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le 0t Bus «0 Radiological Environmental Monitoring Data for
.ne Period January 1, 1987 - Decemder 31, 1987
Ouring 1987 the Fort St, Vrain Nuclear Generating Station produced

electrical energy as follows:

Jates 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 1125 63648,3
27-31 23793.9
Total for 1987 667934.8

A complete and detailed listing of radicactivity released by all
effluent routes may be found in the Public Service Company of Colorado
Semi-annual Effluent Release Reports for 1987 to the U.S. Nuclear
Regulatory Commission, When possible in this report, any correlation of
radicactivity in environmental samples with the effluent release data is
discussed. These discussions are presented in the appropriate sample
type se‘tion and in the summary section, I[I.H.

Table II1.A.2 lists the LLO 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 ysed. The LLD values in Tadble III1.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 MOC (minimym
detectable concentration), This approach is analogous to that of Cuyrrie
(NUREG/CR-4007): the MDC is the same as Sc, the critical signal, and the
LLD s equal to SD' 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:
MOC = 2.33 o4/ v v 7

Where:  op = Standard deviation of background count rate
€ = Counting efficiency, ¢ s°! pCi'1
Y = Chemical yield
V = Sample mass or volume

o= 0,693/Half-11ife

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

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

Essentially all radioactivity values measured on this project are
near dackground levels and, more importantly, near the MDC values for
each radionuclide and sample type. It has been well-documented that
environmental radicactivity values exnhibit great inherent variadbility,

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 1t 1s necessary to use mean values from a rather large sample
population size to make any conclusions about the absolute radiocactivity
concentrations in any environmental pathway,

Environmental ragiation surveillance jata also commonly exnibit
non=normal frequency distributions, 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, I[f any data point
measured resulted in a negative value, the corresponding MOC s used fn
the calculation of the log-normal statistics, (Negative values are
possible due to the statistical nature of radicactivity counting.) In
Section II.M. Conclusions and Summary, the geometric means and geometric
standard deviations for the reporting period of 1387 are listed in Tadle
I1.N,2,

The arithmetic mean for each sample set is also listed in Table
[1.H.2. A)] measyred values, both positive and negative, are used in
the calculations of the arithmetic mean. This is the suggested practice
Dy Gilbert (Health Physics 40:377, 1984) and the NRC (NUREG/CR-4007).

Many sets of dJata were compared in this report, The statistica)
test ysed was eitner a "t"-test or a paired "t"-test. [f data sets are
noted %0 De significantly gifferent or not significantly different, the
confidence for the statement is at the 95% leve! (a = 0.08).

In this report we have footnoted appropriaste tadbles with the

maximym permissible concentration applicable to each radionuclide. We




have chosen to list the maximum permissible concentrations as found in
Appendix B Table Il of 10CFR20. This is the concentration in water or
atr of each radionuclide which if ingested or innaled continuously would
singular'y produce the maximum permissible radiation dose rate to a
specified individual member of the genzral public, That valuye is 500
mrem/year, but must include the dose from all possidle 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 relesse to an unrestricted area. [t is assumed that
no direct ingestion or inhalation of effluents can occur at the
restricted area doundary and that dilution and dispersion decreases the
concentration before it reaches neardy residents, This is certainly the
case for the Fort St, Vrain environs,

There is no specified maximum permissible dose rate ¢~ dose
commitment for residents near the Fort St. Vrain reactor from the
reactor effluents, Such limits for water cooled reactors are found in
LOCFRSQ Appendix 1. These are judged as "As Low as Reasonadly
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 1imit that does apply is the independent maximum permissible dose
commitment rate set by the £.P,A, (40CFR190) for any specified member of
the general pudlic from any part of the nuclear fuel cycle, This value
is 25 mrem/year, the dote rate to the whole body from 411 contributing

radionuclides excluding batkground and medical rad ation dose rate,




Dose commitments are calculated for hypothetical indiviguals for
any mean concentrations ncted in unrestricted areas that are
significantly above contro) mean values,

The following 1s the footnote system used in this report,

a. Sample lost pricr to analysis,

b, Samnle missing at site,

¢. Instrument malfunction,

d. Sample lost during analysis.

e. Insufficient weight or volume for analysis.
f. Sample unavailadle,

9. Analysis in progress.

h, Sampla not collected (actual reason given),

i, Analytical error (actual reason given).

N.A. Not applicadle,




IT. Surveillance Data for January Through December 1987 and

Interpretation of Results

A, External Gamma-ray Exposure Rates

The average measured gamma-ray exposure rates expressed in mR/day
are given in Table II.A.1. The values were determined by CaF,:0y
(TLD-200) dosimeters at each of 41 locations (see Table III.B.1). Two
TLD chips per package are installed at each site and the mean value is
reported for that site. The mean calculated total exposure is then
divided by the number of days that elapsed between pre-exposure and
post-exposure annealing to obtain the average daily exposure rate. The
TLD devices are changed quarterly at each location. Fading during field
exposure is minimized by the post-annealing readout procedure,.

The TLD data indicate that the arithmetic mean measured erposure
rate in the facility a.ea for all of 1987 was 0.44 mR/day. The mean
exposure rate was 0.44 mR/day for the adjacent area and 0.43 mR/day for
the reference area. These mean values were not significantly different
from each other.

The exposure rate measured at all sites is due to a combination of
exposure from cosmic rays, from natural gamma-ray emitters in the
earth's crust and from ground surface deposition of fission products due
to previous world-wide fallout. The variation in measured values is due
to true variation of the above sources plus the va, iation due to the
measuremen. method. The purpose of the two TLD rings around the reactor
is not to measure gamma-rays generated from tne reactor facility itself,

but Lo document the prasence or absence of gamma-ray emitters deposited

upon the ground from the reactor effluents. Since the inception of




powes 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 tuilings.
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 II.A.1 Gamma-Ray Exposure Rates. (mR/day) 1987.

FaciTity Area

1st Quarter

¢nd Quarter

Jrd Quarter

ath Quarter

|
TFe .37 041 037 P Y A
| Fe2 0.43 0.39 0.45 0.45
Fa? 0.46 0.45 0.41 0.50 |
F-4 0.44 0.36 0.43 0.40 :
%.5 0.45 0.39 0.42 0.52 ;
F-6 0.45 0.37 0.36 0.45
x 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'lo 0-41 0039 00“ 0045 :l
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 0.42 | 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 0.47 0.39 0.48 0.49
X (1.96c) 0.45 (0.03) | 0.41(0.04) | 0.44(0.C4) 0.46(0.04)
Kdjacent Area
A=l J.&9 0.39 U.48 U.40
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
| A7 0.44 0.41 |  0.46 | 0.37
| A-8 0.52 0.40 |  0.53 0.46
| A-9 0.50 0.37 | 0.46 0.50
A-10 0.51 0.48 |  0.56 0.54 |
’ 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 0.3¢ |
| A-14 0.42 0.40 |  0.32 0.40
| A-15 0.45 0.40 | 0.48 0.42 .
| A-16 0.44 0.44 0.44 | 0.41 |
| A-17 0.53 0.41 I 0.48 | 0.46 |
A-20 0.49 0.40 |  0.55 | 0.49 |
. ; | 3
X (1.960) 0.46 (0.04) | 0.40(0.03) |0.46(0.06) 0.44(0.05)
reference Area ! |
R=1 [OI- 1 0.40 : 0.43 V.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 | 0.44 0.41 |
X (1.96¢) 0.44 (0.03) 3 0.38(0.04)  0.44(0.02) | 0.44(0.04) |




[I.B. Ambient Air Concentrations

1. Gross 8eta Activity

The air concentrations of long lived particulate gross beta
activity measured at the facility and reference sampling sites are
listed in Tables [1.B.la-1d for each 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 inception of (e monitoring
program. The reference sites R-3, R-4, and R-11 are all new locations
as of January 1, 1984 and sufficiently distant to be considerad
reference (control) locations, (See Table III.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 filters, however, are saved indefinitely for later alpha
particle analysis if needed.

No statistically significant difference was found in the arichmetic
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 Chernoby) fallout,

The gross beta data for 1957 have been added to the plot of air
concentrations observed since 1973 (Figure [1.8.2)., 1In this figure .ne
half-yearly mean values for the facility sites are plotted .ith the
values from the reference sites, The contribution from Chernoby! is

clearly evident in 1986. It can be observed that overall mean values

are not significantly different and that world-wide fallout principally
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due to Chinese atmospheric nucl2ar 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.



Table 11.B.1

a.) Collection Period: First Quarter, 1987.

Concentrations of Long-lived Gross Beta Particulate Activity in Air.

Collection Facility Sites
Date F-7 F-9 r-16 A-19
Jan 3 ?6 (1.6)* 29 (2.4) 32 (2.1) 26 (2.0)
Jan 10 32 (1.6) 33 (2.1) 30 (2.1) 30 (1.9)
Jan 16 27 (1.8) 27 (2.4) 21 (2.0) 25 (2.4)
Jan 24 39 (2.4) 13 (1.0) 31 (2.3) cl
Jan 31 28 (2.1) 9.8 (1.2) 6.3 (1.3) 35 (4.0)
Feb 7 27 (1.4) 27 (2.0) 26 (1.8) 24 (1.9)
Feb 14 35 {1.8) 35 (2.7) 31 (1.9) 35 (2.¢)
Feb 20 18 (1.1) 23 (2.2) 14 (1.5) 16 (2.2)
Feb 28 24 (1.2) 32 (2.3) 31 (1.7) c?
Mar 6 41 (1.8) 37 (2.4) 33 (2.2) c2
Mar 14 22 (1.3) 21 (1.8) 21 (1.9) 8.6 (1.1)
Mar 21 14 (0.90C) 16 (1.6) 15 (1.4) 13 (0.91)
Mar 28 13 (1.0) i5 (1.9) 16 (1.4) 10 (1.1)
————— e —————e e n e T, S — p————— - ——— - -4
X: 27 24 24 22
n- 13 13 13 10
1.960: 17 7 17 19
UL TS| Y = i SR _JL-___-__.- o A e
MAX: 41 X: 24
MIN: 6.3 n: 49
1.960 : 17
- il i - S R s et B i e S S s A e

* 1.96. (due to counting statistics.)
cl Insufficient deposit on filter.

€2 Pump inoperative. No replacement pump available.
¢! Pump inoperative for major fraction of sampling period.

(fCi/m’ )

Reference Sites

R-3 R-4 R-11
31 (2.1) | 11 {1.1) 24 (1.8)
26 (1.9) 29 (1.7) 28 (2.1
24 (2.0) 28 (1.9) 34 (2.4)
17 (1.6) 18 (1.4) 6.9 (1.3)

32 (2.8) 19 (1.5) 18 (1.7)
27 (2.1) 24 (1.6) 27 (2.3)
38 (2.4) 29 (1.7) 36 (2.8)
15 (1.5) 17 (1.2) 16 (2.1)
34 (1.9) 36 (1.6) 20 (1.8)
36 (2.6) 38 (2.1) 47 (2.6)
27 (1.8) c3 33 (1.9)

15 (1.3) 18 (1.4) 19 (1.5)
20 (1.4) 19 (1.1) 22 (1.6)
T _-__....<~__.-------<r.—_-._-—-_.-,-—1

26 24 25
13 12 13
15 16 20
SRR MNP E 1 ¢ T
MAX: 47 X: 25
MIN: 6.9 n: 38
1.96‘\): 17
e e et e et £ T

11



Table 11.B.1

b.) Collection Period: Second Quarter, 1987.

R ———— S S SO S RO
Collection Facility Sites Reference Sites
Date F-7 F-9 F-16 A-19 R-3 k-4 R-11
Apr 4 16 (1.1)* [ 19 (1.8) 16 (1.3) 18 (1.1) 19 (1.3) 18 (1.5) 21 (1.5)
Apr 11 20 (1.2 4.0 (1.5) 20 (1.6) 19 (1.6) 19 (1.5) 15 (1.0) 17 (1.2)
Apr 18 19 (1.2) 21 (1.5) cl 21 (1.4) 19 (1.7) 18 (1.2) 21 (1.6)
Apr 24 17 (1.4) 20 (1.5) 22 (3.6) 26 (1.9) 22 (1.5) 14 (1.2) 38 (7.6)
May 1 39 (2.0) 27 (1.5) 30 (1.6) 35 (1.9) 29 (2.0) 39 (1.9) 32 (1.8)
May 9 38 (1.7) 29 (1.6) 38 (2.0) 44 (2.3) 28 (1.6) 22 (1.1) 18 (1.1)
May 16 14 (1.1) 19 (1.3) 15 (1.3) 19 (1.3) 20 (1.5) 20 (1.2) 34 (1.8)
May 23 14 (1.2) 15 (1.3) 11 (1.3) 13 (1.5) 13 (1.2) 13 (1.1) 10 (0.87)
May 29 18 (1.2 17 (1.2) 17 {1.4) 1 (1.7) 17 (1.4) 28 (2.0) 21 (1.5)
Jun 6 22 (1.4) 21 (1.5) 20 (1.6) 19 (1.4) 21 (1.4) 10 (0.87)f 21 (1.2)
Jun 12 20 (1.3) 22 (1.5) 21 (1.5) 19 (1.4) 20 (1.6) 19 (1.2) 27 (3.3)
Jun 16 26 (1.7) 26 (1.7) 24 (1.8) 24 (2.0) 24 (1.7) 15 (1.2) | 9.1 (1.2)
Jun 26 28 (1.3) 30 (1.7} 33 (1.8) 29 (1.5) 26 (1.9) 25 (1.2) 25 (1.3)
X: 22 21 22 24 21 20 23
n: 13 13 12 1 13 13 13
1.96 0 16 13 15 15 8.8 15 17
"NEAEAE i, T A A CORRIRRN TORERI SR FIRERTS EES -
MAX: 44 X: 22 MAX: 39 X: 21
MIN: 4.0 n: 51 MIN: 9.1 n: 39
1.965: 15 1.960: 14
e e e e "

Concentrations of Long-lived Gross Beta Particulate Activity in Air.

* 1.96 (Due to countin? statistics.)
¢l Insufficient deposit on filter.

(fCi/m )

21



Table JI1.B.1

c.) Collection perioG: Third Quarter, 1987.

Concentrations of Long-lived Gross Beta Particulate Activity in Air.

(fCi/m )

* 1.96, (Due to counting statistics.}

W SR A | T —————— e PR .
Collection Facility Sites ( Reference Sites
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
Jul 3 24 (1.73*| 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 (1.48)
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 (1.3) 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 (2.95) 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 (2.0j 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 (1.9) 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 5 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)
e L L | LS. NI Gh, SENROINEIE SR SN - N, e
X: 27 26 25 26 25 25 24
n: 13 13 13 13 13 13 13
1.9606: 14 13 13 18 12 16 24
MAX: 49 X: 26 MAX: 59 X: 25
MIN: 11 n: 52 MIN: 9.7 n: 39
1.960: 14 1.960: 8

£l



Table I1.B.1 Concentrations of Long-lived Gross Beta Particulate Activity in Air. (fCi/n*)
d.) Collection period: fourth Querter, 1987.
Collection Facility Sites Reference Sites
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
Oct 3 36 (2.2, < 2.4 33 (1.6) 36 (2.3) 35 (2.8) 30 (1.5) 32 (1.8)
Oct 10 36 (2.2) 30 (1.5) 33 (1.9) 34 (2.40 32 (2.5) 26 (1.30) | 25 (1.3)
Oct 17 33 (2.0) 36 (1.8) 34 (1.7) 37 (2.4) 30 (2.6) 33 (1.6) c2
Oct 24 34 (2.1) 30 (1.5) 43 (2.2) 34 (2.5) 28 (2.7) 31 (1.4) 27 (1.2)
Oct 31 35 (2.0) 32 (1.6) 33 (1.6) 56 (5.1) cl 30 (1.5) 35 (1.7)
Nov 7 28 (1.8) 35 (4.5) 27 (1.8) 24 (1.4) 24 (2.9) 27 (1.4) 27 (1.6)
Nov 14 52 (2.2) c4 51 (2.1) 62 (0.68) | 39 (3.5) 39 (1.7) 40 (1.8)
Nov 21 38 (2.0) 33 (1.4) c3 31 (1.6) 32 (2.2) 25 (1.3) 28 (1.2)
Nov 28 &1 (2.1} 27 (1.4) 45 (2.1) I 45 (1.7) 45 (1.2) 39 (1.7) 39 1.7
Dec S 42 (2.2) 37 (1.6) 38 (2.1) 24 (1.6) 37 (2.5) 27 (1.4) 35 (1.4)
Dec 12 19 (1.3) 20 (1.4) 18 (1.3) 19 (1.10 14 (1.6) 17 (1.2) 17 (1.2)
Dec 19 27 (1.7) 26 (1.5) 37 (2.1) 30 (1.7) c2 25 (1.4) 20 (1.1)
Dec 28 23 (1.3) 20 (1.2) 21 (1.3) 25 (1.2) 23 (1.8) 22 (1.2) 18 (1.1)
R 35 26 35 35 31 29 29
1.96 .: 19 27 20 25 17 12 15
MAX : 62 X: 33 MAX: 85 X 29
MIN: < 2.4 n: 50 MIN: 14 n: 36
1.960: 23 1.966; 14

*1.96 < (Due to counting statistics.)

cl Cartridge broken, air filter and charcoal are not representative of the air flow.

c2 Volume was less than 300 m'.
¢3 Pump malfunction.

12






16

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 I[I.B.2a-2d. The corresponding
tritium concentration in air (pCi/m3) is calculated from the specific
activity data using weekly mean temperatures and dew points measured at
the FSV meteorological tower, The measuring point is at a height of 2 m
from the surface. The tritium air concentrations are shown in Table
[1.8.3a-3d.

The principle release mode of tritium from the reactor is batch
1'quid releases from holding tanks. The tank water is first analyzed
and ihen released with sufficient additional dilution, if necessary, in
order not to exceed 10CFRZQ concentration limits. The summary of
tritium relese by 2'1 modes is shown in Table [1.8.4. The summary
indicates that :ritium released in 1987 was less than in 1986 for all
routes. (See 1386 annual report to the USNRC).

Sampling locaticss F-16 and A-i9 are located near the Goosequill
Oitch, which is the prin:ipal route for effluent tritium release,
Tables I1.B.2a-2d indicate a strong correlation of elevated atmospheric
tritium concentrations corres;onding to the batch release of tritium in
Water along the ditch. Oue to cvaporation while in transit, elevated
tritium concentrations in air have been observed for these two locations

often in past years. The concentrat ons observed, however, have always

been below the 1imit of regulatory concern. The occasional elevated
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values at the reference sites are assumed to be stat'stically false
positive values.

The mean value for sites F-16 and A-19 were significant v greater
than for all other sites during the year. Wwhen all four facilit; sites
are averaged, however, the total mean value is less than the MDC value
of 250 pCi/L, Radiation dose commitment estimates re 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 oniy significant source of radiation dose to humans from
environmental tritium.

Since the same relative humidity s assumed for all sites, Table
[1.B.3 shows the same site dependence on reactor effluent as Table

i1.8.2.




Table I1.8.2 Tritium Concentrations ir Atmospheric Wa.o~ Vapor. (pCi/L)

a.)

Date

Jan
Jan
Feb
Feb
Feb
Feb
Mar
Mar
Mar

Mar

Collection Prriod: First Cuarter, 1987.

31

14

21

14
21

28

Collectic,

S —

< 230

< 240
370 (290)

< 240

< 240

< 230

e

Facility Sites

F-9

< 230
< 240
< 240
< 230
< 230
< 230
< 230
< 240
300 (280)
< 240
< 230
< 230

*1.96; (Due to counting statistics.)

Reference Sites

F-16 A-19 R-3 R-4 R-11
< 230 < 230 < 230 < 230 < 230
< 240 < 240 < 240 < 240 < 240
< 240 < 240 290 (280)*| < 240 290 (280)
< 230 < 230 < 230 < 230 < 230
< 230 < 230 < 230 < 230 < 230
< 230 < 230 < 230 < 230 < 230
< 230 < 230 < 230 < 230 < 230
< 240 < 240 < 240 < 240 < 240
< 240 < 240 < 240 < 240 < 240
< 240 < 240 < 240 < 240 < 240
< 240 < 240 < 240 < 240 < 240
< 230 < 230 < 230 < 230 < 230
< 230 < 230 < 230 e < 230

e Insufficient sample volume for analvsis.

81



Table 11.B.2

b.) Collection Period:

Collection

Date F-7
Apr 4 < 240
Apr 11 < 230
Apr 18 < 230
Apr 25 < 240
May 1 < 230
May 9 < 230
May 16 < 230
May 23 < 230
May 29 < 230
Jun 6 < 230
Jun 12 < 230
Jun 19 < 230
Jun 26 < 230

Tritium Concentrations in Atmospheric Water Vapor. (pCi/L)

*1.96 o (Due to counting statistics.)

Second Quarter, 1987.

Facility Sites

F-9

< 240
< 230
< 230
< 240
< 230
< 230
-~ 230
< 230
< 230
< 230
< 230
< 230
< 230

S —

F-16

< 240

< 230

< 230

< 240

< 230

< 230
250 (270)
870 (280)
710 (280)
580 (290)

< 230

e

< 230

A-19

< 240

< 230

< 230

< 240

< 230

< 230

< 230

< 230
510 (280)
620 (290)

< 230

e

1000 (290)

Reference Sites

R-3 R-4 R-11

< 240 < 240 370 (280)*
< 230 < 230 < 230

< 230 < 230 < 230

< 240 < 240 < 240

< 230 < 230 < 230

< 230 < 230 < 230

< 230 < 230 230 (270)
< 230 < 230 < 230

< 230 < 230 < 230

< 230 < 230 < 230

< 230 < 230 < 230

< 230 < 230 < 230

< 230 < 230 < 2320

e Insufficient sample volume for analvsis.



Table I1.B.2 Tritium Concentrations in Atmospheric Water Vapor. (>Ci/lL)

c.) Collection Period: Third Quarter,

Collection
Date

Jul 3
Jul 10
Jui 17

Jul 25

Aug 1
Aug 8
Aug 15
Aug 22
Aug 29
Sept 5
Sept 12
Sept 19

Sept 26

230
230
230

1987.

Facility Sites

F-9

< 230
< 230
< 230
< 230
< 230
< 230

F-16

310 (280)*
460 (280)
250 (280)
440 (280)
480 (280)

< 230

< 230

< 230

< 23C

< 230

< 230

< 230

< 230

A-19

360 (280)
620 (280)

< 230

< 230
270 (280)
290 (280)

< 230
280 (270)
400 (270)

< 230

< 230

< 230

< 230

Reference Sites

R-3 R-4 R-11
< 230 (—< 230 < 230
< 230 < 230 230 (280)
< 230 < 230 < 230
< 230 < 230 < 230
< 230 < 230 < 230
< 230 < 230 < 230
< 230 < 230 e
< 230 360 (270) < 230
< 230 < 230 < 230
< 230 < 230 < 230
< 230 < 230 < 230

580 (260) < 230 < 230
< 230 < 230 < 230

*1.96 ; (Due to counting statistics.)

e Insufficient sample volume for analysis.

02



Table I1.B.2 Tritium Concentrations in Atmospheric

€.) Collection Period: rourth Quarter, 1987.

Collection
Date

Nov 7

Nov 14
Nov 21
Nov 28

Dec §

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

F-7

SR S

< 240
< 230

< 230

< 230

< 230
< 230
< 230
< 230
< 230
< 250
< 230
< 290

e

Water Vapor.

(pCi/L)

<

<

<

Facility Sites
F-9

240
230
230
230
230
230
230
230
230
250
230
290
290

F-16

250 (280)
410 {280)
< 230
< 230
< 230
< 220
< 230
400 (280)
< 290

]

Reference Sites

A-19 R-3
< 240 < 240
< 230 < 230
540 (280 | < 220
< 230 < 230
300 (280) | < 230
340 (280) | < 230
< 230 e
< 230 < 230
< 230 < 230
< 230 < 250
< 230 310 (280)
530 (290) | < 290
< 290 -J e

"R

<

<

<

R-4 R-11
240 < 240
230 < 230
230 340 (270)
230 350 (280)
230 < 230
230 440 (280)
230 < 230
230 < 230
230 < 230
250 < 230

< 230 < 230
290 < 290
290 < 290




Table 11.B.3 Tritium Concentrations in Atmospheric Water Vapor. (pCi/m’)

a.) Collection Period: First Quarter, 1987.

Collection
Date

Jan 17

Jan 24

Jan 31
Feb 7
Feb 14
Feb 21
Feb 28
Mar 7
Mar 14

Mar 21

Mar 28

oo—————— - —— ——

R ————

F-7

< 0.64

< 0.75

0.61

A

< 0.48
< 0.76
< 0.80
< 0.74
< 0.77
1.1 (0.83)
< 0.99
< 0.89
< 0.96

e

o !

Facility Sites

F-9

< 0.64
< 0.75
< 0.61
.48
.76
.80
.74

A
o (=] (= [ o

17
0.89 (0.83)
< 0.99

< 0.96

< 0.67

F-16

< 0.64
< 0.75
< 0.61
< 0.48
< 0.76
< 0.80
< 0.74
< 0.77
< 0.71
< 0.99
< 0.89
< 0.96
< 0.67

A-19

Reference Sites

R-3

R-4

R-11

0.64

0.7%
0.61
0.48
0.76
0.80
0.74
0.77
0.71
0.99
0.89
0.96

0.67

< 0.64

< 0.75
0.74 (0.71)*
.48

<

< 0.76
.80
.74
.17
71
-99

-89

A
=1 o (= o (= o o o o

.96

A

(=
=2l
~

0.64
0.75
0.61
0.48
0.76
0.80
0.74
0.77
0.71
0.99
0.89
0.96

< 0.64
< 0.75
0.74 (0.71)
< 0.48
< 0.76
< 0.80
< 0.74
< 0.77
< 0.71
< 0.99
< 0.89
< 0.96
< 0.67

*1.96 ° (Due to counting statistics.)

§ Insufficient sample volume.

H MPC .
alr

- 2x10° pCi/m> (10CFR20 Appendix B, Column

).

¢




Table I1.B.3 Tritium Conccntratiors in Atmospheric Water Vapor.

a.) Coll

e ——————— i

Collection
Date

e

Apr 4
Apr 11
Apr 18
Apr 25
May 2
May 9
May 16
May 23
May 29
Jun 6
Jun 12
Jun 19

Jun 26

* 1.96 © (Due to counting statistics.)

ection Period:

ey

A
—
(=,

A A
— o
(=g =] = w

A
—
.
o

0
< 2.0
9

Second (Quarter, 1987.

Facility Sites

F-9

< .75
.78
.99

F-16

< 0.75

< 0.78

< 0.99

<11

< 1.6

< 1.5
1.9 (2.1)
7.4 (2.4)
4.9 (1.9)
3.8 (1.9)

< 2.0

e

A-19

< 0.75

< 0.78

< 0.99

< 1.1

< 1.6

£ 3.5

<1.8

<1.9
3.5 (1.9)
4.0 (1.9)

< 2.0

e

8.2 (2.4)

o

e Insufficient sample volume for analysis.

3

H MPC .
air

(pCi/l‘)

Reference Sites

R-3

< 0.75
< 0.78
< 0.99
<1.1
< 1.6
< 1.5
< 1.8
<1.9
< 1.6
1.5

A

2.0

A

< 1.9

- le()5 pCi/m3 { 10CFR20 Appendix B, Cclumn I1).

R-4 R-11
< 0.75 1.2 (0.87)*
< 0.78 <0.78
< 0.99 < 0.99
< 1.1 < 1.1
< 1.6 < 1.6
< 1.5 < 1.5
< 1.8 1.8 (2.1)
<1.9 <1.9
< 1.6 < 1.6
< 1.5 <1.5
< 2.0 < 2.0
< 2.0 < 2.0
<1.9 <1.9




Table 11.B.3 Tritium Concentrations in Atmospheric Water Vapor. (pCi/m’ )

—

b -

* 1.96"(Due to counting
H MPC
al

3

c.) Collection Period: Third Quarter, 1987.

Collection

Date
Jul 3
Jul 16
Jul 17
Jul 25
Aug 1 )
Aug 8
Aug 15 |
Aug 22
Aug 29
Sept 5
Sept 12 |

Sept 19

Sept 26“[

F-7

< 2.1
<1.9
< 2.5
€28
< 2.3
<1.9
< 2.1

Facility Sites

F-9
< 2.3
< 2.1
< 2.1
< 1.9
< 2.6
< 2.4
< 2.3
<1.9
< 2.1

F-16

| 3.1 (2.8)*

|
4.2 (2.5)

2.2 (2.5)
3.6 (2.3)
5.2 (3.0)

< 2.4

< 2.3

<1.9

< 2.1

< 2.1

< 1.7

< 1.6

< 1.4

A-19
3.6 (2.8)
5.6 (2.5)
2.1 (2.5)

< 1.9
3.0 (2.9)
3.0 (2.9)

< 2.3
2.3 (2.3)
3.7 (2.5)

< 2.1

< 1.7

<1.6
<1.4

Reference Sites

R-3

A

2.3
€ 2.1
| = 2.4

A
3.9 (1.8)
< 1. 4

R-4
< 2.3
<2.1
< 2.1
<1.9
< 2.9
<2.4
< 2.3

3.0 (2.2)

R-11
< 2.3‘“
2.1 (2.5)

< &1

<1.9

£ 2.3
< 1.9
< 2.1
< 2.1
< 1.7
< 1.6
< 1.4

statistics.)

. * 2x10% pCi/m® (10CFR20 Appendix B, Column I1).

ve



Table I1.E.3 Tritium Concentrations in Atmospheric Water Vapor. (pCi/-‘)

c.) Collection Period: Fourth Quarter, 1987.

Collec’ion Facility Sites '*r Reference Sites
Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
AT . gy e -
Oct 3 € 1.2 < 1.2 < 1.2 < §=2 < 1.2 < 1.2 < 1.2
Oct 10 < 1.0 < 1.0 <1.0 < '¥:0 ! < 1.0 < 1.0 < 1.0
Oct 17 < 1.0 < 1.0 < 1.0 2.4 (1.2)» | < 1.0 < 1.0 1.5 (1.2} |
Oct 24 < 0.97 < 0.97 < 0.97 < 0.97 ! < 0.97 < 0.97 1.3 (1.1) E
Oct 31 < 1.1 < 1.1 1.2 {1.3) |1.4 (1.3) < 1.1 < 1.1 < 1.1 0~ |
Nov 7 <1.4 <1.4 2.5 11. 1) iZ.l (1.7) < 1.4 < 1.4 2.7 (1.7) |
Nov 14 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
' Nov 21 <90.78 . < 0.78 < 0.78 < 0.78 < 0.76 < 0.78 < 0.78
Nov 28 < 0.77 < 0.77 < 0.17 < 0.77 < 0.77 < 0.77 < 0.717
Dec 5 < 0.91 < 0.921 < G.91 < 0.91 < 0.91 < 0.91 < 0.91
Dec 12 < 0.69 < 0.69 < 0.69 < 0.69 0.93(0.84) | < 0.69 < 0.69
Dec 19 < 0.58 < 0.58 0.80{0.56) 1.1 (0.58) | < 0.58 < 0.58 < 0.58
Dec 28 < 0.58 < 0.58 < 0.58 < 0.58 < 0.58 < 0.58 < 0.58
SR T LN b | . |

. 1.96‘,(Dye to counting statistics. )
% Insufficient vglune fﬂ' analysis.

H HPCdir = 2x107 pCi/w™ (10CFR20 Apgendix B, Column In).
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3. Concentrations of Gamma-ray Emitting Radionuclides in

Ambient Air

Tables I1.B.5a-5d list 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 %o achiive an MDC of 33 fCi/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(L1) high resolution spectrometry, Any positive [-131 activity is
corrected for radioactive decay back to the midpoint of the collection
period. Decay correction to the midpoint of the sampling peried is
appropriate as any [-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 [-131
source term would be weapons testing fallout or reactor stack effluent.

There were only occasional positive values very near the MDC value
and all :zre assumed to be false positive. I[-131 concentrations due to
reactor affluent have never been detected in the Fort St. Vrain
environs,

Table I1.8.6 lists measured ambient air concentrations of Cs-134
and Cs-137. These values are from gamma-ray spectrum analyses on weekly
afr filters 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 s due

to Chernodyl (or previous) fallout wnich 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. Ouring 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 Iodine-131 Zoncentrations in Air. (fCi/m )

a.) Collection Period: First Quarter, 1987.

r;:ollection Facility Sites Reference Sites
Date F-7 F-9 F-16 A-19 R-3 k-4 R-11
Jan 3 <19 < 31 < 30 r < 18 < 22 < 26 < 23
Jan 10 < 30 < 30 < 18 < 28 < 22 < 28 < 18
Jan 16 < 31 < 18 <9.7 < 27 < 28 < 8.6 <29
Jan 24 <13 <23 <28 ' <3 <24 <29 <19
Jan 31 < 28 < 34 < 20 < 20 < 12 < 29 < 32
Feb 7 < 15 < 1€ < 12 < 32 < 20 < 30 < 14
Feb 14 < 14 < 14 40 (39)* <19 < 21 27 (28) < 27
Feb 20 < 27 < 29 < 13 < 16 < 17 < 30 < 27
Feb 78 < 25 < 34 < 18 cl < 32 <13 <29
Mar 6 < 18 < 14 < 28 cl < 10 < 16 < 19
Mar 14 < 12 < 32 < 21 < 22 < 14 c2 <9.5
Mar 21 <19 < 22 < 18 < 13 < 14 <19 < 15
Mar 28 < 22 < 34 < 30 < 16 < 13 < 18 < 26
ST T e | LW el .
* 1.96° (Due to counting statistics .)

[-131 MPC = 10°fCi/m®. (1GCFR20, Appendix B, Table 11)
cl Pump inoperative. No replacment pump available.
c2 Pump inoperative for major fraction of sampling period.

62



Table 11.B.5 1lodine-131 concentrations in Air. (fCi/n’)

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

I TS SR TIIY el L N S o il P

Apr 4 < 21 < 34 < 25 [ < 15 < 26 < 24 < 22
Apr 11 < 21 < 25 < 18 <29 < 12 < 16 < 30
Apr i8 < 28 < 17 < 20 < 22 < 27 < 18 < 24
Apr 24 < 31 < 33 < 26 O 5 <19 < 28 cl
May 1 < 15 < 28 < 16 < 20 < 25 < 29 < 20 -
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 counting statistics.)
I-131 MpC = 10% fCi/m’. (10CFR20, Appendix B, Table II)
cl Pump inoperative for major fraction of sampling period.




Table I1.B.5 Ilodine-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
- —— 1 ——————— g —— gy —— 44— -
Jul 2 < 34 < 29 < 32 < 23 < 18 <15 <19
Jul 10 < 12 <19 < 24 < 8.3 < 6.9 <14 3.7 (3.6)4
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 5 < 20 <1.4 < 18 < 32 < 34 < 11 < 32
Sept 12 <13 < 17 < 3 < 3.4 < 31 <13 < 16
Sept 19 < 19 < 28 < 29 < 35 < 26 < 12 < 21
Sept 26 < 3% < 23 < 19 < 25 2 29 < 17 <17
L .‘_--_A‘_“JL_.__- ———— —— ——
* 1.96 9 (Due t%1count1ng statistics.)
I- 31 MPC = 10°fCi/m*. (10CFR20, Appendix B, Table 11)




Table

I1.8.5

lIodine-131 concentrations in Afr.

d.) Collection Period: Fourth Quarter, 1987

(fCi/m’)

Collection Facility Sites Reference Sites

Date F-7 F-9 F-16 A-19 R-3 R-4 R-11
Oct 3 35 (32r < 33 <11 < 26 < 27 < 9.7 <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 <29 < 20 < 30 <19 < 16 36 (33) < 18
Nov 14 < 22 c2 < 31 < 25<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>