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MIAMISBURG CLOSURE PROJECT
POTENTIAL RELEASE
Environmental SITE PACKAGE

Restoration

Program 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)

PRS 154/238 Package Tracking Sheet

Draft (to Core Team)

Draft Proposed Final

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 Draft

Public review period 22 Jan-20 Feb 2003.

January 2003

Final
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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 WD 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 compieted between July and August of 2002 per the
Sampling and Analysis Plan (SAP)' 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 Report® presents a full
account of soil sampling activities and sample results (onsite and offsite laboratory
analyses). '

Maximum sample detections above screening levels (10° 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 CcoO
Result depth

Actinium-227+D 7 of 49 30f49 | = 104 SDO05, O’ 0.56 4.6
Bismuth-210m 1 of 49 0 of 49 4.88 SDO5, O 1.0 8.3
Cerium-141 30f6 0of6 36.1 SDO05, O’ 3.8 38
Cesium-137+D 1 of 49 0 of 49 0.856 SD05, O 0.76 3.8
Cobalt-60 1 of 49 0 of 49 0.158 SD04, O 0.07 0.7
Lead-210+D 7 of 49 3 of 49 22.45 SD05, 0" - 1.8 7.4
Neptunium-237+D 1of 2 Qof2 1.7 SDO5, O 1.04 10.4
Niobium-95 20f2 20f2 3.41 SDO05, O 0.25 2.5
Protactinium-231+D all* 3 of 49 80.1 SDO05, O 4.0 4.0
Radium-226+D 5 of 49 30f49 |- 19.1 SDO05, O 2.1 2.9
Radium-228+D 7 of 7 7 of 7 1.69 SDO05, O 0.07 0.7
Thorium-230+D 9 of 49 8 of 49 1020 SDO05, O 2.0 2.8
Thorium-232+D 2 of 49 1 of 49 2.44 SDO05, O 1.47 2.1
Uranium-234+D 2 of 49 2 of 49 3.45 SDO05, O’ 1.2 2.0
Uranium-238+D 2 of 49 1 0f 49 4.12 SDO05, O 1.3** 2.2

Footnotes on next page
10f5



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 incl

idad harain
aauge uclis. vaugn Gea neicin.

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
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MIAMISBURG CLOSURE PROJECT
PRS 154/238

Potential Release Site (PRS) 154, also known as Area 23, is located on the WD 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°
Risk-Based Guideline Values plus background) for numerous radionuclides including
actinium-227, lead-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: ﬂﬁf% _/%Z,Z,/Jg
Robert $. Rothmlan, Remedial Project Manager ~ “(date)

- USEPA: _QM%QE;Q 122/
~ Timothy J. Fischer, Remedial Project Manager (date)

OEPA: S A 44_-/ Yf22/o3

7

Brian K. Nickel, Project Manager {date)

50f5
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PRS 154/238
PRS HISTORY:

..... alancaa Q iq
Potential Release Site (PRS) 154 is identified as the hillside northeast of Building 23 and east of

WD Building. This radiological soils contamination area 1s also known as Area 23. PRS 238 is
identified as a radiological hot spot located within Area 23.' PRS 238 (hot spot S1092) 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 of thorium-230.%

[¢]

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.?

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 Survey2

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 -
_ R . Detected. . | ..o
Plutonium-238 19 8 pC1/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)
Thorium-232 7.5 pCi/g at PRS 154 5 pCi/g
No results at PRS 238 (40 CFR 192)

NOTE: ALARA = as low as reasonably achievable, pCi/g = picocuries 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 indicated levels.of Freon 11.at.801 ppb and Freon 13 at 13 ppb.* 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 ’

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

e 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.” 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 10 Risk Based Guideline Criteria for
soils. I

e Volatile organic compounds (VOCs) were detected in six samples (no quantitative data is
available).’ '

PRS 238
e Radiological soil concentrations in excess of guideline criteria were 14 pCi/g for
uranium-238 and 39 pCi/g for thorium-230." The 10 Risk Based Guideline Criteria for
uranium-238 is 11 pCi/g and the Regulatory Guideline Criteria for subsurface thorium-
230 is 15 pCi/g.®’
e All metal detections were below their respective 10°® Risk Based Guideline Criteria for
soils.

s 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) OU9Y, Siie Scoping Report: Volume 3 - Radioiogical Site Survey, Finai, June 1993.
(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 of Federal Regulations, 40 CFR 192.41 and 40 CFR 192.12.
7) Risk Based Guideline Values, May 1995.

PREPARED BY:

Richard Bauer, Member of EG&G Technical Staff
Eric Horstman, Member of EG&G Technical Staff

Page 4.l



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



REFERENCE MATERIAL
PRS 154/238
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Cocumant Conaol No.

Environmental Restoration Program

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

'MOUND PLANT |
MIAMISBURG, OHIO

December 1594

Final

- U.S. Department of Energy |
Ohio Field Oifice

EG&G Mound Applied Technologies

Page 6




 Hazardous Conditions and

- Environmental Data

L ased

Reference List

6. DOE 1993d

18. DOE 1992a

o l Incidents : e
S - BN »- Andlytés® o
No.: Potential Hazardoiis Substancés N . ¢ NPT . Results Re
147 HH Building Soils F-7 Grounds Polonium-210, cobalt-60, tritium 4,18 Indicated by 12 1 SGS® 12
Soil Gas Survey Table B.4 Locations
1114, 1119, 12086,
1207, 1230
148 | HH Building Solidification Unit F-7 Historica! Cobalt-60, Polonium-210 4 Udknown ‘No Data
149 HH Building Pilot Incinerator F-7 Historical Polonium-210 4 Probable air No Data
: . releases in
1951
150 Room HH-15 Beta F-7 Inactive Beta wastewater from restrooms and 3 Unknown No Data
: Wastewater Sump (Tank 236) process area floor drains - tritium
151 | Room HH-6 Alpha Wastewater F-7 Historical Alpha wastewater from process area floor 3, 4 [ Unknown - filled No Data
Sump (Tank 237) drains. Possible contaminants include with concrete
polonium-210,
_ cobalt-60, and bismuth.
152 | HH Building Beta Wastewater F-7 in service Beta wastewater from process area sinks 3,4 Unknown No Data
Sump (Tank 24) and floor drains
163 | Area 20, Radioactive Waste G-7 Grounds { Sodium nitrate, Plutonium-238, Cesium-137, | 4, 5, Cobalt-60 6, 1 SGSP 1.
Line Break Thorium, Cobalt-60 18 18 Table B.4 Locations
1119 and 1120
2,14, 16 Table 8.1 6
{Table 111.8 in Ref. 6)
154 Area 23, Thorium F-6 Grounds Thorium-230 18 Thorium-230 6 1 SGS® 1.
Contaminated Soil G-6 Table B.4 Location 1122
2 Table B.1 6
RSSE Location $1092
(Appendix E in Ref. 6)
15% Old Sanitary Disposal (SD) F-6 Surplus Chromic acid, Calcium cyanide, Nickel 4,5, Unknown No Data
Plant (AKA Old Sanitary sulfate, Nicket chloride, Black oxide, Copper 18
Wastewater Treatment Plant) cyanide
156 Old SD plant Tank F-6 Surplus Polonium-210, Cobalt-60 3.5
(Tank 205)
1- Sqil Gas Survey - Freon 11.. F[eon 113, Trans-1,2-Dichloroethylens, Cis-1,2-Dichloroethylene, 1,1,1-Trichloroethane, Perchloroethylens, Trichloroethylene, Toluene
2- Gamma‘Spgctrqgcopy - Therium-228, -230, Cobalt-60, Cesium-137, Radium-224, -226, -228, Americium-241, Actinium-227, Bismuth-207, Bismuth-210m, Potassium-40 Al



I . Environmental Data

‘ Hazardous Conditions and
Description of History and Nature of Waste Handling Incidents
. - . o . . y v Analytes®
\ No. Site Name Location Status Potential Hazardous Substancés Ref Releases Media | Ref N Results Ref
31 T Building, Corrior 8 Alpha F-7 Histyrical Alpha wastéyater from process area floor 4 & Unknown - filled No Data
Wastewater Sump Wank 233) Filled drains with concrete
concre .
\ 1982 \
232 Building, Corridor 7 Alpha F-7 Historical Alpha wastewater fogm process area, floor 3,4 known - filled - No Data
Wagtewater Sump (Tank 234) Filled with drai h concrete
concrete :
\ 1982 ‘
233 | Room T-83 Alpha Wastewater F-7 Alpha Wastewater from prockss area floor \ 3, 4 B Unknown\- filled o Data
Sumy (Tank 235) Historical drains with condgete .
Filled with
- concrete
\ 1982
284 Building 58 Didgel Fuel €6 Historical - Digsel fuel 3 \Tank Removed " No Data \
Storage Tank (Tank 222) : L\
235 )\ Avea of Possible Eledgted E8 | Graynds " Thoym \| 6 Jrosxpletugitive| S\ [4.6] 1 SGS® \| 2
Thorium Activity able B.3 Locations
202, 2148, and 2149
\ 14,15 able B.1 .
————
F-6 | Grounds Plutonium-238 Isolated activity 13 Takgle B.9 6
from unknown (Appendix ¥ in Ref. 6}
sources
E- Grounds Cobalt-60, Cesium-137 4,15 Table B. 6
E-6 ' {Appendix E in Ref. 6)
p————
238 Site Survey Project G-7 Grounds Thorium 14 Table B.9 6
Potential Hot Spot {Appendix E in Ref. 6)
Locatigp S1092
239, Grounds 13 Table B. 6
{Appendix E infRef. 6)
240 Site Survey Thorium 14 Tabjé 8.9 6
“ Potential {6t Spot / {Appendik E in Ref. 6)
i 50472
Al

g abed

£ NOFE 1993d

18. DOE 1992a



Table V.3. Potential Release Sites Currently in D&D Program and

Sites Recommended for inclusion in D&D Program

' ‘Historic:Activities
40 Building 66 Lot Grounds Yes AEA D&D
75 Raiiroad Siding Inactive Yes AEA D&D
78 Warehouse 13 Historical Yes AEA D&D
86 Building 29 Septic Tank Historical Yes AEA Yes
(Tank 224)
90 Site Survey Project Potential Grounds Yes AEA Yes
Hot Spot Location S0425
122 Underground Radioactive lnactive Yes AEA Yes
Waste Lines (Main Hill)
123 Area 5, Radioactive Waste Grounds Yes AEA Yes
Line Break
124 Building 48 Hillside Inactive Yes AEA D&D
132 | -Area 15, Entombed SW Cave Historical Yes AEA ~ D&D
(Room SW 1-B)
133 SW Building Historical Yes AEA D&D
Room 1-A
138 Room SW-137 Alpha Surplus No AEA Yes
Wastewater Sump {Tank 23}
139 Room SW-10 Beta Inactive No AEA D&D
Wastewater Sump (Tank
226)
146 R Building Rooms 121, 144, Historical Yes AEA D&D
146 and 148 Drains
150 Room HH-15 Beta Inactive No AEA D&D
Wastewater Sump (Tank
236)
151 " Room HH-6 Alpha Historical No AEA D&D
Wastewater Sump (Tank
237)
163 Area 20, Radioactive Waste Grounds Yes AEA Yes
Line Break
154 Area 23, Thorium Grounds Yes AEA Yes
Contaminated Soil
155 Old Sanitary Disposal (SD) Surplus Yes AEA Yes
Plant {AKA Old Sanitary
Wastewater Treatment Plant)
156 Oid SD plant Tank Surplus Yes AEA Yes
{Tank 205)
157 Old SD plant Tank Surplus Yes AEA Yes
(Tank 206)

ER Program, Mound Plant

Revision O

MOUNDS\MSSSOF4. WP  9/28/94

OU 9, Site Scoping Report, Vol. 12 —Site Summary Report
September 1994

Page 9



Table V.3. (page 3 of 4)

Historic Activities

- .Evidence.of '] = :Response . ' *HrtherAction- : FFA

:SiteName - | " :Status® |  Release. :| Authority | . Recommended. | ou
231 T Building, Cgrfidor 8 Alpha /ﬁstorical AEA : D&
Wastewatgt Sump (Tank {nactive
233) Filled with
concrete
232 T HBuilding, Corridor 7 Alpha AEA D&D
Wastewater Su {Tank
234 /
33 Rogm T-63 Alpha Historical N AEA D&D
Wagrbwater Sump (Tank Inactive

235) . Filled with
concrete
: 1982 .
Area of Possible ElevAted Grounds / Yes AEA YAs
Thorium Activi /

Het Spot Locatigh $1092 Gro‘und/ Yes AEA / Yes
——.

Site Survey Project Grounds Yes AEA Yes
Hotspot S1029

Sitd, Survey Project Potential Grounds Yes AEA \ Yes
Ho\Spot Location $0472 & . \
252 XBuilding Stack \ Inactive N\A\ AEA \ D&D

266

active Yes AEA Yes

<
2]

Inactiye Yes AEA

Thorium Stdgage and
Redrumming Ayea (AKA
Former Throium Gtorage)

272 \ Area 10, Concrete Bebris Inactive \ Yes \eEA Yes \ 6

. N
273 Area 12, Throium- Inactive Yes A Yes 6
Corgaminated Soil from Arda 1

283 Arda 1, Bulk Transfer of Grounds Yes AEA Yes
horium Drums
{AKA Piytonium Recoverable
XL Waste Storage)

84 Building 21\, Thorium Sludge Surplus Yes AEA Yes 6
Storage Facility - -
28 Area 11, Contagpination from Hi 'torica| Yes \ AEA Yes 6
SM Building Operations \

286 Area 16, SM B\jilding Surpl\s Yes AEA Yes 6
Sanitary Sewage ©eptic
Tank\Leach Fie

g

ER Program, Mound Plant QU 9, Site Scoping Report, Vol. 12-Site Summary Report
Revision O September 1994
MOUNDO\MISSDF4. WP 9/28/94

Page 10




e

' Opetatbnat lesdic(lon i ' I " Historic Activiies | e
L £ - ; 3 : . Evldenca 0! - Response Further Action| FFA
No. Slte Name~ . o . Statu ' ,ﬂegulated Unlts Spill Responu SWMU Release - Authadty Recommended] OU-
138 |Room SW-137 Alpha Wastewater E-6 Surplus AEA No Yes 6
Sumgp (Tank 23} F-6
139 Room SW-10 Beta Wastewater F-6 Inactive AEA AEA No AEA D&D
Sump (Tank 226)
140 | Beta Waste Solidification Facility E-6 In Service AEA AEA No NA om
- SW Building F-8 )
141 | Tritium Effluent Removal Systens E-8 In Service AEA AEA No NA OM
142 | SW/R Building Solid Radioactive E-8 In Sarvice AEA AEA No NA oM
Waste Compactor F-6
143 [R/SW/T Buliding Stack Diesel Fuel F-6 In Service BUSTR BUSTR No NA oM
Storage Tank {Tank 117} .
144 R Buitding Sanitary Waste F-8 In Service effluent to CWA AEA No NA oM
Collection Tank {Tank 120) wastewaster
treatment
145 | Room R-128 Alpha Wastawater E-8 In Service AEA AEA No NA oM
Tank {Tank 18}
146 j R Building Rooms 121, 144, 146 F-6 Historical AEA AEA Yeo AEA D&D
and 148 _
147 HH Building Soils F-7 Grounds AEA AEA Yes CERCLA Yes 2
148 HH Building Solidification Unit F-7 Historical NA NA No AEA No
149 HH Building Pilot incinerator F-7 Historical NA No AEA No
150 Room HH-15 Beta Wastewater F7 tnactive NA No AEA D&D
Sump (Tank 236)
151 Room HH-6 Alpha Wastewater F-7 Historical NA AEA D&D
Sump {Tank 237) )
152 HH Building Beta Wastewater F-7 In Service AEA NA OM
Sump {Tank 24)
163 | Area 20, Radioactive Waste Line G-7 Grounds NA AEA Yes 6
Grounds ATA m Yes 3
155 | Old Sanitary Disposal {SD) Plant F-6 Surplus NA AEA D&D
{AKA Old Sanitary Wastewater
Treatment Plant)
6 Old SD plant Tank F-6 Surptus NA AEA Yes 6
U {Vank 205)
)
@
- AEA - Atomic Energy Act of 1954 A2



| Operational Jurisdiction : I I _ Historic Activities
R Regulatory ) . Evidence Of Response Further Action| FFA
No. Site Name .. | Location" - Status Regulated Units Authority - Spill Response sSwMuU Release _Authority Recommended| OU
227 | Room T-40 Alpha Wastewater F-7 Historical NA No AEA D&D
Sump (Tank 229) Filled with
concrete .
228 Room T-41 Alpha Wastewater F-7 Historical NA No AEA D&D
Sump (Tank 230) Filled with :
concrete
229 Room T-50 Alpha Wastewater F-7 Historical NA I No - AEA D&D
Sump {Tank 231) Filled with
concrete 1975
230 Room T-50 Alpha Wastewater F-7 Historical NA No AEA D&D
Sump (Tank 232) Filled with
concrete 1975
231 T Building, Corridor 8 Alpha F-7 Historical NA No © AEA D&D
Wastewater Sump (Tank 233} Filled with
concrete 1982
232 T Building, Corridor 7 Alpha F-7 Historical ) NA No . AEA i D&D
Wastewater Sump {Tank 234) Filled with
concrete 1982
233 Room T-63 Alpha Wastewater F-7 Historical I NA No . AEA D&D
Sump {Tank 235) Filled with
' concrete 1982
234 Building 58 Dieset Fuel Storage E-6 Historical NA No CERCLA Yes 2
Tank (Tank 222)
235 Area of Possible Elevated E-8 Grounds AEA AEA Yes AEA Yes 6
Thorium Activity
236 Site Survey Project F-6 Grounds AEA Yes CERCLA Yes 2
Potential Hot Spots
Location S0166
237 Site Survey Project E-5 Grounds AEA Yes AEA Yes 6
Potential Hot Spots E-6
Location S0175
38 Site Survey Project G-7 Grounds AEA - Yes AEA Yeas 6
Potential Hot Spot
Location S1092
239 Site Survey Project F-5 Grounds AEA ' Yes CERCLA Yes 2
Potential Hot Spot '
Location S0208
R
Qa
[17] A.2-13
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Table B.9. Summary of Radlological Datal®*®

Radiologicai Contaminants
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1i-
2.
3-
4
5.
5-
7-
8-
g-
10
11

16

Soil (3as Survey - Freon 11, Freon 113, Trans-1,2-Dichloroethylene, Cis-1,2-Dichioroethylens, 1,1, 1-Trichloroethane, Perchioroethylene, Trichloroethylene, Toluena

Gamma Spectroscopy - Thorium-228, -230, Cobait-60, Ceslum-137, Radlum-224, -226, -228, Americium-241, Actinium-227, Bismuth-207, Bismuth-210m, Potassium-40

Target Analyte List

- Target Compound List (VOC) -

Target Compound List (SVOC)
Target Compound List (Pesticides/Polychiorinated Biphenyl)

Dioxins/Furans
Extractable Petroleum Hydrocarbons (EPH)/Total Petroleum Hydrocarbons (TPH)

Lithium

- Nitrate/Nitrite
- Chioride

12-
13-
14 -
15~
- Tritlum

Explosives

Plutonium-238

Plutonium-238, Thorium-232

Cobalt-60, Cesium-137, Radium-226, Americium-241

Reference List ;

CENPANB LN

. DOE 1986 *Phase 1 Installation Assessment Mound (DRAFT)."

DOE 1982a "Remedial investigation/Feasibility Study, Operable Unit 8, Sita-Wide Work Plan (Final)."
DOE 1992¢ "Mound Plant Underground Storage Tank Program Plan & Regulatory Status Review (Final).”
DOE 1993a "Site Scoping Report: Volume 7 - Waste Management (Final).”
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(Figure 2.9). Nothing is known-of the. fajgsof the.tMhedym metal. Mound reviewed the options for

disposal of the thorium in April 1928 (MRC 1973a). This repo dicated that some material had been
sold prior to 1973. These”is no specific mention of the thorium metal. g inventory of the thorium
that was storpe8t Mound as of April 1973 does not include thorium metal. WhemMM\Qund decided to

sellLtv@thorium residues, the invitation to bid, dated November 1, 1973, did not mention thoMswgmetal

2.6. THORIUM-230 (IONIUM) PROGRAMS

lonium is an alpha-active thorium isotope with a half-life of 8.05 x 10? years. lonium 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 1947). in 1943, the ionium program reached a second
milestone when a pilot plant was constructed at ANL to process 3,600 galions 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 1948). 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 faéility 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. lonium 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 shipments of a total of 400
g of ionium were made to the AEC {Haubach 1956a, 1956b, 1956¢c, 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 prbcess chemistry for use in a future large-scale production program (Ager
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-§ of ionium (Eichelberger and Scott 1956¢). 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 1950s, 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
anél’ysis at ORNL indicated that the airport cake was the best source of ionium available (Eicheiberger
1961b). 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-galion 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 congained 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
Mallinckrodt 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
adeqqately 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-121 where it was stored. The solution was washed to the WD Building influent tank where it was
heid 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 ionium, 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 0.473 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-231
The need for protactinium-231 was generated in the early 1950s, 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 -
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protactinium-233 - uranium-233 sequence, in the thorium breeder blankets of the breeder reactor

program.

Prerams at Mound involving the recovery and purification of protactinium-231 began in the early
1950s and continu-ed intermittently to September 1379, 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 waé to isolate and purify 1 g of pfotactinium-23_1 from residues from previous
uranium 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 (Martih 1955). Some
of the ex>perimental work may have been done on residues supplied from Fernaid 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
quantities of protactinium-231 and provide data for a small process plant. The pilot plant for this
program was installed in the HH Building and compieted in July 18955. 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 20,000 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 1956, 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 s.econd 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 1956¢c). Experimental 1-inch
columns were set up in room 1B 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 anaiytical samples during the second attempt. The product was stored

in approximately 140 mL of 50% diisobutyl carbinol in benzene (Eichelberger 1961a).

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, 10 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 ti_tanium

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 (DIBC)
in Amsco kerosene, The protactinium was contained in the DIBC phase. In the next step, the DIBC
" phase was stripped with water containing hydrochloric acid and sulfuric acid. The protactinium was
stripped from the acidic aqueous phase with DIBC. 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 agid
alone could not solubilize the protactinium; therefore, sulfuric acid was of prime importance. Efforts
were taken to dissolve the raffinates directly and extract the resulting slurry. The pilot plant that was
to have 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 knome 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,
because thev 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. Itis
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 hyd_rbxide and hydrochloric acid, underwent solvent extraction with DIBC. The acid aqueous
phase from the extraction process was also drummed and stored. The protactinium was recovered
from the DIBC 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 disi:harging 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 manhoie 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 géneral practice; however, no records were

found.

In February 1960, 40-gallon drums of protactinium 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). '

An impORant research and development program at Mound involved the production, separaigén, and
purification ot™gre radioactive isotopes. This program, currently known as the Rare isgape Program,
has also been knoWwg as the Separation and Purification of Special Heavy Elprfient Isotopes and
Separations Technology. ™e isotopes that were processed included plutoniym-238, protactinium-231,
thorium-229, thorium-230, thortwq-228, uranium-233, uranium-234, ; mfum-227, polonium-209, and
radium-226. This work began at Mowgd in the mid-1950s (jfler 1955) and continued until 1985

(Figgins 1991). The separation processes Wege generaliy€arried out in the SW, SM, and R buildings.

The Rare Isotope Program can be charactegi#®d as haveg numerous projects that are linked to the
preparation of specific isotopes. The gedlects were started at d{erent times during the 25-year period
that the program was active, gad they varied in size and duratio The source materials for the
recovery of rare isotopegAMiso differed. Protactinium-231 and thoriu _A 30 were obtained from
uranium-bearing ores#r sludges. Uranium-2§4, a daughter product that "grows" ag the plutonium-238
ages, was ob¥ined from "milking” pIutonium-238.' Thorium-229 was obtainedz\Jrom milking
uranium;233. The latter was produced by irradiation of thorium-232 to produce protactiniu 33; the

prpfictinium-233 then decays to uranium-233. An aged source was a'~~ ~~"7c" fm ~hmeie
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Sample locations S0472 and S1092, shown on Plate 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.

Thh\excavated materials disposal area is located on the SM/PP Hill adjacent to Area 1 and south of the
water Yower (Figure 5.1). The area is colloquially known as Rader's Hill. ' The area contains thg
overburden soils excavated during the D&D of the waste transfer line on the west slope of the SWPP
Hill. The exchyation is known as Area 19. The excavation overlapped the southern margin4f Area
12, known to be dQntaminated with thorium. During excavation, soils that had thorium conéentrations
were staged and la¥r segregated depending on the thorium concentrations. Sojff with thorium
concentration greater thag 5 pCi/g were boxed for offsite disposal and those wit)/less were moved
to the excavated materials igposal area (Draper 1985). About 52 samples vyére collected from the
. disposal area in 1984 and énal jd in the Mound soils screening facility. Regfilts indicate total thorium
levels around 1 pCi/g; the highest\yas 1.2 pCi/g (MRC 1984). Thg/data sheets are included in
_ Appendix E.

5.11. RAILROAD SIDING

" The railroad siding or spur that enters Mound Planytom the west has been used extensively for
shipping: and receiving radioactive materials ang/radioachyvely contaminated wastes. Through the
1950s and 1960s, the siding was used for Anloading lead \&asks containing the bismuth/polonium
mixtures used in the polonium processing,/in the mid-1850s, the\giding was the site of the unloading

_ of thorium drums, as well as the decgfitamination of the boxcars in hich the drums were shipped.

" The siding historically extended ajbut 500 feet east of their current lodgtion. The eastern portions

. were removed or simply tgu ipd at an unknown date. The portion that Would underlie the waste

_ transfer line, known as Argd 19 (Plate 1), is gone and may have been removed When the line was built

in 1967 (DOE 1992¢g),/Portions of the siding east of Area 19 (Plate 1) are known \Q be in place, but
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Table V.7. (page 2 of 2)

2
py
o
3 Plate 1§ Coordinates MRC ID Depth  Plutonium-238 Thorium® Teitium Coball-60 Cesium-137 Radium-226 Americtum-241
3 Location® South West No. Mo-Yr  (inch) (pCi/9) {pCi/g) (pCi/mL)}) (rCi/g) (pCi/9) (pCi/g) (rCl/9)
Z
[+
3 soe47” 3340 2610 2778 10-83 0 NR NR Lt 270 toL LoL
2
3 S0706 3325 4035 4021 07-84 0 28.90 b

50971 4075 3025 5958 07-84 0 0.15 5.02

S0982 3625 3025 5944 07-84 o 0.43 14.94 )

# l S1002 2185 3362 12:84 e 0.31 3z3s' I

8413

Map locations are glven using a “C" to designate core locations and an °S° to designate surface locations.
A “b" indicates that the total thorium concentration was less than the background level of 2 pCi/g, using FIDLER scieening. Therefore, tadlochamlcal analysis was not performed.
“The boring log (or this location indicates that sampling was not performed to bedrock (Appendix B).
“Contaminated soil was excavated from this location in 1984, Post-cleanup soll concentrations of cesium-137 were Iess than 2 pCi/g (Drapet 1984).
*The depth given for this sample was *SS.” For mapping purposes (Plate 1), this is assumed to be a surface sample.
Isolopk: resulls are available for this sample and include 0.99 pCi/g of thorlum-228; 321 pCi/g of thorium-230, and 1.5 pCi/g of lhorium-232 for a total of 323.5 pCi/g of thorium.
FIDLER - field instrument for the detection ol low-energy radiation
LOL - The measured concentration was below the lower detection limit, estimated 10 be 0.5 pCi/g for cobalt-60, cesium- 137, and americlum-241; and 1 pCi/g lor radium-226.
MRC ID - Monsanto Research Corporation identification
NR - No result given
pCi/g - picocuiies per gram
pCi/mL - picocuries pes millititer



wastes were-first treated in the HH Building and the agueous effluent generated by thetreatment was
sent to WD Building for fu gatment.

All of the Cotter Concentrate fand-ntaterials and the process rest

in Building 2 7, the Cotter Concentrate was shipped from Mound Pian

o

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 Piant cleanup levels (5 pCi/g for samples taken in the first 15 cm of soil,
or 15 pCi/g for samples taken below 15 cm). 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 1_(l9_2, which is located slightly west of Areé 20 (Piate 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.

» 6.5. AREA 23

Since 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 ar_\d 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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Cobalt-60 Coslum-137 Radlum-226 Americium-241 Actinlum-227 Bismuth-207 Blsmuth-210m
Site {pClig) eClig) {pClimL) {eCilg) {pCi/g) {pClig) eCl/a) ieClig) {eClg) {eClia}
Area 1 34,000 924.2 1.67 LOL 0.6 1.1 LbL - - -
Area 2 17.10 3.31 - - - - - - - -
Aroa 3 1,235 63 - - - - - - - -
Area 4/4a 355.00 <2 - LDL oL 1.2 1.0 - - -
Area 6 0.35b <2® - 260 1.8 0.8 LOL - - -
Area 6 ‘ - - - LDL LoL 0.9 Lot - - -
Area 7 7.40 20,62 5.23 oL 1.2 2.0 LoL 1.400 - -
Area 8 24.40 254,30 1.12 LoL LoL a3 LoL - - -
Area 9 8.16 160 - - - . - - - -
Area 10 299 <2 - - - - - . . -
Area 11 100,000 69 - - - - - - - .-
Area 12 313.00 .189.90 - LoL LoL 1.1 LoL - - -
Area 13 6.74 <2 - - - -- - - - .
Area 14 2¢' 2.24 - LDL LbL 1.2 LoL - - -
Area 15° - - - - - - - - - -
Ares 16 . 8,000 3.46 0.35 -LDL oL 1.2 LDL - - -
Area 17 3,300 1,000 - LoL LoL 0.9 LDL - - -
Area 18 an <2 - - - - - - . -
Area 189 185™ 1.2 - - - - - - - -
Area 20 1.90° 4.02° 800 200 0.8 LDL - 70 400
Area 21 1.12 <2 0.77 LbL 3 1.2 LbL - - -
Ares 22 1.67 <2 0.99 143 7.0 0.7 LbL - - -
Area 23 - 6,000% - - - - - - - -
Area D 0.98 <2 - - - - - - - -
Area J 147 30.42 6.84 3o oL 1.0 LoL - - -
Spoils Disposat 8.30 <2 1.90 LbL Lot 0.94 LoL - - -

Xvalue Indicated Is thorium-230 Isotope



Arga 2, a historic disposal trench for empty thorium drums and for polonium-2
contaminated sand;

ga 3, a historic thorium storage and redrumming area;

a . .
- Arss e3 usad for the disposa! of smpty thoriu

contaminhgd dump truck, and a polonium-210-contaminated washi§ machine, enclo
an area contalNQg a historic septic tank contaminated with actipim-227 from the old SW
Building;

]

- Area 8, thorium-conta ated soils moved from Areae”1 and 9;
- Area 9, a historic thorium stofsge and redrumgsing area;
- Area 12, thorium-contaminated soils\wgo#td from Area 1;
Evaluation of the Site Survey Project for thigs€port, as walas more recent data, indicates that isolated

areas of elevated thorium concentratign€ are present at the pi3gt. Areas not investigated by the Site

Survey Project, but are known ggSuspected to be contaminated witg thorium include:

- the railroad#fding where thorium drums were unioaded and boxCsgs decontaminated;

- a wigeSpread area on the north end of the SM/PP Hill adjacent to Area 8§ -—

A large pHt of soil on the south end of the SM/PP Hill, known as the excavated materials disPagal area

(opMader’s Hill) does not appear to contain concentrations of thorium above 2 pCi/g, thought to béNge

- noo
. N 8 B oY ey

i Processing of uranium 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 protactinium-231, among others. The Site Survéy Project {Stought et al. 1988) 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- pf these areas were recognized by the Site Survey Project {Stquglh 988).

or actinium included:

Investigated areas known or susp® 0 be contaminated with

- Area 7, a historic diepu®al area ysed for the disposal ot 8 horium drums, a thorium-
contaaeer®t8d dump truck, and a polonium-210-contaminated washing Tshige. enclosing
an area containing a historic septic tank contaminated with actinium-227 from the OTO™6&
BUIIdINg, and

ER Program, Mound Piant OU 9, Site Scoping Report, Vol. 3—Red Site Survey
Revision 3 June 1893
MOUNDS/MBSSDI2.W11  8/26/83 :
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Jarvis, J. V. 1990. "Nuclear Operation’s Analytical Request for Analysis: Bldg. 23" EG&G Mound
Applied Technologies, Mound Laboratory, Miamisburg, Ohio. August 28, 1930.
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Map Coordinates MRC ID Depth Pu-238 Thorium®  Tritium Co-60 Cs-137 Ra-2255 Am-241
Location® South West No.. Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/mi) {pCi/g) (pCi/g) (pCi/g) {pCi/g)
50056 1050 2310 4056 10-83 0 0.19 b
S0057 1150 1925 6765 08-84 0 0.55 b
S0058 1150 2050 6761 08-84 0 0.57 b
$0059 1150 2085 4061 1083 () 1.68 b
S0060 1175 1885 4060 10-83 0 0.28 b
S0061 0925 2265 4064 1083 (] 1.50 b
S0062 0925 2365 4065 10-83 0 1.50 b
S0063 0925 2440 6766 08-84 0 17.60 b
S0064 0925 2490 4066 1083 0 0.25 b
S0065 0950 2615 4067 10-83 0 0.02 b
S0066 1050 2290 4063 10-83 0 1.07° b
Co002 1200 1860 8340 1184 36 0.10 4.47

8341 11-84 72 0.01 2.49

S0067 1225 1985 6433 08-84 (] 0.24 b

» ' S0068 1225 2035 6434 08-84 0 0.45 b ’

S0069 1225 2085 6435 08-84 0 010 b
$0070 1225 2135 6436 08-84 0 0.60 b
$0071 1250 1385 3030 10-83 0 0.17 b 1.92
S0072 1350 1960 6439 08-84 0 0.24 b
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Map Coordinates MRC ID Depth Pu-238 Thorium®  Tritium Co-60 Cs-137 Ra-226 Am-241

Location® South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (pCi/mL) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
S0073 1350 2010 3031 10-83 0 0.57 b 1.66
© 50074 1350 2085 6440 08-84 0 0.48 b
S0075 1350 2100 3032 1083 0 0.40 b
C0003 1420 2180 10665 10-85 18 NR NR LOL LOL © 04 LOL
' 10666 1085 36 NR- NR : LoL LDL 06 LOL
10667 10-85 54 NR NR LDL L - 07 LOL
! 10668 10-85 72 NR NR LOL oL 07 LOL
10669 1085 ) NR NR LOL LOL 08 LoL
10670 1085 108 NR NR , LOL LoL 09 LOL
10671 10-85 126 NR NR LOL LoL 07 LoL
10672 10-85 144 NR NR LoL LOL 05 LoL
10673 10-85 162 NR NR LDL LDOL 0.4 LOL
10674 1085 180 NR NR LOL LOL 05 LOL
S0076 1450 1885 3027 10-83 0 257° b 1.31
S0077 1450 2010 3028 10-83 0 0.76 b
S0078 1450 2135 3029 10-83 0 159 b 1.54
Co004 1200 2240 8342 11-84 36 0.10 4.47
_ 8343 11-84 72 0.01 2.49
»' S0079 1250 2440 3039 10-83 0 0.03 b 1.33
S0080 1250 2615 3040 10-83 0 1199 b
" S0081 1300 2415 6135 0884 0 0.10 b I
50082 1350 2365 3038 10-83 0 0.04 b
50083 1400 2390 3043 10-83 0 1.14 b
50084 1450 2440 6136 08-84 0 0.08 b
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Ra-226

Map Coordinates MRC ID Depth Pu-238 Thorium®  Tritlum Co-60 Cs-137 Am-241
Location® South West No. Mo-Yr {inch} (pCi/g) pCi/g) " {pCifmL) pCi/g) (pCi/g) {pCi/g) (pCi/g)
$0085 1490 2415 3041 10-83 ) 0.11 b‘

S0086 1490 2465 3042 10-83 0 0.13 b

S0087 1490 2515 6137 0884 0 0.3 b

50088 1490 2590 6138 08-84 0 0.63 b

C0249 1500 1860 8348 1184 54 0.01 2.25

S0090 1525 1970 6451 08-84 0 0.32 b

50091 157% 2185 4087 1083 0 1.23° b

S0092 1585 2085 4086 1083 0 0.78 b 1.08
soéesﬂ ‘ 1600 1935 6452 08-84 0 0.53 b

S0094 1625 1885 6453 08-84 0 1.04 - b

S0095 1625 2210 7103 09-84 0 0.04 b

S0096 1650 1960 4085 10-83 0 0.36 b 0.55
S0097 1650 2060 7107 oé-s«t 0 0.51 b

S0098 1650 2160 7104 09-84 0 0.13 b

S00%9 1650 2235 7102 09-84 0 0.07 b

S0100 1685 2045 4083 1083 0 0.73 b 037
8('3101‘ 1735 2160 7105 09-84 0 0.15 b

S0102 1750 2010 7106 09-84 0 0.56 b

$0103 1750 2110 7108 ‘ 09-84 ¢} 0.56 ) b
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Map Coordinates MRC iD Depth Pu-238 Thorium®  Tritium Co-60 Cs-137 Ra-226 Am-241
Location®  South West No. . Mo-Yr (inch) (rCi/g) (pCi/g) (pCi/mL) Ci/g) (Ci/9) (rCi/g) (pCi/g)
S0252 2375 1780 6500 08-84 0 0.49 b

$0253 2375 1830 2810 1083 0 0.86 b 207
50254 2425 1500 2824 10-83 0 1.56 b

$0255 2425 1605 6355 08-84 0 1.42 b

S0256 2425 1705 2823 1083 o 0.35 b

$0257 2425 1730 6362 08-84 0 0.01 b

50258 2425 1830 2822 10-83 0 0.72 b

$0259 2450 1755 6361 08-84 0o - 0.01 b

J 50260 2475 1630 6356 08-84 o 0.02 b j’

50261 2475 1855 6360 08-84 0 0.01 b

$0262 2500 1650 6357 08-84 0 079 b

$0263 2500 1655 6353 08-84 0 0.03 b

$0264 2500 1730 6354 08-84 0 0.04 b

$0265 2525 1655 6358 08-84 0 0.02 b

S0266 2525 1680 6352 08-84 0 0.01 b

S0267 2525 1730 2862 10-83 0 0.05° b

$0268 2575 1655 6359 08-84 0 3.60° b

50269 2575 1830 6350 08-84 0 0.34 b

$0270 2625 1730 6351 08-84 0 0.13 b
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Map Coordinates MRC 1D Depth . Pu-238 Thofium® Tritium Co-60 Cs-137 Ra-226 Am-241
Location®  South West No. Mo-Yr {inch} {oCi/g) {pCi/g) (pCifmy) (PCl/g) {pCi/g) {pCi/g} ®Cl/a)
C0066 1880 3320 10406 09-85 18 NA NR 0.6 LDL 0.5 LDL
10409 03-85 72 NR NR 5 LoL 0.4 LbL
10410 09-85 90 NAR NR 10 LDL 0.4 LoL
10411 09-85 108 NR NR 14 LOL 07 LbL
10412 09-85 126 NR NR 4 LDL 0.7 Lot
10413 09-85 144 NR NR 13 LOL 0.4 LDL
10414 09-85 162 NR NR 4 Lot 0.6 LDL
10415 09-85 180 NR NR LDL LDL 0.6 LDL
10416 09-85 198 NR NR LOL Lo 0.4 LbL
10417 0985 216 NR NR LoL LoL 0.3 LoL
10418 09-85 234 NR NR LoL LOL 04 LoL

50377 1900 3200 6260 08-84 0 l 4.02 b

50378 1975 3325 6262 08-84 o 0.26 b

50379 2000 3250 6261 08-84 0 0.51 b '

50380 2000 3300 3072 10-83 0 0.66 b 3.52

$0381 2025 3075 307 10-83 0 0.12 b

S0382 2025 3150 3070 10-83 ] 0.02 b 3.43

S0383 2050 3200 6263 08-84 0 0.76° b

{The same MRC 10 was also assigned to the sample from surface location S0458.)

$0384 2050 3375 3073 10-83 - Q 0.06 q
80385 1850 3505 6266 08-84 Q 320 b
$0386 1850 3605 4094 10-83 .0 219 b
S0387 1875 3480 6267 08-84 0 1.05 b
Coo67 2100 2620 8381 11-84 54 0.19 b
8382 11-84 90 0.02 3.61

E-35
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Map Coordinates MRC ID Depth Pu-238 Thorium® Co-60 Cs-137 Ra-226 Am-241

Location® South West No. Mo-Yr (inch) {pCi/9) {pCi/g) (pCi/g) (pCi/g) (rCi/g) (rCi/g)

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

10689 09-85 36 NR NR LDL LDL 06 LDL

10690 09-85 54 NR NR LDL LDL 0.7 LDOL

10691 09-85 72 NR NR LDL LoL 05 LDL

10692 09-85 90 NR NR LDL LDL 0.6 LDL

10693 09-85 108 NR NR LDL LDL 08 LDL

10694 09-85 126 NR NR LDL LDL 06 LDL

10695 09-85 144 NR NR LDL LDL 0.6 LDL

10696 09-85 162 NR NR LDL LDOL 06 LDL

10697 09-85 180 NR NR LDL LDL 0.6 LDL

10698 09-85 198 NR NR LDL LDL 06 LDL

10699 09-85 216 NR NR LDL LOL 06 LDL
J C0260 2185 3360 5413 1184 36 0.11 T;l
S0406 2200 3225 2873 1083 0 1.90° 4.02°
$0407 2210 3160 2872 10-83 0 0.13 b
$0408 2235 3255 2913 10-83 0 NR b

C0069 2235 3320 10804 09-85 0 NR NR LoL LDL 05 LbL

10805 09-85 18 NR NR LDL LDL 0.4 LDOL

10806 09-85 36 NR NR LOL LDL 04 LDOL

10807 09-85 54 NR NR LDL LDL 06 LDL

10808 09-85 72 NR NR L LDL 0.4 LDL

10809 09-85 90 NR NR LDL LDL 0.5 LDL

10810 09-85 108 NR NR LOL LDbL 06 LbL

10811 09-85 126 NR NR LDL LDL 0.6 LOL

10812 09-85 144 NR NR LDL LOL 0.2 LoL

C0070 2240 3300 10792 09-85 0 NR NR LOL 10 0.7 LDL

10794 09-85 36 NR NR LDL LDL 02 LoL

10796 09-85 72 NR NR LDL LDL 0.9 LDL

10798 09-85 108 NR NR LDL LOL 05 LOL

10799 09-85 126 NR NR LOL LDL 0.7 LDL

10800 09-85 144 NR NR LDL LDL 06 LDL
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Pu-238 Thorium®

Map Coordinates MRCID Depth Tritium Co-60 Cs-137 Ra-226 Am-241
Location® South Waest No. Mo-Yr {inch) (PCl/g) pCi/g) {pCi/mlL) ©Ci/g) pCi/g) {pCi/g) (pCi/g)
S0442 2550 3375 2985 10-83 1} 1.49 b
50443 2575 3300 2981 10-83 0 1.16 b
S0444 2600 3100 2986 10-83 ‘0 0.79 b
50445 2635 3010 2987 1083 0 2.18 b
$0446 2650 3375 2083 10-83 0 0.47 b
50447 2675 3025 5881 07-84 0 9.57 b
50448 1900 3455 4095 10-83 o) 1.02 b
$0449 1900 3530 6269 08-84 4] 6.21 ) b
»rsmso 1950 3430 6268 08-84 0 a.57 b]
coar? 1950 3680 1958 0583 18 1.45 b
1959 05-83 36 0.64 b
1960 05-83 72 15.41° b .
»l 50451 1975 3480 6271 08-84 0 0.49 b '
50452 1975 3680 6273 08-84 (4] 19.10 b
Coo78 1975 3755 1961 05-83 18 1.14 b
1962 05-83 30 0.3% 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 LDL LDL 08 LOL
’ 50454 2000 3530 6270 08-84 Q0 4.87 b
50455 2000 3680 2425 09-82 0 NR NR LtoL LOL 0.8 LoL
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Thorium®

Map Coordinates MRC ID Depth Pu-238 Co-60 _ Cs-137 Ra-226 Am-241
Location® South West No. Mo-Yr (inch) (pCi/g) (pCi/g) (rCi/g) (pCi/g) (pCi/g) (pCi/g)
C0093 2130 3390 10600 09-85 18 NR NR LDL LOL 0.6 LOL

10601 09-85 36 NR NR .LDL LOL 0.6 LoL
10602 09-85 54 NR NR LDL LDL 0.6 LDL
10603 09-85 72 NR NR LDL LDL 0.5 LoL
10604 09-85 90 NR NR LoL LOL 0.4 LDL
10605 09-85 108 NR NR LDL LDL 0.5 LOL
10606 09-85 126 NR NR LDL LDOL 05 LDL
10607 09-85 144 NR NR LDL LOL 09 LDL
10608 09-85 162 NR NR LDL LDL 0.5 LDL
10609 09-85 _ 180 NR NR LOL LDL 06 LDL
10610 09-85 198 NR NR LOL LDL 08 Lot
50471 2150 3555 7602 08-84 0 5.27 b
50472 2175 3505 6701 08-84 0 1.20 750 |
-
S0473 2200 3655 5877 07-84 0 1.83 b LDL 1.2 09 LDL
»' S0474 2215 3430 6700 08-84 0 1.10 b l
S0475 2225 3555 5875 07-84 0 6.61 b
S0476 2250 3530 5874 07-84 0 1.02 b
S0477 2250 3665 6696 08-84 0 0.02 b
S0478 2260 3465 5872 Q7-84 0 0.36 b _

[T VL 7.3

nATe

N~

oA

N7 oa

nee |

e 1V

KCPM -

NR - Not recorded
NC - No sample/reading taken
NA - Reading not taken; contamination criteria not exceeded.
a - Mound Soil Screening Facility detection level not exceeded.

—3= b - Concentration at or above the Mound Soil Screening Facility detection level.
¢ - Results of the wipe sample were less than 20 disintegrations per minute.
CPM - Counts per minute

Counts per minute x 1000

ey




[ Requestad by

Product Cods or
Project No.

Type of Sample
{or Service)

Requestor
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i request is for product/material quality control, enter the specification drawing number. If not, snter none:
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Requestor -
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Requestor
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TABLE# 4 SUMMARY OF POSINIVE DETECTIONS -MAIN HILL

e e —— s g e e SO | .. )
SAMPIEID SAMPLE FREOM 11 FREFON 112 AN--120CE | O18-12DCE 1HITCA PCFE 1CE TOLUENE

VUSRI WU ©. | -SYN U I . e} e e ——e
MHD 01 11130008 17 AN 82 . - - = e ’ 1 LT
MHD -01--11{4--0008 17 AUQ 082 - o - - s 10 as7 5-
MHO- 01~ 1114-- 1005 17 AG 92 —-— - ——— - 259 L 283 3
MND - 01~ 11150005 17 AUG 92 - —— ——— - 58 - 13 -
MHD-0Y - 1117~ 0005 18 AlIG 92 - — - - — e -—— 12 [:] -
MND- 01~ 1117 - 1008 10 AUIG B2 —— - g - ——— 15 o -
MHD - 01--1118 - 0005 18 AUG 92 - - I - ——— 3 .- I
MHD-01- 11100008 16 ALIG 92 - - - - -—- - - 213

HD -0t ~1122-0005 18 AUG 02 Bol 15 T T = = T peygen

HD--01 - 11230008 18 AUQG 2 - e [ —— e - - [
MND ~01 {124 -0005 18 ALIG 82 - -—— — ——— e - - 8804 *
MND--01 - 1127~ 0005 18 AU 92 -—— - - - — a - FIR
MND --04 - 1120~ 0005 18 AUG 92 - 10 - - ar 12 e
MND-01 ~ 11900005 P4 SEP 02 240 A7 ——— - - - - 3
MHD -0 - 1180- 1005 4 SEP 02 287 707 - -— - - - a*
MHD 01 - 11020005 A SEP 92 - - - - - . S '
MND- 01 - 1103 0008 4 SEP 92 e —— - - - - — 18*
MHNID} - 01 - 1166 - 0005 5 SEP 92 - - - - - e 4 ae
MHD 01 1187--0002 5 SE 92 R e - - - -- 23 s
MND -05--1108- 0008 5 SEP 92 - 24 13 (31} 32 - 474 3
MHND -0 -- 1199 - 0002 5 SEP 92 -—— 18 - 120 - - arm p—
MHND)- 01 - 1201 0007 5 SEP 92 - 4718 12 81t - - 10 a8
MHO - 01 - 1200 - 1007 S SEP 92 o 5895 - 612 - .- 117 43
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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 S0472 field sampling results.

Table 5.15 Hot Spot S0472 Field Sampling Results

FIDLER Organics Rad Laboratory
Sample ID Channet 1 | Channel 2 | OVA OVM |Pu 238 (25) Th 232 (5) | Ra226(5) |Cs 137 (15) |JAm 241(20)
(1K) (5K)
9101-5014 <1000 <5000 <1 NA 1185 -~ 0.99 <1.32 0.12 0.16
9103-5001 <1000 <5000 <1 <1 1245  * 0.81 3.17 <0.15 <0.17
9104-5012 <1000 <5000 <1 <1 1209 * 0.68 2.19 <0.09 <0.15
9105-5001 <1000 <5000 <1 <1 <1202 U 0.56 1.52 0.18 <0.13
PXRF Metals
Sample ID  JAs (102.07) |} Ba (1489) Cd CrHI JCrLO (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 <445 | <347 <60.7 <10 <37 16.062 <29
9104-5012 77.629 227.02 <445 }| <347 <60.7 <10 <37 <14 41.1578
9105-5001 84.481 187.86 <445 | <347 229.98 4 <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 S1092 field sampling results.

Table 5.16 Hot Spot S1092 Field Sampling Results

FIDLER Organics Rad Laboratory
Sample ID | Channe! 1 | Channel2 | OVA OVM |Pu 238 (25) | Th 232 (5) [Ra 226 (5)]Cs 137 (15) §Am 241(20)
(1K) (5K)
9201-5008 ] <1000 <5000 120 * NA <1385 U] 074 <1.26 <0.08 <0.18
9201-5012] <1000 <5000 30 * NA <4719 U} 0.65 243 <0.08 <0.11
9205-5008 | <1000 . <5000 130 * NA <1424 U] 064 <2.03 <0.09 <0.19
9205-5012] <1000 <5000 40 * NA <1471 Ul 093 <1.86 <0.1 0.16
PXRF Metals

Sample ID JAs (102.07) | Ba(1489) | Cd CrH! JCrlO (164.43) Pb (172)] Hg Se Ag (2559)
9201-5008 NA NA NA NA NA NA NA NA NA
9201-5012 NA NA NA NA NA NA NA NA NA
9205-5008 NA NA NA NA NA NA NA NA NA
9205-5012 NA NA NA NA NA NA NA NA NA

ER Program, Mound Plant

Final

Other Soils Characterization Report

May 1996

Results
Page 5-71



PUROW ©%93 ‘080

9661 Aepy
uojiezuaorIRyY S)I0S 18y

§/-G abed
sjnsey

LEGEND

Radiological Compounds

Hazardous Compounds

[><] Excluded

Principal Radionuclides ldentified:
{(Maximum Concentration} -
None Detected
Principle Hazardous Compounds Identified:
{Maximum Concentration} -
Metals
None Detected
Organics
OVA (130 m.u.)

Retaining
Wall

Example Sample

Grid interval
o -6
6 - &
4.8

Refusal or
End of
Borehole

KIENm

SIRYIYENOOSUNIE N}

8-12
12' - 16’
16'- 20'

Building
79

Indicates Elevated
Concentrations of Indicates Elevated 800
Hazardous Compounds  Concentrations of

Radionuclides

A Paved Road

. ' \\\\\
ﬂ v

Approximate Grid Size = 10ft x 10t ,
.B6P-1350 5/96

FIGURE 5.21 HOT SPOT $1092




5.0 Results

Area 23

Eleven samples in Area 23 triggered field screening action levels:

e Six sampies exceeded iimits for hazardous compounds
o 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 resuits.

Table 5.10 Area 23 Field Sampling Results

FIDLER Organics Rad Laboratory
Sampte ID Channe!1 | Channel2 | OVA  OVM |Pu 238 (25)] Th 232 (5) |Ra 226 (5)] Cs 137 (15) JAm 241(20)
(1K) 5K)
2307-5012 <1000 <5000 <1 <1 % ° <5 NA NA NA
2319-5004 <1000 <5000 NA <1 4 ° <5 NA NA NA
2319-5008 <1000 <5000 NA <1 43 ° <5 NA NA - NA
2319-5012 <1000 <5000 NA <1 63 ° <5 NA NA NA
2336-5001 <1000 <5000 10 ° 10 9 <25 <5 NA NA NA
2348-5004 NA NA <1 <1 <25 5 1 NA NA NA
2354-5004 <1000 <5000 10 * <t <25 <5 NA NA NA
2354-5012 <1000 <5000 10 *° <« <25 <5 NA NA NA
2387-5004 NA NA 50 * NA <1343 U 105 <2.02 <0.09 <0.13
2389-5004 <1000 <5000 100 * NA <142 U 04 274 <0.08 <0.1
2391-5012 <1000 <5000 5 " 10 1 <25 <5 NA NA NA
PXRF Metats
Sample ID As (102.07) | Ba (1489 Cd Cr HI CrLO (164.43)] Pb (172) { Hg Se Ag (2559)
2307-5012 NA NA NA NA NA NA NA NA NA
2318-5004 <34 232.08 <44.5 <347 <60.7 <10 <37 21.824 42.2697
2319-5008 35.7218 254.854 <445 <347 <60.7 <10 <37 <14 50.2894
2318-5012 35.815 232.9 <44.5 <347 <60.7 <10 <37 38.129 <29
2336-5001 <34 232 <445 <347 <60.7 33.253 <37 <14 48.1513
2348-5004 62.976 1284 <445 <347 <60.7 <10 <37 <14 50.8491
2354-5004 <34 263.86 <44.5 <347 <60.7 43.729 <37 <14 56.9253
2354.5012 NA NA NA NA NA NA NA NA NA
2387-5004 NA NA NA NA NA NA NA NA NA
2389-5004 NA NA NA NA NA NA NA NA NA
2391-5012 64.7053 307.244 <44.5 486.308 <60.7 <10 <37 <14 31.466
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Gamma Scan Data

Sample ID] |Co 60 137 |Ra226 JAc227 |Th230 [Th232 [Pa231 U238 Pu238  |Am 241
1284-5008 | D [<0.02 202 0.5 <0.1 < 0.4 <0.5 4 <36.9 <0.04
1284-5008| [<0.05 <0.04 2 <0.3 A 0.5 <1.6 <5.8 <76.2 0.1
1284-50121D[<0.02 4 (<0.02 1.7 <0.15 <4.3 0.85 <1.1 <34 <37 <0.05
1284-50121 i<0. <0.05 1.9 <0.4 <9.9 0.8 < <8.6 <90.3 <0.09
1288-5001 {D [ 5§02 0.06 1.2 < <37 04 <3 <29.4 <0.04
1288-5001 0.02 0.07 0.5 2 1.6 1 <0.6 0.4 26.5 0.
1288- <0.02 0.1 1.5 4 |<0.2 <4.1 1 4 [« <2.9 <33.8 04
1288 50801 1<0.02 0.2 0.8 4 (<01 <4.2 <jg& <0.6 0.4 <44.8 H1<0.04
128 <0.03 0.02 <0.2 <11.2 7 <0.6 0.4 301.3 [<02
1296-5012|D [<0.02 <002 M5 <0.2 <3.9 0.8 <0.5 0.5 <3 0.02
88-5012| [<0.02 <0.02 # |1.1 <0.2 <3.74¢ 107 <1 <34 .7 <0.04
1289-5001| [<0.06 ok/ 1.9 <0.3 <¥ 1.1 3.1 <5.8 04.1 <0.09
1289-5004 [D | <0.01 0 1.1 <0.13 .31 0.53 <0.67 <2324 [<27.15 [<0.03
1289-5004| |<0.04 .05 23 <0.3 S |<7.8 0.5 <1.9 <59f <776 <0.08
1290-5001[D{<0.03 / {0.37 1.9 0.6! 5.8 1.69 <1.28 24 <2255 [<0.06
1290-5001] [<0. 0.4 2.7 < <11.4 1.7 <3.4 <8.5 145.7 <0.1
1290-5004 | D | <gA03 0.23 2.3 0.18 <5.3 1.5 <1.1 / |<4.1 <43 <0.05
1290-5004 0.06 03 2.4 <0.5 <11.6 1.6 <330 <82 <95.8 <0.1 Z
1290-50080 |<0.02 0.04 0.5 <0.15 <4.3 1 A5 0.6 <43.2 <0
1290-5 <0.05 <0.05 <0.4 <10.1 1 Jf<2. <7.2 <90.6 £
12 12[D}<0.02 <0.02 M5 <0.1 <3.8 0.7 / [<0.5 0.5 <39.3 <0.04
12905012 {<0.07 <0.04 /S (1.7 <0.3 <7.9 0.7/ <19 <8.1 <90.7 4 [<0.08
1294-5001 |D {<0.02 0.0 1.4 <0.15 <3.9 <0.9 <3.5 <3 <0.04
1294-5001 <0.06 <gf - <2.9 <7.9 4 <0.09
1294-5004 | [<0.01 .04 <0.6 <2.2 <31 <0.03
1294-5008 1D [<0.03 # 10.13 <0.91 1.77 4 [<90.8 <0.11
1294-50081 [<0.g¢” 10.1 15 <114 ]<199.8 [<0.3
1294-5012( [<ph7 0.3 <10.3 A <1773 [<0.2
1295-5001 [Q#40.03 0.04 <0.7 .9
1295-500 <0.06 <0.07 <4.2 <7.2
1295 <0.06 <0.05 <3. <5.4
129 8[D[<0.02 0.07 <67 <2.89
12855008 [<0.04 0.09 2.4 <5.7
95-5012 D [<0.02 0.04 <0.77 <3.03
1295-5012] [<0.06 <0.05 <22 <7.1
1296-5001: 1<0.02 <0.02 <0.73 <2.5
1296-5004, [<0.02 1<0.9 <3.5
1296-5008 | <0.69 <2.8
<0.08 . <2.11 <11.34  [<227.3  [<0.29
2386-5004 [ (<0.1 10.05 <3.16 <16.56 (<1524  [<0.16
2386-5008 | {<0.13 0.1 <3.15 <1407 [<1252 [<0.16
2386-50127 [<0.1 :<0.09 <3.75 <18.02 <1472 |<0.19
2387-5001{ [<0.07 <0.1 <3.76 <1412 [<124.5  [<0.16
2387-5004 | [<0.07 <0.09 <3.14 <1123 [<1343 [<0.13
2387-5008 | [<0.11 <0.06 <3.16 <1571 |<161.9 [<0.18
2387-5012] [<0.1 <0.09 <4.66 <1455 |<160.1  [<0.18
2389-5001] [<0.08 <0.08 <3.46 <8.25 <142 <0.1
2389-5004 | [<0.08 <0.08 <3.46 <8.25 <142 <0.1
2389-5008] }<0.07 <0.07 <3.85 <19.4 <151.4  ]<0.15
238950121 [<0.11 <0.09 <3.58 <16.01  {<111.4 [<0.14
- <0. <0.3 <1.3 <14 <0.01
7202-5001| [<0.04 13 <1.46 <6. <63.12 _[0.07
7202-5004 |D [<0.02 ¢ {0.08 <0.5 <353 <0.04
7202-5004 | |<0. 0.05 <0.97 .45 <75.05 [<0.07
7202-5008 {D | <Q01 0.01 <0.2 0.6 <14.5 <0.01
7202-5008 .05 <0.04 <2 <8.4 <90 <0.
7203-5001 0 [<0.02 0.08 783 <2.55 <40.65 <
7203 <0.02 0.11 . . . . 0.57 0.44 <42.95 .04
720 D[<0.02 0.1 1.2 <0.16 <4.19 0.89 <0.83 <3.2 <36.68 #1<0.04
72985004 1<0.04 0.09 797 1<0.36 <9.2 1 <1.9 <5.8 <90 0.15
03-5008 [D [<0.02 <0.02 6 i<0.15 <4 <0.87 <3.34 <3gM7  1<0.04
203-5008| |<0.06 <0.04 4 |<0.95 0.62 <8.48 .66 <1.91 <6.43 9.2 <0.08
7204-5001 [D | <0.02 0. 1.1 1<0.1 <3.7 1.3 <1 <2.4 <31.5 <0.04
7204-5001[ [<0.04  [gM8 <1 <0.3 <94 I <2.3 <53 4 <707 <0.1
7204-5004 | |<0.05 .06 1.7 <0.3 1 <2.6 <7, <69 <0.09
7204-5008 D 1<0.02 ## 1<0.02 1.35 <0.16 387 :0.66 <0.78 .57 1<1546 1<0.04
7204-5008 | 1<O0. "<0.05 1.1 <0.4 [<9.1 i0.8 <2.6 <10.2 (<94 <0.2
7204-5012 <05 0.04 -<0.9 <o‘3! i<1.3 0.6 <184 1<6.1 1<60.1 <0.07
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Gamma Scan Data

Sample ID] ]Co60 _ |Cs 137 _|Ra 226 JAc 227 JTh230 |Th232 JPa231 JU238  JPu238 JAm 241
9108-5008] |<0.02__ |<0.02___ [1.6 <0.2 <55 06 <13 <3.9 <55 <0.06
9201-5004| |<0.11 _ |<0.12 _ |3.28 <068 [<14.96 |1.14 <3.36 _ |<17.67 |<117.7 |<0.15
9201-5008| |<0.14 _ |<0.08 _ |<1.26 _ 1<0.75 _ [<17.54 [0.74 <495 [<19.99 [<138.5 [<0.18
9201-5012] |<0.08 _ |<0.08 _ 12.43 <048 [<11.53 |0.65 <2.87 _ |<13.86 |<47.19 |<0.11
9201-5012| |<0.03 __ [<0.03 2|<0.3 <56 0.9[<1.2 <45 <65.7 _ |<0.07
9201-5016| |<0.1 0.09 1.99 <0.49 _ |<13.27 ]0.96 <339 C114.15° <1061 |<0.16
9202-5004] |<0.11 __|<0.1 3.29 3.55 " [0.43 2.93 718 (<2663 [<0.3
9202-5008[D|<0.08___ |<0.05 _|2.05 <064 |<1556  [0.72 <294 |<1547 |<1446 [<0.17
9202-5008| |<0.12__ 0.13 3.05 <064 |<14.11_ |0.95 <291 |<18.78 |<125.7 |<0.15
9202-5012] |<0.14 _ 0.17 <143 |<0.75 _ |<16.54 |0.95 <291 |<16.95 |<1421  |<0.14
9203.5004] |<0.12 _ |<0.08 _ |2.63 <0.65 __ [<13.69 _|0.69 <325  |<13.97 . |[<1469 |<0.18
9203-5008] |<0.12__ [0.13 3.05 <0.64 __ |<14.11__|0.95 <291 |<18.78 <1257 |<0.15
92035012 |<0.08 _ [<0.08 _ |<1.05 _ 10.6 <14.16__]0.8 <281 |<11.68 <1681 |<0.17
9203-5016 |<0.1 0.05 2.76 <049 |<13.7 _[0.67 <318 [10.23 <1131 |<0.15
9203-5020| 1<0.07 _ |<0.09 __ |1.56 <0.56 _ [<12.91  |0.65 <28 <10.65 [<131.9 [0.11
9203-5020| |<0.03 __ |<0.03 1.9/<0.2 <45 0.8/<0.9 <38 <551 [<0.05
9204-5004| |<0.08 _ [0.06 _ |<1.86  |<0.61 _ |14.89 _ |0.84 <346 [<1863 . |<109.4 [<0.15
9204-5008] [|<0.1 <0.1 <167 [<0.82  [<13.89 [0.83 <3.58 _ |<14.39 <1795 [<0.15
9204-5012] |<0.11 _ |<0.09 2.8 <066  |<17.32 |0.54 <401 |<16.14 <171 <0.18
9204-5016] <013 [<0.1 <1.95 (<062 |<17.14 [0.94 <365 (114249 . [<1299 |<0.13
9205-5004| |<0.06 _ |<0.05  |<1.73__ [<0.7 <17.23__[0.67 <3.76_ |<15.52 |<147.9 |<0.15
9205-5008| |<0.09 __ |<0.09
9205-5012] <011 |<0.1
9205-5012] [<0.04 1003
= <0, <507
9302-5002 ; 0.04
9303-5002#7<0.01 __ |<0.02
9304- <0.02__ |<0.02
08| |<0.01 __ |<0.01
03-5001| [<0.01 __|<0.01
9403-5004|D|<0.01 __ [0.03
9403-5004| <002 [<0.0
9403-5008{D|<0.01 |0
9403-5008] [<0.02 02
9403-5009] |<0.0 <0.02
9404-5001 " 10.03 } . ! )
9404-5004 <002 10.02 1.1 i’tﬂ <32 0.4 <0.7 6 <28 <0.03
9404-5 <002 [<0.01 1.3 <0.1 <32 0.4 <08 <23 <359 [<0.03
94 8: [<0.03 __ [<0.05 0.7 2026 |<513 __|0.23 < <381 180.7 <0.05
5-5001; |<0.02 012 <015 [<35 0.48 63 <261 1<33.08  |<0.
9405-50091 <0.02___ |<0.02 #”1.63 <018 |<4.11 _ [0.68 <075 [<2.89 <3801 <
9901-5004] :<0.02 <0, 1.4 <016 1<3.87 0.7 |<0.71 <281 _ |<34.50 04
9901-5007| 1<0.02 02 0.85 <014 [<3.21 A7 <0.66  i<2.78 1156, <0.03
9909-5004 | 1<0.02 ?1<0.02 _ |1.4 <014 <35 0.59 <073 [<2.95  [<3g#1 [<0.03
9909-5008] |<0, <0.02 __|1.07 <012 <2 0.41 <068 [<2.92 1.1 [<0.03
9909-5009 902 <0.02 _ [1.72 <0.17 67 10.51 <088 [<3.9 <325 1<0.04
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218

1pom =421 mg'm?

Class 1B Flammablie

Chemical name, Synonyms, Exposure IDLH Physical Chemical snd physical Incompatibilities  Measurement
structure/tormula, trade names, fimits descriplion properties an method
CAS and RTECS Nos., and conversion (TWA reactivities (See Table 1)
end DOT ID and factors unless noted Mw, BP, SOL
guide Nos. otherwise) FLP, P, Sp.Gr, VP, FRZ
tlammabllity VEL, LEL
Fluorides (as F) 1: Sodium flyoride, NIQOSH.OSHA 500 mg/m3 1: Odorless white ~ MW: 42.0/209.9 VP: 0:0 mm Strong oxidizers None
Floridine 2.5 mg'm? powder or colorless BP: 3099°F/ {approx) available
1: NaF 2: Cryolite, crystals. [Note: Decomposes MLT: 1819/ -
2: Na,AlF Cryocide, Pesticide grade is  Sol: 4/0.04% 1832°F
1:7681-45-47 Cryodust, ohen dyed blue.) FI.P: NA/NA UEL: NA/NA
wB8(0350000 Sodium aluminum fluoride, 2: Colorless to dark IP: NA/NA LEL: NA/NA
2: 15096-52-3' Sodium hexafluoroaluminate odorless solid. -
WA8625000 Synonyms of other compounds [Note: Loses color .
vary depending upen the on heating.] Sp.Gr: 2.78/290 - .
1690 54 (NaF) specific compound. [pesticide] Noncombustible Solids
Fiuornne Fluorine-19 NIOSH.OSHA 25 ppm Pale yellow to MW: 38.0 VP:>1 atm Water, nitric acid, None
0.1 ppm greenish gas with ~ BP:-307°F > FRZ:-363°F oxidizers. orgamc available
F, (0.2.mg:m3)..... .. a.pungent,... Sol: Reacts UEL: NA compounds
irritating odor. Fi.P: NA LEL: NA {Note: Reacts violently with all
7782-41-4 1P: 15.70 eV combustible materials. except
LM64750C2 the metal containers in which
it is shipped. Reacts with H,0
8192 25 (cryogenic to form hydrofiuoric acid.)
hquid)
1045 20 (compressed) | ppm = 1.58 mg/m? Nonflammable Gas. but an extremely strong oxidizer.
Flyorotszn oromeinane  Freon®™ 11, NIQOSH CSHA 10,000 Coloriess to MW 137.4 VP: 690 mm Chemically-active Char:
. Monotiucrotrichtoromethane,  C 1000 oom ppm water-white, BD: 75¢F FRZ: -168°F metals such as CS,:
CCiF Trichlorofluoromethane. {5600 mg m3} neariy ogorless Soi77°F): UEL: NA sodium. potassium. GCFID:

. Trichloromonofiuorometnane. houio or gas C.1% LEL: NA calcium, powoered .
75-69-4 Retrigeran: 11 (above 75°F). Fi.P:NA aluminum, zint (#1008,
PB61250¢: 1P 11.77 eV magnesium & hthium Trichloro-

shavings: granutar fivoro-
barnum meinane)
$0.Gr: 1.47 (Liguid &t 75°F) .
1078 12 cas) 1 pom =571 mg'm? Noncombustible Liouic
Formage~vae 14 Gaseous torm: Methanal, NIOSH Ca Nearly colorless MW 30.6 VP 1 atm Sirong oxig:zers. Fiter!lmpi2):
Meinyt algehyoe, Ca {30 pom]  gas wen a pungent, BP:-6207 16 alxalis & acios: none:
HCHO Meinylene oxige See Apdengix A suftocating ocar. 214°F onenols: urez Vst
2: Acueous solulidn: {Note: Ohen used si: Misciole {Note: Pure i
§3-03-C Formann {32 10 50% 1N an acueous Fi.P: NA(Gas) formaigenyo2 nas 2 (#3500
LPg325C2 tormataenyoe by weight, soton.i 140-185°F tengency 1< INote: Atso
whICh usuahy Containg ; ACGIH 1P, 10,88 eV " polymerize.; XAD-2.
617 12% methano!! A2 S$p.Gr(77F: 1.06-1.10 (Formahn! Toluene;
119§ 2% *zrmaln’ Fiammanle Gas GCFID:
2206 2% Irmant, Class HIB Combustible Liauic (Formain! 25451
Chemicsl name, Syno
structure/formula, trayde :Zﬂi's E,(I ,3.’,2" DLH dF‘hycIcaI Chemical and physical incompatiblilties  Measurement
CAS and RTECS Nos., and conversion (TWA escription properties and method
and l?g)T'iD and tactors unless noted MW BF SOl reactivities {See Table 1)
uide Nos. ., BP, . .
¢ * otherwise) FILE IP,'Sp.Gr, VP, FRZ
tlammabllity UEL, LEL
Trichloronaphthalene Halowax® qA -
N:nrenawa'x, ?lggs/:?s“A Unknown - Coltorless to-pale-  MW:231.5 VP <l mm Strong oxidizers Filter/Bub:
C,oHsCly Seekay wax o yellow solid with BP: 579-669°F MLT: 199°F none:
{skin} an aromatic odor.  Sol: Insoluble UEL: ? GC/FID:
1321-65-9 FLP(oc): 392°F  LEL:? nzy
QK4025000 1P: ? (#S128)
Sp.Gr: 1.58
Combustible Solid
1,2,3-Trichloropropane  Allyl trichloride -
Giycerdl hlorohydin g (1300 ppm] o 8o, Bbt 314dF VP(IIS°F):  Chemically-active  Char:
CH,CICHCICH,CI Giyceryl trichlorohydrin, S i ppm] with a chioroform- 8P 3 ey 10 mm metals. strong CS,:
? Ty ohin ydrin, 138 Appendix A like odor. Sol: 0.1% FRZ: 6°F caustics & oxidizers GCIFID;
96-18-¢ 4 160 i F:P(oc): 180°F  UEL:? - i
129275000 (ki ) P: 7 LEL:? (#1003,
Haloge-
OSHA :{a‘:“
10 ppm Sp.Gr: 1.39 ydro-
1 pom « §.13 mg/m> (60 mg/m?) Ciass A Combustible Liquid caroons]
1,1,2-Trichloro-1,2.2 nlor .
Hiisoroe e gpé.olluorocarbon 13, :létgngOSHA.. 4500 ppm  Colorless to MW: 187.4 VP: 285 mm Chemically-active Char:
Freont 113 7600 rcrma water-white 8P: 116°F FRZ:-31°F metals such as CS,:
CCI,FCCIF, Genetron® 113 gT 1250909"\) gg:srd"v:gr;rr:’on Scl(()7(7>2§): lLJEELL: calcium, powdered GCFID;
e . C .02% 1 ? aluminum. zinc. 1t
76-13-1 R:fn;aer!;?\rt‘ “11? {9500 mg/m?) tetrachioride at FLP: ? magnesium & beryllium {#1020)
KJ4000000 TTE . high concentra- IP: 11,98 eV [Note: Decomposes it
uons.. in contact with alioys
[Note: A gas . Sp.Gr(77°F): 1.56 . containing >2% magnesium.]
1 pom = 7.7 marm? above 118°F) Noncombustibie Liquid at ordinary temperatures.
. o' but the gas will ignite and burn weakly at 1256°F
Triethyiamin c .
Y! e TEA gIOSH 1000 ppm  Colorless liquid MW: 101.2 VP: 54 mm Strong oxidizers, Bub:
{CoHgJ,N ee Appendix D with a strong, BP: 193°F FRZ: -175°F strong acias NadH:
ammonia-like odor.  Sal: 2% UEL: 8.0% : GC/FID;
121-44-8 OSHA FLP(oz): 16°F  LEL: 1.2% - 13
YEO175000 g IP:7.50 eV #5152)
ST 15 pom
(60 mgrm3)
1296 6€ Sp.Gr: 0.73
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