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1.0

2.0

3.0

4.0

5.0

PURPOSE

The purpose of this Decommissioning Techni_cal- Basis Document (DTBD) is to establish
the beta emrttlng nuclides detectable by site instrumentation as well as adjustments to

. detection efficiency for Source-Efficiency (Es) and the presence of coatrngs on surfaces
-being surveyed

DISCUSSION

Detection of beta particles' depends on the energy of the beta particles emitted "

- from materials being surveyed and the thickness of the detector window. The

efficiency of the detector for beta particles is determined by exposing the detector
to a known activity level of beta particles of a given energy and recording the
resulting count rate (Ei). In order for the efficiency calibration to be accurate, the

. energy of the cahbratlon source must be srmrlar to the energy of the source to be

measured in the field.:

Assumrng that the calibration source is of appropriate energy, other adjustments
may need to be made to the efficiency in order to accurately determine true
source activity. These adjustments include source efficiency due to surface
conditions (Es) and beta attenuatlon caused by coatlngs/covenngs placed on the
source.

DEFINITIONS

" Ei or instrument effi iciency is the detector net response to a known surface emission rate

in betas per minute for a 2 pi geometry.

Es or source efﬂcrency is the ratio between the number of beta particles per minute
emerging from the source surface and the number released wrthln the source.

Et or total efficiency is the actual effi iciency of a detector for a partlcular source and is
the product of Ei and Es.

"TECHNICAL POSITION

The calibration source used for gas-flow proportional detectors is appropriate for the
average energy of beta particles emitted from the surface of structures and components
at Rancho Seco. The Es adjustment made to Ei in order to calculate the detector Et
has been properly determined. The need for adjustment of efficiency for surface
coatings has been recognized and the method described in NUREG-1507 has been
used where necessary to compensate for beta attenuation by surface coverings.

LIMITATIONS

Application of the Et is limited to surface or near surface activity conditions.

DTBD 05-010.doc ) ' ‘ . January 26, 2006
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6.0 TECHNICAL BASES

6.1 'Beta Energy and Detection

- Gas flow proportional detectors (Ludlum modetl 43-68) have been proposed as

the primary instrument for performing surface surveys of concrete. The detectors
are calibrated using a NIST traceable anodized aluminum foil Cs-137 source.
The detector window consists of a thin sheet of mylar.

During site characterization, several concrete samples were collected and
analyzed onsite or sent for offsite analysis. These samples were some of the
highest activity samples collected and thus were the best samples to be used for
detection of the hard to detect radionuclides including the beta emitters.

The results of the hard to detect analyses were used to determine the nuclide
fractions of the representative samples of structure concrete. Once the nuclide
fraetlons were determined, the beta energy of a typical beta particle emitted from
RSNGS concrete could be determined. The building samples were combined to

. provide the mean nuclide fraction for structures. The mean fractions were then

multiplied by the maximum and average beta energies of each nuclide
(Attachment 8.1). (Beta particles with very low abundances were typlcally

- omitted because they would not contribute SIgmf cantly to the maximum beta

energy.) The maximum and average beta energies were summed for the
nuclides in the structure nuclide suite from DTBD 04-004. Many of the beta
emitting nuclides in the suite were listed as an MDA value because they were not
positively detected. The non-detected beta nuclides were removed and the
maximum and average beta energies were determined for the remainder. There
was not much difference between these two iterations because the low activity
nuclides do not contribute significantly to the beta fraction.

The positively detected nuclides were further reduced to take into account the
ability of the beta patrticles to penetrate the mylar window of the detector. The
denSIty thickness of the wmdow is stated by the manufacturer as being 0.8
mg/cm? (two 0.4 mg/cm? layers). The energy of a beta particle required to
penetrate this thickness of mylar is approximately 0.018 MeV. Beta emitting
nuclides with energ|es below 0.018 MeV were next removed from the nuclide
fraction and the maximum and average energies of the remaining nuclides were
multiplied by the nuclide fraction and summed to arrive at the maximum and

~ average energies of the typical beta particle found on the surface of RSNGS -

concrete. The maximum beta energy was 0.464 MeV with a standard deviation
of + 0.171 and the average beta energy was 0. 166 MeV with a standard
deviation of + 0 063

" The results of the beta energy determination show that the detector is capable of

detecting the beta emitting nuclide mixture in RSNGS concrete and that the use
of the Cs-137 calibration source AEA LZ 503 (average beta energy of 0.188
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MeV) is appropnate ‘The 43-68 gas flow proportional detector is therefore
suitable for concrete-structure surveys. .

.6.2  Source Efficiency (Es) Determination

Concrete samples were collected and analyzed for gamma emitters by on site
analysis and for hard to detect emitters by off site analysis. Gross beta count
rates were also obtained. This data was used to determine the source efficiency,
Es, for structure surfaces for application to FSS surveys following the methods

~ outlined in 1ISO Standard 7503 1.

Instrument efficiency, Ei, was first determlned using a NIST traceable Cs-137

source (AEA LZ 503) having an actlve source area of 150 cm?.  The 43-68

detector has a window of 126 cm?. Ei was determined by leldlng the average
. net count rate for 21 observations (3208.6 ¢/m) by the source emission rate in

betas per minute (7740 betas/min, Attachment 8.2) adjusted for the detector size
for a value of 0 494

Es was empirically determined by taking beta measurements of structure
surfaces then removing the surface material and determining the total beta

- activity through either hard to detect analyses or gamma spectroscopy because
Cs-137 and Co-60 are the predominant beta emitters. (Table 1 below shows the
change in Es as the relative Co-60 and Cs-137 values are varied.) By dividing
the total beta activity in dpm of the sample by the count rate, the total efficiency
(Et) is determined for each sample. When the individual Et values are averaged
and the average valué is divided by Ei, the site-specific Es value is obtained.

. Table1
- Es Variability versus Nuclide Fraction
Using ISO-7503-1 Values and Estimated Et -

Nuclide Fraction - Weighted Es | Weighted Et* | Percent Et*
Co-60 Cs-137 B Change
10.00 . |1.00 0.500 0.247 . -
0.05 0.95 0.488 0.241 . -2.4
0.15 0.85 0.463 0.229 1 -7.3
0.20 0.80 0.450 0.222 . -10.1
0.30 0.70 0.425 0.210 -15.0
0.40 0.60 0.400 0.198 - -19.8
0.60 0.40 0.350 0.173 -30.0
0.80 0.20 . ]0.300 0.148 -40.1 =
0.90 0.10 0.275 0.136 | -44.9 -
1.00 0.00 0.250 0.124 -49.8

*Assumes Ei as determlned for Cs-137 is the same for Co- 60

DTBD 05-010.doc . : " . January 26, 2006
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Concrete Samples
Concrete cores were collected prlmanly from the Containment Building fioors and
scabble samples were acquired from the Auxiliary, Turbine, and Spent Fuel

. Buildings. These samples were collected to both characterize the radionuclide

constituents of the building surfaces and to determine to the extent practical, the
depth to which contaminants penetrated the concrete. Determlnatlon of the

- concrete surface efficiency was also considered.

Concrete cores were typically collected from locations exhibiting the highest
observed beta surface contamination. Prior to removal, the core location was
beta surveyed and the measurement recorded. The core was resurveyed using
the Ludlum 43-68 detector and the beta results recorded. This information
provided the observed beta count rate for the core. The solid core was weighed

-and on site gamma spectroscopy analysis was performed.: Three Containment

Building cores were pulverized and the concrete from each core was analyzed -
for the RSNGS nuclide suite, including the Hard-To-Detect-Nuclides (HTDN). By
analyzing the entire core material, the total beta activity for the core could be

“determined. The total beta activity in dpm was divided into the observed count

rate that was measured on the core surface prior to vendor laboratory
submission. The result was the Et for the sample.

Coricrete scabble samples were typically acqu1red from room locat|ons that
exhibited the highest observable beta activity. The initial scabble depth was
~0.32 cm. The scabbled surface media was collected and the region resurveyed.
If beta activity above background was observed on the scabbled surface, the
results were recorded and a second scabble sample was collected. The nominal
depth of the second scabble was ~0.48 to 0.64 cm. The collected samples were
analyzed by on site gamma spectroscopy. Three samples fromthe Auxiliary
building were submitted for vendor analysis. As with the concrete core samples,
the concrete scabble samples were analyzed for the RSNGS nuclide suite that
included the HTDN. By analyzing the homogenized scabble sample, the total
activity for concrete was determined. The results were. examined for the principle. -
beta emitters that were positively reported. The total beta activity in dpm was
divided into the observed count rate that was observed prior to sample
homogenization. The result is the sample Et. Table 2 presents the total and
surface efficiency results for the cores and scabble samples.
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: : _ Figure 1 :
_Et Values for Concrete Core and Scabbled Samples
RSNGS Structure Concrete Total Efficiency Values With 95% C. L.
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Standard Deviation: 0.185
UCL:0.509 LCL:-0..217
Figure 1 shows the Et values for the various concrete samples.. Table 2 indicates-
" that the average surface efficiency for concrete from the ‘Auxiliary and ,
Containment Buildings is very close to the default value of 0.50 recommended in
ISO-7503-1. By comparing the results to Table1 above it may be noted that the
observed Es value for the core and scabble samples is 10.6 percent lower than
the ISO-7503-1 value which is slightly more conservative than the default value.
: . - Table 2 .
Examination of Et Values for Concrete Core and Scabbled Samples (No HTDN) .
Core Core | Core Scabble . | Scabble Scabble
RB-27 IC RB-27TWT. | RB-27WT - | AB-20 AB- AB- .
: EDHCR 20EDHCR ‘| 47EDHPR
SA8110411 | SB110250 | SD8110351 | SB8130670 | SB8130710 | SB81130030
SCO1A-~ [SCO1A | SCO1A SCO02A1 SCO02A1 SC02A1
: 867 g 838 g 778 g 100 g 100 g 100 g
Nuclides- | Total dpm | Total dpm | Total dpm | Total dpm | Total dpm | Total dpm
Co-60 1.981E+7 | 1.817E+5 | 2.349E+5 | 9.191E+5 | 2.020E+4 | 4.642E+3
Cs-134 3.445E+3 | 6.441E+3 | 3.903E+3 | 1.106E+3 | 2.686E+3 | 4.671E+3
Cs-137 1.732E+6 | 7.613E+6 | 2.919E+6 | 8.458E+4 | 1.756E+6 | 2.122E+2
Totaldpm | 2.1565E+7 | 7.802E+6 | 3.158E+6 | 1.005E+6 | 1.779E+6 | 6.861E+4
Obs cpm | 4.680E+5 | 1.680E+6 | 1.230E+5 | 1.910E+5 | 5.750E+5 | 3.930E+4
Et 2.172E-2 | 2.153E-1 | 3.895E-2 - | 1.901E-1 | 3.232E-1 | 5.728E-1
: ' Mean Ei= | MeanEt=" | MeanEs=
.0.494 0.227 0.460
DT8D 05-010.doc January 26, 2006
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6.3 Beta A'ttenuation'By Surface Coatings

Many of the structure surfaces to be surveyed are covered by one or more layers

_of paint, dirt, water or other material which-can reduce the detector response to
the beta contamination on the structure. NUREG-1507 describes a method to
use to determine the correction to Es for various beta-attenuating materials found
on structure surfaces. The correction to be applied for epoxy paint-covered
surfaces according to NUREG-1507 methodology is shown below. This method -
will be used, as necessary, during the performance of FSS surveys to determine
the beta attenuation resulting from surface coatings.

Coating Material: epoxy-polyamide (matenal data provrded by one manufacturer
Attachment 8.3)

Dry film thickness: 40-50 um or 0.004'-0.005 cm

Paint uensity (ratio of 20 kg paint to 3 kg hardener):

Paint 1.61 g/cm® , hardener 0.88 g/cm’ ; combined 1.4 to 1.5 g/cm® | |
Density thickness: density 1.5 glcm?® xrhickness 0.005 cm ~ 8 mg/cm?
Adjustment to Es per NUREG-1507: |

Tc-99 betas TI-204 betas

Es (exp-0.093x) " Es (exp-0.033x)

Where x is the paint film density thickness in mg/cm?

Tc-99 beta ave is 0.085 MeV; TI-204 beta ave is 0.267 MeV

Rancho Seco beta ave is approximately 0.166 MeV therefore the actual beta
attenuation factor is between 0.093x and 0.033x. . .

Using a conservative factor of 0.093x yields the following for epoxy paint.

Paint Layers Es 4 Resulting Et

0 0.45 0222
7 021 0.106
2 0.10 0.023

DTBD 05-010.doc . ) January 26, 2006
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3 10,05 0.011
Z 0.02 10,005
5 0.01 0,002

7.0 REFERENCES

7.1 IS0 7503-1, Evaluation of Surface Confamination

7.2 Beta Energ|es ENDF/B-VI Decay Data, Los Alamos National Laboratory

8.0 ATTACHMENTS

8.1 Average Beta Energy For Concrete Surfaces

8.2 - E: Values for Concrete Core and Scabble Samples

8.3  Source Certtificate Cs-137 LZ 503 .

. 84 Manufacturer's PalntSpemﬁcatlon
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George Pillsbury
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All Beta Emitters i in Nuclide Suite

Attachment 8.1
Average Beta Energy Concrete

Beta Sump#5 Dryer #6 Sump#5 Dryeri#6 Mean Beta Beta Mean Beta.Energy
Fraction Fraction Fraction Max Ave.

Nuclide

H-3 -

C-14
Co-60

" Ni-63
Sr-90
Nb-94
Te-99
Sb-125
Cs-134
Cs-137
Pm-147
Eu-152
Eu-154
Eu-155
Pu-241

Sum 1357.86 11732.8

pCilg
7.53
442

354 .

1110
1.4
0.36
3.6
1.75
0.48
171
6.47

14 .
0.84

0.91
12.3

pCilg
25.64
21.09
310.8
7043
4.02
54
3.67
16.6

2.57.

4126
6.71

- 2341

10.7
'10.3
124.3

Non Detects Removed

Beta Sump#5 Dryer#6 Sump#s Dryer#6 Mean. Beta Beta Mean Beta Energy
Fraction Fraction Fraction Max Ave

Nuclide
' H-3
.C-14
"Co-60
Ni-63
Sr-90

. Cs-137

pCilg
7.53
442
354
1110
1.4
171.

pCilg
25.64

21.09

310.8
7043
4,02

. 4126

0.0055
0.0033
0.0261
0.8175
0.0010
0.0003
0.0027
0.0013
0.0004
0.1259
0.0048

.0.0010
0.0006
0.0007
0.0091

1

0.0057
0.0033
0.0266
0.8347
0.0011
0.1286

Sum 1329.75 11530.55 1 0000

0.0022
0.0018
0.0265
0.6003
0.0003
0.0005

'0.0003

0.0013

0.0002"

0.3517
0.0006
0.0020
0.0009
0.0009

0.0106

1

0.0022
0.0018
0.0270
0.6108
0.0003
0.3578
1.0000

43-68 Doubtful Nuclides Removed

Beta
Nuclide

Sump#5. Dryer#6 Sump#5 Mean
pCilg
C-14 4.42
Co-60 354
Sr-90

Cs-137
Sum 212.22 4461.91

1.4
71

-0.0039

0.0180.005
0.1560.049
0.3180.096
0.0660.017
0.5460.196
0.4710.157
0.2940.085
0.6220.099
0.6580.158

0.0025
0.0263
0.7089
0.0007
0.0004
0.0015
0.0013
0.0003
0.2388-
0.0027 0.2250.062
0.0015 1.86 0.296
0.0008 1.85 0.228
0.0008 0.2530.046
0.0098 0.0210.005

0.5130.188"

Max
6.96E-05
3.94E-04
8.36E-03
4.68E-02
3.75E-04
1.71E-04
4.36E-04
8.12E-04
1.88E-04
1.23E-01
6.00E-04
2.79E-03
1.42E-03
1.96E-04
2.06E-04

Ave
1.93E-05
1.24E-04
2.52E-03 .

1.21E-02

1.35E-04
5.69E-05
1.26E-04
1.29E-04
4,52E-05 °
4.49E-02
1.65E-04
4.44E-04
1.74E-04
3.56E-05
4.91E-05

Sum 1.85E-01 6.10E-02

0.0039 0.0180.005
0.0026 0.1560.049
0.0268 0.3180.096
0.7228 0.0660.017
0.0007 0.5460.196
0.2432 0.5130.188

- Sum

‘Beta

pCilg Fraction Fraction Max Ave
21.09 0.0208 0.0128 0.156 0.049
310.8 0.1668 0.1182 0.318 0.096
4,02 0.0066 0.0037 0.546 0.196
4126 0.8058  0.8652 0.513 0.188

’ Sum-

1.0000

Max
7.10E-05
4,02E-04
8.52E-03
477€E-02
3.83E-04
1.25E-01
1.82E-01

Max
0.0020
0.0376

0.0020
0.4439

0.4855

Ave
1.97E-05
1.26E-04
2.57E-03
1.23E-02
1.37E-04
4.57E-02
6.09E-02

Beta Mean Beta Energy

Ave
0.0006
0.0114
0.0007
0.1627
0.1754
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AII Beta Emltters in Nuclide Suite

~ Beta
Nuclide pCilg pCilg-
' H-3 154 145
C-14 522 19.2
Co-60 4140 91
Ni-63 23900 1440
Sr-90 149 5.89
Nb-94 9.15 0.75
Tc88 27 5.06
Sb-125 20.7 14.4
Cs-134 498 1241
- Cs-137 381 7910
Pm-147 292 - 2.34
~Eu-152 574 108
" Eu154 7.88 1.94
Eu-155 3.63 §5.74
Pu-241 170 12

Aux #7 Aux #8 Aux #9 Aux #7 Aux#8 Aux#) Mean Beta

Fraction Fraction Fraction Fraction Max

.0.01565 0.018

0.0085
0.0623
0.4165
0.0201
0.0003
0.0015
0.0020
0.0010
0.4555
0.0017
0.0013
0.0007
0.0008
0.0125

pCilg
25.7
3.17
20.5
162
34.1
0.22
2.27
197
0.94
303
2.72
148.
0.86
1.05
17.5

Attachment 8.1
Average Beta Energy Concrete (Contmued)

0.00053
0.01787
0.14173
0.81821
0.00051
0.00031
0.00009
0.00102
0.00017
0.01304
0.00010
0.00020
0.00027
0.00012
0.00582

sum 29210 9545.72 577.48 1.00000

Non Detects Removed

Beta
Nuclide
H-3
C-14
Co-60
Ni-63
Sr-90
Nb-94
Tc-99
Sb-125
Cs-134
Cs-137
Pu-241

27

207

0

381
170

pCilg

14.5

- 19.2

91
1440
5.89

0
5.06
0
12.1
7910
0

pCilg
257
3.17
20.5
162
34.1
0
0
0
0.94
303
0

Fraction

0.00053 -

0.01789
0.14185
0.81892
0.00051
0.00031

" 0.00009

0.00102
0.00000
0.01305
0.00582

- Sum29184.85 9497.75 549.41 1.00000

43-68 Doubtful Nuclides Removed X

Beta

Nuclide pCilg
C-14 522
Co-60 4140
Sr-90 14.9
Cs-137 381 -
Sum 5057.9 8026.09 360.77 1.0000

3.17
20.5
34.1
303

0.1032
0.8185
0.0029
0.0753

0.0015
0.0020
0.0085
0.1509
0.0006
0.0001
0.0005
0.0015
0.0013
0.8286
0.0002
0.0011
0.0002
0.0006
0.0013
1.0000

0.0015
0.0020

0.0096

. 0.1516
0.0006
0.0000
0.0005
0.0000
0.0013
0.8328
0.0000
1.0000

0.0024
0.0113
0.0007
0.9855
1.0000-

0.0445
0.0055
0.0355
0.2805
0.0590
0.0004
0.0039
0.0034
0.0016
0.5247
0.0047-
0.0026
0.0015
0.0018 .
0.0303
1.0000

Aux #7 Aux#8 Aux#9 Aux#7 Aux#8 Aux#9
pCilg
15.4
522
4140
23900 -
14.9
9.15

0.0468
0.0058
0.0373
0.2949
0.0621

0.0000

0.0000
0.0000

0.0017

0.5515

0.0000

Mean

0.0163
0.0086
0.0629
0.4218
0.0211
0.0001
0.0002
0.0003
0.0010
0.4658
0.0019

1.0000

Aux#7 Aux#8 Aux#9 Aux#7 Aux#8 Aux#9
pCilg
19.2
91
5.89
7910

0.0088
0.0568
0.0945
0.8399
1.0000

Mean

pCilg Fraction Fraction Fraction Fraction Max
" 0.0381

0.2956
0.0327

"0.6336

0.156
0.318
0.066
0.546
0.471
0.294.-
0.622
0.658
0.513
0.225
1.86
1.85
0.253
0.021

Ave
0.005
0.049
0.096
0.017
0.196
0.157
0.085

'0.099
0.158
0.188
0.062
0.296
0.228
0.046
'0.005

sum

0.0003
0.0013
0.0198
0.0275
0.0110
0.0001
0.0004
0.0012
0.0007
0.2337
0.0004

- 0.0024

0.0012
0.0002
0.0003
0.3004

Beta Mean Beta Energy
Max -~

Ave
7.76E-05
4.14E-04
5.98E-03
7.08E-03
3.93E-03
4.04E-05
1.29E-04
1.96E-04
1.61E-04
8.56E-02
1.04E-04

- 3.84E-04

1.49E-04 -
3.80E-05
6.23E-05
1.04E-01

Beta Beta Mean Beta Energy
Fraction Fraction Fraction Max Ave

0.0180.005
0.156 0.049
-0.318 0.096
0.066 0.017
0.546 0.196
0.4710.157
0.2940.085
0.6220.099
0.6580.158
0.5130.188

0.0210.005
Sum

Max -
0.0003
0.0013
0.0200
0.0278
0.0115
0.0000
0.0001
0.0002
0.0007
0.2390
0.0000
0.3009

Ave
8.14E-05
4.19E-04
6.04E-03
7.17E-03
4.13E-03
1.64E-05
1.77E-05
3.36E-05
1.57E-04
8.76E-02
9.71E-06
1.06E-01

Beta Mean Beta Energy Energy

0.156
0.318
0.546
0.513

Ave
0.049
0.096
0.196
0.188

sum

Max
0.0059 0.0019
0.0940 0.0284
0.0179 0.0064
0.3250 0.1191

Ave

0.4428 0.1558
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Generating Station Characterization or Final Status Surveys

- Attachment 8.‘2

Et Values for Concrete Core and Scabble Samples '
1 2 3 4 5 6 7 8 . g
scabble  scabble scabble scabble scabble scatble scabble scabhie scabble .
Tubine Tubine Turbire N. Turbime N Turbime N. Tubine NE  Letdown  FlashTank Waste Conc
Condenser Condenser  Grade Brade = NearAir Gredelevel FitterRm PumpRm Tk Rm
Pit Pit Lewel -Level Cempressers -20 El.. -20 El. -20 El.
81260060 81260060 SA8260140 $A8260140 SA8260130 $SB3260150 $B8130130 $B8130120 $B8130320
SC01 $C02 - SC01A SC03A SCO1A $CO1A SCO1A SCO1A SCO1A
© 112503 11225003 TMSR005  3.855E+04  TMS/005  7/20/2005  12/02/03 12/0203 12/0903
1678¢g 174g 1480g = 1520g . 147.0g 13809 1560¢g 14009 1540g
total dpm totaldpm  total dom  tctal dom  total dom  tctal dom  tataldpm  totaldpm  total dom .
precpm 3768E+D3 §.628E403 2980E+04 -4.011E+03 3.502E+03 8.664E4+03 13625405 8L13E+04 3.280E+05
Co-60 15956402 1.508E402 4.133B+03 15318402 -7.535E+01 3.086E+D2 85855403 2832E+404 1.582E+04
Cs-137 14006405 1.857E4+05 1848E+05 8.834B+04 2.891E+04 1.603E+05 47135405 1200E+06 S.036E+08
tldpm 1410E+05 1.658E+05 1888E+D5 8.840E+04 2.800E+04 1.687E405 47995405 1316E+06 5.052E+08
‘B 2671602 3.384E02 . 1577ED1 . 4532602 1238E01  5.107ED2  2.838E01 6543E-02 6453ED2
mean 1.468ED1 1.458E01 1458E01 1458ED1 - 1468601 14568E01 1.488ED1 1488E-D1  14568E01
UCL 5.087E-D1 S.087ED1 5087601 SD87E01 S087E01 S5087E01 S5.087E01 - 5087E-01  S087VED1
LCL 241 E01 247E01 2ATIEBD01 2471681 2471ED1 24716801 2471801 -24A71E01 -2.171ED1
10 . 1" 12 R k] 14 15 16 18 .
scabble core (fop) scabble coreftop)  scabble scabble scabbie scabble scabble
Flash Tank FlashTank Spent Resin Spert Resin E.Decay  E.Decay Retersion Retension  E.Decay
Rm Rm Tk Rn T Rm HRCRm  HRCRm Basin Noth BasinNorth  HRCRm
-20 El. -20 El. -20 El. -20E. -20 El, -20El.  .SAB488007 $A8488007 -20 El.
. $B8130140-SB8130140 $B8130850 $BS130650 $SB3130690 S B3130890 SCO1A " $CO03A $B38130630
SC01A s$co2a SCO1A SC028 $Co1A SCO2A* 08/01/05 0801035 S 003Aar
120203 11720008  11R0/03 112003 02038/04 - 0203/04 08/03/05 08/03035 02/0304
1600¢g 8020¢g 146.0g 85009 153.8¢g 1518g 1480 ¢g 1560¢g 132.6g
total dpm totaldpm total com  tolal dom  tdtal dom  total dom tadtaldpm  tetaldpm  total dom
precpm 1991E+04 20106403 9 023E403 1.457E+03 1.000E+05 5.845E+05 1.840E403 1555E+403 19106405
Co-80 15156404 5.194E403 6343E+83 2.147E+03 9.478E+D3 1.500E+04 4.840E+03 3273E403  1.512E+07
Cs137 S$438E405 1.417E404 6480E+04 1.327E+04 8.800E+06 6.028E+06 4591504 4508E+04 2.260E+06
tldpm $50DE405 1.937E+04 7084E+04 1.542E+04 8.818E+08 B.044E+08  SO76E+D4 4833E+04  1.730E+D7
E 3.562802 1.038E01 1272601 Q451E02 1236E02 OB71E02 3625602 3218E02 1D98ED2
mean 1.458E01 1.458E01 1468E01 1458E01 1488501 1468E01 1.468B01 1468E-01  1458ED1
UCL 5.087E01 S5.087E01 5087501 5087E81 65087601 S087E01 S5.087E01 SO087E-D1  S087E01
LCL 2471E01 2471E01 -2A71E01 2471E01 -2471B01 2171E01 2471B01 -2471E01 -2.171ED1
19 20 21 22 23 " 24 25 ‘26 27
scabble  scabble scabble scabble scabble scabble scabble . scabble scabble
E.Decay Rx Coolant Seal Retun Sea! Return CrudTank OrudTank OCrudTank CrudTark  East Decay
HRCPRm DreinTk Ry Coder Rn Coder Rm PumpRm PumpRm PunpRm PumpRm Heat Or Rm
.-20 El. -47 El. . -20 El =20 El, -20 El, GEl. - 20 El. -20 El. -20 El.
$B8130730 SB8130050 SB3130640 SE8130640 SB3130670 S$B3130670 SBS8130660 $SB3130660 SB3130710
SCO1A SCO1A SCO1A SC02A SCO1A $C0248 SCOMA . SCO2A* S CO1A%
02/0804 12/0803  0346/04 031604 0142/04 0142/04 - 01/08/04 014204 0241104
1278g 1448 ¢ 14009 116.0g. 132.0g 12449 1380¢g 12239 14629
totaldpm totaldpm tctal dom  tctal dpm tdal dom  tdtal com  totaldpm  totaldpm  total dom
pre cpm 58525404 3.468E404 7003404 B.147E4D4 1970E404 191E405 1.140E404 SO77E+05  5.750E405
Co-80 1813E+02 8.715E+03 2.183E+05 2.905E+05 1.450E+D5. 141E408 2.597E+04 3372E+08, 3.218E+D4
Cs-137 SO30E+05 2.487E+05 1937E+08 2.457E+04  1.387E+05 135E+05  1.835E405 6.AB0E+05  1.014E407
tl dpm S041E405. 25546405 2.155E+06 3.151E+05 2.840E+D5 1.545E+D6 2.095BE4D5 3888E+06 1.017E+07
" B 1161E01 1358801 3281502 2386E01 69216802 1237601 5484502 1273E-01  S5655E02
mean 1.468B01 1.458E01 14568E01 1468E01 1468ED1 1408E01 1468BED01 14G8E-01  1458ED1
UCL 5.087E01 5.087E01 SPBYED1 SCL87ED1  6087E01 S6087ED1  S5087E01 S087E-01  SD87ED{
LCL -2471E01 2471B01 247101, -2ATIED1 -2471E01 -24T1ED1 -24T1ED1 -2171E01 -2471ED1
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Generating Station Characterization or Final Status Surveys

Attachment 8.2 | '
E: Values for Concrete Core and Scabble Samples (Continued)

28 28 . 3 31 32 "33 34 35 38

scabble  scabtble scabble scabble scabble scabble scabble scabble scabble
East Decay East Decay East Decay West Decay West Decay Misc Waste MiscWaste Misc Waste Misc Waste

Heat Clr RmH Pump Rrr Ht Pump RmHt Codler Rmtt Codler R Flter Rm Filter Rm Filter Rm fiter Rm

-20 El. -20 El. -20 El. 20 El. -20 B, 20 El. 20 El, -20 El. -20 El.
S$B8130710 SB8130030 $B3130030 SBS130760 SB3130760 $B3130350 $B8130350 $B3130350 $B3130330

SC028 SC01a* $CO024 SCO1A $CO2A S$Co1A $C024 SCO34 $C044

021104  12/08/03 1208703 01R2/04 01204 1210403 1210403 12M103 1211103

1440g - 1493g 1480¢g 162.0g 1220g 1340g - 1880g 1580¢g 158.0¢g
totaldpm totaldpm tdtal dpm . tctal dom  tolal dom  total dpm  tctaldpm  totaldpm  total dom
- preepm 17316405 14006406 3 825E+04 1.141E+05 4.230E+04 2.142E405 2.560E404 3.J20E+04 1.248E+04
Co-60 2905E+04 3.656E+05 €.164E+03 3.272E+04 8.515E+D4 5.402E+04 2,108E405 1355E+04 2.847E+05
Cs137 25976406 2.725E407 1003E+05 3.956E+06 "1.085E+08 2.960E+06 3.603E+04 SB44EH5 - 4.518E+04
Ctldpm 2B827E+06 2.761E407 1064E+05 3.9¢9E+08 1.170E+06 3J.0145+08 2.556E+05 SIV0E+D5 3.208E+D05
E 8.500E02 5103502 3888E01 2801E02 7277E02 7106E02 1.001601 S309E-D2 3778ED2
mean 1.458E01 1.468ED1 1458ED1 '1468E01 1488E01 1488ED1 © 1.488E01 1488E-01  1.458E01
UCL §.087ED1 S.087E01 S087E01 5087E01 65D087E01 . SD87ED1  S.087E01 SD8YE-D1  5087ED1
LCL -2A71E01 2471601 2471E01 -2A71ED1 -2A71E01 -2,471BD1 2471601 2A7T1E0! -2.171EDY

37 3}’ - 30 40 41 42 43 44 45
scabble  scabble scabble - - ’ scabblerx  scabble scabble
Radwaste Radwaste Spert Regen Spent Regen Spert Regen Spert Regen Wall exterior Spent Fuel  Spent Fuel

Pump Alley Pump Alley Tank Rcom Tank Room Tank Room Tank Room- A Dring SE upenderfir  upender fir

23 El. -29 El <29 E, 29 El. -23El. - -28ElL +80 18 J4
$B8130460 SB8130460 -SB3130540 $B8130540 SB3130540 $B3130540 $B8110001 SA8120050 $SA8120090
SCo1A% SO02A% SCO1A SCO248 SCO3A SCO4R SC144 SC044 SCOSA
082204 08722004 072104 0727/04 072704 - 072704 04/28/05 0872204 0972204
14049 1538g - 1408 146.8 ~ 4320 1280 1530g - 1410g 14509
total dpm totaldpm tctal dpm  tctal dom pCilg plkg tctaldpm  totaldpm  total dom
precpm - 34096405 1.1B4E406 J 538E+0D5 7.608E+04 6.382E+05 1.713E+D5 10235403 2500E+03 2.330E+03
Co-60 6177E+04 2.839E404. 1.184E+03 6.401E+02 2.033FE+04 7.204E+04 8.855E401 2334E403 . V.781E+D2
Cs137 1.164E407 1.518E407 1839E+D8 5.736E+05 -6.081E+06 1.195E+08 8.716E402 - 3.136E+03  1.595E+04
tldpm 1.170E407 15216407 1B840E+D8 5.742E+05 6.101E+08 1.268E+06 0.601E402 S470E+03 1.672E+04
B 2900B02 7853E02 2157801 1341601 1D46E01 1351ED1 10858400 4570E-D1  1393ED1
mean 1.458ED1 1488501 1458E01 145801 1488ED1 1468E01 1468E01 1408E-D1  1458E01
" UCL $.087E-01 S.087E01 S087E01 5037E01 S087ED1 S087ED01 S5087ED1  S087E-01  S087E01
LCL -2471E01 2471E01 2171801 -2.471B01 24A71E01 2471E01 -2471E01 -2471E01 -2.171E01

a8 47 . 48 40 50 51 52 53 54 .
scabble  scabHe scabble scabble scabble scabble scabble scabble scabble
Spent Fue! Spert Fuel Spert Fuel Spent Fuel Spert Fuel Rx Bldg-27 Rx Bldg+40 Rx Bidg 40 Spent Fuel
upenderfir upenderflr upenderflr uperderfir upenderfir heore chase $ Dring S D-rirg upender fir
J4 ‘M6 ME M35 M5 | floor 0125 Nwall0.125 Nwall0.25 Fé
SA8120030 SA8120030 $A8120090 $A8120030 $A8120080 S$D8110411 $D8110001 SD8110001 SA8120090
SCO8A SCO7A - SCOBA SCOSA SC10A SCO1A* SCO1A - §CO02A sC01a
09/2204 08723104 092304 03R3/04 ‘082304 0418103 04418405 0411803 08/2304
14709 1460¢g 160.0g . 1500¢g 1630¢g 188.0g 1200 g -1200¢g 1570g
total dpm  total dpm  total cpm - tdtal dom totel dpm total dom tdtaldpm totaldpm  total dom
precpm O6200E402 $§.576E404 3500E+02 $.730E403 2. 700E+02 0330E+04 2.676E404 1.461E403 1.840E+04
Co-60 1303E+02 6.106E+03 1972E+02 J3.579E+05 1.483E+02 1.5063E+06 4.265E+02 1D31E+02 3.980E+03
Cs137 55745402 5270E405 8408E+D3 1.436E+07 (.378E+03 8.134E+08 0.015E+04 3802E+03 2.233E+D5
_ ttldpm 68775402 5.331E4D5 - 8805E+03 1.472E407 15265403 0.607E406 0.058E404 390SE+03  2.273E+06
E 9.015ED1 1.046E01 4p68ED2 3833604 1769801 ©B22E03 260801 2908E-B1 8084502
mean 1458501 1468E01 1458501 1458601 1468501 1468E01 1.458E01 1468E-01  1458E01
UCL 5.087E01 S5.087E01 S087ED01 5037801 5087601 S5087B01 S.087E01 SO87E.D1 508701
LCL 2471B01 2471B01 -2471E01 2471E01 2471E01 2471E01 -2171B01 -2.171E01 .2.171E01
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: Attachment 8.2
E: Values for Concrete Core and Scabble Samples (Contlnued)
55 56 . 87 58 59 80 61 62
scabble  scabble scabble scabble scabble scabble s¢abble scabble
Spent Fuel Spert el Sof Sertry SofSertry BD-irg “BD-firg BD-ting- BDring
upender fir upenderfir to B D-ring to B D-ring 20d B shield 2nd B-shield Pd B-shueld Pri B-shield
Fe 15 . 27 El, 27 El, 27 El. . <27El 27 El. 27 El.
$A8120080 $A8120080 $B8110001 $B3110001 SB3110001 $83140001 $B8110001 $B38110001
SCO2A $C034 SCO1A SCO28 SC034 S$C04A SCOSA $C06A
© 082304  09/22/04  04R0/05 042005 " 04R0/05 0420/05 04721205 04/2105
1620g 1330g 147.0g 156.0¢g 14709 153.0¢g 1330¢g 1300¢g
total dpm  total dpm  tctal dom  tctal dpm total chm tdlal dom totaldpm total dpm
precpm 1860E+03 2.338E404 0 082E+03 2.143E403 3.526E+05 2331E+04 16058405 3.IS1E+04
Co-60 6850E402 12746403 7055E+02 4.393E+04 1.120E+03 1.213B+02 7.898E+03 1384E+03
Cs137 4747E404 1.258E405 3.102E+D4 2.834E+05 2.330FE+06 ° 6.433E404 1.270E408 3013E+05
i dpm 48145404 1.271E+05 3262E404 3.273E405 2.340E+D8 6.445E4+04 1.278E406 3027E+405
E 3448502 1840ED1 2784E01 6565503 1507E01 3 B16E01 1327801 1041E-D1
mean 1.458E01 1458501  1458E01 1458E01 1458BE01 1458E01 1468ED01  1458E-01
UCL 5.087£01 S.087E01 S5087E01 S5087E01 SO087TED1  S087ED1  S5.087E01 S087E-D1
LCL 2471ED1 2ATIE01 2471E01 21MME01 2471B01 2471E01 -2171E01 -2.171ED1
64 85 66 67 88 88 . .70 .
scabbie  scabble scatble scabble scabble scabble scabble
Wall above Mall exterior Wall exterior Wall exterior Wall exterior Wall exterior Spert Fue
ICchase BD-ing BDring B Dring NW B Dring NW B D-ring SE Bldg Rocr
27 El. Grade Grade +50 +0 +0 +0El,
$B8110001 $B8110001 $B8110001 SB8110001 $B8110001 SBE8110001 SA8120030
S C08a SC0S4 SCA0A SC114 $C128, SC13A SCO1A
0472705 04227005 ° 04R7405 0427/05 0427205 042805 08,0105
14609 1300g 151.0g 142.0g 13809 1440g 05,0700
total dpm totaldpm tdtal dom  total.dpm  tdal dom  tdtal dom  total dpm
‘precpm 1061E4#04 8.010E+04 1386E+D3 0.636E403 1.547E+03 9.2828+03 7.646E404
Co-60 1543E+04 8.025E+01 7H20E+D1 1.463E403 2.219E+02 14415402 1.563E403
Cs137 12756405 3.703E405 2204E+04 4.666E+D4 3.006E+03 2.800E+D4 "6.715E405
tldpm 1430E405 3.704E405 2212B+04 4.812E+04 3.228E+03 3.005E+04 B.730E405
E 7.418B02 1623E01 6286502 2003E01 4703E01 3089EL!  1.136ED1
mean 1.458E01 1.458E01 14568E01 1468E01 1468ED1 1468E01 1.468E01
UCL 5.087E01 S5.087E01 5087E01 S8067ED1  SD087ED01  SO8TE01  5.087ED1
LCL 2471E0) 2471B01 -2471E01 2471E01 -2171B01 2A71ED1 -2IT1ED1

83

scabble -
Wall above
IC ¢tase
<27 El,
$B88110001
.$CO07A
042205
148.0¢g
total dpm
1.2276405
71186404
1.267E+06
1.338E+08
9163502
1488601
S087E01
2471E01
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. ) ' 012897
Ssite * ) . . DKDK-
Page 2. . . 06501
: ' 5340
Bats Wdo Area Refaronss Source .
Seuros no, .o 230
Nuclide Consiuim137 .
Acthy L 4ty s (xlo= tLSbOdPW\X
Beta surtaoe seniselon reta Z‘n" 120¢¢ InZ % sieradion . oL
Reforznce date 22 Septamiber 2003 4t 12.00 GMT .
Dimenstons ¢f eclive surfaca * 158 mmx 100 me

1N mmx 120mmx3mm

. Ovarell drnensions

ectviybot does not excned 200 B ©
mpemmmmsoomm 5-3.1)
Oate of wipe lest . 25Seplember 2003 '
Conetrudtion - 'Oﬂ&?bbmcmmmwdwmodmdmmhmm .

of 08 mm mgmmmummmrn

approdroately § km, The Brtivated ool l8 moumied info a holder.

Tha sctivity was detetralnid by comparkson with & teference souma
_of tha samo constncfion. The bela surface emission rals was
. . mmuwmmavmmspmpmdeoume
Traceabflty Ammmedmmmbwuhmmq:mmm

. . pmo.u:t cormles wih the requremeats e taceabity b N
! the Amencan Netorsi Standard 'Tnmzi:ﬁy
Radlnemwww NIST mdmwmimummlm .
. Conkol (ANS! N42.22.1895Y. Az 8 requvement of tho ANS! HE2.22.
. . 1665 AEA Techndicgy O5A GmbH perficipates In the NELVNISY
- Messytemants Assurence Program of the Nutkar Power nchatry,
Ureestalnly | . mmmmmmamoamhsmmnhMumw
of the bata surfacs eridsion mis b
. The reported uncertalrly, dammedambﬁnbm report
13 batad oa the Btandacd unegrainty multiplied by & coverage facior
ofkﬂ.uvadImalwnIafmnmmmofﬂy (Ref, NIST Techiical
Nots 12071Guids to the Expression of Uncactalrty b Meaturement”
180 Quits, 1999)

Relofed ko Co-137 (oqu! $00 %) the folowing radicective kmpuities
were detociod: none
Quality s3surancs sysism + The quality sesurancs systoni OIAEATMQ&‘.GGWH“S
certifiad by Lioyfs Reglster Quanty Assixrence (LRQA] accoeding o
1SQ 5001, lasua 1984, haotrak pmfudsrnedmraquam:nr
106FRm}ppmmBn'n\t Usa,
Unifoamity The yniformity of the surface emisticd rele is better han 10 %.
. Remark . Accorging 0 190 8799 this 1u a Cans 2 riferencs $0ures,

ﬁmuﬂhg mathod
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~ Attachment 8.4

~ Manufacturer's Paint Speciﬂcation

ol

EPOXY PRIMER

This product I$ 2 eompanent e po'.'yamlde peimer. Iis fim dries by chemicsl rezction which
gives a very hard and rashunfgq;ﬁnc « resistent b abraskon |, humidlty and Impact &t canbe usad
on suﬁnimhm storege tanks , pars , and on any surface requirg resistance to mechanical

TECHNIGAL DATA

“Typs of palnt : epoxy primer e

Color: gray .-

Type of pigmant ! I &M hirnidity reslstént plgment
Type of Resin ¢ epaxy - polyamide :

Type of Solvent : aromatic hydmearban, elcphal and ketones

wu 1 T-12000

ng Ratio 20 kg palnt with 3 kg hiardener .

Density caint: 157 kgflee - :

Density hardener : 0,88 kglier

Donslty component: 1.42 kgfter

Solld contunt by welght paint: 83 % .

Solld contant by volume paint : 239 % .. .
Salid vonfent by welght component ; 68 %

Solid content by volume component : 45 %

Coverage ; 5:3 «meter { Mtar @0 50 microns

. DryingTime; tustdry @20C 122 hours
B T
A1 .
‘Viscoshy 3 thixo e

Recommonded dry fllm Thickneas : 40 -£0 microns
Minimum Overcoating Time ¢ & hours aftec the first coat s Rully dried .
Paint application ; Mix psint and hardenar thoroughly #ceording tn mixing reti

» gven 8love and let atand for 1 hour bsfore appiicedion

Directions for uss : To cbtain odod adheslon’, B suriace to be costad shaudd
be cry and chesned from off , dust and foreign matier . » F
Pot bt masmm 48 o, Q.25 & ater compon
Y um urs _ foXing the oo enle,
Storaga Rfe : Under ceol condlions away from dirsct aunlight, ¥ has
Do stamkiy M 1 year. = . .
: S fateds page|
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