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1.0

2.0

3.0

4.0

5.0

6.0

PURPOSE

The purpose of this Decommissioning Technical Basis Document examines the
response of the Ludium 44-10 and Eberline SPA-3 (2" x 2") 5.08 by 5.08 cm Nal
detectors to Co-60 and Cs-137 radionuclides.

DISCUSSION

" This DTBD apphes to the Eberline SPA-3 and Ludlum Model 44-10 Nal detectors. The

calculations exemplify the MARSSIM based determination for Minimum Detectable
Concentration (MDC) for land areas. There are two principle objectives. The first-
objective is to qualify the response of each manufacturers Nal detector to Cs-137 and.
Co-60 sources. The second is to identify detectable residual soil concentrations for Co-
60 and Cs-137 radionuclides in the Tank Farm-area and other site locations where the
soil nuclide fractions are consistent with the data provided in this document.

DEFINITIONS

None .

TECHN!CAL POSITION

Published sensitivity for the Eberline SPA—3 and the Ludlum 44-10 are listed in the
_ manufacturer’s literature as 1200 CPM/mR/hr and 900 CPM/uR/hr respectively for Cs-

137.” This study was undertaken to verify the sensrtrvrty to Cs-137 and to estabhsh the
sensitivity to Co-60.

LIMITATIONS |

The conclusrons of this DTBD are Ilmlted to (2” X 2”) 5.08 by 5.08 cm Nal detectors
TECHNICAL BASES |

For determrnatron of detector response factors for the SPA-3 and 44-10 detectors two
NIST traceable sources were used, Co-60 and Cs-137. For both sealed sources the
active area is-very small in relationship to detector size and the distance from the
source face to the detector centerline (located at 2.54 cm beyond the detector end cap).

Cable connection -

Nal Xtal
| - Centerline

End Cap ——

PMT
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The evaluation process to determine detector response factors for Cs-137 and Co-60
are provided in Attachment 1.0. The results of the evaluation are presented in Table 1

below.
Table 1 '
Nal Response Factors For SPA-3 and 44-10 Detectors
Microshield™ SPA-3 (5.08 x5.08 cm) - | 44-10 (5.08 x 5.08 cm)
Souree f}%g‘("‘é;")mr Derived yR/h CPM/gR/h CPM/uR/h
Co-60 Cs-137 Co-60 Cs-137 Co-60° Cs-137
7.62 24.12 - 385.5 - 410.1 -

15.24 - 6.032 128.1 454.9 975.3 387.3 | 868.4

30.48 1.508 32.01 454.4 1003.4 502.5 933.1
60.96 : - 8.001 - 1032.6 -- 1021.7

Average 432.0 "~ 1003.8 433.3 941 1

The average Cs-137 values for the SPA:3 and 44-10 Nal detectors are 1004.0 and -
941.0 cpm/pR/h, respectively. These values are consistent with the results found in
NUREG-1575. Table 6.7. The average Co-60 values for the SPA-3 and 44-10 Nal
detectors are 432 and 433 cpm/uR/h, respectively. These results are also consistent
with the values reported in Table 6.7. It is important to note that the principle gamma
energy response for Cs-137 and Co-60 are in air and from a point source. The Nal
detectors response will be greater for the lower energy gammas resulting from the
scattering processes associated with the nuclides being distributed in soil. media.
-Studies conducted at Maine Yankee resulted in a SPA-3 response factor for Cs-137 in
soil (NIST traceable source) of 1568.0 cpm/pR/h. The Cs-137 response in air at Maine

_ Yankee was determined to be 1050 cpm/uR/h and is consistent with the SPA-3 values
in Table 1.

MODEL FOR DETERMINATION OF NAI DETECTOR MDA FOR SOIL

The MARSSIM suggested scan speed of 0.5 m/s is used with the elevated (soil) area of
. interest being 0.196 m? that relates to contaminants in a 50 cm diameter region thatis
15 cm deep. The depth is consistent with the EPA and NRC definition of surface soils.
The soil density is assumed at 1.6 g/cm® and the composition used for the MicroShield™
custom material soil model is composed of silicon oxide (sand). Recent acquisition of
surface and subsurface soil samples in the Tank Farm area and the Spent Fuel Cooler
pad areas indicate construction grade soils consisting primarily of sand and gravels that
are of similar density values. The Nal detector height from the surface is varied and
assumes surface to detector center distances of 2.0 (5.08 cm) and 3.0 (7.62 cm) inches.
These distances provide reasonable estimates of the variation of detector height above
the surface during scanning operations. The 50-centimeter diameter area is selected to
provide a detector residence time of one second using a scan rate of 0.5 meters per
second. It should be noted that soil and asphalt scan surveys can result in detector
residence times greater than one second. To this end, scan measurements are ~
expected. to result in conservative MDA values. The SPA-3 and Model 44-10 Nal count
rate to exposure rate from Table 1 are used for each of the principle gamma emitting
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radionuclides. The NRC default values for surveyor efficiency and d’ (detectability
value) are included in the MDC determination. Inclusion of the surveyor efficiency and
training of the surveyors to both listen for the instrument click rate and perform specific
investigations following mstrument alarms add conservatism to the MDC determmatlon

The soil data in Attachment 2.0 was denved from three sources:

e Previous Tank Farm area soil sampling‘results from remediation activities that
were performed in 1990. The data is decay corrected to March 1, 2004 and

represents the current observable residual contaminants and nuclide fraction
that could be present.

e Spent Fuel Pool Cooler area soll aamples acquired in October 2003 and
represents the current observable residual nuclide fractions that could be
present (on site gamma spectroscopy analysis).

o Effluent Pathway soil analysis results provided in Decomm 92-008 that repre.s'ent ~
- samples collected in 1992. This data has been'decay corrected to March 1,

2004 and presents the current observable residual nuclide fractions that could
be present.

«  Off -site laboratory analysis of the Spent Fuiel Pool Cooler soil.collected in
. October of 2003 indicates the weighted nuclide fraction for Cs-137 and Co-60 is
closer to 0.99 and 0.01 respectively. The on site gamma spectroscopy results

from eight soil locations were used to develop a nuclide fraction of 0.98 and 0.02
~ for Cs-137 and Co-60. _ .

Specific MicroShield™ code runs’ (Sae Attachment 3.0) were conducted {o determine

the exposure rate for the individual or combined nuclides. The code runs are based on
the above dimensions, soil composition and density for a 1.0 pCi/g concentration.

These values are consistent with guidance provided in NUREG-1575 and 1757 Volume

' The data in Attachment 3.0 presents the exposure rate results for various Cs-137 and

Co-60 soil nuclide mixtures. The nuclide mix is used in the Microshield™ code runs to
- derive exposure rate values based on the source to detector geometry. The

spreadsheets in Attachments 4.0-10.0 utilized the MARSSIM guidance and formula, the
detector response to the gamma emitting nuclides and the conversion basis for detector
cpm fo soil pCi/g concentration. Graphical presentation of the results is included. Table
2 compares the derived MDA results for the varied nuclide fractions and includes the
individual detector models for an ambient background of 12,000 cpm. The derived MDA
for the Cs-137 and Co-60 nuclide fractions (nf) do not significantly vary. The Ludlum
44-10 detector response is about 6 percent lower than the Eberline SPA-3. The overall
variation for the nuclide fractions and detectors is 15.4 perecent. Detector response for
Co-60 (100% nf) results in a higher response (sensitivity) than Cs-137 and illustrates
that if the Co-60 nfincreases the MDA will decrease (as will the DCGL).

DTBD-05-012 ver 0.doc 3 November 7, 2005
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Table 2

SPA-3 and 44-10 Detectors MDA Results (pCi/g)*
For Varied.Cs-137 and Co-60 Nuchde Fractions

"Detector Background assumed at 12,000 cpm

Detector - nf, Cj:ég‘;‘?/f%, . of, C::ég';‘?/f%’ nf, Cs-137 100% nf, Co-60 100%
SPA-3 497 475 513 2.94
44-10 5.29 5.03 5.48 2.94

Whereas the residual Cs-137 and Co-60 composition in the RSNGS site soil may vary,
the results of Attachment 2.0 shows that the major radionuclide constituent is Cs-137.
Spent Fuel Pool Cooler soil samples were submitted for vendor laboratory analysis. Cs-
137 and Co-60 were identified as the principle gamma emitting nuclides. In addition to
these nuclides, C-14, Ni-63, Sr-90 and Cs-134 were also present in the mixture.. These
latter nuclides and the remaining nuclide suite of 28 nuclides (which were reported as
MDA levels) contribute about 2.0 percent of the dose to the annual 25.0 mrem limit.
Additional information regarding the contribution and the Site Specific DCGL will be
discussed latter in the document. The final survey soil samples will be analyzed using
the on-site gamma spectroscopy system. This analysis methodology will insure the
nuclide fractions are correctly addressed and assist in confirming the principle gamma
constituents associated with each survey unit. The final soil nuclide constituents will be
based on initial and continued site characterization sample results identified in the

associated Decommissioning Technical Basis Documents (DTBD's) and the License
Termination Plan (LTP). .

. Nugclide Eraction for Principle Gamma Nuclides. inSoil_._. _.

Soil nuclide fractions for Co-60 and Cs-137 were initially examined using the Lawrence =

Livermore National Laboratory (LLL) Rancho Seco environmental studies conducted
from 1983 through 1986. The first examination was based on the results of the
retention basin samples decayed-corrected to the year 2003. The 2003 decay-
corrected Co-60 and Cs-137 nuclide fractions were 0.225 and 0.775, respectlvely The
second examination of LLL data was based on soil samples collected in 1985 and 1986.
At the time of examination the samples were conservatively decay-corrected to 2003.
The nuclide fraction for Co-60 and Cs-137 for these samples averaged 0.04 and.0.96
respectively. As presented in Table 3, soil sample results from past remediation
activities associated with the BWST, the effluent stream soil and recent soil analysis
results from the Spent Fuel Pool Cooler area were examined. The averaged gamma
spectroscopy soil analysis results for each area are provided in Table 3.0. For these
areas the nuclide fraction for Co-60 and Cs-137 averaged 0.02 and 0.98 respectively.
By the time that final surveys (2008) are conducted the shorter-lived Co-60 fraction in
the soil mixture will have undergone additional radioactive decay i lncreasmg the Cs- ‘137

fraction.
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Table 3.0

»»»»»

Vendor Spent
Nuclide BWST Effluent Spent Fuel Average nf for

Stream Cooler Pad F“‘?‘ng“e’ Co-60 & Cs-137 |

Mn-54 1.19E-08 - - - -
Co-60 9.95E-02 1.47E-02 2.34E-02 1.02E-02 1.61E-02
Ag-110m | 2.23E-08 - - , - -

Sb-125 | 6.48E-03 - . - -

Cs-134 6.09E-04 9.34E-04 - 7.23E-04 . B
Cs-137 8.93E-01 9.84E-01 9.77E-01 9.891E-01 ‘ O9837E-01
1 1.00E+00 1.00E+00 1.00E+00 1.00E+00 9.996E-01
DATA RESULTS

The data provided in this document illustrates the Minimum Detectable Concentration
(MDC) response of the SPA-3 and 44-10 detectors for Co-60 and Cs-137 over a varied
background range. Site-specific background values are anticipated to range from
8.0E+03 to 1.6+04 cpm. The graphs in Attachments 4.0-10.0 illustrate the detectable
concentration of the principal nuclides and nuclide fractions in the soil for the given
background count rate of the detector. Attachment 4.0 and 5.0 results show that for the
soil nuclide fraction of 0.02 Co-60 and 0.98 Cs-137, the scan minimum detection

. ......capability of the detector ranges from 4.1 to 7.4 pCi/g._Sails containing 100% Co-60

(See Attachment 10.0) result in an estimated detection capability range of ~2.4 to 4. 1T

pCilg (where the background cpm ranges from 8.0E+03 to 1.6E+04 cpm and the
detector end cap is 1.0 to 2.0 inches from the soil surface). Soils containing 100% Cs-
137 (See Attachment 9.0) result in an estimated detection capability range of ~4.2 to

7.6 pCi/g (where the background cpm ranges from 8.0E+03 to 1.6E+04 cpm and the
. detector end cap is 1.0 to 2.0 inches from the soil surface)

Concliision

The data presents general sensitivity (MDC) for the principal gamma emitting nuclides

" associated with the RSNGS site. The results show that soil containing the respective
nuclide fractions of 0.02 and 0.98 for Co-60 and Cs-137 have conservative SPA-3 and
44-10 detector MDC's of ~5.0 and 6.4 pCi/g (when the background is 1.20E+04 cpm).
The lower value (5.0 pCi/g is ~10 percent of the limits assigned using the site specific
DCGL of ~49.7 pCil/g (~24.5 mrem/y). Attachment 11.0 Provides the nuclide suite and
the DCGL adjusted for nuclides removed from the suite. The adjusted value (~24.5
versus-25:0 mrem/y) accounts for all the nuclides in the suite as well as potential HTDN.
The results do show that based on the mixtures presented, residual soil concentrations

DTBD-05-012 ver 0.doc ' 5 November 7, 2005
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significantly below the site-specific DCGL are readily detectable with the Eberhne SPA-3
and Ludlum Model 44-10 detectors.

7.0 References

7.1
7.2

7.3

NUREG-1575, EPA 402-R-97:016, “Multi-Agency Radiation Survey and Site
Investigation Manual (MARSSIM)". Rev. 1 August 2000

Ludlum Measurements, Inc., Ludium Model 44- -10 Gamma Scmtlllator Instructlon
Manual

NUREG-1757 V2, Consolidated NMSS Decorhmiesioning Gdidanoe

8.0 ATTACHMENTS

8.1

8.2

8.3
8.4

8.5

Co-60 and Cs-137 Response Factor Determination Instructions and Results

e Evaluation of SPA-3 and Ludlum 44-10 cpm per uR/h Response Factors for
Co-60 '

. .MicroshieldTM runs for 7.62, 15.24 and 30.48 cm for Co-60
¢ Source Certificate for Co-60 Serial Number 214-17-195 (SCN 335)

 Evaluation of SPA-3 and Ludlum 44-10 cpm per pR/h Response Factors for

Cs-137
» Microshield™ runs for 15.24, 30.48 and 60.96 cm for Cs-137
e Source Certificate for Cs-137 Serial Number LY 376 (SCN 618)
+ Nal Response Factors for SPA-3 and 44-10 Detectors for Co-60
- -N—a—l~Respe-r—}se—Fa-eterufer—SPA-&and44—4Q-DeteeteRsfo-r-Qs—43-'l -

Soil Nuclide Fractions On Site Gamma Spectroscopy

MlCl‘OShleldTM Code Runs

Scan MDC (pCil/g) for Principal Soil Nuclides (Co-60 and Cs-137) 4 through 10
Draft lndustrial_ Scenario DCGL for Soil

9.0 RESPONSIBLE INDIVIDUAL

- R. F. Decker
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Attachment 8.1
Evaluation of Eberline SPA-3 and Ludlum 44-10 cpm per zR/h Response Factors
. . August 19,2004
RFD

The Nal detectors provided by Eberline and Ludlum include cpm per LR/h response factors for specific
nuclides. The instructions below are used to evaluate the response of both detectors to Cs-137. The
results of the evaluation are to confirm-manufacturer results or modify the response factors accordingly.

Equipment:

Calibrated Eberline E-600 and Ludlum 2350-1
Eberline SPA-3 and Ludlum 44-10 detectors
IPL Co-60 Source 214-17-195 8/1/1988 0.891 ,uC1
Tape measure
" Materials to position the source and detector approx1mately 3 feet above the floor

Materials to record the results of testmg (utilize data logging features) and boxes provided in the
table below.

' Co-60 source 0.891 4Ci on 8-1-88. Decay corrected activity is 3.995 kBq (0.108 £Ci) on 8-19-04.

Microshield™ runs attached for pomt source at 7. 62 15.24 and 30.48 cm (3, 6 & 12 inches to centerhne
of detector active area)

Nal Response Factors for SPA-3 and 44-10 Detectors

-m(sct;x;ee- --—Dez-l‘ied" “SPA3 Estimate | SPAZ3 Obsérved | 44-10 Estimated | 44-T0Observed " |
7.62 24,12 1.447E+04 cpm | 9.3217E+03 cpm | 1.0372E+04 cpm | 9.8920E+03 cpm
15.24 6.032 3.619E+03 cpm | 2.7440E+03 opm | 2.5938E+03 cpm | 2.3361E+03 cpm
3048 1.508 9.048E+02 cpm | 6.8530E+01 cpm | 6.4844E+02 cpm | 7.5780E+02 cpm
Estimates based on vendor values of 600 and 430 cpm/uR/h for SPA-3 and 44-10 respectively -

Determination is conducted in an open drea with the detector and source elevated 1.0 meter above the

surface. Walls and other solid obstructions should be at least 2 meters from the source and detector. The
objective is to minimize scattering effects

Each Measurement is conducted in the scaler mode for the instrument and the measurement (couﬁt) time
is 10 minutes.

Background is evaluated by performmg a 10-minute count prior to fhe tests and with the source removed
from the area.

Background cpm value: SPA-3 — 8525, 44-10 - 8661

To determine the response to Co-60 the net counts per minute are divided by the £R/h provided for the
specific distance.
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1.0 PURPOSE
The purpose-of this Decommissioning Technical Basis Document (DTBD) is to establish
the buried piping scenario and the derived concentration guideline levels (DCGLs) that
are appropriate for evaluating the internal surfaces of buried piping associated with the
Rancho Seco Nuclear Generating station (RSNGS).

2.0 DISCUSSION |
The methodology established is this DTBD is to be used as the basis for-determining
the disposition of buried piping systems associated with the RSNGS. Because buried
piping is located below the first 15 centimeters of soil (6 inches) the piping is associated
with subsurface soils. DTBD 05-004 for subsurface soil states that the subsurface soil
concentration will be limited to the surface soil DCGL.

3.0 DEFINITIONS
None

4.0 TECHNICAL POSITION
This document establishes the buried piping DCGL value at 100,000 dpm/100 em?,
The DCGL assumes an averaged nuclide mixture of 0.17 for Co-60 and 0.83 for Cs-137
(95% C. L.). If conditions are encountered where a buried piping system’s Co-60
nuclide fraction exceeds the 95% confidence level of the mean (>60% of the nuclide
fraction is Co-60) the system will be addressed on an independent basis and as
required, the DCGL adjusted accordingly.
The action level for groutmg buried piping is the same as that established for embedded
piping (20,000 dpm/100 cm %). The grouting action level is based on the: NRC
Screening Level for the applicable gamma emitting nuclides (see Table 5.19 of NUREG-
5512 V3). The grouting level determination is found in DTBD 05-009, “Embedded
Piping Scenario and DCGL Basis”.

50 LIMITATIONS | o -
None , ,

6.0 TECHNICAL BASES

6.1  Surface Soil

DTBD 04-005, “DCGLs for RSNGS Industrial Area Surface Soils” provides the basis for
the surface soil single nuclide DCGLs. On May 28, 2004 RSNGS submitted to General
Engineering Laboratories (GEL) a spent fuel pool cooler pad soil sample collected on
March 8, 2004 for analysis of the entire potential suite of 26 radionuclides. This sample

DTBD05_013R0.doc January 26, 2006
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" was known by onsite gamma spectroscopy to have the highest level of contamination of
any soil samples collected during the site characterization process. Of the suite of 26
potential radionuclides, GEL positively identified only six radionuclides. These were C-
14, Co-60, Ni-63, Sr-90, Cs-134, and Cs-137. The nuclide fractions for the spent fuel
pool cooler pad remaining six nuclides were determined from the entire nuclide suite by
normalizing the remaining nuclide fractions to the mixture. This is illustrated in
Attachment 8.1. The derived nuclide fractions are used to determine the Industrial Area
Surface Soil DCGL from the Spent Fuel Pool Cooler Pad soil. This DCGL is presented

in Table 6.1.
~ Table 6.1
Surface Soil DCGL
] Normalized DCGL*
Nuclides | Nuclide Fraction . nfIDCGL % DCGL*
: (nf) pCilg

C-14 4.214E-03 8.330E+06 5.059E-10 3.099E-06
Co-60 5.697E-03 1.260E+01 4.521E-04 | 2.769E+00
Ni-63 1.511E-01 1.5620E+0Q7 9.939E-09 | 6.088E-05
Sr-90 1.130E-03 6.490E+03 1.740E-07 1.066E-03
Cs-134 1.854E-04 - 2.240E+01 8.278E-06 5.071E-02
Cs-137 8.377E-01 5.28E+01 1.687E-02 9.718E+01
Sum | 1.633E-02 1.00E+02

* based on 25 mrem/y DCGL Total 6.125E+01 pCilg

S Cs-137 Surrogate DCGL | 5.155E+01 | pCilg

A separate DTBD for surface soils examines the surface soil radionuclides from other
areas of the RSNGS site (DTBD-05-014 RSGS Surface Soil Nuclide Fraction and '
DCGL). These areas include the Spent Fuel Pool Cooler Area, Turbine-Spent Fuel and
Diesel Generator Room gap, the Effluent Stream (Corridor) and two regions associated
with the Tank Farm. These samples were selected for vendor (GEL Laboratory)
analysis based on RSNGS gamma spectroscopic analysis results and site regions
where the radionuclide profile could vary significantly. The samples selected
represented the maximum radionuclide soil concentrations from the regions of the most
significant activity. From the Effluent Stream four samples were compiled and represent
regions where the highest concentrations were found. For the Tank Farm two samples
each were compiled from two different regions of the Tank Farm. The first Tank Farm
sample set represented the highest surface soil concentrations where the on site
gamma spectroscopic results indicated Cs-137 concentrations at 90% or more of the
mixture. The second Tank Farm sample set represented soil concentrations where the
observed (on site gamma spectroscopy results) Co-60 and Cs-137 ratios were nearly
1:1. It should be noted that for this latter Tank Farm region the original soil
concentrations for Co-60 and Cs-137 were well below the DCGL presented in Table 6.1.
The DTBD for surface soils compares the results of the soil samples on a dose basis.
The results of the comparison show that the surface soil samples noted above are in
good agreement with each other. The sampling locations noted above are the only
RSNGS locations where soil contamination has been found in significant quantities.

The averaged DCGL total (DCGLgrss) for the five soil samples (Spent Fuel Pool Cooler

DTBDO5_013R0.doc January 26, 2006
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6.2

Pad mcluded) is 78 pCilg and the Cs-137 Surrogate DCGL is 50.6 pCi/g. The
DCGLgoss for these five locations.ranged from 61.3 to 377 5 pCi/g while the Cs-137
Surrogate DCGL ranged from 48.8 to 52.7 pCi/g. The range spread for the DCGLgross is
due to the high Ni-63 nuclide fraction (87.4 percent) in one Tank Farm sample
composite. When this sample is removed from the sample set the DCGLgoss range is
61.3 to 70.2 pCilg. Because there is little dose significance for Ni-63 the Cs-137
surrogate range is not impacted and the results are conservative. Table 6.2 presents
the range and average values for soil locations and the change to the soil DCGL for the
conditions stated.

Table 6.2
RSNGS Individual and Averaged Soil DCGL’
Effluent _ RESRAD
SFPCP SFP Gap Stream Tank Farm Tank Farm Industrial
7112008 7/1/2008 7/1/2008 7/1/2008 7/1/2008 average pcGL
Nuclides nf nf nf - nf nf nf pCilg nfIDCGL  %dose
c-14 4.214E-03 1.183E-02 6.802E-02 3.019E-02 4.658E-02 3.217E-02 8.330E+06 3.861E-09 3.011E-05
Co-60 5.698E-03 3.495E-04 1.072E-02 9.442E-03 2.126E-02 9.496E-03 1,260E+01 7.536E-04 5.876E+00
Ni-63 1.511E-01 1.945E-01 9.303E-02 2.408E-01 8.742E-01 3.107E-01 1,520E+07 2.044E-08 1.594E-04
$r-90 1.130E-03 7.881E-04 4.441E-02 8.437E-03 7.831E-03 1.252E-02 6.490E+03 1,.929E-06 1.504E-02
Cs-134 1,855E-04 1.614E-04 6.381E-03 7.389E-04 4.049E-04 1.574E-03 2.240E+01 7.029E-05 5.481E-01
Cs-137 8.377E-01 7.923E-01 7.774E-01 7.104E-01 4.974E-02 6.335E-01 5.280E+01 1.200E-02 9.356E+01
(in pCi/g)  1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.282E-02 1.000E+02
DCGLgross 6.125E+016.648E+016.302E+01 7.023E+01 3.775E+02 average DCGLgross 7.798E+01
C5-137surrogate 5.155E+01 5.270E+01 4.980E+01 5.070E+01 4.843E+01 average Cs-137surogate 5.059E+01

Removal of sample with high Ni-63

Effluent : RESRAD
'SFPCP SFPGap Stream Tank Farm . : Industrial
-7/1/2008  7/1/2008 7/1/2008 7/1/2008 average DCGL
Nuclides nf nf nf nf nf ~ pCilg nfiDCGL  %dose
c-14 4.214E-03 1.183E-02 6.802E-02 3.019E-02 2.856E-02 8.330E+06 3.429E-09 2.231E-05
Co-60 5.698E-03 3.495E-04 1.072E-02 9.442E-03 6.553E-03 1.260E+01 5.201E-04 3.384E+00
Ni-63 1.511E-01 1.945E-01 9.303E-02 2.408E-01 1.699E-01 1.520E+07 - 1.117E-08 7.271E-05
Sr-90 1.130E-03 7.881E-04 4.441E-02 8.437E-03 1.369E-02 6.490E+03 2.110E-06 1.373E-02
Cs-134 " 1.855E-04 1.614E-04 6.381E-03 7.389E-04 1.867E-03 2.240E+01 8.334E-05 5.423E-01
Cs-137 8.377E-01 7.923E-01 7.774E-01 7.104E-01 - 7.795E-01 5.280E+01 1.476E-02 9.606E+01
(in pCifg)  1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 . . 1.537E-02 1.000E+02
DCGLg0ss6.125E+01 6.648E+01 6.302E+01 7.023E+01 R average DCGLgross 6.507E+01
Cs-137surrogate 5.155E+01 5.270E+01 4,.980E+01 5.070E+01 average Cs-137surogate 5.116E+01

Buried Piping Radionuclides

The Buried Piping radionuclide mixture will use the same nuclide fraction for Co-60
(0.167) and Cs-137 (0.833) as Embedded Piping. The principle radionuclides (Cs-137
and Co-60) are readily determined by on site gamma spectroscopy. The hard-to-detect
radionuclides for Buried Piping are accounted for by using the radionuclide mixture
associated with the Turbine Polisher Sump (See Attachment 8. 3) that is in
communication with the Regenerative Holdup Tank (RHUT) piping and is a reasonable
estimate of buried piping nuclide constituents (The Regenerative Holdup Tanks were’
effluent batch release tanks). If conditions are encountered where a buried piping
system’s Co-60 nuclide fraction exceeds the 95% confidence level of the mean (>60%
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of the nuclide fraction is Co-60) the system will be addressed on an independent basis
and as required, the DCGL adjusted accordingly. It should be noted however, that a
100 percent mixture of Co-60 at the buried pipe DCGL would not result in soil
contamination exceeding the soil DCGL, nor would the dose rate from subsurface soil
result in a significant dose to the receptor one meter from the surface of the soil.

6.3  Buried Piping Scenario

Of the buried piping that may remain after license termination, the piping associated
with the RHUT and associated Storm Drains exhibits the greatest radiological potential.
The RSNGS HSA notes several incidents of spillage, overflow and leaks with the RHUT
system. The RHUT piping system is used to examine the subsurface buried piping
contribution to the surface soil DCGL.

The buried piping scenario assumes the piping disintegrates instantaneously. The
disintegrated media is assumed as soil and the media volume is assumed to be equal to
the piping volume. Standard formulas for a cylinder are used to determine the surface
area and volume of the piping. The soil volume is treated as subsurface soil (soil below
a depth of 15 cm). Buried piping that will remain following decommissioning is located -
at a soil depth of three or more feet. This soil depth results in an insignificant direct
exposure dose to the receptor at one meter above the surface. Attachments 8.3
through 8.5 present the calculations for this evaluation.

Attachment 8.2 is an inventory of the Buried Piping that is anticipated to remain
following license termination. This inventory reflects the current condition and is subject
to change due to dynamics of the decommissioning and remediation processes.
Attachment 8.3 presents the adjusted vendor analysis results associated with the
Turbine Building Polisher Sump and the application of the results to the determination of
a piping interior surface concentration for the RHUT piping that is modified by the
surface soil DCGL to derive the buried piping DCGL. Attachment 8.4 derives and
compares the buried piping subsurface soil results to the surface soil DCGL.

~ Attachment 8.5 presents the Microshield code runs and subsequent results that are
used to determine the direct gamma dose rate from the subsurface soil to the receptor
at one meter above the soil surface. Attachment 8.6 is the Vendor Laboratory (GEL)
Analytical Results for the Turbine Polisher Sump. ‘

A majority of the buried piping that is associated with systems that contained known
contamination will be excavated and systems remaining have a low potential for
significant internal contamination.

+ 7.0 REFERENCES

7.1 DTBD 05-004 Rev 0, Applicability of Surface Soil DCGLs to Subsun‘ace Soil
Contamination ’ :

7.2 DTBD 05-009 Rev 0, Erhbedded Piping Scenario and DCGL Basis
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Attachment 8.1
Derived Nuclide Fraction for Spent Fuel Pool Cooler Pad Soil
GEL results for Spent Fuel Pool Cooler Soil 8/11/04 #3

SFPC  SC8100010

Soil DS08A1  D-K(yrs)==>  7/1/2008  7/1/2008

03/08/04 original Half-Life 4.3176 Estimated 71112008 Assumed Normalized
Nuclides pCilg nf Yrs e™ pCilg nf nf nf
H-3 < 6.820E+00 56.332E-03  1.228E+01  7.837E-01 5.345E+00 < 4.617E-03
c-14 4740E+00 3.706E-03  5.730E+03  9.995E-01 4.738E+00  4.093E-03 4,003E-03  4.214E-03
Na-22 < 2460E-01 1.923E-04 2602E+00 3.166E-01 7.788E-02 < 6.728E-05 :
Fe-55 . < 3.560E+00 2.784E-03  2.700E+00 3.301E-01 1.175E+00 < 1.015E-03
Ni-59 < 3.580E+00 2.799E-03  7.500E+04 1.000E+00 3.580E+00 < 3.093E-03
Co-60 1.130E+01 8.835E-03  5271E+00 5.668E-01 6.405E400  5.533E-03 5533E-03  5.697E-03
Ni-63 1.750E+02 1.368E-01  1.001E+02 9.705E-01 1.698E+02  1.467E-01 1.467E-01 1.511E-01
Sr90 1.410E+00  1.102E-03  2.860E+01  9.006E-01 1.270E+00 < 1.097E-03 1.097E-03  1.130E-03
Nb-94 < 2230E-01 1.744E-04 2030E+04 9.999E-01 2.230E-01 < 1.926E-04
Tc-99 < 2.350E+00 -1.837E-03  2.130E+05 1.000E+00 2.350E+00 < 2.030E-03
Ag-108m < 1.230E+00 0.617E-04  1.270E+02  9.767E-01 1.201E+00 < 1.038E-03
Sb-125 < 3.530E+00 2.760E'-03 2.770E+00 3.395E-01 1.198E+00 < 1.035E-03
Cs-134 8.900E-01 6.959E-04  2.062E+00  2:342E-01 2.085E-01  1.801E-04  1.801E-04  1.854E-04
Cs-137 1.040E+03  8.132E-01  3.017E+01 9.056E-01 9.418E+02  8.136E-01 8.136E-01  8.377E-01
Pm-147 < 2.760E+00 2.158E-03 ' 2.623E+00  3.196E-01 8.820E-01 < 7.619E-04
Eu-152 < 2.610E+00 2.041E-03  1.360E+01  8.025E-01 2.094E+00 < 1.809E-03
Eu-154 . < 6.560E-01 5.129E-04  8.800E+00  7.117E-01 4.669E-01 < 4.033E-04
Eu-155 < 1.610E+00 1.259E-03  4.960E+00 5.470E-01 8.806E-01 < 7.607E-04
Np-237 < 4410E-01 3.448E-04 2140E+06 1.000E+00 4.410E-01 < 3.810E-04
Pu-238 < B8.510E-01 6.654E-04  8.775E+01 O.665E-01 8.225E-01 < 7.105E-04
Pu-239 < 2070E-01 1.619E-04 2.413E+04 9.999E-01 2.070E-01 < 1.788E-04
Pu-240 < 2070E-01 1.619E-04  6.569E+03  9.995E-01. 2.069E-01 < 1.787E-04
Pu-241 < 1.320E+01 1.032E-02  1.440E+01  8.123E-01 1.072E+01 < 9.263E-03
Am-241c < 3.807E-01 2976E-04  4.322E+02 9.931E-01 3.780E-01 < 3.266E-04
Pu242 < 5.940E-01 4.644E-04  3.758E+05 = 1.000E+00 5.840E-01 < 5.131E-04
Cm-244 < 5600E-01 4.379E-04 1.811E+01 8.477E-01 4.747E-01 < 4.101E-04

: 1.279E+03  1.000E+00 1.158E+03  1.000E+00 .
’ Total - 9.712E-01 1.000E+00

The bolded values indicate the derived nuclide fraction for the Spent Fuel Cooler Pad soil.
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Attachment 8.2
Buried Piping Inventory
. . Surface| - -
Line Diameter Length Volume Area ‘ System/Location
Number |inches m | Feet Meters m’ m?
RHUT Piping , :
95080 8 0.203] 188 61.7 2.0 39.4 |RHUT to Pumps
95084 8 0.203| 80 26.2 0.9 16.8 |B-RHUT Overflow Drain to 95086
95081 8 0.203| 18 5.9 0.2 3.8 |A-RHUT Overflow Drain to 95086
95086 8 -10.203]| 135 443 1.4 28.3 {Combined Overflow to SD
68303 6 0.152| 28 9.2 0.2 4.4 [Pump to 95086
68304 8 0.203 | 1200 | 393.7 12.8 251.3 [RHUT Discharge to Retention Basin
96520 6 0.152| 276 90.6 1.7 43.4 |Polisher Sump to RHUTs
96527 2 0.051] 155 50.9 - 041 8.1 LERTS to SRT's
96528 6 0.152| 65 21.3 0.4 10.2 MU Sump to B RHUT
-96603 6 0.152 | 250 82.0 1.5 39.3.- |MU Sump to C RHUT

CDS-Turbine Building Drains & Oily Water Separator
94503-4-LE 4 0.102 | 470 154.2 1.3 '49.2 '|Cask Storage Bldg to Transformer Line

6 0.152| 210 689 | 13 33.0 i{Aux Bidg Transformer Area to Turbine Bldg line
6 {0.152] 70 230 | 04 11.0  [Turbine Bldg to Distribution Box

10 0.254| 75 24.6 1.2 19.6  [Turbine Bldg to Distribution Box

10 0.254| 70 23.0 1.2 18.3 [Transformer Yard to 18" line

18 0457 | 75 24.6 4.0 35.3 |Distribution Box to MH-D17

18 0457 | 45 14.8 24 | 21.2 |MH-D17 to Oily Water Separator

18 0.457 [ 1120 | 367.5 60.3 527.8 |Oily Water Separator to Retention Basin Mixing Box
Other Piping for Survey and Abandonment

35823 12 0.305| 360 1181 8.6 113.1 |MCM/Condensate Reject - Condenser Pit to CST
46047 3 0.076 | 340 111.5 0.5 26.7 |CCW cooling for Circ Pumps
40226 3 0.076 | 280 91.9 04 | 22.0 |CCW cooling for Circ Pumps
32820 8 0.203 4 1.3 . 0.0 0.8 |Aux Steam BD TK to Storm Drain
31823 6 0.152 ] 250 82.0 1.5 39.3 |Aux FWto A OTSG
31920 6 0.152| 227 74.5 1.4 35.7 Aux FWto B OTSG
31822 2.5 0.064| 175 57.4 0.2 11.5  |Aux FW to Condensate
31922 2.5 |0.064] 178 58.4 0.2 11.7 |Aux FW to Condensate
40099 2 0.051] 522 171.3 0.3 27.3  |Waste Gas to Cooling Tower (sealed and never used)
26061 : 18 0.457] 100 32.8 5.4 471 INSCW from DHS to Cooler :
48223 18 0.457 | 100 32.8 5.4 47.1  INSCW to DHS from Cooler
33080 4 0.102| 200 65.6 0.5 20.9 [Polisher to CRUD TK Rm.
1 0.025{ 315 103.3 0.1 8.2 NGS Tanks to Tank Farm
2 0.051) 315 103.3 0.2 16.5 |NGS Tanks to Tank Farm
"TBD Service and Instrument Air Systems

CDS-Cooling Tower, BD, Storm Drains to Effluent
42 1.067 | 300 98.4 88.0 329.9 [Mixing Box to Outfall

36 0.914 | 1400 | 459.3 301.6 | 1319.5 |Cooling Tower Overflow to Mixing Box
24 0.610] 330 108.3 31.6 207.3 |Spray Pond

18 0.457 1 1700 | 557.7 91.6 801.1 [Spray Pond, CTB

15 0.381§ 90 29.5 3.4 35.3 [Tank Farm Storm Drain

12 0.305] 128 42.0 3.1 40.2 [Tank Farm Storm Drain

CDS-Storm Drains Direct Off Site
) 60 1.524 | 580 190.3 347.1 911.1 |Parking and Administration to Dike Area
30 0.762| 500 164.0 74.8 392.7 [NW Corner of Switchyard to Clay Creek
24 0.610| 100 32.8 9.6 62.8 |SE Corner of Site to Dike Area

24 0.610| 380 128.0 37.3 245.0 {Warehouse Area to 30" line

18 0.457 1 850 278.9 45.8 400.6 [Various to 30 or 60" lines

15 0.381 [ 1050 | 344.5 39.3 412.3 |Various to 30 or 60" lines

12 0.305| 450 147.6 10.8 141.4 |Various to 30 or 60" lines

8 0.203 [ 140 | - 459 1.5 29.3  |Auxiliary Building Roof Drains to 60" Line
6 0.1521 50 16.4 0.3 7.9 uxiliary Building Roof Drains to 12" Line
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Attachment 8.2
Buried Piping Inventory (continued)
. . Surface
Line Diameter Length Volume Area System/Location
Number |Inches m Feet Meters| m’ m? ’
CDS- Sewer (not anticipated to be impacted)
4 0.102| 1500 {.492.1 4.0 1567.1 |Force Main from Plant to Pond
6 0.152} 2000 | 656.2 12.0 314.2 Al Buildings to Sewer Plant
Remaining Underground Lines (not anticipated to be impacted)
99820 4 |o102] 90 29.5 0.2 9.4 |cos-co?
99920 1 0.025( 90 20.5 0.0 24 |cos-co?
: 25 ]0.064| 1400 | 459.3 1.5 91.6 |DFQ Diese! Fuel Oil
3 0.076 1 1400 | 459.3 2.1 110.0 |DFO Diesel Fuel Qii -
TBD == 0.000 0.0 0.0 0.0 IFPW Fire Protection Water
108 [2.743] 1550 | 508.5 | 3005.5 | 4382.5 |MCW - Main Cooling Water
4854,565,62,63] 24 0.610| 4100 | 1345.1 | 392.6 | 2576.1 |NRW to-from Spray Ponds
47350 10 0.254 95 31.2 1.6 24.9 |NRW Cooling or SF Cooler
47360 10 0.254 95 31.2 1.6 24.9 INRW Cooling or SF Cooler
33 0.838| 660 216.5 | 119.5 570.2 |PCW Plant Cooling Water
30 0.762 70 23.0 - 10.5 55.0 PCW Plant Cooling Water
24 0.610] 160 52.5 15.3 100.5 |PCW Plant Cooling Water
31802 8 0.203 185 60.7 2.0 38.7 SRS Folsom South Canalto CST -
99600 14 0.356 | 170 55.8 5.5 62.3 SRS Folsom South Canal fo 31802
30 0.762] 1200 | 393.7 | 179.5 942.5 |SRS Folsom South Canal to Circulation Basin
TBD == 0.000 0.0 0.0 0.0 |SWS Domestic Water
Feet Meters| m’ m*
Total 30719.0[10078.4] 4957.0 | 16386.9 [Total

TBD = To be Determined
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062905 using MDA’
GEL results for Turbine Drain Sump #5

. Nuclides
H-3
C-14
Na-22
Fe-55
Ni-59
Co-60
- Ni-63
Sr-90
Nb-94
Tc-99
Ag-108m
Sh-125
Cs-134
Cs-137
Pm-147
Eu-152
Eu-154
Eu-155
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Am-241¢
Pu-242
Cm-243
Cm-244

DTBD05_013R0.doc

A A

AAANAANA

AAANAMAANAMANAAAMNNANANA

Turbine

_Drain
04/20/05

pCilg

" 7.530E+00

4.420E+00
3.030E-01
3.560E+01
9.270E+00
3.540E+01
1.110E+03
1.400E+00
3.570E-01
3.640E+00
6.450E-01
1.750E+00
4.790E-01
1.710E+02
6.470E+00
1.410E+00
8.450E-01
9.060E-01
3.140E-01
6.190E-01
1.860E-01
1.860E-01
1.230E+01
2.690E-01
3.160E-01
3.115E-01
3.115E-01
1.406E+03

SB8990070

PMO1
original
NF
5.355E-03
3.143E-03
2.155E-04
2.532E-02
6.592E-03
2.517E-02
7.893E-01
9.956E-04
2.539E-04
2.588E-03
4.587E-04
"1.244E-03
3.406E-04
1.216E-01
4.601E-03
1.003E-03
6.009E-04
6.443E-04
2.233E-04
4.402E-04
1.323E-04
1.323E-04
8.747E-03
1.913E-04
2.247E-04

© 2.215E-04

2.215E-04
1.000E+00

D- .
K(yrs)==> 7/1/5008
Half-Life  3.1937

yrs  e™
1.228E+01 8.350E-01
5.730E+03 ,9.996E-01
2.602E+00 4.271E-01

2.700E+00 4.405E-01 -
‘7.500E+04 1.000E+00

5.271E+00 6.571E-01
1.001E+02 9.781E-01
2.860E+01 9.255E-01
2.030E+04 9.999E-01
2.130E+05 1.000E+00
1.270E+02 9.827E-01
2.770E+00 4.497F-01
2.062E+00 3.418E-01
3.017E+01 9.293E-01
2.623E+00 4.301E-01
1.360E+01 8.498E-01
8.800E+00 7.776E-01
4.960E+00 6.400E-01

2.140E+06 1.000E+00°

8.775E+01 9.751E-01
2.413E+04 9.999E-01
6.569E+03 9.997E-01
1.440E+01 8.575E-01
4.322E+02 9.949E-01
3.758E+05 1.000E+00
2.850E+01 9.253E-01
1.811E+01 8.849E-01

Attachment 8.3
Page 8.3.1 of 3 Pages (Continued)
Polisher Sump GEL Sample Analysis and RHUT Piping Concentration

71115008 *
Estimated
pCilg
6.288E+00
4.418E+00
1.294E-01
1.568E+01
9.270E+00
2.326E+01
1.086E+03
1.296E+00
3.570E-01
3.640E+00
6.339E-01
7.870E-01
1.637E-01
1.589E+02
2.782E+00
1.198E+00
6.571E-01
5.798E-01
3.140E-01
6.036E-01
1.860E-01
1.859E-01
1.055E+01
2.676E-01
3.160E-01
2.882E-01
2.757E-01
1.329E+03

<

<

<

AAAANAANANA AAAANANA

AN A AA

7/1/5008 DCGL (Surface)

nf
4.732E-03
3.325E-03
9.739E-05
1.180E-02

'6.976E-03

1.751E-02
8.171E-01
9.751E-04
2.686E-04
2.739E-03
4.770E-04
5.923E-04
1.232E-04
1.196E-01
2.094E-03
9.017E-04
4.945E-04
4.364E-04
2.363E-04
4.542E-04
1.400E-04
1.399E-04
7.938E-03
2.014E-04
2.378E-04

2.169E-04

2.075E-04
1.000E+00

RESRAD

Industrial

dpm/100cm?
3.150E+08
8.560E+06
1.700E+04
3.420E+07
7.990E+07
1.520E+04
3.050E+07
1.210E+05

2.290E+04 -

1.170E+07
2.210E+04
7.990E+04

2.190E+04

5.560E+04
1.670E+07
3.180E+04
1.150E+04
5.230E+05
2.380E+03
3.420E+03
3.050E+03,
3.050E+03
1.820E+05
2.990E+03
3.200E+03
6.020E+03
6.020E+03

gross

nfiDCGL_ % Dose
1.502E-11 3.716E-04"
3.885E-10 9.609E-03
5.729E-09 1.417E-01
3.451E-10 8.536E-03
8.731E-11 2.160E-03
1.152E-06 2.849E+01
2.679E-08 6.627E-01
8.059E-09 1.994E-01
1.173E-08 2.902E-01
2.341E-10 5.792E-03
2.159E-08 5.340E-01
7.413E-09 1.834E-01
5.626E-09 1.392E-01
2.151E-06 5.321E+01
1.254E-10 3.102E-03
2.836E-08 7.015E-01
4.300E-08 1.064E+00
8.344E-10 2.064E-02
9.929E-08 2.456E+00
1.328E-07 3.286E+00
4.580E-08 1.135E+00
4.588E-08 1.135E+00
4.361E-08 1.079E+00
6.736E-08 1.666E+00
7.432E-08 1.838E+00

"3.603E-08 8.913E-01

3.446E-08 8.525E-01
4.043E-06 1.000E+02
2.474E+05

removed dose (mrem/y)

% Dose

Removed
3.716E-04

1.417E-01
8.536E-03
2.160E-03

1.994E-01
2.902E-01
5.792E-03
5.340E-01
1.834E-01

1.392E-01.

3.102E-03
1.064E+00

2.064E-02
2.456E+00

1.079E+00

8.913E-01

8.525E-01

7.871E+00
1.968

Assumed Normalized
nf nf

3.325E-03 3.465E-03

1.751E-02 1.824E-02
8.171E-01 8.515E-01

1.196E-01 1.246E-01

9.017E-04 9.397E-04

4.542E-04 4.734E-04
1.400E-04 1.459E-04
1.399E-04 1.458E-04

2.014E-04 2.099E-04
2.378E-04 2.478E-04

9.596E-01 1.000E+00
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Attachment 8.3

Page 8.3.2 of 3 (Continued)

Pollsher Sump GEL Sample Analysis and RHUT Piping Concentratlon

Nuclide
C-14
Ni-63
Co-60
Cs-137
Eu-152
Pu-238
Pu-239
Pu-240
Am-241c
Pu-242

Nuclide
C-14
Ni-63
Co-60
Cs-137
Eu-152
Pu-238
Pu-239
Pu-240
Am-241c
Pu-242

AAAAAAR

AAAAAA

RESRAD
Industrial
Normalized DCGL (surface)
nf dpm/100cm® nfIDCGL % Dose Beta f
3.465E-03 8.560E+06  4.048E-10 1.043E-02 3.465E-03
8.515E-01 3.050E+07 . 2.792E-08 7.193E-01
1.824E-02 1.520E+04  1.200E-06 * 3.092E+01 1.824E-02
1.246E-01 5.560E+04  2.241E-06 5.775E+01 1.246E-01
9.397E-04 3.180E+04  2.955E-08 7.614E-01 9.397E-04
4.734E-04 3.420E+03  1.384E-07 3.566E+00
1.459E-04 3.050E+03  4.782E-08 1.232E+00
1.458E-04 3.050E+03  4.781E-08 1.232E+00
2.099E-04 2.990E+03 7.020E-08 1.809E+00
2.478E-04 3.200E+03 7.745E-08  1.995E+00
1.000E+00 3.881E-06  1.000E+02 1.473E-01
DCGL Total 2.577E+05
Gross Beta dpm/100 cm? 3.795E+04
Normalized Adjusted DCGL .
nf dpm/100cm®  nfIDCGL % Dose Beta f
3.465E-03 7.886E+06 4,394E-10 1.043E-02 3.465E-03
8.515E-01 2.810E+07  3.030E-08 7.193E-01 .
1.824E-02 1.400E+04  1.303E-06 3.092E+01 1.824E-02
1.246E-01 5.122E+04  2.433E-06  5.775E+01 1.246E-01
9.397E-04 2.930E+04  3.208E-08 7.614E-01 9.397E-04
4.734E-04 3.151E+03  1.502E-07 3.566E+0Q0
1.459E-04 2.810E+03  5.191E-08 1.232E+00
1.458E-04 2.810E+03  5.190E-08 1.232E+00
2.099E-04 - 2,755E+03 7.620E-08  1.809E+00
2.478E-04 2.948E+03  8.406E-08 1.995E+00
1.000E+00 - 4.213E-06 1.000E+02 1.473E-01
DCGL Total 2.374E+05 <======= Adjusted for 23.032 mrem/y
Gross Beta dpm/100 cm® 3.496E+04 <======= Adjusted for 23.032 mrem/ly

Adjusted DCGL:

Nuclide

C-14
Ni-63
Co-60
Cs-137
Eu-152
Pu-238
Pu-239
Pu-240
Am-241c¢
Pu-242

DTBD05_013R0.doc

A AA

<
<

<

per mrem/ly

342400
1220000

608
2224
1272
136.8
122
122
119.6
128

23.032

dpm/100 cm® Adjustéd DCGL

~23.0 mremly
7.886E+06
2.810E+07
1.400E+04
5.122E+04
2.930E+04
3.151E+03
2.810E+03
2.810E+03
2.755E+03
2.948E+03

January 26, 2006



DECOMMISSIONING TECHNICAL BASIS DOCUMENT NUMBER: DTBD-05-013

o REVISION: 0
TITLE: Buried Piping Scenario and DCGL Determination Basis PAGE 12 OF 23

~Attachment 8. 3
- Page 8.3.30f3
Pollsher Sump GEL Sample Analysis and RHUT Piping Concentratlon

'DCGL Adjusted For RHUT Piping Using Cs-137 Surrogate for Turbine Sump

Ratio to
Ratio to Cs-137 +
Normalized Adj. DCGL : Ratio to Cs-137 + Cs-137 DCGL
Nuclide nf dpm/100cm? nf/DCGL % Dose Beta f Cs-137 Cs-137DCGL ~ w/o Co-60
C-14 3.465E-03 7.886E+06 4.394E-10 1.043E-02  3.465E-03 2, 781E-02 3.526E-09 3.526E-09
Ni-63 8.515E-01 2.810E+07 3.030E-08  7.193E-01 6.833E+00 2.432E-07 2.432E-07
Co-60 1.824E-02 1.400E+04 1.303E-06 3.092E+01 1.824E-02 1.464E-01 1.045E-05
Cs-137 1.248E-01 5.122E+04 2.433E-06 5.775E+01  1.246E-01 1.000E+00 1.952E-05 1.952E-05
Eu-152 < 9.397E-04 2.930E+04 3.208E-08 7.614E-01° 9.397E-04 7.540E-03 2.574E-07 2.574E-07
Pu-238 < 4,734E-04- 3.151E+03 1.502E-07 3.566E+00 3.798E-03 1.206E-06 1.206E-06
Pu-239 < 1.459E-04 2.810E+03 5.191E-08 1.232E+00 : 1.170E-03 4,165E-07 4. 165E-07
Pu-240 < 1.458E-04 2.810E+03 5.190E-08 1.232E+00 C1470E-03 - 4.164E-07 4.164E.07
Am-241c - < 2,099E-04- 2.755E+03 7.620E-08 1.809E+00 1.684E-03 6.114E-07 6.114E-07
Pu-242 < 2.478E-04 2.948E+03 8.406E-08 1.995E+00 1.989E-03 6.745E-07 6.745E-07
1.000E+00 4,213E-06 1.000E+02 1.473E-01 8.024E+00 3.380E-05 - 2.335E-05

2.958E+04 4.283E+04

RHUT Concentration Total 2.374E+05 <======= Adjusted for 23.032 mrem/y
Gross Beta dpm/100 cm? 3.496E+04 <======= Adjusted for 22.032 mrem/y

Cs-137 surrogate 2.958E+04 Using Turbine Sump Cs-137 Ratios (includes Co-60 mix from sump)
Cs-137 surrogate 4.283E+04 Without including Co-60 from Turbine Sump Cs-1 37 Ratios

Adjusting Co-60 and Cs-137 Using Turbine Sump Cs-137 Surrogate and derived nucllde fractions from Embedded Piping

. Adj. DCGL
Nuclide nf* dpm/100cm? nleCGL % Dose Betaf
Co-60 0.167 1.400E+04 1.193E-05 3.802E+01 1.67E-01
. Cs-137 0.833 4.283E+04* 1.945E-05 6.198E+01 8.33E-01
1.000E+00 "3.138E-05 1.000E+02 1.000E+00
Gross Beta dpm/100 cm? 3.187E+04 **Adjusted for Cs-137 surrogate for all nuclides except Co-60

* normalized

Then 3.187E+04 dpm/100 cm? is the plplng internal surface concentration to be modified by
the surface soil DCGL in Attachment 8.4.
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ATTACHMENT 8.4
Page 8.4.1 of 2 pages (continued)
Buried Piping Subsurface Soil Results and Comparison to the Surface Soil DCGL

RHUT Piping

Under the scenario, the RHUT buried plplng is assumed to disintegrate lnstantaneously ‘The
dlsmtegrated media is assumed as soil and the media volume is assumed to be equal to the
piping volume. Standard formulas for a cylinder are used to determine the surface area and
volume of the piping. The piping interior surface is contaminated at the surface DCGL
presented in Attachment 8.3, Page 8.3.3 (3.187E+04 dpm/100 cm?). As previously stated in
Section 6.3, the RHUT plplng is used to examine the dose contribution to the subsurface and

surface soil DCGL. The plpmg size and length is presented in Table A-8 4-1 below. It should
be noted most of this piping is being excavated.

. Table A-8.4-1
RHUT Plpmg Dlmensmns Used for Bounding Condltlon
Line Size inches | Lengthft. | Volume Surface Area
Designation (cm) (m) (m®) (m?)
*RHUT Recirc 6 (15.24) 35(10.7) | - 0.195 5.123
*RHUT Recirc 8 (20.32) 170 (51.8) 1.680 33.068
*RHUT Discharge 6 (15.24) | 35 (10.7) 0.195 5.123
*RHUT Discharge 8(20.32) | 241 (73.5) 2.384 46.920
Sump to RHUT Tanks | 6 (15.24) | 126 (38.4) | _ 0.701 ~18.385
) Total: | 607 (185) 5.155 108.619

*Length based on measurements taken during the piping survey

e The total number of 100 cm? reglons associated with the RHUT piping is:

108.619m? #10* & |
m__ - 1.086E+04 100 cm? regions

100 em?

« The total activity (in pCi's) associated with the RHUT piging is the piping surface “DCGL”
. (3.187E+04 dpm/100 cm®) times the number of 100 cm” regions times 0.4505 (pCi/dpm).

1.086E + 04 *3.187E + 04 * 0.4505 = 1.559E+08 pCi

e The mass of the soil is determined by multiplying the piping volume (converted to cm®) by
the assumed soil den3|ty of 1.6 g/lem®.

5.155m> ¥10° 5™ #1.6-8_ _=8.248E+06 g

m cm

« The resulting subsurface soil concentration in pCi/g is determined by dividing the total
activity by the derived soil mass.

1.559E + 08 pCi
8.248E + 06 g

=18.90 pCi/g
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. ATTACHMENT 8.4
Page 8.4.2 of 2 pages

The derived subsurface soil concentration for the buried RHUT piping listed in Table A-8.4-
1 is lower than the gross surface soil DCGL (78.0 pCi/g) by a factor of 4.13.

780 _ 4.13

18.9

The most conservative of the gross surface soil DCGL values reported in Table 6.2 (61.25
pCi/g) is 61.25 pCi/g and the derived surface soil concentration for the buried RHUT piping
is lower by a factor of 3.24.

In order for the derived subsurface soil concentration (from the buried RHUT piping) to
equal the surface soil DCGL the RHUT plpmg interior surface concentration is 1.32E+05
dpm/100 cm? (3.187E+04 dpm/100 cm?times 4.13). Using the most conservative gross
surface DCGL observed (61.25 pCt/g) the RHUT piping mtenor surface concentration
would be 1.03E+05 dpm/100 cm? (3.187E+04 dpm/100 cm? times 3.24). The same values
may be back calculated by reversing the computational steps provided above (and

"beginning with the soil mass of the buried piping).

A conservative value of 1.00E+05 dpm/100 cm? will be used as the buried piping interior
surface DCGL.

Subsurface Soil Concentration-Using All Buried Piping

The above condition using a portion of the RHUT piping is conservative. Using the entire
buried piping inventory (Attachment 8.2, Buried Piping Estimate) and the piping interior surface
DCGL of 1.00E+05 dpm/100 cm? result in the following subsurface soil concentration where:

Buried Piping Estimated Total Surface Area: 1.639E+04 m?

Buried Piping Estimated Total Volume: 4.957E+03 m®

Using the same conversion process as provided for the RHUT piping, the total activity from the
Buried Piping Estimated Total Surface Area is 7.382E+10 pC| The Buried P|p|ng soil mass is

7.931E+09 g. The derived subsurface soil concentratlon using all the buried piping (with an
interior surface concentration of 1.00E+05 dpm/100 cm?) is 9.31 pCi/g and is a factor of 8.4
lower than the gross surface soil DCGL. - Using the most conservative surface gross DCGL
value (61.25 pCi/g) the concentration is 6.6 times lower.

@~838

9.31
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Attachment 8.5
Page 8.5.1 of 7 Pages
Microshield Dose Results Buried Piping

The potential dose from buried piping is based primarily on its subsurface soil concentration
that is limited to the surface soil DCGL that meets the 25 mrem/y limit as presented in DTBD
05-004, Applicability of Surface Soil DCGLs to Subsurface Soil Contamination. The prewous
pages of this Attachment show that a gross concentration of 1.00E+05 dpm/100 cm? will result

in a soil concentration below the gross surface soil DCGL. Two additional conditions are
presented below. These are:

e The direct gamma dose from contamination on the interior surface of the buried piping
tfo the receptor point located one meter above the soil surface.’

e The direct gamma dose from disintegrated buried piping soil to the receptor point at one
meter above the soil surface.

The first condition presents the gamma dose from a section of buried piping that is 6.1 meters
long (20 feet) and 0.61 meters (24 inches) in diameter. - The condition assumes the entxre
interior surface of the p|p|ng to be contaminated to a level of 1.00E+05 dpm/100 cm? with the
nuclide fractions of the piping being 0.167 for Co-60 and 0.833 for Cs-137. The dose to the
receptor at one meter above the surface soil assumes a soil cover of 0.305 and 1.0 meter.

The latter depth is considered a nominal depth for buried piping that will remain on site after
llcense termination.

The second condition presents the gamma dose for the same piping diameter and Iength. The
condition assumes the piping has disintegrated and results in a lateral cylinder of soil that

compnses the piping volume. The concentration and total actlwty presented for the first
- condition is also used for the second condition.

Direct Gamma Dose from Intact Buried Piping (First Condition)
¢ The piping surface area is:

27 *30.48* 609.6 = 1.168E + 05 cm?

e The surface area results in 1. 168E+03 100 cm? regions maximally contaminated at
1.00E+05 dpm/100 cm? or a total activity of 1.168E+08 dpm (52.59 uCi's). Table A-8.5-

1 below presents the activity breakdown for Microshield Version 5.05 Software code
input. -

Table A-8.5-1
Nuclide Activity For Microshield Input
Nuclide Nuclide Fraction Total Activity (Ci) Nuclide Activity (Ci)
Co-60 0.167 8.78E-06
Cs-137 0.833 5.259E-05 4.381E-05
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Page 8.5.2 of 7 Pages
Microshield Dose Results Buried Piping

Microshield Model Dimensions and Parameter Input Values
For intact 24" diameter, 20 foot section of buried piping:

Annular Cylinder, External Dose Point
" Height: 609.6 cm '
Internal Radius (cylinder core): 29.926 cm (Air)
Source: 0.1 cm (iron) _
Shield 3: 0.454 cm (iron and remaining wall of piping)
Transition: Air (no thickness or dimension)
Shield 5: 30.48 & 100 cm SiO, (Sand at a density of 1.6 g/cc)
Air Gap: 100 cm (Air, STP density)
Dose Points: Z=0,Y = 304.8 cm, X = 160.96 & 230.48 cm

The conditions result in the receptor being located at the midpoint 6f the pipe. The depth of

sand is varied at 0.305 and 1.0 meters. The receptor point as stated is 1 meter above the
ground surface.

The results of the Microshield Code runs were 3.118E-04 mR/hr with 30.48 centimeters of soil
cover and 8.09E-07 mR/hr with 1.0 meter of soil cover. The occupancy time for a normal work
year is 2000 hours and results in a dose of 0.623 and 1 .61E-03 mrem/y for 0.305 and 1.0
meters soil depth, respectively. The current Industrial Scenario actually assumes that fifty

percent of the dose receptor’s time is spent indoor and fifty percent outside which would result
in the one-half the above annual dose values.

Direct Gamma Dose From Disintegrated Buried Piping (Second Condition)

As previously stated the second condition for direct gamma dose is from buried piping that has
disintegrated. For the calculation the source term is the same activity as for the intact buried
piping (Table A-8.5-1). The condition assumes the contaminated region is the same

dimension as the original p|pe segment and the source term is distributed throughout a soil
volume of the disintegrated pipe.

Microshield Model Dimensions and Parameter Input Values
For disintegrated 24" diameter, 20 foot section of buried piping:

Cylinder Volume, External Dose Point
Height: 609.6 cm

Radius: 30.48 cm (Sand, 1.6 g/cc)
Source: Sand cylinder (see radius above)
Transition: Air (no thickness or dimension)
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Attachment 8.5
Page 8.5.3 of 7 pages (continued)
Microshield Dose Results

¢ Buried Piping Shield 2: 30.48 & 100 cm (soil cover above so.urce term, 1.6 g/cc)
e Air Gap: 100 cm (Air, STP density)

e Dose Points: Z = 0,Y =304.8 cm, X =160.96 & 230. 48 cm

The conditions result in the receptor being located at the center of the pipe. The depth of sand

is varied at 0.305 and 1.0 meters. The receptor point as stated is 1 meter above the ground
surface.

The results of the Microshield Code runs were 1.194E-04 mR/hr with 30.48 centimeters of soil
cover and 2.973E-07 mR/hr with 1.0 meter of soil cover. The occupancy time for a normal
work year is 2000 hours and results in a dose of 0.239 and 5.95E-04 mrem/y for 0.305 and 1.0
meters soil depth, respectively. The current Industrial Scenario actually assumes that fifty

percent of the dose receptor’s time is spent indoor and fifty percent outside which would result
in the one-half the above annual dose values.

The results of the dose calculations for the conditions noted show that for the worst condition
(0.623 mrem/y) the dose contribution is about 2.5 percent of 25 mrem/y. -
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Microshield Dose Results
MicroShleld v5.05 (5.05-00488)
Sacramento Municipal Uitility District
Page 01 . : File Ref:
DOS File : BP1M1115.MS5 Date:
Run Date: November 15, 2005 . : a : By:
Run Time: 1:16:53 PM . Checked;
Duration :00:00:19
Case Title: Buried Piping
Description: Receptor Dose with 0:3048 meter (1.0') of soil cover
Geometry: 12 « Annular Cylinder - External Dose Point
Source Dimensions
Height 609.6 cm 20t 0.0in
Radius 29.926 cm 11.81in
' Dose Points
. - X Y - Z
#1 © 160.96cm '304.8 cm 0cm
5ft3.4in 10 0.0in 0.0in
* Shields
Shield Name Dimension Material Density
Cyl. Core 29.926 cm? Air 0.00122
Source © dcm Iron’ 7.86
Shield 3 454 cm Iron 7.86
Ttansition Air © 0.00122
Shield & 30.48 cm Sand 1.6 :
x Air Gap Air 0.00122
. Source Input . V
Grouping Method : Actual Photon Energies
Nuclide curies becquerels © - uCilem? Ba/em?
Bast37Tm - - 4.1440e=006- - - 1:5333e+005 - -3:6093e-004- . 1.3355e+004
Co:60 8.7822e-006 3.2494e+005 7.6490e-004 2.8301e+001
Cs-137 4.3806e-006 1,6208e+005 3.8154e-004 © 1.4117e+001
Buildup
The material reference is : Shield 5
' Integration Parameters
Radial 20
Circumferential . o 40
Y Direction (axial) - 40
’ ’ . Results
. Enerqy Activity Fluence Rate Eluence Rate Exposure Rate Exposure Rate
. MeV photons/sec MeVicm?¥/sec MeVicm3¥/sec . mR/hr mR/hr
' ’ . No Buildup . With Buildup No Buildup With Buildup  **
0.0318 3.174e+03 . 2.104e-32 7.399e-30 1.753e-34 6.163e-32°
0.0322 6.857e+03 2.380e-31 1.524e-29 1.915e-33 1.226e-31
. 0.0364 2.131e+03" 5.590e-25 4.582e-24 . 3.176e-27 2.603e-26
0.6616 1.380e+05 .9.947e-04 1.070e-02 - 1.928e-06 + 2.075e-05
0.6938 5.300e+01 4.426e-07 . 4,500e-06 * 8.546e-10 8.688e-09
11732 3.24%e+05 1.291e-02 7.326e-02 2.307e-05 1.309e-04
1.3325 3.249e+05 1.844e-02 . 9.230e-02 ' 3.200e-05 . 1.601e-04
TOTALS: 7.991e+05 3.235e-02 ’ 1.763e-01 5.69%¢e-05 3.118e-04
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Page 1
DOS File : BP1IM1115.MS85

Run Date: November 16, 2005 -

Run Time: 3:37:29 PM
Duration : 00:00:19

Nuclide

curies ecquerels uCilem? Ba/cm?
“BEIITMT C - 4A440e-006- - - 4.5333¢+005...... . 36093e-004 . . 1.3355e+001 - '
Co-60 8.7822e-006 3.2494e+005 7.6490e-004 2.8301e+001 Tt T
Cs-137 4.3806e-006 1.6208¢+005 3.8154e-004 1.4117e+001
Buildup
The material reference is : Shield 5
Integration Parameters

Radial 20

Circumferential 40

Y Direction {axial) 40

. . Results . .
Energy Activity Eluence Rate Eluence Rate Exposure Rate Exposure Rate |
Mev photons/sec MeVicm?/sec MeV/ecm?/sec mR/hr mR/hr
’ No Buildup With Buildup No Buildup With Buildup
0.0318 3.174e+03 1.183e-66 4.357e-30 9.857e-69 3.629e-32 -
0.0322 5.857e+03 1.147e-64 8.518e-30 * 9.234e-67 6.853e-32
0.0364 2.131e+03 2.4T71e-50 6.037e-30 1.404e-52 3.430e-32
. 0.6616 1.380e+05 8.014e-08 4,428e-06 1.554e-10 8.587e-09
0.6938 5.300e+01 4,281e-11 2.161e-09 8.266Ge-14 4.173e-12
1.4732 3.249e+05 '8.247e-06 1.647e-04 1.474e-08 2.943e-07
1.3325 3.249e+05 1.786e-05 2.917e-04 3.098e-08 5.061e-07
TOTALS: 7.991e+05 2.619e-05 4.608e-04 4.538e-08 8.050e-07
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Microshield Dose Results

MicroShield v5.05 (5.05-00488)
Sacramento Municipal Uitliity District

Case Title; Buried Piping

File Ref:
Date:
By:
Checked:

Description: Receptor Dose with 1.0 meter of soii cover
Geometry: 12 - Annular Cylinder - External Dose Point

Soutce Dimensions

Source Input

Height 608.6 cm 20f0.0in
Radius 29.926 cm 11.81In
Dose Points
X : Y . Z
#1 230.48 cm 304.8cm 0cm
7186.7in 101%0.0in 0.0in .
° Shields .
- Shield Name . Dimension Material Density
Cyl. Core 29.926 cm® Air 0.00122
Source dem Iron 7.86
Shield 3 454 cm fron 7.86
Transition - Air 0.00122
. Shield 5 100.0 cm Sand 16
X Alr Gap Alr 0.00122

Grouping Method : Actual Photon Energies - -
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Microshield Dose Results
MicroShield v5.05 (5.05-00488)
Sacramento Municipal Uitility District
Page: :1 . File Ref:
DOS File : BP1M1116.MS5 Date:
Run Date: November 16, 2005 By:
Run Time: 3:46:49 PM Checked:
Duration : 00:00:13.
Case Title: Buried Pipe :
Description: Disintegrated Pipe 0.3048 meter (1') of soil cover
Geometry: 7 - Cylinder Volume - Side Shields
' ' . Source Dimensions
Height 609.6 cm . 20 0.00n
. Radius 30.48 cm 11t
Dose Points
X : Y Z
#1 160.96 cm 304.8 cm Ocm
5f8.4in 10 0.0in 0.0in
- Shields
Shield Name Dimension Material  Density .
Source 1.78e+06 cm®  Sand 1.6
Transition Air 0.00122
- Shield 2 n 30.48 cm Sand . 16
Air Gap . Air 0.00122
. Source Input o
) Grouping Method : Actual Photon Energies
Nuclide Curies becguerels uCilem? Ba/cm?
Ba-137m . 4.1440e-006 © 1.5333e+005 2.3292¢-006 8.6179e-002
Co-60 8.7822e-006 - 3.2454e+005 4.9360e-008 1.8263e-001
Cs-137 (4.3806e-006 162084005, . 2.46216:006 .. .9.1098¢-002 . }
) Buildup . : '
The material reference iIs : Shield 2
Integration Parameters
Radial . . 20
Circumferential : 30
Y Direction (axial) 40
. Resuits . :
Energy Activity Eluence Rate Fluence Rate Exposure Rate Exposure Rate
MeV photons/sec MeVicm¥/sec MeVicm¥sec mR/hr mR/r
: No Buitdup With Buildup No Buildup With Buildup
0.0318 3.174e+03 6.83%9e-22 3.140e-21 5.697e-24 2.615e-23
0.0322 5.857e+03 . 3.431e-21 1.625e-20 2.762e-23 . . 1.308e-22
0.0364 2.131e+03 ' 6.884e-18 4.556e-17 3.911e-20 2.5688e-19
0.6616 1.380e+05 - 2.909e-04 3.565e-03 5.639e-07 6.912e-06
0.6938 5.300e+01 1.305e-07 1.513e-06 2.520e-10 2.922e-09
1.1732 3.249e+05 4.254e-03 2.781e-02 7.602¢-06 4.970e-05
1.3325 3.24%e+05 6.274e-03 3.619e-02 1.088e-05 6.279e-05
TOTALS: 7.991e+05 1;0826-02 6.757e-02 1.905e-05 1.194e-04
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~ Microshield Dose Results

MicroShield v5.05 (5.05-00488)
Sacramento Municipal Uitility District
Page :1 .

©  File Ref: '
DOS File : BP1M1116.MS5 ) :

Date:
Run Date: November 16,2005 ' By:
Run Time: 8:52:11 AM Checked:
Duration :00:00:13
Case Title: Buried Pipe
Description: Disintegrated Pipe 1.0 meter of soil cover
Geometry: 7 - Cylinder Volume - Side Shields
Source Dimensions
Height 609.6 cm ., 20ft0.0in
, o .Radius © 30.48cm 11
Dose Points
X : Y z
#1 230.48 cm 304.8 cm Ocm
: 7#6.7in 101t0.0in 0.0in
Shields
- Shield Name Dimension Material - Density
Source 1.78e+06 cm? Sand 1.6
Transition L Air 0.00122
Shield2 | . 100.0cm "Sand 1.6
X Air Gap . Alr 0.00122
Source Input :
Grouping Method : Actual Photon Energles
Nuclide curies becguerels - uCilem?® Ba/em?®
Ba-137m 4.,1440e-006 1.6333¢+005 2.3292e-006 8.6179e-002
T COB0"  C C - B:7822¢-006 - - -3.2494e4005- = - - 4.93606-006. - 4,8263e-001_ .
Cs-137 4,3806e-006 1.6208e+005 2.4621e-006 9.1098e-002
Buildup’
. The material reference is : Shield 2
i . Integration Parameters
) Radial 20
Circumferential . . 30
Y Direction (axial) . 40
! Results ‘ : '
H Energy Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate
MeV * photons/sec MeV/cm?/sec MeV/cm?/sec . mR/hr mR/hr
. ) - No Buildup With Buildup No Buildup With Buildup
0.0318 . 3.174e+03 ' 3.000e-56 4.340e-30 2.49%e-58 3.615e-32
0.0322 5.857e+03 1.295e-54 8.482e-30 1.042e-56 6.826e-32
! 0.0364 2,131e+03 2.455e-43 6.013e-30 1.395e-45 3.416e-32
‘! 0.6616 1.380e+05 - 2.38%e-08 . 1.399e-06 4.631e-11 2.713e-09
! 0.6938" 5.300e+01 1.288e-11 6.893e-10 2.486e-14 1.331e-12
1.1732 3.249%e+05 2.783e-06 5.932¢-05 4.974e-09 1.0680e-07
: ' 1.3325 3.24%e+05 6.226e-06 1.087e-04 . 1.080e-08 1.886e-07:
i - TOTALS: 7.991e+05 9.033e-06 1.694e-04 1.582e-08 2.973e-07
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Page 8.6.1 of 2 pages .
.GEL Analytical Results for Turbine Polisher Sump
.SB899007 PMO001, GEL # 1355690005, July 11, 2005

GENERAL ENGINEERING LABORATORIES, LLC

10 CFR Part 50/61 Certificate of Analysis

2040 Savage Road Charleston SC 29407 - (843) 556-8171 - www.gel.com

GEL Sample ID: 135569005 Client: Rancheo Seco Nuclear Generaﬂng Stanon

. Client Sample ID: #5 SB 899 0070 PM 01 Collect Date: April 21, 2005
Matrix: Sludge Receive Date: May 02, 2605
Amount of Sample Received: Report Date: J uly 11,2005 .

R | Critical

Analyte Run Date Qualifier Activity Uncertainty MDA RL - TPU Level Units
ALPHA 05/23/05 3 1.49E+01 7.07E+00 6.71E+00  4.00E+00° 7.29E+00 "2.57E4+00 pCi/g
BETA 05/23/05 3 2.90E+02 1.68E+01 9.10E+00 1.00E+01 2.01E+01 -4.22E+00 pCilg
H-3 05/24/05 3 7.53E+00 2.84E+00  4.54E+00  6.00E+00 2.84E+00  2.22E+00 pCi/g
C-14 05/17/05 3 442E+00 . L13E+00 L76E+00 2.00E+0C 1.13E+00  B8.64E-0! pCi/g

. Fe-55 06/03/05 U 294E+01  2.61E+01  3.56E+01  5.00E+00 2.61E+01  1.76E+01 pCi/g
Ni-63 05/23/05 3 L11E+03  238E+Dl  148E+01  4.00E+00 7.42E+0!  7.24E+00 _pCig
Te-99 05/18/05 1) 627E-01  2.11E+00  3.64E+00  S.00E+00 2.11E+00  1.74E+00 pCilg
Pm-147 05/24/05 1) 488E+00 3.88E+00  6.47E+00  1.00E+01 3.88E+00  3.19E+00 pCi/g
Pu-241 06/11/05 3 260E+01 147E+01  243E+01  1.50E+01 1.50E+01  1.20E+01 pCi/g
Total Strontium 05/12/05 u 4.16E-01 6.29E-01 1.40E4+00  2.00E+00  6.29E-01 6.53E-01 pCilg

Alpha Spec . . .

Np-237 05/12/05 .U 6.05E-02  137E-01 3.14E-01 1.00E+00 1.37E-01 9.33E-02 pCi/g
Pu-238 05/27/05 u 4,18E-02  2.24E-01 6.19E-01 1.00E+00  2.24E-01 2.08E-01 pCilg
Pu-239/240 05/27/05 u 2.06E-01  2.56E-01 3.72E-01 1.00E+00  2,57E-01 8.50E-02 pCi/g
Pu-242 05/27/05 .U 1.06E-01 1.82E-01 3.16E-01 1,00E+00 1.82E-01 1.12E-01 pCi/g

T Am-241 7 T 0S5 U Z37E-0t ° 238E-01 - 2.69E01- -LOGE+00- 240E-01- 4.14B-02.  pCilg -
Cm-242 05/12/05 u 3.07E-02 1.22E-01 3.50E-01 1.00E+00  1.22E-01 9.52E-02 pCi/g
Cm-243/244 05/12/05 U 1.84E-01 . 297E-01 6.23E-01 1.00E+00  2.98E-01 2.38E-01 pCilg
Cm-245/246 05/12/05 U - 6.26E-02 1.23B-01 1.70E-01 1.00E+00 1.23E-0f 0.00E+00 pCi/g

Gamma Spec .

Be-7 05/09/05 u 3.36E+00 4.38E+00 6.79E+00  7.00E-01 4.29E+00 3.32E+00 pCifg
Na-22 05/09/05 U ~1.42E-01 1.88E-01 3.03E-01 8.00E-02 - 1.84E-01 1.36E-01 pCi/g
K-40 05/09/05 3 5.74E400 3.13E+00 3.44E+00  1.00E+00 3.07E+00  1.56E+00 pCi/g
Cr-51 05/09/05 U - <134E+00 3.53E+00 S5.36E+00  6.00E-01 3.46E+00  2.62E+00 pCi/g ¢
Mn-54 05/09/05 U ~7.74E-03 3.02E-01 4.89E-01 1.00E-01  2.96E-01 2.34E-01 pCi/g

. Fe-59 95/09/05 U 1.27E-01 8.08E-01 1.32E+00  3.00E-01  7.92E-01 6.28E-01 pCi/g
Co-56 " 05/09/05 U~ 208E-02 3.14E-01 5.13E-01 1.00E-01  3.08E.0l 2.45E-01 pCilg
Co-57 . 05/09/05 u -7.58E-03 1.77E-01 2.25E-01 5.00E-02 1.73E-01  L10E-01 , pCi/g
Co-58 05/09/05 U -1.868-02 3.08E.01 5.00E-01 1.00E-01  3.02E-01 2.38E-01 pCilg
Co-60 05/09/05 3 3.54E+01 244E+00 5.21E-01 1.00E-01  2.39E+00  2.45E-01 pCi/g
Ni-59 '05/17/05 uul 0.00B+00 7.45E+00 9.27E+00 2.00E+01 7.35E+00 4.45E+00 pCilg
Zn-65 05/09/05 u -4.18E-01 7.10E-01 - L.IOE+00 3.00E-0l 6.95E-0l 5.23E-01 pCifg
Y-88 05/09/05 8) -1.13E-01 2.01E-01 3.28E-01 1.00E-01  1.97E-01 1.42E-01 pCi/g
Zr-95 05/08/05 U -9.43E-02 5.03E-01 8.14E-01 2.00E-01 4.93E-01 3.87E-01 pCilg
Nb-94 05/09/05 .U 1.36E.01 2.10E-01 3.57E-01 1.00E+00  2.06E-01 1.70E-01 pCi/g
Nb-95 05/09/05 U 2.33E-01  3.30E-01 5.59E-01 5.00E-02  3.23E-01 2.67E-01 pCilg
Ru-106 05/09/05 U -4.60E-01 2.65E+00 427E+00 8.00E-01 2.60E+0Q0  2.06E+00 pCilg

Note(s): 1. Calculated MDAs are a-posteriori values.

DTBDO05_013R0a.doc

2. Activity concentration net +/- 2 sigma overall on reference date.
3. Results are statlstlcally positive at the 99.9% confidence level (actwity is greater than three times the one slgma

uncertainty)

U Target analyte was analyzed for but not detected above the MDL or LOD,
Ul Uncertain identification for gamma spectroscopy.

X Lab-specific qualifier-please see case narrative, data summary package or contact your project manager f_or details.
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.GEL Analytical Results for Turbine Polisher Sump
- SB899007 PMO001, GEL # 1355690005 July 11, 2005

GENERAL ENGINEERING LABORATORIES, LLC

10 CFR Part 50/61 Certificate of Analysis

2040 Savage Road Charleston SC 29407 - (843) 556-8171 - www.gel.com

ample ID: 13556%005 Client: Rancho Seco Nuclear Generating Station
Client Sample ID: #5 5B 899 0070 PM 01 Collect Date: April 21, 2005
Matrix: Sludge Recelve Date: May 02,2005
Amount of Sample Received: ReportDate: July 11,2005
Critical .
Analyte Run Date Qualifier Actmty Uncertainty MDA RL TPU Level Units
Ag-108m 05/09/05 U 1.33E-01  4.20E-01 6.45E-01 0.00E+00  4,12E-01 3.16E-01 pCilg
Ag-110m 05/09/05 uuI 0.00E+00 5.18E-01  7.72E-01 8.00E-02 5.07E-01  3.77E-01 pCi/g
Sn-113 - 05/09/05 u -4.10E-02 4.87E-01 7.43B-01 1.00E-01  4.78E-01 3.63E-01 pCi/g
. Sb-124 05/09/05 u 1.86E-01  3.52B-01  5.13B-01  1.0DE-01  3.45B-01  2.48E-01 pCilg
© Sb-125 05/05/05 u 397E-03  LISE+00  L75E+00 2.00E-0! 1.13E+00  8.59E-0I pCilg
© Cs-134 05/09/05 u 2.24E-01 3.53E-01 4.79E-01 1.00E-01  3.46E-01 2.28E-01 pCilg
Cs-136 05/09/05 U -4.32E-02 1.09E+00  1.77E+00 3.00E-01  1.07E+00  8.42E-01 pCilg
Cs-137 05/09/05 3 L71E+02  1.85E+01  6.40E-01 1.00E-01  1.81E+0f  3.11E-Gf pCilg
Ba-133 05/09/05 U -4.55E-01 4.29E-01 6.32E-01 1.00E-0f 4.21E-0} 3.09E-01 pCilg
" Ba-140 05/09/05 U -2.14E400 296E+00  4.54E+00 S500E-01 290E+00  2.20E+00 pCi/g
Ce-139 05/09/05 u -9.16E-02 1.87E-01 2.64E-01  5.00E-02 1,84E-01 1.29E-01 - pCilg
Ce-141 05/09/05 U <2.36E-02  4.42E.01 5.63E-01 1.00E-01  4.33E-01 . 2.75E-01 pCilg
Ce-144 05/09/05 U 1.69E+00  1.82E+00  1.77E+00 S5.00E-01  1.78E+00  8.6G6E-01 pCilg
Nd-147 05/09/05 U 8.36E-01  6.73E+00 1.04E+01  1,00E+03 6.60E+00  5.03E+00 pCilg
. Pm-144 05/09/05 U 3.96E-02  2,13E-01 . 3.54E-01 8.00E-02  2.09E-01 1.68E-01 pCi/g
. . Bm:l46 05/09/05 U 185E-02 587E-0! 893E-01 1.00E+00 S5.7SE-01  4.38E-01 pCilg
Eu-152 05/09/05 U 1.02E+00 T IG9E+00" T TATERO0T TZUUEUI T TOTEHO0 - 6:91E:0r - - pCitg-
Eu-154 05/09/05 U <3.95E-01 5.25E-01 845E-01 'S.00E-01 5.14E-01  3,80E-01 pCilg
Eu-155 05/09/05 u 3.89E-01 6.94E-01 9.06E-01 5.00E-01  6.80E-01 4.42E-01 pCi/g
. Ir-192 05/09/05 U 278E-02  3.15E-01 4.85E-01 1.00E-01  3.09E-01  2.37E-01- pCi/g
"Hg-203 05/09/05 U -1.03E-01 3.42E-01 5.20E-01 1.00E-01  3.35E-01 2.54E-01 pCi/g
T1-208 05/09/05 U 3.83E-03  3.02E-01 4.656-01°  8.00E-02° 2.96B-01 2.24E-01 pCi/g
Pb-210 05/09/05 U 177E+01  2.86E+01  3.70E+01 - 4.00BE+00 2.80E+0{  1.80E+01 pCilg
Pb-212° '05/09/05 v 6.28E-01  4.32E-01 6.82E-01 1.00E-01  4.24E-01 3.34E-01 pCi/g
Fb-214 05/09/05 14 6.05E-01 6.74E-01 1.05E400  1.00E-01  6.60E-01 5.15E-01 pCilg
Bi-212 05/09/05 U ~1.99E+00  1.95E+00 2.97E400 5.00E-01 1.91E+00  1.41E+00 pCi/g
Bi-214 05/09/05 U 427E-02  647E-01 9.17E-01 2.00E-01  6.34E-01  4.43E-01 pCi/g
. . Ra-228 05/09/05 . U 3.50E-01 1.20E+00  196E+00  5.00E-01  1.J7E4+00  9.40E-01 pCi/g
' Ac-228 Q5/09/05 U 3.50E-01 1.20E+00  196E+00 -8.00E-01 1.17E+00  9.40E-01 pCi/g
Th-230 05/059/05 U 427B-02  6.47E-01 9.17E-01 1.00E+00  6.34E-01 4.43E-01 pCi/g
Th-234 05/09/05 . . u 6.28E+00 8.30E+00  1.08E+01 5.00E+00 8.14E+00  5.26E+00 pCi/g
U-235 05/09/05 uul 0.00E+00 1.26E+00  1.83E+00 5.00E-01* 1.23E+00 8,92E-01 pCi/g
U-238 05/09/05 u 6.28E+00  8.30E+00  1.08E+01  1,00E+00 8.14B+00  5.26E+00 pCi/g
Np-239 05/09/05 u 5.22E-01 1.27E+00  1.64E+00 2.00E+00 1.24E+00  B8.01E-01 pCilg
Am-241 05/09/05 U -5.98E-01 1.04E+00  1.28E+0¢  2.00E-01 1.02E+00  6.26E-01 pCilg

Note(s): 1. Calculated MDAs are a-posteriori values.

2. Actlvity concentration net +/- 2 sigma overall on reference date.

3. Results are statistically positive at the 99.9% confidence level (activity is greater than three times the one sigma

uncertainty)

U  Target analyte was analyzed for but not detected above the MIDL or LOD,
UI Uncertain identification for gamma spectroscopy.

X  Lab-specific qualifier-please see case narrative, data summary package or contact your project manager for details.
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