 3.4 < 4.7

* 1.96c (Due to counting statistics.)
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Table II.C.3 Radionuclide Concentrations in Bi-weekly Composiete of Drinking Water. (pCi/L)

Collection Date

Jun 19, 26, 1987

Jul 3, 10, 1987

Jul 17, 25, 1987

Radionuclide Gilcrest | Ft. Collins Gilcrest [Ft. Collins Gilcrest |Ft. Collins
R-6 R-3 R-6 R-3 R-6 R-3

1-131 < 0.47 < 0.42 < 0.43 < 0.20 < 0.39 < 0.33
Cs-134 < 2.7 ¢ 2.9 < 2.6 < 2.8 £ 2.5 2.7 (2.7)
Cs-137 5.7 (4.8)*| < 3.6 6.9 (4.6) < 3.5 < 3.1 7.0 (4.0)
Ir-95 < 6.2 < 6.8 < 6.2 < 6.5 8.4 (7.5) < 5.2
Nb-95 < 2.6 2.9 (3.1) < 2:3 < 2.4 < 2:3 < 2.0
Co-58 < 2.6 < 2.8 < 2.6 < 2.6 <23 4.4 (2.7)
Mn-54 < 2.6 < 2.9 <2.5 < 2.8 < &S < 2.3
In-65 < 6.6 < 6.8 < 6.5 < 6.6 < 5.9 < 5.3
Fe-59 < 6.1 8.4 (9.0) < 6.6 9.9 (8.4) < 6.2 < 5.1
Co-60 < 2.8 < 38 < 2.6 < 3.1 < Z2id 2.8 (2.7)
Ba-140 < 5.7 < 4.7 7.6 (6.6) <4.4 < 5.7 < 4.7
La-140 < 6.6 < 5.4 8.8 (7.5) < 5.1 < 6.6 < 5.4

* 1.96; {Due to counting statistics.)
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Table II.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water.

(pCi/L)

Collectic Date

Aug 1, 8, 1987

Aug 15, 22, 1987

Aug 29, Sep 5, 1987

Radionuclide Gilcrest |[Ft. Collins Gilcrest | Ft. Collins Gilcrest | Ft. Collins
R-6 R-3 R-6 R-3 R-6 R-3

[-131 < 0.41 < 0.21 < 0.22 < 4.8 < 0.40 < 0.25
Cs-134 < 3.7 < 4.0 < 2.8 2.5 (2.7) < 2.3 < 1.5
Cs-137 9.5 (6.6)*] < 5.0 < 3.2 < 2.8 3.6 (3.5)| 2.0 (2.2)
Ir-95 < 8.2 < 9.9 < 5.0 < 5.5 <5.9 < 3.5
Nb-95 < 3.2 8.0 (4.4) <1.9 3.3 (2.4) < 2.2 1.8 (1.8)
Co-58 < 3.5 < 3.9 < 2.0 < 2.1 < 2.3 <1.4
Mn-54 4.2 (4.4) < 4.0 < 2.1 < 2.2 <353 < 1.5
In-65 < 8.8 < 9.5 < 52 < 5.5 < 5.6 <39
Fe-59 < 8.2 < 9.5 < 5.0 < 5.6 < 6.0 < 3.8
Co-60 < 3.7 7.1 (5.2) < 2.3 2.7 (2.9) < 2.6 < 1.4
Ba-140 < 7.5 < 6.6 < 3.2 < 3.7 < 3.8 < 3.6
La-140 < B.6** <7.5 < 3.7 < 4.3 < 4.4 < 4.1

* 7,96 (Due to counting statistics.)

** 3 lab accident caused loss of most of sample

met.

so LLD could not be
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Table 11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water.

(pCi/L)

Collection Date Sep 12, 19, 1987 Sept 26, Cct 3, 1987 Oct 10, 17, 1987
Radionuclide Gilcrest Ft. Collins Gilcrest Ft. Collins Gilcrest Ft. Collins
R-6 R-3 R-6 R-3 R-6 R-3
I-131 < 0.24 0.63 (0.52) < 3.9 < 0.41 < 0.30 <0.24
Cs-134 < 2.4 < 2.7 < 2.8 < 2.5 < 2.5 < 2.4
Cs-137 < 3.0 < 3.2 < 3.3 < 3.1 < 3.1 <2.9
Ir-95 < 5.7 < 6.4 < 6.6 < 5.6 <5.8 <5.8
Nb-95 5.3 (2.7} « 2.4 < 2.6 < 2.2 < 2.3 < 2.1
Co-58 < 2.4 < 2.5 < 2.6 < 2.3 < 23 < 2.3
Mn-54 « 2.4 < 2.6 < 2.7 ¢ 2.9 < 2.5 <2.4
Zn-65 < 6.1 < 6.5 < 7.1 < 6.0 < 6.3 < 6.0
Fe-59 < 6.3 < 6.2 < 6.5 < 5.9 < 5.7 < 5.6
Co-60 < 2.6 4.5 (3.5) < 3.0 < 2.6 < 2.7 < 2.7
Ba-140 < 4.0 < 6.0 < 6.5 < 6.2 < 6.3 < 4.0
La-140 < 4.6 < 6.9 < 7.5 < 7.1 < 7.2 < 4.6

*1.960 (Due to counting statistics.)

Ly



Table 11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

Collection Date Oct 24, 31, 1987 Nov 7, 14, 1987 Nov 21, 28, 1987
Radionuclide Gilcrest Ft. Collins Gilcrest Ft. Collins Gilcrest Ft. Collins
R-6 R-3 R-6 R-3 R-6 R-3

[-131 < 2.4 < 0.48 < .46 < 0.41 < 0.23 < 0.39
Cs-134 <2.4 < 1.8 <1.8 <1.9 <1.9 < 2.0
Cs-137 < 3.5 < 2.7 4.9 (3.2)" 2.8 (3.8) <2.8 4.0 (3.0)
Zr-95 < 5.4 < 4.2 < 4.3 < 4.2 < 4.6 < 5.3
Nb-95 <2.4 < 1.7 < 1.6 <1.8 < 1.7 <1.9
Co-58 < 2.4 < 1.7 < 1.7 <1.8 <1.8 < 2.0
Mn-54 < 2.4 < 1.8 <1.8 < 1.9 < 1.9 € i
In-65 < 6.0 < 4.3 < 4.4 < 4.5 < 4.4 < 4.9
Fe-59 ¢ 955 < 4.0 < 4.5 < 4.3 < 4.2 <4.9
Co-60 < 2.5 < 0.93 <1.8 <1.9 <1.9 < 2.2
Ba-140 < 3.5 < 4.0 < 5.0 < 2.7 < 2.8 < 3.4
La-140 < 4.0 < 4.6 < 4.8 < 3.1 < 3.3 < 3.9

*1.96. (Due to counting statistics.)
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Table I1.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

Collection Date Dec 5, 12, 1987 Dec 19, 28, 1987
Radionuclide Gilcrest Ft. Collins Gilcrest Ft. Collins Gilcrest Ft. Collins
R-6 R-3 R-6 R-3 R-6 R-3
[-131 < 0.34 < 0.29 < 0.44 < 0.27
Cs-134 < 2.4 < 2.4 < 2.0 < 2.2
Cs-137 < 3.6 <2.9 <2.4 < 3.2
Ir-95 <5.4 < 5.6 < 4.6 <5.0
Nb-95 < 2.4 < 2.2 <1.8 < 2.0
Co-58 < 2.4 < 2.4 < 1.8 < 2.1
Mn-54 < 2.4 < 2.4 < 2.0 < 2.2
Zn-$5 < 6.2 < 5.7 6.1 (5.9) <5.5
Fe-59 < 6.2 < 5.5 <4.9 < 5.2
Co-60 <2.3 < 2.6 < 2.1 < 2.1
Ba-140 < 4.1 < 6.0 < 4.4 <4.4
La-140 < 6.3 < 6.9 < 5.1 < 5.0

*1.96, (Due to counting statistics.)

6v
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2. Surface Water

Surface water is collected monthly from four sites. Since the
reactor water effluent can be directed to either river course, there are
upstreas and downstream sampling locations on both the St. Vrain Creek
and on the South Platte River.

Table I[I.C.4 shows tritium concentrations measured at the four
surface water sites. Most of the values were less than MOC. The
arithmetic mean value for the downstream locations in 1987 was not
significantly different from the two upstream locations (Table II.H.2).
The elevated value observed at R-10 on December 19, 1987 was reanalyzed
and confirmed to be correct.

Table I1.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 different from the mean of the upstream
sites during 1987 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
St. Vrain Creek, a continuous water sample is collected at station A-25,
An aliquot of the farm pond outlet is sampled every 10 minutes and the
composite collected weekly. The weekly composites are then combined and
analyzed monthly. The results of these samples are shown in Table
I1.C.6. For every month there was evidence of measurable tritium

release. Mean values for the other radionuclides were low and except
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for Cs-137, less than MDC. The correlation with the effluent release
report is high.

Ground water is sampled quarterly at two locations. These are at
F-16, a well on the farm immediately north and the closest to the
reactor down the hydrological gradient, and at R-5, the Ehrlich feedlot.
Table II1.C.7 lists the measured concentrations of fission products and
activation products in ground water., The Cs-137 results are not
surprising due to residue of Chernobyl fallout, and the other results
above MOC are assumed to be statistically false positive values.

For comparison purposes, Table II.C.8 1ists the Maximum Permissible
Concentration values for each of the radionuclides listed in Tables

11.C.5-7.
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.’ab1e I11.C.4 Tritium Concentrations in Surface Water. (pCi/L)
1987.

Downstream Sites Upstream Sites
Cnllection
Date
St. Vrain S. Platte St. Yrain S. Platte
F-20 R-10 A-21 F-19

Jan 10 400 (280)* < 240 560 (290) | < 240

Feb 14 < 240 < 240 < 240 < 240

Mar 14 < 240 < 240 280 (290) < 240

Apr 11 < 230 < 23u < 230 < 230

May 16 < 230 < 230 < 230 < 230

|

Jun 12 ¢ 230 ¢ 230 L <230 ¢ 230
‘ Jul 10 < 230 < 230 < 230 < 230

Aug 8 240 (280) < 230 < 230 < 230

Sep 12 400 (280) < 230 ' 190 (300) < 230

Oct 10 < 230 < 230 < 230 < 230

Nov 14 < 230 < 230 < 230 < 230

Dec 19 < 300 730 (360) < 300 < 300

|
* 1.96 (Due to counting statistics.)






Table I1.C.5 Radionuclide Concentrations in Surface Water. {pCi/L)

Collection Date: February 14,1987

Downstream Sites Upstream Sites
|Radionuclide
St. Vrain S. Platte St. Vrain S. Platte

F-20 R-10 A-21 F-19
Cs-134 < 2.3 < 3.7 < 3.4 < 3.3
Cs-137 <. 3.3 < 4.6 < 4.2 < 4.9
Ir-95 < 5.0 12 (10) < 7.8 10 (9.2)
Nb-95 <1.9 gt BN | < 2.9 <2.9
Co-58 < 2.2 < 3.4 < 3.2 < 3.1
Mn-54 < 2.2 < 3.6 < 3.4 < 3.3
In-65 8.5 (6.0)* < 8.2 18 (9.2) 8.5 (9.2)
Fe-59 < 5.3 < 8.7 < B.4 < 7.5
Co-60 < 2.3 < 4.2 < 3.5 < 3.2
Ba-140 < 3.8 <5.9 <5.5 6.1 (6.6)
La-140 < 4.4 < 6.8 < 6.3 7.0 (7.6)

vS

* 1.96 o (Due to counting statistics.)






Table I11.C.5 Radionuclide Concentrations in Surface Water. (pCi/L)

Collection Date: April 11, 1987

Downstream Sites Upstream Sites
Radionuclide
St. Vrain S. Platte St. Vrain S. Platte

F-20 R-10 A-21 F-19
Cs-134 <1.8 < 2.2 2.9 (3.0) < 2.0
Cs-137 3.0 (3.2)* < 2.8 3.2 (3.6) < 2.5
Zr-95 < 4.2 < 5.2 < 5.8 < 4.9
Nb-95 < 1.6 <1.9 < 2.2 < 1.8
Co-58 < 1.7 < 2.1 < 2.3 < 1.9
Mn-54 <1.8 < 2.3 < 28 < 2.0
In-65 < 4.2 < 5.1 < 5.8 < 4.7
Fe-59 < 4.3 < 5.3 <5.9 < 5.1
Co-60 < 1.8 € 2.9 < 2.7 < 2.2
Ba-140 < 2.6 5.1 (5.2) < 4.4 < 3.3
La-140 < 3.0 5.8 (6.0) < 5.0 < 3.8

96

* 1.96° (Due to counting statistics.)




Table I1.C.5 Radionuclide Concentrations in Surface Water. (pCi/L)

Collection Date:

May 16,1987

—

Radionuclide

Downstream Sites

Upstream Sites

St. Vrain
F-20

S. Platte
R-10

St. Vrain
A-21

S. Platte

F-19

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

2.8
4.0
6.0
(2.8)*
2.6
2.7
6.4
6.1
2.8
4.4
5.1

3.2

4.8
5.5

<2.9
¢ 3.9
< 6.9
< 2.5
& &s?
< 2.9

2.8
3.4
(8.1)
2.4
2.7
2.8
6.2

* 1.96¢

(Due to counting statistics.)




Table 11.C.5 Radionuclide Concentrations in Surface Water. (pCi/L)

Collection Date: June 12, 1987

[ . 3
Downstream Sites ! Upstream Sites
Radionuclide
St. Vrain S. Platte St. Vrain S. Platte
F-20 R-1C A-21 F-19
—— — —
Cs-134 < 3.2 < 2. < 1.8 < 3.4
Cs-137 &7 4.5 (3.0) 5.5 (3.3) < 4.1
Ir-95 < 7.4 < 4.8 < 4.2 < v.4
¥b-95 < 2.8 <1.9 <1.6 € 3.1
Co-58 - 30 <1.9 < 1.8 < 3.2
Mn-54 3.6 (3.8)* g < 1.8 < 3.4
n-65 < 7.4 7.5 (5.5) 6.3 (5.1) < 8.0
Fe-59 < 7.4 < 4.8 < 4.6 < 8.2
Co-60 < 3.3 < 2.2 <1.9 < 3.7
8a-140 < 4.7 < 4.6 < 2.8 < 5.6
La-140 < 5.4 < 5.3 €< 3.2 < 6.4

* 1.96 - (Due to counting statistics.)
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Table 11.C.5 Radionuclide Concentrations in Surface Water. (pCi/L)

Collection Date:

July 10, 1987

: Downstream Sites Upstream Sites
Radionuclide
St. Vrain S. Platte St. Vrain S. Platte
F-20 R-10 A-21 F-19

Cs-134 < 2.6 < 1.9 < 2.0 2.2 (2.6)
Cs-137 < 3.9 4.2 (3.4) < 2.5 < 2.7
Zr-95 < 6.0 < 4.4 < 4.3 < 5.1
Nb-95 < 2.3 2.0 (2.1) 3.6 (2.2) 3.8 (2.2)
Co-58 < 2.5 <1.9 <1.9 < 2.0
Mn-54 3.5 (3.1)* < 2.0 < 2.0 ¢ -&.1
In-65 < 6.7 < 4.8 < 4.7 < 5.1
Fe-59 < 6.1 < 4.6 < 4.9 < 5.2
Co-60 < 2.6 < 2.0 ¢ 2.2 < 2.3
Ba-140 < 4.5 < 2.9 € 3.3 < 3.5
La-140 < 5.1 < 3.3 < 3.8 < 4.1

* 1.96-. (Due to counting statistics.)

6



Collection Date: August 8, 1987

Table I1.C.5 Radionuclide Concentrations in Surface Water. (pCi/L)

r— Downstream Sites Upstream Sites
Radionuciide
St. Vrain S. Platte St. Vrain S. Platte
F-20 R-10 A-21 F-19

Cs-134 < 2.7 < 3.6 € 3.3 & 223
Cs-137 < 3.1 6.1 (6.4)* < 4.8 6.3 (4.0)
Ir-95 < 6.6 < 7.9 < 1.2 < 5.4
Nb-95 < 2.4 < 3.4 < 2.9 < 2.0
Co-58 < 2.4 < 3.3 € 3.3 < 2.2
Mn-54 < 2.6 < 3.6 < 3.1 <2.2
7n-65 < 6.5 < 8.2 < 7.7 <59
Fe-59 < 6.1 < 8.5 < 7.7 < 5.2
Co-60 < 2.8 < 3.8 < 3.2 <2.4
Ba-140 < 4.2 < 5.1 < 4.7 < 3.3
La-140 < 4.8 <5.9 < 5.4 < 3.8

* 1.96° (Due to counting statistics.)

09



Janle '1.C.5 Radioauciide Concentrations in Surface Water. (pCi/L)

Collection Date:

September 12, 1987

Downstream Sites Upstream Sites
Radionuclide % -
St. Vrain S. Platte Sv Vrain S. Platte
R-10 F-20 A-21 F-19
1
Cs-134 < 3.7 < 2.5 < 2.1 3.9 (4.5)
Cs-137 < 5.6 2.9 (3.5)* 4.0 (3.8) < 4.7
Ir-95 < 8.6 < 5.8 < 4.8] < 8.9
Nb-95 < 3.5 < 2.2 <1.9 3.8 (4.1)
Co-'8 < 3.5 < &ed 2.7 (2.5) 4.2 (4.3)
Mn-54 . 3.8 < 2.4 & Zal < 3.8
Zn-65 < 10. < 5.9 < 5.1 <9.2
Fe-59 < 8.4 < 6.0 <« 5.2 ¢ 8.7
Co-60 < 3.8 t & QT 2.2 (2.1) < 4.0
2. 40 s 6.6 < 4.1 < 3.3 < 6.1
La-140 < 7.6 < 4.5 < Bt € T
)

* 1.9F7 {Due to

ccunting statistics.)

19



Table 11.C.5 Radionuclide Concentrations in Surface Water. (pCi/L)

ollection Date: October 10, 1987.

Downstream Sites Upstream Sites
Radionuclide St. Vrain S. Platte St. Vrain S. Platte

F-20 R-10 A-"1 F-19
Cs-134 ¢ 2.5 < 1.7 < 3.3 < 2.2
Cs-137 5.3 (3.6)" < 2.0 7.8 (5.9) 4.3 (3.2)
Ir-95 < 5.8 < 3.5 < 7.6 < 5.0
Nb-95 2R3 < 1.6 < 3.2 < 2.1
Co-58 < 2. < 1.6 ¢ 3.1 < 2.2
"n-54 < 2.5 < 1.7 < 3.3 < 2.2
In-65 < 5.8 < 4.0 < 8.0 < 5.3
Fe-59 < 6.0 < 4.2 < 8.0 < 5.0
Co-60 < 2.6 <« 1.5 < 3.4 < 2.3
Ba-140 < 4.6 < 3.5 < 5.7 < 4.2
La-140 < 5.4 < 4.0 < 6.5 < 4.8

29

*1.96 - (Due to counting statistics.)




Table 11.C.5 Radionuclide Concentrations in Surface kater. (pCi/L)

Collection Date: November 14, 1987.

Downst: eam Sites

Upstream Sites

Radionuclide St. Vrain S. Platte St. Vrain S. Platte
F-20 R-10 A-21 F-19
Cs-134 < 2.5 < 3.4 < 3.3 € L7
Cs-137 < 3.8 < 5.1 < 6.0 3.5 (3.9)
Ir-95 <$5.5 < 7.4 < 7.6 ~ 6.3
Nb-95 < 2.2 < 3.0 ¢ 3.3 2.7 (3.0)
Co-58 < 2.3 < 3.3 < 3.2 < 2.5
'n-54 < 2.4 < 3.5 < 3.4 < 2.8
In-65 < 6.1 < B.2 < 8.1 < 6.5
Fe-59 < 5.6 < 7.7 < 7.8 8.5 (7.9)
Co-60 € 2.5 < 3.3 < 3.5 < 3.0
Ba-140 < 4.5 7.2 (7.3)* 7.4 (7.8) < 5.5
La-140 < 4.1 8.3 (8.4) 8.5 (8.9) < 6.3
* 1.96° (Due to counting statistics.)
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Tat.e 11.C.5 Radionuclide Concercrations in Surface Water. (p

Collection Date: December 19, 1987.

'L)

Nownstream Sites

Upstream Sites

Padionuclide St. Vrain S. Platte St. Vrain S. Platte
F-20 R-10 A-21 F-19
Cs-13¢ < 2.2 < 2.4 < 3.8 < 3.6
Cs-137 4.9 (4.0)* <2.9 < 4.6 < 5.4
Ir-95 < 4.9 < 5.6 < 8.9 < 8.0
Nb-95 ¢ 2.1 < 2.2 < 3.4 < 3.3
L0-58 : 2.1 < 2.2 < 3.5 < 3.4
Mn-54 < 2.2 2.9 (2.8) < 3.7 < 3.5
In-65 < 5.6 < 5.8 < 8.8 < 8.7
Fe-59 < 5.1 < 5.4 < 8.8 7.9 (9.6)
Co-60 < 2.2 < 2.5 < 4.0 < 3.7
Ba-140 < 3.2 < 3.9 < 6.1 < 5.3
La-140 < 3.7 < 4.5 < 7.0 < 6.0
* 1.96 - (Due to counting statistics.)
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Table 11.C.6.

Radioniclide Concentrations in Monthly Composites of Surface Water A-25. (pCi/L).

Collection Year: 1987

Radionuclide | January February March April May June
Cs-134 < 2.0 < 2.4 ¢ 2.9 < 2.3 <1.6 < 2.4
Cs-137 < 2.4 8.0 (3.5)* <2.9 < 3.4 < 2.4 < 2.9
Ir-95 < 5.8 < 5.4 < 5.7 < $.1 < 3.5 < 5.6
Nb-95 < 1.7 < 2.4 < 2.4 3.6 (2.8) < 1.7 2.7 (3.0)
Co-58 <1.8 c 2.2 < 2.3 <2.5 <1.%5 < 2.2
Mn-5& 2.5 (2.4)* < 2.4 <« 2.4 < 2.3 < 1.6 4.8 (3.0}
Zn-65 5.3 (5.7) < 5.5 < 5.6 5.4 (6.6) 9.4 (4.6) < 5.6
Fe-59 < 4.8 < 5.4 < 5.6 < 6.6 < 5.0 < 5.5
Co-60 ¢ 2.2 < 2.5 < 2.6 < 2.3 < 1.6 < 2.5
Ba-140 < 3.3 < 4.0 < 3.9 < 3.4 < 2.3 < 3.8
La-140 < 3.8 < 4.6 < 4.5 < 3.9 < 2.7 <4.4
H-3 3700 (320) | 3000 (310) | 6000 (340) 1500 (290) | 18000 (450) | 13000 (400)

* 1.96° (Due to counting statistics.)
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Table 11.C.6 Radionuclide Concentrations in Monthly Composites of Surface Water, A-25 (pCi/L).

Cellection Year:

1937

radionuclidJ July | August September October November December

[Cs-l3d < 2.3 < 1.7 < 2.2 < 1.8 < 2.2 < 2.3
Cs-137 3.6 (4.0)* < 2.1 2.7 (3.2) 2.8 (3.2) < 2.6 < 2.8
Ir-95 < 5.0 < 4.0 < 5.2 < 4.0 <8.” < 5.2
Nb-95 < 2.2 < 1.7 < 2.0 < 1.6 < 3.9 < 2.0 |
Co-58 < 2.2 < 1.6 < 2.0 | < 1.7 < 2.0 < 2.1 !

| Mn-54 < 2.2 € 1.7 < 2.3 <1.9 < 2.1 < 2.3

i In-65 < 5.5 < 4.0 < 5.5 < 4.3 < 5.0 < 5.6
Fe-59 < 5.2 < 4.C < 6.9 i < 5.3 < 6.0 | < 6.5
Co-60 < 2.3 < 1.8 < 2.4 | < 1.9 < 2.3 ‘ < 29
Ba-140 < 3.3 < 6.4 < 3.6 t < 2.7 ; < 3.5 ? < 3.6
La-140 < 3.8 ‘ & 7.3 < 4.1 ' < 3.1 E < 4.0 <« 4.2

| H-3 11,000 (390) | 3700 (317; | 1300 (300) | 2300 (310) - (280) J 29000 ;640)

L [ J 1

* 1.96- (Due to counting statistics.)
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Table I11.C.7 Radionuclide Concentrations in Ground Water. (pCi/L)

* 1.96 s'(Due to counting statistics.)

Collection year: 1987
-[Thdio- 1st Quarter ? 2nd Quarter 3rd4 Quarter 4th Quarter
nuclide| F-16 R-5 | F-16 R-5 F-16 k-5 F-16 R-5
|
Cs-134 | 2.6 (2.9)* < 2.6 ; 2.5 <2.4 < 3.4 < 2.2 < 3.9 < 3.2
Cs-137 | 4.3 (4.3) 3.9 (3.7) ; 3.1 7.9 (4.2) | < 5.2 £33 8.4 (5.5) < 3.8
r-95 | <5.4 < 6.0 f 6.0 <5.2 <7.9 <5.0 <9.1 < 7.8
Nb-95 | < 2.6 <24 | <24 <2.2 < 3.3 < 2.0 < 3.7 <2.9
Co-58 <2.3 < 2.3 ; 2.4 < 2.3 € 33 < 2.1 < 3.8 <2.9
Mn-54 < 2.4 < 2.6 E 2.5 < 2.4 < 3.4 < 2.3 < 3.9 < 3.2 o
In-65 < 8.0 < 6.8 i 6.4 9.4 (7.9) | < 9.7 < 5.6 T.o (1.2) < 7.7
Fe-59 < 5.7 < 5.9 { 6.1 <5.5 < 8.1 < 5.1 <9.3 < 7.6
(Co-t0 | 2.7 (2.8) <2.8 | <2.8 <2.4 < 3.6 < 2.1 < 4.1 3.4
faa-laa < 3.7 < 4.6 4.9 < 4.2 < 5.3 < 3.6 < 6.1 < 5.2
| La-140 < 4.2 <5.3 5.6 <4.9 < 6.1 < 4.2 < 7.1 < 6.0
H-3 350 (280) < 230 230 < 220 < 230 < 230 | < 230 < 300




Table I1.C.8 Maximum Permissible Concentrations in Orinking Water.
(10CFR20, Appendix B, Table II)

10% peisL

102 pCi/L

10% peist

10% peisL

10% peis

10° pCi/L

10° pCi/L

i Mn-54 1 x 10° pCi/L
2n-65 1 x 10° pCi/L

Fe-59 6 x 10% pci/L

C0-60 5 x .0% pCi/L
Ba-140 1 x 10 pein
La-140 2 x 10% pci/




1.0, Milk |

The dairy food chain is the critical pathway for possible radiation
dose commitment around any nuclear facility., 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
humans 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 radioactivity due to reactor operationc.

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 radium,
were selected as they are located in the highest x/Q areas (refer to
updated FSAR), The description of these locations can be found in Table
I11.8.1 and Figure II1.B.2. The single 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 are rarely, if ever, out on pasture and under
dry-lot mancgement typical of Eastern Colorado,

Table I1.0.1 lists the concentrations of all radionuclides that are
investigated in milk samples., DOuring 1987, elevated concentrations of
[-131 were again consistently observed at site A-22. The source of this
1-131 is from nuclear medicine used in the Denver hospitals. The
release enters the S, Platte River just North of Denver., A-22 dairy
uses irrigation ditch water for its herd rather than well water, The
ditch (Independence) receives S, Platte water upstream of FSV, This
observaticn was first made in 1985 and discussed at length in the 1985

REMD summary report,



70

Figure 11.0.1 shows the frequency and magnitude of the [-131
concentrations observed at the A-22 dairy in recent years, The large
peak observed in May and June of 1986 is of course due to Chernoby)
fallout, but all other peaks are due to hospital use in Denver,
Currently, we have initiated a study to investigate this observation in
greater detail. A continuous water sampler is in place at the Henderson
River gauging station and milk from dairies on the Platte River north of
Denver will be sampled when the irrigation season starts,

K-natural, as measured by K-40, is very constant in milk, The mean
literature value 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 quality 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 I11.,D.1.

Elevated tritium concentrations in milk due to reactor effluents
have never been observed in the post-operational period of the reactor.
This implies the tritium from reactor effluents is not contributing any
radiation dose to humans via the milk pathway. Tritium concentrations
in milk should respond rapidly to changes in tritium concentrations of
the forage water intake or drinking water intake to the cow. This is
due to the short biological half-1ife for water in the cow (about three
days for the lactating cow). As noted in previous reports, the reported
tritium concentration in milk is the tritium in water extracted from the
miik, Contamination of milk samples by any radionuclide due to reactor
effluents has never been observed during the operational per.uds of Fort

St. VYrain.
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Table 11.D.1 Radionuclide Concentrations in Milk. (pCi/L)

Collection Year: 1987

S

Radionuclide A-6 A-18 A-22 A-23 A-24 A-76 R-8
Collection Date| Sept 12 Sept 5 Sept 12 Sept 5 Sept 12 Sept 12 Sept 12
1-131 <0.21 < 0.5 < 0.74 < 3.3 < 0.29 0.30 (0.31) < 4.0
Cs-134 « 1.2 < 2.9 < 2.5 < 4.1 1.7 (1.9) < 1.7 < 2.1

Cs-137 2.2 (1.8) < 3.2 < 3.0 < 4.9 <1.9 2.0 (2.3) | 5.2 (2.5)
Ba-140 < 2.0 < 5.5 < 4.0 < 6.4 < 3.2 < 31 < 3.8
La-140 < 2.3 < 6.3 < 4.5 < 7.3 < 3.7 < 3.6 < 4.3
H-3 < 232 < 228 < 232 < 228 < 230 < 232 < 228
Collection Date| Sept 26 Sept 19 Sept 26 Sept 26 Sept 26 Sept 26 Sept l9r
—
1-131 < .46 <17 4.2 (0.52) <1.9 < 0.23 < 0.27 < .18
Cs-134 ¢ 2.7 <1.5 e A < 2.1 < 1.9 < 1.4 g %
Cs-137 < 3.9 3.9 (2.0) < 3.3 < 2.6 < 2.3 < 1.8 < 2.6
Ba-140 < 4.0 < 2.3 < 4.2 < 4.7 < 3.0 < 2.2 < 3.9
La-140 < 4.6 < 2.6 < 4.9 < 5.4 < 3.5 < 2.5 < 4.5
H-3
Collection Date
e -
1-131
Cs-134
Cs-137
Ba-140
La-140

* 1.96° (Due to counting statistics.,
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. Figure 11.0.1 |
1-131 Concentrations in Milk at Site A-22 ’
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Table 11.E.1 Radionuclide Concentrations in Food Products
(pCi/kg).

Collection Date: September 10, 1987

Location | Food Type 1-131 Cs-134 (Cs-137
R-13 Corn < 2.5 < 2.6 | 3.3 (3.7)*
R-12 Carrots < 8.9 < 5.1 16.9 (7.9)

A-30 Zucchini < 2.9 < 2,1 < 3.5
A-29 Cucumber < 9.4 < 9.6 < 12
‘ A-27 Zucchini < 1.1 11 (12)] 13 (14)
A-31 Cabbage <9.9 < 9.4 < 14
A-21 Brocolld < 20 <19 < 22
A-9 Watermelon < 2.5 < 2.2 | 4.4 (4.1)
R-13 Tomato < 2.2 < 2.3 | 4.5 (3.1)
A-23 Cucumber < 2.1 < 1.9 | 2.9 (2.7)
A-31 Cauliflower | 2.7 (3.4)] < 2.8 | 7.9 (4.8)
R-13 Turnips 5.8 (6.3)] < 3.6 <4.5

* 1.9 (Due to counting statistics.)
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I1.F. Aquatic Pathways

Table I1.F.1 shows radionuclide concentrations measured in fish
samples collected at F-19, A-25 and R-10 on two dates in 1987, The fish
were collected by netting and the composite sample was homogenized
without cleaning and analyzed on a wet weight basis. The occasional
positive values are considered to be methodological fluctuation (false
positives). Ouring the second half of 1987 fish collection efforts at
R-10 were unsucccssful. Repeated sampling was conducted but no fish
could be collected before the ice set in. Since no detectab's activity
was observed in fish at A-25, in the effluent pathway, it can be
concluded that no activity could be present further downstream,.
Collection problems have been remedied for 1988,

Table I1.F.2 shows the measured concentrations of both Cs-137 and
Cs-134 in surface sediment collected at R-10, the downstream location,
There was measuiable activity of radiocesium clearly due to the
Chernobyl fallout. The cesium ifons are bound nearly irreversibly by the
clay mineral matrix in the sediment.

Monitoring for Corbicula Fluminea, a species of freshwater clam,
was conducted at all fish sampling sites., These monitoring dates
coincided with the fish collection dates. Corbicula have been
introduced to North America from Asia., The freshwater clams are now
found in large river systems in the U.S, from coast to coast. The
Colorado Division of Wildlife has stated that Corbicula have been found
in Northern Colorado at Boyd Lake, some 30 miles from the Fort St, Vrain
Nuclear Generatirg Station. However, to this date, our samplings have
indicated no svideace of Corbicula in any ~f the sampling sites of the

reactor surface water courses,
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I1.6, Sample Crosscheck Program

To assure the accuracy and precision of the environmental data
obtained from the radiation surveillance program provided for the Fort
St. Vrain reactor, Colorado State University participates in a number of
intarlaboratory and intralaboratory quality assurance programs, The
U.S. Environmental Protection Agency (EPA) sponsored laboratory
intercomparison studies program is the principal crosscheck, This
involves the analysis of a variety of environmenta)l media containing
various levels of radionuclides. The media, type of analysis and

frequency of analysis for the EPA program are summarized below.

Medium Analysis (radionuclide) Frequency
Water He3 Triannyally
Water Gross beta, gross alpha Bimonthly
Water Co-60, In-65, Cs-134, Cs~137 Triannually
Water I-131 Semiannually
Air partice Cs=137, gross beta, Semianrually

ulate filters gross alpha

Milk I-131, Cs-137 Triannually

For each radionuclide analysis of a particular medium, three independent
measurements are performed and all results are reported to the EPA,

Table 11.6.1 gives the EPA crosscheck data for 1987. The EPA uses
the term, Estimated Laboratory Precision (ELP), calculated as one

standard deviation for one determination, The normalized deviation of

our mean from the known is calculated as:
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CSU mean value - EPA known value

o/n

Where: o = standard cveviation of the mean of all participating
laboratory results

n = number of analyses by our laboratory, normally n=3

The control limit is determined by the mean range of all results
and three standard deviations of the range., If any result exceeds two
standard deviations from the mean (warning level), the result is
unacceptable, Whenever our mean value falls outside this limit, the
calculations are rechecked and the sample reanalyzed if possible,
During 1987 all results except 10 were within the warning level, The
results exceeding the warning level have the notation (n) in Table
[1.6.1. The corrected values are shown in the table, The recheck
process and conclusion are given below for these samples,

1. A recalibration resulted in revised counting yields that

produced acceptable accuracy,

¢, One result of the three determinations was concluded to be an

“outlier" (systematic error) and omitted,

3. Dilution procedures were improperly conducted,

Table 11.6.2 lists independent results for H-3 in water samples
split between this laboratory and the Colorado Department of health,
Radiation Control Division and the laboratory at the Fort St. Vrain
Generating Station, The comparison between laboratories was acceptable,

Tablae I1.6.3 lists the results of gross beta analy.es of the split

water samples, Currently, procedural differences between the

laboratories are being investigated for the discrepancy.




85

Table 11.6.4 shows results of an intralaboratory crosscheck
program, Replicate samples are independently analyzed. The replicate
results are not statistically different and imply that the precision of

the methods 1s acceptable,
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Table 11.G.2

Tritium Crosschack Analyses on Split Water Samples Determined by
Colo-ado State University, Colorado Department of Health, and

Public Service Company.

1987

Collection

Jan
Jan
Jan

Feb
Fub
Feb

Mar
Mar
Mar
Apr
Apr
May
May

Jun
Jun
Jun

Date

10
10
5

14
14
2

14
14
16

11
11

8

Sample
Location

A-25
A-21
£-41

A-25
A-21
£-41

A-25
A-21
E-41

A-25
A-21
£-41

A-25
A-21
E-4]

A-25
A-21
£-41

Tritium Concentrations pCi/L

CSu

330 (280)
< 240
< 240

800 (360)
< 240
< 240

8600 (370)
< 230
< 230

2000 (303)
< 240
260 (280)

7900 (360)
< 270
260 (280)

10,000 (380)

< 270
< 270

CDH

816 (181)
< 350
< 350

691 (186)
< 350 .
355 (182)

9814 (269)
< 350
< 350

2005 (196)
< 350
< 350

7674 (244)
< 350
< 350

*
*
*

PSC

875 (430)
< 147
< 247

1450 (423)
596 (410)
833 (414)

9510 (544)
< 346
< 346

2590 (443)
< 337
< 337

7970 (522)
« 337
< 244

12,000 (575)

<« 349
< 349

* Data not received from Colorado Department of Health.






&

J )
10R
y A
. 5
T4
" ‘
£
.
s ”
]
A
* .
A A
4.8
i B

4
+

o

‘n‘a‘. ¥

artment

"“r en

by

A

3

) (4
1A
19
1
16
14
3
1

. [ 4

.

*

"

<

L

amples Determine
f Meoalth an
atinne nlftd /!
on [
D¢
"
. '
1
1
] ,
1
EF
'
3.7F
f
¢
d 14

o




91

Table 11.G.3

Gross Beta Crosscheck Analyses on Split Water Samples Determined by
Colorado State Unive=siiy, Colorado Department of Health, and
Public Service Tompany. 1987

Collection Sample Gross beta Concentrations pCi/L
Date Location cSu COH PSC

Jul 10 A-25 3.8 (2.1) 6 (4) < 6.47

Jul 10 A-21 6.3 {2.2) 11 (4) 16.10 (9.58)
Jul 6 £E-41 3.9 (2.1) 15 (5) 12,30 (9.41)
Aug 8 A-25 11 (5.3) 13 (4) 11.60 (2.59)
Aug 8 A-21 12 (5.3) 3 (4) 17.40 (9.30)
Aug 10 £-41 6.0 (5.0) 11 (4) 13.90 {8.93)
Sep 12 A-25 5.7 (5.1) 10 (4) 8.14 (8.21)
Sep 12 A-21 5.3 (4.1) 9 (4) 11.10 (8.57)
Sep 7 £-41 5.6 (5.1) 10 (4) 13,00 (8.63)
Oct 10 A-25 11 (5.0) 14 (4) 10.70 (9.39)
Oct 10 A-21 5.9 (5.1) 15 (4) 12.10 (9.60)
Oct § £-41 36 (18) 14 (4) 13.80 (9.81)
Nov 14 A-21 7.9 (5.2} 13 (4) 7.66 (8.47)
Nov 2 £-41 il (5.4) 8 (4) 19.90 (9.70)
Dec 19 A-25 5.8 (5.1) 14 (4) 13,30 (8.84)
Dec 19 A-21 11 (5.3) 10 (4) 11.80 (8.78)

Dec 7 E-41 11 (5.3) 13 (4) 15.30 (9.01)




4th Quarter
Trial 2

Trial 1

Drinking Water (R-6)
2nd Quarter 3rd Quarter
Trial 2 Trial 1 Trial 2

Trial 1

Trial 2

juarter

st

Intralabatory Crosheck Results, (pCi/L) 1987.
Trial 1

Nuclide

Radio-
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from FSY. Since it is far more mobile than any of the specific
radionuclides, if in the unlikely event that effluent activity
were reaching the Gilcrest aquifer, elevated tritium

concentrations would be the first and most sensitive indicator,

c. The city of Gilcrest does not filter and treat its water to the

same cegree as Fort Collins., This has been verified and
evidenced by the fact that the gamma-ray spectra of the
suspended solids from Gilcrest water samples show elevated
natural radionuclides. It has been concluded in previous
reports that the elevated gross beta concentrations in Gilcrest
water are due to elevated concenirations of the naturally
occurring U-238, and Th-232 decay products. The suspended
solids are higher in Gilcrest water samples due to less
filtration of the water,

For the category of tritium in surface water, as has been the case
since reactor operation, elevated concentrations were noted at station
A-25, the outlet of the (Goosequill) farm pond. This, of course, is
directly in the principal effluent route and shouid be expectad,
Elevated concentrations of tritium have never been observed. however, in
any human food source in direct or indirect contact with the farm pond
water, Downstream surface water concentrations of tritium have
occasionally been elevatad, but there is significant dilution before any
human use of this water, During 1987 elevated tritium concentrations
were observed downstream on several occasions but the mean values for
the first and second half of 1987 were not significantly greater than in
upstream surface water, An historical summary of tritium concentration

in upstream, downstream and potable surface water for six month periods
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from 1974 to 1987 is depicted in Figure I1.C.1. Tre potable water
concentrations plotted are those for the Gilcrest city water well,

I-131 was observed again in milk samples from Dairy A-22. Because
che reactor did not release any significant fission preducts during
1987, the source of the I1-131 concentrations in milk could not be
reactor effluent. It was noted in the 1985 annual report that the
source of the I-131 concentrations during that year was not due to the
reactor but due to nuclear medicine use and release upstream of the
reactor. This was an important observation as I-131 is certainly a
critical radionuclide in human dose commitment possibilities, a fact of
which the general public is aware. This discovery prompted increased
monitoring for 1-131., Upstream nuclear medicine releases of 1-131 is,
therefore, the only likely source of the I-131 observed again in milk
samples during 1987,

Cs-137 and Cs-134 and other fission products were also observed in
many environmental samples due to the Chernobyl fallout.

Table I1.H.2 presents an additional summary of mean values for
selected sample types., The sample types and radionuciides were chosen
on the basis of their importance in documenting possible radiation dose
to humans. Air and surface water would be the predominant environmenta)
transport routes aud drinking water and milk would be the predominant
sources of radiation dose if significant radicactivity release from FSY
occurred. Table I1.H.2 also allows comparison to the three most recent
years of operation,

The arithmetic means in Table I1.H.2 were calculated for al) sample
results, It should be noted that the tabular data presented in the body

of this report contain only positive calculated values. Any calculated
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values less than zero or less than the minimum detectable concentration
(MDC) are listed as less than the actual MDC for that sample analysis.
However, the actual result in all cases was used in the calculation for
the arithmetic mean values for the period. Therefore, all values,
negative as well as positive, were included. This procedure is now
generally accepted and gives a proper estimate of the true mean value.
Because of this procedure, however, the values listed in Table II.H.2
cannot be calculated directly from the tabular values in the report. It
must be emphasized that wirile it is true that no sample can contain less
than zero radioactivity, due to the random nature of radioactive decay,
it is statistically possible to obtain sample count rates less than
background and hence a negative result, It is equally true that many
sample types do in fact have zerc concentraticns of certain
radionuclides. Therefore, to obtain the correct mean value from the
distribution of analytical results, all positive results must be
averaged with all negative results. |If the negativa results were
omitted, the resulting arithmetic mean would be falsely biased high.
From log-normal analysis of each deta set for each 12 month period,
the geometric mean and geJmetric standard deviations are also presented
in Table II.H.2. The log-normal probability treatment is to plot all
data for eath sample type over the year on log-probit coordinates. The
samples are ranked by increasing activity concentration and the
cumulative percentage of rankings are plotted on the probit abcissa

versus the activity concentration of the log ordinate. The geometric

mean value, Kg. is determined directly from the 50th percentile point.
The geometric standard deviation is simply the slope of the line which

can be calculated from the ratio between 84,1 percentile point and the



50th percentile. In a normal distribution, the arithmetic standard
deviation is an additive parame*er to the arithmetic mean, i.e. (X+0);
whereas, in the log-normal distribution the geometric standard

deviation, o_, is a multiplicative parameter to the geometric mean

ql

The area between X_ multiplied by o, and X, divided by o

g g g 8%y
should contain 68% of the frequercy values. With the log-normal

(;gzo 9
analysis, no bias results from using either actual values or less than
MDC values in estimating the geometric mean., The geometric mean is
identical to the median,

From the values presented in Tables II.H.1 and 11.H.2 and the
tabular data of the report, the following observations and conclusions
may be drawn:

1. Tritium was again the only radionuclide that was detected in
significant concentrations in any of the effluent pathways that
rould be attributed to reactor operation. Since the tritium is
released as tritiated water, the dilution by the surrounding
hydrosphere is great, Although in 1987 a few elevated levels
of tritiated water could be detected in downstream surface
water samples, the mean values of downstream surface and
Gilcrest drinking water were not statistically greater than
upstream concentrations, The tritium concentrations measured
in milk produced by the nearest dairy herd were also all less
than NDC.

2., Figure II.C.1 is a plot of tritium measured in surface water
samples over the period 1974-1987. Ouring the period the
predominant source term is that of fallout deposition. There

is some delay period in the peaks due to the mean residence
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because the fallout deposition was considerably greater during
the pre-operational period.

The prompt and sensitive detection of the Chinese weapon test
and Chernobyl fallout in the past assures that the
environmental monitoring program is of adequate scope and
sensitivity to detect any accidental releases from the FSV
reactor operation, It can be concluded from the data collected
by the environmental monitoring program that the radiation dose
commitments calculated for the closest inhabitants or other
parts of the nearby ecosystems due to current reactor effluents
are negligible. Natural background radiation and the dose
commitment from atmospheric fallout are the only known
significant sources of radiation dose to the residents of the

area,



TABLE II.H.1 Environmental Radiological Monitering Program Annual Summary
Fort St. Vrain Nuclear Generating Facility, Platteville, Colorado
Medium or Pathway  Type and Facility Adjacent Locations with Highest Reference Number of
Sampled (Unit of Total Number Locations Locations Annual Mean Locationg Nonrout ine
measurement ) of \nalysis Mean (£)®  Mean (£)P Name Mean( £)P Mean (f) Reported
Per formed range range Distance & Range Range Measurements
Direction
Direct Radiation TLD (164) 0.43(72/72) .44 (72/72) A-10 old FSV 0.52 (4/4) 0.43 (20/20) 0
(mR/day) (0.36-0.52) (0.32-0.56) School 7.8 km (0.34-0.49)
215°
Air, Particulates Gross [ (354) 26.4(202/206) 27.0 (49/52) F-7 Inter- 28 (52/52) 25.1 (152/156) 0
fCi/m (4.0-62) (8.6-62) section of
CR21 & CR34
1.5 km 170°
Gamma Spectrometry
Cs-134 (28) <2.7 (0/16) R-4 Longmont 1.6 (1/4) 1.6 {1/4) 0
Dairy store —
20.5 km 250° =
Cs-137 (28) 2.8 (3/16) F-7 Farm at 3.5 (1/4) 2.9 (V&) 0
(2.2-3.5) intersection
of CR21 & CR34
1.5 &m 160°
Air, Atmospheric H-3 (356) 450 (27/48) A-19 Hunting 466 (13/51) 354 (11/152) 0
water vapor (1000-250) cabin (1000-270) (230-580)
(pCi/L) Goosequill
1.7 xm 5°
Air, Char 1 I-131 (357) 31 (5/205) R-3 CSU Dairy 42 (1/62) 24 '6/152) 0
{(pCi/m~) (14-40) W. Drake Rd4. {3.7-42)
FtCollins

45 km 330°
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TABLE II.H.1

Envirommental Radiological Momitoring Program Annual Summary

Fort St. Vrain Nuclear Generating Facility, Platteville, Colorado

Medium or Pathway Type and Facility Adjacent Locations with Highest Reference Number of
Sampled (Unit of Total Number Locations locat:long Annual Mean Locations Nonroutine
measurement ) of Analysis  Mean (f) Mean (f) Name Mean(£)P Mean (£)P Reported
Performed range range Distance & Range Range Measurements
Direction
Mn-54 (52) 3.7 (3/26) R-6 Gilcrest 3.7 (3/26) <4.0 (0/26) 0
(3.3-4.3) City water (3.3-4.3)
9.3 km 60°
Zn-65 (52) 7.6 (2/26) R-€ Gilcrest 7.6 (2/26) 7.4 (3/26) 0
(6.1-9.0) City water (6.1-9.0) (6.4-9.4)
9.3 km 60°
Fe-59 (52) 6.7 (1/26) R-3 FtCollins 9.2 (2/26) 9.2 (2/26) 0
Cit- water (8.4-9.9) (8.4-9.9)
9.3 km 330°
Co-60 (52) 2.1 (1/26) R-3 FtCollins 4.6 (4/26) 4.6 (4/76) 0
City water (2.7=7.1) (2.7-7.1) =y
9.3 km 330° w
Ba-140 (52) 7.3 (2/26) R-6 Gilcrest 7.3 (2/26) <6.6 (0/26) 0
(6.9-7.6) City water (6.9-7.6)
2.3 km 60°
La-140 (52) 8.4 2/26) R-6 Gilcrest 8.4 (2/26) <7.5 (0/26) 0
(7.9-8.8) City water (7.9-8.8)

9.3 xm 60°



TABLE II.H.1

Environmmental Radiological Monitoring Program Annual Summary

Port St. Vrain Nnclear Generating Facility, Platteville, Colorado

Medium or Pathway Type and Facility Locations with Highest Reference Number of
Sampled (Unit of Total Number Locations Locations Annual Mean Locat Nonroutine
measurement ) of Analysis Mean (£)P Name llnan(f)b Mean (f) Reported
Performed range Distance & Range Range Measurements
Direction
Surface water H-3 (60) 5900 (16/36) A-25 Goosequill 7700(12/12 340 (3/24) 0
(pCi/L) 240-29,000 2.2 km 20° (330-29,000) (190-560)
Gamma Spectrometry
Cs-134 (60) “3.7 (0/36) o o 3.0 (3/24) 0
(2.2-3.9)
Cs~137 (60, 4.6 (12/36) R-10 S.Platte 5.0 (5/12) 5.1 (8/24) 0
(2.7-8.0) at Co 60 (2.9-7.4) (3.2-7.8)
) km 290°
Zr-95 (60) 12 (1/36) R-10 S.Platte 12 (1/12) 8.9 (2/249) 0 —
at Co 60 (7.7-10) e
10 km 290°
Nb-95 (60) 3.1 (5/36) F-20 St.Vrain 3.6 (2/12) 3.2 (5/24) 0
(2.0-4.6) 1.5 km 340°  (2.5-4.6) (2.7-3.8)
Co-58 (60) 3.5 (0/36) ot o 3.5 (2/24) 0
(2.7-4.2)
Mn-54 (60) 3.5 (5/36) A-25 Goosequill 3.7 (2/12) <3.8 (0/26) 0
(2.5-4.8) 2.2 kw 20° (2.5-4.8)
Zn-65 (60) 7.2 (5/36) F-20 St.Vrain 8.5 (1/12) 5.5 (3/24) o
(5.3-9.4) 1.5 km 340° (1.8-8.5)
Fe-59 (60) 7.8 (1/36) R-10 S.Platte 7.8 (1/12) 8.5 (3/24) 0
at Co 60 (7.9-9.2)
10 km 220°
Co-60 (60) <4.2 (0/36) - o 2.2 (v/29) 0



TABLE II.H.1

Environmental Radiological Momitoring Program Annual Summary

Fort St. Vrain Nuclear Generating Facility, Platteville, Colorado

Medium or Pathway Type and Facility Adjacent Locations with Highest Reference Number of
Sampled (Unit of Total Number Locatious Locations Annual Mean Locations Nonroutine
measurement ) of Analysis Mean (f)b Mean (f)b Name ltun(f)b Mean (t)b Reported
Performed range range Distance & Range Range Measn: «ments
Direction
Ba-140 (60) 6.2 (2/36) R-10 S.Platte 6.2 (2/12) 6.8 (2/24) U]
(5.1-7.2) at Co 60 (5.1-7.2) (6.1-7.4)
10 km 290°
La-140 (60) 7-1 (2/36) R-10 S.Platte 7.1 (2/12) 7.8 (2/24} 0
(5.8-8.3) at Co 60 (5.,-8.3) (7.c-8.5)
10 km 259°
Fish Gamma Spectrometry
Cs-134 (5) <7.0 (0/3) —~— —-— <7.4 (0/2) 0
Cs-137 (5) “8.2 (0/3) - o 8.6 (0/2) 0 -
e
Co-58 (5) “6.5 (0/3) - - <16 (0/2) 0
=54 (5) 6.7 (0/3) - ew <7.3 (0/2) 0
In-65 (5) 12 (1/3) A-25 Goosequill 12 (1/3) <11 (0/2) 0
Pond 2.2 km 0°
Fe-59 (5) 13 {1/3) A-25 Goosequill 13 (1/3) <13 (0/2) 0
Pond 2.2 km 0°
Co-60 (5) <7.4 (0/3) - w—e <13 {(0/2) 0



TABLE II.H.1

Environmental Radiological Monitoring Program Anaual Sussary

Fort St. Vrain Nuclear Generating Facility, Platteville, Colorado

Medium or Pathway Type and Facility Adjacent Locations with Highest Reference Number cf
Sampled (Unit of Total Number Locationg loc-tiong Annual Mean locutxong Nonroutine
measurement ) of Analysis Mean (f) Mean (f) Name lhan(f)b Mean (f) Reported
Performed range range Distance & Range Range Measurements
Direction
Ground water H-3 (8) 350 (1/4) F-16 3 Bar 350 (1/4) <300 0
(pCi/L) Ranch 1.2 km 0°
Gamma Spectrometry
Cs-134 (8) 2.6 (1/4) F-16 3 Bar 2.6 (1/4) <3.2 (0/8) L}
Ranch 1.2 km 0°
Cs-137 (8) 6.4 (2/9) F-16 3 Bar 8.4 (1/4) 5.9 (2/4) 0
(4.3-8.4) Ranch 1.2 km 0° (3.9-7.9)
Zr-95 (8) <9.1 (0/4) — - <7.9 (0/4) 0
W-95 (8) <3.7 (0/4) - - <2.9 (0/4) 0 =]
Co-58 8) <3.8 (0/9) - s <2.9 (0/%) 0
Mn-54 (8) 3.9 (0/3) st — <3.2 (0/4) 0
Zn-65 (B) 1.0 (1/4) F-16 3 Bar 1.0 (1/3) 2.4 (1/8) 0
Ranch 1.2 km 3°
Fe-59 (B) <9.3 (0/4) — s <7.6 (0/4) 0
Co-60 (8) 2.7 (1/4) F-16 3 Bar 2.7 (1/4) <3.4 10/3) 0
Ranch 1.2 km
oo
Ba-140 (8B) <6.1 (D/4) - - <5.2 (0/4) 0
La-140 (89) <7.1 (0/4) — — <6.0 (0/4) 0



TABLE II.H.1 Environmental Radiological Momitoring Program Annual Susmary
Fort St. Vrain Nuclear Generating Facility, Platteville, Colorado
Medium or Pathway Type and Facility Adjacent Locations with Highest Reference Number of
Sampled (Unit of Total Number Locations Locations Annual Mean Locations Nonrout ine
measurement ) of Analysis Mean (f)b Mean (f)b Name lban(f)b Mean (f)b Reported
Performed range range Distance & Range Range Measurements
Direction
Sediment Gamma Spectrometry
(pCi/kg,dry)
Cs~-134 (2) R-10 S.Platte 28 (2/2) 28 (2/2) 0
at Co 60 {15-41) {15-41)
10 km 290°
Cs-137 (2) R-10 S.Platte 180 (2/2) 180 (2,2) 9
at Co 60 (130-230) (130-2390)
10 km 290°
Food Products Gamma Spectrometry
(pCi/kg,wet)
I-131 (12) 3.7 (1/12) A-31 Moran Farm 3.7 (1/3) N/A 0 aan
19801 C.RA. 25% g
6.9 km 45°
Cs-134 (12) 11 (1 /12) A-27 Scottsdale 11 (1/1) N/A 0
Ranch 18311 Cry.
Rd. 23 3.1 km 45°
Cs-137 (12) 6.1 (7/12) A-27 Scottsdale 13 (1/1) N/A o
(2.9-13) Ranch 18311 Cty.

Rd. 23 3.1 km 45°



Table 11.H.2 Summary Table of Geometric Means, Geometric Standard Deviations and
Arithmetic Means for Selected Sample Types.
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Table 11.H.2 Summary Table of Geometric Means, Geometric Standard Deviations and
Arithmetic Means for Selected Sample Types.
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Table 11.H.2 Summary Table of Geometric Means, Geometric Standard Deviations and
Arithmetic Means for Selected Sample Types.
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! 1
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T I 1
H-3 ' |
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L - i 4
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Gross Beta T | {
Facility 15 1.7 17 | 27 1.0 28 29 2.0 44 24 1.5 26
Reference 16 1.6 18 25 1.0 27 31 2.0 51 24 1.4 25
T T
1-131 | |
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II1. Radiological Environmental Monitoring Program

A. Sample Collection and Analysis Schedule

Table [11.A.1 outlines the sampling design, the collection
frequency and the type of analysis for all environmental samples, It
should be repeated that this schedule was only adopted January 1, 1384,
and while different in certain aspects from the previous schadule, has
as its intent the same objective. That objective is to document the
radiation and radicactivity levels in the critical pathways of dose to
humans, Such data is necessary to prove that reactor radioactivity
effluents produce environmental concentrations that are within
appropriate environmental protection limits and at the same time are as
low as reasonably achievable,

During 1987, R-5 is the orly sampling location that was changed.
The previous 1uiétion was one mile South of the present location, which
is described in Table 111.8.1, The change was required due to the
closure of tne 0ld site by the feedlot owners. A)) other sampling
locations remained as in 1986,

Table 111.8B.1 gives the description of eich sampling lecation by
number, sector and distance from the reactor. These descriptions were
expanded somewhat in this report, Each of these sampling locations
(except certain reference locations) can be identified on scale maps
(Figures 111.8.1 and 111.8.2). Topographical maps showing greater
detail, as well as photographs of principa) sampling sites are on file
in the CSU laboratory,

Ouring August of 1987 the land-use census was conducted to
determine the locations of the nearest residence, the nearest milk

animal, and the nearest gerden producing broad leaf vegetation in eas™
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of the 16 meteorological sectors around the reactor. These locations by
address are shown \r Tadble II1.C.1. Figure I111.C.1 shows these
locations in each sector. From the 1987 census 1t v's verified that the
closest permanent residence in Sector 16 is still the critical receptor
with regards to mean annua)l dose commitment,

No resident in the sampling sectors up to a distence of 8 km from
the plant has cows or goats used for personal milk consumption, AN
milk produred {s transported to commercial processors. The milk
producad o'y 1s diluted by a large milk shed, processed and
distribu’ /er a large area for consumption,

Table I11.A,2 lists the LLD concentration values for sach sample
type and radionuc)ide measured in t»‘t report, These LLL values are the
actual values pertinent to the sam, '. = ‘es, counting ylelds, and
counting times used in the project. Typical decay periods were used in
the calculations, It should be noted that the LLD valves are in all
cases equal to or less than those required by the techaica)
specifications,

Table IT1,A.3 Tists the USNRC reporting level for each sample type

and radionuclide,
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“ixposure Fatlway
and/or Samplo

fable II1.A.1

sl Locetions

OCEBALIOHAL_RARTOL OGLEAL | Y IRGUNLHTAL NORTTOR NG _FROGRAY

Cotlloction lroquoncy

~ Sampllng T Type and Troquoncy

of Amalysis

Ground

Drinking

Sod'mont from
Sharotline

IHGES)ION

Mk

Aquntic Blots

fond Pioducts

Lomples from Lwo sourcos most llkely
e effociud,

Ono samplo from tho nosrost wator
supply which could Lo sffoctod by
fecitity's discharge.

One samploe from 8 contvoel locailen,

One sample from downstroam ajoa wilh
oxisting or potential recroational
veluo,

Samples from milking animais in ell
locations, uwp *o & total of Lhroo
locetions, within % kilomoters.

Ono somplo from milking salmeis In
each of throo aroas botwoon 5 to 8
kitlomoters distant heving the
higheost dose potontial,

Ono sampio from milking snimals at »
control locatlon (15 to 3O kilomoters)
distent and In the least prevailont
wind direction).

Sample Tish In vicinity of dischargo
polnt, upstresm and dowvnstruvam,

Ono samplo of each p-lncipal class of
food products from sny ares which ls
Irrigated by weter In wvhich Viquid
plant westes have beon dischargos.

-

Quartorly
Co-nonllo somplo over two

wook perilod,

Somil-snnusilily

Somi-monthly wvhen animsis
are on pazsture, monthly st
other timeos,

Soml-monthly wvhon snimais
aro on pssture, monthly at
other timos,

Samplo somi-snnually.

At timo of harvost.

Camma Isotoplc and
tritium,

Composite for tritium,
ross botn, end gamma
sotoplic anslyens uvory

twvo wooks,

GCamma lsotoplc analysos
somi-snnusily,

Camma {sotop.c any 1-131
analysis somi-monthily
when animals ara on
pesture; monthly at
other timos.

Camma lsotepic and 1-1310
anslysis soml-wmonthily
when animals svre on
posturo; morthly et
othu’r timos.

Camms lsotoplec anelycos. *

Gamms Isotopic enalycos,

'llm dosn thnll bo calecnlstod for the maximum orgen and sge group using tho methodology contsined In Royulstory Quido 1,109 snd
the scilusl paramoters particuler to the site.
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Analysis

Gross Beta

H-3
I-131
Cs-134
Cs-117
Ir-95
Nb-95
Co-58
Mn-54
In-65
Fe-59
Co-60
Ba-140
La-140

fable 111.A.2 Detectien Capabilities For Environmental Sample Analysis

Water
(pCi/L)

Lower Limit of Detection (LLD)*

Airborne Particulate Fish Milk Food Products Sediment
or Gas (fCi/m3) (pC1/kg, wet) (pC1/L) (pCi/kg, wet) (pCi/kg,dry)

3.86
494
0.89
5.58
6.68
10.12
4.12
&.60
4.68
10.94
8.40
4.40
6.66
7.66

3.25
66.4 0.89 56.8
8.06 19.5 4.98 44.4 90.6
7.86 18.5 6.14 44.6 100
12.8
12.7
23.6
31.4
14.5
8.00
9.16

* As suggested in NUREG-0472. A1l values are at or below values listed in Table 8.2-2 of
technical! specifications.
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Table III.B.1

(F: Facility Area 0-1.6 km. A: Adjacent Area 1.6-8km. R: Reference Area)

Sampl ing Site Descriptions

Radiological Environmental Monitoring Program (continued)

Exposure Site No. Location Description (see map) Sector Distance,
Pathway Km
Direct
Radiation F-1 Pole by gate to Gocsequill road on dirt extension of 1 1.3
R 21
F-2 21st pole N of ditch on dirt extension of CR 21 just 2 1.1
before road drops down to river bottom.
F-3 17th pole N of ditch on dirt extension of CR 21 or 3 9 |
first pole N of E-W road.
F-4 15th pole N of ditch on dirt extension of CR 21, S of 4 0.7
pump road, midway between F-3 and F-5.
F-5 11th pole N of ditch on dirt extension of CR 21, near 5 0.6
drive to pump house.
F-6 8th pole N of ditch on dirt extension of CR 21, 6 0.8
by E-W concrete ditch, S of bridge.
F-7 0ld dairy barn, 1st pole N after crossing ditch on T T2
dirt extension of CR 21.
F-8 18t pole W of pump house on N side of road 0.4 km E 8 1.3
of CR 19%.
F-9 Pole E of first shed at intersection of CR 19% 9 1.5
and CR 34,
F-10 Pole on NW corner of intersection of dirt extension 10 1.5

of CR 19 and 34,
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Table III.B.1

(F: Facility Area 0-1.6 km. A: Adjacent Area 1.6-8km. R: Reference Area)

Sampl ing Site Descriptions

Radiological Environmental Monitoring Program (continued)

Exposure Site No. Location Descrijtion (see map) Sector Distance,
Pathway km
Direct
Radiation F-11 7th pole N of intersection of dirt extension of CR 19 1 s
with CR 34,
F-12 0.5 km S of FSV Visitor Center take dirt road W 12 1.0
across field, go into farmyard of Aristocrat Brangus.
(If chain across road enter from CR 36). TLD is
located on pole at SE corner of corral across from
Aristocrat Brangus off{ice.
F-13 Take first dirt rocad S of Visitor Center. Go W across 13 0.5
rajilroad tracks, follow dirt road to metal staircase
going down off dike. TLD is taped to railing.
F-14 2nd pole 0.1 km S intersection CR 36% & Rd 19. 14 1.5
F-15 2nd pole 0.7 km S of intersection of CR 38 on CR 19, 15 1.5
F-16 Pole at NE corner of potato cellar at 3 Bar Ranch 1 Va2
(Russell's).
F-17 Visitor Center, on N end of cross beam over entrance. 13 0.2
F-18 Pole closest to house on SW corner, 17250 CR 19%. 16 0.8

The address of 17250 is taped to the Mountain Bell
underground cable warning post.
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Table III.B.1

(F: Facility Area 0-1.6 km. A: Adjacent Area 1.6-8km. R: Reference Area)

Sampl ing Site Description:

Radiological Environmental Monitoring Program (continued)

corner.

Exposure Site No. Location Description (see map) Sector Distance,
Pathway km
T Direct
Radiation A-1 Pole on NW corner of intersection of CR 44 and CR 21. 1 6.7
A-2 Pole on NE corner intersection of CR 42 and CR 25%. 2 6.8
A-3 Pole on NE corner of intersection of CR 42 and CO 60. 3 1-5
A-% 1st pole NE of intersection of CR 29 and CR 38, take y 7.4
CR 29 E cut of Gilecrest to CR 38.
A-5 SE corner of CR 34 and CR 29. Taped to road sign on 5 Tel
SW corner of intersection.
A-6 Pole on S side of CR 32 near drive to dairy 13278 CR 6 T3
32.
A-T Niles Miller dairy. 0.4 km E of US 85 on CR 30. TLD T £e3
is located on pole at NE corner of house.
A-8 On CO 66 (CR30) farm on S side of road (address 9476) 8 N7
Pole in front of house.
A-9 Corner of CO 66 (CR 30) and CR 19, Miller produce 9 4.6
stand. Second pole S on CR 19, on E side of -oad.
A-10 Pole on SE corner at intersection CR 26% & CR 15. 10 7.8
A-11 At intersection of CO 66 and CR 13, 2nd pole N of 11 y -
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Table III.B.1

(F: Facility Area 0-1.6 km. A: Adjacent Area 1.6-8km. R: Reference Area)

Sampl ing Site Descriptions

Radiological Environmental Monitoring Program (continued)

Exposure Site No. Location Description (see map) Sector Distance,
Pathway km
Direct
Radiation A-12 On CR 34, pole E of house N of Lake Thomas 2 km from 12 T+2
1=25.
A-13 Pole opposite lake, N of silage pits E side of CR 13 13 5.8
2.9 km N of CR 34,
A-14 Intersection of CR 13 and CR 40, NW corner. 14 G, 9
A-15 Intersection of CR 42 and CR 15, NW corner. Y 6.7
A-16 Intersection of CR 44 and CR 19, SW corner. 16 6.8
A-1T Platteville school (S edge cof town on Main St.) 6 5.9
pole on NW corner just outside school intramural
field.
A-20 18t pole N of white picket fence and driveway 9 2.5

into turkey farm on S end of building that is
parallel with CR 19,
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Table III.B.1

(F: Facility Area 0-1.6 km. A: Adjacent Area 1.6-8km. R: Reference Area)

Sampl ing Site Descriptions

Radiological Environmental Monitoring Program (continued)

Exposure Site No. Location Description (see map) Sector Distance,
Pathway km
Direct
Radiation R-1 Milliken School, on CR 21%. TLD is loc.ted on pole 9.3
which is located 2t SE corner of Lola pa‘k, a>oss
the street from school.
R-2 Johristown School (Letford Elementary), turn left at 10.8
school crossing on Idaho St. onto Joy Ave. and proceed
to school. TLD is located on pole at SE corner of main
entrance to school on W side of town.
R-3 CSU dairy farm on W Drake, N of Vet Hospital, Ft. 45.1
Collins, CO. Pole is E of hay barn next to
ralilroad tracks.
R-4 Air sampler corner US 287 and CO 66, Longmont Dairy 20.5
Store. TLD is located on pole directly behind air
sampler.
R-T Behind Gilecrest School quonset auditorium, pole 9.3

on SW end of school property, just before garage.
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Table III.B.1 Radiological Environmental Mon'toring Program (continued)
Sampl ing Site Descriptiouns

(F: Facility Area 0-1.6 km. A: Adjacent Area 1.6-8km. R: Reference Area)

Exposure Site No. Location Description (see map) Sector Distance,
Pathway km
Airborne F~T7 Farm at intersection of CR 21 and CR 34. Air 7 15

sampler is located on west side of shop. Silieca
gel inside building on N end of workbench.

P9 First shed along drive at end of Rd 19% intersection 9 1.5
with Rd 21, Silica gel is located in shed.

F-16 Potato cellar at 3 Bar Ranch (Russell's). Siliea 16 V2
gel in mailbox on tree to S of pump.

A-19 Hunting cabin between Goosequill ditch and Platte 1 P 4
River. Air sampler {s on W side of cabin, silica
gel is in box on tree north of air sampler.

R-3 Colorado State University Dairy, W. Drake Rd., Ft. 150
Collins, CO. W side of shed directly N of main
dairy building. Silica gel inside mailbox.

R-4 Intersection of US 66 and US 287, E side of dairy 20.5
store, north edge of Longmont. Silica gel in
malilbox attached to utility pole.

R-11 Air sampler is located in alley behind Johnstown, CO 10.5
PSC office, 13712 Main St., next to garage. Silica
gel is located next to air sampler in mailbox.
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Table III.B.1

(F: Facility Area 0-1.6 km. A: Adjacent Area 1.6-8km. R: Reference lArea)

Sampl ing Site Descriptions

Radiological Environmental Monitoring Program (continued)

Exposure Site No. Location Description (see map) Sector Distance,
Pathway km
Waterborne
Surface F~19 S. Platte at dam located or dirt road E of pump 4 1+2
house #3 directly E of reactor.
F-20 St. Vrain creek on Rd. 19% 0.3 km from discharge 16 |
fnto St. Vrain creek. Directly N of reactor.
A-21 St. Vrain creek at bridge on Rd. 34, E of Rd. 19. 11 2.4
A-25 Goosequill Pond outlet. Continuous sampler located 1 2.2
in green box adjacent to the green shed on the M end
of the pond.
R-10 S. Platte river at bridge on CO 60 where highway 10.1
has just turned and headed South.
Ground F-16 Well behind residence at 3 Bar Ranch (Russell's). 1 ¥. 2
R-5 Erlich feed lot, North side of CO 66 approximately 9.0
0.8 km East of WCR 25. Drive north along dirt road
approximately 0.27 km to field water spigot on West
side of road.
Drinking R~3 CSU dairy W Drake Rd., Ft. Collins, CO. N of 45.1
Vet Hospital. Water sample (s taken from hydrant
inside the entrance to the milking parlor.
R-6 Gilerest U.S. Post Office located on Birch St. and 9.3

Rd. %0 off of Hwy 85. Water taken from utility sink
inside Post Office.
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Table III.B.1

(F: Facility Area 0-1.6 km. A: Adlacent Area 1.6-8km. R: Reference Area)

Sampl ing Site Descriptions

Radiological Envi-~onmental Monitoring Program (continued)

Exposure Site No. Location Description (see map) Sector Distance,
Pathway km
Waterborne
Sediment R-10 Sediment from S. Platte River at bridge on CO 60. 10.1
from Shoreline
Ingestion
Milk A-6 Hendrickson Dairy, 13278 Rd. 32 (Grand Ave.) 6 T.1
1.6 km E of US 85.
A-18 Boos Dairy, 11258 W Rd. 40, W of US 85 behind 2 .7
modular home.
A-22 Percy Odenbaugh Dairy, S on dirt rd from "Percy 5 %
Odenbaugh Dairy"™ sign on Rd 36 E of Rd 23.
A-23 Leroy Odenbaugh Dairy, 11733 Rd 36, W of Rd 25. i U |
A-214 Marostica Dairy, 20718 Rd 17, 4 miles S of CO 60. 16 6.9
A-26 L & F Dairy (Fiechtner), E of Rd 13 on Rd 32. 1 7.8
R-8 Arlo Johnston Farm, located off Exit 255 W of I-25 225
directly N of Johnson's Corner restaurant.
Fish
F-19 S. Platte at dam located on dirt Rd E of pump 4 :
house #3 directly E of reactor.
A-25 Goosequill pond outlet. 1 -84
R-10 S. Platte river at bridge on CO 60. 10.1

vel



Table III.B.1

Sampl ing Site Descriptions

Radiological Envirommental Mor.{toring Program (continued)

(F: Facility Area 0-1.6 km. A: Adjacent Area 1.6-8km. R: Reference Area)

Exposure Site No. Location Description (see map) Sector Distance,
Pathway km
Food
Products A-9 Miller Store, CR 19 and CO 66. 9 4.6
A-23 Leroy Odenbaugh Dairy, 11733 CR 36, W of CR 25. y 4.1
A-27 Scottsdale Ranch, 18311 CR 23, N of CR 38. 3 3.1
A-29 19277 CR 25, S of CR h0%. 2 5.8
A-30 19440 CR 25%. 3 6.5
A-31 Moran Farm, 19801 CR 25%. 2 6.9
R-13 Richardson Truck Farm, 21210 CO 60. 9.5

T4
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Figure I111.B.1

N0}
F>4>o/ \ § \
/ )N
/ \
: \
[ %

2 I
ol IMILE'-'; I
\ Fi2 o - E /
\ 3 /
) /
: /
N/ p
MCE 2




127

Figure I11.B.2
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Table III.C.1

128

1987 Land Use Census*

Nearest Nearest Nearest

Sector Residence Garden Milk Animal

1 17578 CR 19Y% 21692 CR 21 21692 CR 21%#

2 18311 CR 23 19027 CR 23%# 11248 CR 40

3 11250 CR 38 11165 CR 38%% 11165 CR 38%*

4 11247 CR 36 11247 CR 36%% 11247 CR 36%%

5 16543 CR 23%* 16134 CR 23 16134 CR 23

6 16017 CR 23 11056 CR 32% 13278 CR 32

7 9999 CR 34 9999 CR 34 wax

8 165225 CR 21%% 15225 CR 21%# 9867 CR 26

9 Qu3y CR 34 9u34 CR 34 9033 CR 26

10 9061 CR 34 Bu16 CO 66%* 7388 CO 66

" 8745 CR 34 6165 CR 32 15266 CR 13%#

12 16465 CR 17%# 5660 CR 34 5492 CR 34

13 17038 CR 17 17038 CR 174%# 4709 CR 38

14 8900 CR 36% 8900 CR 36% 18426 CR 15%%

15 8903 CR 38 8903 CR 38#%# 8903 CR 38#%

16 17250 CR 19% 17250 CR 19% (L

* Census date:

*%  New location

E%® No milk animals

August 4 & 8, 1987
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