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L. Introduction to Radiological Environmental Monitoring Program (REMP) Data for the Period

January 1, 1995 - December 31, 1995.

During 1995 the environmental monitoring program was concerned only with the
decommissioning phase of the Fort St. Vrain Nuclear Station. The operational phase of the reactor
ended on August 18, 1989. Fuel removal operations were compieted by June 10, 1992. The spent
fuel is stored near by in an Independent Spent Fuel Storage Instailation (ISFSI).

A complete and detailed listing of radioactivity released by all effluent routes may be found
in the Public Service Company of Colorado Annual Effluent Reiease Report for 1995 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, [1.H.

Table I11.A.2 lists the LLD values achievable by the counting systems used during 1995 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 111.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 minimum detectable concentration (MDC). This approach is
analogous to that of Currie (NUREG/CR-4007): the MDC is the same as S, ., the critical signal. and
the 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 for each

radionuclide as:



MDC = 2.33 g,

EYVe- At

Where: 6, = Standard deviation of background count rate

E = Counting efficiency, ¢ s pCi”

Y = Chemical yield (if any)

V = Sample volume (or mass)

A = 0.693/Half-life

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

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

Essentially 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 draw any
conclusions about the absolute radioactivity concentrations in any environmental pathway.

The arithmetic mean for each sample set is listed in Table I1.H.2. All 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), (1.960)).

The Total Effective Dose Equivalent (TEDE) goal for decommissioning as set by the NRC
(NUREG/CR-5512) in 1993 is 10 mrem/year for any member of the general public. This is the
whole-body dose rate limit excluding background and medical radiation dose rate.

The maximum permissible dose commitment rate set independently by the EPA
(40CFR190) for any specified member of the general public from any part of the nuclear fuel cycle
is 25 mrem/ycar.

Dose commitments can be 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.

b.

N.A.

Sample lost prior to analysis.

Sample missing at site.

Instrument malfunction.

Sample lost during analysis.

Insufficient weight or volume for analysis.
Sample unavailable.

Analysis in progress.

Sample not collected (actual reason given).
Analytical error (actual reason given).

Not applicable.



Surveillance Data for January Through December 1995 and

Interpretation of Resuis

A. External Gamma-ray Exposure Rates

The average measured gamma-ray exposure rates expressed in mR/day are given in Table
ILLA.1. The values were determined by CaF,:Dy (TLD-200) dosimeters at each of 41 locations (see
Figure I11.B.1). Two TLD chips per package are installed at each site and the mean value is
reported for that site. The mean calculated total exposure is then divided by the number of days
that elapsed between pre-exposure and post-exposure annealing to obtain the average daily
exposure rate. The TLD devices are changed quarterly at each locar’on. Fading during field
exposure is minimized by the post-annealing readout procedure. All TLD's are facing north to
ensure consistent solar heating.

The TLD data indicate that the arithmetic mean measured exposure rate (plus 1.96 standard
deviations) in the facility area for all of 1995 was 0.41 (0.11) mR/day. The mean exposure rate was
0.40 (0.15) mR/day for the adjacent area and 0.40 (0.14) mR/day for the reference area. These
mean values are not significantly different from each other and not different from the mean values
measured during 1994,

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

variation of the above sources plus the variability due to the measurement method. The purpose of



having two TLD rings around the site is not to messure gamma-rays generated from the facility
itself, but to document the presence or absence of gamma-ray emitters deposited upon the ground
from the reactor effluent. Since the inception of power production by the reactor, there has been no
detectable increass in the externai exposure rate due to reactor releases. Fallout deposition, tiom
world-wide fallout, from the Chinese nuclear weapon tests, and from the Chernoby! accident, has
been detected in the past.

The TLD system is 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 the natural background measured in the site environs. The quality control program
includes calibration before readout of each quarterly batch of TLD devices.

For comparison purposes, EPA 402/R (Formerly 520/5) Environmental Radiation Data lists
very similar background external exposure rate values measured in Denver. There has always been
excellent agreement with the results from this program.

Figure 11.A.1 shows the measured mean exposure rate in the Facility Area from 1978 to
1995. The steady decrease in exposure rate over the period is due to the decay and weathering of

fission product deposition from previous atmospheric weapon tests.



Tabl» ILA.1 Gamma Exposure Rates (mR/day)

1995
Facility Area I st Quarter 2nd Quarter

0.39 0.34 0.37
F-2 0.38 0.50 0.36 0.42
F-3 0.41] 0.33 0.49 0.44
F-4 0.40 0.55 0.37 0.43
F-5 042 043 0.50 043
k-6 043 0.30 0.38 0.39
F-7 041 0.26 0.44 0.40
-8 0.37 0.52 0.57 0.35
F-9 0.42 0.42 0.40 041
F-10 0.37 0.49 0.37 0.44
F-11 0.42 0.42 0.43 0.40
F-12 041 0.38 0.45 0.37
F-13 0.39 0.52 0.40 043
F-14 0.38 0.23 0.45 0.48
F-15 039 0.43 036 w42 |
F-16 0.40 0.34 0.29 0.47
F-17 0.38 .45 0.39 0.38
F-18 0.38 0.45 (.44 0.36

X(1.960) 0.40(0.04) 0.42(0.18) 0.41(0.13) 0.41(0.07)




Table ILA.1 (cont'd)

Adjacent Area I st Quarter 2nd Quarter 3rd Quarter 4th Quarter
A-1 0.38 0.42 0.46 0.45
A-2 0.39 0.49 042 0.40
A-3 0.37 0.49 0.51 0.41
A-4 0.37 b 0.40 0.36
A-5 0.37 0.45 0.34 0.33
A-6 0.36 0.34 0.35 0.33
A-7 0.38 0.44 0.35 0.36
A-8 b 0.35 0.41 041
A-9 0.39 0.37 0.56 0.42
A-10 .38 047 0.40 047
A-11 0.38 043 041 0.38
A-12 043 0.49 0.38 0.34
A-13 0.38 b 0.31 0.37
A-14 0.35 0.26 0.43 041
A-15 0.35 0.33 0.28 0.38
[ A6 X 0.37 0.36 0.41
A-17 0.36 0.38 0.38 0.40
A-20 0.38 0.45 0.37 0.46
X(1.960) 0.38(0.16) 0.41(0.22) 0.40(0.13) 0.40(0.08)

b - sample missing at site




Table ILA.1 (cont'd)

Reference Area 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter
R-1 b 0.36 0.34 0.39
R-2 0.39 0.46 0.39 0.35
R-3 0.41 0.38 0.33 0.43
R-4 0.37 0.45 0.56 0.35
R-7 0.39 0.43 0.38 0.37
X(1.960) 0.39(0.28) 0.42(0.07) 0.40(0.16) 0.38(0.06)

b - sample missing at site
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I1.B. Ambient Air Concentrations

1. Gross Beta Activity

The air concentrations of long lived particulate gross beta activity measured at the facility
and reference sampling sites are listed in Tables 11.B.1(a-d) for each quarter of 1995. A-19, while
technically in ‘he 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 siie since the inception of the
monitoring program. The reference sites R-3, R-4, and R-11 were established on January 1, 1984
and are sufficiently distant to be considered reference (control) locations. (See Table F-4 in
ODCM). Note that site F-7 is in the predominant wind direction toward Platteville. Platteville is
the nearest community with the highest D/Q.

The reported concentrations are listed in units of femtocuries per cubic meter of ambient air
(fCi/m"), although the measured activity is due to a combination of radionuclides almost all of
which are naturally occurring. All air filters are saved for future analysis if warranted due to any
possible accident scenario during decommissioning.

The mean gross beta concentration in air for all facility stations for all of 1995 was 19
fCi/m’. For 1994 the mean value was 28 fCi/m’. The mean concentration for 1995 for all reference
stations was 17 fCi/m’. These measured mean values were statistically significantly lower at the
95% confidence level.

The gross beta concentrations for 1995 have been added to the plot of air concentrations

observed since 1973 (Figure ILB.1). In this figure the half-yearly mean values for the facility sites

11



are plotted with the values from the reference sites. The contribution from the Chernoby! accident
is uiearly evident in 1986. It can be observed that overall mean values of the facility sites are not
significantly different from the reference sites. World-wide failout, principally due to past Chinese
atmospheric nuclear weapon tests, is the predominant contributor above background to the
measured values over the period shown.

There has never been a significant difference observed in gross beta air concentrations
between facility and reference sites.  Thus, it can be concluded that reactor air effluents of
particulate fission products or activation products during operation or decommissioning have not

been a source of dose commitment for the Fort St. Vrain environs population.

12



Table [1.B.1(a) Concentrations of Long-lived Gross Beta Particulate Activity in Air (fCi/m’)

1” Quarter 1993
Collection Facility Reference
Dates
F-7 F-9 F-16 A-19 R-3 R-4 R-11
0107 46(1 8) 42(1 6) 44(1.7) 39(1.6) 17¢1.1) 32i1.5) 409(1.6)
0114 23(1.1) 24(1.1) 24(1.1) 24(1.2) 13(0 88) 13(0.90) 23(1.2)
0121 18(1.0) 17(0.90) 18(0.91) 18(1.1) 15(0.92) 14(0.98) 1701.0)
01728 30(1.4) 271.2) 28(1.2) 31(1.5) 2001 1) 21(1.2) 22(12)
0204 17(1.0) 16(0.96) 16(D 90) 17(1.1) 15(0.90) 14(0.95) 17(0.97)
02/11 17(0.97) 20(0.97) 18(0.89) 18(1.0) 21(1.1) 16(0.96) 18(0 97)
02/18 37(1.4) 38(1.4) 38(1.4) 23(1.2) 36(1 4) 21(1.1) 35(1.2)
02725 26(1.2) 25(1.1) 26(1.1) 26(1.2) 21(1.1) 20(1.1) 21(1.1)
0304 31(1.2) 28(12) 35(1.5) 29(13) 2701.1) 27(1.2) 24(1.1)
03/11 30(1.2) 35(1.3) 50(1.7) 31(1.3) 31(1.2) 28(1.2) 32(1.2)
0318 15(1.0) 15(0.97) 15(0.94) 16(1.1) 14(0.94) 12(0.91) 14(0.98)
03/25 171.1) 16(1.0) 16(0 99) 18(1.2) 16(0 98) 15¢1.1) 16(1.0)
X 26 25 27 24 21 19 23
1.960 19 15 12 7 14 13 16
Max:50 R (1.960):26(18) Max:48 X (1.960):21(14)
Min:15 n:48 Min:12 n:36

* - 1.960 (Due to counting statistics )
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Table I1.B.1(b) Concentrations of Long-lived Gross Beta Particulate Activity in Air (fCi/m")

2 Quarter 1995
Collection Facility Reference
Dates
F-7 F-9 F-16 A-19 R-3 R-4 R-11
0401 1901 0y 18(0.93) 18(1.1) 19(1.1) 18(0.97) 16(0.94) 16(0.93)
0408 24(13) 22(1.1) 23(1.1) 25(1.4) 21(1.1) 20(1.1) 20¢1.1)
0415 17(1.0) 13(0.93) 16(1.0) 17(1.1) 15(0 90) 13(0 93) 13(0.96)
0422 12(0.79) 11(0.71) 10(0.70) 10(0 85) H(0.72) 10(0.74) 11(0.73)
0429 17¢0.92) 16(G 84) 17(0.86) 16(0.99) 16(0.86) 15(0.86) 16(0 87)
05/06 11(0.77) 10(D 68) 11(0.72) 11(0 88) 10(0.70) 12(6.94) 12(0.76)
05/12 15(1.0) 13(0.87) 14(0 92) 14(1.1) 12(0.93) 14(0.96) 13(0.96)
0519 15(0.95) 14(0 87) 14(0 85) 15(1.1) 14(0.95) 12(0.89) 14(0 88)
0526 25(2.8) 13(0.75) 13(0.74) 12(0.91) 14(0 86) 12(0.78) 13(0.80)
06/02 17(1.4) 13(0.76) 13(0.76) 12(0 94) 13(0.85) 12{0.80) 11(0.75)
06/09 13(0 81) 12(0.75) 13(0.78) 14(1.0) 16(0.97) 13(0.81) 14(0 87)
06/16 19(1.0) 19(0.95) 19(0.96) 2001 3) 33(1.9) 20(1.1) 19(1.1}
0623 18(1.0) 18(1.0) 17(1.1) 20(1.2) 25(1 6) 16(1.0) 15(0.98)
0630 19(0 98) 16(0 84) 19(0.92) 19(1.1) 21001 20(1.0) 19(0.95)
X 17 15 16 16 17 15 15
1 960 79 66 70 83 122 66 58
Max:28 7 (1.960):16(7.5) Max:33 ¥ (1.960):15(8.7)
Min: 10 n:56 Min: 10 n:42

* - 1.96¢ {Due to counting statistics )
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Table 11.B.1(c) Concentrations of Long-lived Gross Beta Particulate Activity in Air (fCi/m”)

2™ Quarter 1995
Collection Facility Reference
Dates
F-7 F-9 F-16 A-19 R-3 R-4 R-11
0797 18(0.96)" 1740 90) 17(0.88) 16(1.1) 19(1.2) 18(0.96) 16(0.89)
0714 28(1.3) 26(1.2) 27%1.2) 29(1 4) 22(1.3) 25(1.2) 25(1.2)
0721 23(1.1) 26(1.0) 20(0.98) 18(1.1) 23(1.1) 23(1.1) 21(0.99)
0728 25(1.2) 23(1.2) 23(1.1) 24(1.3) 27(1.3) 23(1.2) 24(1.2)
0804 26(1.2) 21(1.1) 22(1.1) 25(1.4) 24(1.3) 24(12) 21(1.1)
0811 30(1.3) 26(1.2) 28(1.2) 27(1.4) 31(1.3) 28(1.2) 27%12)
0818 29(1 3) 271 .3) 26(1.1) 17(1.8) 28(1.3) 25(1.2) 24(1.2)
086 22(1.0) 17(0.97) 21(0.97) 3 21(1.1) 21(1.0) 19(0.97)
0902 31(1.3) 28(1.3) 28(1.2) 28(1.3) 29(1 4) 28(1.2) 26(1.2)
0909 23(:.1) 23(1.1) 23(1.1) 22(1.1) 23(1.2) 23(1.1) 21(1.1)
0916 31(1.3) 29(1.2) 31(1.2) 32(1.3) 31(1.3) 31(1.2) 27(1.2)
6923 23(1.2) 23(1.1) 13(0.99) 23(1.1) 23(1.1) 20(0.97) 30(1.5)
09730 28(1.3) 28(1.3) 30(1.1) 29(12) 26(1.2) 25(1.2) 26(2.1)
X 26 24 24 24 23 2 24
1 960 75 74 99 97 7.2 66 12
Manx:32 % (1.96):25(8.8) Max:31 X(1.960):24(7.1)
Min:13 n:51 Min:16 n:39

* - 1.96¢ ‘Due to counting statistics )
b - Samp e Missing at Site
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Table IL.B.1(d) Concentrations of Long-lived Gross Beta Particulate Activity in Air (fCi/m’)

4* Quarter 1993
Coliection Facility Reference
Dates
N F-7 F-9 F-16 A-19 R-3 R-4 R-11
l 10/07 17010y 17 (0.96) 17 (0.88) 16 (0.97) 15 (0.98) 16 (0.98) 15(0.91)
10/14 ' 26(12) 26 (1 2) 26(1.1) 26(1.2) 25(1.3) 21(1.1) 22(1.1)
1020 23(1.3) 24(13) 25(1.2) 25(1.3) 27(1.5) 22{(13) 22(12)
1027 19(1.0) 20(1.0) 19 (0.97) 2(1.1) 21(12) 18(1.1) 16 (0.94)
1104 27(1.1) 27(1.1) 28(1.1) 27(1.1) 26(1.2) 23(12) 23(1.0)
P11 254:.1) 23(1.0) 24(1.0) 24(1.1) 24(12) 2001.1) 22(i.1)
11718 19(1.0) 20 (0.96) 21 (0.95) 21(1.1) 18(1.1) 15(0.98) 18 (0.89)
1126 27{1L.1) 25(1.1) 28(1.1) 29(1.2) 25(1.2) 22(1.0) 21(1.0)
12/02 21(12) 12001 I8(1.1) 19(1.2) 15(1.2) 12 (0.98) 14 (10)
12/09 24(12) 21(1.1) 22(1.0) 23(12) 17(1.1) 20(1.1) 20(1.1)
12115 27(1.7) 25(1.3) 23(1.2) 25(1.4) 20 (1.4) 17(1.1) 21(12)
12/22 b 191.1) 23(1.2) 29(1.4) 24(13) 22{12) 20(1.1)
12/29 b R 38(13) 42(1.6) 28(1.4) 28(12) 30(1.3)
X 23 2 24 25 22 20 20
1960 68 81 103 18 85 77 17
Max: 42 X (1.960):9.9(9.0) Max: 30 Y(1.965):8.2(8.0)
Min: 12 n:49 Min: 12 n: 39

* - 1.960 (Due to counting statistics )
b - Sampie Missing at Site




fCi/cubic meter

Figure 11.B.1

Gross Beta Concentrations in Air

1000

1 |
/
,r‘ |
I »
100 ] : - R
I ‘o ( [
L] / } *
B / (| @
- L " | \ y\
[ 1y '\
| ® ' ‘
/ ! 1 e
. L 7 \Alva s, A
1 \w \to e | v '.\/‘:N .
E | R
- «5 \ /T\
‘4
10 : IS P T TE L e (U DRy S b : pekaded
19 74 75 76 77 78 79 R0 B! B2 83 B4 RS R6 K7 BR 89 90 91 92 93 94 9§

Year

o Facility Sampling Stations  ¥-48
» Reference Sampling Stations ¥-54

17



2, Trit i

Atmospheric water vapor samples were 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 in 1995 is listeu in Tables 11.B.2(a-d).

Inspection of Table 11.B.2 shows essentially no detectable tritium activity
concentrations in any periods during 1995. This was also true in 1994, There was no
evidence of release from effluent air pathways. Inhalation is not a significant pathway for
dose to humans. The milk and food pathway are the only significant source of radiation

dose to humans from environmental tritium. See results in sections 11.D) and ILE for these

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

2™ Quarter 1995
Collection Facility Reference
Dates
F-7 F-9 F-16 A-19 R-3 R-4 R-11
0401 <390 390 390 390 390 <390 <390
0408 < 380 380 380 380 < 380 < 380 < 380
0415 < 380 < 380 < 380 380 <380 < 380 - 380
04722 < 380 < 380 < 380 < 380 <380 < 380 < 380
0429 < 490 < 490 < 490 < 490 < 490 < 490 < 490
0506 < 380 < 380 < 380 < 380 < 380 < 380 410(460)
0512 <370 <370 <370 <370 <370 <370 <370
0519 < 360 < 360 < 360 < 360 <360 < 360 < 360
0526 <370 <370 <370 <370 <370 <370 <370
06/02 <370 <370 <370 <370 <370 <370 <370
06/09 <370 <370 <370 <370 <370 <370 <370
06'16 <370 <370 <370 <370 <370 <370 <370
06/23 <370 <370 <370 <370 <370 <370 <370
0630 <370 <370 <370 <370 <370 <370 370

* - 1.960 (Due to counting statistics)




Table 11.B.2(c) Tritium in Atmospheric Water Vapor (pCv/L)

1T

3™ Quarter 1995
Collection Facility Reference
Dates
F-7 F-9 F-16 A-19 R-3 R-4 R-11
0707 360 480(450) - 360 1000(450) < 360 < 360 < 360
0714 370 <370 <370 <370 <370 370 < 370
0721 37 <37C < 370 <370 <370 <370 <370
07728 37) <370 <370 <370 <370 <370 <370
0804 <370 <370 <370 <370 <370 <370 <370
0811 < 380 < 380 < 380 < 380 < 380 < 380 < 380
0818 ©370 <370 <370 <370 <370 . <370 <370
0826 < 380 < 380 < 380 < 380 <380 < 380 < 380
09/02 < 400 < 400 < 400 < 400 < 400 < 400 < 400
0909 <390 <390 <390 < 39 <390 <390 <390
0916 480(480) < 400 480(480) < 400 < 400 <400 < 400
09723 < 390 < 390 450(470) < 390 <390 < 390 590(470)
09/30 <370 <370 <370 <370 <370 <370 <370

* - 1.96a (Due to counting statistics)
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Table I1.B.2(d) Tritium in Atmospheric Water Vapor (pCi/L)

4" Quarter 1995
Collection Facility Reference

Dates
F-7 F-9 F-16 A-19 R-3 R4 R-11
10/07 <380 < 380 < 380 < 380 < 380 < 380 < 380
1014 < 390 < 390 < 390 < 390 < 390 < 390 < 390
10720 < 390 < 390 <390 <390 < 390 < 390 < 390
10727 < 400 < 400 < 400 < 400 < 400 < 400 < 400
11/04 <410 <410 1300(430)° 460{430) <410 <410 <410
1111 <370 <370 <370 <370 <370 <370 <370
11718 <390 <390 <390 <390 < 390 <390 < 390
1126 < 400 < 400 < 400 < 400 <400 < 400 < 400
12/02 <430 <430 <430 <430 <430 <430 <430
12/09 < 400 < 400 < 400 <400 < 400 < 400 < 400
12/15 <370 <370 <370 <370 <370 <370 <370
12722 < 380 < 380 < 380 810(450) < 380 < 380 < 380
12/29 < 390 <390 <390 < 390 <390 <390 <390

* - 1.960 (Due to counting statistics )
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Table 11.B.3
Tritium Released (C1) In Fort St. Vrain Effluents, 1995

MODE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV i\ DEC TOTAL
Continuous 21 081 25 66 16 A1 095 A1 11 95 o* 0 3.7
Gaseous Stack
Batch Liquid 07 26 00 51 . A48 71 39 41 032 009 0 36
TOTAL 28 34 25 1.2 91 60 80 .50 1.5 98 009 0 74

* - October was the final monthly report of tiwiium released from the shield water system at the Fort St. Vrain Station in accordance with the Tritium Discharge
Understanding of October, 1992, PSCo initiated liquid effluen: releases from the shield water system in June, 1993, and has provided monthly tritium release
reports since that time. The Fort St. Vrain decommussionir ; project has progressed to the point that all shield water has been released from the site and the
shield water system has been dismantled. Some liquid efM-ent will continue to be released, largely from cieaning and dismantlement activities that remain to be
completed; this liquid effluent will be released in accordance with the controls and requirements in the Fort St. Vrain CDPS Permit and Nuclear Regulatory
Commuission license.



Table 11.B.4 lists measured ambient air concentrations of Cs-134 and Cs-137 during

1995.  These results are from gamma-ray spectrum analyses of weeklv air filters
composited quarterly from each of the seven air sampling stations. OGccasional positive
values can be noted. However, in every case these are very close to the lower limit of
detection. The occasional positive values are either measurement system false positives or
(s-137 concentrations possibly due to resuspension of surface soil. The Cs-137 activity in
surface soil is due to Chernobyl or previous world-wide fallout which is bound by clay
minerals on the surface of undisturbed soil. For the entire year, the mean of the facility
stations was not different from the mean of the reference stations (see Table 11.H.2).

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

Due to the time period since the end of operation, there is no logic in I-131
monitoring and it was discontinued in January 1993. It is worthy to note that I-131, due to
facility effluent, was never measured in any environmental sample during the operational

phase or since the reactor was permanently shut down in  August 1989

24



Table 11.B.4 Radiocesium Concentrations in Ambient Air. (fCi/m’)

1995

Radio- Facility Reference
Coliection nuchde

Pertods

F-7 F-9 F-i6 A-19 R-3 R-4 R-11

- Cs-134 <18 <066 i8 < 0.68 <16 <0.77 <17
Quarter

Cs-137 <18 0.94(1 0y 16 <0.83 <18 < 0.90 <18

o Cs-134 <}3 <043 <14 0 8(0.94) <12 <15 <13
Quarter

Cs-137 <1.7 0.7(1.6) <13 1.6(0.86) <12 <14 <12

Cs-134 <{.83 <0.73 <0.20 <1i.l 1.2(1.0) < 0.80 <0.89
Quarter

Cs-137 <0.75 <0.87 0.63(0.25) 20(1.5) <0.89 <0.75 <1.1

4" Cs-134 < 0.60 <047 <036 <10 <0.76 <0.70 <0.79
Quarter

Cs-137 1.1(0.8) 0.8%057) 0.9(0 45) 1.3(1.2) <095 1.2(1.0) <081

* - 1,966 (Due to counting statistics)




I1.C. Radionuclide Concentrations in Water

1. Drinking Water

Drinking water 1s sampled weekly and composited biweekly at two locations.
Location R-6 is the water faucet at the Gilcrest Post Office in Gilcrest, Colorado, and R-3 is
from a water hydrant located on the old CSU dairy farm in Fort Collins. The Gilcrest well
is the nearest public water supply that could be affected by the facility effluents. R-3
samples are the same as the Fort Collins drinking water supply and serve as a reference
location since its source is run-off surface water from the Rocky Mountains to the west. In
the past water treatment systcms for the two water supplies were very different, however
recently Gilcrest has adopted treatment practices that more closely correspond to those of
Fort Collins.

Table 11.C.1 shows gross beta concentrations measured in 1995 from each water
supply. The mean for the Gilcrest site was slightly higher than the Reference site in Fort
Collins. This is due to the different supply sources. The city of Gilcrest blends water form
two different sources and it does not filter the well supply water as well as Fort Collins and
natural radionuclide concentrations due to the suspended solids are responsible for the
slightly higher measured concentrations. As can be observed in Table 11.H.2. however, the
mean for the entire year for the Gilcrest site was again lower than that observed prior to
1993, This decrease was due to a changes in treatment practice by the town of Gilcrest.

Table 11.C.2 lists measured tritium concentrations in these same two drinking water
sources. There is no significant difference in the yearly mean tritium concentrations in the
two drinking water supplies. The EPA limit for community drinking water systems is

20,000 pCi/L for tritium.



The two drinking water supplies were also analyzed biweekly for fission product
and activation product concentrations. A three liter aliquot of the original sample is
counted directly for the other gamma-ray emitters. Inspection of Table 11.C.3 reveals
occasional positive values of radionuciide concentration, but with the exception of Cs-137,
these are interpreted to be random variations about the detection limit. The Cs-137 is the
residue from the 1986 Chernobyl accident fallout as well as from past world-wide fallout

from nuclear weapons testing.
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Table I1.C.1(2) Gross Beta in Drinking Water (pCi/L)

1" and 2* Quarter 1995
Collection Gilcrest Ft Collins
Dates R-6 R-3

1231 0107 1122y 0.90(0.58)
0114 0121 0.33(2.1) 0.96(0.58)
01728 0204 1.0(2.3) 0610.57)
0211 0218 1.3(2.2) 1.1(0.59)
02725 03/04 040(2.2) 0.73(0.57)
0311 0318 0.49(2.1) 0.64(0.57)
0325 0401 1.122) 1.(0.58)
04/08 04/15 10(2.2) 0.59(0.56)
0422 0429 2.6(0.58) 0.87(0.58)
0506 05/i2 1.52.2) 0.7%(0.57)
05/19 0526 0.69(2.2) 0.61(0.56)
0602 06/09 0.49(2.2) 0.89(0.58)
06/16 0623 08422 1.0(0.58)

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

Collection for two weeks ending for two weeks ending for two weeks ending
Date 010795 0172195 021195
Radionuclide Gilcrest Ft. Collins Gilcrest Ft. Collins Gilcrest Ft. Collins

R-6 R-3 R-6 R-3 R-6 R-3
Cs-134 <20 <18 <18 <19 <20 <24
Cs-137 <25 3827y <23 <23 <24 30
Zr-95 <47 <47 <44 <49 <51 <57
Nb-05 <18 <17 <17 <18 <18 <22
Co-58 <18 <17 <17 <17 <18 <24
M-r_l-S«‘ 23(24) <18 <19 <19 <20 <24
Zn-65 <55 <49 <52 <52 <54 <73
Fe-59 <47 <43 <43 <51 <46 <57
Co-60 <22 <20 <20 <21 <22 <26
Ba-140 <32 <50 <357 <3.1 <32 <6.1
La-140 <3.7 <57 <66 <35 =337 70

* - 1.960 (Due to counting statistics)
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Table [1.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCvVL)

Collection for two weeks ending for two weeks ending for two weeks ending
Date 021895 030495 031895
Radionuclide Gilcrest Ft. Collins Gilcrest Ft. Collins Gilcrest Ft. Collins
R-6 R-3 R-6 R-3 R-6 R-3
Cs-134 <20 <19 <l4 <20 <? 1.3
Cs-137 25 3.2029) 2.12.1) 332.8) 1.9(1.7) 3918
Zr-95 <47 <46 33 <46 27 34
Nb-95 18 1.7 13 <18 <}2 <12
Cc-58 <21 20 13 <19 1.1 i4
Mn-54 <20 20 <14 <19 <1l 1.3
Zn-65 <54 <53 <38 <54 <35 <39
Fe-39 <47 <46 <3.7 <45 28 <29
Co-60 <23 <20 <}5 <21 <1.1 <12
Ba-140 <33 8.5(7.5) <39 <3.1 <18 1I(7.7)
La-140 <38 9.8(8.6) <45 <36 <21 13(8.9)

* - 1.960 (Due to counting statistics)
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Table I11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

Collection for two weeks ending for two weeks ending for two weeks ending
Date 040195 041595 042095
Radionuchde Gilcrest Ft. Collins Gilcrest Ft. Collins Gilcrest Ft Collins
R-6 R-3 R-6 R-3 R-6 R-3
Cs-134 <290 <135 <20 <14 <i2 <20
Cs-137 25 2.2(2.2) <25 39(19) 39(1.8) 32(29)
7r-95 54 40 <51 31 io <50
Nb-95 19 1.3 <19 1.4(1.6) <t2 <18
Co-58 g i | <14 <18 <12 <12 24(24)
Mn-54 2.5(2.5) <15 <20 <13 <13 <20
Zn-65 <54 <42 <56 <40 <39 <54
Fe-59 <48 <35 <48 <30 <33 <47
Co-60 <22 <16 2.4Q25) <13 <12 <21
Ba-140 <33 <25 <52 <34 <32 56(6.1)
La-140 <38 <29 <60 <39 <37 6.5(7.0)

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

Collection for two "veeks ending for two weeks ending for two weeks enaing
Date 05/1395 0572795 061095
Radionuchde Gilcrest Ft. Collins Gilcrest Ft. Collins Gilcrest Ft. Collins

R-6 R-3 R-6 R-3 R-6 R-3
Cs-134 <20 <0.81 <20 1.9 <290 <20
Cs-137 <24 12012y <25 23 <25 <24
Zr-95 <46 <17 <47 <43 <48 <46
Nb-95 1.8 <0.77 <18 <16 <18 <18
Co-58 <21 <089 <19 <17 <20 i8
Mn-54 20 <0.79 <21 <19 <20 <20
Zn-65 <53 <22 <55 <49 <55 <54
Fe-59 <46 28(32) <47 <50 <55 <49
Co-60 <21 <0.77 <22 <20 <22 <22
Ba-140 <32 4.0(4.7) <69 <51 <33 <32
La-140 <37 46(54) <80 <59 <38 <37

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

Cotllection for two weeks ending for two weeks ending for two weeks ending
Date 062495 076895 0772295
Radionuclide Gilerest Ft. Collins Gilcrest Ft. Coilins Gilerest Ft. Collins

R-6 R-3 R-6 R-3 R-6 R-3
Cs-134 <21 22 <Ll 23 <12 <18
Cs-137 <25 <27 <13 3632) 221.8) <22
Zr-95 48 <52 <26 52 29 <42
Nb-95 <19 20 <098 <20 <Ll <16
Co-58 '9 <21 <10 <21 <12 <18
Mn-54 <21 22 <1.1 <23 1.3(1.5) <18
Zn-65 <55 6.0 .30 <62 <33 <48
Fe-59 ~4.7 <50 <25 <53 <34 <42
Co-60 <22 <24 <12 <25 <13 <19
Ba-140 <53 54(6.3) <30 <37 <20 cie
La-140 <62 6.3(7.2) <34 <42 <23 <33

* - 1.960 (Due to counting statistics)
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Table I11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCvL)

Collection for two weeks ending for two weeks ending for two weeks ending
Date 072995 081295 0872695
Radionuclide Gilcrest Ft. Collins Grlcrest Ft. Collins Gilcrest Ft. Collins

R-6 R-3 R-6 R-3 R-6 R-3
Cs-134 20 <21 <21 1.801.4) 12 22
Cs-137 3.2(29) 25 <25 <14 29(18) <27
Zr-95 <51 <48 <47 2.7 <29 <5.1
Nb-95 I8 19 <18 <10 <11 <20
Co-58 <19 <19 18 1.2 <11 <21
Mn-54 20 22(24) 26(24) <12 <13 <22
Zn-65 <55 <57 <56 <3 <33 <58
Fe-59 <47 <47 <46 <27 <29 <51
Co-60 <21 <22 <22 <12 <i3 <23
Ba-140 <32 <33 <72 <19 <20 <35
La-140 <37 <38 <83 <22 <23 <4.1

* - 1 960 (Due to counting statistics )
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Table 11.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCvL)

Collection for two weeks ending for two weeks ending for two weeks ending
Date 090995 092395 100795
Radionuciide Gilcrest Ft. Collins Gilcrest Ft. Collins Gilcrest Ft. Collins
R-6 R-3 R-6 R-3 R-6 R-3
Cs-134 <21 <21 <16 <21 13 1.2
Cs-137 <26 <26 22023 <26 3.1(1.8) 34(18)
Zr-95 <56 <49 <37 <49 2.7 <33
Nb-95 <19 <19 <i4 <19 19(1.7) i.8(1.7)
Co-58 <22 <21 < 15 <20 < 1.1 <1.1
Mn-54 <21 <21 <16 <21 <13 <i3
n-65 <59 o T <44 <60 34 <34
Fe-59 <49 49 <37 <50 8.8(48) <30
Co-60 <22 <22 1.92.0) <23 <12 <11
Ba-140 <34 7.7(8.1) <25 <46 <19 <20
La-140 <39 8.8(9.3) <29 <53 <22 <23

* - 1.960 (Due to counting statistics)




Table [1.C.3 Radionuclide Concentrations in Bi-weekly Composite of Drinking Water. (pCi/L)

Collection for two weeks ending for two weeks ending for two weeks ending
Date 102195 110495 111895

Radionuclide Gilcrest Ft Collins Gilcrest Ft. Collins Gilcrest Ft. Collins

R-6 R-3 R-6 R-3 R-6 R-3

Cs-134 1.201.2y 1.2(1.3 1L41.7) 1.5(1.5) 0.98(1.0) <14
Cs-137 <38 2.1(18) 37(2.1) 1 8(1.9) 29(12) 3820
Zr-95 <35 <33 <34 <29 <18 <31
Nb-95 <18 <16 <16 <13 23(1.2) 1.6(1.9)
Co-58 <18 <16 <14 <12 <0.75 <13
Mn-54 <11 <14 <15 <13 <0.84 1.9(1.7)
Zn-65 <39 <42 <50 <33 <25 <40
Fe-59 <35 <3 39 <34 4332) <32
Co-60 <13 <14 <13 <12 <0.77 <13
Ba-140 <22 <26 <24 <30 <35 <54
La-140 29 <29 <28 <35 <40 <62

* - 1.960 {Due to counting statistics )




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

Collection for two weeks ending for two weeks ending for two weeks ending
Date 12/02795 121695 1273095
Radionuchde Gilcrest Ft. Collins Giicrest Ft. Collins Gilerest Fr. Collins
R-6 R-3 R-6 R-3 R-6 R-3
Cs-134 <}l4 <14 <098 <12 12 <14
Cs-137 30207 22(2.1) 1.2(1.5) 1.5(1.8) 14¢1.5) 2002.1)
Zr-95 <30 32 <28 <26 28 <36
Nb-95 2.3(1.7) 2.5(1.6) <N94 <14 <12 <L7
Co-58 <13 1.2 <088 <13 < k3 <13
Mn-54 1.3 1.91.7) <10 1.4(1.5) <16 <14
Zn-65 <39 <39 <30 <39 <32 <46
Fe-59 37 4.6(45) 3.6(4.0) <30 <34 4.7(5.0)
Co-60 <14 <i3 <095 <11 <14 <14
Ba-140 <23 <22 <9 <49 <42 <24
La-140 <26 <25 <6.7 <56 <50 <27

* - 1.960 (Due to counting statistics)




2. Surface Water

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

Table 11.C.4 shows tritium concentrations measured during 1995 at the four surface
water sites and the effluent route site. The arithmetic mean value ‘or the two downstream
locations in 1995 was not significantly different from the two upstream locations (Table
I1.H.2). There were only detectable tritium concentration at A-25, which is the principal
effluent route. This can be noted in January, February, July, and October.

Table 11.C.5 shows measurements of fission product and activation product
concentrations in surface water samples collected monthly. There were occasional positive
values, but the mean of the downstream sites was not significantly different from the mean
of the upstream sites during 1995 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 siie. 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. Using a 95%
confidence interval, 5% of the values are expected to be high false positives.

In addition to the monthly sampling of the South Platte River and St. Vrain Creek, a
continuous water sampler collects an aliquoc of the effluent stream from the Farm Pond (A-
25), at a preset frequency. The sample is dumped after each aliquot into a 5 gallon
collection jug. To prevent overflow of the jug in the one week sampling period. the aliquot
value and/or the sampling frequency is adjusted. The weekly composites are then combined

and analyzed monthly. The results of these samples are shown in Tables 11.C.4 and I1.C.5.

4]



Periodically throughout the year there was detectable tritium in the Farm Pond overflow (A-
25) due to decommissioning activities. These concentrations correspond to the effluent
release data. These concentrations were much lower than the EPA drinking water limit
(20,000 pCi/L). No elevated tritium concentrations were detected, however, at the
downstream location (R-10) during the entire year.

Mean values of the other radionuclides were less than MDC with the exception of
Cs-137. The Cs-137 mean in downstream water was not statistically higher than upstream
and therefore the activity is concluded to be due to worldwide fallout. The correlation of

the tritium concentrations at A-25 with the effluent release information is good.
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Table I1.C.5 Radionuclide Concentrations = Surface Water (pCi/L)

Coliection Date: January 14, 19957

Downstream Sites Upstream Sites Effluent
Radionuchde
St. Vrain S. Platte St. Vrain S. Platte Goosequill

F-20 R-10 A-21 F-19 A-25
Cs-134 <29 LI(L3Y <20 <22 <25
Cs-137 <25 4.4(16) <24 <2.7 <4.1
7r-95 <53 <23 <53 <356 <50
Nb-95 <19 <10 <18 <20 <26
Co-58 <20 <097 <18 <20 22
Mn-54 <21 11 <20 <22 <21
Zn-65 <55 3 55 <63 <44
Fe-59 5.8(6.7) <25 <46 <56 <55
Co-60 <22 <10 22 <23 <20
Ba-140 <59 <18 <33 <35 <38
La-140 <68 <290 <38 <40 <36

* - 1960 (Due to counting statistics)
** - A-25 collected January 15, 1995
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Table ILC.5 Radionuclide Concentrations In Surface Water (pCi/L)

Collection Date: February 11, 19957

Downstream Sites Upstream Sites Effluent
Radionuclide
St. Vrain S. Piatte St. Vrain S. Platte Gooseguill
F-20 R-10 A-21 F-19 A-25
Cs-134 <20 29295 24 20 19
Cs-137 24 <30 <30 34(29) 392.7)
Zr-95 <51 57 <57 <51 <43
Nb-95 <18 <21 <23 1.7 <17
Co-58 <1.8 <22 <24% <20 <17
Mn-54 <20 <24 <24 <20 <19
Zn-65 54 <6.7 <15 <54 <49
Fe-59 <46 <56 <56 <47 <54
Co-60 <290 <27 <27 <21 <20
Ba-140 <31 <40 <39 <60 <30
La-140 <36 <46 <45 <69 <34

* - 1.960 (Due to counting statistics)
** . A-25 coliected February 15, 1995




Table I1.C.5 Radionuclide Concentrations In Surface Water (pCv/L)

Collection Date: March 11, 1995

Downstream Sites Upstream Sites Effluent
Radionuclide
St. Vrain S. Platte St. Vrain S. Platte - Goosequill
F-20 R-10 A-21 F-19 A-25
Cs-134 <15 12 <21 =32 <19
Cs-137 3.5Q2) 56(2.0) 5.2(3.0) 3.7(32) 3.5(2.7)
Zr-95 <4.1 <27 <48 <52 <43
Nb-95 <14 <12 <19 20 <17
Co-58 <16 1.1 <19 22 <17
Mn-54 1.6(1.9) <12 <21 <23 <19
Zn-65 <4.1 <3.7 <358 <58 <5.1
Fe-59 <35 <3.1 <47 <53 <43
Co-60 <16 <12 <22 <23 <20
Ba-140 <52 20 <33 <62 <30
La-140 6.0 <23 <38 <7.1 <35

* - 1.960 (Due to counting statistics)
** - A-2S collected March 15, 1995
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Table 11.C.5 Radionuclide Concentrations In Surface Water (pCv/L)

Coliection Date: April 8. 1995

Downstream Sites Upstream Sites Effluent
Radionuclide
St Vrain S. Platte St. Vrain S. Platte Gooseguill
F-20 R-10 A-21 F-19 A-25
Cs-134 12 <13 20 <14 <08
Cs-137 23¢1.97 1.7(1.8) 24 o 422.0% 1.4(1.2)
7195 31 <26 <53 <30 <22
5 Nb-95 13 <12 18 <14 <075
Co-58 1.2 12 <18 <13 <0.74
Mn-54 <13 1.8(1.4) <20 <14 <082
Zn-65 <35 <36 <54 <54 <22
Fe-59 <33 <29 <47 <33 33(34)
Co-60 12 <1 <22 <13 <073
Ba-140 34 <19 <33 34(32) <47
La-140 40 <22 <38 39(3.6) <54

* - 1960 (Due to counting statistics )
** - A-25 collected April 15, 1995
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Table [1.C.5 Radionuclide Concentrations In Surface Water (pCi/1)

Collection Date: May 12, 19957

Downstream Sites Upstream Sttes Effluent
Radionuclide
St Vrain S Platte St. Vrain S. Platte Goosequill
F-20 R-16 A-21 F-19 A-25
Cs-134 < 0.60 <12 <21 <13 <i2
Cs-137 22(091) 33(1.7) 25 29(19) 20LT)
Zr-95 <15 27 <49 <31 <29
Nb-95 <058 <12 <18 <13 L1
Co-38 <064 <11 <23 <13 <13
Mn-34 0.71(0.74) <13 <22 <13 2.0(1.5)
Zn-65 <17 38 <54 <38 <37
Fe-59 <18 <35 <62 <35 <36
Co-60 <0.57 <12 <22 <i2 <11
Ba-140 21 <38 <93 <21 <19
La-140 <24 <43 <11 <24 <22

* - 1.960 (Due to counting statistics)
** . A-25 collected May 15. 1995
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Table 11.C.5 Radionuclide Concentrations In Surface Water (pCi/L)

Collection Date: June 9, 19957

Downstream Sites Upstream Sites Effluent
Radionuchde
St Vrain S. Platte St Vrain S. Platte Goosequill
F-20 R-10 A-21 F-19 A-25
Cs-134 <13 23 <20 <2 <13
Cs-137 20019y <28 2.5 218 37(19)
Zr-95 28 <58 <47 <29 <29
Nb-95 <13 <2t <18 <12 <13
Co-58 <13 <21 <18 13 <14
Mn-54 1.8(16) <23 <20 <12 <13
In-65 <34 <61 <53 <34 <34
Fe-59 38(43) <60 <47 <29 <32
Co-60 <12 <24 <22 <i2 <12
Ba-140 <39 <37 <33 <20 <6.1
La-140 <45 <43 <38 <24 <70

* - 1.96a (Due to counting statistics )
** . A.25 collected June 15, 1995
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Table 11.C.5 Radionuclide Concentrations In Surface Water (pCi/L)

Collection Date: July 14, 19957

Downstream Sites Upstream Sites Effluent
Radionuchde
St. Vrain S. Platte St Viain S. Platte Goosequill
F-20 R-10 A-21 F-19 A-25
Cs-134 <11 <22 <20 20 <25
Cs-137 26(1.7) <27 36(29) <24 393.5)
Zr-95 26 <51 ~48 <47 <57
Nb-95 1.1 19 <18 <18 <22
Co-58 <11 <22 <21 <20 <23
Mn-54 1.2 <22 26(24) <290 <25
Zn-65 <32 <58 <55 <53 <6.7
Fe-59 <33 <39 76(66) <47 <55
Co-60 <ii <258 <22 <21 <27
Ba-140 <33 <38 <33 <32 <92
La-140 <3.7 <41 <38 <37 <1

* - 1.960 (Due to counting statistics)
** . A-25 collected July 15, 1995
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Table 11.C.5 Radionuclide Concentrations In Surface Water (pCi/L)

Collection Date: August 11, 19957
Downstream Sites Upstream Sites Effluent
Radrenuchde
St. Vrain S. Platte St. Vrain S. Platte Goosequill
F-20 R-10 A-21 F-19 A-25
Cs-134 <22 <12 13(16) 13 <20
Cs-137 <27 30(18) 28(19) 36(19) 2.5
Zr-95 <51 <27 <29 <29 6.4(66)
Nb-95 20 <12 1.2 <13 <19
Co-58 23 14(1.3) <i.l <13 <18
Mn-54 26(22.7) 1.3(14) <13 <13 <20
Zn-65 58 <35 <31 33 <55
Fe-59 <63 <30 <39 <36 <58
Co-60 23 <12 <12 <13 23
7 Ba-140 36 19 <42 <40 <33
La-140 <41 <22 <4R <46 <38

* - 1 96s {Due w counting statistics)
** . A-25 collected August 15, 1995
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Table 11.C.5 Radionuclide Concentrations In Surface Water (pTi/L)

Coliection Date September 9. 1995~

Downstream Sites Upstream Sites Effluent
Radionuchde
St. Vrain S. Platte St. Vramn S. Piatte Goosequill
F-20 R-10 A-21 F-15 A-25
Cs-134 <12 20 13 20 <20
Cs-137 23(18) 25 o3 N 25 41229
Zr-95 <27 <52 r 4 <48 <46
Nb-95 < 1A <19 <14 <18 <21
Co-58 <1l <19 <13 <319 <18
Mn-54 <2 2.1 1.3 <20 <19
Zn-65 <30 <55 <32 <53 <53
Fe-59 <29 <47 <30 <47 <46
Co-60 <11 <22 <12 <22 <21
B
Ba-140 <33 <33 <21 83(6.7) <3.1
La-140 <38 <38 <24 96(7.7) <36

* - 1960 (Due to counting statistics)
** . A-25 collected September 15, 1995
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Table 11.C.5 Radionuclide Concentrations In Surface Water (p(i/L)

Collection Date:  October 14, 19957
Downstream Sites Upstream Sites Effluent
Radionuclide
St Vrain S Platte St. Vrain S. Platte Goosequill

F-20 R-10 A-21 F-19 A-25

Cs-134 <11 <12 <t2 12 <1
Cs-137 “14 2.KLTY 2.2(1.8) 29(19) 1.5(1.7)

Zr-95 <24 <30 33 <33 <33

Nb-95 1.5(1.5) 2.3(1.5) <14 <12 <14

Co-58 <2 <Li <Ll <11 <14
Mn-54 1.2(1.4) <11 <13 <12 2.0(1.5)

Zn-65 <30 <31 <29 36 <31

Fe-59 <36 <23 <41 <39 <28

Co-60 <11 <12 <12 <11 <1l

Ba-140 6.9%6.3) <19 <66 <53 <19

La-140 i 8.(7.2) <22 <76 <6.1 <22

* - 1.966 (Due to counting statistics)
** . A-25 collected October 15, 1995




Coliection Date: November 11. 1995”7

Table 11.C.5 Radionuclide Concentrations In Surface Water (pCvL)

Downstream Sites Upstream Sites Effluent
Radionuciide
St. Vrain S. Platte St. Vrain S. Platte Goosequill
F-20 R-10 A-21 F-19 A-25
Cs-134 <10 12 <10 12 14
Cs-137 1.6(1.5) 24019 3.3(1.5) N 15 2.32.1)
Zr-95 <23 <27 <23 <31 <38
Nb-95 <999 <15 <12 2HLT) <15
Co-58 1.1 13 <tl <13 <16
Mn-54 10 1.4(15) <11 1.7(1.5) <15
Zn-65 <3.1 <35 <29 <33 <47
Fe-359 <25 <39 <33 <39 5.6(5.5)
Co-60 1.0 <12 <095 <11 <i3
Ba-140 16 <20 <52 <20 <24
La-140 <19 <23 <60 <23 <27

* - 1.96a {Due to counting statistics)
** . A-25 collected November 15, 1995
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Table I1.C.5 Radionuclide Concentrations In Surface Water (pCi/L)

Collection Date: December @, 1995™

Downstrearn Sites Upstream Sites E ffluent
Radionuclide
St Vrain S. Platte St. Vrain S. Platte Goosequill

F-20 R-10 A-21 F-19 A-25
Cs-134 <039 <046 12 < 1.1 <13

Cs-137 4 7(0.88) 1.7(0 68) 29%1.7) 46(1 8) 5. H19)
Zr-95 <13 <1.0 27 <25 <28

Nb-95 2.1{0.91) 0.52(062) 2(18) <14 2(1.9)
Co-58 <054 <042 <11 <10 <12
i Mn-54 <0.62 <046 <12 <l <13
| Zn-65 <21 <14 <38 <37 <44
Fe-59 <19 23(1.6) 4449) 3442) <41
Co-60 <0.56 <043 <11 <11 <l2
Ba-140 <28 <073 <19 <51 <59
La-140 <32 <084 <22 <58 <68

* - 1.960 (Due to counting statistics)
** - A-25 collected December 15. 1995




3. Ground Water

Ground water is sampled quarterly at two locations. These are at F-16, a well on the
farm immediately north and the closest te the facility down the hydrological gradient. and at
R-5, a well at a personal residence in the town of Milliken. Table I1.C.6 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. The other occasional results
abcve MDC are assumed to be statistically false positive values.

Table 11.C.7 shows tritium concentrations in the same ‘vell water samples. No
tritium concentrations above the MDC were observed. Figure [1.C.1 shows measured
tritium concentrations in the F-16 well from 1984 through 1995. We initiated a weekly
sampling of this site beginning early in 1991 and have continued to date. The data for the
weekly samples of the F-16 well for 1995 are shown in Table I1.J.1 (see Summary section).

Figure 11.C.2 is a plot of this data for 1993, 1994 and 1995.
For comparison purposes we include Table 11.C.8 which lists the Maximum

Permissible  Concentrations in  drinking water from the old 10CFR20.
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Table 11.C.6 Radionuclide Concentrations in Ground Water (pCi/L)

o - o 4*

Radio- Quarter Quarter Quarter Quarter
nuclide

I-16 R-5 F-16 R-5 F-16 R-5 F-16 R-3
Cs-134 2627y <19 <15 1.8(14) <23 <23 <13 f
Cs-137 27 23 4222) 3.141.6) 45(349) 96(34) 4.8(2.0) f
Zr-95 <51 <52 <36 <26 55 53 28 f
Nb-95 19 <1.7 <13 <10 24 <28 1.7 f
Co-58 23 <18 <14 1.2(1.9) <21 2.1 <12
Mn-54 <22 <19 <15 <11 <23 <24 22(1.6) f
Zn-65 <59 <53 <42 <30 <80 <10 <4 f
Fe-59 <64 <45 <35 <32 <54 <54 <43 f
Co-60 24 2425 <16 <)z <25 <25 <13 f
Ba-140 <36 <31 <63 <18 45(549) <40 <22 f
La-140 <41 36 <72 <21 52(6.2) <46 25 f

* - 1.96s (Due to counting statistics)
f - Sample unavailable { Well pump was frozen ali quarter)
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Table 1L.C.7 Tritium in Ground Water (pCi/L)

First Quarter 1995 Second Quarter 1995 i g Fourth Quarter 1995
Collected Collected Collected Colle.ed
February 11 May 12 August 11 November 11
E-16 R-S F-16 R-S F-16 R-5 F-16 R-S
<380 <380 370 <370 <370 <370 <380 f

f - Sample Unavailable ( Well pump frozen all quarter)




Table 11.C.8

Maximum Permissible Concentrations in Drinking Water

(10CFR20, Appendix B, Table I1)

Radionuclide l Concentration(pCi/L)

H-3 3x 10"

I-131 Ix 107
Cs-134 9x 10
Cs-137 2x 10

Zr-95 6x 10
Nb-95 I x e
Co-58 1 x10°
Mn-54 1 x 10°
Zn-65 1x10° e

Fe-59 6x 10*

Co-60 5x 10
Ba-140 ix 1o
La-140 2x 10°
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Trittum Concentration in F-16 Well Water
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1L.D. Milk

The dairy food chain is the critical pathway for potential radiation dose commitment
around any nuclear facility. This is true for both chronic and acute releases. The critical
individual would be an infant consuming milk produced from cows grazing local pastures.
Milk is the critical pathway for potential dose commitment to humans from environmental
contamination of H-3 and Cs-137. For this reason milk is sampled extensively to document
the presence or absence of radioactivity due to the decommissioning operation

There are no dairies (or personal milk cows) in the facility area which is within a 1.6
km radius from the facility, The five dairies in the adjacent area, 1.6-8 km radius, were
selected as they are located in the highest X/Q areas. The description of these locations can
be found in Table F-4 of the ODCM and Figure 111.B.2. The single reference location dairy,
R-8. is 22.5 km Northwest of the facility in the least predominant wind direction. Herd
management practices are similar at all dairy locations. The cows in the milking herd are
never on pasture but are under dry-lot management which is typical of the Western U.S.

Table 11.D.1 lists the concentrations of all gamma-emitting radionuclides that are
investigated in milk samples.

Natural-potassium. as measured by K-40, is extremely constant in milk. The mean
literature value for cow milk is 1.5 g/l.. K concentrations are homeostatically controlled
and independent of K intake. K-natural is measured in all milk samples as a quality control
measure for * her radionuclides determined in the same sample by gamma-ray
spectrometry .

Table 11.D.2 lists measured tritium concentrations in milk. FElevated tritium

concentrations in milk due to facility effluents were not observed during the operational or



defueling phase, or the decommissioning phase to date. During 1995, only two detectable

concentrations were observed. These could easily be a false positive values since the mean
of the 5 adjacent sites was not statistically greater than the reference site. This implies that
any tritium from facility effluent is not contributing 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-life 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 milk. Contamination of milk samples by any radionuclide due to
facility effluents has never been observed during the operational. defueling or

decommissioning phases of the Fort St. Vrain Station.
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Table I1.D.1 Radionuclide Concentrations in Milk (pCiv/L)

Location A6 A-18 A-23 A-24 A-26 R-8
Collection 0i/14 0114 0114 0114 0114
Date
Cs-134 23 d <21 <19 <21 <23
Cs-137 28 d <28 <24 ERTER N 33(34)
Ba-140 <43 d <34 <43 <33 <40
La-140 <49 d <40 <49 <39 <46
Collection 0211 0211 0211 0211 0211 0211
Date
Cs-134 22 <21 <21 <20 <21 <21
Cs-137 53(3.1) <25 <25 <24 <26 <26
Ba-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>