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ABSTRACT

Public Service Company of Colorado has requested NRC approval of three changes to the
Fort St. Vrain (FSV) Final Survey Plan for Site Release. These changes are associated with
piping systems and suspect affected survey units, as outlined in Public Service Company’s
letter no. P-95077 dated October 12, 1995 (Fisher to Weber). In that letter, Public Service
Company committed to provide Technical Basis Documents for piping survey
instrumentation. This information is presented herein as WCAP-14585 (Proprietary) and
WCAP-14570 (Non-Proprietary). Each version of the WCAP contains two Technical Basis
Documents. Both documents are specific to the Fort St. Vrain decommissioning program.
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1.0

2.0

2.1

3.0

OBJECTIVE

This document presents the technical basis for performance of contamination surveys of the
internal surfaces of system piping with strings of TLDs. This basis includes the Jjustification
for the TLD string design utilized, calibration methodology, and data analysis performed to
relate beta dose measured by TLDs while in system piping tc a contamination level, including
uncertainty and sensitivity of the process. Also include are the survey results performed on
Equipment Storage Well (ESW) embedded piping (i.e., 1" and 2" diameter piping runs
embedded in concrete) for which the first full-scale testing of the TLD string survey method
was conducted.
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DISCUSSION

Assessment of internal contamination in piping is most easily accomplished by using real-time

measuring instruments (e.g., GM or cylindrical gas flow probes). However, when dealing with

piping embedded in concrete, situations can be encountered where use of conventional
equipment is not practical (and in some cases not possible). This is especially true for small
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4.1

diameter embedded piping (e.g.. £ 2") that includes multiple bends. In these situations, surface
contamination levels on the inside of piping can be measured by strings of TLDs. In this
process, TLDs are calibrated by determining the TLDs reported beta dose from a known

[ ]*“ source. Subsequently, beta dose measured by TLDs while in system piping is
related to the surface contamination level (dpm/100cm?) in that piping.

The beta dose measured by TLDs in system piping is defined by this document and is not
intended to be equivalent to other similar values typically determined by TLDs in personnel
exposure situations (e.g., shallow-dose or lens of the eye dose). Rather, the beta dose, as used
in this document to measure piping contamination, is equivalent to typical direct methods of
measuring contamination (e.g., a direct measurement of contamination with a gas flow
proportional detector using the difference between a shielded and unshielded reading). This is
a new application for TLDs and has therefore not been addressed by any industry guide or
standard. Therefore, the implementation of this method is as described and governed by ‘his
document.

To survey a given pipe segment, a TLD string is constructed with a sufficient number of TLDs
that are appropriately spaced and centered in the pipe to achieve the desired survey coverage
of the internal pipe surfaces. Prior to installing the string in the piping, a survey is performed
of the inside pipe surfaces to determine the removable contamination levels and additional
decontamination performed, as necessary. After installing the string in the pipe and waiting a
designated exposure period to obtain statistically significant reported values, the TLDs are
removed and processed, and the individual element readings are related to & contamination
level at each survey location. Data analysis performed includes: determining the TLD string
average and 95% confidence contamination level for the data obtained from the pipe segment
surveved; and determining the sensitivity (i.e., the MDA) for the pipe (considering location
specific background and expesure period). Construction, installation, and removal of the TLD

strings are governed by an approved procedure 2.1.1.
TLD STRING CONSTRUCTION

TLDs and Shielding

The TLD strings are constructed with Panasonic® Type 802 TLDs (without element holder or
hanger) which use thin elements that are good beta detectors. The Panasonic® Type 802 TLD
(Figure 1) is a four element TLD with 2 elements each of Lithium Borate (Li,B,0,:Cu) and
Calcium Sulfate (CaSO,:Tm). Both element types exhibit slow fading characteristics with

I ithium Borate rated at < 10% per mouth and Caicium Sulfate at approximately 3% per month
2.1.2.
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Figure 1 - Panasonic® Type 802 TLD (insert and holder)

To distinguish between beta and gamma dose, the TLD insert is used without its standard
holder and is provided with a special filter arrangement. |

|*“ Therefore, the difference
between the unfiltered element (which actually contains about 14 mg/cm’ of plastic filtering
that contain the phosphor grains) and filtered element of each phosphor type provides an
indication of the beta dose to the TLD. With each of the element types measuring beta
contamination, two independent indications of possible contamination are produced at each
survey location. |

]LC

Figure 2 - TLD and Filtering Arrangement on TLD String
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42  Centering and Spacing of TLDs on the String

Centering of the TLDs in piping is accomplished by using |

|** TLDs may be located at any spacing desired utilizing
the | J*“ and may be adjusted as needed to optimize centering. In the arrangement
tested, the | |** were located 20" apart with TLDs attached half-way between adjacent
[ |** (Figure 3). To provide adequate strength, 1/16" cables, connected by 1/8" round
ferrules are used for the string. When the TLD string i installed in system piping, the string
is pulled taut and secured to ensure that each TLD is suspended in the center of the pipe. A
[ J** cable is used to allow a more precise centering of the TLDs in the pipe without
interfering with the TLDs ability to measure beta radiation. Figure 3 illustrates the
construction of the TLD string with centering | |*“ and TLDs attached

Figure 3 - TLD String Construction

By strategically placing the | ]* the TLDs were distanced 20" apant (for both 1"
and 2" diameter pipiug), a contamination survey over approximately | J* of the piping was
performed. For i" piping, the pair of TLDs at a location collectively measure the [ ™~
area arounc them (i.e., the measur>d doses from the two TLDs are summed and related to the
| |*“ area). This is done to enhance measurement efficiency of a | ]*¢ area in 1"
diameter piping. For 2" piping, each TLD is defined to measure beta dose from its own
adjacent | |*“ area (i.e., | |* are measured by a TLD pair). Therefore, because
20" of 1" diameter pipirg contains 400 cm’ of internal surface and 20" of 2" diameter piping
contains 800 cm of surfr.ce area, the 20" spacing between TLD pairs results in a survey
coverage of | |*. Survey coverage can be increased by decreasing the disc spacing and
esteblishing the desired TLD field of view.
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5.0

5.1

It should be noted that placement of the TLD strings in system piping can not verify the exact
location of the TLD at physical piping bends, elbows, etc. with respect to the calibration
geometry. However, the number of TLDs chosen on any one string will help to minimize the
affect of uncertainty in a specific location. The overall affect of the position of the TLD,
from pipe centerline to contact with the pipe surface, will be the subject of subsequent
evaluations.

CALIBRATION OF TLD STRINGS
Calibration Source

The radionuclide selected for calibration of the TLDs has an average beta energy similar to
that anticipated at the measurement location, with a reasonably long half-life (although the
latter is only necessary from a cosvreplacement perspective). In some piping systems,
particularly liquid drains, additional contaminants may have been introduced as a result of
decommissioning activities. In fact, Eu-152 and Eu-154, which is found in activated concrete
(FSV Prestressed Concrete Reactor Vessel), has been identified in some samples obtained
within these drain systems.

Attachment 8.1, "Average Beta Energy (Ebar) for Detectable Plant Contamination At Fort St.
Vrain", presents the calculation performed to determine Ebar using 10CFR61 data which may
be relevani to plant systems. This provides an indication that the average beta energy (Ebar)
expected in "detectable” plant contamination, (i.e., excluding hard to detect nuclides such as
Fe-55 and H-3 that are addressed by reducing the Site Guideline Values, SGLV [2.1.3]) at Fort
St. Vrain is 113.6 keV.

Therefore, the radionuclide chosen to calibrate the FSV TLDs was Tc-99, a pure beta emitter
with an average beta energy of 84.6 keV and a long half-life of 2.13ES years. Although
conservative because of the lower energy of the Tc-99 verses actual in-field energy, a good
measurement of piping contamination can be made with a Tc-99 calibrated TLD.

[

]I.C
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Figure 4 - 1" Pipe Jig, Source and TLD Configuration

a.c

Figure 5 - 2" Pipe Jig, Source and TL.D Configuration
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82

5.2.1

Calibration Methodology
General Discussion

Calibration is accomplished by exposing a set of TLDs to a known activity of Tc-99 in a

specific geometry | ]*“. The net signal (i.e., unshielded
element reading minus shielded element reading) is the result of radiations that cannot
penetrate the | |*“ aluminum filter; therefore, these radiations can not originate

outside the pipe which is a much thicker shield (for typical 1" and 2" diameter piping).
Consequently, beta background is assumed to be zero during both calibration and actual
system tests. Because all beta exposure is assumed to originate from the calibration source or
system piping, care is taken with handling of the TLDs and strings to prevent exposur~ to beta
radiation while outside the calibration jig (for calibration TLDs) or piping to be surveyed (for
system TLDs). Additionally, "control” TLDs are kept with string TLDs, except during
calibration or when in system piping, to identify any additional beta exposure to TLDs should
it occur.

The TLDs are calibrated to a pure beta emitter because the primary radiation decay mode of
expected "detectaple” system contamination will produce a beta (hard to detect nuclides such
as Fe-55, H-3 and u'pla are accounted for by reducing the Site Guideline Value). Any other
radiation types that accompany the decay (i.e., radiations that do not penetrate the beta
shielding, since those that penetrate the shielding are accounted for in the background
subtraction) can only yield an over-response. Should a high contribution of x-ray or low
energy gamma radiation be present this would be indicated by the difference between the
unshielded Lithium Borate and Calcium Sulfate readings because the Calcium Sulfate
phosphors will over-respond to low energy gemma (by as much as a factor of 15 relative to
Lithium Borate). This situation is not expected, however, based on the knowledge of the
radionuclides present on the internal surfaces of piping and in contamination found outside of

pipes.

Many factors will affect the location and uniformity of contamination on the internal surfaces
of system pipes, which may include the temperature and pressure of the fluid processed
through the system, system bends (elbows), crud traps (weld joints), etc. Using a | i
source to determine calibration factors, in effect, assumes that the TLD's measured beta dose
came from the [ |*¢ area surrounding it. Any additional beta dose that originate outside
of the defined | 1*¢, would yield a high (i.e., conservative) result. This conservatism,
however, is not expected to be significant as the influence to the TLD is rapidly diminished
outside the defined area due to the limited beta range.

Additional evaluations are being designed to define the TLD element field of view and the
effect of localized contamination on TLD response. The design objective is to define the
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optimum TLD spacing considering the possibility of uniform and/or localized contamination
on the internal surfaces of piping and gain a more complete understanding of the response
capabilities of the TLD arrangement.

Calibration Procedure

To calibrate TLDs used on TLD strings, a set of TLDs are exposed to the | * Te-99
source. Arrangement of the source and TLD during calibration is matched to the actual
measurement situatior  This is accomplished with a calibration jig, |

|** As is done when the TLD string is installed in
system piping, TLD string cables and centering [ |** are also used to center and suspend
TLDs in the calibration jig. In this way, the same geometry and scattering effects are achieved
during calibration as are experienced inside system piping.

The value of a calibration factor is mathematically determined by |

|**. Therefore, the units of the Average
Calibration Factor are: [dis/100 cm*/mR*).

NOTE

The Average Calibration Factor (dis/100cm’/mR*) is the average result determined from the
set of TLDs exposed to the calibration source. This factor is determined independently for
cach element type (i.e., Lithium Borate and Calcium Sulfate)

Because string TLDs use two different element types, the results from both calibration
exposures and piping exposures are treated separately for each element type (i.e., Lituum
Borate and Calcium Sulfate). This allows characteristic statistics of each to be analyzed
separately. Once each element type reading is correlated to a contamination level by its
Average Calibration Factor, then results may be combined to improve accuracy and precision
of the overall result. Attachments 8.2 and 8.3 contain the plots and spreadsheets of calibration
data obtained during ESW embedded pipe testing. Attachment 8.2 includes a plot of
calibration results from 1" piping calibration tests [

|** and spreadsheets containing the data for each calibration test.
Attachment 8.3 contains the same information for calibration tests conducted for 2" piping.
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optimum TLD spacing cons. lering the possibility of uniform and/or localized contamination
on the internal surfaces of piping and gain a more complete understanding of the response
capabilities of the TLD arrangement.
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To calibrate TLDs used on TLD strings, a set of TLDs are exposed to the | I* Tc-99
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each element type (i.e., Lithium Borate and Calcium Suifate)

Because string TLDs use two different element types, the results from both calibration
exposures and piping exposures are treated separately for each element type (i.e., Lithium
Borate and Calcium Sulfate). This allows characteristic statistics of each to be analyzed
separately. Once each element type reading is correlated to a contamination level by its
Average Calibration Factor, then results may be combined to improve accuracy and precision
of the overall result. Attachments 8.2 and 8.3 contain the plots and spreadsheets of calibration
data obtained during ESW embedded pipe testing. Attachment 8.2 includes a plot of
calibration results from 1" piping calibration tests |

I*“ and spreadsheets containing the data for each calibration test.
Attachment 8.3 contains the same information for calibration tests conducted for 2" piping.
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To ensure an accurate Average Calibration Factor is determined for each element type, a
suffici nt zumber of calibration tests are conducted such that uncertainty of the Average
Calibration Factor is € 20% (at 95% confidence level). The Average Calibration Factor
uncertainty is calculated with the following equation:

logsn.* SD
95% Confidence Interval =

N

is the number of calibration tests,
is Suwdent’s t for 95% confidence and N-1 degrees of freedom, ano
SD is the sample standard deviation of the sample set.
As indicated in Attachments 8.2 and 8.3, uncertainty (at 95% confidence) of the Average
Calibration Factors determined during the ESW embedded pipe testing, which included 12
calibration tests, ranged from |
™

The resuits of the initial calibration tests are provided in Table 1 and Table 2 below:

Table 1
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In addition to the initial testing performed with the ESW piping and as the method is used in
the future, the technique will be better defined regarding the range of element response.

LINEAR RESPONSE TESTING

Published literature for Panasonic® Type 802 TLDs indicate linearity over a wide range of
dose. Linear ranges for each element type are 3E-3 to 500 Rad for LiB.O,:Cu, and < 2E-4 to
300 Fad for CaSO,:Tm 2.1.4. Nonetheless, linearity was investigated during the ESW testing
by irradiating some of the calibration TLDs for longer periods. Specifically, Calibration

Tests 1 and 2 were conducted for 9-day and 6-day periods, respectively. A 3-day irradiation
time was used for the remaining calibration tests which yielded an average response that would
indicate, based on the exposure period of the TLD string in the ESW piping, about

3 kdpm/100 cm’. Although the first two 1"-piping calibration tests were conducted over 9 and
6-day periods, the calibration factor results were within data scatter of other 3-day calibration
results (see plots of Attachment 8.2).

TLD PROCESSING

NOTE

The quantity mR* is the Panasonic® reader corrected value provided by ICN after the TLD is
processed (i.e., data are corrected for each element's individual correction factor but not
processed with an algorithm).

TLD processing is performed by ICN Dosimetry Service of Irvine, California, whose
performance testing is NVLAP accredited. The process readouthandling of TLDs is as
described by their procedures and any special written instructions that are provided to them.
For piping survey TLDs, ICN has been instructed to provide the corrected mR* reading for
each of the 4 elements of the TLD (i.e., reading that has been corrected by each element’s
individual correctioa factor). Corrected mR* readings provide a standardized basis such that
comparisons between individual TLDs can be made, while allowing specialized data analysis
to be performed as discussed in this document.

Upon removal of TLDs from system piping, inserts are surveyed for removable contamination
and returned to their respective holder (i.e., promptly after separating back-to-back elements)
and immediately shipped back to ICN for processing. If significant contamination is found on
any TLD, it will be decontaminated prior to shigment and the location in the system flagged to
identify that the result from this TLD may be high due to contamingijon on the TLD.
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6.0

6.1

m:\2694w. 0o | /012996 Page 11 of 18

DATA ANALYSIS
Contamination Level Determination:

The contamination level measured at a given survey location of the TLD string is determined
from beta dose to the TLD(s). To determine beta dose, the net reading from the TLD reader is
used for each element type (i.e., element 2 minus element 1 for Lithium Borate and element 3
minus element 4 for Calcium Suifate). The net reading for each element type is then corrected
by its Average Calibration Facior to determine a contamination leve! (dpm/100 cm?). The
overall contamination level for the location is then the average of the element type dependent
readings.

The above analysis is as described for 2" piping TLDs where each TLD is defined to measure
its own defined | |*“ area. For 1" piping TLDs, however, | 1** TLDs at a given
survey location collectively monitor the defined | ]** area around them. Therefore,
TLD readings for the [  ]*° TLDs are first summed [

|* with summed element readings used as described in the preceding

paragraph.

The contamination level associated with each element type of a given TLD is determined by
multiplying the net reading by its Average Calibration Factor. For example, 2 TLD is in a
pipe for 80,000 minutes and its Lithium Borate elemenis report a net reading of 30 mR*. If
the Average Calibration Factor for Lithium Borate (for a given pipe size) was 6.5E6 dis/100
cm’/mR*, then the associated contamination level would be equal to 2.4 kdpm/100 cm’ as
shown below:

(6.5E6 dis/100cm */mR *)(30 mR *)

=24 1 .
—0000 =) 2.4 (kdpm/100cm °)

This type of calculation is performed for both element types with the average contamination
level used as the result for the TLD location.

Error Analysis

For a set of measurements taken (e.g., a set of measurements in a given pipe segment or
measurements from a set of pipes of a given survey unit), the average contamination level is
determine by the following equation:
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where X is the value of the ith measurement (or TLD location), and
N 1§ the total number of measurements.

To determine the acceptability of a pipe or survey unit's average contamination level,
uncertainty of the average value must be determined. To perform this determination, the
sample standard deviation (SD) of the set of measurements taken is calculated. The equation
used 1 calculate the standard deviation is as follows:

Uncertainty of the average contamination level is then determined for 95% confidence by
using Student’s t equation as previously shown:

Lissng® SD

- —

VN

95% Confidence Interval =

Upon adding the uncertainty to the average value, an upper limit is then obtained which
represents (with 95% confidence) the maximum value of the average contamination level of
the pipe or survey unit.

Sensitivity Analysis (MDA)

To ensure a TLD string is in a given pipe segment for a sufficient period oi time, a Minimum
Detectable Activity (MDA) level is determined. In particular, MDA is intended to be € 75%
of the SGLV (as this survey method is intended for affected piping). Factors that affect MDA,
in addition to exposure period, include the Average Calibration Factor and measurement
statistics. |
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]a.b.c

To present the equation used to calculate MDA, the following analysis is provided. The MDA
equation for general survey measurements is as follows:

ﬁ.* 129 l-;ﬁo R

MDA (dpav/100cm?) = ‘A %
ffici e

(E aency)[:mj

where is the sample count time (min),

t, is the background count time (min),
R, is the background count rate (cpm),
A is the area of detection in cm’, and
3.29 s two times the one-tailed 95% confidence factor 1.645.

For TLD strings, A is equal to | |** by calibration, and sample and background count
times are equal (henceforth called t). Therefore, the above equation is reduced to:

ac

o B

The 2.71 in the MDA equation is associated with a finite number of counts. To appropriately
include this value in the MDA equation would require using raw data (i.e., the number of
counts in a TLD's glow curve) which is not provided by the TLD vendor. Nonetheless, it is
assumed that this value is negligible in comparison to the variation (i.e., standard deviation of
the background element readings) of the total number of "counts” that are observed when the
TLDs are read; therefore, the first term is omitted.
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The square root term of the equation is in fact the standard deviation of the background (in
terms of count rate). By substituting this =z with the sample standard deviation of the
absolute background measurements (i.e., moving count time to the denominator) and
substituting efficiency with its reciprocal (i.e., the Average Calibration Factor that also
includes the factor that converts the TLD reader "counts” to a reported mR* value), the MDA
equation becomes:

ac

Now, the 1.645 factor assumes that the standard deviation of the measurement is well ciefined
(as is the case when measuring counts from radioactive decay where the standard deviation of
N counts is equal to N"). However, since the standard deviation for a given background
measurement (i.e., element 1 or 4 reading) is inferred from the set of measurements taken for a
given pipe segment, the 95% Student's t value for the number of measurements taken (actually
the degrees of freedom) is substituted for 1.645.

This results in the following equation for MDA

ac

This equation is used to determine the MDA for a given Average Calibration Factor,
background standard deviation, and exposure period (t,). MDA is determined separately for
both element types (i.e., for both Lithium Borate and Calcium Sulfate). The lowest calculated
MDA between the two is considered the MDA for the TLD(s) location. In other words, if one
element type measures a result above its critical level and the other measures a result below its
critical level, the decision "detected” is rendered.

The critical level mentioned in the preceding paragraph is the reference value for determining
which, if any, results are an indication of "detected" radioactivity at 95% confidence
("detected” radioactivity means there is 95% confiderce that there is radioactivity present at
the location, i.e., there is a 5% chance that the resuit is a background fluctuation). The
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6.4

equation used to calculate critical level is derived by the same argument that was used with the
MDA equation and can be shown to yield:

a.c

Critical level is calculated for reference purposes only. The acceptability of a given pipe or
collection of pipes is determined by the criteria of Section 6.4.

Acceptability of Results

To determine if a given pipe or collection of pipes is acceptable for unrestricted use, the
average contamination level plus 95% confidence interval (one-sided) is compared to the
SGLV. Mathematically stated, the average contamination level of a given pipe or collection of

pipes is acceptable if the following is true:

x o Dot SD oo v
N

in addition to meeting the above average contamination level limit, each individual
measurement may not be greater than a prescribed multiple (currently requirement is 3) times
the SGLV as designated in the Final Survey Plan 2.1.5.

ESW Test Results

Attachments 8.4 and 8.5 contain results from ESW embedded pipe testing. In these
attachments are plots for each pipe segment surveyed, that indicate the measured
contamination level at various positions in the pipe, and spreadsheets containing the test data
for each pipe. Attachment 8.4 contains resuits for 1"-diameter pipes tested and Attachment 8.5
contains data for the 2"-diameter pipes.

The SGLV for affected plant systems at FSV is established at 4,000 dpm/100 cm’. Therefore,
ESW piping is acceptable for unrestricted use provided the mean (at 95% confidence) is

< 4,000 dpm/100 cm’, and all individual measurements are < 12,000 dpm/100 cm’. When
evaluating each ESW pipe separately using the data collected with TLDs, 11 of the 20 pipes
surveyed yielded results less than the SGLV. The ower 9 pipes will require further evaluation
or decontamination. °
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6.6 Comparison Testing Results

To evaluate the TLD string survey method, a comparison study was performed with the
SN-050-4K (i.e., an assembly of four 0.5" diameter GM detectors) and TLD strings for two
fuel storage well 1" embedded pipes (i.e., lines L1414 and L1416). Measurements were taken
at regular intervais in each pipe by both survey methods. Attachment 8.6, "SN-050-4K vs.
TLD Survey Comparison Test Results”, contains plots of the measurement results.

Compared data for line L1414 is considered very good. Both methods produced the same
approximate contamination profile in the pipe. A couple of localized spots (e.g., at 0" and
507) yielded different values by each method as can be expected if localized contamination is
present due the small size of the detectors. Highly localized coniamination (e.g., a hot particle
in a weld) can produce significantly different results depending on the exact detector to hot
spot orientation. For example, if a GM detector is located directly over a hot particle in an
otherwise clean pipe, the area correction factor (required because the total detection area of the
assembly is <100 cm®), in effect, assumes the balance of a 100 cm’ area at the location is also
contaminated at the same level. This can result in a significant over estimation of the true per
100 cm’ contamination level at the location. Conversely, the limited detection area of a small
GM detector may not detect a given spot of contamination (e.g., a hot spot is between two
tubes) and under report the true contamination at a location. Such inherent disadvantages of
using small detectors (which are necessary to survey small diameter piping) can be offset by
collecting a large amount of data. A large data set will average out individual measurement
fluctuations and produce a more accurate determination of the average contamination in a
given pipe. Tiss was evidenced by the average results for L1414 where 4.4 kdpnv/100 cm’
and 4.2 kdpm/100 cm’ were determined for the SN-00-4K assembly and TLD string

respectively.

L1416 data was also in good agreement. In this pipe both methods indicated that the pipe was
clean (i.e., all measurements < 12 kdpm/100 cm’, and average < 4 kdpm/100 cm?®). The TLD
string did indicate one outlying result of 8.6 kdpm/100 cm’ that was not detected by the SN-
050-4K. However, due to the long count times required for the SN-050-4K, measurements
were taken at 40" intervals in this pipe while TLDs were spaced at 20" intervals. This
elevated reading was located at a pipe positon not monitored by the SN-050-4K; therefore, the
GM assembly could not be expected to detect this spot. The average contamination levels
determined by each method are in acceptable agreement considering that MDAs for both
methods were approximately 2 kdpm/100 cm’.
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7.0 SUMMARY

FSV.FRS-TBD-203
REVISION 0

Using TLDs to survey internal surfaces of plant system piping is a feasible method for
providing reasonable estimates of surface contamination in piping. The method is a new
application for TLDs and has therefore not been addressed by any guide or standard.

Although attempts were made to be as accurate as possible :a the initial testing, conservative
measures were taken when exact factors were not known or could not easily be addressed. For
example, the use of Tc-99 as the calibration source provides a conservative (i.e., the Tc-99
beta energy is lower than the average be.a energy expected in FSV "detectable” contamination)
estimate of the calibration factors used to correct the results. Additionally, the beta
background (determined from adjacent shielded elements) is assumed to be zero. Should the
TLDs be exposed to any natural beta radiation, this would be attributed to piping
contamination. Any non-beta radiations that do not penetrate the background shield

(e.g., x-ray or low energy gamma) would also yield a conservatively high result.

While use of TLDs 10 measure surface contamination has its inherent disadvantages (due to
small size of the detector), options for surveying small bore embedded pipe with bends are
limited. Therefore, using TLD strings can be a viable option. To aid in evaluating the
potential feasibility of using TLD strings in a given situation, the following table of major
advantages and disadvantages of the method is provided.

Major Advantages and Disadvantages of TLD String Survey Method

Advantages

Disadvantages

Provides as much data with a single TLD string
as surveyor desires (determined by the number
and spacing of TL.Ds on string)

Long exposure times required to achieve low
MDAs (potential schedule impacts, especially if
several iterations of decon/survey are required)

Able to survey a large number of pipes
simuitaneously (extensive survey can be
performed with low cost and minimal number
of person-hours)

Low precision in individual measurements if
highly localized contaminatica present due 1o
small size of detector (although such
fluctuations would average out in a large data
set)

Equipment easily maintained with minimal
maintenance

m\2694w.non: | /012996

Inability to immediately repeat/redo a
measurement should a suspect result be
obtained
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8.1

8.2

8.3

8.4

8.5

8.6

The principal application of the TLD string survey method is for long lengths of small bore
piping (strings and calibrations currently developed for 1" and 2" diameter piping). The
method is especially appropriate when a large amount of piping requires survey and immediate
results (i.e., within 3 months) are not needed.

ATTACHMENTS

Average Beta Energy (Ebar) for Detectable Plant Contamination at Fort St. Vrain

Calibration Data and Results for 1" Piping TLDs (collected during ESW testing)

Calibration Data and Results for 2" Piping TLDs (collected during ESW testing)

ESW 1" Piping TLD Survey Data and Results

ESW 2" Piping TLD Survey Data and Results

SN-050-4K vs. TLD Survey Comparison Test Results
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CONTAMINATION IN PIPING REVISION ¢

ATTACHMENT §.1

AVERAGE BETA ENERGY (EBAR) FOR
DETECTABLE PLANT CONTAMINATION AT FORT ST. VRAIN

Table 1 below presents the relative radionuclide composition of various samples and smears taken at
Fort St. Vrain for the "detectable” radionuclides. These particular samples, which are decay corrected
to 1/1/96, are the ones used to determine the Site Specific Guideline Values (SGLV). Also presented
in the table, is the average radionuclide composition that is determined by assigning equal weight to
each of the individual samples. Only the "detectable” (i.c., readily detectable) nuclides are included in

the calculation because the hard to detect nuclides and alpha emitters are accounted for by reducing
the SGLV.

Table 1 - Relative Radionuclide Composition of Fort St. Vrain Samples/Smears

To determine Ebar for the average radionuclide composition, Ebar for each radionuclide is determined
using published tabulations 2.1.6. In the individual nuclide Ebar calculation, electrons from internal

conversion, auger electron emission as well as beta decay are considered "beta particles” because each
electron of a given energy (without regard to its decay source) has the same probability of interacting
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with a detector. In addiuon, any daughter nuclides that can be assumed to be in equilibrium with the
parent are factored into the calculation (e.g., the Sr-90 daughter Y-90 and the Cs-137 daughter
Ba-137m).

The equation used to calculate Ebar for a given radionuclide is as follows:

N
Y (Abundances BetaEnergy)
Ebar = _

N
¥ (Abundance)
i

where N is the number of individual braaches of the radionuclide (i.e., each auger, conversion,
or beta decay electron and its associated energy)

The Ebar calculation for each individual radionuclide uses all electron energies, including low energy
auger electrons. This was done to ensure a consistent approach is followed with each nuclide and the
range of its electron emissions. Most auger electrons and some of the beta decay electrons (which are
emitted with an energy spectrum from zero to a characteristic maximum) are unable to reach the
detector due to their low energy. To be consistent in omitting electron energies not expected to be
detected would require correcting for all low energy electrons, including beta decay. Consequently,
the consistent approach of using all energies emitted by a given radionuclide is followed. A summary
of the Ebar values for each radionuclide that are used in the overall average Ebar calculation is
provided in Table 2 below:

Table 2 - Ebar Data Summary

NOTES: ' Data include contributions from conversion and auger electrons
! Data include contributior. from daughter
' Beta Abundance is the average number of betz particles emitted per decay
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To determine the overali Ebar for the average radionuclide composition, the following equation is
used:

N
Y (AverageFractions Abundances BetaEnergy)
Ebar = _

~

¥ (AverageFraction» Abundance)
1

where N is the number of detectable radionuclides in the average composition. Using the
preceding equation and data from Table 2, the results of Table 3 are obtained.

Note: The denominator of this equation is the beta abundance (i.e., average number of beta particles
emitted per decay) for average radionuclide composition at FSV.
Using the preceding equation and data from Table 2, the results of Table 3 are obtained.

Table 3 - Ebar Results For Radionuclide Composition

o T T
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ATTACHMENT 8.2
CALIBRATION DATA AND RESULTS FOR 1" PIPING TLDS
(collected during ESW testing)
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ATTACHMENT 8.2
CALIBRATION DATA AND RESULTS FOR 1" PIPING TLDS (collected during ESW testing)

LiB407 1" Pipe Calibration Data

abef
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ATTACHMENT 8.2
CALIBRATION DATA AND RESULTS FOR 2" PIPING TLDS (coliected during ESW testing)

CaSOM4 1" Pipe Calibration Data
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ATTACHMENT 8.2
CALIBRATION DATA AND RESULTS FOR 1" PIPING TLDS (collected during ESW testing)
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ATTACHMENT 8.2
CALIBRATION DATA AND RESULTS FOR 1" PIPING TLDS (collected during ESW testing)
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ATTACHMENT 8.2
CALIBRATION DATA AND RESULTS FOR 1" PIPING TLDS (collected during ESW testing)

abef

-
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ATTACHMENT 8.2
CALIBRATION DATA AND RESULTS FOR 1" PIPING TLDS (collected during ESW testing)

abef
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ATTACHMENT 8.3
CALIBRATION DATA AND RESULTS FOR 2" PIPING TLDS
(collected during ESW testing)
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ATTACHMENT 8.3
CALIBRATION DATA AND RESULTS FOR 2" PIPING TLDS (cellected during ESW testing)

Li2ZB407 2" Pipe Calibration Daia
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ATTACHMENT 8.3
CALIBRATION DATA AND RESULTS FOR 2" PIPING TLDS (collected during ESW testing)

CaSO4 2" Pipe Calibration Data

abef
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ATTACHMENT 8.3
CALIBRATION DATA AND RESULTS FOR 2" PIPING TLDS (collected during ESW testing)

abcf
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ATTACHMENT 8.3
CALIb.ATION DATA AND RESULTS FOR 2" PIPING TLDS (collected during ESW festing)
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ATTACHMENT 8.3
CALIBRATION DATA AND RESULTS FOR 2" PIPING TLDS (collected during ESW testing)

abgef
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ATTACHMENT 8.3
CALIBRATION DATA AND RESULTS FOR 2" PIPING TLDS (collected during ESW testing)

ab.cf
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TLD Results for ESW #1 - 1" Pipe
(note: arrows denote elbows)
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|
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|

| |(first haif of TLD string still mn pipe)
!‘ i

2
S
g

| !
| 1

10.0 20.0 30.0
Pipe Position (feet from well)
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ATTACHMENT 84
ESW 1" PIPING TLD SUTTVEY DATA AND RESULTS

TLD Results for ESW #2 - 1" Pipe

(note: arrows denote elbows)

|
|

!

! “ l‘ ;
| - |
v v
{ i
i f
| i |

|Average = 1.6 kdpm/100cm2

|
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2
S
g

10.0 20.0 30.0
Pipe Position (feet from well)
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TLD Results for ESW #3 - 1" Pipe
(note: arrows denote elbows)

|
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(Average = 1.6 kdpm/100c
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20.0 30'.0
Pipe Position (feet from well)
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TLD Results for ESW #4 - 1" Pipe |

(note: arrows denote elbows) |
B s e S AT L Y -,
' : o | W 14l |
12 | i - o . d

=
-4 | - [ o, . i
0.0 10.0 20.0 30.0 40.0 50.0
Pipe Position (feet from well)
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TLD Results for ESW #5 - 1" Pipe
(note: arrows denote elbows)
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Pipe Position (feet from well)
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ATTACHMENT 8.4
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TLD Results for ESW #6 - 1" Pipe
(note: arrows denote elbows)
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TLD Results for ESW #7 - 1" Pipe
(note: arrows denote elbows)
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TLD Resuits for ESW #8 - 1" Pipe

(note: anpmdcnocelbows)
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TLD Results for ESW #9 - 1" Pipe
(note: arrows denote elbows)
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY PATA AND RESUL IS

TLD Resuits for ESW #10 - 1" Pipe
(note: arrows denote elbows)
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ATTACHMENT 84

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TEXPOSURE ' 1T  TOTAL
SYSTEM PIPE IDENTIFICATION PIPE DIAMETER # OF TLDS START EXPOSURE STOP |  EXPOSURE
OR LOCATION PIPE LENGTH (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
ESW #1 VENT LINE 50 [ EY] 7 805/1510 327951315 112205
' e CALIBRATION FACTORS e N e N PEES Ty L
TLD SURVEY DATA (dis/100cm2mR*) Lithium Borate = 649406 Calcium Suifste = 7.24e406
POSITION - ELEMENT | FLEMENT ELEMENT | Lithiom Borate | Calcum Sulfate |  Lithium Calcium TLD Average
BADGE 1 2 1 4 Net Reading Net Reading Result Result Result
NUMBER (mR*) (mR*) (mR*) (mR*) (mR*) (mR*) (K dpm/100em2) | K dpm/100em2) | (Kdpm/100cm2)
131100 77 'y % 24
13-1110 26 ) 2 25
13- Total 83 91 8 7] % 2 22 21 21
141111 27 Ty I =
141112 n I i %
T4 Total = 7] o1 3 % £ 21 23 22
151113 13 EF) L 77
151114 29 I 9 i
15-Total ST i) 74 55 20 19 12 12 12
161115 29 0 0 %
161116 " g 30
16 Total & o 0 57 % Fi) 09 s 12
171117 2% 35 g 77
171118 25 35 2 24
7 Total s 70 70 5 19 Q) K] 12 12
181119 % % 3 77
181120 25 E3) £ b
8- Total 51 7 7 55 2 6 K 10 12
19-1121 27 EF) s £
191122 25 E1 n 2
19 Toral 52 & [ R m % 06 0 06
201123 29 2 % 0
20-1124 29 20 2 1]
201~ al 58 58 [ = 0 10 00 06 K]
211125 2 E7) 3 29
211126 £l n ] 0
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TOTAL
PIPE IDENTIFICATION PIPE DIAMETER # OF TLDS EXPOSURE STOP EXPOSURE
OR LOCATION PIPE LENGTH (inches) IN STRING DATE/TIME TIME (minuies)
VENT LINE 30 2.8-95/1510 327951315 112265
r ' CALIBRATION FACTORS o ) ' S
TLD SURVEY DATA (dis/100cm2/mR*) Lithium Borate = 6.4%4+06 Calcium Sulfate = 7.24e406
21-Total Eid 7S 65 59 IH] 3 10 04 0.7
2-1127 25 31 2 29
22-1128 25 29 29 27
22-Total S0 ) 61 (3 10 5 0.6 0.3 0s
23-1129 3 s 30 %
231120 26 32 30 29
23-Total 57 &7 & 57 10 3 06 0.2 0.4
24-1131 27 27 0 30
241132 34 37 ke 29
24-Total 61 64 61 56 3 4 0.2 03 0.2
25-1133 2% (] 29 26
25-1134 26 0 0 29
25-Total 54 61 59 55 7 3 0.4 03 K
26-1135 33 2% EE] 28
26-1136 25 2 29 27
26 Total 8 6 62 55 2 7 0.1 05 02
27-1137 30 2 0 27
27-1138 27 29 30 2%
27-Toual 57 3] 60 55 a 5 0.2 03 03
281139 29 37 3 28
2R-1140 EE 79 29 77
28 Total 62 116 ) 55 S4 5 11 03 1.7
29-1141 5 2% N 27
29-1142 N 31 EE ®
29 Total 57 62 3 55 s 1 03 07 05
Average Total 56.5 Average Total 556 Average (Kdpm/100cm2) 0e
Stand. Dev. 44 Stand. Dev 26 Student's 1 value 1.746 Ervor (95%) (Kdpm/109cm2) 03
Critical ? evel (Kdpm/100cm2) 04
MDA (Kdpm/100cm2) 08

m\2509w\at18_4a wpf: 10012996
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

PIPE IDENTIFICATION IHAPN'&P!:E[EI #OFTLDS | EXPOSURE START| EXPOSURE STOP|  TOTAL EXPOSURE
SYSTEM OR LOCATION PIPE LENGTH (inches) IN STRING DATE/TIME DATE/TIME TIME (munutes)
ESW #2 | VENT LINE n 1 v 2.8.95/1000 4.27-95/0830 112230
o b= oo
POSITION - | ELEMENT | ELEMENT | FLEMENT | ELEMENT | Lithium Borate | Calcum Sulfate |  Lithium Borate Sulfate T TLD Average
BADGE 1 2 3 1 Net Reading Net Reading Resul Result Result
NUMBER (mR*) (mR*) (mR*) (mR*) (mR*) (mR*) (K dpmv100cm2) | (K dpm/100cm2) (Kdpm/100cm2)
105 3 % ® 2%
193 n 51 7 2
1-Total 3] 107 T 6 © ) 23 21 22
2937 m o 70 0
2-938 R 81 7 2
2 Totl £z 171 TE 3] ) 81 54 52 53
1939 Iy % 7 7]
3040 3 102 % Tl
3 Total 7 198 169 g 120 106 69 58 69
1041 7 N &5 n
P s 7 n "
4 Totl 2 150 137 &5 0 7] ) I} a7
5943 2 54 7 3
044 1 50 3] Y
5 Touwl ) 104 7 3] Pz iz 13 08 X
6045 o “ G 1
6946 M " £y n
& Total 74 5 7 & T 9 06 06 06
7.947 2 Ex n b7}
7 0a% b3 % % 1
7-Totl 2 7 % ) 2 5 12 0.5 09
8040 % W ) 5
5950 2 3 s n
% Totl &5 2! 7s 3] 7 P 04 0s 05

m\2500w\atts_4a wpf 1h/012996
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

PIPE IDENTIFICATION #OF TLDS | EXPOSURE START| EXPOSURE STOP|  TOTAL EXPOSURE
OR LOCATION IN STRING DATE/TIME DATE/TME TIME (minutes)
VENT LINE 289571000 427050830 112230

TLD SURVEY DATA CALIBRATION FACTORS (dis/100cm2mR*) Borste = 649406 | Calciom Selfate =  7.24e406 ‘
€95} 35 N 3% 36
952 2 34 " %

9-Total 63 65 76 72 2 E 0.1 01 0.2
10.953 = 0 3] m
10054 3 T » %

10 Toual ) %0 7% 70 2 5 57 04 05
11.955 s © 0 %
1195 7 n G =

11 Toual 3] 7 7 ® 9 3 05 03 04
12.0%7 34 i ) )
12.05% ) 0] % a

12 Toul & 7 ] 2 m 5 06 53 0.5
13911 0 % w =
13012 b2 34 % o

13 Toul ) 7 7 I m r3 06 04 05
YOI ] * 9 n
14014 0 3 0 1

14-Toral 68 68 Vi 67 0 10 00 06 03
15915 ) ) = u
15016 M = ® s

15 Tosl 7 1o 102 ™) £ T 19 20 20
16917 % 5 0 n
16918 T 9 s )

16 Towl ) o 7 Iz 2 m 12 06 09
i7-919 2 40 3 26
17.920 0 % = T

17-Toul & % & 5 7 . 08 05 27
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ATTACHMENT 8.4
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

PIPE IDENTIFICATION DIAPB‘:;ER #OFTLDS | EXPOSURE START| EXPOSURE STOP|  TOTAL EXPOSURE
SYSTEM OR LOCATION PIPE LENGTH (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
ESW #2 | VENT LINE w® 1 4 2-8-95/1000 4.27.05/0830 112220
TLD SURVEY DATA CALIBRATION FACTORS (dis/100cm2/mR*) Lithium Borate =  6.4%+06 Calcium Sulfate =  7.24e+06

18921 29 7] ) 3
18922 Q 46 35 2

18- Total 7 7% 9 6 7 6 04 04 04
19-923 Y] 45 ) s
19.924 n 0 n 0

19-Total ) 85 N 65 16 5 09 04 07
20925 28 0 s 1
20926 3 3] n 2

20- Total 59 0 8 65 21 3 12 0.2 0.7
21927 ) s1 0 "
21928 En 0 ) "

21-Total 78 110 4 “ n T 19 12 1.5
22929 1 59 57 2
229% 0 86 & 3

22-Total 7 145 120 63 n 3] 42 17 19

Average Total 685 Average Total 645 Average (Kdpm/100cm2) 16

Stand. Dev. 173 Stand. Dev. 19 Student's t value 172 Frror (95%) (Kdpm/100cm?2) 07

Critical evel (Kdpm/100cm?2) 06

MDA (Kdpnv/100em?2) 12
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ATTACHMENT 84

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

~ EXPOSURE TOTAL |
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
TESW #1 VENT LINE 2 1 I 289571020 3 27-05/0850 112230
T CALIBRATION S - ' e '
FACTORS
TLD SURVEY (dis/1 00cm/mR
DATA *) Lithium Borate = 6.49406 Calcium Sulfate = 7.24e406
POSITION - ELEMENT | FLEMENT FLEMENT | FLEMENT Lithwom Borate | Calomm Lithium Borste | Calcim Sulfate TLD Average
BADGE 1 2 3 4 Net Reading Net Reading Result Result Resuli
NUMBER (mR*) (mR*) (mR*) (mR*) (mR*) (mR*) K dpm/100cm2) | (K dpmv100cm2) | (Kdpm/100cm2)
1-795 29 0 3% 27
1-796 £1] 3 E7] 0
1-Total 3 3 70 3] 0 3 06 X 0.7
2797 28 ) % 0
2798 ) (73 52 29
2 Towl 70 100 e 50 30 5 1.7 X 8
1799 35 [ il 0
3800 % 75 62 3
T Total 71 155 139 3] 7] 7 30 50 10
TR0 s 52 55 0
802 E7] ) I 0
4 Total ” 101 100 ) 24 0 14 3 20
5800 2 3] & 3
5804 2 ) I3 0
S Towi ] 112 109 3] a8 ) 28 X} 29
805 ] 59 52 N
& 806 27 a ) EE)
6 Total S8 03 91 73 45 25 26 16 2.1
7-807 kL] 1] i b3
7808 28 ' 1)
7-Total 61 10% 9% 59 “ 3 25 213 24
809 EF) 5 o 2
8810 0 5 56 L7
® Total &2 107 05 7] » 7] 26 16 26
mA2500want_4a wpf:1h012996 Page 17 of 49




ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TEXPOSURE TOTAL
PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP |  EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
7] ] ET 2-8.05/1020 327-95/0850 112230
CALIBRATION ) G i ' ‘ L '
FACTORS
TLD SURVEY (dis/100cm2/mR
DATA *) Lithium Borate = 649406 Calcrum Suifate = 7240406
XY ) (5] o £7)
CXTH) ® % £3) 29
S Towl 67 118 101 3] 51 0 70 16 18
10-813 b1 3 3] 2
10814 ET) rm T} EF)
10 Total 59 3] 81 61 n 20 K K (K]
11815 £5) W n 0
11816 b EY) 2] EE)
T1-Towl ) 72 7] 3 12 0 07 06 06
12817 77 E5) ] £
12818 N s 35 29
12-Total 7] &7 3 ) 7 7 04 05 04
13810 EY] E3) E7) ET
13820 E3) " = 0 ‘
T3 Towl 7 7 9 3] ) ) o1 K] 01 |
14821 37 ] 35 E7) |
14%22 0 £F] g7 3 ‘
14 Towl 3 76 " 3 5 3 0s 04 05 |
15821 £ ) T E5) |
XL T e [E T |
15 Towal = 100 w & " % 2 7 i |
16825 % a (7] W
16826 0 ® ® T
16 Towl % 7] 7] 1 T3 n 09 07 08
17827 £ Q £ ]
17828 n s % N
17 Total 68 ] 7 62 9 3 0s 06 06

m\2500w\an8_da wpf:1h/012996 Page 18 of 49



ATTACHMENT 8.4
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

EXPOSURE. TOTAL
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP |  EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (mimstes)
ESW #3 [VENT LINE 7] 1 T 2-8.95/1020 427 95/0850 112230
CALIBRATION
FACTORS

TLD SURVEY (dis/100cm2/mR

DATA . ! Lithtum Borate = 6 402406 Calcium Sulfate = 7.24=406
18829 29 ] R pI]
18830 29 £ EE] 29

18- Total ] e 73 §7. [ ] 0.5 06 0s
19-831 0 0 35 20
19812 30 35 N 2

19-Total 60 74 (23 S8 i4 10 08 06 07
20833 2 a 37 29
20834 77 34 31 29

20 Total 59 75 ] ] 3 0 09 06 i
21-835 0 F) IE EZ]
21836 29 35 D] £l

21-Total [ 7] 02 65 I3 7 09 11 10
22.837 26 % E7) E]]
22818 3l 30 0 2

22 Total 57 3 74 . 19 1 i 0.7 09
23830 0 a Er] £l
23340 30 52 as (]

23-Total 60 a 7 62 1 17 19 i 1.5
24841 0 = 52 EE]
24842 49 74 72 32 :

24 Total %9 129 124 6% g 59 23 i N}
Average Total J Average Total 612 Average (Kdpm/100cm2) 1.6
Stand. Dev. 75 Stand_ Dev 25 Student s 1 value 1714 Error (95%) (Kdpm/100cm2 ) 04

Critical Level (Kdpm/100cm2) 0.4
MDA (Kdpm/100cm2) 08

m\2509w\att8 da wpf: 16012996
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

EXPOSURE i ~ TOTAL
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP |  EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
ESW #4 VENT LINE I3 1 54 2-7-95/1340 1.27-95/0000 113480
CALIBRATION FACTORS e S SR ' i T L
—TLD SURVEY DATA (dis/100cmY/mR*) Lithium Borate = 6 49¢+06 Calcium Sulfate =  7.24e406
POSITION - ELEMENT FLEMENT FLEMENT | FLEMENT | Lithium Borate | Calciom Sulfste | Lithium Borste | Calcowom Sulfste | 7LD Average
BADGE 1 2 3 4 Net Reading Net Reading Result Result Result
NUMBER (mR*) (mR*) (mR*) (mR*) (mR*) (mR*) (K dpm/100cm2) | (K dpm/100cm2) | (Kdpmv/100cm2)
1675 7 o8 172 27
1676 EF] i3 [ 25
T-Total %2 308 270 52 216 218 124 179 EN]
2677 £ 152 7 %
2678 7] 128 2 29
2-Total 122 280 137 57 158 80 90 51 71
1679 150 219 &) 2%
3680 74 Ty ) %
T Total 14 362 102 55 2% 7 3 70 i3
1681 %2 133 5 5]
682 30 3 T ()
& Towl! 122 200 97 o~ % EE) S0 21 s
XY 7 %0 7] 73
5684 57 107 30 2
T Totl 130 196 7 8 73 19 i 1.2 25
6685 97 7] EE) 30
& 686 %0 @ % F1]
& Total 187 147 &0 57 40 2 23 0K 08
7-687 &0 119 20 0
7688 114 104 2 )
7-Tow 174 21 2 38 © ! E) 1% 03 s
8-689 2 8 37 28 1
600 ] 55 0 9
® Total [ 138 il 57 ) 20 24 13 18
G601 0 ) ) 5
9692 0 55 35 26 =

mA2509w\attt_da wpi: 101 2996 Page 20 of 49



ATTACHMENT 84

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

Ty EXPOSURE TOTAL
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP ! EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
er———
FSW #4 VENT LINE % 1 53 2-7-95/1340 4 27-95/0000 113480

‘ B CALIBRATION FACTORS o T gy L

TLD SURVEY DATA (dis/100em2/mR*) Lithium Borate =  6.49¢406 Calcium Sulfate =  7.24e406

9 Total 80 100 7 61 26 s 17 10 13
10-693 73 8 37 28
10-694 10 0 2 £l

10-1otal 125 117 7 ) = 20 0.5 1.3 0.4
11-695 i) % % E]
11696 i) 62 30 1

11-Total 124 158 76 65 4 n 19 0.7 i3
12-697 39 54 7 EF)
12698 50 ] I8 %

12 Tow! [ 122 75 3 £ 14 19 0.9 14
13-699 I3 7% % 32
13-700 ) s1 E7] %

13- Towl 114 127 (7] ) K % 0.7 05 06
14-701 4 a® 40 7]
14702 83 79 39 7]

14-Total 124 127 7% o8 3 1 02 0.7 04
15-703 il (3] at 30
15-704 70 75 7] EY)

15-Total 127 142 (1] w4 1< 24 0.9 1s 12
16705 59 9 8 2
16-706 i 52 9 E7]

16 Total 107 9 77 61 16 K] 0o 08 00
17-707 Q) 50 EE] 29
17-708 15 Tl 0 E5]

17-Total 74 91 7 3] 7 12 10 08 09
18-700 Y] s1 35 29
18710 7 " EE] 29

18- Total ] %0 5] 58 ] 10 0.5 06 0.5
19711 EZ) 53 s 0
19712 4 i R 0

19-Total 7 [ ] &0 25 ] s 0.5 1.0

m\2509w\attK_da wpl: 16012996 Page 21 of 49



ATTACHMENT 8.4
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

TOTAL
PIPE IDENTIFICATION PIPE DIAMETER EXPOSURE STOP EXPOSURE
OR LOCATION (inches) DATE/TIME TIME (mimustes)
VENT LINE 1 3 27-95/0900 113480
' CALIBRATION FACTORS ' e e g
TLD SURVEY DATA (dis/100em2/mR*) Lithium Borate 6.49¢406 Calcium Sulfate =  7.24e406
20713 L] as EE] 0
20-714 62 ') 35 N
20-Total 100 [ 68 62 12 B 0.7 04 02
21-7115 ®4 11 13 2%
21-716 33 Y] 2 27
21-Total 17 155 65 55 % 10 22 0.6 1.4
2117 £ 5i a0 2
2718 33 39 35 2
22-Tol 7] %0 75 & 1% 1 10 0.7 0.9
23719 ] [7] [ 34
23.720 40 95 104 5]
23 Total ] 177 160 & 9% 102 53 65 60
24721 ) 0 R 2
247122 8 10 9% 2
24 Total 7 169 164 X E7) 100 53 64 S8
25123 31 ~* 53 0
25-724 0 103 9 30
25 Total 7] 169 150 0 o8 %0 56 5.7 57
26725 ] 6 s1 W0
26726 as (7 70 Ey]
26 Total % 145 121 75 © T3 8 29 29
27127 H (7] 70 4
27128 (§) % 0 )
27-Total 104 178 150 %7 74 3] 42 10 a1
Average Total 1146 Average Total 612 Average (Kdpm/100cm2) 2.5
Stand. Dev. 526 Stand. Dev 83 Student's t value 1.706 Error (95%) (Kdpm/100cm2) 1.0
Critical Level Kdpm/100cm?) 13
MDA (Kdpm/100cm2) 25

m:\250%9w\att8_4a wpf 1H/012996
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ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

] TOTAL
PIPE IDENTIFICATION # OF TLDS EXPOSURE STOP |  EXPOSURE
OR LOCATION IN STRING DATE/TIME DATE/TIME TIME (minutes)
VENT LINE L ® 37951510 427951300 113630
TLD SURVEY DATA
POSITION - ELEMENT | FELEMENT FILEMENT FLEMENT Tithsum "1 Calcium Sulfate | Lithwum Borate | Calowm Sulfate |  TLD Average
BADGE 1 2 1 4 Net Reading Net Reading Result Result Result |
NUMRER (mR*) (mR*) (mR*) (mR*) (mR*) (mR*) (K dpm/100cm2) | (K dpmv100cm2) | (Kdpm/100cm2)
1-585 A4 570 510 0
1-586 i) 261 241 29
1-Totai 87 1 751 59 — 774 92 a2 1 1
2587 30 210 219 30
2588 E7) 33 308 %
2 Total [ 521 527 o 150 61 26.2 294 778
3589 (] 148 140 2%
3500 iR 190 79 27
T Total o 738 10 5 274 66 156 169 163
359 2% 126 192 3
4592 3 FIE 215 ®
4 Total 56 339 347 59 280 288 160 %4 172
5501 % 148 121 26
5504 EF) 140 140 %
S Total ] 288 261 52 227 209 130 133 1
6595 2 179 177 29
6596 9 T7) 118 Fij
& Total 53 1 295 56 268 239 153 152 153
7-507 28 175 168 b1
7-598 E5) 122 136 E5]
T-Total & 297 304 3] 37 24 s 155 145
8 599 30 121 14 27
8600 24 107 04 26
® Towl 2] 71 228 5] 174 175 79 1n2 105
9601 27 104 % 6
0602 2 TE 3] 21

m\2509w\an8_4a wpf:1b01 2996 Page 23 of 49



ATTACHMENT &4

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

EXPOSURE TOTAL
SYSTEM PIPE IDENTIFICATION PIPE DIAMETER # OF TLDS START EXPOSURE STOP | EXPOSURE
OR LOCATION PIPE LENGTH (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
FSW #% VENT LINE 50 1 5 2-7-95/1510 3.27-95/1300 113630
' CALIBRATION FACTORS o e e )

TLD SURVEY DATA (dis/100cm2/mR*) Lithium Borate =  6.49¢406 Calcium Sulfate =  7.24e406

9 Total <q 217 180 50 158 130 9.0 [E] 87
10-602 i) ) 100 28
10-604 29 103 121 34

10-Total 173 202 21 (3] 146 159 83 101 92
11-605 EE] 107 s b
11-606 ] 108 ) )

1-Totl 74 215 204 ® 141 146 Bi 93 %7
12.607 L] &8 5] 3
12-60% 8 65 70 ()

12-Total 7 153 153 ] 77 %0 a4 5.7 <0
13609 ) ®4 65 0
13610 29 73 70 EY]

13- Total Bl 157 3s 4 %4 71 a8 as rg]
14611 24 ] 58 b1
14612 34 ) ] 0

14 Total 58 127 1 5 () ) ) 14 7
15611 EE] 64 = EF)
15614 5 =0 3] N

15 Total o 144 125 7] 3 3] g 190 'y}
16615 ] o4 B3 2
16616 30 74 7 EF)

16 Total 3] 138 126 (7] 75 62 K] 10 a1
17617 29 ® 5% il
17618 £E) 8 5] n

17-Total a2 16 108 7] 54 aa N i 20
18610 12 55 2 n
18-620 30 & 5% 5

18- Total 52 120 110 57 S8 5 i3 4 3
19621 Px) 5] g 30

mA2509w\ati8_4a wpf 1h/012006
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ATTACHMENT 84

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

EXPOSURE TOTAL
SYSTEM PIPE IDENTIFICATION PIPE DIAMETER # OF TLDS START EXPOSURE STOP EXPOSURE
OR LOCATION PIPE LENGTH (inches) IN STRING DATH/TIME DATE/TIME TIME {minutes)
FSW #5 VENT LINE 50 1 58 2.7.95/1510 227-95/1300 113610
) CALIBRATION FACTORS - - T e i -

TLD SURVEY DATA {dis/100cm2/mR*) Lithium Borate =  6.49¢+06 Calcium Sulfate =  7.24406
19-622 29 ai ET] 25

19-Total 52 (& [T B 3 28 8 18 K]
20623 27 47 'E] 26
20624 F1 50 7] 30

20 Total 55 97 %5 6 2 29 24 18 21
21625 28 0 0 p1)
21626 E”] Iy F 2%

7% Total &2 N %5 57 ] 2% K] 18 T8
22627 ] % a7 2
22608 E?) pY] ) £l

2 Total & 7] % 3] 27 EE) s 21 K]
21629 20 a 73 29
23630 2 55 0 26

23 Total 62 [ 73 5 T E]] 19 20 20
24631 Kl o) ] 0
74612 29 a 35 28

24-Total &0 % %0 ) 0 22 17 T4 16
25611 24 15 ) 27
25634 2% 54 17 F1]

25 Total 52 % %7 5 ry) 2 27 20 24
26615 2% 54 2 2%
26636 27 7 al %

26 Total 5 91 B 7] % 29 21 K] 20
27637 3 2 al 25
77638 23 ) ] 27

27-Total I3 R4 [ 52 ® EE) 22 21 21
%610 L] I i) 2%
7R-640 24 51 2 2%

28 Total ) 93 ] 2 I3 29 26 s 22

m\2500w\attR_4a wpf: 16012996
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ATTACHMENT 84

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

EXPOSURE TOTAL
SYSTEM PIPE IDENTIFICATION PIPE DIAMETER # OF TLDS START EXPOSURE STOP|  EXPOSURE
OR LOCATION PIPE LENGTH (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
FSW #3 VENT LINE 50 1 — 58 27951510 327951300 113630
CALIBRATION FACTORS
TLD SURVEY DATA (dis/100cm2/mR*) Lithium Borate = 6.49¢406 Calciom Sulfate = 7.24e406
20641 P ] 19 52 26
29.642 29 3 ) 5]

29 Total 52 105 110 si 53 5 30 X3 14
Average Total 597 Average Total 51.7 Average (Kdpm/100cm2) 8.2
Stand. Dev. 72 Stand. Dev. 47 Student’s t value 1.701 Ervor (95%) (Kdpm/100cm?2) 10

Critical Level (Kdpmv/100cm2) 07
MDA (Kdpm/100cm2) 1.4
m\2509w\att8_4a wpi: 16012996 Page 26 of 49



ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

~ EXPOSURE | ) TOTAL
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP | EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
ESW #6 VENT LINE 54 1 68 2.7.95/153% 4.27-95/0745 113290
TLD SURVEY DATA 6.49¢+06
POSITION - ELEMENT FLEMENT | FLEMENT ELEMENT Lithium Borate | Calcium Suifate | Lithium Calcium Sulfate | TLD Average
BADGE 1 2 3 4 Net Reading Net Reading Result Result Result
NUMBER (mR*) (mR*) (mR*) (mR*) (mR*) (mR*) (K dpm/100em2) | (K dpm/100cm2) | (Kdpmy/100cm2)
1-535 77 187 164 i
1-536 0 (K] I £
1-Total 57 21 281 72 364 209 151 EX] 142
2.517 7] a © 29
7 5% 9 7] i 29
2 Towl (3] %3 (5 B 20 29 ] 19 1S
31510 27 [E 8 E])
3540 34 s W 3]
T Total 3] ™ 76 & 17 B 10 0% 09
3541 1] 7] 39 M
4-542 2R a9 41 kil
T Towl 3 & %0 62 29 s 1.7 12 14
54 29 3 EiJ 6
5544 3 % % 0
S Total ) 7% 7 B3 21 20 12 i3 12
6-545 28 H fa 30
& 546 1 0] i %
& Total L3 7] 82 1] 26 2 15 s s
7547 i © % %
7-54% 27 Q 29 21
7-Total S8 91 75 a7 EE) 1] 19 TR %
® 540 0 S ) 2
€550 2% 3 EX) £l
% Total 3 70 &< 50 14 5 08 15 12
5551 0 £0) E3] 9
9-552 14 9 37 7

m2509w\att8_4a wpf:1b/012996 Page 27 of 49



R S G, Sl SR ey S i B BT T i TS i e il ol AT Gl B O T g e L

. >

ATTACHMENT 8.4
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

EXPOSURFE. TOTAL
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP |  EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
ESW #6 VENT LINE 54 1 8 270571515 3.27.95/0745 113290
CALIBRATION FACTORS
TLD SURVEY DATA (di~/100cm2/mR*) Lithium Borate =
9 Total ) 7% 74 (73 14 %
10-553 31 a8 FE) 2
10-554 L] 3s % 25
10-Total e g 79 57 17 2
11-555 ] 39 T3 £l
11-556 29 4l 30 EF)
11 Total 70 %0 7% & 10 s
12-557 29 FE] £7] 30
12-55% 77 29 EL; 29
12-Total 3 7] 72 59 16 6
13550 27 29 EE) 2%
13-560 29 34 n 2%
13-Total L3 &1 [ 6 7 10
14-561 2 29 2 31
14562 29 29 £l 27
T4 Total 61 % 3] ] 3 3
15-563 29 1] 29 25
15-564 29 s 30 0
15-Total 8 & 0 55 3 )
16-565 25 29 77 27
16566 9 x EE) 1]
16 Total ) 57T &0 35 3 5
17-567 29 i e EF
17-568 E7] 7] 57 24
17-Total 3] 128 100 55 &7 I
18560 n 3 £3) 7%
18570 27 £l 2] 30
18 Total & 7 71 58 17 K
19-571 2% 35 1 30

m\2509w\att8_4a. wpf:1b/012996 Page 28 of 49



ATTACHMENT 84

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

o o T EXPOSURE 1 =1 “SJotaL
PIPE IDENTIFICATION PIPE LENGTH PiPE DIAMETER # OF TLDS START EXPOSURE STOP EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
VENT LINE 54 1 [ 2-7-95/1535 427.95/0745 113290
mm
(dis/100cm2/mR*) Lithium Borate = 6.4%+06 Calcium Sulfate =
L Fy] 5 29
50 76 59 17 7 1.0 04 0.7
30 2 35 29
27 39 % 29
¥ 7] &) R 14 15 08 1.0 0.9
3 % 8 0
® 3 2 2
3] 70 70 62 9 8 05 0s 2.5
30 % 36 2
30 29 ) 13
& &5 74 65 5 9 Ga 06 0.4
EEl 3] 37 2
73 2 2 22
59 [ 61 54 3 9 03 06 0.5
EF) 15 4 8
27 30 30 %
) 65 [ 6 6 [ 03 0.5 04
25 29 29 73
24 29 2 2%
e 58 61 53 9 7 05 0.4 0s
27 b1} 35 EE
E]] 2 36 K]
3 70 7 o 12 5 0.7 0.3 05
29 % i 29
25 30 29 30
54 o 62 K 12 3 % 02 04
b1} £y 0 2%
30 a E7) £l
= 7] 62 55 13 7 08 04 06
m2509w\att8_da wpf: 15012996 Page 29 of 49



ATTACHMENT 84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

I FXPOSURE TOTAI
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME MME (minutes)
ESW #6 VENT LINE 54 1 64 2-7-95/153% 4-27.95/0745 113290

CALIBRATION FACTORS
TLD SURVEY DATA (dis/100cm2/mR*) Lithiom Boiate = 6 49406 Calcium Sulfate = 7.24e406

20-379 40

29180 37

vzl

30-381 40
3382 0

7 30-Tonal 70
17

1

70

s

37
72
41
6

17

al

121

< age Total Average Total Average (Kdpm/100cm2)
ag ag ag pm

Stand

Stand. Dev : : Student’s t value] 693 Error (95%) (Kdpm/100cm2)

Critical Level (Kdpm/100cm2)
MDA (Kdpmv/100cm2)

m \2509w\att8_da wpf 1012006 Page 30 of 49




ATTACHMENT 8.4

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

SYSTEM

VIPE IDENTIFICATION
OR LOCATION

PIPE LENGTH

PIPE DIAMETER
(mmches)

# OF TLDS
IN STRING

EXPOSURE
STAR1
DATE/TIME

EXPOSURE STOP
DATE/TIME

TOTAlL
EXPOSURE

TIME (munutes)

ESW #7

VENT LINE

SR

i

b7

2-7-05/0810

4-27-95/0R00

—— =

113750

TLD SURVEY DA

TA

POSITION
BADGE
NUMBER

ELEMENT
1
{mR*)

CALIBRATION F

(dis/100cm2/mR* )

==
ACTORS

Lithoom Borate =

649+ 06

Calcium Sulfate =

7.24e+06

ELEMENT

4
i

(mR*)

—
ELEMENT ELEMENT
3 R

(mR*) {mR*)

Lithium Borate
Net Reading

(mR*)

Calcium Sulfate , Lithiem Borate

Net Reading

(mR*)

Result

(K dpm/100cm2)

Calcium Sulfate
Resulht

(8 dpm/100cm2)

LD Average
Result
(Kdpm/100cm2)

1-301

n

62

61

1-302

0

51

n

1-Total

63

13

106

230

n

32

2

2-304

32

19

15

2-Total

o2

n

~7

1.305

17

47

L}

1306

n

ER)

3

3-Total

70

20

62

4307

R

3

"

4308

41

3

4 Total

94

64

5-308

15

0

5-310

15

27

5-Total

70

57

6311

1

26

6312

4

11

6 Total

(5

59

7-1113

24

0

7-314

15

1

7-Total

61

R-315

L}

8316

bRl
&

8- Total

S8

9.317

27

9218

i,

28

m:\2509w\att8_4a wpf: 1b/012996
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ATTACHMENT R4

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

T EXPOSURE | 1 TOTAL
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP !  EXPOSURE
OR LOCATION {inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
ESW #7 VET LINE ) 1 72 2-7-950810 4.27-95/0800 113750
CALIBRATION FACTORS L e ' ARG 3 shitecr ey o
TLD SURVEY DATA (dis/100cmY/mR*) Lithium Borate =  6.4%¢+06 Calcium Sulfate = 7.24e406
O Totsl L 6 < =) 4 5 02 0.3 0.0
10-110 29 Bl 28 0
10-320 25 n 13 29
10-Total 4 o 73 0 0 3 0.6 02 0.2
11321 3 EE] 1] 0
11322 ] 2% 29 30
11 Total &4 3] 57 & 3 3 02 02 02
12323 25 % 28 0
12324 ) 7 2% 1]
12 Total &~ & 54 ) 1 a 0.1 03 01
13-325 EL 7 E7] 3
13-326 7] 37 0 2
13-Total 0 74 62 61 5 1 03 0.1 o1
14327 30 30 26 2%
14328 %0 3 29 29
14 Total ~ 3] 55 55 1 0 0.1 0.0 0.0
15320 5 ) 29 0
15-330 29 36 el 30
15-Total 4 ] ) ) 14 0 0.8 0.0 04
16-131 37 35 3 30
16332 27 29 3] 0
16-Total &4 o &S 62 0 3 00 02 0.1 |
17313 34 37 12 32 |
17-334 I8 'y i 29 ‘
17-Total n [¥] & 61 12 % 0.7 0% 06 |
18335 (]l s 3 7]
18136 36 38 9 N |
1R Total & 7 &0 5] r3 3 01 02 0.1
ITRER 29 K] I 31 :
!
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ATTACHMENT 84

ESW 1" PIPING TLD SURVEY DATA AND RESULTS

EXPOSURE TOTAL
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE D'AMETER # OF TLDS START EXPOSURE STOP | EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
ESW #7 VENT LINE S8 1 72 2-7-95/0810 4.27-05/0800 113750
CALIBRATION FACTORS B o e ' ELS ' ' P
TLD SURVEY DATA (dis/100cm2/mR*) Lithium Borate =  6.49¢+06 Calcium Sulfate = 7.240406
19-138 7] £7) 0 0
10 Total & 6% o 61 2 3 0.1 02 %)
20.310 73 ® p1] 29
20-340 2 ) 0 29
20-Total 58 7 ~ S8 8 20 0 1.1 0.0 06
2i-34) 32 34 31 3
21342 29 a 4 n
21-Total 61 7 &5 62 F) 3 08 02 0.5
22343 2 % 7] 0
22344 % 32 29 "
22-Total 61 70 57 61 9 -6 05 04 0.1
23345 29 27 27 F1]
23346 D n 26 27
73 Total 62 ) 5 55 2 2 0.1 01 01
24-347 36 42 29 2
24148 3 29 % 0
24 Total 72 7 55 3] a 5 01 D4 03
25349 i1 7 b1 0
25350 Er] R 29 0
25-Total 65 72 57 &0 7 3 0.4 02 0.1
26 551 Fi] 30 1) 29
26152 2 0 77 %
26 Total "0 & 55 s 0 0 00 0.0 00
27353 29 5] 26 27
27354 i 1 % %
27-Total ) 93 52 51 iR 3 19 0.1 0.9
28155 k&) 9 0 2%
28 156 i s 0 %
28-Total 64 74 61 57 S 4 01 03 01
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ATTACHMENT 8.4
ESW 1" PIPING TLD SURVEY D2 TA AND RESULTS

B

"EXPOSURE TOTAL |
SYSTEM PIPE IDENTIFICATION PIPE LENGTH PIPE DIAMETER # OF TLDS START EXPOSURE STOP |  EXPOSURE
OR LOCATION (inches) IN STRING DATE/TIME DATE/TIME TIME (minutes)
VENT LINE ] 1 72 2.7-95/0810 4.27-05/0800 113750

TLD SURVEY DATA Lithium Borate =  6.4%9¢+06

29-357

29-358

2
29
61
27
R
55
26
25
51
13
2
62
26
10
56
25
29
54
28
2%
56
3
30
61

2363388Qﬁﬂlrﬁ%SSﬂSHSﬁ:‘mB&

Average
Average Total 629 Total 59.1 Average
Stand.
Stand. Dev. 6.6 Dev. 13 Student’s 1 value 1.691 Error (95%)
Critical Levei
MDA
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(Kdpm/100cm2)
(Kdpm/100cm2;
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03
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ATTACHMENT R84
ESW 1" PIPING TLD SURVEY DATA AND RESULTS

z 1OTAL
PIPE DIAMETER # OF TLDS START EXPOSURE STOP | EXPOSURE
(inches) DPATE/TIME DATE/TIME TIME (munutes)
1 427-95/081") 113740
J Lsthiom Borate Calcwum Suifate
i 2 3 R Net Reading Net Reading Result Reault Result
(mR*) (mR*) (mR*) (mR*) (mR*) (mR*) (K dpm/100cm2) | (K dpm/10'em2) | (Kdpm/100cm2)
<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>