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1.0 PROBLEM STATEMENT

1.1 The purpose of this calculation is to provide a bounding estimate of dose from multiple source
terms found on and/or in remediated structures and plant piping at the SNEC site.

1.2 Areas are assumed to have residual contamination residing on the surface and be volumetrically
contaminated. Doses are assumed to be additive, producing an upper bounding estimate of dose
within the SSGS area. Areas reviewed include the following:

* Dose from activation products found in the steel of the SNEC CV is augmented with dose
from residual surface contamination.

* Concrete surfaces in the SSGS area are described as a two component source term, with a
surface contamination component and a volumetric component.

* Volumetrically contaminated piping is treated as a separate dose contributor.

2.0 SUMMARY OF RESULTS

2.1 The results of this evaluation demonstrate that the dose from residual pipe sections will be
extremely small when compared with the 25 mrem/y limit imposed by 10 CFR 20. In addition,
the dose from activated steel within the SNEC CV when added to the dose resulting from surface
contamination in this structure will be controlled by the equation shown in Section 4.1.

3.0 REFERENCES

3.1 Microsoft Excel 97, Microsoft Corporation Inc., SR-2, 1985-1997.

3.2 GPU Nuclear Calculation No. 6900-02-011, "CV Stiffener Region Radionuclide Mix - Pre-
Survey", 3/12/02.

3.3 SNEC License Termination Plan Draft (LTP), Revision 1, 2002.

3.4 GPU Nuclear Calculation No. 6900-02-019, "Interior CV Weld Ring Areas @ 792.5 R. El -
Survey Plan", 6/24/02.

3.5 "Embedded Pipe Radiation Survey Report", for GPU Nuclear, Saxton Nuclear Experimental
Corporation, Saxton, PA, by CoPhysics Corporation, 1242 Route 208, Monroe, NY, 10950,
October 2001 to January 2002.

4.0 ASSUMPTIONS AND BASIC DATA

4.1 This estimate considers applicable radionuclide concentrations found at the SNEC site, and
applies the sum of fractions methodology presented in Chapter 6, Revision 1 of the SNEC
License Termination Plan, when summing multiple source term dose. The equation for this type
of summation process is shown below.

Equation 6-1 from SNEC LTP (Reference 3.3)

n( L [s + D L) [Direct y Dose] <1
A, 7CCGL3, DCGLwi+ 25 2-
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Where: Cj = Surface contamination of radionuclide i (dpm/100 cm2).

C, = Specific volume concentration of radionuclide i (pCi/g).

DCGLi = Surface contamination DCGL of radionuclide i from Table 6-2

of Reference 3.3.

DCGL, = Volumetric DCGL (25 mrem/yr) of radionuclide i from

Table 6-2 of Reference 3.3.

Direct y Dose = MicroShield (or equivalent) shielding code calculation (mrem/yr).

4.2 SNEC sample analysis results for a sample taken in the area of the 792' El support ring survey,
indicated that a gross survey unit limit of 3700 dpmlOO cm2 (for Cs-137) would be the
maximum limit for that support ring location (SNEC Sample No. SXSD3055). See Attachment
1-1 & 1-2. This surface source mix is a conservative estimate for the entire interior surface of the
CV steel shell.

4.3 Activation samples from the SNEC CV steel structure were examined by an off-site laboratory
and the results of these analysis are provided in Attachment 2-1 to 2-10.

4.4 The SSGS footprint area including the Discharge Tunnel is contaminated with radionuclide
concentrations similar to that found in the following samples. Sample identification numbers are
shown below. See Attachments 3-1 to 3-12. In general, these sample materials indicate that the
effective DCGL is near 6 pCi/g for Cs-137 (as the surrogate).

1) SXSD723 2) SXCF828 3) SXIOSD00366 4) SXSD1377

4.5 The SSGS Discharge Tunnel is assumed to be contaminated with the materials found in sample
SXI OSD990033, which was taken from the nuclear plant effluent discharge line. This material is
similar to that found in the SSGS area. See Attachment 4-1 to 4-3.

4.6 For purposes of this bounding analysis, radioactive decay is not considered.

4.7 For purposes of this calculation, it is assumed that a person spends 50% of the time on-site and
50% of the time at point "A" on Attachment 5-1. This location is 0.5 meters from the CV shell
wall at the center of the activated region.

4.8 The thickness of the CV steel shell is assumed to be 11/16 inches (1.75 cm). Steel is assumed to
have a density of 7.86 g/cc. The Co-60 concentration input to the MicroShield computer
shielding code is (1.95 pCi/g x 7.86 g/cc)/lE+06 pCi/uCi = 1.5327E-05 uCi/cc.
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5.0 CALCULATION

5.1 Two scenarios have been evaluated within this calculation. They are:

5.1.1 Bounding Limit 1 - Dose from an activated region of the SNEC CV steel shell is coupled
with the dose from surface contamination.

5.1.2 Bounding Limit 2 - Dose from post remediation surface contamination and volumetric
contamination of concrete surfaces within the SSGS Discharge Tunnel are combined with
several hypothetical direct exposures from pipe sections.

5.2 Bounding Limit 1

5.2.1 Sampling of the SNEC CV steel shell in the region where activation has occurred, has
shown that the average concentration of Co-60 in the sampled region is -1.95 pCi/g +
0.74 pCi/g (for purposes of this bounding estimate MDA values are included in the
average). See Attachment 2.

5.2.2 On Attachment 5-1, the activated region of the CV shell is assumed to be made up of
three individual plates X, Y and Z, with a Co-60 concentration as described in 5.2.1
above. Each plate is 30 degrees of circumference or -39.2 feet/3 = 13 feet wide. The
height of these plates is assumed to be 20 feet.

5.2.3 Three models were run in MicroShield. The first run (CVSHELL.MS5) was for plate Y
and yielded an exposure rate of 2.541E-03 mR/h (2.541 uR/h). The second run
(CVXPLUS.MS5) was for plate X and Z and yielded an exposure rate of 9.474E-04
mR/h (0.9474 uR/h). The third run (CVMINUS.MS5) yielded an exposure rate of
5.724E-04 mR/h (0.5724 uR/h) which must be subtracted from the previous run to adjust
for the off center characteristics of plates X and Z. Then the exposure rate at the center
of the activated region is estimated to be 2.541 + 2 x (0.9474 - 0.5724) = 3.291 uR/h. See
Attachments 5-2 to 5-7.

5.2.4 3.291 uR/h x 8766 hrs/year x 0.5 site occupancy x 0.5 occupancy at dose point A in
Attachment 5-1, yields 7.2 mR which is approximately 7.2 mrem. Residual surface
contamination on the CV shell can therefore not contribute more than 25 mrem - 7.2
mrem = 17.8 mrem.

5.2.5 Contamination on the CV surface is assumed to have a maximum effective DCGL (using
Cs-137 as a surrogate) of -3700 dpm/l00 cm2 (see Section 4.2). This represents a 25
mrem dose from residual surface contamination and must be adjusted downward because
of the direct exposure rate from the activated metal. Therefore, the residual surface
contamination should not be more than (17.8/25) x 3700 = - 2600 dpm/100 cm2 in the
region of the activated steel. The equation used to combine dose is:

2600dpm /100cm 2  7.2 mrem

3700dpm/lO0cm2 25mrem
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5.3 Bounding Limit 2

5.3.1 The SSGS area has similar radionuclide mix characteristics. See Attachments 3-1 to 3-
12. Using the source term and effective DCGLs provided on Attachment 4-1 and 4-2, it
can be seen that surface contamination in the Discharge Tunnel cannot be more than
-8150 dpm/100 cm2 for Cs-137 on concrete and steel surfaces, and volumetric
contamination would have to be below 6.38 pCi/g (Cs-137). As an example, if residual
surface contamination was remediated to -20% of the 8150 dpm/100 cm2 (or about 1630
dpm/100 cm2), then volumetric contamination within the Discharge Tunnel would be
maintained below 80% of the 6.38 pCi/g limit or about 5.1 pCi/g. Additionally, any dose
resulting from remaining contaminated pipe sections would be considered using the
equation presented in Section 4.1, and may result in an additional reduction in the above
values. However, most contaminated pipe runs have been removed from the SSGS area
including those in the Discharge Tunnel, leaving only short pipe stubs less than -2 foot in
length and one 18" tie line that connects the Intake Tunnel and Discharge Tunnels.

5.3.2 From Reference 3.5, the maximum contamination level found in remaining piping
located in the SSGS area, is approximately 5.6 pCi/g (Cs-137) (see Table 4.10,
Reference 3.5). This is very near the maximum permissible limit of 6.38 pCi/g (for Cs-
137 as a surrogate) listed above for the SSGS area in general (assumes sample number
SXIOSD990033 has been chosen to represent the SSGS area).

Note that the cross-over sump piping in the SSGS footprint was more highly
contaminated but was completely remediated from the SSGS facility (see Table 4.3,
Reference 3.5).

5.3.3 To estimate an upper bounding dose contribution from one pipe end in the SSGS area or
Discharge Tunnel, it is assumed that the pipe end is completely filled with contaminated
materials. It is also assumed that the pipe is 2 feet long and jutting out perpendicularly
from one wall. An 8 inch diameter pipe size from Reference 3.5 was used as the model.
The mix is assumed to contain 6.38 pCi/g Cs-137 and 0.04 pCi/g Co-60 (the effective
DCGL). The impact of pipe wall shielding was ignored and the density of the fill
materials is assumed to be 1.4 g/cc. The dose point is assumed to be 0.5 meters from the
pipe stub end. MicroShield input concentrations are shown below.

Cs-137 concentration = (6.38 pCi/g x 1.4 g/cc)/IE+06 pCi/uCi = 8.932E-06 uCi/cc

Co-60 concentration = (0.04 pCi/g x 1.4 g/cc)/1E+06 pCi/uCi = 5.6E-08 uCi/cc.

5.3.4 The results from the MicroShield run indicates that a dose rate of 5.107E-05 mR/h (0.051
uR/h) would be generated from this model. See Attachments 6-1 and 6-2. Using the
same assumptions of Section 5.2.4, the yearly dose from this pipe model is 8766 hrs/yr x
0.5 x 0.5 x 0.051 uk/h = 112 uR = 0.112 nR = -0.112 mrem. This evaluation would be
performed for relevant pipe sections remaining in the SSGS area and any residual dose
would be considered within the equation listed in Section 4.1. This bounding estimate is
an exaggerated case since the pipe is assumed to be completely filled with contaminated
materials at the maximum concentration allowed.
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5.3.5 In case two (2), a 10' section of the 18" cross-over tie line is assumed to be contaminated
to the same concentration level as in 5.3.4 above for the pipe stub end. The tie line has
been confirmed to be essentially empty with only residual surface deposits remaining at
about 4 pCi/g Cs-137 (see Reference 3.5), but for purposes of this bounding-calculation
the assumptions previously stated will be used. Additionally, the contaminant materials
are assumed to be held up in a 1" thick layer on the internal surface of the pipe. The wall
thickness is assumed to be 0.562" (schedule 40). The dose point is assumed to be 0.5
meters from the pipe at the center of the pipes length.

5.3.6 The results from the MicroShield run indicates that a dose rate of 1.254E-04 mR/h
(0.1254 uR/h) would be generated from this model. See Attachments 6-3 and 6-4. Using
the same assumptions of Section 5.2.4, the yearly dose from this pipe model is 8766
hrs/yr x 0.5 x 0.5 x 0.1254 uR/h = 275 uR = 0.275 mR = -0.275 mrem. This bounding
estimate is an exaggerated case since the pipe is assumed to contain contaminated
materials at the maximum concentration allowed.

5.3.7 Assuming that there are three (3) stub end pipe sections and the 18" tie line in the same
area, the total gamma dose would be:

(0.112 mrem) x 3 + 0.275 mrem = 0.611 mrem from exposed pipe sections at the
maximum allowed concentration. Then the dose controling equation for this area of the
SNEC SSGS is:

XdpmflOOcm2  + YpCilg + 0.61 lnrem < 1
8150dpmI100cm2  6.38pCiIg(Cs-137 Surrogate) 25 mrem

Since the area has no more than about 2 pCi/g of Cs-137 present in the surrounding
concrete volumes, the permissible surface contamination limit on all surfaces in the area
cannot be more than:

1 - 0.337 = 0.662 or 66.2% of the 8150 dpm/l 00 cm2 surface contamination limit for this
area or about 5300 dpm/100 cm2 (see Attachment 4-2 for permissible sum of fractions
calculation for surface contamination). Thus area dose would be controlled by the
bounding conditions.
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6.0 LIST OF ATTACHMENTS

6.1 Attachments 1-1 to 1-2, "Sample Results for the Steel CV Shell", Sample No.SXSD3055.

6.2 Attachments 2-1 to 2-10, "CV Steel Shell Samples", Samples SXST3067 to 3087.

6.3 Attachment 3-1 to 3-12, Examples of Sample Materials from the SSGS Footprint Area.

6.4 Attachments 4-1 to 4-3, "Sample Results from the Discharge Tunnel", Sample SXIOSD990033.

6.5 Attachments 5-1 to 5-7, Diagram and Layout for the MicroShield runs of the CV Steel Shell.

6.6 Attachments 6-1 to 6-4, MicroShield Run for 8" and 18" Diameter Pipe Models.



Effective DCGL Calculator for Cs-137 (dpm/100 cmA2)

25.0emrem/y TEDE Limit
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4256 ldpm/IOO cmA2 3707 |dpml100 cmA2

ISNECA~l 75% |dpm/100cm
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Si
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l

Isotope
Sample Input

(pCI/g, uCI, etc.)
Individual Limits Allowed

% of Total (dpm/100 cmA2) dpm/100 cmA2 mremly TEDE
Beta dpm/100

cmA2
Alpha dpm/100

cmA2

I
I

I AM,241 O l4MEs0IRM 440)42% I.VIWO 274 .14:54V 13$46h A 141 AM241 r
2 C-14 4.90E-01 0.336% 3,700,000 14.30 0.00 14.30 C-14
3 Co-60 1.21E+00 0.830% 7,100 35.32 0.12 35.32 Co-60
4 Cs-137g, r 127E+02i -8h101% ^vj;<¢28 ,000, 1 3707;25.*;q ,!3707.3A'!V C8.137Z+,-4,.<S
5 Eu-152 0.000% 13,000 0.00 0.00 0.00 Eu-152
6 H-3 2.88E+00 1.975% 120,000,000 84.07 0.00 Not Detectable H-3
7 Nl-63 9.53E+00 6.536% 1,800,000 278.19 0.00 Not Detectable __Ni-63

8 'u-238' Olftmsaft I017O/o Mc 0-PW"3 W*13t2701 02Wt729* 1 M . PU:2380~
8 Pu..239' 8 EER O2tS Mt7;0574d/ P& 283 443 Sz2172 : 5 i tW2O43- 0 JUt239 _9 Pu-23 £8W 12tW' O.'05Z% _ 4WO~j OM39M " 7 wlM =Wt43 Pu-239*0

I Sr-90
J~jti:f+UU

1.55E-01
Z.b4qu/o
0.106%

100.000%
8.700

114.52
4.52 0.01

Not Detectable
= _A F_.1i_ ilv_

Fu-241
Sr-An4.52_. - _. I

4256 25.0 3761 20
Maximum

Permissible
dpm/lOO cmA2

-~

00

0
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SNEC SAMPLE RESULTS
LocationrDescrintionLAB or LAB No.

Teledyne-75451; L18556-2 CV Steel Shell Scrapings - Interior @ -792 El (C & D QAD)

SNEC Sample No. Comments:
SXSD3055

Other Identifier
CV Dome Other

Analysis Date=> June 18, 2002
Isotope pCug (soilids) or pCuiI (if water) or pCi (if smears)

Am-241 < 0.498
C-14 0.49

: Cm-243 < 0.179
Cm-244 < 0.179

5 Co-60 1.21
Cs-1 34 < 8.99E-02
Cs-137 127

i Eu-152 _
Eu-154
Eu-1 55
Fe-55 < 16.1
H-3 2.88

Nb-94 _
Ni-59 _
Ni-63 < 9.53

Pu-238 < 0.112

Pu-239 0.0833
Pu-240 0.0833
Pu-241 < 3.85
Pu-242 _
Sb-125 _

Sr-90 0.155
Tc-99 < 0.322
U-234 0.824
U-235 < 1.28E-02
U-238 0.754

Other Isotopes pCl~g (soilids) or pCui (if water) or pCI (if smears)
On-site Analysis for Cs-I37
On-site Analysis for Co-60
On-site Analysis for H-3 _

1-129 < 0.0692
Gross Alpha
Gross Beta

K-40 2.6
Ra-226 < 3.5
Th-232 _
Cm-242 < 0.196
Th-228 < 0.837
Np-237 0.293
Ce-144 < 6.75E-01

ATTACHMDN -----



Sample Plan - Activation Zone
20' by 10' AREA of CV Shell - Ten 20 ftA2 Zones

(Co-60 Concentrations in pCi/g)
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BWXT Services, Inc. - NEL Services . 2016 Mt. Athos Rd.. Lynchburg. VA 24504-5447 . 1434) 522-5165 . Fax (434) 522-6860

Report Date: August 27. 2002 Report #: 0207047 NELS Contret N: 1030-003-1001

Customer: GPV Nuclear/Saxton Customer Contact: Barry Brosey Customer Authorization 5: 0760084 ICN-1)

Prolect Description: SNEC Metal Samples Sample Description: See Attached Cust COC

Sarnpl Receipt Date: July 18 2002 Sample CollectionReference Date: See Attached Cust COC

Total pages tn this report: 6 Including 2 page(s) of attachments

Comments: Co-60 and Cs-1 37 MDA's elevated as the result of limited sample quantity
Note: Some Ni-59 / Nl-63 MDA's elevated due to matrix interference.

0
C

:C

Customer Sample ID

SX-ST-3067
SX-ST.3067

SX-ST-3067
SX-ST-3068

SX-ST-3068

SX-ST.3068
SX-ST-3068

SX-ST-3069

SX-ST-3059
SX-sr-30$9

SX-ST-3069
SX-ST-3070

NELS
Sample ID

0207047-01

0207047-01

0207047-01

020704T-0

Analysis
Method

EPA 901.1
EPA 901A

LEPS
L iq Sdnt

0207047-02

0207D47-02
0207D47-2
0207047-M

0207047-03
020704703
0207047-03
0207047-03

0207047-04

0207047-04

0207047-04
0207047t4

0207047-05

02.07047-CS

0207047-05
0207047-C

EPA 901.1
EPA 9011

LEPS

Llq SdInt

EPA 901.1
EPA 901.1

LEPS

Lsq Scint

EPA 901.1

EPA 901.1

LEPS

Liq Sdnt

EPA 901.1

EPA 901.1

LEPS

Uq Sdnt

Anatyte

Cs-137

Cs.137
N1-SS

1411-63

Co.60
Cs-137

N1-59

Cs-137

Ni-69

Hi.63

co-so

CS-437
NI-SQ

NI-53

MDA
50.00

MDA

MDA

MOA

2.28
MDA
MOA

NA

3.80
NA

NA

NA
064
NA
NA

Result 2 Sigma MDA Units u Preparation Analysis Comments
Uncertainty Date Date

MDA NA EI-) pCits 07125102 07f2502
16.90 2.48 2.78 pci/g 07M=2 07tw502
MDA NA 281.60 pCilg 082002 08f2t102 Note
MDA NA - pCi/i 067a2 08/26/2 Noln

CO - PCQIO 07/2502
2.30 pci/O 0712VD2

25.89 pCiOl 08/20M2

£V pCi/g 08120.a

g pCUg t07/2502

0.92 pKWg 072502
85.12 pcitg 020mZ

o pcvg 06/20Wa2

1.52 pCUQ 07/25S2
1.83 pvC/g 07/202

72.84 PCOg o 20
10.e0 pCV9 1)20102

1.58 pCig 07)25/02
1.34 pcitg 0712512

182.82 pCvg 0/20/02

pcvg 0/20O2

0725102

07125e2
O021102

01/26/02

07/25/0

07/2502

08M21)02
08)26/02

07t25/
07/25102

O8/21)2

0826r02

07/26/02

0712er02

08/21/2
OW6 eZ- 2

SX-ST-4070

SX-ST.3070

SX-ST-3070

SX-ST-3071

SX-Sr-.30711
SX-.Sr.371

SX-Sr.3071
SX-ST.3072

&IM 1.07
18000 584
MOA NA

7.57

"IV 1.07
9.26 1.09
MDA NA
MDA NA

tr

I :3

: ~,r
6J Q

C-

-0

Note a

0

N

Note Z

note

Note f r
"I All results are reportef 'as received unless otherwise specified: (dl - dry weight, IwI-wet Weight
Peoen Numbol 0207047 Palo I f 6 - nakr&V2 pages) of

C
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Customer Sample ID Samphl D lthod Analte Result DMSiga. MDA Wits "I P .ePara1;on An lyeis Comments

SX-ST-3072 0207047-06 EPA 90.1 Co-to MDA NA O pCIlg 07/2502 0712612

SX-ST-30?2 0207a474e8 EPA901.1 CS-137 1.12 0.43 060 pa/g 07n2502 0712612

SX-ST-3072 0207047-46 LEPS M-59 MDA NA 61.62 pCi/a 0U20102 0821/02 Note

SX-ST.3073 0207047406 LUq Sdnt N1.63 MDA NA / 08Plo O/w02 08/26/02

SX.ST-3073 0207047407 EPA 901.1 Co-40 MDA HA pCtlg 07n25/02 07129)02

SX-ST3073 020704747 EPA 901.1 Cs.137 3.03 0.77 1.04 pC?1g 07/2502 D7129)02

SX-ST-3073 0207047-07 LEPS NIs59 MDA NA 33.15 pCltg 0 D20=02 U2M02
SX-STJ3WY4 0207047-D7 hq Scint Nit63 MDA NA pCitg 03120O02 08/262

SX-ST.3074 0207047.08 EPA 901.1 Co-Co MDA NA NpCIg 07r2S102 0713112
SX-ST-3074 0207047-w EPA 901.1 Cs 137 3.36 11.115 r pCI/g C7r202 07/31302
SX-ST.3074 0207047.08 LEPS Ni-59 MDA NA 31.51 pCitg 020102 08e3I02
Sx sr.3075 0207047-01 Lq Scint Ni-63 MDA NA pCi/g 020/02 /6M02

SX-ST.3075 020704740 EPA 901.1 Co-o 60 68 0.94 pCUg 07/25/02 071292
SX-ST.3075 0207047-49 EPA 901.1 Cs-137 1.37 0.53 0.79 pCifg 07125M02 971zsM02

SX-ST.307S 0207047469 LEPS Ni.59 MOA NA 921 pCV9 0820/02 0821D2

SX-Sr.3076 020704749 Uq Scint NI-63 MDA NA 5pCtg 08/20/0z2 D126

SX-ST-3076 0207047.10 EPA 901.1 CO-60 0.85 1.17 pCVg 07125K02 07/31/02

SX-SrT3076 0207047-10 EPAso1.1 Cs.137 1.49 1.02 PCV9 07n25a2 D7t31M2

SX-ST-3076 0207047-10 LEPS NI-S9 MDA HA 24.35 pCitg 08/20/02 /21/02
SX-Sr403 0207047.10 (Iq Scint M-63 MDA NA WpC/P 08/2 002 oa8 2

SX-ST-3077 D207047-11 EPA 901.1 Co-60 MDA NA g pClPg 07Q2502 07/29/02

SX-Sr-3077 0207047-11 EPAso1.1 C5-137 MDA NA 1.16 pC19 07R2502 07/29102
SX-ST407 0207047-11 LEPS NI-s9 MOA NA 3261 pCI/p o082002 08/22t02
SX-STT3078 0207047-11 Liq Snt NPS 63 MDA NA 0 pCafg 08012 O/26/02

SX-ST-3078 0207047.12 EPA 901.1 COeo MDA NtA r pCitg 0725012 07126/02
SX.ST43078 0207047.12 EPA 901.1 Cs-137 2.30 0.52 0.72 pcit 07/25102 07126/02
SX.ST.3078 0207047-12 LEPS NI-5s MDA NA 186.79 pC/Pg 08120/02 0/22/02 Note
SX-ST-3079 0207047.12 Lq Sc/nt NI-63 MDA NA A8 pcifg M082102 08/26/02 Note

"'AlI results ase reported as received uless oatherwise specitied: (di - dry weight. (w) -wet weight

RSepot nftir 0207047 Pw 20 t- is.iinc4 2 D..Ct 1o .ctn.n.
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A N A L Y S I S R E P O R T

BWXT Services, Inc. - NEL Services 2016 Mi. Athos Rd. . Lynchburg. VA 24504-5447 . 1434) 522.5165 * Fax l4341 522-6860

Customer Sample ID NELS Anetysis Analyte Result 2 Stgmat MDA Units 'I Prepation Analysts Comnt
CsrerSmlID Sample In Metbod neratyDate Dat.e omet

90I

SX-ST.3079
SX-ST-3079
SX-ST-3079

SXST.3080

Sx-STr3080

SX-ST-30C0

SX-.ST3080

sx-SrT3051

SX-ST-3051

SX.STr3081

SX-ST4081

SX-ST.3082

SX-ST4032

SX.ST.3Oe2

SX-ST-302

SX-ST-3083

SX-ST.3083

sX-sr.3063

SXsr.3093

SX-STr3064

0207047.13

0207047-13

0207047.13
0207047-13

0207047.14

0207047.14

0207047.14

0207047.14

0207047-ts

0207047-15
0207047-15

0207047-15

02070t4716

02070476.1

0207047.16

0207047.16

0207047-17

0207047-17

0207047.17

0207047.17

0207047-1B
0207047-15

0207047.18

0207047.18

0207047.19

0207047-19

0207047-19

EPA 901.1

EPA 901 .1

LEPS
Liq Sdnt

EPA 901.1

EPA 901.1
LEPS

Liq Scint

EPA 901.1
EPA 901.1

LEPS
Liq Scint

EPA9st.1
EPA 901.1

LEPS
Uq ScInt

EPA 901.1

EPA Ot1.t
LEPs

Llq Sdnl

EPA 901.1
EPA 901.1

IEPS

L~q Scint

EPA 901.1

EPA 901.1

LEPS

Co-SO

CS.137

Nls59

1.63

Co4O

Cs-137

NI59

NI-63

Co-40

Cs-137

NM-59

M -63

Co40

Cs-137

11-59

Mi-63

Co-G6

Cs-137

Nts59
NP.63

Co 60

Cs.137

NI-50
M-63

CO-6O

Cs.137

NI-59

MOA

508

MOA

MDA

MOA

1.90

MDA

MDA

MOA

3.44

MOA

MDA

MOA

3.00

MOA

MDA

MOA

MDA

MDA

MOA

MDA

2.55

MDA

MOA

MDA

MOA

MOA

NA
1.09

NA

NA

NA

0.52

NA
NA

NA

0.96
NA

NA

NA

o06

NA
NA

NA
NA
NA
NA

NA
0.94

NA

NA

NA

NA

NA

VWV PCi 07r2ro/2

1.41 pC1g 07o2502

38.84 pC/g o0820102

S W oC/g 05o 102

PCWlg 0712512
0.65 pClg 072r2sr2

42.97 pCL9 08r20/02

pCL/g 0MM01=

7-. pCil o0r25102

1.45 pCi/Q 07125-02

13.20 pCVrg 0)20102
PCllg 011010

pClg 07125102

1.15 pCI/g 07)25102

37.40 pCa9 b120102

w pC~g 08r20/02

2MW pCIrg o07 252

1 6f pcir9 07W2M 2

39.32 pC019 0O820102

0019 PCr9 01/20)02

JE! pCllg 07125102

1.38 pOrg 07125)02

97.43 pCvig 0M820

W pCVg 0120

pCIrg 0T2102

1.38 pCVg 0712$102

41.33 pCO.g 08O202

0o129r02

0712302

MMn6102

082&7602

07/2902

07n2902

012602

0828102

tT

acl

I.@

C

00
a
C

07129102

07129102

08/26502

0826102

0713002

07130102

016102

8r26w2

07130)02

07130(02

08126102

08126/02

07126/02

07MM2

0823102

08126102

07130102

O7130102

D01262

i 6`1-o

No4

Note

SX-SrT3054

SX-ST.3084

SX-ST-304

SX-Sr.3085

SX-ST.30ss

SX-ST.3085

SXSr 3085

KO
'"An results are reported 'as received' unbess otherwts speelfied: (d) a dry wotgN, Iwi -wet weight

%PDon Numbev 0207047 Page 3 of e . hntidedg 2 p*W~sl of bnothm-d |
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A N A L Y S I S R E P O R T

BWXT Services, Inc. - NEL Services . 2016 Mt. Athios Rd. * Lynchburg. VA 24504-5447 . (4341 522-5165 . Fax 14343 522.6860

3>

I1

Customer Sample ID NELS Analysis Anelyte ResIt 2 Sigmna MDA UnDs M prepallon Aniaysis CommentsSample ID Method Uncertainty Dete Date

SX-ST.3086 0207047.19 Uq Scit Ni-63 MDA NA ,oDW pCUg 08120e2 08cs202

SX-ST.3086 0207047-20 EPA 901.1 CO-40 MDA NA oPCVi 0725/02 07125602

SX-STr3086 0207047-20 EPA 901.1 Cs-13T MDA NA 1.13 pCiO 07/25/02 0712602

SX-ST-301% 0207047-20 LEPS Ni.59 MDA NA 280.85 pC"g 0/20/2 08/26/02 Note

SXST-30B7 0207047-20 Lq SCni Ni-63 kAOA NA VO CiW P0/ OB 2 0812s/02 Note

SX-ST-3057 0207047-21 EPA 901.1 Co-60 MOA NA p ,oCUg O?72/2 07o31o02

SX-ST.3067 0207047-21 EPA 901.1 Cs-137 ADA NA 1.45 pCVg 01=02 0713t/02

sX.ST-3087 0207047r21 LEPS Ni-59 MDA NA 14.65 pCVg 0850/2 026/02

SX-STr4067 0207047-21 Liq Sdnl Ni-83 MDA NA IC? pCi/g 08/20/02 C828/2

Data Released By: . ;, L. . C Date: e/Z-7/OZ- Unless noted as a comment, this report meets all requirements of NELAC

Name Mte: James L. Clark I Prolect Manager

"'Ail results ste reported 'as received' urless otfierwise specified: dl . dry weight. (W)-weit we1v1t

Report Number 0207047 ^ - - .-. -. -__-.

% C'
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A N A L Y S I S R E P O R T

BWXT Services, Inc. - NEL Services . 2016 Mi. Athos Rd. , Lynchburg, VA 24504-5447 . (4341 522-5165 . Fax (434)1522.6860

I

0207047 *- I
w" M-.W"- (Ow. up

Io'b- a

721

m

SNEC SAMPLE ANALYSIS REQUEST SHEET-
PE5114AT10m4:

D"rpton/ape'fo n br | b tp | Volumte | R43diers LL Ieqftdreda

N sc pt oflU , m~ _~u e Pin e' i m D 0s o5 _ _ ie

Loc~atfrs N mbr _______iza ______M ___ __ Requutjed/Cpmmer V* I

30*-40 lyj0,4-

____________ _____ ________ 1 ____._______I

W S 1 L II I _ __o l t-
)o73 I ] , _ !t! d O ! _ |_ _

;i0 !, I _ 7 I
_ _ _ _ _ _ 7 sA _ _ _ _ _ _ _ _ _ _ _ _ __-_ _ _ _

o74 _ _ 74. 1OM _ _ i

s a i 7 ' 1'c _ _ _ _ _ - . _ _ _ IIT
'Tat I VD(L I.b uf P

Send Resab To: .PA pftor . (vu) GISZt71 CotectfedBr _ D'je ________

Detuvud Br _ _ Rectid fl* y:s3 7,' aw

0
ZA

.. - . - - _ . __.A I.§§ -X1. - - - - -l- LEE~ sr t8h. I i-we - IW.iahll' Al resule ar* r*por a as reCOW6o uni p OIU f .u'.... -* - - -T . .... ...... -. 1
o~. -. m -t I. 4. , 2 pag.Id o a nu rsm IRsowrt NurnbuU 0207047 ,.i1,, w. .... X.ww . wW.,w, _..,,_,, ,, ,,
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A N A L Y S I S R E P O R T

BWXT Services, Inc. - NEL Services . 2016 Mt. Athos Rd. . Lynchburg. VA 24504-5447 . 1434) 522-5165 . Fox (434) 522-6860

6=6

I -

Ii cm 'U-1DJUVW.#j

E**i-' 0207047 ')
SNEC SAMPLE ANALYSIS REQUEST SHEET

-VErsnljA1q :MAIN

Sape LbI tt Stop Volume Timcr A .tui
Laiio e eID er I SAmp- I Re I" mol11 LDrqi
Lceario I rumber IIDaWTe~Jnh: RqetdCm~u Wt~I rd I

I 1. ,!,. ruc I [Oct Id /
" -! I

rA- / 60 @}- 0.0w/-
1t59 I )G X31

1 1':7; M} 0;MV
C)>

I1
. 1A .L I'd I fn r L,1

. W~~ J 7 A12t i bc'0 I a e I I _ _ _ _

__ _ __ _ _ 11~l~ I ,, , i oc J .jIO6- 7I 4 I O* MCC ! I_;305 ___ IjL.... 7In~Ia,°" I *;. _______

2o~s~ _____ 7/flOr lc. - _________

__ _ .4, 7/ i13 rot | 4 A i

*Tok o fr bI. zD~ff ' . 7/r

C3

Smid 1,uldt3 Tot L. %, .. Phone- (11)631 2ItlCoUemd r. By. L Dt 7(11/eL.

Dedverd By: _ Dar t ReeivedBy: 1. /. 7/"'/ 1

4,OA tesults ant tepocned 'as teceived- unless 01hwrwhae speitfied: ldl - dry weight. jw) -wet weight

Rrport NwMnbe D207B47 Pp Sa of B - including 2 petas oftalc ahwemt

0 C
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StatMost for Windows Saturday, October 05, 2002 2:46:53 PM

********************************** Statistics Report *********************************

Co-60 Steel Activation of SNEC CV
…________________________________________________________________________________________

Sample size (N) 21
Num missings 0

Minimum 0.9600
Maximum 3.4300

Std deviation 0.7356
Variance 0.5411

Mean 1.9529
Geometric mean 1.8248
Quadratic mean 2.0806
Harmonic mean 1.7041

Sum 41.0100
Absolute Sum 41.0100

Median 1.9100
Percentiles:

10 1.0380
25 1.3500
50 1.9100
75 2.4650
90 3.2820

Quartiles:
First quartile: 1.3500

Second quartile: 1.9100
Third quartile: 2.4650

95.00% Confidence Interval:
lower limit 1.6180
upper limit 2.2877

************************************* The End ************************************

A TACHMENT_____



(0966-6-2,O
is JL a

-B * I t I6 /°D 2,

Activated Steel.dmd Saturday, October 05, 2002 2:57:53 PM

Sample Names Co-60 Steel Activation (pC/g) Ni-59 pCi/g Ni-63 pCig Cs-137 pC/g Grams

1 SXST3067-1 < 3.39 < 261.6 < 30.35 16.9 2.1

2 SXST3068-2 < 2.85 < 25.89 < 10.38 59 2.535

3 SXST3069-3 < 1.49 <85.12 <10.96 2.28 4.226

4 SXST3070-4 2.64 < 72.84 20.23 180 2.749

5 SXST3071-5 3.43 < 182.82 <27.11 9.26 1.515

6 SXST3072-6 < 0.96 < 61.62 < 12.8 1.12 6.685

7 SXST3073-7 < 1.79 < 33.15 < 3.8 3.03 2.749

8 SXST3074-8 < 1.96 < 31.51 < 5.25 3.36 3.163

9 SXST3075-9 2.06 < 9.21 < 4.46 1.37 3.591

10 SXST3067-1 2.78 < 24.35 < 8.54 24.8 3.248

11 SXST3077-11 < 1.17 < 32.61 < 4.84 < 1.16 4.712

12 SXST3078-12 < 1.11 < 186.79 < 20.46 2.3 5.674

13 SXST3079-13 < 2.13 < 38.84 < 4.29 5.08 2.198

14 SXST3080-14 < 1.02 < 42.97 < 4.99 1.9 4.76

15 SXST3081-15 < 1.91 < 13.2 <4.02 3.44 2.129

16 SXST3082-16 < 1.65 < 37.4 < 4.33 3 3.492

17 SXST3083-17 < 1.56 < 39.32 < 5.11 < 1.69 3.292

18 SXST3084-18 < 2.29 < 97.43 < 9.46 2.55 1.808

19 SXST3085-19 < 1.48 < 41.33 < 5.9 < 1.38 2.798

20 SXST3086-20 < 1.22 < 280.85 < 3621 < 1.13 5.881

21 SXST3087-21 < 2.12 < 14.65 < 3.89 < 1A5 3.046

1

ATACM



Effective DCGL Calculator for Cs-137 (In pCI/g) Tobl Allowable pCU C-137 Allowable U.It
*Wj5I rfpCWIi pCU9 .. M02fipCV

*AfO* C UtIISCEC�..L...itCflC CC C.,..... A..4tt I.--
L NEU AL I 75-h I SNECCs 137AilowabIeLnit I

2641.42%

11t3 74AL

26.0

1EI
mrenmy TEDE LimKt 110WMMpCUgI

mr mh...A. nW.t. IrCAA I 1I.§v .* ."- .....rmy uil~l sss v}1

Sample Input 25 mwemly TEDE rA. Allowed pCl/g for 25
Isotope W (pC, ua. etc.) % of Total U.ibt (pCUg) mrmly TEDE

This Sample
- nh TrnE I I

2
3
4
5
8
7
a
S

10
I1

Am-241
C-14
Co-60
Cs.137
Eu- 152
H-3
NI-S3
Pu-238
Pu-239
Pu-241
Sr-90

0.014
4.07
0.64
169
0.04
12.1
7.2

0.003
0.004
0.662
0.02

0.008%
2.217%
0.294%

86.623%
0.022%
B.592%
3.923%
0.002%
0.002%
0.306%
0.01 1%

9.9
2.0
3.5
6.6

10.1
132
747
1.8
1.6
86
1.2 11

0.00
0.15
0.02
6.02
0.00
0.46
0.27
0.00
0.00
0.02
0.00

0.04 t02 Am-241
50.88 C-14
3.86 8 CFO-

602.27 l t CO 137
0.10 Eu 162
2.29 H-3
0.24 9. Nl-63

0.0 OO Pu 238

0.16 Pu 241
0.42 5 r9_ _

1.84E+02 100.000%/ S.95 112.12

MIaximuJ Permisible
pCIg xMxlaxmum Permissible

(25 mrmly) pCUg (4 wnVy)

560.355 S .49 I
I

To Use Thl Inkmation, Sample
Input UniteMut Be In pCUI _I

0
mr:

VI~
O '1

el



Effective DCGL Calculator for Cs-137 (dpm/100 cmA2)
25617 Idpml100 cmA2 22191 dpmlOO cmA2

1 mr 5e0mremIly TEDE Limit

SAMPLE NO(s IJSSGS SE Surmp. Au-133 1 1

IIYkB4NECALm 75% tsA01 16643 jdpm1lOO CMA2

Individual Limits Allowed dpm/100 1 Beta dpml1OO Alpha dpml1OO
%of Total (dpml100cmA2) cmA2 mrenVy TEDE cmA2 cmA2

C)

Vi
V3

Sample Input (pCIlg,
uCI, etc.)Isotope

Maxbrum
Permissible

dpfmfl1O crnA2

0



46fd -OZ-06v

SNEC SAMPLE RESULTS
LAB or LAB No. Locatlon/DescripUon

2 1 � -4-
-3 i-U161C'Z-

BWXT, 0111056-02 SSGS SE Sump, AU-133, SR-0003

SNEC Sample No. Comme"fs:

SXSD723
Other Identifier

|SSGS/tDllT Area Sample

Analysis Date=> February 20, 2001
Isotope pCUg (sollids) or pCUI (if water) or pCI (if smears)

Am-241 < 0.014
G-14 < 4.07

Cm-243
Cm-244 < 0.004

Co-60 0.54

Cs-134 < 0.05

Cs-137 159

Eu-1 52 < 0.04

Eu-154 < 0.03

Eu-155 < 0.17
Fe-55 < 28.3
H-3 < 12.1

Nb-94 < 0.01
Ni-59 < 16
Ni-63 < 7.2

Pu-238 < 0.003
Pu-239 < 0.004
Pu-240 < 0.004
Pu-241 < 0.562
Pu-242 < 0.003

Sb-125 < 0.23

Sr-90 < 0.02

TC-99 < 0.37

U-234 0.26

U-235 0.011

U-238 0.209

Other Isotopes pCug (sollids) or pCiul (if water) or pCI (if smears)

On-site Analysis for Cs-137

On-site Analysis for Co-60
On-site Analysis for H-3

1-129 < 1.68

Gross Alpha
Gross Beta _

K-40 _

Ra-226 _

Th-232 _

Cm-242 < 0.019
Th-228 _

Np-237 < 0.005
Ce-144 < 0.57

AT TACHMENT....S3 .. 13



Effective DCGL Calculator for Cs- 137 (in pCI/g) I Toatl AHlowalS reCli

I~-6.74~z"lpc -
C-I37 Allowbl Unit

_ ,p C PCU
SAMPLE NUMBERlsI, SSGS East Dlsk #1 i

SNECAL | 76% | SNECCs.13TAIIOwIbNUmnit I
1028t.04%

380.73%

25.O� mrem"y TEDE Limit

mremty Drinking Water (DWI Limit

4%w UPC1191

2

4
a
S
7
S

S
10
11

Sanple Input 25 rmI TEDE A .Alled pCjg for 25 Value Chckd fro
Isotope (pC1g, uCI. etc) % of Totl Umnit (pCI/g) r y) rwn TEDE Cohn A or B

Atn-241 0.29 0.042% 9.9 0.00 0.00
C.14 3.68 0.531% 2.0 0.04 004
co-60 2.01 0.290% 3.6 5002 0.02
Cs-137 660 95.268% 6.6 i 342 W4 AT-O4ZYy
Eu-152 0.31 0.045% 10.1 0.00 00
H-3 11.7 1.689% 132 0.°t 0.00
N1483 7.73 1.116% 747 0.08 0.08
Pu-238 0.046 0.007% 1.8 A 0.00 0.00
Pu-239 0.145 0.021% 1I.6 0:00 0.00
Pu-241 6.819 0.984% e6 0607 007
Sr-90 0.05 0.007% 1.2 .6 0.00 0. 0.00

B 93E+02 10U.UUU 0 0.14 181.9-
+

C)

Maxinunm Pernissibe
pC2rg

(25 mw~)

5

4
ff-",/Y)

5.14

Mainmm Pon
pClg (4

@fr
10

<OT-

C\

C'



Effective DCGL Calculator for Cs-1 37 (dpmlO00 cmA2)

| 25.01nremly TEDE Limit

14112 |dpml100cmA2 | 13444 |dpml1O0 cmA2

j| 10NEC!AU|j 75% jdf1kw
SAMPLE NO(s)= r SSGS, East, Disk # 1 I

w 9 q U

Individual Limits Allowed dpml100
0hatTotal Idomnl100CmA2) cmA2 nmrerv TnEDE

-1

30

37

FC
Sample Input (pCUg,

uCI. etc.)
Beta dpml10O

rmA2
Alpha dpml1GO

cmA2Isotope

t

Maximum
Permissible

dpmn1OO CMA2

&J
40

('3



6qt0-62_o(Z

SNEC SAMPLE RESULTS
LAB or LAB No. LocationlDescription

.4 J14X_
:5 , 3 /6 /, /d 2_

BWXT, 0111056-04 SSGS, East, Disk# I
SNEC Sample No. Comments:

SXCF828
Other Identifier

| SSGS/DTIIT Area Sample

Analysis Date=> May 4, 2001
Isotope pCUg (sollids) or pcUl (if water) or pCI (if smears)

1 Am-241 0.29
C-14 < 3.68

Cm-243 _

I Cm-244 < 0.05
Co-60 2.01
Cs-1 34 < 0.33
Cs-1 37 660

I Eu-1 52 < 0.31
g Eu-154 < 0.24

Eu-155 < 1.02
1 Fe-55 < 3.41

H-3 < 11.7
Nb-94 < 0.07
Ni-59 < 6.49
Ni-63 < 7.73

Pu-238 < 0.046
Pu-239 0.145

I Pu-240 0.145
I Pu-241 < 6.819

Pu-242 < 0.046
Sb-125 < 1.83
Sr-90 < 0.05
TC-99 < 0.67

I U-234 0.282
5 U-235 0.009

U-238 0.263

Other Isotopes pCUg (soilids) or pCill (if water) or pCi (if smears)
On-site Analysis for Cs-137
On-site Analysis for Co-60
On-site Analysis for H-3

1-129 < 1.68
Gross Alpha
Gross Beta _

K-40 _

Ra-226 _

Th-232 _

Cm-242 < 0.123
T h -2 2 8_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Np-237 < 0.056
Ce-144 < 2.96

A1TACHMENT 3 - -



Effective DCGL Calculator for Cs-137 (In pClIg) I Total Allowable oCUo I Cs-137 Allowable Unit I
I � -

IAA$Yt417.1 4" t1WIpCuG I,5AOW'lpCUg I
SAMPLE NUMBER(Il=JSSOS Footarint East Turbine Sumo Area I _._ _ _ _ _ _ _ _ _

SNEC AL I 75- | SNECCe137AliowabieU-nit I

1811.94%

a7" 4ROL

26.07

anmFM l10
mramly TEDE Llmit

mn kK, DkI.c W.#. tUDW I #-I#

Cgpeg

2
3
A
a
6
7
I
S

IO
II

Sanni. Input 25 mrdniy TEDE A.AlowOd pC/g for25 Value Checked from
Isotope (PClg. uCt. etc.) % of Total Units (PCUI) mrrn y TEDE Colunn A or B

Am-241 0.2 0.064% 9.9 S0.01 P0.01
C-14 2 0.643% 2.0 0.11 01
Co-so 0.37 0.119% 3.5 0.02 0.02
Cs-137 98 31.446% 6.6 5.40 d40 7OOsk
Eu-152 0.18 0.058% 10.1 i; 001 01
H 3 90 28.938% 132 4.97 4.97
N143 20 6.431% 747 1.10 . 1.10
Pu-238 0.2 0.064% 1.8 O6 0.01 - 0.01
Pu.239 0.2 0.064% 1.6 .0.01 0.01
Pu-241 100 32.153% 86 5.52 5.52
Sr-90 0.06 0.019%1 1.2 6:41 0.00 0.00

I 3.11E+02 100.000% 17.16

Maxinzm Permlaetbte
pCV9)

(28 mr m~y)

31.80 17.16

I

MexlImum PernsaIble
pCUg (4 nrneny)

C,D-

ICU

O.-



Effective DCGL Calculator for Cs-137 (dpml100 cm^2)

r m 2r5e mremly TEDE Limit

SAMPLE NO(s)* ISSGS Footprint East Turbine Sump Area ,

2247 |dpml1OO cm^2 | 706 dpmIlOO cmA2

twhSNEC'ALWI 75% IgiL
j 530 -- Idpm/0 CMA J

Individual Limits Allowed dprntIOO Beta dpm-lOO Alpha dpmIOO
% of Total (dpmItOO cmA2) cmA2 mrenmyTEDE cmA2 cm^2

Sample input (pCUg,
uCIl etMCAD> Isotope

1 Am 241
) 2 C-14

X 3 Co-60
m 4 CSY137i
« s Eu-152

e -3
3 7 N1-63

Pu43I 9
p iO Sr-9

1.OOE+02 3Z.1 37o
6.OOE-02 0.019%

100.000%
v_ _ _ _ _ v _ _"

224 I AA-_ I s2241 1 ZON I 'AD . 4 1
Maximum

Permissible
dpmI100 cmA2

'SS



6 76-6 Z-00K

SNEC SAMPLE RESULTS
LAB or LAB No. LocationlDescription

,Z,:-
-B.,Y461Z)61

Teledyne-TI#38253 SSGS Footprint East Turbine Sump Area AV-133 (Pumped)

SNEC Sample No. Comments:
SXI0SD00366

Other Identifier
SSGS/DT/IT Area Sample

Analysis Date=> June 5, 2000
Isotope pCI/g (soilids) or pCi/i (if water) or pCI (if smears)
Am-241 < 0.2

2 C-14 <2
3 Cm-243 < 0.1
4 Cm-244 < 0.1
6 Co-60 0.37
B Cs-1 34 <0.0636
7 Cs-137 97.8
8 Eu-152 < 0.18

Eu-154 < 0.118
Eu-155 < 0.211
Fe-55 < 50

2 H-3 <90
Nb-94 < 0.0479

4 Ni-59 < 50
Ni-63 < 20

6 Pu-238 < 0.2
7 Pu-239 < 0.2
8 Pu-240 < 0.2
g Pu-241 < 100

Pu-242 < 0.2
Sb-125 < 0.401
Sr-90 < 0.06
Tc-99 < 0.4
U-234 1.1
U-235 < 0.2
U-238 0.57

Other Isotopes pCilg (soilids) or pCi/i (if water) or pCI (if smears)
On-site Analysis for Cs-137
On-site Analysis for Co-60
On-site Analysis for H-3

1-129 < 0.06
Gross Alpha
Gross Beta

K-40 2.58
Ra-Z26 0.326
Th-232 < 0.249
Cm-242 _

Th-228 _
Np-237 _
Ce-144 _

A1TrAcHmENTL..- i-



Effective DCGL Calculator for Cs-1 37 (in pCI/g) Tout Allowale pCig C.-I37 Allowable Umlt
I 602 *W*IpCvg 6*&M i.5G pCiIVg

4
e^|n e sIt§tenen8.slZne 7n el s.| #f_ . -_ -hA<!"|{D^ ISAMP LC flUMOChMBM~U ~- i.tl co, orm oaaoalr~

I SNEC AL I 75% I SNEC Ca.137 Allowable Urnit I

4776.1 6%

980.61% I

| . . _ ; i, - - - - I

25.0

OW
mronify TEDE Umit

mran~y Drinking Water (DW) Limit

I. Ipa/g
El Oieck for 2S rnrern/y I

2
3
4
5
6
7
B
9

10
II

Sampie Input 25 mnemrny TEDE iA Allowed pCiig for 25 Value Chocked fromn
lsotope (pCUg. uCI. etc. % Of Total Umits (pCUg) ili nvem'y TEDE E Column A or B
AMn241 0.11 0.003% 9.9 2N 0.00 0 0.00
C-14 4.16 0.131% 2.0 80.01 001
CO-S0 3.98 0.126% 3.6 6 5' 0.01
Cs-137 3130 98.956% 6.6 6.55 i .8 tr'
Eu-152 0.24 0.008% 10.1 0.00 0.00
H-3 11 0.348% 13200202
Ni43 8.61 0.272% 747 9 0.02 0.02
Pu-238 0.07 0.002% 1.8 0 0.00 0.00
Pu-239 0.08 0.003% 1.6 0.00 0.00
Pu-241 4.74 0.150% 86 0.01 0.01
Sr 90 O.04 0.001% 1.2 . ¶ 0.00 .d - 0.00

3.16E+03 100.a1000% 5.62 32Z.65 I 6.62
. . _ .

4 4

Maxlm.m Permissible
pCU2

125 mrnq)

I

Maxiimum Permissilbe
pCI/g (4 -nitny)I

=1

c4J

0

r%



Effective DCGL Calculator for Cs-137 (dpml100 cmA2)

m 25r0emromiv TEDE Limit

SAMPLE NO(s): ISSGS 790' El.. East - Debris from Pump Stand Small Pipe

a. 4 I
24901 ldpmllOO cmA2 1 24641 |dpml1OO cmA2

.. .. _..... _.

MUNEGAU-4f 75% C
I 1 *18480 Idom/100 CMA2 I! 188 *dmlOcA I

Sample Input (pCiIg,
f i -I

Individual Limits Allowed dpnVlO10
%ofTotal (dpmn1OOcmA2) cmA2 mremlyTEDE 1Beta dpml1OO

CmA2

Alpha dpml100
cmA2

I
1=

Maximum
Permissible

dpm1100 CA2

NJ
-C.

0



3 -Bwo 2.6/
6 U6 - 6 2- 6Z5SNEC SAMPLE RESULTS

LAB or LAB No. Location/Description
BWXT. 0109078-01 SSGS 790 El., East - Debris From Pump Stand Small Pipe

SNEC Sample No. Comments:
SXSD1377

Other Identifier
SSGSIDT/IT Area Sample

Analysis Date=> September 4, 2001
Isotope pCl~g (soillids) or pCi! (if water) or pCI (if smears)

Am-241 < 0.11
2 C-14 < 4.15
: Cm-243 _

Cm-244 < 0.13
Co-60 3.98
Cs-134 < 0.47

. Cs-137 3130
Eu-152 < 0.24
Eu-154 < 0.16
Eu-155 < 1.55
Fe-55 < 66.8

H-3 <11
: Nb-94 < 0.07

Ni-59 < 6.46
Ni-63 < 8.61

Pu-238 0.07
. Pu-239 0.08

Pu-240 0.08
Pu-241 < 4.74
Pu-242 < 0.01
Sb-125 < 2.7
Sr-90 < 0.04
Tc-99 < 0.45
U-234 1.42
U-235 0.04
U-238 0.79

Other Isotopes pCVg (sollids) or pCli (if water) or pCI (H smears)

On-site Analysis for Cs-I37
On-site Analysis for Co-60
On-site Analysis for H-3

1-129 < 3.46
Gross Alpha
Gross Beta _

K-40 _
Ra-226
Th-232 _
Cm-242 < 0.14
Th-228 _

Np-237 < 0.01
Ce-144 < 3.23

ATACHMENT 3 - 1



Effective DCGL Calculator for Cs-137 (in pCIIg) I -r-.1_ A.-w$J. -'40 I el..117 AIln-*ht I rid II. - . .- I _
Bhr pMAnlce 11S81Pig pCUg

I - - - - - - --…-I - IUAMPLE NUMUBI(Sal553U uacharua m TiUnnel L uran une- . .

I SNEG AL I 76h. I SNECCs-137AMIwabbeUmdt I

75201.671A

A;M -.4ML

25.01 mrnmhf TEDE Llmit

-nmh, nrinklnn Water IDWI Llmit r

2

2

4

I

I

11

Sample Input 25 mrny mTEDE A.Allowed pCgfor25 VBeue,-hcked*Orn
Isotope (pCUg, uCI, *tc.) % of Total Umits (pClg) ,,, msnny TEDE w Cdunn A or B
AM-241 6.4 0.106% 9.9 0.01 0.01
C-14 G 0.118% 2.0 . 01
Co-60 30 0.590% 3.5 0.04 0.04
Cs.137 480 94.330% 6.6 6.38 e.U
Eu-152 20 0.393% 10.1 0.03 0.03
H-3 100 1.965% 132 0.13
NI-63 656 1.081% 747 . 0.07 0.00
Pu-238 1.6 0.031% 1.8 0.00 00.00
Pu-239 2.6 0.049% . 1.6 .3 0.00 i, 0.00
Pu-241 60 1.179% 86 Be.> 0.08 . 0.08
Sr-90 8 0.157% 1.2 .. 0.01 0.01

6.09E+03 100.000% 6.77 110.54 6.77

IMaxinum Permissible
pCln ,

(25 mr"~)

I I

I

Maxinaum Perilasuble
pCUIg (4 nvmu, ) Iti

C)

.- -I

CS



Effective DCGL Calculator for Cs-137 (dpm/100 cmA2)

25.0mmremfy TEDE Limit

8640 |dpml100 cmA2 8150 Idpml100 cmA2

|iSNECIALI 75% 1 : u 3M 7iiY
1 6113 Idpm/IOOcmA2

_
SAMPLE NO(s)> ISSGS Diacharge Tunnel 6" Drain Line ! |

p y I

Individual Limits Allowed dpnm.1OO Beta dpml100 Alpha dpm/100
%of Total (dpmllOO cmA2) cmA2 vmenVy TEDE cmA2 cmA2

=:z

V.

is

Sample Input (pCUg,
Isotope uCI, etc.)

Maxinum
Permissible

dpml100 cmA2
,3, 0 (A
Q N

& W
k

IrN
N --t

�%) Z. - -21
N 6N

"I,\ 0

r



o3 (k(o~
SNEC SAMPLE RESULTS

LAB or LAB No. LocationrDescription
Teledyne-T1I1 6599 Discharge Tunnel 6" Drain Une Scraping

SNEC Sample No. Comments:

SX1OSD9900333
Other Identifier

SSGS/DT/IT Area Sample

Analysis Date=> July 22, 1999
Isotope pCIlg (sollids) or pCui1 (if water) or pCI (If smears)

1 Am-241 5.4
C-14 <6

. Cm-243 < 0.4
I Cm-244 < 0.4

Co-60 30
E Cs-134 < 2

Cs-137 4800
Eu-152 < 20

Eu-154 < 5

t Eu-155 < 9
I Fe-55

H-3 < 100

. Nb-94 < 2
I Ni-59 < 100

5 Ni-63 55

Pu-238 1.6

Pu-239 2.5

Pu-240 2.5

I Pu-241 <60

Pu-242 < 0.4

I Sb-125 <20

Sr-90 < 8

TC-99 <10

U-234 0.45

U-235 < 0.2

E U-238 0.57

Other Isotopes pCUg (soilids) or pCini (If water) or pCI (if smears)

On-site Analysis for Cs-I37 _

On-site Analysis for Co-60

On-site Analysis for H-3
1-129 < 5

Gross Alpha
Gross Beta

K-40 < 50 (39.8)
Ra-226 <70

Th-232 . __

Cm-242 < 0.4

Th-228 < 7

Np-237 _ _ _ _ _ _ _ _ _

Ce-144 ___

(0 90t, -C o2

A1TMCHMENNLLU. 0L.



SNEC CV STEEL SHELL MODEL
All Dimensions are in Feet

10.01> 00
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MicroShield v5.05 (5.05-00121)
GPU Nuclear

3r~~j.
Page : 1
DOS File: CVSHELL.MS5
Run Date: October 5, 2002
Run Time: 4:52:16 PM
Duration : 00:00:15

~,2 7-

IoI 1 (o1..
File Ref:

Date:
B y: _ _ _ _ _ _ _ _

(0966 -02.Z- 0 25• Checked:

Case Title: CV Shell
Y Description: Y Sector of CV Shell Model
iL Geometry: 13 - Rectangular Volume

Length
Width
Height

Source Dimensions
1.746 cm 0.7 in

399.254 cm 13 ft 1.2 in
609.6 cm 20 ft 0.0 in

Dose Points
x

# 1 51.74625 cm
1 ft 8.4 in

Y
304.8 cm

10 ft 0.0 in

z
1.99e+02 cm

6ft6.5 in
z

Shield Name
Source
Air Gap

Shields
Dimension
15.009 ft3

Material Density
I ron 7.86
Air 0.00122

Nuclide
Co.60

Grouping
curies

6.5141e-006

Source Input
Method : Actual Photon Energies

becquerels pCi/cm3

2.4102e+005 1.5327e-005
Bq/cm3

5.6710e-001

Buildup
The material reference is: Source

Integration Parameters
X Direction
Y Direction
Z Direction

40
40
40

Energ
MeV

0.6938
1.1732

Activity
photons/sec

3.932e+01
2.410e+05

Fluence Rate
MeV/cm2 /sec

No Buildup
3.742e-05
4.559e-01

Results
Fluence Rate
MeV/cm 2 /sec
With Buildup
6.093e-05
6.715e-01

Exposure Rate
mR/hr

No Buildup
7.224e.08
8.147e.04

Exposure Rate
mR/hr

With Buildup
1.176e-07
1.200e-03

ATTACHMENT S - T,



Page : 2
DOS File: CVSHELL.MS5
Run Date: October 5, 2002
Run Time: 4:52:16 PM
Duration: 00:00:15

3(8 J.C 44t

'R - RS)~~~ oz( I

Energy
MeV

Activity
photons/sec

Fluence Rate
MeV/cm 2/sec

No Buildup
5.372e-01

9.932e-01

Fluence Rate
MeV/cm2/sec
With Buildup
7.726e-01

1.444e+00

Exposure Rate
mR/hr

No Buildup
9.321e-04

1.747e-03

Exposure Rate
mR/hr

With Buildup
1.340e-03

2.541e-03

1.3325 2.410e+05

TOTALS: 4.821e+05

ATTACHMUI TAIs



MicroShield v5.05 (5.05-00121)
GPU Nuclear

Page : 1
DOS File: CVXPLUS.MS5
Run Date: October 5, 2002
Run Time: 4:58:39 PM
Duration : 00:00:15

- q3t -4<s_-
File Ref: ____

t )j Io Date:

sZ~- o5 By:
Checked:

&qo-�

Case Title: CV Shell
Description: X and Z Plus Sector of CV Shell Model
A Geometry: 13 - Rectangular Volume

Length
Width
Height

Source Dimensions
1.746 cm 0.7 in
561.2 cm 18 ft 4.9 in
609.6 cm 20 ft 0.0 in

.

Dose Points
x

# 1 148.7424 cm
4 ft 10.6 in

Y
304.8 cm

10 ft 0.0 in
z

z
0 cm

0.0 in

Density
7.86
0.00122

Shield Name
Source
Air Gap

Shields
Dimension Material

5.97e+05 cm3  Iron
Air

Source Input
Grouping Method : Actual Photon Energies

curies becquerels pCi/cm3

9.1564e-006 3.3879e+005 1.5327e-005
Nuclide
Co.60

Bg/CM 3

5.6710e.001

Buildup
The material reference is : Source

Integration Parameters
X Direction
Y Direction
Z Direction

40
40
40

Energy
MeV

0.6938
1.1732
1.3325

Activity
photons/sec

5.526e+01
3.388e+05
3.388e+05

Fluence Rate
MeV/cm 2/sec
No Buildup
1.467e-05
1.765e-01
2.072e-01

Results
Fluence Rate
MeV/cm 2/sec
With Buildup
2.314e-05
2.509e-01
2.876e-01

Exposure Rate
mR/hr

No Buildup
2.833e-08
3.154e-04
3.595e-04

Exposure Rate
mR/hr

With Buildup
4.468e 08
4.484e*04
4.990e-04

ATTACHMENIT < -4-



Page : 2
DOS File: CVXPLUS.MS5
Run Date: October 5, 2002
Run Time: 4:58:39 PM
Duration : 00:00:15

3>5 *0 3I|6 /0?z-
19 3-d-Oz

Energy
MeV

Activity
photons/sec

Fluence Rate
MeV/cm2 /sec

No Buildup

3.837e-01

Fluence Rate
MeV/cm2 /sec
With Buildup

5.385e-01

Exposure Rate
mR/hr

No Buildup

6.749e-04

Exposure Rate
mR/hr

With Buildup

9.474e-04TOTALS: 6.776e+05

ATTACHMENTi•.-..-•--



MicroShield v5.05 (5.05-00121)
GPU Nuclear

_

Page : 1
DOS File : CVMINUS.MS5
Run Date: October 5, 2002
Run Time: 5:01:03 PM
Duration : 00:00:15

Ib?, - File Ref:
Date: _

By:
Checked:

Case Title: CV Shell
Description: X and Z Minus Sector of CV Shell Model
Y
id Geometry: 13 - Rectangular Volume

Length
Width
Height

Source Dimensions
1.746 cm

162.218 cm 5 ft
609.6 cm 20 ft

0.7 in
3.9 in
0.0 ina

Dose Points
x

# 1 148.7424 cm
4 ft 10.6 in

Y
304.8 cm

10 ft 0.0 in

z
0cm

0.0 in

Shield Name
Source
Air Gap

Shields
Dimension

1.73e+05 cm3
Material Density

Iron 7.86
Air 0.00122

Source Input
Grouping Method : Actual Photon Energies

curies becquerels UCi/cm3

2.6467e.006 9.7929e+004 1.5327e-005
Nuclide
Co-60

Bq/cm3

5.6710e-001

Buildup
The material reference is : Source

Integration Parameters
X Direction
Y Direction
Z Direction

40
40
40

Energy
MeV

0.6938
1.1732
1.3325

Activity
photons/sec

1.597e+01
9.793e+04
9.793e+04

Fluence Rate
MeV/cm 2 /sec

No Buildup
9.526e-06
1.122e-01
1.31 le-01

Results
Fluence Rate
MeV/cm 2/sec
With Buildup

1.424e-05
1.518e-01
1.735e-01

Exposure Rate
mR/hr

No Buildup
1.839e-08
2.006e-04
2.275e-04

Exposure Rate
mR/hr

With Buildup
2.749e-08
2.714e-04
3.010e-04

ATTACHMEW AC ..-kto



Tage :v
DOS File: CVMINUS.MS5
Run Date: October 5, 2002
Run Time: 5:01:03 PM
Duration : 00:00:15

If 0L . -
-~~.,bC 4 O 1 6 (o0-~

6?9 16-CZ--c52-5

Energy
MeV

Activity
photons/sec

Fluence Rate
MeV/cm2 /sec

No Buildup

2.434e-01

Fluence Rate
MeV/cm2 /sec
With Buildup

3.254e-01

Exposure Rate
mR/hr

No Buildup

4.281e-04

Exposure Rate
mR/hr

With Buildup

5.724e-04TOTALS: 1.959e+05

..

ATTACHMENTB 5 -,



MicroShield v5.05 (5.05-00121)
GPU Nuclear

FileRe.Page : 1
DOS File : DTMODEL.MS5
Run Date: October 5, 2002
Run Time: 8:22:10 PM
Duration : 00:00:02

&o706-02a-0c-z; Date:
By:

Checked:

Case Title: 8" Pipe End
Description: Discharge Tunnel Pipe Model

Geometry: 8 - Cylinder Volume - End Shields

I Height
Radius

Source Dimensions
60.96 cm
10.16 cm

2ft
4.0 in

X
#1 0cm

0.0 in

Dose Points
Y

110.998 cm
3ft 7.7 in

z
0cm

0.0 in

Shield Name
Source
Air Gap

Shields
Dimension Material

1206.372 in3 Concrete
Air

Density
1.4
0.00122

Nuclide
Ba-137m
Co*60
Cs-137

Source Input
Grouping Method : Actual Photon Energies
curies becquerels pCi/cm3

1.6704e-007 6.1805e+003 8.4497e-006
1.1071e-009 4.0961e+001 5.6000e*008
1.7658e-007 6.5333e+003 8.9320e-006

Bq/cm3

3.1264e 001
2.0720e*003
3.3048e-001

Buildup
The material reference is: Source

Integration Parameters
Radial
Circumferential
Y Direction (axial)

40
40
40

Energy
MeV

Activity
photons/sec

Fluence Rate
MeV/cm2 /sec

No Buildup
1.432e-06

Results
Fluence Rate
MeV/cm2 /sec
With Buildup

1.735e-06

Exposure Rate
mR/hr

No Buildup
1. 193e.08

Exposure Rate
mR/hr

With Buildup
1.445e-080.0318 1.280e+02

ATTACHMPir, & .



Page
DOS File:
Run Date:
Run Time:
Duration:

2
DTMODEL.MS5
October 5, 2002
8:22:10 PM
00:00:02

(9 9I OC?~OZ

Energy Activity
MeV photons/sec

0.0322 2.361e+02
0.0364 8.591e+01
0.6616 5.561e+03
0.6938 6.682e-03
1.1732 4.096e+01
1.3325 4.096e+01

TOTALS: 6.093e+03

Fluence Rate
MeV/cm 2/sec

No Buildup
2.754e-06
1.520e*06
1.301e-02
1.667e*08
2.089e*04
2.487e-04

1.347e-02

Fluence Rate
MeV/cm 2/sec
With Buildup

3.355e-06
1.984e*06
2.562e*02
3.241e-08
3.566e*04
4.117e*04

2.640e-02

Exposure Rate
mR/hr

No Buildup
2.216e-08
8.638e*09
2.522e*05
3.218e- 11
3.734e*07
4.315e-07

2.607e-05

Exposure Rate
mR/hr

With Buildup
2.700e*08
1.127e-08
4.967e.05
6.258e- 11
6.372e-07
7.143e.07

5.107e.05

r, & . , LATrACHIVIB --. , -



MicroShield v5.05 (5.05-00121)
GPU Nuclear

6 5?46-0- .6
Page : 1
DOS File: 18LINE.MS5
Run Date: October 6, 2002
Run Time: 9:22:01 PM
Duration : 00:00:44

3 .By foreq_
File Ref:

Date:
By:

Checked:

Case Title: Tie Line
Description: 18" Line Between Intake & DT

metry: 12 - Annular Cylinder - External Dose Point

Height
Radius

Source Dimensions
304.8 cm 10 ft 0.0 in
20.32 cm 8.0 in

Dose Points
X

#1 74.168cm
2 ft 5.2 in

Y
152.4 cm
5 ft 0.0 in

Shields
Shield Name

Cyl. Core
Source
Shield 3
Transition
Air Gap

Dimension
20.32 m3

.025 m

.014 m

Material
Air

Concrete
Iron
Air
Air

z
0cm

0.0 in

Density
0.00122
1.4
7.86
0.00122
0.00122

Nuclide
Ba-137m
Co-60
Cs.137

Grouping
curies

8.8740e-007
5.8812e-009
9.3806e.007

Source Input
Method : Actual Photon Energies

becquerels pCi/cm3

3.2834e+004 8.4497e-006
2.1761e+002 5.6000e-008
3.4708e+004 8.9320e.006

Bq/cm3

3.1264e-001
2.0720e-003
3.3048e-001

Buildup
The material reference is: Shield 3

Integration Parameters
Radial
Circumferential
Y Direction (axial)

40
40
40

Energy
MeV

Activity
photons/sec

Fluence Rate
MeV/cm 2 /sec
No Buildup
6.912e.40

Results
Fluence Rate
MeV/cm 2 /sec
With Buildup

1.700e 30

Exposure Rate
mR/hr

No Buildup
5.758e-42

Exposure Rate
mR/hr

With Buildup
1.416e-320.0318 6.798e+02

ATTAC;HMEETT.L..... 2



Page : 2
DOS File: 18LINE.MS5
Run Date: October 6, 2002
Run Time: 9:22:01 PM
Duration : 00:00:44

t
�B, ;�

I C-', 6 1too6 ?to-,o 2, 6 1 6
Zs"

Energy
MeV

0.0322
0.0364
0.6616
0.6938
1.1732
1.3325

TOTALS:

Activity
photons/sec

1.254e+03
4.564e+02
2.954e+04
3.550e-02
2.176e+02
2.176e+02

3.237e+04

Fluence Rate
MeV/cm 2 /sec

No Buildup
1.67le-38
3.005e-29
2.394e-02
3.125e*08
4.670e*04
5.751e-04

2.499e-02

Fluence Rate
MeV/cm2 /sec
With Buildup

3.187e-30
3.653e-29
6.275e-02
8.044e*08
9.774e*04
1.146e-03

6.488e-02

Exposure Rate
mR/hr

No Buildup
1.345e-40
1.707e 31
4.642e 05
6.033e- 11
8.346e 07
9.978e 07

4.825e-05

Exposure Rate
mR/hr

With Buildup
2.565e-32
2.075e-31
1.217e*04
1.553e*10
1.747e-06
1.989e*06

1.254e 04

AT TACHMEIENT-&-%--I


