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Program 

MIAMISBURG CLOSURE PROJECT 
POTENTIAL RELEASE 

SITE PACKAGE 
Notice of Public Review Period 

The following Potential Release Site (PRS) package is available for public review 
in the CERCLA Public Reading Room, 305 E. Central Ave., Miamisburg, Ohio. 
Public comment on this document will be accepted 22 January 2003 through 20 
February 2003. 

Questions can be referred to Paul Lucas at (937) 865-4578. 



Working Draft (to DOE) 

Draft (to Core Team) 

Draft Proposed Final 

Public Review Draft 

Final 

PRS 154/238 Package Tracking Sheet 

Binned FA on 10 July 1997. Submitted Addendum 1 with FA results and 
received RA bin on 11 December 2002. Revised Addendum 1 text and 
recommendation page per OEPA comments. No USEPA comments. Added 
Addendum 1 to original Package for Public Review. 

Public review period 22 Jan-20 Feb 2003. · Jia~uary 2003 
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Addendum 1 to PRS 154/238 Package 

PRS HISTORY: 

Potential Release Sites (PRSs) 154 and 238 (hereinafter 154/238) are shown in Figure 
1. PRS 154, also known as Area 23, is an area of potential soil contamination located 
on the WO hillside. The main contaminant of concern for PRS 154 is plutonium-238, 
with several other isotopes identified sporadically in the area. PRS 238 was identified as 
PRS based on historic sample results of plutonium-238, radium-226, and uranium-238 
at unacceptable levels. PRS 154/238 was binned Further Assessment (FA) by the Core 
Team on 10 July 1997. 

FURTHER ASSESSMENT ACTIVITY: 

The potential contaminants of concern (plutonium-238, actinium-227, thorium-230, 
thorium-232, radium-226, and uranium~238) were identified based on historic sample 
results above acceptable levels. 

Further Assessment sampling was completed between July and August of 2002 per the 
Sampling and Analysis Plan (SAP) 1 approved by the Core Team. 

All soil samples (49 plus 5 duplicates) were analyzed per the SAP by onsite gamma and 
alpha (isotopic thorium and uranium) spec and 10% (6 plus 1 duplicate) were forwarded 
offsite for gamma spec and isotopic plutonium, thorium, and uranium analysis by alpha 
spec. 

FA sample locations are presented on Figure 2. The FA Data Repore presents a full 
account of soil sampling activities and sample results (onsite and offsite laboratory 
analyses). 

Maximum sample detections above screening levels (1 o-6 Risk-Based Guideline Value 
(RBGV) plus background) are presented in Table 1. None of the plutonium-238 results 
were greater than the screening level. 

Table 1: FA Results above Screening Levels (pCi/g) 
(footnotes on next page) 

Radionuclide No. >SL No.>CO Max. Location & SL co 
Result depth 

Actinium-227+0 7 of49 3 of49 104 S005, 0' 0.56 4.6 
Bismuth-21Om 1 of 49 0 of49 4.88 S005, 0' 1.0 8.3 
Cerium-141 3 of6 0 of 6 36.1 S005, 0' 3.8 38 
Cesium-137+0 1 of 49 0 of49 0.856 S005, 0' 0.76 3.8 
Cobalt-60 1 of 49 0 of49 0.158 S004, 0' 0.07 0.7 
Lead-210+0 7 of49 3 of49 22.45 S005, 0' 1.8 7.4 
Neptunium-237+0 1 of 2 0 of 2 1.7 S005, 0' 1.04 10.4 
Niobium-95 2 of2 2 of 2 3.41 S005, 0' 0.25 2.5 
Protactinium-231 +0 all* 3 of49 80.1 S005, 0' 4.0 4.0 
Radium-226+0 5 of49 3 of49 19.1 S005, 0' 2.1 2.9 
Radium-228+0 7 of7 7 of7 1.69 S005, 0' 0.07 0.7 
Thorium-230+0 9' of 49 8 of49 1020 S005, 0' 2.0 2.8 
Thorium-232+0 2 of49 1 of49 2.44 S005, 0' 1.47 2.1 
Uranium-234+0 2 of49 2 of49 3.45 S005, 0' 1.2 2.0 
Uranium-238+0 2 of49 1 of49 4.12 S005, 0' 1.-3** 2.2** 

Footnotes on next page 

1 of 5 



Addendum 1 to PRS 154/238 Package 

RBGV: Risk-Based Guideline Value 
SL: screening level 
CO: cleanup objective 
*The CRDL is greater than the screening level and will have to be updated. 
**The RBGV in the SAP did not include daughter products. Daughter products included herein. 

FIGURES: 

Figure 1: Location of PRS 154/238 
Figure 2: PRS 154/238 Sample Locations 

REFERENCES: 

1) PRS 154/238 Sampling & Analysis Plan, Final, June 2002 
2) PRS 154/238 Data Report, Rev. 0, November 2002 

PREPARED BY: 

Karen M. Arthur, CH2MHill, ER QA 
Gary Miller, CH2MHill, ER Technical Staff 

2 of 5 



~~~t~~~l ' / i4 
!---=1 

[..; 
! 

.i~: ... ~~~~t:,/' ' 
~.f J!~-

j ~· f 

;:JM6,untf..Plant 
~~;~j::¥>~~dary 

.,_: 

/! ,, 

.~ . 
. ;•-r 

,, 

;,~ ; ~ 

:i .... 

\l \';i. 
f 

":(\ii? 

.. ; ,·~. .. --··1'-'·: .,~1 

~ 

~,~\' ;j 

' i; 

; ,· 

·--------·~tJi.--~--··-~_,!_)~·'~------------''-___ ~~;:_~\~--------------~---r::::::::::::::::::::~~;:r;~~~~~~:;~;;~;:l;i~;;;;;r.~;;;;~r.;;;~;~~ 
Legend structures l4oJl<l Pta1t b<Uld<ry ! i&·l ~. •• r:>. ,. r1 .a "' 20 z• 22 z' u ~ 20 :: 

Pave<! rO<l<lwy Roll re<N ~ 

Uroove<! r 0<><1wy IS"-"' :Figure 1 
o •oo 2oo 400 Go<> aoo •ooo Location ofPRS 1541238 

Sco1n in Fe.eot· 

... ,Yft STE 
SlAnG N 



. I 2 

i'f J,. / _ --·-.-......,._~ r- ~~- ._.,._ \ 

3 

..---
·. -. ...._, 

~
. 

. 

,\ . ....._ 

'-. 
.. ..; -
--:-::-- . 

.. 
., 

··::t..l.., l- ') - ' . !.-. ..... 

'· 
'' , ~ I I -,...,_ t ' ' ' .-'1,./ ,r --~- ·~\~-; • -~.t ·- i. -

:-,_.- <-r ---~-- '- --- -----. <:- -> - - 102 -

"1'/L~~----::._~ ;- :A.::·~- - .. ;:; 'V0~o0 -- -·~-. /
1 

-.- • .. -··'-----\ - '-•• - • • .$1)1 - - - - - - 'V''· D 0 . "-. i '( 

. - ]; "'----- -- -~.:.~_.,. ~-- ~:::--~7- -I--->- 4-- . '94- . -. -:'Q;[) - i - \ -· 
-:.-~\'>:-. ->.. ~:.:_~-..,~ 505'; .• & ..__,_ TOS '·, '•2.0ctco ,!_ . J. 

, 502 -- SOl~-,.~~ _\ :: _ "'-._~ -· . · CJo
0

Q: - • 

\-,, I 
'" 1" 

. - ___ .. -
: ---~ . .. (- __ ... _...:.-., ,. 

____ .. ....----·- - .)--· 4---r-·r --~- ·--r 
t:?.:·:. ~;- =~-

-!··- '---:. _ _ -e ~ ~-:-,_ ~' - .._ sor_ : _ b.coo

0

eo 
-· • ) -- 01 5001 '" - ' -

r
. A A . 8, ' "'\ ' . ·,_ ~-....._......_ 

. _., .. ',soe '· ' ' -. , .... ,,_ 
1: ~- ' ---- -S10_~ :..o...:_ -----. ~ ~SOQS"( '' '· ··;~ -_ . . '-...... .. ..~--1 ,_ __ -- S11 ~~ ~ - '"'-. .. " ~ - ------ _. . '. 5002 ' '· 
l ·:---=:_ --~-------- .i \ - . - . : - . 802 . • - '· . 509. . 

- r . ·S12 . . , . . ' _ "\ 518 · .. :r , ''-... - ••• -,. . . ... 1 1 ;j ' 
, r-- -. I 

-- L ' .· \ L I i i i! \~ 
' -- 4 ' ':t'\ I ' ... I 5003 Q' -f _.!t ... \ / L r· · --- · ---\~::.; . 1, lsn J ·~<a"1) 

.J 1 .' 1 I _ . -- - --- ,I ~-- 1 ----1 . , ~ , 5004_,, -- ! ~· , •• .....__ .__j~. . ' b. J ' ' ' ~ . ../ ·, . ' ,--, ! 1 ~. . an.. L -,--··. •, i ' ' • , ... · Si• . """" I 

--- ' ' ... - ' ' Cl ..... __ -- .! . • ' - . 5 \ " I ' 

·. \ ; '-s>'~.r-----s~--~-------- -~~-
: · ~':':: :;;:_-__.:_~~-=:~?, :: ,-_ -=-1_ --~:---~ ~- · ~-: -·· " 1 r· ·- · .. - = .c_ :::::.-~'. ·- . .... ' 
. ------- ---- . --. - - . 

--.. --:-----.. -.:::.:.:-- . - ' ' . L. . "" ~ •.1•1" __ .. --- ------ --·-. ·-- --- ··-- ... ---- '··--- "·. ........... .11 ·- ----. .. --- - ~---. -- - . -- - - ~ , ... " . 
- .. _: • -~-- --- __ ::_-:- . __ ... ~: . ..-. . MOUND -I , , , • •J• FIGURE 2 ------- ~--.... ___ .. _ , ~ liJ -· 'I PI~S 154/238 :::-·-- ----.. ---------- .. -, ··--.. t'""' ~Soil Bcr•no ,.. A SAMPLE LOCATIONS 

· -----.... _____ SIDGn Loco •~· . · ~~-
.. --- -- SedhOllllt ,.,_ 

• Oroinooe SI.J"foce 
D I I I • • • • • • Enviro~ntal 

" ---1>- Areo Coverooe _..,.. 

Information S le W 1 System F mer HH-10 Line CIIP...:-...I~o....-7'" cr ~ 

·- ( _., .. 

~
~-{tit 

·(] __ . --

'+ -;A:--- --.;._.. . . . -

.. 

A 

B 

c 

D 



MIAMISBURG CLOSURE PROJECT 
PRS 154/238 

RECOMMENDATiON: 

Potential Release Site (PRS) 154. also known as Area 23, is located on the WO hillside 
and was identified as a PRS based on historic soil sample results of plutonium-238, 
radium-226, and uranium-238 at unacceptable levels. Further Assessment {FA) was 
performed and confirmed radionuclide contamination excess of cleanup objectives (10"5 

Risk-Based Guideline Values plus background) for numerous radionuctides including 
actinium:-227, tead-210, niobium-95, protactinium-231, radium-226 and 228, thorium-
230 and 232, and uranium-234 and 238. 

Therefore, the Core Team recommends a Removal Action for PRS 154/238. 

This Removal Action will be performed under a specific Action Memorandum or under 
the Action Memorandum for Contingent Removal Actions. Successful completion of the 
Removal Action will be documented via an On-Scene Coordinator (OSC) Report signed 
by the Core Team, which will be placed in the Public Reading Room. 

CONCURRENCE: 

DOE/MCP: 

USEPA: 

OEPA: 

Timothy J. Fis h r. Remedial Project Manager 

6..-:- /1. &;/ . 
Brian K. Nickel, Project Manager 

(date) 

A~la.3 
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PRS 154/238 

PRS HISTORY: 

Potential Release Site (PRS) 154 is identified as the hillside northeast of Building 23 a..'ld east of 
WD Building. This radiological soils contamination area is also known as Area 23. PRS 238 is 
identified as a radiological hot spot located within Area 23. 1 PRS 23 8 (hot spot S 1 092) was 
identified in the mid-1980s by the Site Survey Project. The larger Area 23 was identified in 
1990 by field surveys and sampling that identified elevated levels ofthorium-230.2 

The thorium-230 contamination may have resulted from either the thorium-230, known as 
ionium (page 16), or protactinium-231 separation (page 18) programs. Both programs were 
active in the mid-1950s, and may have used the area for storage of wastes. Locations of the 
leaking waste containers from the protactinium-231 program are not accurately documented.3 

An underground radioactive waste line passed through the upper boundaries of PRS 154. This 
waste line originally carried liquid radioactive waste from the Hydrolysis House (HH) Building 
to the Waste Disposal (WD) Building. This line was removed in May 1994 and is covered by 
PRS 153. 

CONTAMINATION: 

Radiological Site Survey 2 

In 1983, soil was analyzed for radioactivity via Mound Soil Screening, gamma spectroscopy, and 
radiochemical analysis. One surface sample was taken from PRS 238 and fourteen samples 
(thirteen surface and one core boring) were taken in the vicinity of PRS 154. The samples were 
analyzed for plutonium-238 and thorium. Results showed: 

Contaminant Maximum Concentration Guideline Criteria · · 
....... ··. Detected 

Plutonium-238 19.8 pCi/g at PRS 154 25 pCi/g 
0.31 pCi/g at PRS 238 (Mound ALARA in surface soil) 

Thorium-230 No results at PRS 154 5 pCi/g 
323.5 pCi/g at PRS 238 (40 CFR 192) 7 

Thorium-232 7.5 pCi/g at PRS 154 5 pCi/g 
No results at PRS 238 (40 CFR 192) 7 

NOTE: ALARA = as low as reasonably achtevable, pCt/g = ptcocunes per gram 

Page 3 



Building 23 Survey 2 

In 1990, a radiological survey, east of Building 23, collected and analyzed soil samples by 
gamma spectroscopy. Thorium-230 was detected at concentrations as high as 4,590 pCi/g? 

Soil Gas Survey 4 

In 1992, this survey indicatedJe:v.els_ofFreon 1.1 at.801 ppb and Freon 13 at 13 ppb.4 There are 
no guideline values for Freon 11 or Freon 13. Equivalent soil contamination concentrations 
cannot be calculated for these freon species, as no chemical specific parameters are available. 
Alternately the values are below the Permissible Exposure Limit (PEL) at 1000 ppm established 
by the Occupational Safety & Health Agency (OSHA) for worker chemical exposures. 

Other Soils Characterization 5 

In 1995, PRS 154 and 238 were divided into 15 foot by 15 foot grids by the Other Soils 
characterization and soil samples were analyzed for organics (by organic vapor analyzer and 
organic vapor meter), metals (by x-ray fluoroscope) and radionuclides (field analysis by FIDLER 
and lab analysis by gamma spectroscopy). Samples were collected every four feet until a depth 
of 12 feet or refusal was reached. Sample results showed: / 

PRS 154 
• Maximum soil radiological concentrations detected were 63 pCi/g for plutonium-238, 5 

pCi/g for subsurface thorium-232 and 13.44 pCi/g for subsurface thorium-230.5 Mound 
ALARA guideline criteria for plutonium is 25 pCi/g and ,the regulatory guideline for 
subsurface thorium is 15 pCi/g. 

• All metal detections were below their respective 1 o-6 Risk Based Guideline Criteria for 
soils. 

• Volatile organic compounds (VOCs) were detected in six samples (no quantitative data is 
available). 5 

PRS 238 
• Radiological soil concentrations in excess of guideline criteria were 14 pCi/g for 

uranium-238 and 39 pCi/g for thorium-230. 5 The 10-6 Risk Based Guideline Criteria for 
uranium-238 is 11 pCi/g and the Regulatory Guideline Criteria for subsurface thorium-
230 is 15 pCi/g.6

'
7 

• All metal detections were below their respective 1 o-6 Risk Based Guideline Criteria for 
soils. 

• Volatile organic compounds were detected in four samples (no quantitative data is 
available). 

Page 4 



READING ROOM REFERENCES: 

1) Operable Unit 9 (OU9), Site Scoping Report: Volume 12: Site Summary Report, Final, 
December 1994. (pages 6-14) 

2) OU9, Site Scoping Report: Voiume 3- Radiological Site Survey, Final, June i993. 
(pages 23-38.4) 

3) OU9, Site Scoping Report: Volume 7- Waste Management, Final, February 1993. 
(pages 15-22) 

4) Soil Gas Survey & Geophysical Investigations, Main Hill and SM/PP Hill Areas, 
Reconnaissance Sampling, February 1993. (pages 39-41) 

5) Other Soils Characterization Report, Volumes I and II, May 1996. (pages 42-51) 

OTHER REFERENCES: 

6) Code ofFederal Regulations, 40 CFR 192.41 and 40 CFR 192.12. 
7) Risk Based Guideline Values, May 1995. 

PREPARED BY: 
£1. 

Richard Bauer, Member ofEG&G Technical Staff 
Eric Horstman, Member ofEG&G Technical Staff 



MOUND PLANT 
PRS 154/238 

SOIL CONTAMINATION- BUILDING 23 

RECOMMENDATION: 

CONCURRENCE: 
DOE/MB: 

Arthur W. Kleinrath, Remedial Project Manager (date) 

USEPA: 
Timothy J. Fischer, Remedial Project Manager (date) 

OEPA: 
Brian K. Nickel, Project Manager (date) 

SUMMARY OF COMMENTS AND RESPONSES: 

Comment period from--------- to---------

0 No comments were received during the comment period. 
0 Comment responses can be found on page of this package. 



REFERENCE MATERIAL 
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Cocument Coouol No.----

Environmental Restoration Program 

OPERABLE UNIT 9 SITE SCOPING REPORT: 
VOLUME 12- SITE SUMMARY REPORT 

. MOUND PLANT 
MIAMISBURG, OHIO 

December 1 99.4 

Final 

· U.S. Department of Energy 
Ohio Field Offica 

EG&G Mound Applied Technologies 
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... b~~~~lp~ll)~ M~i~tor~ iM N~ttire bt w~ite H~hd~ing· .. ·• .•. Hilzardoui conditions and 
Incidents , ••. 

i'io .. site Name • • .• ··j}~c:~iiak I ~t~tJ~ ..... I Potential ~ilz~rct6J~ ~UJit~~~~~ . . I ~et .... · .• Releas~i. • ..• .. I Medl~ ~&r 1 •· Analytes• 

147 HH Building Soils I F-7 I Grounds I Polonium-210, cobalt-60, tritium 14. 18 Indicated by I S 

148 I HH Building Solidification Unit 

149 HH Building Pilot Incinerator 

150 I Room HH-15 Beta 
Wastewater Sump (Tank 2361 

151 I Room HH-6 Alpha Wastewater 
Sump !Tank 2371 

152 I HH Building Beta ·wastewater 
Sump (Tank 241 

163 

454 
155 

156 

Area 20, Radioactive Waste 
Line Break 

Area 23, Thorium 
Contaminated Soil 

Old Sanitary Disposal (SOl 
Plant (AKA Old Sanitary 

Wastewater Treatment Plantl 

Old SO plant Tank 
(Tank 2051 

F-7 

F-7 

F-7 

F-7 

F-7 

G-7 

F-6 
G-6 

F-6 

F-6 

Historical 

Historical 

Inactive 

Historical 

In service 

Cobalt-60, Polonium-21 0 

Polonium-210 

Beta wastewater from restrooms and 
process area floor drains - tritium 

Alpha wastewater from process area floor 
drains. Possible contaminants include 

polonlum-21 0, 
cobalt-60, and bismuth. 

Beta wastewater from process area sinks 
and floor drains 

4 

4 

Soil Gas Survey 

Unknown 

Probable air 
releases In 

1951 

3 I Unknown 

3, 4 I Unknown - filled 
with concrete 

3, 4 I Unknown 

Grounds I Sodium nitrate, Plutonlum-238, Cesium-137,,4, 5, 
Thorium, Cobalt-60 18 

Cobalt-60 

Grounds 

Surplus 

Surplus 

Thorium-230 

Chromic acid, Calcium cyanide, Nickel 
sulfate, Nickel chloride, Black oxide, Copper 

cyanide 

Polonium-21 0, Cobalt-60 

18 

4, 5, 
18 

3, 5 

Thorium-230 

Unknown 

A 

s 

s 

12 

6, 
18 

6 

'No Data 

No Data 

No Data 

No Data 

No Data 

2, 14, 16 

2 

No Data 

· Environmental Datit 

Results 
SGSb 

Table B.4 Locations 
1114, 1119, 1206, 

1207, 1230 

SGSb 
Table B.4 Locations 

111 9 and 11 20 

Table 8.1 
!Table 111.8 in Ref. 61 

SGSb 
Table B.4 Location 1122 

Table 8.1 
RSSe Location 51092 
(Appendix E In Ref. 61 

-u 
Dl 
tO 
(1) 

1 - Soil Gas Survey - Freon 11, Freon 113, Trans-1,2-Dichloroethv.lene, Cls-1,2-Dichloroethylene, 1,1, 1-Trichloroethane, Perchloroethylene, Trichloroethylene, Toluene 
2- Gamma Spectroscopy- Thr,rfum-228, -230, Cobalt-60, Ceslum-137, Radium-224, -226, -228, Americium-241, Actinium-227, Bismuth-207, Bismuth-210m,l'o·tassium-40 

Reference List 

-..! 6. DOE 1993d 18. DOE 1992a 

Re 

12 

1; 

6 

1: 

6 

A.1 



Description of History and Nature cif Waste Handling 

\.No. Site Name 

\ Wastewater Sump ank 2331 
T 8u;ldlng, Co<~iph• 

232 

233 

!\.. 

~ 
235 

i\ 
237\ 

~238 

7 
-t 
I 

-c 
Ql 
(0 

240 

.... 

ater Sump (Tank 2 I ~lng, Coffldo< 7 ~~ 

Su (Tank 2351 Ro= ~~ W"towOI" 

Building 58 ~~Fuel 
Storage Tank ITa 2221 

Thorium Activity 1\ of Po,.;blo ":\ 

s;*•ov P<ojool Pot tial Hot Spot 
loca ·on S0166 

Site Su~~roject 
1\ Potential t Spot 

location S 175 

Site Survey Project 
Potential Hot Spot 

locatiqp S1092 

~·····S/ I Hot Spo 
on S020 

VSite Su\~tct Potential t Spot 
/ locati S0472 

Reference List 

i.ocatlon 

F-7 

F-7 

\ 
E-6 

E-8 

\6 . 

E:!\ E-6 

G-7 

/ vG-6 

CD 
CXl R nm: 1993d 18. DOE 1992a 

Status Potential Haiardous Substances 

H;~ Alph• w"~'"m P'"\" floo< Filled ith drains 
concre 

1982 

Historical 1\ w'"'w"" ~"" •re\ Filled with drai 
concrete 

1982 

Alpho \'" f<~m P'\ floo< \ Historical drams 
Filled with 
concrete 

1982 

~storical ~el fuel \ G\ TM\ \ 

Grounds \ Mu;onlum-238 \ 

Grounds ~balt-60, Cesium·137 \ 
Grounds Thorium 

Grounds / /'onlum-238 / 

~ 
/s L Thor'L 

/ 

Hazardous Conditions and 
Incidents . Environmental Data 

Analytes• 
Ref Releases Media Ref Results Ref 

\ Unknown · filled \ No Data\ 
with concrete 

\ \ 
3,4 ~n-fillod \ No Data 

\ oncrete 

\ 

\ with con ete Unknow~ \ \ 
3 ~nk Removed \ No Data\ \ 
6 

··~(""' \ 4, 6 1 ~SGS' \ 12 

\ 
ust 8.3 Locations 

1\ \ 
148, and 2149 

14, 15 able 8.1 

6 Isolated activity 13 

·~· 
6 

from unknown \ (Appendix in Ref. 61 
sources 

6 
\5 

Table Br\ 6 
(Appendix E in f. 61 

6 14 Table 8.9 6 
(Appendix E in Ref. 61 

/ v13 

J 
K Table:1-f ppendix E i ef. 61 j 

V6 / 1-8.9 v6 
lAppe in Ref. 61/ 

A.1-
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Table V .3. Potential Release Sites Currently in D&D Program and 
Sites Recommended for Inclusion in D&D Program 

:::N~l r~= ·:\t:r:~.~: \ /\::Sitti·HiUM· / ::::: :.~ ... · .•... :: ..... Releue/ : : :}AliihOritV\ :··:· 

40 Building 66 Lot Grounds Yes AEA 

75 Railroad Siding Inactive Yes AEA 

78 Warehouse 13 Historical Yes AEA 

86 Building 29 Septic Tank Historical Yes AEA 
!Tank 2241 

90 Site Survey Project Potential Grounds Yes AEA 
Hot Spot Location 50425 

122 Underground Radioactive Inactive Yes AEA 
Waste Unes !Main Hill) 

123 Area 5, Radioactive Waste Grounds Yes AEA 
Une Break 

124 Building 48 Hillside Inactive Yes AEA 

132 ·Area 15, Entombed SW Cave Historical Yes AEA 
(Room SW 1-BI 

133 SW Building Historical Yes AEA 
Room 1-A 

138 Room SW-137 Alpha Surplus No AEA 
Wastewater Sump (Tank 231 

139 Room SW-1 0 Beta Inactive No AEA 
Wastewater Sump !Tank 

2261 

146 R Building Rooms 1 21, 1 44, Historical Yes AEA 
1 46 and 1 48 Drains 

150 Room HH-15 Beta Inactive No AEA 
Wastewater Sump (Tank 

2361 

151 Room HH-6 Alpha Historical No AEA 
Wastewater Sump (Tank 

2371 

153 Area 20, Radioactive Waste Grounds Yes AEA 
Une Break 

154 Area 23, Thorium Grounds Yes AEA 
Contaminated Soil 

155 Old Sanitary Disposal !SDI Surplus Yes AEA 
Plant (AKA Old Sanitary 

Wastewater Treatment Plant) 

156 Old SO plant Tank Surplus Yes AEA 
(Tank 2051 

157 Old SO plant Tank Surplus Yes AEA 
(Tank 2061 
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O&D 

O&D 

Yes 

Yes 

Yes 

Yes 

D&D 

D&D 

D&D 

Yes 

D&D 

D&D 

D&D 

D&D 

Yes 

Yes 

Yes 

Yes 

Yes 

, .. : ... :au\ 

6 

6 

6 

6 

6 

6 

6 

6 

6 
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Table V .3. (page 3 of 4) 

Historic Activities 

Evidence .. of •·• oResponse 
·No>> ·::Site Name · ·:Status• .·Release. · Authority 

231 /r Bu~" B Alpho V>:istorical ;· 7 I 
Wastewat Sump (Tank nactive 233) I Filled with 

concrete 
1982· 

232 ~:~;~·,r'·h· 1* 
No I AEA 

stewater Su (Tank lnacti 
234 Filled ith 

I co rete I 982 J 

1'3 ;T-63Aipha Aistorical 

I 1 ter Sump (Tank Inactive 

235) . I Filled with 
concrete 

1982 
~ v 

/AEA 2y Area of Possible E:ted Grounds Yes 
Thorium Activ· I 

/.37 HC'! Spot Loca~ S1092 Gro"unrJ/ Yes I AEA 

2:;~ Site Survey Project Grounds Yes AEA 
Hotspot S 1 029 

240 Si~~urvey Project Potential\ Grounds \zes AEA \ 
Ho Spot Location S04 72 ~ 

252 ~Building Stack \Inactive N~ AEA 

1\"" ~··· ~N• v"\ AEA 
Thorium aminated Soils 

from as 1 and· 9 · · 

2\ A•~ '"'~\ 
Yes l\ AEA Thorium St age and 

Redrumming ~ ea (AKA 
Former Throium torage) 

272 \ Area 10, Concrete~bris Inactive \ Yes \eA 

273 ~Area 12, Throium~1 InaCtive 1\ Yes ~i Co aminated Soil from Ar a 1 

283 A~TkT"~'" ·~ Grounds \ A~\ horium Drums 

ll (AKA P tonium Recoverable 
W te Storage) 1\. 

~4 Building ~~horium Sludge \S~rplus Yes\ AEA 
Stora Facility 

28\ Area 1 1, Con~ation from H~rical Yes \ AEA 
SM Building erations 

286 ~ A"' 16, SM ~;g s~'\ Yes \ AEA 
Sanitary Sewage eptic 

Tank\Leach Fie 
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further Action · .FFA 
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I 0&0 

I 
0&0/ 
f 6 

/Yes 6 

Yes 6 

Yes \ 6 

\ 0&0 1\ \y" \ 
v\ 6 

Yes \ 6 

Yes 
\6 

Yes \ 
\ Yes 6 

\ Yes 6 
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'. 
· .. : .. -'•' ·. ,_,,· .. -, .. •. 

No. Site Nariui < ._, 2 . 
_·····_ .... !;,; :.-· 
• Loi:atloil: 

138 Room SW-137 Alpha Wastewater E-6 
Sump (Tank 231 F-6 

139 Room SW-1 0 Beta Wastewater F-6 
Sump (Tank 2261 

140 Beta Waste Solidification Facility E-6 
SW Building F-6 

141 Tritium Effluent Removal System E-6 
142 SW/R Building Solid Radioactive E-6 

Waste Compactor F-6 
143 R/SWfT Building Stack Diesel Fuel F-6 

Storage Tank (Tank 1171 
144 R Building Sanitary Waste f-6 

Collection Tank !Tank 1201 

145 Room R-128 Alpha Wastewater E-6 
Tank !Tank 191 

146 R Building Rooms 121, 144, 146 F-6 
and 148 

147 HH Building Soils f-7 
148 HH Building Solidification Unit f-7 
149 HH Building Pilot incinerator F-7 
150 Room HH-15 Beta Wastewater F-7 

Sump !Tank 2361 
151 Room HH·6 Alpha Wastewater f-7 

Sump (Tank 2371 
152 HH Building Beta Wastewater F-7 

Sump (Tank 241 

153 Area 20, Radioactive Waste Line G-7 
Break 

~ .... 1b4 Area 23, l honum COntaminated F-6 
Soil G-6 

155 Old Sanitary Disposal ISDI Plant F-6 
(AKA Old Sanitary Wastewater 

Treatment Plantl 
6 Old SD plant Tank F-6 

' (Tank 2051 
(Q 
CD 
..... ...... 

AEA - Atomic Energy Act of 1954 

' i . .. 

·--~+iL.;'·-'·· _..;-.. ., -•w•w• : '.,,. 

Surplus 

Inactive 

In Service 

In Service 

In Service 

In Service 

In Service 

In Service 

Historical 

Grounds 

Historical 

Historical 

Inactive 

Historical 

In Service 

Grounds 

Grounds 

Surplus 

Surplus 

.... . ' I 

' . ... ·• · __ ,., ',, '·. . ., . '' 
' . Historic Actlvl1ties · · .. Operational Jurisdiction • .• -. .: ... ·: 

.. . _- .... _. · • : Rtigulat91Y .·'· Evidence Of Re:sponse further Actlori FFA 
Regulated Units · · Authorit'f • . . Spill Response SWMU R~ieiisl! Authority· Recommended ou 

AEA AEA No A.EA Yes 6 

AEA AEA No AEA 0&0 

AEA AEA No NA OM 

AEA AEA No NA OM 

AEA AEA No NA OM 

BUSTA BUSTA No NA OM 

effluent to CWA AEA No NA OM 
wastewater 
treatment 

AEA AEA No NA OM 

AEA AEA Yeo AEA 0&0 

AEA AEA Yes CERCLA Yes 2 
NA NA No AEA No 

NA No AEA No 

NA No AEA 0&0 

NA AEA 0&0 

AEA AEA NA OM 

NA Yes AEA Yes 6 

AEA At: A Yes AtA Yes 6 

NA SWMU Yes AEA D&D 

NA SWMU Yes AEA Yes 6 
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No. 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

.j: 
239 

-
"0 
Q) 

<o 
Cll 

Site Name 

Room T-40 Alpha Wastewater 
Sump (Tank 2291 

Room T ·4 1 Alpha Wastewater 
Sump (Tank 2301 

Room T-50 Alpha Wastewater 
Sump· IT ank 2311 

Room T-50 Alpha Wastewater 
Sump (Tank 2321 

T Building, Corridor 8 Alpha 
Wastewater Sump (Tank 2331 

T Building, Corridor 7 Alpha 
Wastewater Sump (Tank 2341 

Room T·63 Alpha Wastewater 
Sump (Tank 2351 

Buildino 58 Diesel Fuel Storage 
Tank (Tank 2221 

Area of Possible Elevated 
Thorium Activity 

Site Survey Project 
Potential Hot Spots 

location S0166 

Site Survey Project 
Potential Hot Spots 

Location S0175 

Site Survey Project 
Potential Hot Spot 
Location S 1 09 2 

Site Survey Project 
Potential Hot Spot 
Location S0208 

Location ·Status 

F-7 Historical 
Filled with 
concrete 

F-7 Historical 
Filled with 
concrete 

F-7 Historical 
Filled with 

concrete 1975 

F-7 Historical 
Filled with 

concrete 1975 

F-7 Historical 
Filled with 

concrete 1982 

F-7 Historical 
Filled with 

concrete 1982 

F-7 Historical 
Filled with 

concrete 1982 

E·6 I listorical 

E-8 Grounds 

F-6 Grounds 

E-5 Grounds 
E-6 

G-7 Grounds 

F-5 Grounds 

Operational Jurisdiction Historic Activities 

Regulatory Evidence Of Response Further Action FFA 
Regulated Units Authority Spill Response SWMU Release Authority Recommended ou 

NA No AEA D&D 

NA No AEA D&D 

NA No AEA D&D 

NA No AEA D&D 

NA No AEA D&D 

! 

NA No AEA D&D 

NA No AEA D&D 

NA No CERCLA Yes 2 

AEA AEA Yes AEA Yes 6 

AEA Yes CERCLA Yes 2 

AEA Yes AEA Yes 6 

AEA - Yes AEA Yes 6 

AEA Yes CERCLA Yes 2 
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'"0 
OJ 

(.Q 
m .... 
w 

Table 8.9. Summary pf Radiological Datala,bl 

Radiological Contaminants 

• 



:i 
ca 
CD 
..... 
-1:>. 

1 - Soil Gas Survey - Freon 11, Freon 113, Trans-1 ,2-Dichloroethylene, Cis-1 ,2-Dichloroethylene, 1,1, 1-Trichloroethane, Perchloroethylene, Trichloroethylene, Toluene 
2 ·Gamma Spectroscopy· Thorium-228, -230, Cobalt-60, Ceslum-137, Radlum-224, ·226, -228, Americium-241, Actinlum-227, Bismuth-207, Bismuth-210m, Potasslum-40 
3- Target Analyte list 
4- Target Compound Ust (VOC) 
5 - Target Compound List (SVOC) 
6- Target Compound List (Pesticides/Polychlorinated Biphenyl) 
7 • Dloxins/Furans 
8 ·Extractable Petroleum Hydrocarbons (EPH}!Totar Petroleum Hydrocarbons (TPH) 
9 -lithium 
10 - Nitrate/Nitrite 
11 - Chloride 
12- Explosives 
13- Plutonlum-238 
14- Plutonlum-238, Thorium-232 
15 • Cobalt-60, Cesium-137, Radlum-226, Americium-241 
16 ·Tritium 

Reference list 

1. DOE 1986 "Phase !Installation Assessment Mound (DRAFT}." 
2. DOE 1992a "Remedial tnvestlgatlon/F~aslblllty Study, Operable Unit 9, Site-Wide Work Plan (Final)." 
3. DOE 1992c "Mound Plant Underground Storage Tank Program Plan & Regulatory Status Review (Final)." 
4. DOE 1993a "Site Scoplng Report Volume 1 ·Waste Management (Final).• 
5. EPA 1988a "Preliminary ReviewNisual Site Inspection for RCRA Facility Assessment of Mound Plant. • 
6. DOE 1993d "Operable Unit 9, Site Scoplng Report Volume 3. Radiological Site Survey (Final)." 
7. DOE 1993c ·operable Unit 3, Miscellaneous Sites Limited Field Investigation Report." 
8. DOE 1992d "Reconnaissance Sampling Report Decontamination & Decommissioning Area!>, OU6, (Final)." 
9. Fentfman 1990 "Characterization of Mound's Hazardous, Radioactive and Mixed Wastes." 
10. DOE 1992f ·operable Unit 9, Site Scoplng Report: Volume 11 -Spills and Response Actions (Final)." 
11. Styron and Meyer 1981 "Potable Water Standards Project: Final Report." 
12. DOE 1993b "Reconnaissance Sampling Report. Soil Gas Survey & Geophysical Investigations, Mound Plant Main Hill and SMIPP Hill (Final)." 
13. DOE 1993d "Operable Unit 9, Site Scoping Report Volume 3 ·Radiological Site Survey (Final)." 
14. DOE 1991b "Main Hill Seeps, Operable Unit 2, On-Scene Coordinator Report for CERCLA Section 104 Remedial Action, West Powerhouse PCB Site." 
15. Halford 1990 "Results of South Pond Sampling." 
16. DOE 1993e "Operable Unit 4, Special Canal Sampling Report, Miami Erie Canal." 
17. DOE 1990 "Preliminary Results of Reconnaissance Magnetic Survey of Mound Plant Areas 2, 6, 7, and C. • 
18. DOE 1992a "Remedial Investigation/Feasibility Study, Operable Unlt 9, Site-Wide Work Plan (Final)." 
19. Rogers 1975 "Mound laboratory Environmental Plutonium Study, 1974." 
20. DOE 1992h "Ground Water and Seep Water Quality Data Report Through First Quarter, FY92." 
21. Dames and Moore 1976 a, b "Potable Water Standards Project Mound Laboratory" and •evaluation of the Buried Valley Aquifer Adjacent to Mound Laboratory. • 
22. DOE 1992i"Ciosure Report, Building 34- Aviation Fuel Storage Tank." 
23. DOE 1992j "Closure Report, Building 51 ·Waste Storage Tank." 
24. DOE 1994 •operable Unit 1, Remedial Investigation Report." 
25. EG&G 1994 "Active Undergrl?und Storage Tank Plan." 



ENVIRONMENTAL RESTORATION PROGRAM 

OPERABLE UNIT 9 

SITE SCOPING REPORT: 

VOLUME 7 - WASTE MANAGEMENT 

MOUND PLANT 

MIAMISBURG, OHIO 

Feb'\larv 1993 

DEPARTMENT OF ENERGY 

ALBUQUERQUE FIELD OFFICE · 

ENVIRONMENTAL RESTORATION PROGRAM 

EG&G MOUND APPLIED TECHNOLOGIES 

FINAL 

Page 15 



2.6. THORIUM-230 (IONIUM) PROGRAMS 

Ionium is an alpha-active thorium isotope with a half-life of 8.05 x 104 years. Ionium and thorium-230 

are names that have been used interchangeably to identify this isotope. The interest in ionium goes 

back to 1946 (Peppard 1949), when a survey was conducted to identify sources of ionium. This 

survey looked at various fractions obtained from processing uranium and its ores to identify sources 

of ionium and protactinium-231 (Bruehlman 194 7). In 1949, the ionium program reached a second 

milestone when a pilot plant was constructed at ANL to process 3,600 gallons of Mallinckrodt sparged 

turbid liquor from a material referred to as the airport cake, a raffinate produced by the diethyl ether 

solvent extraction of uranium (Peppard 1949). The material containing ionium was being produced at 

the Mallinckrodt Chemical Works uranium refinery in St. Louis, Missouri (Fariss 1955; Eichelberger and 

Scott 1956a). 

In July 1955, Mound submitted a proposal to the AEC to design and install a facility that would be 

used for process chemistry development. The work would isolate ionium from raffinates produced at 

Mallinckrodt (McCarthy 1955). In November 1955, Mound received a directive to proceed with the 

design and construction of this facility, with a target completion date of February 1956 (Johnson 

1955). The process chemistry research and development took place in the R Building. The larger 

columns required for production separation also were assembled in the R Building. Ionium was to be 

used as a tracer element in the Redwing test program, and kilogram quantities of ionium were needed 

for weapons diagnostic tests. Between April 6 and May 18, 1956, five shipmef!_tS of a total of 400 

g of ionium were made to the AEC (Haubach 1956a, 1956b, 1956c, 1956d). 
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In July 1956, Mound was directed to produce an additional 500 g of ionium for the ORNl research 

stockpile and to refine the process chemistry for use in a future large-scale production program lAger 

1956). This required an additional supply of the Mallinckrodt feed solution, a delivery that was 

apparently never made. By November 1956, the remaining 73 l of feed had been processed to 

produce about 70-g of ionium (Eichelberger and Scott 1956c). Unfortunately, all of the undesirable 

impurities contained in the original feed solution were concentrated in the remaining solution. Forty

nine grams of the remaining ionium were shipped to the University of California Radiation laboratory 

in December 1956 (Eichelberger and Scott 1957). 

The ionium program was closely tied by chemistry and process development to the protactinium-231 

program. In the late 1 950s, capsules containing about 250 g of thorium oxide and apparently 

containing the remaining 22 g of ionium were sent to the MTR in Idaho for irradiation. This process 

was designed to produce protactinium-231 and protactinium-233 by neutron absorption by thorium-

230 and thorium-232, respectively (Schuman 1960, 1961; Kirby 1960). The capsules were stored 

for at least a_ year in the reactor canal to allow the protactinium-233 to decay to a safe handling level. 

The'~capsules were returned to Mound, but it is not known if they were ever processed. They may 

remain in storage as research materials. 

In the early 1960s, Mound conducted a search of ionium sources. Forty-nine samples from 17 uranium 

mills or processing sites were received and analyzed. Several samples of airport cake from the 

Mailinckrodt Chemical Works were used for comparison. Analysis of the samples by neutron activation 

analysis at ORNL indicated that th_e airport cake was the best source of ionium available (Eichelberger 

1 961 b). These research efforts led to the procurement of additional quantities of airport cake some 

years later. The airport cake was also known as Cotter Concentrate and was processed for thorium-

230 and protactinium-231 in the 1970s. 

2.6.1. Process Description 

Mallinckrodt raffinates that have been partially processed at the St. louis uranium refinery were 

shipped to Mound in 55-gallon steel drums. This feedstock consisted of a caustic-neutralized fluoride 

slurry containing ionium, thorium-232, rare earths, scandium, uranium, and traces of protactinium. 

The process equipment associated with separation and purification of ionium includes stainless steel 

storage tanks, mixers and mixing vessels, Pyrex glass contractors, mixer settlers, centrifuges, pulse 

columns, stainless steel process waste tanks, evaporator equipment, and Pyrex lines and valves for 

transfer of reagents and process liquids. The recovery of ionium began with the acidification of the 

Mallinckrodt material with nitric acid followed by centrifugation to remove solids. The supernatant 
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liquid was treated with aluminum nitrate to form a slurry that was removed in a mixer settler vessel. 

The supernatant liquid underwent a series of solvent extractions followed by aqueous scrubs. The 

solvent-solvent extraction steps used diethyl ether and pentaether (dibutoxytetraglycol). Aqueous 

scrub solutions contained nitric acid, ammonium nitrate, and ammonium hydroxide. The ionium was 

recovered from the process as the nitrate. 

2.6.2. Waste Generation 

The ionium process generated solid and liquid waste streams in the recovery of ionium from 

Mallinc,krodt feedstocks. The solids and decant liquids from the centrifugation step were saved and 

processed to recover uranium and protactinium. The aqueous waste steam contained rare earths, 

scandium, and thorium. These waste steams could not be treated by the WD treatment facility to 

adequately decontaminate the waste effluent discharged to the Great Miami River. Therefore, the 

waste may have been transferred to the small waste evaporator treatment facility located in room 127 

of the R Building. This facility, also known as the still, is described in the actinium-radium and reactor 

waste decontamination programs. The condensate from the evaporator was transferred to the WD 

Building for treatment, and the slurry from the evaporator was packaged in drums for off-plant 

disposal. This process used significant quantities of diethyl ether and pentaether. 

Thirteen gallons of a solution containing 8 g of ionium leaked out of a drum in the high-risk corridor 

of R-1 21 where it was stored. The solution was washed to the WD Building influent tank where it was 

held and processed separately (Meyer .. 1957d). The solution was diluted and released to the river. The 

influent tank required subsequent cleaning and decontamination (Meyer 1958a). 

At the completion of the 1956 production process, 250 gallons of organic waste, containing 1.232 g 

of ion-ium, were absorbed in sawdust, packed in 30-gallon drums, and shipped to ORNL for burial. One 

drum· of the aqueous raffinate, precipitated with caustic and containing 0.4 73 g of ionium, was also 

shipped for burial (Eichelberger and Scott 1957). No information was found to indicate the disposition 

of the solid or sludge wastes from the process. The latter were probably also drummed and shipped 

for burial. 

2. 7. PROTACTINIUM-23 1 

The need for protactinium-231 was generated in the early 1 950s, when it was selected as a. surrogate 

for protactinium-233 in the study of the physical and chemical properties of this element. 

Protactinium-233, an isotope with a half-life of 27 days, was to be created in the thorium-232 _.. 

ER Program, Mound Plant 
Revision 0 

RI/FS, OU 9, Site Scoping Report: Vol. 7 -Waste Management 
July 1992 Page 18 



protactinium-233 - uranium-233 sequence, in the thorium breeder blankets of the breeder reactor 

program. 

Programs at Mound involving the recovery and purification of protactinium-231 began in the early 

1950s and continued intermittently to September 1979, at which time the demand for protactinium 

and thorium was significantly reduced. During this period, a number of separate programs were 

identified that separated and purified protactinium from a variety of source materials. Material 

processed came from the Mallinckrodt Chemical Works in St. Louis, Missouri; the AEC, Fernald Plant, 

Ohio; and the Cotter Corporation, Cannon City, Colorado. An attempt was made in the early 1960s 

to produce protactinium from irradiated thorium-230, but the materials were apparently never 

processed at Mound. 

The first of the protactinium programs was initiated in 1954 at Mound at the request of the ORNL. 

The goal of the program was to isolate and purify 1 g of protactinium-231 from residues from previous 

urani~m processing. The process chemistry research phase for this program took place in room 167 

of the R Building. By October 1954, the procedures for separating the protactinium from the residues, 

sometimes referred to as raffinates, had been developed on a laboratory scale (Martin 1955). Some 

of the experimental work may have been done on residues supplied from Fernald Plant, Ohio. 

Equipment was then installed in room 145 of the R Building to process raffinate residues supplied by 

Mallinckrodt (MCC 1955 c,e). Batches weighing 5 kg each were run with a goal to separate milligram 

quan~ities of protactinium-231 and provide data for a small process plant. The pilot plant for this 

program was installed in the HH Building and completed in July 1955. Operations in HH Building were 

suspended in March of 1956 and moved to the SW Building. Equipment salvaged from the Monex 

thorium refinery pilot plant was adapted to the protactinium program (Meyer 1956c): 

Approximately 80 drums, containing a total of about ~0,000 pounds of residue, were shipped to 

Mound for processing. This feed material was referred to as the Sperry cake, Sperry filter cake, or 

Sperry press cake. This cake contained 0.1 to 0.2 ppm of protactinium in a matrix of iron, aluminum, 

calcium, magnesium, cobalt, and copper. When received, it appeared very inhomogeneous, and 

spectrographic analysis indicated that it was significantly different in composition from samples used 

during research phases. No two drums were alike. Since only about half of the quantity of the 

material was needed for 1 g of protactinium-231, individual batches were selected from the lot. 
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The first drum, containing 288 pounds of material, was processed in August 1955 (McCarthy 1955f). 

The extractions were very time-consuming because of the analytical procedures reQuired for each step 

of the process. By August 1 956, 700 mg of protactinium-231 had been recovered from 43 drums of . 

raffinate. Fifty gallons of residual solids contained another 200 mg of protactinium-231 (Eichelberger 

and Scott 1956b).-

After the first gram was successfully- separated, work proceeded on the extraction of a second gram 

from the balance of the raffinate residues on hand. The gram of protactinium-231 had been requested 

in December 1954 by the AEC, Division of Research (Walker 1954). In researching the extraction 

process for the remaining, less desirable supply of the Sperry cake, it was found that the original 

sodium chloride process could be modified (Eichelberger and Scott 1956c). Experimental l-inch 

columns were set up in room 1 B of the SW Building for studying flow rates, extraction efficiencies, 

and other column parameters. The full-scale pilot plant was assembled in the HH Building, using 6-inch 

glass pipe columns. The plant was to be ready for operation by February 1957 (Eichelberger and Scott 

1957), but general problems plagued the protactinium recovery and the fate of this program is not 

clearly known. Approximately 240 mg of protactinium-231 are known to have been recovered from 

the raffinates, residues, and analytical samples during the second attempt. The product was stored 

in approximately 140 ml of 50% diisobutyl carbinol in benzene (Eichelberger 1 961 a). 

In the late 1950s, Mound submitted about 22 g of thorium-230, referred to as ionium, to the MTR in 

Idaho for transmutation to protactinium-231 by neutron irradiation. As of March 15, 1960, the ionium 

underwent neutron irradiation and. was stored in the MTR canal, allowing the decay of protactinium-

233 (from the irradiated thorium-232 [Schuman 1960, 1961; Kirby 1960]). The ionium remained in 

storage for over one year before it was shipped to Mound in lead casks. Some of the capsules swelled 

during either irradiation or storage and were probably never opened or processed. Although this 

program is no longer active at Mound, 1 0 or 11 lead capsules containing irradiated ionium have been 

stored as resource materials. 

The last protactinium program carried out at Mound took place in the 1970s. The plan was to recover 

protactinium-from the Cotter Concentrate and is described in a companion section of this report. 

2. 7. 1. Process Description 

The process used at Mound for the recovery of protactinium-231 was referred to as the sodium 

chloride process (NAS n.d.). The recovery of protactinium began with the dissolution of the raffinate 

in 2 N hydrochloric acid solution that was saturated with sodium chloride and contained titanium 

trichloride. The solution was boiled, resulting in the formation of a precipitate that contained 
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protactinium. The precipitate was separated from the supernatant liquid by filtration and was then 

digested with sodium hydroxide. The residue from the alkaline digestion step was treated with sodium 

hydroxide and 6 N hydrochloric acid. The resulting slurry was extracted with diisobutyl carbinal (DISC) 

in Amsco kerosene. The protactinium was contained in the DISC phase. In the next step, the DISC 

phase was stripped with water containing hydrochloric acid and sulfuric acid. The protactinium was 

stripped from the acidic aqueous phase with DISC. At this point in the process, the protactinium 

contained a solution of iron, niobium, and other metal impurities. These metals were removed in the 

protactinium purification step of the process. 

Experiments continued on the efficiency of the protactinium-231 recovery process. After the initial 

project goals were achieved, the separation of the remaining raffinates posed a more difficult problem, 

because they had been highgraded and the remaining materials had lower protactinium concentration 

and higher quantities of impurities. Dissolution in nitric acid was tried, and it was found that nitric acid 

alone could not solubilize the protactinium; therefore, sulfuric acid was of prime importance. Efforts 

wer~ taken to dissolve the raffinates directly and extract the resulting slurry. The pilot plant that was 

to h~ve been assembled in the HH Building would have greatly decreased the time and labor involved 

with. the extractions. Only the experimental column assembly in SW Building is known to have been 

used. In these experiments, sulfuric acid was made up with hydrochloric acid, and the raffinate was 

digested at fuming temperatures (about 230°C). Several extraction steps were apparently required, 

bec};~use the protactinium did not always come out in the first extraction, depending on the particular 

composition of the raffinate. The high iron content of the raffinates posed the most difficulty. It is 

not known whether this process was ever fully developed and used to process the remaining 43 drums 

of raffinate, ·but it does not appear so. 

2. 7 .2. Waste Generation 

The process equipment for recovery of protactinium-231 from uranium refining raffinate was located 

in the HH Building. Over 5 tons of the raffinate are known to have been processed to recover 

approximately 1 g of protactinium. The raffinate was dissolved in hydrochloric acid containing sodium 

chloride and titanium trichloride. The precipitate containing protactinium was separated by filtration, 

and the filtrate liquid was transferred to drums and stored. The precipitate, after treatment with 

sodium hydroxide and hydrochloric acid, underwent solvent extraction with DISC. The acid aqueous 

phase from the extraction process was also drummed and stored. The protactinium was recovered 

from the DISC and the solvent was recycled. The protactinium underwent purification resulting in a 

final acidic waste stream containing sulfuric, hydrochloric, and oxalic acids. The acid aqueous wastes 

·collected were stored outside the HH Building in 200 55-gallon steel drums with polyethylene liners. 

It was originally planned that these materials would be neutralized and disposed of at the close of the 
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program. After a short period of storage, it was discovered that the liners were defective and the acid 

was eating out the drums and being spilled on the ground. Much of the material had to be redrummed. 

Since the waste contained Quantities of radium-228 and its daughter products, it was deemed 

inappropriate to mix it into the polonium waste streams at the WD Building. The acid waste was finally 

disposed of by discharging it slowly into the Great Miami" River so that the maximum permissible 

concentrations were not exceeded (Meyer 1957b). The discharge continued at least until December 

1957· (Meyer 1958a). It is not:known what· happened··to the used drums or where exactly the 

discharge took place, whether to a manhole in the storm sewer or a manhole to the NPDES Outfall 001 

pipe to the Great Miami River. The disposition of 10 tons of raffinate that was not processed was not 

determined during the research for this report. Any residual solids generated by the process were 

probably drummed for off-plant disposal, as this was the general practice; however, no records were 

found. 

In February 1960, 40-gallon drums of protactfnium effluent (activity 0.01 Ci per drum) were separated 

from residue. The effluent was released to the ·sewer in the lower area" and siphoned off at a rate 

of a liter per minute and.diluted with rainwater at a rate of 150 gallons per minute. The residue .was 

to be sent for offsite burial (MCC 1951-1961). 

re radioactive isotopes. This program, currently known as the Rare Is 

has also been as the Separation and Purification of Special Heavy E 

e isotopes that were processed included plutoni 

d in ·the mid-1950s ( · er 1955) and continued until 1985 

arried out in the SW, SM, and R buildings. 

numerous projects that are linked to the 

preparation of specific isotopes. 

that the program was active, source materials for the 

were obtained from 

r sludges. Uranium-234, a daughter product that •grows 

from •milking" plutonium-238. 

3. The laner was produced by irradiation of thorium-232 to produce protactiniu 

then decays to uranium-233. An aged source was a'-- ___ _. _ _. 
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Sample loca~ons S0472 and S1092, shown on Ptate 1 as possible hot spots, are probably not 

associated with the thorium project, as S1092 is largely thorium-230 and is associated with Area 23, 

described in a companion section of this report. 

excavated materials disposal area is located on the SM/PP Hill adjacent to Area 1 and south of the 

wer (Rgure 5.1).' The area is colloquially known as Rader's Hill.· The area contains th 

overburde soils excavated during the D&D of the waste transfer line on the west slope of the S 

Hill. The exc ation is known as Area 19. The excavation overlapped the southern margi f Area 

12, known to be ntaminated with thorium. During excavation, soils that had thorium co entrations 

were staged and Ia r segregated depending on the thorium concentrations. 

concentration greater tH 5 pCi/g were boxed for offsite disposal and those wi 

to the excavated materials · posal area (Draper 1985). About 52 samples 

. disposal area in 1984 and anal din the Mound soils screening facility. 

levels around 1 pCi/g; the highes 

Appendix E. 

5.11. RAILROAD SIDING 

· The railroad siding or spur that enters Mound Plan 

shipping and receiving radioactive materials an 

1950s and 1960s, the siding was used for nloading lead sks containing the bismuth/polonium · 

mixtures used in the polonium processin In the mid-1950s, th iding was the site of the unloading 

. of thorium drums, as well .as the dec tamination of the boxcars in hich the drums were shipped. 

· The siding historically extended ut 500 feet east of their current lo tion. The eastern portions 

were removed or simply ~u · at an unknown date. The portion that uld underlie the waste 

. transfer line, known as Ar ·. 19 (Plate 1 ), is gone and may have been removed en the line was built 

ortions of the siding east of Area 19 (Plate 1 ) are known 

The siding · elf was not a sampling target during the Site Survey Project (Stought et al. 

_ howev , some limited safl"pling has been performed. Site Survey Project samples S0485 and S 

· (AP. ndix E) located near the siding (Plate 1) indicated levels of plutonium-238 below 5 pCi/g and les 

an 2 pCi/g of thorium. Subsequent sampling along the siding indicates that elevated thorium 
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Table V.7. (page 2 of 2) 

Plate 1 Coordinates MAGID Depth Plutonium-238 Thorium 
b 

Tritium Coball-60 Ceslum-137 Radlum-226 Amerlclum-241 

Location• South West No. Mo-Yr (Inch) (pCI/g) (pCifg) (pO/ml) (pCi/g) (pOfg) (pCifg) (pOfg) 

S0647d 3340 2610 2778 10·83 0 NR NR LDL 270 LDL LDL 

S0706 3325 4035 4021 07-84 0 28.90 b 

S0971 4075 3025 5958 07·84 0 0.15 5.02 

S0982 3625 3025 5944 07·84 0 0.43 14.94 

I S1092 2185 3362 8413 12·84 2 e 0.31 323.5
1 

-] 

8 Map locations are given using a ·c- to designate core locations and an ·s· to designate sur1ace locations. 

bA "b"indlcates that the to1althorlum concentration was less than the background level of 2 pCifg. using FIDLER screening. Therefore, radiochemical analysis was not performed. 
cThe boring log for this location Indicates that sampling was not per1ormed to bedrock (AppendiK B). ' 

dContamlnated soli was excavated from this location In 1984. Post~leanup soli concentrations of ceslum-137 were less than 2 pCifg (Draper 1984) . 
8
The depth given for this sample was ·ss.· For mapping purposes (Plate 1), this Is assumed to be a sur1ace sample. ' 

1
1soloplC results are avanable for this sample and Include 0.99 pOfg of thorlum-228; 321 pO/g of thorium-230, and 1.5 pCifg of thorium-232, for a total of 323.5 pCI/g of thorium. 

FIDLER· field Instrument lor the detection of low-energy radiation 

.LDL· The measured concentration was below the lower detection limit, estimated to be 0.5 pOfg for coball-60, ceslum-137, and americlum-241; and 1 pCI/g for radium-226. 
MAC ID · Monsanto Research Corporation ldentillcatlon 

NR · No result given 

pCi/g · plcocurles per gram 

pCi/ml • picocurles per milliliter 



6.4. LOCATIONS WITH ELEVATED THORIUM 

Review of the Site Survey Project data indicates that samples from eight locations contained levels of 

thorium in excess the Mound Plant cleanup levels (5 pCi/g for samples taken in the first 15 em of soil, 

or 15 pCi/g for samples taken below 15 em). These locations are widely distributed throughout the 

Mound Plant facility, but most are located either on the SM/PP Hill or on the SM/PP Hill slope. The 

maximum thorium activity from these locations, 323.5 pCi/g, was detected in the sample collected 

from location ~· which is located slightly west of Area 20 (Plate 1 ). The depth of this sample was 

given as ·ss• in the data obtained from Mound. For mapping purposes, this is assumed to be a 

surface sample. Isotopic results were available for this sample and included 0.99 pCi/g thorium-228, 

321 pCi/g thorium-230, and 1.5 pCi/g of thorium-232, for a total of 323.5 pCi/g of thorium. This ratio 

indicates that the original material was separated from uranium ore. 

Area J, Eleseri9e9 iA sestieA 10 ef tl:\is report, alse appears te 1:\a'Je eleYateEI le·tels ef tReFitJffi (39.42 

pCi/g) Tl:le reader is referred to subsection 1 0 2 for di5cussioRs 

+ 6.5. AREA 23 

Sine~ the Site Survey Project was conducted, an area of elevated thorium-230 concentration has been 

identified north of Building 23 and west of the HH Building. This area has since been designated Area 

23. The area appears to encompass the hot spot identified at location 1092 in the Site Survey Project 

data (Plate 1 ). Samples taken in 1990 and analyzed by alpha spectroscopy indicate thorium-230 at 

levels up to 6 nCi/g and traces of protactinium-231 and thorium-229 (Jenkins 1990; Jarvis 1990). 

As the area adjacent to the HH Building, east of Building 23, is known to have been used for both 

thorium-230 and protactinium-231 extraction programs, it is likely that the contamination is due to the 

leaking waste canisters described above. 
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1: :lD m Table Xl.1. Maximum Radioactivity Concentrations In Soil Samples from Major Areas 2 .. :lD 
~ s. "V .. .. i -· 0 OCI 

CD~; Plutonlum-238 Thorium Tritium Cobalt-60 Caalum-137 Radlum-226 Amertclum-24 1 Actlnlum-227 Blamuth-207 Blamuth-210m 
(/) 3 ~ .l.l!£!hll .l.l!£!hll lpCIIml! .l.l!£!hll .IP£!hiJ. .l.l!£!hll .IPQlal Jp£!lal .lPQsll .l.l!£!hll ~ . 
"' ~ Area1 34,000 924.2 1.67 LDL 0.6 1.1 LDL 
~ 0 c 

&. Aree2 17.10 3.31 
li! 

~ J! Aree3 1,235 63 CD ... :II ... 
Area 414• 355.00 <2 .. LDL LDL 1.2 1.0 

Aree5 0.35b <2b .. 250 1.6 0.8 LDL 

Aree6 .. .. .. LDL LDL 0.9 LDL 
0 
c Area7 7.40 20.52 5.23 LDL 1.2 2.0 LDL 1.400 
!D ! 

f/1 AreaS 24.40 254.30 1.12 LDL LDL 3.3 LDL ;:;· .. 
f/1 
n Area9 8.15 150 
0 
-a Area10 99 <2 :;· 
Cl 

c...:lD Are• 11 100,000 69 c .. 
:II -a 
.. 0 Aree12 313.00 189.90 .. LDL LDL 1.1 LDL ... ~ 
CD< Area13 5.74 <2 CDo 
W;-

w Area 14 291 2.24 .. LDL LDL 1.2 LDL 
I 

:lD 

!. Are• 15" 

f/1 
Area 16 · 8,000 3.46 0.35 LDL LDL 1.2 LDL ;:;· .. 

f/1 Aree17 3,300 1,000 .. LDL LDL 0.9 LDL c 
~ Aree18 3.71 <2 < 

Are• 18" 195m 1.2 

Area 20 1.9ob 4.02b 800 200 0.9 LDL -- 70 400 

Are• 21 1.12 <2 0.77 LDL 31 1.2 LDL 

Are• 22 1.67 <2 0.99 143 7.0 0.7 LDL 

+I Aree23 - 6,oook - - - - - - - - J(. 
AreeD 0.98 <2 

AreeJ 147 30.42 6.84 3.0 LDL 1.0 LDL 

Spolia Dlapoelll 8.30 <2 1.90 LDL LDL 0.94 LDL 

"'0 
~elue Indicated le thorturn.-2~ laotope Ill 

(Q 
ro 
~ 



trench for empty thorium 
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dump truck, and a polonium-21 a-contaminated was · machine, enclosing 
g a historic septic tank contaminated with act' m-227 from the old SW 

Area 9, a historic thorium sto 

Evaluation of the Site Survey Project for thi 

areas of elevated thorium concentrati 

s more recent data, indicates that isolated 

t. Areas not investigated by the Site 

Survey Project, but are know~ 

Hing where thorium drums were unloaded and box 

pread area on the north end of the SM/PP Hill adjacent to Area · --

of soil on the south end of the SM!PP Hill, known as the excavated materials dis 

der's Hill) does not appear to contain concentrations of thorium above 2 pCi/g, thought to b 

Processing of u_ranium ores at Mound Plant was performed on a relatively small scale from the mid-

1950s to the late 1970s. The uranium ores were used to extract the daughter products thorium-230 

and pr~tactinium-231, among others. The Site Survey Project (Stought et al. 19881 did not include 

areas used specifically during the processing of these ores. local contamination of thorium-230 has 

since been recognized in Area 23 between the HH and WD Buildings. Area 23 may be contaminated 

with up to 6 nCi/g of thorium-230. No other areas have positive identification of the thorium-230 

isotope. 

actinium- these areas were recognized by the Site Survey. Project (St 988). 

Investigated areas known or sus be contaminated w· 

Area 7, a histor· area used for the disposal o rium drums, a thorium
co dump truck, and a polonium-21 a-contaminated washing enclosing 
an area containing a historic septic tank contaminated with actinium-227 from the 
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Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-{i() Cs-137 Ra-2213 Am-241 

Location a South West No .. Mo-Yr (inch) (pCI/g) (pCi/g) (pCI/ml) (pCI/g) (pCI/g) (pCI/") (pCI/g) 

S0056 1050 2310 4056 1()-83 0 0.19 b 

S0057 1150 1925 6765 08-84 0 0.55 b 

S0058 1150 2050 6761 08-84 0 0.57 b 

S0059 1150 2085 4061 1(}83 0 1.68 b 

S0060 1175 1885 4060 1(}83 0 0.28 b 

S0061 0925 2265 4064 1(}83 0 1.50 b 

S0062 0925 2365 4065 1(}83 0 1.50 b 

S0063 0925 2440 6766 08-84 0 17.60 b 

S0064 0925 2490 4066 1(}83 0 0.25 b 

S0065 0950 2615 4067 1(}83 0 0.02 b 

S0066 1050 2290 4063 1(}83 0 1.07c b 

C0002 1200 1860 8340 11-84 36 0.10 4.47 

8341 11-84 72 0.01 2.49 

S0067 1225 1985 6433 08-84 0 0.24 b 

+ I S0068 1225 2035 6434 08-84 0 0.45 b ~ I 
S0069 1225 2085 6435 08-84 0 0.10 b 

S0070 1225 2135 6436 08-84 0 0.60 b 

S0071 1250 1385 3030 10-83 0 0.17 b 1.92 

\J S0072 1350 1960 6439 08-84 0 0.24 b 
Q) 
(0 
(t) 

w 
-" 



Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-00 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCI/g) (pCi/g) (pCifml) (pCifg) (pCI/g) (pCI/g) (pCifg) 

S0073 1350 2010 3031 1~ 0 0.57 b 1.66 

S0074 1350 2085 6440 08-84 0 0.48 b 

S0075 1350 2100 3032 1Q-83 0 0.40 b 

C0003 1420 2180 10665 10-85 18 NR NR LDL LDL 0.4 LDL 

10666 10-85 36 NR NR LDL LDL 0.6 LDL 

10667 1()..85 54 NR NR LDL LDL 0.7 LDL 

10668 .10-85 72 NR NR LDL LDL 0.7 LDL 

10669 1()..85 90 NR NR LDL LDL 0.8 LDL 

10670 1()..85 108 NR NR LDL LDL 0.9 LDL 

10671 10-aS 126 NR NR LDL LDL 0.7 LDL 

10672 10-aS 144 NR NR LDL LDL 0.5 LDL 

10673 1()..85 162 NR NR LDL LDL 0.4 LDL 

10674 10-aS 180 NR NR LDL LDL 0.5 LDL 

S0076 1450 1885 3027 1~ 0 2.57c b 1.31 

soon 1450 2010 3028 1~ 0 0.76 b 

S0078 1450 2135 3029 10-83 0 1.59 b 1.54 

C0004 1200 2240 8342 11-84 36 0.10 4.47 

8343 11-84 72 0.01 2.49 

•' S0079 

t250 2440 3039 10-'83 0 0.03 b 1.3J 

S0080 1250 2615 3040 10-83 0 1.19 b 

.CS0081 1300 2415 6135 08-84 0 0.10 b I 
S0082 1350 2365 3038 10-83 0 0.04 b 

50083 1400 2390 3043 10-83 0 1.14 b 

"0 
Ill S0084 1450 2440 6136 08-84 0 0.08 b (0 
CD 
w ... , 



··~ 

Map Coordinates MAC 10 Depth Pu-238 Thoriumb Tritium Co-00 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr (inch) (pCifg) (pCifg) (pCifml) (pCifg) (pCifg) (pCi/g) (pCifg) 

80085 1490 2415 3041 10-83 0 0.11 b 

50086 1490 2465 3042 10-83 0 0.13 b 

S0087 1490 2515 6137 ()8.84 0 0.31 b 

50088 1490 2590 6138 ()8.84 0 0.63 b 

C0249 1500 1860 8348 11-84 54 O.o1 2.25 

S0090 1525 1970 6451 08-84 0 0.32 b 

~1 157C. 2185 4087 10-83 0 1.23~ b 

S0092 1585 2085 4086 10-83 0 0.78 b 1.05 

- ~ j ~;· . . .. ;~ 1935 6452 08-84 0 0.53 b \ 

-·-·. ~·- .... ---- -· 
S0094 1625 1885 6453 08-84 0 1.04 b 

80095 1625 2210 7103 09-84 0 0.04 b 

S0096 1650 1960 4085 10-83 0 0.36 b 0.55 

50097 1650 2060 1107 09-84 0 0.51 b 

80098 1650 2160 7104 09-84 0 0.13 b 

S0099 1650 2235 7102 09-84 0 0.07 b 

50100 1685 2045 4083 10-83 0 0.73 b 0.37 

50101 1735 2160 7105 09-84 0 0.15 b 

S0102 1750 2010 7106 09-84 0 0.56 b 

'"0 
Ill 
'g 50103 1750 2110 7108 09-84 0 0.56 b 

w 
w 

<'; 



Map Coordinates MRCID Depth Pu-238 Thorium 
b 

Tritium Co-00 Cs-137 Ra-226 Am-241 

Location• South West No.· Mo-Yr ~nch) (pCifg) (pCifg) (pCI/ml) (pCifg) (pCI/g) (pCifg) (pCI/g) 

S0252 2375 1780 6500 08-84 0 0.49 b 

S0253 2375 1830 2810 10-83 0 0.86 b 2.07 

50254 2425 1500 2824 10-83 0 1.56 b 

50255 2425 1605 6355 08-84 0 1.42 b 

S0256 2425 . 1705 2823 10-83 0 0.35 b 

50257 2425 1730 6362 08-84 0 0.01 b 

50258 2425 1830 2822 10-83 0 0.72 b 

50259 2450 1755 6361 08-84 0 O.ot b 

50261 2475 1855 6360 08-84 0 O.ot b 

50262 2500 1650 6357 08-84 0 0.79 b 

50263 2500 1655 6353 08-84 0 0.03 b 

50264 2500 1730 6354 08·84 0 0.04 b 

50265 2525 1655 6358 08-84 0 0.02 b 

50266 2525 1680 6352 08-84 0 O.ot b 

50267 2525 1730 2862 10-83 0 o.osc b 

80268 2575 1655 6359 08-84 0 3.60c b 

-u 80269 
Ill 

2575 1830 6350 08-84 0 0.34 b 
(Q 
CD 
w 50270 2625 1730 6351 08-84 0 0.13 b 
.t>. 



Map Coordinates MRCID Depth Pu·238 Thoriumb Tritium Co-60 Cs-137 Ra·2.."!6 Am-241 

Location" South West No. Mo-Yr ~nch) (pCI/g) (pCifg) (pCifml) (pCi/g) (pCifg) (pCi/g) (pCifg) 

C0066 1880 3320 10400 09-85 18 NR NR 0.6 LOL 0.5 LDL 

10409 09-85 .72 NR NR 5 LDL 0.4 LDL 

10410 09-85 9() NR NR 10 .LDL 0.4 LDL 

10411 09-85 108 NR NR 14 LOL 0.7 LDL 

10412 09-85 126 NR NR 4 LOL 0.7 LDL 

10413 09-85 144 NR NR 13 LOL 0.4 LOL 

10414 09-85 162 NR NR 4 LOL 0.6 LDL 

10415 09-85 180 NR NR LOL LOL 0.6 LDL 

10416 ()9.85 198 NR NR LOL LOL 0.4 LDL 

10417 09-85 216 NR NR LDL LDL 0.3 LOL 

10418 09-85 234 NR NR LDL LDL 0.4 LDL 

S03T7 1900 3200 6260 ()8.84 0 4.02 b 

S0378 1975 3325 6262 ()8.84 0 0.26 b 

S0379 2000 3250 6261 ()8.84 0 0.51 b 

S0380 2000 3300 3072 1(}83 0 0.66 b 3.52 

50381 2025 3075 3071 1(}83 0 0.12 b 
S0382 2025 3150 3070 1(}83 0 0.02 b 3.43 

S0383 2050 3200 6263 08-84 0 0.76c b 

(The same MAC 10 was also assigned to the sample from surface location 80458.) 

.~ S0384 2050 3375 3073 10.83 0 0.06 b:l 
S0385 1850 3505 6266 08-84 0 3.20 b 

S03B6 1850 3605 4094 10.83 0 2.19 b 

S0387 1875 3480 6267 08-84 0 1.05 b 

"0 
Ql C0067 2100 2620 8381 11·84 54 0.19 b (Q 
m 

6382 11·84 w 90 0.02 3.61 
(J1 

E·35 



Map Coordinates MRCID Depth Pu-238 Thoriumb Tritium Co-60 Cs-137 Ra-226 Am-241 

Location• South West No. Mo-Yr Q~ch) (pCI/g) {pCI/g) (pCifml) (pCifg) (pCI/g) (pCi/g) (pCifg) 

C0068 2160 3370 10688 09-85 18 NR NR LDL LDL 0.6 LDL 

10689 09-85 36 NR NR LDL LDL 0.6 LDL 

10690 09-85 54 NR NR LDL LDL 0.7 LDL 
10691 09-85 72 NR NR LDL LDL 0.5 LDL 

10692 09-85 90 NR NR LDL LDL 0.6 LDL 

10693 09-85 108 NR NR LDL LDL 0.8 LDL 

10694 09-85 126 NR NR LDL LDL 0.6 LDL 

10695 09-85 1~ NR NR LDL LDL 0.6 LDL 

10696 09-85 162 NR NR LDL LDL 0.6 LDL 

10697 09-85 1Bo NR NR LDL LDL 0.6 LDL 
10698 09-85 198 NR NR LDL LDL 0.6 LDL 

10699 09-85 216 NR NR LDL LDL 0.6 LDL 

S0406 2200 3225 2873 10-83 0 1.90c 

50407 2210 3160 2872 1(}83 0 0.13 b 

50408 2235 3255 2913 1(}83 0 NR b 

C0069 2235 3320 10804 09-85 0 NR NR LDL LDL 0.5 LDL 

10805 09-85 18 NR NR LDL LDL 0.4 LDL 

10806 09-85 36 NR NR LDL LDL 0.4 LDL 

10807 09-85 54 NR NR LDL LDL 0.6 LDL 

10808 09-85 72 NR NR LDL LDL 0.4 LDL 

10809 09-85 90 NR NR LDL LDL 0.5 LDL 

10810 09-85 108 NR NR LDL LDL 0.6 LDL 

10811 09-85 126 NR NR LDL LDL 0.6 LDL 

10812 09-85 144 NR NR LDL LDL 0.2 LDL 

C0070 2240 3300 10792 09-85 0 NR NR LDL 1.0 0.7 LDL 

10794 09·85 36 NR NR LDL LDL 0.2 LDL 
10796 09-85 72 NR NR LDL LDL 0.9 LDL 
10798 09·85 108 NR NR LDL LDL 0.5 LDL 

"'0 10799 09-85 126 NR 
Q) 

NR LDL LDL 0.7 LDL 
(Q 10800 09·85 144 NR NR LDL LDL 0.6 LDL 
CD 
Vl 
()) 



4':1\ 

Map Coordinates MAGID Depth Pu-238 Thorium b Tritium Co-60 Cs-137 Ra-2~!6 Am-241 

Location 
.. 

South West No. Mo-Yr (inch) (pCijg) (pCI/g) (pCi/ml) (pCifg) (pCifg) (pCi/g) (pCifg) 

50442 2550 3375 2985 10-83 0 1.49 b 

50443 2575 3300 2981 10-83 0 1.16 b 

S0444 2600 3100 2986 10..83 ·o 0.79 b 

50445 2635 3010 2987 10-83 0 2.18 b 

50446 2650 3375 2983 10..83 0 0.47 b 

50447 2675 3025 5881 07-84 0 9.57 b 

50448 1900 3455 4095 10..83 0 1.02 b 
) 

50449 1900 3530 6269 08-84 0 6.21 b 

•'S0450 1950 3430 6268 08-84 0 3.57 b I 
CXXJn 1950 3680 1958 05-83 18 1.45 b 

1959 05-83 36 0.64 b 

1960 05·83 72 15.41" b 

•' 50451 

1975 3480 6271 08-84 0 0.49 b I 
S0452 1975 3680 6273 08-84 0 19.10 b 

C0078 1975 3755 1961 05-83 18 1.14 b 

1962 05·83 30 0.35 b 

1963 05-83 42 0.18 b 

1964 05·83 72 0.97 b 

S0453 2000 3430 6272 08-84 0 19.80 b I LDL LDL 0.8 LDL 
• 

•• ~~~4 __ -2000 3530 6270 08·84 0 4.87 b 

'"0 
m 

(Q S0455 2000 3680 2425 09·82 0 NR NR LDL LDL 0.8 LDL 
Cll 
w 
""' 
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NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

Requested by r /4:# 1n~ mrL- I .... Stat ... I ~,;yo I 
~~~- ~~~ 
Project No. ------ Q.C. No.------- Completion Date 

Type of Sample 
(or S.:rvic•) ~ 
Requestor /),~ '1/ / 
Sample I_D's ~ ;;1..3 

Sample Disposition 0 Discard ~urn 

Phone--------

If requat is f- produc:tlmaurial quality camrol, tntll the spedfacnian dnwing number. If not, enur none: 

: Analysis Desired. Comments ---••.,6"*"'"-l~:;;...;..o..,;....;;::=-----------------------
o ... 

(.t so Anal. Sample ID's ~57/o - 1 , 
L_-£~Lir.l 

Results: 
~ .. {/""":-:b... .zL. _tt.L .. 

~6.-- :J-31 /3~ ... :t JL7. 
·p/-~'o :J._!/_'1. T: ]J.J_ I 

7}1-;).';)..7 1 tl_f. 1. .it:t. 
/6'- :J-•4/ ..3!1_8 # t n!l_, 

7).-~ ~Sfo,t:. ;1.:1-~S'' 

Rrt- !)..:)3 1'1;2. i: 9(, I 

11 • :l.-.3S" _'2. ± _!/_, 
R.IV- .,_,q Iff. t:: 'II./, 
&·-~II -Ia 

:;;. 01), - 11J:.L, 
A.,: .... D.J'f ..39. t:: :J./) I 

"" "' ~· - ... -

~ 
"'-

OISTfllll UT 1011! 

WHITC COPY • llli:OUUTOil 
Vf:I.LOW COPY • OATA HIOCUIING -Gill. LI:AOI:Il 
"'INK COPY • ANAl. YTIC: AL I.OG eOOIC 
GOLOINIIIOO COPY· IIIEOUESTOIII'S At.:CEIPT 

!1111..·1527 l?-e21 
11·1:ll4 

Receivtd by --------::::----------

Auly"" by (/.d. ~~ 
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NUCLEAR OPERATIONS ANALYTICA~ REQUEST FOR ANALYSIS 

Requested by ":" ....... c;:;.l!o2 Phone _______ _ 

Product Code or 
Project No. ------ O.C. No.-------
Type of Sample ~ •" .~ 
(or Service) ~ 

Requested 
Co111pletion Date 

Requestor ./1/J h / J 
Sample ID's --.J.~-..:::=,F-...12-c:::;..:~~i~_..'#.:......;;;;.:z_..;;:,.. _________ ~l'~~;.;::-;.:8: ... 9l"'"i"'f""~~~"'---------

Sample Disposition 0 Discard U¥Retum 

If request is for produc:t/materlal quality CDntrol, enter the specffic:8tion d,.wing numb•. If not. enter none: 

Analysis Desired, Camments ___ _..,a/?~;..!i~~t::;.:===------------------------

(+so~) - Anal S I ID' • amp e I ~ 

L~4d 
Reauits: 

11.~1~.1~: -~._£_fur_ r t..L. , 
Po-~D _2_3. t: __2_1. 
n,_ _:J':)? ·s-?. ~ .J.'I. 

/)~- ~~-~ J/) t.: {). 
n,-~0 9_1l~. t:. L/13, 

t~-~ _.Sip_. -!: ~e, 
U,- .2.3S' /. b • ~- 8' -efi)- :1.''1 .S£. "/:; .16' • 

/.3... _ :J.I I b3. +- 3~. 

&;, - ~'Y :lJi. t. ' K- 4-o _ll. ~ t. 

'"' "' " '-.... 
"' DISTRIBUTION: 

WHIT£ C:DPV • IU~OUUTOII 
Y~I.I.DW C:OPV • DATA ""'OCESSING -Gil. I.IEADI:II 
I'INtC C:OJOV • ANAI.VTICAI. I.OG OOOtC 
GOI.DI!NIIOD COPY· III:OUUTDII'S IIIECIEIJOT 

Received by 

q'J ~/)-~ 
Analyzed by II' - ~ 

... •""":~;& 
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NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

I Requested by }b1.J;/.... )'he, m .fl.- Hall Station I /'a..Vp- 6o ] 

Product Code or 
Project No. ------ Q.C. No.-------

Requested 
Completion Date 

Type of Sample 
ior Servicej 

Phone--------

Requestor ~ .JJ "':~ { 11 ) 
Sample ID's --L=r;t:=:::;p;;j.-~·~::li!J~-_.c,.('r___;....J::-______ __lo_.,.~rJ"'-~rP'~=.:::----------

sample Disposition 0 Discard . ~turn 
If nquen is for product/material quality cantrol, enter the specific:dion dnwing number. If not. enter none: 

i Analysia Desbed, C~~nU~---~~~~~~~~~---------------------~ 
0 .. 

A at Sam I ID' ~/)- /39 9 n • p e I -
_(_ ~eJ-eJ 

Results: y}p ~A :.tt. I (?~ .. & ~ :t- I .. l -. 
!fl.- :J31 

" 
J f, S" t; '1.3 

fJ!J- :J,./0 l/1,-t -J;. ;)'3, I 
7Jl- ~~., 3/.7 ~ _1_5,_!/_ 

P6-~~ £J.. ~ 0).,, 

7), . .:230 L/1.,~. ~ .,. sJ . 

RA -~:1.3 ~1: ~ :t /~. ~ 

u-~ /.7 "t ,,~ 

RN_:J,I~ ~J. 3 't l_S,7 

&· -~1'+ $,1. t ~.I 

JS .. 4-0 ~.c, t: 1./. S" 

" ""' I 

""' ~ 
OIS~"IBUTION: 

WHITE C:OPY • IIEOUIESTOII 
YIE~~OW CO~Y • DATA ~IIOCIESSIHG -Gil. ~IEADIEII 
"'INI( C:O~Y • ANA~YTICA~ ~OG 8001( 
~~I.OIENIIOO COPY • IIEOUIESTOJI'S JIECIEIPT 

""1.·1527 0·121 
:7.::94 

"" ~ 
Received by -------"""'="----------

~ · ~ '"' fl~ ~/;tho Analyzed by -r+.~:::tk~:::_v~;c~.71~'-=~--_::..~.-~,;--~-
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NUCLEAR OPERATIONS ANALYTICAL REQUEST FOR ANALYSIS 

• Requested by Hall Station I ~Jk> I Phon•---------------

Product Code or 
Project No. ------..-- O.C. No.--------

Type of Sample ~ 
(or Service) ~ 

Requested 
Completion Data 

Requestor A/J~ ~ 
Sample ID's ---1-fK?:W:!:~--.::~~J~____.tJ~..c.------------------------
Sample Disposition 0 Discard ra1i'etum 

If request Is for product/maurill quality control, enw the specifiCIItion d,.wino number. If nat, en1ar none: 

( + sot!Z) - Anal S I ID' • amp. I ::lo 

'71~1~/ 
Results: J2u ~ /_, 'j~~ I ~ .. :~ .... ~ r/..L .. :_ __ 

77J - ;!:>.7 SGJ 3 t:: ~_L 
v 

fh -:Jt'l I~ D 'i: ~- 0 

7), -~30 8/~. t:. 9,, 
RA- ;t~ St., y... :18'. 

[)._- ~3S" 
.;1, 8 !:. h:t 

RAJ-'-~ct _c;r., t ~~. 

tit' _J.II 
~'" 

~ ~J. 

A: -:uV ,,., ;!; ~. 

J<- C/O ) t./. "!: 'L 

\ 

"' '\ 
·-~ 

'\ 

" 015TRIIUTION: 

WMITE CO"'V • llEQUESTOR 
Vli,.I,.OW C:O"'Y • DATA "''IOCESSING -aR, l.ltAOit .. 
"INK C:O"'Y • ANAI.TTIC:AI. I.OG lOOK Received by ------------------
GOI.OC:NIIIIOO COPY· llC:QUUTOA'IIIIIIC:Iti"'T 

'-' L·111 :Z7 17·1:zl 
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TABLE 11.4 SIIMMI\OY OF f'OSIIllVE DEtECTIONS -MI\Itl lll.l 
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MNO· 01-- I 114··1005 17 AIJG 92 --- --- --- --- 259 9 263 3. 
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5.0 Results 

S0472 

Four samples from hot spot S0472 (Area 91) triggered field screening action levels: 

• One sample exceeded limits for hazardous compounds 

• Three samples exceeded limits for radionuclides 

Elevated concentrations of chromium were detected by the PXRF in soil samples 
collected from the site. Elevated concentrations of Pu238 were found in excess of 124 
pCi/g in soil samples collected from the site. 

Table 5.15 shows Hot Spot S0472 field results exceeding action levels. Figure 5.20 
graphically represents Hot Spot S04 72 field sampling results. 

Table 5.15 Hot Spot S0472 Field Sampling Results 

FIDLER Organics Rad Laboratory 
SampleiD Channel 1 _1 Channel 2 OVA OVM Pu 238 (25) Th232 (5) Ra226 (5) Cs 137 (15) Am241(20) 

(11<) (51<) 

9101-5014 <1000 <5000 <1 NA 118.5 . 0.99 <1.32 0.12 0.16 
9103-5001 <1000 <5000 <1 <1 124.5 . 0.81 3.17 <0.15 <0.17 
9104-5012 <1000 <5000 <1 <1 120.9 . 0.68 2.19 <0.09 <0.15 
9105-5001 <1000 <5000 <1 <1 <120.2 u 0.56 1.52 0.19 <0.13 

PXRF Metals 
Sample ID As (102.07) Ba (1489) Cd CrHI Cr LO (164.43) Pb(172) Hg Se Ag (2559) 

9101-5014 <34 269.35 <44.5 <347 <60.7 <10 <37 18.082 51.4189 
9103-5001 <34 224.45 <44.5 <347 <60.7 <10 <37 16.062 <29 
9104-5012 77.629 227.02 <44.5 <347 <60.7 <10 <37 <14 41.1578 
9105-5001 84.481 187.86 <44.5 <347 229.98 <10 <37 <14 <29 

S1092 

Four samples from hot spot S1092 (Area 92) triggered field screening action levels: 

• Four samples exceeded limits for hazardous compounds 

Organic vapors from soil samples peaked at 30 meter units on the OVA. 

Table 5.16 shows Hot Spot S1092 field results exceeding action levels. Figure 5.21 
graphically represents Hot Spot S 1092 field sampling results. 

Table 5.16 Hot Spot S1092 Field Sampling Results 

FIDLER 
SampleiD Channel 1 I Channel 2 

(11<) (51<) 

9201-5008 <1000 <5000 
9201-5012 <1000 <5000 
9205-5008 <1000 . <5000 
9205-5012 <1000 <5000 

SampleiD As (102.07) Ba (1489) 

9201-5008 NA NA 
9201-5012 NA NA 
9205-5008 NA NA 
9205-5012 NA NA 

ER Program, Mound Plant 
Final 

Organics Rad Laborato y 
OVA OVM Pu 238 (25) Th 232 (5) 

120 . NA <138.5 u 0.74 
30 . NA <47.19 u 0.65 
130 . NA <142.4 u 0.64 
40 . NA <147.1 u 0.93 

PXRF Metals 
Cd CrHI Cr LO (164.43) Pb (172) 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

Other Soils Characterization Report 
May 1996 

Ra226 (5) Cs 137 (15) 

<1.26 <0.08 
2.43 <0.08 

<2.03 <0.09 
<1.86 <0.1 

Hg Se 

NA NA 
NA NA 
NA NA 
NA NA 

Am241(20) 

<0.18 
<0.11 
<0.19 
0.16 

Ag (2559) 

NA 
NA 
NA 
NA 

Results 
Page 5-71 
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5.0 Results 

Area 23 

Eleven samples in Area 23 triggered field screening action levels: 

• Six sampies exceeded Hmits for hazardous compounds 
• Five samples exceeded limits for radionuclides 

Organic vapors from soil samples peaked at 100 meter units on the OVA. Elevated 
concentrations of Pu238 and Th232 were found in respective concentrations of up to 63 
and 5 pCi/g in soil samples collected from the site. 

Table 5.10 shows Area 23 field results exceeding action levels. Figure 5.9 graphically 
represents Area 23 field sampling results. 

Table 5.10 Area 23 Field Sampling Results 

FIDLER 
SampleiD Channel 1 I Channel 2 

(11<) (5K) 

2307-5012 <1000 
2319-5004 <1000 
2319-5008 <1000 
2319-5012 <1000 
2336-5001 <1000 
2348-5004 NA 
2354-5004 <1000 
2354-5012 <1000 
2387-5004 NA 
2389-5004 <1000 
2391-5012 <1000 

SampleiD As (102.07) 

2307-5012 NA 
2319-5004 <34 
2319-5008 35.7218 
2319-5012 35.815 
2336-5001 <34 
2348-5004 62.976 
2354-5004 <34 
2354-5012 NA 
2387-5004 NA 
2389-5004 NA 
2391-5012 64.7053 

ER Program, Mound Plant 
Final 

<5000 
<5000 
<5000 
<5000 
<5000 

NA 
<5000 
<5000 

NA 
<5000 
<5000 

Ba (1489) 

NA 
232.08 
254.854 
232.9 
232 

128.4 
263.86 

NA 
NA 
NA 

307.244 

Organics Rad Laboratory 
OVA OVM Pu 238 (25) Th232 (5) Ra 226 (5) 

<1 <1 36 0 <5 NA 
NA <1 44 0 <5 NA 
NA <1 43 0 <5 NA 
NA <1 63 . <5 NA 
10 0 10 <25 <5 NA 
<1 <1 <25 5 NA 
1_0 0 <1 <25 <5 NA 
10 0 <1 <25 <5 NA 
50 . NA <134.3 ~ 1.05 <2.02 
100 . NA <142 0.4 2.74 

5 . 10 • <25 <5 NA 

PXRF Metals 
Cd CrHI Cr LO (164.43 Pb (172) Hg 

NA NA NA NA NA 
<44.5 <347 <60.7 <10 <37 
<44.5 <347 <60.7 <10 <37 
<44.5 <347 <60.7 <10 <37 
<44.5 <347 <60.7 33.253 <37 
<44.5 <347 <60.7 <10 <37 
<44.5 <347 <60.7 43.729 <37 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
<44.5 486.308 <60.7 <10 <37 

Other Soils Characterization Report 
May 1996 

Cs 137 (15) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

<0.09 
<0.08 

NA 

Se 

NA 
21.824 

<14 
38.129 

<14 
<14 
<14 
NA 
NA 
NA 
<14 

Am 241(20) 

NA 
NA 

. NA 

NA 
NA 
NA 
NA 
NA 

<0.13 
<0.1 
NA 

Ag (2559) 

NA 
42.2697 
50.2894 

<29 
48.1513 
50.8491 
56.9253 

NA 
NA 
NA 

31.466 

Results 
Page 5-39 
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ll.o.,; 

t .• 

PRS 
15i..J 

I 

{ 

Gamma Scan Data 

Sample 10 I Co60 1~137 Ra 226 Ac227 ITh 230 ITh 232 IPa 231 U.Z38 Pu238 Am241 
1284-5008 jO <0.02 11.02 0.5 <0.1 <» 10.4 1<0.5 l'-"4 <36.9 <0.04 
1284-5008 <0.05 ~<0.04 2 <0.3 ~.1 10.5 <1.6 ~ <5.8 <76.2 0.1 
1284-501210 <0.02/ I <0.02 1.7 <0.15, <4.3 0.85 1<1.11 <3.4 <37 <0.05 
1284-5012 <0~ <0.05 1.9 <0.41 <9.9 0.8 I<~ <8.6 <90.3 <0.09 ~ 
1288-5001 I 0 1"#.02 0.06 1.2 ~ <3.7 0:4 , <3 <29.4 <0.04.1 
1288-5001 I ~ r-:o.o2 0.07 0.5 ~.2 1.6 1 ~ <0.6 0.4 26.5 0.1}7'" 
1288-50011 10 <0.02 0.1 1.5 , <0.2 <4.1 1 L <1 <2.9 <33.8 ~04 
1288-~ ~0.02 n., 0.8~ "-U.I <4.2 <JJE <0.6 0.4 <44.!1 ~ <0.04 '"'·' 
128a..I008 <0.03 0.02 01 <0.2 <11.2 IA.7 <0.6 0.4 301.3/ <0.2 
1-5012 0 <0.02 <0.02 j!J_5 <0.2 <3.9 , 0.8 <0.5 0.5 <3~ 0.02 
1288-5012 <0.02 <0.02.1 1.1 <0.2 <3.7/ 0.7 <1 <3.4 liiiiiS.7 <0.04 
1289-5001 <0.06 0.1~ 1.9 <0.3 <JIL 1.1 3.1 <5.8 ~ r'I04.1 <0.09 
1289-5004 0 <0.01 0_16 1.1 <0.13 ~.31 0.53 <0.67 <2.32/ <27.15 <0.03 
1289-5004 <0.04 ~.05 2.3 <0.3 ..,.. <7.8 0.5 <1.9 <5, <77.6 <0.08 
129(}.5001 0 <0.03 / 0.37 1.9 0.6V 5.8 1.69 <1.28 ~24 <225.5 <0.06 
129(}.5001 <0~ 0.4 2.7 ~ <11.4 1.7 <3.4 ~ <8.5 145.7 <0.1 
129(}.5004 0 <~3 0.23 2.3 ~0.18 <5.3 1.5 t<1.1 ..,.. <4.1 <43 <0.05 ~ 
129(}.5004 111!"0.06 0.3 2.4 ..,.. <0.5 <11.6 1.6 <33' <8.2 <95.8 <0.1.1 
1290-5008 lj <0.02 0.04 o.sL <0.15 <4.3 1 '!#.5 0.6 <43.2 <0~ 
129(}.5Qi8 <0.05 <0.05 I~ <0.4 <10.1 1 ~<2.1 <7.2 <90.6 1.2118':1 
12~12 0 <0.02 <0.02 ~.5 <0.1 <3.8 0.7 / <0.5 0.5 <39.3 ~ <0.04 
1--5012 <0.07 <0.04/ 1.7 <0.3 <7.9 0.7/ <1.9 <8.1 <90.7/ <0.08 
1~94-5001 0 <0.02 o.ov 1.4 <0.15 <3.9 I Ql1f5" <0.9 <3.5 <3V <0.04 
1294-5001 <0.06 <1.06 1.2 ,<0.4 <7.8 ~ ro.4 <2.9 <7.9 ~-4 <0.09 
1294-5004 <0.01 ~.04 1.6 <0.1 1<2.9 ..,.. 0.31 <0.6 <2.2 '<31 <0.03 
1294-5008 0 <0.03 /10.13 1.75 1<0.34 <11J'!j 15.32 <0.91 1.77 ..,.. <90.8 <0.11 
1294-5008 <O.QT 10.1 3.8 1.8 1~.1 13.1 15 <111 <199.8 <0.3 
1294-5012 <9'!07 0.3 <2 <0.9 <21.9 8.4 <10.3 1~.1 <177.3 <0.2 
1295-5001 Ill 111!0.03 '0.04 0.6 <0.2 ..,.. <6.5 3.6 <0.7 ~10.9 <57.3 <0.07 
1295-5001..! <0.06 <0.07 <1.4 I<O . .V <16 3.2 <4.2 L <7.2 <124.7 <0.2 ~ 
1295-SQIR <0.06 <0.05 1.2 l#-4 <12 1.9 <3.V' <5.4 158.7 0.1 I 
129~8 0 <0.02 0.07 1.41 ~<0.16 <3.46 0.65 <167 <2.89 <35.64 <~ 
1{.f5-5008 <0.04 10.09 2.1 / <0.3 <8.9 0.7 111!"2.4 <5.7 <78.2 ~09 
!1295-501210 <0.02 0.04 1.5jf'" 1<0.17 <4.07 0.68 , <o.n <3.03 <37.72 ~ <0.04 
1295-50121 1<0.06 <0.05 lj,jl5" 1<0.4 <9 0.8L_ <2.2 <7.1 <81.V <0.09 
1296-50011 1<0.02 /<0.02 ~ 1.7 i<0.2 <3.8 /0- <0.73 <2.5 i<JT <0.04 
1296-5004, 1<0.02 1<0.02/ 2 :<0.13 <3.9 ,54 1<0.9 <3.5 illlf5 <0.04 
1296-5008 i 1<0.02 o.oy 10.9 '1<0.2 <3.3 , 0.43 :<0.69 <2.8 ~ <32 <0.04 

I? .. nn? 1.-tlln? InA~ ..-n 1A .. ~7- :n~7 1..,n .... o n~o; ~ .. ~a" ...-nn.... 

~386-5001 1<0.08 1<0.1 1<1.8 i3.88 <23.77 <0.37 i<2.11 <11.34 <227.3 <0.29 
2386-5004 <0.1 :o.os 1.63 :<0.62 <14.43 10.97 <3.16 <16.56 <152.4 <0.16 
2386-5008, '<0.13 !0.1 .1.83 1<0.61 <16 i0.67 <3.15 <14.07 <125.2 <0.16 
2386-5012 j <0.1 :<0.09 /1.97 i<0.88 /<16.96 10.69 <3.75 <18.02 <147.2 <0.19 
2387-5001 <0.07 <0.1 <1.21 1<0.48 <16.79 0.64 <3.76 <14.12 <124.5 <0.16 
2387-5004 <0.07 !<0.09 <2.02 <0.55 <14.27 1.05 <3.14 <11.23 <134.3 <0.13 
2387-5008 <0.11 <0.06 2.04 <0.61 <17.54 0.81 <3.16 <15.71 <161.9 <0.18 
2387-5012 <0.1 <0.09 1.79 10.77 <16.34 0.79 1<4.66 <14.55 <160.1 <0.18 
2389-5001 <0.08 <0.08 2.74 '<0.77 <16.26 0.4 <3.46 <8.25 <142 <0.1 
2389-5004 <0.08 <0.08 2.74 <0.77 <16.26 0.4 <3.46 <8.25 <142 <0.1 
2389-5008 <0.07 <0.07 <1.8 i<1.82 <16.7 0.88 <3.85 <19.4 <151.4 <0.15 
2389-5012 <0.11 <0.09 2.01 1<0.59 13.44 0.82 <3.58 <16.01 <111.4 <0.14 
':.!U:.!-:>UU. u <u.u· 11.11" ·' <U.Ull <1.ljjlll"" 10.4 <O.J <1.3, <14 <0.01 

7202-5001 <0.04 lll!r.13 <0.82 10.45 1~5 0.29 1<1.46 <6.1T <63.12 0.07 
7202-5004 0 <0.02 I . 0.08 0.4 1<0.1 ~~3.4 0.5 <0.5 ~ <35.3 <0.04 
7202-5004 <O.OL_ 0.05 0.53 1<0.25/ <7.25 0.49 <0.97 10.45 <75.05 <0.07 
7202-5008 0 <Qii(J1 0.01 0.6 0.1.1 1 0.9 <0.2 L 0.6 <14.5 <0.01 ~ 
7202-5008 ~.05 <0.04 2.2 1#.47 <10.4 0.85 <2..1 <8.4 <90 <O.OV 
7203-5001 ~ <0.02 0.08 1.1 _1<0.17 <3.96 1.16 ~3 <2.55 <40.65 <Q.f!J 
7203-S(jllf <0.02 0.11 0.66, 10.14 2.31 1.08 ~0.57 0.44 <42.95 ,IID.04 
720~ 0 <0.02 0.1 1.2jll"" •<0.16 <4.19 o.89 L <0.83 <3.2 <36.68~ <0.04 
7-5004 <0.04 0.09 5/T.97 1<0.36 <9.2 1 I <1.9 <5.8 1<90/ 0.15 
f'gOJ-5008 0 <0.02 <0.02 ~ .6 :<0.15 <4 ~ <0.87 <3.34 ·~7 <0.04 
7203-5008 <0.06 <0.04/ <0.95 ·0.62 <8.48 10.66 <1.91 <6.43 ll!'f9.2 <0.08 
7204-5001 0 <0.02 10.~ 1.1 !<0.1 <3.7 /i1.3 <1 <2.4 ~ <31.5 <0.04 
7204-5001 <0.04 1~8 <1 :<0.3 <9/ 1 <2.3 <5.3.1 <70.7 <0.1 
7204-5004 <0.05 .Af).06 11.7 .<0.3 # 1 <2.6 <71 <69 <0.09 
7204-500810 1<0.02.1 :<0.02 1.35 <0.16 ~3.87 0.66 <0.78 ~.57 1<154.6 1<0.04 
7204-5008! ,<o.rs '<0.05 ! 1.1 <0.4 11<9.1 0.8 1<2.6 ~ <10.2 1<94 1<0.2 
7204-5012 i .sl-05 ·o.04 ·<0.9 <0.31 1<7.3 0.6 i<1.8l :<6.1 1<60.1 ,<0.07 
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PRS 
2.3~ 

I 

Sample 10 Co60 
9108-5008 <0.02 
9201-5004 <0.11 
9201-5008 <0.14 
9201-5012 <0.08 
9201-5012 <0.03 
9201-5016 <0.1 
9202-5004 <0.11 
9202-5008 0 <0.08 
9202-5008 <0.12 
9202-5012 <0.14 
9203-5004 <0.12 
9203-5008 <0.12 
9203-5012 <0.08 
9203-5016 <0.1 
9203-5020 <0.07 
9203-5020 <0.03 
9204-5004 <0.08 
9204-5008 <0.1 
9204-5012 <0.11 
9204-5016 <0.13 
9205-5004 <0.06 
9205-5008 <0.09 
9205-5012 <0.11 
9205-5012 <0.04 
~301-5U{I2 <U.Qllllll"" 
9302-5002 .sJI!fJ2 
9303-500~ , <0.01 
9304-5Qif'l <0.02 
1~08 <0.01 
l!llfOJ-5001 <0.01 
9403-5004 0 <0.01 
9403-5004 <0.02 
9403-5008 i 0 <0.01 
9403-5008 <0.02 ~ 
9403-5009 <O.OY 
9404-50011 I~ 
9404-5004 JMIIIr<O. 02 
9404-5P'i 1<0.02 
94~8; 1<0.03 
illflj5-5001 I I <0.02 
9405-5009 I i <0.02 
9901-50041 ;<0.02 
9901-5007 !<0.02 
9909-5004 1<0.02~ 
9909-5008 <0~ 
9909-5009 J.llllf."02 

Cs 137 
<0.02 
<0.12 
<0.08 
<0.08 
<0.03 
0.09 
<0.1 
<0.05 
0.13 
0.17 
<0.08 
0.13 
<0.08 
0.05 
<0.09 
<0.03 
0.06 
<0.1 
<0.09 
<0.1 
<0.05 
<0.09 
<0.1 
<0.03 
< 1.01 
0.04 
<0.02 
<0.02 
<0.01 
<0.01 
0.03 
<O.OV" 
OJIIr 
~02 
<0.02 
0.03 

10.02 
<0.01 
<0.05 
0.12 
<0.02""' 
,<0~ 
~2 
<0.02 
<0.02 
<0.02 

Gamma Scan Data 

IRa 226 lAc 227 ITh 230 ITh 232 Pa 231 u 238 Pu238 Am241 
11.6 <0.2 <5.5 0.6 <1.3 <3.9 <55 <0.06 
3.28 <0.68 1<14.96 11.14 <3.36 <11.67 <117.7 <0.15 
<1.26 1<0.75 <11.54 0.74 <4.95 <19.99 <138.5 <0.18 
2.43 1<0.48 1<11.53 0.65 <2.87 <13.86 <47.19 <0.11 

21<0.3 <5.6 0.9 <1.2 <4.5 <65.7 <0.07 
1.99 <0.49 <WI 0.96 <3.39 ' 14.1~' <106.1 <0.16 
3.29 3.55 ( ~· 0.43 2.93 <7.18 <266.3 <0.3 
2.05 <0.64 <15.56 0.72 <2.94 <15.47 <144.6 <0.17 
3.05 <0.64 <14.11 0.95 <2.91 <18.78 <125.7 <0.15 
<1.43 <0.75 <16.54 0.95 <2.91 <16.95 <142.1 <0.14 
2.63 <0.65 <13.69 0.69 <3.25 <13.97 <146.9 <0.18 
3.05 <0.64 <14.11 0.95 <2.91 <18.78 <125.7 <0.15 
<1:05 0.6 <14.16 0.8 <2.81 <11.68 <168.1 <0.17 
2.76 1<0.49 <13.7 0.67 <3.18 10.23 <113.1 <0.15 
1.56 <0.56 <12.91 0.65 <2.8 <10.65 <131.9 0.11 

1.9 <0.2 <4.5 0.8 <0.9 <3.8 <55.1 <0.05 
<1.86 <0.61 14.89 0.84 <3.46 <18.63 <109.4 <0.15 
<1.67 <0.82 <13.89 0.83 <3.58 <14.39 <179.5 <0.15 
2.28 <0.66 <17.32 0.54 <4.01 <16.14 <171 <0.18 
<1.95 <0.62 <17.14 0.94 <3.65 (" 14.24..-'. <129.9 <0.13 
<1.73 <0.7 <17.23 0.67 <3.76 <15.52 <147.9 <0.15 
<2.03 <0.6 <14.81 0.64 <4.26 8.54 <142.4 <0.19 
<1.86 0.94 <16.2 0.93 <3.43 <9.18 <147.1 0.16 

1.4'<0.3 <5.3 1.1 <1.2 <4.6 <59 <0Jl6 
0.9 <0.06 ~ 10.2 <0.7 ""' <26 <u.u;s 
1.19 <0.141' <3.39 0.54 <0.57 ~ <2.71 <30.83 <0.04 
0.96 <~ <3.5 0.52 <0.§111"" <2.69 <34.74 <0.04 
0.6 jjlfn.1 <3 0.3 ~ 0.4 <33.6 <0.03 .... 
0.8 ,. <0.1 <2.5 0.3 ~ <0.6 <2.2 <23 <0.03., 
0~ <0.1 <2.12 o.1y <0.5 <1.9 <22.6 <OJI'£ 
~45 <0.07 <1.62 ~ <0.29 <1.34 <15.95 jlll0.02 
0.79 <0.21 <2.75, 0.31 <0.53 <2.45 <25.6V" <0.03 
0.96 <0.06 <11' 0.37 <0.25 <1.18 <~ <0.01 
1.3 <0.16 ~8 0.71 <0.66 <2.86 ~.08 <0.04 
1.05 <0.13/ <3.15 0.5 <0.7 <2.63 ,, <30.43 <0.03 
1.3 <OJJ' <3.2 0.4 <0.8 !<Uti'"_ 1<29.8 <0.03 
1.1 #8:1 <3.2 0.4 <0.7 Jlll'[.6 <28 1<0.03 
1.3 / <0.1 1<3.2 10.4 <0.8 /-<2.3 1<35.9 <0.03 
0.7~ 1<0.26 1<5.13 0.23 <~ 1<3.81 180.7 <0.05 ...111111 

~ 1<0.15 1<3.5 10.48 ~63 1<2.61 1<33.08 ' <0.~ 
1.63 1<0~ 18 <4.11 10.68/ <0.75 1<2.89 !<38.01 ~ 
1.4 !<0.16 !<3.87 0.7/ <0.71 1<2.81 1<34.59 ~ ~.04 
0.85 -1<0.14 1<3.21 '1'-47 <0.66 :<2.78 1156.2.1' <0.03 
1.4 <0.14 <3.5 / 0.59 <0.73 !<2.95 1<--1 <0.03 
1.07 <0.12 <2¥ 0.41 <0.68 <2.92 ~1.1 <0.03 
1.72 <0.17 ~67 0.51 <0.88 <3.9511111111"'1<32.5 1<0.04 
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Chemical name, Synonyms, Exr,osure IDLH Physical Chemical and ~hysical lncompallbllllles Maasuramenl 

alrucluretformula, trade names, I mlts descrlpllon propert as and method 

CAS end RTECS Nos., and conversion (TWA 
reactivities (See Table 1) 

end DOT ID end lectors unless noted MW. BP, SOL 

guide Nos. otherwise) FI.P, IP, sr..Gr, VP, FRZ 
uammabllty UEL, LEL 

Fluorides (as F) t: Sodium fluoride. NIOSH:OSHA 500 mg'm' 1: Odorless white MW: 42.01209.9 VP: 0:0 mm Strong oxidizers None 

Ftoridine 2.5 mg'm' powder or colorless BP: 3099•Ff (approx) available 

1: NaF 2: Cryolite. crystals. (Note: Decomposes MLT: 1819/ 

r ~~~~~~-4, Cryocide. Pestocode Jl'ade is Sot: 410.04% 1832'F 

Cryodust. ohen dye blue.) Ft.P: NA/NA UEL: NAiNA 

WB0350000 Sodium aluminum fluoride. 2: Colorless to dark IP: NAINA LEL: NA/NA 

2: t5096·52·3' Sodium hexalluoroaluminate odorless solid. 

WA9625000 Synonyms of otner compounds (Note: Loses color 
vary depending upon the on heating.) Sp.Gr: 2.78.'2.90 

t690 54 (NaF) specific compound. (pesticode) Noncombustible Solids 

Ftuonne Fluorine-t9 NIOSH:QSHA 25 ppm Pate yellow to MW: 38.0 VP: >t atm Water. nitric acid, None 

O.t ppm greenish gas with BP: ·307'F FRZ: ·363'F oxidrzers. organ1c available 

F, (0.2.mg:m'k-. . a. pungent .... Sot: Reacts UEL: NA compounds 
irritatong odor. Ft.P: NA LH: NA (Note: Reacts violently with all 

7782-41-~ 
IP: 15.70 eV combustible materials. exceot 

the metal containers m whicn 
LM64750Cc ot is shopped. Reacts woth H,O 

116 25 (:'yogenic 9192 
to iorm hydrofluoric acod.) 

itQUtd) 
1045 20 t:ompressed) 1 ppm • 1.58 mg!m' Nonflammable Gas. but an extremely strong oxid1zer. 

Fluorotr•::;~ Jrome:nane Freon": 11. NIOSH OSHA tO,OOO Colorless to MW: t37.' VP: 690 mm Chemically-actove Char: 

Monofluorotric~toromethane. C tOOO oom ppm water-whne. 8": 75•F FRZ: ·168•F metals sucn as g~,;~tD: 
cc:,F T richlorofluorome!hane. (5600 m~ "''I neanv o~orless SoH77cFl: UEL: Nto, sod•um. potass•um. 

T richloromonofluorome~nane. houio· o~ aas 0.1% lEL: NA calctum. oowoered IIi 

75-69-l Relrogeran: t1 taoove 7S'F). Fi.P: NA alumtnurr.. zu-::: {1;1006, 

P86t25CC: 
IP: 11.77 e\' magf'leStum & lt!!'ltum Tr.::htoro-

shavmgs: granu1a~ f1uo:o-
banum me~nane] 

So.Gr: 1 .'7 lloauid a: 75'Fi 

1078 12 i;:asj 1 pom. 5.71 mg·m' Noncombus:iole !..;auic 

Fo~ma:oe .. v:E ~ ~ Gaseous torrr:: Metnana!. NIOS;-. Ca Nearly co!orles5 MW: 30.0 VP: :..1 a:rr:· S:rono oxta:ze~s. rllter.'l:r.o{2J: 

Me:~yt atcehyoe. Ca j30 pomJ gas w•!r. a pt:npem. B?: ·6'2Ci to 1 mm aiK.ah S & ac:o s none: 

1-iCHv Me!nvlene cx10€' See A:>:>e:--.c1x t... sut1oca·.~no oa'J~. 21~'~ FRZ·. ·13~'F'? onen.ois: urec. Ins 

2 .' AcueoUs so!~:·o~: O.Ot6 po- [Note: Ohen use:i S:::~: MtSCt::>l~ UE~: 73c,~:., {Note: Pure li: 

5~·03-C Formalin {3~ :~ SO~t C C.1 p:-:: 1n an ac:Jeous F1.P: f~AfGas·, LEL: 7.oc.~·? formaioe~ro= na; a 1:;3500' 

LD8325C:: fc~ma!Oe:1yoe by wetght. ItS-moe,' SOIU~IO:'l.l ll0·185'F tenoency t: !Note: Also 

wntc!"l usua:•y conta;ns bSHA (i9~o.~o.:s; ACGIH 1°. 10.88 e•;·o ooly:ner;ze.; XAD-2': 

6 t:J l2c:,c me!hano!! 1 cor:- A2 So.Gr{;rr:: i .06· ~ .l o !Formahr.~ To1ue~e: 

1196 2~ :·:~:-na!·~. · ST 2 o~- FLamma:lle Gas GC'FID: 

220S 2; ·~:-.,811:"' J 

CtaS$ IIIB Co:-r.o:;st::>le Ltouic {Format1n~ ~254', .) 

Chemical name, Synonyms, Exr,osure IDLH Physical Chemical and ~hysical 
atructurelformula, trade names, lmlta deacrlptlon 

lncompaliblfllies Measurement 

CAS and RTECS Nos., and conversion (TWA 
proper! es and method 

end DOT ID end factors unless noted 
reactivities (See Table 1) 

guide Nos. otherwise) 
MW, BP, SOL 

v·P, FRZ FI.P, IP, Sp.Gr, 
flammability UEL, LEL 

T richlorona;~hthatene Halowax". NIOSHIOSHA ·· · Unknown· Colorless to-pale- MW: 23t.5 
N:bren wax, Smgim> 

VP: <t mm Strong oxidizers Filter/Bub; 

C, 0H5CI1 See kay wax 
yellow solid wilh BP: 579·669•F MLT: t99•F none: 

(skin] an aromatic odor. Sol: insoluble UEL:? GCIFID: 

t32t-65·9 
Ft.P(oc): 392'F LEL: ? 11(2) 

OK4025000 
IP:? (#St28) 

Sp.Gr: 1.58 
Combustible Solid 

t,2,3-Trichto:opropane Allyl trichloride. NIOSH Ca Colorless liquid MW: 147.4 VP(t15'F): Chem1eally-active 
Glyceroltrichlorohydrin, Ca 

Char: 

CH1CICHCICH,CI 
(1000 ppm) with a chloroform- BP: 314'F tOmm metals. stronq cs,: 

Gtyceryl!richloronydrin, See Appendix A like odor. Sol: O.t% FRZ: 6'F 
Trochlorohydrin 

caustics & OXIdizers GCiFID: 

96-t8-4 
tO ppm FI:P(oc): t80'F UEL:? 
(60 mgim') 

Ill 

TZ9275000 
IP:? LEL:? (#1003. 

218 
(skin) Haloge-

OSHA 
natea 
Hydro-

10 ppm Sp.Gr: 1.39 
1 pom • 6.13 mgtm> (60 mglm') Class lilA Combustible Liauid 

cartlons) 

t,t.2· Tricnlo,o-t.2.2· Cnlorofluorocarbon-tt3 NIOSH/OSHA .. 4500 ppm Colorless to MW: 187.4 VP: 285 mm 
trifluoroemane CFC·t13, ' 

Cnemically-active Char: 

Freon• 113. 
tOOO ppm water-white BP: 118'F FRZ: ·3t'F metals such as cs,: 

CCI1FCCIF, Genetron• tt3. 
~600 mg'ml) liQUtd with an Soi(77•FJ: UEL:? calcium. powdered GC'FID: 

Halocarbon tt3. 
T t250 ppm odor like carbon 0.02% LEL:? aluminum. zinc. Ill 

76·t3-t ~~tgerant 113, 
(9500 mgim>) tetrachloride at Fi.P:? magnesium & beryllium (#t020J 

KJ4000000 
high concentra· IP: 11.99 eV (Note: Oecomooses il 
tions. in contact woth alloys 
(Note: A gas Sp.Gr(77'FJ: 1.56 conta1nong >2".0 magnesium.) 

above 118'F.) Noncombustible Liquid at ordinary temperatures. 
I p;~m • 7.79 mg•ml but the gas woll 1gnite and burn weakly at t256'F . 

Triethylamine TEA NIOSH tOOO ppm Colorless liquid MW: t0t.2 VP: 54 mm Strong oxidozers. Bub: 

(C1H5),N 
See Appendix 0 with a strong. BP: 193'F FRZ: -t75'F strong acias Na:JH: 

ammoma-lil(e odor. Sot: 2~0 UEL: 8.0% GC!FID: 
OSHA 

t21-44·8 
Fi.P(o:): 16'F LEL: 1.2~. 1113! 

YEOt750~0 
tO ppm IP: 7.50 eV (#St52) 
<'0 mg:ml) 
ST t5 p~m 
(60 mg•m') 

So.Gr: 0.73 
1296 66 1 p;~"'. ,.2t mg•m> Class 18 Flammable 
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