EID-04628
Page 89

Figure 11-Elemental mercury is found
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Figure 12-Excavat



EID-04628
Page 01

Figure 13-Exhumed debris
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Figure 14-More exhumed debris
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Figure 15-Nal Gamma detector instrument
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Figure 16 - Beta-gamma detector
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Figure 18-Geophysical surveying
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Figure 19-Submergence pit
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Figure 20-Demolition of pit



Figure 21-Filled hazardous containers (awaiting shipment)
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Figure 22-Radioactive waste containers (filled)
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Figure 23-On-loading of filled containers



EID-04628
Page 102

Figure 24-Shipping of full containers
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Figure 25-Vehicle weigh station
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Figure 26-Bedrock exposed in lower pond
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Figure 27-Tarps over excavations
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Figure 28-Tarped site during rain
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Figure 29-RWQCB Officer (in vest) on site
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Figure 30-Site in February 1993
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Figure 31-Radioactive waste containers at RMDF
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Figure 32-Drilling well cluster RD-54 in lower pond
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Figure 33-Sorting and segregating non-hazardous soils
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Figure 34-Soil sorting and handling machine
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Figure 35-Soil segregation in process
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Figure 38-ITC with Nal probe receptacle
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Figure 39-Excavation, segregation and classification process
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Figure 40-Nal probe insertion into receptacle
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Figure 41-ITC filled with soil being counted for radioactivity
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Isatope
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Figure 43-Radionuclide content of radioactive and mixed wastes
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B/886 Former Sodium Disposal Facility
Analytical Result Summary
Lower Pond Excavated Soils
Semi Volatile Organic Compounds
Page 1of2
Anahytical Method SW 846 8270
Result Range Typical
Waste Constituent Low High MDL
_Eforts _ Findings _~————— ma/Kg :
1,2,4-Trichlorobenzene 4 0 02
1,2-Dichioroberzene 44 0 02
1,4-Dichioroberzene 4 0 02
1,2-Diphenylhydrazine 44 0 02
1,3-Dichioroberzene a4 0 v 02
1,4-Dictioroberzene 4 0 02
2,4,5-Trichlorophenol 44 0 07
2,4,6-Trichlarophenal 4 o 02,
2,4,6 Triromophenal 44 14 26 333 TiIC
2,4-Dichloropheno! 4 0 04
2,4-Dimethyipheno 4“ 0 0.4
2,4-Difitrophenol 44 0 1.0
2 4-Dinitrotoluene 4 0 02
2,6-Dinftrotokiene .4 0 0.2
2-Chloronaphthalene 44 0 07
2-Chilorophenol 44 0 04
2-Flurobiphenyl 44 14 1.01 1.67 TiC
2-Flurophenol 44 14 258 3.33 Tic
2-Methyl4,6-dinftrophenol 44 0 0.7
2-Methyinapthalene 44 0 07
2-Methyiphenol (o-Creisol) 4 0 02
2-Nitroaniline 44 0 20
2-Nitrophenol 44 0 04
3-3-Dichiorobenzidine 4 0 04
3-Nitroaniline 4 0 04
4-Bromophenylphenylether 4 0 0.2
4-Chloro-3-methylphenol 44 0 02
4-Chioroaniine 44 0 ‘04
4-Chlorophenylphenylether 44 0 02
4-Methyiphenol 4 0 02
4-Nitroaniiine 44 0 0.7
4-Ntrophenoal 4 0 0.7
Acenaphthene 4 0 02
Acenapthylene 44 0 0.2
Aniline 44 0 04
See page 2 for explanations.

Figure 45-SVOCs from lower pond (1 of 2)
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B/886 Former Sodium Disposal Facility
Analytical Result Summary
Lower Pond Excavated Soils
Seml Volatile Organic Compounds (cont.)
Page2af2
Anzlyvtical Method SW 846 8570
Resuk Range Typical
Waste Constituent Low High MDL

_Efforts _Findings mo/Xg -
Anthracene 44 1 ND 0.65 02
Benzidine 44 1] 70
Benzo(a)anthracene 44 1 ND 0.49 0.2
Benzo(a)pyrene 44 0 0.2
Berzo(b)fuoranthene a4 0 L 02
Benzo(g.h.)perylene 44 0 0.2
Berzo(kjfkioranthene 44 0 0.2
Benzyl alcohol 44 0 02
Benzoic acd 44 0 2.0
Butylbenzyiphthalate 44 o 02
Cheysene 44 14 0.43 8.2 0.2
Di-n-octyiphthalate 44 0 02
Dibenzo{a,h)anthracene 44 0 0.2
Dibenzofuran .44 0 02
Dibutylphthalate 44 0 0.4
Diethyiphthalate 44 1 ND 1.1 0.4
Dimethylphthalate 44 0 04
Fluoranthene 44 ¢ 02
Fluorene 44 7 043 18 04
Hexachlorébenzene 44 0 02
Hexachlorobutadiene 44 0 0.2
Hexachlorocyclopentadiene 44 0 02
Hexachloroethane 44 0 02
Indeno(1,2,3-cd)pyrene 44 0 04
Isophorone 4 0 02
N-Nitrosodimethylamine 44 0 02
N-Nitrosadiphenylamine 44 0 02
N-Nitrosodi-n-propylamine 44 0 0.7
Nitrobenzene 44 15 1.04 1.67 02
Napthalene 44 1 ND 0.31 0.2
Phenanthrene 4 17 022 13 02
Phenol 44 15 193 3433 D4
Pentachiorophenol 44 0 04
Pyrene 44 0 0.4
Terphenyl 44 15 0913 167 mc
Bis(2-chloroethoxy)methane 44 0 0.4
Bis(2-chloroethyl)ether 44 0 0.4
Bis(2-chiorolsopropyljether 44 0 0.4
| Bis(2-ethythexyliphthalate 44 10 035 22 04

Note: MOL = Minimum Detection Limit. Compounds Idertified by the laboratory as a “Tentatively
Identified Compound” are labeled *TIC" In the MDL colutn. The TIC's minimum detection fimits are
unavaiable. ‘

Figure 46-SVOCs from lower pond (2 of 2)
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B/886 Former Sodium Disposal Facility
Analytical Result Summary
Lower Pond Excavated Sails
Volatile Organic Compounds
10f2
Analytical Method SW 846 8240
Result Range
Waste Constituent Low High MDL
. _Effots _Findings —— ug/ig -
1,1"Oxybisbenzene 75 5 77 620 Tic
1,1,1-Trichloroethane 75 25 26 600 08
1,1,2,2-Tetrachloroethane 75 0 05
1,1,2-Trichioroethane s 0 05
1,1-Dichioroethane 5 2 6.2 1 1.1
1,1-Dichlomettiylens. 5 3 78 70 0.8
{ 1.2-Dichioroberzens: 75 0 0.6
1,2-Dichloroethane 7B 0 02
1,2-Dichioroethylene. (cis) 75 o 0.2
1,2-Dichloroethylene {trans) 7 0 04
1,2,3,4-Tetrahydronapthalene [ 5 15 43 e
1,4-Dichioropropane 75 0 08
1,3-Dichioroberzene yi] 7 25 1300 06
1,3-Dichlaropropene (cis) .75 6 10 410 0.6
1,3-Dichloropropene (trans) 75 0 05
1.4-Dichioroberzene 75 3 22 55 10
Acetone 75 0 79
Alkyl substiuted benzene isomer 75 1 ND 36 TIC
Benzene n 0 07
Bromodichloromethane il 0 06
Bromoform 75 0 05
Bromodichloremethane 75 0 1.0
Carbon Tetrachloride ) 0 05
Chiloroethane (4] 0 1.0
Chiloroform 7S 1 ND 4.1 08
Chioromethane ] 0 0.6
Oitvomochioromethane 75 0 04
Dimethyicyclooctane s 1 ND 2 TiC
Ethybenzerie 75 2 18 28 08
Freon 113 B " 74 34 08
Methylene Chioride bl 0 29
Monochiorobenzene (s 0 0.6
Napthalene s 1 ND 31 Tic
Polyaromatic hydrocarbon e -7 55 4800 ne
| Pobynuclear aromatic hydrocarbon 5 4 65 42 Tic
See Page 2 for explanations

Figure 47-VOCs from lower pond (1 of 2)
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B/886 Former Sodium Disposal Facility
Analytical Result Summary
Lower Pond Excavated Soils
Volatile Organic Compounds (cont.)
Pace2of2
Analytical Method SW 846 8240
Result Range
Waste Constituent Low High MDL
Effots Findings ———— ua/Ko -
‘Saturated alfipatic hydrocarbon 75 7 55 200 TiC
Tetrachioroethylene 75 10 41 610 08
Tetrachlorohexafiurobutane 75 1 ND 70 TiIC
Tetramethylbenzene isomer 75 1 ND, 6 TIC
Toliene k) 5 57 41 0.7
Thicbismethane i 1 ‘ND 18 TIC
Trichioroethylene (TCE) 75 45 34 1700 0.6
Trichiorofluromethane 75 1 ND 1.4 08
Tridecane 75 1 ND 85 e
Trimethyberzene isomer o) 5 7 42 Tic
Trmethylcyciohexarie isomer 5B 1 N 40 TG
1Undecane k) 1 ND 110 TiC
Unkriown aromatic hydrocarbon 7 2 7 83 TIiC
Unknown hydrocarbon » 18 37 47 490 TIC
Viny! Chioride 7S 0 0.4
Xyleries (Totah 75 9 a9 87 _ 14

Note! MDL » Minirmum Detection Limit. Waste constituents identified by the laboratory as a "Tentafively
Idertified Compound™ are labeled "TIC™in the MDL column. The TIC's minimum detection fimits are

unavaiable.

Figure 48-VOCs from lower pond (2 of 2)
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B/886 Former Sodium Disposal Facility
Analytical Result Summary
Lower Pond Excavated Soils
Miscelianeous Waste Constituents
Waste Constituent Resufts Range Analytical
Eftots Findings low ___ Hioh MDL| M
PH 4 4 69 10 DNA SW8469042
Polychlorinated Biphenyls 35 8 00s 2 005 SWwe468080
Total Petroleum Hydrocabons 41 40 10 200 10 EPA 4184
TCLP Organics - YgAL =
Vinyl Chioride 1 0 50  BISGEMS
1,1-Dichloroethylene 1 Q 25 B1S0/GLMS
‘Chioroform 1 0 5 8150/GCMS
1,2-Dichioroethane b o 25 B150/GCMS
2-Butanone 1 0 S0  B150/GCMS
Carbon tetrachloride 1 0 25  B1IS0/GCMS
Trichioroethylene 1 ¢ 25  8150/3CMS
Chiorobenzene 1 0 25  BIS0/GCMS
TCLP Semi Volatile Organics ugh.
-9-Cresol 1 0 40 3550/8270.
m+p Cresol 1 0 40 35508270
1,4-Dichloroethalene 1 0 40 A550/8270
24-Dintrotoluane 1 ] 40 35508270
Hexachlorobenzene 1 0 40 3550/8270
Hexaclorar-1,3:butadiene 1 0 40 3550/8270
Hexachloroethane 1 1] 40 355018270
NRrobenzene 1 ) 40 35508270
Pentachiorophenal 1 0 200 35508270
Pyridine 1 0 400  3550/8270
2,4,5-Trichlorophenol 1 0 - 200 3550/8270
2,4,6-Trichioropheriol 1 ] 40 35508270
TCLP Pesticides ught.
Undarie 1 0 1 355058270
Heptachior 1 0 1 3550/8270
Heptachior epoxide 1 0 1 35508270
Endrin 1 0 1 35508270
Methoxychlor 1 0 1 25508270
Chiorodane 1 0 4 35508270
Toxaphene 1 0 4 3550/8270
24-D 1 0 10 3550/8270
Sivex 1 0. 10 35508270 |

Note: MDL - Minimum Detection Limd

Analysis summarized: 85a,c84

Figure 49-Miscellaneous compounds from the lower pond
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SHIBPING INFORMATION EOR CONVENTIONAL WASTES

Cmm &91394

tion

Coritainer: ID No‘ szn i

Figure 51-Conventional waste shipper
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OFF-SITE SEIPMENT FOR
HAZARDOUS (ONLY) WASTE QA CHECKLIST
Container No: __ S 27D v
Shipment Date: '." 251993
Itam | Form No. Description . Inspection
No. . {tizle) Verification
+ -+
1]2}131]4
A | DES3022A |Uniform Bazardous %aste Manifest | ] ot s
B - - Cert of No Detectable Activity w1 A = —|B
¢ - Haz Detsrainaticn Report by EP PO PP Pl el
D - - Shivping Data form for Haz Wastes A | A ~ 1D
E 732-3A Radiation Survev Recert | oA ol ~IE o
F - - Inspection Checklist for Vehicle sl A7
G - - Log Entriss A l~INRIG |
H - - Intermediste Lot Followers ol 2| Al 8
Federal Notice Land Disposal | v 4
I - - Restricticn AR 1 1z
1¢alifornia Notice & Cert Iand ‘) . :
J - - Disbosal Restriction 1 o ¢ S
X - - DOE_Approval [ e e el
L - - Waste Profile & Eaz lable el %R !
M ~ =  |Drivers Safety Awareness Sheet vl 1"y |

YERIFICATION KEY
1 311 Required Line Entries Conpleted,
enter NR. g

If entzy is net requirved,
2 Entry Information legible .

3 Required Signatures and Date

4 Copy of Coupleted fora for QA Records

Approved Hazardous Waste Desposal Site: _ﬁgﬂgu.&éﬁ[(s_ﬂg___

All operations on this checklist have Lkeen verified, Material is

ac¢ceptable for transport. -~
&
s.tanﬂy tgﬁ I!!!

This checklist and a copy of conmpleted forms (A thru M} are to be
retained in the facility file and one forwarded to QA Engineering.

Figure 52-Waste data checklist
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~ CERTIFICATION OF "CONFORMANCE TO DOE OBJECTIVES"

70 the perfoninance objedt mﬁmm&mwmmme

A copy of this certification, and the below cited attachments shall be affixed 1 any
container so certified. :
Container No. 5700 |

1. External Radiation Survey (form 732-A) _D#P uﬁ 9/92

2. Uniform Hazardous Waste Manifest No. (form DHS 8022A 1/88) _£4 564525
(for Hamdous Wastes only)

Certification of meeting DOE performance objective
/ (Health Physicist)
Name

D_E_gz‘a,&:_____

Figure 53-Certificate of compliance with DOE objectives
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No, 886-SP-0005 Rev__New_

Page _44__of 50
Original Date; _ 06/08/92
Rev Damr:

APPENDIX H

Energy Technology Esginecring Centr (ETEC) has supplicd Environmensl
g:wcﬁon 33% dﬁfmm@m ?gforlhe'follwﬁngmmnc:(s)z

The analysis was performed by the following w. with the following ideadification
g2 BBE. /68
Sample No. (B886 sample log)

Laboratory R:pcn Nurnber:
Laboratory Sampie Ideadficadon Nurober (s):

210
:%1%:% .
AT 4 &2

The data is armched. and has bezn reviewed by Eavironroean? Prewclen Based upon Sis
teview, the marerial has besn determined 1o fall into the following exeger: .

- l . N N‘_
Non cous- Clean (signagzrs of reviewes) 2
Non-hazardous- Selectively Contaminated . DSV3
Acsepable for Class Tl disposal * (stgnarers of reviewes)
Non-hzzardous- Contaminated above psi3
Class I disposal limirs .

Hazardous- Noa-RCRA-Califoraia Regulated -

» pses
Hazardous- RCRA not requiring treatmesit o oFeviewed
Bazard L. : DSe:
i RCR-:\ reAag (signarure of seviewes)

v

NOTE _
Only a waste that was determined to contain less than detectable
radioactivity may be categorized as any of the above categories
{refer to Appendix B).

Chemical Eviluation of Wastes

Figure 54-Waste classification determination
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Figure 55-Radioactivity survey report
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5700
594 3 MOTOR VEHICLE INSPECTION
(SEE OVER FOR INFORMATION)
NAME OF CARRIE DATE OF INSPECTION _s-25-52

DRIVER'S LICENSE NUMBERSTATE Lz497347 |_dA-
.DBIVER'S LICENSE AUTHORIZATION'S . _

- MEDIGAL-"EXAM “DATE. " 2-4/-5 2, . ' -
VEHIGLE LICENSE PLATE NOM STATE_ca°_ TAG YR

\ _
FIRE EXTINGUISHERS INSTALLED
TIRE CONDITIONS

V(
v
BRAKES _
MIRRORS/WINDSHIELD o .
LOAD | % -
‘ / (

ACCEPTED BY

Figure 56-Vehicle inspection report
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B@°2 INTERMEDIATE LOT FOLLOWER "
| _ sign/Date
Grid Location __Lowenr Pous | L
Material from RMMA? Yes _{~ No , \ 1 Vi
Hazardous '
Visual Yes _* . No &
HNU Yes _w_ No _*
. BAZMZP . Yes _v No - J oS
'( R R - : : =
1 Radicactivity, |
§ Background Réading 4810 cpm

X=6.01/B=_gs227 _ 4

} Direct counts
ﬁ less Background

Reading ' - |
Compare to X: radicactive? A! ‘

Transfer to:
Clean container No.
Radiocactive container No.

Hazardous container N¢. m ——
X ian NPT

Mixed Haz container No.

T te

“}§ Quality Assurance Verification: Dy N R
AL QA Inspecter : . “g “ 1 'I 1992 |
3 w Stamg , TR ETTRNE

Figure 57-Intermediate lot follower
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.California Land stposal Restriction Notice and Certification

Ganerator Nama Dol a /T e
Catomis Hazurdous Wasts Codois) /5, E4/

CWM Prefile Rumber £ BEYC
Lﬂ.é_f"
mwumwwwmmmuhu rdance with e saqui "“o'OCRTM&.MH&M!Mnm

fand dispossf of centain hazardous wastes. lmmmwmmummmmbmmmwmm»
m«umunwwnum A eapy of i spplicable Yesiment itandards and wasts analysis data, whers availadie, is
- nilataln®d &t the Chemical Waste Managemneni faclity ietified on the mardest teferenced above. L have entered the appropriate Caklomia Viaste
eodcuid:hadudhnpmpdmbuhﬁuhﬂcbcmbhd‘mmq,‘ bly nen-PCRA hazardous waste listing Trom 22 CCH § 86258.29.

Prohibiticn Corresponcing
) State of Caltfornla - ' Egciive Treatment Standary
7 Restricted Waste Description Uisted In 22 CCR § 65283.29 . [ Dawe frem 22 CCR)
1 Metalcontalning aquenys waste iensfisd in 22-CCR B2253.264). L 1/28/93 6228316751
2 PCBwastes Identified in shetion £6258.250). ' /27150 BEZSEANG
3 Auto shredder waste entified in section §2253.06(c). 5/8/84 68263, 105(x)()
4 Nonwastewster solvent waste ideniified in secticn 82263.261). ¢ 8/8/51 £2258.107 10
5

Hezaeous westa m;, sand identied Is shcsien 65238 2500 118 esessqopiaie  §

Metal-containing solld waste identified In 62253.25(), 878,52 6£2£3.708 (a1 t2

7
Y 8 Fiy 21h, bottom ash, tetort ash o7 baghouse waste icencies in E€252.231). 171751 T BETEE.I0EM i
§ v Baghouse waste from foundriss ientified in $2252.2¢.]. 17481 8E282.106/.:8
10 Aqueous and lquid organic waste kienghed in 65242550, sz se2s2 iz
11 Solid waste contalning organica identified In 65252.25 ). 578752 | 6£263.133

D A. RESTRICTED WASTE REQUIRES TREATMENT

1 the genersicr of tha waste identifiad sbcve which mustBe teatss e mant e aspicable teatmient standardi sot fors i COR Tale 24 aicie
4 or article 11 ¢! Chapter 18 '

D B.1 AESTRICTED WASTE TREATED TO FEBFORMANCE STANDARDS
I cortify uncler penaity of law thit | have personally sxarmined and an ftrukiar with the teatment sachinoiogy anc cperelion o the tuazrem zrodss
o36d 10 BURFart Ris certtication iind tiat, baze Upon My inquity of e se SEvicuL’s inmedisasly aspCasible for ciiining chis irsoemation, | belleve
that e patment process has beent cperated and maintained properly 30 &3 1o czmply with the performancs levels speciSed in artcls 4 and acle
11 of chapter 13, division 4.5, Tke 22, CCR and all applicatle prc'iiticas Setforh In vecSon 68268.32 or RCRA secton 3004(¢) (42 U.S.2. secn
. 6324()) without impenissible clution of the prohbied wasts. {an awire (a there s gignificant pendiSes or submitting & false cesdicricn,
. inclding the posslhmcla fine and imprisonment®

C. RESTRICTED WASTE SUBJECT TO A VARIANCE . i
The wasta identified above Is Subject 0 & capacity variance which exgires & /_/nw: zzf,ﬁ .

D. RESTRICTED WASTE CAN BE LAND DISRGSED WITHOUT FURTHER TREATMENT

Tcersly under penaly of iaw that [ personally Aave examined ard s TRl wit: he wesly (hrough analysis and nesting or 2Tugh knewiscse of
mmuwmummmmmmmmnmmmdhmmamt.:.camm.u-'-
4 and arvcle 11 and a¥ appicadle probdRions setforth in OO Tice 22, sectsh 86268.32 ér RCRA sectian 094(CH42 US.C. secten 6524(2)). |
am aware that there are signilicant peniites for submitiig a fa'se certlicaton, kscixling the passidity of 3 fine aid imprisanment.”

lh P:Ibe carity that all informatica submifted in this and all asscciated decantens is camplete and acsurate to the est cf my kncwiegs and
oration,

] S‘cqnm!(é 2g i %é;é ‘T!Oﬂ‘,é,, a(&ﬁmf/ 5-14.#‘ rWZO-L ?é’
Capyright € 1950 Chemical i¥iste Mangamant, ine.

Revised: 3/9/92

Figure 58-California land disposal restriction form
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,‘}} Chemical Waste Management, Inc. gr §8ﬂg
WASTE PROFILE
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Figure 59-Regulated waste profile
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€fa grey )
Unlted States Government Department of Energy
_ memorand um RECEIVED
cL ' - ‘ JAN 161983
25 . " oar 077

o

ter's.

ech a1ogy. Engtneering Cé

S Roptatal uf Maste
djus Dispest! Facil

«

pment “fr
ity

$7. Davia, S

TV

Tﬁ'.e«u'écg'_mber 11, usz} _?mqruiiluh from Alax Dong to Lee Stevens (atuchedg,
s as

requesting to ship offsite a1l 50ils designated as nonradioactive wastes
bean received and reviewed by this office. In consideration of the Enargy

 Technolegy Enginsaring Center's [ETEC's) demonstratad knowledge of the
waste, and procedures to dssure that enly those Sodium Disposal Fac{lity
{SOF) wastes showing no detectabla activity will be designated as
nonradioactive, this officeé believes that no Department of Energy (DOE)-
added vradiation is presant {n thase wastes.

ETEC has to date, not provided informstion accaptable to 1ift the meratorium

. site-wide. For this request, the inforpation submitted For the SDF wastes
specifiad above is sufficient. This office concurs with your requast to
ship 111 SOF wastes found to have no DOE-added radiation offsite as
nonradioactive. The moratorjum ramaing in effect for all RCRA/TSCA wastes
at ETEC, which are not specifically axcavated soils from the remadiation
activity at the SDF. .

. Lytle
g uty Assistant Sacratary
or Waste Management

Envirenmental Restoration and
> : Waste Management

Attechment

€c: Joe Boda, EM+322 N
Gordon Langlie, EM-322
Hanniba) Joma, DOE-SF '
Jonathan King, EM-351

Figure 60-Case exception for DOE approval for shipment
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HAZARDOUS WASTE S700
PENDING ANALYSIS _

SR B M NN NED SED SR DAG GU AN BN TNY WEN ASD M0 SN SN QNG MO Sn Wi SN DM NN NI GO MND GNF GHS GNF AN SNS SN AED GV NN W9 SN SO MR SN EN W o
00 Canoga O peSote }fssn O westiaxe I:l Plummer O Other
16633 Canoga Averue 8900 DeSoto Avenue End of Woolsey Canyon Road 2825 7' ate Rd. - 21415 Plummer Ave.
Canoga Park, CA 91303 Canoga Park, CA 91304 Simi Hilis, CA 91311 Westiake, CA 91361 Chatsworth, CA 51311

Date ot Storage PFowm Emm.q
Date of 18t Accum JDate Desmed i be a Waste ]l |4 ql

AARDY
Department Numbeleamo_QZ#Em__ musm#h_h&_am No.mm: cmm/m._s.ﬂ?l-.

Sg, l w, Known 0O tgnitadlity 0O Corrosivity _ . U Toxlcny

st O N TRM I ALBa S _L,s Propetties: {FP.<140% (mdor,uz,s)
- CJ Reactivity 0 other
% Known
o Physical State: ﬂaouu Ouqud Osiwdge DClGas  COther
: Quantity in Contalner: /D . Ogal. DObs. $u. yos.
_ « Process Generating waso_OSDE eolpsuRE
- - % ‘
Analysis L%g No. — ;qz’ % (F Dato Sampled [~ [T~%22-

Rockwef! lmmtloml Corporation/Rocketdyne Division, 8633 Canoga Avenue, Canoga Park, CA 91303 818/710-6163

PO 0537003 NEW 1100

A

6€1 33eq
829v0-AId
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886 Random sample generator (1 sampl&, 5 bins)

BIN NO. 1 CONTAINER SERIAL NO.
RANDOM NUMBER LIST
3

BIN NO. 2 CONTAINER SERIAL NO.

RARDOM NUMBER LIST
]
BIN NO. 3 CONTAINER SERIAL NO.
RANDOM NUMBER LIST
5

BIN NO. 4 CONTAINER SERIAL NO,

RANDOM NUMBER LIST
1

BIN NO. 5 CONTAINER SERIAL NO.

RANDOM NUMBER LIST
2

.1029

5942

5700

0220

0216

72.886 [fBc

Figure 62-Random sampling of S R/O bins
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SAMPLE ANALYSIS REQUEST FORM
({Side 1)
‘,,( =, s i o
“"Proj. Charge Number: _2_9_;3&-96215-15300 AR T - .
)u'e these -mples for Regullto:y c::mpll.ance? /(/ . T
To which agency are the results being reported? M TS SN
MATRIX (check one) .
Drinking Water: Soll: )@ olls
Ground Water: ) Sludge: Solvent:
Waste Water: Eazardcus Waste: Other:
OMMENTS
7
Sample Conditions .
. For Lad ‘Useé ©aly ..«
Are t.he s-als intact? Y N N/Aa
*Are labels present? -~ Y N N/A
s . Are samplex Chain of Custody? Y N N/A
b -7 L) S Are, Iaqs. ‘Containers, ‘apd Chain . e -
o o} T osoef custedy inm. agreement? - b 4 N N/A
Are'Samples Colar Y N N/A
Ara si‘d‘ples Intact? - b 4 N N/R
.18 there headspace? Y N N/A
:l:s th r:e -nfﬂ.cicnt Sample? Y N NJ/A
‘_ RB‘C‘E&Véd "«Byx_ E . . . N . - D'lttl ) ! Time:

Figure 63-Chemical sample request- (page 1 of 2)
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SAMPLE ANALYSIS REQUEST FORM
(slde 2)

wenpred 8y (sisnrs _ EIIPRIE—__ @follock .

’ s‘nple-béscripgion

Snnplg Dcacription

8)#5
»5’327 S‘?i'c?

Method 80E0

" EPA 418.1

@ dosre8c3
Qrge- B CY
92 586 #BCS

CHAIN OF CUSTODY (ror Eavirommental sasples)

nurqﬂshed sy m 5 Daze Tire Recalived By (sign)

RS [i=19-F2 ' ALY

& .'_i'.urqa(shed (%% _(ym)  oste Tiee - . Received By (sign)
"¢ Relioquished By tatsn) 28t © Tiee | Received 8y (sisn)
Uinquished 8y (sign) - tate " Yise. ., Recelvez By tsignl

Figure 64-Chemical sample request (page 2 of 2)



EID-04628
Page 143

o ANALYTICAL REPORT
B C Analytical

801 Wastern Avenue
Glandale, CA 91201
B18/247.5737

Fax: 818/242-9797

LOG NO: 692-11-276
Received: 20 NOV 92

Mailed:DEC.0 7 1892

Ms. Nancy McMillan, $S21

Rockwell International Corporation Purchase Order: R24PJ792033545
6633 Canoga Avenue

Canoga Park, California 91303

-

REPORT OF ANALYTICAL RESULTS Page 1
LOG NO SAMPLE DESCRIPTION, SDIL SAMPLES DATE SAMPLED
11-276-1 92110413 Rup E¥E, SSURCTL e B /YA 18 NOV 92
11-276-2 92110416 & ss3:, TeOLETG 67T 0287 /654 18 NOV 92
11-276-3 02110427 RS 428, Seve, O, FCOL Sg g B 18 NOV 92
11-276-4 92110430 B2 /%63, 0788, 55/8, /200, 2763T /494 18 HOV 92
11-276-5 92110433 2.~3, r029, $S?P¢2, 5709, SR2Q 0L 1504 18 HOV 92
PARAMETER 11-276-1 11-276-2  11-276-3 11-276-4 11-276-5
N‘i‘t*gc tA)gld Digestion with 11723/92  11/23/92 11/23/92 11/23/92 11/23/92
? e . R ’ .
GFA Digest {EPA 3050), Date 11/23/92 11/23/92 11/23/92 11/23/92 11/23/92
Arsenic by Graphite Furnace, mg/ky 2.3 1.4 2.7 1.7 2.0
Antimony, mg/kg <10 <10 <10 <10 <10
Barium, mg/kg 80 87 86 84 88
Beryllium, mg/kg 0.49 0.58 - 0.5 . 0,54 0.54
Cadmium, mg/kg <0.4 <0.4 <0.4 <0.4 <0.4
Chromium, mg/kg 25 27 20 17 25
Cobalt, mg/kg 6.8 7.4 Lo 6.9 6.7 7.7
Copper, wg/kg i ¥) 9.4 8.5 7.9 9.2
Lead, mg/kg 8.9 10 9.5 6.6 9.2
Mercury, mg/kg 22 7.9 5.8 6.2 39
Molybdenum, mg/kg <4 <4 <4 <4 <4
Nickel, mg/kg - 25 30 36 27 45
Selenium by Graphite Furnace, mg/kg <0.4 <0.4 <0.4 <0.4 <0.4
Silver, mg/kg 0.69 0.93 0.80 0.57 0.74
Thallium, mg/kg <b <6 <6 <6 <6
Vanadium, mg/kg 30 34 34 33 33
Zinc, mg/kg 99 64 62 11 49 .

Figure 65-Chemical analysis results (metals)
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SSFL ANALYTICAL CHEMISTRY
Rockwell International, Rocketdyne Div.
(818) 586-5827 D392 8s21 Log Number
92110434
T0: Sodium Disposal Fac.
Dept/Group: 025-000 MAIL: T886
PHONE: 382-5922 REPORT DATE: 12/04/92
' me== GAMPLE INFORMATION
Sample Descrption: BSoil, Bins: 1029, 5942, 5700, 0220, 0216
Requested Analysis: 8080 Received: 117/19/92
Sampler: B. Sujata Sampler ID#: 92-886-1868B Sampled: 11/18/92 € 16:29:00
ANALYTE RESLT TS METHOD/SOURCE
PCB 1254 in soil 0.80 m/ Xg SUBLS, Nethod 3080
SPECIFICATION: (PCB analysis)
SPECIAL NOTES:
COMMERTS:
arppovep:_R.C. Yoo Qon P Rl dopy  szONED:
Rocketdyne SSFL Analytical Cheaistry Chemistry

Figure 66-Chemical analysis results (PCBs)
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-

] SSFL ANALYTICAL CHEMISTRY

Rockwell International, Rocketdyne biv,

(818) 586-5827 D/392

T0: Rocketdyne Environmental Protection
Requester: Sodium Disposal Fac.

Dept/Group: 025~000

NAIL: 1886

Sample Descrption:

SAMPLE INPORMATION

sampler ID#: §2-886-168C

PHONE: 382-5922

Log Number
92110470

REPORT DATB: 11/30/92
DATE OF ANALYSIS: 11/25/92

8oil, Bins: 1029, 5942, 5700, 0220, 0216
Reguested Analysis: 8240

Sampler: P. Pollock Sampled: 11/19/92 8 8:20:00

Received: 11/19/92

MIALYTE per Su-B46, #8240 REBLT, wa/kg L
Date Extracted 11725192

1,1,1-Trichlorosthane (TCA) "o, 0.3
1,1,2,2-Tetrach{orcathane a0, 0.5
1,1,2°Trichloroethane n.0. a.s
1.1-Dichloroethane n.0. 1.1
1,1-Dichloroethytens no. 0.8
1,2-Dichlorobenzene ®.0. 0.6
1,2-Dichioroethane N.D. 0.2
1,2-Dichloroettylene (cis) "D, 0.2
1,2-Dichloroethylene (tirans) nb. 0.4
1,2-DichLoropropane u.0. 0.8
1,3-Dichlorobenzens o, 0.6
1,3-Dichloropropene (cis) n.o. 0.6
1,3-Dichloropropene (trans) ¥.0. 0.5
1,4-Dichlorobenzene no. 1.0
Acetons n.o. 7.9
Senzene x.0. 9.7
sromedichloromgthane 0. 0.8
Sromoform 9. 0.8
Bromomethane n.0. 1.0
Carbon tetrschloride no. 0.5
Chioroethane u.o. 1.0
thioroform kD, 0.8
Chioromethane u.0. 0.6
Dibromochloromethane nb. 0.4
Ethylbenzene n.D. 0.8
Freon 113 9.0, 0.8
Methylene Chioride .. 2.9
Monoch] orobenzene K.0. 0.6
Tetrachloroethylene no. 0.8
Toluene .0, 0.7
Trichloroethyleny (TCE) . 9.6
Trichlerofivaromethane w.0. 0.8
Unknewn Hydrocarbon " 15

Vinyl Chloride n.o. 0.6

..... N LY s

evcssana

ncL

P T

trssfftirrItIiIoLIIILIOLILOY

R O O O B

L

enacncsve

Figure 67-Chemical analysis results (VOCs)
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DATE OF ANALYSIS: 11725/92

SAMPLE INFORMATION
sample Descrption: Soil, Bins: 1029, 5942, 5700, 0220, 0216
Requested Analysis: 8240

Received: 11/19/92

Sampler: P. Pollock Sampler ID#: 92-886-168C . Sampled: 11/19/92.@ 8:20:00
’ AVALYTE per SW-BAS, #8240 KESAT, o/ wor L
Xylenes (Total) 0.0, o e

SPECIFICATION: Title 22 (Soil for Method SW846 8240)
SPECIAL NOTES: ** Application not provided by requester, thus mcl is not specified.

COMMENTS: **Tentatively identified compound. Semi-quantitaated from pearest internal std.

APPROVED:

SIGNED:

{4
Rocketdyne SSFL Analytfcal chemistr)

Rocketdyne SSFL Jrdaly ical Cheaistry

Figure 68-Chemical analysis results (SVOCs)



EID-04628
Page 147
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1. Introduction

The Former Sodium Disposal Facility (T886) at the Rockwell International Santa Susana Field
Laboratory was used primarily for cleaning sodium heat transfer system components (pipes,
valves, tanks) and for disposal of scrap sodium by reaction with water. However, during its use,
small quantities of a variety of other materials were disposed of there, including radioactively
contaminated components and material. As a result, small amounts of radioactive contamination
became dispersed in the T886 pool, and in the lower basin and adjacent areas. The pool and
related structure, and all the soil in the lower basin, were removed during a remediation project
lasting from 1991 through 1994. At the completion of the radiological remediation, a final
gamma radiation survey and a sampling of soil and rock were performed to demonstrate the
satisfactory removal of the radioactive contamination. The gamma radiation survey was
summarized in ETEC document number 886-ZR-0007 (Ref. 1).

Following removal of all potentially radioactively contaminated soil from the former Sodium
Disposal Facility, the soil and rock samples were independently taken by ICF-Kaiser
Environment and Energy Group. These samples were analyzed by Oak Ridge Institute for
Science and Education (ORISE), and the results reported to the Radiation Protection and Health
Physics Services Group (now Environmental Remediation) at Rocketdyne. This report
summarizes those results and presents comparisons with local background values.

2. Summary and Conclusions

To confirm the satisfactory radiological remediation of this area, a sampling and analysis plan
was developed by the Environment and Energy Group of ICF Kaiser Engineers (Ref. 2) . ICF
Kaiser personnel collected 63 soil samples and 15 rock samples for analysis according to this
plan. Figure 1 shows the layout of the Former Sodium Disposal Facility and its subdivision into
grids to provide a basis for the sampling. (Figures and Tables follow the text of this report.)

The ICF Kaiser samples were sent to ORISE where they were individually analyzed by gamma
spectrometry, and analyzed by various radiochemistry procedures in composited groups. Sample
material is available for confirmatory analyses by the State of California Department of Health
Services - Radiologic Health Branch.

The gamma spectrometry showed low concentrations of Cs-137, the primary radioactive
contaminant at the Former Sodium Disposal Facility, and normal amounts of natural K-40, and
the thorium and uranium decay chains. The Cs-137 concentrations are similar to, though in some
instances somewhat greater than, local background surface soil concentrations due to global
fallout from nuclear weapon testing. The radiochemistry showed low concentrations of Sr-90,
similar to the Cs-137 concentrations, and somewhat higher than local background surface soil
concentrations. Radiochemistry with alpha spectrometry for thorium and uranium showed
concentrations that agreed well with values expected for naturally occurring minerals, and in
agreement with the daughter activities found by gamma spectrometry. This comparison shows
that the thorium and uranium activities are a natural occurrence.

Gamma spectrometry of the rock samples showed natural concentrations of K-40 and the
thorium and uranium decay chains, in agreement with the concentrations found in the soil, but no
Cs-137. Radiochemistry showed natural equilibrium in the thorium chain but some
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disequilibrium in the uranium chain, with the Th-230 activity (and its daughters) exceeding that
expected from the parent uranium activities. This is commonly found in geological materials.

Radiochemistry with alpha spectrometry for plutonium (Pu-238, Pu-239/240) showed no
concentrations in soil or in rock that differed statistically from zero.

The small amounts of Sr-90 and Cs-137, which may represent residue from the contaminated soil
that was removed, are well below proposed guidelines for residual radioactivity in soil, for
release without radiological restrictions (Ref. 3). No other indications of possible remaining
contamination were found.

No samples indicated the presence of significant levels of radioactive contaminants. All results
were well below proposed acceptable limits for radioactive contamination in soil. The results of
this sampling and analysis program confirm that the area is acceptable for release for use without
radiological restriction.

3. Sampling

For the purpose of providing a uniform basis for sampling the Former Sodium Disposal Facility
area, four regions were established, relating to the history of the facility. These regions were
subdivided into 50-foot square grids, and sample locations were selected within the grids by use
of random numbers.

Surface soil samples were collected by hand, with a trowel, providing somewhat more than 1 kg
of soil for each sample. Soil samples were placed in jars for transport to the ORISE laboratory.

Subsurface samples were collected at a depth of about 4 feet below the surface by use of a hand

auger. Bedrock samples were broken after core-drilling from the local rock.

Sample locations were identified, relative to the grid shown in Figure 1, by use of a 12-character
code. The first digit indicates the region (1-4), the next 2 digits indicate the block number for
that region, the next 2 digits give the distance in feet to the north from the southeast corner of the
block, the next 2 digits give the distance in feet to the west from the same cormner, and the next
digit (0 or 1) indicates a surface sample (0) or a 4-foot subsurface sample (1). The type of
sample is indicated by S for soil and B for bedrock. The samples taken for radionuclide analysis
were further identified by RN. Scheduled samples, as distinct from QC samples, were identified
by a final 0.

After the initial gamma spectrometry had been reported for all the individual samples, portions of
selected samples were grouped together at the ORISE laboratory to form composite samples for
the radiochemistry analyses. This was done to use the analytical funding as effectively as
possible, since gamma spectrometry is relatively inexpensive, compared to analyses requiring
chemical separation.

The composite groups were selected by first associating the gamma spectrometry results for each
sample with the region, and then combining nearby samples with similar radiological
characteristics, as determined from the gamma spectrometry. Some samples were kept separate
for individual analysis. The sample groupings are shown on the layout map of the area in Figure
2.
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4. Analysis

Samples were analyzed at ORISE in Oak Ridge, Tennessee, under contract to DOE/OAK. The
gamma spectrometry used a high-purity germanium detector with a computer based multichannel
analyzer. The standard Canberra software for interpretation of photopeaks was used. The
uncertainties reported with the results are determined by the computer processing and are
specified at the 2-sigma level. '

Radiochemistry was done to quantify Sr-90 and the requested alpha emitters. Chemical
separation provides a strontium precipitate, beta counting serves as the determination of the
activity. Similarly chemical separation provides separate deposits for thorium, uranium, and
plutonium. Alpha spectrometry is used to determine the individual isotopic activity for each
element. Uncertainties for the radiochemical results are also reported at the 2-sigma level.

5. Results

The results of the ORISE analyses are listed in Tables 1A, 1B, and 1C. These tables provide the
sample location code number, as described above, and the activity concentration and 2-sigma
uncertainty, in pCi/g. All scheduled samples are included here, with the results for 3 field
duplicate soil samples. Blank entries in the uncertainty (unc) column indicate that the activity
for that radionuclide was not detected, and so one-half of the Minimum Detectable Activity
(MDA) has been entered as the result for that sample. Table 1A lists all sample results obtained
by gamma spectrometry. Table 1B lists the results obtained by radiochemistry. Table 1C lists
the MDA values for all the radionuclide analyses that were performed.

The groups of individual samples that were composited for the radiochemistry analyses are listed
in Table 2, with the associated Lab ID, Lab composite ID, and the designated composite number.

6. Interpretation

Individual results from the analysis of soil and rock are presented as cumulative probability plots
in Figures 3a through 3q. In these plots, measured values are shown with a small or large error
bar associated with the data symbol. The error bars indicate the 2-sigma uncertainty estimated
for the result. Non-detected results, set to one-half the MDA, are shown without an error bar. In
a cumulative probability plot, data with a normal (or Gaussian) distribution fall along a straight
line. The plot shows, as a diagonal line, the theoretical Gaussian distribution calculated from the
arithmetic mean and standard deviation of the dataset.

Most of the radionuclides detected show a distribution that is close to Gaussian. The distribution
for Cs-137 in soil (Figure 3b) shows several values that are somewhat higher than expected, but
not entirely outside the range of environmental fallout activity in surface soil. Only 3 samples, at
0.57, 0.30, and 0.30 pCi/g, are above the upper 95% bound for local background of 0.27 pCi/g.
The highest value, 0.57, corresponded to the sample with the highest Sr-90 result. All results are
well below the proposed SSFL site limit for Cs-137 in soil, 8.6 pCi/g (Ref. 3). This limit was
determined by a pathways analysis using the DOE code RESRAD Version 5.61, for a maximum
annual dose of 10 mrem in a residential setting.

The results for Sr-90 in soil (Figure 3i) also show some elevated values. Of the 19 composite
sample analyses performed, 14 were reported at levels that were below the MDA. Only 4
composite soil samples, at 0.57, 0.49, 0.40, and 0.26 pCi/g, are above MDA for this analysis. The
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highest value, 0.57, corresponded to the sample with the highest Cs-137 result, also 0.57 pCi/g.
One composite rock sample, at 0.28 pCi/g, was above the MDA of 0.27. All results are well
below the proposed SSFL site limit for Sr-90 in soil, 24 pCi/g. This limit was determined by the
same pathways analysis.

The distribution for U-235, in both soil and rock (Figure 3h), as determined by gamma
spectrometry, is distorted by the many non-detected values. There is no indication of
contamination in these results, and higher quality values determined by radiochemistry with
alpha spectrometry (Figure 3n) confirm this conclusion.

The analyses for plutonium, both Pu-238 and Pu-239 (including Pu-240), show no results that
indicate contamination. While the analyses for Pu-238, which is found in global fallout, showed
6 (out of 19) results above the MDA, none of the analyses for Pu-239, a suspect SSFL
contaminant, were above the MDA. The reported values result from random variability in the
background of the analyses. '

The determination of background distributions of the radionuclides reported here, for soil, is
based on two sets of data covering large local areas. One collection is from the McLaren-Hart
Multimedia Study of the Brandeis-Bardin Institute and Santa Monica Mountains Conservancy
properties near SSFL (Ref. 4), as supplemented by some recent samples collected offsite by
Rocketdyne. (This set is identified as “... in Background Soil”.) The other consists of results
from the Rocketdyne Area IV Radiological Characterization Study (Ref. 3), using only those
results that are clearly unaffected by contamination. (This set is identified as “... in Area IV Soil
(background)”.) These measured background distributions, representative of the local area, are
shown in Figures 4a through 4k.

For comparison, the average value and 2-sigma uncertainty for each radionuclide measured in
soil from the Former Sodium Disposal Facility are listed below, with the corresponding values
from the two background sets.

Radionuclide Former Sodium Background ArealV
Disposal Facility Sail Soil
K-40 21.7+£3.14 21.9+3.44 19.0 £4.72
Sr-90 0.13%£0.29 0.047 £ 0.080 0.040 £ 0.080
Cs-137 0.069 +0.189 0.103 £0.166 0.079 £ 0.141
Th-228 1.43 £0.35 0.98 £0.95 1.00 £ 0.53
Th-230 1.21+£0.26 0.28 £0.57 0.82 £ 0.46
Th-232 1.34 £0.35 0.37£0.83 0.99 +£0.51
U-234 0.96 +0.27 0.35+0.84 0.77£0.35
U-235 0.044 £ 0.024 0.018 £ 0.045 0.042 + 0.022
U-238 0.95+0.26 0.36 +£0.79 0.78 £ 0.33
Pu-238 0.027+0.040 - 0.0006 + 0.0052
Pu-239 0.009 £ 0.043 -een 0.003 £+ 0.007

While there are some variations from background, some above, some below, the averages look

quite similar.
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Further evidence that the thorium and uranium activity detected in the Former Sodium Disposal
Facility soil is natural, can be seen in comparisons of the daughter activities. Thorium and
uranium are naturally occurring radioactive elements that slowly decay to stable isotopes of lead.
The sequence of radionuclides in the major decay chains is shown below, with those
radionuclides that were detected by the present analyses shown in boldface:

thorium ---- uranium chain ----

chain (U-238) (U-235)

Th-232 U-238 U-235
Ra-228 Th-234 Th-231
Ac-228 Pa-234 Pa-231
Th-228 U-234 Ac-227
Ra-224 Th-230 Th-227
Rn-220 Ra-226 Ra-223
Po-216 Rn-222 Rn-219
Pb-212 Po-218 Po-215
Bi-212 Pb-214 Pb-211
Po-212 Bi-214 Bi-211
Pb-208 (stable) Po-214 Po-211

Pb-210 Pb-207 (stable)

Bi-210

Po-210

Pb-206 (stable)

In each chain, one longer-lived radionuclide acts as a “bottleneck” to the development of
equilibrium activity after chemical purification of the element. Ra-228, with a half-life of 5.76
years, delays full development of equilibrium activity in the thorium chain by about 25 years.
Th-230, with a half-life of 75,000 years, delays development of the uranium chain by 300,000
years. Several of these daughters (and the U-235 “cousin” to U-238) were measured in the soil
from the Former Sodium Disposal Facility. The activities detected are shown in Figure 5. The
straight diagonal lines show the theoretical variation of the daughter activity with the parent.
The good agreement of the measured values with the theoretical variation shows that these
activities are natural.

7. Quality Assurance

Several sets of measurements were done to provide quality control checks on the analytical
procedure. These measurements were directed towards demonstrating the precision and accuracy
of the analytical results. The QC samples consisted of field duplicates (which were reported in
the main section of this report, but are also discussed here), laboratory replicate analyses, matrix
spikes (laboratory control samples), and blind spikes. The Data Quality Objectives are
considered to be satisfied if the observed differences are less than 3 times the estimated standard
deviation of the difference (Ref. 4). (Standard laboratory reporting provides the uncertainties
(unc) as 2 times the estimated standard deviation of the result. For the QC comparisons, the
derived uncertainty must be multiplied by 1.5 to obtain the 3-sigma value.)

Duplicate soil samples were made from 3 original samples: 21346220, 30113170, and
42455090. The original samples were individually mixed, and “split” samples were taken from
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the bulk material. These samples then proceeded through the balance of the sampling and
analysis as though they were independent samples. The results are compared in Table 3. These
results show good agreement, with the differences between separate paired soil samples generally
being less than the estimated uncertainty. Of 31 comparisons, 5 failed to satisfy the 3-sigma test.
Of these, 4 were among the alpha spectrometry analyses, which are sensitive to non-uniformity
in the soil.

Laboratory duplicate analyses were done extensively for the gamma spectrometry, less so for the
more complicated radiochemistry analyses. These results are shown in Table 4. The comparison
is made by calculating the relative difference between the results of the two analyses, and the
estimated uncertainty for this relative difference. For a perfect comparison, the relative
difference would be zero. Because of random variations, some deviations from zero will occur.
These should generally be less than the uncertainty. Of 79 comparisons, 15 failed the 3-sigma
test. Two of these failures were for uranium in one of the blind laboratory spike samples, and
may have resulted from lack of homogeneity.

Laboratory matrix spikes were prepared for gamma spectrometry by adding a calibrated solution
of Cs-137 to selected soil samples. These results are shown as the first 9 entries in Table 5A. A
“recovery” value of 1.000 indicates perfect detection of the added spike activity. Of the 9
ORISE-spiked samples, all results are within the required range of 3 times the estimated standard
deviation of the difference.

Blind spikes were obtained through a commercial laboratory, by adding calibrated solutions of
Sr-90, Cs-137, Th, U, and Pu-239 to 3 selected soil samples. These results are shown as the last
3 entries for Table SA and all the entries in Table 5B. (The calibration sheets for these blind
spikes are presented in the Appendix.) Gamma spectrometry showed the required agreement for
2 of the 3 comparisons. The radiochemistry showed disagreement for 14 of the 32 comparisons.
In some of these cases, the differences may reflect the difficulty in making a bulk sample that is
adequately homogeneous on the small scale of the analytical aliquots. (Gamma spectrometry
measures the radioactivity in a large sample, 600-1000 grams, averaging throughout its volume,
while the radiochemical procedures use relatively small aliquots, 3-5 grams, for processing and
analysis.)

The results of the QC tests are summarized below as percentages of comparisons satisfying the
3-sigma test.

Field Lab Matrix Blind Aggregate

Duplicates Duplicates Spikes Spikes Total
K-40 373 9/10 - - 12/13
Sr-90 11 111 - 2/4 4/6
Cs-137 3/3 10/10 9/9 2/3 24/25
Pb-212 33 6/10 - - 9/13
Pb-214 33 3/10 - --- 6/13
Bi-214 3/3 10/10 - --- 13/13
Ac-228 2/3 10/10 - - 12/13
Th-228 01 111 - 2/4 3/6
Th-230 1/3 1/1 -~- --- 2/4
Th-232 0/1 1/1 - 2/4 3/6
Th-234 3/3 9/10 - --- 12/13
U-234 0/1 0/1 - 0/4 0/6
U-235 1/1 1/1 - 4/4 4/6
U-238 0/1 0/1 - 1/4 1/6
Pu-238 11 111 - 4/4 6/6

Pu-239 1711 171 - 3/4 5/6
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The overall score for these comparisons is 74%.

8. Documentation

Backup documentation for this sampling and analysis project is stored in the Former Sodium
Disposal Facility (T886) decommissioning file.
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Figure 3p. Distribution of Pu-238 in Soil and Rock at the Former Sodium Disposal Facility.
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Figure 4a. Distribution of K-40 in Background Soil.
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Figure 4b. Distribution of Sr-90 in Background Soil.
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Figure 4c. Distribution of Cs-137 in Background Soil.

Page 31



Th-228 in Background Soil

3.0 ¥ 1 LD I 1

25

g
o

Th-228, pCilg
i

-
'
[ ]

05

0.1 1 10 50 90 99 99.9
Cumulative Probability (%)

CACUMPLOT\BKGSO04.CMP 02-16-96

Th-228 in Area IV Soil (background)
{

3.0 I T T T
25 -
20} -
g
D
*15 bdP | -
& LTl twez en
& . -. il o
ﬁ | Se
10 Lk iU 4 -
U “L-‘g_. "’31 |
it vt
i
"‘.1;:.‘.5:‘;!:-
0.5 — " ‘Ee'-' R R i - N o . N .
0.0 | 1 1 - 1 1
0.1 1 10 50 90 99 99.9
Cumulative Probability (%)
C:\CUMPLOT\A4BKGS04.CMP 02-16-96

Figure 4d. Distribution of Th-228 in Background Soil.
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Figure 4e. Distribution of Th-230 in Background Soil.
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Figure 4f. Distribution of Th-232 in Background Soil.
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Figure 4g. Distribution of U-234 in Background Soil.
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Figure 4h. Distribution of U-235 in Background Soil.
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Figure 4j. Distribution of Pu-238 in Background Soil.
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Results of gamma spectrometry analyses of soil and rock samples.
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Sample
Location

K40

Cs137

PB212

PB214

BI214

AC228

TH234

U235

80X

PCi/g

unc

pCi/g

une

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pPCi/g

unc

101303315RNO
1024 6220SRNO
10346220SRNO
10430331SRNO
10530331SRNO
10530331SRN2
20130331SRNO
2024 6220SRNO
20346310SRNO
2044 6370SRNO
2064 62205RNO
20730331SRNO
2094 6220SRNO
21030331SRNO
21120331SRNO
21230331SRNO
21346220SRNO
21346220SRN2
2164 6220SRNO
21736220SRNO
21946220SRNO
2204 6220SRNO
22146220SRNO
22236220SRNO
30113170SRNO
30113170SRN2
30123080SRNO
30123380SRNO
30139040SRNC
30219160SRNO
30309040SRNO
303151 60SRNO
30345110SRNO
30413170SRNO
30427300SRNO
40102080SRNO
40208080SRNO
40310080SRNO
404140B0SRND
40518080SRNO
406205B0SRNO
407280B0SRNO
408320B0SRNO
40933580SRNO
41038580SRNO
410475B0SRNO
41049080SRNO
41102090SRNO
41206390SRNO
41310090SRNO
41414090SRNO
41430090SRNO
41518090SRNO
41622090SRNO
41726090SRNO
41934090SRNO
42038090SRNO
42142090SRNO
4224 6020SRNO
42351990SRNO
42455090SRN2
42455090SRNO
42559090SRNO

19.66
21.43
21.37
19.49
21.53
22.41
17.85
21.33
23.59
21.40
23.64
19.27
22.37
20.50
22.11
21.54
22.59
23.04
22.83
24.80
22.07
21.65
23.38
26.17
20.%t8
21.42
23.56
21.79
21.50
21.68
20.90
22.33
21.34
19.59
20.67
22.58
24.18
22.80
20.85
24.71
21.63
24.25
21.05
20.63
22.58
23.86
20.22
22.97
20.43
18.86
20613
19.89
20.80
19.07
20.36
22.49
21.65
21.39
20.21
20.74
22.52
22.18 0.55
21.53 0.52

0.58
0.61
0.62
0.55
0.58
0.61
0.52
0.62
0.58
0.54
0.66
0.49
0.58
0.52
0.60
.70
0.61
0.64
0.59
0.71
0.66
.85
0.62
0.72
0.65
0.68
0.59
0.54
0.64
0.63
0.54
c.57
0.58
0.55
0.58
.59
0.55
0.59%
0.58
0.59
0.54
0.53
0.49
0.60
0.55
0.56
0.60
0.53
0.52
0.59
0.51
0.51
0.54
0.50
0.53
0.57
0.54
0.59
0.58
0.54
0.54

©.009
0.021
0.052
0.010
0.010
0.010
0.009
0.047
0.078
0.073
0.034
0.008
0.044
0.009
0.012
0.014
0.062
0.077
0.055
6.014
0.096
0.108
0.010
0.026
6.014
€.015
0.229
0.055
0.03?
0.011
6.567
6.047
0.063
0.050
0.013
0.012
0.009
0.010
0.036
0.072
0.043
0.020
0.022
0.062
0.108
0.038
0.205
0.009
0.008
0.209 0.019
0.118 0.023
0.216 0.021
0.297 0.020
0.167 0.017
0.297 0.022
0.117 0.019
0.008
0.042
0.012
0.097
0.017
0.023 0.014
0.072 0.016

0.016
0.014

c.028
0.020
0.018
0.015

0.014

0.018
0.018
0.016

0.023
0.021

0.023

0.024
0.014
0.018

0.025
0.018
0.016
0.022

0.016
0.015
0.013
0.013
0.012
0.019
0.015
0.012
0.02¢

0.015

0.019
0.012

1.377 0.035%
1.450 0.037
1,381 0.038
1.504 0.036
1.648 0.037
1.43% 0.036
1.166 0.032
1.241 0.036
1.365 0.034
1.203 0.031
1.564 0.040
1.381 0.031
1.428 0.035
1.532 0.034
1.277 0.035
1.581 0.044
1.467 0.037
1.507 0.038
1.439 0.035
1.462 0.042
1.541.0.042
1.314 0.032
1.380 0.036
1.578 0.043
1.624 0.043
1.648 0.044
1.582 0.036
1.347 0.033
1.645 0.041
1.705 0.042
1.314 0.032
1.469 0.035
1.377 06.037
1.615 0.037
1.352 0.037
1.089 0.034
1.201 0.032
0.827 0.030
1.067 0.033
1.537 0.037
1.403 0.033
0.826 0.025
0.993 0.026
1.643 0.040
1.460 0.035
1.069 0.030
1.518 0.040
1.579 0.036
1.27% 0.031
1.274 0.036
1,301 0.032
1.249% 0.030
1.253 0.032
1.150 0.030
1.199 0.030
1.43% 0.035
1.497 0.036
1.199 0.034
1.393 0.036
1.426 0.033
0.907 0.029
0.945 0.030
1.078 0.028

0.769 0.047
0.878 0.045
0.763 0.052
0.968 0.048
1.069 0.048
0.890 0.046
0.793 0.043
0.860 0.049
0.890 0.047
0.765 0.040
1.027 0.056
0.845 0.039
1.128 0.056
0.901 0.045
0.790 0.047
0.977 0.062
1.026 0.050
1.058 0.056
1.004 0.050
0.874 0.059
1.029 0.053
0.922 0.047
0.984 0.051
1.116 0.056
1.039 0.055
1.064 0.061
1.043 0.050
0.867 0.046
1.086 0.056
1.208 0.057
0.905 0.047
1.010 0.047
0.855 0.050
1.022 0.054
0.922 0.053
©0.753 0.050
0.818 0.044
0.515 0.039
0.753 0.047
1.296 0.054
1.022 0.049
0.631 0.036
0.803 0.037
1.042 0.053
1.010 0.045
0.786 0.038
1.052 6.059
1.095 0.044
0.903 0.043
0.892 0.055
0.925 0.047
0.934 0.040
0.902 0.045
0.884 0.044
0.880 0.046
1.029 0.050
1.059 0.051
0.785 0.050
0.882 0.051
0.926 0.044
0.413 0.038
0.468 0.039
0.732 0.039

0.885
1.017
0.778
0.891
1.083
0.951
0.939
1.009
0.851
0.889
1.027
0.778
1.017
0.925
0.718
1.215
0.992
0.956
1.053
1.052
1.067
0.883
0.820
1.060
1,226
0.988
1.154
0.738
1.204
1.418
1.071
1.041
0.880
0.918
0.789
0.681
0.806
0.528
0.823
1.297
1.036
0.71%
0.737
1.073
0.957
0.733
1.043
1.128
0.842
0.987
0.894
0.819
0.870
0.938
1.020
1.1717
0.993
0.899
0.908
0.906
0.612
0.503 0.158
0.645 0.155

0.149
0.211
0.243
0.160
0.205
0.152
0.167
0.220
0.152
0.172
0.207
0.147
0.181
0.166
0.183
0.216
0.167
0.210
0.212
0.249
0.232
0.213
0.212
0.219
0.212
0.206
0.185
0.157
0.183
0.199
0.176
0.210
0.163
0.152
0.163
0.206
0.164
0.157
0.186
0.195
0.167
0.185
0.133
0.191
0.151
0.153
0.177
0.211
0.184
0.220
0.161
0.158
0.195
0.201
0.167
0.189
0.190
0.231
0.208
0.192
0.158

1.524 0.107
1.416 0.103
1.383 0.111
1.591 0.105
1.662 0.099
1.420 0.098
1.429 0.091
1.480 0.113
1.427 0.098
1.113 0.097
1.609 0.108
1.429 0.093
1.362 0.095
1.530 0.095
1.316 0.104
1.616 0.137
1.553 0.116
1.623 0.116
1.547 0.104
1.467 0.124
1.613 0.114
1.405 0.088
1.486 0.101
1.572 0.124
1.641 0.125
1.631 0.119
1.558 0.108
1.305 0.08S
1.671 0.110
1.636 0.116
1.342 0.086
1.504 0.107
1.257 0.095
1.718 0.104
1.360 0.092
1.184 0.094
1.151 0.077
0.877 0.080
1.179 0.101
1.475 0.092
1.398 0.094
6.841 0.073
1.050 0.072
1.636 0.113
1.391 0.091
1.035 0.090
1.518 0.103
1.495 0.095
1.443 0.097
1.381 0.112
1.301 0.088
1.316 0.083
1.270 0.089
1.232 0.086
1.138 0.097
1.370 0.095
1.368 0.090
1.242 0.093
1.335 0.097
1.453 0.093
0.898 0.077
0.915 0.081
1.142 0.082

0.963 0.319
0.966 0.320
0.800 0.325
0.995 0.317
1.082 0.291
0.997 0.313
1.416 0.361
1.022 0.319
0.804 0.326
0.788 0.303
1.291 0.415
0.678 0.247
1.035 0.369
0.869 0.289
1.052 0.284
1.168 0.402
1.037 0.316
1.234 0.428
0.838 0.306
1.314 0.388
1.316 0.394
1.110 0.323
0.20%
1.321
1.549
1.364
1.189
1.19%
1.492
1.173
1.088
1.3711
1.250
1.330
1.284
1.388
0.962
0.906
1.009
1.536
2.413
0.773
0.904
1.480
1.237
0.986
1.638
1.051
1.074
1.203
1.123
1.384
1.117
1.082
1.020
1.763
1.451
0.903
1.035
1.215
0.514

0.346
0.397
0.375
0.344
0.348
0.392
0.354
0.284
0.336
0.403
0.402
0.416
0.359
0.316
0.299
0.296
0.334
0.365
0.262
0.246
0.343
0.345
0.295
0.339
0.313
0.275
0.366
0.336
0.295
0.317
0.268
0.248
0.427
0.346
0.326
0.319
0.353
0.252
0.704 0.281
0.701 0.231

0.005
0.062
0.007
0.062
0.073
0.006
0.00%5
0.007
0.062
0.005
0.073
0.005
0.061
0.054
0.057
0.066
0.006
0.006
0.063
0.065
0.064
0.066
0.055
0.087
0.008
0.008
0.067
0.054
0.006
0.082
0.059
0.006
0.007
0.006
0.007
0.007
0.053
0.006
0.007
0.077
0.087
0.038
0.049
0.079
0.062
0.046
0.062
0.006
0.060
0.066
0.052
0.061
0.005
0.005
0.005
0.006
0.059
0.056
0.007
0.005
0.005
0.005
0.0468 0.006

0.010

0.008
0.009

0.009

0.022

0.009
0.017
0.008
0.021

0.00%
0.011
0.010
0.009
0.009
0.014

0.009
c.008

0.010
0.008

0.009

0.008
6.009
0.016
0.006
0.008
0.009
0.008
0.010

0,008
0.009
0.008
0.008

0.010
0.009

S0IL

K40

Cs137

PB212

PB214

BI214

AC228

TH234

U235

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

number
maximum
mean
minimum

€3
26.17
21.68 3.14

17.85

63
0.567
0.06% 0.189
G.008

63
1.705
1.360 0.420
0.826

63
1.296
0.913 0.321
0.413

63
1.418
0.934 0.353
0.503

63
1.718
1.385 0.418

0.841

€3
2,413
1.129 0.642
0.205

63
0.087
0.037 0.059
0.005
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Slnplﬁ K40 cs137? PB212 PB214 B1214 AC228 TH234 U235

Location -

BEDROCK pCi/g unc jpCi/g unc |pCi/g unc |pCi/g wunc |pCi/g unc |pCi/g wunc |pCi/g unc |pCi/g unc
30511230BRNO0 [22.39 0.55 |0.009 1.374 0.033]0.895 0.048}0.920 0.15711.392 0.089]1.159 0.343]0.005
30515270BRNO 120.50 0.58 )0.013 1.800 0.042}§1.296 0.057]1.225 0.220}1.649 0.112]1.845 0.456)0.008 0.000
30530340BRN0 | 22.44 0.56 |0.008 1.219 0.033}0.937 0.050}0.872 0.196]1.168 0.087]10.672 0.285]0.005
30540490BRNO§21.20 0.6010.013 1.822 0.043)11.259 0.055]1.196 0.184]1.663 0.107]1.626 0.432]0.069 0.011
30547080BRND{21.63 0.54 |0.009 1.680 0.037}1.032 0.050]1.054 0.175[1.701 0.105]1.009 0.335[0.005
30604500BRNO [22.61 0.57 [0.009 1.510 0.035{1.081 0.048]1.036 0.158[1.405 0.102]1.247 0.337]0.006
30630280BRNO{20.04 0.59]0.013 1.725 0.040|1.204 0.057]1.283 0.211]1.668 0.105]11.151 0.315{0.007
3064B8280BRNO [22.18 0.53 [0.008 1.413 0.034{0.715 0.043[0.633 0.145f{1.416 0.099}0.937 0.265]0.005
30648390BRN0 ] 23.91 0.55 {0.008 1.453 0.035}1.207 0.049]1.124 0.155]1.369 0.093|1.157 0.314]0.006
30724500BRNO [ 23.12 0.55 }0.008 1.204 0.031]0.577 0.039]|0.558 0.168]1.109 0.091{0.681 0.326[0.005
30940300BRNO }22.30 0.54 |0.008 1.401 0.033{1.086 0.045[1.078 0.169]1.387 0.087}1.068 0.349}0.056 0.009
30950430BRNO|22.00 0.53 10.009 1.810 0.038/1.364 0.049]1.249 0.162]1.634 0.101|1.341 0.362]0.074 0.009
31027430BRNO [ 22.55 0.56 10.010 2.361 0.044)1.781 0.059}1.768 0.189}2.184 0.111]1.621 0.413]0.092 0.011
31044050BRN0{23.31 0.54 |0.008 1.488 0.035[1.087 0.046|1.044 0.176]1.477 0.104]1.224 0,.31110.00%5
31111220BRN0§21.10 0.60 {0.013 2.068 0.044[1.493 0.058{1.532 0.227{2.082 0.116{1.387 0.343][0.009

BEDROCK K40 CS137 PB212 PB214 BI214 AC228 TH234 U235

pCi/g unc |pCi/g unc |pCi/g unc [pCi/g unc [pCi/g unc |pCi/g unc [pCi/g unc |pCi/g unc

number 15 15 15 15 15 15 15 15

maximum 23.91 0.013 . 2.361 1.781 1.768 2.184 1.845 0.092

mean 22.09 2.09]0.010 0.004)1.622 0.636]1.134 0.598]1.118 0.578]1.554 0.590]1.202 0.658)0.024 0.063

minimum 20.04 0.008 1.204 0.577 0.558 1.109 0.672 0.005




Table 1B.

Results of radiochemistry analyses of soil and rock samples.
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Sample
Location

SR90

TH228

TH230

TH232

U234

u23s

u238

PU238

PU239

SOXL

pCi/g unc

pCi/g unc

pCi/g

unc

unc

pCi/g

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g

unc

10130331SRNO
10246220SRNO
10346220SRNO
10430331SRNO
10530331SRNO
10530331SRN2
20130331SRNO
2024 6220SRNO
20346310SRNO
20446370SRNO
20646220SRNO
20730331SRNO
20946220SRNO
21030331SRNO
21120331SRNO
21230331SRNO
21346220SRNO
21346220SRN2
21646220SRNO
21736220SRNO
21946220SRNO
22046220SRNO
22146220SRNO
22236220SRNO
30113170SRNO
30113170SRN2
30123080SRNO
30123380SRNO
30139040SRNG
30219160SRNO
30309040SRNO
30315160SRNO
30345110SRNO
30413170SRNO
30427300SRNO
40102080SRNO
4020B80BOSRNO
403100B0SRNO
40414080SRNO
40518080SRNO
40620580SRNO
40728080SRNO
40832080SRNO
40933580SRNO
41038580SRNO
41047580SRNO
410490B0SRNO
41102090SRNO
41206390SRNO
41310090SRNO
41414090SRNO
41430090SRNO
41518090SRNO
41622090SRNO
41726090SRNO
41934090SRNO
42038090SRNO
42142090SRNO
42246090SRNO
42351990SRNO
42455090SRN2
42455090SRNO
42559090SRNO

0.402
0.402
0.402
0.402
0.402
0.402
0.051
0.051
0.051
0.051
0.051
0.051
0.051
0.051
«0.05
0.051
-0.02
«0.02
0.051
~0.05
-0.02
~0.02
0.051
~0.05
-0.02
-0.02
0.493
-0.02
-0.02
-0.02
0.569
-0.02
-0.02
0.051
G.051
0.188
0.188
0.188
0.188
0.188
0.188
0.096
0.188
0.086
0.086
0.086
0.258
0.004
0.004
0.161
0.1%1
0.161
0.161
0.161
0.161
0.161
0.207
0.207
0.207
0.207
0.166

0.189
0.189
0.189
0.189
0.189
0.189
0.140
0.140
0.140
0.140
0.140
0.140
0.140
0.140
0.124
0.140
0.130
0.130
0.140
0.124
0.130
0.130
0.140
0.124
0.130
0.130
0.192
0.130
0.130
0.130
0.188
0.130
0.130
0.140
0.140
0.156
0.156
0.156
0.156
0.156
0.156
0.168
0.156
0.150
0.150
0.150
0.164
0.135
0.135
0.145
0.145
0.145
0.145
0.145
0.145
0.145
0.156
0.156
0.156
0.156
0.176
0.207 0.15¢
0.207 0.156

1.506
1.506
1.506
1.506
1.506
1.506
1.380
1.380
1.380
1.380
1.380
1.380
1.380
1.380
1.548
1.380
1.572
1.572
1.380
1.549
1.572
1.572
1.380
1.549
1.572
1.572
1.473
1.572
1.572
1.572
1.512
1.572
1.572
1.380
1.380
1.279
1.279
1.279
1.279
1.279
1.279
0.782
1.279
1.782
1.782
1.782
1.347
1.614
1.624
1.414
1.41%
1.414
1.414
1.414
1.414
1.414
1.307
1.307
1.307
1.307
0.752

0.186
0.186
0.186
0.186
¢.186
0.18¢6
0.184
0.184
0.184
0.184
0.184
0.184
0.184
0.184
0.191
0.184
0.193
0.193
0.184
0.191
0.193
0.193
0.184
0.191
0.193
0.193
0.153
0.193
0.193
0.193
0.155
0.193
0.193
0.184
0.184
0.141
0.141
0.141
0.141
0.141
0.141
0.108
0.141
0.213
0.213
0.213
0.141
0.634
0.634
0.142
0.142
0.142
0.142
0.142
0.142
0.142
0.189
0.189
0.189
0.189
0.106
1.307 0.189
1.307 0.189

1.287
1.257
1.257
1.257
1.25%7
1.257
1.149
1.149
1.149
1.149
1.149
1.149
1.149
1.149
1.262
1.149
1.272
1.272
1.149
1.262
1.272
1.272
1.149
1.262
1.272
1.272
1.263
1.272
1.272
1.272
1.364
1.272
1.272
1.149
1.149
1.106
1.106
1.106
1.106
1.106
1.106
0.718
1.106
1.387
1.387
1.387
1.066
1.343
1.343
1.184
1.184
1.184
1.184
1.184
1.184
1.184
1.330
1.330
1.330
1.330
0.574

0.163
0.163
0.163
0.163
0.163
0.163
0.162
0.162
0.162
0.162
0.162
0.162
0.162
0.162
0.164
0.162
0.163
0.163
0.162
0.164
0.163
0.163
0.162
0.164
0.163
0.163
0.135
0.163
0.163
0.163
0.142
0.163
0.163
0.162
0.162
0.125
0.125
0.125
0.125
0.125
0.125
0.102
0.125
0.172
0.172
0.172
0.117
0.546
0.546
0.123
0.123
0.123
0.123
0.123
0.123
0.123
0.191
0.191
0.191
0.191
0.090
1.330 0.191
1.330 0.191

0.178
0.178
0.178
0.178
0.178
0.178
0.166
0.166
0.166
0.166
0.166
0.166
0.166
0.166
0.174
0.166
0.186
0.186
0.166
0.174
0.186
0.186
0.166
0.174
0.186
0.186
0.146
0.186
0.186
0.186
0.147
0.186
0.186
0.166
0.166
0.136
0.136
0.136
0.136
0.136
0.136
0.097
0.136
0.201
0.201
0.201
0.128
0.538
0.538
0.139
0.139
0.139
0.139
0.139
0.139
0.139
0.188
0.188
0.188
0.188
0.099
1.312 0.188
1.312 0.188

1.420
1.420
1.420
1.420
1.420
1.420
1.222
1.222
1.222
1.222
1.222
1.222
1.222
1.222
1.391
1.222
1.511
1.511
1.222
1.391
1.511
1.511
1.222
1.391
1.511
1.511
1.391
1.511
1.511
1.511
1.422
1.511
1.511
1.222
1.222
1.230
1.230
1.230
1.230
1.230
1.230
0.672
1.230
1.667
1.667
1.667
1.201
1.356
1.358
1.31
1.377
1.377
1.377
1.317
1.31
1.37
1.312
1.312
1.312
1.312
0.682

0.098
0.098
0.098
0.098
0.098
0.098
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.104
0.100
0.104
0.104
0.100
0.104
0.104
0.104
0.100
0.104
0.104
0.104
0.088
0.104
0.104
0.104
0.100
0.104
0.104
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.084
0.100
0.106
0.106
0.106
0.112
0.098
0.098
0.087
0.087
0.087
0.087
0.087
0.087
0.087
0.110
0.110
0.110
0.110
0.065
0.%42 0.110
0.942 0.110

0.841
0.841
0.841
0.841
0.841
0.841
0.903
0.903
0.903
0.503
0.903
0.903
0.903
0.903
0.915
0.903
0.953
0.953
0.903
0.915
0.953
0.953
0.903
0.915
0.953
0.953
0.893
0.953
0.953
0.953
1.059
0.953
0.953
0.903
0.903
1.128
1.128
1.128
1.128
1.128
1.128
0.634
1.128
1.238
1.238
1.238
1.269
1.054
1.054
0.967
0.967
0.967
0.967
0.967
0.967
0.967
0.942
0.942
0.942
0.942
0.421

0.032
0.032
0.032
0.032
0.032
0.032
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.047
0.028
0.061
0.061
0.028
0.047
0.061
0.061
6.028
0.047
0.061
0.061
0.043
0.061
0.061
0.061
0.065
0.061
0.061
0.028
0.028
0.047
0.047
0.047
0.047
0.047
0.047
0.031
0.047
3.055
0.055
0.055
0.05¢6
0.052
0.052
0.049
0.049
0.049
0.049
0.049
0.049
0.049
0.043
0.043
0.043
0.043
0.021

0.021
0.021
0.021
0.021
0.021
0.021
0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.023
0.022
0.024
0.024
0.022
0.023
0.024
0.024
0.022
0.023
0.024
0.024
0.017
0.024
0.024
0.024
0.021
0.024
0.024
0.022
0.022
0.016
0.016
0.016
0.016
0.016
0.016
62024
0.016
0.018
0.018
0.018
0.019
0.018
0.018
0.017
0.017
0.017
0.017
0.017
0.017
0.017
0.022
0.022
0.022
0.022
0.019
0.043 0.022
0.043 0.022

0.923
0.923
0.923
0.923
0.923
0.923
0.815
0.815
0.815
0.815
0.815
0.815
0.815
0.815
1.008
0.815
0.978
0.978
0.815
1.008
0.978
0.978
0.815
1.008
0.978
0.978
0.942
0.978
0.978
0.978
1.095
0.978
0.978
0.815
0.815
1.037
1.037
1.037
1.037
1.037
1.037
0.664
1.037
1.174
1.174
1.174
1.284
1.078
1.079
1.019
1.019
1.019
1.019
1.019
1.018
1.019
0,942
0.942
0.942
0.942
0.401
0.942 0.109
0.942 0.109

0.103
0.103
0.103
0.103
0.103
0.103
0.093
0.093
0.093
0.093
0.093
0.093
0.093
0.093
0.110
0.093
0.106
0.106
0.093
0.110
0.106
0.106
0.083
0.110
0.106
0.106
0.091
0.106
0.1086
0.106
0.102
0.106
0.106
0.093
0.093
0.093
0.093
0.093
0.093
0.093
0.093
0.084
0.093
0.102
0.102
0.102
0.113
0.100
0.100
0.091
0.091
0.091
0.031
0.091
0.091
0.091
0.109
0.109
0.109
0.109
0.062

0.013
0.013
0.013
0.013
0.013
0.013
0.031
0.031
0.031
0.031
0.031
0.031
0.031
0.031
0.022
0.031
0.065
0.065
0.031
0.022
0.065
0.065
0.031
0.022
0.065
0.065
0.013
0.065
0.065
0.065
0.000
0.065
0.065
0.031
0.031
0.010
0.010
0.010
0.010
0.010
0.010
0.057
0.010
0.002
0.002
0.002
0.000
0.028
0.028
0.017
0.017
0.017
0.017
0.017
0.017
0.017
0.019
0.019
0.018
0.019
0.014
0.019% 0.020
0.019 0.020

0.033
0.033
0.033
0.033
0.033
0.033
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
6.024
0.029
0.070
0.070
0.029
0.024
0.070
0.070
0.029
0.02¢
0.070
0.070
0.010
0.070
0.070
0.070
0.005
0.070
©0.070
0.029
0.029
0.010
0.010
0.010
0.010
0.010
0.010
0.031
0.010
0.011
0.011
0.011
0.007
0.017
0.017
0.011
0.011
0.011
0.012
0.011
0.011
0.011
0.020
0.020
0.020
0.020
0.017

~0.01
-0.01
=-0.01
~0.01
-0.01
-0.01
0.005
0.005
0.005
0.005
0.008
0.005
0.005
0.005
-0.01
0.005
0.054
0.054
0.005
-0.01
0.054
0.05¢4
0.005
=-0.01
0.054
0.054
0.00
0.054
0.054
0.054
0.002
0.054
0.054
0.00%
0.005
0.00
0.00
0.00
0.00

0.027
0.027
0.027
0.027
0.027
0.027
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.015
0.023
0.059
0.059
0.023
0.015
0.059
0.059
0.023
0.015
0.059
0.059
0.008
0.059
0.059
0.059
0.004
0.059
0.059
0.023
0.023
0.008
0.008
0.008
0.008
0.008
0.008
0.016
0.008
0.007
0.007
0.007
0.005
0.007
0.007
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.024
0.024
0.024
0.024
0.006

0.008
0.008
0.008
0.008
-0.01
-0.01
=-0.01
-0.01
0.003
-0.01 0.024
-0.01 0.024

80IX

SR90

TH228

TH230

TH232

U234

u23S

U238

PU238

PU239

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

humber
maximum
mean
minimum

63
0.569
0.131 0.146

-0.05

63
1.782
1.429 0.176
0.752

62
1.387
1.206 0.134
0.574

63
1.667
1.340 0.174
0.672

63
1.269
0.959 0.133
0.421

62
0.065
0.044 0.013
0.021

63
1.284
0.953 0.130
0.401

63
0.065
0.027 0.020
0.000

€3
0.054
0.008 0.022
-0.01
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- Sample
Location

SR90

TH228

TH230

TH232

U234

U235

U238

PU238

PU239

BEDROCK

30511230BRNG
30515270BRNO
30530340BRNO
305404 90BRNO
30547080BRNO
30604500BRNO
306302B80BRNO
30648280BRNO
30646390BRNO
30724500BRNO
30940300BRNO
30950430BRNO
31027430BRNO
31044050BRNO
31111220BRNO

pCi/g

unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

0.211
0.211
0.211
0.211
0.206
0.280
0.280
0.280
0.280
0.227
0.206
0.206
0.280

0.166
0.166
0.166
0.166
0.159
0.168
0.168
0.l68
0.168
0.167
0.159
0.159
¢.168
0.206 0.159
0.280 0.168

1.452
1.452
1.452
1.452
1.728
1.555
1.555
1.555
1.555
1.254
1.728
1.728
1.555

0.155
0.155
0.155
0.155
0.229
0.204
0.204
0.204
0.204
0.139
0.229
0.229
0.204
1.728 0.229
1.555 0.204

1.205
1.208
1.205
1.205
1.23¢6
1.172
1.172
1.172
1.172
0.679
1.236
1.236
1.172
1.236 0.178
1,172 0.165

0.135
0.135
0.135
0.135
0.178
0.165
0.165
0.165
0.165
0.087
0.178
0.178
0.165

0.147
0.147
0.147
0.147
0.178
0.186
0.186
0.186
0.186
0.138
0.178
0.178
0.186
1.255 0.178
1.385 0.186

1.361
1.361
1.361
1.361
1.255
1.385%
1.385
1.385
1.385
1.246
1.255
1.255%
1.385

0.110
0.110
0.110
0.110
0.081
0.090
0.090
0.090
0.090
0.063
0.081
0.081
0.090

0.981
0.981
0.981
0.981
0.596
0.681
0.681
0.681
0.681
0.567
0.596
0.596
0.681
0.596 0.081
0.681 0.090

0.022
0.022
0.022
0.022
0.022
0.019
0.019
0.019
0.019
0.011
0.022
0.022
0.019

0.048
0.048
0.048
0.048
0.036
0.036
0.036
0.036
0.036
0.018
0.036
0.036
0.036
0.036 0.022
0.036 0.019

0.885
0.885
0.885
0.885
0.680
0.711
0.711
0.711
0.711
0.638
0.680
0.680
0.711
0.680 0.088
0.711 0.091

0.102
0.102
0.102
0.102
0.088
0.091
0.091
0.091
0.091
0.068
0.088
C.o088
0.091

0.000
0.000
0.000
0.000
0.004
0.008
0.008
0.008
0.008
0.004
0
0

0.000
0.000
0.000
0.000
0.014
0.015
0.015
0.015
0.015
0.006
0.014
0.014
0.015

.004
.004
0.008
0.004 0.014
0.008 0.015

0.000
0.000
0.000
0.000
0.00
0.004
0.004
0.004
0.004
0.000
0.00
0.00
0.004

0.000
0.000
0.000
0.000
0.008
0.013
0.013
0.013
0.013
0.000
0.008
0.008
0.013
0.00 0.008
0.00¢ 0.013

BEDROCK

SR90

TH228

TH230

TH232

U234

U235

y238

PU238

PU239

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

number
maximum
mean
minimum

15
0.280
0.238 0.071
0.206

15
1.728
1.554 0.269
1.254

15
1.236
1.165 0.274
0.679

15
1.385
1.334 0.121
1.246

15
0.981
0.731 0.323
0.567

15
0.048
0.038 0.016
0.016

15
0.885
0.745 0.180
0.638

15
0.008
0.004 0.006
0.000

15
0.004
0.000 0.006
0.00
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Table 1C. Minimum Detectable Activity
Sample
CO60 | ZN65 | SR90 |SB125]1CS134]C5137]CE144 EU152] EU154 ] TH228] TH230] TH232] U234 | U235 | U238 JpU238)PU239
Location
S0IL pCi/g|pCi/g|pCi/g|pCi/g|pCi/glpCi/glpea/glpci/glpci/glpCi/glpci/glpci/glpCi/glpCi/g)pCi/glpci/glptila
10130331SRN0|0.034|0.062]0.256[0.057]0.018}0.023}0.110§0.058}0.100}0.022]0.010}0.004]0.016]0.010}0.003}0.014]0.021
10246220SRN010.02410.044]0.256]0.040}0.014]10.018]0.083}10.04110.072}10.022}0.010}0.004]0.016}0.010]0.003}0.014}0.021
10346220SRN0}0.034]0.060}0.256{0.050{0.018{0.020}0.100{0.052({0.099{0.022}0.010{0.004{0.016{0.020]0.003{0.024{0.021
10430331SRNC{0.034(0.06210.256]0.057}0.019 0.112}0.05810.105}0.022}0.010]0.004]10.016}0.010}0.003]0.014]0.021
105303315RN0}0.025]0.044|0.256|0.046]0.015 0.097|0.047}0.081]0.022]|0.010}0.004]0.016}0.010]0.003}0.014]0.021
105303315RN2]0.024(0.046}10.256]10.044{0.015 0.091}0.043}10.082}0.022]0.010]/0.004)0.016]0.010]0.003}0.014]0.021
20130331SRN0O}0.020]|0.037]0.256/0.035]0.012 0.074}0.03510.063}0.022|0.010]J0.004]0.016f0.010}0.003}0.014|0.021
20246220SRN0|0.037({0.067{0.25610.06310.021 0.126}0.06610.11510.022}10.020}0.014}0.015]0.012]0.010}0.022}0.015
20346310SRNOJ0.025]0.045}0.256|0.042]0.014 0.090|0.044]0.074}0.022§0.020}0.014]0.015]0.012}0.010j0.022}0.015
20446370SRNO{0.024(0.043[0.256§0.041}0.01¢ 0.08710.04140.071]0.02210.020}10.01410.015}0.01210.010]0.,022)0.015
20646220SRN0(0.024]|0.044{0.241{0.042}0.014]|0.018}0.093]0.045]}0.076}0.226]0.239]0.1110.016}0.01030.008]10.019/0.013
20730331SRN0}0.022§0.042]0.24110.04110.01410.017(0.084]0.04210.077{0.226{0.239§0.11110.016{0.010]10.008}0.02910.013
20946220SRN0 | 0.034|0.064]0.238]0.060}0.020 0.118}0.059|0.109}0.009/0.016]0.003}0.008]0.012]0.008]0.010}0.015
21030331S5RN0}0.024]0.04410.238]0.043]0.013 0.087{0.042)0.079(0.009{0.016{0.003]{0.008{0.012}{0.00810.010/0,015
21120331SRN0O[0.022]0.042]0.23810.040}0.013 0.08210.040]0.070}0.009]0.016}0.003)0.008]0.012]0.008]0.010}0.015
21230331SRN0O|0.025§0.04510.238|0.043]0.014 0.087{0.043{0.078 0.009[0.016{0.003{0.008{0.012/0.008(0.010{0.015
21346220SRN0J0.022|0.043]0.238§0.040]0.013 0.081]0.040]0.075]0.009|0.016}0.003]0.008/0.012]0.008]0.010}0.015
21346220SRN2|0.023]0.040]0.238[0.040]0.014 0.081{0.04110.07310.009{0.016{0.003{0.008}0.012{0.008}0.010{0.015
21646220SRND}0.026}0.047)0.238)0.044)0.014 0.098]0.046}0.086]0.009]0.016}0.003]0.008]0.012J0.008]0.010]0.015
21736220SRN0|0.023/0.038]0.252§0.04210.014[{0.017]0.085]0.044]0.079}0.046{0.049{0.030§0.037{0.019{0.019{0.013]0.058
21946220SRN0)0.033]0.064]0.252]|0.057]0.019 0.116]0.05510.104]0.046}0.049}0.030]0.037{0.019]0.019{0.013}0.058
22046220SRN0{0.032]0.061}0.252}0.058]0.021§0.025}0.117}0.058]0.112]10.046]0.049{0.030§0,037{0.019]10.019[0.013[0.058
221462205RN0}0.026)0.045]0.252]0.045]0.015 0.090{0.042}0.08310.046}0.049]0.030]0.037]0.019]0.019|0.013}0.058
22236220SRN0{0.030[0.058}0.252]0.050}0.016 0.100§0.050]0.090}0.046/0.049]0.030]0.037](06.019{0.019{0.013(0.058
30113170SRN0J0.023]0.041{0.252]0.037|0.013 0.075{0.037]0.068}0.046}0.049}0.030]0.037}0.019}0.019}0.013}0.058
30113170SRN2}0.024|0.043}0.243]0.042]0.014§0.018[0.088]0.041]|0.076]0.045J0.065]0.025}0.037[0.030§0.029{0.031{0.048
30123080SRN0)0.035]|0.066)0.243{0.059]0.021 0.121]0.059|0.120]0.045}0.065]0.025]0.037}0.030]0.029]0.038|0.048
30123380SRNO}0.025§0.048]0.243|0.045]0.015 0.094}10.046/0.081}0.045]0.065]0.025/0.037]0.030[{0.029(0.038|0.048
30139040SRN0J0.025]|0.045]0.243]0.041§0.014 0.085|0.04210.075|0.045[0.065]0.025]0.037}0.030]0.029}0.038]0.048
30219160SRN0J0.031]0.052]0.243}0.052]|0.018 0.104§0.055/0.096§0.045|0.065{0.025[0.037]0.030]0.029]|0.038[0.048
30309040SRN0|0.02210.041]0.243]0.037]0.013}0.016]0.083]10.039{0.073|0.045]0.065}0.025|0.03710.030}J0.029}0.038]0.048
30315160SRN0]0.02810.048]0.243]J0.045]0.015 0.098{0.047}0.088}0.045[0.065]|0.025[0.037{0.030}0.029({0.038}0.048
30345110SRN0|0.023)0.043{0.243}0.0400.015]0.018}0.087{0.042]0.078}0.045]0.065]0.025]0.037]0.030]/0.029}0.038]0.048
30413170SRNO{0.041]10.074}0.243]0.07110.024]0.029]0.133}0.073{10.136]0.045]0.06510.025[0.037]0.03010.029]0.038]0.048
30427300SRN0J0.02710.047]0.243|0.045]0.015 0.090|0.047)0.086}0.045]0.065{0.025}0.037}0.030]0.02910.038{0.048
40102080SRN0|0.027§0.05040.243]0.046[0.016[/0.021]0.094]C.047][0.082]0.045[0.065{0.025{0.037§0.030{0.029{0.038{0.048
40208080SRN0J0.025]0.045}0.243{0.046]0.016 0.100§0.046]0.08270.045]/0.065/0.025]/0.037]0.030§0.029|0.038}0.048
40310080SRNC|0.033]10.061]0.243}0.060}0.020}0.026]0.121]0.061§0.115}0.045}0.065}0.025{0.037]0.030}0.029]0.038]0.048
40414080SRN0J0.034}0.065§0.228}0.055|0.019]|0.024J0.114]0.0580.113]0.044}0.057{0.027}0.028]0.022]0.020}0.033]10.048
40518080SRNOf0.041[0.075]0.228]0.066{0.02410.02810.131(0.070[0.134{0.044{0.05770.027]0.028{0.02210.02010.033}/0.048
40620580SRN0J0.040}0.08170.228}0.073}0.023 0.137]0.068]0.138}0.044]0.05710.027]10.028]0.022]0.020]0.03310.048
40728080SRNO|0.027|0.049}0.234]0.045]0.016 0.091{0.046}0.089]0.036]0.031]0.007]0.017]0.006]0.020}02100(0.080
40832080SRN0}0.0270.051]0.234]0.049]0.016 0.101}0.049]|0.093}0.036]/0.031]|0.007}0.017]0.006}0.020]0.100}0.080
40933580SRN0J0.039§0.075[0.234[0.067{0.024 0.13310.06940.13110.036}0.031}0.007]0.01710.006]0.020}0.100}0.08B0
41038580SRN0J0.026]0.048§0.234]0.044]0.014 0.089|0.044]0.077§0.036|0.031}0.007]0.017|0.006}0.020]0.100]0.080
41047580SRN0}0.038]0.071]0.23410.06710.023]10.028}0.129][0.069]|0.129}0.036]0.032]0.007]0.017]J0.006/0.020{0.100}0.080
41049080SRNO ] 0.03810.073]0.234}0.07010.024}0.03010.137]0.065910.141}0.036}0.031}0.007]0.017}0.006§0.020{0.100}0.080
41102090SRN0{0.024[0.042]0.234(0.043]0.014¢ 0.096]0.04310.07710.036]0.031{0.007}0.017]10.006]0.020}0.100]0.080
41206390SRNO [0.03110.049]0.234]0.053)10.017 0.104}0.053]0.100}0.036}0.031}0.007]0.017]0.006]0.020}0.1200{0.080
41310090SRN0]{0.0290.054]0.234}0.052]0.018}0.022)0.103}0.052{0.097]0.036}0.031}0.007]0.017}0.006|0.020]10.100}{0.080
41414090SRNO}0.02710.048}0.234}10.047}10.015 0.098]0.048)0.082{0.036]0.031]0.007}0.017]0.006}0.020}0.100}0.080
41430090SRN0(0.03310.061}0.234]0.058]0.019 0.117}0.060}0.103}0.036]0.031)0.007}0.017]0.006J0.020}0.100]J0.080
41518090SRN0]0.024)0.042]0.289]10.04410.01510.019}0.089}0.04410.086}0.019]0.033}0.012]0.040)J0.027}J0.030)0.062}0.072
41622090SRN0J0.028|0.048|0.2689]10.04830.016 0.093]0.048)0.091}0.019}0.033}0.01910.040}0.027}0.030}0.062]|0.072
41726090SRN0}0.03610.066}0.289}0.062}0.021 0.121]0.063}0.113]0.019}0.033}0.019]0.040]0.027}0.030}J0.062]0.072
41934090SRN0J0.024)0.046]0.289]0.044]0.016]J0.019]0.094)0.046}0.085]0.019/0.033}0.019[0.040]0.027]0.030{0.062]0.072
42038090SRN0O}0.02610.0470.289}0.049}0.016}0.020}0.095]0.047]0.088}0.019]0.033]0.019]0.040J0.02710.030]0.062]0.072
42142090SRN0{0.026]0.049}0.289|0.047]0.016}0.020]0.092]0.046}0.087]|0.019§0.033]0.019|0.040}0.027]0.030{0.062]0.072
42246090SRN0OJ0.026]0.047]10.285]0.047}0.016 0.094}0.048]0.089}0.012]0.020§0.012]0.024}0.015]0.012}]0.005]J0.018
42351990SRN0 | 0.022]0.044}0.269]0.044}0.014 0.087]0.043]0.075§0.019{0.020|0.009}10.023]0.013]10.015}]0.013}0.005
42455090SRN2{0.03540.067|0.260{0.063]0.022 0.127]0.064}0.119}0.010]0.017]0.004]0,022]0.015]0.012}0.017]0.014
42455090SRNO{0.030|0.055]{0.293]10.045]0.016 0.098§0.047]0.09210.025}0.036§0.030§0.029]0.026]0.018|0.026]0.008
42559090SRN0{0.023]0.04210.288}0.036}0.012 0.080]0.037}0.068}0.021]0.021}0.017}0.050}0.034]0.038}0.032}0.032
S0IL co60 | zN65 | sR90 | sB125|Ccs134fcs137|CE144|EU1S2|EU154 | TH228] TH230] TH232] U234 | U235 | U238 |PU23B|PU239
pCi/g|pCi/glpCi/a|pCi/glpCi/g|pCi/g|pCi/glpCi/alpCi/gipCi/glpCi/gipCi/g|pCisg|pCi/gfpCi/gjpCi/gipCi/g
number 63 63 63 63 63 22 63 63 63 63 63 63 63 63 63 63 63
max imum 0.041}0.081}0.293}0.073}0.024}0.030}0.137]0.073]0.141}0.226}0.239}0.111]0.050)0.034]10.038;0.100]/0.080
mean 0.028lo0.05210.25010.049]0.017]0.021]0.1060}0.050]0.092]|0.037]0.043]0.018]|0.02610.018]0.019]0.040]0.045
minimum 0.020{0.037]0.228]0.035]0.012]0.016}0.074{0.035]0.063}0.009]0.010/0.003}10.00810.006}/0.003}0.005}0.005
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Sample
Location

CoO60

ZN65S

SR90

§B125

CS8134

Cs137

CEl44

EU152

EU154

TH228

TH230

TH232

U234

U235

U238

PU238

PU239

BEDROCK

pCi/g

pCi/g

pCi/g

pci/g

pCi/g

pci/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCil/g

pci/g

30511230BRNO
30515270BRNO
30530340BRNO
30540490BRNO
3054 70BOBRNO
30604500BRNO
30630280BRNO
30648280BRNO
30648390BRNO
30724500BRNO
30940300BRNO
309504 30BRNO
31027430BRNO
31044050BRNO
31111220BRNO

0.024
0.033
0.026
0.035
0.025
0.027
0.033
0.023
0.023
0.024
0.025
0.022
0.025
0.024
0.035

0.048
0.063
0.045
0.065
0.045
0.048
0.066
0.041
D.042
0.045
0.046
0.046
0.049
0.044
0.067

0.266
0.266
0.266
0.266
0.257
0.266
0.266
0.266
0.266
0.269
0.257
0.206
0.266
0.257
0.266

0.042
0.062
0.043
0.063
0.045
0.044
0.064
0.041
0.044
0.041
0.045
0.047
0.051
0.043
0.069

0.014
0.022
0.015
0.021
0.016
0.015
0.021
0.013
0.014
0.014
0.014
0.014
0.016
0.014
0.024

0.017
0.025
0.017
0.025
0.019
0.018
0.025
0.016
0.016
0.016
0.017
0.018
0.019
0.017
0.026

0.092
6.132
0.092
0.133
0.098
0.098
0.133
0.086
0.093
0.088
0.095
0.098
0.113
0.090
0.139

0.042
0.065
0.043
0.067
0.045
0.047
0.064
0.042
0.046
0.040
0.044
0.049
0.054
0.045
0.070

0.075
0.120
0.077
0.122
0.080
0.084
0.120
0.071
0.078
0.074
0.077
0.081
0.091
0.074
0.128

0.020
0.020
0.020
6.020
0.046
0.041
0.041
0.041
0.041
1.254
0.046
0.046
0.041
0.046
0.041

0.030
0.030
0.030
0.030
0.063
0.044
0.04¢4
0.044
0.044
0.679
0.063
0.063
0.044
0.063
0.044

0.025
0.025
0.025
0.025
0.040
0.035
0.035
0.035
0.035
0.011
0.040
0.040
0.035
0.040
0.035

-029
.029
.029
.029
.015
.033
0.033
0.033
0.033
0.019
0.015
0.015
0.033
0.015
0.033

O 00000

0.007
.007
.007
.007
.024
.007
007
007
.007
.018
.024
.024
.007
0.024
0.007

OO0 O0O0000DO0O0OO

o

0.018
0.018
0.018
0.018
0.006
0.006
0.006
0.006
0.006
0.638
0.006
0.006
0.006
0.006
0.006

0.037
0.037
0.037
0.037
0.029
0.028
0.028
0.028
0.028
0.010
0.029
0.029
0.028
0.029
0.028

0.047
0.047
0.047
0.047
0.029
0.028
0.028
0.028
0.028
0.013
0.029
0.029
0.028
0.029
0.028

BEDROCK

C060

ZN65

SR90

S§B125

CS134

C$137

CE144

EU152

EU154

TH228

TH230

TH232

U234

U235

U238

PU238

PU239

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

i/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

number
maximum
mean
minimum

15
0.035
0.027
0.022

0.067
0.051
0.041

15

0.269

0.260
0.206

15
0.069
0.050
0.041

15
0.024
0.016
0.013

15
0.026
0.019
0.016

15
0.139
0.105
0.086

15
0.070
0.051
0.040

15
0.128
0.090
0.071

15
1.254
0.118
0.020

15
0.679
0.088
0.030

15
0.040
0.032
0.011

15
0.033
0.026
0.015

15
0.024
0.012
0.007

15
0.638
0.051
0.006

0.037
0.029
0.010

15
0.047
0.032
0.013
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Table 2. Grouping of samples for composite analyses.
LAB LAB
COMPOSITE Sample COMPOSITE Sample
NUMBER com;%sxn LAB ID Location cam;srn LAB ID Location

1 22494 22322 40310080SRNO 8 22501 22287 30113170SRN2
1 22324 40208080SRNO 8 22290 30113170SRNO
1 22325 40102080SRNO 8 22291 21946220SRNO
1 22359 40728080SRNO 8 22292 21346220SRN2
1 22360 40414080SRNO 8 22293 21346220SRNO
1 22361 40620580SRNO 8 22288 30139040SRNO
1 22362 40518080SRNO 8 22289 30218160SRNO
1 22363 | 40832080SRNO 8 22330 22046220SRNO
2 22495 22347 410475808RNO 8 22334 301233B0SRNO
2 22350 41038580SRNO 8 22335 30345110SRNO
2 22351 40933580SRN0O 8 22336 30315160SRNO
3 22496 22331 41206390SRNO 9 22502 22271 10130331SRNO
3 22348 41102090SRNO 9 22272 10246220SRNO
q 22497 22342 41518090SRNO 9 22273 10346220SRNO
4 22345 41622090SRNO 9 22274 10530331SRN2
4 22349 41934090SRNO 9 22275 10430331SRNO
4 22353 41414090SRNO 9 22281 10530331SRNO
4 22354 41430090SRNO 10 22503 22295 30530340BRNO
4 22355 41310090SRNO 10 22303 305404 90BRNO
4 22357 41726090SRNO 10 22304 30511230BRNO
5 22498 22339 42038090SRNO 10 22306 30510270BRNO
5 22340 42559090SRNO 11 22504 22297 31027430BRNO
5 22341 424550908RNO 11 22298 30604500BRNO
5 22346 42246090SRNO 11 22299 30648280BRNO
) 22352 42142090SRNO 11 22300 30630280BRNO
5 22356 42351990SRNO 11 22302 30648390BRNO
6 22499 222717 21646220SRNO 11 22309 31111220BRNO
6 22278 22146220SRNO 12 22505 22294 30940300BRNO
6 22282 21030331SRNO 12 22296 31044050BRNO
6 22284 21230331SRNO 12 22305 309504 30BRNO
6 22285 20646220SRNO 12 22310 30547080BRNO
6 22307 20946220SRNO 13 22506 ,22283 10546220WRN1
6 ) 22308 20730331SRNO 13 22326 21431330WRN1
6 22323 20346310SRNO 13 22337 40414080WRN1
6 22327 20130331SRNO 13 22338 30543090WRN1
6 ) 22329 30427300SRNO 14 22286 22286 30123080SRNO
6 22332 20246220SRNO 15 22301 22301 30724500BRNO
6 22333 30413170SRNO - 16 22328 22328 3030904 0SRNO
6 22344 20446370SRNO 17 22358 22358 4104 9080SRNO
7 . 22500 22276 21120331SRNO 18 22343 22343 42455090SRN2
7’ 22279 31027430BRNO 19 22359 22359 40728080SRNO
7 22280 30604 500BRNO end




886-ZR-0009
Page 48 -

Table 3A. Comparison of Field Duplicate Samples for Radionuclides, Gamma Spectrometry

Sanple
Location

K40

Ccs137

PB212

PB214

BI214

RC228

TH234

U235

SOIL

pCi/e wunc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

10530331SRNO
105303318RN2
30113170SRNO
30113170SRN2
42455080SRNO
42455090SRN2

21.52
22.41
20.58
21.42
22.18
22,52

0.58
0.6
0.65
0.68
0.55
0.54

0.010 0.010
0.010 0.020
0.014 0.014
0.015 0.015
0.023 0.014
0.017 0.012

1.648
1.439
1.614
1.648
0.945
0.907

0.037
0.036
0.043
0.044
0.030
0.029

0.048
0.046
0.055
0.061
0.039
0.038

1.069
0.8%0
1.039
1.064
0.468
0.413

0.209
0.152
0.212
0.206
0.158
0.158

1.083
0.951
1.226
0.988
0.503
0.612

1.662°
1.420
1.641
1.631
0.915
0.898

0.099
0.098
0.125
0.119
0.081
0.077

0.291
0.313
0.397
0.375
0.281
0.252

1.082
0.997
1.549
1.364
0.704
0.514

0.073
0.006
0.008
0.008
0.005
0.003

0.009
0.006
0.008
0.008
0.005
0.005

Comparison, relative difference

second/first

10530331SRN

30113170SRN

42455090SRN

0.040 0.038

0.040 0.045

0.01% 0.025

0.000 1.414

0.062 1.415

-0.29 0.810

-0.14 0.034

0.021 0.038

-0.04 0.045

~0.18 0.067

0.024 0.078

~0.12 0.12%

~0.313 0.254

~0.22 0.267

0.196 0.400

~0.16 0.090

~0.01 0.106

=0.02 0.123

-0.08 0.411

=-0.13 0.375

~0.31 0.619

-1.71 0.276

0.034 1.414

0.017 1.414

SOIL

K40

CS137

PB212

PB214

BI214

AC228

TH234

U235

diff unc

diff unc

diff unc

diff unc

diff unc

diff unc

diff unc

diff unc

number
maximum
mean
minimum

3
0.040 0.045
0.032 0.029
0.015 0.035

3
0.062 0.910
=-0.08 0.910
-0.29 0.810

3
0.021 0.038
~0.05 0.157
~0.14 0.034

3
0.024 0.078
=-0.09 0.213
-0.18 0.067

3
0.196 0.400
-0.05 0.434
-0.22 0.267

3
-0.01 0.106
-0.06 0.168
-0.16 0.106

3
-0.08 0.411
=0.17 0.243
~0.31 0.619

3
0.034 0.411
-0.55 2.006
-1.71 0.619

Table 3B. Comparison of Field Duplicate Samples for Radionuclides, Radiochemistry
Sample SRS0 TH228 TH230 TH232 U234 U235 U238 PU238 PU239
Location
SOIL pCi/c unc |pCi/g unc |pCi/g unc [pCi/g unc |pCi/g unc [pCi/g unc {pCi/g unc pCi/g unc JpCi/g unc
42455090SRNO |} 0.207 0.156]1.307 0.189§1.330 0.191)1.312 0.188]0.942 0.110)0.043 0.022]0.942 0.109}0.019 0.020|-0.01 C.024
42455090sRN2 }0.166 0.176}0.752 0.106}0.574 0.090]0.682 0.099]0.421 0.065]0.021 0.01910.401 0.06210.014 0.017}0.003 0.006
10530331SRNO 1.257 0.163 bt
10530331SRN5 1.665 0.246
42455090SRNO 1.330 0.191
42455090SRNS 0.665 0.182
Comparison, relative difference second/firsat
424550905RN0]-0.22 1.261]-0.54 0.210]-0.79 0.222]-0.63 0,213[-0.76 0.188]/-0.66 0.898}-0.81 0.187]-0.32 1.549}~3.62 7.087
10530331SRNO 0.746 0,202

42455090SRNO

0.279 0.264

&
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Sanple
Location

K40

€s137

PB212

PB214

BI214

AC228

TH234

u23s

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g

pCi/g

pCi/g unc

pCi/g unc

pCi/g

10346220SRNO
10346220SRNO

21.37
21.63

0.62
0.56

0.052
0.046

0.014
0.015

0.038
0.034

1.381
1.400

0.052
0.047

0.763
1.043

0.778
1.08%

0.241
0.188

1.383. 0.111
1.373°0.100

0.800
0.748

0.325
0.271

0.007
0.005

0.007
0.005

21946220SRNO
21946220SRNO

22.07
21.69

0.66
0.61

0.096
0.124

0.023
0.022

1.541
1.509

0.042
0.038

0.053
0.055

1.029
1.274

1.067
1.180

0.232
0.202

1.613 0.114
1.514 0.097

1.316
1.2585

0.394
0.342

0.064
0.068

0.010
0.009

221462208RNO
22146220SRNO

23.38
23.73

0.62
0.68

0.010
0.015

0.010
0.015

1.380
1.481

0.036
0.041

0.051
0.063

0.984
1.178

0.820
1.106

0.212
0.214

1.486 0.101
1.466 0.120

30309040SRNO
303095040SRNO

20.90
21.62

0.54
0.56

0.567
0.561

0.025
0.028

1.314
1.460

0.032
0.035

0.047
0.049

0.905
1.098

1.07
1.167

0.176
0.187

1.342 0.086
1.369 0.099

0.850
0.205

0.330
0.205

0.009
0.010

0.0S5
0.010

1.088
1.275

0.284
0.276

0.059
0.005

0.008
0.005

30315160SRNO
30315160SRNO

22.33
22.76

0.57
0.58

0.047
0.046

0.018
0.017

0.035
0.036

1.469
1.488

0.047
0.051

1.010
1.165

1.041
1.153

0.210
0.190

1.504 0.107
1.446 0.107

0.336
0.380

1.371
1.426

0.006
0.005

0.006
0.00S

30540490BRNO
305404 90BRNO

21.20
22.34

0.60
0.57

0.013
0.010

0.013
0.010

0.043
0.039

1.822
1.865

0.055
0.051

1.259
1.373

0.184
0.216

1.196
1.500

1.663 0.107
1.818 0.110

1.626
1.576

0.432
0.366

0.069
0.070

0.011
0.009

30547080BRND
30547080BRNO

21.63
21.18

0.54
0.53

0.009
0.010

0.009
0.010

1.680
1.797

0.037
0.038

0.050
0.051

1.032
1.104

1.054
1.067

0.175
0.201

1.701 0.105
1.671 0.104

1.009
1.023

0.335
©.317

0.005
0.005

0.005
0.00S

30648280BRNO
306482808RNO

22.18
20.87

0.53
0.57

0.008
0.010

0.008
0.010

1.413
1.381

0.034
0.037

0.023
0.045

0.715
0.676

0.833
0.680

0.145
0.182

1.416 $.099
1.249 0.098

0.937
0.984

0.265
0.342

0.005
0.005

0.005
0.005

42246090SRNO
42246090SRNO

20.21
19.99

0.58
0.56

0.012
0.015

0.012
0.015

0.036
0.036

1.383
1.362

0.051
0.050

0.882
0.950

0.908
1.006

06.208
0.203

1.335 0.097
1.39% 0.101

1.035
1.553

0.319
0.394

0.007
0.060

0.007
0.010

42351990SRNO
42351990SRNO

0.54
0.54

20.74
21.29

0.097
0.083

0.019
0.018

1.426
1.436

©.033
0.033

0.044
0.044

0.926
0.947

0.192
0.153

0.906
0.985

1.453 0.093
1.484 0.096

0.353
0.321

1.215
1.003

0.005
0.005

0.005
0.005

Comparison,

relative difference second/first

10346220SRNO

21946220SRNO

22146220SRNO

30309040SRNO

30315160SRNO

30540490BRNO

30547080BRNO

306482B0BRNO

42246090SRNO

42351990SRNO

0.012 0.039

~0.02 0.041
0.015 0.039
0.034 0.037
0.019 0.036
0.052 0.038
-G.02 0.035
~0.06 0.036
~0.01 0.040

0.026 0.037

=0.11 0.416

0.257 0.289
0.373 1.439
-0.0] 0.066
0.01% 0.514
-0.24 1.424
0.061 1.415
0.239 1.424
0.196 1.421

-0.16 0.284

0.014 0.037
~0.02 0.037
0.071 0.038
0.105 0.034
0.013 0.034
0.023 0.032
6.067 0.030
=-0.02 0.036
-0.02 0.037

0.007 0.033

0.311 0.077

0.213 0.066
0.179 0.075
0.193 0.068
0.143 0.064
0.087 0.057
0.067 0.066
-0.06 0.089
0.116 0.077

0.023 0.066

0.333 0.328

0.101 0.274
0.297 0.313
0.086 0.229
0.102 0.258
0.226 0.211
0.012 0.252
=0.20 0.308
0.102 0.304

0.083 0.259

-0.01 0.109

-0.06 0.096
-0.01 0.106
0.020 0.096
-0.04 0.103
0.083 0.088
~0.02 0.087
=0.13 0.105
0.947 0.102

0.021 0.091

=0.07 0.547

=0.05 0.406
~1.22 0.736
0.158 0.335
0.03¢2 0.363
-0.03 0.353
0.014 0.454
0.049 0.451
0.400 0.392

~0.19 0.430

-0.36 1.436

0.065 0.210
-1.38 0.408
-1.69 0.303
=0.14 1.418
0.013 0.205
0.000 1.414
0.000 1.414
1.573 0.366

0.000 1.414

K40

CS137

PB212

PB214

BI214

AC228

TH234

U235

diff unc

diff unc

diff unc

diff unc

diff unc

diff unc

diff unc

diff unc

number
maximum
mean
minimum

10
0.052 0.038
0.005 0.065
~0.06 0.036

10
0.373 0.289
0.064 0.398
~0.24 0.284

10
0.105 0.034
0.023 0.088

~0.02 0,036

10
0.311 0.077
0.127 0.209
~0.06 0.089

10
0.333 0.328
0.114 0.303

~0.20 0.308

10
0.089 0.088
~0.01 0.119
~0.13 0.105

10
0.400 0.392
~0.09 0.856
-1.22 0.430

10
1.573 0.210
-0.19 1.767
-1.69 0.205

Table 4B.

-

Comparison of Laboratory Duplicate Analyses for Radionuclides, Radiochemistry

Sample
Location

SR80

TH228

TH230

TH232

U234

U235

u238

PU238B

PU239

pCi/g unc

pCi/g unc

pCi/q unc

pCi/g wunc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

pCi/g unc

IPL-506~2-3
I1PL-506-2-3D

6.248 0.389
6.743 0.408

7.716 0.801
9.266 1.054

1.696 0.258
1.741 0.299

7.519 0.782
9.116 1.037

3.594 0.359
7.082 0.629

0.241 0.085
0.311 0.107

3.839 0.375
7.102 0.627

0.122 0.087

0.018 0.051

2.903 0.52¢
2.698 0.446

Comparison, relative difference second/first

[ 1PL-506~2-3 [0.076 0.087]0.183 0.156]0.026 0.230]0.192 0.156]0.653 0.136[0.254 0.495]0.597 0.134]-1.49 1.441[-0.07 0.246]
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10. Appendix A

The Certificates of Calibration for the blind spike samples prepared by Isotope Product
Laboratories are presented here. The activity values, uncertainties, and isotopic fractions stated
on these sheets have been used in the intercomparisons discussed in this report.
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Customer: ROCKWELL INTL/ ROCKETDYNE  P.O.No.: RS4PJO-95162004
Catalog No.: EG-0078 Reference Date: September 1 1995 12:00 PST.
Source No.t 306-2-1 Total Radioactivity: 28.9 nCi.
‘Total Radioactivity: 1,068 nq.
Dencription of Source
a. Capsule type: Customer supplied bottle
b. Naturo of active doposit:  SrCi2, CsCl, Th(NO3)4, UO2(NO3)2, and Pu(NO3)3 dispersod in a sand maurix
¢. Active diameter/volume: Approximately 1.0 L (Mass of sand = 1,125.60 g)
d. Backing: Olass ',
e. Cover: QGlass
Nuclide Half-life Activity. Concentration Systematic Rendom Total
(nCh (pCly) .. Uncert. Uncert. Uncert.
Sr-90 28.5+ 0.2 years 2.76 2.45 2.0% 0.9% 2.2%
Cs-137 30.17 £ 0.16 years "592 5.26 1.0% 0.7% 1.2%
Th-232 (1.405 = 0.006) x 9.08 8.04 3.0% 2.0% 3.6%
10710 years :
U.238 (4.468 x 0.005) x ?7.87 6.99 3.0% 2.0% 3.6%
1079 years ’
290 2.1% 0 3% 2.1%

Py.239 24,110 % 30 years 3.26
Methad of Cullbration \ i é )

This source wat preparéironii-weéighed aliquots of solutions whose concentrations, in nCi/g, were
detennined as foliows: 1) for Sr-90 and Pu-239 by s liquid scintillation counter. 2) for Cs-137 by a well
type ionization chamber, and 3) for Th-232 and U-238 by specific activity and mass calculations. Sr-90
hat a daughter(Y-90) in equilibriwan. U-238 and Pu-239 have attached technical data sheets for
impuritios and daughters.

Daughter decay scheme for Th-232
Ra-228 -> Ac-228 -> Th-228 -> Ra-224 -> Rn-220 > Po-216 -> Pb-212 -> Bi-212 -> Po-212 -> Ti-208 -> Pb-208

NIST Traceabllity -
This calibration is implicitly waccablc to the National Institutc of Standards and Technology.

Leak Test(s)

Soo reverse side for Leak Test(s) applied 1o this source.
Nates -
1. IPL participates in an NIST rement program (o establish and maintain implicit traccability for a
number of nuclides, bused on the blind asasy (and later NIST certification) of Standard Reference Muterials (As in NRC
Regulstory Guide 4.15). .

2. Ovarall uncertainty is cslculated st the 95.5% confidonos level.

- .

M “ - “\,—.
QUALITY CONTROL

LT I T
PRODULE N
TARISKAIOIRLLYS

|4 Se (995

Date Signed

ISOTOPE PRODUCTS LABORATORIES
3017 N. San Frrnanpo Bovp,
Rusnank, Carirorsia 91304 " IPL RefNo. 506-2.1

8188437000 Fax BIR-R43+6168



[N TR N TN L |
tkouoans
PABDHATORILS

886-ZR-0009

Page 53
Customer: ROCKWELL INTL/ROCKETDYNE  P.O.No.: RS4PJO-95162004 )
Catalog No.: EQ-0075 Reference Date:  September ] 1995 12:00 PST.
Source No.: 506-2-2 Total Radioactivity: 283 nCi.
Total Radloactivity: 1,048 Bq.

Description of Source

a. Capsulc type: " Customer supplied bottle

b. Nature of active doposit:  S$rC12, CsCl, Th(NO3)4, UO2(NO3)2, and Pu(NO3)3 dispersod in a sand matrix

e. Active diameter/volume: Approximately 1.0 L.(Mass of sand - 1,283.96 8) :

d. Backing: Glass

e. Cover: Glass

Nuclide Half-life Activity. Concentration Systematic Random Total

* (aCh (pClg) - Uncert. ., Uncert. Unecert,

Sr-90 28.5 + 0.2 years 2.88 2.24 2.0% 0.9% 2.2%

Cs-137 30.17 £ 0.16 yoars | 5.86 4.56 1.0% 0.7% 1.2%

Th-232 (1.405 % 0.006) x 8.98 6.97 3.0% 20% 3.6%

10710 vears
U.238 (4.468 x 0.005) x 7.81 6.09 3.0% 2.0% 3.6%
1079 years

Pu-239 24,110+ 30 vonrs 2.83 2.26 2.1% 03% 2.1%

Mcthed of Calibration

This sourco was preparod from weighed aliquots of solutions whosc concontrations, in nCi/g. were
determined as follows: 1) for Sr-90 and Pu-239 by a liquid seintillation countar. 2) for Cs-137 by a well
typo jonization chamber, and 3) for Th-232 and U-238 by specific activity and mass calculations. Sr-90
has & daughter(Y-90) in ocquilibrium. U-238 and Pu-239 have attachod tochnical data sheets for

impuritics and daughtors.

Duughter decuy scheme for Th-232 Y - A
Ra-228 -> A0-228 -> Th-228 -> Ra-224 ->'En-32 C?,ng-zm - Py,du «> Bi-212 -> Po-2]2 -> T1-208 -> Pb-20%
NIST Traceabllity R |
This calibration is implicitly traceable to the National Instituto of Standards and Tochnology.
Leak Test(s) X
See reverse tide for Leak Tast(s) appliod to this source.
Notes -
1. IPL participates in an NIST ement prugrum to establish and maintain implicit traceability for a

naumber of nuclidss, based on the blind ssssy (and lster NIST certification) of Suandard Reference Matcriuls (As in NRC

Reguletory Quide 4.15). .
2. Overall uncertainty ie calculated at ths 95.5% confidenoe level.

- -

L - Yun

QUALITY CONTROL

14 Sep 1975

Date Signed

ISOTOPE PRODUCTS LABORATORIES
3017 N. San Frunanoo v,
Bursask, CanrorNia 91504

818-843°7000 Fax 818-843-6168

IPL RefNo. 506-2-2
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MULTINUCLIDE STANDARD SOURCE
Customer: ROCKWELL INTL ROCKETDYNE  P.O.No.: RS4PJO-95162004
Catalog No.: EQ-007S Reference Date: Soptomber 1 1995 12:00 PPST.
Sourece No.: $06-2-3 Total Rudloactivity: 253 nCi.
TYotal Radiosctlvity: 938 Bq.
Description of Souree
a. Capsule type: Customor suppliod bettle
b. Nature of active doposit:  SrCl2, CsCl, ThNO3)4, UO2(NO3)2, and Pu(NO3)3 dispersod in a sand matrix
¢. Active diametor/volume: Approximately 1.0 L (Mass of sand = 995.76g)
4. Backing: Glass
¢. Cover: Glass
Nuclide Half.life Activity, Concentration Svystematic Random Total
(aCl) Clp - Uneert. ., Uncert. Uncert,
Sr-90 28 52 0.2 years 2.82 2.83 20% 0.9% 2.2%
Cs-137 30.17  0.16 yoars - 5.44 546 1.0% 0.7% 1.2%
Th-232 (1.405 = 0.006) x 9.08 9.09 3.0% 2.0% 3.6%
10710 years -
U.238 (4.468 £ 0.008) x 5.22 5.24 3.0% 2.0% 3.6%
- 1079 yoars
Pu-239 24,110 % 30 years 2.81 2.82 2.1% 0.3% 2.1%
Methond of Callbration

This source was preparced from weighed aliquots of solutions whose concentrations, in nCi/g, were
detenuinoed as follows: 1) for Sr-90 and Pu-239 by a liquid scintillation counter. 2) for Ce-137 by a wel)
fype ionization chamber, and 3) fer Th-232 and U-238 by specific activity and mass calculations. Sr-90
has & daughiter(Y-90) in equilibrium. U-238 and Pu-239 have attached technical data sheets for

impurities and daughters.

Daughter decauy scheme for Th-232 -
Ra-228 -> Ac-228 -> Th-228 -> Ra-224 -> Rn-220 > Po-216 «> Pb-212 -> Bi-212 -> Po-212 > TI-208 -> Pb-208
oldgy. “»

NIST Traceability
This calibration is implicitly traceable to the National Instituto of Sw b

- Leuk Test(s)
Soo reveree side for Leak Test(s) applied to this source.

Notes . R
1. IPL. paniicipatos in an N1ST measurement assurance program to ostablish and maintain implicit truvesbility for o

numbser of nuclidcs, bazed on the blind sssay (and luver NIST certification) of Standard Reference Muterials (As in NRC
Regulatory Quide 4.13). :
2. Ovorall uncertainty is culculsiod at the 95.5% confidence Jevel.

- -

QUALITY CONTROL

s 01 01
Pl grte g A
TADDHATOIRITY,

3017 N. Sax Frsxaspo Brvn,
Bursank, CatirorNia 91504

BIB-843°7000 Fax 818:843°6168

@ | (4 Sep (995
@ 1SOTOPE PRODUCTS LABORATORIES Date Signed

IPL RefNo. 506.2-3
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[T I T © B L
PRODUCTYS
LABORATORILY

U-238 TECHNICAL DATA

-

The U-238 used to prepare your order was taken from
Isotope Products Laboratories Lot #6794 and had the
following composition as of June 1, 1994,

Corporate Offices (% _.

3017 N. San Fernando Rivd. U g ' TOM ACTIVITYY

Burbank, California N/D

N30 233 oo =
U-234 ' 0.005 49.591

Main Laboratory U-238 0.720 2.259

1800 N. Keysione Street U-236 N/D C e e——

Burbank. California U-238 99.274 48.245

91504

Isbtopic composition provided by Oak Ridge National =

818+ 843-7000 Laboratory. o
Fax 818+843-6168 If you have any gquestions, please contact Technical
Service. -

(818)843-7000

RADIOACTIVE SOURCES + DEVICES « NUCLIDES
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s 07 oy
VK ODUOCTS
TABORATORIEN

Corporate Offices

1017 N. San Fernando Blvd.
3usbank, California

21504

Main Laboratory

1800 N. Keystone Street
Burbank, California
91504 -

318~ 8437000
Fax 818-843-6168

Pu-239 TECHNICAL DATA

The Pu-239 used to prepare your order was taken -from Isotope
Products Laboratories Lot #6617-1 and had the following
composition as of October 1, 1994.

-~

NUCLIDE ATOMY ACTIVITYX TOTAL & ACTIVITY %
Pu-238 0.002 0.337 0.388
Pu-239 §7.933 79.717 ©1.887
Pu-240 2.L58 6.124 7.058
Pu-~241 0.010 13.241 N/A
Pu-242  _ oS 01 0.000 0.000

.T\/.—\.“!!") -

( i J)\

et
Am=—-241 ————— 0.582 0.671
Note: Pu-241 is beta active.

Isotopic compositién provided by New Brunswick Laboratory.

If you have any questions, please contact Technical Service.

RADIOACTIVE SOURCES + DEVICES + NUCLIDES
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11. Appendix B - Interpretation of Resulits

All soil sample analytical results are well below the approved limits for release of land areas for
use without radiological restrictions (see “Proposed Sitewide Release Criteria for Remediation of
Facilities at the SSFL”, B. M. Oliver and R. J. Tuttle, Rocketdyne Document NOO1SRR 140127,
8/22/96). That document provided single-isotope limits for all radionuclides that are possible
contaminants at SSFL, and those limits were approved by the Department of Energy, Oakland
Operations Offiice, and by the State of California Department of Health Services, Radiologic
Health Branch. Potential doses to future users of the site, for residential, industrial, and
wilderness use situations were considered, and concentrations were calculated that provided a
Total Effective Dose Equivalent (TEDE) equal to the limit of 15 mrem/year recommended by the
EPA. For the two radionuclides detected in the soil sampling survey, Sr-90 and Cs-137, the limits
are 36.0 and 9.2 pCi/g, respectively. All analytical results were well below these limits. The
maximum value for Sr-90 was 0.569 pCi/g, or 1.58% of the single-isotope limit. The maximum
value for Cs-137 was 0.567 pCi/g, or 6.16% of the single-isotope limit. Combining these two
percentages to test for the combined sum of fractions rule, results in a percentage of 7.74%, far
below the allowable 100%.

To demonstrate the satisfactory condition of the radiologically remediated Former Sodium
Disposal Facility, a pathways analysis was performed to estimate potential dose to a hypothetical
resident of the area. This analysis used the pathways code, RESRAD (version 5.61), with the
same parameters that were used in establishing the generic limits on radioactivity in soil at SSFL.
The Former Sodium Disposal Facility was represented as a slightly smaller area, 8,200 m?, than
the generic reference case, 10,000 m>.

The residual contamination of the site was assumed to be equal to the average of the measured
values, for Sr-90 and Cs-137, the only contaminants detected in the radiometric analyses. These
values were, respectively, 0.131 pCi/g for Sr-90 and 0.069 pCi/g for Cs-137. Residual
contamination was assumed to be uniformly distributed through the upper 1 meter of the soil.
(This is a conservative assumption, since much of the area was excavated down to bedrock and
only a very thin residual layer of soil remains. For this calculation the top 1 meter of the site is
considered to be soil. Studies of the depth distribution of the original contamination showed that
the radioactivity, which had initially been deposited on the surface of the soil, had not penetrated
beyond about 18 inches.)

RESRAD calculates the dose from a variety of exposure pathways. The only significant pathways
were direct radiation from the ground for the Cs-137, and plant uptake (in vegetables) for the Sr-
90. If the Former Sodium Disposal Facility had been occupied in a residential manner
immediately after completion of the soil sampling, that is, in August 1995, the first-year dose is
calculated to be 0.166 mrem. This is small compared to the recommended limit of 15 mrem per
year, established by the EPA, and trivial compared to the natural dose from “clean” soil
approximately 80 mrem/year. The estimated dose declines with time into the future. This is
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shown in Figure A.1, where the dose becomes essentially zero after 100 years.

TOTAL DOSE: All Isotopes and Pathways Summed

0.20 N A
4
0.15 Q - Total ]
& - Cs—137
+ - Sr—80 ]
| 99
5 ]
~
g 0.10 ]
"M P
S
E J
0.05 i
0.00 N RN M
1 10 100 1000 10000
Years
FSDF.DAT 01/06/97 14:43

Figure A-1. Calculated potential dose to resident of remediated Former Sodium Disposal
Facility.

The average values assumed for contamination are comparable to the fallout background found in
surface soil in this region. Subtraction of background activities is not suitable in this case,
however, because many of the samples are from deep below the original surface of the soil where
the background activity of these radionuclides is essentially zero. Therefore, a comparison
calculation was performed, representing an undisturbed plot of land with the same characteristics
and usage as proposed for the Former Sodium Disposal Facility, except that the residual
contamination was replaced by the values of activity found for the surrounding, unaffected,
terrain. These background values were derived from the Area IV Characterization Survey results,
by excluding all samples that were suggestive of possible contamination, and the deliberately
selected offsite (background) soil sample results. (See “Area IV Radiological Characterization
Survey - Final Report”, ETEC Document A4CM-ZR-0011, Revision A, Volumes I-IV, August
15, 1996.) For unaffected soil, contaminated only by fallout activity, the activity was assumed to
be limited to the upper 10 cm of the soil (4 inches). This calculation shows that the dose on
unaffected, and unremediated, land would be 0.171 mrem in the first year, slightly more than for
the remediated Former Sodium Disposal Facility. When naturally occurring concentrations of
potassium-40, uranium (plus daughters) and thorium (plus daughters) are included in the “clean”
soil, a similar RESRAD calculation yields 81.74 mrem/year, as an additional, natural dose from
the natural radioactivity alone.

As a further demonstration of the conservatism in the cleanup conducted here, a RESRAD
calculation was also done with the assumption that the entire site was contaminated at the level
found in the single most contaminated sample, that is, the sample taken at location 3030904, in
the former Lower Pond. (All soil had been removed from the Lower Pond, so that only bedrock
remains.) This calculation showed that these greater amounts of Sr-90 (0.569 pCi/g) and Cs-137
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(0.567 pCi/g) would produce only 1.157 mrem/year in the first year, still far below the limit of 15
mrem/year and the natural dose of 81.74 mrem/year.

This study shows that the Former Sodium Disposal Facility is in compliance with the
recommended acceptance limit of 15 mrem per year for radiological exposure, and is essentially
no different, radiologically, from any similar unaffected plot of land.
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ABSTRACT

A comprehensive baseline radiological survey for ambient gamma
exposure rate was conducted in 1991 (Reference 3) just prior to
the site remediation of the former Sodium Disposal Facility (SDF)
(T886). That survey covered the lower and upper pond areas of :
the SDF and was used as a guide .in beginning remediation (i.e.,
excavation). After the remedial efforts were completed (which
included numerous operational gamma surveys) the stage was set
for the post-remedial ambient gamma exposure survey. This survey
covered the lower and upper pond areas as well as adjacent land.

Results of this survey show the ambient gamma exposure rates of
the former SDF and surrounding land to be indistinguishable from
each other. These results presented here along with the planned.
soil sampling by an outside contractor will serve as a basis to
release the SDF for use without radiological controls. This
document represents the ambient gamma survey as performed. in
accordance with Reference 1.
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INTRODUCTION:

This report documents the post-remediation radiological
ambient gamma survey of the former Sodium Disposal
Facility (SDF) (T886) and subsequent data analyses.
The post-remediation ambient gamma survey was
undertaken to evaluate the radiological conditions
after the completion of the site remediation. The
surveyed areas included the remediated lower and upper
pond basins, the surrounding land, and the site
drainage pathways.  The ambient gamma exposure rate
results used in conjunction with the soil sampling
analyses as outlined in Reference 1 will serve as a
basis to quantitatively release the SDF from
radiological controls. This document represents the
gamma survey as performed in accordance with

Reference 1. . . .





