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PRS 176/177/178/300 

PRSIDSTORY: 

PRS 176 (Area 14) is an area located southwest of WD Building that was identified as a result of 
historical knowledge of a leak in the underground Waste Transfer System (WTS). PRS-177 and 
PRS-178 were underground tanks in Building 41 which were used to hold radioactive liquid 
waste prior to pumping to WD Building.1

• 
2

• 
3

• 
4 

PRS 300 was identified as a Potential Release Site based on the fact that a pair of lines (waste 
transfer system) had been installed to transfer plutonium (Pu-238) contaminated waste solutions 
from SM Building to WD Building. The site consists of the WTS lines and the soil surrounding 
the lines from the SM area to the WD Building, a distance of approximately 2,600 feet. 1• 4• 5 

PROCESS DESCRIPTION: 

The WTS was built in 1967 to transfer Pu-238 contaminated waste solutions from SM Building 
to WD Building. Building 38 Pu-238 contaminated waste solutions were also transferred to WD 
via the WTS. The WTS transferred liquid wastes by gravity from the SMIPP Hill to two 
underground holding tanks (PRS-177 and PRS- 178) in Building 4 1. The solution was then 
pumped up the hill to the WD Building. In 1969, the high-risk line of the WTS sprung a leak 
between the Building 41 and WD Building. As a result, approximately 964 ft3 of contaminated 
soil was removed and shipped off-site for disposal in 1969. Due to repeated leaks in the WTS 
transfer lines (PRS-300), the WTS was abandoned in 1974 and the two underground tanks in 
Building 41 were removed in 1986. The entire WTS, including Building 41 and the holding 
tanks (PRS-177, 178) plus the associated soils (PRS-176), underwent extensive D&D effort and 
have been removed.4 

CONTAMINATION: 

The contaminant of concern for the WTS is Pu-238. Cleanup standards were established with the 
decision rules: 
l. "The upper 95 percent confidence interval is less than the cleanup standard of 100 pCi/gram 

for plutonium-238 for all soils. 
2. The upper 95 percent confidence interval is less than the cleanup standard of 5 pCi/gram for 

thorium isotopes for all surface soils."5 (pg. ss> 

Based upon the November 1993 Operable Unit6 (OU6) Area 19 and Area 14 Verification 
Sampling Investigation, "the D&D remedial activities in Area 19 (PRS 300) and Area 14 (PRS 
176/177/178) have achieved the established goals and based on these results no further action is 
required. "5 (pg. 61 > 

The OU6, Area 19 and 14 verification included sampling for non-radiological parameters and 
statistical analysis of samples indicated no exceedances of the I o-<> Risk-Based Guideline Values. 
This included volatile organic compounds, semi-volatile organics, pesticides/PCBs, and 
inorganic analytes. 5 
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READING ROOM REFERENCES: 

1) OU9, Site Scoping Report: Volume 12- Site Summary Report, December 1994 . 
(pages 6-15) 

2) Comprehensive Environmental Assessment and Response Program, Phase 1: Installation 
Assessment, April 1986. (pages 16-17) 

3) Mound Underground Storage Tank Program Plan and Regula1tory Status Review, November 
1992. (pages 18-20) 

4) OU9, Site Scoping Report: Volume 3- Radiological Site Survey, June 1993. (pages 21-38) 
5) OU6, Area 19 and Area 14 Verification Report, October 1994. (pages 39-94) 

PREPARED BY: 

Gerald F. Maul, Member ofEG&G Technical Staff 

Page4 



• 

• 

• 

MOUND PLANT 
PRS 176/177/178/300 

WASTE TRANSFER SYSTEM LINE, TANKS AND SOIL 

RECOMMENDATION: 
These Potential Release Sites (PRSs) deal with the transfer ofplutonium-238 
contaminated waste solutions via the Waste Transfer System (PRS 300) to the Waste 
Disposal Building (WD) and to two underground storage tanks in Building 41 (PRSs 177 
and 178). The PRSs were created as a result of historical knowledge of leaks in the 
underground Waste Transfer System (WTS). 

The WTS was built in 1967 and remained in operation until1974 when repeated leaks in 
the WTS lines forced the WTS to be abandoned. In 1974, the soils associated with the · 
WTS leaks (PRS 176) were rernediated. In the mid 1980s, the WTS line, the two holding 
tanks, and Building 43 were removed. Post removal sampling results obtained from the 
November 1993 OU6, Area 19 and Area 14 Verification Report indicated all 
concentrations ofVOCs, SVOCs, pesticides/PCBs and inorganics, in the soil, were below 
their 1 O"' Risk Based guideline values. Additionally, the OU6, Area 19 and Area 14 
Verification sampling showed, within the 95% upper confidence level (UCL), plutoniurn-
23 8 and thorium soil concentrations were below their respective guideline criteria of 25 
pCi/g (Mound ALARA goal for plutonium) and 15 pCi/g (regulatory guideline criteria 
for subsurface thorium). No other contaminants were detected above guideline criteria. 

Therefore, NO fURTHER ASSESS?vffiNT is recommended for PRSs 176, 177, 178, and 
300. 

CONCURRENCE: 
DOEIMB: 

Arthur W. Kleinrath, Remedial Project Manager 

USEPA: 

OEPA: 
Brian K. Nickel, Project Manager 

SUMMARY OF COMMENTS AND RESPONSES: 

(date) 

!;f~lfb 
(date) 

Comment period from _---'-J --~-1--7~./_qL-rJ'------- to _ ____..:.2.lo...,,~--JU.._.JL..,iLL...--:--4 ~2-
o No comments were received during the comment period. 

o Comment responses can be found on page ----- of this package . 
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REFERENCE MATERIAL 
PRS 176/177/178/300 
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Table A . 1. Comprehensive Tabulation of Potential Release Sites 

Description of Hlsto,Y .nd Natur!l of Wasta Handling 
Hazardous Conditions and 

Incidents 

Site Name 

Building 41 Alpha Wastewater 
Tank !Tank 2081 

"Analyte List Codes 
bSGS, Soil Gas Survey 

location 

G-6 

cRSS, Radiological Site Survey 

Status Potential Hezardtius Subltancea 

Historical Alpha wastewater from SM Bldg. and Bldg. 
38 Plutonium-238, nitric acid 

Ref 

3,4 Suspe.cted 
Ptutonium-238, 
removed 1985 

s 10 

4, 6, 6 

14, 15 

See date for 
Aree 19 

• 
Environmental Data 

Table B.4 locations 
1126 end 1126 No Hits 

Tebles B.6, B. 7, end B.8 

Table B.1 
!Table IV.4 In Ref. 61 

8 

6 

A.1·21 



No. 

• • 
Description of lllstory and Nature of Waste llandllng 

Site Name 

Area 19, Underground Waste 
Transfer line 

location Status . Potential Harardous Substances Ref 

Historical Plutonlum·238, Nitric acid 

OU 9, Site Scoping Report. Vol. 12-Site SumrMtV Report 
September 1994 

ltazerdous Conditions and 
Incidents 

Releases 

Plutonium-238 

Media Ref 

s 1, 6. 
18 

Analytes• 

14 

• 
Environmental Data 

Results 

Tables 8 . 1, 8 .6, 8.7, 
and 8 .8 

Re 

6 • . 

6 
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Table 8 .6 - Target Compound list - VOC (a,bl 
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lbl • No aoll gas data result• are preaented. 

/ ~0 7 8 
lei · Unit of measure Ia ug/Kg. 

See reference 16. / (dl . No volatile organic constituent• were detected in the canal. / 
(e) • Note deleted In reviaion. /NO ~ / 

./ 
(f) - This site Is the same as Site 119. 
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Table 8.6 -Target Compound L.lst - VOC (a,bl 
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SITE NAME 
I I . , ... t . ~ ~ ~:-· 

.. . o( N ..- ! ;fi ~ :; :1: A. ~ ~ ;!; ~ ~ ... 0 .t ..: cXi cXi 

NO NO ~NO 1ft NO I"-. NO 

NO"' NO 
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lal - All umts reponed 1n mg/Kg unleaa noted otherwise. 
lbl - No soil gas data results are presented. 
lei - Unit of measure Ia ug/Kg. 
ldl · No volatile organic constituents were detected In the canal. See reference 16. 
lei - Note deleted In revision. 
lfl - This site is the same as Site 119. 
lol · Unit of measure in g/kg 
NO • Not detected. 
Blank · Not analyzed for. 

References: 
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Table 8 .7 . Target CompoUind Uat- SVOC, P/PCB, PAH, and EPH 1• 1 

Pesticides, Polychlorinated 
Polycyclic Aromatic Hydrocarbons IPAHI Biphenyls 

svoc 

(a) - All units are reported In mg/Kg unle11 noted otherwise. 
• lbl - Additional data on ot her analytea are available in reference 16. l 
c 

lei - This site is the same aa Site 119. .e 
ldl - Groundwater data. Unit of measure Ia mg/l. I· : · • 
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• • Table 8.7. Target Compound Ust- SVOC, P/PCB, PAH, and EPH 1•1 
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Table 8 .8. Target Analyte List (TAL) - lnorganlcs1•1 

; ;v .··· 
!,·· 

SITE NAME 
·I 
'0 • 0 

• 300. Area 19. Unde;ground Waatt ·.: 
Transfer line · · '' 

10.3 621 1.1 4.3 

1~ , ... ran11 ua:o11 Kraa 

(a) • All units are reported in mg/Kg unlesa otherwise noted. 
(b) · Additional data on other analytea are avaiable In reference I 19. 
lei · this site is the same as Site 119. 
(d) • Groundwater data. Unit of measure Ia mg/L. 

NO • Not detected. 
NA · Not analyzed for. 

References: 
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151 Halford 1990 
161 DOE 1993e 
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1 • Soil Oai Survey • Freon 11, Freo'n' 113, Trans· 1 ,2-Dichloroethylene, Cis· t ,2-Dict\loroethylene, 1,1 , 1-Trlchloroethano, Porchloroethylone, Trichloroethylene, Toluene 
2. Gemma Spectroscopy- Thorlum-228, -230, Cobelt-60, Ceslum-137, Radium-224, -226, ·228, Amoriclum-241, Actinium-227, Bismuth·207, Bismuth-210m, Potesalum-40 
3 • Target Anelyte Ust 
4- Target Compound Ust IVOC) 
5 - Target Compound Ust (SVOC) 
6 - Target Compound Ust (Pesticides/Polychlorinated Biphenyl) 
7 • Dloxlna/Furans 
8 • Extractable Petroleum Hydrocarbons IEPH)/Total Petroleum Hydrocarbons !TPHI 
9 • Uthlum 
1 0 - Nitrate/Nitrite 
11 • Chloride 
12 - Explosives 
13 - Plutonlum·238 
14 • Plutonlum-238, Thorlum-232 
16 - Cobelt-60, Ceslum-137, Redlum-226, Amerlclum-241 
l 6 • Tritium ' 
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1. DOE 1986 •phese 1: lnstaUatlon Assessment Mound IDRAFTJ. • 
2. DOE 19921 •Ramedlellnvestlgetlon/Feaslblllty 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: Vol. 7 ·Waste Management !FINAL).• 
6. EPA 1988a •Preliminary RevlawNisual Site Inspection for RCRA Facility Assessment of Mound Plant• 
8. DOE 1993d •operable Unit 9, Site Scplng Report: Vol. 3 • Radiologl.cel Site Survey (FINAL). • 
7. DOE 1993c •operable Unit 3, Misc. Sites Umlted Field Investigation Report. • 
8. DOE 1992d •Reconnaissance Sampling Report Decontamination & Decommissioning Areas, OU6, (FINAL). • 
9. Fentlman 1990 •characterization of Mound' a Hezerdous, Radloectlve end Mixed Wastes. • 
10. DOE 1992f •operable Unit 9, Site Scpolng Report: Vol. 9 ·Spills and Response Actions (FINAL). • 
11. Styron and Meyer 1981 •Potable Water Standards ProJect: Final Report. • 
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12. DOE 1993b •Reconnaissance Sampling Report- Soli Gas Survey & Geophysical Investigations,_ Mound Plant Main Hill and SM/PP Hill (FINAL).• 
13. DOE 1993d •operable Unlt 9, Site Scoplng Report: Vol. 3 · Radiological Site Survey (FINAL).• 
14. DOE 1991b •Main Hin Seeps, Operable Unit 2, On-Scene Coordinator Report for CERCLA Section 104 Rl!medial Action, West Powerhouse PCB Site. • 
16. 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 •Ramedlellnvestigatlon/Feeslblllty Study, Operable Unit 9, Site-Wide Work Plan (FINAL). • 
19. Rogers 1976 •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 1976a, t) •potable Water Standards Project Mound Laboratory• and •evaluation of the Buried Valley Aquifer Adjacent to Mound Laboratory.• 
22. DOE.19921 ·closure Report, Building 34 · Aviation Fuel Storage Tank. • 
23. DOE 19921 •closure Report, Building 51 ·Waste Storage Tank.• 
24. DOE 1994 •operable Unit 1, Remedial Investigation Report.• 
26. EG&O 1994 •Active Underground Storage Tank Plan.• 
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AlBUQUERQUE OPERATIONS OFFICE 

ENVIRONMENT, SAFETY AND HEALTH DIVISION 

ENVIRONMENTAL PROGRAMS BRANCH 

COMPREHENSIVE ENVIRONMENTAL ASSESSMENT 
.... - - . 

AND RESP.ONSE PROGRAM 

PHASE 1: 

INSTALLATION ASSESSMENT 

MOUND .· 

NOT FOR PUBLIC DISSEMINATION 

May contain unclassified controlled nuclear 
information subject to Section 148 of the AEA, as 
amended (42 USC 2168). A"pproval by the Department 
of Energy prior to release is required. 

DRAFT DRAFT DRAFT DRAFT DRAF.T 
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Table V.3 (conli) 

Planned FutuJrc Actions CPFA) 

1969. Radioactive waste line from SM t~ WD Bldg. 
broke. Grossly contaminated soil (964 ft ), 
removed and shipped to NECO for burial. Area 
backfilled with clean soil. ln August 1974, action 
to remove all hillside surfac1~ soil containing 
significant levels of contamination was started. 
Approximately 2,700 ft of se>il were removed containing 
an estimated 35 curies. The area was backfilled with 
clean dirt and sodded. The ~soil was shipped to Idaho 
for retrievable storage. 

PFA--Area 14 was submitted to and accepted by 
SFMP. SFMP-funded remedi;al action is underway . 

Mound CEARP P haae I DRAFT April 1Q88 Section V, Page V-33 

Page 17 
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• 
--... )'o~ 2.3.4. Byildinq 41 : Aloha Wastewater Tanks (Tanks 208 ar1d 2091 

Two 3,466-gallon, stainless-steel-lined steel tanks were foriTierly used to collect alpha wastewaters 

from the SM and PP Buildings. Collected wastewaters were pumped via the old waste transfer system 

underground line to the 30,000-gallon, alpha-wastewater influent tanks (Subsection 2.1.3.) at WD 

Building. The tanks are reported to have been removed in September 1986 (Andersen, 1991 h). 

Radioactively contaminated soils with levels above Mound Plant guidelines were removed by the D&D 

Program pursuant to the AEA. 

The tanks lie within a completed 0&0 Program project and aret considered closed. Because. of evidence 

of a release from the tanks systems, the tanks are subject t~) the FFA and are part of an ER Program 

site, Area 14 - Radioactive Waste Line Break. 

Mound Plant, ER Pr091'1m 
Re~Mion 0 

MCMJnd Plent U&T Progrem P'len 
November 1992 
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T-* NUsr 
I 

1.3-3 
18 

210 1.3-3 
19 

211 1.3-3 
#10 

3 ,466 

• APPBmiX A (continued) 
UST OWNERSHP/SPONSORSHIP AND PRIMARY REGULATORY JUIUSDIC110N 

Bldg. 41 Alpha waste-water 
pumping station tank 

Stainless-steel-lined steel 
tank used to c~lect alpha 
waste-waters end pump 
them to WD Building. 

Steinlau-steal-tined steal 
tank used to coUect alpha 
waste-waters end pump 
them to WD Building. 

1976 (c/r 
Sept. 
19861 

Tenbltiwe 
T-* 
Sponsor 

ER (6"1 

• 

FFA FFA 
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ENVIRONMENTAL RESTORATION PROGRAM 

OPERABLE UNIT 9, SITE SCOPING REPORT: 

VOLUME 3 - RADIOLOGICAL SITE SURVEY 

MOUND PLANT 

MIAMISBURG, OHIO 

June 1993 

DEPARTMENT OF ENERGY 

ALBUQUERQUE FIELD OFFICE 

ENVIRONMENTAL RESTORATION PROGRAM 

EG&G MOUND APPUED TECHNOLOGIES 

FINAL 
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--.--..In 1967, a wrs was installed beNteen the SM Building and a newly constructed addition to the WD 

Building and became known as tho WDA facility. Low- and high-risk waste was transferred to the 

WDA facility via dual underground!, saran-lined steel pipes. The pipes were buried up to depths of 

20 ft. The wrs transferred the w.astes by gravity from the SM/PP Building complex to a lift station 

located in Building 41 in the plant 'Oralley. From Building 41 , the wastes were pumped up to the WDA 

treatment facility. Low-risk wastewater was treated in WDA until 1970. Overflow of the influent 

tanks is documented (DOE 1992bll . Treated wastewater was released to the plant drainage ditch. 

Since the polonium program was phased out in 1970, the WD facility was utilized for treatment of low

risk plutonium :wastewater released to the Great Miami river through a closed pipeline. The outfall is 

regulated under the National Pollution Discharge Elimination System. The low-risk waste lines were 

taken out of service in 1976 and rnplaced with tanker trucks for material transfer. 

High-risk waste was transferred to WDA from 1967 unti11974, when it was taken out of service when 

theWS facility was constructed at Building 38 for high-risk waste processing. In 1969, a leak of the 

high-risk, pressure-feed waste line between Building 41 and the WDA Building resulted in significant 

soil contamination. The gravity-feed part of the waste line down from the SM/PP complex to 

Building 41 was removed in the mid-1980s . 

ER Program. Mound Plant 
Revieion 3 
MOUNOIM IS$012.WN 08121113 

OU 9 , Site Scoping Report, Vol. 3-Red Site S1 
June 1993 
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4 .1.3. Area 14 

Area 14 is located on the southern slope of the Main Hill, below the WD Building (Plate 1 ). Area 14 

is the original site of the 1969 waste-line break. In January 1969, the pressurized length of the WTS 

waste line broke at the upper portion of the slope, releasing about 400 Ci of plutonium-238 in a nitric 

acid solution to the surrounding soils. The events are described in •Reinvestigation of the January, 

1969 Plutonium-238 Waste Transfer Une Break· (MRC 1974). Erosion of soils from Area 14 are 

interpreted to have contributed to contamination of areas downslope in Area 3 and the Miami-Erie 

Canal, described in a companion thorium section of this report (Rodgers 1975; Robinson et al. 1974). 

ER Program, Mound Plant 
Revieion 2 
MOUNDII/MIS5Dl2.WI'• 03/l l lf3 

OU 9, Site Scoping Repon, Vol. 3-Red Site Survey 
March 1993 

Plutonium Proce11ing Areae 
Page 4-19 
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Several remedial actions to remove plutonium-contaminated soils have been performed by the 0&0 

Program in this ern, including 964 ft3 of highly conuminated aoil waa removed and ahipped to Maxey 

Rata, Kentucky, for burial in 1969; and in 1974, 2,700 ft3 of aoil conuining 35 Ci of plutonium-238 

was removed and shipped to Idaho National EnginMring laboratory (Black 1974). 

Umrted umpling was performed in Am 14 during the Site Survey Project becauae remedial actions 

by the 0&0 Program were pending. The reauh:a of the umpling are given in Table IV .4 and the 

umpling locations are shown on Plate 1. The maximum plutonium-238 and thorium concentrations 

rneaaured were 133.9 and 2.24 pCi/g, respectively, in a umple taken 18 inchea deep at core location 

C0094 on ptate 1 (Table IV.4). However, the Site Survey Project original repon notes that activity as 

high u 3,500 nCi/g was measured in Area 14 during the 0&0 Program activities. 

Additional soil removal was completed in January 1991 by D&D in this area, using a cleanup level of 

100 pCi/g of plutonium-238. A verification plan to confirm cleanup levels in Area 14 was prepared 

and implemented by Argonne National Laboratory (Moaho and Robinet 1990). The verification repon 

on this area indicates that there is a 90 percent confidence that the mean plutonium-238 concentration 

for surface soils is now no greater than 13 pCI/g, and the mean for subsurface soils is now no greater 

than 29 pCi/g (Mosho and Robinet 1990) • 

ER Progr.,, Mound Plent 
Revieion 2 
MOUfC)IIMIISOl:Z.WP• 03130113 

OU 9, Site Scoping Report, Vol. 3 - RIId Site Surw 
Merch 1913 
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Table IV.4. Mound Site Survey Project - Area 14 

J:::om 
2 0 ::0 
~ s., 

Thorlumb 
.. ~ 

Plate 1 Coordinates MRCID Depth Plutonlum-238 Tritium Cobalt-60 Ceslum-137 Radlum-226 Amerlcium-241 i o· ~ 
:I ~ Location• South West No. Mo-Yr Qnch) (pCifg) (pCifg) (pCi/mL) (pCI/g) (pCI/g) (pCifg) (pCI/g) ~ ~ Cll 

~ .? .. ~ 50468 2025 3825 6292 08-84 0 0.17 b LDL LDL 1.2 LDL t 0 . c; 

t; &. 50469 2025 3860 6291 08-84 · o 18.90 b .. J! ;a II 50486 2125 3810 6706 08-84 0 10.27 b :I ... ... 
50487 2125 3835 6704 08-84 0 5.96 b 

50488 2135 3835 6703 08-84 0 18.77 b 

0 50489 2150 3860 6705 08-84 0 14.10 b c 
!II C0094 2160 3835 1595 04-83 18 133.90 2.24 ~ (I) 
;;;· 1596 04-83 36 59.90 b .. 
(I) 1597 04-83 54 70.90 b 
n 

1598 04-83 72 6.81 b 0 
"5!. 
:I 1599 04-83 90 11.82 b 

0~ 
1600 04-83 108 1.24 b .. ::0 

li 1601 04-83 126 3.54 b 

• il 
C0095 2160 3900 1602 04-83 18 7.87 b ~ < 

.... 0 
1603 04-83 54 3.97 b co-co· 
1604 04-83 b NW 72 7.49 

I 1605 04-83 90 5.00 b ::0 

t 1606 04·83 108 5.05 b 
(I) 1607 04-83 126 6.63 b ;::;-.. 
(I) 

C0096 2190 3875 1608 04-83 18 0.27 b c; 

< 0 1609 04-83 36 2.18 b 
< 1610 04-83 54 0.26 b 

1611 04-83 72 0.45 b 
1612 04-83 90 1.46 b 
1613 04-83 108 0.62 b 
1614 04-83 126 0.09 b 
1615 04-83 144 0.07 b 

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

bA 'b" Indicates that the total thorium concentration was less than the background level of 2.0 pCifg, using FIDLER screening. Therefore, radiochemical analysis was not performed. 

FIDLER • field instrument for the detection of low-energy radiation 

LDL- The measured concentration was below the lower detection limit, estimated to be 0.5 pCifg for cobalt-60, cesium-137, and americium-241 ; and 1 pCifg for radlum-226. 

MAC 10 • Monsanto Research Corporation identification 

pCi/ g · plcocuries per gram 

"U 
pCi/ mL - picocuries per milliliter 

Q) 
<0 
CD 
N 
0> 
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~ 4.1.7. Area 19 

• 

• 

The gravity portion of the underground WTS, which consisted of two waste lines travelling from the 

SM Building to Building 41 , was located in Area 19 (Figure 4 .1 and Plate 1 ). Figure 4.1 shows the 

former location of the WTS. The location and extent of Area 19 shown on Plate 1 was identified 

based on the verification sampling locations, which are designated 19-1 through 19-62. The waste 

lines that comprised the WTS actually extended into Area 14. During the Site Survey Project, no 

sampling was performed at Area 19, because this area was being addressed by the D&D Program. 

The major portions of these lines in Area 19 were removed from 1982 to 1984; work continued on 

the portion of the lines just south of the WD Building until about 1986. As the w aste lines were 

removed, the adjacent soils in the trench were screened, and contaminated soil was removed. The 

verification survey performed to document the removal of contaminated soil near these lines is 

discussed in "Verification Survey of the WTS Excavation Area at the Mound Facility" (Stenhouse and 

Kirsch 1986). It is not known how much soil was removed. 

Removal of the waste lines included the excavation and removal of soils contaminated by leaks in the 

~ waste lines. The target cleanup level for actinides, mostly plutonium-238 with thorium-232 at some 

locations, was 1 00 pCi/g, which is equal to 4.5 x 1 o-e ppm. The waste line removal was performed 

under the Mound Plant D&D Program, which followed a cleanup level of 1 00 pCi/g for plutonium-238 

and 25 pCi/g as the as low as reasonably achievable (ALARAI level. 

A study to verify the cleanup of Area 1 9 was perlormed by Banelle in 1 986 

of 248 soil samples from a total of 62 locations. One surface sample and 

ER Program, Mound Plant 
Revision 1 
MOUN09/M9SS012.WP' 12122192 

OU 9, Site Seeping Report, Vol. 3-Rad Site Survey 
December 1992 Page 27 



were taken at each location. Table IV.8 gives the locations and the sampling patterns. These 

• locations were plotted on Plate 1; ArEta 19 was identified based on these locations. The verification 

sampling was apparently performed after the trench was backfilled. With a few exceptions, the 

Battelle report indicates that the grea1test depth at which contamination typically exceeded 25 pCi/g 

before removal was approximately 3 to 4 ft (Stenhouse and Kirsch 1 986). Assuming that the depth 

of the backfilled soil was, at a minirr1um, 3 ft, it is probable that three samples were taken of the 

backfill material at 1, 2, and possibly 3 ft. It is not known how much backfill was placed in the trench. 

• 

• 

Table IV.9 gives the analytical resu11ts for the verification survey of Area 19. The plutonium-238 

analyses were performed using a Phoswich• detector coupled to a multichannel analyzer. The system 

was calibrated to detect the low-energy gamma emissions from plutonium-238, correcting for the 

presence of thorium-232 as necessary. The LDL for this system was 20 pCi/g for a 40()-second count. 

Twenty-five; or 10 percent, of the samples were also radiochemically analyzed for plutonium-238 by 

an independent laboratory to confirm the Phoswich• results. In general, the plutonium-238 levels 

measured by both methods were cctmparable, with some inconsistencies for samples containing 

thorium-232 or having a low sample weight (Stenhouse and Kirsch 1986). 

The verification study concluded that more than 90 percent of the samples analyzed contained levels 

of plutonium-238/thorium-232 within one standard deviation of the 1 00 pCi/g cleanup level. Samples 

taken at test hole numbers 7, 14, ~~2. and 23 contained plutonium-238 in excess of 100 pCi/g 

(Table IV.9). Contaminated soil was rEtmoved from test hole numbers 14 and 22 (Tables IV.8 and IV.9) 

in September 1 990 and was boxed and disposed of by the 0&0 Program. Samples taken of the 

excavation walls in 1990 showed plut•onium-238 levels to be less than 100 pCi/g after the excavation 

was completed. This soil removal wa1s documented in an internal Mound Plant memorandum (Rader 

1990). 
/ 

4.1.8. 

, 
nd the limestone were below ground surface, b 

~ 

/ 
/ 

/ .· 
re location/ was sampled' in the apparent vicini 

/ 
146 on Table IV .1 0 and' location 0146 on Plate . No signif ant plu1 
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Table IV .9. Analytical Data 

Test Hole/ Core Segment Plutonium-238 
Location No.c Depth Ctt> CpCI/q) 

Surface <LDL 
1-2 <LDL 
2-3 <LDL 
6-7 <LDL 

2 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
6-7 <LDL 

3 Surface <LDL 
3-4 < LDL 
4-5 <LDL 
8-9 <LDL 

4 Surface <LDL 
2-3 <LDL 
4-5 <LDL 
7-8 <LDL 

5 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
6-7 <LDL 

6 Surface 26 
2 - 3 < LDL 
4-5 24 
7-8 <LDL 

8Denotes those samples which were subsequently submitted for independent radiochemical 
analysis. 

bAbsolute errors are not provided for each plutonium-238 activity value. As a guideline, the following 
minimum errors (at the ± 1 o level) may be taken for various plutonlum-238 activity levels. These errors 
depend on how much thorium is present; the first ± value is calculated for a thorium concentration of 
1 pCijg and the other± value for 10 pCifg thorium. 

25 pCf/g plutonium-238: ±8 pCifg; ±38 pCijg 
50 pCf/g plutonium-238: ±9 pCifg; ±38 pCijg 
100 pCijg plutonlum-238: ±9 pCijg; ±37 pCijg 

e>rhe locations are designated 19-1 through 19-62 on Plate 1. 
dcontaminated soli was removed from test holes 14 and 22 in September 1990. Post-removal plutonium-
238 soil levels were less than 100 pCijg (Rader 1990). 

LDL- Lower detection limit LDL is taken as equal to or less than 20 pCijg for a 400 second count. 
pCijg- picocuries per gram 
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Table IV .9. (page 2 of 7) 

• Test Hole/ Core Segment Plutonium-238 
Location No.c Depth (ft) CpCi / gl 

7 Surface 81 
4-5 181 
5-6 42 
7-8 33 

8 Surface 35 
2-3 28 
7-8 21 
8-9 46 

9 Surface <LDL 
2-3 <LDL 
5-6 <LDL 
7-8 < LDL 

10 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
6 -7 <LDL 

11 Surface < LDL 
3-4 < LDL 

• 5-6 < LDL 
7-8 < LDL 

12 Surface < LDL 
1-2 < LDL 
4-5 <LDL 
5-6 < LDL 

13 Surface 23 
2-3 < LDL 
5-6 < LDL 
7-8 21 

14d Surface < LDL 
2-3 23 
5-6 410 
7-8 34 

15 Surface <LDL 
2 -3 < LDL 
5 -6 < LDL 
8 - 9 < LDL 

16 Surface <LDL 
2 -3 <LDL 

• 4-5 < LDL 
6-7 <LDL 
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Revision 1 December 1992 
MOUM>IIIMIISS012.WI'• 12122182 Page 31 



Table IV .9. (page 3 of 7) 

• Test Hole/ Core Segment Plutonium-238 
Location No. c Depth (ft) lpCi/g) 

17 Surface <LDL 
1 . 2 <LDL 
3-4 <LDL 
4-5 <LDL 

18 Surface 26 
1 . 2 <LDL 
3 - 4 22 
4 - 5 26 

19 Surface 22 
3-4 <LDL 
4-5 <LDL 
6 - 7 <LDL 

20 Surface <LDL 
2·3 <LDL 
3-4 <LDL 
8-9 <LDL 

21 Surface 24 
4-5 <LDL 

• 6-7 <LDL 
7-8 <LDL 

22d Surface <LDL 
3-4 1057 
4 - 5 41 
5·6 <LDL 

23 Surface 26 
2·3 114 
3-4 185 
8 -9 <LDL 

24 Surface <LDL 
3·4 <LDL 
4-5 <LDL 
7-8 <LDL 

25 Surface <LDL 
1 . 2 <LDL 
2-3 <LDL 
3 - 4 26 

26 Surface <LDL 
, -2 <LDL 
5-6 <LDL 

• 6 · 7 <LDL 
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Table IV.9. (page 4 of 7) 

• Test Hole/ Core Segment Plutonium-238 
Location No. c Depth {ft) lpCi/a) 

27 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
5·6 <LDL 

28 Surface <LDL 
1 • 2 <LDL 
3-4 <LDL 
4-5 <LDL 

29 Surface <LDL 
3-4 <LDL 
5-6 <LDL 
7-8 <LDL 

30 Surface <LDL 
1 -2 <LDL 
3-4 <LDL 
4-5 21 

31 Surface <LDL 
1 -2 <LDL 

• 6-7 31 
7-8 22 

32 'Surface <LDL 
1 • 2 <LDL 
4-5 24 
5-6 <LDL 

33 Surface <LDL 
4-5 <LDL 
5-6 <LDL 
8-9 23 

34 Surface 27 
3-4 <LDL 
4-5 <LDL 
7-8 21 

35 Surface 26 
2-3 <LDL 
5-6 26 
6-7 <LDL 

36 Surface <LDL 
3-4 22 
4-5 <LDL 

• 7-8 <LDL 
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Table IV .9 . (page 5 of 71 

• Test Hole/ Core Segment Plutonium-238 
Location No.c Depth Cftl (pCi/gl 

37 Surface <LDL 
3-4 26 
5-6 28 
7-8 24 

38 Surface <LDL 
1 -2 49 
2 - 3 50 
4-5 23 

39 Surface <LDL 
6 - 7 26 
7 - 8 24 
8 -9 <LDL 

40 Surface <LDL 
2 -3 35 
3 - 4 29 
5 - 6 38 

41 Surface <LDL 
"2- 3 21 

• 3 -4 <LDL 
8 -9 23 

42 Surface <LDL 
3 - 4 <LDL 
5 - 6 <LDL 
7 -8 24 

43 Surface <LDL 
3-4 <LDL 
4-5 <LDL 
5 - 6 24 

44 Surface <LDL 
2-3 38 
4-5 <LDL 
5 -6 <LDL 

45 Surface <LDL 
3 - 4 <LDL 
4-5 <LDL 
6-7 <LDL 

46 Surface <LDL 
4 -5 <LDL 

• 6-7 <LDL 
7-8 <LDL 
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Revision 1 December 1992 
MOUPC>91M9SS012.~4 1V22/92 Page 34 



Table IV.9. (page 6 of 7) 

• Test Hole/ Core Segment Plutonlum-238 
Location No.c Depth Cftl (pCi/ql 

47 Surface 36 
2-3 <LDL 
3-4 <LDL 
5-6 <LDL 

48 Surface <LDL 
1-2 <LDL 
2-3 <LDL 
3-4 <LDL 

49 Surface <LDL 
5-6 <LDL 
6-7 <LDL 
8-9 <LDL 

50 Surface <LDL 
2-3 <LDL 
3-4 <LDL 
7-8 27 

51 Surface 89 
1 -2 <LDL 

• 2-3 26 
6-7 <LDL 

52 Surface <LDL 
2-3 41 
6-7 <LDL 
7-8 <LDL 

53 Surface 22 
3-4 26 
4 - 5 <LDL 
5 - 6 22 

54 Surface 25 
2-3 26 
3-4 23 
4-5 26 

55 Surface <LDL 
2-3 <LDL 
3-4 <LDL 
6-7 25 

56 Surface <LDL 
2-3 <LDL 

• 3 -4 <LDL 
6-7 <LDL 
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Test Hole/ 
Location No. 0 

57 

58 

59 

60 

61 
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Table IV.9. (page 7 of 7) 

Core Segment 
Depth (ft} 

Surface 
3-4 
4-5 
8 -9 

Surface 
2-3 
3-4 
5-6 

Surface 
2-3 
3-4 
6·7 

Surface 
2-3 
3-4 
6-7 

Surface 
1-2 
3-4 
4·5 

Surface 
3-4 
4-5 
5-6 
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Plutonium-238 
CpCI/g) 

<LDL 
<LDL 
22 
<LDL 

<LDL 
<LDL 
<LDL 
<LDL 

<LDL · 
<LOL 
<LDL 
<LDL 

<LDL 
21 
27 
<LDL 

<LDL 
29 
<LDL 
<LOL 

21 
50 
<LDL 
<LDL 
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EXECUTIVE SUMMARY 

A verification sampling investigation of the Operable Unit 6 (OU6), Area 19 and Area 14, was performed 

in November 1993. Prior to sampling efforts, proposed drilling locations were determined based upon 

the surveyed waste transfer line, and clearance was provided for all locations. A series of environmental 

soil borings and laboratory analysis of soil samples to characterize the nature and extent of radiological 

and non-radiological contamination was performed. In addition, based on the results of the investigation, 

the Mound Decontamination and Decommissioning (D&D) Program was assessed to determine if 

remediation activities at Areas 19 and 14 were successful. 

Area 19 and 14 was divided into three separate areas (19-1, 19-2, and 19-3) so that the sampling activities 

could be performed. Area 14 is located within Area 19-2. A total of three (3) soil borings were drilled and 

sampled io the Area 19-1. Area 19-1 is located near the Waste Disposal (WD) Building. A total of ten (1 0) 

soil borings were drilled and sampled in area 19-2, which corresponds to the former building 41 location. 

The remai~ing soil borings were located in Area 19-3 along the former wrs between the SM/PP buildings 

to the WD.Building. A total twenty-fwe {25) soil borings were performed for Area 19-3. The total amount 

of soil borings performed for the investigation is 38, plus one additional soil boring near the Test Fire 

parking Jot. 

Based on the analytical results and the statistical analysis of the results, the D&D Program has 

successfully remediated Areas 19-1, 19-2, and 19-3 for radiological compounds (assuming a subsurface 

cleanup s~andard for Thorium-228 of 15 pCVgram). Of the non-radiological parameters, no compounds 

were ident.ified as potential contaminants of concern . 

Mound Plant, ER Program 
Revision 0 

OU 6 Verification Report 
October 1994 

Page 40 



• 

• 

1. INTRODUCTION 

Area 19 consists of soils that surrounded two underground waste transfer lines that were used to transfer 

low-activity and higher-activity plutonium-2381iquid waste. Area 14 consists of a former spill area upslope 

of the former lift station (Building 41) and downslope from tHe Waste Disposal Annex (V'IDA) Building. 

During the period from 1966 through 1967, Building 38 (PP Building), the WDA Building and the Waste 

Transfer System (WTS) were constructed to meet the increasing needs of the plutonium processing 

programs at Mound Plant. The WTS consisted of a series of holding tanks, a lift station (Building 41 , 

subsequently demolished), and steel transfer pipes connecting the SM and PP Buildings to the WDA 

Building. The former lift station (Building 41) was located at the end of the gravity feed portion of the 

WTS, at the southeast corner of Area 14. The transfer pipes consisted of a 1.5-inch pipe to transfer the 

high-risk waste, and a 2-inch pipe to transfer the low-risk waste. The depth below ground surface (bgs) 

of these lines varied from approximately 4 feet to 17 feet. The low-risk line was in service from 1967 until 

September, 1974, and the high-risk line was used during the period from 1967 until April, 1976 

(DOE 1992a). These two underground waste transfer lines and former Building 41 (Area 14) are the focus 

of the OU 6 verification sampling effort . 
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1.1 . PURPOSE OF THE VERIFICATION ACTIVIlY 

The objective of the work activities for Area 19 and Area 14 was to determine the success of the Mound 

0&0 Program remediation effort for soils along the former radioactive WTS. This was accomplished by 

advancing 13 soil borings (at areas 19-1 and 19-2) and 23 soil borings plus two hand auger locations On 
Area 19-3) in areas of concern (Area 19 and Area 14). One additional soil boring was performed near the 

Test Fire parking lot to address concerns of possible radiological contamination. A total of 39 soil borings 

were performed with soil samples collected and analyzed for chemical and radiological parameters. 

Based on the results of the soil sampling, verification of the remedial effort is able to be provided to the 

regulatory agencies. 

1.2. SCOPE OF THE VERIFICATION ACTIVIlY 

Based on an EG&G Mound and regulatory agency approved work plan, Area 19 and Area 14 was 

investigated. The scope of the verification activities addressed three individual areas of concern: the 19-1 

area (the wrs within the secured WO building area) ; the 19-2 area (Area 14 and a portion of the wrs 
from wo to the former lift Station (Building 41]); and the 19-3 area (the wrs from the former lift station 

(Building 41) up to the SM/PP Building) . 

The investigation of the 19-1 area (Area 19) included the three soil boring locations within the WO area 

and the section of the WTS pipeline north of the WO Building where leaks in the pipeline and cleanouts 

occurred. 

--.... ~ The 19-2 location (Area 14 and Area 19) is an area of a former spill that has been remediated under 

Mound's 0&0 Program. The area is upslope from the former lift station (Building 41) where the break 

occurred in the radioactive waste line in 1969. In Area 19-2. a total of 1 0 soil borings were drilled and 

sampled for site characterization. 

• 

The 19-3 area (Area 19) is the remaining section of the underground waste transfer line. The area 

investigated included the complete length of the trench excavated during the 0&0 program to remove 

the WTS piping. That piping extended from the SM/PP buildings through the former lift station 

(Building 41) to the WO and WOA buildings on the Main Hill. The first boring (19-3A) location was 

randomly determined along the former underground line. The 25 remaining soil boring locations were at 

predetermined distances relative to the randomly determined first boring (19-3A) . 
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A LARA 
ATV 

BVA 

CGI 
CLP 
coc 
COCs 

D&D 
DOE 
DQO 

EG&G 
EPA 

FFA 

HAZWRAP 

ICF KE 
ID 
IDM 

MDA 
MS/MSDS 

NPL 

OEPA 
ou 

PARCC 
PCB 

QNQC 
QAPP 

RAS 
RBGCV 
RBTL 
RI/FS 

SAP 
SAS 
SDG 
SOP 
sow 

US EPA 
UST 

UST OF ACRONYMS 

as low as reasonably achievable 
all terrain vehicle 

Buried Valley aquifer 

Combustible Gas Indicator 
Contract Laboratory Program 
Chain of Custody 
Contaminants of Concern 

Decontamination and Decommissioning 
U.S. Department of Energy 
data quality objective 

EG&G Mound Applied Technologies 
U.S. Environmental Protection Agency 

Federal Facility Agreement 

Hazardous Waste Remedial Action Program 

ICF Kaiser Engineers, Inc. 
inner diameter 
Investigative Derived Materials 

method detected activity 
matrix spike/matrix duplicate sample 

National Priorities List 

Ohio Environmental Protection Agency 
operable unit 

precision, accuracy, representativeness, completeness, and comparability 
polychlorinated biphenyl 

quality assurance/quality control 
Quality Assurance Project Plan 

routine analytical service 
Risk-Based Guidline Cleanup Value 
Risk-Based Threshold Level 
Remedial Investigation/Feasibility Study 

Sampling and Analysis Plan 
special analytical service 
Sample Delivery Group 
Standard Operating Procedure 
Statement of Work 

United States Enviornmental Protection Agency 
underground storage tank 
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5. DATA ANALYSIS 

The analysis of the soil data included a comparison of the soil data for both radiological and non

radiological compounds to existing risk-based soil standards developed for USEPA (EPA 1992) and to 

site specific risk-based cleanup values (HAZWRAP 1994) where they exist for the contaminants of 

concern. Radiological threshold values were agreed upon for select radiological parameters. 

A value of 1 00 pCVgram (for Pu-238, which was the dominant radiological isotope detected) was used 

as the minimum cleanup standard and 25 pCVgram as the ALARA (as low as reasonably achievable) 

value, respectively. For the statistical interpretation portion of the investigation, a clean up standard of 

25 pCi/gram was used. The radiological remedial action guidelines for specific radiologic compounds are: 

Plutonium-238 

Thorium 

Tritium 

Americium-241 

Uranium 

1 00 pCi/gram with 25 pCVgram if feasible (ALARA - as low as reasonably 
achievable); 

5 pCi/gram for surface and 15 pCVgram for the subsurface; 

5,200 pCVml; 

20 pCVgram; and 

No remedial action level set 

(Source: OU 6 0&0 Areas, Work Plan, page 3-14). 

Mound has developed compound specific regulatory (clean up) levels for non-radiological compounds 

(HAZWRAP 1994). Where cleanup standards for a compound does not exist, a preliminary list of non site

specific risk-based, compound-specific regulatory threshold levels from an EPA document that provides 

a suitable basis for the statistical evaluation of the data was used (EPA 1992). The EPA document 

contains reference doses and carcinogenic potency slopes which have been combined with 'standard" 

exposure scenarios to calculate chemical concentrations corresponding to faxed levels of risk in water, air, 

fish tissue, and soil. The soil concentrations are broken into two risk categories; commercial/industrial 

soil (lower exposure scenario) and residential soil (higher exposure scenario). The residential soil 

concentrations were selected for the regulatory threshold levels because they are the more conservative 

of the two options. Although these criteria are not final threshold levels, they should be adequate, to 

assess the effectiveness of the 0&0 effort 

The principal EPA source used to develop the regulatory threshold levels where used in this report is a 

risk-based concentration table from an EPA Region Ill document (EPA 1992). This table is used by the 

Region Ill toxicologists as a risk-based screen tor Superfund sites and has been used to prepare 

preliminary remediation goals. The table is not intended as a substitute for setting site-specific cleanup 
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levels, and is intended as a predicto,r of generic singl~contaminant health risk estimates. The table, 

containing nearly 600 chemicals, covers nearly every compound detected in Area 19. To avoid 

inconsistencies with other environmental restoration work at Mound Plant, regulatory threshold levels from 

another environmental investigation were used tor compounds not covered by the Region Ill table or the 

site-specific risk-based guideline clea~nup values (DOE 1993). 

5.1 . DATA INTERPRETATION 

5.1 .1. Volatile Organic 

The soil samples were analyzed for v1olatile organic compounds and the validated data is presented in 

Table IV.1. Table V.1 displays the risk··based threshold levels (RBTL) or the risk-based guideline cleanup 

values (RBGCV) used to evaluate the 'VOlatile organic analytical data A review of this table indicates that 

all of the soil sample results are under the risk-based threshold limits. The major contaminants detected 

were acetone and methylene chloride. Both compounds are common laboratory contaminants. In 

general, very few VOCs were detected. 

5.1 .2. Semi-Volatile Organic 

The soil samples were analyzed for semi-volatile organic compounds and the validated data is presented 

in Table IV.2. Table V.2 displays the~ risk-based threshold levels or the risk-based guideline cleanup 

values used to evaluate the semi-volatile organic analytical data. A review of this table indicates that only 

eight semi-volatile compounds were d!etected at a concentration above the RBTL or RBGCV. The semi

volatile compounds Benzo(a)anthracene, Benzo(g,h,Qperylene, Benzo(a)pyrene, Dibenzo(a,h)anthracene, 

Phenanthrene, Benzo(b)fluoranthene, lndeno(1 ,2,3-cd)pyrene, and Benzo(k)fluoranthene were detected 

in some samples at a concentration above the RBGCV. Note that in many cases the detection limits for 

these compounds were above the RBTL. 

5.1.3. Inorganic 

The soil samples were analyzed for in01rganic analytes and the data is summarized in Tables IV.3 and IV.4. 

Table V.3 displays the RBTl.s or RBGCVs used to evaluate the inorganic analytical data. A review of the 

inorganic analytical tables (Table IV.3 and IV.4) indicates that all of the results are under the inorganic 

RBTL or RBGCV . 
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Table V.1. VOC Risk-Based Threshold Levels 

Number of 
Range of 

Parameter 
Detections 

Values 
(!Lg/kg) 

Chloromethane 2 .40 - 11 

VInyl Chloride 0 NA 

Bromomethane 0 NA 

Chloroethane 0 NA 

1, 1-Dichloroethene 0 NA 

Acetone 39 2-250 

Carbon Disulfide 19 .8- 5 

Methylene Chloride 90 .70-58 

1,2-Dichloroethene (total) 5 .09-6 

1,1-Dichloroethane 1 40 

2-Butanone 15 .60-72 

Chloroform 49 0.1 - 1 

1, 1, 1-T rlchloroethane 0 NA 

Carbon Tetrachloride 0 NA 

Benzene 26 .5- 3.0 

1 ,2-Dichloroethane 0 NA 

T rlchloroethene 4 .60-34 

Notes: 
1 - Based on 1,3-Dichloropropene. 
2 - Risk-based Guideline Cleanup Values 
NE - No regulatory threshold limit has been established. 
NA - Not Applicable 

Reference: USEPA 1992 and HAZWRAP 1994 

Threshold or Cleanup 
Value Limit Parameter 

(!Lg/kg) 

130,000 1,2-Dichloropropane 

900 Bromodlchloromethane 

110,000 cls-1 ,3-Dichloropropene 

1,600,000 4-Methyi-2-Pentanone 

2,800 Toluene 

7,800,000 trans-1,3-Dichloropropene 

7,800,000 1,1,2-Trlchloroethane 

230,000 Tetrachloroethane 

700,000 2-Hexanone 

7,aoo,ooo2 Dlbromochloromethane 

3,900,000 Chlorobenzene 

280,000 Ethylbenzene 

7,000,000 Xylenes (totaQ 

4,9002 Styrene 

22,ooo2 Bromoform 

7.00 E + 13 1,1 ,2,2-Tetrachloroethane 

150,000 

• 
Number of 

Range ot Threshold or 

Detections 
Values Cleanup Value 
(!Lg/kg) Limit (!Lg/kg) 

1 1 25,ooo2 

1 .60 10,000 

1 .80 9,5001 

19 .60-20 3,900,000 

56 .30-6.00 16,000,000 

1 .90 9,5001 

1 1.00 30,000 

29 .2-8 33,000 

12 2-34 NE 

2 .20-.70 7,6002 

4 .50- 11 1,600,000 

40 .50- 8.00 7,800,000 

58 .30-7.00 160,000,000 

49 0 -3 57,000 

2 .80-2 220,000 

4 .60-5.00 8,500 
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Parameter 

Phenol 

bis (2-ChloroethyQether 

2-Chlorophenol 

1,3-Dichlorobenzene 

1 ,4-Dichlorobenzene 

1,2-Dichlorobenzene 

2-Methylphenol 

2,2' -oxybis (1-Chloropropane) 

4-Methylphenol 

N-Nitroso-dl-n-propylamine 

Hexachloroethane 

Nitrobenzene 

lsophorone 

2-Nitrophenol 

2,4-Dimethyphenol 

bis (2-Chloroethoxy) methane 

2,4-Dichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

4-Chloro-3-methylphenol 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trlchlorophenol 

2,4,5-T rlchlorophenol 

Number of 
Detections 

1 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

0 

2 

0 

0 

0 

0 

0 

7 

0 

1 

0 

4 

1 

0 

0 

• 
Table V.2. Semi-Volatile Risk-Based Threshold Levels 

Range of Threshold or 
Values Cleanup Value Parameter 
(ltg/kg) Limit (ILQ/kg) 

53 47,000,000 2,4-Dinitrophenol 

NA 46,000 4-Nitrophenol 

NA 390,000 Dlbenzofuran 

NA 7,000,000 2,4-Dinitrotoluene 

NA 71,000 Dlethylphthalate 

NA 7,000,000 4-Chlorophenyl-phenylether 

NA 3,900,000 Fluorene 

NA 24,000 4-Nitroanlllne 

NA 390,000 4,6-Dlnltro-2-methylphenol 

17 & 51 240 N-Nitrosodiphenylamlne 

740 78,000 4-Bromophenyl-phenylether 

NA 39,000 Hexachlorobenzene 

11 & 13 srJ Pentachlorophenol 

NA 4,800,0001 Phenanthrene 

NA 1,600,000 Anthracene 

NA NE Carbazole 

NA 230,000 Dl-n-butylphthalate 

NA 780,000 Fluoranthene 

16 - 190 3,100,000 Pyrena 

NA 310,000 Butylbenzylphthalate 

740 22,000 3,3'-Dichlorobenzidine 

NA NE Benzo {a) anthracene 

14 . 29 NE Chrysene 

740 550,000 bls {2-EthylhexyQ phthalate 

NA 150,000 Dl-n-octylphthalate 

NA 7,800,000 Benzo (b) fluoranthene 

• 
Number Range of Threshold or 

of Values Cleanup Value 
Detections (ltg/kg) Limit {ltg/kg) 

0 NA 160,000 

0 NA 4,800,000 

9 10 - 690 NE 

0 NA 160,000 

22 1 - 100 63,000,000 

0 NA NE 

7 13- 380 3,100,000 

1 920 ·230,000 

0 NA NE 

5 78-400 130,0003 

0 NA 4,500,000 

1 740 1100 

2 94- 180 53003 

24 22-3,100 883 

15 11 - 760 23,000,000 

16 22 -390 85,000 

57 20- 1,900 7,800,000 

37 15- 3,300 3,100,000 

27 21 -3,600 2,300,000 

18 14 - 800 16,000,000 

0 NA 3,800 

20 21 - 1,500 8803 

20 30 . 1,500 NE 

43 28 - 2,200 120,0003 

16 43 . 1,500 1,600,000 

20 21 • 1,400 8803 
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Table V.2. Semi-Volatile Risk-Based Threshold levels (continued) 

Number of 
Range of 

Parameter 
Detections 

Values 
{llg/l<g} 

2-Chloronaphthalene 0 NA 

2-Nitroanillne 0 NA 

Dlmethylphthalate 2 100 & 390 

Acenaphthylene 5 12-35 

2,6-Dinltrotoluene 7 82. 500 

3-Nitroanlllne 0 NA 

Notes: 
NE • No regulatory threshold limit has been established. 
NA • Not Applicable 
1 • Based on the regulatory threshold limit for 4-Nitrophenol. 

Threshold or 
Cleanup Value 
Umlt (llg/l<g} 

6,300,ooo2 

4,700 

780,000,000 

NE 

2,500 

230,000 

2 • Based on the regulatory threshold limit for beta-Chloronaphthalene. 
3 • Risk-based Guideline Cleanup Value 

Reference: USEPA 1992 and HAZWRAP 1994 

Number 
Parameter of 

Detections 

Benzo (k} fluoranthene 17 

Benzo (a) pyrene 18 

lndeno (1,2,3-cd) pyrene 7 

Dlbenz (a,h) anthracene 3 

Benzo (g,h,Q perylene 8 

• 
Range of Threshold or 
Values Cleanup Value 
{llg/l<g} Umlt (llg/l<g} 

24. 1,1 00 8803 

23·1,600 883 

41 - 1,000 8803 

24. 690 883 

28- 1,1 00 883 
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Table V.3. Inorganic Risk-Based Threshold Levels 

Number of Range of Values 
Threshold or Cleanup 

Number of 
Parameter Value Umit Parameter 

Detections (ltg/kg) 
(ltg/kg) 

Detections 

Aluminum 98 481000 - 2112001000 23010001000 Magnesium 

Antimony 0 NA 31 1000 Manganese 

Arsenic 98 21000 - 321200 231000 Mercury 

Barium 98 191000- 3201000 515001000 Nickel 

Beryllium 87 170- 11100 1505 Potassium 

Cadmium 0 NA 39. Selenium 

Calcium 98 31300 - 2691000 NE Sliver 

Chromium 98 51000 - 481000 390 ooo1 
I Sodium 

Cobalt 86 21000- 151000 391ooo2 Thallium 

Copper 98 71000 - 341000 219001000 Vanadium 

Iron 98 271000 - 3111000 NE Zinc 

Lead 94 11000 - 361500 531ooo2 Cyanide 

Notes: 
NE - No regulatory threshold level has been established because these are naturally occurring compounds. 
NA - Not Applicable 
1 - Regulated threshold level Is based on hexavalent chromium. 
2 - Based upon 98% limit of background concentration for eastern United States soils. 
3 - Based upon thalllc oxide. 
4 - Based upon copper cyanide. 
5 - Risk-based Guideline Cleanup Value 

Reference: USEPA 1992 and HAZWRAP 1994 

98 

89 

19 

89 

98 

13 

5 

98 

8 

98 

98 

35 

• 
Range of Values 

Threshold or 

(ltg/kg) 
Cleanup Value 
Umlt {l&g/kg) 

421000 - 4410001000 NE 

31000 - 518201000 718001000 

80 -490 231000 

31000 - 301000 116001000 

231000 - 714601000 NE 

500- 11100 3901000 

640- 11800 3901000 

2,000- 2,1501000 NE 

460-51500 55003 
I 

51000 - 311000 5501000 

41600- 1051000 2310001000 

240- 531000 39010004 
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5.1.4. Pestlclde/PCBs 

The samples were analyzed for Pesticide/PCB compounds and the validated data is presented in 

Table IV.5. Table V.4 displays the RBTL.s or RBGCVs used to evaluate the pesticide and PCB data A 

review of these tables indicate that the soil sample results are under the RBTL.s or the RBGCVs. The 

resutts listed on Table IV.5 indicate there were no exceedances of any Pesticide/PCB compound RBTL.s 

or RBGCVs, except in samples 410010 and 420020. As discussed in Section 5.2, these are EG&G 

supplied samples to monitor laboratory performance. These are not samples collected from OU-6 and 

are included in the tables only as a QAJQC sample. 

5.1.5. Radiological 

The samples were also analyzed for radiological isotopes and the validated data is summarized in 

Table IV.6. A review of the radiological data in Table IV.6 and a comparison to the radiological remedial 

action guidelines indicates that all soil samples except two were below the remedial action guideline of 

1 00 pCi/gram. The radiological data indicates that the dominant radiological contaminant of concern is 

Plutonium-238 and to a lesser extent Th-228. The two samples that exceeded 1 00 pCi/gram were 

Plutonium-238 at boring 19-3A at 132.05 pCi/gram and at boring 19-3B at 100.92 pCi/gram. Both of these 

locations are near the SM/PP Buildings. Pu-238 was also detected at borings, 19-1A, 19-3F, 19-3G, 19-

3M, 19-3N, 19-30, 19-3U, 19-3X, 19-4A, 19-2E, 19-1B, 19-1C, 19-2C, 19-20, and 19-2J (these levels range 

from 2.5 to 82.7 pCi/gram). Most of the elevated levels of Pu-238 were from borings at the SM/PP 

Building, the WD Building and north of Building 67. Except for the two samples at 19-3A and 19-3B, these 

radiological values are all under the remedial action guideline value of 100 pCi/gram for Pu-238 but some 

are over the ALARA value of 25 pCi/gram (excluding Mound spike samples) . Thorium-228 was the other 

main radiological contaminant of concern. Nine readings above 2 pCi/gram were detected for Th-228 and 

ranged from 2 to 1 0. 7 pCi/gram. In addition, most of the combined Thorium values are under or at 5 

pCi/gram. Tritium contamination was detected in most of the rinsate blank samples at concentrations of 

723 to 744 pCi/gram, but was not detected in most of the soil samples. For that reason, blank 

contamination was not considered a factor. Tritium was detected 14 times at levels ranging from 14.3 to 

34 pCi/gram. Most of the elevated levels were from borings north of Building 67. 

EG&G representatives provided spiked samples of soil. The purpose of these soil spike samples (samples 

numbers: MND14-3040-0000, MND14-3041-0010, and MND14-3042-0020 defined in Table IV.6 and 

Appendix B as 400000, 41 0001 o, and 420020) was to compare the laboratory reported radiological results 

with EG&G screening results. The concentrations detected in all three of the soil samples were relatively 

close to the EG&G reported value. Sampl.e number MND14-3042-0020 was within 1 pCi/gram of the 

EG&G value. Sample MND14-3040-0000 has a reported Pu-238 activity c' 1 03.9 pCi/gram and the EG&G 
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Table V.4. Pestlclde/PCB Risk-Based Threshold Levels 

"'0 
Q) 

Number of 
Range of Threshold or 

Parameter 
Detections 

Values Cleanup Value 
(J.tg/kg) Limit (~-tg/kg) 

alpha-BHC 29 .20-3.20 270 

beta-BHC 0 NA 3505 

delta·BHC 2 0.01 - 1.50 950 

gamma-BHC (Lindane) 0 NA 1,300 

Heptaclor 1 0.72 380 

Aldrin 2 .61 -4.00 100 

Heptaclor epoxide 9 .33 - 11 .00 190 

Endosulfan I 1 1.40 3,9001 

Dieldrin 5 .55-6.40 405 

4,4'-DDE 0 NA 1,9005 

Endrin 9 0.04-2.00 23,000 

Endosulfan II 2 .95-2.50 3,9001 

4,4'-DDD 4 1 - 11 1,900 

Endosulfan sulfate 0 NA 3,9001 

Notes: 
NA - Not Applicable 
1 - Based upon the regulatory threshold limit for Endosulfan. 
2 - Based upon the regulatory threshold limit for Endrin. 
3 - Based upon the regulatory threshold limit for Chlordaane. 
4 - Based upon the regulatory threshold limit for total PCBs. 
5 - Risk-based Guideline Cleanup Value 

~ Reference: USEPA 1992 and HAZWRAP 
01 .::.. 

Number of 
Parameter 

Detections 

4.4'-DDT 25 

Methoxychlor 11 

Endrin ketone 1 

Endrin aldehyde 0 

alpha-Chlordane 2 

gamma-Chlordane 2 

Toxaphene 0 

Aroclor-1 016 0 

Aroclor-1221 0 

Aroclor -1232 0 

Aroclor -1242 0 

Aroclor-1248 1 

Aroclor-1254 1 

Aroclor-1260 0 

• 
Range of Threshold or 
Values Cleanup Value 
(J.tg/kg) Limit (~-tg/kg) 

0.02-6.00 5,000 

.52- 11.2 390,000 

0.22 23,ooo2 

NA 23,0002 

0.28-4.80 1,3003 

0.25 1,3003 

NA 1,500 

NA 2204 

NA 2204 

NA 2204 

NA 2204 

41 835 

67 835 

NA 835 



• 

•• 

•• 

reported value is 140 pCi/gram for a precision of 34.2% relative percent difference. The differences in the 

spike results for sample number 400000 is not considered significant due to the differences in analytical 

methods and the normal differences between laboratories. Sample number 41 001 o had a reported activity 

of 17 pCi/gram versus a EG&G reported value of 54 pCi/gram. This difference is large, but considering 

the results of the other two spike samples, the performance of laboratory appears acceptable. This is 

confirmed by the data validation results. 

5.2. STATISTICAL ANALYSIS 

Analytical data from the laboratory analyses of Area 19 and 14 soils were validated following procedures 

described in the EPA Functional Guidelines (EPA 1988b, 1990b) and the OU 6 and OU 9 OAPjPs (EG&G 

1992a, 1992b). Once the data were validated, the results were evaluated to determine if the 0&0 activities 

have been successful in terms of meeting the D&D cleanup goals for plutonium and thorium. 

To meet this objective, statistical procedures were used, following EPA's {1989) guidance, for determining 

whether the mean concentration in the samples collected in Areas 19-1 , 19-2, and 19-3 have attained the 

designated cleanup standards . 

After the radiological data have been collected, analyzed, and validated, summary statistics {the mean, 

the square root of the mean, standard deviation of the mean, and the log of the mean) were calculated 

for each of' the three areas for both plutonium and thorium concentration values. Following EPA's {1989) 

guidance for concentrations measured below the detection limit, the detection limit was used to calculate 

the summary statistics for non-detect samples. Since the mean of the sampling data is only an estimate 

of the mean contamination of the entire sample area (the population), an upper one-sided confidence 

interval was calculated (using equation 6.8, page 6-11, in (EPA 1989) which provided a range of values 

within which the true population mean concentration is located. A one-sided confidence interval and the 

following 4-part decision rule were used to test whether each individual area (19-1 , 19-2, and 19-3) has 

attained the cleanup standard. 

IF 

AND 

Decision Rule Number 1 

1. The upper 95 percent confidence interval is less than the cleanup standard of 1 00 pCi/gram 
for plutonium-238 for all soils, 

2. The upper 95 percent confidence interval is less than the cleanup standard of 5 pCi/gram for 
thorium isotopes for all surface soils, 
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AND 

THEN 

3. The upper 95 percent confidence interval is Jess than the cleanup standard of 15 pCi/gram 
for thorium isotopes for all subsurface soils, 

4. The area will be declared clean from a 0&0 perspective, otherwise the area will be declared 
not clean and additional O&D remediation activities will need to be performed. 

If the upper 95 percent confidence intervals are greater than the cleanup standards stated in the decision 

rule, the data from the verification sampling and analysis program will be further evaluated to determine 

the location and frequency of additional samples to be collected to determine the magnitude and extent 

of remaining radiological contamination. This evaluation will include the nature of the contaminants, the 

frequency of detection, concentration values, lateral and vertical distribution, potential sources, and any 

other contributing factors that may become evident in the analysis of the sample results (SAJC 1993). The 

evaluation will not include the results of the samples (400000, 410010, 420020) provided by EG&G to 

monitor laboratory performance. 

Decision Rule Number 2 

Other potential contaminants of concern (COC) will be considered for further evaluation if: 

OR 

OR 

OR 

1. The COC is positively detected (above the detection limit) in at least one soil sample, 

2. The COC is identified, but the exact concentration is unknown (i.e., J-qualified data), 

3. The COC is detected at the upper 95% confidence level at levels significantly higher than the 
same chemicals detected in the QA/OC blank samples, (without application of the 5X or 1 OX 
rule), 

4. The COC is detected at the upper 95% confidence level at levels significantly higher than 
naturally occurring levels of the same chemical (i.e., background). 

Where "significantly" is not strictly defined by a number but is subjectively determined based on the COC 

and the site specific conditions. 

The list of potential COCs resulting from the stated decision rule will be evaluated to characterize the 

nature and extent of residual chemical and other radiological contamination in area soils (SAIC 1993). 
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The evaluation will not include the results of the samples {400000, 410010, 420020) provided by EG&G 

• to monitor laboratory performance. 

• 

• 

5.2.1 . Volatile Organic 

Table V.1 displays the risk based volatile organic threshold levels or cleanup values. The statistical 

analysis of the data {Appendix 8, Tab1e 8.1) indicated that the upper 95% confidence level values for the 

detected concentrations of volatile organic compounds were less than the RBTls or the RBGCVs and 

additional sampling, risk assessment. or remediation are not warranted. 

5.2.2. Semi-Volatile Organic 

Table V.2 displays the risk-based semi-volatile organic threshold levels. The statistical analysis of the data 

(Appendix B, Table B.2) indicated that the upper 95% confidence level values for the semi-volatile organic 

compounds are less than the RBTLs and the RBGCVs. Therefore, additional sampling or remediation are 

not warranted. 

5.2.3. Inorganic 

Table V.3 displays the risk-based inorganic compound threshold levels. Based on the statistical analysis 

(Appendix B, Table B.3), the upper 95% confidence level for the detected concentrations of inorganic 

analytes were less than the RBTls and the RBGCVs, and additional sampling, site-specific risk 

assessment work, or remediation are not warranted. 

5.2.4. Pestlclde/PCBs 

Table V.4 displays the risk-based pesticide and PCB compound threshold levels. Since, the upper 95% 

confidence level {Appendix B) for the detected concentrations of pesticide and PCB compounds were less 

than the RBTLs or the RBGCVs, additional sampling, risk assessment, or remediation are not necessary. 

5.2.5. Radiological 

A statistical analysis of the radiological analytical data was performed. Summary statistics {the mean, the 

log of the mean, population size, and standard deviation of the mean) ~ere calculated for the sample data 

from each of the three areas {Appendix B, Table B.5). Using EPA guidance (Methods for Evaluating the 

Attainment of Cleanup Standards, Equation 6.8, pg.6-11 , EPA 1989), the upper, one-sided confidence 

interval was also calculated as a means of determining whether the soil samples from each area attained 
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the cleanup level. The soil samples in Area 19-1 had an upper 95 percent confidence level value for 

Plutonium-238 that was 21.036 pCi/gram, which is less than the ALARA value for Plutonium-238. Area 19-

1 , which had a sample population of seven subsurface samples, had an upper 95 percent confidence 

interval value for Thorium-228 (0.392 pCi/gram) that was less than the cleanup level (assuming 15 

pCi/gram cleanup level for subsurface soils). In accordance with Section 7.1 of the SAP, the mean 

concentration of samples from the area attained the clean up standards for Plutonium-238 and the 

subsurface value for Thorium-228. There were no surface soils collected in Area 19-1. However, sample 

location 19-1 B at a depth of 6 to 8 feet, did exceed the ALARA value of 25 pCi/gram, with a value of 82.57 

pCi/gram. This value is below the action level of 1 00 pCi/gram, but is at the approximate bottom depth 

of the wrs pipeline near the SM/PP building. The results indicate that the cleanup was successful 

meeting the cleanup value of less than 1 oo pCi/gram. 

Area 19-2 had a sample population of 30 samples. The soil samples in Area 19-2 had upper 95 percent 

confidence level values for Plutonium-238 and Thorium isotopes which were below 1 oo pCi/gram 

Plutonium and 15 pCi/gram Thorium isotopes, respectively. However, one sample in Area 19-2 had 

concentrations of Thorium isotopes above the surface soil cleanup standard (5 pCI/gram). The soil 

sample location was 19-2J at a depth of 0-2 feet, that exceeded the Th-228 surface cleanup standard. 

The mean concentration and upper 95% confidence level for Area 19-2 samples analyzed for Plutonium-

238 and Thorium isotopes indicate that the cleanup standards were attained. 

Area 19-3 had a sample population of 56 samples. The soil samples in Area 19-3 had upper ss·percent 

confidence level values for Plutonium isotopes and Thorium which were below 1 00 pCi/gram (Piutonium-

238) and 15 pCi/gram (Thorium isotopes), respectively. However, some soil samples in Area 19-3 had 

concentrations of Plutonium above the soil cleanup standard (1 00 pCi/gram). Two soil samples exceeded 

the Pu-238 cleanup standards, at locations 19-3A and 19-38. Concentrations of 100.92 for Pu-238 at 19-

38 and 132.05 at 19-3A were detected. Additional locations were below the cleanup value (1 00 pCi/gram) 

for Pu-238 but were above the ALARA value of 25 pCi/gram at 19-4A (68.94 pCi/gram), 19-3U (46.22 

pCi/gram) and 19.30 (31 .98 pCi/gram). However, in Area 19-3, the mean concentration and upper 95% 

confidence level of samples analyzed for Plutonium-238 and Thorium isotopes indicate that the cleanup 

standards were attained. 

5.3. DISCUSSION 

5.3.1. Volatile Organic 

Based on a comparison ot the analytical data tor volatile organic compounds to the R8TLs or the 

R8GCVs, no volatile organic compounds will be considered for further evaluation as potential COCs. 
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5.3.2. Semi·Volatile Organic 

Based on a comparison of the analytical data for the semi-volatile organics, additional sampling or 

remediation are not warranted for these compounds. 

5.3.3. Inorganic 

The results listed on Table IV.3 and IV.4 indicate that the inorganic compounds in the soils are under the 

risk-based threshold levels. Table V.3 displays the risk based threshold levels for inorganic analytes. For 

convenience, the RBTL's are listed on the side of Table IV.3 so that the data can be easily reviewed. 

Some inorganic compounds were detected for which there are no RBTLs, however, generally these 

elements are essential human nutrients, and pose little health risk. Based on a comparison of the 

inorganic analytical data to the RBTLs or RBGCVs, no inorganic analytes will be considered for further 

evaluation as potential COCs. 

5.3.4. Pestlclde/PCBs 

A review of the Pesticide/PCB analytical data is displayed in Table IV.5. A comparison of the data which 

passed the validation process indicates no exceedances of the RBTLs or RBGCVs. 

Approximately 20% of the pesticide/PCB data is unusable (rejected during data validation) because of 

results which were not in compliance with the QAPP or the labs own quality assurance plans. Due to the 

low levels of PCBs and pesticides in the other samples, it does not appear that these compounds are a 

concern. No pesticides or PCBs will be considered for further evaluation as potential COCs. 

5.3.5. Radiological 

Based on the statistical analysis of the radiological soil samples using a clean up standard of 1 oo 

pCi/gram for Pu-238, and 15 pCi/gram (subsurface) or 5 pCi/gram (surface) for Thorium isotopes, the 

previous remediation in Areas 19-1, 19-2, and 19-3 was successful in meeting the goals of the 0&0 

activity. 

In Area 19-1, the 95 percent confidence interval value for Plutonium isotopes in subsurface soil samples 

was below the cleanup level. The upper 95 percent confidence value of 21.04 pCi/gram was primarily due 

to the concentration of Plutonium 238 (82.57 pCi/gram) in one sample at location 19-1 B. Note that only 

subsurface soil samples were collected in Area 19-1. Based on the statistical results, the remediation in 

Area 19-1 met the goals of the 0&0 activity. In Area 19-2, the upper 95 percent confidence values for 
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Plutonium and Thorium were below the cleanup standard. No Plutonium or Thorium values exceeded the 

ALARA standard of 25 pCi/gram for Plutonium or the 15 pCi/gram standard for Thorium. Based on the 

statistical results, no additional sampling or remediation are necessary in Area 19-2. 

In Area 19-3, the upper 95 percent confidence values for Plutonium and Thorium were below the cleanup 

standards. Although several locations had values that exceeded the 1 00 pCi/gram cleanup standard for 

Plutonium, based on the statistical results, the remediation of Area 19-3 successfully meet the goals of 

the 0&0 activity. 

A review of previous radiological soil sampling information (in the OU 6 Verification Plan), indicates that 

the remediation effort was successful. A review of OU 6 Verification Plan Table 11.1 indicates that the major 

hotspots of Pu-238 have been removed, and this was confirmed by this sampling effort. The highest level 

of the radiological contaminants (Pu-238) were observed near the SM/PP and WO Buildings, which is 

expected based on the history of the site . 
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6 CONCLUSIONS 

A soil sampling verification investigation at Mound's OU 6 Area 19 and Area 14 was performed. Based 

on extensive testing, a review of all the analytical data tor both radiological and non-radiological 

parameters and a statistical analysis of the analytical data, a conclusion was reached that the mean value 

of the analytical results for Pu-238 and Thorium isotopes have attained the cleanup criteria 

The results of the subsurface soil samples in Area 19-1 and Area 19-2 indicate that the cleanup criteria 

for Plutonium and Thorium isotopes was attained. However, one sample, 19-1B did exceed the ALARA 

value of 25 pCVgram for Plutonium. The results of the subsurface investigation in Area 19-3 indicate that 

the cleanup criteria for Thorium isotopes was attained. 

The results of the soil samples for Pu-238 indicate that some contamination still exists. Levels of Pu-238 

of 132.05 and 100.92 pCVgram were found at the Area 3 locations, 19-3A and 19-3B, respectively. In 

addition, a Pu-238 value of 82.57 pCVgram was obtained from a sample collected at the Area 1 location, 

19-1 B. However, the mean and upper 95 percent confidence value for Pu-238 in Area 3 location indicates 

that the cleanup was successful. 

The statistical analysis of the soil samples for the non-radiological parameters indicated no exceedances 

of the risk-based threshold levels for volatile organic compounds, semi-volatile organics, pesticides/PCBs, 

or inorganic analytes. Of the semi-volatile organic compounds analyzed, only a few compounds were 

detected at concentrations above the risk-based threshold level or cleanup value, but based on the 

statistical analysis the semi-volatile organic compounds are not a concern. 

In conclusion, based on the mean and upper 95% confidence limit, 0&0 remedial activities in Area 19 and 

Area 14 have achieved the established goals. Based on these results, no further action is required. 
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Per the OU 6 Verification Plan, Section 7.1, the radiological and non-radiological analytical data was 
reduced using EPA guidance document "Methods for Evaluating the Attainment of Cleanup Standards 
Volume 1: Soils and Solid Media, pg. 6-11, February 1989." The equation used for an upper one-sided 
1 00 (1-a) percent confidence limit around the population mean is presented below: 

where 

J1Ua 
1< 
s 
n 
ti-a,df 

= 
= 
= 
= 
= 

- s 
J1Ua = Log (x) + ti-a,df ..{n 

is the upper one sided confidence limit 
mean of the sample population 
standard deviation 
population 

100 (1-a) value from "Table for Selected Alpha and Degrees of Freedom• (EPA, 1989). 

The analytical data was reduced and the samples divided by Area 19-1, 19-2 and 19-3. Standard 
deviation as well as mean population calculations were performed on soil samples only. All sample blanks 
were removed from the tables to achieve precise values for mean and standard deviation. The analytical 
data is summarized on the following page. Values· for tia,df were obtained from Appendix A in the 
aforementioned EPA reference document. 

Tables 8.1 through 8.5 provide the results of the summary statistics. The row labeled •count" is the 
sample size or population. The row labeled "N Value• is the square root of the sample size or population 
(square root of the ·count" value). The row labeled "Degrees of Freedom• is the value for ti-a,df . 

Concentration units are in Jig/kg unless otherwise noted . 
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SUMMARY RADIOLOGICAL STATISTICAL ANALYSIS 

Location Compound 

19-1 Pu-238 

19-2 Pu-238 

19-3 Pu-238 

19-1 Th-228 

19-2 Th-228 

19-3 Th-228 
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27.69 15.85 

5.17 2.76 

24.06 8.91 

0.44 1.18 

1.81 0.973 

0.86 1.17 
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rn- tla,df 

2.65 1.895 

5.48 1.694 

7.48 1.674 

2.65 1.895 

5.48 1.694 

7.48 1.674 

~JUa 

21.04 

2.04 

6.33 

0.392 

0.693 

0.263 
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compared to the "Cleanup Standard". See 
explanation Appendix 8, Page B-1. 
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- 120000 

-370 370 

3110 380 
)SO 330 

370 _370_ 

iao t5 

3110 3110 

~ ~ 

sao SilO 

' 380 3110 

270 II 

170 110 

370 170 

400 400 

370 ... 
380 SilO_ 
370 S70 

S70 370 

S50 350 

370 370_ 

380 310 

710 110 

SIO 380 

370 170 

•IO 410 

410 410 _, 3811 
3110 3110 

370 .170_ 

350 -380 3110 

3110 3110 

740 740 - 1110 

170 110 

~ 420 

370 S70 

3110 3110 

370 200 

S70 310 

4 10 410 

170 370 

380 380 

710 2110 

720 720 

740 740 

3110 .3410 
370 370 

uo oQ 

370 370 

seo 211 

:170 211 

seo 40 

SIO 140 

seo 5I 

54 54 

2.811 _ 2.~-

1134:!14 171 .482 

7.so& 7.348 

1874 1.874 

21458 41 ,813 
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&unc* NwntMr Unb 
RSTI./ RBGCV WGIKG 
AREA 1s.-1 
3111006 MG/KG 
3110011 MG/KG 
390006 MGIKG 
380012 MGJKQ 
380008 MGIKG 
370012 WGIKG 
370008 WGIKG 

COiri 
Mean 
Stan. Ow. 
HVaU. 
~offnledom 
l~s.ndard 
AREA 1s.-2 
380020 MG/KG 
380013 WG/KG 
3600011 WGIKG 
3eOOOO MGIKG 
350020 MG/KG 
350013 MGIKG 
350006 MG/KG 
350000 MG/KG 
341000 MGIKG 
340008 MGIKG 
340000 MG/KG 
330008 MGIKG 
330000 MGIKG 
3:l0008 MGIKG 
320000 MGIKG 
310000 MG/KO 
301000 MGIKG 
300000 MG/KG 
2i0013 MG/KG 
2i0006 MGJKG 
280000 MG/KG 
281000 MGIKG 
280020 WGIKG 
280013 MGIKG 
2110006 MGIKG 
280000 MG/KG 
270020 MG/KG 
'00013 MGIKG 
270006 MG/KG 
270000 MG/KG 

COiri 
Mean 
Stan. Ow. 
NVW. 

~ -~of fnledom 
C~Standatd 

Mound Plant. ER Program 
Revision 0 
.. 1<l53·10.8 

AO 
3$10 

1 
1 
1 
1 
1 
1 
1 

7 
0.636 
0.038 
2.845 
1.895 
0.027 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
1 
0 
1 
1 
1 
1 
1 
1 
2 
1 
1 
0 
1 

30 
0.666 
Q.265 
5.4n 
1.697 
0.082 

Al. I4S BA BE 81 CA 
230000 23 5500 150 HE HE 

1noo 6 32 1 1 28400 
15600 4 28 1 0 55800 
13900 3 26 1 0 48400 
2 1200 4 44 1 0 74500 
14700 4 52 1 0 85300 
9250 3 18 1 0 85600 

11300 4 22 1 0 74400 

7 7 7 7 7 7 
14807.143 4.000 31.700 0.808 0.474 87314..2!MI 
3662.204 0.938 11.334 0.188 0.053 23352.114 

2.&45 2.645 2.645 2.645 2.645 2.645 
1.895 1.895 1.895 1.895 1.895 1.885 

2f/Zl.842 1274 8.621 0.142 0.038 18735.390 

15400 4 38 1 1 115000 
11200 4 '0 1 0 154000 
11800 6 81 1 0 78000 
18100 8 87 1 1 3300 
3770 4 32 0 0 138000 

12400 4 33 1 0 83300 
13900 4 39 1 1 54200 
14300 4 37 1 0 82400 
11000 3 16 1 0 32:800 
17300 5 24 1 0 58000 
14600 2 19 1 0 39500 
8810 5 32 1 0 1011000 
8100 4 38 1 0 SI2IIOO 
7440 4 31 1 1 83500 
5470 6 253 0 0 118000 
8840 4 39 1 0 55000 
8250 2 30 1 0 112100 
4720 3 40 0 0 130000 
nso 3 31 0 0 172000 
3370 32 43 0 0 102000 
7280 6 35 0 0 104000 
1200 4 14 0 0 245000 
5350 3 28 0 0 170000 

11700 10 78 1 0 2 1300 
11800 9 79 1 0 20900 

1440 4 16 0 0 260000 
6560 5 46 0 0 102000 
~ 5 51 0 0 104000 
6580 5 46 0 0 114000 

13100 7 54 1 0 75200 

30 30 30 30 30 30 
9322.000 5.840 47.367 0.592 0.434 rsns.fJIJT 
4416.727 5.29!J 42.963 0.234 0.101 58274.SM 

s .4n 5.4n 5.4n 5.4n 5.4n s .4n 
1.697 1.697 1.697 1.697 1.697 1.697 

1372.453 2.393 14.987 0.073 0.031 18060.1!63 

The row listed as "Cleanup Standard" is the 
"Upper One Sided Confidence Limit" of the 
sample data set. This number should be 
compared to the "Cleanup Standard". See 
explanation Appendix 8 , Page 8-1. 

OU 6 Verification Report 
October 1994 

CD CH co CR 
311 390 39 390 

1 0 14 30 
1 0 15 24 
1 0 14 24 
1 0 12 a 
1 0 11 23 
1 0 10 14 
1 0 15 21 

7 7 7 7 
0.1538 0.000 1~ 23.1128 
0.038 0.000 1.806 5.038 
2.645 2.645 2.845 2.645 
1.8115 1.895 1.aa5 1.aa5 
O.O'Z7 0.000 2.405 4.SI84 

1 0 11 21 
1 0 11 16 
1 0 7 15 
1 0 10 22 
1 0 4 8 
1 0 11 18 
1 0 13 22 
1 0 12 20 
1 0 12 18 
1 0 15 28 
1 0 11 24 
1 0 8 15 
1 1 6 11 
1 1 6 13 
0 1 5 10 
1 0 8 16 
0 1 7 14 
1 0 4 10 
0 0 6 11 
1 0 6 8 
1 0 6 11 
1 1 2 5 
1 1 4 10 
1 0 8 17 
1 1 8 16 
1 1 2 6 
1 0 5 11 
1 0 5 11 
0 0 5 11 
1 0 7 20 

30 30 30 30 
0.603 0.243 7.410 14.587 
0.101 0.285 3.333 5.523 
5.4n 5.4n s.4n s.4n 
1.697 1.697 1.697 1.697 
0.031 0.091 1.903 2.875 
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~Number 
RBfi../ R8GCV 

1260020 
l2e0010 

230014 

220010 
I2:20i:j05 

000 
000 

20001 
11110: 

T800cl7 

11100'1 2 
1171020 
1170007 
! UI00111 

1~ 11 
13( Ill 
13( 13 

112(1020 
i 120001 
1110017 
110006 
101020 

1oolf1T 
090017 
090002 
~-

1050010 

011002 
I 010002 

Mean 
Sian. Dev. 
N Vak. 
oearMSof i 
C......,-Standard 

MGIKG 

MGJKO 
MGIKO 
MGIKO 
MGIKO 
MGIKO 
MGIKO 
MGIKO 
MGIKO 
MGIKO 
MGIKO 
MGIKO 
MGIKO 
MGrKO 
Ml 
Ml 

IA0/11 
MG/1(( 

M Ol l(( 

MGII<C 
MG/1 
MGIII:O 

MGIKO 
-MGIKO 

f.41)JI(C 

MG/1 
MG/1(0 
MG/11:0 
MG/1110 
MGIKG 
MGIKO 
MGIKO 

MGIKO 
MGIKO 
MGIKO 

- MGJKO 

MGIK 
MGIK 

MGIK• 
MGJKQ 

MGIKO 

MGIKG 
MGIKG 
MGIKO 
MGIKO 

Mound Plant. ER Program 
Revision 0 
414~1~8 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 

0 

1 
1 
1 
1 
1 

1 

1 

1 
0 
1 

56 
0.599 
0.124 
7.480 

1.671 

AI.. 
230000 

9780 
111800 
111100 
191100 
15500 
111600 
15600 

12000 
14200 

71190 
4720 
3570 

5850 , 
14«) : 

14700 
11700 
16200 
17300 

13300 
12500 

fto 

1: 100 
1' roo 

5110 

131100 

5570 
6730 

75 
7290 

111900 
9030 

17600 
12600 
12300 
10400 

8550 
5310 

9756.688 
4679.21& 

7.480 
1.671 

1049.306 

7 
4 

3 

3 
3 
4 

4 

4 
5 
3 

5 

3 
4 
5 
4 

4 
4 

3 

3 
4 

5 
3 

1.059 
7.480 
1.671 
0.1146 

BA 
5500 

31 

152 

28 

50 
17 
20 

37 

33 
43 

41 

41 
40 

320 

50 

40 
30 

57 

41 

55 

33 

0 
34 
82 
31 
r7 
57 

2< 

23 
30 
24 

42.643 
39.824 
7.480 
1.671 

10.549 

BE 8f CA 
150 NE NE 

11WlC 

100000 
-,- 0 

113000 
1 0 
1 0 

1 0 58700 
1 0 
1 0 
0 0 1115000 
1 0 51200 
1 0 
1 1 132000 
0 0 104000 

0 0 1111000 
0 0 88100 
0 0 
0 0 
0 0 1: 500C 
0 0 11 lOOC 
0 0 
1 1 111100 
1 0 21111000 
1 0 72000 
1 0 1121100 
o T 112000 

1 0 
1 T 
1 1 
1 1 
1 1 1111000 
0 1 1071)()1 
0 0 
0 0 HOlO 
1 1 
0 0 115001 

0 1 
0 0 1( 

0 0 
0 0 1180 
0 0 
1 1 
1 0 183000 
1 T 
1 T 1111000 
1 T 871110 
1 1 1' IIOCIO 
1 1 1a70CIO 
0 0 
0 0 7300 
1 0 
0 0 
0 0 
0 0 231 

56 
0.597 0.551 I!W?41: ~ 
0.269 
7.480 
1.671 
0.060 

0.227 l:l!l84-'1.417 
7.480 '.480 
1.6i1 •.671 
o::o51 1190S.IIZ1 

The row listed as "Cleanup Standard" is the 
"Upper One Sided Confidence Limit" of tbe 
sample data set. This number should be 
compared to the "Cleanup Standard". See 
explanation Appendix 8 , Page B-1. 
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CD 
39 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1-

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 

0.584 
0.0911 
7.480 
1.871 
0.022 

CH 

1 

0 
0 
0 

0 

0 
0 
1 
1 

0 

1 
0 
0 

0 

0 
0 
0 
0 
0 
1 
2 
1 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

56 
0.212 
0.408 
7.480 
{671 
01191 

co CR 
390 

6 
6 1 
7 

12 
11 

12 26 
11 21 
a 1: 

11 
10 
8 
5 10 
4 7 
8 13 
5 10 
4 
4 11 
5 11 
4 

14 23 
a 18 

14 
14 
5 10 

11 21 
10 17 
8 13 

18 
1C 111 

17 
11 

8 
5 

10 111 
8 11 
5 
4 9 
5 9 
6 11 
0 0 
8 13 

11 
7 12 

11 22 
a 17 

17 
9 16 
6 12 
6 10 
5 12 
6 14 
2 6 
5 13 
4 9 

56 56 
7.448 14.696 
3_261 6.039 
7.480 7.480 
1.871 1.671 
1.601 2.516 
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~Numbw Unb 
RBTl./ R8GCY WOIKG 
AREA 1s.-1 
391008 MOIKG 
3SI0011 MOIKG 
390006 MOIKG 
380012 MOIKG 
380008 MOIKG 
370012 MOIKG 
370008 WOIKG 

Cow1l 
Mean 
Stan. Ow. 
NV.._. 
~ofHMdom 
I~ Standard 
AAEA1s.-2 
3«1020 MO/KG 
380013 MOIKG 
3e0008 WOIKG 
360000 MGIKG 
350020 MOIKG 
350013 MOIKO 
350008 MOIKG 
350000 MOIKG 
341000 MOIKG 
340008 MOIKG 
340000 MOIKG 
330008 MQJt(G 
330000 MOIKG 
320008 M~G 
320000 MOIKG 
310000 MGIKG 
301000 MOIKG 
300000 MQJt(G 
290013 MOIKG 
280008 MGIKG 
290000 MOIKG 
281000 MG/KG 
280020 MOIKG 
280013 MGIKG 
2:8()()08 MOIKG 
280000 MGIKG 
270020 MOIKG 
270013 MG/KG 
270006 MGIKG 
270000 MOIKG 

Cow1l 
Mean 
Stan. OIIV. 
HVakJe 

I Oegre. of Freedom c....., Standard 

Mound Plant. ER Program 
Revision 0 
~~~10.9 

cu 
2900 

22 
22 
22 
21 
17 
14 
18 

7 
18.1114 
2.842 
2.1145 
1.8115 
3.328 

15 
12 
13 
111 
8 

17 
111 
20 
111 
24 
21 
18 
12 
15 
13 
14 
13 
10 
12 
8 

14 
e 

10 
17 
17 
II 

11 
12 
12 
15 

30 
13.817 
4.092 
s.4n 
1.697 
2.411 

FE HO K u WG WN 
HE 23 HE HE HE 7800 

30200 0 4830 M 8500 624 
27000 0 4580 30 neo 806 
281100 0 3400 30 7420 7!H 
231100 0 7480 32 8830 707 
21500 0 4400 20 7080 1188 
17000 0 2340 18 11000 1112 
22100 0 2710 2:5 11470 1155 

7 1 7 7 7 7 
24071.G 0.108 4245.714 27.:1100 8182.157 8011.571 

4048.11'11 0.008 1581.710 5.481 1381.1114 121.940 
2.1145 2.1145 2.1145 2.645 2.645 2.1145 
1.8115 1.8115 1.8115 1.89:5 1.89:5 1.895 

2804.a&4 0.008 1138.881 5.348 1000.83) 80.271 

22400 0 4T70 28 15400 1118 
111200 0 3100 21 12700 1000 
14300 0 1700 11 27800 655 
21300 0 1310 11 2840 582 

7810 0 1400 a 74800 3eO 
21700 0 :neo 22 12e00 742 
211000 0 2850 28 8IMIO &411 
25700 0 3170 30 8480 831 
21600 0 2100 28 8320 515 
301100 0 482.0 37 11100 587 
21400 0 31110 30 7170 471 
21400 0 2570 111 14400 818 
13500 0 11140 12 28200 365 
12900 0 2310 18 37000 320 
10000 0 1570 10 42100 2eO 
18100 0 11140 18 15200 375 
13800 0 1800 111 181100 352 
7890 0 811 • 311100 2tS3 

15300 0 2400 11 12e00 735 
13200 0 811 7 4G300 207 
12900 0 18110 11 37000 355 

71130 0 548 1 40800 349 
11200 0 1780 11 18700 340 
18700 0 828 7 11830 4114 
17600 0 821 7 11400 4110 
92.50 0 11411 1 43700 413 

10400 0 2300 12 43000 2:50 
101100 0 1880 12 41800 247 
10700 0 2210 12 38800 231 
17100 0 2350 11 22400 3ea 

30 30 30 30 30 30 
16(»11.000 0.1011 2123.867 15.520 241140.000 475.133 
5833.074 0.023 104&M7 11.730 111804.742 2011.4110 

5.4n 5.4n s.4n 5.4n s.4n s.4n 
1.6117 1.087 1.887 1.897 1.6117 1.697 

1842.517 0.007 3211.334 3.1196 5148.23! 66.653 

~he row listed_as "Cleanup Standard" iJ the 
Upper One S•ded Confidence Limit" or the 

sample data set. This number should be 
compared to the "Cleanup Standard ". See 
explanation Appendb B, Page B-1. 

OU 6 Verification Report 
October 1994 

wo NA HI 
HE NE 1600 

2 1113 30 
2 204 26 
2 175 27 
2 434 24 
2 542 18 
2 1n Ul 
2 1112 22 

7 7 7 
U M3 28SI.!H1 23.400 
0.118 141.875 4.302 
2.645 2.645 2.645 
1.1195 1.aa5 1 .~ 

0.373 103~ 4.451 

2 343 18 
2 325 111 
2 1117 13 
2 e7 15 
4 201 7 
2 233 111 
2 214 24 
2 215 23 
2 144 23 
2 262 2 
2 174 1 
2 234 17 
2 238 11 
2 2n 14 
1 228 11 
2 187 17 
2 207 14 
2 2&4 • 1 187 12 
2 158 13 
2 151 12 
2 134 3 
2 2111 7 
2 ee 18 
2 138 15 
2 154 3 
2 1n 11 
2 326 11 
1 288 12 
2 375 111 

30 30 30 
1.1193 212.643 12.833 
0.440 71.872 5.875 
5.4n 5.4n s.4n 
1.697 1.697 1.697 
0.413 24.597 2.963 
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s.m~ Numbllr Unb Cll 
RSTL[RBGCV MGIKG 2900 
AREA 1s.-3 
2eoo20 MG(I(G 12 
280010 MG(I(G 14 
280002 MGII<G 17 
2500111 MGII<G 17 
~ MGII<G 18 
240011 MG(I(G 23 
240004 MQIKG 18 
230014 MGII<G 20 
2.30005 MG(I(G 14 
220010 MG(I(G 11 
220005 MGII<G 111 
2 10012 MGII<G 17 
2 10005 MG(I(G 18 
200020 MGII<G 11 
2000011 MG/KO 10 
200003 MG(I(O 14 
181020 MG(I(O 12 
180020 MGII<O 12 
1110007 MGII<G 13 
1110020 MG \11(0 14 
110012 MG \11(G 14 
171020 MG '/KG 21 
170007 MG '/KG 15 
1800111 MGIKG 25 
110010 MGII<G 22 
1500:20 MG(I(G 13 
150001 MGII<G 21 
1400'20 MQIKG 15 
1400011 MOl/KG 18 
140001 MGII<O 18 
1300011 MG(I(O 111 
130003 MGII<G 17 
120020 MGIKO 13 
120001 MOl/KG 12 
110017 MGJI(O 11 
1100011 MG(I(G 15 
101020 MG,IKG 13 
100020 MGII<G 14 
100011 MGII<G 14 
080017 MGII<G 13 
0110002 MGII<G 12 
08()()()8 MGII<G 0 
0110001 MG(I(G 13 
07 1001 MGII<G 15 
070012 MGIKG 13 
070001 MGIKG 14 
080005 MGII<G 15 
0110000 MG'/KG 17 
050010 MGII<G 14 
050004 MGII<G 34 
040012 MGIKG 7 
040007 MOl/KG 11 
030004 MGII<G 10 
020006 MGII<G 7 
011002 MGJKG 11 
010002 MGIKG 9 

Count 56 
M•n 14.5411 
Sian. Dev. 
N ValJI 
o.ar-of Freedom 
C'--'P Standard 

Mound Plant. ER Program 
Revision 0 
4 145.3· 10.8 

4.787 
7.480 
1.671 
2.232 

FE HG K u MG 
HE 23 HE HE HE 

10000 0 1620 111 42100 
13200 0 2000 12 33600 
15QOO 0 11150 12 24600 
23100 0 7110 31 12300 
22800 0 2450 28 7720 
2eeOD 0 8700 S4 13200 
111200 0 5710 23 7280 
22:500 0 4510 211 71580 
23000 0 3180 24 81110 
14700 0 2570 18 5820 
21200 0 35eO 22 5510 
23000 0 4370 33 16200 
12800 0 2200 13 35300 
8760 0 1440 11 431100 
11040 0 10110 II 44200 

13300 0 1240 8 27400 
11200 0 1930 11 401100 
8240 0 1440 10 37700 

10300 0 1820 II 48600 
11700 0 18110 14 42400 
8050 0 1410 8 4eOOO 

3 1100 0 :W70 38 12900 
18300 0 3200 23 15300 
301100 0 4560 311 10500 
32eOO 0 5040 37 111100 
12300 0 2280 15 3»00 
231100 0 3170 28 13300 
20500 0 3630 2i 13100 
15400 0 3040 111 331100 
22200 0 3570 22 20000 
24100 0 4370 'Z1 14800 
1111100 0 35eO 20 7:1400 
12800 0 11150 18 38300 
12300 0 8» 13 28000 
11400 0 2140 13 25400 
23000 0 3050 211 7950 
12500 0 22110 15 41900 
11400 0 1330 12 35600 
11700 0 1720 11 441100 

111120 0 1680 13 45500 
11400 0 2020 10 37500 

142 0 23 0 42 
13200 0 1660 12 36600 
24700 0 3810 27 12900 
15500 0 2270 17 8160 
23900 0 3370 26 7930 
111600 0 2810 21 13100 
1111100 0 2420 22 1111100 
20400 0 11190 24 7»0 
14200 0 11130 14 10100 
111100 0 1730 14 11280 
101100 0 834 II 271100 
16000 0 3010 18 12200 
6050 0 655 4 35400 

13200 0 2340 15 2noo 
10300 0 1250 11 33500 

56 56 56 56 56 
16342.1!93 0.117 2675.904 18.419 23656.432 
6650.559 0.054 14117.127 8.676 13911.702 

7.480 7.480 7.480 7.480 7.480 
1.671 1.671 1.671 1.671 1.671 

14119.931 0.012 335.645 3.203 3112.189 

The row listed as "Cleanup St~ndard" is the 
"Upper One Sided Confidence Limit" oftbe 
sample data set. Tbis number should be 
compared to the "Cleanup Standard". See 
explanation Appendix B, Page 8-1. 

OU 6 Verification Ae~=oort 
Oc1ober 1994 

MH MO HA HI 
71100 NE NE 1600 

223 2 163 11 
2411 2 1115 13 
722 2 173 16 
874 2 3111 21 
787 2 184 25 
676 2 235 27 
5211 2 169 17 
623 2 2 14 24 
788 2 169 22 

12150 2 2fiO 13 
544 2 178 19 
58S 2 230 22 
439 2 220 12 
223 2 207 12 
182 2 143 10 
349 2 142 13 
223 2 153 12 
211 2 153 11 
205 2 232 11 
2150 2 202 13 
304 2 672 10 
442 2 262 26 
489 2 289 14 
563 2 531 27 
5118 2 52$ 26 
~ 2 252 13 
502 2 543 23 
548 2 2411 17 
286 2 27V 14 
449 2 696 18 
592 2 419 20 
472 2 387 15 
304 2 ~ 11 
288 2 247 11 
332 2 231 11 
434 2 578 21 
m 2 226 14 
278 2 154 12 
2011 2 197 12 
1110 2 2411 12 
362 2 1711 10 

10 0 2 0 
2911 2 209 14 
544 2 232 20 
656 2 256 11 
478 2 191 19 
440 2 281 14 
440 2 320 16 
500 2 2411 18 
431 2 230 10 
2711 2 106 11 
330 2 166 11 
2411 2 659 14 
185 2 136 7 
299 1 144 11 
250 2 130 9 

56 56 56 56 
420.1166 1.825 262.4111 15.002 
212.278 0.324 145.297 5.473 

7.480 7.480 7.480 7.480 
1.671 1.671 1.671 1.671 

50.046 0.334 34.878 2 .399 
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Semple Number Unb 
RBTL /RSOCY MQJKO 
N4EA 1e-1 
3111006 MG/1(0 
3510011 MOII<O 
3SI0006 MOII<G 
380012 MGIKO 
380006 MGIKO 
370012 MGIKO 
370006 MGIKO 

eou. 
Meen 
Stan. DeY. 
N VaU. 

I Degr- of Freedom 
c._.., Slandard 
AREA 1e-2 
360020 MO/I<O 
3e0013 MG/KO 
380008 MG/1(0 
3GOOOO MGIKO 
350020 MO/I<O 
350013 MGIKO 
350006 MO/I<O 
350000 MGIKO 
341000 MG/KO 
340006 MO/I<O 
340000 MGIKO 
330008 MO/I<O 
330000 MO/I<O 
320005 MO/I<O 
320000 MO/I<O 
310000 MO/I<O 
301000 MO/I<O 
300000 MO/I<O 
2110013 MO/I<O 
2110006 MO/I(G 
290000 MO/I<O 
281000 MOII<O 
280020 MO/I<G 
280013 MO/I<O 
280006 MO/I<G 
280000 MO/I<O 
270020 MO/I<G 
270013 MQJI<G 
270006 MQIKG 
270000 MOII<G 

eou. 
Ween 
Stan. Ow. 
N VaU. 

. 0eor- of Freedom 

. ClewMl Standard 

Mound Plant. ER Program 
Revision 0 
.,.S3·1o-8 

PB 
53 

5 
4 
7 
8 
7 
8 

10 

7 
8.514 
1.n6 
2.645 
1.895 
2.086 

8 
7 

11 
14 
5 
0 

11 
7 
8 

10 
5 

10 
7 
5 
8 
7 
7 
8 
8 
8 
8 
2 
5 

13 
13 
2 
6 
6 
6 

10 

30 
7.513 
2.922 
5.4n 
1.697 
1.781 

sa se SN TA 
31 390 NE NE 

8 0 2 512 
8 0 2 375 
7 0 2 453 
7 0 2 403 
8 0 2 385 
7 1 2 164 
7 0 2 2119 

7 7 7 7 
7.414 0.441 2.114 368.714 
0.442 0.040 0.125 105.138 
2.645 2.645 2.645 2.645 
1.895 1.885 1.895 1.895 
1.187 0.029 0.415 n.892 

35 0 2 811 
34 0 2 788 

7 0 2 153 
7 0 2 241 
7 0 2 171 
7 0 2 172 
8 1 2 3117 
7 0 2 157 
8 1 2 221 
7 1 2 466 
6 1 2 444 
7 0 2 218 
7 0 2 155 
7 0 2 173 

28 0 2 847 
6 1 2 252 
6 0 2 241 
8 1 2 # 216 
5 0 2 124 
8 1 2 176 
6 0 2 148 
7 0 2 168 
7 0 2 180 
8 0 2 216 
8 0 2 214 
7 0 2 187 
7 0 2 175 
7 0 2 215 
5 0 2 201 
6 0 2 328 

30 30 30 30 
9.433 0.474 1.960 274.433 
7.568 0.224 0.227 170.514 
5.4n 5.4n 5.4n s .4n 
1.697 1.697 1.697 1.697 
3.320 0.069 0.363 58.~ 

Tbe row listed as "Cleanup Standard" is the 
"Upper One Sided Confidence Limit" of the 
sample data set. This number should be 
compared to tbe "Cleanup Standard". See 
explanation Appendix B, Page 0.1. 
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T\. y ZN 
5.5 550 23000 

1 28 59 
2 22 49 
1 20 52 
1 31 49 
0 24 41 
0 13 33 
0 15 42 

7 7 7 
0.910 21.757 46.214 
0.465 6.117 7.718 
2.645 2.645 2.645 
1.895 1.895 1.895 
0.333 5.720 7.194 

0 23 40 
0 HI 50 
0 24 39 
1 37 53 
0 8 22 
0 18 52 
0 20 45 
0 10 40 
0 17 43 
0 25 55 
0 20 46 
0 18 33 
0 13 34 
0 14 32 
0 12 27 
0 17 41 
0 12 41 
0 10 27 
0 10 33 
0 7 31 
0 14 37 
0 2 5 
0 6 20 
0 27 51 
0 28 48 
0 4 5 
1 15 28 
1 13 28 
1 14 28 
1 28 44 

30 30 30 
0.430 18.267 36.230 
0.141 7.757 12.680 
5.4n 5.4n s .4n 
1.697 1.697 1.697 
0.044 3.615 5.488 
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I s.mple NLmb.r Unb 
RSTl./ RBGCV UG/KG 
AREA 1s.-3 
260020 MG/KG 
2e0010 MG/KG 
260002 MG/KG 
250018 MGIKG 
2500011 MGIKG 
240011 MG/KG 
240004 MG/KG 
230014 MG/KG 
230005 MG/KG 
220010 MG/KG 
220005 MG/KG 
210012 MG/KG 
210005 MG/KG 
200020 MG/KG 
200009 MG/KG 
200003 MG/KG 
181020 MG/KG 
190020 MG/KG 
190007 MG/KG 
180020 MG/KG 
180012 MG/KG 
171020 MGJKQ 
170007 MG/KG 
160018 MG/KG 
180010 MG/KG 
150020 MGIKG 
150001 UG/KG 
140020 MGIKG 
140008 MG/KG 
140001 MG/KG 
130008 MG/KG 
130003 MG/KG 
120020 MG/KG 
120001 MG/KG 
110017 MG/KG 
110008 MG/KG 
101020 MG/KG 
100020 MG/KG 
100011 MG/KG 
090017 MG/KG 
090002 MG/KG 
080009 MG/KG 
080001 MG/KG 
071001 MG/KG 
070012 MG/KG 
070001 MG/KG 
060005 MG/KG 
060000 MG/KG 
050010 MG/KG 
050004 MG/KG 
040012 MG/KG 
040007 MGJKG 
030004 MG/KG 
020006 MG/KG 
011002 MG/KG 
010002 MG/KG 

COUll 
Mean 
Stan. Oev. 
NVakJe 

I Degrees of freedom 
C~Standard 

Mound Plant. ER Program 
Revision 0 
•1453·10.8 

PB 
53 

5 
s 
8 
7 
s 
8 
4 
5 
7 
9 

11 
4 
7 
7 
5 

12 
7 
5 
6 
5 
4 
6 
7 

11 
8 
8 
5 
8 
7 
9 

11 
8 
6 
8 
5 
6 
6 
5 
6 
6 
6 

12 
6 

13 
6 
9 
9 
9 
6 

37 
4 
8 
6 
5 

12 
9 

56 
7.530 
4.478 
7.480 
1.671 
1.877 

SB se SH TA 
31 390 NE NE 

7 0 2 152 
7 0 2 166 
7 0 2 163 
7 1 2 388 
7 0 2 477 
8 1 2 553 
8 1 2 310 
7 0 2 405 
8 0 2 233 
6 0 2 186 
7 1 2 262 
8 0 2 182 
8 0 2 187 
8 0 2 176 
6 0 2 141 
7 0 2 166 
8 1 2 213 
7 1 2 181 
7 0 2 173 
7 0 2 161 
6 0 2 134 
7 0 2 402 
8 0 2 190 
8 0 2 293 
8 0 2 336 
6 0 2 142 
7 0 2 200 
6 0 2 238 
6 0 2 147 
7 0 2 163 
7 0 2 168 

38 0 2 888 
8 0 2 2:17 
6 0 2 140 

37 0 2 175 
7 0 2 170 

38 0 2 889 
7 0 2 158 
7 0 2 158 
6 0 2 141 
7 0 2 157 
0 0 0 1 
7 0 2 156 
6 0 2 459 
8 0 2 186 
7 0 2 313 
6 0 2 284 
7 0 2 274 
6 0 2 2S8 
7 0 2 167 
7 0 2 221 
7 0 2 231 
7 0 2 201 
7 0 2 154 
6 0 2 226 
7 0 2 162 

56 56 56 56 
8.445 0.430 1.950 244.500 
7.01 1 0.136 0.328 157.444 
7.480 7.480 7.480 7.480 
1.671 1.671 1.671 1.671 
2..493 0.030 0.363 37.561 

Tbe row listed as "Cleanup Standard " is the 
"Upper One Sided Confidence Limit" ofthe 
sample data set. This number should be 
compared to tbe "Cleanup Standard". See 
explanation Appendix B, Page 8-1. 
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n. v ZN 
5.5 550 23000 

0 10 27 
0 13 34 
0 20 49 
0 25 49 
0 15 48 
0 27 54 
0 23 34 
1 28 46 
1 21 46 
0 10 54 
0 17 35 
0 18 45 
0 13 36 
0 10 26 
0 7 23 
1 17 47 
0 12 26 
0 10 26 
0 12 33 
0 13 30 
0 11 21 
0 16 55 
0 14 40 
0 24 56 
0 26 51 
0 12 32 
0 21 49 
0 14 41 
0 16 39 
0 21 44 
0 21 52 
0 18 42 
0 11 32 
0 9 54 
0 9 28 
0 16 46 
0 14 33 
0 9 32 
0 11 33 
0 11 31 
0 12 28 
0 0 0 
0 14 34 
0 30 59 
0 10 31 
0 24 54 
0 17 43 
0 18 48 
0 11 48 
0 8 105 
1 7 26 
1 16 33 
1 12 29 
0 6 22 
1 12 32 
1 8 31 

56 56 56 
0.437 14.836 39.273 
0.113 6.052 14.401 
7.480 7.480 7.480 
1.671 1.671 1.671 
0.025 2..523 4.811 
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The row listed as "Cleanup Standard" is the 
"Upper One Sided Confidence Limit" of the 
sample data set. This number should be 
compared to the "Cie.anup Standard". See 
explanation Appendix 8 , Page B-1. 
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Table 8.5. Slatktlcal AnalyW of Radiological o.ta 
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ltrT 
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0.70 
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2.01 
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1 •• 
0 .311: 
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0.1:3 
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0.112 
0.71 

7 
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0 .115 
0.85 
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14 
14 IU 
14 
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20.30 
14 
14 

7 
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.11 u 1.34 0.17 -o.. 14 
11 .03 0.74 ~ 14 

.1 1 u 1.34_ 1.211 0.82 14 
'"" 10.811 1.01 o.• i.&- 1: 
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o.o< IJ 
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'· " 1.!11 1! n:7il 1.07 
II' 1.111 D. 14.01 lliif O.O< 

1340000 P' l 1 1.3 o. ,. o.ea o.a 
I 330000 ~ :ua l 1 1.0 u o. 711 o .o 
13300011 P' :ua 0.43 u ~ 0.22 I u 0.11 0.111 o.80 22.oo o:ii o.o 

2100 D 1/a -0.33 o:23 U 0.1 ' . 1 0 O.U 0.42 i-4~1 0.110 0.13 J 
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0.311 2.7511 
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1.111M .liM 
0.011 2.04 

0.1411 1.35 
0 .011 1.11: 
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1 .111M . liM 
0 .024 0 .8113 If 

The row listed as "Cleanup Standard" is the 
"Upper One Sided Confidence Limit" of the 
sample data set. This number should be 
compared to the "Cleanup Standard". See 
explanation Appendix 8 , Page 8-1. 
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1.015 8.311 0 .01511 o.283 0 .053 0 .083 1.347 

The row listed as "Cleanup Standard" is the 
"Upper One Sided Confidence Limit" of the 
sample data set. This number should be 
compared to the "Cleanup Standard". See 
explanation Appendix 8 , Page 8-1. 
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