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This 4s the 1990 Annual Radiological Environmental Operating Report for Wolf
Creek Generating Station (WOCS) covering the period from January 1 to
December 31, 19900, WCGS i{s located in Coffey County, Kansas, approximately
five miles northeast of Burlington, Kansas.

Fuel loading began at WCGS on March 12, 1985, The operstional phase of the
Radiological Environmental Monitoring Program began with initial criticality
on May 22, 1985, with the first detectable quantities of radioactivity
reported in plant effluents in June, 1985,

This report contains a description of the Radiological Environmental
Monitoring Program conducted by Wolf Creek Nuclear Operating Corporation
(WCNOC), results of sample analyses performed by Teledyne Isotopes, a
discussion of mcnitoring program results, & discussion of program deviations
and revisions, and a discussion of the results of the Environmental
Protection Agency (EPA) Interlaboratory Comparison Program. Individual
sample results and a summary of results in the Nuclear Regulatory Commission
(NRC) Branch Technical Position specified format are included as appendices
to the report.

No effects of plant operation were seen in air filters (particulate and
charcoal), dicect radiation, brosdleaf vegetation, irrigated crops, and
ground water,

Tritium from routine plant releases was detected in Wolf Creek Cooling Lake
(WCCL) surface water samples throughout the yeay. Tritium was also detected
in the third quarter drinking water composite samples at both the control
(Burlington) and indicetor (LeRoy) locations. The activity measured at
LeRoy was at the detection limit with a large measurement error. The
activity measured at Burlington was two times the detection capability with
a relatively small error. It is believed the tritium detected at both

loc” ione are from the same source but not attributable to Wolf Creek since
the .ctivity detected upstream of WCCL discharge was greater than the
activity detected downstream. There was one elevated gross beta measurement
for drinking water in February. The cause for che elevated gross beta
measurement hae not been identified and no other radionuclide analysis for
thieo sample had any elevated levels. All nuclide concentrations were below
appiicable reporting levels.

Activation products (Co-58 and Co-60) were detected in WCCL bottom sediment
and shoreline soil and in algae samples obtained in the WCCL discharge cove
Mn-54, Co-58, and Co-80 were detected. Also, one fish sample from WCCL
contained Ce-137 which is¢ assumed to be due to WCGS operation, although
fallout Cs-137 (which is regularly detected in other sampling media) is
probaply also partially reflected in the measured concentrations, All of
the concentrations were below applicable reporting levels.

No measurable impact on human exposure due to plant operation was seen for
the year,
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L.__PROGRAM DESCRIPTION

Radiological environmental samples were collected according to the schedule
in the Offsite Dose Calculation Manual. Some additional sample collections
were made to support a cooperstive sampling program with the State of Kansas
and plant sctivities. All samples were collected by WONOC's Radiological
Services, Emergency Flanning, and Environmental Management Groups and sent
to Taledyne lsotopes of Westwood, New Jersey for analyeis. Table 1 lists
sampling pathways and frequencies of sampling and analysis. Table 2 liste
the sample location direction and distances.

The following is & description of the sampling und analysis program by
individusl pathways. Deviastions are permitted from the required sampling
schedule {f specimens are not obtainable due to hazardous conditions,
seasonal unavailebility, malfunction of sutomatic sampling equipment, and
other legitimate reasons. Deviations from the routine sampling schedule and
other protlems encountered during the year are described in Section 1V
Menitoring Program Deviations.

Alrberne:

Low volume eir sampling pumps continuously collected particulate samples on
47 mm gloss fiber filters; samples were then drawn through charcoal
canisters to collect 1-131, Filters and charcoal canisters were changed out
weekly, labeled, and shipped to Teledyne Isotopes for analyseis. Total
sample volume used to calculate air concentrations was determined from the
average of the initial and final sampling flow rate and the total time of
collection,

Gross beta analyeis of the air particulate samples was performed after a
period of at least 24 hours following filter collection to allow decay of
redon and thoron daughter products. Each filter was mounted on & stainless
steel planchet and counted on an automatic alpha-beta counter. If the gross
beta activity for & sample would have been greater than 10 times the yearly
mean of contrel samples, & gamma isotopic analysis would have been performed
on the individual sample.

Weekly air particulate filters were combined into quarterly composites for
each location and analyezed for gamma emitting isotopes on a Ge(Li) detector.

Charcoal canisters were routinely counted in groups of five to determine the
presence or absence of I1.131. Positive indication of airborne I.131 would

have been supplemented by separate analyeis of individual canieters for
sach locatien,

Alr samples were collected from the three sectors with the highest ground
level D/Q, the nearby community of New Strawn, and a control location,
Distances and directions to sampling locations from the plant site are
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Fish samples were collected semi-annually from Wolf Creek Cooling Lake
(indicator) and John Redmond Reservoir (control) with several important
recreational species being sampled. Samples of boneless meat portions were
sent to Teledyne Isotopes and analyzed by gamma spectroscopy. Locations are
shown in Figure &.

Game Animale and Birde:

Annual samples of endemic game animals and birds were obtained from the
immediate vicinity of Wolf Creek Cooling Lake (indicator) and John Redmond
Reservoir (control). Samples of boneless meat portions were sent to
Teledyne Isotopes and analyzed by gamma spectroscopy.
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old thickness (0.022 inches) was undercompensating for the over-response to
low energy gammas; therefore, the proper shield (0,093 inches) was installed
the fourth quarter of 1990. This has ceused an aversge drop in the
measurements of less than 2 mrem over the standsrd quarter when compared to
messurements taken using the 0.022 inch shield during the same time period.
This change is described fully in the program deviation section of this
report L at is mentioned here since the results have been affected slightly,
but insignificantly, by the shielding change.

No changes tO area gamma exposure rates av & result of plant operation were
identified.

Materborne.

Since tritium has been appearing in water samples surrounding Wolf Creek a
wetailed evaluation of tritium monitoring and concentrations in the
environment was performed during 1990, The results of this evaluation are
in Appendix C.

Drinking Water:

Results of gross beta analyeis of drinking water samples are listed in Table
6; Figure 10 depicts these results graphically slong with preoperational
values for comparison,

There was an unusually high value for gross bets ceen in the February sample
at LeRoy (LW-40). This value was verified with a follow-up analysis for
gross beta, The gamma isotopic analysis for the sample failed to show any
detectable gamma emitters and & visual inspection of the residue used for
the measurement did not show any abnormal colors or densities. Also the
quarterly composite for tritium was less than detectsable. In summary, the
gross Leta must be considered a valid result but none of the other testing
supports the higher value obteined for February.

Tritium was detected at both BW-15 (control) and LW-40 (indicator) in the
third quarter composite, At BW-15 the concentration wes 1600 % 400
pCi/liter and at LW-4G the concentration was 860 + 340 pCi/liter; the
detection limit 4s 700-900 pCi/liter. The tritium detected at these
locations are not due to plant effluents nince the tritium was seen at the
control location as well as the indicator location,

Surface Water:

Trivium, attributable to WCGS operation, was detected in all surface water
samples collected from WCCL in 1990, A total of 590 Curies were released to
WCCL during the year. Measured concentrations are shown in Table 7. 1In
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Figure 11, WCCL tritium concentrations are plotted since WCGS began
operation,

It can be seen in Figure 11 that monthly surface water tritium
concentrations appear to be slightly increasing since plant startup. This
is expected until the lake concentration reaches equilibrium. (See
discussion on equilibrium concentrations in Appendix C, pag~ C-4.)

A pesk concentratior of 9,000 pti/liter occurred in November when the
monthly grad sample was obtained shortly after the termination of a batch
release. Since the sample point i{s just beyond the near field miving szone,
complete mixing had not occurred. The peak concentration is seen in Table 7
and Figure 11.

All tritium concentrations measured were below applicable reporting levels.

There were no gamma emitters related to plant operation detected in surface
water for the year.

An additional surfece water location was added to the sample collections in
August in preparation for moving the location aleng the WCCL Main Dam
several yards east of the presect location. The new location i{s beside the
suxiliary spillway which allows discharges into Wolf Creek. The results
obtained from August through December indicate moving the sample location
will not have any affect on the analysis results.

Ground Water:

No tritium or gamma emitters were detected in any of the quarterly ground
wate. samples in 1990,

Shoreline Sediment:

Table & shows gamma emitters detected in shoreline sediment collected from
Wolf Creek Cooling Lake and John Redmond Reservoir during 1990. 1In addition
to the naturally occurring nuclides (Be-7, K-40, Ra-226, and Th-228), two
other radionuclides were detected.

Co«60, an activation product, was detected in the sample collected on
October 16, 1990. Thie ectivity is attributed to plant operations rather
than fallout from nuclear weapons testing.

The other nuclide, Ce-137, was detected in both samples but the activity
measured is considered to be primarily due to fallout rather than plant
operations since the concentration is at or below preoperation
concentrations. Also, Ce-134 was not detected, although it would be
eapected if the occurrence of Ce-137 wes related to plant operation.
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Bottom Sediment:

Table & shows gamms emitters detected in bottom sediment samples collected
from Wolf Creek Cooling Lake and John Redmond Reservoir during 1990. 1In
sddition to the naturally occurring nuclides (K40, Ka-226, and Th-228),
several other radionuclides were detected.

Co-5¢ and Co-60 are activation products whose presence in the WCCL samples
is attributed to plant operstion.

The Ce-137 concentrations measured are considered to be primarily due to
fallout rather than plant operation since they are at or below
concentrations measured preoperationally and are comparable to the
concentrations seen in the control sample from John Redmond Reservoir.
Also, Ce~134 was not deterted although it would be expected if the
occurrence of Ce-137 was related to plant operation.

Aquatic Vegetation:

A combination of naturally occurring nuclides, fisedion products, and
activetion products were detected in sigeae samples from the WCCL discharge
cove during the year. Rooted aquatic vegetation was not svallable again
this yesar. A summary of the concentrations measured is shown in Table 9.

Naturally occurring nuciices measured were Be.7, Ko40, Ra-226, and Th-228.

Activation products seen in *he samples were Mn-54, Co-58, and Co-60; all of
these are attributable to operntional releases.

Fission product Ce«137 was detected in both algae samples while Co-134 was
only seen in the sample collected #/18/90, The fission products seen in the
algae samples are due to fallout and poseibly plant effluents. The
concentration of Ce«137 measured in both sigae samples is within the range
of concentrations measured during the preoperational phase of environmental
monitoring but the detection of Ce«134 implies & recent source of activity.

Angestiont
Milk:

There were no indicator samples available during 1990 (see Program
Deviation section for explanstion). A control sample was ;outinely obtained
for analysis. All milk svamples analyzed contained naturally occurring K«40
at concentrations consistent with preoperational levels. The yearly average
concentration was 1260 pCi/liter,

No other gamma emitters were detected,
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Broadlesf Vegetation

Gamma analysis of broadlesaf vegetation samples revealed naturally occurring
gonme emitters Ko40 and Be-7 ot concentrations comparable to preoperational
and background levele.

Co+137 was also detected at Locations Re) (indicator) and $-4 (control)
during May. The concentrations were 0.0175 pCi/gm and 0,323 pCi/gm
respectively. Theee concentrations for Ce«137 are attributed to fallout
for the following reasons: 1) The range of fallout Ce<137 seen in
precperational samples was 0.013) to 0.0478 pCi/gm. 2) Co-137 was not
detected in the airborne effluent relesses from the plant during the second
quatter of 1990, 3) Ce-134 was not detected, slthough it would be
expected it the occurrence of Ce«137 was related to plant operation (Ce«134
decays with a shorter halflife than Ce-137; detection of Ce-137 alone
indicates fallout as opposed to newly produced fission products),

No other gamma emitters were detected for the remainder of the yesar, and no
effects of plant operation were fdentified.

lerrigaced Crope:

Gamma analysis revealed naturally occurring K«40 to be present in the
samples, with no nuclides detected which could be attributable to plant
operation,

Fieh:

Naturslly occurring K-40 was found in all fish samples collected with an
aversge concentration of 4.05 pCi/gm (wet weight) for WCCL samples and 4. .81
pCi/gm (wet weight) for the control samples. These concentrations are
within the range seen during the preoperational period.

In addition, one sample from WCCL, collected on 10/2/90, contained
detectable levels of Ce-137 at 0.0404 pui/gm (wet weight). Although fallout
Co-137 ds regularly measured in other environmental media and is probably
reflected in these values, it is ssoumed that these concentrations are
attributable to WCGS operationsl relesses since Co-137 was not detected
during the preoperational testing or in control samples.

A dose calculation for a hypothetical individual, assuming s maximum
ingestion rate (16 kg per year from Reg. Guide 1.109) st the messured Cs-137
concentration results in an annual dose of 0.006 mrem (critical age group =
teen, critical organ = liver).

No other radionuclides were detected in fish during the year.
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Game Animal and Bird:

Naturslly ocourring K«40 was measured in all game animal and bird samples at
concentrations consistent with preoperational levels.

Mo other radionuclides were detected and no effects of plant operation were
seen for this pathway.
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All. _ANNUAL LAND USE SURVEY RESULYS AND FROGRAM REVISIONS

The purpose of the Land Use Census i to fdentify within s disteance of §
miles the locstion in each of the 16 meteorological sectors of the nearest
residence, the nearest milk animal and the nearest garden of greater than 50
square meters producing broadleaf vegetation,

The 1990 Annual Land Use Survey was completed in Cctober, Information was
collectod using & combination of majiled survey forme, telephone contacts,
and door«to-door contacts.

Comparing the 1989 census results to this year the nearest resident has
chenged in Sectors B and P. In Sector B the nearest reeident is no longer
1.8 miles from the plant at location B-10; the new location (B-2) is further
from the plant at 3.1 miles. In Sector P the distance to the nearest
resident decreased from 2.9 to 2.8 miles. The nearest resident is at P-26
Just south of New Strawn, The previocus nearest resident was &t P-2 just
east of New Strawn,

Several changes were noted {n the distance to the nearest milk animal.

Milk animals were identified in Sectors A and B this year where they had not
been identified in the 1989 Land Use Census. As in 1989, milk animals were
identified in Sectors D, F, and M, but the distance to the nearest milk
animal in Sector D increased from 2.3 miles to 2.4 miles. Milk animale are
no longer present in Sector G, specifically location G.6.

At location F-13, the resident has one female goat. The resident did not
indicate whether the goat was producing milk but the owner did indicate any
milk produced would not be used for human consumption. The milk from the
cows in Sectores A and B is used only to nurse the young animals and will not
be used for human consumption. Therefore as samples are unavailable,
sampling at these locations is not possible.

At location M-19, the cattle are for breeding purposes only and the milk
will not be used for human coneumption. This is & change from lest year
wheu the cattle were allowed to graze wt that location until they were ready
to prodiuce milk, they were then transferred to & location near LeRoy and fed
on stored feed during the lactation period. Sampling at this location is
not poesible.

In Sector D the nearest milk anital has moved friu D-2, where the resident
indicated he no longer kept milk animals, to locat.on D-3 which is slightly
further from the plant. The resident at D-3 indicavad he does occasionally
drink the milk from these cows even though the milk ie¢ used primarily to
nurse young calves, When asked to participate in the Radiological
Environmental Monitoring Program the resident refused, therefore sampling at
this location will not be possible.

Several location changes were noted for the nearest garden in Sectors C, E,
H, J, L, N, and Q. In all of these sectors (except N) the distance to the
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nearest garden either remsined the same, even though the actusl location
changed, or increased. In sector N there are no gardens within five miles
of the plant producing brosdleaf vegetation. None of the existing broadleaf
vegetation sampling locations are affected by the location changes in these
sectors.

Based on the data obtained from the 1990 Land Use Census no changes are
required for the Radicological Environmental Monitoring Program. Ae in the
past, it should be noted that dose calculations are performed for airborne
and liquid pathways for a hypothetical individual st the exclusion area
boundary in the highest X/0 snd D/Q sector (for airborne pathways) and at
the circulating water aiecharge point (for ligquid pathways). Calculated
doses are therefore not sffected by changes in residence, milk animal, and
broadleaf vegetation locations identified by the Annual Land Use Survey.
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AV, MONITORING PROGRAM DEVIATIONS

Adrhorne.

Location 37 (1/23/90 « 1/30/90)1 The charcoal canister was not seated
properly on the gasket, allowing air leakage in the sampling train.
Deposition on the filter was light and the measured gross bets concentration
was approximately 60! lower than the aversge concentration for the four
other indicator locations. The reported value for location 37 during this
week was therefore considered to be erronecusly low,

All personnel involved in sample collections were informed of this event and
cautioned to check the air samplers for proper suction when performing air
samples changeouts.

All Locations ( 6/26/90 « 7/10/90): When performing air sample changeouts
on 7/3/90 suir sample flows were determined incorrectly. The error occurred
when the calibration graph was misinterpreted, The graph reads Pump
Flowmeter Reading ve Mass Flowmeter Reading (or indiceted flow ve actual
flow). The graphs were interpreted ase actusl ve indicated. This error
caused total sample volumes calculated for two sample periods (6/26/90 -
7/3/90 and 7/3/90 « 7/10/90) to be erronecusly high and consequently the
sample activity per unit volume to be low,

The high pump flows were noted when reviewed by the Program Coordinator on
7/9/90 but discuseions with personnel involved did not irdicate a problem
with the sampler or sample technigques. It was not discc ered until 7/10/90,
during another training session on air sampling, that the calibration graph
had been interpreted incorrectly.

All personnel involved in sample collections were informed of this event and
assigned recuired reading for graph interpretation. The correct volumes for
those two weeks were determined and used to correct the sample analvsis
results for air particulate gross beta and charcoal filter radioiodine,

Location 37 (10/16/90 - 10/23/90): The air sample pump at this location
was removed from service on 10/23/90 when a significant flow increase was
noted fur the week. The air sampler was examined and the calibration curve
was verified. The calibration curve was still valid but the seal sround the
charcoal filter wae difficult to achieve. The charcoal filter holder was
replaced to alleviate this problem. The sample activity results were
reviewed for this week and the results at this location were consistent with
the results at the other indicator locations.

Rirect Radiation)

Location 10 (Firet Quarter): One of the TLDs av this location was
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re pond by up to 2.5 times depending on the gamma ray energy for that
component of the gamma ray snectrum. The vendor indicated that when exposed
to cosmic rays and normal terrestrial background, TLDs, whether shielded by
0,022 inch or 0.093 inch copper, read the same dose. TLD results, when
compered to TLD results of the Kansas Department of Health and Environment
and Nuclear Regulatory Commission, measured for the past several years are
at normal background exposure levels.

New TLD cases with the 0,002 inch shield were placed in the field for the
fourth gquarter of 1990 along with the 0.022 inch shield to make an actusl
comparison of the exposure measurements. This will continue through the
second quarter of 1991 to determine the magnitude of the difference. At
this time the difference is not believed to be significant, WCGS has
acquired cases with 0.003 shields and will be using them in conjunction with
the current TLD type in future measurements in order to meet the TLD
response characteristics listed in Regulatory Guide .13,

This program deviation was evaluated against the WCGS Technical
Specification reporting requirements for the Radiological Environmental
Monitoring Program. It was determined that reporting this program deviation
in the Annual Radiological Environmental Operating Report under monitoring
program deviations would fulfill tue reporting requirements.

Materborne.
Drinking Water:

Location LW«40 (2/90 - 3/80): A malfunction of the composite water sampler
at LW-40 was discovered during a site vieit on 2/26/90. The malfunction
involved the submersion of electronic components of the sampler in water
after & period of time during which water was pumped into the sampling
chamber but was not removed during the purge cycle. Once the water level
reached the electronic components at the top of the chamber, the sampler
ceased to function. Upon discovery of the problem the sampler was drained
of the excess water that had accumulated and removed from the sample
lacation. It is thought that the malfunction may have been due to
construction activities at the water tre - wment facility., '~ sampler had
been moved from its normal location by p nters and, in t.e process, the
sample line had been at least partially ; .nched shut., The resulting
restriction to flow may have prevented the sampler from completing the purge
cycle properly. Another sampler could not be installed because of
construction activities where the sampler is located,

Following the replacement of the electronic components of the sampler and
the completion of construction activities, the sampler was reinstalled at
LW-40 on 3/12/90. Due to the interruption of sampling caused by this
malfunction, the February and March drinking water samples are not composite
samples for the entire moath.
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Location LW«40 (12/90)1 During & routine check of the

composite water sampler at LW«40 on December 18, 1990, it was noticed the
sampler was not functioning. The sampler was not recelving power due to &
failed breaker in the electrical circuit supplying power to the outlet.
LeRoy city personnel repaired the breaker on 12/19/90 and the sampler was
returned to service on 12/21/90. It is not known how long the sampler was
out-of-service (the sampler wae last checked 12/6/90) but the sampler
container was half full on 12/18/90. This {» normal after two weeks of
operation and implies the out-of-service time was quite short, Since the
root cause of the sampler malfunction was out of our control we have not
taken any corrective actions to prevent recurrence.

Angestiont
Milk:

There were no deviations in milk sampling; however, there are still no
indicator sampling locations avaeilable within five miles on the plant. Thie
is detailed in the Annual Land Use Survey Results and Program Revisions,
Broadleai Vegetation:

The growing season for broadleaf vegetation was extremely poor this year
therefore, several of the monthly samples were not available. Adverse
Browing conditions such as & wet spring followed by & very dry summer caused
& short growing season at our sample locations.

All Locations (4/90)1 Samples were not available.

Location A<l and G.1 (5/90): Samples were not available.

Location G«1 (8/90): Sample was not available.

Location R-1 (8/90): Unable to ubtain enough sample to meet LLD.

Location 5«4, R«1, and G-1 (9/90): Samples were not available.

Location -4 and R-1 (10/80): Samples were not available.

Location <4, R«l, and A1 (11/90): Samples were not available.

No corrective actions were necessary since the schedule directs these
samples to be collected "as availeble' during the growing season and when

the primary sample locations A-l and R-1 were unavailable the alternate
location G-1 was available.

1990 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
WOLF CREEK GENERATING STATION PAGE 17 OF 50



Y. _EPA INTERLABORATORY COMPARLSON PROGRAM RESULTS

Teledyne leotopes, contracted to perform analysis of rediological
environmental samples for WONOC, participated in the EPA Interlaboratory
Comparison Program during 1990,

Table 11 shows interciaparison test results received during the year. The
table lists the collection date, the sample media, the nuclide or analysis
type, the known value reported by the EPA, and the measured value reported
by Teledyne Isotopes (based on triplicete snalysis). Results are listed in
the table for the sample media and analysis types corresponding to those
performed for WONOC.

Ru-106 result for the water sample with & collection date of 2/9/90 wae
lower than the EPA value. No apparent cause for the low result was found.
Three aliquots of the sample were counted on three separate detectors. The
results of all three were similar, The calibretion curve fit was good
(0.997), Ruthenium-106 was obtained from the EPA. ‘evults of spikes were
acceptable. Subsequent EPA crose-checks did not exceed two normalized
standard deviations. No additional follow-up is necessary but monitoring of
results will continue.

Ba-133 result for the water sample with a collection date of 10/15/90 wae
lower than the EPA value. All other ifevtopes in the sample were measured
accurately., The calculations were reconfirmed.
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TABLE 1

1990 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
SAMPLE COLLECTION

EXPOSURE NUMBER OF SAMPLES SAMPLING AND TYPE AND FREQUENCY
PATHWAY/ AND COLLECTION OF ANALYSIS
SAMPLE . SAMPLE LOCATIONS  _XREQUENCY _
AIRBORNE
lIodine & Samples from five Continuous eampler Analyze radioiodine
particus locations operation with canister weekly for
lates sample collection I1-131.
Sauples from loca- weekly, or more
tions near the site frequently ir Analyze particulate
boundary in three required by dust filter weekly for
sectore having the loading. gross beta acti-
highest calculated ivity; perform
annual average D/Q gquarterly gasma
(Locations 2, 3 and isotopic analysis
37 on Figure 1) composite (by loca-
tien).

Sample from the
vicinity of a
community having the
highest calculated
annual uverage D/Q
(Location 32 on
Figure 1, New
Strawn),

Sample from a control
location 10 « 20 miles
distant in & low D/Q
sector (Location 40 on
Figure 38).

DIRECT RADIATION

40 routine monitoring Quarterly Gamma dose
stations with two or quarterly
more dosimeters measur-

ing dose continuously,

placed as follows:

1990 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
WOLF CREEK GENERATING STATION PAGE 19 OF 50



TABLE 1 {(cont'd)

1990 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
SAMPLE COLLECTION

EXPOSURE  NUMBER OF SAMPLES SAMPLING AND TYPE AND FREQUENCY
FATHWAY / AND COLLECTION OF ANALYSIS
SOMPLE . SoMPLE LCCATIONS ~FREQUENCY

DIRECT RADIATION (cont'd)

An inner ring of sta-
tions, one in each
meteorological sector

0 « 3 mile range from
the site (Locativns 1 -
14, 18, 26 ~ 31, 37,
and 38 on FPigure 2).

An outer ring of sta-
tions, one in each-
meteorological sector
3 « 5mile range fro-
the site (Locations .
36, 47; A8 = R2; 2,
25, and 32 - 36 on
Figurv 2).

The balance cf the eta-
tions to ba placed in
special intervst areas
such as population cen-
tars (Locations 2% and
32), nearby residences
(Many locations are near
a residence), schools
(Location 23), and in one
Or TWO avess to serve as
control stations 10 - 20
miles distant from the
s.te (Locations 39 and
401 (Locations are on
Figures 2 and §)

Locations 41, 42, and
43 on Figure 2 are not
part of the required
program but have been
added as special inter.
est locations.

1990 ANNUAL RADIOLOGICAL ZNVIRONMENTAL OPERATING REFORT
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EXPOSURE
PATHEWAY |

SAMPLL
WATERBORNE

Surface

Ground

Drinking

1990 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

TABLE 1 (cont'd)

199¢ RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

SAMPLE COLLECTION

NUMBER OF SAMPLES
AND

SAMPLE LOCATIONS

SAMPLIFG AND
COLLV.CTION

~EREQJENCY

One sample upstream
(Location MUSH on
Figure 2) and two
samples downstream
(Locations DC and SP
on Figure 3)

An sdditional sample,
SP(ALT),in the sane
vicinity as SP has been
added in preparation
for relocating SP.

Samples from one or
two sources only if
likely to be affected,

Quarterly

Indicator samples at
locations hydrologi-
cally downgradient of
the site (Locations
C-10, C-49 and D65 on
Figure 3); Control
sample at a location
hydrologically upgra-
dient of the site
(Location B-12 on
Figure 3).

Sample of municipal
water supply at an
indicator location
downstream of the site
(Location LW-49 on
Figure 5); control
sample from locaticn
upstream of the site
(Location BW-15 on
Figure 3).

Monthly composite

WOLF CREEK GENERATING STATION

TYPE AND FREQUENCY
OF ANALYSIS

Monthly grad sample Monthly gamma iso-

topic analyeis and
composite for
tritium analysis
quarter'y,

Quarterly gamma
isctopic and
tritium analysis.

Monthly gamma iso-
topic analysis

and gross beta
analysis of compo-
site sample. Quar-
terly tritium anal-
ysis of composite.
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EXPOSURE
PATHWAY/

SAMELE .

TABLE 1 (cont'd)

1990 RADIOLOGICAL ENVIRONMEWTAL MONITORING PROGRAM
SAMPLE COLLECTION

NUMBETR OF SAMPLES
AND

SAMPLE LOCATIONS

WATERBORNE (cont'd)

Shoreline
Sediment

Bottum
Sediment

Rootw!
Aquatics
or Algae

INGESTION

Milk

Cne sample from the
vicinity of Wolf

Creek Cooling Lake
discharge cove (Loca-
tion DC on Figure 3)
and one sample from
Jonn Redmond Reservoir
(Location JRR on
Figure 3).

One sample from the
vicinity of Wolf

Creek Cooling Lake
discharge cove (Loca-
tion DC on Figure 3)
and one sample from
John Redmond Reservoir
(Location JRR on
Figure 3). Special
samples were taken

in the vicinity uf the
Ultimate Heat Sink.

One sample from the
vicinity of Wolf
Creek Cooling Lake
discharge cove (Loca-
tion DC on Figure 3).

Samples from milking
animals st three
indicator locations
within 5 miles of the
site having the
highest dose poten-
tial (currently there

WOLF CREEK GENERATING STATION

SAMPLING AND
COLLECTION

~EREQUENCY

Semiannually

Semiannually

Semiannually

Semimonthly while
animals are on
pasture (April to
November); morthly
at other times
(December to March).

1990 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

TYPE AND FREQUENCY
OF ANALYSIS

Semjiannual gamma
isotopic analveis.

Semiannual gammg
isotopic aralysis.

Semiannual pamma
‘sotopic snalysis.

Gamma isotopic
analysie and

I-131 analysis
of each eample.
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ENVIRCNMENTAL

SAMYPLE v Sy

Semlannually SAamme

Creek Coc

reral sampling
ated on Figure
contr samples
imd 1 species
Redmond Reservol

icated on Figure

les of available Monthly when Gamma i8¢
dleaf vegetation svailable analysis
t two indicator
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age D/Q (Location
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Location G-l
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om a control
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om the site ir
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TABLE

1 (cont'd)

1990 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
SAMFLE COLLECTION

EXPOSURE NUMBER OF SAMPLES SAMPLING AND
PATHWAY / AND COLLECTION
SAMPLE =~ SAMPLE LOCATIONS  _FREQUENCY
INGESTION (cont'd)
Irrigated Sample of crope irri- At time of harvest
Crops gated with water from

the Neosho River down-

stream of the Neosho

River - Wolf Creek con-

fluence (Location NR-D2

on Figure 5). Control

sample of crops irri-

gated with water from

the Neosho River up-

stream of the Neosho

River - Wolf Creek con-

tluence (Location NR-U1

on Figure 5).
Game birds Indicator samples of Annually
and region specific
animals recreationally impor-

1990 ANNUAL RADICLOGICAL ENVIRONMENTAL OPERATING REPORT

tant specims from the
vicinity of Wolf Crec!:
Lake; control samples
of similar species from
the vicinity of John
Redmond Reservoir.

WOLF CREEK GENERATING STATION

TYPE AND FREQUENCY
OF ANALYSIS

Gamma isotopic
analysis on edible
portions.

Gamma isotopic
analysis on edible
portions,
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Location

TABLE 2

SAMPLZ LOCATION NUMBERS, DISTANCES (miles) AND DIRECTIONS

Distance/

Number ~ Rirection

ILD and Adr Particulate
1 1.4/N
2 2.7/N
3 3,0/NNE
4 4,0 /NNE
5 4.0/NE
6 4.4 /ENE
7 1.9/NE
B 1.6/NNE
9 2.0/ENE
10 2.4/ENE
11 1.5/E
12 1.8/ESE
13 1.5/SE
14 2.6/SE

Ground Water
B-12 2.2/NNE
C-10 2.8/W
C-49 2.9/85W
D-65 3.9/8

Milk

Eish
WCCL 0.6/WNW
JRR 4IW

Game Birds and Animals
WCCL

JRR

Location

Distance/

Location

Distance/

Hurcer  Rirection Number ~ Direction

15 4.5/ESE

16 4.2/8

17 3.6/8E

18 3,2/68E

19 4.0/88E

20 3.3/8

21 3.8/8

22 4,1/88W

23 4,5/8W

24 4.1 /WSW

25 3.6/W

26 2.6/WSW

27 2.1/8W

28 2.6/8W
Duinking Wa er

BW-15 5.9/8w

LW-40 10/8SE
Broadleaf Vegetation

A=l 1.4/N

R-1 2.1/NNW

G-l 1.6/SE

-4 >15.0/WNW
Shoreline and Bottom
Sediment

DC 0.6/WNW

JRR bIwW

UHS 0.6/E

Ceneral Vicinity
General Vicinity

29 2.6/58W
30 2.2/W
3l 3.0/WNW
32 3.2/WNW
33 3.7/WNW
34 4.0/NW
35 4.6 /NNW
36 4.2/N
a7 2.1/NNW
38 1.2/NW
39 13.0/N
40 >15,0/WNW
41 0.8/NNW
42 0.8/8SSE
43 0.8/WNW
Surface Water
MUSH 3.6/W
De 0.6/WNW
8P 2.9/8
SP(ALT) 2.9/8
lrrigated Crops
NR-U1 4.2/8W
NR-D2 »10.0/8

Aquatic Vegetation

JOARAR e

DC

1990 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
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0.6 /WNW
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TABLE 3

1980 AIR PARTICULATE SAMPLES
GROSS BETA ANALYSIS RESULTS

(pCi/m®)
INDICATOR LOCATIONS INDICATOR  STANDARD CONTROL
DATE LOC 2 LOC 3 LOC 32 LOC 37 AVERAGE DEVIATION LOC 40
1/2-1/9 033 .038 032 034 .0343 0026 031
1/16-1/23 050 047 045 050 .0480 0024 043
1/23-1/30 026 026 026 010 .0220 .0080 .024
1/30-2/6 .035 036 ,032 034 0343 .0017 034
2/6-2/13 032 031 034 031 0320 0014 032
2/13-2/20 .033 031 <033 .033 0325 0010 033
2/20-2/27 026 025 028 031 0278 0026 029
2/27-3/6 033 029 032 033 0318 .0019 032
3/6-3/13 023 024 026 020 0232 .0025 .023
3/13-3/20 .021 019 019 023 0205 0019 021
3/20-3/27 025 029 032 029 0288 0029 .030
3/27-4/3 015 017 014 025 0178 .0050 024
4/3-4/10 027 029 .024 028 .0270 0022 029
4/10-4/17 027 025 032 034 0295 0042 033
4/17-4/24 026 024 027 024 .0253 .0015 024
4/24-5/1 .018 015 019 020 .0180 0022 .015
5/1-5,8 .023 022 025 023 0232 0013 .020
5/8-5/15 .019 018 020 019 0190 .0008 .019
5/15-5/22 .019 021 021 024 .0213 .0021 .021
5/22-5/2% .027 022 .029 024 0253 0031 024
5/29-6/5 022 022 023 022 0222 0005 .023
6/5-6/12 021 021 .020 022 0210 0008 024
6/12-6/19 .019 021 019 022 .0203 .0013 021

1990 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
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DATE

6/19-6/26
6/26-7/3
7/3-7/10

7/10-7/17
7/117-7/24
7/264-7/31

7/31-8/7
8/7-8/14
8/14-8/21

8/21-8/28
8/28-9/4
9/4-9/11

9/11-9/18
9/18-9/25
9/25-10/2

10/2-10/9
10/9-10/16

10/16-10/23

10/23-10/30

10/30-11/6
11/6-11/13

11/13-11/20
11/20-11/27

11/27-12/4

(pCi/m®)
INDICATOR LOCATIONS
LOC 2 LOC 3 LOC 32 LOC 37
026 027 .028  .027
024  .026 .030  .029
026 .028 .031  .028
025 .028 028  .027
021  .024 .019  .020
026 .028 .020  .032
018  .020 .023  .022
026 024 025 .028
024 .021 .021  .024
026 .02 .027  .029
038  .035 .04l  .040
037  .029 .032 .03
028  .023 .022  .023
020 .022 026  .028
035  .037 .0 042
023 .025 .026  .023
036 .032 .03  .032
019  .026 .028  .022
015  .025 .029  .029
082 .029 .034  .030
035  .037 036  .042
032  .032 .031  .038
024 021 024 025
028 .025 .025  .032

1990 AIR PARTICULATE SAMPLES
GROSS BETA ANALYSIS RESULTS

TABLE 3 (cont'd)

INDICATOR
AVERAGE

0270
0272
0283

0270
0210
0288

0210
0258
0225

0265
.0385
0330

0232
0227
0383

0243
0238

0245
0312
0375

0325
0235
0275

STANDARD  CONTROL
DEVIATION LOC 40

0008
0021

0014
0022
0025

0018
0017
0017

0021
0026
0034

0013
0022
0031

0013
0019
0040

0066
0031

.0017
.0017
.0033

1990 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
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028
029
028

.030
018
027

.023
023
024

loz“
034
.027

022
023
.036

025
036
.027

lozs
029
038

027

.022
024
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DATE LOC 2 LOC 3

12/4+12/11 .031
12/11-12/18 ,039
12/18-12/26 .040

12/26-1/2 036

024
036
. 0‘2

041

INDICATOR LOCATIONS
LOC 32 LOC 37

029
040
040

041

(pCi/m’)

032
042
046

039

TABLE 3 (cont'd)

1990 AIR PARTICULATE SAMPLES
GROSS BETA ANALYSIS RESULTS

INDICATOR
AVERAGE

0290
0393
L0420

03983

STANDARD
DEVIATION

0036
0025
0028

0024

1990 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
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CONTROL
LOC 40

028
038
087

040
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ASCICPE QIR

Be.? lst
2nd
3rd
4th

K40 lst
2nd
ird
4th

ND - Not Detected

TABLE &

AIR PARTICULATE COMPOSITE SAMPLES

GAMMA ANALYSIS RESULTS

(

pCi/ms)

Lec 2 kG 3 Loc 32  LOC 37

Q837 0565
0493 0414
0624 0535
0552 L0484
00883 0130
00935 ND

ND ND

ND ND

0582
0133
0647
0489

ND

ND

ND
00753

0712
0168
0529
0353

ND
,00795
ND
ND

NO OTHER GAMMA EMITTERS DETECTED.

1990 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
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(CNTRL)
LQC 40

0449
.0668
0607
0530

ND
ND
ND
ND
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TABLE 5
1990 TLD RESULTS

(mR/Standard Quarter®*)

18T QUARTER 2ND QUARTER 3RD QUARTER 4TH QUARTER
LOCATION AYG  SDEV AVG  SDEV AYG  SDEV AYG  SDEV
1 18.0 0.6 15.3 0.4 15,6 0.3 16,4 0.1
2 4.9 0.2 13.6 0.7 13.9 0.2 15.4 0.6
3 16.1 0.3 14,7 0.2 15.2 0.4 15,2 0.8
“ 18.0 0.3 15.3 0.3 17,0 0.8 15.4 0.8
5 15.4 0.3 4.9 0.2 14,8 0.5 15.1 0.4
6 15,7 0.3 4.4 0.3 4.4 0.4 13.8 0.7
7 15.3 0.3 13.8 0.3 164.0 0.6 4.5 0.7
8 17.4 0.4 14.5 0.8 16,0 0.5 17.2 1.2
9 17,1 0.6 14,7 0.5 4.1 0.3 16.6 1.0
10 17.9 0.3 15.7 0.3 15.7 0.2 16.4 0.3
11 19.2 1.0 17.1 0.4 17.4 0.9 18,3 0.8
12 17.8 0.5 18,3 0. 15.4 0.4 16.4 0.5
13 38 0,3 15.7 0.4 15.9 0.3 16.7 0.5
14 17.2 0.5 15.8 0.2 15.9 0.4 16.4 0.4
15 16,7 0.3 15.8 0.8 6.8 0.5 15.4 0.4
16 16.9 0.6 16.1 0.6 17,6 0.2 4.9 2.8
17 16.7 0.9 5.1 0,8 4.2 1.0 18,1 3.8
18 17.9 0.7 16.5 0.5 16.7 0.5 16.7 3.2
19 20,1 1.0 16.2 0.4 17.0 0.4 4.3 0.9
20 17,5 0.5 15.4 0.2 13.3 0.7 15.8 0.7
21 15.1*+ 0.1 13.5 0.4 14,0 0.4 13,14 1.8
22 17.3 0.6 4.8 0.2 15.5 0.3 4.1 1.2
23 17.3 0.2 14,9 0.3 15.5 0.8 6.7 0.9
24 16.6 0.3 15.8 0.<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>