
Figure 11-Elemental mercury is found 
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Figure 12-Excavation of subterranean objects 
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Figure 13-Exhumed debris 



EID-04628 
Page 92 

Figure 14-More exhumed debris 
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Figure 15-NaI 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 21-Filled hazardous containers (awaiting shipment) 
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Figure 22-Radioactive waste containers (filled) 





Figure 24-Shipping of f'ull containers 



Figure 25-Vehicle weigh station 
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Figure 2dBedrock exposed in lower pond 
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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 3ZDrilling well cluster BD-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 36-Composite view of contamination types 
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Figure 38-ITC with NaI probe receptacle 
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Figure 39-Excavation, segregation and classification process 
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Figure 40-NaI probe insertion into receptacle 
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Figure 41-ITC filled with soil being counted for radioactivity 



FORMER SODIUM DISPOSAL FACILITY SOLID WASTES 

SCRAP & DEBRIS EXCAVATED SOILS 
5 tons & 240 tons 10,864 tons (1 1,876 cy) 

NON-RADIOACIVE 
10,204 tons (1 1,155 cy) I 

1 1744 tons (191 1 cy) I 1 7360 tons (8042 cy) I I 
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NO Non-Detectable 

Attachment 1. 

- 

Figure 43-Radionuclide content of radioactive and mixed wastes 
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B/886 Former Sodium Disposal facility 
Anaiytfcal Result Summary 

Lower Pond Excavated Soils 
&mi Volatile Organic Compounds 

Pagelof2 

02 
0 2  

t 
02 
0.2 
02  
0.7 
0 2  

2 6  333 nc 
0.4 
0.4 
1.0 
0.2 
0 2  
0.7 
0.4 

1.01 1 -67 TIC 
2.58 3.33 TIC 

0.7 
0.7 
0.2 
20 
0.4 
0.4 
0.4 
0.2 
0.2 

.0.4 
02 
0 2  
0.7 
0.7 
0.2 
0.2 

Aniline 44 0 0-4 

See page 2 for explanations. 

Figure 45-SVOCs from lower pond (1 of 2) 
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W886 Former Sodium Disposal Facility 
Analytical Result Summary 
Lower Pond Excavated Soils 

Semi Varatlle CIrganic Compounds (mnt) 
Page 2 af 2 

AMfvtical Methad SW 846 8270 
Result Rwge Typn,lcal 

Waste Co~#luent Low H$h MDC - 
44 1 ND 0.65 0.2 

Figure 46-SVOCs from lower pond (2 of 2) 
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81886 Foner Sodium Disposal Facility 
Analytical Result Summary 
L ~ w r  Pond Excavated Soils 
VolaUIe brggnlc Compounds 

Poimudear ammatic hxWarban 75 4 6.5 42 TIC 

See Page 2 for explanations 

Paae 1 af 

Figure 47-VOCs from lower pond (1 of 2) 

Waste Constituent 

Anahdeal Method W 846 0240 
-Range 
LCMl Hi$ MDL 

Warts F m  -W 
1,1'.oxyb'imene 75 5 n 62a TIC 
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B/886 Former Sodium Disposal Facility 
Analyti.cal Result Summary 
Lower Pond Excavated W t s  
Volatile Organic Compounds (cont.) 

I Efforts Findinas 
Sahuafed a i i i  hydmabn 75 7 5.5 200 TIC 
~etrachkm&ene 75 10 41 610 0 8  
Tetrachbmhexafhrmbutane 75 1 ND 70 TIC 
TetramettyIbemene isomer 75 1 Nq 6 TIC 
'Sobef'e 75 5 5.7 41 0.7 

75 1 ND 18 TIC 
Trlchlomethykne WE) 75 46 3A 17Ml 0.6 
TrlcM0rof)urpmethanB 75 1 ND 1.4 0.0 
 ridec cane 75 I rn 8s nc 
Trirnethy0enzw lsamer 73 5 7 42 TIC 
Ttin&hyk@hexa~ isomer 75 1 ND 40 nc 
Unjecane 75 1 ND 110 nc 
UT1IQyMmmatichybOcarbon 75 2 7 63 TIC 
Unlaxrwnhydmabn . 75 37 9.7 490 TIC 
Vinyl Chloride 75 0 0.4 
Xylem notall 75 9 3.9 97 1 A 

Note: M M  Minimum Detediarl Wit. Waste constituents identified by the labratory as a "Tentafbely 
Mentifled Corrpouncf are hbeled VOinthe MDL alum. The TIC'S millimum detedhn 6mits are 
unavaaabk. 

- 

Figure 48-VOCs from lower pond (2 of 2) 
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81886 Former Sodium Disposal Facility 
Analytical Result Summary 

Lower Pand Excavated Wls 
Miscellaneous WMM Constttuents 

TCLP Organics 
Vinyl CMride 
1,l-Dkhbmethylene 
Chbmfm 
I ,2-Dichkroetharw 
2-8utanone 
Cartan tetrachloride 
Trichlbmthylene 
Ghbrobenrene 
TCLP Semi Volatile Orgaaics 
WcWol 
m+p Cresol 
1 , 4 - D ~ t t ~ l e n e  
PA~DinItrow!luane 
Hexachbrobereene 
Hexackror-l34x&che 
He- 
NiWbemene 
Pentachlompheclal 
Pyridine 
2,4,5-TrlcNoropherrol 
2,4,6Trkhkropheml 
TCLP Pestlcldes 
Undane 
Heptachbr 
Heptachbr epcrxide 
Endin 
M- 
Chbrodane 
Toxaphene 
2.4-0 

Waste Constftuenl 

Figure 49-Miscellaneous compounds from the lower pond 

-D+iUnitS- 

Resub Range 
Efforts Fudinos LON Hoh MDL 

- 

Analytical 
Method 
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I 
Figure 50-Hazardous waste manifest 
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Figure 51-Conventional waste shipper 
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I Shipment Date: 

No. (ti +le) + 

 nito or^^ Baaartbw Waste Wanifeat 
Cerf erf No Deteeahle A e i v i W  
War Datatdinatian Regart bY EP 
Shfpoinq  eta ram far 4az Wastes 
Radiation Survey Recort 
Inspectian checklist for  Vehicle 
Lcq ~htrims 
Intermadfato ut FdllowerS 
Federal Natice L&?C Disposal 
Restrictlcn 
California ~ o t i c e  & Cart Land 
D i W s a l  R & s ~ i c % i o n  
DOE Approval 
WasCw PxcP$.le r Eaz Labla 

I Zfrspectbn 
Verification 

VESIFICATICON KEY 
1 >!I Required Line Entries C a ~ l e t e d .  If er~tZy i s  net r&qlired, 

enter NR. i 
t Entry Infaramtion Oegible 

3 Required Signatures and Date 

4 Copy of Compleked fora for QA Records 

OA Reco* 

All operations on this c&~cklht have been verified. mterial i s  
acceptable fur transport. *- 

This checklist and a eapy of completed f o r @ ~  ( A  thm X) are ta be 
retained i n  the fac i l i ty  file an& ane forwarded to PA ~nginqering. 

Figure 52-Waste data checklist 
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(Health Physicist) 

Figure 53-Certificate of compliance with DOE objectives 
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Figure 54-Waste classification determination 
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,Do rn 
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Figure 55-Radioactivity survey report 
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ACCEPTED BY 

Figure 56-VehicIe inspection report 
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s ign]l)ate 
Grid Lacation Lowah pa-- 
Material frmn RMMA? Yes NO 

Hazardous I :-. 

Visual ~ e s  , . V 

m No - 
Yes Plo .. . .-- .c 

. *WP -. Yes L PO ,.*- . 
; .i- * . i " . . r .  

itadidact ivity; / 
' .- . 

Backgrpund Reading 4 8  1 0 CPm 
X p 6 ' . 0 1 f l =  ,5227 

Direct Counts . '. .. . 
Less Background I .  

Reading . 5 - 

radioactive? A/& .. . 
Compare to X: < .  

Transfer eo: 
Clean container No. 
~ a d i o a c t i v e  container No. 
Bazardous container N'c. 
Mixed Haz container No. w,m 

. - 
puality Assurance V e r i f  i ca f  ion: 
,!=;. QA -ThSpectcr .. 8. s  tam^ ' - .  -!iww@& 

Figure 57-Intermediate lot follower 
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Figure 58-California land disposal restriction form 
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@ Chemical Waste Management; ltic. 8~ f5eio 
w m  P R C ~ L E  R o n .  

Figure 59-Regulated waste profile 
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Unlted States Government Depanmeht of E ~ M Q Y  

~ h ;  December 11, IS92 anpotan'hun, from Alax Dong to  Lea Stevens (attached , 
requrrtin t o  thlp o f h t  all soils dcdqaated 8s nonradlorctlw! ~ a s t e ~  1 as 
b u n  r m h d  and revlewd by t h l c  offlee l a  t o n r ~ d m t l o n  o f  the Enwgy 
Trshnalogy Engfn8arftq Cttktcr*r (ET€C1r iuaorrtratrd knwledgr of the 1 waste, md $racedurcs t o  rrsur~ that on y those Sdlm Di~poral Facllity 
(SW) wastrr ahawlfig no dctcct ib lr  activity will bC desfgnatrd as 
nanrrdloactive, this afficC believes that no Oepartrnent o f  Energy (WE)- 
added radiation I s  present i n  t b r e  wastes. 

ETEC has t o  date, n6t provided Inforuirtim rctrptrblt to  l ift  the abratorium 
. s l t t - ~ l d e .  Fgr this re~uert, the Informatlon robmitttd for the SDF wastes 
s t t l f jrd obow Is rufttelcnt. Thir office cbncurr wCth your rrqurrt to &I ill SDF n s t w  found ta hawe no WE-added ndlat ton offsfte as 
nonradiorctlve. The moratorium rmalns In effet) far a l l  R C M S C A  wrrtta 
a t  ElEC, which s~ nat s p o c l f l c a l l ~  arcavated rol ls  ftm the ramedlotlon 
activity at tha SDF. 

nt Sacretary 
nagemnt 
Restorrtlon and 

Yaste knrgement 

. Attachment 

cc: Joe Bodr, M422 . 
bardon Ltngl lt , - El4422 
Hannibal 3 9 ;  .bOEW 
Jonathan Kang, EM-3n 

Figure 60-Case exception for DOE approval for shipment 



HAZARDOUS WASTE 5766 

PENDING ANALYSIS 
a Canoga 0 DeSao *j?fSSFL WsstkDla P l u m  0 Wer  

8WGmqr Avlmur 890aD.saoA,nnur E n U d W o d r r y C . n p f ~ ~  FAIz'3Z2 .21416 Phmnner Avs. 
Canoga Pan 4% 91 3Q3 Canoga Puk. 91904 SM Hh. CA 9131 1 ChatanOrth, CA 9131 1 

Analpis L Z ~  NO. 
TL* Kg Date Sampfed 0% [?-?& 
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I 886 Random sample generator (I sample, 5 bins) 

( ,, NO. 1 CONTAINER SERIAL NO, .lo29 

I BIH NO. 2 CONPAINER SERUL NO. 5942 

I BIN NO. 3 CONTAINER SERIAL NO. 5700 

I BXN NO. 4 CONTAINER SERIAL NO. 0220 

I 81. NO. 5 CONTAINER SERIAL NO. 0216 

- - 

Figure 62-Random sampling of 5 R/O bins 
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C 

 AMPLE ANALYSIS REQUEST FORM 
7 - (Side '1) 

.c , 0 . 
To which agency are the'reault~ being reported? - . .._.  . 

. . _ . .  . 
I MATRIX C-chack one) . + .  . . .  

Drinkfng Watet: .0,1: , /10 a l l #  

Ground W a t e r :  6luOge: solvent: 

Waste W a t e r :  f ~ t a z d c u s  Wascer Ocher: 

Figure 63-Chemical sample request- @age 1 of 2) 
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SAMPLE ANALYSIS REQUEST FORM - (~idd.zj- ' . 

Figure 64-Chemical sample request @age 2 of 2) 



EID-04628 
Page 143 

.,. .* ANALYTICAL REPORT 

LOG WO: 692-11-276 

I Received: 20 NOV '92 

Ms. Nancy McHillan, SS21 
Rockwell International Corporation Purchase Order: 1248 JZ92033545 
6633 Canoga Avenue 
Canoga Park, California 91303 

I REPORT OF ARALYTICM RESULTS 

LOG NO SAMPLE DESCRIPTIOH, SOIL S W L U  

Page 1 

OATE SAMPLED 

Nitric Acid Uigestian with 11123/92 
Htl, Date 

GFA Digest (€PA 30SO), Date 11/23/92 
Arsenic by Graphite Furnace, alg/kg 2.3 
Antimony, mg/kg * 4 0  
Barium, ng/kg 80 
Bery 11 ium, @/kg 0.49 
Cadmium, q / k g  e0-4 
Chromium, aglkg 25 
Coba 1 t , mglkg 6.8 
Copper. 7th I? 
Lead , mg/ g 8.9 
Hercury, q / k g  22 
Mol bdenm, mgjkg Z <4 
Nic el, aglkg 25 
Selenium by Graphfte Furnace, mglkg <0.4 
Silver, &/kg 0.69 
Thallium, ag/kg 4 
Vanadium, mg/kg 30 
Zinc, mglkg 99 
--------------------------*cc- --------- 

I 

Figure 65-Chemical analysis results (metals) 
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SSFL ANALYTICAL CHEMISTRY 
Rockwmll Intematfon.1, Rocketdyne Dfv. 
(arrj sss-snt D / ~ S S  ssti 

ma #odf ua Disposal Nc. 
Dept/Oroupr 025400 LUILr T886 
PtrOwt a J#2-$922 

mmL8 URORBmTION 
1029, 5912, 5700, 0220, 10216 

Requesbed Analysis: BOB0 R a c r i d r  l l f i 9 P 2  
E a p l e r r  E. Sujata Sampler IDIS 82-866-1608 b&npldc 11/18/92 16r29:OO 

Figure 66-Chemical analysis results (PCBs) 
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SSFL ANALmiCAL CHEMISTRY i AocEnnll raternationel,  Rockotdyae niv.  
( B J B J  586-J(n7 0/392 SS21 

92210470 

To; Rock8tdyne E11~frornr8nt.f P r o t o c C f o ~  
Requecterr Sabium Disposal Fac. 

B 
Dept/Groupt 025-000 XAXga f886 PEORE: 382J922 REPORT Dam: 11/30/92 

DATB OF ANALYSIS: 11/25/92 
S A H P U  INPORnATIm 

Sample Demcrptln8 8011, Sinrr 1029, S94?, 5700, 0220, 0216 
Requested hna'lysi.8: 8240 Received: 11/19/92 
Suaplera P. Pollock S-hr ID#: 92-886-168C Sampledr 11/19/92 C 8:20:00 

U L l t C  pr 01-w, 8 w O  -1, uons #L n u  
........................................... ...-..-L-----.-..- ---.--- ----..-.- 
bat* E x t r u t n l  

1.1,l-Trlehl#onbu* (fix] 
1,1.2,2-lrtrrehlor~thw 
1.1.2-Trldrloraetkm 
1.1-Dlehlorwthuu 
7.1-OlchloroNhylaw 
1,z-OichlorQnua 
1,2-Dkhloroeth~e 
1.2-0lchl~roc~.ylmm tcis) 
1.2-Olchloroehylmc ( t ~ n r )  
1 -2-Olehlor- 
1.3-Olchloroknrene 
1.3-Olhloropropam Cde 
4.3-Oihloropropnc fvra3 
1.4-Dlchlorokruw 
ACIt(IU 
nen2.n 
I r ~ i c h I o r o r r t h * w  
nrDllOf0rm 
n ro ru thme 
Carban t * t r u h l o r l k  
Chlor#tharw 
Chlorolom 
C h l o r ~ t h w *  
Dlbroackl w w t h r *  
Ethylbrnram 
Irm 113 
k t h y l m r  Chloride 
Ilonoshloroberua, 
le t rachlorathy lm 
l0 tuoe 
l r l e h l o r c e t h y l ~  (RE) 
l r lchlorof luorcr thnc 
Ultnan llydrocarbm 
v i v t  Chl0~id8 

1 1 m m  
1.0. 
#.D. 
1.0. 
1.D. 
LD. 
1.0. 
1s. 
1.D. 
1.0. 
M.O. 

19. 
N.D. 
19. 
1.0. 
1.D. 
1.0. 
M.O. 

1.). 
1.0. 
1.0. 
n.0. 
Y.D. 
1.0. 
1.0. 
1.D. 
1.0. 
#.D. 
1.0. 
1.0. 
1.0. 
1.0- 
l.0. 
IS 

1.0. 

Figure 67-Chemical analysis results (VOCs) 
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MZa OR ANAtYSIS: 11/2Sj92 
SAMPLE I N F 9 ~ T I O U  
1039, 5962, S700, 022b, 0216 

R.qurmt.cl Analysirx 8110 Received: 11/19/92 
Smler; P.  Pollock Sampler IDft 92-886-168C . Suap1.d: ll/19192.@ 8:20:00 

cOnnEliTst * * g n t a t i v d y  f d m t i f i r d  cmpaund. s d - q u a n t i t a a t r d  from nrarr8t  in ternal  s t d .  

APPROVED r sIaNmt 
R o c k e t d p  SSFL An~&'fcal Ched$str: 

Figure 68-Chemical analysis results (SVOCs) 
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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 fiom 199 1 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 fiom 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 fiom 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-2391240) 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 fiom 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 fiom the same comer, 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 fiom 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 fust 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 1 A, 1 B, and 1 C. 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 1 C 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 pCiJg, are above the upper 95% bound for local background of 0.27 pCiIg. 
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 pCiIg (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 rnrem 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 
Disposal Facility 
21.7 + 3.14 
0.13 f 0.29 
0.069 + 0.1 89 
1.43 f 0.35 
1.21 f 0.26 
1.34 + 0.35 
0.96 f 0.27 
0.044 f 0.024 
0.95 f 0.26 
0.027 f 0.040 
0.009 f 0.043 

Background 
Soil 

21.9 f 3.44 
0.047 f 0.080 
0.103 f 0.166 
0.98 f 0.95 
0.28 f 0.57 
0.37 f 0.83 
0.35 f 0.84 
0.01 8 f 0.045 
0.36 f 0.79 

Area IV 
Soil 

19.0 f 4.72 
0.040 f 0.080 
0.079 f 0.141 
1 .OO f 0.53 
0.82 f 0.46 
0.99 + 0.5 1 
0.77 + 0.35 
0.042 + 0.022 
0.78 f 0.33 
0.0006 f 0.0052 
0.003 f 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 
chain 

Th-232 
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
PO-2 1 6 
Pb-212 
Bi-2 12 
Po-2 12 
Pb-208 (stable) 

---- uranium chain ---- 
(U-238) (U-235) 

U-238 
Th-234 
Pa-234 
U-234 
Th-230 
Ra-226 
Rn-222 
PO-2 1 8 
Pb-214 
Bi-214 
PO-2 14 
Pb-2 1 0 
Bi-210 
Po-2 10 
Pb-206 (stable) 

U-235 
Th-23 1 
Pa-23 1 
Ac-227 
Th-227 
Ra-223 
Rn-2 1 9 
Po-2 15 
Pb-211 
Bi-211 
Po-2 1 1 
Pb-207 (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: 2 1346220,301 13 170, 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 3 1 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 seIected soil samples. These results are shown as the last 
3 entries for Table 5A 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 
Duplicates 

313 
111 
313 
313 
313 
313 
213 
011 
1 I3 
01 1 
313 
01 1 
111 
011 
111 
111 

Lab 
Duplicates 

9110 
111 

10110 
6110 
3110 

10110 
10110 

111 
111 
111 

9110 
011 
111 
011 
111 
111 

Blind 
Spikes -- 

214 
213 -- 
-- 
--- 
-- 
214 --- 
214 --- 
014 
414 
1 I4 
414 
314 

Agmgate 
Total 
12113 

416 
24/25 
9113 
6113 

13113 
12113 

316 
2l4 
316 

I2113 
016 
416 
1 I6 
616 
516 
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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 3g. Distribution of Th-234 in Soil and Rock at the Former Sodium Disposal Facility. 
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Figure 3i. Distribution of Sr-90 in Soil and Rock at the Former Sodium Disposal Facility. 
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Figure 31. Distribution of Th-232 in Soil and Rock at the Former Sodium Disposal Facility. 
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Figure 3m. Distribution of U-234 in Soil and Rock at the Former Sodium Disposal Facility. 
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Figure 3n. Distribution of U-235 in Soil and Rock at the Former Sodium Disposal Facility. 
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Figure 30. Distribution of U-238 in Soil and Rock at the Former Sodium Disposal Facility. 
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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 3q. Distribution of Pu-239 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 4c. Distribution of Cs-137 in Background Soil. 
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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 4i. Distribution of U-238 in Background Soil. 
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Figure 4j. Distribution of Pu-238 in Background Soil. 
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Figure 4k. Distribution of Pu-239 in Background Soil. 
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Table 1A. Results of pamna apectr-try analyses of soil and rock sacplea. 

1 K40 
Location 

aoa JpCi/g unc 
10130331~RN0119.66 0.58 

I I I I I 

pCi/g unc IpCi/g unc JpCi/g unc JpCi/g unc JpCi/g unc JpCi/g unc I p ~ i / g  unc 
0.009 11.377 0.035l0.169 0.04710.885 0.14911.524 0.10110.963 0.319)0.005 

3.072 0.016 1.078 0.028 0.732 0.039 0.645 0.155 1.142 0.082 0.701 0.231 0.048 0.006 
CS137 PB212 PB214 81214 AC228 TH234 U235 

>Ci/g unc pCi/g unc pCi/g unc pCi/g unc pCi/g unc pCi/g unc pCi/g unc 
63 63 63 63 63 ( 63 63 
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I I 

jpCi/g unc IpCi/g unc 
30511230BRNO122.39 0.55 10.009 

maximum 23.91 0.013 
mean 22.09 2.09 0.010 0.004 

minimum 20.04 0.008 

p ~ i / g  unc 
1.314 0.033 

2.068 0.044 
PB212 

pCi/g unc 
15 

I I I I 
pCi/g unc IpCi/g unc IpCilg unc IpCi/g unc IpCUg unc 
0.895 o.orelo.920 o.lsi]1.392 0.08911.159 0.343(0.005 

1.493 0.058 1.532 0.227 2.082 0.116 1.387 0.343 0.009 
PB214 BI214 AC228 TH234 U235 

pCi/g unc pCi/g unc pCi/g unc pCi/g unc pCi/g unc ' 
15 15 ' 15 15 15 
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Table 1B. Results of radiochemistry analyse8 of s o i l  and rock samples. 

- - 

Sample 
Locauon 

12559090SRNO 
S O I L  

nunber 
maximum 

m a n  
minimum 

pCi/g unc pCi/g unc 
0.402 0.189 1.506 0.186 * 
0.402 0.189 1.506 0.186 
0.402 0.189 1.506 0.186 
0.402 0.189 1.506 0.186 
0.402 0.189 1.506 0.186 
0.402 0.189 1.506 0.186 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
-0.05 0.124 1.549 0.191 
0.051 0.140 1.380 0.184 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.572 0.193 
0.051 0.140 1.380 0.184 
-0.05 0.124 1.549 0.191 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.572 0.193 
0.051 0.140 1.380 0.184 
-0.05 0.124 1.549 0.191 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.572 0.193 
0.493 0.192 1.473 0.153 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.512 0.193 
-0.02 0.130 1.572 0.193 
0.569 0.188 1.512 0.155 
-0.02 0.130 1.572 0.193 
-0.02 0.130 1.572 0.193 
0.051 0.140 1.380 0.184 
0.051 0.140 1.380 0.184 
0.188 0.156 1.219 0.141 
0.188 0.156 1.219 0.141 
0.188 0.156 1.279 0.141 
0.188 0.156 1.279 0.141 
0.188 0.156 1.279 0.141 
0.188 0.156 1.279 0.141 
0.096 0.168 0.782 0.108 
0.188 0.156 1.219 0.141 
0.086 0.150 1.182 0.213 
0.086 0.150 1.782 0.213 
0.086 0.150 1.782 0.213 
0.258 0.164 1.347 0.141 
0.004 0.135 1.614 0.634 
0.004 0.135 1.614 0.634 
0.161 0.145 1.414 0.142 
0.1'61 0.145 1.411 0.142 
0.161 0.145 1.414 0.142 
0.161 0.145 1.414 0.142 
0.161 0.145 1.414 0.142 
0.161 0.145 1.414 0.142 
0.161 0.145 1.414 0.142 
0.207 0.156 1.301 0.189 
0.201 0.156 1.307 0.189 
0.207 0.156 1.307 0.189 
0.207 0.156 1.307 0.189 
0.166 0.176 0.752 0.106 
0.207 0.156 1.307 0.189 
0.201 0.156 1.307 0.189 

SR90 TH228 
pCi/g unc pCi/g unc 
63 63 

pCi/g unc 
1.257 0.16: F 1.257 0.16: 

1.257 0.16: 
1.257 0.16: 
1.257 0.16: 
1.257 0.16: 
1.149 0.16; 
1.149 0.16; 
1.149 0.162 
1.149 0.162 
1.149 0.16; 
1.149 0.16i 
1.149 0.16i 
1.149 0.16i 
1.262 0.164 
1.149 0.165 
1.272 0.162 
1.272 0.162 
1.149 0.16i 
1.262 0.164 
1.272 0.162 
1.272 0.162 
1.149 0.162 
1.262 0.164 
1.272 0.163 
1.272 0.163 
1.263 0.135 
1.272 0.163 
1.272 0.163 
1.212 0.163 
1.364 0.142 
1.272 0.163 
1.272 0.163 
1.149 0.162 
1.149 0.162 
1.106 0.125 
1.106 0.125 
1.106 0.125 
1.106 0.125 
1.106 0.125 
1.106 0.125 
0.718 0.102 
1.106 0.125 
1.387 0.172 
1.387 0.172 
1.387 0.172 
1.066 0.117 
1.343 0.546 
1.343 0.546 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.184 0.123 
1.330 0.191 
1.330 0.191 
1.330 0.191 
1.330 0.191 
0.574 0.090 
1.330 0.191 
1.330 0.191 

'IU230 
pCi/g unc 
62 

1.387 
1.206 0.134 

pCi/g unc 
1.420 0.111 
1.420 0.171 
1.420 0.171 
1.420 0.171 
1.420 o.nc 
1.420 o.nc 
1.222 0.161 
1.222 0.166 
1.222 0.161 
1.222 0.166 
1.222 0.166 
1.222 0.161 
1.222 0.166 
1.222 0.166 
1.391 0.174 
1.222 0.166 
1.511 0.186 
1.511 0.186 
1.222 0.166 
1.391 0.174 
1.511 0.186 
1.511 0.186 
1.222 0.166 
1.391 0.174 
1.511 0.186 
1.511 0.186 
1.391 0.146 
1.511 0.186 
1.511 0.186 
1.511 0.186 
1.422 0.147 
1.511 0.186 
1.511 0.186 
1.222 0.166 
1.222 0.166 
1.230 0.136 
1.230 0.136 
1.230 0.136 
1.230 0.136 
1.230 0.136 
1.230 0.136 
0.672 0.097 
1.230 0.136 
1.667 0.201 
1.667 0.201 
1.667 0.201 
1.201 0.128 
1.356 0.538 
1.356 0.538 
1.377 0.139 
1.377 0.139 
1.377 0.139 
1.317 0.139 
1.377 0.139 
1.377 0.139 
1.377 0.139 
1.312 0.188 
1.312 0.188 
1.312 0.188 
1.312 0.188 
0.682 0.099 
1.312 0.188 
1.312 0.188 

TH232 
pCi/q unc 
63 

1.667 
1.340 0.114 

W i / q  unc IpCi/g unc JpCi/q unc 
0.841 0.09810.032 0.02110.923 0.10: 

0.019 0.020 
PU238 

pCi/g unc 
63 
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Tli228 TH230 TH232 

pCi/g unc pCi/g unc pCi/g unc 
1.452 0.155 1.205 0.135 1.361 0.147 
1.452 0.155 1.205 0.135 1.361 0.147 
1.452 0.155 1.205 0.135 1.361 0.147 
1.452 0.155 1.205 0.135 1.361 0.147 
1.728 0.229 1.236 0.178 1.255 0.178 
1.555 0.204 1.172 0.165 1.385 0.186 
1.555 0.204 1.172 0.165 1.385 0.186 
1.555 0.204 1.172 0.165 1.385 0.186 
1.555 0.204 1.172 0.165 1.385 0.186 
1.254 0.139 0.679 0.087 1.246 0.138 
1.728 0.229 1.236 0.178 1.255 0.178 
1.728 0.229 1.236 0.178 1.255 0.178 
1.555 0.204 1.172 0.165 1.385 0.186 
1.728 0.229 1.236 0.178 1.255 0.178 

s m 1 e  
Location 

30511230BRNO 
30515270BRNO 
30530340BRNO 
30540490BRNO 
30547080BRNO 
30604500BRNO 
30630280BRNO 
30648280BRNO 
3 0 6 4 8 3 9 0 ~ ~ ~ 0  
30724500BRNO 
30940300BRNO 
3095043OBRNO 
31027430BRNO 
31044050BRNO 

U234 

pCi/g unc 
0.981 0.110 
0.981 0.110 
0.981 0.110 
0.981 0.110 
0.596 0.081 
0.681 0.090 
0.681 0.090 
0.681 0.090 
0.681 0.090 
0.567 0.063 
0.596 0.081 
0.596 0.081 
0.681 0.090 
0.596 0.001 

SR90 

pCi/q unc 
0.211 0.166 
0.211 0.166 
0.211 0.166 
0.211 0.166 
0.206 0.159 
0.280 0.168 
0.280 0.168 
0.280 0.168 
0.280 0.168 
0.227 0.167 
0.206 0.159 
0.206 0.159 
0.280 0.168 
0.206 0.159 

lpci/g unc 
0.885 0.102 

maximum 0.280 
r a n  10.238 0.071 

minimum 0.206 

31111220BRNO 
.LDIoQI 

rider 

unc pCi/g unc 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.014 0.00 0.008 
0.015 0.004 0.013 
0.015 0.004 0.013 
0.015 0.004 0.013 
0.015 0.004 0.013 
0.006 0.000 0.000 
0.014 0.00 0.008 
0.014 0.00 0.008 
0.015 0.004 0.013 
0.014 0.00 0.008 

0.280 0.168 
SR90 

pCi/g unc 
15 

1.555 0.204 1.172 0.165 1.385 0.186 0.681 0.090 0.036 0.019 0.711 0.091 
TH228 TH230 TH232 U234 U235 U238 

pCi/g unc pCi/g unc pcilg unc pCi/g unc pCi/g unc pCi/g unc 
15 15 15 15 ( 15 15 
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Table 1 C .  Uinimum Detectable Act iv i ty  

Location 
.om 

10130331SRNO 
1024 6220SRNO 
1034 6220SRNO 
10430331SRNO 
10530331SRNO 
10530331SRN2 
20130331SRNO 
2024 6220SRNO 
20346310SRNO 
2044 637OSRNO 
2064 622OSRNO 
20730331SRNO 
2094 6220SRNO 
21030331SRNO 
21120331SRNO 
21230331SRNO 
2134 6220SRNO 
2134 6220SRN2 
21 64 6220SRNO 
21736220SRNO 
2194 6220SRNO 
22046220SRNO 
2214 6220SRNO 
22236220SRNO 
30113170SRNO 
30113170SRN2 
30123080SRNO 
30123380SRNO 
30139040SRNO 
30219160SRNO 
3030904OSRNO 
30315160SRNO 
3034511osRNo 
30413170SRNO 
30427300SRNO 
10102080SRNO 
10208080SRNO 
10310080SRNO 
lO41408OSRNO 
10518080SRNO 
10620580SRNO 
10728080SRNO 
10832080SRNO 
10933580SRNO 
11038580SRNO 
11047580SRNO 
11049080SRNO 
11102090SRNO 
11206390SRNO 
11310090SRNO 
11414090SRNO 
11430090SRNO 
1151809OSRNO 
11622090SRNO 
11726090SRNO 
11 934090SRNO 
12038090SRNO 
12142090SRNO 
1224 6090SRNO 
12351990SRNO 
12455090SRN2 
12455090SRNO 

number 
maximum 
mean 

minimum 
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tpCi/gl pCi/gl pCi/glpci/g 
number I 15 I 15 1 15 1 15 
maximum 0.035 0.067 0.269' 0.069 
mean 0.027 0.051 0.260 0.050 

minimum 0.022 0.041 0.206 0.041 
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Table -2. G r o a m i n a  of saamlcs for c-osik analyses. - 
Sanple 
Locution 

40310080SRNO 
40208080SRNO 
40102080SRNO 
40728080SRNO 
40414080SRNO 
40620580SRNO 
40518080SRNO 

22286 
22301 
22328 
22358 

18 22343 
19 22359 
end 

Sanple 
Locution 

30113170SRN2 
30113170SRNO 
21946220SRNO 
21346220SRN2 
2134622OSRNO 
30139040SRNO 
30219160SRNO 
22046220SRNO 
30123380SRNO 
30345110SRNO 
30315160SRNO 
10130331SRNO 
10246220SRNO 
10346220SRNO 
10530331SRN2 
10430331SRNO 
10530331SRNO 
3053034OBRNO 
305404 9OBRNO 
30511230BRNO 
3051027OBRNO 
31027430BRNO 
30604500BRNO 
30648280BRNO 
30630280BRNO 
30648390BRNO 
31111220BRNO 
30940300BRNO 
31044050BRNO 
309504 30BRNO 
30547080BRNO 
10546220WRNl 
21431330WRNl 
40414080WRNl 
30543090WRNl 
30123080SRNO 
30724500BRNO 
3030904 OSRNO 
41049080SRNO 
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Tablo 3A. Conparimon of Field Duplicate Srmples for Radionuclidu, (i.lmn mcttormrtry 

Comparison, relative difforonce socor 
10530331SRN 0.040 0.038 0.000 1.414 

S ~ l l p l e  
-on 
SOIL 

10530331SRNO 

30113170SRN 0.040 0.045 0.062 1.415 

4245509OSRN 0.015 0.035 -0.29 0.910 

diff unc diff unc 
numbor 

aaximum 0.040 0.045 0.062 0.910 
0.032 0.029 -0.08 0.910 

minimum 0.015 0.035 -0.29 0.910 

-0.08 0.411 

-0.13 0.375 

-0.31 0.619 

TH234 
diff unc 

3 
-0.08 0.411 
-0.17 0.243 
-0.31 0.619 

K4 0 

P C ~ ~ Z I  unc 

Table 3B.  Comprison o f  mold  Duplicate S m p l u  for R.dtonuali&s, Skdiochemistry 

Comparison, rolstive difforenc* socond/first 
142455090S~~0[-0.22 1.2611-0.54 0.2101-0.79 0.222)-0.63 0.2131-0.76 0.1801-0.66 0.898)-0.81 0.1871-0.32 1.5491-3.62 I 7.087 

a137 

pCi/g unc 
21.51 0.58 10.010 0.010 

PB212 

pCi/g unc 
1.648 0.037 

PB214 

pCi/g unc 
1.069 0.048 

01214 

pCi/g unc 
1.083 0.209 

&a28 

pCi/g unc 
1.662 0.099 

TH234 

pCi/g unc 

U235 

pCi/g unc 
1.082 0.291 0.073 0.009' 
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I I 

Ipci/q unc IpCi/g unc 
10346220SRN0121.37 0.62 10.052 0.014 

Comparison, relative difference second/first 
10346220SRNO 0.012 0.039 -0.11 0.416 0.014 0.037 0.311 0.077 0.333 0.32E 

2194622OSRNO -0.02 0.041 0.257 0.289 -0.02 0.037 0.213 0.066 0.101 0.274 

2214622OSRNO 0.015 0.039 0.373 1.439 0.071 0.038 0.179 0.075 0.297 0.313 

3030904OSRNO 0.034 0.037 -0.01 0.066 0.105 0.034 0.193 0.068 0.086 0.229 

30315160SRNO 0.019 0.036 0.019 0.514 0.013 0.034 0.143 0.064 0.102 0.258 

r 
PB212 

I 

pCi/g unc 
1.381 0.038 
1.400 0.034 
1.541 0.042 
1.509 0.038 
1.380 0.036 
1.481 0.041 
1.314 0.032 
1.460 0.035 
1.469 0.035 
1.488 0.036 
1.822 0.043 
1.865 0.039 
1.680 0.037 
1.797 0.038 
'1.413 0.034 
1.381 0.037 
1.393 0.036 
1.362 0.036 
1.426 0.033 
1.436 0.033 

I 
AC228 

pCi/g unc 
1.383. 0.111 
1.373'0.100 
1.613 0.114 
1.514 0.097 
1.486 0.101 
1.466 0.120 
1.342 0.086 
1.369 0.099 
1.504 0.107 
1.446 0.107 
1.663 0.107 
1.818 0.110 
1.701 0.105 
1.671 0.104 
1.416 0.099 
1.249 0.098 
1.335 0.097 
1.399 0.101 
1.453 0.093 
1.484 0.096 

PB214 

pCi/g unc 
0.763 0.052 
1.043 0.047 
1.029 0.053 
1.274 0.055 
0.984 0.051 
1.178 0.063 
0.905 0.047 
1.098 0.049 
1.010 0.047 
1.165 0.051 
1.259 0.055 
1.373 0.051 
1.032 0.050 
1.104 0.051 
0.715 0.043 
0.676 0.045 
0.882 0.051 
0.990 0.050 
0.926 0.044 
0.947 0.044 

l W 3 4  

pCi/g unc 
0.800 0.325 
0.748 0.271 
1.316 0.394 
1.255 0.342 
0.850 0.330 
0.205 0.205 
1.088 0.284 
1.275 0.276 
1.371 0.336 
1.426 0.380 
1.626 0.432 
1.576 0.366 
1.009 0.335 
1.023 0.317 
0.937 0.26! 
0.984 0.34; 
1.035 0.316 
1.553 0.394 
1.215 0.35: 
1.003 0.321 

BIZ14 

pCi/g unc 
0.778 0.241 
1.089 0.188 
1.067 0.232 
1.180 0.202 
0.820 0.212 
1.106 0.214 
1.071 0.176 
1.167 0.187 
1.041 0.210 
1.153 0.190 
1.196 0.184 
1.500 0.216 
1.054 0.175 
1.067 0.201 
0.833 0.14: 
0.680 0.18; 
0.908 0.201 
1.006 0.20: 
0.906 0.19; 
0.985 0.15: 

U235 

pCi/g unc 
0.007 0.007 
0.005 0.005 
0.064 0.010 
0.068 0.009 
0.055 0.009 
0.010 0.010 
0.059 0.008 
0.005 0.005 
0.006 0.006 
0.005 0.005 
0.069 0.011 
0.070 0.009 
0.005 0.005 
0.005 0.00s 
0.005 0.005 
0.005 0.005 
0.007 0.007 
0.060 0.010 
0.005 0.005 
0.005 0.005 

Table 48 .  Comparison of  Laboratory Duplicate Analyses for Radlonuclidu, Radiochamistry 

. 

. . 

number 
maximum 
mean 

minimum 

Comparison. relative difference second/first 
1PL-506-2-3 (0.076 0.08710.183 0.15610.026 0.23010.192 0.15610.653 0.136)0.254 0.495(0.597 0.1341-1.49 1.4411-0.07 0.246 

srnple 
Location 

IPL-506-2-3 
IPL-506-2-3D 

K4 0 
diff unc 

10 
0.052 0.038 
0.005 0.065 
-0.06 0.036 

SR90 

pCi/g unc 
6.248 0.389 
6.743 0.408 

CS137 
diff unc 

10 
0.373 0.289 
0.064 0.398 
-0.24 0.284 

TN228 

pCi/g unc 
7.716 0.801 
9.266 1.054 

U235 
diff unc 

10 
1.573 0.210 
-0.19 1.767 
-1.69 0.205 

P8212 
diff unc 

10 
0.105 0.034 
0.023 0.088 
-0.02 0.036 

U238 

pCi/g unc 
3.839 0.375 
7-103 0.621 

V234 

pCi/g unc 
3.594 0.359 
7.082 0.629 

THZ30 

pCi/g unc 
1.696 0.258 
1.741 0.299 

PB214 
diff unc 

10 
0.311 0.077 
0.127 0.209 
-0.06 0.089 

U235 

pCi/g unc 
0.241 0.085 
0.311 0.107 

?HZ32 

pCi/q une 
7.519 0.782 
9.116 1.037 

61214 
diff unc 

10 
0.333 0.328 
0.114 0.303 
-0.20 0.308 

AC228 
diff unc 

10 
0.089 0.088 
-0.01 0.119 
-0.13 0.105 

TH234 
diff unc 

10 
0.400 0.392 
-0.09 0.856 
-1.22 0.430 
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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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CERTIFICATE OF CALIBRATION 
MULTINUCLIDE STANDARD SOURCE 

Curlomet: ROCKWELL I N W  ROCKE7DYNE P.0.No.r R54PJO-95162004 
Catalog Na: EG-007s Reference Date: hptambar 1 199s 1 ~ : 0 0  mr. 
Soum N w  506-2-1 Total hdioacttvft).: 28.9 nci. 

Total Radloactivlty: 1,068 Bq. 
Ilcrcrlptlon of Saulrr 

4. C~prulc typo: Customer supplied bottle 
b. Nsturo o f ~ ~ t i v a  doporit: SrC12, CrU, Th(N03)4. UOt<NO3)2. and Pu(N03)3 dirpcrrod in a sand luafrix 
c. Active di8metertv01umt: ApproximawJy 1.0 L(Mur ofmandm 1.125.60g) 
d. Bbckitig: Olmr 
e. Cover: Olus 

Nuclldc Half-Uh Adfvlty. Concentntbn Syrtcmatk Random Tu)d 
CnCn Wvt,  .- U m t r t  Unccrt l l n ~ r ~  

Th-232 (1.405 t 0.006) x 9.05 8.04 3. OW 2.0% 3.6% 
1OA1O ycms 

U-238 (4.468 t 0.005) x 7.87 6.99 3.0% 2.0% 3.6% 
lo* years 

Pu-239 24.1 10 t 30 years 2.90 2.1Ya 0 3% 2.1% 

MrchuJ et Crtlbraclun 
n a r  s o w  was prep of solutions wlmce concentrntions. in nCi/g, wvcro 
detenninod as follows: 1) for Sf-90 ud Pu-239 by a liquid scintillation oountur. 2) for Cs-137 by n \vcll 

ionization chamber, and 3) for 7%-232 and U-231 by rpaciflc activity md mms cnlcttlntton~. Sr-90 
ha8 4 &ught&Y-YO) in equilibrium U-Zttl ud Pu-239 lave attached techniod data sheets for 
impuritior nnd daughters. 

Dm~mhtrr decay scheme for Th-232 
lb-228 -* Ao-228 -* Th-228 -> Rn-t24 Rn.220 + Po-216 -> Pb-212 -> Bi-212 -> Po-21 2 -* TI-208 -a Pb-208 

NLCT TraunbLlIty - 
This cnlibrrtion in  implicitly wnccablc ro the Nnlional Inrtirpfc of Stand& a d  Tdtriolol~.. - - 

IrmkTert(m) ' 

Sm mvme side fbr Leak Tert(s) applied to lhir r e w e .  

IPL Ref No. 506-2- 1 
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CERTIFICATE OF CALIBRATION
MULTINUCLIDE STANDARD SOURC E

Customer; ROCKWELL INTL/ ROCKETDYNE P.O.No. : RS4P)0-95162004

Catalog No. : EO-0073 Reference Date : September 1 1995 12 :00 PST.
source No . : 506.2 .2 Total Radioactivity: 28 .3 nCl .

Total Radioactivity : 1,048 )Sq .
Description of Source

A . Capsule typo:
b . Nature of active deposit :
e. Active diameter/volume :
d . Backing:
e. Cover :

Customer supplied bottle
SrC12, CaCl . Th(N03)4, U02(N03) 2. and Pu(NO3)3 dispersed in a sand matrix

Approximately 1 .0 L(Maas of sand - 1,283 .96 g)
Glass
Glas s

Nuclide Half-life Activity.
(nCp

Concentration Systematic Random
(pCV g) r_ Uncert. , Unce rt.

Tota l
Uncert .

Sr-90 28 . 5 d" 0 .2 ye ars 2 .88 2 . 24 2 .0% 0.9% 2 .2%

Cs-137 30 . 17 0 . 16 years 3 . 86 4 .56 1 .0% 0.7% 1 .2 %

Th-232 ( 1 .405 t 0 .006) x
10^10 years

8 .95 6 . 97 3 .0°/a 2 ( % 3 .6 %

U-238 ( 4 .468 s 0 .005 ) x
10"9 years

7 .81 6 .09 3 .0% 2.0% 3 .6%

Pu-2.39 24,1 10 * 30 years 2 .83 2 . 26 2.1% 0 . 3% 2 .1 %

Method of Calibratio n
This source was prepared from weighed aliquots of solutions whose concentrations , in nCi/g . were

determined as follows ; 1) for Sr-90 and Pu-239 by a liquid scintillation counter. 2) for Cs-137 by a well

typo ionization chamber, and 3) for Th-232 and U-238 by specific activity and mass calculations . Sr-90

has a daughter(Y-90) in equilibrium. U-233 and Pu-239 have attached technical data sheets for

impu rities and daughters .

Daughter decay scheme forTh-232 -

Ra-228 -> Ao-228 -> Th-228 -> Ra-224 ->`iitt tC>.pot216 -> PbrI12 -> Hi-212 -> Po-212 -> 71-208 -> Pb-208

NIST Traceability -1
This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s)
See reverse side for Leak Test(s) applied to this source.

Notes
1 . IPL participates in an MIST measurement assurance program to establish and maintain implicit uscoabilitylor a

number of nuclides. based on the blind assay (and later KIST certification ) of Standard Reference Materials (As in NRC

Regulatory Ouide 4 .13).
2. Overall uncertainty is calculated at the 93 .5% act-didsnus level .

QUALITY CONTROL

/ 11 1955'
ISOTOPE PROD CTS LARORATORIL' S
301 ", N . SAN PF.KAANUU Hi tar .

11umsANK . CALIFORNIA 91504

818-811 .1-7000 FAX 818-843-004

Date Signe d

IPL Ref No. 506-2-2
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CERTIFICATE OF CALIBRATION 
MULTINUCLIDE STANDARD SOURCE 

Curtomen ROCKWELL INTU ROCKETDYNE P.0340.: IU4PJO-9s 162004 
Catalog No.: EO-0075 Rdcrr~ce Date: Soptombcr I 1995 12.* ,.sr 
Eouree No.: SO6-2-3 Total R u d W l ~ l t y :  2s .3 net. 

Total R.dkwtIvhy 938 Hq. 
Drrcrlptlon o t  S o u m  

a. Capsule t)p: Cuetomor ruppliod W e  
b. Nature of active deposit: SrC12. CICI, Th(N03)4, UO2(N03)2. and Pu0403)3 disporsod m a rand matrix 
c. Acttvo dirunttorhrolrune: Approximately 1.0 L (Mass of rand - 995.76g) 
d. Bucking: Glass 
c. Cover: Glass 

h'uclldc HnU-life Adirlty. Cuncmtratlon Syrtc~aatlc Random Total 
(nC1) @CYO) -. Uncrtt. . Uoeen. Unccn. 

Cs-137 30.17 *!.I6 your  5.41 5.46 1 .0?4 0.7% 1.2% .. 
7%-232 (1.405 * 0.006) x 9.0s 9.09 3.0% 2.0% 3.1Y/b 

I 0") 0 years .- 

U-238 (4.468 t 0.005) x 5.22 5.24 3 . W  2.0% 3.6% 
- 1 0 9  YOU8 

Pu-239 24.1 10 t 30 years 2.81 2.82 2.1% 0.3% 2.J% 

Mclhnd of Callbrntlon 
l l ~ i s  source war pprvcd from weighed aliquota of solution8 whore ooncontrationr. in nCi/g. \*re 
detcnuhrod as follows: 1) for Sr-90 md Pu-239 by n liquid scintillution oountcr. 2) for 0 - 1 3 7  by n well 
type ionization chamber. and 3) for 73-232 and U-238 by r p i f r o  activity and rnnrr cmlculntioru. Sr-90 
har r dauglrtu(Y-90) in cq~~ilibrium. U-238 md Pu-239 haw attached technical data shcclr for 
impurities and daughters. 

D a u ~ h t t r  decry ~chcrnc for Th-232 - 

NlST Tracenbillty 
This calibration ir irnp&citly traceable to the National Inrtituto of S 

Ltwk Trat(r) . 
@pEg. . * 

Soo revere ride for Leak Test(s) applid to this wurce. . - 
Noter 

1. TP1. pnicipcm in an NLST mustllomcnt r r r w n w  -ram IO ea.ub1i.h and mstruin implieit u*uubil~~y lii 
numbrr of nuclides, b u d  a rht b h d  army (AM! Inla NIST cmlfiorllon) d Sundud Koforcnec Mulerulc (Ar in NRC 
Rcgulntcny Oui& 4.19). 
2. Overall u n m i n t y  i s  wlcuhod rt (h. 9S.S% d 6 a r f C  Itvcl. 

14 L f 5 / 9 ? 5  
Date Signcd 

IPL Ref No. 506-2-3 
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U-238 TECHNICAL DATA 

- - 
The U-238 used to prepare your order was taken from 
Isotope Products Laboratories Lot 56794 and had the  
following composition as  of June 1, 1994.  . - 

Rurhank. California 

91504 

" 
lsbtopic composition provided by Oak Ridge National - 
Laboratory. 

SIR* 843-7000 - 
Fax 818*843.6168 I f  you have any questions, please contact Technical 

Service. 
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34airr lahnrnrary 

I800 N. Kcyslane SIICCI 

Durbank. (ilik~rnia 

9 1504 

SIRb 843.7000 

Fax 818*843.6168 

. 
Pu-239 TECIIBVICAL DATA 

The Pu-239 used to prepare your order was' taken -from Isotope 
Products Laboratories tat 1 6 6 1 7 - 1  and had t h e  following 
composition a s  of October 1, 1 9 9 4 .  

- " 
NUCLIDE ATOMS ACTIVITY* TOTAL Q ACTIVITY 1 

hm-2 4 1 ----- 0-  582 

Note: Pu-241 is beta a c t i v e .  
-. 

. . .  . . . .  . 
  so topic compositi.Cn provided by ~ e w  Brunswick ~ a b o r a t o r y .  

If you have any questions, please contact  Technical  Service, 
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11. Appendix B - Interpretation of Results 
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 NO0 1 SRRl4O 127, 
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 mremlyear 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 &actions 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 m2, than 
the generic reference case, 10,000 m2. 

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, 0.13 1 pCVg 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 S i t  of 15 mrem per 
year, established by the EPA, and trivial compared to the natural dose from "clean" soil 
approximately 80 mremlyear. The estimated dose declines with time into the future. This is 
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shown Figure A. 1, where the dose becomes essentially zero after 100 years. 

TOTAL DOSE: All Isotopes and Pathways Summed 

0.20 

0.15 
A - CS-137 

k 
\ E 0.10 
aJ 

2 
0.05 

0.00 
1 10 100 1000 10000 

Years 
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 fiom 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 fiom 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 4 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 8 1.74 mremlyear, as an additional, natural dose fiom 
the natural radioactivity alone. 

As a fhther 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 fiom the Lower Pond, so that only bedrock 
remains.) This calculation showed that these greater amounts of Sr-90 (0.569 pCilg) and Cs-137 
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(0.567 pCi/g) would produce only 1.157 mredyear in the first year, still far below the limit of 15 
rnremlyear and the natural dose of 81.74 mremlyear. 

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, fiom 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 vide 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. 




