031003

FINAL

SITEWIDE REMEDIAL INVESTIGATION REPORT

FOR ALL OPERABLE UNITS
DUPONT CHAMBERS WORKS FUSRAP SITE
DEEPWATER, NEW JERSEY

Contract Number: W912DQ-08-D-0003/CF02

Prepared by:

U.S. ARMY CORPS OF ENGINEERS
PHILADELPHIA DISTRICT
PHILADELPHIA, PENNSYLVANIA

With Technical Support from:

1106 North Charles Street, Suite 300
Baltimore, MD 21201

JUNE 2011



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

TABLE OF CONTENTS

EXECUTIVE SUMMARY ..ottt sttt XX
ES. 1 INEEOAUCTION ...ttt ettt et ae et et eeeaeeenbeeeees XX
ES.2 Site Description and Background .............cccooceieiiiiiiiiiiieniieiieeeceeeee e XX
ES.3 Purpose and Goals of the Remedial Investigation .............ccceevevciierienieeniiennnnn. XXii
ES. 4 Scope Of INVESHAtION. .....ceiiieiiiiiieiie ettt et xXxiii
ES.5 Investigative MEthOdS .........ooviiiiiiiiiiiieieceee e XXVi
ES. 6 Physical Characteristics 0f SIte.........ccieriieiiieiieiiieie ettt XXVii
ES.7 Nature and Extent of Contamination .............cceeceereieeriienieeneenieenieeseeesiee e XXVil
ES. 8 Fate and TransSport .........cocveeiiierieeiiecieeeee et XXxiii
ES.9 CONCIUSIONS ...ttt ettt ettt e s tae e bt essaeebeesabeenseessseenseas XXXV
1.0 INTRODUGCTION. ...ttt 1-1
1.1 PUrpose Of REPOTT ....veiiiiiiieciiiee e e 1-4
1.2 Scope Of INVESHIZAtION. .....eeiiieiiieiieciie ettt ettt et e e 1-4
121 OPErabIe UNIt L ...t et 1-6
1.2.2 OPEIaDIE UNIT 2 ...ttt re e sre e e e e nae s 1-7
1.2.3 Operable UNIt 3 .. ... 1-7
1.3 Regulatory Framework for Chambers Works FUSRAP Site .......cccccccvvvveveeenneen. 1-7
1.4 Chamber Works Background Information.............cccccveeeiieeiieencieenie e 1-7
1.4.1 SHEE HISTOY ... ve ettt re et e esreenteaneesneeae s 1-8
1.5 Description of Operable Units and Areas of Concern ...........ccoeeveeiienienieennns 1-12
151 OpPerable UNIt L ..o 1-12
1.5.2 (@] 0 =T = o] (=T ) TSR 1-14
153 Operable UNit 3 . ... 1-15
154 Background REfEreNCE AFBa .......cc.ecviiueeiieeieieese e 1-19
1.6 Previous INVEStIZAtIONS .......eouvieiieiieeiiesiie ettt ettt 1-19
16.1 Atomic Energy Commission/Department of ENergy ........cccccoceeeveieninnnninnns 1-19
1.6.2 Oak Ridge National Laboratory 1977 ........ccccoceeieeieerieiiese e see e 1-19
1.6.3 Bechtel National, INC. 1983 .........cviiiii e 1-20
164 DUPONT 1988 = PIrESENT........eiiieeiieiiieesiee e 1-21
1.7 Description of Constituents of Potential Concern ............cccoeeveevieeiiienienieennns 1-22
1.7.1 Radiological ContamiNants ...........cccoviieieieieieie s 1-22
1.7.2 Chemical CONSHITUBNTS ......cveiiiiiie e 1-24
1.7.3 Investigative SCreening ValUe............ccooiiiiiiiiiiiieeee e 1-24
1.8 Report Organization..........ccvieeiieeeiieeeiie e etee et eeee e aee e reeeereeenaaee e 1-25
2.0 INVESTIGATION METHODS ..ot 2-1
2.1 SAMPIING SrAtEZY ..eevviiieiiiieciie et et e e e e seree e 2-1
211 USE OF MARSSIM ..ottt 2-1
212 Systematic Grid and Grid SUIVEYING .......cccooueiieiieie e 2-1

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. i



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

213 BOFING LOCATIONS. .....etieiieiie ittt 2-2
2.14 BIaSed SAMPIES ......ocviiiiiiieieiee e 2-3
2.15 GEOPNYSICAL SUNVEYS ...ttt ettt sne e 2-3
2.2 Geological INVEStIZAtIONS......ccuuieeciieeeiieeeiie et e eeiee e e e e eee e e e s e e sbeeesnaeeens 2-9
2.2.1 Surface Soil and SEAIMENT ... 2-9
2.2.2 SUBSUITACE SOIL... .o 2-9
2.2.3 Down-Hole Gamma SUIVEY ........ccueiieiieriieieseesie e e e sre e 2-14
224 Geiger-Mueller COre SCAN.......c.voiieiiie e 2-16
2.2.5 TS PIES. ..ttt 2-16
2.2.6 (00 0 [od (=] (T TP UPTUURTPPROPRRORR 2-17
2.3 Groundwater and Surface Water Investigations ..........ccecceeeeeveeecieencieeenveeenen. 2-18
2.3.1 TeMPOrary PIBZOMELEIS .....ccveiveeieieesieeiesee e e e see e ete e e aeseeenae e e sae e sneeneeas 2-18
2.3.2 Sampling Via GEOPIODE. .......coiiiiieiieie et 2-19
2.3.3 Monitoring Well Installation and Development ..........ccccoccvvieveeiecieeneece e 2-19
234 Water Level MeasUrEMENTS........ciiiiiiieieeie et 2-21
2.35 R3] (1T T TS TSR 2-21
2.3.6 SUITACE WALET ...ttt 2-21
2.4 Investigation-Derived Waste Management...........cccceeeveeeeuieeecieeencieeenreeenvee e 2-22
2.5 Sample Analysis: Methods and Quality Assurance..........cccocceeeecvveeeieeenveeennnen. 2-22
25.1 SO SAMPIES ...ttt re e e 2-22
252 Groundwater SAMPIES.......ooiiiee e 2-25
2.6 YN TN 101 0] 110 F USRS 2-29
2.7 Ecological INVeStiZatiONS ........ccueieivieeriieeiiieeiee ettt e e e e e e 2-30
2.8 Data Review, Verification, and Usability ..........cccccceeveiieeiiieniiieeieecee e 2-30
2.8.1 Evaluation of the Accuracy of the Onsite Gamma Spectroscopy ...........cccune.. 2-31
2.8.2 Confirmation of Natural Uranium ............ccocceeiiiiriininneeesee e 2-32
3.0 PHYSICAL CHARACTERISTICS OF SITE ..., 3-1
3.1 IMELEOTOLOZY ...ttt ettt ettt e st e e tae st e e nbeeesseensaesnaeenne 3-1
3.2 LaNd USEC ...t ettt et e e e et e e e e e e e e nb e e e eaneeenreas 3-1
33 DEMOZIAPNICS ...nevieiiieeiiieiieeie ettt ettt e et esaae e e s e eteesnae e 3-2
34 SUITACE FATUIES .....uiiiiiieiieeiiieie ettt s 3-4
3.5 Surface Water FEatUres .........c.ococuviieiiieeiiecciie e 3-4
3.6 Regional and Local GEOlOZY ......cocvieiiieiiiiiiieiieiiece et 3-4
3.7 Regional and Local Hydrogeology ........cccoevieviieriiiiiieiieciecieeeeeeeee e 3-5
3.7.1 Tidal Influence in the B AQUITEN ........c..oiiiiieiieeee s 3-6
3.7.2 Chlorinated Solvents in the B AQUITEN ........cvviieiieie e 3-6
3.7.3 Groundwater EXtraction SYSTEMS ........ccoviiiiiiieniieie e 3-6
3.8 Private WEllS....uoiiiiiieeieeee et 3-8
3.9 Ecological RESOUICES .......cccvvieeiiieeeiiie ettt e e 3-8
39.1 HADITALS ... bbbt 3-9
3.9.2 =olo] [olo [ Tor= Ll 2 ToT=] o] (0] TSP 3-10

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. ii



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

3.9.3 Threatened or Endangered SPECIES .........ocveiieieiirieeie e 3-10

4.0 OU 1 INVESTIGATION RESULTS.....ooiiiiiiee e 4-1
4.1 Site CharaCterISTICS. .. .vviiiuiieeeirieeciiee e e eiee et e e et e e e e eare e e eteeeeteeeereeesaseeeeaseeenens 4-1
41.1 SUITACE FRALUIES ......eeeeei ettt ettt st re e e 4-1
4.1.2 SOMIS et 4-2
4.1.3 Site-Specific Hydrogeology ........couueiiieiiiiesieieeie e 4-3
4.1.4 AOC 1, Former Building 845 Ar€a........cccovveiieiieieeie e 4-3
4.1.5 AOC 2, F Parking Corral ..........cocoiiiiiieiieesie et 4-8
4.1.6 Groundwater INVESTIGAtIONS. ........cccveiuieieiiere e 4-10

4.2 Nature and Extent of Contamination ...............ccceeeeveeeeieeecieeeiieeeree e 4-13
421 AOC 1, Former Building 845 Ar€a.......ccceuiiiiiiiiesieieee e 4-13
4.2.2 AOC 2, F Parking Corral ..........cccoviiieieeie e 4-27
4.2.3 GIOUNTWALET ...ttt ettt ettt e nr et enee e 4-35

5.0 OU 2 INVESTIGATION RESULTS.....ooiiiiiieeiee e 5-1
5.1 Site CharaCterISTICS. .. .vviieurieecirieeciiee et e etee e et e e ettt e et eeeeare e e eteeeeaeeeereeeeaseeeeaseeenens 5-1
511 SUITACE FRALUIES ......eeeeee ettt ettt et reeae s 5-1
512 SOMIS et 5-1
5.1.3 Site-Specific HYArology ......coooiieiiiiiiie e 5-2

5.2 Study Area INVEStIZAtION......c.uiiiiiieeiiieeieeciee et et e e ee e 5-3
521 AOC 3, Central Drainage DitCh .........ccccceiieieiieseece e 5-3
5.2.2 AOC 5, Building J-26 Area (Former Building J-16) ........cccccevviiienininiierieeee 5-5
523 Ecological INVESTIGAtION ........c.ccveiiiieiice e 5-6

53 Nature and Extent of Contamination ...............cccceeeeveeeiieeeiieeeciiee e 5-7
531 AOC 3, Central Drainage DiItCh .........ccooeiiiiiiiereeece e 5-7
5.3.2 AOC 5, Former Building J-16 .......ccccooeiieieiieie e 5-21

6.0 OU 3 INVESTIGATION RESULTS......coiiiieiece et 6-1
6.1 NI LTSl O s b Tor <) 0 1] 5 (o1 USSP 6-1
6.1.1 SUrface FEALUIES ... 6-1
6.1.2 SOOIl s 6-1
6.1.3 Site-SPecific HYArOlOgy ......cccoeiieiiee e 6-2

6.2 Study Area INVEStIZAtION. ......eccuiiiiieeiieeiiecie ettt et ebee s 6-2
6.2.1 AOC 4, Historical Lagoon A.........oooiiiiieiiee et 6-2
6.2.2 AOC 6, EaSt BUIIAl ATBA ......oeieiieiieieieeeee s 6-6

6.3 Nature and Extent of Contamination ...............ccceeeevieeiieeeiieeeeieeeiee e 6-10
6.3.1 AOC 4, Historical Lagoon A.........coui it 6-10
6.3.2 AOC B, EASE ATBA......eeiieieieesieee e 6-23

7.0 CONTAMINANT FATE AND TRANSPORT ....cccoviiiieeieese e 7-1
7.1 Potential Routes of Migration in OU 1 - AOC 1 and AOC 2.........ccccevvveeveeeneen. 7-1
7.2 Potential Routes of Migration in OU 2 - AOC 3 ......cccceiviiieciieeeieeeee e 7-2
7.3 Potential Routes of Migration in OU 2 - AOC 5 ......cooviieiiieiieeeieeeee e, 7-4

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. iii



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

7.4 OU 3, AOC 4 LagOON ATCA ....eveeueiieiiieeeiiie ettt eiite et e sttt e eieeesvteesseeesareeesaseeens 7-4
7.5 OU3, AOC 6 EaSt ATCa......eeeeiiieeiiieiiieesiie ettt ettt e et stte et eesab e e sieeeens 7-5
7.6 Contaminant Persistence in the Environment..............ccccceeeeiiiiiiiieiie e, 7-7
7.6.1 Chemical Properties of Uranium..........ccoocueuiiiriinieiie e 7-7
7.6.2 Heavy-Metal TranSpOrt PrOCESSES.......cucieiieieeieieesieeieseesieeeesreesteeeesree e e 7-8
7.6.3 Heavy-Metal Attenuation PrOCESSES ........cucviiieieiieiierieeie e 7-11
7.7 General Conceptual Site Model........ccoeeviiieiiiieiieeeeeeeeeeee e 7-13
8.0 SUMMARY AND CONCLUSIONS ......oooiiiiieie e 8-1
8.1 Summary of Geologic and Hydrogeologic Conditions...........cccceeevevveerieeenereennee. 8-1
8.1.1 OU 1, AOC 1 Former Building 845 Area and AOC 2 F Parking Corral Area...8-1
8.1.2 OU 2, AOC 3 Central Drainage DiItCh ..........ccceiiiiiiiiiiiieseee e 8-2
8.1.3 OU 2, AOC 5 BUIIAING J-26 AIBa.......ccuiiiiiieieiiesie sttt 8-3
8.1.4 OU 3, AOC 4 LaGOON AFBA....ccueiiiiieiieiieaiee sttt ettt et e et e e e saeeaneas 8-3
8.1.5 OU 3, AOC B EBSE ABA....c.eiiiiiieiiesie ettt 8-3
8.2 Summary of Potential Contamination at the Site.........cccccoceveevinieniinneniieneenns 8-4
8.2.1 R3]0 | RSSO PRURRRRRI 8-4
8.2.2 GFOUNAWALET .......vetiiieiietee ettt bbb 8-10
8.2.3 Surface Water and SEdiMeNt.........ccooiiiiiiiiiee e 8-14
8.3 CONCIUSIONS .....veeeniiieeiiee et e ettt e e teeeteeeeteeesteeesebeeesaeessseessseeesnseeessseeensseeenssens 8-15
9.0 BACKGROUND REFERENCE AREA ...t 9-1
9.1 A (51 1 Ta T (0] Lo ey RSP 9-1
9.2 Collection of Background Samples for Various Environmental Media............... 9-2
9.2.1 SOI INVESTIGALION ...cvvieieceec ettt ne e e eae s 9-2
9.2.2 GIOUNTWALET ...ttt sttt et esbeente s e e sneeae s 9-3
9.2.3 Surface Water and SEAIMENT.........cocoiiiiiiiiiee e 9-3
9.3 Review of Background Sampling Results ............ccoeceeriiniiiinieniiieiecieeie 9-3
9.4 Statistical Determination of Background Values.........c..ccocevivviniiniincncncnnnns 9-4
9.4.1 R3]0 | USSR 9-5
9.4.2 GFOUNAWALET ...ttt bbbttt nb bbb eneas 9-6
943 Surface Water and SEAdIMENT........cccuoiiiiiieie e 9-7
9.5 SUIMMATY ...ttt e et e e e et e e e et e e e eentaeeeeenraeeeenanees 9-8
10.0 REFERENGCES. ...ttt nnne e 10-1

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. iv



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

LIST OF TABLES

Table 1-1: Detailed Project Goals for Sitewide RI

Table 1-2: DuPont Chambers Works MED Manufacturing History

Table 2-1: Summary of Investigative Methods

Table 2-2: Selection Criteria for Soil Borings in OU 1

Table 2-3: Selection Criteria for Soil Borings in OU 2

Table 2-4: Selection Criteria for Soil Borings in OU 3

Table 2-5: Selection Criteria for Soil Borings in Background Reference Area

Table 2-6: Monitoring Well Construction Details

Table 2-7: Summary of Medium-Specific Samples for each AOC

Table 2-8: Summary of Radiological Analyses Performed at Each Sample Location
Table 2-9: Summary of Other Chemical Analyses Performed at Specific Sample Locations

Table 2-10: Analytical Methods by Media

Table 2-11: Geotechnical Parameters for Soil

Table 2-12: Water Quality Parameters

Table 2-13: Comparison of Soil Screening Values to Offsite Lab MDCs

Table 2-14: Comparison of Groundwater Screening Values to Offsite Lab MDCs

Table 2-15: Sampling Results used to Correlate Offsite and Onsite Gamma Spectroscopy

Table 2-16: Correlation of Isotopic Ratios for Soil and Concrete Samples

Table 3-1: New Castle County Airport Wilmington, DE Climatological Values

Table 3-2: Summary of Hydrostratigraphy at DuPont Chambers Works

Table 4-1: Rationale for Monitoring Well Locations

Table 4-2: Total Uranium Results for Soil and Concrete Samples, AOC 1

Table 4-3: Radiological Isotopic Results for Soil and Concrete Samples, AOC 1

Table 4-4: Metals Exceeding Preliminary Remediation Goals in Soil Samples, AOC 1

Table 4-5: VOCs and SVOCs Exceeding Preliminary Remediation Goals for Soil Samples,
AOC 1

Table 4-6: PAHs and PCBs Exceeding Preliminary Remediation Goals for Soil Samples,
AOC 1

Table 4-7: Total Uranium and Radiological Field Instrument Results, Elevator Shaft Test

Pit Investigation, AOC 1

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. \



DuPont Chambers Works FUSRAP Site

031003

FINAL

Sitewide Remedial Investigation Report

Table 4-8:

Table 4-9:

Table 4-10:
Table 4-11:
Table 4-12:

Table 4-13:

Table 4-14:
Table 4-15:
Table 4-16:
Table 4-17:
Table 4-18:
Table 4-19:
Table 4-20:
Table 4-21:
Table 4-22:
Table 4-23:
Table 4-24:

Table 4-25:
Table 4-26:
Table 4-27:

Table 4-28:
Table 4-29:
Table 4-30:

Table 5-1:
Table 5-2:

Total Uranium and Radiological Field Instrument Results, Uranium Oxide Test
Pit Investigation, AOC 1

Total Uranium Results for Soil and Concrete Samples, AOC 2

Radiological Isotopic Results for Soil and Concrete Samples, AOC 2

Metals Exceeding Preliminary Remediation Goals in Soil Samples, AOC 2
VOCs and SVOCs Exceeding Preliminary Remediation Goals for Soil Samples,
AOC 2

PAHs and PCBs Exceeding Preliminary Remediation Goals for Soil Samples,
AOC 2

Radiological Field Instrument Readings, Fill Material Test Pit Program, AOC 2
Isotopic and Total Uranium in Groundwater Geoprobe Samples, AOC 1
Radiochemical Analysis of Groundwater Geoprobe Samples. AOC 1

Isotopic and Total Uranium in Groundwater Geoprobe Samples, AOC 2
Radiochemical Analysis of Groundwater Geoprobe Samples, AOC 2

Water Level Data, Operable Units 1 and 2

Hydraulic Conductivities, Operable Units 1 and 2

YSI Water Quality Data, Operable Units 1 and 2

HACH Kit Water Quality Data, Operable Units 1 and 2

Major Ions in Groundwater, Operable Units 1 and 2

Comparison of Filtered and Unfiltered Uranium in Groundwater, Operable
Units 1 and 2

Isotopic and Total Uranium in Groundwater, Operable Units 1 and 2
Radiochemical Analysis of Groundwater, Operable Units 1 and 2

Metals Exceeding Preliminary Remediation Goals in Groundwater, Operable
Units 1 and 2

BTEX Concentrations in Groundwater, Operable Units 1 and 2

Organic Compounds Detections in LNAPL

VOCs and SVOCs Exceeding Preliminary Remediation Goals in Groundwater,
Operable Units 1 and 2

Soil Geotechnical Parameters, AOC 3

Soil Geotechnical Parameters, AOC 5

W912DQ-08-D-0003/CF02

CABRERA SERVICES INC. Vi



DuPont Chambers Works FUSRAP Site

031003

FINAL

Sitewide Remedial Investigation Report

Table 5-3:
Table 5-4:
Table 5-5:
Table 5-6:

Table 5-7:

Table 5-8:
Table 5-9:

Table 5-10:
Table 5-11:
Table 5-12:
Table 5-13:
Table 5-14:

Table 5-15:
Table 5-16:
Table 5-17:
Table 5-18:
Table 5-19:

Table 5-20:

Table 5-21:
Table 5-22:
Table 5-23:
Table 5-24:
Table 5-25:
Table 5-26:
Table 5-27:
Table 5-28:

Total Uranium Results for Soil Samples, AOC 3

Radiological Isotopic Results for Soil Samples, AOC 3

Metals Exceeding Preliminary Remediation Goals in Soil Samples, AOC 3
VOCs and SVOCs Exceeding Preliminary Remediation Goals for Soil Samples,
AOC 3

PAHs and PCBs Exceeding Preliminary Remediation Goals for Soil Samples,
AOC3

YSI Water Quality Data, AOC 3

HACH Kit Water Quality Data, AOC 3

Major Ions in Groundwater, AOC 3

Isotopic and Total Uranium in Groundwater, AOC 3

Radiochemical Analysis of Groundwater, AOC 3

Metals Exceeding Preliminary Remediation Goals in Groundwater, AOC 3
VOCs and SVOCs Exceeding Preliminary Remediation Goals in Groundwater,
AOC3

Isotopic and Total Uranium Results for Surface Water, AOC 3

Total Uranium Results for Sediment Samples, AOC 3

Radiochemical Results for Surface Water, AOC 3

Radiological Isotopic Results for Sediment Samples, AOC 3

Metals and Organics Exceeding Preliminary Remediation Goals in Surface
Water Samples, AOC 3

Metals and Organics Exceeding Preliminary Remediation Goals in Sediment
Samples, AOC 3

Total Uranium Results for Soil Samples, AOC 5

Radiological Isotopic Results for Soil Samples, AOC 5

YSI Water Quality Data, AOC 5

HACH Kit Water Quality Data, AOC 5

Major lons in Groundwater, AOC 5

Isotopic and Total Uranium in Groundwater, AOC 5

Radiochemical Analysis of Groundwater, AOC 5

Metals Exceeding Preliminary Remediation Goals in Groundwater, AOC 5

W912DQ-08-D-0003/CF02

CABRERA SERVICES INC. vii



DuPont Chambers Works FUSRAP Site

031003

FINAL

Sitewide Remedial Investigation Report

Table 5-29:
Table 5-30:
Table 5-31:
Table 5-32:

Table 6-1:
Table 6-2:
Table 6-3:
Table 6-4:
Table 6-5:
Table 6-6:
Table 6-7:
Table 6-8:
Table 6-9:

Table 6-10:

Table 6-11:
Table 6-12:
Table 6-13:
Table 6-14:
Table 6-15:
Table 6-16:
Table 6-17:
Table 6-18:

Table 6-19:
Table 6-20:
Table 6-21:
Table 6-22:
Table 6-23:

Isotopic and Total Uranium in Monitoring Wells, AOC 5

Radiochemical Analysis in Monitoring Wells, AOC 5

Metals Exceeding Preliminary Remediation Goals in Monitoring Wells, AOC 5
VOCs and SVOCs Exceeding Preliminary Remediation Goals in Monitoring
Wells, AOC 5

Total Uranium Results for Groundwater Geoprobe Samples, AOC 4

Total Uranium Results for Groundwater Geoprobe Samples, AOC 6

Soil Boring FIDLER Scan Results, AOC 4, AOI 1

Soil Boring FIDLER Scan Results, AOC 4, AOI 2

Total Uranium Results for Soil Samples, AOC 4

Laboratory Total Uranium Concentrations vs. Net FIDLER Readings
Radiological Isotopic Results for Soil Samples, AOC 4

Metals Exceeding Preliminary Remediation Goals in Soil Samples, AOC 4
VOCs and SVOCs Exceeding Preliminary Remediation Goals for Soil Samples,
AOC4

PAHs and PCBs Exceeding Preliminary Remediation Goals for Soil Samples,
AOC 4

Water Level Data, AOC 4

YSI Water Quality Data, AOC 4

HACH Kit Water Quality Data, AOC 4

Major Ions in Groundwater, AOC 4

Isotopic and Total Uranium in Groundwater, AOC 4

Radiochemical Analysis of Groundwater, AOC 4

Metals Exceeding Preliminary Remediation Goals in Groundwater, AOC 4
VOCs and SVOCs Exceeding Preliminary Remediation Goals in Groundwater,
AOC 4

Soil Boring FIDLER Scan Results, AOC 6, AOI 4

Soil Boring FILDER Scan Results, AOC 6, AOIL 6

Total Uranium Results for Soil and Concrete Samples, AOC 6

Radiological Isotopic Results for Soil Samples, AOC 6

Metals Exceeding Preliminary Remediation Goals in Soil Samples, AOC 6

W912DQ-08-D-0003/CF02

CABRERA SERVICES INC. viii



031003

DuPont Chambers Works FUSRAP Site FINAL

Sitewide Remedial Investigation Report

Table 6-24: VOCs and SVOCs Exceeding Preliminary Remediation Goals in Soil Samples,
AOC 6

Table 6-25: PAHs and PCBs Exceeding Preliminary Remediation Goals in Soil Samples,
AOC 6

Table 6-26: Water Level Data, AOC 6

Table 6-27: Y SI Water Quality Data, AOC 6

Table 6-28: HACH Kit Water Quality Data, AOC 6

Table 6-29: Major Ions in Groundwater, AOC 6

Table 6-30: Isotopic and Total Uranium in Groundwater, AOC 6

Table 6-31: Radiochemical Analysis of Groundwater, AOC 6

Table 6-32: Metals Exceeding Preliminary Remediation Goals in Groundwater, AOC 6

Table 6-33: VOCs and SVOCs Exceeding Preliminary Remediation Goals in Groundwater,
AOC 6

Table 6-34: Isotopic and Total Uranium Results for Surface Water, AOC 6

Table 6-35: Total Uranium Results for Sediment, AOC 6

Table 6-36: Radiochemical Results for Surface Water, AOC 6

Table 6-37: Radiochemical Results for Sediment, AOC 6

Table 6-38: Metals and Organics Exceeding Preliminary Remediation Goals for Surface
Water, AOC 6

Table 6-39: Metals and Organics Exceeding Preliminary Remediation Goals for Sediment,
AOC 6

Table 7-1: Uranium Decay Chain - Main Branch 1

Table 8-1: Summary of Findings: Operable Unit 1, Building 845 Area and F Corral —
Soils, Concrete, and Sediment

Table 8-2: Summary of Findings: Operable Unit 2, Central Drainage Ditch and Building
J-26 Area — Soils and Sediment

Table 8-3: Summary of Findings: Operable Unit 3, Historical Lagoon Area (AOC 4) and
East Area (AOC 6) — Soils and Sediment

Table 8-4: Summary of Findings: Groundwater Operable Units 1, 2, and 3

Table 9-1: Radionuclide Results (pCi/g) for Surface, Subsurface and All Depth Soils,

Background Reference Area

W912DQ-08-D-0003/CF02

CABRERA SERVICES INC. iX



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

Table 9-2: Total Metal Results (mg/kg) for Surface, Subsurface and All Depth Soils,
Background Reference Area

Table 9-3: Radionuclide Results (pCi/L) for Unfiltered Groundwater, Background
Reference Area

Table 9-4: Total Metals Results (mg/L) for Unfiltered Groundwater, Background
Reference Area

Table 9-5: Radionuclide Results (pCi/L) for Surface Water, Background Reference Area

Table 9-6: Radionuclide Results (pCi/g) for Sediment, Background Reference Area

Table 9-7: Total Metal Results (mg/L) for Surface Water, Background Reference Area

Table 9-8: Total Metal Results (mg/kg) for Sediment, Background Reference Area

Table 9-9: Background Concentrations by Media, Background Reference Area

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. X



DuPont Chambers Works FUSRAP Site

031003

FINAL

Sitewide Remedial Investigation Report

Figure 1-1:
Figure 1-2:
Figure 1-3:
Figure 1-4:
Figure 1-5:
Figure 1-6:
Figure 1-7:
Figure 1-8:
Figure 1-9:

Figure 1-10:
Figure 1-11:
Figure 1-12:
Figure 1-13:

Figure 2-1:
Figure 2-2:
Figure 2-3:
Figure 2-4:
Figure 3-1:
Figure 3-2:
Figure 3-3:
Figure 3-4:
Figure 3-5:
Figure 3-6:
Figure 4-1:
Figure 4-2:
Figure 4-3:
Figure 4-4:
Figure 4-5:
Figure 4-6:

LIST OF FIGURES
Location of DuPont Chambers Works
FUSRAP Operable Unit (OU) and Area of Concern (AOC) Designations
Process Flow Diagram for Uranium Refinement and Fluorocarbon Production
Locations of Historical Buildings and Central Drainage Ditch
AOC 1 - Former Building 845 Area
AQOC 2 - F Parking Corral
Completion Report Utility Map from Bechtel Technical Memorandum
AOC 3 - Central Drainage Ditch
AOC 5 - Building J-26 Area
Areas of Interest, AOC 4 - Historical Lagoon
Areas of Interest, AOC 6 - East Area
MED Operations in 1944, AOC 6 (East Area)
Approximate location of Select DuPont Solid Waste Management Units
(SWMUs)
Well Design, A Aquifer Wells
Well Design, B Aquifer Wells
Well Design, C Aquifer Wells
Pneumatic Slug Test Equipment
Land Use Areas
Wetland Delineation Areas
Schools and Hospitals, Location of Area
Geologic Profile Beneath DuPont Chambers Works
Tidal Influence in the B Aquifer
Interceptor Well System (IWS) Location
Topographic Survey AOC 1 - Building 845 and AOC 2 - F Parking Corral
Geologic Cross-Section, AOC 1 and AOC 2
AOC 1 Soil Sampling Locations
Test Pit Locations - Uranium Oxide Area
AOC 2 Soil Sampling Locations
Test Pit Sampling Locations AOC 2 - F Parking Corral

W912DQ-08-D-0003/CF02

CABRERA SERVICES INC. Xi



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

Figure 4-7: Final Monitoring Well Locations, AOCs 1 and 2

Figure 4-8: AOCs 1 and 2 Gamma Walkover Survey Results

Figure 4-9: Total Uranium Concentrations in Soil and Concrete Samples for AOC 1
Figure 4-10:  OU 1 Cross Section (A-A’) - Vertical Extent of Uranium Contamination
Figure 4-11:  Radiochemical Analysis in Soils for AOC 1

Figure 4-12:  Total Uranium Concentrations in Soil Samples for AOC 2

Figure 4-13:  Radiochemical Analysis in Soils for AOC 2

Figure 4-14:  Total Uranium in Groundwater Geoprobe Samples - AOC 1

Figure 4-15:  Radiochemical Analysis of Groundwater Geoprobe Samples, AOC 1
Figure 4-16:  Total Uranium in Groundwater Geoprobe Samples - AOC 2

Figure 4-17:  Radiochemical Analysis of Groundwater Geoprobe Samples, AOC 2
Figure 4-18:  Groundwater Elevation A Aquifer OU 1 — Quarter 5 (Sept 2006)

Figure 4-19:  Groundwater Elevation B Aquifer OU 1 — Quarter 5 (Sept 2006)

Figure 4-20:  Variation in Water Levels and Barometric Pressure

Figure 4-21:  Average DO and ORP Values in Groundwater for OU 1

Figure 4-22:  Piper Diagram — OU 1 Quarter 4

Figure 4-23:  Average Isotopic and Total Uranium for OU 1 - A Aquifer

Figure 4-24:  Total Uranium Concentration Trends in OUs 1 and 2, A Aquifer

Figure 4-25:  Average Uranium Isopleth Map for OU 1, A Aquifer

Figure 4-26:  Average Isotopic and Total Uranium for OU 1 — B Aquifer

Figure 4-27:  Total Uranium Concentration Trends - OUs 1 and 2 — B Aquifer

Figure 4-28:  Average Uranium Concentrations in OU 1, B Aquifer

Figure 4-29:  Radiochemical Analysis for OU 1 — A Aquifer

Figure 4-30:  Radiochemical Analysis for OU 1 — B Aquifer

Figure 4-31:  BTEX Isopleth Map OU 1 and OU 2 — Aquifer A (Quarter 1)

Figure 4-32:  BTEX Isopleth Map OU 1 and OU 2 — Aquifer B (Quarter 1)

Figure 5-1: AOC 3 Central Drainage Ditch Location of Cross Sections A-A’ and B-B’
Figure 5-2: Geologic Cross Sections A-A’, B-B’, (AOC 3) and C-C’ (AOC 5)
Figure 5-3: AOQOC 5 Building J-26 Area Location of Cross Section C-C’

Figure 5-4: B Aquifer Piezometric Surface

Figure 5-5: Former Channel of Delaware River

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. xii



DuPont Chambers Works FUSRAP Site

031003

FINAL

Sitewide Remedial Investigation Report

Figure 5-6: AOQOC 3 Central Drainage Ditch Completed Soil Sampling Locations
Figure 5-7: AOC 5 Building J-26 Area Completed Sampling Locations

Figure 5-8: AOC 3 Central Drainage Ditch Gamma Walkover Survey Results

Figure 5-9: AOC 3 Total Uranium Concentrations in Soil Samples

Figure 5-10:  AOC 3 Cross Section (D-D’) - Vertical Extent of Uranium Contamination
Figure 5-11:  AOC 3 Cross Section (E-E’) - Vertical Extent of Uranium Contamination
Figure 5-12:  Location of DuPont Solid Waste Management Units (SWMUs)

Figure 5-13:  AOC 3 Radiochemical Analysis in Soils

Figure 5-14:  AOC 3 Total Uranium in Groundwater Geoprobe Samples

Figure 5-15:  Radiochemical Analysis of Groundwater Geoprobe Samples - AOC 3
Figure 5-16:  AOC 3 Total Uranium in Sediment Samples

Figure 5-17:  AOC 3 Radiochemical Analysis and Total Uranium of Surface Water Samples
Figure 5-18:  AOC 3 Radiochemical Analysis of Sediment Samples

Figure 5-19:  AOC 5 Total Uranium Concentrations in Soil Samples

Figure 5-20:  AOC 5 Radiochemical Analysis in Soils

Figure 5-21:  AOC 5 Cross Section (F-F’) - Vertical Extent of Uranium Contamination
Figure 5-22:  AOC 5 Total Uranium in Groundwater Geoprobe Samples

Figure 5-23: AOC 5 Radiochemical Analysis of Groundwater Geoprobe Samples
Figure 5-24:  AOC 5 Average Total Uranium and Isotopic results in Monitoring Wells
Figure 5-25:  AOC 5 Radiochemical Analysis results in Monitoring Wells

Figure 6-1: AOC 4 CPT and Soil Boring Locations

Figure 6-2: Geologic Cross-Section, AOC 4

Figure 6-3: Areas of Interest in AOC 4 - Historical Lagoon

Figure 6-4: Total Uranium Concentrations in Groundwater Geoprobe Samples - AOC 4
Figure 6-5: Monitoring Well Locations, AOC 4

Figure 6-6: CPT Locations, AOC 6

Figure 6-7: Geological Cross Section, AOC 6

Figure 6-8: Gamma Spectral Data 6 CPT21 and 6 CPT37

Figure 6-9: Sediment and Soil Boring Locations in AOC 6

Figure 6-10:  Areas of Interest in AOC 6 - East Area

Figure 6-11:  Total Uranium Concentrations in Groundwater Geoprobe Samples - AOC 6

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. xiii



DuPont Chambers Works FUSRAP Site

031003

FINAL

Sitewide Remedial Investigation Report

Figure 6-12:
Figure 6-13:
Figure 6-14:
Figure 6-15:
Figure 6-16:
Figure 6-17:
Figure 6-18:
Figure 6-19:
Figure 6-20:
Figure 6-21:
Figure 6-22:
Figure 6-23:
Figure 6-24:
Figure 6-25:
Figure 6-26:
Figure 6-27:
Figure 6-28:
Figure 6-29:
Figure 6-30:
Figure 6-31:
Figure 6-32:
Figure 6-33:
Figure 6-34:
Figure 6-35:
Figure 6-36:
Figure 6-37:

Figure 7-1:
Figure 7-2:
Figure 7-3:
Figure 7-4:
Figure 7-5:

AOC 4 Gamma Walkover Survey Results

Total Uranium Concentrations in Soil Samples for AOC 4

AOC 4 Cross Section (C-C’) - Vertical Extent of Uranium Contamination
Radiochemical Analysis in Soils for AOC 4

Groundwater Elevation A Aquifer AOC 4 — Quarter 5 (Sept 2006)
Groundwater Elevation B Aquifer AOC 4 — Quarter 5 (Sept 2006)
Average DO and ORP Values in Groundwater for AOC 4

Average Isotopic and Total Uranium for AOC 4 - A Aquifer

Total Uranium Concentration Trends AOC 4 - A Aquifer

Average Uranium Concentrations in A Aquifer - AOC 4

Average Isotopic and Total Uranium for AOC 4 - B Aquifer

Total Uranium Concentrations Trends AOC 4 - B Aquifer
Radiochemical Analysis for AOC 4 — A Aquifer

Radiochemical Analysis for AOC 4 — B Aquifer

AOC 6 Gamma Walkover Survey Results

Total Uranium Concentrations in Soil Samples for AOC 6

AOC 6 Cross Section (B-B’) - Vertical Extent of Uranium Contamination
Radiochemical Analysis in Soils for AOC 6

Groundwater Elevation B Aquifer AOC 6 - Quarter 5 (Sept 2006)
Average DO and ORP Values in Groundwater for AOC 6

Average Isotopic and Total Uranium for AOC 6 - B Aquifer

Total Uranium Concentration Trends AOC 6 - B Aquifer

Average Uranium Concentrations in B Aquifer, AOC 6

Radiochemical Analysis for AOC 6 - B Aquifer

Total Uranium and Radiochemical Analysis in Surface Water for AOC 6
Total Uranium and Radiochemical Analysis in Sediment Samples for AOC 6
Potential Routes of Migration in AOC 1

Potential Routes of Migration in AOC 2

Potential Routes of Migration in AOC 3

Potential Routes of Migration in AOC 5

Potential Routes of Migration in AOC 4

W912DQ-08-D-0003/CF02

CABRERA SERVICES INC. Xiv



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

Figure 7-6: Potential Routes of Migration in AOC 6
Figure 7-7: General Conceptual Site Model for Human Health Risk Assessment
Figure 9-1: Location of Background Reference Area

Figure 9-2: Sampling Stations in the Background Reference Area

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. XV



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

LIST OF APPENDICES
APPENDIX A: Ground Penetrating Radar (GPR) Data for Soils
APPENDIX B: Gamma Surveys

B-1: Gamma Walkover Surveys

B-2: Gamma Surveys (Downhole & Spectral)
APPENDIX C: Soil Logs & Well Construction Diagrams

C-1: Geoprobe Soil Logs
C-2: Cone Penetrometer Testing (CPT) Soil Logs
C-3: Subsurface Drilling Soil Logs & Well Construction Diagrams

C-4: Test Pit Logs — OU 1
APPENDIX D: Investigation-Derived Waste Analytical Data

APPENDIX E: Air Quality Monitoring & Health/Safety Environmental Monitoring Records

APPENDIX F: Soils Analytical Data: Primary and Quality Assurance/Quality Control (QA/QC)
APPENDIX G: Well Development Records and Water Level Measurement Forms

G-1: Piezometer Records

G-2: Monitoring Well Records
APPENDIX H: Groundwater Analytical Data: Primary and Quality Assurance/Quality Control
(QA/QC) and Chain of Custody Records (COCs)
APPENDIX I: Groundwater Elevation Contour Maps (Quarters 1-7)

APPENDIX J: Slug Test Data— OU 1 and 2

APPENDIX K: YSI Calibration Logs

APPENDIX L: Water Quality Data Figures & Isopleths (Quarters 1-7)
APPENDIX M: Quality Assurance/Quality Control Evaluation Results
APPENDIX N: Total Uranium Isopleth Maps

APPENDIX O: Ecological Site Visits, October 2003 and July 2007

APPENDIX P: Surface Water/ Sediment Analytical Data: Primary and Quality Assurance/Quality
Control (QA/QC)
APPENDIX Q: Weather/Transducer Data OU 3

APPENDIX R: Soils Analysis Reports, USACE Waterways Experiment Station

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. XVi



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

LIST OF ACRONYMS AND ABBREVIATIONS

AEC Atomic Energy Commission DCGL  Derived Concentration Guideline
ANSI American National Standards Level

Institute DE Delaware
AOC area of concern DGPS differential global positioning
AOI area of interest system
ARA Applied Research Associates DNAPL  dense non-aqueous phase liquid

ASTM American Society for Testing DOE U.S. Department of Energy

and Materials DO dissolved oxygen
bgs below ground surface dpm disintegrations per minute
BNI Bechtel National, Inc. DQO Data Quality Objective
Ba/kg becquerels per kilogram DRCAP  Delaware River Corrective
BRA Baseline Risk Assessment Action Program
BTEX benzene, toluene, ethylbenzene, DuPont  E.I DuPont de Nemours &
Company
xylene
Eh redox potential

CABRERA Cabrera Services, Inc.
CBWS  C-Basin Well Point System EM clectromagnetic

CDD Central Drainage Ditch °F Fahrenheit
CENAP  U.S. Army Corps of Engineers, FIDLER field instrument fgr detection of
low energy radiation

Philadelphia District
CERCLA Comprehensive Environmental FS feasibility study

Response, Compensation and ft feet

Liability Act ft/day feet per day
cfs cubic feet per second ft2 square feet
cm centimeter(s) FUSRAP Formerly Utilized Sites
cms centimeters per second Remedial Action Program
cm? square centimeters GIS geographical information system
CoC Chain of Custody GM Geiger-Mueller
COPC constituent of potential concern gpm gallons per minute
cpm counts per minute GPR ground penetrating radar
CPT cone penetrometer testing GPS global positioning system
CSM Conceptual Site Model GSSI Geophysical Survey Systems,

Inc.

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. XVii



DuPont Chambers Works FUSRAP Site
Sitewide Remedial Investigation Report

031003

FINAL

GWS
HPGe
HPWDS

HSWA

Hz
ID
IDW
ISV
IWS
K-40

Kd

Kg

LNAPL
m

m2

m/d

MAG

gamma walkover survey
High Purity Germanium Detector

Historic Process Water Ditch
System

Hazardous and Solid Waste
Amendments of 1984

hertz

inner diameter

Investigation Derived Waste

investigative screening value
Interceptor Well System
potassium-40
hydraulic conductivity

distribution coefficient of a
contaminant between its soil-
sorbed phase and its aqueous
phase

kilogram

liter

light non-aqueous phase liquid
meter

meters squared

meters per day

magnetometer

MARSSIM  Multi-Agency Radiation

MCL
MDA
MDC

mg
mg/kg
mg/L
MHz

Survey and Site Investigation
Manual

maximum contaminant level
minimum detectable activity

minimum detectable
concentration

milligram
milligrams per kilogram
milligrams per liter

megahertz

mph
mV
Ha/kg

Ho/L
MR/hr

puS/m
pnS/cm
MED
MS
MSD
Nal
Na,U,0;
NAD
NAPL
NAVD
NCP

ND
NGVD 29

NJ
NJAC

NJDEP

NRC

ns

NTU
ORP
ou
ORNL
Pa-234m
PAH

miles per hour

millivolts

micrograms per kilogram
micrograms per liter
microRoentgens per hour
microSiemens per meter
microSiemens per centimeter
Manhattan Engineer District
matrix spike

matrix spike duplicate
sodium iodide

sodium uranite

North American Datum
non-aqueous phase liquid
North American Vertical Datum
National Contingency Plan
non-detect

National Geodetic Vertical
Datum

New Jersey

New Jersey Administrative
Code

New Jersey Department of
Environmental Protection

Nuclear Regulatory Commission
nanosecond

Nephelometric Turbidity Unit
oxidation-reduction potential
Operable Unit

Oak Ridge National Laboratory
protactinium 234 isomer

polycyclic aromatic
hydrocarbon

W912DQ-08-D-0003/CF02

CABRERA SERVICES INC.

Xviii



DuPont Chambers Works FUSRAP Site
Sitewide Remedial Investigation Report

031003

FINAL

Pb-206
PCB
pCilg
pCi/L
pCi/ug
pH

PID
PRG
PVC
QA
QA/QC

QAPP
QC
Ra-226
RCRA

RI
RFI
ROPC

SB
SDG
SEM
SvVOC
SWMU
TAL
TCL
TD

Lead-206

polychlorinated biphenyl
picoCuries per gram
picoCuries per liter
picoCuries per microgram

Potential of Hydrogen: log of
the hydrogen ion concentration

photoionization detector
Preliminary Remediation Goal
polyvinyl chloride

Quality Assurance

Quality Assurance/Quality
Control

Quality Assurance Project Plan
Quality Control
Radium-226

Resource Conservation and
Recovery Act

Remedial Investigation
RCRA Facility Investigation

Radionuclide of Potential
Concern

soil boring

Sample Delivery Group
scanning electron microscope
semi-volatile organic compound
solid waste management unit
Target Analyte List

Target Compound List

thorium dioxide

TDMD
TEL
Th-230
Th-231
Th-234
TOC
TPP
TPU
U

UF,

UFe
U-234
U-235
U-238
U3Os

uo;
UO,2H,0
USACE
USEPA

UTL
UPL
VOC
Vs
XRD
Weston
wQcC
WWTP
yd®

time domain metal detector
tetraethyl lead

Thorium-230

Thorium-231

Thorium-234

total organic carbon
Technical Project Planning
total propagated uncertainties
Uranium

Uranium tetrafluoride (green
salt)

uranium hexafluoride
Uranium-234

Uranium-235

Uranium-238

black oxide

brown oxide

uranium peroxide dihydrate
U.S. Army Corps of Engineers

U.S. Environmental Protection
Agency

upper tolerance limit
upper prediction limit
volatile organic compound
seepage velocity

x-ray diffraction

Weston Solutions, Inc.
Water Quality Criteria
wastewater treatment plant

cubic yards

W912DQ-08-D-0003/CF02

CABRERA SERVICES INC.

Xix



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

EXECUTIVE SUMMARY

ES. 1 Introduction

The U.S. Army Corps of Engineers (USACE)-Philadelphia District (CENAP) conducted a
Sitewide Remedial Investigation (RI) for radiologically-contaminated areas at the DuPont
Chambers Works facility (Chambers Works) in Deepwater, New Jersey (NJ). T his report
presents the results of field investigations conducted at three Operable Units (OUs) and
summarizes the impacts of Manhattan Engineer District (MED)-related radionuclides to soil and
groundwater as well as surface water and sediment in those areas of the facility. This work is
being performed under the Formerly Utilized Sites Remedial Action Program (FUSRAP), which
was created by the U.S. Atomic Energy Commission (AEC) in 1974 to clean up radiological
contamination at sites where work was performed in support of the nation’s early atomic enery
program. This work was conducted at sites across the country in the 1940s and 1950s primarily
by MED and early AEC programs. Throughout this RI report MED will be used, for simplicity,
to describe the work (as well as processes and contaminants) performed by DuPont in support of
the nation’s early atomic energy program whether or not the activities were performed by MED

and/or AEC.

FUSRAP investigations were conducted at six Areas of Concern (AOCs) and were grouped into
three OUs for investigation purposes. The OUs include the former MED production areas where
uranium refining and recovery operations took place (OU 1); drainage areas leading away from
production areas and a laboratory testing facility (OU 2); and MED disposal areas for building
rubble, discarded equipment, and process wastes (OU 3). W eston Solutions, Inc. (Weston)
conducted the investigation of OU 1 under contract to the USACE-Baltimore District, with
Cabrera Services, Inc. (CABRERA) as a primary subcontractor. Investigations of OU 2, OU 3,
and sitewide groundwater were performed by CABRERA. The results of each investigation have

been integrated into this comprehensive Sitewide RI report.

ES. 2 Site Description and Background
The DuPont Chambers Works site is owned and operated by E.I. DuPont de Nemours &
Company. It is an active chemical manufacturing facility located in Pennsville and Carneys

Point Townships, along the southeastern shore of the Delaware River, north of the [-295
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Delaware Memorial Bridge, and adjacent to the residential community of Deepwater, NJ. The
facility has operated continuously since the late 1800s to produce various dye and specialty
chemical products. Various chemical manufacturing and disposal activities have occurred at the

property over the last century.

In the 1940s under contract to the U.S. government (MED and later AEC) DuPont processed
uranium oxides and uranium-bearing scrap to produce uranium tetrafluoride, uranium
hexafluoride and small quantities of uranium metal at Chambers Works. These operations took
place from 1942 t hrough 1949. N o enrichment or depletion processes were conducted at

Chambers Works.

All uranium processing took place in OU 1 (AOCs 1 and 2). Chambers Works converted scrap
and dross (the scum that forms on the surface of molten metal) into uranium peroxide dihydrate
in AOC 1, Buildings 101 and 102, later collectively called Building 845. During processing,
5,486 tons of scrap material was converted to 982 tons of black oxide (UsOsg). In AOC 2
uranium peroxide and other oxides were processed in Buildings 708 and 205, ul timately

producing (through several steps) uranium tetrafluoride and uranium metal.

In the 1950s and 1960s AEC conducted decontamination and cleanup activities at the Site based
on existing cleanup standards of the time. In 1978 the U.S. Department of Energy (DOE), the
successor agency to AEC, investigated the site for potential MED-related contamination and
added Chambers Works to the FUSRAP program in 1980. A dditional evaluations were
conducted in 1983 to evaluate and cleanup any residual MED contamination. F rom these

evaluations six areas were identified as possibly requiring further investigation and cleanup.

In October 1997, C ongress transferred authority for the administration and execution of
FUSRAP from DOE to USACE pursuant to the Energy and Water Development Appropriations
Act of 1998 (Public Law 105-62). The Site is currently being addressed under FUSRAP and
managed by the USACE under the legislative authority provided by the 2000 Energy and Water
Development Appropriations Act (Public Law 106-60). This law established the authority of the
USACE to conduct response actions for releases related to the nation’s early atomic energy

program subject to the provisions of the Comprehensive Environmental Response,
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Compensation, and Liability Act (CERCLA) and the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP).

ES. 3 Purpose and Goals of the Remedial Investigation

The purpose of the Sitewide RI was to characterize the nature and extent of contamination in
various environmental media (soil, sediment, surface water, and groundwater) that may have
resulted from previous MED-related operations at OUs 1, 2 and 3. The USACE’s investigations
began in 1998 after FUSRAP was transferred from DOE to USACE. Initial activities performed
included a detailed records review including interpretation of aerial photographs dating back to
pre-MED time period (early 1940s) (URS-Dames & Moore 2000 and Weston 2001). Intrusive
investigations were then conducted in a phased approach at the three OUs between 2002 and
2007. A supplemental review of historical documents and aerial photographs was conducted for
OU 3 to further evaluate MED-related disposal and rubble areas in AOCs 4 and 6 (CABRERA
2006¢). Investigations for the three OUs were planned and executed in accordance with a set of
approved project work management and field sampling plans relative to each OU and the results

have been compiled and presented in this Sitewide RI report.

A Baseline Risk Assessment (BRA) including both Human Health and Ecological Risk
Assessments was performed in support of this Sitewide RI and is presented as as eparate

companion volume to this report.

Distinct from the USACE’s FUSRAP investigations DuPont is conducting Resource
Conservation and Recovery Act (RCRA) corrective actions at the site, in accordance with its
Hazardous and Solid Waste Amendments (HSWA) permit issued by the U.S. Environmental
Protection Agency (USEPA). The HSWA permit and an agreement between the New Jersey
Department of Environmental Protection (NJDEP) and DuPont set forth the necessary corrective
actions to address contamination related to DuPont’s chemical production activities at Chambers
Works. Currently DuPont has identified and is in the process of evaluating more than 60 Solid
Waste Management Units (SWMUs) located ont he Chambers Works and Carneys Point
properties under the RCRA program as a result of its chemical manufacturing and past disposal
practices. For reporting purposes DuPont grouped the areas of MED activity, referred to as

AOCs under FUSRAP, into SWMU 33. It is important to note that this is a designation only
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used by DuPont and that the USACE does not use or recognize the SWMU 33 de signation.
Presently DuPont is not conducting any RCRA corrective actions in these areas. After FUSRAP
remedial actions are completed, any non-MED-related constituents will be the responsibility of

DuPont and addressed under its corrective action program.

ES. 4 Scope of Investigation

The scope of the FUSRAP investigation and potential response actions is defined by the USACE
document ER 200-1-4: Environmental Quality — Formerly Utilized Sites Remedial Action
Program FUSRAP — Site Designation, Remediation Scope, and Recovering Costs (USACE,
2003) and constrained by geographic area and eligible contaminants. The geographic scope is
generally defined as any area used for activities in support of the nation’s early atomic energy

program.

The RI was conducted for the OUs and AOCs that meet the geographic eligibility criteria. OU 1
consists of Former Building 845 (AOC 1) and F Corral (AOC 2). These former MED production
areas were the sites of uranium refining and recovery operations. OU 2 consists of the Central
Drainage Ditch (CDD) (AOC 3) and the Building J-26 Area (former location of Building J-16)
(AOC 5). The CDD includes the drainage ditches that lead away from the uranium production
areas and through which the MED processing wastes were discharged. AOC 5 was the site of a
former laboratory and small scale testing facility. OU 3 includes the Historical Lagoon A (AOC
4) and the East Area (AOC 6) and areas where building rubble, discarded equipment, and

process wastes were disposed.

Detailed descriptions of the location and operational history of each AOC within the three OUs
are presented in subsection 1.5 of this RI. The RI results for OU 1, OU 2,and OU 3 are
described in Sections 4.0, 5.0, and 6.0, respectively.

As stated previously, only specific contaminants are eligible for cleanup under FUSRAP. The
types of hazardous substances considered within the scope of FUSRAP are described in ER 200-
1-4 (USACE 2003). To determine the FUSRAP-eligible contaminants at Chambers Works, the
USACE reviewed historical site records, the use of specific compounds and feedstock materials

at the Site, and general industry references describing similar processes at other facilities.
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USACE listed and evaluated the potentially eligible radionuclides and chemicals that were
mentioned in the MED contract documents. USACE then used a screening process to identify
those radiological and chemical constituents that may be eligible for investigation and cleanup
under FUSRAP. A's a result of the screening process five radionuclides and no ha zardous
substances or chemicals were determined to be eligible contaminants (CABRERA 2011a). The

eligible contaminants are further discussed below.

Earlier Site investigations concluded that MED-related radiological contamination is limited to
isotopes of refined uranium (i.e., U-234, U-235, and U-238) and their short-lived decay progeny
(Weston 2001 and 2004). The term “refined” in this context refers to uranium with uranium
isotopes in isotopic equilibrium but with non-uranium daughters either substantially reduced or
removed. Refined natural uranium, initially identified as the primary site contaminant, is in a
state of secular equilibrium with its short-lived decay progeny, which consist of daughter
radionuclides with half-lives short enough to allow them to decay at the same rate at which they
are produced. Based on the assumption that the original uranium refinement processes were
performed approximately 60 years ago, only the short-lived uranium decay progeny and the three
parent isotopes (U-234, U-235 and U-238) would be expected to be present today. These parent
and progeny radionuclides include parent U-238, progeny Thorium-234 (Th-234) (24-day half
life) and protactinium 234 isomer (Pa-234m) (1.17-minute half-life) and parent U-234. U-234
has insignificant decay progeny that are expected to be present. Parent U-235 and progeny

Thorium-231 (Th-231) (25-hour half-life) would also be expected to be present.

Subsequently, thorium (Th-230) and radium (Ra-226) were also added to the list of radionuclides
of potential concern (ROPCs) due to the potential for impurities to exist in the original uranium
feedstock (Black Oxide, U;Og) used at Chambers Works. Impurities may result from the
chemical separation process used to create the feedstock from natural uranium. T he two
radionuclides anticipated to remain today from the original feedstock contaminants would be Th-

230 and Ra-226 due to their half-lives of 75,000 years and 1,600 years, respectively.

The USACE reviewed Site data and historical records and tested this assumption using site
specific and theoretical (calculated) Th-230 and Ra-226 concentrations. A data evaluation was

performed to compare maximum observed Th-230 and Ra-226 concentrations with respect to the
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expected in-growth concentration of those radionuclides from their parent products, U-234 and
U-238.  Because observed concentrations were significantly higher than the expected
concentrations (three times higher) for both radionuclides it was concluded that the excess
concentrations of Th-230 and Ra-226 are due to the presence of impurities in the original MED
feedstock. T herefore, the following five ROPCs are determined to be eligible for FUSRAP
investigation and potential remediation at Chambers Works: U-234, U-235, U-238, Th-230, and
Ra-226 (CABRERA 2011a).

Although no chemical or hazardous substances were identified as eligible contaminants for the
Site, USACE collected and analyzed environmental media for non radiological contaminants
(i.e., volatile and semi-volatile organics and metals) in order to evaluate health and safety
measures and investigative-derived waste (IDW) disposal options. A Ithough these chemical
constituents were not identified as Constituents of Potential Concern (COPCs) for the RI, the
data was obtained to assist in the characterization of chemical risks as part of the BRA. Target
Analyte List (TAL) metals and Target Compound List (TCL) volatile and semi-volatile organic
data were obtained to assist in the characterization of chemical risks as part of the draft BRA.
Metals analysis for groundwater also provided useful information for the interpretation of

geochemical conditions.

An investigative screening value (ISV) was initially developed for the RI in order to establish
boundaries of MED-related contamination based on the uranium isotopes U-234, U-235 and U-
238. These three isotopes were the original ROPCs for the site. This ISV was developed by
utilizing the incremental screening values Derived Concentration Guideline Levels (DCGLs) of
10 picoCuries per gram (pCi/g) for U-238, 10 pCi/g for U-234, and seven pCi/g for U-235
presented in Table 1A of the New Jersey Administrative Code (NJAC) 7:28-12.

An evaluation of the sensitivity of the radiological field instruments and on-site laboratory was
also performed and the results concluded that the on-site gamma spectroscopy laboratory
provided an acceptable level of sensitivity. Investigative results were compared to the ISV and

used to plan additional sampling activities and define the extent of contamination in all OUs.
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ES. 5 Investigative Methods

The USACE conducted a phased, multi-media environmental investigation at the three OUs from
2002 through 2007. T he field programs for each OU were planned and executed on di fferent
schedules and employed different drilling and investigative methods based on a rea-specific
surface and subsurface conditions. T he sampling strategies used were consistent with Multi-
Agency Radiation Survey and Site Investigation Manual (MARSSIM) guidance in Chapter 5,
Survey Planning and Design (DOD, et al., 2000). The sampling was designed to be consistent
with characterization surveys and not final status surveys. Sampling strategies incorporated both

unbiased (grid) and biased sampling.

Table ES-1 summarizes the investigative methods used at each OU. A variety of field
investigative methods were utilized throughout the Sitewide RI and were tailored to the specific
surface and subsurface conditions encountered in each AOC. Geophysical surveys provided a
cost-effective means of locating subsurface utilities and other features that could potentially
interfere with intrusive soil sampling activities. Survey methods included electromagnetic (EM),

ground penetrating radar, and magnetometer (MAG) methods.

Gamma walkover surveys (GWS) were conducted in all AOCs except for AOC 5 in order to map
near-surface areas of potential radiological impact and support the selection of additional
(biased) sampling locations. A test pit program was only conducted in OU 1 to support the soil
investigation within uranium source zones. A variety of techniques were used during the field
program to assess the subsurface conditions and evaluate the horizontal and vertical extent of
MED-related contamination. Soil boring and well installation program was initiated in each
AOC. Depending on the surface and subsurface materials expected at each AOC several

different methods were used and are summarized in Table ES-1.

During the groundwater investigation temporary piezometers were installed and samples
collected for laboratory analysis. A monitoring well program was designed to confirm the extent
of aqueous uranium and evaluate the mobility of uranium in groundwater in OU 1 and OU 3.
Temporary piezometers were installed in OU 2. S ince no ur anium was encountered in
groundwater in OU 2 piezometers (AOCs 3 and 5) no monitoring wells were installed at these

locations. A groundwater quarterly sampling program was conducted over six consecutive

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. XXVi



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

quarters in OU 1 wells and four consecutive quarters in OU 3 wells to evaluate hydrogeologic
conditions, groundwater quality trends, and the extent of aqueous uranium contamination within

the A, B, and C Aquifers.

ES. 6 Physical Characteristics of Site
Geology and Hydrogeology

Native soils encountered at the Site are alluvial and palustrine (marsh) deposits. These deposits
over time have been modified by landfilling and construction activities. A s the chemical
manufacturing areas expanded, low-lying areas were filled in with river dredgings and other to
form a foundation for further development. The upper 10 feet (ft) of the subsurface is typically

composed of fill material.

The sedimentary deposits beneath the Chambers Works can be divided into five major
sequences: (1) the A and B surficial aquifers and the A-B and B-C aquitards. The A-B aquitard
is discontinuous and thins to zero to the east and in areas where stream channels were once
present. The A aquifer is the uppermost water-bearing zone at the Chambers Works facility.
The B aquifer consists of sands that are interpreted to be Delaware River alluvium; (2) the C
aquifer, which is composed mainly of Pleistocene-age coarse-grained sands and gravels; (3) the
C-D aquitard, which is composed of clays and silts of estuarine origin; (4) the D aquifer,
consisting of coarse-grained sands and gravels. The D unit is valley-fill sediment that is incised
in the underlying Potomac Group; and (5) the underlying D-E aquitard through the F Aquifer
units are the Cretaceous-Age sediments of the Potomac Group. Although the surficial aquifers
(A through D) are not a source of drinking water, the deeper Potomac Group aquifer is widely

used as a drinking water source in southern NJ and DE.

ES. 7 Nature and Extent of Contamination

The nature and extent of contamination was defined by identifying areas of total uranium
concentrations exceeding the ISV of 14 pCi/g. In general, elevated concentrations of Ra-226
and/or Th-230 above background concentrations were typically found in or in close proximity to
uranium source areas. G roundwater contamination was evaluated and delineated by total

uranium concentrations exceeding the USEPA Maximum Contaminant Level (MCL) of 30
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micrograms per liter (ug/L). A summary of the nature and extent conclusions for OUs 1, 2, and

3 is provided in Table ES-2.

OU 1 Investigation Results

AOC 1

The horizontal boundaries of uranium contamination for AOC 1 encompass the Uranium Oxide
Area (including the area between the wooden trough and the east side of Former Building 845);
potential residual contamination areas within and adjacent to the wooden trough and the CDD;
and areas within the building’s footprint and to the west of Former Building 845. The vertical
extent of contamination has been bounded by the identification of discrete depth intervals of
contamination up to 4.5 ft below ground surface (bgs) within the building footprint and the
Uranium Oxide Area, and at the 5.5 ft bgs interval in the southwestern portion of the AOC. The

area of soil contamination using the ISV has been estimated to encompass 1.1 acres of AOC 1.

With the exception of one surface soil sample reported to contain 27,600 pCi/g, the maximum
total uranium concentration in soil collected from the Uranium Oxide Area was 677.4 pCi/g at
1.5 ft bgs. Potential soil contamination above the ISV in the northern portion of AOC 1 was
located at a depth of 1.5 ft bgs and ranged from 85 to 127 pCi/g. In contrast, the deepest soil
sample exceeding the ISV beneath Former Building 845 was encountered at 4.5 feet bgs (579
pCi/g). In the southwestern portion of AOC 1 near the boundary with AOC 2, contaminated soil
exceeding the ISV was reported to a depth of two ft bgs (149 pCi/g).

In general elevated Ra-226 and Th-230 concentrations were identified at locations within or in
close proximity to uranium source areas. Ra-226 results in soil range from 0.4 to 2.3 pCi/g. Th-

230 results in soil range from 0.4 pCi/g to 64 pCi/g.

AOC 2

The horizontal boundaries of potential MED-related uranium for the F Parking Corral Area
encompass the potential source area of the Former Building 708 a nd potential residual
contamination areas within and adjacent to the northern drainage ditch and the northern portion

of the CDD that traverses AOCs 1 and 2. The vertical extent of potential MED uranium was
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reported to extend to a depth of 11 ft bgs, with highest activity observed in the two to four ft
depth interval. The potential soil contamination has been estimated to encompass 1.7 of the 8.5

acres within AOC 2.

For borings associated with Building 708, those located outside the building footprint exhibit
soils with uranium concentrations above the ISV at depths of less than 3.5 f't bgs, with a
maximum concentration of 800 pCi/g in the 1.5 ft bgs interval. Within the building footprint,
potentially contaminated soils were detected at depths of upto 11 ft bgs, with the highest
concentrations detected at four ft bgs (4,832 to 16,584 pCi/g). Between the 4.5 to seven ft bgs
interval, total uranium ranged from 23 to 2,180 pCi/g. A soil sample with a result of 1,050 pCi/g
was reported at the 11 ft depth. Only two of the borings within the building footprint showed
uranium concentrations above the ISV at discrete intervals, all other borings exhibited
contaminated soils across depth intervals. Depth of contaminated soil in the northeast portion of
the AOC near the CDD was limited to the first 0.5 to 1.5 ft bgs (132 to 385 pCi/g). The soil
sample result of 385 pCi/g was located at 2BH042.

Elevated Ra-226 and Th-230 concentrations were identified at locations within or in close
proximity to uranium source areas in AOC 2. R a-226 results in soil range from 0.37 to 2.87

pCi/g. Th-230 results in soil range from 0.19 pCi/g to 15 pCi/g.

OU 1 Groundwater

The extent of uranium contaminated groundwater has been identified in OU 1. Of the 25 wells
sampled, six A aquifer and two B aquifer wells were impacted. No uranium impacts to the C
aquifer were observed. In the A aquifer, average (over time) uranium concentrations within the
three AOC 1 impacted wells ranged from 109 pg/L to 26,317 p g/L. The three impacted A
aquifer wells in AOC 2 contained average uranium concentrations between 168 pg/L and 14,027
ug/L. The approximate total area of the A Aquifer impacted by uranium is 20,000 square feet
(ft}) (0.5 acres). Uranium concentrations in the two B aquifer wells in AOC 2 ranged from 167
ng/L to 29,560 pg/L. The total area of the B Aquifer impacted is approximately 8,000 ft* (0.2

acres). In general, remaining wells exhibited uranium concentration of less than 5.0 pg/L.
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A light, non-aqueous phase liquid (LNAPL) was sampled from well 2-MW-01. The LNAPL did
not contain uranium concentration above background levels. The LNAPL appears to be coal tar
or coal-tar distillate (from dye production) with a mixture of other compounds. W ell

observations noted similar LNAPL in two additional wells in OU 1 (2-MW-03 and 2-MW-05).

OU 2 Investigation Results

AOC 3

Sixteen of the 209 samples (8%) had uranium activities in exceedance of the ISV. Elevated
uranium was detected up to eight ft bgs. The maximum concentration of 365 pCi/g was reported
at a depth of four to five ft bgs. This boring was located to the east of the current drainage ditch
and south of the historic drainage ditch in the vicinity of the lagoon. The location is believed to
be in a DuPont disposal cell area along a berm that was built up over the years with dredge spoils
from the lagoon. This elevated sample is not believed to be representative of potential MED
contamination. O ne sediment sample collected during the gamma walkover in the middle
section of the CCD contained 79.6 pCi/g total uranium. This sample was collected in the middle
reach of the CDD and was submitted for scanning electron microscope (SEM) and x-ray
diffraction (XRD) for mineral analysis (WES, 2003). The assemblage of minerals detected was
consistent with fluorspar feedstock that is used to manufacture hydrofluoric acid. The analysis is

provided in the WES report and included in Appendix R.

No filtered groundwater sample exceeded the MCL of 30 p g/L for uranium. U nfiltered
groundwater samples were collected but the results were believed to be biased high due to the
lack of a filter pack around the temporary piezometers. Two monitoring wells were installed in
AOC 3 and have been incorporated into the OU1 groundwater discussion. No total uranium was
detected above the MCL in any of the 13 surface water samples. Of the 30 sediment samples
analyzed for total uranium, five exceeded the ISV of 14 pCi/g, with all of these exceedances

being reported from two locations within the ‘wooden trough’ area of the CDD.

AOC5
Uranium was not encountered above the ISV in soils in AOC 5, and uranium activities in

groundwater were one picoCurie per liter (pCi/L) or less in all filtered samples. H istorical
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records indicate that soils and foundations of former Building J-16 were excavated. RI data
results support those historical records. Uranium activities in groundwater were one pCi/L or
less in all filtered piezometer samples; while some unfiltered groundwater samples exceed the
MCL, results were believed to be biased high due to the lack of a filter pack around the
temporary piezometers. Four DuPont B aquifer monitoring wells located in AOC 5 w ere
sampled in July 2007. No total uranium results exceeded the MCL of 30 pg/L. The maximum
total uranium concentration detected in the four wells was 1.29 pg/L (Well C08-M01B).

OU 3 Investigation Results

The primary source of potential contamination in OU 31is believed to be in the form of
contaminated rubble, equipment and materials that may have been disposed onsite during MED
operations. Historical data indicate that much of the site was developed on top of construction
fill resulting from onsite building demolition. Fifty-one soil samples were obtained from a total
of 28 soil borings in AOC 4. N inety-one soil samples were obtained from a total of 49 soil

borings in AOC 6. Surface water and sediment samples were also collected in this AOC.

AOC 4

Seven soil samples contained total uranium concentrations that exceeded the ISV of 14 pCi/g.
The highest concentration of total uranium measured in AOC 4 soil was collected from cores
obtained during the drilling of well 4-MW-06, where soil from a depth of eight ft bgs had a
reported total uranium concentration of 355 p Ci/g. A n additional six soil boring locations
exhibited uranium concentrations in excess of the ISV, three at depths of seven to nine ft bgs and

to a lesser extent, three at depths up to 3.5 ft bgs.

The uranium source areas have been identified as the process waste settling basin that received
effluent from the CDD and in the form of contaminated materials disposed in the AOC. All
locations exhibiting contaminated soils were located in the northern part of the AOC, Area of
Interest (AOI 1). This area is in the vicinity of DuPont’s SWMU 5. All soil contamination was
at discrete intervals within each boring to depths of 10 ft bgs. With the exception of one surface
soil sample, the maximum concentration was observed at eight ft bgs (355 pCi/g). The surface

soil sample demonstrating a higher concentration of total uranium consisted of a piece of rubber
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that contained 11,700 pCi/g total uranium. Further sampling revealed that the elevated uranium

was isolated to the piece of rubber and not in the adjacent areas around it.

Elevated Ra-226 and Th-230 concentrations were identified at locations where elevated uranium
concentrations were found. Ra-226 results in soil range from 0.2 to 4.4 pCi/g; Th-230 results in

soil range from 0.5 to 26 pCi/g.

AOC 4 Groundwater

In AOC 4, only one well, [17-M0O1A, consistently exceeded the MCL of 30 pg/L with an average
uranium concentration of 145 pg/L. This well is placed within DuPont SWMU 5 area. All other
A aquifer wells had average uranium concentrations below the MCL. Sample results from the
two B Aquifer wells sampled in AOC 4 (4-MW-01B and H17-M02B) consistently had total

uranium results less than one pg/L.

AOC 6

Twenty-eight samples contained total uranium concentrations that exceeded the ISV of 14 pCi/g.
In general, soil depths for ISV exceedances were less than six ft bgs, with 18 boring locations
exhibiting elevated uranium concentrations up to this depth. These borings are in the East Burial
Area. F our locations in the Firefighter Training Area (AOI 6) exhibited deeper soil
contamination at depths between six and 12 ft bgs. The highest concentration of total uranium

measured in AOC 6 soil was collected from a depth of one to two ft bgs (3,910 pCi/g).

The uranium source area has been identified as East Burial Area, currently located under and to
the north of East Road. MED scrap and waste were reportedly buried there along with DuPont

radioactive waste.

Soils in AOI 4 (East Area) were potentially contaminated above the ISV at depths less than four
ft bgs. Most potentially contaminated soils were detected at discrete intervals within each
boring; only two borings were potentially contaminated between the surface and two ft bgs
depth. W ith the exception of one surface soil sample with total uranium at 1,280 pCi/g, the
highest concentration of total uranium was at the depth of one foot bgs at 3,910 pCi/g. The total
area of soils impacted above the ISV in AOC 6-AOI 4 is approximately 4800 ft* (0.1 acres).
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Soils in AOI 6 (Fire Fighter Training Area) exhibited deeper soil contamination at discrete depth
intervals between six and 12 ft bgs; the maximum total uranium concentration at this depth was
153 pCi/g.

Elevated Ra-226 and Th-230 concentrations were identified at locations where elevated uranium
concentrations were found. Ra-226 results in soil range from 0.3 to 14.3 pCi/g; Th-230 results in

soil range from 0.17 to 1.0 pCi/g.

AOC 6 Groundwater

Seven groundwater monitoring wells were installed in the B Aquifer at AOC 6. The A aquifer is
not present in AOC 6. Although the aquifer extends at least 50 ft bgs beneath AOC 6, uranium
impact is limited to the upper part of the aquifer. The screened interval for deep well 6-MW-07
was from 40 ft to 50 ft bgs beneath the uranium source area and uranium concentrations at this
location were less than one pg/L. One of the seven wells exhibited total uranium concentrations
exceeding the MCL of 30 pg/L, with an average uranium concentration of 267 pg/L. The
remaining wells in AOC 6 had uranium concentrations below the MCL, and all average values
were less than 5.2 ug/L. The extent of impacted groundwater above the MCL in the B Aquifer is
estimated to be from 3,000 to 5,000 ftz, or less than 0.1 acre.

One of 12 surface water samples exceeded the MCL of 30 pg/L (a concentration of 265 ng/L),
while one of the 13 sediment samples exceeded the ISV of 14 pCi/g (a concentration of 18.4

pCi/g).

ES. 8 Fate and Transport

The fate and transport of uranium compounds was assessed to identify the environmental media
that could be potentially impacted due to contaminant migration. The primary release
mechanisms or migration routes identified were: the leaching of surface or subsurface source
materials into vadose zone soils and/or shallow groundwater; contaminant particles dissolving
into groundwater; contaminants migrating from the shallower A Aquifer into the deeper B
Aquifer; contaminants moving from groundwater to surface water and sediments; surface water
and sediments migrating downstream; and stormwater runoff carrying contaminants from source

materials to surface soils and drainage ditches
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Potential transport mechanisms include groundwater, surface water, sediment, air, and direct
contact. A generalized Conceptual Site Model (CSM) was developed for the Site to describe the
complete exposure pathways based onr elease mechanisms and migration pathways. T he
generalized CSM is presented in Section 7.0 of the Sitewide RI. A specific CSM for each OU
and/or AOC was developed and is presented in the BRA.

Advection and dispersion is the primary potential transport mechanism for dissolved uranium in
onsite soil. Dissolved contaminants could potentially travel along pathways formed by soil pores
between individual grains of sand, silt, and gravel. Colloid-facilitated transport of uranium has
not been observed in on-site soil. T he possibility for this kind of transport was tested by
comparing filtered and unfiltered aliquots of groundwater during low-flow groundwater
sampling. T he sampling and analytical results indicated that heavy-metal colloids were not

present.

Processes that tend to attenuate the dispersion of metals include retardation resulting from their
sorption to aquifer solids and precipitation. Sorption reactions are more likely to occur on clay
and silt particles, with very little sorption to sand. In OU 1, the subsurface soil profile includes
the presence of a silty clay layer (referred to as the AB Aquitard) located under most of AOC 1
and AOC 2. It would be expected that sorption may be a factor in retarding the migration of

contaminants where these clay layers are present.

Uranium is found in six oxidation states ranging from U(1+) to U(6+), with tetravalent uranium
[U(4+)] and hexavalent uranium [U(6+)] being the most common oxidation states of uranium in
nature. The tetravalent form ordinarily occurs in reducing environments while the hexavalent
form is prevalent in oxidizing environments (USEPA 1999). Both low solubility uranium oxide
compounds, such as pitchblende (black oxide, U3Og), and uraninite (brown oxide, UO;), and the
more soluble U(+6) compounds, such as metastudite and uranophane (a calcium-uranyl silicate),
have been detected at OU 1. Metastudite and uranophane were encountered in the “Yellow

Oxide Area,” which is located in the area of the former loading dock (Building 845).

The aqueous solubility of a compound is an important transport parameter in groundwater

because it determines the concentration of the dissolved phase. The oxidation reduction (redox)
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potential of the subsurface conditions is the primary controlling factor determining uranium
solubility. In general, the higher valence state uranium compounds are more likely to be found
in oxidizing environments. These soluble uranium compounds are less likely to partition, or
sorb, onto soil or sediment particles, and will therefore be more mobile. C onversely, low-
solubility uranium compounds, like uraninite, are more likely to be found in reducing
environments, and therefore less mobile in the environment.

Uranium mobility has been evaluated in Section 7.0 of the Sitewide RI. In general, geochemical
conditions in OU 1 ( AOCs 1and 2) indicate groundwater with neutral pH, high sulfate
concentrations, and oxidizing to slightly reducing conditions. Geochemical conditions in OU 2,
AOC 3 indicate an oxidizing environment, which is favorable to the formation of colloids or
complexes, and enhanced mobility. In contrast, OU 3 conditions indicate a strongly reducing
environment, which would not promote colloid formation and subsequent transport. OU 3 data

will need to be further monitored to evaluate these assumptions.

ES. 9 Conclusions

The results of the OU 1, OU 2, OU 3, and groundwater investigations are summarized in Section
8 of this report. The results of the RI indicate that the largest extent of potentially contaminated
soils and groundwater are located within the boundary of OU 1. S oil locations containing
elevated concentrations of total uranium are associated with identified source zones (i.e., former
building footprints and the Uranium Oxide Area). The potential soil contamination has been
estimated to encompass 1.1 acres of the 3.2 acres contained within AOC 1, and 1.7 acres of the
8.5 acres contained within AOC 2. While both the A and B aquifers have been impacted within
OU 1, the extent of groundwater contamination is limited (0.5 acres within the A aquifer and 0.2
acres within the B Aquifer). No uranium impacts to the C aquifer in OU 1 were observed.
Geochemical conditions within both aquifers in OU 1 are indicative of slightly reducing
conditions, which may serve to limit the solubility and subsequent migration of uranium

compounds.

The OU 2 soils investigation results indicate that discrete areas of potentially contaminated soil
using the ISV exist within the eastern portion of the CDD in current or former ditch locations
and adjacent to DuPont’s SWMU 16, the former C Basin (a closed disposal cell under RCRA).

RI sampling efforts inadvertently located one soil boring location within this disposal cell (3-SB-
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39). This sample is not considered as defining the extent of MED contamination since other
radioactive materials, not related to MED, are likely found in this closed cell. In addition, this
sample is not included within the BRA data set. Sediment contamination exceeding the ISV was
limited to the ‘wooden trough’ area of the CDD. No soil contamination exceeding the ISV
contamination was found in AOC 5. While no groundwater contamination was identified within
OU 2, geochemical conditions in AOC 3 are oxidizing and suggest that uranium could be

mobilized here.

Potentially contaminated soils and groundwater are also located within OU 3, although to a
lesser extent than in OU 1. Within AOC 4, all locations exhibiting potentially contaminated soils
were located in the AOI 1 in the northern part of the AOC (DuPont SWMU 5 area). W ithin
AOC 6, only two of seven AOIs (AOI 4 and AOI 6) contained potentially contaminated soil.
The total area of impacted soils in AOC 6-AOI 4 is approximately 4800 ft* [0.1 acres], while the
extent within AOC 6 AOI 6 is limited to discrete intervals at four sampling locations. Soils with
uranium concentrations above the ISV in AOI 6 were typically encountered between 6.5 to 10.5

ft bgs.

Results of the surface water and sediment sampling within AOC 6 indicated that there are
essentially no impacts, and that any potentially contaminated soils washed into the ditch have not
migrated. The single surface water sample (of 13 collected) that exhibited elevated total uranium
was turbid and was collected near MED related uranium existing at the surface of the northern

bank of the ditch. Only one of 13 sediment samples contained elevated uranium.

Groundwater contamination within the A aquifer is limited to one well in AOC 4 w hich is
located within a uranium-impacted area and adjacent to an identified area of potentially
contaminated soils. T he A aquifer is not present in AOC 6; the extent of groundwater
contamination within the B aquifer in this portion of OU 3 is also limited to one well located
downgradient of an area of potentially contaminated soils. The estimated extent of impacted
groundwater is 3,000t o 5,000 ftz, or less than 0.1 acre. S imilar to OU 1, g roundwater

geochemistry indicates the presence of reducing conditions.
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1.0 INTRODUCTION

The U.S. Army Corps of Engineers (USACE)-Philadelphia District (CENAP) is conducting a
sitewide Remedial Investigation (RI) for radiologically-contaminated areas at the DuPont
Chambers Works facility (Chambers Works) in Deepwater, New Jersey (NJ). T his report
presents the results of field investigations conducted at three Operable Units (OUs) and
summarizes the impacts of the Manhattan Engineer District (MED)-related radionuclides to soil,
groundwater, surface water and sediment in those areas of the facility. Cabrera Services, Inc.
(CABRERA) performed the investigation of OUs 2 and 3 under contract to the USACE. Weston
Solutions, Inc. (Weston) conducted the investigation of OU 1 under contract to the USACE-
Baltimore District, with CABRERA as a primary subcontractor. The results of each investigation

have been integrated into this comprehensive Sitewide RI report.

This work is being performed under the Formerly Utilized Sites Remedial Action Program
(FUSRAP), which was created by the U.S. Atomic Energy Commission (AEC) in 1974 to clean
up radiological contamination at sites where work was performed in support of the nation’s MED
and early AEC programs. T hroughout this RI report “MED” will be used to describe the
processes, contaminants, and work related to the nation’s early atomic energy program whether

or not the activities were performed by MED or AEC.

The DuPont Chambers Works site is a 1,455 acre complex which includes the Chambers Works
chemical manufacturing area (referred to as Chambers Works) and the former Carneys Point
Smokeless Powder Works (referred to as Carneys Point Works). V arious chemical
manufacturing and disposal activities have occurred at the site over the last century. The
Chambers Works facility has operated continuously since the late 1800s to produce various dye
and specialty chemical products. The site is located in Pennsville and Carneys Point Townships,
along the southeastern shore of the Delaware River, north of the I-295 Delaware Memorial
Bridge, and adjacent to the residential community of Deepwater, NJ. The location of the DuPont
property is shown in Figure 1-1. The complex is owned and operated by E.I. DuPont de

Nemours & Company (DuPont) and is currently zoned for industrial use.
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DuPont, the U.S. Environmental Protection Agency (USEPA) and New Jersey Department of
Environmental Protection (NJDEP) include both the Carneys Point Smokeless Powder Works
and Chambers Works in their description of the 1,455 acre complex. MED processing, research,
and disposal areas were located only within the 700 acre Chambers Works site. Since no MED
processing activities or waste disposal occurred within the Carneys Point Works site, located in

the northern portion of the property, this area is not part of this FUSRAP investigation.

Historical operations at Chambers Works involved the processing of uranium oxides and
uranium scrap to produce uranium hexafluoride and small quantities of uranium metal under
various contracts with MED and AEC in support of the nation’s early atomic energy program.
These operations took place from 1942 through 1949. A EC conducted decontamination and
cleanup activities in the 1950s and 1960s based on existing cleanup standards of the time. In
1978 the U.S. Department of Energy (DOE), the successor agency to AEC, investigated the site
for potential MED-related contamination and added Chambers Works to the FUSRAP program
in 1980. O n October 13, 1997, the USACE assumed responsibility for the administration and
execution of FUSRAP pursuant to the Energy and Water Development Appropriations Act of
1998 (Public Law 105-62). S ubsequently, the 2000 E nergy and Water Development
Appropriations Act (Public Law 106-60) established the legislative authority of the USACE to
conduct response actions for releases related to the nation’s early atomic energy program subject
to the provisions of the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) and the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP).

At that time, USACE identified six potentially impacted areas, referred to as Areas of Concern
(AOCs), based on earlier DOE investigations and its own preliminary evaluations. To facilitate
further investigations and remedial decisions, the USACE organized the six AOCs into three
OUs, based primarily on the nature of past MED activities in each area. The locations of the
FUSRAP OUs are shown in Figure 1-2. USACE performed separate investigations at each of
the following OUs between 2002 and 2007, the results of which are the subject of this Sitewide
RI:

e OU 1: Former Building 845 (AOC 1) and F Corral (AOC 2) - These AOCs were
production areas where uranium refinement processes occurred.
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e OU 2: Central Drainage Ditch (CDD) (AOC 3) and the J-26 Area (former location
of Building J-16) (AOC 5) - These AOCs include the location of a former
laboratory building (J-16) and drainage ditches through which processing wastes
were discharged (CDD).

e OU 3: Historical Lagoon A (AOC 4) and the East Area (AOC 6) - These AOCs
were disposal areas for building rubble, discarded equipment, and process wastes.

Pursuant to CERCLA the USACE is proceeding through the remedial action process to
determine the most appropriate response at the three FUSRAP OUs (six AOCs) located on the

Chambers Works property. The CERCLA remedial action process includes the following steps:
e Preliminary Assessment/Site Inspection (Historical Site Assessment)
e Remedial Investigation/Feasibility Study (RI/FS)
e Proposed Remedial Action Plan and Record of Decision
e Remedial Design and Remedial Action

In accordance with CERCLA, the RI is designed to determine the nature and extent of site
contamination, evaluate fate and transport of contaminants, assess current and future risks to
human health and the environment posed by existing site contamination, and develop remedial
action objectives. W ith that information, remedial action alternatives are then identified and
evaluated during the FS. USACE then prepares a Proposed Remedial Action Plan for public
review which details evaluated alternatives and recommends a preferred alternative. A fter the
public review and comment period a Record of Decision is prepared. The USACE has decided

to prepare one Sitewide Record of Decision for OUs 1, 2, and 3 at the Chambers Works site.

Distinct from the FUSRAP investigations DuPont is conducting Resource Conservation and
Recovery Act (RCRA) corrective actions at the site, in accordance with its Hazardous and Solid
Waste Amendments (HSWA) permit issued by the U.S. Environmental Protection Agency
(USEPA). The HSWA permit and an agreement between the New Jersey Department of
Environmental Protection (NJDEP) and DuPont set forth the necessary corrective actions to
address contamination related to DuPont’s chemical production activities at Chambers Works.
Currently DuPont has identified and is in the process of evaluating more than 60 Solid Waste
Management Units (SWMUs) located on the Chambers Works and Carneys Point properties
under the RCRA program. For reporting purposes DuPont grouped the six known areas of MED
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activity, referred to as AOCs under FUSRAP, into SWMU 33. It is important to note that this is
a designation only used by DuPont and that the USACE does not use or recognize the SWMU 33
designation. Presently DuPont is not conducting any RCRA corrective actions in these areas.
After FUSRAP remedial actions are completed, any non-MED-related constituents will be the

responsibility of DuPont and addressed under its corrective action program.

1.1  Purpose of Report

The purpose of this document is to characterize the nature and extent of contamination in various
environmental media (soil, sediment, surface water, and groundwater) that may have resulted
from previous MED-related operations at OUs 1, 2 and 3. The USACE’s investigations began in
1998 after FUSRAP was transferred from DOE to USACE. Initial activities performed included
a detailed records review including interpretation of aerial photographs dating back to pre-MED
time period (early 1940s). URS-Dames & Moore completed the draft Phase I Records Review
Report in July 2000. Based on the results of the Technical Planning Process (TPP) meeting held
in October 2000 the Phase I document was updated (Weston, 2001). Intrusive investigations
were then conducted in a phased approach at the three OUs between 2002 a nd 2007.
Investigations for the three OUs were planned and executed in accordance with a set of approved
project work management and field sampling plans relative to each OU (Weston 2002a-b;
Weston/CABRERA 2002a-b; CABRERA 2003a-e; CABRERA 2004a-c; CABRERA 2005a-b; CABRERA
2006a-b). The results of these investigations including a sitewide groundwater investigation

have been compiled and presented in this Sitewide RI report.

A Baseline Risk Assessment (BRA) including both Human Health and Ecological Risk
Assessments was performed in support of this Sitewide RI and is presented as as eparate

companion volume to this report.

1.2 Scope of Investigation

The Sitewide RI for the DuPont Chambers Works FUSRAP site consisted of a phased, multi
media environmental investigation of soil, groundwater, surface water, and sediment for the
three OUs (OUs 1, 2 and 3). The scope of the FUSRAP investigation and potential response is
defined by the USACE document ER 200-1-4: Environmental Quality — Formerly Utilized Sites
Remedial Action Program FUSRAP — Site Designation, Remediation Scope, and Recovering
Costs (USACE, 2003) and constrained by geographic area and eligible contaminants. The scope
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of the geographic area eligible under FUSRAP generally is defined as any area used for activities
in support of the nation’s early atomic energy program. The scope of specific contaminants
eligible for cleanup under FUSRAP is discussed in Section 1.7 and further detailed in the
Technical Memorandum, USACE Determination of Eligible Contaminants for FUSRAP
Investigation at DuPont Chambers Works Site (CABRERA 2011a). The eligibilty of contaminants
for FUSRAP cleanup is described in ER 200-1-4. USACE examined historical process and site-
specific records to identify radionuclides and chemicals that may have been used in the MED
uranium refinement processes at Chambers Works. A's a result USACE determined that five
radionuclides are eligible for FUSRAP investigation and response actions. No chemicals were
identified as eligible contaminants and therefore, chemical constituents are excluded from the

scope of this RI investigation (CABRERA 2011a).

The OU 1 soil field investigation was conducted in 2002 by Weston, while the OU 2 field
investigation was conducted in 2003 by CABRERA. F ollow-on soil sampling activities were
conducted in 2007 to establish the relationship of radium-226 (Ra-226) and thorium-230 (Th-
230) concentrations with respect to possible MED uranium concentrations, as well as to provide
information regarding the concentrations of non-radiological constituents for characterization of
chemical risks as part of the BRA. A groundwater investigation of all OUs where soil is
potentially contaminated above the Investigative Screening Value (ISV) was conducted from

2004 to 2007.

Investigations at OU 3 were conducted in a phased approach from 2004 to 2006. Initially a
supplemental records and aerial photographic review, specific to OU 3, was conducted in order
to evaluate potential MED contamination in known and suspected disposal areas (CABRERA
2006c). Information gathered during the supplemental Historical Site Assessment was used to
identify Areas of Interest (AOIs) within OU 3 that required further investigation and to plan field
sampling activities. A Phase I OU 3 soil investigation was conducted in 2004. The purpose of
this investigation was to determine shallow geology, assess health and safety considerations in
known disposal areas, and collect necessary data for the design of additional intrusive
investigations, if warranted. Based upon analysis of the initial soil investigation results, a more

detailed sampling effort was initiated to further delineate the extent of possible uranium
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contamination above the ISV in OU 3. Follow-on soil sampling for this OU was also conducted

in 2007 for the same purposes as discussed above.

Groundwater impacts, or the potential for groundwater impacts, were confirmed in each OU
during the initial investigations. A s a result, the USACE decided to further investigate
groundwater quality and hydrogeologic conditions using a phased technical approach. T he
initial groundwater investigation was designed to further investigate confirmed areas of
groundwater impact at OUs 1 and 2 and evaluate the potential mobility of aqueous phase
uranium in groundwater in these areas. The subsequent groundwater investigation evaluated the
horizontal and vertical extent of uranium in groundwater at selected locations in OU 3 and
collected additional groundwater data in OU 1. Additional field activities were then completed
in Spring 2006 t argeting specific data collection needs in OU 3. Quarterly groundwater
monitoring sampling events were conducted as part of the overall groundwater investigation

from July 2005 through May 2007.

A brief description of the RI investigations for each OU is presented below. Figure 1-2 presents
the location of each OU and respective AOCs within the Chambers Works site. The project

goals are presented in Table 1-1.

121 Operable Unit 1

Operable Unit 1 consists of two Areas of Concern; AOC 1, Former Building 845 and AOC 2, F
Parking Corral. These AOCs were MED production areas where uranium refinement processes
occurred. A detailed description of the location and operational history of the AOCs for OUI is
presented in subsection 1.5.1. Approximately 117 soil samples were obtained from this OU,
while 55 groundwater samples were obtained from temporary piezometers under the initial OU 1
investigation. In addition, seven building slab concrete samples were obtained and a total of 27
test pits were completed to further delineate subsurface contamination. T he subsequent
groundwater investigation resulted in 26 m onitoring wells being installed and sampled. A ir
monitoring to ensure the health and safety of workers and employees was performed during all

intrusive sampling activities.
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122 Operable Unit 2

Operable Unit 2 consists of two Areas of Concern; AOC 3, CDD and AOC 5, Building J-26 Area
(location of former Building J-16). These AOCs include the CDD through which processing
wastes from AOC 1 were discharged and the location of a former laboratory building (Building
J-16) and nearby drainage ditches. A detailed description of the location and operational history
of the AOCs for OU 2 is presented in subsection 1.5.2. Approximately 230 soil and 30 sediment
samples were obtained from this OU. Thirty-three groundwater samples were obtained from
temporary piezometers under the initial OU 2 i nvestigation. T he subsequent groundwater
investigation resulted in two monitoring wells being installed and sampled in AOC 3 w hile
existing DuPont wells were sampled in AOC 5. Air monitoring to ensure the health and safety of

workers and employees was performed during all intrusive sampling activities

123 Operable Unit 3

Operable Unit 3 consists of two Areas of Concern; AOC 4, Historical Lagoon Area A and AOC
6, East Area. These AOCs were disposal areas for building rubble, discarded equipment, and
process wastes. A detailed description of the location and operational history of the AOCs for
OU 3 is presented in subsection 1.5.3. Approximately 140 soil samples and 13 sediment samples
were obtained and analyzed for radiological and chemical parameters from this OU. T he
groundwater investigation resulted in 12 m onitoring wells being installed and sampled. In
addition, three DuPont wells were sampled in AOC 4. A ir monitoring to ensure the health and

safety of workers and employees was performed during all intrusive sampling activities

1.3  Regulatory Framework for Chambers Works FUSRAP Site

Under FUSRAP, and in accordance with CERCLA, the USACE 1is responsible for
implementation of the RI/FS for Chambers Works. The NJDEP and USEPA provide State and
Federal oversight for the RI activities, as well as for the RCRA corrective actions being

implemented separately by DuPont.

14 Chamber Works Background Information

The 1,455-acre DuPont Chambers Works Complex, consisting of the 700-acre Chambers Works
manufacturing area and former Carneys Point Works, is located along the eastern shore of the
Delaware River in Deepwater, NJ. Figure 1-1 shows the location of the complex extending

approximately 2.7 miles between Helms Cove to the north and the Salem Canal to the south.
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Henby Creek separates the active Chambers Works manufacturing area from the former Carneys
Point Works (now primarily a wildflife habitat area). The Pennsylvania and Reading Seashore

Line railroad track bounds the complex to the east.

The Chambers Works Complex is located in a moderately populated area consisting of light to
heavy industry, recreational areas, community service areas, and residential neighborhoods.
Situated south of the Chambers Works Complex is the Atlantic Electric Power Plant. East of the
Chambers Works Complex are light industrial, residential, and recreational areas. North of the

complex are community service and residential areas of Carneys Point Township.

141 Site History

The Chambers Works Complex traces its origins to 1892, when the Carneys Point smokeless
gunpowder plant was constructed at the northern end of Carneys Point. By 1914, manufacturing
operations had extended south into the Chambers Works area. In 1917, dye and specialty
chemical manufacturing began at Chambers Works. Freon and tetraethyl lead (TEL) production
began in the 1920s, followed by aromatic chemical manufacturing in the 1940s. By the 1960s,
Chambers Works began elastomer production. As chemical manufacturing areas expanded, low-
lying areas were filled in with river dredge spoils and other solids to form a foundation for
further development. By the late 1970s and early 1980s, the explosives and dye manufacturing
divisions were shut down, leaving only chemical manufacturing. M ost of the Carneys Point
buildings were razed by 1979, leaving behind only building foundations. The only current active
waste handling area on the Carneys Point property is the RCRA-permitted secure landfill (known
as the C Landfill) north of Henby Creek and the wastewater treatment plant (WWTP). An

electric cogeneration facility is located east of the WWTP.

1.4.1.1  Chemical Manufacturing History
The following section has been summarized from the Final Technical Project Planning Meeting
Brief, Phase I Records Review (Weston, 2001). The manufacturing areas at Chambers Works
currently include the following process areas:

e Organic intermediates and aromatics;

e Petroleum chemicals;

e Fluorochemicals;

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 1-8



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

e Polymers and elastomers;

e Specialty chemicals.

Historically, the Chambers Works Complex, which includes the Carney Point Works, has been
involved in the development of over 1,200 chemical products. The following is a list of some of
the major manufacturing areas, past and present, and some of their associated process chemicals

and wastes:

Carneys Point Works

This plant operated from 1892t o 1979 a nd produced nitrocellulose and gunpowder. The
materials involved in this production included ether, amines, plasticizers, nitrotoluenes,
nitroglycerine salts, nitric acid, and sulfuric acid. O ff-quality nitrocellulose was the primary

waste from this area.

Chambers Works Manufacturing Area

Dye production operated between 1917 and 1979, producing approximately 700 different dyes.
This manufacturing division consisted of the following seven areas, each producing process
sludges and nitrobenzene wastes:

e Azo Colors - This manufacturing division used organic mercury, amino constituents,
benzene, phenols, acids, aniline, toluene, toluidine, sunr, and naphthalene.

e Basic Colors - Chemically, the products for this manufacturing division included
primarily basic and acid dyes of the triarylmethane series and azine series.

e Sulfur Colors - This manufacturing division used sulfur and sodium sulfides; sunr black
was the first dye produced at Chambers Works, starting in 1917.

e Ponsol - This manufacturing division used sodium hydroxide, sodium hydrosulfide,
aluminum chloride, and sulfuric acid.

e Monastral Colors - This manufacturing division used blue and green pigments. The
manufacturing operations were a section of the Ponsol area organization and used the
same chemicals.

e White Products - This manufacturing division used alcohols, phosphoric anhydride, alkyl
phosphates, sodium dioxide, chloride dioxide, amines, and sulfonyl chlorides.

e Miscellaneous Intermediates - This manufacturing division involved the use of aromatic
hydrocarbons, chlorinated aromatics, polymers, elastomers, fibers, and anilines.
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Chambers Works Indigo Heavy Chemicals Area

This area began operation in 1917, pr oducing indigo dye, sulfuric acid, and chlorine. Other
chemicals associated with this area included sodium hydroxide, hydrochloric acid, ammonia,
sodium, sulfur, benzene, nitrobenzene, nitrotoluene, chlorobenzene, methylamines, and ethyl

chloride.

Chambers Works Fluorochemicals Production Area

This area produced Freon® products. It began operation in the 1920s and manufactured
fluorinated hydrocarbons from hydrofluoric acid, sulfuric acid, hydrochloric acid, carbon
tetrachloride, fluorspar, antimony pentachloride catalyst, and perchloroethylene. D uPont has
phased out chlorofluorocarbon production and replaced it with the SUVA® refrigerant product

line, which includes hydrochlorofluorocarbons and hydrofluorocarbons.

Chambers Works Motor Fuel Antiknock Production Area

This area produced motor fuel antiknock compound, which contained TEL and tetramethyl lead
from sodium, ethylene, methanol, methyl chloride, and ethyl chloride. The lead alkyls are the
primary waste from this area. TEL production began in the 1920s and was discontinued in the

spring of 1991.

Chambers Works Petroleum Chemicals
This manufacturing area produces oil additives. Organic amines and methacrylate polymers are

used in this area.

Chambers Works Polymer Products Manufacturing Area
This area produces Hylene, Hytrel plastics, and Viton elastomers using organic isocyanates,

phosgene, dinitrotoluene, and hydrochloric acid.

Chambers Works Aromatics and Specialty Chemicals
This manufacturing area began production in the 1940s and is still one of the primary
manufacturing areas. Materials involved in this area include petroleum hydrocarbons, acids,

solvents, inorganic constituents, and aromatic hydrocarbons.
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Chambers Works has been impacted by a number of constituent releases associated with its
historical chemical operations. Chambers Works is a RCRA-regulated facility and is currently
conducting a RCRA Facility Investigation (RFI) and sitewide groundwater remedial action. As
discussed earlier in this report, DuPont designates the FUSRAP areas where MED activities
occurred (OU 1, 2, and 3) as SWMU 33. The Fluorochemicals Area (more precisely the Kinetic
Chemicals Area) was the site of DuPont’s hydrofluoric acid production. Calcium sulfate sludge

(i.e., gyp cake) waste from this process was disposed of in an area directly north of AOC 3.

1.4.1.2  Former Manhattan Engineer District History
Operations involving uranium at the site began in 1942. M ED contracted with DuPont to
perform several uranium-processing activities in support of the nation’s early atomic energy
program. In 1946 all MED activities were transferred to the AEC, and DuPont continued its
research until late 1947. D uPont’s contracts with MED and later with AEC involved the
following uranium refining processes which were performed in an area known as the “Blue
Products Area” located in OU 1:

e Recovery process (AOC 1, Building 845)

e Brown oxide process (AOC 2, Building 708)

e Green salt process (AOC 2, Building 708)

e Metal process (AOC 2, Building 708)

In addition, Chambers Works converted quantities of green salt (uranium tetrafluoride) to
uranium hexafluoride. This processing, known as the hexafluoride process, was performed at the
former Building J-16, now the Building J-26 Area (OU 2). Pilot-scale work on the brown oxide,

green salt, and recovery processes also took place in the former Building J-16.

DOE has estimated that more than half of the MED-related material produced at Chambers
Works came from uranium peroxide dihydrate which was obtained by processing uranium-
bearing scrap material (USDOE, 1997). Other research involving radioactive materials was also

performed onsite but there was no enriched or depleted uranium used at the site.

The ore concentrate refining process was not conducted at Chambers Works. Ore concentrates

have historically contained the contaminants thorium and radium due to incomplete separation

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 1-11



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

from uranium ore. The documented processes conducted on a laboratory and/or production level
at the Chambers Works were performed under the MED contracts and projects listed in Table 1-

2. Those projects involving uranium are also outlined on Figure 1-3.

1.5  Description of Operable Units and Areas of Concern

1.5.1 Operable Unit 1

Operable Unit 1 consists of the following two Areas of Concern: AOC 1, Former Building 845
and AOC 2, F Parking Corral. The following subsections describe each of these AOCs, including
the location and history of operations and disposal activities. These operational activities have
resulted in potential source areas of MED contamination for each of the AOCs. The location of
AOCs 1 and 2 are shown in Figure 1-2. Figure 1-4 presents a layout of the primary structures
associated with both AOCs in relation to the historic and present location of the CDD (part of
OU 2) and the historical extent of the lagoon area (Basin Complex).

1.5.1.1  Areaof Concern 1, Former Building 845 Area

The site of the Former Building 845 is located in the northwest quadrant of the Chambers Works
portion of the facility, just to the east of the F Parking Corral Area. The general site layout of
AOC 1 is shown on Figure 1-5.

DuPont Project 9803, under contract W-7412-Eng. 22, was housed in Buildings 101 and 102.
Building 845 contained the Former Buildings 101 and 102. Work in these buildings included
recovering uranium from scrap materials and by-products of other uranium processes performed
in the MED complex, and research and development for the design of the conversion process.
Production began in August 1943. During processing, 5,486 tons of scrap material was converted
to 982 tons of black oxide through January 1947. Residual wastes from processing in Buildings
101 and 102 were thought to have been discharged into a wooden trough located east of the
building. Process wastewaters and material were transported via the wooden trough to the CDD
approximately 150 feet (ft) north of the buildings. The CDD then carried the material to the
western corner of Historical Lagoon A (see Figure 1-4). Stormwater from the CDD is currently
collected in Basin B. The wooden trough is still in existence, and currently collects stormwater

that then discharges to the CDD.
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Following completion of the project, equipment from Building 845 w as removed and either
buried in the East Burial Area or sent to the Niagara Falls Storage Site within the Former Lake
Ontario Ordnance Works. In 1948, the building was surveyed by the AEC. Following an AEC
decontamination effort, the building was released to DuPont. Subsequently, Oak Ridge National
Laboratory (ORNL) in 1977, and Bechtel National, Inc. (BNI) in 1983, surveyed the building.
Additional decontamination operations were conducted inside the building in 1996. The building
was demolished in September 1999. Building debris and rubble were separated from structural
steel components. T he debris and rubble were cleared for onsite disposal in the Chambers
Works Sanitary Landfill. T he structural steel was removed from the site by USACE and

disposed of in an approved facility in Texas in November 1999.

The building slab remained and was covered with 12 to 18 inches of stone to cover cracks in the
concrete. The slab thickness varies from six to eight inches for the building floor and three to
four ft at footing/bearing wall and former tank locations. The elevator shaft was filled with sand

and construction rubble/debris. The wooden trough was not remediated as part of this effort.

15.1.2  Areaof Concern 2, F Corral

The F Parking Corral lot is located immediately west of Former Building 845. The general site
layout is shown on Figure 1-6. This parking lot is the former location of Building 708, which
was used for the production of uranium metal. Building 708 was demolished in 1953, along with
approximately 1,000 cubic yards (yd’) of underlying earth, and disposed of in the Historical
Lagoon A area. The building was also identified as the larger of the buildings in the F Parking
Corral. T he identification, however, was reevaluated based upon t he inconsistencies of the
historical aerial photographs and further historical documentation review. The reevaluation is

discussed below.

The Bechtel Interoffice Memorandum (BNI, 1997) presents a discussion of the buildings
associated with each contract and the location of these buildings. The original figure is presented
in the Interoffice Memorandum, and has been revised with more legible text for use in this RI
report. Figure 1-7, the revised figure, shows clearly that Building 708 was a smaller rectangular
building in the northeast corner of the F Parking Corral. In addition, the Bechtel figures (BNI,
1997 Figures 1-27 and 1-28) presenting the results of Bechtel’s investigation clearly identify
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Building 708 in the northeast corner of F Parking Corral. The grid system presented in these

BNI figures is consistent with the DuPont facility mapping coordinates.

Building 708 oc cupied a portion of the present F Parking Corral Area. Building 708 hous ed
operations for DuPont Project 9634, under contract W-7412-Eng. 3. Under this contract, DuPont
converted sodium uranate, commercial black oxide, and uranium peroxide dihydrate to brown
oxide. The brown oxide was then converted to green salt, which was in turn converted into
uranium metal. The green salt was produced at a rate of 47 tons per month. Production began in
April 1943. A total of 1,970 tons of brown oxide were produced through May 1946. W hen
green salt and metal production were suspended in the summer of 1944, 608 tons of green salt
and 232 tons of uranium metal had been produced. In 1945, part of Building 708 w as
demolished and removed from the site as reported in the TPP Phase I document (Weston, 2001).
In 1953, the remainder of the building and some underlying soil were removed and may have
been disposed of in Historical Lagoon A as reported in the TPP Phase I document. The building
is present in the aerial photographs up until 1954, w hich conflicts with the reported 1953
removal of Building 708. The building is no longer present in the 1959 photograph, indicating

the building was removed in the years between 1954 and 1959.

152 Operable Unit 2

Operable Unit 2 consists of the following two Areas of Concern: AOC 3, CDD, and AOC 5,
Building J-16. The following sections describe each of these AOCs, including location and
history of operations and disposal activities. These operational activities have resulted in
potential source areas of MED contamination for each of the AOCs. The location of both AOCs
3 and 5 within Chambers Works is shown in Figure 1-2. An aerial view of the site layout for

AOC 3 and AOC 5 is shown in Figures 1-8 and 1-9, respectively.

1.5.2.1  Area of Concern 3, Central Drainage Ditch

The CDD is a component of the Historic Process Water Ditch System (HPWDS). The CDD
received process waste from Buildings 708, 101 and 102 (Building 845). This wastewater was
transferred to Historical Lagoon A (now part of OU 3). As part of DuPont’s RCRA remedial
action program for the Chambers Works site, the HPWDS is in the process of being remediated.
The CDD component was remediated in 1997 to remove lead-contaminated soil and DuPont

disposed of the material in an on-site vault located in the closed former A settling basin. Soil
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samples were collected by DuPont for USACE before and after the remediation to evaluate the

potential for any residual radiological contamination.

1.5.2.2  Area of Concern 5, Building J-26 Area (Former Building J-16)

Building J-16 housed the Jackson Laboratories. T hese laboratories performed experimental
work, including designing and refining chemical and radioactive production processes. Products
included green salt (UF,4) and the gas, uranium hexafluoride (UF¢). The laboratory served as a
unit operations test facility for the uranium oxide to uranium tetrafluoride (brown oxide to green
salt) conversion process. The drain from Building J-16 may have emptied into the ditch by
Semi-Works Road. The building was expanded sometime between 1943 and 1944, c reating
potentially 200 tons of contaminated debris. Several feet of earth were removed as part of the
expansion. The debris and earth were placed in a berm along Historical Lagoon A (OU 3). A
larger building, J-26, is now located over the former Building J-16 footprint. N o process
quantities are reported, but the amounts are likely small, consistent with laboratory and pilot

scale operations.

153 Operable Unit 3

Operable Unit 3 consists of the following two Areas of Concern: AOC 4, Historical Lagoon A
and AOC 6, East Area including the former East Burial Area. The location of both AOCs 4 and
6 are shown in Figure 1-2. The following sections describe each of these AOCs, including
location and history of MED operations and disposal activities. These operational activities may
have resulted in potential areas of MED contamination for each of the AOCs. The location of
both AOCs 4 and 6 and their respective AOIs are shown in Figures 1-10 and 1-11, respectively.
AOIs were identified based on pr evious investigations and historical document and aerial
photographic reviews to identify areas of possible MED disposal activities. A OC boundaries

include the AOIs and reflect the extent of the FUSRAP investigation.

1.5.3.1  Area of Concern 4, Historical Lagoon A

Historical Lagoon A was located in the northern portion of the site, bounded by the Delaware
River to the north, Plant No. 1 Road to the south, Kinetic Road to the west, and Boundary Road
to the east. Historical Lagoon A was later separated into three settling basins; Settling Basins A,
B, and C. T he number and size of these basins varied significantly over time during the

operation of the plant. Historically, Lagoon A received wastewater from Chambers Works

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 1-15



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

manufacturing areas, including that generated by MED operations. T he CDD provided the
conduit for this wastewater from the MED operational areas to be discharged to the lagoon. As
the lagoon was filled in over time it is reported that building debris and potentially contaminated
soil from MED operational buildings may have been disposed of in AOC 4 (CABRERA 2006c).
This AOC includes the area referred to as the North Burial Area or DuPont’s SWMU 5.

AOC 4 was used for the management of chemical process wastes prior to the commencement of
MED activities at Chambers Works. In the early 1920s, a lagoon was formed by the installation
of a sluiced dam at the mouth of Whopping John Creek to form a 50 acre impoundment basin on
the swampy ground between Chambers Works and Carneys Point Works. The lagoon was used
as a settling basin for process wastewater. DuPont added quick lime and lime waste runoff to
reduce the acidity of the wastewater before discharging it to the Delaware River. Extensive land
filling activities occurred around the lagoon in the 1930s and 1940s. Air photos from 1940 and
1942 show fill areas on all sides of the lagoon (EA, 2003).

After MED activities began at Chambers Works, AOC 4 was modified as discussed below to
facilitate the management of MED-related wastes. During the MED era, the lagoon consisted of
the impounded basin (about 50 acres) on marsh land between the Dye Works and Carneys Point
Works. The Process Water Ditch System carried liquid wastes from the operations units into the
basin, where solids were allowed to settle before the liquids were sluiced into the river. By-
product waste lime run-off from the neoprene operation was disposed into a ditch near the basin

to help neutralize the acidity of the waste waters (DuPont, 1984).

No uranium-production activities took place in the Lagoon Area. Wastewater from MED
operations in the Blue Products area (OU 1) and the East Area (OU 3) was directed through the
Process Water Ditch System to the lagoon (Weston, 2001). P resumably, waste liquors from

filtration processes were directed to the Process Water Ditch System and entered the lagoon.

A review of historical aerial photographs of AOC 4 indicates that the lagoon complex was
gradually filled in from all sides using wastes and building debris after MED activities ceased at
Chambers Works. Historical records indicate that in 1948 Building 708 (located in OU 1) was

decommissioned. In 1953, the building was removed along with several feet of underlying earth
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and the building debris was reportedly disposed of in the Lagoon A area (BNI, 1985). At the
northern end of the lagoon, the location of the outlet channel leading to the Delaware River was
changed over the course of time. The area along the river’s edge, which had been marshland in
the 1940s, began to be used as a landfill area for waste and debris. This area is now known as

SWMU 5.

During Neoprene operations, the lagoon was used as a s ettling basin for process wastewater.
DuPont added quick lime and lime waste runoff to reduce the acidity of the wastewater before
discharging it to the Delaware River. A 78 inch wood stave line was added in 1958 to pump
treated wastewater directly into the river. The continual addition of lime to the effluent waste
eventually filled the basin with unreacted lime and reaction products. In September 1951, it
became necessary to dredge the basin for the first time. The solids were removed from the basin
by a hydraulic dredge and may have been deposited along the northern boundary of Chambers
Works (see Power Division History, p.64 in DuPont, 1984).

15.3.2  Areaof Concern 6, East Area

The East Area was used to manufacture fluorinated hydrocarbons and fluorolube under contract
with MED. The East Area includes the East Burial Area, which also received demolition debris
and discarded equipment from MED projects conducted in the Blue Products area of Chambers

Works. This burial area was located adjacent to and north of East Road.

AOC 6 was used for management of chemical process wastes prior to the commencement of
MED activities at Chambers Works. Historical aerial photographs indicate that the East Area
was used as a landfill beginning about 1940 ( CABRERA 2006¢). T he MED Construction
Completion Report indicated that the site, originally swampland, had been backfilled with
chemical refuse and used as a landfill prior to MED use. During MED construction activities it
was necessary to remove the refuse to a depth of about three ft and then cover the area with earth

fill to provide earthen cover (USACE, 1946).

After MED activities began at Chambers Works, AOC 6 was modified to facilitate the
management of MED-related wastes. During the MED operations, AOC 6 was known as the

East Area. MED contracted DuPont to construct a 30 building complex on 21 acres of DuPont-
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owned land in the East Area (BNI, 1985). The aerial photograph in Figure 1-12 shows MED
operations in the East Area in 1944. The area extended into a refuse swamp and required 35,000
yd® of backfill to make it suitable for construction. In the complex that was built DuPont
produced fluorinated solvents and fluorinated lubricants under contract to MED. Uranium

processing did not take place in the East Area.

DuPont purchased the buildings of the East Area from the U.S. government in 1949. Following
the war, some buildings in this area were dismantled while others were converted for DuPont’s
industrial use by the Petroleum Laboratory, the Technical Laboratory Annex, “Ponsol” Colors
Stores, and the Industrial Hygiene Laboratory (DuPont, 1984). W hen the equipment from
Building 845 in OU 1 was removed, it was either buried in the East Burial Area or sent to the

Lake Ontario Ordnance Works in Lewiston, NY for disposal (BNI, 1985).

The Industrial Hygiene Laboratory developed several new programs in 1955, one involving the
use and handling of radioisotopes by DuPont. Radium and radioactive isotopes were used as
technical tools in procedures such as making density and liquid-level measurements, tracing
molecular actions, and testing substances (Safety Department History in DuPont, 1984). These
post-MED programs were unrelated to any government contracts associated with MED uranium

refinement in the 1940s.

DuPont used the East Burial Area for disposal of its radioactive waste on three occasions in
1964, 1969, and 1970. DuPont was permitted by the State of NJ for the disposal of these wastes.
Two letters were cited from the NJDEP permitting disposal of Carbon-14 in drums within a
previously delineated burial site located within Chambers Works (Weston, 2001). It was also
reported that DuPont buried radioactive material in two small areas of Landfill A (NJDEP,
1988). In addition, various chemical wastes and small amounts of NJ approved low-level
radioactive material were reported to have been stored in the East Burial Area (BNI, 1985),

presently located under East Road.

Weston (2001) refers to the disposal of 7.42 pounds of thorium dioxide (TD) nickel in this area
under permit from the NJ Department of Health in a letter dated April 16, 1964. TD nickel is a
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nickel alloy containing 2% thorium dioxide and is most often used as cladding material for

Cobalt-60.

154 Background Reference Area

USACE identified ab ackground reference area southwest of AOC 6 to characterize the
background concentrations of naturally occurring radionuclides and naturally occurring metals
present in soil and groundwater on the Chambers Works property. The selected area has the
same basic characteristics as the Site sampling locations but was not the site of any MED
production activities or releases of MED wastes or materials. This background reference area is
shown on Figure 1-2. Although not an FUSRAP Area of Concern sample station locations
within this area were designated as AOC 7 during the field program. Results of the sampling for
the background reference area are presented in Section 9.0 of this report and are being used in

the human health and ecological risk assessments.

1.6 Previous Investigations
1.6.1 Atomic Energy Commission/Department of Energy
In 1948 and 1949, A EC conducted radiological surveys and decontamination of building

surfaces at the site. Following a radiological survey based on criteria existing at the time, AEC
released the buildings back to DuPont in 1949. DuPont demolished Building J-16 after it was
released by AEC and excavated several feet of soil from beneath the building (USDOE, 1996).
Building J-26 was subsequently constructed over the Building J-16 footprint.

162 Oak Ridge National Laboratory 1977
Oak Ridge National Laboratory (ORNL) conducted a radiation survey of the Chambers Works
site in 1977 (ORNL, 1978). Survey results are available for several of the AOCs described in

this RI and are summarized below.

The results of the survey in the F Parking Corral Area (AOC 2) indicated exposure rates of four
to five microRoentgens per hour (uR/hr). T his exposure rate is consistent with background
radiation levels. Two soil borings were obtained in the F Parking Corral Area, along with one
water sample. Uranium-238 (U-238) results were reported as non-detect to 6.8 picoCuries per

gram (pCi/g) in the soil samples and 1.8 picoCuries per liter (pCi/L) in the water sample.
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External gamma radiation levels along the CDD (AOC 3) indicated exposure rates of three to 23
puR/hr. This exposure rate range exceeded background radiation levels. Five soil borings were
taken along the drainage ditch and a water sample was collected from one of the boreholes which

yielded 0.67 pCi/L for U-238.

In the East Area (AOC 6), external gamma radiation levels indicated an exposure rate of 12.2 to
15 puR/hr, which exceeded the background radiation level of 4.5 uR/hr. Ten soil borings were
performed along the East Area drainage ditch. Water samples collected from two soil borings

yielded total uranium concentrations between nine micrograms per liter (ug/L) and 36 pg/L.

163 Bechtel National, Inc. 1983
BNI also performed a radiation survey of the Chambers Works site in 1983 (BNI, 1985). Survey

results available for several of the AOCs described in this RI are summarized below.

In the F Parking Corral (AOC 2), near-surface gamma radiation measurements performed using a
sodium iodide (Nal) detector were generally less than twice background, with a maximum of
5,020 counts per minute (cpm) compared to a background of 4.5 p R/hr (ORNL background
value). External gamma radiation, as measured by a pressurized ionized chamber yielded dose
rates ranging from 11.6 to 13.8 pR/hr. Nineteen boreholes were drilled in the F Parking Corral
Area. Based on gamma logs, subsurface contamination was indicated in layers to a depth greater
than nine ft. Results from two Shelby tube soil samples indicated that U-238 was the major
contaminant with concentrations ranging from 0.90 to 4,380 pCi/g. Eleven water samples were
also collected from the boreholes, with total uranium concentrations ranging from 1.8 to 105,105

pCi/L.

Near-surface gamma radiation measurements performed in the CDD (AOC 3) indicated surface
activities that were elevated above background (a maximum of 14,532 cpm compared to a
background of 2,500 cpm). External gamma radiation yielded dose rates ranging from 13 to 15
uR/hr, with a background of 4.5 p R/hr. Fifteen sediment samples were collected along the
CDD. These samples were taken between zero to six inches bgs in the first six inches of depth.

No samples deeper than six inches were collected. No water samples were collected.
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164  DuPont 1958 - Present

DuPont has been in the process of conducting RCRA corrective actions at Chambers Works
since 1988. The USEPA Comprehensive Environmental Response, Compensation and Liability
Information System identification number for Chambers Works is NJD002385730. The RCRA
corrective action program is implemented through a HWSA permit (No. NJ002385730) that was
issued by USEPA to Chambers Works on November 7, 1988. P rior to this NJDEP issued an
Administrative Consent Order in 1984 and later amended in 1988 requiring DuPont to conduct
remedial actions at the A, B, and C Basins and the Process Water Ditch System, (SWMUs 14,
15, 16, and 17, respectively). These areas are shown in Figure 1-13 along with other selected
DuPont SWMU s that are located in the general vicinity of the FUSRAP AOCs. This figure with
the approximate boundaries of the SWMU s is provided for reference purposes during subsequent
discussions. As part of its RCRA investigation, DuPont has designated the areas of former MED
activity that are being investigated under FUSRAP as SWMU 33.

In accordance with its permit requirements DuPont operates an extensive sitewide pump and
treat system in order to control offsite migration of chemical contaminants in groundwater.
Referred to as the Interceptor Well System (IWS) DuPont began operations in 1970. T he well
locations making up the IWS are also shown in Figure 1-13. The IWS is further described in

Section 3, Physical Characteristics.

DuPont submitted an RFI report to NJDEP and USEPA in 1995. In this report, DuPont
compared site groundwater quality to NJ Class IIA groundwater standards. These criteria are
designated for aquifers that either provide or potentially provide potable water using
conventional treatment (NJAC 7:9C). NJDEP has designated Chambers Works as a
Classification Exception Area. With this classification the aquifers under Chambers Works are
not considered potable sources and are not required to meet the Class IIA standards. DuPont

contains and monitors groundwater at Chambers Works according to its permit requirements.

DuPont excavated soils from the CDD where it intersects OU 1 in 1997 as part of a remediation
effort for lead isotope contamination. E xcavated soils were disposed of in an on-site vault.

Post-excavation sampling and analysis was performed by ORNL. Results indicated that ditch
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sidewall samples were beneath the cleanup criterion of 150 pCi/g U-238 (above background).

- 2
These results were for concentrations averaged over areas of 100 square meters (m”).

1.7  Description of Constituents of Potential Concern

As mentioned earlier the USACE is authorized to conduct response actions for releases related to
the nation’s early atomic energy program. T he following types of hazardous substances are
considered eligible contaminants and within the scope of FUSRAP investigations and cleanup

activities:

e Radioactive contamination (primarily uranium, thorium and associated radionuclides)
resulting from activities performed for the MED or AEC, to include hazardous substances
associated with these activities (e.g., chemical separation, purification);

e Other radioactive contamination or hazardous substances that are mixed or commingled
with MED or early AEC radioactive contamination;

e At federally-owned FUSRAP sites, all radioactive contamination and hazardous
substances are within the scope of the FUSRAP response action; and

e Other substances where specifically directed by Congress (USACE, 2003).

To determine the FUSRAP-eligible contaminants at Chambers Works, the USACE reviewed
historical site records, the use of specific compounds and feedstock materials at the Site, and
general industry references describing similar processes at other facilities. After listing all
radiological and chemical constituents listed in MED documents, the USACE utilized a
screening process to identify those radiological and chemical constituents that may be eligible
for investigation and cleanup under FUSRAP. A's a result of the screening process five
radionuclides and no h azardous substances or chemicals were determined to be eligible

contaminants (CABRERA 2011a). The eligible contaminants are further discussed below.

171 Radiological Contaminants

Earlier site investigations concluded that MED-related radiological contamination is limited to
isotopes of refined uranium (i.e., U-234, U-235, and U-238) and their short-lived decay progeny
(Weston 2004). The term “refined” in this context refers to uranium with uranium isotopes in

isotopic equilibrium but with non-uranium daughters either substantially reduced or removed.
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Refined natural uranium, initially identified as the primary site contaminant, is in a state of
secular equilibrium with its short-lived decay progeny, which consist of daughter radionuclides
with half-lives short enough to allow them to decay at the same rate at which they are produced.
Based ont he assumption that the original uranium refinement processes were performed
approximately 60 years ago, only the short-lived uranium decay progeny and the three parent
isotopes (U-234, U-235 and U-238) would be expected to be present today in significant
quantities. These radionuclides include:

e U-238 short-lived decay progeny Thorium-234 (Th-234) (24-day half-life) and

Protactinium-234 Isomer (Pa-234m) (1.17-minute half-life);
e U-235 short-lived decay progeny Thorium-231 (Th-231) (25-hour half-life); and
e U-234 has insignificant decay progeny that are expected to be present.

Long-lived thorium isotopes have been identified as radionuclides of potential concern (ROPCs)
at other FUSRAP sites where uranium ore or where ore concentrates were used as MED
feedstock. The ore concentrate refining process was not used at Chambers Works. However,
Black Oxide (sodium uranate) feedstock was used at the site and based on USACE research,
small amounts of radium and thorium contamination may be left behind in the feedstock as an
impurity during the chemical separation process. The USACE performed a data evaluation by
comparing site sampling results of Th-230 with respect to the potential in-growth concentration
of Th-230 from its parent products, U-234 and U-238. The results of the data evaluation showed
that the Site concentrations for Th-230 are significantly higher than the expected in-growth
concentration of Th-230. It is assumed that the excess concentrations of Th-230 are due to the
presence of impurities within the sodium uranate feedstock. Therefore, Th-230 was added to the
list of ROPCs for Chambers Works. For this reason subsequent RI soil sampling efforts (e.g.
OU 3 and the 2007 supplemental sampling program) were sampled for Isotopic Thorium. In
addition previously collected and stored OU 1 and OU 2 soil samples were analyzed for Isotopic

Thorium.

Radium-226 was also added as an ROPC since it is a daughter product in the decay chain of U-
238 and is present in unrefined uranium ore. Like Th-230, asimilar data evaluation was

performed to compare the potential in-growth concentration of Ra-226 from its parent products,
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U-234 and U-238, with the observed Ra-226 concentrations at the Site. The Site concentrations
for Ra-226 are again significantly higher than the calculated in-growth concentration of Ra-226.
In addition, Ra-226 has been identified as a co-contaminant of uranium at other FUSRAP sites.
Therefore, Ra-226 was identified as a potential contaminant in the Black Oxide feedstock and

also added to the ROPC list for Chambers Works.

Therefore, five ROPCs have been identified as eligible contaminants for FUSRAP investigation
and possible remediation at Chambers Works. They include U-234, U-235, U-238, Th-230, and
Ra-226.

1.7.2  Chemical Constituents

Although no chemicals or hazardous substances were identified as eligible contaminants for the
Site, USACE collected and analyzed environmental media for non radiological contaminants
(i.e., volatile and semi-volatile organics and metals) in order to evaluate health and safety
measures and investigative-derived waste (IDW) disposal options. A Ithough these chemical
constituents were not identified as Constituents of Potential Concern (COPCs) for the RI, the
data was obtained to assist in the characterization of chemical risks as part of the BRA. Target
Analyte List (TAL) metals and Target Compound List (TCL) volatile and semi-volatile organic
data were obtained to assist in the characterization of chemical risks as part of the BRA.
Analytical analyses for metals in groundwater also provided useful information for the

interpretation of geochemical conditions at the Site.

173 Investigative Screening Value
An ISV was initially developed for the RI in order to establish boundaries of MED-related

contamination based on the uranium isotopes U-234, U-235 and U-238. These three isotopes
were the original ROPCs for the site. This ISV was developed by utilizing the incremental
screening values Derived Concentration Guideline Levels (DCGLs) of 10 pCi/g for U-238, 10
pCi/g for U-234, and seven pCi/g for U-235 presented in Table 1A of the New Jersey
Administrative Code (NJAC) 7:28-12. These screening values were based on unrestricted use of
soils with a vertical extent of nine ft (each individual screening value represents 15 millirem dose
to a resident per year). By assuming secular equilibrium between the U-238 parent and its U-234
daughter along with calculated activity fractions of 0.489 U-238, 0.022 U-235, and 0.489 U-234,
a composite DCGL of 9.9 pCi/g was derived for total uranium. Since the U-238 isotope was
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used as the surrogate for total uranium in the soil, the U-238 portion of the total DCGL for the
Site was derived to be 4.8 pCi/g. Finally, by adding the natural background concentrations of U-
238 in the soil to this value, the ISV values of seven pCi/g U-238 and 14 pCi/g total uranium
were derived for Site use. The modeling approach also included the conservative assumption of

residential groundwater use.

An evaluation of the sensitivity of the radiological field instruments and on-site laboratory was
also performed and the results concluded that the on-site gamma spectroscopy laboratory
provided an acceptable level of sensitivity. Investigative results were compared to the ISV and

used to plan additional sampling activities and define the extent of contamination in all OUs.

1.8 Report Organization

This RI report follows the format recommended by USEPA in Guidance for Conducting
Remedial Investigations and Feasibility Studies under CERCLA (USEPA, 1988). A baseline
human health risk assessment and screening level ecological risk assessment are being performed
as part of this sitewide RI report but are presented in a separate, companion volume. T his

sitewide RI report is organized into the following sections:

Section 1.0 Introduction includes the purpose of this report plus a description of the site.
Section 2.0 Investigation Methods provides a description of all investigative techniques
used during the RI.

Section 3.0 Physical Characteristics of the Study Area provides a discussion of site
characteristics.

Section 4.0 Operable Unit 1 Investigation Results presents the results of the site
investigation for OU 1. The section is organized by AOC and each physical media investigated.

Section 5.0 Operable Unit 2 Investigation Results presents the results of the site
investigation for OU 2. The section is organized by AOC and each physical media investigated.

Section 6.0 Operable Unit 3 Investigation Results presents the results of the site
investigation for OU 3. The section is organized by AOC and each physical media investigated.

Section 7.0 Contaminant Fate and Transport discusses potential routes of migration, the
persistence of the contaminants in the environment, and factors affecting any actual contaminant
migration.
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Section 8.0 Summary and Conclusions presents summaries of the geologic and
hydrogeologic conditions at the site, the nature and extent of the contamination, and contaminant
fate and transport for each OU.

Section 9.0 Background Reference Area presents the results of the background sampling
for each affected media; discusses the statistical methodology used in development of
background concentrations; and presents background concentrations for each constituent in each
media evaluated.

Appendix A
Appendix B

APPENDICES
Ground Penetrating Radar (GPR) Data for soils

Gamma Surveys

B-1: Gamma Walkover Surveys

B-2: Gamma Surveys (Downhole & Spectral)

Appendix C
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C-1: Geoprobe Soil Logs

C-2: Cone Penetrometer Testing (CPT) Soil Logs

C-3: Subsurface Drilling Soil Logs & Well Construction Diagrams
C-4: Test Pit Logs — OU 1

Appendix D Investigation-Derived Waste Analytical Data

Appendix E  Air Quality Monitoring & Health/Safety Environmental Monitoring Records
Appendix F Soils Analytical Data: Primary and Quality Assurance/Quality Control (QA/QC)
Appendix G Well Development Records and Water Level Measurement Forms

G-1: Piezometer Records
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Appendix H  Groundwater Analytical Data: Primary and Quality Assurance/Quality Control
(QA/QC)

Appendix | Groundwater Elevation Contour Maps (Quarters 1-7)
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2.0 INVESTIGATION METHODS

This section presents a generalized discussion of sampling strategies, geophysical survey
techniques, soil and groundwater investigative methods and analytical methods utilized for the
sitewide RI. The specific methods used in each OU are presented with the investigation results
in Sections 4.0 (OU 1), 5.0 (OU 2), and 6.0 (OU 3) of this RI Report. A brief summary of
strategies and investigative methods used for each OU and for the Background Reference Area is

presented in Table 2-1.

2.1  Sampling Strategy
211 Use of MARSSIM

Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) guidance in Chapter
5, Survey Planning and Design (DOD, et al., 2000) was used to develop sampling strategies for
the sitewide RI. The sampling was designed to be consistent with characterization surveys and
not final status surveys. A ccording to MARSSIM, a characterization survey should clearly
identify those portions of the site (€.g., soil, structures, and water) that have been affected by site
activities and are potentially contaminated. The survey should also identify the portions of the
site that have not been affected by these activities. The survey should provide information on

variations in the contaminant distribution in the survey area.

Sample locations for each OU and corresponding AOCs were based on a combination of
historical data review, operational history, current and/or previous locations of structures and

physical features contained within each AOC.

2.1.2  Systematic Grid and Grid Surveying
Systematic grids were established for each AOC within OU 1. The spatial boundaries of the grid

were based on information presented in the URS-Dames & Moore Phase I Records Review
Report as updated by WESTON (WESTON, 2001). The horizontal limits of the proposed grid
system were defined by the location of the structures identified as being used for MED contracts
and the physical boundaries defined by the drainage ditches and railroad spurs surrounding the

identified structures.
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A triangular grid pattern was established in AOC 1 using a random starting point and 75 ft grid-
node spacing. In AOC 2, the same grid pattern was used at the former location of Building 708,
while to the south of Former Building 708, the sampling grid used 100 ft spacing. The greater
distance between grid nodes was based on hi storical information, which did not indicate
structures associated with MED contracts in this location. Determination of actual grid sampling

points was based on geophysical survey data (Section 2.1.5) and physical features of the site.

Once a grid pattern was established, and prior to conducting any intrusive activity, the field team
surveyed the sampling locations. The northing and easting coordinates for each location were
obtained from the Geographic Information System (GIS) map of each AOC provided by USACE.
The x and y coordinates were entered into the differential global positioning system (DGPS)
instruments and located and marked in the field. The sample identification number was recorded
on all field documentation and x-y coordinates were related to each sample through a GIS
database. The sample identification number was recorded on all field documentation and x-y
coordinates were related to each sample through the GIS database. Table 2-2 summarizes the
selection criteria for the soil boring locations in OU 1 plus the rationale for any changes made to

these locations while in the field.

2.1.3  Boring Locations

The USACE selected the original soil boring locations in OU 2, which were placed along the
historic centerline of drainage features, spaced either 50 or 75 ft apart (AOCs 3 and 5,
respectively). Soil borings within OU 3 were determined based on historical information and
review of historical aerial photographs that identified potential areas of buried equipment and
debris. The boring locations were supplied in AutoCAD file format and this data was used to
locate their positions at the site using a Trimble Pro global positioning system (GPS). T he
boring locations were marked with spray paint and pre-approved by both the USACE and

DuPont before proceeding.

Table 2-3 summarizes the selection criteria for the soil boring locations in OU 2 plus the
rationale for any changes made to these locations while in the field. Table 2-4 summarizes the
selection criteria for the soil boring locations in OU 3, while Table 2-5 presents selection criteria

for the Background Reference Area.
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For all samples, a five-digit identification number was assigned to each location. Locations were
identified using the AOC number (i.e., 4 or 6), followed by the letters signifying the location
type (i.e., “CPT” for cone penetrometer testing or “SB” for soil boring) and the respective

location number.

2.14 Biased Samples

The results of the gamma walkover surveys (GWS) (Section 2.1.5.5) were evaluated to identify
potential biased sample locations for all OUs. Possible biased samples were selected where
gamma walkover measurements exceeded three standard deviations above the survey average. If
readings were normally distributed, approximately 1% of the readings exceeded the investigative
level based on statistics alone. Biased sample locations were also selected based upon the results
of previous investigations. Detailed information regarding biased sample locations are provided

in the respective sections for each OU.

215 Geophysical Surveys

Geophysical surveys were conducted to provide a cost-effective means of locating subsurface
utilities and other features that could potentially interfere with intrusive soil sampling activities.
Survey methods for utility locations included electromagnetic (EM), ground penetrating radar
(GPR), and magnetometer (MAG). Geophysical surveys (GWS) were also conducted to map
near-surface areas of potential radiological impact and support the selection of additional
(biased) sampling locations (as discussed in Section 2.1.4). These types of surveys have proven
useful in the detection of gamma-emitting radioactivity; however, the differentiation of specific

radiological constituents is not within the capabilities of walkover survey instrumentation.

The methodology for each type of geophysical survey is discussed in the following subsections.

2.1.5.1  Electromagnetic

The EM-61, manufactured by Geonics, Ltd, is a time domain metal detector (TDMD), and is
useful in detecting and mapping shallow buried metallic objects. It is effective in delineating
buried utilities and has often been used to map unexploded ordnance at military firing ranges. A
TDMD survey usually consists of a series of parallel traverses separated by a fixed distance,

typically one to five meters (m), to obtain sufficient site coverage for the desired objective. Data
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are acquired along each traverse at the rate of about five per m (1.6 readings per foot). The

instrument is coupled to a data logger for processing and interpretation.

The EM-61 TDMD was designed to map buried conductive objects, such as metal tanks, drums,
and utilities. The instrument includes an antenna system consisting of a transmitter and receiver.
The transmitter produces a series of EM wavelets which pulse into the earth 75 times per second.
After each pulse, a secondary EM field is produced briefly from moderately conductive shallow
soils, and for a longer period of time from buried metallic objects. Between primary EM pulses,
a time delay is imposed upon the data logger to permit the secondary response from the soils to
dissipate prior to the somewhat later and longer response from any buried metal that is present.
The receiver senses the secondary responses from metallic objects and they are recorded by the

data logger.

There is an upper and a lower coil (Channel [1] and Channel [2], respectively, on the data
output) on the EM-61 TDMD. A common methodology for data presentation is to contour the
output (in millivolts) of the lower coil, which is the most sensitive to shallow buried objects. A
second contour map of the vertical gradient between the upper and lower coils (a dimensionless
parameter), minimizes the effects of near surface metallic materials and is useful for mapping

relatively deeper objects.

The EM-61 was interfaced directly with a DGPS, eliminating the need for a survey grid. The
GPS coordinates were electronically recorded simultaneously with the EM measurements at each
station using a data logger. Data were geo-referenced to North American Datum (NAD) 1983
NJ State Plane coordinates and National Geodetic Vertical Datum (NGVD 29) 29 Datum.

The EM survey for OUs 2 and 3 was implemented using a Schonstedt pipe locator. The MAC-
51Bx consists of a receiver and a transmitter that simultaneously transmits on two frequencies -
571 hertz (Hz) (low frequency) and 82.5 kilohertz (high frequency). The receiver has a three
position switch that allows the operator to change modes during operation (between low and high
frequency or to magnetic readings), for cable and line tracing with break locating, pinpointing a
ferrous metal target, or identifying and pinpointing an energized 50/60 Hz power line. In the low

and high modes, the receiver’s audio signal provides a sharp null when its tip is directly over the
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target. In the magnetic mode (no transmitter required) the audio signal peaks when the receiver’s
tip is over the target, allowing the surveyor to locate underground ferrous pipes, water meters,
water valves, property markers, or anything that has a magnetic field, including 50/60 Hz power

lines. The surveys in OUs 2 and 3 were performed using the magnetic mode of the pipe locator.

Large-scale utilities maps were made available for review prior to field work. T hese maps
appear to be designs rather than as-built diagrams as the true locations of subsurface utilities are
only approximately correct. The true locations of the utilities were reviewed and verified by
DuPont personnel, who cleared and approved subsurface work by issuing Excavation Permits.
DuPont personnel reviewed and pre-approved every soil boring location in both OUs. DuPont
also issued Work Order Permits that specified whether an excavation permit would be needed.

DuPont personnel used their own utilities maps plus pipe locators (metal detectors).

2.1.5.2  Ground Penetrating Radar

Ground penetrating radar is a nondestructive geophysical method that produces a continuous
cross-sectional profile of subsurface features without drilling, probing, or digging. GPR profiles
are used for evaluating the location and depth of buried objects and to investigate the presence
and continuity of natural subsurface conditions and features. G PR operates by transmitting
pulses of ultra high frequency radio waves (microwave electromagnetic energy) into the ground
via a transducer or antenna. The transmitted energy is reflected from various buried objects or
distinct contacts between different earth materials. Reflected energy is received by the antenna
which displays them on a Liquid Crystal Display display module in real time and simultaneously

stores the data in a digital control unit for later processing, if appropriate.

The instrument used for OUs 2and 3w as a Geophysical Survey Systems, Inc. (GSSI)
Subsurface Interface Radar 3000 equipped with a 400 megahertz (MHz) antenna. This antenna
is the best choice for targets up to 12 ft deep, exceeding the deepest anticipated target depth. The
400 MHz antenna was used with an odometer to correlate the GPR data with precise
latitude/longitude coordinates. The odometer was set up such that one radar reading would be
acquired every inch. The time range was selected as 60 nanoseconds (ns) and such a time range
would allow a theoretical penetration depth of about three m (9.7 ft) assuming a signal velocity

of 0.1 meters per nanosecond (an overall average for earth materials). At Chamber Works, the
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depth of penetration was approximately six to seven ft, roughly corresponding to the depth to
groundwater. GPS readings were recorded at the end points of each GPR line collected using a

Trimble 3600 Series GPS antenna.

The GPR equipment used during the OU 1 investigation consisted of a System 10A+
control/display unit, mainframe/data storage unit, microcomputer, thermal printer, and 300 or
500 MHz antenna. T he System 10A+ automatically displays, processes, and records cross-
sectional profiles from an EM pulse that is transmitted into the subsurface. Depth of penetration is
site-specific and is dependent upon the electrical characteristics of the site materials and the

frequency of the transmitter; therefore, a site-specific calibration was conducted.

Typically, three parallel GPR traverses 20 ft long and five ft apart were operated first in one
direction, then in the opposite direction with the middle traverse in each direction centered over
the planned borehole. Screening of each location only required a few minutes to complete, and
permitted minor adjustments of the planned location if subsurface anomalies indicated the

potential presence of a utility either directly under or too close to the planned exploration.

The GPR data were represented as vertical cross-sections and by traces on the site maps. The
cross sections and the map traces display areas of electrical anomalies that signify possible
subsurface obstructions. The GPR traces are represented as thin magenta lines and the areas of
electrical anomalies are represented as thicker blue lines. The GPR data obtained for the OUs

are presented in Appendix A.

2.1.5.3 Magnetometer

MAGS are used to measure the direction and intensity of magnetic fields. The result can be used
to locate buried metal objects or utilities. Earth Resources Technologyperformed the MAG
surveys (along with GPR and metal detector surveys) in OU 3. MAG surveys were conducted in
OU 3 along a traverse line every five ft (in one direction only) along a 20 ft by 20 ft grid, with
the boring location positioned in the center of the grid wherever possible. The results were used
to construct magnetic contour maps showing the occurrence of magnetic anomalies that might
represent buried objects or utilities. These maps were utilized in combination with the GPR and

metal detector surveys to determine the need to offset any boring locations.
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2.15.4  Metal Detector
A metal detector survey was conducted in OU 3 to identify any active electric or communication

lines that could be traced passively.

2.1.55 Gamma Walkover Survey

GWS identify areas of elevated radiological activity, and consist of measuring gamma radiation
emanating from subsurface materials with an appropriate detector. The surveys conducted for
the sitewide RI were performed using a pair of Bicron® G-5 Field Instrument for Detection of
Low Energy Radiation (FIDLER) detectors. The FIDLER probe is a large area, Sodium Iodide
(Nal) scintillation detector optimized for the detection of low-energy X-ray and gamma radiation
detection. The detection sensitivity of this instrument to the refined natural uranium contaminant
was estimated using a standard industry approach, as presented in the project Quality Assurance
Project Plan (QAPP) (CABRERA 2003c). The approximate detection sensitivity of the FIDLER is
five pCi/g of total uranium when contamination is at the surface and 75 pCi/g when four inches
of cover material is present. E ach FIDLER was coupled to Ludlum Model 2221

ratemeter/scalars and Trimble ProXRS GPS units.

For OU3, AOC 6, the GWS were intended to focus on the 10 specific areas of interest identified
within the Field Sampling Plan (CABRERA 2004C). As the survey progressed, some areas were
omitted based on real time data analysis, while others were extended in an attempt to delineate
the horizontal extent of potential contamination. In areas where DuPont had stored inoperable
vehicles and equipment, surveys were conducted by positioning the FIDLER detector as close to
and under these vehicles and containers as was practical. These adjustments provided

satisfactory results, causing no significant disruption to the intended survey patterns.

The radiological survey data were acquired using the GPS unit, which was capable of achieving
real-time differential positioning to sub-meter accuracy. The radiological data were located and
mapped interactively using the GPS unit, which was directly linked to the ratemeter, to allow for
the automatic logging of count rate measurements at one-second intervals. The survey was
conducted holding the detector within approximately two inches of the ground surface while
walking at a speed of approximately 1.5 ft per second and moving the detector back and forth in

a serpentine motion through a three foot arc. The audible indicator was turned to the “on”
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position, providing the technician real-time identification of areas exhibiting elevated
radioactivity. Areas where elevated readings were observed were further investigated by

collecting additional measurements prior to continuing the survey path.

For the OU 1s urvey results, the gamma count rate data were post-processed using
Geosoft/Oasis™ analysis and visualization software. At the completion of the GWS for OUs 2
and 3, data stored in the GPS unit were transferred to a field computer for initial processing using
Pathfinder  software. For OU 2, the gamma count rate measurements were post-processed
using ArcGIS Spatial Analyst  analysis and visualization software. For OU 3, the gamma count

. ™ .
rate measurements were post-processed using Surfer ~ v8.0 surface mapping software.

Summary statistics were developed for each data set. Gamma count rates were evaluated and
compared to the mean count rate for the survey area. Z-Scores, which represent the number of
standard deviations the recorded result lies from the mean, were calculated based on the

following formula:

_ CountRate — Mean
StdDeviation

Z — Score

A Z-Score of one means that there is an approximately 84.1% confidence level that the Z-Score
value exists as a statistical outlier from the normally distributed data population. Z-Scores of two
and three indicate confidence levels of 97.7% and 99.9%, respectively, that the Z-Score value

exists as a statistical outlier from the normally distributed data population

Biased samples were selected at all locations where the gamma readings were greater than three

times the standard deviation above the average of the GWS measurements.

Contour maps of the resulting Z-Score values were plotted over site base maps referenced to NJ
State Plane coordinates for each AOC. All gamma surveys conducted for this RI are compiled in

Appendix B; final GWS reports for the OUs are presented in Appendix B-1.
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2.2  Geological Investigations

221 Surface Soil and Sediment

Surface soils are typically regarded as those naturally-deposited solids that are encountered on or
near the land surface of the study area (e.g., zero to six inches bgs). The term ‘soils’ contrasts
with ‘sediments’ which are normally encountered beneath water features such as rivers and lakes.
Surface soils were characterized by the results of the GWS; characterization of sediment samples
were represented by analytical results from the shallowest (zero to two ft interval) sample of

each soil boring located in the middle of the ditch in OU 2, AOC 3 CDD.

222  Subsurface Soil

2.2.2.1  Geoprobe Sampling

A Geoprobe direct push rig is a hydraulically-powered ram, usually truck-mounted, that uses
both static downward force and percussion to advance sampling and logging tools into the
subsurface. The term “Direct Push” refers to tools and sensors that are “pushed” into the ground
without the use of drilling to remove soil or to make a path for the tool. Downhole tools can
collect continuous soil core or discrete soil samples, or soil gas samples. They can also collect
discrete groundwater samples, and gather downhole lithologic data via a conductivity sensor
probe. They can even be used to install small diameter monitoring wells. The Geoprobe does
not require a large vehicle, as it combines a relatively small vehicle weight with percussion to
advance downhole tools. Virtually no cuttings are produced during the sampling process, and
probing tools create small diameter holes which minimize surface and subsurface disturbance.
Geoprobe refusal can be caused by concrete rubble and other types of fill debris. In such cases, a

hollow-stem auger device may be used to advance the soil boring.

The soil samples collected using Geoprobe direct-push technology in OUs 1 and 2 yielded two
inch diameter cores. The planned total depth for borings in OU 1 and OU 2 was 15 ft and 10 ft,
respectively. These depths allowed for collection of both soil and groundwater samples from
below the water table. The plan also called for the borehole depths to be increased where on-site
radiological measurements indicated that the soils at the bottom interval were potentially
contaminated above the ISV of 14 pCi/g total uranium. A fter the borings were completed,
temporary well casings and screens were placed in the boreholes to allow for water sample

collection and for the advancement of a down-hole gamma detector.
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A geologist logged the soil textures and collected samples. All soil logs created for the various
sampling efforts are provided in Appendix C; Geoprobe soil boring logs are provided in
Appendix C-1. C ontinuous cores were collected in five ft sections. A sample volume of
approximately one kilogram (kg) is required for gamma spectroscopy analysis, which required
approximately 29 centimeters (cm) of two inch diameter (5.1 cm) core. Due to the size of the
sampling equipment and the necessary sample volumes, samples for geotechnical analysis were
composed of a one foot core interval. In those cores with low recovery, the sample interval may
have been composited from two foot intervals. One sample was collected at two foot intervals
for radiological analysis. Gamma spectroscopy soil samples were collected into one liter (L)
high-density polyethylene Marinelli beakers. At depth intervals where more soil sample was
needed, an additional boring was made one foot away from the original location to collect more

soil from the same depth interval.

Geoprobe holes were abandoned by tremie grouting upwards from the bottom of the borehole

with a Portland cement/bentonite mixture.

Geoprobe Sediment Sampling

In order to obtain sediment samples in OU 2 (i.e., from the ditch centerline in AOC 3) a small
barge was fabricated and used. The barge was constructed to U.S. Coast Guard safety standards,
and was fitted with hand rails, toe boards, locking gates, and life vests. The sampling system
consisted of a 100 pound slide hammer that was used to drive a Geoprobe macro-core sampler

into the subsurface. The slide hammer was driven by a gasoline powered cat-head (capstan).

2222 Cone Penetrometer Testing

Cone Penetrometer Testing (CPT) measurements can be used to delineate soil types and soil
permeability. U nconsolidated soil to depths exceeding 30 m can be characterized using this
technology. CPT measurements are a function of continuous or intermittent collection of data
from the resistance to penetration. The mechanical properties of the soil result from in-situ stress
conditions. The relationship between stress and soil deformation is interpolated by measuring
probe tip resistance, friction sleeve resistance and dynamic pore pressure. P ermeability

measurements can be made during dissipation tests. T he soil properties that control these
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measurements are the ambient hydrostatic pressure, soil compressibility, soil strength, and soil

permeability.

The CPT probe is composed of a hydrostatic pressure element containing a low-pressure
transducer, an inclinometer, a friction sleeve containing strain-gauge load cells and ap ore
pressure transducer, a pore pressure element, and a cone tip. The standard cone has a surface
area of 10 square centimeters (cm?) and an angle of 60 degrees, and the friction sleeve has a
measured surface area of 150 cm”. The CPT probe transmits information via a multi-conductor
cable to the receiver located at the surface. CPT can also be used to efficiently locate potential

water-bearing zones for the collection of groundwater samples.

The CPT system is mounted on a truck generally weighing 20 to 30 tons. Equipment includes
the CPT probe, down-hole tools, cabling, and a computer for data collection. T he truck is
positioned over the test location. Dissipation tests for soil permeability can be performed while

the cone is held in a static position at a desired depth in a CPT hole.

Applied Research Associates, Inc. (ARA) of South Royalton, Vermont, was subcontracted to
conduct the subsurface soil CPT investigation for the RI field program at OU 3 (AOCs 4 and 6).
This was a very cost effective investigative method to initially screen for elevated uranium
concentrations in such large areas, especially in AOC 4. A series of three penetrations was
performed at each boring location. The initial penetration was accomplished with a piezocone
incorporated into the first rod, and was used to obtain data for interpreting soil textures. The
onboard computer processed the information received and provided continuous soil texture logs
to the maximum depth pushed. A plot of the soil texture was then generated to assist in
determining the appropriate depth to set the polyvinyl chloride (PVC) sleeve. Target depths
were set below the clay layer to ensure that the soil below any deposited fill was logged. In
boring locations where the clay layer was not readily discernable, the depth was set based on
professional judgment as to the likely depth of fill material. This depth was selected based on
information gathered from other boring locations in the general vicinity. Once a depth was
determined, the CPT crew pushed a dummy tip to the desired depth to enlarge the hole enough to
receive the PVC sleeve. The PVC sleeve, which was capped on the downhole end to prevent

water infiltration, was then pushed to the desired depth, cut off at the top just above the ground
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surface, and sealed with either duct tape or a well cap. Boring locations located near or along
roadways where they could be damaged by vehicular traffic were cut a few inches bgs and sealed

with a well cap.

At some boring locations, the material density was too high for the piezocone tip to penetrate a
particular subsurface interval (i.e., tip refusal occurred) or the PVC sleeve failed during the push.
In these instances, the rig was moved a few feet and additional attempts were conducted until a
successful push was achieved and the CPT was able to reach the desired depth. The frequency of
sleeve breakage or tip refusal was approximately 20%, with all but two of these instances being

due to broken sleeves.

The geographic coordinates for all CPT locations were compiled, then located and staked using a
Trimble ProXRS GPS unit, which achieves submeter horizontal accuracy. The data generated by
the CPT investigation consisted of soil texture logs, which were used to interpret subsurface

conditions. These CPT soil texture logs and ARA report are provided in Appendix C-2.

2.2.2.3 Hollow-Stem Auger Drilling

Hollow stem auger drilling is a rotary drilling method that does not require circulation of a fluid
medium. Rather, the borehole is advanced and cuttings removed by a cutter head followed by a
continuous flight of augers. H ollow stem augers are not intended for use in semi- or
consolidated formations. W hen drilling, a cutting head is attached to the first auger flight
(usually five or 10 ft long), and as the auger is rotated downward, additional auger flights are
attached, one at a time, to the upper end of the previous auger flight. As the augers are advanced
downward, the cuttings are carried to the surface along the continuous auger flights. The hollow
stem or core of the auger allows drill rods and samplers to be inserted through the center of the
augers. The hollow stem of the augers also acts to temporarily case the borehole, so that the well
screen and casing may be inserted down through the center of the augers when the desired depth
is reached, minimizing the risk of possible collapse of the borehole that might occur if it is

necessary to withdraw the augers completely before installing the well casing and screen.

A CME-75 hollow-stem auger rig, equipped with 4.25 inch inner diameter (ID) augers that

produced an 8.5 inch diameter borehole, was utilized for locations at OU 1 w here Geoprobe
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refusal was encountered. Augers were advanced in five ft flights while sampling was conducted
with three inch diameter, two ft split-spoons for continuous logging and sampling. The rig also

had a coring bit that was run inside the augers for concrete coring.

2.2.2.4  Rotosonic® Drilling

The rotosonic drilling method uses a combination of rotary power, hydraulic pull down pressure,
and mechanically generated oscillations to advance a dual line of drill pipe. Rotosonic drilling
permits continuous sampling and rapid advancement of drilling tools even under difficult drilling
conditions (i.e., when concrete rubble fill or other demolition debris is encountered). The top
mounted hydraulically powered drill head transmits the rotary power, hydraulic down pressure
and vibratory power directly to the dual line of pipe. The inner drill pipe contains a core bit and
represents the core barrel sampler while the outer pipe is used to prevent the collapse of the
borehole and in the construction of monitoring wells. This combination advances the inner core
barrel sampler through the most difficult unconsolidated deposits (i.e., concrete rubble fill)
without the use of water, mud, or air at rates equal to or greater than other conventional rotary
methods when continuous sampling is required. The inner drill pipe is always advanced ahead of

the outer drill pipe.

Rotosonic drilling was utilized for OU 3 based on observations of subsurface conditions during
the Phase I CPT work, as well as the expectation that building rubble, concrete and debris would
be encountered in this OU. D .L. Maher (a division of Boart-Longyear) of North Reading,
Massachusetts, was contracted to conduct the rotosonic soil boring program for the RI. Soil
borings were advanced in the unconsolidated material at the designated locations using rotosonic

drill rig Model GP24-300RS.

At each boring site, the inner drill pipe and core bit were advanced to approximately five ft bgs.
Once the inner drill pipe was set, the outer drill pipe was advanced down over the inner drill pipe
to hold the borehole open. The inner drill pipe was mechanically lifted to the surface for core
sample recovery. The core sample, which was contained in a p olyethylene liner for ease of
handling, was vibrated out of the inner drill pipe and placed on a sample tray for evaluation by
the field geologist. The inner drill pipe was reinserted in the borehole, advanced to the next

sample interval, and the core sample collection and retrieval process was repeated until the
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desired depth was reached. Continuous core samples collected using this technique were five ft

long and four inches in diameter.

The soil cores were collected for textural logging and sampling purposes. Upon recovery, the
field geologist or driller’s helper marked the starting and ending depths on the plastic sleeves
containing the core material. The cores were then moved to the sample management area, which
consisted of a plastic-covered table where radiological screening and geological logging
activities occurred. While still in the plastic liner, each core was screened for gamma radiation
using a FIDLER. The FIDLER was used to progressively scan six inch intervals using one
minute count times. The detector was placed in a sliding jig to assure a consistent geometry
between the sample and the beryllium window of the FIDLER. After gamma radiation
measurements were recorded for each soil core, the plastic liner was slit along its entire length
with arazor knife. Organic vapor concentrations were measured along the length of the core
using a MiniRAE 2000 photoionization detector (PID). Soil textural properties were described
in the soil boring log using the Unified Soil Classification System. Soil boring logs for

subsurface drilling are provided in Appendix C-3.

223 Down-Hole Gamma Survey

In-situ gross gamma logging was utilized to assess the vertical distribution of gamma-emitting
radionuclides with depth. Results of these measurements were used to select samples for offsite
radiological analysis and to determine whether to extend a borehole vertically. A's the name
implies, the technology involves taking a series of gamma measurements for a fixed time interval
(e.g., one minute) and specific depth interval (e.g., every 15 cm) from the bottom of a borehole
to the top. Gamma measurements are collected with a N al detector. T ypically, a two inch
diameter well would be logged with a one inch by one inch (1x1) Nal detector, while a larger

(and more efficient) Nal detector could be used in larger diameter boreholes.

Bicron Model G-1, one inch by one inch cylindrical Nal detectors in stainless-steel waterproof
housings were used to perform in-situ down-hole gamma measurements. The detectors were
lowered through the PVC piezometer casings that were placed in the boreholes. The Nal down-
hole detector did not have adequate sensitivity to measure uranium concentrations at or near the

14 pCi/g (seven pCi/g U-238) ISV, but were designed to support the selection of biased sampling
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locations in each borehole to appropriate depths, within the confines of their sensitivity
limitations. Minimum detectable concentrations (MDC) calculations are discussed in the QAPP
(CABRERA 2003c, Appendix H). T he methodology used to determine the Nal scintillation
detector scan MDC is based on the Nuclear Regulatory Commission’s (NRC) NUREG —1507,
“Minimum Detectable Concentrations with Typical Radiation Survey Instruments for Various
Contaminants and Field Conditions” (NRC, 1997). The MDC for total uranium in 50 year
equilibrium with progeny for the one inch by one inch Nal downhole scintillation detector is
estimated to be 22 pCi/g based on Poisson statistics utilizing sample background values and
assuming the background gamma fluence distribution is constant. Large variations in
background within the soil may result in a non-Poisson distribution. The MDC for this case is

conservatively estimated as 142 pCi/g.

The subsurface survey data was also used to make real-time field decisions for additional sample
selection and extending the vertical sampling if readings were greater than three standard
deviations over the average within a borehole. Downhole gamma survey results are provided in

Appendix B-2.

2.2.3.1  Spectral Gamma Logging

Spectral gamma logging was also performed during the CPT investigation at OU 3. After the
cone penetrometer tools were withdrawn from each borehole, a one inch diameter PVC sleeve
was inserted into the CPT hole to be used for in-situ spectral gamma logging. T he gamma
logging equipment was cart-mounted and utilized a system designed and built by Pacific
Northwest Geophysical that was capable of automatically logging a borehole at preset count and
depth intervals. The detector was a 0.8 inch by four inch cesium iodide detector mounted in a
stainless steel cone that included the photo-multiplier tube and back end electronics (i.e., pre-
amp and analog-to-digital converter). A nuclear industry module stored the spectral data in 256
discrete channels. E ach boring was evaluated for total depth and water level prior to
commencing logging operations. Locations having water levels greater than a few tenths of a
foot (the depth that could affect the detector) were pumped dry prior to lowering the detector into
the borehole.
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Once the integrity of the hole was confirmed, the detector was lowered to the bottom of the
sleeve and the logging system was initiated to acquire gamma information. Sequential logs were
collected every half-foot from the bottom of the sleeve to ground surface. A 200 second count
time was used for each gamma acquisition. T he operator monitored the detector system to
identify any significant increase in count rate. Data were transmitted on a daily basis to the
home office for post-processing and identification of the radiological constituents. A fter the
gamma logging was completed, the CPT holes were abandoned using cement grout. The spectral

gamma logs are included with the downhole gamma survey reports in Appendix B-2.

2.24 Geiger-Mueller Core Scan

Soil cores were scanned following removal of the acetate core sleeve in order to identify elevated
uranium activity in soil by using Ludlum Model 44-9 pancake probes, also known as Geiger-
Miiller (GM) detectors, coupled with Ludlum Model 3 meters. T he Model 3 meter is an
instrument that can be coupled with GM detectors or other scintillation detectors. The estimated
detection sensitivity of the GM soil core measurements was approximately 20 pCi/g, which is
greater than the 14 pCi/g ISV. However, the GM soil core scan was used in combination with
the down-hole Nal detector to select samples for laboratory analysis. Discrete samples were
selected for sampling from soil core segments where GM measurements were elevated. In the
event that down-hole gamma measurements and GM measurements were not in agreement,
results of the GM measurements were used because they directly measure radiation from the soil

core that was removed (i.e., the soil became the discrete sample).

225 Test Pits

A test pit is a b ackhoe-dug hole whose purpose is to characterize the subsurface by direct
observation of excavated materials. A test pit can be of virtually any length, width, or depth, and
is only limited by the size of the equipment, the properties of the soil materials, the depth to
groundwater, and safety considerations (e.g., release of air-borne contaminants from
contaminated media, slope stability). The test pit program implemented in support of the soil
investigation at OU 1 used a CASE CX160 excavator equipped with a 36 inch quick disconnect
bucket and grappler attachment. The bucket was primarily used to remove miscellaneous debris
and for soil excavation. Once all the contents of the test pit were removed by the excavator and

placed on the liner at the surface, direct readings were obtained as described in Section 2.2.4.
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The radiological technician first took a direct reading on various types of debris (metal springs,
metal support structure, brick, and fill dirt) using a Ludlum 2360 instrument with a 4389 probe.
Direct gross counts were converted to net counts and then converted to disintegrations per
minute (dpm)/100 cm?® using the equipment efficiency. Wipe samples were then collected on

selected debris and measurements obtained using a Ludlum 2929 instrument.

Handheld instruments and wipe samples were used to characterize potential radiological surface
contamination on the debris. Direct measurements performed with the handheld instruments are
not radionuclide-specific and provide estimates of total (fixed plus removable) alpha and beta
activity in units of dpm/100 cm®. Wipe sample analyses provide estimates of removable alpha
and beta activity, also in units of dpm/100 cm”. Because these types of survey activities were not
initially planned, an ISV was not established for total and removable alpha and beta activity;
however, USACE Engineer Manual EM 385-1-80, Radiation Protection Manual, (USACE,
1997) establishes acceptable surface contamination levels for natural uranium as:
e Average Maximum Removable:

5,000 dpm 0/100 cm? 15,000 dpm 0/100 cm? 1,000 dpm /100 cm?

The average and maximum contamination limits apply to total surface activity (i.e., fixed plus
removable). The “maximum” surface contamination limit applies to an area no greater than 100
cm’. The removable limit applies to wipe samples collected by wiping the area with a dry filter
or soft absorbent paper, and applying moderate pressure. Only natural uranium emits one alpha
per decay and approximately one beta per decay in a 1:1 ratio. T hus, these limits can be

compared directly with alpha and/or beta measurements.

Wipe samples were then taken on selected debris and measurements obtained using a Ludlum
2929 instrument. A geologist also logged the contents removed from the test pit. A hose was
used to mist the area with water to prevent dust from the debris or soil being released into the air.

Test pit logs for OU 1 are located in Appendix C-4.

226 Concrete
The concrete coring in OU 1 was conducted using a six inch diameter concrete core device that

was set on top of the existing concrete slab or from buried remains of concrete foundations and
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structures. O ne concrete sample was collected from each coring. S oil samples were then
collected immediately below the concrete using split-spoon or direct-push sampling techniques.
Generally, the boreholes at the concrete core locations were advanced to ad epth of
approximately five ft below the concrete surface. Prior to collecting the concrete samples, a skid
steer loader was used to clear the existing gravel and soil cover from the concrete slab in
locations marked for sampling. A fter the areas were cleared of the gravel and soil cover, the
radiation safety officer conducted field readings to assess what level of radioactivity was present
on the concrete slab. The concrete slab was encountered at approximately six inches in depth.
Samples were required to be broken into six inch sections. Only one concrete sample was
collected from each coring location. Soil samples were then collected immediately below the

concrete using split-spoon or direct-push sampling techniques.

The concrete coring machine could only be used if the concrete was encountered within the first
two ft bgs. The selected alternative method was to first advance the borehole using hollow-stem
auger techniques to subsurface concrete (rubble or foundation), and then attempt to obtain a
concrete core using conventional rotary coring techniques. The downhole assembly consisted of
a diamond-impregnated NX core bit and a core barrel connected to drill rods, which transmitted
drilling water and mechanical power to the bit. Collection of the concrete at depth using this
technique was only possible where the concrete was fairly continuous (not broken up into pieces of

rubble), and where metal reinforcing bars were not present.

2.3  Groundwater and Surface Water Investigations

2.31 Temporary Piezometers

Groundwater sampling from small ID piezometers is limited to collecting grab samples through
disposable polyethylene tubing either by bailing or via a peristaltic pump. H igh quality
groundwater samples from a piezometer are not possible since the media surrounding the
downhole open end of the pipe are undeveloped and cannot be sampled in a manner that would
produce non-turbid samples representative of the surrounding aquifer. Analytical results from
piezometers can only be used to quantify groundwater elevation or as a screening tool to identify

gross trends in contaminated media and to plan potential locations for future monitoring wells.
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Sampling of piezometers was conducted as part of the initial groundwater investigation in OUs 1
and 2. Filtered and unfiltered samples were obtained using a peristaltic pump and dedicated
tubing. While USEPA low-flow sampling protocol does not apply to temporary sampling points,
low flow rates were maintained during sampling to minimize the suspension of particulates. For
background sampling as well as additional sampling conducted in OU 3 in support of the BRA,
the piezometers were installed with five ft pre-packed screens, allowing the sampling of
unfiltered groundwater only. T hese wells were also sampled with a peristaltic pump and
dedicated tubing. USEPA low flow sampling protocols (USEPA, 1998) were used for the

piezometers equipped with pre-packed screens.

After completion of groundwater sampling, the piezometers were abandoned by removing the

casings and screens and filling the boring with bentonite slurry.

2.32  Sampling via Geoprobe

Geoprobe equipment can be used to collect groundwater samples in either of two ways: (a)
collecting grab samples through downhole tools in the same manner as groundwater sampling
from temporary piezometers; and (b) from properly constructed monitoring wells installed in the
same manner as permanent, dedicated monitoring wells as described below. G eoprobe wells
may use smaller diameter well and riser materials than conventional well installation. It should
be noted that some regulatory agencies may not approve the use of Geoprobe-installed wells,
because it is not as easy to control the installation of the sand pack around the well screen or the

bentonite-cement seal above the screen.

233 Monitoring Well Installation and Development
Groundwater monitoring wells were installed according to NJDEP regulations (NJDEP 1997).

Monitoring wells were installed using either an 8.25 inch (outer diameter) hollow-stem auger in
the overburden (OU 1 and 2) or by rotosonic drilling (OU 3). Prior to the start of drilling, and
between each well location, all drill rods, augers, bits, and associated tools and equipment were
steam-cleaned at the designated on-site decontamination area. A1l fluids generated from the
decontamination area were containerized and labeled in accordance with DuPont and USEPA
requirements. W ell locations and elevations were surveyed by a NJ licensed professional
surveyor. Northings and eastings are referenced to NADS83 NJ State Plane Coordinates. Vertical
elevations are referenced to the North American Vertical Datum (NAVD) 88 datum.
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Well construction materials were two inch diameter Schedule 40 PVC threaded, flush joint well
casing, with 0.010 inch (10-slot) slotted Schedule 40 PVC screen. The sand-pack consisted of 20
to 40 silica sand installed around the well screen to a height of one foot above the screen
(whenever possible). A centralizer was installed at the top and bottom of the screened interval.
A bentonite grout seal was placed on top of the sand pack, and the remaining annular space
above the bentonite seal was grouted to the surface using a Portland cement/bentonite grout

mixture.

The surface completion for each non-flush mount well consisted of a section of six inch diameter
steel casing with locking cap along with a two ft by two ft by 4 inch concrete pad that were
installed at each well location. The wells were secured with a lock, and the outer protective well
casings were painted with bright yellow paint and numbered. Three three inch diameter, five ft
long concrete-filled guard posts were installed around each well. The guard posts were recessed
approximately two ft into the ground and set in concrete, outside the concrete pad surrounding

each well or well pair.

Table 2-6 presents the well construction details for all monitoring wells installed in support of
the sitewide RI. Figures 2-1 and 2-2 present well design schematics for both the A and B aquifer

monitoring wells. The design for the one C aquifer well in AOC 2 is shown in Figure 2-3.

Newly-installed monitoring wells were developed prior to sampling. W ell development is
conducted to ensure removal of fine grained sediments (fines) from the vicinity of the well
screen. This allows the water to flow freely from the formation into the well, and also reduces
the turbidity of the water during sampling. Well development was initiated no sooner than 48
hours following completion in order to allow the well seals to cure. Wells were developed using
a combination of surging (with surge blocks) and pumping. A minimum of three standing well
volumes were removed from each well, with development continuing until turbidity
measurements achieved the target turbidity of 10 Nephelometric Turbidity Units (NTU) on two
consecutive readings (30 minute intervals) or until the turbidity readings were stabilized to
within plus or minus (£) 10% for three consecutive readings. All purge water was collected and
held as IDW for characterization and disposal, as discussed in Section 2.4. Purge waters were

eventually disposed of at U.S. Ecology in Grandview, Idaho.
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Groundwater sampling was conducted using low flow purging and sampling. Low-flow purging
and sampling protocols were followed in accordance with USACE guidance EM 200-1-3
(USACE, 1994) and the USEPA Region II Groundwater Sampling SOP Groundwater Sampling
Procedure Low Stress (Low Flow) Purging and Sampling (USEPA, 1998).

234 Water Level Measurements

Intrinsically-safe electronic water level meters were used to measure water levels in the wells
prior to sampling. M easurement points were identified on the well casings for consistent data
collection. Groundwater levels were measured to the nearest 0.01 ft. Before recording water

levels, field personnel confirmed the initial reading with a second measurement.

Water level measurements were used to determine groundwater flow direction in the Chamber

work site aquifers, and to prepare groundwater elevation contour maps

235  Slug Tests

Pneumatic slug tests were conducted to determine the local hydraulic conductivities in the A and
B aquifers. In pneumatic slug testing, the well head is sealed and air pressure is used to
displace/lower the water level. As air pressure in the well is increased, the water level falls until
the water pressure "up" and the air pressure "down" are equal. Once the water level is stable, a
release valve is quickly opened, instantaneously releasing the air pressure. The water level
recovers (rising head test) without splashing and the pressure transducer and data
logger/computer record the changes in water level and time. Figure 2-4 presents a diagram of

the pneumatic slug test equipment.

Tests were conducted in accordance with the procedures defined in the American Society for
Testing and Materials (ASTM) Method D4044-96 Standard Test Method for (Field Procedure)
for Instantaneous Change in Head (Slug Test) for Determining Hydraulic Properties of Aquifers
(ASTM, 1991).

236  Surface Water

Surface water samples were collected from the CDD using a direct dipping (or dip cup) method.
The sample container is dipped directly into the surface water for sample collection. The top or
opening is pointed upstream allowing the sample to be collected directly into the container. Prior

to obtaining an analytical sample, a small beaker or the sample port of the potential of hydrogen:
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log of the hydrogen ion concentration (pH)/specific conductivity meter is used to collect a small
water sample and record the temperature, pH, and specific conductivity readings in the field log

book.

24 Investigation-Derived Waste Management

IDW included soil cuttings from the soil-boring investigations, used personal protective
equipment and sampling materials (including decontamination water) and groundwater from well
development and sampling. IDW was transferred to 55 gallon drums for storage on a daily basis.
All drums were clearly labeled using a permanent paint pen. The label information included the
contents of the drum (e.g., solid waste), a unique numeric identifier, and the source area (i.e.,
specific AOI) where it was generated. A staging area was established in each AOC for the
temporary storage of the material. The IDW was transferred to the DuPont 90 day storage area
until the analytical laboratory results were available to determine the disposal requirements.
Composite samples were collected from the drums for IDW characterization. A listing of the
analytical parameters evaluated for IDW characterization is provided in section 2.5.1.2. A
breakdown of IDW volumes by AOC, as well as analytical data for IDW characterization results

and disposal actions are provided in Appendix D.

2.5  Sample Analysis: Methods and Quality Assurance

An overall summary of samples collected during the course of the Sitewide RI and the type of
analytical methods used for radiological and chemical constituents is provided in Table 2-7. The
number of samples collected by media in each AOC as well as the number of onsite and offsite
laboratory analyses is summarized in the table. In addition, Tables 2-8 (radiological) and 2-9
(chemical constituent) summarize the type of analyses performed for soils at each sample

location.

2.5.1 Soil Samples

25.1.1  On-site Screening of Soil Samples by Gamma Spectroscopy

Discrete soil samples from every two foot interval of each boring were screened in an on-site
gamma spectroscopy laboratory in OU 1 and OU 2. On-site laboratory analyses were designed
to yield adequate sensitivity to meet the ISV and served as the primary screening result for field
decision-making for selection of samples for offsite analysis, and expanding the borehole

transect vertically or horizontally. Soil samples were analyzed in one L Marinelli beakers. On-
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site gamma spectroscopy analyses were performed using an N-type high purity germanium
(HPGe) gamma spectroscopy system measuring U-238 decay progeny. U-238 decay progeny
emit discrete energy gammas that can be used to identify and quantify total uranium activity
concentrations in discrete samples. T he concentration of total uranium in soil samples was
reported based on the concentration of Th-234, which is the first decay progeny of U-238. The

conversion was made using the following equation:

Concentration [total uranium] = Concentration [Th-234] / 0.489

Values for minimum detectable activities (MDAs) and total propagated uncertainties (TPUs) for
total uranium were calculated using the same method, based on Th-234 MDAs and TPUs. The
conversion is made using the accepted standards for uranium isotopic equilibrium as reported in
the American National Standards Institute (ANSI) standard N13.22-1995 (ANSI 1995). Sample
mass was estimated using a laboratory balance, and samples were counted without performing
physical processing such as drying and grinding. The approximate detection sensitivity of the
on-site gamma spectroscopy laboratory was four pCi/g of total uranium, well below the
investigative screening level of 14 pCi/g. Since the ISV is derived from conservative risk-based
criteria and average background concentrations, the level of sensitivity is adequate to make

decisions regarding additional sampling in the field.

The onsite laboratory was used during the OU 1 and OU 2 initial investigations. Subsequent
investigations did not utilize an onsite laboratory but samples were identified for offsite
laboratory analysis based on GM scanning results and other field screening methods. Samples
from the OU 3 soil investigation, sitewide groundwater investigation, and the additional

sampling in 2007 in support of the BRA were only sent for offsite laboratory analysis.

25.1.2  Off-site Analysis of Soil Samples

The results of sample screening analyses were used to select samples for off-site gamma
spectroscopy analysis. For OU 1and OU 2, samples were sent to Eberline and Paragon
Analytics for radiological and chemical analysis. The approximately 10% sample selection for
alpha spectroscopy and additional samples for radiological analysis were chosen where higher

radiological activity was indicated. A sample that exceeded the ISV was selected for off-site
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analysis. If no sample exceeded the 14 pCi/g criterion, then sample selection was based on the
GM core frisk and downhole gamma survey. If elevated radiation readings were not observed

during the surveys, then two samples were collected from the vadose zone.

For OU 3, two soil samples from each borehole were selected for off-site analysis. The criterion
for selection was based on the results of the GM core frisk. Samples selected for offsite analysis
were placed in stainless steel bowls, homogenized, and transferred to laboratory-provided plastic
sample containers. When the supply of laboratory containers was depleted, clean 16 ounce Ball

Mason Jars were used.

Samples were submitted to Paragon Analytics, Inc. for radiological analysis as well as chemical
analysis for health and safety purposes and IDW considerations. C hain of custody (COC)
records accompanied all sample shipments and were used to specify to the laboratory which
analyses to perform. Table 2-10 presents radiological and chemical analysis parameters for the

solid (soil and sediment) and aqueous samples during the Sitewide investigations.

Gamma spectroscopy, with and without radium daughter in-growth, (USEPA Methods 901.0 and
901.1) was performed on these soil samples. HPGe detectors were used by Paragon for the
gamma spectroscopy laboratory analysis. In support of the addition of Th-230 to the ROPC list,
available stored soil samples were also analyzed for isotopic thorium via alpha spectroscopy.
Paragon uses a modified version of the ASTM 3972-90 standard that is applicable to other

actinides (thorium, plutonium, americium, etc.) for both soil and water samples.

In addition, quality control (QC) measures were implemented that included collecting field
duplicate samples at 10% of the primary sample locations. The field duplicates were analyzed
by the project subcontract laboratories, Eberline and Paragon Analytics, Inc. Quality assurance
(QA) split samples were collected at 5% of the primary sample locations. The QA splits were
analyzed by the USACE’s contract laboratory, Severn Trent Laboratories in Earth City,

Missouri.

For chemical contaminants, QC sampling typically includes the collection of equipment blanks

to confirm the effectiveness of decontamination techniques. However, for radiological
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contaminants, equipment decontamination is monitored through the collection of smear samples
from the sampling equipment. Smear samples were collected at the primary sample locations

and analyzed onsite using a Ludlum Model 2929 alpha/beta counter.

The on-site screening laboratory results were also used to select approximately 10% of the total
samples for IDW characterization testing that included Toxicity Characteristic Leaching
Procedure for volatile organic compounds (VOC) analysis, semivolatile organic compounds
(SVOC) analysis, Pesticides/Polychlorinated Biphenyls (PCBs); TAL metals; hazardous
characterization testing (ignitability, corrosivity, and reactivity); and paint filter testing. Off-site
radiological samples and samples designated for IDW characterization were biased to the

samples with highest estimated uranium activity concentrations.

Physical/Geotechnical and Geochemical Analyses

Ten percent of the soil samples collected from within each area and submitted for off-site
radiological analyses were also to be analyzed for grain size analysis, moisture content, specific
gravity, liquid and plastic limits, pH, cation exchange capacity, and total organic carbon (TOC).

TOC was also analyzed in all soil samples collected in the Background Reference Area.

To identify mineralogy and gain a better understanding of mobility factors a number of
geochemical analyses of soil samples was performed in OU 1 and OU 2. X -ray diffraction
(XRD) with supplemental scanning electron microscope (SEM) analyses were conducted on up
to 10% of soil samples submitted for off-site radiological analyses in order to determine the form
of uranium present in the soil samples. B atch tests (ASTM D 4646 or ASTM D 4319) to
determine the partition coefficient (K4) for U-238 at the pH conditions as measured in the field
were conducted on 10% of the soil samples. The samples for these analyses were selected from
the core samples that were also sent to the onsite laboratory for gamma spectroscopy analysis.

Table 2-11 presents the geotechnical parameters analyzed in the RI soil samples.

252 Groundwater Samples
2.5.2.1  On-Site Analysis of Water Quality Parameters
To support contaminant fate-and-transport estimates, selected geochemical analyses of

groundwater samples were performed onsite. These analyses were performed for reactive ions
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that would most likely change (react) during transport to offsite laboratories. Onsite analyses

were performed for sulfide, nitrite, ferrous iron and aqueous hydrogen peroxide concentrations.

Well-stabilization parameters were measured onsite using multi-parameter meters equipped with
flow-through cells (YSI meters). The parameters that were measured included dissolved oxygen
concentration, redox potential, pH, specific conductance, temperature and turbidity, and as
required by the low flow purging and sampling procedure. The water quality parameters are

presented in Table 2-12.

Sulfide
Sulfide concentrations were measured onsite using the Methylene Blue Method (HACH Method
8131). The minimum detection limit of the method is 0.01 milligrams per liter (mg/L). Grab

samples were collected and analyzed on-site after the wells had been fully purged.

Nitrite
Nitrite concentrations were measured using the colorimetric Diazotization Method (HACH
Method 8507). Grab samples were collected and analyzed on-site after the wells had been fully
purged.

Ferrous Iron

Ferrous iron concentrations were measured in all wells by the 1, 10 Phenanthroline Method using
programmable HACH colorimeter (HACH Method 8146). Grab samples were collected and
analyzed on-site after the wells had been fully purged.

Hydrogen Peroxide

Hydrogen peroxide concentrations were measured by two different methods. The first method
used was the sodium thiosulfate titration method (HACH Method HYP-1). After use in the field,
it became evident that there were interferences with the method. The manufacturer states that
chlorine interferes with the sodium thiosulfate titration method, but field testing also showed that
chloride ion also interferes with this method. The second field method used to measure
hydrogen peroxide concentration was a test-strip method which showed similar interferences as

the titration method.
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Dissolved Oxygen

Dissolved oxygen (DO) concentrations were measured using the amperometric method, which

utilizes a DO sensor.

Redox Potential

Redox potential (Eh) or oxidation-reduction potential (ORP) was measured using a platinum
redox and silver: silver-chloride reference electrode pair. ORP values can be converted to Eh
values by adding approximately 200 millivolts (mV) to the ORP values. Eh is seldom measured
directly in the field but may be done using the standard hydrogen electrode. All values used in

this report are unconverted ORP values.

pH
Temperature-compensated measurements of pH were collected using a flow-through cell.

Measurements of pH ranged from circum-neutral to basic. Areas with high pH also tended to

have low redox potential.

Specific Conductance

Specific conductance was measured using an auto-ranging four electrode cell with automatic

temperature compensation. Measurements were taken using a flow-through cell.

Temperature

Temperature was measured with a standard thermistor using a flow-through cell.

Turbidity

Turbidity was measured in a flow-through cell using a submersible turbidity probe.

2.5.2.2  Off-Site Analysis of Groundwater and Surface Water Samples

A discussion of the off-site analysis methods is presented below. In addition to the primary
analytical samples, Quality Assurance/Quality Control (QA/QC) samples were collected during
the investigation. Field duplicates of groundwater and surface water samples were collected for
analysis at a frequency of 10% of primary samples. One wipe sample was collected for every
two items of decontaminated sampling equipment (gross alpha and beta only) and analyzed using

the onsite alpha-beta counter. W ipe samples are collected to check for potential cross
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contamination when decontaminated sampling equipment is used. One set of Matrix
Spike/Matrix Spike Duplicates (MS/MSDs) were collected for analysis of isotopic uranium and
total radium only. The MS/MSD portion of the sample was collected in containers separate from
the routine sample to provide sufficient sample volume and to allow for the assessment of
unspiked results for field precision. Split samples were collected for analysis of radiological

parameters at a frequency of 5% of primary samples.

Table 2-12 presents the offsite analytical methods used for the groundwater and surface water

sampling.

2.5.2.2.1 Aqueous Uranium
All groundwater and surface water samples were analyzed for Isotopic Uranium using American

Society for Testing and Materials (ASTM) 3972-90.

2.5.2.2.2 Other Radionuclides

In addition to uranium, groundwater and surface water samples were analyzed for the
radiochemical parameters of Gross Alpha/Gross Beta (USEPA Method 900), Ra-226/Ra-228
(USEPA Method 903/904) and isotopic thorium (modified ASTM 3972-90).

2.5.2.2.3 Volatile and Semi-Volatile Organic Compounds

Groundwater samples from OU 1and OU 2 wells were collected for benzene, toluene,
ethylbenzene, and xylene (BTEX) analysis via Method 8260B. Groundwater analysis for VOCs
by Method 8260B and SVOCs by Method 8270 was performed for select groundwater samples
collected from OUs 1, 2, and 3 in support of the BRA.

2.5.2.2.4 Aqueous Metals

Although they were not identified as COPCs for the RI, groundwater and surface water samples
were analyzed for metals. M etals data provides useful information for the interpretation of
geochemical conditions, as well as for use in the BRA. W ater samples were collected for

laboratory analysis of the concentrations of the 23 TAL metals, which were analyzed using

Method 6010B.

2.5.2.2.5 Major Cations and Anions
While major cations and anions were not identified as COPCs for the RI, concentrations of these

constituents were analyzed to interpret their effect on uranium geochemistry. Concentrations of
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the inorganic ions chloride, fluoride, sulfate, phosphate (as phosphorous), nitrate/nitrite, and

alkalinity were measured, as well as the metals calcium, magnesium, sodium, and potassium.

Alkalinity was measured by USEPA Method 310. C hloride, fluoride, sulfate, phosphate (as
phosphorous), and nitrate/nitrite were analyzed using USEPA Method 300. C alcium,

magnesium, sodium, and potassium were analyzed using USEPA Method 6010B.

2.5.2.2.6 Off-Site Laboratory Quantification of Uranium in Soils and Water Samples

An important Data Quality Objective (DQO) for the analytical program is to obtain, to the extent
practical, radiological MDCs at or below potential cleanup criteria for the site. The MDCs have
been compared to federal and State of NJ human health risk-based criteria for reference. The
purpose of this comparison is to establish that the MDCs of the analytical techniques used to
measure site uranium concentrations are sufficiently low to conclude that a non-detect is below

these reference criteria.

To ensure that adequate sensitivity is achieved in off-site laboratory analyses, conservative
screening values published by various regulatory agencies were considered in determining
required laboratory MDCs. Table 2-13 and 2-14 provide required offsite laboratory MDCs for
soil and groundwater samples, respectively. Required MDCs were set at a small fraction of the

conservative screening values.

As indicated in these tables, which compare the conservative regulatory screening levels to the
MDCs, gamma spectroscopy and isotopic uranium analysis being performed ons oil and
groundwater sample respectively, provide the required sensitivity below these screening values.
The primary analytical laboratory DQO is therefore met by obtaining the lowest practical MDC

that is below the conservative screening value.

2.6  Air Sampling

Air quality monitoring was assessed throughout the field investigations primarily as a means to
monitor the health and safety of site workers, DuPont personnel, and the public, as potential
exposure to either uranium-bearing dust or DuPont wastes was possible during intrusive

sampling activities caused by disturbance of subsurface soils.

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 2-29



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

Air monitoring methods included breathing zone monitoring, perimeter air monitoring, and soil
vapor collection where warranted (e.g., in OU 3). A discussion of the sampling field methods, as

well as the health and safety environmental monitoring records, is provided in Appendix E.

2.7 Ecological Investigations

A site visit was conducted at the DuPont Chambers Works on 15 October 2003 to investigate
ecological conditions of OU 2 in the area of the CDD to determine the need for a radiological
ecological risk assessment. The purpose of the site visit was to identify any ecological receptors
and exposure pathways in or near the CDD (AOC 3). In addition a site visit was also conducted
in late July 2007 for the purpose of further assessing ecological conditions at each AOC,
particularly in the northern section of AOC 4 (Historical Lagoon A) along the Delaware River.
This area is also referred to as AOI 1 in AOC 4 (DuPont’s SWMU 5). Information was collected

during the reconnaissance and historical aerial photographs reviewed.

Site visit observations were used to complete Region VI’s Ecological Exclusion Criteria
Worksheet and Ecological Assessment Checklist. C ompletion of the checklist involves 1)
collecting information related to its operation, physical site characteristics, ecological habitats
and receptors utilizing the Ecological Exclusion Criteria Worksheet and determining if
incomplete or insignificant exposure pathways exist at the AOC that eliminate the need for
further ecological evaluation, and 2) if an area cannot be excluded from further evaluation,
collecting more detailed information about ecological areas utilizing the Ecological Assessment
Checklist to assist in further ecological risk evaluations. If the affected property meets the
exclusion criteria, no further evaluation of ecological risk will be required for the AOC. If the
affected area does not meet the exclusion criteria, then as creening level ecological risk
assessment will be performed for the AOC. Based on site conditions and the results of the
ecological exclusion checklist AOCs 1,2,5a nd 6 were excluded from further ecological
evaluation. These areas are located within the active manufacturing area of Chambers Works
and do not contain appreciable ecological habitat. The checklists were completed as part of the

BRA and are included in Appendix H.

2.8  Data Review, Verification, and Usability
This section presents a summary of the analytical data review process during the different phases

of the RI. The review consisted of evaluating the accuracy and precision of the onsite and offsite

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 2-30



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

radiological results for soils and groundwater. A QC review of selected chemical data was also
performed. Analytical data received from the contract laboratories were provided via a series of
Sample Delivery Group (SDG) packages. Radiological data was reviewed and verified using the
Radiological Validation and Verification spreadsheet provided by the USACE (Buffalo District).
The radiological parameters included in each SDG were reviewed for accuracy and completeness
of sample data, QC information, and instrument data. The laboratory used internal qualifiers for
the data sets, but the verification form utilized qualifiers outlined in section 8.3.3 of the Multi-
Agency Radiological Laboratory Analytical Protocols Manual, which was also used as the basis

for the verification process.

In addition to the laboratory QA review, all data deliverables were evaluated for completeness
and overall sampling and analytical performance. The Automated Data Review software
module, developed by Laboratory Data Consultants was used in the data review step. In-house
QA/QC review procedures are described in the Final QAPP (CABRERA 2003c). A summary
report of QA/QC evaluation results is included in Appendix M.

281 Evaluation of the Accuracy of the Onsite Gamma Spectroscopy

A statistical evaluation was performed to measure the accuracy of on-site gamma spectroscopy
laboratory results with respect to the off-site gamma spectroscopy laboratory results. Detected
sampling results for both on-site and offsite gamma spectroscopy laboratory results were used to
determine the Pearson correlation coefficient between these two sets of sampling results. A
correlation statistic ranges from —1 (perfect negative correlation) to 1 ( perfect positive
correlation). A correlation of 0 means there is no correlation between the variables. In addition
to correlation, an associated p-value is calculated that measures the probability (ranging from 0
to 1) for which the true correlation is zero. A high p-value (close to 1) means the hypothesis of
zero correlation between the variables cannot be rejected. A low p-value (< 0.10) means the
hypothesis of zero correlation between the variables is rejected at the 0.10 significance level and

that a significant positive or negative correlation exists between the variables.

Table 2-15 presents the results of on-site and off-site gamma spectroscopy laboratory results for
total uranium. The results showed that the Pearson correlation value is 0.998 and the p value is

0. That means, that the hypothesis of zero correlation between both sampling results is rejected
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and that a significant positive correlation exists between offsite and on-site laboratory results for
total uranium. Therefore, based on these results of the statistical evaluation the onsite gamma
spectroscopy screening data for total uranium is sufficiently accurate to support nature and extent

determinations and future CERCLA decisions at the Site.

282 Confirmation of Natural Uranium

Alpha spectroscopy was performed on soil samples to support the assumption that the uranium at
the Site is in natural isotopic ratios. This assumption is important because it is used as the basis
to estimate total uranium activity concentrations from gamma spectroscopy analyses. Gamma
spectroscopy reliably quantifies only U-235 and U-238. To estimate total uranium from gamma
spectroscopy analyses, assumptions need to be made regarding the U-234 component. If natural
uranium is present the U-234 activity concentration is equivalent to U-238. If depleted or
enriched uranium is present, the U-234 component would be different, on a relative basis, than in

natural uranium.

A statistical evaluation was performed and is shown in Table 2-16. As shown by the data the U-
234 to U-235 ratio for each sample is near unity, the expected ratio for natural uranium. These
data support the natural uranium assumption used to interpret other data collected during the

Sitewide RI.
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3.0 PHYSICAL CHARACTERISTICS OF SITE

The following section summarizes the physical and environmental characteristics of the
Chambers Works site that are relevant to identifying potential migration pathways, transport
mechanisms, and potential receptors, both current and future. This section provides a foundation
for subsequent discussions ont he nature and extent of contamination, including detailed
information on physical characteristics specific to each OU (Sections 4.0, 5.0 a nd 6.0). The
following information also provides a basis for the discussions on C ontaminant Fate and

Transport (Section 7.0).

3.1 Meteorology

Climatological data for the Chambers Works complex is presented in Table 3-1. Climatological
data were collected at the National Weather Service Station at New Castle County Airport,
Wilmington, Delaware (DE) for the period 1948 through 2000. This location is approximately
eight miles northwest of the site. The mean temperature in this area is 54 degrees Fahrenheit (
F), ranging from a minimum monthly mean temperature of 23" F in January to a maximum
monthly mean temperature of 86 F in July. The average annual precipitation for this period is
41.5 inches, with a monthly average precipitation of 3.5 inches. The highest monthly mean
precipitation is in July with 4.3 inches and the lowest monthly mean precipitation is in October
with 2.9 inches. The prevailing winds come from the northwest at eight to 14 miles per hour
(mph) during the spring, fall, and winter, and from the south at nine to 10 m ph during the

sSummer.

3.2 Land Use

Chambers Works is located in Salem County, NJ on the Delaware River across from the city of
Wilmington, DE. The village of Deepwater is adjacent to the Chambers Works. Deepwater is
bordered by the town of Carneys Point and the borough of Penns Grove to the north and the town
of Pennsville to the south. Chambers Works lies within both Carneys Point and Pennsville
Townships. Besides the village of Deepwater, land use directly adjacent to Chamber Works is a
mix of recreational (forested/wetlands areas) and light industrial. Figure 3-1 depicts the general
land use in the surrounding areas. Figure 3-2 shows generally the wetlands delineation areas

within and around the site.
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The surrounding area is predominantly rural, with approximately 700 farms. A pproximately
43% of the county’s land is used for agriculture. In Salem County, 50% of the land is currently
farmed, and an additional 25% of the land dedicated to environmental uses such as tidal and
freshwater wetlands, marshland, lakes, ponds, flyways, and natural habitats. T he developed
lands make up only 13% of total land use, and accommodate all types of uses including
residential, commercial, and industrial. The Salem River Watershed (117 square miles) and the
Delaware River Estuary (23 square miles) cover one-third of Salem County (Rutgers University,

2003).

Pennsville Township is approximately 26 square miles and has the largest population in Salem
County. Pennsville is located just south of the Delaware Memorial Bridge at the hub of several
important road networks such as State Roads 49 and 130, New Jersey Turnpike (I-95), U.S.
Route 40, and 1-295. Pennsville is 12 miles from Wilmington, 34 miles from Philadelphia, and
63 miles from Atlantic City. Pennsville is mostly residential with industries/employers
including: Atlantic Electric, DuPont Chemicals, Siegfried Pharmaceutical, the Township of
Pennsville, and the County of Salem. P ennsville has numerous commercial shopping strips.

Pennsville is served by a public water system and sanitary sewer system.

Pennsville has five public school buildings: three elementary, a middle school, and a high school.
Almost 75 acres of land in the Township are devoted to school-related activities. Pennsville is
served by two volunteer fire companies, located in Pennsville and Deepwater. Much of the land
owned by the Township is used for recreational purposes, especially the area known as River
View Beach Park. Extensive land along the Delaware River is used for boating, playgrounds,

picnics, and other recreational activities.

Figure 3-3 shows the location of several area schools and the nearest hospital, Memorial Hospital

of Salem County in relation to the Chambers Works property.

3.3  Demographics
Salem County ranks 10th in the area among all 21 NJ counties, but it is the least populated. Its
population of roughly 65,000 is expected to remain stable in the years to come. According to the

2000 U.S. Census, the population of Salem County in 2000 was 64,285. The population of
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Carneys Point was 7,684; Penns Grove was 4,886; and Pennsville was 13,194. Carneys Point
and Penns Grove experienced a loss in population of about 6% from 1990 to 2000. S alem
County experienced a 1.5% loss in population (1,009 persons). Salem County was the only
county in NJ to lose population from 1990 to 2000. Historically, the County has had a slow
growth rate for the past 50 years, about 30%. Surrounding communities have experienced

growth rates in triple digits.

The losses in population can be attributed to a variety of factors, including the downsizing at the
DuPont Chambers Works, which may have also caused the relocation of residents to other
employment locations, especially for the adjacent communities of Pennsville and Carneys Point.
The downsizing may have also contributed to general economic distress in the City of Salem and

Borough of Penns Grove.

The county median household income in 2006 w as estimated to be $58,164. T he median
household income for Pennsville was $47,250, while Penns Grove was $26,227 with a percent
change of -4.2% and -5.7% adjusted for inflation from 1989, respectively. New Jersey as a state
had a median household income of $55,146. The median age in Salem County was 38, which is

higher than the NJ median of 36.7 (U.S. Census Bureau, 2006).

The Salem County Labor Force estimates for 2006 show a labor force of approximately 35,000
persons, of which 32,400 are employed and 2,571 are unemployed with an unemployment rate of
7.4% (U.S. Census Bureau, 2006) American Community Survey). A ccording to the 2006
estimates, 30% of the County’s jobs were managerial/professional occupations, 27% were sales
and office occupations, 15% were production, transportation, and material moving, 17% were
service occupations, 11% were construction, extraction, and maintenance, and 0.2% were in

farming, fishing, and forestry occupations.

The DuPont Chambers Works facility labor population consists of 1,200 DuPont employees.
There are 200 subcontractor personnel working on-site. There are approximately 80 visitors to
the site per day to conduct various businesses. The racial makeup of the County is 81.2% white,

14.8% black, and 3.9% Hispanic. The leading ancestry groups in Salem County in decreasing
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order are, German, Irish, English, and Italian. These four groups make up 63.2% of the County’s

population

3.4  Surface Features

The Chambers Works complex is located within the Lowland Subprovince of the Atlantic
Coastal Plain physiographic province (Barksdale et al., 1958). The surrounding topography is
gently rolling, with elevations from zero to 85 ft NAVD 88. E levations at the complex are
typically approximately 10 ft NAVD 8§8.

3.5  Surface Water Features

The Delaware River is tidal and brackish at Deepwater and is not a potable water source in the
area of the Chamber Works Site, but is a major supplier of potable water to communities north of
the area. At the Reedy Point gage the Mean Higher High Tide is 0.875 ft NAVD 88, the Mean
Lower Low Tide is -0.905 ft NAVD 88, and Mean Tide Level is -0.036 ft NAVD 88. Chloride
concentrations in the Delaware River at Deepwater range from 10 mg/L during spring to 3,200
mg/L during some periods in late summer. Net flow seaward at the Delaware Memorial Bridge
averages 18,000 cubic feet per second (cfs) but can exceed 200,000 cfs during floods. The mean
tidal discharge is 300,000 cfs on flood and ebb tides. The DuPont site is at river mile 70 from
the mouth of the Delaware Bay. At this position, the site lies within the zone of yearly
fluctuation of the “salt front”, which is the tongue of saline water that moves upriver from the

Delaware Bay. The “salt front” is the 250 mg/L chloride concentration contour (DRBC, 2004).

3.6 Regional and Local Geology

Native site soils are of alluvial and palustrine (marsh) origin, but have been substantially
modified by landfilling and construction activities. The land along the shoreline has most likely
been accreted as point-bar deposits from the Delaware River, or possibly, from over-bank
deposition during periodic flooding, which has resulted in the formation of a natural levee.
Topographic maps indicate that these sediments formed a strip of land approximately 200 yards
wide with an average elevation of five ft above mean sea level along the river’s edge. Behind
these shoreline deposits, which consist of sands and silty sands, there once existed a tidal marsh
consisting of silty clays, with an elevation near sea level. The Chambers Works was gradually

enlarged by filling in the marsh areas. Generally, up to a distance of 200 yards from the river’s
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edge, the soils at sea-level are the naturally occurring marsh deposits, while the soils above sea

level are typically fill material (DERS, 1993).

3.7  Regional and Local Hydrogeology

The sedimentary deposits beneath the Chambers Works can be divided into five major sequences
(DERS, 1993), as identified in Table 3-2 and Figure 3-4. T he uppermost major sequence
consists of the A and B aquifer and the A-B and B-C aquitards. The A-B aquitard is
discontinuous and thins to zero near the basin complex (DERS, 1993, p. 2 and DERS, 1992b). It
has eroded away and thins to zero also in areas where stream channels were once present. The B
aquifer consists of sands that are interpreted to be Delaware River alluvium. This unit has an
average thickness of 20 ft. The B-C aquitard is a gray to black silt or clay that is thin to absent in
the eastern portion of the site and in the vicinity of the settling basins, but well developed along

the Delaware River.

The Pleistocene sand and gravel deposits that comprise the A and B aquifers are not widely
developed as a groundwater source in Salem County, although yields of up to 1,500 gallons per
minute (gpm) have been reported (Rosenau et al, 1969). The deposits, which are hydraulically
connected to the Delaware River, form a significant source of recharge to the underlying
Potomac-Group aquifer. The geometric mean hydraulic conductivity (K) in the A aquifer is
approximately 7x10™ centimeters per second (cms), based on the results of 23 slug tests and one
pump test. The geometric mean K in the B aquifer is 1x10” cms, based on the results of 59 slug

tests and 10 pump tests (ENVIRON 1999, p. 3-8).

The second sedimentary sequence is the C aquifer, which is composed mainly of Pleistocene-age
coarse-grained sands and gravels. The third sequence is the C-D aquitard, which is composed of
clays and silts of estuarine origin. The fourth sequence is the D aquifer, consisting of coarse-
grained sands and gravels. The D unit is valley-fill sediment that is incised in the underlying
Potomac Group. The underlying D-E aquitard through the F Aquifer units make up the lowest
sedimentary sequence and are the Cretaceous-Age sediments of the Potomac Group. It should be
noted that although the surficial aquifers are not an important source of drinking water, the

Potomac aquifer is widely used as a drinking water source in southern NJ and DE.
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Aquifers A through D are Pleistocene age deposits that unconformably overlie the Cretaceous-
Age Potomac group. The E Aquifer at Chambers Works is approximately 100 ft thick and
DuPont correlates it to the Potomac Group. N JDEP however, shows that the edge of the
Potomac Formation underlies the Pleistocene A-D Aquifers in the northern part of the site, while

the Magothy Formation overlies the Potomac Formation in the southern part of the site.

371 Tidal Influence in the B Aquifer

DuPont produced a study on tidal affects in the B aquifer (ENVIRON, 1999). The IWS has
drastically altered the flow direction in the B aquifer so that groundwater flows toward the center
of the site. However, the B aquifer is in direct communication with the Delaware River and is
influenced by tidal fluctuation. The tidal amplitude within the B aquifer was measured to be a
maximum of 3.1 ft in the B-aquifer wells nearest the Delaware River, but the tidal effects are
rapidly attenuated with distance from the river. At a distance of 600 ft the tidal fluctuation is
approximately 0.5 ft. The maximum distance from the river at which the tidal influence is
detectable is 1,000 ft, which is the distance of the AOC 3 area from the river, as shown in Figure
3-5.

372 Chlorinated Solvents in the B Aquifer

DuPont has delineated both source zones and aqueous-phase plumes of chlorinated solvents in
the B Aquifer in the immediate vicinity of OU 1 (DERS, 1995). These dense nonaqueous phase
liquids (DNAPLs) include tetrachloroethylene, Freon® 113, and chlorobenzene. O ther
groundwater contaminants in the B Aquifer include organic lead and arsenic. The groundwater
contaminants and aqueous plumes in the B Aquifer have been studied and documented by

DuPont RCRA investigations.

373 Groundwater Extraction Systems

Nearly all of the groundwater extracted from Aquifers B through D at the site is part of an
ongoing corrective action to address historical chemical contamination from facility operations.
The IWS extracts water primarily from the C and D Aquifers, but also with extraction from the B
Aquifer. Additional extraction from the B Aquifer was also captured by the Delaware River
Corrective Action Program (DRCAP), C-Basin Well Point System (CBWS), and C landfill
wells. It has been reported by DuPont that the DRCAP wells and CBWS no longer exist. In

general, the IWS pump and treat system has some influence on the B Aquifer flow direction but
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mainly controls flow within the deeper aquifers under Chambers Works. The A aquifer flow
direction is primarily controlled by surface drainage (e.g., CDD, ditches), so there is minimal

impact on the A aquifer from the pump and treat systems.

Production wells are completed in the E and F Aquifers. These groundwater extraction systems
had significant influences on groundwater potentiometric surfaces in these aquifers. It has been
reported by DuPont that all the water that is pumped from the extraction/remediation wells is
treated at the on-site WWTP prior to discharging the water into the Delaware River. DuPont has
also reported that sludge generated by the WWTP is disposed of in an on-site permitted landfill.

A review of the different extraction systems is provided below.

Interceptor Well System

The IWS is used to control off-site flow of contaminated groundwater predominantly in the B, C
and D Aquifers. The IWS consists of six wells and a stand-by well, and constitutes over 90% of
the groundwater extraction at the site in the upper four aquifers. The location of these wells is
shown in Figure 3-6. It has been in operation since 1970. Average pumping from the interceptor

wells over the last two years has ranged from 1,100 to 2,000 gpm (1.5 to 2.8 million gallons per
day).

Delaware River Corrective Action Program (DRCAP)

DRCAP was a series of four extraction wells in the B Aquifer located along the western
perimeter of the site. The DRCAP wells were intended to control off-site flow of contaminated
groundwater in the B (and possibly A) Aquifer near the Delaware River. Pumping was initiated
at the DRCAP wells in July 1989. Total extraction from the DRCAP wells was as much as 10 to
25 gpm in early 1990, but had been reduced to nearly five gpm. The DRCAP wells were shut off
in 1998.

C Basin Well Point System

CBWS was a series of 153 well points that was used to control groundwater mounding around
the C Basin. It utilized 56 well points along the north side of the basin and 97 well points along
the western side of the basin. Pumping at the CBWS began in November 1988. DuPont ceased

operation of this system in 1998.
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C Landfill Wells

In the C landfill, two pumping wells began operating during the second quarter of 1991. These
two wells withdraw water from the B Aquifer as a means of controlling flow in the area. These

wells typically pump at a combined rate of 10 gpm or less.

Production Wells

Several production wells actively pump from the E Aquifer. It has been reported by DuPont that
two wells are screened in the E Aquifer. One is a production well and the other is a remediation
well. Both pump at a rate of 200 gpm, for a total rate of 400 gpm withdrawn from the E Aquifer.
Large E Aquifer production wells are also located at nearby Atlantic Electric Company, south of

Salem Canal, and appear to influence the E Aquifer flow directions on-site.

3.8  Private Wells

No survey was conducted to ascertain the number of private wells within a one-mile radius of the
Chamber Works site. The AOCs under investigation for this RI are located in the western
portion of the Chambers Works; thus a one mile radial survey would not reach beyond the
property gate. In addition, as discussed earlier in this section, there are several active onsite
groundwater pump and treat systems, which work to mitigate the off-site migration of
contaminated groundwater. The largest of these systems, the IWS, which has been in operation
since 1970, has been used to control off-site flow of contaminated groundwater (predominantly
in the B, C, and D Aquifers) since 1970. The operation of the IWS constitutes over 90% of the

groundwater extraction flow at the site in the upper four aquifers.

3.9  Ecological Resources

Descriptions of ecological resources that follow are based ona combination of historical
documents and qualitative site visits. A review of historical documents was performed for OUs
1 and 3, while a qualitative site visit was conducted at OU 2 in October 2003 to investigate the
need for a radiological ecological risk assessment. Available information regarding habitat and

ecological receptors is provided below.
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391  Habitats
The former MED production areas consisting of AOC 1 and AOC 2 (OU 1) are completely

covered by pavement and devoid of any vegetation. Therefore no suitable habitat exists to attract

ecological receptors.

The open portion of the CDD (AOC 3) is approximately 1,600 ft long, and flows eastward from
a point west of Kinetic Road and ultimately discharges into Basin B, and thence to the Delaware
River. It should be noted that the upper approximately 700 ft of the open CDD has no riparian
vegetation or other habitat features that would attract mammals or birds, other than occasional

incidental visits.

The lower approximately 900 ft of the CDD presents considerably different habitat. There is
considerable streamside vegetation throughout this reach, including wetland vegetation. T he

CDD in this reach is narrow and relatively deep.

The Building J-26 Area (AOC 5) is completely covered by pavement or buildings and therefore,

no suitable habitat exists to attract ecological receptors.

AOC 4, Lagoon A was located in the northern portion of the site, bounded by the Delaware
River to the north. The CDD provided the conduit for wastewater discharged from the MED
production areas to the lagoon. Settling basins (A and C) within the lagoon are no longer in use
and have undergone RCRA closure. Basin A has been stabilized in situ and Basin C has been
drained and capped. Only a portion of Basin B within the lagoon is in current use. The lower
half of Basin B, approximately eight acres, is currently used for facility storm-water collection.
There is no surface water present in the northern part of AOC 4 near AOI 1 (DuPont’s SWMU 5
Area).

AOC 6 area is bounded by truck maintenance yards, gravel lots, and warehouse area, and is
currently used for road way and parking area. Little or no habitat is present in the soil. In AOC

6 there is a ditch which contains water only during storm events.
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3.9.2  Ecological Receptors

In the shallower, upper portion of the CDD, numerous small fish were observed that appeared to
be mummichog (Fundulus heteroclitus), a killifish that is common and abundant in the mid-
Atlantic region. No other animals were observed in the upper portion of the CDD, although bird

and mammal tracks were noted on the bank of the ditch in one location.

No aquatic organisms could be observed in the lower portion of the CDD due to its depth.
However, a number of birds were observed in and near the lower reach. European starlings and
mourning doves were common. A belted kingfisher, a northern mockingbird, and an Eastern
phoebe were each observed in the riparian vegetation in the lowermost portion of the CDD.
Outside of the immediate CDD, but in proximity, one, and possibly two, kestrels were observed.

Also, approximately 50 Canada geese were observed swimming in Basin B.

No census has been conducted for animal populations in both the lagoon area and open ditch.
However, the areas would provide habitat for mammals and birds tolerant of disturbed
environments, such as

short-tailed shrew (Blarina brevicauda)

Eastern Cotton-tailed Rabbit (Sylvilagus floridanus
white-footed mouse (Peromyscus leucopus)
white-tailed deer (Odocoileus virginianus),
American Robin (Turdus migratorius)

European Starling (Turnus vulgaris),

Canada goose (Branta canadensis), mallard duck (Anas platyrhynchos), and great blue heron
(Ardea herodias) have been observed in AOC 4. In addition, numerous arthropod species

(insects, spiders, etc.) are likely present.

393 Threatened or Endangered Species

USEPA guidelines advocate the application of professional judgment in selecting appropriate
receptors for ecological risk evaluation (USEPA, 1997). Ecologists identify what species and
habitats occur or are expected to occur on the site, and delineate generic categories of receptors
(plants and animals) expected to be exposed to contaminants. For the DuPont Site, terrestrial
and aquatic habitats are present, although they are limited in extent and highly impacted by their

urban surroundings.
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Special consideration should be given to the possible existence of sensitive environments as
described by the Superfund Hazard Ranking System (USEPA, 1997). Rare, threatened, or
endangered species, either federal or state, and species of commercial, recreational or other value
or importance are given special consideration. The following four threatened species are know
to occur in at least one of the Salem County municipalities - Sensitive Joint - Vetch
(Aeschynomene virginica — Plants); Swamp Pink (Helonias bullata- Plants); Bog Turtle
(Clemmys muhlenbergii - Reptiles); and Bald Eagle (Haliaeetus leucocephalus -Birds).

The U.S Fish and Wildlife Service (USDI, 2007) also makes note of the potential presence of the
threatened Sensitive Joint - Vetch (Aeschynomene virginica). This plant has historically
occurred in the vicinity of the Site in freshwater tidal wetlands. Therefore, the Fish and Wildlife
Service recommended a survey of any Site tidal wetland areas that may be affected by proposed
actions. In addition, there is a peregrine falcon (Falco peregrinus) nest site immediately adjacent
to the Site. While peregrine falcons were removed from the listing of threatened and endangered
species in 1999, they are still protected under the Migratory Bird Treaty Act (16 U.S.C 703-713)
and under NJ regulations as a State listed (endangered) species. The State listed endangered
plant species Chickasaw plum (Prunus angustifolia) is also known to occur in the vicinity of the
Site.
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4.0 OU1INVESTIGATION RESULTS

4.1  Site Characteristics
General site characteristics for the Chambers Works site are presented in Section 3.0; the

information provided below is specific to OU 1 surface features, soils and hydrogeology.

4.1.1 Surface Features

OU 11is located in the northwest portion of the Chambers Works complex (see Figure 1-2).
Figure 4-1 presents the OU 1 site layout and topographical features. Currently, AOC 11s
predominantly covered with gravel. The remainder of the AOC is covered by asphalt. T he
gravel layer is approximately six to eight inches in depth, and covers asphalt and concrete
foundations remaining from the Former Building 845. A OC 1is not actively being used by
DuPont. The area is bounded by a wooden trough to the east and northeast. Rail lines are
located adjacent to the wooden trough to the east-northeast. The northwest portion of the site is
bounded by the portion of the CDD that is an open channel. The west side of AOC 1 is bounded
by a slight depression (formerly the open channel of the CDD, now enclosed within two concrete
culverts). T he south side of the site is bounded by a rail yard. The adjacent land use is
industrial. AOC 1 is flat with very limited change in elevation. The wooden trough on the east
and depression of the former CDD onthe west convey surface water drainage to the open

channel portion of the CDD along the northwest corner of the site.

AOC 2 is currently covered with asphalt. Prior to the investigation, the area was being used as a
subcontractor trailer and laydown area for equipment. The trailers and equipment from this area
were relocated to the E Parking Corral Area prior to the intrusive investigation in the F Parking
Corral. The area is bounded to the north by a portion of an open channel drainage ditch, which is
part of the CDD. The east portion of the site is bounded by the slight depression (formerly the
open channel of the CDD, now enclosed within two concrete culverts). The south side of AOC 2
backs up to Compound Bulk Storage, a former tank storage area. The west portion of the site is
next to a stone and asphalt lot. The depression of the former CDD on the east portion of AOC 2,
and drainage ditch on the north, convey surface water drainage to the open portion of the CDD.

The adjacent land use is industrial. AOC 2 is flat with very limited change in elevation.
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412  Soils

As depicted in the geologic cross section in Figure 4-2, the upper six to eight ft of OU 1 soils
consist of construction backfill and rubble. Soil textures are variable but mostly are silt and silty
sand. This upper unit corresponds to the A Aquifer. Below eight ft, the silt and clay lenses
occur to a depth of approximately 10 ft in the northeastern portion of OU 1, but this unit thins
and may not be present in the extreme southwestern portion of OU 1. T his depth interval
corresponds to the A-B Aquitard. Below 10 ft bgs is a clean, fining-upward sand unit with
occasional gravel lenses. T his unit extends to a depth of approximately 20 ft bgs and

corresponds to the B Aquifer.

The fill material in AOC 1 is covered predominantly by six to eight inches of gravel. Portions of
the AOC where former access roads were located, such as along the wooden trough, are covered
by asphalt. AOC 2 is capped by asphalt and a gravel sub base. AOC 1 contains the remaining
concrete slab on grade and foundations from Former Building 845. Fill soils underlie the
building slab and the gravel and asphalt covers encountered in AOC 1. T hese fill soils are
generally mixed with demolition rubble and debris in AOC 2. The demolition fill material in
AOC 2 consists of concrete, metallic debris, brick, wood, and miscellaneous debris. The fill also
includes the remains of tank and building foundations and slabs on grade of the former buildings
of the F Parking Corral Area. The demolition fill layer extends from just below the surface to a

general depth of six to eight ft, although rubble was encountered at depths up to 11.5 ft.

An abundance of concrete, rubble, and debris was encountered during the soil investigation of
AOC 2. Concrete was anticipated near the surface because of the inferred footprint of
demolished Building 708 and the other long rectangular building in the central portion of the F
Parking Corral. However, concrete was also encountered at depths ranging from three to seven
ft. The debris, assumed to have been generated during the demolition of buildings in the F
Parking Corral Area, was encountered at depths ranging from 0.5 to 11.5 ft. The debris included
wood fragments, smaller pieces of metallic debris, and rebar. T wo test pits were completed
within the Former Building 708 Area to further characterize the debris in this area, as discussed
in Section 4.2.2.3. W ood and miscellaneous debris were encountered in one test pit, and a

concrete slab in the other.
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Subsurface debris encountered in AOC 1 was confined to the elevator shaft. Soil borings and
subsequent test-pitting operations revealed that the building abandonment process had left the
elevator pulley and cable assembly within the shaft, along with an abundance of angle iron and

bricks.

4.1.3  Site-Specific Hydrogeology
OU 1 is underlain by the A, B and C aquifers. The A aquifer is composed of fill material and is

subject to unconfined, or water table, conditions. Initial investigations in OU 1 revealed an
average depth to water of six ft across the site with a northwest gradient. The gradient appears to
get steeper along this flow path, which terminates at the Delaware River. P erched water is
present with depths varying between two and three ft, which is not unexpected given the
heterogeneous nature of fill material and the presence of a clay layer, within the fill, at an
average depth of five ft. The B aquifer consists of sands and is interpreted to be Delaware River
alluvium. The unit has an average thickness of 20 ft. Beneath the B aquifer is the C aquifer

composed primarily of coarse-grained sand and gravel.

Within the Chambers Works site, groundwater has a northeastward flow direction in the B
aquifer. As previously discussed, the most prominent B aquifer feature is a cone of depression
caused by the interceptor well system, installed in the 1970s (DERS 1993). Contour maps of
organic and metal contaminants in the B aquifer indicate that the groundwater flow direction was
probably to the north-northwest before the commencement of pumping(DERS, 1995).

Study Area Investigation

This section presents detailed information for the soil and groundwater investigations conducted
for OU 1. General information regarding investigative techniques, sampling methodologies and

analytical requirements can be found in Section 2.0.

414 AOC 1, Former Building 845 Area

4.1.4.1  Soil and Vadose Zone Investigations

A total of 56 borings (43 soil locations and 13 test pit borings) were completed in AOC 1, as
shown on Figures 4-3 and 4-4. The initial characterization for the Former Building 845 Area
investigation included 24 grid sampling locations and nine biased sampling locations (labeled as
“BH” locations on Figure 4-3), rather than the five originally proposed. Five of the biased

samples were added based onthe GWS results, while four were added based on hi storical
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locations of potentially higher activity or to provide further characterization of an area. The soil
borings were advanced using Geoprobe techniques to a depth of 15 ft bgs with the exception of
the seven locations where concrete coring was conducted and locations within the wooden
trough (1BH003, 1BHO11, 1BH027, and 1BH029). Soil borings conducted through the wooden
trough were advanced using Geoprobe techniques to an average depth of 10 ft bgs. The concrete
coring investigation is discussed in Subsection 4.2.1.2. S plit-spoon sampling methods using a
hollow-stem auger were used at three of the concrete locations (1BH005, 1BHO010, and
1BH022), as discussed in Section 4.2.1.2, while soil at one location (1BH036) was collected with

a shovel and stainless-steel trowel.

The surface grab sample for IBH036 was taken adjacent to two biased sampling points that
indicated elevated radioactivity (IBHO10 and 1BHO033). D uring the collection of the grab
sample, a solid yellow material was encountered within the first foot of soil below the 12 to 18
inch gravel layer. To further delineate and characterize this material and the elevated readings in
this localized area, a test pit program was conducted as described in Subsection 4.2.1.3. T he

results from the associated test pit borings are discussed in that subsection.

Samples referred to as surface soils with a depth of zero to 1.5 ft correlate to the top of the soil
surface below the 12 to 18 inch gravel cover that is present over most of the Former Building
845 Area. This cover was removed at each location prior to sampling; therefore, the top of the

soil surface was referenced as zero ft.

An additional five Geoprobe borings (labeled “SB” on Figure 4-3) were installed in July 2007 to
gather data in support of the BRA as well as to establish the relationship of Ra-226 and Th-230
concentrations with respect to MED uranium concentrations. B orings were installed to a

maximum depth of 10 ft.

During the CPT soil logging activities in AOC 3, a location in AOC 1 (1-CPT-06) was sampled

and analyzed to confirm the response of the in-situ gamma probe, as requested by the USACE.

4.14.2 Concrete Investigation
The Former Building 845 Area investigation included concrete coring at seven locations with

subsurface sampling being conducted below the concrete at locations 1BH005, 1BHO0O0S,
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1BH009, 1BHO010, 1BHO15, 1BH022, and 1BHO033 as shown in Figure 4-3. Sampling
methodology is presented in Section 2.2.6. Six concrete sample locations were originally
proposed and one biased sample location (1BH033) was added adjacent to an existing concrete
coring location (1BH010) based upon field instrument readings showing increased radioactivity.
All seven concrete samples were collected within the footprint of the Former Building 845. The
existing concrete floor slab on grade or immediately adjacent to the Former Building 845
remains intact and just below the 12 to 18 inch gravel layer. Following demolition of Building
845, the gravel layer was installed over the concrete slab. A different-colored stone that is
lighter in color than the surrounding darker gravel was used to distinguish the limits of the

concrete slab.

Split-spoon techniques were used at three locations (1BH005, 1BHO10, and 1BH022) because
the auger rig was on-site for the elevator shaft borings, and the Geoprobe rig had not yet been
mobilized to the site. Additional soil samples were collected depending on the results of the on-
site gamma spectroscopy laboratory results for the first soil sample. If the ISV of 14 pCi/g was
exceeded in this sample, additional soil samples were collected until the concentration of U-238
was below the ISV. Generally, the boreholes at the concrete core locations were advanced to a

depth of approximately five ft below the concrete surface.

Another component of the concrete investigation was to assess the contamination present in the
elevator shaft. The elevator shaft was reportedly filled in with sand when Building 845 w as
dismantled. The elevator shaft sampling was attempted initially by hollow-stem augering down
through the elevator shaft. However, a large amount of debris (metal, brick, concrete rubble, and
wood) precluded the advancement of the augers past 3.5 ft. It was decided to further investigate
the elevator shaft by accessing the contents of the elevator shaft with excavation equipment. This

investigation is discussed below.

4.1.43  Test Pit Investigation

The test pit investigation in the Former Building 845 Area included excavation to the base of the
elevator shaft and further delineation of the Uranium Oxide Area. This was a localized area of
high radiological activity identified to the east of Building 845 during the initial gamma

walkover scans. The methodology used for the test pits is presented in Section 2.2.5.
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Elevator Shaft Test Pit

In order to access the elevator shaft foundation, it was necessary to first remove the large
amounts of subsurface debris within the elevator shaft with excavation equipment. A temporary
composite liner system, composed of a geotextile over and underlying a PVC geomembrane, was
utilized for the placement of the excavated elevator shaft contents. The approach is documented
in a Technical Memorandum prepared by WESTON (WESTON, 2002¢). Once all the contents
were removed, a substantial amount of water remained within the shaft. To mitigate potential
migration of contaminants below the concrete floor once it was breached, the water in the shaft
was removed to the extent possible with a trash pump and placed into 55 gallon drums. A grab
sample of this water was collected and sent to the analytical laboratory for IDW characterization

(See Appendix D).

A concrete punch attachment on the excavator was used to break up the base of the elevator
shaft. The excavator bucket was decontaminated between each phase of the operation to prevent
cross-contamination. Pieces of the broken concrete and underlying soil were brought to the
surface with the excavator bucket. Three concrete samples were sent to the off-site laboratory for
radiological analysis. Three separate soil samples were collected just below the concrete slab and
analyzed by the on-site gamma spectroscopy laboratory. One of these three soil samples was sent
to the off-site radiological laboratory for confirmation using the same analyses. The analytical
results of the soil and concrete samples and the field instrument direct readings and wipe samples

collected from the debris are presented in Section 4.3.

The excavated contents were backfilled into the elevator shaft along with the temporary
composite liner system. The soil and stone cover was placed over this area at the end of the

investigation. Figure 4-4 shows the location of the elevator shaft (identified as 1TP025).

Uranium Oxide Area Test Pits

The localized area of higher radiological activity, known as the Uranium Oxide Area, was
initially identified after the stone and soil cover were removed from concrete locations 1BH010
(grid location) and 1BHO033 (biased location), and initial scans of the surface with the field
radiological instruments indicated high activity. The biased sample location 1BH033 (concrete

core) was selected based on previous investigation results (BNI, 1985), which indicated higher
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concentrations of uranium in the soil and groundwater in this area on the east side of Former
Building 845. Elevated readings on the radiological field instrument (Ludlum Model 19 Micro-
R Meter) of 1000 pR/hr (one mR/hr) were recorded initially after the stone cover was removed to
access location 1BH033. In addition, three grab samples were collected at IBH036, based on
elevated surface scan readings in the area. The first sample was composed of mainly the yellow
material, the second and third sample were predominantly soil mixed with this material. All
three samples were sent to the on-site gamma spectroscopy laboratory, and two were also sent to
the off-site radiological laboratory for gamma and alpha spectroscopy analysis. Samples were

also sent for batch desorption testing and XRD/SEM analysis.

As presented in Table 4-2, the total uranium results for the grab samples at IBH036 from the on-
site laboratory gamma spectroscopy analysis significantly exceeded the ISV of 14 pCi/g. The
concentration in the first sample composed primarily of the yellow material and the two soil and
yellow material mixtures were 51,454 pCi/g (1BH036-SS-05-0-1), 12,256 pCi/g (1IBH036-SS-
05-0-2), and 11,360 pCi/g (1IBH036-SS-05-0-3). The corresponding offsite laboratory gamma
spectroscopy results for total uranium were 99,043 pCi/g and 19,041 pCi/g in samples 1BH036-
SS-05-0-1 and 1BHO036-SS-05-0-2, respectively. B ased on these sample results it was
determined in consultation with USACE that additional delineation would be required as part of
the test pit program. T he approach for this test pit program is documented in a Technical

Memorandum prepared by WESTON (WESTON, 2002c).

The first portion of the Uranium Oxide Area to be investigated was the area immediately around
1BHO036. The yellow material and underlying soils were exposed and were surveyed with the
appropriate radiological instrumentation. Transects were established from this area radiating
away from the former building foundation (toward the east in the area not covered by the
building concrete pad). From the initial test pit location at 1BH036, test pits were then completed
along transects approximately 10 to 15 ft from this initial location, and then approximately five to
10 ft from the first locations. The program, therefore, consisted of a series of test pits along

transects surrounding 1BH036 as shown in Figure 4-4. A total of 24 test pits were completed.

The test pits were completed utilizing the methodology presented in Section 2.2.5. The Micro-R

meter was the primary field instrument used to identify higher activity. The approach used to
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collect soil samples from the test pits for further analysis was an action level of 20 pR/hr, which
corresponded to background levels. The reading was based on a composite scan of the test pit
sidewalls. Samples were collected from the bottom of the test pits (generally one to 1.5 ft bgs),
where the instrument readings were above 20 uR/hr, and sent to the on-site gamma spectroscopy
laboratory for analysis. The exceptions were at test pits 1TP010, 1TP019, and 1TP020, where
concrete was encountered below the gravel layer. Twelve samples were collected for analysis at
the on-site laboratory. Three samples were also selected for off-site gamma spectroscopy and
two for alpha spectroscopy analysis. T he results of this sampling are discussed in Section

4.3.3.4.

415  AOC2Z F Parking Corral

4.1.5.1  Soil and Vadose Zone Investigations

A total of 63 soil borings were completed in AOC 2, as shown in Figure 4-5. The initial F
Parking Corral investigation included 38 grid sampling locations and five biased sampling
locations (labeled as “BH” locations on Figure 4-5). The biased sampling locations were based
on either the GWS results, historical locations of potentially higher activity, or to provide further
characterization of an area. The soil borings were advanced using Geoprobe techniques to a
depth of 15 ft bgs with the exception of the three locations where concrete coring was conducted
(2BHO15R, 2BH024 and 2BH032) and one location (2BH043) where known utilities existed.
The concrete/debris layer was encountered at varying depths throughout the F Parking Corral.
The concrete coring investigation is discussed further in Subsection 4.2.2.2. An additional 15
borings were drilled in AOC 2 for monitoring well installation (labeled “MW” on Figure 4-5)
while five Geoprobe borings (labeled “SB” on Figure 4-5) were installed in July 2007 to gather
data in support of the BRA as well as to establish the relationship of Ra-226 and Th-230
concentrations with respect to MED uranium concentrations. T he Geoprobe borings were

installed to a maximum depth of 10 ft bgs.

There were numerous Geoprobe sampling locations at which refusal was encountered. Geoprobe
refusal was most often caused by concrete, concrete rubble, or metallic and wood debris. Further
discussion of the site-specific subsurface profile is presented in Section 4.1.2. Because of the
unexpected extensive fill material at depth in the F Parking Corral Area, a modified approach

was developed for sampling in this AOC. Using the geophysical information obtained from the
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EM surveys, the soil boring program was modified so that locations where extensive fill was not
evident were advanced first. This was followed by locations where offsetting within 10 to 15 ft
of the original grid point would likely prove successful with the Geoprobe. Ten locations were
identified, most within the Former Building 708 footprint, where continuous concrete, concrete
rubble, or other debris was evident for a radius of 15 ft or more around the original location. At
these locations, a hollow-stem auger rig was used to advance these borings. Soil samples were
collected using split-spoon techniques in the following nine boreholes: 2BHO1SR, 2BHO019,
2BHO19R, 2BH023R, 2BH034, 2BH026, 2BH027, 2BH031R, and 2BH033. Samples referred to
as surface soils with a depth of zero to 1.5 ft correlate to the top of the soil surface below the

approximately six inch asphalt and stone subbase cover over the F Parking Corral.

4.1.5.2  Concrete Investigation

The F Parking Corral investigation included concrete core sampling at three locations
(2BHO15R, 2BH024, and 2BH032) as shown in Figure 4-5. Unlike the Former Building 845
Area, the concrete slabs and foundations in the F Parking Corral were not present as a continuous
slab below a gravel cover; they were part of a rubble and debris layer encountered from just
below the surface from six to eight ft. The concrete/debris layer was encountered at varying
subsurface depths throughout the F Parking Corral. The concrete was encountered at 6.5 ft at
2BHO15R, six ft at 2BH024, and at seven ft at 2BH032. The depth at which the concrete was
encountered precluded the use of the concrete coring machine. Initially, eight locations were
designated for alternative sampling techniques using the hollow-stem auger rig to advance the
borehole, split-spoon sampling methods to collect soil samples, and where possible, NX core
drilling to obtain concrete samples. Based on actual subsurface conditions encountered, only
three locations were determined feasible for concrete sampling using the NX core bit through the
hollow-stem augers. The recovered concrete cores varied in total length, but were generally less
than one foot in length. Four concrete samples were collected. One concrete sample each from
2BHO15R and 2BH024, and two cores from 2BH032 were sent for off-site radiological analysis.
Samples of the soil fill material above and below these concrete samples were collected using
split-spoon sampling techniques and characterized using the soil screening and off-site

laboratory analysis methods discussed previously.
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4153  Test Pit Investigation

Two test pits were completed in the area of the Former Building 708 in the F Parking Corral as
shown in Figure 4-6. Results from the Geoprobe and auger sampling indicated radiological
activity above the ISV in this area. The two test pits (2TP001 and 2TP002) were located near
boreholes where the following occurred:

¢ Building debris was encountered.

e The location was within/adjacent to the area of the Former Building 708, which
contained high uranium levels in soil based onthe on-site gamma spectroscopy
laboratory and on historical results (BNI, 1985).

e Material above and below the debris had been characterized.

e The debris layer had not been characterized because a split-spoon or Geoprobe
sample was not possible; and based on the geophysical survey, building debris is
suspected.

e The location was not near suspected or known utilities.

The methodology for test pit excavation is presented in Section 2.2.5. Test pit 2TP001 was
excavated to the debris layer approximately three ft deep. Test pit 2TP002 was not completed to
the debris layer because of the presence of the concrete foundation. A direct reading of the
exposed concrete slab was taken with the field instrument. No wipe samples were taken because
of the miscellaneous nature of the debris. The results of the field instrument from both test pits

will be discussed in Section 4.3. Test pit logs are provided in Appendix C-4.

416 Grounadwater Investigations

The investigation of groundwater conditions at OU 1 was conducted in an iterative approach.
The initial characterization was performed during the soil and vadose zone investigations
specific to each AOC and consisted of obtaining samples via temporary piezometers to identify
areas potentially contaminated above the ISV by MED-related radiological compounds. T he
subsequent investigation centered on monitoring well installations to further evaluate the
potentially contaminated areas and aquifer flow gradients within OU 1 as a whole. Details of the

sampling efforts for groundwater investigations are presented below.
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4.1.6.1 Initial Groundwater Characterization

AOC1

Groundwater samples were collected from temporary piezometers installed within 21 boreholes
completed at the grid and biased soil sampling points in the Former Building 845 Area. The
piezometers installed in AOC 1 had five ft screened sections, which allowed sampling between
10 and 15 ft bgs. The groundwater collected from the temporary piezometers represented a
composite sample of the borehole and may have contained perched water that was observed

closer to the ground surface at many borehole locations.

Groundwater samples were not collected at the six grid locations where the concrete slab was
present and at one biased concrete sampling location. No temporary piezometers were installed
through the concrete core locations within the Former Building 845 footprint because
groundwater was not encountered within the depth of these shallow boreholes. The boreholes at
the concrete core locations were typically five to six ft in depth. At this final depth, the soil
concentration was below the ISV of 14 pCi/g based on the results of the on-site gamma

spectroscopy laboratory.

Groundwater samples were collected in four of the nine biased sampling locations. Temporary
piezometers were not installed in two of the locations, IBH027 and 1BH029, which are located
in the wooden trough. Groundwater samples were not collected at these locations because of the
potential influence of mixture with the surface water in the trough and the proximity of these
boreholes to other locations. Locations 1BH026 and 1BH028 were also in proximity to each
other so a piezometer was installed only at 1BH026. Location 1BH033 was placed at the
concrete slab and location 1BH036 was a surface soil sample location only, so no temporary

piezometers were installed at these points.

AQC 2

Samples were collected from temporary piezometers installed within 34 boreholes completed at
the grid and biased soil sampling points in the F Parking Corral Area. The piezometers installed
in AOC 2used 10 ft screened sections, which allowed sampling between five and 15 ft bgs.
Groundwater samples were not collected at grid locations 2BHO15, 2BH024, and 2BH032,
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where concrete coring was conducted, because of the difficulty of installing a temporary
piezometer through the cored hole at depth. At grid location 2BH023, concrete was encountered
at a depth of 6.5 ft with the Geoprobe. This location was not investigated past this depth based
on the low radiological activity indicated by the field instruments and confirmed by the on-site
screening laboratory. Temporary piezometers were also not installed at grid location 2BH002,
because of the proximity to locations 2BH001 and 2BHO003, which were anticipated to provide
representative coverage of groundwater quality in this area. Similarly, no temporary piezometer
was installed at grid location 2BH027, because of the proximity of samples collected at 2BH026
and 2BHO019. A temporary piezometer was installed at 2BH009, but sufficient sample volume

could not be recovered from this location.

Groundwater samples from temporary piezometers were collected in four (2BH039, 2BH040,
2BHO041, and 2BH042) of the six biased sampling locations. A temporary piezometer was not
installed in biased location 2BH038 due to the proximity to location 2BHO18, from which a
groundwater sample was collected. Extensive debris in this area also made temporary well point
installation difficult. Biased location 2BH043 did not have a temporary well installed because

this location is directly over a subsurface utility, limiting the depth of investigation to 1.5 ft bgs.

4.1.6.2  Groundwater Investigations

A total of 26 monitor wells were installed in a phased approach to facilitate the investigation of
groundwater in OU 1. Eighteen wells were installed in September 2004 (2-MW-1 through 1-
MW-18), and an additional eight wells (2-MW-19 through 2-MW-26) were installed between
July and August, 2005. Two wells (3-MW-13 and 3-MW-14) were installed in AOC 3 (CDD)
within OU 2; they have been incorporated into the OU 1 groundwater discussion to provide a
comprehensive view of groundwater characteristics in the area. T welve of the 13 monitoring
wells placed in the A aquifer were installed to approximate total depths of nine to 11 ft bgs. One
well (2-MW-19A) was installed to an approximate depth of six ft bgs. Exact depths in A aquifer
wells varied slightly depending onl ocal changes in aquitard elevation. E leven of the 12
monitoring wells placed in the B Aquifer were installed to approximate total depths of 20 to 23 ft
bgs. Monitoring well 2-MW-03B was installed to a depth of 17 ft bgs. One well (2-MW-25C)
was installed in the C aquifer to an approximate depth of 37 ft bgs to assist in the delineation of

vertical extent of groundwater contamination. Section 2.5.3 provides detailed information on
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well installation and development methodology. Table 4-1 summarizes the rationale supporting
the proposed well locations. Final monitoring well locations are depicted in Figure 4-7. These
wells were used to obtain representative groundwater samples. W ater samples were obtained
from all three aquifers to more adequately determine both the potential vertical migration of
uranium in groundwater and the potential nature and extent of uranium impact at the Uranium
Oxide Area (AOC 1), Elevator Shaft Area (AOC 1), the Building 708 Area (AOC 2), and the
CDD (AOC 3). Samples were also collected for metals and organics in support of the BRA. In
addition, the wells were used to identify local flow paths, which could not be adequately
determined from the existing widely-spaced wells. T he analytical program for groundwater
samples was consistent with the methods presented in Section 2.0. T he results of the

groundwater sampling program are presented in Section 4.3.4.5

A baseline background well-pair (1I-MW-17B and 1-MW-18A) was installed during the initial
groundwater investigation in a hydraulically upgradient position to source area wells (as shown
on Figure 4-7). T hese “background” condition wells were used to establish the baseline
groundwater flow conditions and initial groundwater quality data within OU 1. The location of
this pair of wells was selected based on:

1) Current conceptual site model of groundwater flow directions in the A and B
Aquifers;

2) Comparatively low radiochemical concentrations previously observed in this area; and
3) Location is the furthest upgradient position from the potentially contaminated area
within the operable unit.

4.2  Nature and Extent of Contamination

421 AOC 1, Former Building 845 Area

4.2.1.1  Source Zones

As described in Subsection 1.2.2.2,t he DuPont MED contracts that were associated with
Building 845 and the area defined as AOC 1 included Project 9595 — Contract W-74120-Eng 2
and Project 9803 - Contract W-7412-Eng 22. The documented processes and the structures

associated with these contracts were shown in Figure 1-3 and Figure 1-7, respectively.

Under contract W-7412-Eng 2, n-perfluoroheptane was produced in Process Buildings A and B
shown to the southwest of Former Building 845. Results of the EM-61 geophysical survey
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indicate a large anomaly in the area that corresponds to the approximate location of Building A

as shown on the historical map presented in Figure 1-7.

Contract W-7412-Eng 22 involved Buildings 101 and 102 (see Figure 1-7), which occupied a 5.3
acre area and ultimately became Building 845. Under this contract, uranium was recovered from
scrap and by-products of other processes in the manufacture of uranium by converting uranium
metal sludges, uranium metal dross, and slag from green salt/magnesium reaction to uranium

peroxide dihydrate (UO4¢2H20), which in turn was converted to black oxide.

During the execution of this contract, 5,486 tons of scrap material were converted to 982 tons of
black oxide. Potential source areas of radiological contamination are therefore associated with
residual material from operations within and materials handling adjacent to the Former Building
845. Results of previous historical sampling indicated higher radiological activity in several
concrete samples from the existing slab on grade of the Former Building 845, and in soils and
groundwater in the area east of the Former Building 845. A cluster of higher uranium activity
(>300 pCi/g) in soils was reported in this localized area on the eastern side of the building.
Possible residual uranium contamination is also indicated along the wooden trough, which was

reported to have received process waters from Building 845 based on the historical soil results.

Potential source areas identified during the historical records review process include the footprint
of Former Building 845 and the adjacent area to the east near the loading dock. This area is
referred to as the Uranium Oxide Area. Potential areas of residual contamination were identified

to include the wooden trough and the area where it discharges into the CDD.

4.2.1.2  Soils and Vadose Zone, AOC 1

A total of 56 borings were completed in AOC 1, w hich included the soils and concrete (43
borings) and test pit locations (13 borings). One hundred and thirty soil samples, seven concrete
samples and 17 test pit samples, plus duplicates and third-party splits were collected from these
borings. O ne hundred eleven soil samples were analyzed in the onsite laboratory for total
uranium via gamma spectroscopy. Eighty nine samples were shipped to the offsite laboratory for
total uranium via gamma spectroscopy and 10 were analyzed offsite via alpha spectroscopy.

Ninety-four samples were analyzed for Th-234 and U-235 (gamma spectroscopy); 33 for U-235
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(alpha spectroscopy), and 33 for both U-234 and U-238 (alpha spectroscopy). T wenty-one
samples were analyzed for Th-230 and 15 for Ra-226 (both alpha spectroscopy). C hemical
constituents (TAL metals, VOCs and SVOCs) were also analyzed in a subset of 18 soil samples
from AOC 1 in support of the BRA.

The complete database of analytical results for soils and concrete, including QA samples, is

provided in Appendix F.

4.2.1.2.1 Radiological Constituents

Uranium

As discussed in Section 1.0, M ED-related radiological contamination is limited to natural
uranium isotopes (i.e., U-234, U-235, and U-238) and their short-lived decay progeny (e.g., Th-
234). Natural uranium consists of these three isotopes at the following activity fractions: 48.3%
U-234, 3.4% U-235, and 48.3% U-238, while total uranium is the sum of all three isotopes. If
the uranium is in a secular equilibrium condition, as displayed by the equal U-234 and U-238
activities above, total uranium may be estimated by measuring U-238 and multiplying the result
by 2.1. U sing gamma spectroscopy, U-238 is reported via its decay daughter Th-234 (and
converted to total uranium using the multiplier above for direct comparison with the ISV of 14
pCi/g). The calculated total uranium value was used to define the extent of soil potentially
contaminated above the ISV, as discussed below. Analytical results for total uranium from both
the onsite and offsite laboratories are presented in Table 4-2. T he maximum concentration
reported for any sample location (onsite or offsite analysis, gamma or alpha spectroscopy) is
presented in the text and depicted on the figures showing total uranium results. A brief summary
of the isotopic U and Th-234 results is also provided in this section, while the analytical results
are presented along with analytical data results for the other eligible radiological contaminants
Ra-226 and Th-230. This data evaluation process was used throughout Sections 4, 5, and 6 for

presentation of radiological soils data.

Thirty of the Th-234 samples were non-detect (32%). D etectable concentrations ranged from
0.96 pCi/g to 327.3 pC i/g. U ranium-234 and U-238 were reported in all samples, with
concentration ranges between 0.87 pCi/g and 347 pCi/g (U-234) and 0.69 pCi/g and 340 pCi/g
(U-238). The U-235 alpha spectroscopy samples were between 0.14 pCi/g and 21.45 pCi/g.
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Sixty-four percent (60 of the 94 samples) were reported as non-detects for the U-235 gamma
spectroscopy samples, while detected concentrations ranged from 0.19 pCi/g to 22.81pCi/g. The
maximum concentrations of each of these isotopes were detected in one of the same sample

locations (1BH034) for which total uranium above the ISV was detected as discussed below.

Of the 130 soil samples analyzed for total uranium by onsite or offsite gamma spectroscopy, a
total of 31 samples (24%) contained total uranium concentrations that exceeded the ISV of 14
pCi/g. For the basis of defining extent of potential contamination, the data is presented against

the ISV since it was the screening threshold used during the course of field work.

Table 4-2 presents the analytical data for total uranium in soils within AOC 1. The results of the
GWS in OU 1 (AOCs 1 and 2) are shown in Figure 4-8. Distribution of the total uranium
concentrations in soils in AOC 1 is presented in Figure 4-9. As previously noted the maximum
reported result from either the onsite or offsite laboratory is shown at each sample location with
the corresponding depth information. Figure 4-10 presents a 2-dimensional cross sectional view
showing the vertical depth of uranium contamination above the ISV. The horizontal and vertical

extent of contamination is further discussed below.

Horizontal Extent of Uranium Contamination
In AOC 1, the GWS encompassed the accessible areas within the boundaries of the AOC. The

only areas not incorporated were ones inaccessible at the time of the survey due to standing
water greater than three inches in depth (near the western boundary) and stacked railroad ties. A
total of 3.17 acres was surveyed within this AOC. As depicted on Figure 4-8, the majority of
AOC 1 is within a Z-Score of one, indicating little variability of radiological constituents across
the surface of the AOC. There were five areas within AOC 1 exhibiting Z-Scores above three.
The regions of highest surface gamma activity were associated with the wooden trough and
drainage ditch, with three of the five areas located at the intersection of the wooden trough with
the CDD (northern section of AOC 1). Boreholes 1BH025, 1BH026, 1BH027, 1BH028 and
1BHO029 were installed within these five areas to further investigate the source of the elevated

gamma measurements.

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 4-16



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

Vertical Extent of Uranium Contamination

The 23 borehole locations where the ISV for total uranium was exceeded were limited to specific

areas of AOC 1 as follows:

Wooden trough: 1BH003; 1BH025;1BH027, and 1BH029

e Uranium Oxide Area: 1BH034 ,1BH036, 1-SB-01 and 1-MW-08

e Central Drainage Ditch: IBHOO1, IBH002, 1BHO18, 1BH026, 1CPT-06 and 1-MW-
17

e East of former building: 1BH016,1BH035 and 1-SB-02

e West of former building: 1BH014

e Within footprint of former building: 1-SB-03; 1-SB-04; 1-SB-05; 1BH009 and

1BHO10.

With the exception of location 1-MW-17, the CDD and wooden trough soil borings as well as
the borings located east and west of the former building exhibited very shallow soil
contamination (limited to a depth of two ft bgs). Potential soil contamination above the ISV in
the northern portion of AOC 1 was located to depths of 1.5 ft bgs and ranged from 85 pCi/g
(1BH027-SS-000-00) in the wooden trough to 127 pCi/g (1BH002-SS-000-0) in the CDD area.
Of the three borings east of the former building, the maximum concentration was reported as 104
pCi/g at 1.5 ft bgs (1IBH035-SS-000-0). This location is adjacent to the Uranium Oxide Area.
The one boring to the west of the former building contained a maximum total uranium
concentration of 27 pCi/g at 1.5 ft bgs (1BH014-SS-000-0). In the southwestern portion of AOC
1 along the CDD, boring 1BH018 was potentially contaminated above the ISV (149 pCi/g) from
the surface to a depth of two ft bgs (1BH018-02 (zero to two ft)). In contrast, sample 1-MW-17-
B-P-01, located just east of IBHO18 in the CDD area had a reported concentration of 46 pCi/g at
the discrete 5.5 ft depth. The uranium concentrations above the ISV at these two locations may
be the result of residual contamination from the CDD or from activities related to a former

storage shed located in this area.

Soils beneath the building footprint exhibited exceedances of the ISV at depths up to four ft bgs.
Soil boring 1BH009 contained 579 pCi/g (IBH009-SS-000-0) total uranium at the 1.5 ft depth.
The associated concrete sample for IBH0009 did not exceed the ISV, nor did any subsurface soil
samples from this location. Boring 1-SB-04 was also located in the western portion of the
building and contained total uranium concentration of 46 pCi/g at the 1.5 ft bgs depth. Since
boreholes 1BH009 and 1-SB-04 are located in the western portion of the former building,
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constructed after the MED activities had ended, it is likely that surface soil contamination was
present at this location prior to the construction of the building addition. B oring 1-SB-05
contained 545 pCi/g (1-SB-05-BS-P-01) total uranium at the four ft depth. This location was

also potentially contaminated above the ISV in the first one ft interval.

The Uranium Oxide Area was potentially contaminated above the ISV to depths of 4.5 ft.
Excluding the surface grab samples from 1BHO036 (99,043 pCi/g), the highest levels of total
uranium were detected at the 1.5 ft depth, with concentrations decreasing with depth. Boring
1BHO034 was potentially contaminated above the ISV from the surface to a total depth of four ft.
The maximum total uranium concentration at this location was 677 pCi/g (1BH034-SS-000-0) at
the 1.5 ft interval. In contrast, boring 1-SB-01 was potentially contaminated at the discrete three
ft interval (414 pCi/g in 1-SB-01-BS-P-02), while boring 1-MW-08 exceeded the ISV in the 4.5
ft interval only (270 pCi/g in I-MW-08-B-P-01).

The horizontal and vertical boundaries of potential uranium contamination presented in Figure 4-
9 and Figure 4-10 for the Former Building 845 Area encompass the potential source area to the
east of the former building (Uranium Oxide Area including the area between the wooden trough
and the east side of the building), and potential residual contamination areas within and adjacent
to the wooden trough and the CDD. Areas within the building footprint and to the west of the
building are also within this area of soils that exceed the ISV. The outer grid samples collected
during the RI defined the horizontal extent of potential contamination along the southern
perimeter of the Former Building 845 A rea. D elineation of contamination to the west of
1BHO18 was completed with boreholes installed as part of the RI at the F Parking Corral Area
(AOC 2).

The biased sample locations at the middle and northern sections of the wooden trough (1BH027,
1BHO003, and 1BH029), where the ISV was exceeded in the surface soil samples were further
delineated by additional sample locations installed under the OU 2 field effort to define the
horizontal extent of residual contamination along this ditch. Migration pathways may include
migration of contaminated sediments farther downstream and migration of sediments from the

ditch to adjacent soils during storm events or as a result of past industrial activities (spillage, soil
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disturbance, fill activity, etc.). Further discussion of a potential downstream pathways is

presented in Section 7.0 for OU 2.

The wooden trough discharges into the CDD at the north end of AOC 1. W ater levels were
observed to fluctuate during the field activities, suggesting possible past flooding during storm
events. Boreholes to the west of the wooden trough do not suggest impact from flooding or

localized spillage.

The exceedance of the ISV in the surface soil sample at biased borehole location 1BH026
located on the bank of the CDD, was also further delineated by the sample locations installed
during the OU 2 f ield effort to further define the residual contamination in this area.
Contamination is likely to be confined to the area immediately adjacent to the CDD within the
zone impacted by flood events. It is important to note that the bottom of the channel is not lined,
but the upper side slope of the channel and the surrounding area adjacent to the CDD within OU
1 are covered by asphalt. T he existing asphalt cover will limits ediment migration and

deposition where present.

In boreholes 1BH034, 1BHO18, 1-SB-04 and 1-SB-05, analytical results indicated limited
downward migration of uranium contamination, in that contamination was contained within the
first five ft below the surface of the soil below the gravel cover. Since the groundwater table was
typically encountered at six to eight ft bgs, total uranium activity exceeding the ISV was not
within the saturated zone soils, with the exception of the elevator shaft.

The Sitewide RI results appear to be consistent with those from the 1983 BNI study (BNI, 1985).
The previous study showed that the areas of highest uranium activity (U-238) were associated
with the identified Uranium Oxide Area (>300 pCi/g) located to the east of Former Building 845.
The eastern part of Former Building 845 and the area from the north end to the midsection of the

building east to the wooden trough were identified as containing elevated activity.

The vertical extent of uranium contamination reported in the BNI study report (BNI, 1985) for
the Former Building 845 Area is also consistent with the OU 1 RI results. Vertical extent of
contamination was reported to be limited to the upper one to three ft of soil. Additionally, the

previous study results showed levels of uranium (U-238) between 30 and 300 pCi/g at sample
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locations along the wooden trough. The highest concentrations detected in the wooden trough
during this investigation were found in the northern end of the wooden trough where it meets the
CDD. A soil sample at 1BH027 (86 pCi/g) and a sediment sample collected during the OU 2
investigation at 2-SB-04 (98 pCi/g).

Other Radiological Constituents

Th-230 was detected in three of the same samples containing elevated concentrations of total
uranium (i.e. above the ISV of 14 pCi/g). Sample 1-BH036-BS-005-0 contained the maximum
concentration of Th-230 via alpha spectroscopy (64 pCi/g). Elevated concentrations of Th-230
were also reported in samples 1-SB-01-BS-P-02 and 1-BH009-BS-000-0. The remaining soil
sample concentrations for Th-230 ranged from 0.38 pCi/g to 1.83 pCi/g. The concentrations of
Ra-226 ranged from 0.34 pCi/g to 2.26 pC i/g in soil samples. T he maximum Ra-226
concentration (2.26 pCi/g) was detected in sample 1-MW-22-B-P-01. Table 4-3 presents the
analytical results for all radiological isotopic samples, while Figure 4-11 shows the distribution

of results across AOC 1.

4.2.1.2.2 Chemical Constituents

The data summary discussions presented in this subsection focus on those constituents for which
concentrations have exceeded the USEPA Region 6 Preliminary Remediation Goal (PRGs) for
residential soil. T hese PRGs were chosen for use because they represent the most recently
updated human health screening values and in most instances are more conservative than the
values published in the State of NJ standards. Full data presentations are presented in Appendix
F. Table 4-4 presents a summary of those metal constituents exceeding a respective PRG; Table
4-5 presents an exceedance summary for VOCs and SVOCs; and Table 4-6 presents a summary
of polycyclic aromatic hydrocarbon (PAH), PCB and pesticide compounds. Analytical results
for chemical constituents are compared to background constituent concentrations in the
background screening step of the BRA (CABRERA 2011b). The reader is referred to Appendix B
of the BRA, Tables B-1-2 through B-1-6 (Surface Soil) and Tables B-2-2 through B-2-7 (All
Depth Soil).
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Metals

Out of 18 samples, thallium was detected in only one while antimony, beryllium, cadmium,
selenium and silver were detected in five to eight samples. The remaining metals were detected
in over 80% of the samples. Five metals have concentrations that exceeded the respective PRG.
In general, the highest metals concentrations were detected in shallow soils (i.e., less than three ft

in depth).

As shown in Table 4-4, antimony was reported above the PRG in one sample; while chromium,
iron and lead exceeded the PRGs in three samples each. In contrast, arsenic was reported above
the PRG in 17 of the 18 samples. The maximum antimony value of 56 milligrams per kilogram
(mg/kg) (PRG of 31.3 mg/kg) was observed in sample 1-SB-01-BS-P-02. Sample 1-SB-02-BS-
P-01 contained the maximum values of chromium, lead and iron. Chromium was reported above
the PRG of 30.1 mg/kg in at a maximum value of 95 mg/kg; lead was above the PRG of 400
mg/kg with a maximum value of 1,300 m g/kg; and the iron concentration of 150,000 m g/kg
exceeded the PRG of 54,750 mg/kg. Arsenic values ranged from 0.92 mg/kg to 40.7 m g/kg
(sample 1BH036-BS-005-0, compared to a PRG of 0.39 mg/kg. Metals were co-located with

uranium in six out of 10 borings, primarily in the same depth interval.

VOCS and SVOCs

VOCs were detected above PRGs in four samples. T he greatest frequency and highest
concentrations of VOC compound exceedances were reported for Sample 1BH018-BS-080-0
(benzene, methyl chloride and total xylene). The maximum value at this location was for total
xylenes (240,000 micrograms per kilogram (ng/kg) compared to a PRG of 214,000 p g/kg).
SVOCs were detected above the PRG in 13 soil samples, with the greatest frequency and highest
concentrations in sample 1BHO013-BS-050-0 (1,2,4-trichlorobenzene, 1,4-dichlorobenzene,
carbazole, naphthalene) SVOC concentrations in this sample ranged from 720,000 p g/kg 1,4-
dichlorobenzene (PRG of 3,200 pg/kg) to 1,600,000 png/kg naphthalene (PRG of 125,000 pg/kg).
VOC and SVOC compounds were primarily detected in deeper soils (i.e., five to 10 ft in depth).
It should be noted that several SVOC compounds, such as chrysene or benzo(a)anthracene, are

also reported as PAHs (PAHs are a subset of SVOCs and analyzed by different methodologies).
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Thus, these compounds are presented in the PAH discussion below. VOC and SVOCs were

detected in six of the same locations as uranium, although at differing depth intervals.

PAHs, PCBs and Pesticides

PAH compounds were detected above the PRG in seven of the 10 soil samples analyzed. PAHs
were detected consistently in samples from locations 1-SB-01 and 1-SB-04. T he highest
reported concentrations were in soil sample 1-SB-01-BS-P-02. P AH concentrations in this
sample ranged from 560 pg/kg dibenzo(a,h)anthracene to 3,600 pg/kg benzo(a)anthracene. The
PRGs values for these compounds are 14.8 pg/kg and 148 ng/kg, respectively.

PCBs were detected above the PRG values in three of the 17 samples analyzed. The maximum
concentration (Aroclor-1254 at 12,000 pg/kg) was in sample 1BH036-BS-005-0. The PRG for
Aroclor-1254 is 222 ng/kg. Pesticides were detected in one soil sample (1BH036-BS-005-0) out
of the seven samples analyzed. The PRG for aldrin (28.6 pg/kg) was exceeded in this sample,
with a reported concentration of 46 pg/kg. In general, PAH, PCB and pesticide compounds were
found in shallow soils (i.e., less than one foot in depth). These compounds were detected at five

locations where uranium was also detected, usually within the same depth interval.

4.2.1.3  Concrete Samples

The calculated total uranium results for concrete cores based on the on-site and off-site gamma
spectroscopy analysis are summarized in Table 4-2. Analytical results are provided in Appendix
F. Exceedances of the ISV are highlighted in both Table 4-2 and Figure 4-9. Locations where

concrete samples were collected are depicted on Figures 4-3 and 4-4.

The sample depths for concrete presented in the table are based on a starting depth below the
existing gravel cover; therefore, concrete core samples correlate to the top of the concrete slab
below the 12 to 18 inch gravel cover present over most of the Former Building 845 footprint.
This cover was removed at each location prior to sampling; therefore, the top of the concrete
core surface was referenced as zero ft. The concrete cores were generally six to eight inches in

thickness.

A total of seven concrete samples were collected at six locations within the former building

footprint and within the Uranium Oxide Area. The distribution of sampling locations across the
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former building area provided sufficient coverage to assess the extent of both horizontal and
vertical contamination. The ISV of 14 pCi/g for total uranium was exceeded for one of the
concrete core samples. Sample 1BH022-CC-000-0, located in the southern portion of the
building, contained 28 pCi/g total uranium. The soil sample collected from below the concrete
in 1BH022 had a total uranium activity less than the ISV. These results indicate that the concrete

is not a source of potential uranium contamination in subsurface soils.

As previously presented, location 1BH009 had a total uranium activity of 579 pCi/g in the soil
sample, and the total uranium activity in the first soil sample under the slab at location IBHO10
was 18 pCi/g. Because the concrete is not contaminated in either location, it is likely that the
near surface soils were potentially contaminated by lateral movement of uranium containing
materials under the building slab (cracks in the slab, leaks from process lines or drains, or spills

from the Uranium Oxide Area).

The Sitewide RI results are generally consistent with those from the 1983 BNI study. A greater
number of concrete cores and subsurface soil samples were collected during the 1983 BNI study
within the building footprint as compared to this RI. The previous study indicated a wider
distribution of elevated uranium activity (U-238) in concrete cores and subsurface soils under the
concrete slab throughout the former building footprint. Elevated uranium concentrations were
reported in the north and midsection of the original building footprint. N o samples were
collected during the BNI study from the area of the western addition to the building. The vertical
extent of uranium contamination reported in the BNI study report (BNI, 1985) for the Former
Building 845 A rea is also consistent with the RI results. T he vertical extent of uranium

contamination was reported to a depth of 3.75 ft.

4214  TestPits

Elevator Shaft

The elevator shaft was originally to be investigated as part of the concrete coring portion of the
RI; however, a large amount of subsurface debris, including metal, bricks, concrete rubble, and
wood, was encountered, which prevented advancement of hollow-stem augers. It was decided to
remove this material from the shaft using excavation equipment to facilitate characterization of

the debris materials and provide access to the shaft foundation. Once all the contents of the
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elevator shaft were removed by the excavator and placed on the liner at the surface, direct

readings were obtained.

Table 4-7 presents the results of the direct and removable (i.e., wipe) measurements performed
on debris from the elevator shaft. M easurements were collected on debris within the elevator
shaft to determine if any radiological contamination existed. The radiological technician noted
that much of the debris material was “oily and wet” during performance of the survey. Because
alpha particles are significantly attenuated and/or stopped by absorbers such as water, oil, and
dirt, the beta measurements are considered more reliable indicators of the surface uranium
activity. Total beta surface activity measured on the debris ranged from 3,700 to 280,000 dpm
/100 cm” and 70% exceeded the average acceptable contamination guideline from EM 385-80-

1.

Only two of the 10 wipe samples were greater than the detection sensitivity of the wipe analysis.
One of these wipe samples was 1,600 dpm p/100cm?, exceeding the removable criterion. Total
and removable alpha analyses were considerably lower than beta results, indicating that alpha

particles were significantly attenuated and a poor indicator of uranium activity.

Once the debris was temporarily removed from the shaft, a concrete punch attachment on the
excavator was used to break up the base of the elevator shaft. Pieces of the broken concrete and
underlying soil were brought to the surface with the excavator bucket. The excavator bucket was
decontaminated between each phase of the operation to prevent cross-contamination. T hree
concrete samples were collected (1TP025-CC-050-0-1, -2, and -3), and three soil samples (one
primary and two field replicates) were collected from the underlying soil (1TP025-BS-065-0-1, -
2, and -3). The results of the radiological analysis of the concrete and primary subsurface soils
samples are presented in Table 4-2. Figure 4-9 also presents the radiological analytical results
for these samples. The range of total uranium concentrations in the concrete samples is one to
eight pCi/g. These results are less than the ISV for total uranium. The result for the primary soil
sample collected below the concrete slab was below the ISV. One field replicate (data in
Appendix F) was reported as 58 pCi/g. In addition, the sample designated as Elevator Shaft
(zero to two ft bgs) contained total uranium at 177 pCi/g. Thus, soil in excess of the ISV was

identified beneath the elevator shaft. This is also indicated in Figure 4-9.
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A substantial amount of water remained within the shaft after the debris was removed. The
water was removed from the shaft to the extent possible with a trash pump and placed into 55
gallon drums. Some water remained in the open shaft prior to breaking up the concrete slab. A
grab sample of this removed water was collected and sent to the analytical laboratory for IDW

characterization. IDW characterization results are provided in Appendix D.

Uranium Oxide Area

The test pit program for the Uranium Oxide Area consisted of completing a series of test pit
using a Case CX160 excavator and 36 inch bucket, as described in Section 2.2.5. The first area
to be investigated was adjacent to 1BH036. T he yellow material and underlying soils were
exposed in this area and were surveyed with the appropriate radiological instrumentation.
Transects were established from this source material radiating from the former building
foundation toward the east (in the area not covered by the building concrete pad). From the
initial test pit location at 1BHO036, test pits were completed along transects approximately 10 to
15 ft from this initial location, and then approximately five to 10 ft from the first locations. The
program, therefore, consisted of a series of test pits along transects from 1BH036 as shown in

Figure 4-4. A total of 24 test pits were completed.

A Micro-R meter was used to estimate gamma exposure rates at each test pit location. An action
level of greater than 20 uR/hr was established to bias soil sample collection to areas in excess of
background. At locations 1TP010, 1TP019, and 1TP020, the Micro-R meter reading exceeded
20 pR/hr, but concrete was encountered at these locations so no biased soil samples were
collected. A total of 12 soil samples were collected as shown in Table 4-8. Three of these
samples were submitted to the off-site laboratory for gamma spectroscopy and two were
submitted for alpha spectroscopy analyses.

Total uranium activity measured in the samples ranged from 4.9 to 27,600 pCi/g. The highest
total uranium concentration was reported for 1TP0O18, located within several feet of 1BH036,
where the uranium oxide material was encountered and the highest uranium concentrations in
surface soils were encountered. In the next set of test pits located approximately 10 ft south,
east, and northeast (1TP013, and 1TP014), the total uranium concentration was below the ISV.

Test pits and boreholes farther to the east and northeast of these sets of sampling locations,

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 4-25



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

however, indicate total uranium concentrations well above the ISV, ranging from 121 to 432.1
pCi/g at locations 1TP22, and 1TP023. Total uranium concentrations above the ISV are also
reported in surface soils farther to the south (1TP007, 132.6 pCi/g) of the first set of test pits in

the area of a concrete slab that could have been a loading or storage area.

In several of the test pits where the Micro-R meter reading was above the action level, a black
material was observed at the near surface (within the first foot of soil below the gravel cover).
Samples collected from test pits were generally collected from the exposed soil at the bottom of
the test pit (typically 1.5 to two ft). To further investigate the black material and migration of
activity to subsurface soils, a sample of this material (0.5 to one foot) and the underlying soils
(two to 2.5 ft) were collected in 1TP024. The results indicate that this black material possesses a
total uranium concentration of 363 pCi/g. T he underlying soil has a uranium concentration
below the ISV. The black material at the surface is likely a different form of uranium oxide that
is encountered in localized areas of this Uranium Oxide Area. The uranium contained in this

material is of low mobility.

The results of the Uranium Oxide Area investigation indicate that the yellow uranium oxide
material encountered at 1BH036 appears to be localized and not observed in boreholes and test
pits within several feet of this location. Elevated activity was observed within a radius of several
feet from 1BHO036, but decreased to below the ISV within five to 10 ft. However, surface soils
containing total uranium concentrations well above the ISV, but significantly below the levels at
1BHO036, were observed in outer test pits and boreholes, indicating impacts to soils throughout
the area between the former building and east to the wooden trough. Another possible form of
uranium oxide (black material) was also observed in several test pits within the near surface
(zero to one foot). This form of uranium oxide appears to have low mobility in soils. The
overall test pit and borehole results in this area indicate that the uranium has not migrated
appreciably to subsurface soils, and is limited to the upper two to four ft. SEM/XRD analysis
was performed on one of the samples and showed that the major uranium mineral was uraninite,

a low-solubility mineral with a [+4] ion.
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422  AOC 2 F Parking Corral

4221  Source Zones

As described in Subsection 1.2.2.2, the DuPont MED contracts that were associated with the F
Parking Corral included Project 9634 — Contract W-7412-Eng 3. The documented processes and

the structures associated with this contract are shown in Figure 1-3 and Figure 1-6, respectively.

Under Contract W-7412-Eng 3, DuPont was to convert sodium uranite (Na2U207), commercial
black oxide (U3Os), and uranium peroxide dihydrate (UO42H20) to brown oxide (UO2). The
brown oxide was then converted to green salt (UF4), which in turn was converted to uranium
metal. Based on the historical documentation provided by USDOE , Buildings 708 and 205 were
utilized for execution of this contract. B uilding 708 w as used for production and later
demolished. Potential radiological source materials could therefore be associated with possible
residual material from operations within and materials handling adjacent to Building 708

(USDOE 1996).

The location of Former Building 708 is the smaller building located in the northeastern portion
of the F Parking Corral based on review of the DOE document (DOE, 1996) and the maps
provided by Bechtel for the historical sampling event (BNI, 1985). The location of Building 708
shown in these two documents is consistent; however, the historical account of the demolition of
Building 708, which was to have occurred in 1953, is not consistent with the historical aerial

photographs for 1954.

The results of previous historical sampling indicate higher radiological activity in soil and
groundwater samples within and adjacent to the footprint of the Former Building 708. The
historical results provide further collaboration on the location of the Former Building 708. A
cluster of higher uranium activity (>300 pCi/g) in soils was reported in this localized area within
the former building footprint. G roundwater samples (unfiltered grab samples collected from
open boreholes) indicated elevated uranium activity in groundwater within the former building
footprint and to the north to northeast of the former building. These data indicate that uranium
activity in soils and potentially in groundwater decreases as the distance away from the former

building increases. The historical sampling program was limited and did not investigate possible
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residual uranium contamination in the drainage ditch or other portions of AOC 2. It is possible

that the CDD and the open ditch to the north received process waters from Building 708.

Potential source areas that were identified during the historical data review process and
development of potential biased points include the footprint of the Former Building 708 and the
immediate adjacent areas. Potential areas where residual contamination was suspected included

the open drainage ditch to the north and its discharge into the CDD.

4.2.2.2  Soils and Vadose Zone, AOC 2

A total of 63 borings were completed in AOC 2. Two hundred and twenty seven soil and three
concrete samples, plus duplicates and third-party splits were collected from these borings. All
210 soil samples were analyzed in the onsite laboratory for total uranium via gamma
spectroscopy. One hundred and twenty six samples were shipped to the offsite laboratory for
total uranium via gamma spectroscopy, while 10 samples were analyzed offsite via alpha
spectroscopy. Analysis of Th-234 and U-235 (both gamma spectroscopy) was performed on 136
soil samples; while 15 samples were analyzed for U-235 (alpha spectroscopy), U-234 and U-238
(alpha spectroscopy). Twenty samples were analyzed for Th-230 and 24 for Ra-226 (both alpha
spectroscopy). Chemical constituents (TAL metals, VOCs and SVOCs) were also analyzed in a
subset of 16 soil samples from AOC 2 in support of the BRA.

The complete database of analytical results for soils and concrete, including QA samples, is

provided in Appendix F.

4.2.2.2.1 Radiological Constituents

Uranium

As previously discussed, characterization results for total uranium were compared to the ISV of
14 pCi/g in order to define the extent of potentially contaminated soil. Analytical results for total
uranium from both the onsite and offsite laboratories are presented in Table 4-9. The maximum
concentration reported for any sample location (onsite or offsite analysis, gamma or alpha
spectroscopy) is presented in the text and depicted on Figure 4-12. A brief summary of the
isotopic uranium results is provided here; analytical data results are presented in tabular format

along with the other eligible radiological contaminants Ra-226 and Th-230.

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 4-28



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

Sixty-four of the Th-234 samples were non-detect (47%), while reported concentrations ranged
from 0.62 pCi/g to 7,969 pCi/g. Uranium-234 and U-238 were reported in all samples, with
ranges of 1.56 pCi/g to 9,459 pCi/g, and 1.46 pCi/g to 9,543 pCi/g. respectively. The 15 U-235
alpha spectroscopy samples ranged between 0.04 pCi/g and 503 pCi/g. Of the 136 U -235
gamma samples, only 28 (20%) were reported as detects, with concentrations between 0.19 pCi/g
and 646 pCi/g. The highest concentrations of these isotopes were detected in at least seven of
the same sample locations for which uranium concentrations above the ISV were detected as

discussed below. The maximum concentration of these isotopes was reported in 2BHO18.

Of the 228 soil samples collected from AOC 2 soil borings, analytical results for total uranium in
129 samples (or 57%) were reported as “ND”, with reporting limits ranging from 0.1 to 11.5
pCi/g. A total of 53 samples contained total uranium concentrations that exceeded the ISV of 14
pCi/g. As discussed previously, the data is presented against the ISV since it was the screening

threshold used during the course of field work.

Table 4-9 presents the analytical data for total uranium in soils within AOC 2. The results of the
GWS for AOC 2 were previously displayed in Figure 4-8. Distribution of the total uranium in
soils in AOC 2 is presented in Figure 4-12. As discussed under AOC 1 results, Figure 4-10
shows the depth of uranium contamination above the 14 pCi/g ISV. The horizontal and vertical

extent of soils potentially contaminated above the ISV is discussed below.

Horizontal Extent of Uranium Contamination

In AOC 2, the GWS was extended slightly beyond the AOC boundaries due to elevated readings
detected along the roadway leading to the rail yard along the southern boundary of the AOC. A
total of 5.4 acres was surveyed within this AOC. As depicted on Figure 4-8, the majority of
AOC 2 is within a Z-Score of two, indicating little variability of radiological constituents across
the surface of the AOC. This figure shows the nine areas within AOC 2 exhibiting Z-Scores
above three. Five locations were in the northeast portion of the site bordering AOC 1, while the
four remaining areas were located in the southeast corner of AOC 2 adjacent to the CDD. Biased
sample points were installed in these nine locations to further investigate the source of the
elevated gamma measurements. T hese locations included 2BH020, 2BH038, and 2BH039
through 2BH043.
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Vertical Extent of Uranium Contamination

The 19 borehole locations where the ISV for total uranium was exceeded were located in the east
portion of the F Parking Corral. These locations are associated with two specific areas of AOC
2:

e Demolished Building 708: 2BHO010, 2BHO018, 2BH025, 2BH026, 2BH027, 2BHO038,
2-MW-01, 2-MW-02, 2-MW-03, 2-MW-05, 2-MW-25, 2-SB-06, 2-SB-07, 2-SB-09
and 2-SB-10

e CDD: 2BH020, 2BH042, 2BH043 and 2-MW-020.

Each of these borehole locations is proximate to the potential source area (Former Building 708)

or a potential residual contamination area (northern ditch and CDD) of the F Parking Corral

Area.

Three of the four AOC 2 CDD borings that exceed the ISV are located in the northeast portion of
the AOC. Depth of potentially contaminated soil in this area was up to 1.5 ft bgs, consistent with
the depth of potential contamination detected along the CDD in AOC 1. Concentrations of total
uranium in soil exceeding the ISV ranged from 132 pCi/g (one foot bgs; 2BH020-SS-000-0) to
385 pCi/g (1.5 ft bgs; 2BH042-SS-000-0). T he remaining CDD borehole (2-MW-020) was
located along the CDD to the southeast of Building 708 a nd contained a total uranium

concentration of 238 pCi/g in the first six inches of soil.

Of the 15 borings associated with the demolished Building 708, seven are located outside the
building footprint and exhibit soils potentially contaminated above the ISV at depths of less than
3.5 ft bgs. Total uranium concentrations ranged from 34 pCi/g (3.5 ft bgs; 2BH-25-BS-020-0) to
800 pCi/g (1.5 ft bgs; 2-SB-07-BS-P-01).  Within the building footprint, potentially
contaminated soils were detected at depths of up to eight ft bgs, with the highest concentrations
detected in the three to four ft bgs interval. At this interval concentrations ranged from 4,832
pCi/g (2BHO018-BS-025-0) to 16,584 pCi/g (2BH038-BS-020-0). Uranium concentrations in the
4.5 to seven ft bgs interval ranged from 23 pCi/g (2BH026-BS-040-0) to 2,180 pCi/g (2-MW-02-
B-P-02). In addition, 2BHO18 was potentially contaminated at a depth of eight ft (19 pCi/g).

Two of the borings within the building footprint were potentially contaminated at discrete

intervals only (2-MW-05 and 2-MW-25). The other borings exhibited potentially contaminated
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soils across depth intervals. Most notably, 2-MW-02 and 2BHO018 were potentially contaminated
from the surface to depths of seven and eight ft, respectively. Borings 2-SB-10 and 2BH038
were potentially contaminated from the surface to a depth of 3.5 ft. Boring 2-MW-03 was
potentially contaminated at the two to three ft depth as well as the eight to 11 ft depth interval.

The horizontal and vertical boundaries of potential uranium contamination presented in Figures
4-10 and 4-12 for the F Parking Corral Area encompass the potential source area of the Former
Building 708 and potential residual contamination areas within and adjacent to the northern

drainage ditch and the northern portion of the CDD that traverses AOCs 1 and 2.

The perimeter systematic grid samples collected during the RI defined the extent of
contamination in the F Parking Corral Area. The ISV was not exceeded in the outer perimeter
grid locations. As discussed above, surface soil samples associated with the northern portion of
the CDD in AOC 2 exceeded the ISV. Two biased samples were collected in AOC 1 (IBH028
and 1BH026) ont he side slopes of the CDD just north and downstream of 2BH020 and
2BHO042), as shown on Figure 4-12. Total uranium concentrations in 1BH028 were below the
ISV, suggesting that contamination in the northern drainage ditch is limited to the southern side
(also supported by the results of 2BHO11). The concentration of total uranium in the
downstream location at 1BH026 exceeds the ISV. Further investigation of downstream

migration of sediments containing residual uranium contamination is discussed in Section 5.0

The exceedance of the ISV in 2BH042 and 2-MW-020, located adjacent to the portion of the
CDD that has been channeled into two underground concrete culverts, suggests residual
contamination associated with the CDD to the east of Former Building 708. A dditional
horizontal delineation to the east is not required because samples were collected at these

locations as part of the soils investigation for the Former Building 845 Area.

Uranium identified in the subsurface is associated with the boreholes installed within and around
the footprint of the demolished Building 708. A Ithough the historical records indicate this
building was demolished and the debris and surface soils were disposed of in the Historical

Lagoon A, the uranium contamination in this area is likely the result of the demolition and
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backfilling activities associated with this building. The vertical extent of uranium contamination

is deeper in the Former Building 708 Area than indicated for the Former Building 845 Area.

Uranium concentration in subsurface soil samples collected from boreholes along the northern
drainage ditch where it discharges to the CDD did not exceed the ISV; however, borehole
2BH043 had a surface sample exceeding the ISV, but did not have any subsurface samples

collected because of the presence of underground utilities at this area.

A limited number of samples were collected in the F Parking Corral Area during the 1983 BNI
study. Historical sampling locations were focused within and adjacent to the footprint of the
Former Building 708. The results of the current RI appear to be generally consistent with those
from the previous study. The highest activity of uranium (U-238) in the 1983 sampling was

associated with locations within and immediately west of the demolished Building 708.

The vertical extent of uranium contamination reported in the BNI study report (BNI, 1985) for
Building 708 is also consistent with the RI results of the OU 1. Vertical extent of contamination
was reported to extend to a depth of eight ft bgs. The highest activity was observed in the two to

four ft range.

Other Radiological Constituents

The maximum concentrations of the other radiological constituents analyzed in AOC 2 s oil
borings were collocated with uranium in one of the sample locations for which uranium
contamination was detected. S ample 2-BHO18 (zero to two bgs) contained the highest
concentrations of Th-230 (32.3 pCi/g, alpha spectroscopy). As presented above, total uranium in
this sample was 1,360 pCi/g. T he remaining soil sample concentrations for Th-230 ranged
between 0.19 pCi/g and 15 pCi/g. Radium-226 data (alpha spectroscopy) was reported between
0.37 pCi/g and 2.87 pCi/g. Table 4-10 presents the analytical results for the radiological isotopic
samples, while Figure 4-13 shows the distribution of results across AOC 2.

4.2.2.2.2 Chemical Constituents
The data summary discussions presented in this subsection focus on those constituents for which
concentrations have exceeded the USEPA Region 6 PRGs for residential soil. As mentioned in

AOC 1, these PRGs were chosen for use because they represent the most recently updated
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human health screening values and in most instances are more conservative than the values
published in the State of NJ standards. Full data presentations are presented in Appendix F.
Table 4-11 presents a summary of those metals constituents that exceed the PRG values. Table
4-12 presents an exceedance summary for VOCs and SVOCs; and Table 4-13 presents a
summary of exceedances for PAH, PCB and pesticide compounds. A nalytical results for
chemical constituents are compared to background constituent concentrations in the background
screening step of the BRA (CABRERA 2011b). The reader is referred to Appendix B of the BRA,
Tables B-1-2 through B-1-6 (Surface Soil) and Tables B-2-2 through B-2-7 (All Depth Soil).

Metals

Of the 16 soil samples, less than seven reported detected concentrations of beryllium, cadmium,
selenium, silver and thallium. Arsenic and mercury were detected in 15 of the samples; while
two others were reported in nine and 10 samples (antimony and sodium, respectively). T he
remaining 14 metals were detected in all samples. Five metals have concentrations that

exceeded the respective PRG.

Arsenic was reported above the PRG of 0.39 m g/kg in 15 soil samples, with concentrations
ranging from 1.1 m g/kg (2-SB-10-SS-P-00) to 20 m g/kg (2-SB-06-SS-P-0). C hromium was
detected in four soil samples, ranging from 30.8 mg/kg (2BH004-BS-015-0) to 67.1 m g/kg
(2BH044-BS-001-0), compared to a PRG of 30.1 mg/kg. Copper, iron and lead each had one
detection above their respective PRG values. Metals were co-located with uranium in five of 10

borings, primarily at the same depths

VOCS and SVOCs
VOCs were detected in 15 of the 16 soil samples at depths up to 2.5 ft. Of these detections, only

one was above the respective PRG value. Benzene reported at 930 pg/kg in 2BH004-BS-0150-
0, compared to a PRG of 656 pg/kg. VOCs for which the analytical detection limit exceeded the
respective PRG value, and for which the compounds were reported as ‘non-detects’, are shown

for one additional soil sample.

SVOCs were detected in 13 of the 16 soil samples at depths up to 2.5 ft. Of these, nine samples

contained SVOC:s in exceedance of their respective PRG values. The maximum reported SVOC
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concentration was 390,000 pg/kg 1,4-dichlorobenzene in sample 2BH004-BS-015-0. The PRG
for this SVOC is 3,200 pg/kg. SVOCs were detected with the greatest frequency of exceedances
in 2-SB-07-SS-P-00 and 2-SB-08-BS-P-00. SVOCs for which the analytical detection limit
exceeded the respective PRG value, and for which the compounds were reported as ‘non-
detects’, are shown for an additional three soil samples. It should be noted that several SVOC
compounds, such as chrysene or benzo(a)anthracene, are also reported as PAHs (PAHs are a
subset of SVOCs and analyzed by different methodologies). T hus, these compound are
presented in the PAH discussion below. V OCs and SVOCs were detected in six of seven

borings with uranium concentrations above the ISV, primarily in the same depth intervals.

PAHs, PCBs and Pesticides

PAH compounds were detected in 10 out of 10 soil samples analyzed, with depths ranging from
one to three ft. PAHs were detected above the PRGs with greatest frequency (five exceedances)
and with the highest reported concentrations in soil boring locations 2-SB-06, 2-SB-07, 2-SB-08
and 2-SB-09. The maximum PRG exceedances reported for these four locations were:

e 2-SB-06-BS-P-02: 4,300 png/kg benzo(a)pyrene and benzo(b)fluoranthene (PRGs of
14.8 pg/kg and 148 pg/kg, respectively)

e 2-SB-07-SS-P-00: 2,400 ng/kg benzo(b)fluoranthene

e 2-SB-08-BS-P-01: 1,000 pg/kg benzo(b)fluoranthene

e 2-SB-08-SS-P-00 : 820 pg/kg benzo(b)fluoranthene

e 2-SB-09-BS-P-01: 420 pg/kg benzo(b)fluoranthene
PCB compounds were detected in 10 of the 16 soil samples at a depth of 2.5 ft or less. Aroclor-
1260 was detected in nine of the samples, with a maximum PRG exceedance of concentration of
5,900ug/kg. Aroclor-1221 was detected at 18,000 p g’kg in 2BH004-BS-0150-0. T he PRG
value for both of these PCB compounds is 222 pg/kg.
Pesticides were reported in one soil sample (2BH004-BS-015-0) at a depth of 2.5 ft and a
maximum concentration of 260 p g/kg alpha-BHC. The PRG value for this pesticide is 90.2

ug’kg. P AHs, PCBs and pesticides were detected in six of seven borings with uranium

concentrations above the ISV, primarily in the same depth intervals.

4.2.2.3  Concrete Samples
The four concrete samples from the F Parking Corral Area were collected from three boreholes

(2BHO15/2BHO15R, 2BH024/2BH024R, and 2BH032). Each of these locations is within the
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footprint of the large demolished building located to the south of Building 708. The concrete
was encountered in the locations at the six to eight ft depth interval. The total uranium activity
in the concrete samples did not exceed the ISV of 14 pCi/g. The RI data for the F Parking Corral
Area indicate that at the isolated locations where contamination was found at depth, total
uranium exceeded the ISV to an approximate depth of eight ft, which corresponds to the depth of
the demolition debris and fill soils that are likely associated with the demolition of the Former
Building 708. Additionally, because the groundwater table was typically encountered at six to
eight ft bgs, total uranium activity exceeding the ISV was not generally found within the
saturated zone soils, except locations 2BH018 and 2BHO038 located within the Former Building
708.

4224  TestPits

The F Parking Corral Area test pit investigation included two test pits in the former building
footprint of Building 708. Two test pits (2TP001 and 2TP002) were completed in the area of the
Former Building 708 in the F Parking Corral (Figure 4-6). The purpose of these test pits was to
facilitate characterization of buried debris in these areas. At each location, debris was removed
from the pit and placed on a liner, where a radiological technician performed direct radiation
measurements to estimate total surface contamination levels. T he materials encountered

included wood, general debris, and concrete slab.

Three direct radiation measurements were performed at 2TP001 (see Table 4-14). O ne
measurement was less than the detection sensitivity. The other measurements were 5,600 and
7,800 dpm P/100 cm?, slightly exceeding the EM 385-1-80 acceptable average surface
contamination guidelines. One measurement was performed in 2TP002. Its result (5,600 dpm
B/100 cm?) also slightly exceeds the guideline. Based on these data, debris in these test pits are
lightly contaminated, much less so than debris in the elevator shaft, but exceed EM 385-1-80

surface contamination guidelines.

423 Grounawater
4231 Initial (Piezometer) Characterization Results
Groundwater Geochemistry

The redox chemistry observed throughout AOC 1 during the piezometer sampling indicated

oxidizing to slightly reducing conditions. The redox chemistry observed throughout AOC 2 was
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more variable than in AOC 1, and indicated that this area is only slightly reducing. A more
comprehensive geochemical dataset was obtained during the subsequent quarterly monitoring
well sampling program and thus was utilized for characterization purposes. In general, the
subsequent data results from the monitoring well program indicate reducing conditions in both

AOCs.

The results of the geochemical analysis of filtered groundwater samples indicate that bicarbonate
is the primary carbonate ion present in the shallow groundwater. D iscussion of the role of
carbonate species in the mobility of uranium species present in groundwater is presented in

Section 7. Piezometer sampling records are provided in Appendix G-1.

Uranium- AOC 1

One round of groundwater samples from the B aquifer were collected at 21 of the 33 grid and
biased Geoprobe sampling locations in the Former Building 845 Area. Filtered and unfiltered
samples were collected from the temporary piezometers at each of these boreholes and analyzed
for radiological parameters. T he results for both filtered and unfiltered isotopic and total
uranium samples from the B aquifer are presented in Table 4-15. Total uranium results exceeded
the USEPA Maximum Contaminant Level (MCL) of 30 p g/L have been highlighted. T he
location of these piezometers and both the filtered and unfiltered sample results are presented in
Figure 4-14 for AOC 1. T he presence of total uranium concentrations above the MCL is the

focus of the discussion presented below.

The USEPA MCLs are drinking water standards and thus are intended to be applied to
representative filtered samples. Samples from temporary piezometers may contain suspended
particulates and are not always considered to be “representative”. While filtering the piezometer
sample may assist in yielding a fairly representative groundwater geochemical sample, these
samples are compared to Federal standards for screening purposes only. It is also important to
note that the uranium results reported by the laboratory as pCi/L have been converted to mass
units of pug/L by dividing the result by a factor of 0.667 to allow comparison to the MCL. This
conversion is consistent with the USEPA published range of uranium conversion values for
going between gross alpha (assuming all uranium) and mass spec results in the 2000 MCL Rule.

Actual picoCuries per micrograms (pCi/pug) conversions for individual isotopes could be
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calculated, but for simplicity, a single point conversion that is consistent with the USEPA

guidance was applied.

The results for the filtered groundwater samples for AOC 1 indicate no exceedances of USEPA
drinking water standards for total uranium. The maximum total uranium concentration in the
filtered groundwater samples was 12 ng/L, which is less than half of the MCL standard of 30
pg/L. In contrast, the MCL was exceeded in two unfiltered samples; 1-BH002-GW-001-0 (69.5
pg/L) and 1BH17-GW-001-0 (31 pg/L).

As shown on Figure 4-14, one location, 1BHO17, is located near the south section of the wooden
trough and southeast of the Uranium Oxide Area and location 1BH002 is adjacent to the CDD in
the northern portion of AOC 1.

It should be noted that the concentrations of radiological parameters in the unfiltered
groundwater samples are generally greater than the filtered samples. These results would be
expected because the unfiltered samples may contain suspended solids with potentially sorbed
radioactive materials as a result of downward movement of contaminated surface soils during the
installation of the temporary piezometers. C omparing unfiltered and filtered total uranium
concentrations indicates that approximately 60% to 65% of the total uranium concentrations in

the unfiltered groundwater samples are sorbed to the suspended solids.

Other Radionuclides — AOC 1

In addition to uranium, groundwater samples were analyzed for gross alpha, gross beta, total
radium and Th-234. Results are listed in Table 4-16. For those radionuclides with
corresponding MCL values, the results exceeding the MCL have been highlighted. Filtered and
unfiltered results (in parentheses) are shown on Figure 4-15. T he results for the filtered
groundwater samples for AOC 1 indicate no exceedances of USEPA drinking water standards
for gross alpha (maximum concentration of 12.83 pC i/L) or total radium (maximum
concentration of 1.55 pCi/L). Four wells exhibited gross alpha exceedances and two contain
total radium exceedances for the unfiltered samples. The highest reported concentration of gross

alpha was 141 pCi/L in Sample 1BH002-GW-001-0, along with 9.15 pCi/L total radium and the
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maximum gross beta concentration of 205 pCi/L. These concentrations are attributable to the

presence of uranium in the groundwater.

Uranium- AOC 2

One round of groundwater samples was collected at 34 of the 43 grid and biased Geoprobe
sampling locations in the F Parking Corral Area. Both filtered and unfiltered samples were
collected from the temporary piezometers at each of these boreholes and analyzed for
radiological parameters. The results for both filtered and unfiltered isotopic and total uranium
samples are presented in Table 4-17. Total uranium results that exceeded the USEPA MCL of
30 pg/L have been highlighted. The location of these piezometers and the filtered and unfiltered
sample results are presented in Figure 4-16 for AOC 2.

The USEPA drinking water standard for uranium (30 pg/L) was exceeded in one location within
AOC 2 for filtered groundwater and in three locations for unfiltered samples. Sample 2BH018-
GW-001-0 significantly exceeded the drinking water standard for total uranium with
concentrations of 1,358 pg/L (filtered) and 3,505 pg/L (unfiltered). Location 2BHO018 is located
within the Former Building 708 a nd corresponds to the locations of the highest soil
concentrations reported for AOC 2 (2BHO018 and 2BH038 adjacent to 2BHO18). To a lesser
extent, the MCL was also exceeded in samples 2BH010-GW-001-0 (40.9 ng/L) and 2BHO042-
GW-001-0 (59.8 ng/L). The piezometer data suggests that contamination is localized and that
significant quantities of uranium in the groundwater have not been mobilized during the
timeframe since MED activities were conducted at AOC 2. S ubsequent results from monitor

wells installed in the area confirm this finding.

As discussed under the soil results, uranium contamination in the soil extends deeper than
observed for AOC 1, and corresponds to the approximate depth of the debris layer. This debris
layer extends to approximately eight ft within the Former Building 708 footprint and into the
shallow groundwater table. T he clay layer also appears to be absent in this area. T he
exceedance of the total uranium drinking water standard in 2BH018-GW-001-0 (Figure 4-5) is
likely due to the direct contact of the contaminated debris layer with the shallow groundwater at

this location, and the potential migration of uranium from surface material potentially
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contaminated above the ISV due to preferential pathways created within the debris and the lack

of adsorption sites resulting from the absence of the clay layer.

Other Radionuclides — AOC 2

Additional radionuclides were analyzed in the AOC 2 groundwater samples, as discussed above
for AOC 1. R esults are listed in Table 4-18 with the filtered and unfiltered results shown on
Figure 4-17. Sample 2BH018-GW-001-0 also contained the maximum reported concentrations
of gross alpha (864 pCi/L filtered and 2,004 pCi/L unfiltered) compared to the drinking water
standard of 15 pCi/L. The gross alpha MCL was also exceeded in two additional filtered and 20
additional unfiltered samples, as shown on T able 4-18. Gross beta concentrations were also
highest for both filtered and unfiltered results in sample 2BH018-GW-001-0 (770 pCi/L and
2,087 pCi/L respectively). Gross alpha and gross beta concentrations are attributable to uranium
present in the groundwater. T his sample (2BH018-GW-001-0) also contained the maximum
reported concentrations of Th-234 (443.6 pCi/L filtered and 1,006 pC i/L unfiltered). T otal
radium slightly exceeded the drinking water standard of five pCi/L in two filtered samples and
10 unfiltered sample. The maximum exceedances were 13.32 pCi/L (filtered) and 24.4 pCi/L
(unfiltered) in sample 2BH0130GW-001-0).

A non-aqueous phase liquid (NAPL) was also observed throughout the water column in
2BHO013-GW-001-0. The NAPL composed predominantly of chlorobenzenes, may have been in
contact with potentially contaminated radiological debris in the east portion of the site (Former
Building 708 Area), and then may have migrated through preferential pathways in the demolition
fill through the F Parking Corral to borehole 2BH013. The NAPL could potentially serve as an
organic ligand that complexes radioactive materials, causing these radionuclides to migrate
through the soil column through preferential pathways; however, the absence of uranium in the
soils and groundwater at these western locations does not support this as a possible pathway for
uranium migration from the potential source area within the Former Building 708 to these
locations. T he NAPL was further evaluated as part of the monitoring well investigation,

discussed in Section 4.3.3.2.
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4.2.3.2 Monitoring Well Sampling Results

Five to seven rounds of groundwater data have been collected quarterly from the monitoring
wells installed in OU 1 and OU 2 since October 2004. The varying sample events are reflective
of well installation dates and additional sampling requirements to meet DQOs. Comprehensive

results are discussed below

Groundwater Flow

The piezometric surface in Aquifer A averages one foot higher elevation than Aquifer B in OU
1. Groundwater elevation in both Aquifer A and Aquifer B are above the level of the Central
Drainage Ditch in OU 1. Groundwater flow direction in Aquifer A appears to be toward the
CDD, while in Aquifer B, the flow direction is toward the northeast. Water level data obtained
from the OU 1 and 2 wells for the past six quarters of sampling (quarters 1 through 6) are
presented in Table 4-19. Figure 4-18 shows the groundwater elevation contours for the A aquifer
during Quarter 5 (September 2006), while Figure 4-19 shows the contours for the B aquifer
during this same quarter. After review of the quarterly sampling results Quarter 5 was selected
as the representative sampling period. Quarter 6 was also evaluated but determined not to be
representative because of the unusually low water, drought-like conditions that existed during
that period. Q uarter 7 sampling was not representative either since only a subset of the
monitoring wells (those in OU 3) was sampled. The groundwater flow gradient in the A Aquifer
appears to be largely dependent on the proximity to the CDD, but in the Dissolved Uranium Area
the gradient is one foot / 100 ft (1%). The Dissolved Uranium Area is located beneath the
Former Building 708. The groundwater flow gradient in the B Aquifer is much lower than in the
A Aquifer. As shown in Figure 4-19, the gradient near the Dissolved Uranium Area is 0.2 ft /
100 ft (0.2%). Appendix I contains groundwater contour elevation maps for each sampling

event. Groundwater level measurement forms are provided in Appendix G.

Long-term monitoring of water levels in the A Aquifer, B Aquifer, and CDD wells shows that B
Aquifer wells are affected by tidal fluctuations while A Aquifer wells are not. Figure 4-20
shows heads and barometric pressures for the period from October 19, 2004 to November 9,

2004. The CDD appears to be maintained at a constant level by DuPont. All wells and the CDD
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showed increased levels resulting from a storm event on November 4 when precipitation at the

site was greater than one inch over a 24 hour period.

Slug Test Results
Slug tests were performed in 13 of the 18 wells. Wells 2-MW-01, 2-MW-03 and 2-MW-05

contained light nonaqueous phase liquid so it was considered inappropriate to increase the smear
zone by performing slug tests in these wells. Hydraulic conductivities in Aquifer A ranged from
3E-5 to 2E-3 cm/s and averaged 9E-4 cm/s (or one foot per day). Hydraulic conductivities in
Aquifer B ranged from 1E-4 to 8E-4 cm/s and averaged SE-4 cm/s (or two ft per day). These
values fall within the range expected for silty fine sands (see Freeze & Cherry, 1979; and
Halford & Kuniansky, 2002). The results are summarized in Table 4-20. Slug test data are
included in Appendix J.

Estimated Rates of Groundwater Flow

Using the measurements of K and flow gradient, the groundwater flux can be estimated using
Darcy’s Law (Freeze and Cherry, 1979). Seepage velocity (Vs) is usually derived using the
following equation:
Vw=K*(dh/dx)/0
Where:
Vy, 1s the velocity of groundwater (also known as the seepage velocity (Vys)),
K is the hydraulic conductivity,
dh/dx is the average groundwater gradient and

0 is the porosity of the sediments

For the A Aquifer, the Vg was estimated using the average K of 9E-4 cm/s, average gradient of
one ft / 100 ft (1%) and a literature-based average porosity of 30% for shallow fine-grained
sediments (Freeze and Cherry, 1979). The average Vs is estimated to be approximately 0.7

meters per day (m/d) (2.3 feet per day [ft/day]).

For the B Aquifer, using the average K of 5E-4 cm/s, average gradient of 0.2 ft / 100 ft (0.2%)
and average porosity of 30% yields an average Vs of 0.003 m/d (0.01 ft/day).
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Groundwater Stabilization Parameters

Groundwater stabilization parameters (or reactive parameters) were measured during the purging
of the wells prior to sampling. T hese parameters included pH, specific conductance,
temperature, oxidation-reduction potential, turbidity, and dissolved oxygen. In addition,
groundwater was analyzed at the time of purging for concentrations of ferrous iron, nitrite, and
sulfide (which may be considered indicators of biodegradation activity), as well as for the
presence of hydrogen peroxide. The methods used to measure each parameter are provided in
Section 2.6.2.1. The water quality data representing stabilized conditions are presented in Table
4-21 while results for the additional sampling parameters are provided in Tables 4-22.
Calibration logs for the YSI meters used in the field analysis are presented in Appendix K.
Appendix L provides figures showing concentration trends in water quality data by quarter, as

well as isopleth maps. The field results are described below.

The 13 A Aquifer wells were stabilized to a final turbidity of 10 NTUs or less (target level for
sampling) in 50% to 80% of the sampling events. Most wells exhibited higher turbidity levels
during quarters 2 and 6s ampling in general, and were considered stabilized when three
consecutive NTU readings were within £10%. The 12 B Aquifer wells were stabilized in a
similar fashion. Two B Aquifer wells exhibited higher turbidity than others in at least one
sampling round (well 2-MW-01B, 103 NTUs in quarter 5 and well 2-MW-05B, 518 NTUs in
quarter 1). Well 2-MW-16B exhibited water color that could not be reduced when filtered
through a 0.45 micron filter. The C aquifer well was stabilized to 10 NTUs or less for each

sampling event other than quarter 6.

With a few exceptions, dissolved oxygen concentrations in each aquifer were less than 1.0 mg/L
in all wells (76% of all samples), indicating a reducing environment. A verage well values
ranged from 0.18 mg/L to 3.5 mg/L in the A Aquifer, 0.13 to 2.4 in the B Aquifer and 2.1 mg/L
in the C Aquifer. The average DO concentration over time was 1.15 mg/L for the A Aquifer;

and 0.65 mg/L for the B Aquifer.

With the exception of well 3-MW-13B and a few samples from quarter 6, O RP values were
strongly reducing in all aquifers, with average values ranging from -41 mV to -194 mV in the A

aquifer, 56 mV to -269 mV in the B aquifer and -151 mV in the C aquifer. The average ORP
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values (along with average DO values) for the OU 1 wells are shown in Figure 4-21. Average
specific conductance values in the A aquifer ranged from 475 microSiemens per centimeter
(uS/cm) to 1,900 uS/cm in the A aquifer. The B aquifer wells ranged from an average of 583
uS/cm to 1,953 uS/cm, while the average in the C aquifer well was 2,876 uS/cm.

The average value for pH was 7.7 in the A aquifer, 7.32 in the B aquifer and 8.8 in the C aquifer.
Values for pH were circum-neutral in most wells except for three wells in the A aquifer and two
in the B aquifer. Wells 2-MW-24A and 2-MW-26A contained consistent pH values of 10 or
greater. Well I-MW-08A had two rounds of pH greater than 10, the remaining sample pH
values were around eight. Well 1-MW-11B and 1-MW-16B had pH values between 11.7 to
11.89 and 8.80to 9.76, respectively. A reas with high pH also tended to have low redox

potential.

Ferrous iron concentrations in the A aquifer peaked at approximately three mg/L near wells 2-
MW-20A and 1-MW-21A, which are ont he northern and southern boundaries of OU 1,
respectively. T he average concentrations for the A aquifer ranged from 0.03to 3.17 mg/L.
Ferrous iron concentrations in the B Aquifer showed a similar pattern of maximum
concentrations of approximately three mg/L in the northern and southern areas and averaged 0.03
to 3.05 mg/L. Ferrous iron in the C aquifer well averaged 1.69 mg/L. Nitrite concentrations in
all wells were less than one mg/L. Values for both ferrous iron and nitrite support a reducing

environment. Average sulfide concentrations for all aquifers were less than one mg/L

Hydrogen peroxide average values were less than one mg/L for all aquifers. The maximum
concentration in the A aquifer was reported as greater than 80 mg/L in 2-MW-26A (quarter 1);
while the maximum value in the B aquifer was reported as greater than 45 mg/L in 1-MW-11B
(quarter 3). During more recent sampling events, hydrogen peroxide was reported at less than

two mg/L in 2-MW-26 and was not detected in I-MW-11B.

Major lons

Concentrations of major ions were analyzed to interpret their effect on uranium geochemistry.
Concentrations of the inorganic ions chloride, fluoride, sulfate, phosphate (as phosphorous),

nitrate/nitrite, and alkalinity were measured. Sample results are presented in Table 4-23.
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In OU 1 average chloride concentrations in the A Aquifer ranged from 3.1 mg/L in sample 1-
MW-08-GU-P-02 to 660 mg/L in samples 2-MW-12-GU-P-02 and 1-MW-22-GU-P-02.
Average chloride concentrations in the B Aquifer were higher than in the A aquifer, ranging
from 9.2 mg/L in sample 1-MW-09-GU-P-02 to 940 mg/L in sample 3-MW-GU-P-02.
Groundwater from 2-MW-25 in the C aquifer contained an average chloride concentration of
1,340 mg/L. For comparative purposes, the NJDEP Water Quality Criteria (WQC) for chloride
is 250 mg/L.

Total alkalinity as Calcium Carbonate in the A aquifer averaged 302 mg/L total alkalinity. This
is classified as hard water, while total alkalinity in the B aquifer wells averaged 350 mg/L, which

is “very hard” water. The C aquifer average alkalinity was 112 mg/L.

Sulfate concentrations averaged between 3.25 and 88.4 m g/L in the A aquifer wells. T he
maximum values (200 mg/L in 1-MW-08-GU-P-01 and 190 mg/L in 1-MW-10-GU-P-02 were
detected in early sampling (i.e. Quarters 1 and 2); and subsequent sampling has indicated a
decline in sulfate concentrations in these wells to 75 mg/L or less. In contrast, the average
sulfate values in the B aquifer ranged from 1.04 to 1,080 mg/L. Sulfate concentrations in 2-
MW-13B and 2-MW-14B were consistently elevated in comparison to other B aquifer wells.
Concentrations in these two locations ranged 730 mg/L to 1,300 mg/L (2-MW-13B) and 280
mg/L to 490 mg/L (2-MW-14B). Sulfate concentrations in the remaining B aquifer wells ranged
in general from 1.3 mg/L to 140 mg/L, consistent with values reported for the A aquifer. Sulfate
values in the C aquifer well were also elevated with respect to the A aquifer (and the majority of

the B aquifer). The average concentration for the C aquifer was 130 mg/L sulfate.

Fluoride and nitrite/nitrate values were low, and averaged 4.4 mg/L and 0.1 mg/L, respectively,
in the A aquifer. A verage concentrations were similar in the B aquifer (2.8 mg/L and 0.11
mg/L). Fluoride was not detected in the C aquifer well, and nitrite/nitrate in this well averaged
0.04 mg/L. Total phosphorus concentrations were low in the A and B aquifers, averaging 0.17
mg/L in the A aquifer and 0.57 mg/L in the B aquifer. Total phosphorus was not detected in the
C aquifer.
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Nitrate was sampled in six A aquifer and 11 B aquifer wells in October 2004, prior to the

initiation of quarterly sampling. No detections were reported for any of the samples.

Major cation and anion results from the first sample event were plotted on a Piper diagram,
shown in Figure 4-22. The average absolute value of the balance between cations and anions at
each well location was 10%. The diagram shows that sodium and potassium dominate among
cations and chloride and sulfate dominate among anions. Generally, a sodium-potassium-sulfate

facies dominates.

Radiological Constituents

Comparison of Filtered and Unfiltered Groundwater Samples at Monitoring Well Locations

Groundwater radiochemistry samples were collected in filtered and unfiltered splits during five
monitoring well sample events to test for the possible effect of colloids on unfiltered analysis
results. Comparison of results from all wells for total uranium in filtered and unfiltered splits
shows high correlation of the results; correlation coefficients ranged from 0.989 to 0.998. Table
4-24 shows the comparison of filtered and unfiltered analysis results for total uranium. As there
was no statistical difference between filtered and unfiltered results, only unfiltered samples were
collected from Quarter 4 onward, and only unfiltered groundwater results are presented in the

following data presentations.

Uranium

All 25 monitoring wells were sampled for isotopic and total uranium in quarters 1 through 6.
Two wells were sampled during quarter 7 and 14 previously existing wells were sampled in
October 2004, prior to the commencement of the quarterly sampling. A total of 192 groundwater
samples were analyzed for uranium. C omprehensive sample results for isotopic and total
uranium are presented in Table 4-25. U ranium results have been measured using alpha
spectrometry and are reported by the laboratory as a total uranium result (in pCi/L). T hese
activity units have been converted to mass units of pg/L by dividing the result by a factor of
0.667. T otal uranium results exceeding the MCL of 30 pug/L have been highlighted. T hese
exceedances have been utilized to determine the extent of groundwater contamination, and are

the focus of the discussion presented below.
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Groundwater laboratory data for both primary and QA analysis are presented in Appendix H-2.

The QA/QC evaluation results are presented in Appendix M.

In the AOC 1 area of the A aquifer, elevated total uranium is present in wells I-MW-08A, 1-
MW-10A, and 1-MW-18A. Sample [-MW-08-GU-P-02 contained the maximum total uranium
concentrations that exceeded the MCL of 30 ng/L. Elevated total uranium in this well ranged
from 990 pg/L to 56,372 png/L and averaged 26,317 pg/L. Total uranium ranged from 442 pg/L
to 1,439 png/L in sample 1-MW-18-GU-P-02, with an average of 1,091 pg/L and 38 ug/L to 205
ug/L (average 109 p g/L) in sample 1-MW-10-GU-P-02. T hese wells are located within or
adjacent to identified potential sources of uranium contamination (i.e. footprint of Buildings 845)
or isolated potentially contaminated soil areas. Soils with uranium concentrations above the ISV
(14 pCi/g) were detected during drilling of I-MW-08A (270 pCi/g). While no soil sampling was
conducted during drilling of the other two monitoring wells, 1-MW-10A is located beneath
Building 845 in an area of identified potentially contaminated soil and 1-MW-18A is adjacent to
boring 1BHO18 (149 pCi/g uranium in soil). The remaining wells were, in general, less than five

ug/L for total uranium

In the AOC 2 area of the A Aquifer, the area of aqueous uranium impact is centered at wells 2-
MW-02A, 2-MW-12A and 2-MW-15A. This general area is referred to as the Dissolved
Uranium Area. Sample 2-MW-02-GU-P-02 also contained the maximum total uranium
concentrations that exceeded the MCL of 30 ng/L. Elevated total uranium in this well ranged
from 4,093 pg/L to 35,532 ng/L and averaged 14,027 pg/L. Total uranium ranged from 48 ng/L
to 757 nug/L in sample 2-MW-15-GU-P-02 (average of 331 png/L) and 44 nug/L to 472 pg/L in
sample 2-MW-12-GU-P-02 (average of 168 ug/L). These wells are located within or adjacent to
identified potential sources of uranium contamination (i.e. footprint of Building 708). Soils with
uranium concentrations above the ISV (14 pCi/g) were detected during drilling of 2-MW-02
(2,180 pCi/g). While no soil sampling was conducted during drilling of the other two monitoring
wells, 2-MW-12A is located adjacent to the Building 708 f ootprint and down gradient of
identified locations of potentially contaminated soil. Location 2-MW-15A is also down gradient
of identified locations of potentially contaminated soil. Consistent with AOC 1, the remaining

wells in AOC 2 were, in general, less than five ug/L for total uranium.
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Within the A aquifer, down-gradient control is provided by wells 1-MW-06A, 2-MW-19A, and
2-MW-20A. Up-gradient control is provided by well -MW-21A, 2-MW-22A, 2-MW-24A, and
2-MW-26A. The horizontal extent of uranium impact to groundwater remains defined by the

extent of uranium impact in soil.

Average concentrations of isotopic and total uranium in the A aquifer are presented in Figure 4-
23. Trends in total uranium concentration in the A aquifer over time are presented in Figure 4-
24. Total uranium concentrations representing averages over time are shown in Figure 4-25.
This figure demonstrates the limited aerial extent of uranium impacted groundwater in the A
aquifer in relation to the extent of OU 1. The extent of impacted groundwater is approximately
0.5 acres compared to the 5.85 acres encompassing OU 1. Isopleth maps for individual sampling

events are presented in Appendix N.

In the deeper B Aquifer, uranium impact to groundwater is limited to the area around wells 2-
MW-03B and 2-MW-05B in AOC 2. Total uranium concentrations in sample 2-MW-03-GU-P-
02 consistently exceeded the MCL of 30 ng/L, ranging from 7,406 ng/L to 74,813 pg/L, with an
average value of 29,560 ng/L. Concentrations above the MCL in sample 2-MW-05-GU-P-02
ranged from 43 ng/L to 1,019 pg/L and averaged 167 pg/L. These two wells are located within
the footprint of the Former Building 708, which has been identified as a potential source of
uranium contamination to soils. In addition, soils with uranium concentrations above the ISV
(14 pCi/g) were detected during drilling of these monitoring well locations (7,760 pCi/g in 2-
MW-03B and 377 pCi/g in 2-MW-05B).

Within the B aquifer, down-gradient control is provided by well 2-MW-23B, while up-gradient
control is provided by wells 2-MW-04B, 2-MW-05, and 2-MW-16B. It should be noted that
while one sample from well 2-MW-04B was above the MCL (quarter 3, 35.8 ng/L) all other
samples have been well below the MCL and the average total uranium concentration for this well
is 10 pg/L.

Average concentrations of isotopic and total uranium in the B aquifer are presented in Figure 4-
26. Trends in total uranium concentration in the B aquifer over time are presented in Figure 4-
27. A total uranium isopleth map representing average concentrations in the B aquifer over time

is shown in Figure 4-28. A's shown onthis figure, the extent of uranium impact to the
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groundwater within the B aquifer is very limited in extent and covers a small area (0.2 acres)
within the center footprint of the Former Building 708. Isopleth maps for individual sampling

events are presented in Appendix N.

Results for total uranium in the C aquifer well 2-MW-25C demonstrate that contamination has
not migrated vertically into the C aquifer. The maximum total uranium concentration was 1.42
pg/L. A's shown on Figure 4-7, this well is located beneath the footprint of Building 708,
downgradient of 2-MW-03B.

Other Radionuclides in Groundwater

In addition to radiochemical analysis for uranium described above, groundwater samples from all
quarters (175 samples) were analyzed for the radiochemical parameters gross alpha/gross beta;
Ra-226 and Ra-228. The thorium isotopes Th-228, Th-230 and Th-232 were analyzed beginning
in quarter 4, resulting in 76 samples. Comprehensive radionuclide results are provided in Table
4-26. For those radionuclides with corresponding MCL values, the results exceeding the MCL
have been highlighted.

Figures 4-29 and 4-30 show the average concentrations of these radionuclides in the A and B
aquifer wells, respectively. Six of the 13 A aquifer wells exhibited gross alpha results above the
USEPA MCL of 15 pCi/L. These wells are the same as discussed above for uranium. Average
gross alpha concentrations ranged from 63 pCi/L (sample 1-MW-10-GU-P-02) to 13,739 pCi/L
(sample 1-MW-08-GU-P-02) in AOC 1 and from 62.7 pCi/L (sample 2-MW-12-GU-P-02) to
4,877 pCi/L (sample 2-MW-02-GU-P-02) in AOC 2. Maximum gross beta concentrations were
reported for the same sample locations, with averages of 66.4 pCi/L (sample 1-MW-10-GU-P-
02) to 5,555 pCi/L (sample 1-MW-08-GU-P-02) in AOC 1 and 39.9 pCi/L (sample 2-MW-12-
GU-P-02) to 1,722 pC /L (sample 2-MW-12-GU-P-02) in AOC 2. As mentioned in the
piezometer discussion, gross alpha and gross beta are expected to be present base on the presence
of uranium in the groundwater.

No Ra-226 or Ra-228 values exceeded the combined radium 226/228 MCL of five pCi/L in the
A aquifer. Average Ra-226 data was reported between 0.08 pCi/L and 0.58 pCi/L, while average

Ra-228 concentrations were between 0.26 pC i/L and 1.56 pCi/L. T horium isotopes were
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detected in only a few samples, and ranged from 0.114 pCi/L for Th-228 to 0.161 pCi/L for Th-
230.

The two B aquifer wells impacted by uranium also exhibited elevated gross alpha results. The
average gross alpha concentration in sample 2-MW-03-GU-P-02 was 11,743 pCi/L, while the
average concentration in 2-MW-05-GU-P-02 was reported as 67.8 pCi/L. To a lesser extent,
elevated gross was also reported in wells 2-MW-16B and 2-MW-04B. A verage gross beta
results from the 2-MW-03B and 2-MW-05 samples were 7,674 pCi/L and 46.2 pCi/L,
respectively. Ra-228 results exceeded the MCL for combined Ra-226/Ra-228 of five pCi/L in 2-
MW-03-GU-P-02, with an average concentration of 5.1 pCi/L. Remaining Ra-226/Ra-228 data
averaged 0.16 pCi/L to 0.69 pCi/L and 0.27 pCi/L to 0.94 pCi/L, respectively. Thorium isotopes
were detected in only a few samples, most notable 2-MW-03-GU-P-02. An average Th-230 was
reported in this sample of 3.93 pCi/L.

No radiochemical constituents exceeded MCLs in the C aquifer and no thorium isotopes were

detected.

Chemical Constituents

The data summary discussions presented in this subsection focus on those constituents for which
concentrations have exceeded the USEPA Region 6 PRGs for tap water. Full data presentations
are presented in Appendix H-2. Analytical results for chemical constituents are compared to
background constituent concentrations in the background screening step of the BRA (CABRERA
2011b). The reader is referred to Appendix B of the BRA, Tables B-3-2 through B-3-6 for

groundwater.

Metals

For the OU1 groundwater, two metals (cadmium and silver) were not detected in any samples,
and eight were detected in less than 10% of the total samples. Three metals (antimony, arsenic,
lead and manganese) had constituent concentrations above PRGs.

Antimony concentrations exceeded the Region 6 PRG of 0.015 mg/L in five wells, with a
maximum concentration of 0.058 mg/L in sample 2-MW-115-GU-P-02. The PRG for arsenic
(0.0004 mg/L) was exceeded 13 wells in the A aquifer. T hree wells reported consistent
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exceedances over the six sampling events, with the maximum concentrations reported in well 2-
MW-26A (0.035 mg/L to 0.067 mg/L in sample 2-MW-26-GU-P-02). Lead was reported in
three wells, with consistent PRG exceedances also observed in well 2-MW-26A (0.019 mg/L to
0.031 mg/L in sample 2-MW-26-GU-P-02). The PRG for lead is 0.015 mg/L. Manganese was
reported above the PRG of 1.7 mg/L in one well, with concentrations ranging from 3.1 mg/L to

4.6 mg/L in sample 1-MW-21-GU-P-02.

In the B aquifer, antimony was detected in one well (0.022 mg/L, 1-MW-11-GU-P-02), while
arsenic concentrations exceeded the PRG in 18 wells. T hree wells reported consistent
exceedances over the six sampling events, with the maximum concentrations reported in well 2-
MW-05B (0.024 mg/L to 0.052 mg/L in sample 2-MW-05-GU-P-02). Lead was reported in six
wells, with consistent PRG exceedances detected in well 3-MW-14B (0.022 mg/L to 24 mg/L in
sample 3-MW-14-GU-P-02). Manganese was reported above the PRG in seven wells, with
consistent exceedances in three wells. The maximum concentrations were observed in well 3-

MW-13B (9.4 mg/L to 16 mg/L in sample 3-MW-13-GU-P-02.

Manganese exceeded the PRG in the single C aquifer well, with concentrations in sample 2-

MW-25-GU-P-02 ranging from 6.500 mg/L to 14 mg/L in three of the five sampling rounds.

Table 4-27 presents the data summary for those metal concentrations exceeding the respective

PRG value.

BTEX Investigation

During the first quarter (July and August 2005) groundwater samples from OU 1 and OU 2 wells
were collected for benzene, toluene, BTEX analysis. A total of 25 monitoring wells were
sampled. MCLs were exceeded in selected wells for each of these constituents as follows: the
MCL for benzene (five ng/L) was exceeded in 17 wells; the MCL for toluene (1,000 pg/L) was
exceeded in six wells; the MCL for ethylbenzene (700 pug/L) was exceeded in 11 wells; and the
MCL for xylene was exceeded in four wells. Two of the wells had elevated detection limits that
exceeded the MCL, therefore, it cannot be stated with certainty. T he sampling results are
summarized in Table 4-28. Figures 4-31 and 4-32 show the isopleths for total BTEX in the A
and B aquifers at OU 1, respectively.
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LNAPL Investigation

A sample of light non-aqueous phase liquid (LNAPL) was collected from well 2-MW-01B on
October 13,2005. T he sample was shipped to Paragon Laboratory for VOC analysis, SVOC
analysis and determination of total uranium. T he sample contained 0.4 pCi/g total uranium

which is within the range of local background concentrations.

Analysis for VOCs by Method 8260 s howed that the LNAPL consisted of naphthalene
(approximately 11%); 95,000 mg/kg xylenes (meta-, para- & ortho-) (10%); 52,000 mg/kg
chlorobenzene (5%); 45,000 mg/kg 1,2,4-trimethylbenzene (4%); 920 mg/kg methylene chloride
(3%); and 14,000 m g/kg  1,3,5 -trimethylbenzene (2%). T he remainder of the Method 8260
VOCs ranged from 580 mg/kg to 13,000 m/kg (0.8% to 3.3%) Analysis for SVOCs by Method
8270 showed 68,000 m g/kg naphthalene (approximately 7%) as well as 27,000 m g/kg 2-
methylnaphthalene (3%) and a number of other polycyclic aromatic hydrocarbons (PAHs) and
phenolics. Other SVOCs ranged from 81 mg/kg to 3,600 mg/kg (0.8% to 3%). Concentrations

of detected organic compounds and uranium in the sample are listed in Table 4-29.

The LNAPL appears to be coal tar or coal tar distillate with a mixture of other compounds.
Naphthalene compromises some 11% of typical coal tars (Gas Engineers Handbook, 1965), as is
found in the LNAPL. Coal tar also typically contains arsenic (Hatheway, 2002), and elevated
arsenic concentrations roughly correlate with the LNAPL location. The sample also contains the
chlorinated solvents chlorobenzene and methylene chloride. N either coal tar components nor
chlorinated solvents are DuPont FUSRAP COPCs. C oal tar was historically used in dye
production and coal tar distillation wastes have previously been identified by DuPont as COPCs

during its RCRA correction action program at Chamber Works (DERS, 1995).

VOCS and SVOCs

VOCs were detected above the respective PRG levels in 12 wells in the A aquifer, with the
highest concentrations and most frequently detected compounds being observed in four wells: 2-
MW-19A, 2-MW-20A, 1-MW-21A and 1-MW-22A. Of these, the maximum concentrations of
VOCs were reported in sample 2-MW-19-GU-P-02, with concentrations ranging from 140 pg/L
to 20,000 pg/L. In the B aquifer, VOCs were detected above the PRG values in 11 wells, with

the highest concentrations and most frequently detected compounds being reported in four wells:
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2-MW-01B, 1-MW-07B, 1-MW-17B and 2-MW-23B. No VOCs were detected in the C aquifer

well.

SVOC compounds were detected in only two wells in OU1, with one PRG exceedance in
monitoring well, 1-MW-09B. T able 4-30 presents the data summary for those organic

compound concentrations exceeding the respective PRG value.
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5.0 OUZ2INVESTIGATION RESULTS

5.1  Site Characteristics

General site characteristics for the Chambers Works site are presented in Section 3.0; the
information provided below is specific to OU 2 (AOC 3 and AOC 5) surface features, soils and
hydrogeology.

511 Surface Features

AOC 3, the CDD, has a nearly linear shape, and the investigated length between OU 1 and the
lagoon is nearly 1000 ft long and only 30 ft wide. Historical aerial photographs (before, during
and after the MED operational period) show that part of the CDD, in the northern part of AOC 2,
was re-routed in the 1950s. The southern end of the CDD east of the rail spurs was open water
during the MED period. The other sections of the CDD were channelized and as a result, there

was no lateral migration from the channel.

A wooden trough is the eastern boundary of AOC 1 and extends in a northwesterly direction and
connects to the CDD in the northern part of AOC 1. T his structure is a part of AOC 3.
Historical aerial photos indicate that the trough was in use during the MED era. Former Building

845 appears to have been connected to the wooden trough.

AOC 5 is completely paved by concrete or asphalt. The drains surrounding Building J-26 are
open-topped trenches that are covered with slotted steel gratings. The drains are approximately

one foot wide.

512  Soils

The soils beneath the CDD in AOC 3 consist largely of silts and clays to a depth of seven ft
beneath the bottom of the ditch. The silt and clay layer averages six ft in thickness in the western
end of AOC 3 but thins to zero toward the east in the area of the basins. Beneath the silt and clay
layer is a continuous unit of sand and gravelly sand. Geologic cross sections in AOC 3 and a

map showing their locations are presented in Figures 5-1 and 5-2.

The soils beneath the wooden trough consisted predominantly of black silts and clays, which are
encountered from two ft to approximately seven ft beneath the trough bottom. Beneath this silt

and clay layer are clean sands and gravelly sands.
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The silty clay layer appears to be continuous in the area of AOC 3, except that it pinches out to
the east in the lagoon area. This silty clay layer corresponds to the AB aquitard. The sands and

sandy gravels below are the top of the B aquifer.

The soil textures beneath AOC 5 (Building J-26 Area) are similar in composition to the soils in
AOC3. Soil textures were primarily silt with discontinuous clay stringers that were encountered
from approximately three ft to nine ft bgs. H owever the silts and clays appear to be
discontinuous and do not occur in some locations; such as at boring 5-SB-13 and perhaps in the
area of borings 5-SB-03 and 5-SB-04. There was almost no rubble encountered in AOC 5. A
geologic cross section (C-C’) in AOC 5 is presented in Figure 5-2. The location of this cross

section in AOC 5 is shown on Figure 5-3.
513  Site-Specific Hydrology

AOC 3 lies approximately 1,000 ft from the bank of the Delaware River. The CDD averages 30
ft in width at the top of its bank. It has an approximate elevation of sea level (zero ft NAVD 88)
at the base of the ditch. The water flow direction of the CDD is eastward toward the B basin.
The water depth in the ditch averaged one to two ft during August 2003. The CDD appears to

exhibit perennial water flow. Groundwater seeps have been noted on the banks of the CDD.

A historical air-photo review of the CDD was conducted in order to determine the placement of
the ditch from the 1940s to present. During the 1940s, in the area of AOC 3, the CDD consisted
of two streams that converged just west of Kinetic Road. The eastern, downstream reach of the
CDD was significantly different from its current run. Two railroad spurs traverse the CDD east
of Kinetic Road. In the 1940s, the CDD opened into a ponded area near these spurs. East of the
railroad spurs the CDD discharged into Lagoon A. The above information led to sampling both

historic and present CDD locations, as discussed below in Section 5.2.

AOC 5 lies at an elevation of approximately five ft NAVD. The AOC 5 drains are used to
collect storm water and direct it to the B Basin. The drains usually contain water and surges in

flow are observable that indicate the use of pumps to feed water into the drain.

In AOC 3 and AOC 5, groundwater currently has a northeastward flow direction in the B aquifer,

as shown in Figure 5-4. Contour maps of organic and metal contaminants in the B aquifer
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indicate that the groundwater flow direction was probably to the north-northwest before the
commencement of pumping from the IWS, installed in the 1970s (DERS, 1993, p.19). The most
prominent B aquifer feature is a cone of depression and a large groundwater trough. The axis of
the trough trends north-northwest to south-southeast across the plant. This trough is also most
likely the result of a groundwater expression of paleochannel fill deposits that trend through the
B aquifer (Geotrans, 1993). A drowned channel of the Delaware River is evident in aerial

photographs and parallels the direction of the paleochannel, as shown in Figure 5-5.

The CDD appears to drain the A aquifer and locally controls groundwater flow within this
aquifer. The CDD also appears to recharge the B aquifer in AOC 3. This same interaction
between the aquifers and the drainage ditches has been observed in the southwest portion of

Chambers Works (GeoTrans, 1993).

5.2  Study Area Investigation
This section presents detailed information for the soil and groundwater investigations conducted
for OU 2. General information regarding investigative techniques, sampling methodologies and

analytical requirements can be found in Section 2.0.

521 AOC 3, Central Drainage Ditch

5.2.1.1  Soil and Vadose Zone Investigations, AOC 3

A total of 39 soil borings were completed in AOC 3,as shown on Figure 5-6. T he initial
characterization included 27 bor ings placed along the centerline of the current CDD, the
centerline of the wooden trough that runs along the northern border of AOC 1, and along the
historical run of the CDD. An additional 10 geoprobe borings were installed in July 2007 to
gather data in support of the BRA as well as to establish the relationship of Ra-226 and Th-230
concentrations with respect to MED uranium concentrations. T wo soil borings related to

monitoring well installation were also placed in AOC 3.

The CDD was originally a naturally occurring drainage feature that has been periodically moved,
channeled, or enclosed in culverts. A historical photograph review showed that the downstream
end of the CDD was wider in the late 1940s, so an additional six locations were selected to

sample from the historical centerline of the CDD (see Figure 5-6).
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The wooden trough was present in the 1940s and has been identified in historical records as
being used for waste discharges from Former Building 845. T he wooden trough is a ditch
excavated into the ground, having wooden sidewalls and a natural sediment bottom. It is
approximately two ft wide and two ft deep. The upstream end of the wooden trough connects to
the Historic Process Water Ditch System and the downstream end connects to the CDD. It has
perennial water flow. Wooden stretchers or props are situated at distances of approximately
every 20 ft to keep the sidewalls from caving in. The current appearance of the wooden trough

suggests that it is of original construction.

One sediment soil sample (3-SS-28) was collected from an area of elevated gamma-count
readings that was encountered during the GWS. Sediment sampling results are discussed later in

Section 5.3.1.4.

A total of 20 soil samples were analyzed for TAL metals, VOCs, SVOCs, PAHs, PCBs, and
pesticides. While these constituents are not COPCs for the DuPont Site based on the FUSRAP
Eligible Contaminant List, they were analyzed for to provide information for the human health

risk assessment

Soil Geotechnical Parameters

Soil samples were collected for the standard geotechnical parameters shown in Table 5-1. AOC

3 soils contained a large amount of silt and clay.

5.2.1.2  Groundwater Investigations, AOC 3

Groundwater samples were collected from 30 soil boring locations using temporary piezometers,
as discussed in Section 2.5.1. Some of the locations were not sampled for groundwater because
their proximity to other boring locations was judged to make the data redundant. These locations
are discussed further in Section 5.3.1.3. Filtered and unfiltered aliquots were also collected from

each location. Groundwater analysis parameters were collected and analyzed as described in

Section 2.6.2.

Depth-to-water measurements were recorded and referenced to ground surface before
groundwater sampling took place. A fter completion of groundwater sampling, the piezometers

were abandoned by removing the casings and screens and filling the boring with bentonite slurry.
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Temporary well point sampling records are provided in Appendix G. Two monitoring wells (3-
MW-13 and 3-MW-14) were installed in AOC 3 but these wells and collected data are presented
with OU 1 monitoring wells. A nalytical results for samples collected from these wells are

presented Section 4.3.5.2 of this report.

5.2.1.3  Surface Water and Sediment Investigations, AOC 3

A total of 13 surface water and 31 sediment samples were collected for radiological analysis.
The surface water samples were analyzed for TAL metals, VOCs and SVOCs. A subset of the
sediment samples (10) was analyzed for these constituents as well as for PCBs and PAH
compounds. While these constituents are not COPCs for the DuPont Site, based on the FUSRAP
Eligible Contaminant List, it was necessary to analyze for them to provide information for the

BRA.

For sampling locations in the ditch, sediment samples were defined as the shallowest soil sample
(zero to two foot sample interval) collected from each of the borings. Sample locations for both

surface water and sediment, along with analytical results, are presented in Section 5.3.1.4.

522  AOC 5, Building J-26 Area (Former Building J-16)

5.2.2.1  Soil and Vadose Zone Investigations, AOC 5

A total of 11 soil borings were completed in AOC 5,as shown on Figure 5-7. T he initial
characterization had planned for a minimum of 15 boring locations in locations in or near former
open drains or sewers. Three of the locations were approved; 12 locations were not approved
due to the high density of subsurface utilities that are present in the areas of the former drains
and sewers. A ccording to DuPont personnel the drains were replaced by approximately four
separate piped utility systems that were laid in the former drains. An open drain remains in use
that runs along the northern side of Building J-26. Off-set positions were proposed, which were
10 ft from the locations of the former drains on average. Eight offset locations were approved by
USACE and provided useful groundwater sampling locations that completely surrounded the
Building J-26 Area. Figure 5-7 shows the completed sampling locations in AOC 5. T he
remaining off-set locations were not approved, since the offset would be too great to yield soil

samples that would be representative of the former drains.
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Soil Geotechnical Parameters

Soil samples were collected for the standard geotechnical parameters shown in Table 5-2. AOC
5 soils are fine-grained but contained less clay than soils encountered in AOC 3. All samples

were collected from below the water table and were water-saturated.

The cross section for AOC 5 is presented in Figure 5-2 and shows the soil textures encountered
beneath the former J-16 building area. The location of the cross section through the area is

shown in Figure 5-3.

5.2.2.2  Groundwater Investigations, AOC 5

Filtered and unfiltered groundwater samples were collected from 10 boring locations using
temporary piezometers, as discussed in Section 2.5.1. Analytical parameters are described in
Section 2.6.2. In one location (5-SB-13), water recovery was not good enough to permit

collection of both filtered and unfiltered samples.

Before sampling at each location, depth-to-water measurements were recorded. A fter
completion of groundwater sampling, the piezometers were abandoned by removing the casings
and screens and filling the boring with bentonite slurry. Temporary well point sampling records

are provided in Appendix G-1.

Groundwater samples were also collected from the four existing DuPont groundwater monitoring
wells at AOC 5 and analyzed for radiological constituents, as well as for TAL metals, VOCs and
SVOCs to provide information for the interpretation of geochemical conditions, and in support of
the BRA. These non-radiological constituents are not COPCs for the DuPont Site, based on the

FUSRAP-Eligible Contaminant List. The locations of these wells are shown on Figure 5-7.

5.2.2.3  Surface Water and Sediment Investigations, AOC 5
There are no surface waters or sediments in AOC 5. There are storm drains and sewage lines,
which are all lined with concrete or plastic. It is not known if these structures are cracked and

leaking into the groundwater or vice versa (exfiltration or infiltration).

523  Ecological Investigation
A qualitative site visit was conducted at OU 2 in October 2003 and July 2007 to investigate the

need for a radiological ecological risk assessment at the two AOCs. The results from the site
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visit indicated that a screening level ecological risk assessment was warranted at AOC 3 but no
ecological receptors and habitats were observed at AOC 5. With the exception of gulls flying
high overhead, there were no animals (or plants) observed near the Building J-26 Area (AOC 5).
This area is completely covered by pavement or buildings and therefore, no suitable habitat
exists to attract ecological receptors. The site visits reports are included in Appendix O. The
habitats, ecology, receptors, and exposure pathways observed at the CDD (AOC 3) during the
site visits are described in Appendix O and are further evaluated in the Ecological Screening

Risk Assessment.

5.3  Nature and Extent of Contamination

531 AOC 3, Central Drainage Ditch

5.3.1.1  Source Zones

The USEPA uses the term ‘source’ or ‘source zone’ to identify the area where a hazardous
substance was first stored or released, or where “heavily-contaminated” media exist (USEPA,
1988). AOC 3 is therefore not considered to be a primary source zone for the purposes of this
report. The CDD is considered a potential pathway for contaminant migration since it represents

a drainage feature adjacent to former uranium-processing facilities.

The source zones for uranium found in AOC 3 are within OU 1. Soil contamination associated
with Former Building 845 (in AOC 1) and Former Building 708 (in AOC 2) is discussed in
Section 4.0.

5.3.1.2  Soils and Vadose Zone, AOC 3

A total of 39 soil borings were sampled in AOC 3. One sediment location was sampled based on
GWS results. One hundred and eighty three primary samples plus duplicates and third-party
splits were collected. Of this total, 138 samples were analyzed by onsite gamma spectroscopy
for total uranium, while 55 s amples were analyzed by offsite gamma spectroscopy. An
additional 20 soil samples were analysed by offsite alpha spectroscopy. Seventy-one samples
were analyzed for Ra-226 (gamma spectroscopy), 74 for Th-234 (gamma spectroscopy), 37 for
Th-230 (alpha spectroscopy) and 20 for isotopic uranium (U-234, U-235 and U-238) via alpha

spectroscopy. An additional 75 samples were analyzed for U-235 by gamma spectroscopy
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Chemical constituents (TAL metals, VOCs, SVOCs, PAHs, and PCBs) were also analyzed for in
a subset of 20 soil samples from AOC 3 in support of the BRA.

5.3.1.2.1 Radiological Constituents

Uranium

As discussed in Section 1.0, MED-related radiological contamination is limited to the isotopes of
natural uranium isotopes (i.e., U-234, U-235, and U-238) and their short-lived decay progeny.
Natural uranium consists of these three isotopes at the following activity fractions: 48.3% U-
234, 3.4% U-235, and 48.3% U-238, while total uranium is the sum of all three isotopes. If the
uranium is in a secular equilibrium condition, as displayed by the equal U-234 and U-238
activities above, total uranium may be estimated by measuring U-238 and multiplying the result
by 2.1. U sing gamma spectroscopy, U-238 is reported via its decay daughter Th-234 (and
converted to total uranium using the multiplier above for direct comparison with the ISV of 14
pCi/g). The calculated total uranium value was used to define the extent of soil potentially
contaminated above the ISV, as discussed below. Analytical results for total uranium from both
the onsite and offsite laboratories are presented in Table 5-3. T he maximum concentration
reported for any sample (onsite or offsite analysis; alpha or gamma spectroscopy) is presented in
the text and depicted on associated figures. A brief summary of the isotopic U and Th-234
results is also provided in this section, while the analytical results are presented along with
analytical data results for the other eligible radiological contaminants Ra-226 and Th-230. This
data evaluation process was used throughout Sections 4, 5, and 6 for presentation of radiological

soils data.

Sixty-one of the Th-234 samples were non-detect (82%). Detectable concentrations ranged from
1.9 pCi/g to 138 pCi/g. The 20 samples analyzed for U-234 ranged from 0.38 pCi/g to 169
pCi/g, while the U-238 samples contained similar concentrations (0.308 pCi/g to 178 pCi/g). The
U-235 alpha spectroscopy samples were between 0.22 pCi/g and 9.5 pCi/g. Eighty-nine percent
(67 of 75 samples) were reported as non-detects for the U-235 gamma spectroscopy samples,
while detected concentrations ranged from 0.44 pC i/g to 8.1 pC i/g. T he maximum
concentrations of these isotopes were detected in one of the same sample locations (3-SB-39-BS-

P-04) for which an uranium concentration above the ISV was detected as discussed below.
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Horizontal Extent of Potential Uranium Contamination

The GWS indicated areas of elevated surface gamma activity near 3-SB-04, 3-SB-11, and 3-SB-
22, as shown in Figure 5-8. One sediment sample was obtained in the area of 3-SB-22 and is
further discussed in Section 5.3.1.4.1. Locations that exhibited elevated surface gamma activity
levels and were in areas known to contain MED uranium were not sampled (e.g. 3-SB-04). With
the exception of these discrete areas, the GWS indicated that the surface gamma activity was less

than a Z-Score of three, and no biased samples were obtained.

Vertical Extent of Potential Uranium Contamination

Analytical results for total uranium from the soil samples collected from AOC 3 are listed in
Table 5-3. Ten of the 183 samples (5%) had uranium activities above the ISV of 14 pCi/g, with
concentrations ranging from 14.7 pCi/g to 365 pCi/g. Figure 5-9 is a map showing the highest
total uranium activity encountered at each boring location. As previously noted the maximum
reported result from either the onsite or offsite laboratory is shown at each sample location with
the corresponding depth information. For the basis of defining potentially contaminated soils,
the data are presented against the ISV since it was the screening threshold used during the course
of field work. Figures 5-10 and 5-11 present a cross sectional view of the vertical depth of
uranium contamination above the ISV in the wooden trough area and the main channel of the

CDD, respectively.

The majority (seven of 10 locations) of the elevated uranium was detected in the eastern portion
of the CDD in current or former ditch locations. This portion of the CDD also exhibited deeper
potential soil contamination (up to eight ft bgs) than the locations in the western and
southwestern portions of the CDD. The maximum concentration of 365 pCi/g was reported in
sample 3-SB-39-BS-P-04 at a depth of four to five ft bgs. This boring was located to the east of
the current drainage ditch and south of the historic drainage ditch in the vicinity of the lagoon (as
outlined in Figure 5-1). The location is believed to have been inadvertently placed in a closed
DuPont disposal cell area, SWMU 16, the Former C Basin as shown on Figure 5-12. The berm of
the disposal cell was built up over the years with dredge spoils from the lagoon. The berm can
best be observed on F igure 5-6 in relation to both boring 3-SB-39 and the current lagoon

location. W hile no additional AOC 3 soil samples exist to the east of this location for use in
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bounding potential soil contamination, it should be noted that the field effort was constricted in
this area due to the presence of the disposal cell and that there are additional soil sampling
locations through the center of AOC 4 (OU 3) which demonstrate that no uranium is present in
the historical lagoon area (as discussed in Section 6.3.1). It is should be noted that the sampling
results from 3-SB-39 are reported in this RI but were excluded from the nature and extent

determinations and evaluation in the BRA.

Other boring samples with total uranium concentrations above the ISV in the eastern portion of
AOC 3 include 3-SB-19-B-0-03 (four to six ft depth) and 3-SB-36-BS-P-05 (39.3 pCi/g and 22
pCi/g, respectively) in the six ft depth, and samples 3-SB-20-B-0-04 (six to eight ft depth); 3-SB-
26-B-0-04; and 3-SB-37-BS-P-06 at the seven ft depth (33.7 pCi/g, 41 pCi/g and 33.4 pCi/g,
respectively). The presence of deep soil contamination in this area is most likely a result of
historical lagoon deposits in the mid-1940’s, followed by subsequent filling operations during
periods of construction. The western edge of the lagoon (circa 1945) extended across the surface
area where these RI soil borings were located. All potentially contaminated soils were located at

discrete depths within each boring.

The remaining three locations with uranium soils exceeding the ISV were in the western to
southwestern portion of the CDD, as shown on Figure 5-9. Exceedances ranged from 15.3 pCi/g
at the zero to two ft depth (sample 3-SB-09-B-0-01) to 35.3 pCi/g (sample 3-SB-05-B-0-02 (two
to four ft bgs). Figures 5-10 and 5-11

Other Radiological Constituents

The maximum soil concentrations for the remaining radiological constituents were co-located in
one of the borings in the eastern portion of the CDD which contained elevated total uranium
values. Sample 3-SB-37-BS-P-06 contained the maximum concentrations of Ra-226 (3.83 pCi/g
and Th-230 (11.2 pCi/g). Total uranium in this sample was 33.4 pCi/g. The remaining soil
sample concentrations for Ra-226 were between 0.35 pCi/g and 1.92 pCi/g, while the Th-230
concentrations ranged from 0.304 pCi/g to 10.9 pCi/g. Table 5-4 presents the analytical results
for the radiological isotopic samples, while Figure 5-13 shows the distribution of results across

AOC 3.
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5.3.1.2.2 Chemical Constituents

The data summary discussions presented in this subsection focus on those constituents for which
concentrations have exceeded the USEPA Region 6 PRG for residential soil, where applicable.
As mentioned in Section 4.0, these PRGs were chosen for use because they represent the most
recently updated human health screening values and in most cases are more conservative than the
values published in the State of NJ standards. Full data presentations are located in Appendix F.
Table 5-5 presents a summary of the metals constituents that exceed the PRG values, while
Tables 5-6 and 5-7 present summaries of VOC/SVOC and PAH/PCB compounds, respectively.
In addition, analytical results for chemical constituents are compared to background constituent
concentrations in the background screening step of the BRA (CABRERA 2011b). The reader is
referred to Appendix B of the BRA, Tables B-1-2 through B-1-6 (Surface Soil) and Tables B-2-2
through B-2-7 (All Depth Soil).

Metals

Sixteen metals were detected in over 95% of the 20 soil samples. Two metals were detected in
55%-65% of the (selenium and sodium, respectively), while the remaining five metals
(antimony, beryllium, cadmium, mercury and silver) were detected in less than nine samples
(less than 45%). A total of five of these metals have concentrations that exceeded the respective

PRG, as discussed below.

Arsenic was reported above the PRG of 0.39 m g/kg in 18 soil samples, with concentrations
ranging from 1.3 mg/kg (3-SB-38-SS-P-00) to 25 mg/kg (3-SB-30-SS-P-00). Chromium and
lead were detected above the PRGs with the next highest frequencies (five and seven samples,
respectively). The maximum concentrations of both metals were reported in 3-SB-36-BS-P-05
(chromium: 140 mg/kg and lead: 54,000 mg/kg). The PRG for chromium is 30.1 mg/kg, while
the PRG for lead is 400 mg/kg. Antimony and mercury also exceeded their respective PRG
values (31 mg/kg and 6.1 mg/kg) in two soil samples, with the maximum concentrations detected
in 3-SB-37-BS-P-06 (170 mg/kg antimony and 14 mg/kg mercury). Metal exceedances in soils

were co-located with elevated uranium in only five of the 18 samples.
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VOCs and SVOCS

VOCs were detected in 11 of the 20 soil samples, with one PRG exceedance. Benzene was
reported at a concentration of 3,600 p g/kg (PRG of 656 pg/kg) in sample 3-SB-36-BS-P-05.
The single SVOC PRG exceedance was also reported for the same soil sample (390 ng/kg
hexachlorobenzene; PRG of 340 pg/kg). This location contained elevated uranium at the same
sample depth (four to six ft bgs). It should be noted that several SVOC compounds, such as
chrysene or benzo(a)anthracene, are also reported as PAHs (PAHs are a subset of SVOCs and
analyzed by different methodologies). T hus, these compound are presented in the PAH

discussion below.

PAHs, PCBs and Pesticides

PAH compounds were detected in all 20 soil samples, with depths ranging from one to eight ft.
PAHs were detected above the PRGs with greatest frequency (five exceedances) and with the
highest reported concentrations in four soil boring locations: 3-SB-31, 3-SB-32, 3-SB-35 and 3-
SB-36. The maximum PRG exceedances reported for these four locations were:

3-SB-31-SS-P-00: 600 pg/kg benzo(b)fluoranthene (PRG of 148 pg/kg),
3-SB-32-SS-P-00: 2,800 pg/kg benzo(b)fluoranthene

3-SB-35-SS-P-00: 1,400pg/kg benzo(b)fluoranthene

3-SB-36-BS-P-05 : 1,000 pg/kg benzo(b)fluoranthene

One PCB compund (Aroclor-1260) was detected in 11 of the 20 soil samples, with four PRG
exceedances. These concentrations ranged from 270 pg/kg in 3-SB-36-BS-P-05 to 11,000 pg/kg
in 3-SB-32-SS-P-00. The PRG value for Aroclor-1260 is 222 pg/kg.

The maximum PAH and PCB constituents were detected in conjunction with elevated levels of

uranium in approximately 50% of the samples.

53.1.3 Piezometer Sampling Results, AOC 3

Of the initial 27 s oil borings installed in August 2003, pi ezometers were installed and
groundwater sampled from 21 of these locations. The remaining six locations (3-SB-16, 3-SB-
18, 3-SB-21, 3-SB-22, 3-SB-23 and 3-SB-26) were judged to be in such close proximity to other
soil borings that they would be redundant for groundwater quality measurements. Eight
piezometers were installed in July 2007 to gather additional analytical data in support of the

BRA. A total of 30 samples were analyzed for isotopic and total uranium, gross alpha / gross
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beta, Ra-226/Ra-228 and isotopic thorium. Thirty samples were analyzed for TAL metals and
eight for VOCs.

Groundwater was generally encountered at approximately two ft bgs in the borings not installed
in the ditch. For borings within the ditch, the groundwater level was the same as the water level
in the ditch. The groundwater level in the piezometers recovered very slowly, therefore the

measured water levels should not be considered as true static measurements.

AOC 3 Groundwater Geochemistry

Groundwater stabilization parameters were measured for unfiltered samples during the purging
of each sampling point. These included pH, specific conductance, temperature, ORP, turbidity
and DO. In addition, groundwater was analyzed at the time of purging for concentrations of
ferrous iron, nitrite, sulfide and sulfate. Water quality data representing stabilized conditions are
presented in Table 5-8, while the results for the additional sampling parameters are provided in
Table 5-9. No stabilization or geochemical parameters were obtained for the additional eight
piezometer locations and samples collected for risk assessment purposes. These locations are 3-

SB-30, 3-SB-32, 3-SB-34, 3-SB-35, 3-SB-36, 3-SB-37, 3-SB-38, and 3-SB-39.

Generally, the unfiltered samples exhibited high turbidity, with the exception of three samples
which stabilized to less than 10 N TUs Turbidity ranged from one to 592N TUs. DO
concentration ranged from 0.41 mg/L to 9.9 mg/L and averaged 4.5 mg/L, while ORP values
ranged from 3.3 mV to 234 mV and averaged 169 mV. Both DO and ORP values indicate
oxidizing conditions in the B aquifer, contrary to the reducing conditions found in OUI
groundwater. Specific conductance averaged 2,321 pS/cm, with values ranging from 470 pS/cm
to 8,260 uS/cm. Groundwater pH for AOC 3 ranged from slightly acid to circum-neutral (4.9 to
7.9) and averaged 6.6.

Geochemical parameters measured from the unfiltered samples were similar in concentration to
those reported in the filtered samples. Average ferrous iron values were 1.47 mg/L for both
types of samples. Filtered sample results ranged from 0.01 mg/L to 2.9 mg/L; while unfiltered
sample values ranged from 0.1 mg/L to 2.85 mg/L. Nitrite was detected infrequently and at low

levels, with an average concentration of 0.01 mg/L for both filtered and unfiltered samples.
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Sulfide values were also low (less than one mg/L), averaging 0.09 mg/L in filtered samples and
0.14 mg/L in unfiltered samples. T hese low levels support the presence of an oxidizing
environment. The sulfate concentrations ranges indicate slightly reducing to slightly oxidizing
conditions, with values ranging from zero mg/L to 53 mg/L in unfiltered samples and zero mg/L
to 64 m g/L in filtered samples. T he average concentrations of sulfate from both types of

samples, unfiltered and filtered, were 17 mg/L and 18 mg/L, respectively.

Major lons in Groundwater

Groundwater samples were analyzed for major cations and anions to determine their effects on
uranium geochemistry. Concentrations of the inorganic ions chloride, nitrate, phosphate (as
orthophosphate), and alkalinity were also measured. Sample results for major cations and anions
in AOC 3 are presented in Table 5-10. Groundwater samples from locations 3-SB02, 3-SB-03

and 3-SB-10 were not analyzed for cations and anions.

In general, ionic concentrations from the unfiltered samples were slightly higher than those from
the filtered ones. Chloride concentrations averaged 366 mg/L for filtered samples and 387 mg/L
for unfiltered samples. The maximum chloride concentration (1,500 mg/L) was reported in
unfiltered sample 3-SB-24-G-0-01. For comparative purposes, the NJDEP WQC for chloride is
250 mg/L. Nitrate and phosphate values were low and detected infrequently (four detects in
unfiltered samples; no detects in filtered samples). Average concentrations for both constituents
were less than one mg/L. The maximum nitrate value (2.3 mg/L) was detected in unfiltered
sample 3-SB-20-G-0-01. The maximum reported phosphate concentration (2.5 mg/L) was also
in unfiltered sample 3-SB-24-G-0-01. T he alkalinity values reported in the B aquifer are
indicative of “hard” water quality. With the exception of one sample (3-SB-15-G-0-02; 23 mg/L
unfiltered), alkalinity values ranged from 130 mg/L to 440 mg/L in unfiltered samples (average
of 209 mg/L); and 71 mg/L to 380 mg/L in filtered samples (average of 210 mg/L).

5.3.1.3.1 Radiological Constituents

Uranium

Isotopic and total uranium activities in both filtered and unfiltered groundwater samples are
shown in Table 5-11. Total uranium results exceeding the MCL of 30 u g/L have been

highlighted. These exceedances have been utilized to determine the nature and extent of
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groundwater contamination and are the focus of the discussions presented below. As discussed
in previous sections, the uranium results reported by the laboratory as pCi/L have been converted

to mass units of pg/L by dividing the result by a factor of 0.667 to allow comparison to the MCL.

As noted in Section 4.0, the USEPA MCLs are drinking water standards and thus are intended to
be applied to representative filtered samples. Samples from temporary piezometers may contain
suspended particulates and are not always considered to be “representative”. While filtering the
piezometer sample may assist in yielding af airly representative groundwater geochemical

sample, these samples are compared to Federal standards for screening purposes only.

Uranium concentrations were consistently higher in the unfiltered samples than in the filtered
sample. The maximum total uranium at location 3-SB-14 was reported as 601 pg/L (compared
to the MCL of 30 pg/L). The next highest uranium values were reported in unfiltered samples
from 3-SB-01 (83.7 pg/L). Location 3-SB-39 also contained elevated levels of uranium
compared to the remaining sample locations, with a total uranium concentration of 37.0 ug/L. In
contrast, the majority of the filtered samples were less than one pCi/L, and the maximum total
uranium concentration for filtered samples was 7.75 pug/L in 3-SB-14. Results for total uranium

in filtered groundwater and unfiltered groundwater are presented in Figure 5-14.

While the turbidity of sample 3-SB014 was recorded as seven NTUs, it is believed that the
anomalously high uranium concentration in the unfiltered sample from 3-SB-14 is the result of
sediment being entrained into the water sample. The sampling method utilized four L of water
preserved with nitric acid, which should dissolve metals in any entrained sediment. The uranium
concentration in soil at 3-SB-14 was four pCi/g at six ft bgs, which equates to six mg of uranium
per kg of soil. The water sample contained 401 pCi/L uranium, which equates to 600 pg/L (0.6
mg/L). This volume can be translated to 0.15 mg/L uranium contained in the four L sample.
The amount of entrained soil that would contain 0.15 mg uranium is 0.025 kg or 25 grams of
soil, which could easily be entrained in a four L sample of water. The maximum conductivity

value and chloride concentration were also reported in this location.
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Other Radiochemical Analyses

In addition to uranium, groundwater samples were analyzed for gross alpha, gross beta, Ra-226,

Ra-228 and thorium isotopes. Results are listed in Table 5-12 and presented in Figure 5-15.

For those radionuclides with corresponding MCL values, the results exceeding the respective
MCL have been shaded. A nalytical results for filtered gross alpha indicate that one filtered
sample (3-SB-13; 18.8 pCi/L) exceeded the MCL of 15 pCi/L, versus 11 unfiltered samples.
Unfiltered concentrations ranged from 1.1 pCi/L to 860 pCi/L (3-SB-14). Gross beta activity
was also reported at higher concentrations in the unfiltered samples, with a maximum value of
1,120 pCi/L ((3-SB-14). The presence of both gross alpha and gross beta can be attributed to the
presence of uranium in the groundwater samples. The maximum filtered sample concentration
was reported as 22.8 pCi/L in 3-SB-8. The combined Ra-226/Ra-228 MCL of five pCi/L was
exceeded in three of the unfiltered samples, with an average concentration of 1.86 pCi/L Ra-226
and 1.55 pCi/L Ra-228. No exceedances were observed in the filtered sample results (average of
0.38 pCi/L Ra-226 and 0.95 pCi/L Ra-228). Thorium isotopes were analyzed for a subset of the
unfiltered samples (eight of 30). No Th-228 or Th-230 was reported, and the Th-232 values
were between 0.032 pCi/L and 0.044 pCi/L.

5.3.1.3.2 Chemical Constituents

The data summary discussions presented in this subsection focus on those constituents for which
concentrations have exceeded the USEPA Region 6 PRG for tap water. Full data presentations
are presented in Appendix H-2. Table 5-13 presents a summary of metals concentrations in
groundwater samples from the temporary piezometers that exceed the PRG values for tap water.

Table 5-14 presents a summary of VOCs and SVOCs.

Metals
Of the 23 TAL metals, nine were reported above the PRG in filtered and unfiltered samples, and
one metal (mercury) had a single PRG exceedance in an unfiltered sample. The majority of the

PRG exceedances were detected in unfiltered samples.

Antimony was reported above the PRG of 0.015 mg/L in a total of 12 samples. The maximum
concentration (0.11 mg/L) was detected in unfiltered sample 3-SB-19-G-0-02, whereas the
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maximum concentration in a filtered sample was 0.053 m g/L in sample 3-SB-17-G-0-01.
Arsenic exceeded the PRG of 0.00004 mg/L in a total of 37 samples, 13 of which were filtered.
The maximum arsenic concentrations in unfiltered samples were 0.31 mg/L in sample 3-SB-01-
G-0-02 and 0.42 mg/L in 3-SB-01-G-1-04. Chromium was reported above the PRG of 0.11
mg/L in six samples, all unfiltered. The maximum concentration of 0.46 mg/L was detected in

sample 3-SB-12-G-0-2.

VOCs and SVOCs

Both VOCs and SVOCs were detected in all eight samples analyzed. Five locations had a higher
occurrence of several contaminant compounds exceeding their respective PRGs (3-SB-32; 3-SB-
34; 3-SB-36 and 3-SB-37 and 3-SB-38). Of these, the highest concentrations were detected in
sample 3-SB-34-GU-P-12, with a maximum value of 10,000 ug/L chlorobenzene (PRG of 91.3

ng/L).

5.3.1.4  Surface Water and Sediment Results, AOC 3

5.3.1.4.1 Radiological Constituents

Uranium

Comprehensive sample results for both isotopic and total uranium for the surface water samples
obtained in AOC 3 are presented in Table 5-15. Of the 13 surface water samples, no total
uranium was detected above the USEPA MCL of 30 pg/L. T he maximum reported total
uranium value was 3.37 pg/L in 3-SW-13-SW-P-00.

Sediment results for total uranium are provided in Table 5-16, with values in excess of the ISV
(14 pCi/g) highlighted. A brief summary of the isotopic uranium and thorium results for
sediment is provided below; analytical results are in tables along with other eligible radiological
contaminants. Laboratory data for both primary and QA analysis (surface water and sediment)

are presented in Appendix P.

In sediment samples, 14 of the 17 Th-234 gamma spectroscopy samples were non-detect (82%).
The three samples with detectable concentrations of Th-234 ranged from 3.5 pCi/g to 14.8 pCi/g.
The 10 samples analyzed for U-234 and U-238 (alpha spectroscopy) ranged from 0.24 pCi/g to
5.28 pCi/g and 0.44 pCi/g to 4.92 pCi/g, respectively. Four of the 10 U-235 alpha spectroscopy

samples were non-detect, while concentrations of detected U-235 ranged from 0.03 pCi/g to 0.22
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pCi/g. Eighty-eight percent of the samples (15 of 17) were reported as non-detects for the U-235
gamma spectroscopy samples, while the two detectable concentrations reported as 0.84 pCi/g

and 1.02 pCi/g.

Of the 31 sediment samples analyzed for total uranium, 36% (or 11 samples) were reported as
non-detects. Six samples from three locations exceeded the ISV of 14 pCi/g, with all but one (3-
SS-28) of these exceedances being reported from two locations within the ‘wooden trough’ area
of the CDD. The elevated uranium concentrations in the ‘wooden trough’ area (3-SB-02 and 3-
SB-04) ranged from 18.8 pCi/g (sample 3-SB-02B-0-01) to 98.2 pCi/g (sample 3-SB-04-B-0-06
(zero to two ft in depth)).

The sediment sample collected from location 3-SS-28 was a biased sample collected due to
elevated activity identified during the walkover and analyzed for gamma-spectral activity in the
on-site lab. The sample came from a unit that was visually distinct from the soil surrounding it.
This unit was a one half inch thick lens of black, silt-sized material with no measurable organic
vapor (as measured by PID) or visible organic sheen. Total uranium activity in this sample was
79.6 pCi/g (sample 3-SS-28-R-0-01 (zero to 0.5 ft in depth). This sample was submitted for
SEM and XRD for mineral analysis. The assemblage of minerals detected in 3-SS-28 was
consistent with fluorspar feedstock used to manufacture hydrofluoric acid. A DuPont
hydrofluoric acid production area was once located north of the area in which this sample was
collected. Additionally, the location of sample 3-SS-28 is near DuPont’s SWMU 34, where gyp-
cake wastes from hydrofluoric acid production were disposed. It is therefore believed that 3-SS-
28 represents possible DuPont radioactive material, based on mineralogy and location, and is
unrelated to MED. A further discussion on the SEM/XRD analysis is presented in Section 7.0,
Fate and Transport and the reports describing the SEM/XRD analytical results are presented in
the Appendix R.

In the sediments from the other sampling locations in the CDD, total uranium activities ranged
from 0.45 pCi/g to 10.1 pCi/g. Figures 5-16 and 5-17 present sediment and surface water sample

results, respectively, for total uranium in AOC 3.
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Other Radiological Constituents

In addition to radiochemical analysis for uranium described above, all 13 surface water samples
were analyzed for the radiochemical parameters gross alpha / gross beta, Ra-226/Ra-228. Ten
surface water samples were analyzed for thorium isotopes Th-228 and Th-230. R adionuclide
results for surface water are presented in Table 5-17. Analytical results for gross alpha suggests
below MCL (15 pCi/L) concentrations in all samples analyzed. The maximum gross alpha
concentration reported was 5.1 pCi/L in sample 3-SW-13-SW-P-00. The maximum gross beta
concentration (26.7 pCi/L) was also detected in sample 3-SW-13-SW-P-00. The presence of both
gross alpha and gross beta is most likely attributable to the presence of uranium and radium in
the surface water samples. Radium-226 was detected in three samples with values between 0.25
pCi/L and 0.35 pCi/L while Ra-228 was not detected in any surface water sample in AOC 3. No
Th-228 was detected; while one Th-230 value was reported for sample 3-SW-04-S-P-00 (0.1
pCi/L). Figure 5-17 presents the distribution of surface water sample results in AOC 3.

Seventeen sediment samples were analyzed for Ra-226 and Th-234, while 20 s amples were
analyzed for Th-230. Sediment results are presented in Table 5-18. Sediment results for Ra-226
ranged from 0.37 pCi/g to 0.92 pCi/g. Th-230 concentrations were reported between 0.15 pCi/g
and 1.37 pCi/g. Fourteen of the 17 samples for Th-234 were reported as non-detects. Of the
remaining samples, the highest concentrations were reported in samples 3-SB-04-B-0-01 (14.8
pCi/g) and 3-SB-02-B-0-01 (9.2 pCi/g). These are the same sediment locations containing the
maximum total uranium concentrations (with the exception of 3-SS-28). Figure 5-18 presents

the results of the sediment sampling for the ROPC constituents.

5.3.1.4.2 Chemical Constituents

The data summary discussions presented in this subsection focus on those surface water and
sediment constituents for which concentrations have exceeded the USEPA Region 6 PRG for tap
water or residential soil, respectively. Full data presentations are presented in Appendix P.
Table 5-19 presents a summary of the constituents that exceed the PRG values for surface water,
while Table 5-20 presents an exceedance summary for sediment. In addition, for a comparison of
these analytical results for chemical constituents to site background concentrations the reader is

referred to the background screening step of the BRA (CABRERA 2011b). Appendix B of the
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BRA, Tables B-4-2 through B-4-4 (Surface Water) and Tables B-5-2 through B-5-6 (Sediment)

presents these results.

Metals

Lead was the only metal in any of the surface water samples for AOC 3 which exceeded the
PRG. The concentrations of lead ranged from 19 pg/L (sample 3-SW-08-SW-P-00) to 250 pg/L
(3-SW-10-SW-P-00), compared to a PRG of 15 pg/L.

Of the three metals which exceeded PRGs in the sediment (arsenic, chromium and lead), arsenic
was detected with the greatest frequency (Table 5-20). This metal was reported above the PRG
of 0.39 mg/kg in eight sediment samples, with concentrations ranging from 1.5 mg/kg (3-SD-07-
SD-P-00) to 51 mg/kg (3-SD-06-SD-P-00). Chromium and lead were detected in the same four
sediment samples, with a maximum chromium value of 65 mg/kg in 3-SD-10-SD-P-00 and a
maximum lead concentration of 2,900 mg/kg in 3-SD-06-SD-P-00. The PRG for chromium is
30.1 mg/kg; the PRG for lead is 400mg/kg. None of the sediment samples where elevated metals

were detected contained uranium above the ISV.

VOCs and SVOCs

VOCs were detected in 10 surface water samples. The maximum reported VOC concentration
was 130 pg/L carbon tetrachloride in sample 3-SW-07-SW-P-00. The PRG for this compound is
0.171 pg/L. The SVOC 1,4-dichlorobenzene was detected in five surface water samples, with
reported values being estimated concentrations (i.e., ‘J° qualified). T he maximum reported
concentration was 6.8 pg/L in sample 3-SW-08-SW-P-00. T he PRG value for 1,4
dichlorobenzene is 0.467 pg/L.

VOCs were detected in three of the 10 sediment samples. B enzene was reported at a
concentration of 1,500 pg/kg in sample 3-SD-08-SD-P-00. The PRG for this compound is 656
pg/kg. The compound 1,4-dichlorobenzene was reported in sample 3-SD-06-SD-P-00 at a
concentration of 64,000 pg/kg and at 10,000 pg/kg in sample 6-SD-07-P-00, compared to the
PRG of 3,200 p g/kg. Carbon tetrachloride and chloroform were also reported above the
respective PRGs in sample 3-SD-06-SD-P-00. N one of the samples were co-located with

potentially contaminated uranium sediments. No SVOCs were detected above the PRGs.
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PAHs and PCBs

PAH compounds exceeded PRGs in all 10 sediment samples with a maximum concentration of
5,100 pg/kg benzo(b)fluoranthene in 3-SD-05-SD-P-00. The PRG value for this compound is
148 ng/kg. One PCB compund (Aroclor-1260) was detected in seven sediment samples. The
concentrations ranged from 380 pg/kg in 3-SD-08-SD-P-00 to 62,000 pg/kg in 3-SD-04-SD-P-
00. The PRG value for Aroclor-1260 is 222 pg/kg. None of the samples were co-located with

potentially contaminated uranium sediments.

532 AOC 5, Former Building J-16

5.3.21  Source Zones

The Former Building J-16, which housed the Jackson Laboratories, is a potential source zone in
AOC 5. The former drains that comprise AOC 5 once surrounded former Building J-16, which
performed batch tests of uranium refining processes. These former drains are considered a
potential pathway for contamination migration since it represents a drainage feature adjacent to
former uranium-processing facilities. Based on review of aerial photos, the footprint of Former
Building J-16 was approximately 4,000 s quare feet (ft?). Building J-16 was demolished and
replaced by the larger, presently-existing Building J-26. The debris from J-16 was removed as

well as was “several feet of earth” (Weston, 2001).

5.3.22  Soils and Vadose Zone, AOC 5

A total of 11 soil borings were completed in AOC 5. Sixty-one primary samples plus duplicates
and third-party splits were collected from these borings. All 61 soil samples were analyzed by
on-site gamma spectroscopy for total uranium, while 22 of the samples were also analyzed for
total uranium at an off-site laboratory by gamma spectroscopy. These 22 samples were also
analyzed for U-235, Ra-226 and Th-234 (gamma spectroscopy). Eleven samples were analyzed
for Th-230 (alpha spectroscopy).

5.3.2.2.1 Radiological Constituents

Uranium

As previously discussed, characterization results for total uranium were compared to the ISV of
14 pCi/g in order to define the extent of potential soil contamination. A brief summary of the
isotopic uranium results is provided here; analytical data results are presented in tabular format

along with the other eligible radiological contaminants Ra-226 and Th-230. Twenty-one of the
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22 Th-234 samples were non-detect (95%); the reported concentration was 1.13 pCi/g. All of
the U-235 gamma spectroscopy samples were reported as non-detect, with reporting limits

between 0.28 pCi/g to 0.61 pCi/g.

Horizontal Extent of Potential Uranium Contamination

A GWS was not conducted in AOC 5 because of the thickness of the asphalt paving and the
density of metallic signal interference both in the subsurface and overhead. Since site history
data indicate that the near-surface has been extensively excavated and backfilled, the value of a
GWS would have been minimal. The characterization of horizontal extent therefore depends on

the shallow soil-boring data.

Ten soil samples were acquired from the zero to two foot depth interval in AOC 5, and the

analytical results for all of these samples indicate uranium activities below the ISV.

Vertical Extent of Potential Uranium Contamination

Of the 61 soil samples collected from AOC 5 soil borings, analytical results for 82% of those
analyzed onsite for total uranium (53 samples) reported non-detect (ND) results, with reporting
limits ranging from 0.67 pCi/g to 1.13 pCi/g. Only one of the 22 samples analyzed off-site
contained detectable concentrations of uranium (5-SB-05-B-0-05, 2.3 pCi/g) None of the

samples contained total uranium concentrations that exceeded the ISV of 14 pCi/g.

Table 5-21 presents analytical results for total uranium in AOC 5 soils, while Figure 5-19 is a

map showing the highest total uranium activity encountered in each boring.

Other Radiological Constituents
The concentrations for Ra-226 ranged from 0.3 pCi/g to 1.44 pCi/g, while the Th-230

concentrations were between 0.217 pCi/g and 0.87 pCi/g. Table 5-22 presents the analytical
results for the radiological isotopic samples, while Figure 5-20 shows the distribution of results

across AOC 5 and Figure 5-21 shows the vertical extent of total uranium results across AOC 5.

5.3.23  Piezometer Results, AOC 5
Groundwater was encountered in AOC 5 borings at approximately four ft bgs, although as with

AOC 3, the measured levels may not have been truly static. G roundwater samples were
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collected from all borings, with the exception of boring 5-SB-13. Due to low water recovery at

this location, an unfiltered groundwater sample could not be collected.

AOC 5 Groundwater Geochemistry

Table 5-23 lists results for pH, conductivity, temperature, ORP, turbidity and DO from the
piezometers after purging. Table 5-24 lists results for major (reactive) ions results acquired from

onsite measurements.

The samples exhibited high turbidity, ranging from 81.6 NTUs to 978 NTUs. Dissolved oxygen
concentration ranged from 0.46 to 6.93 mg/L and averaged 2.74 mg/L. ORP ranged from -254 to
236 mV and averaged 50 m V. In general, field parameter results indicate that AOC 5

groundwater exhibits somewhat reducing conditions.

Specific conductance averaged 2,288 microSiemens per meter (LS/m), with values ranging from

10 uS/m to 5,590 uS/m. Groundwater pH at AOC 5 ranged from 6.8 to 7.9.

With the exception of sulfate, unfiltered samples exhibit higher levels for geochemical
parameters. Average ferrous iron values were 0.50 mg/L for unfiltered samples, and 0.24 mg/L
for filtered. Nitrite was detected infrequently and a low levels, with an average concentration of
0.01 mg/L and 0.043 mg/L for unfiltered and filtered samples, respectively. Sulfide values were
also low (less than one mg/L), averaging 0.03 m g/L in unfiltered samples and 0.01 m g/L in
filtered samples. The sulfate concentrations ranged from zero mg/L to 37 mg/L in unfiltered
samples and zero mg/L to 73 mg/L in filtered samples. The average concentrations of sulfate

from both types of samples were eight mg/L and 19 mg/L, respectively.

Groundwater samples were analyzed for major cations and anions to determine their effects on
uranium geochemistry. Concentrations of the inorganic ions chloride, nitrate, phosphate (as
orthophosphate), and alkalinity were measured. Sample results for major cations and anions in

AOC 5 are presented in Table 5-25.

In general, analytical results from the unfiltered samples were similar to those reported in the
filtered samples. Chloride concentrations averaged 390 mg/L for filtered samples and 384 mg/L

for unfiltered samples. The maximum chloride concentrations (1,200 mg/L filtered and 1,100
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mg/L unfiltered) were reported for location 5-SB-10. For comparative purposes, the NJDEP
WQC for chloride is 250 mg/L. Nitrate was not detected in either set of samples, while
phosphate was detected in one filtered and four unfiltered samples. T he maximum reported
phosphate concentration (4.5 mg/L) was reported for the unfiltered sample from 5-SB-10. The
alkalinity values reported in the B aquifer are indicative of “hard” water quality. Alkalinity
values ranged from 92 mg/L to 740 mg/L in filtered samples (average of 240 mg/L); and 75
mg/L to 760 mg/L in unfiltered samples (average of 239 mg/L). The highest alkalinity values
were also reported in 5-SB-10.

5.3.2.3.1 Radiological Constituents

Uranium

Isotopic and total uranium activities in both filtered and unfiltered groundwater samples are
shown in Table 5-26. Total uranium results exceeding the USEPA MCL of 30 ng/L have been
highlighted. T hese exceedances have been utilized to determine the extent of groundwater
contamination, and are the focus of the groundwater discussion below. T he uranium results
reported by the laboratory as pCi/L have been converted to mass units of pg/L by dividing the
result by a factor of 0.667 to allow comparison to the MCL.

Uranium concentrations were consistently higher in the unfiltered samples than those from the
filtered samples. The maximum isotopic uranium values were reported in the unfiltered sample
5-SB-03-G-0-01. Uranium-234 was reported as 20.1 pCi/L; U-235 as 0.91 pCi/L; and U-238 as
16.7 pCi/L. Total uranium concentration at this location was reported to be 51.3 pg/L (compared
to the MCL of 30 pg/L). The next highest uranium values were reported in unfiltered samples
from 5-SB-07-G-0-01 (U-234, 9.3 pCi/L and total uranium, 29.7 p g/L). In contrast, total
uranium levels from a majority of the filtered samples were less than one pCi/L, with a
maximum level of 2.08 pg/L in the sample from location 5-SB-11-G-0-01. Results for total
uranium in filtered and unfiltered groundwater from the temporary piezometers are presented in

Figure 5-22.

Other Radionuclides

In addition to uranium, groundwater samples were analyzed for gross alpha, gross beta, Ra-226

and, Ra-228. R esults are listed in Table 5-27 and presented in Figure 5-23. For those
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radionuclides with corresponding MCL values, the results exceeding the respective MCL have
been shaded. Analytical results for filtered gross alpha indicate that one filtered sample (5-SB-
10; 5.5 pCi/L) exceeded the MCL of 15 pCi/L, versus six for unfiltered samples. U nfiltered
concentrations exceeding the MCL ranged from 28.1 pCi/L to 406 pCi/L (5-SB-07). Gross beta
activity was also reported at higher concentrations in the unfiltered samples, with a maximum
value of 510 pCi/L (5-SB-07). The maximum filtered sample concentration of 21.2 pCi/L was
also detected in this location. The elevated levels of gross alpha and gross beta are most likely
attributable to the presence of both uranium and radium in the groundwater samples. T he
combined Ra-226/Ra-228 MCL of 5 pCi/L was exceeded in eight of the unfiltered samples. No
exceedances were observed in the filtered sample results. Concentrations were highest for Ra-
226, with a maximum value of 27 pCi/L. The maximum Ra-228 value was 16 pCi/L. Both

maximum values were reported in 5-SB-07.

5.3.2.3.2 Chemical Constituents

The data summary discussions presented in this subsection focus on those constituents for which
concentrations exceed the USEPA Region 6 PRG for tap water. Full data are presented in
Appendix H-1. Table 5-28 presents a summary of the compounds that exceed the PRG values
for tap water.

In addition, for a comparison of these analytical results for chemical constituents to site
background concentrations the reader is referred to the background screening step of the BRA
(CABRERA 2011b). Appendix B of the BRA, Tables B-3-2 through B-3-6 presents these results

for groundwater.

Metals
Two metals (arsenic and iron) were reported at levels above the PRG in filtered samples and nine
in unfiltered samples. The maximum concentrations of all metals in unfiltered samples were

observed in sample 5-SB-07-G-0-01.

DNAPL
A DNAPL was encountered at boring 5-SB-15. The DNAPL layer was at a depth of 9.5 ft bgs

and appeared to have a thickness of approximately three inches. The layer was perched on a
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low-conductivity clay unit of unknown thickness. The clay unit was not completely penetrated

by the boring, which was completed at 10 ft bgs.

5.3.2.4  Monitoring Well Results, AOC 5

Uranium

Four DuPont monitoring wells were sampled for isotopic and total uranium in July 2007.
Sample results for isotopic and total uranium in theses wells are presented in Table 5-29 and
Figure 5-24. Groundwater laboratory data for both primary and QA analysis are presented in
Appendix H-2.

No total uranium results exceeded the MCL of 30 p g/L. The maximum total uranium
concentration detected in the four wells was 1.29 pg/L in Well C08-M01B, compared to the

MCL of 30 pg/L. Isotopic uranium values were reported at concentrations less than one pCi/L.

Other Radionuclides

In addition to analysis for uranium described above, groundwater samples were analyzed for the
radiochemical parameters gross alpha / gross beta, Ra-226, Ra-228, and the thorium isotopes Th-

228, Th-230 and Th-232. Radionuclide results are presented in Table 5-30 and in Figure 5-25.

No gross alpha concentrations exceeded the MCL of 15 pCi/L. The maximum concentration
reported was 11.9 pCi/l in Well C08-MO1B. Gross beta concentrations ranged from 8.4 pCi/L
(Well C08-MO1B) to 56.9 pCi/L (Well D07-M01B). A gain the presence of gross beta is most
likely attributed to uranium and radium. No Ra-226 or Ra-228 concentrations exceeded the
MCL for combined Ra-266/Ra-228 of five pCi/L. Radium-226 data was reported at less than
one pCi/L and Ra-228 values were non-detect. The thorium isotopes Th-228, (thorium decay
series), Th-232 and Th-230 (uranium decay series) were detected infrequently and at low levels.
Thorium-228 and Th-232 were each detected in two samples, while Th-230 was detected in only

one sample. Reported values were less than one pCi/L.

Chemical Constituents

The data summary discussions presented in this subsection focus on those constituents for which
concentrations have exceeded the USEPA Region 6 PRGs for tap water. Full data presentations

are presented in Appendix H-2. Table 5-31 presents a summary of metals exceeding a respective
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PRG value, while Table 5-32 presents a summary of VOCs and SVOCs. In addition, for a
comparison of these analytical results for chemical constituents to site background
concentrations the reader is referred to the background screening step of the BRA (CABRERA

2011b). Appendix B of the BRA, Tables B-3-2 through B-3-6 presents these results.

Metals

Six metals were not detected in any samples from the four DuPont wells sampled in AOC 5,
and seven were detected in only one well, (CO8MO01B-GU-23). Arsenic concentrations exceeded
the Region 6 PRG of 0.00048 pg/L in three wells with the maximum concentration (0.082 mg/L)
reported in well COSMO1B-GU-23. Lead was reported above the PRG of 0.015 mg/L in COS8-
MO1B-GU-23 (0.022 mg/L).

VOCS and SVOCs
VOCs were detected above the respective PRG levels in all four wells, with the highest

concentrations and most frequently detected compounds being observed in B Aquifer well
CO8MO1B. Concentrations in this well ranged from 30 pg/LL methylene chloride to 2,200 pg/L
1,2-dichlorobenzene (sample CO8M01B-GU-23). A aquifer well DOSMOIA reported the next
highest frequency of detections, with PRG exceedances ranging from 21 p g/L 14-
dichlorobenzene to 1,600 pg/L 1,2-dichlorobenzene (sample COSMO01A-GU-P-09).

SVOCs were reported with the greatest frequency and highest concentrations in the same two
wells. S VOC concentrations in sample CO08MO01B-GU-23 ranged from 26 p g/L 1,3-
dichlorobenzene to 1,100 png/L 1,2-dicholorobenzene and from 12 pg/L 1,4-dicholorobenzene to
1,200 pg/L 1,2-dicholorobenzene in sample CO8MO01A-GU-P-23.
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6.0 OUS3INVESTIGATION RESULTS

6.1  Site Characteristics
General site characteristics for the Chambers Works site are presented in Section 3.0; the
information provided below is specific to OU 3 (AOCs 4 and 6) surface features, soils and

hydrogeology.

6.1.1 Surface Features

AOC 4 (Historical Lagoon A) is located in the northern portion of the site, and is bounded by the
Delaware River seawall to the north, Plant No. 1 Road to the south, Kinetic Road to the west and
Boundary Road to the east, as shown on Figure 1-2. The sea-wall, which is a sheet steel erosion
barrier, rises approximately three ft above ground surface. T he southern half of AOC 4is
covered by gravel, while the northern half is covered by grass. Ground surface slopes down
toward the north, with the high point being the road that forms the southern boundary, at an
elevation of five ft above sea level, and the low point being approximately one foot above sea

level where the ground surface meets the sea wall.

AOC 6 is bounded by (and includes) East Road to the south and the ‘C’ Landfill to the north. A
drainage ditch runs from west to east across the northern section of the area. Ground surface
elevation is six ft above sea level at East Road, and seven ft above sea level north of the drainage
ditch. The bottom of the drainage ditch is approximately 2.5 ft above sea level. AOC 6 is

largely unpaved bare soil, except for East Road, which is asphalt.

6.1.2  Soils

In AOC 4, the soil textures encountered from the ground surface to approximately five ft bgs are
fine-grained sand and silty sand, with occasional clay stringers and debris. This upper unit is
considered to be part of the A Aquifer. O rganic clay and silt were encountered from
approximately 10 to 12 ft bgs, which corresponds to the A-B Aquitard. Below 12 ft bgs, fining-
upward fine- to medium-grained sands were encountered, corresponding to the B Aquifer. Like

the A Aquifer, this sand unit contained occasional clay stringers.
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Soil textures in AOC 6 consist mainly of sand and gravelly sand with silt and clay stringers. The
sand unit is fining-upward and is at least 50 ft thick. This unit corresponds to the B Aquifer.

Neither the A Aquifer nor the A-B Aquitard is present in AOC 6.

6.1.3  Site-Specific Hydrology
Within AOC 4, the groundwater flow direction in the A Aquifer is toward the Delaware River

(i.e., northwest), while the groundwater flow direction in the B Aquifer appears to be toward the
southeast as a result of DuPont’s operation of the IWS. Soil textures are variable in the A
Aquifer because these soils consist of debris, fill, and waste. Discounting the debris and waste,

the average soil texture is fine-grained silty sand.

The depth to groundwater in the AOC 6 water table aquifer (the B Aquifer) is approximately 10
ft bgs. Groundwater flow is to the southwest, toward a DuPont recovery well. Surface water
flows to the east through the ditch that traverses the area. Water flows through the ditch in the

eastern part of AOC 6 intermittently, during storm events.

6.2  Study Area Investigation

6.2.1 AOC 4, Historical Lagoon A

6.2.1.1  Soils and Vadose Zone, AOC 4

Soil sampling in AOC 4 w as conducted in a phased approach. T he initial investigation
(November 2004) consisted of installing 63 s oil borings using CPT and assessing soils for
radiological contamination. Based on the results of the CPT sampling, eight soil borings were
installed in November 2005 using a rotosonic drilling method. A n additional 10 G eoprobe
borings were installed in July 2007 to gather data in support of the BRA as well as to establish
the relationship of Ra-226 and Th-230 concentrations with respect to MED uranium

concentrations.

Details regarding the implementation of each sequence of the soils investigation are presented
below; details on sampling methodologies and analytical parameters are presented in Section 2.0.
In addition to the soils investigations, borings were drilled in May 2006 for the installation of
five monitoring wells in AOC 4 as part of a supplemental groundwater investigation. S oil
samples were collected and analyzed during the drilling and the associated results are presented

below in conjunction with the CPT, rotosonic and Geoprobe subsurface investigations.
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Information on the groundwater samples obtained from the monitoring wells is provided in

Section 6.2.1.2.

Cone Penetrometer Testing Investigation

USACE selected 60 CPT locations in AOC 4. The locations were spaced approximately every
200 Ft around the periphery of Lagoon A and along the dikes separating each basin. CPT
locations were also placed within both AOIs within AOC 4: AOI 1 (DuPont SWMU 5) and AOI
6 (MED rubble-disposal area). USACE added three boring locations based on the results of
GWS. CPT soundings were advanced at all 63 locations to a maximum depth of 20 ft bgs. PVC
pipes were installed into the open soundings to allow for in-situ spectral-gamma logging of the
subsurface. Of the CPT boring locations within AOC 4, a total of 11 required multiple pushes to
set the PVC sleeve. Of those 11 multiple-push sites, one sounding (4CPT62) resulted in refusal.
At the completion of the gamma logging, the coordinates of each boring location were verified

using a Trimble ProXRS GPS System. Figure 6-1 shows the CPT locations in AOC 4.

Soil texture logs were generated for each CPT location. T he texture logs were generated
electronically using data from force gauges that measured tip and sleeve resistance on the
penetrometer as it was advanced through the subsurface. Tip-versus-sleeve force ratios were
correlated with different soil textures in accordance with established ASTM standards. S oil
boring logs are presented in Appendix C, with copies of the CPT data and associated soil texture
logs located in Appendix C-2. These logs were used to construct a geological cross-section for
AOC 4, which is presented in Figure 6-2. In AOC 4, fill material was encountered to a depth of
approximately eight ft bgs.

In-situ spectral-gamma logging was also performed at each of the CPT locations, as described in
Section 2.0. G raphic representations of each boring’s gamma spectral data are presented in
Appendix B-2. A report summarizing the results of the spectral gamma logging is also included
in Appendix B-2. N one of the boreholes exhibited radioactivity higher than observed
background levels at any of the depth intervals evaluated, based on gamma logging results. At
the direction of the USACE, five CPT locations were selected for soil sampling and analysis.

Based on the results of the CPT in-situ spectral-gamma logging, AOIs 1 and 6 were identified for

further investigation, as discussed below.
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Rotosonic Drilling Investigation

A total of eight borings were advanced by rotosonic drilling in AOC 4 to facilitate the
delineation of specific areas of contamination identified during the CPT investigation: four
borings on the north side of the lagoon in AOI 1 and four borings on the east side of the lagoon
in AOI 2. T he locations of the AOIs that required additional investigation through the soil
boring program locations are shown on Figure 6-3. Borings were advanced to maximum depth

of 15 ft bgs.

Geoprobe Investigation

A total of 10 s oil borings were advanced using Geoprobe direct push technology to target
uranium source areas where the total uranium concentrations were expected to be approximately
100 pCi/g. The intent of specifying a uranium concentration of 100 pCi/g was to target areas
with mid-range concentrations of uranium in order to evaluate and compare alpha spectroscopy
and gamma spectroscopy results. Prior to this investigation, alpha spectroscopy results showed
either very low concentrations combined with non-detects, or significantly higher results (i.e.,
greater than 100 pCi/g). Therefore, the goal of the Geoprobe investigation was to target those
mid-range concentrations of uranium in order to obtain a complete range of concentrations for
the evaluation. Soil boring locations are shown on Figure 6-1. Borings were installed to a

maximum depth of 10 ft.

6.2.1.2 Groundwater Investigations, AOC 4
Expedited Uranium Investigation

An expedited groundwater investigation was conducted in the spring of 2006 to identify the
horizontal and vertical extent of the uranium contamination in groundwater in AOC 4. The
investigation was conducted using a Geoprobe to sample for groundwater in the A and B
aquifers. Detailed methodology is presented in Section 2.0. In general, an unbiased sampling
grid was designed based on concentric circles centered on the one known location of uranium
impact to groundwater in this AOC; the A aquifer well 117-MO1A. Sampling results obtained
during the Quarters 2 and 3 sampling at this location had indicated total uranium concentrations

between 192 pg/L and 200 pg/L (as presented in subsection 6.3.1.2).
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A total of 26 sampling locations were spaced approximately 75 ft apart, along a sampling grid
based on concentric circles. Geoprobe sampling points were advanced to 10 ft bgs, which is in
the A aquifer in this area. A sample of unfiltered groundwater (10 mL) was collected and
analyzed onsite using inductively coupled plasma — mass spectrometry. Only 20 of the proposed
26 locations in the grid needed to be completed before the dissolved uranium area had been
fully-delineated. The other six proposed locations were found to be outside the established site
screening-level iso-concentration contour for total uranium of 20 pg/L. The 20 pg/L screening
level (66.7% of the USEPA MCL of 30 pg/L) allowed for a safety factor due to heterogeneities

in sample results inevitably caused by subsurface conditions.

Of the 20 water samples collected from the Geoprobe locations, five had non-detectable uranium
concentrations (less than one pg/L), 11 had uranium concentrations between one pg/L and 30
ug/L, and three had uranium concentrations greater than 30 p g/L. T he maximum detected
concentration of uranium was 460 pg/L [307 pCi/L] at sample location 4-GP-01. The area of

uranium contaminated groundwater is approximately 250 ft long and 175 ft wide.

An additional sampling location (4-GP-27) was advanced downgradient of well 117-MO1A
beneath the aqueous uranium area to provide additional vertical delineation of uranium impact.
The groundwater sample was collected from a depth of 44 ft bgs, which was interpreted to be the

base of the B Aquifer. The sample had a non-detectable uranium concentration.

Groundwater screening sample results are summarized in Table 6-1; and total uranium

concentrations based on the screening results are presented in Figure 6-4.

Monitoring Well Investigation

The Geoprobe sampling results were used to plan the locations of five monitoring wells, four in
the A aquifer and one in the B aquifer, to delineate uranium contamination. M onitoring well
construction and installation details are presented in Section 2.0. Wells 4-MW-02, 4-MW-05, 4-
MW-06, and 4-MW-07, were installed in the A Aquifer while well 4-MW-01 was installed in the
B Aquifer. Monitoring well locations are presented in Figure 6-5. Soil boring logs and well

construction diagrams are presented in Appendix C-3. Well development records are provided in
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Appendix G. In addition, three existing DuPont wells (H17-MO2B; 117-PO1A; and 117-MO1A)

were included in the monitoring well investigation and are shown on Figure 6-5.

Absolute pressure gauge transducers were placed in four of the AOC 4 wells (4-MW-01, 4-MW-
02, 4-MW-05, and 117-M0O1A) and used from 17 May 2006 to 8 June 2006. The transducers
recorded water levels and groundwater temperatures at 30 minute intervals. D ata from the
absolute gauges were adjusted for changes in atmospheric pressure using the weather data
gathered from the onsite weather gauge. The results were used to determine the effect of tides on
AOC 4, AOI 1 groundwater. The tabulated weather/transducer data are presented in Appendix
Q. The transducer data indicate that the A Aquifer in AOC 4 is hydraulically connected to the

Delaware River, while the B Aquifer is much less so.

622 AOC 6, East Burial Area
6.2.2.1 Soils and Vadose Zone. AOC 6

Soil sampling in AOC 6 was also conducted in a phased approach. Sixty five borings were
completed using CPT while 23 borings were installed using the rotosonic drilling method. Two

borings were hand augered and an additional 10 borings were advanced with a Geoprobe.

Details regarding the implementation of each phase are presented below; details on sampling
methodologies and analytical parameters are presented in Section 2.0. Three borings completed
as monitoring wells were also drilled as part of the rotosonic drilling investigation. A n
additional three monitoring well borings were drilled in May 2006 as part of a supplemental
groundwater investigation. Soils were collected and analyzed during the drilling and the soil
analytical results are presented in conjunction with the CPT, rotosonic and Geoprobe subsurface
investigations. Information on the groundwater samples obtained from the monitoring wells is

provided in Section 6.2.2.3.

Cone Penetrometer Investigation
USACE selected 60 CPT locations in AOC 6. The locations were established based on the

approximate extent of seven suspected disposal areas (AOIs 1-7) for building rubble and other
debris identified during the review of historical aerial photography. W ithin each suspected
debris disposal area, a grid pattern was established with CPT locations spaced approximately

every 60 ft. USACE added three boring locations based on the results of the initial GWS, and
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then added two locations based on preliminary results from the downhole gamma logging. CPT
borings were advanced at all 65 locations to a maximum depth of 20 ft bgs. At the completion of
the gamma logging, the coordinates of each boring location were obtained using a Trimble

ProXRS GPS System. Figure 6-6 shows the CPT locations and associated AOIs within AOC 6.

The area north of East Road exhibited several areas of heavy rubble during CPT activities.
Boring locations in the vicinity of 6CPT18, 6CPT62 through -64, and 6CPT35 required multiple
pushes to set the PVC sleeve. Only two instances of refusal were encountered in AOC 6: one
each at 6CPT09 and 6CPT23. Soil texture logs generated during the AOC 6 CPT investigation
are presented in Appendix C-2. These logs were used to construct a geological cross section for
AOC 6, w hich is presented in Figure 6-7. It should be noted that the AB Aquitard is
discontinuous in AOC 6; only the B Aquifer is present. Fill material was encountered to a depth

of approximately eight ft.

In-situ spectral gamma logging was performed at each of the AOC 6 CPT locations. Graphic
representations of each boring’s gamma spectral data are presented in Appendix B-2. A report

summarizing the results of the spectral gamma logging is also included in Appendix B-2.

Elevated levels of radiological constituents were noted in four of the in-situ gamma logged holes.
The predominant radiological constituent identified in two of the holes (6CPT02 and 6CPTO05)
was potassium-40 (K-40), most likely resulting from a potassium-rich waste. The other two
holes (6CPT21 and 6CPT37) were identified as having elevated refined natural uranium at levels
below the ISV of 14 pCi/g, with a maximum observed concentration of 10 pCi/g. The spectral
data for 6CPT21 and 6CPT37 are presented in Figure 6-8. Based on the results of the CPT in-
situ gamma logging, AOI 4 (East Road area) and AOI 6 (Fire Fighter Training Area) were

identified for additional investigations, as described below.

Rotosonic Drilling Investigation

The 25 borings installed via rotosonic drilling located in AOC 6 are shown in Figure 6-9 along
with the additional Geoprobe sample locations. These 25 borings were selected to facilitate the
delineation of specific areas of contamination identified during the CPT soil investigation. Four

borings were located in AOI 6, while 21 borings were placed in AOI 4. The location of the AOIs
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in AOC 6 are shown in Figure 6-10. Borings were advanced to maximum depth of 15 ft bgs. It
should be noted that two of the planned boring locations could not be accessed with the drilling
rig because of their close proximity to the East Road ditch (6-SB-17 and 6-SB-18). Borings
were advanced near (15 ft from) these locations and identified as SB-17A and SB-18A. The
original locations were then investigated using hand augers to a depth six ft bgs, at which depth
flowing sands flowed into the boreholes. Since many of the borings in AOC 6 were located in

roadways and paved areas, painting the ground was the primary means of field identification.

Geoprobe Investigation

An additional 11 s oil borings were advanced in July 2007 us ing Geoprobe direct push
technology to target uranium source areas where the total uranium concentrations were expected
to be approximately 100 pCi/g. As discussed in Section 6.2.1.1 for the AOC 4 Geoprobe
investigation, this mid range concentration of uranium was targeted for alpha and gamma
spectroscopy comparisons. G eoprobe boring locations (6-SB-31 — 6-SB-41) are shown on
Figure 6-9 (along with the rotosonic boring locations). A's shown, 10 of the borings were
centered in AOI 4, with the remaining Geoprobe location targeting a source area north of the

ditch (AOI6). Borings were installed to a maximum depth of 10 ft.

6.2.2.2  Groundwater Investigation, AOC 6

Three monitoring wells, 6-MW-01, 6-MW-02, and 6-MW-03, were installed in AOC 6 in May
2005. T hey were installed in the B Aquifer to a depth of approximately 20 ft bgs. T he
monitoring well locations are presented in Figure 6-11. Soil boring logs and well construction

diagrams are provided in Appendix C.

These wells were initially sampled during the third quarter sampling event in January 2006.
Analytical results showed that Well 6-MW-01 had a uranium concentration of 763 p g/L,
compared to the MCL of 30 pg/L. Based on this elevated result, an expedited characterization
was planned to identify the nature and extent of the uranium in the groundwater at AOC 6.

Further results for AOC 6 monitoring wells are discussed in Section 6.3.2.3.
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Expedited Uranium Investigation

A groundwater investigation was conducted in June 2006 to identify the horizontal and vertical
extent of uranium contamination in groundwater at AOC 6. T he extent of uranium
contamination was investigated using a Geoprobe to sample groundwater in the B Aquifer.
Groundwater screening sample results are summarized in Table 6-2; and total uranium results are

presented in Figure 6-11. Detailed field methods are described in Section 2 of this report.

Three Geoprobe explorations (6-GP-01, 6-GP-02, and 6-GP-03) were advanced in areas
surrounding monitoring well 6-MW-01, to define the horizontal extent of the aqueous uranium.
This location was selected for further characterization based on the quarter 3 sampling result of
763 ng/L uranium (as presented in subsection 6.3.2.3.). The sampling depth for these locations
was 14 ft bgs, which is four ft below the water table. U ranium concentrations at these
groundwater screening locations ranged from less than one pg/L to 14 ug/L, which are below the
established site screening-level of 20 pg/L. The 20 pg/L screening level (66.7% of the MCL of
30 ng/L) allowed for a safety factor due to heterogeneities in sample results inevitably caused by
subsurface conditions. While the screening level value was used to determine need for
additional Geoprobe locations, the MCL of 30 ng/L was used to identify the extent of uranium

impact.

A fourth Geoprobe boring (6-GP-04) was installed next to monitoring well 6-MW-01 at a depth
of 44 ft bgs in order to delineate the vertical extent of uranium impact. The groundwater sample

from this depth did not contain uranium at a detection limit of one pg/L.

Monitoring wells 6-MW-04, 6-MW-05, and 6-MW-06 were installed at the Geoprobe locations
for 6-GP-01, 6-GP-02, and 6-GP-03, respectively, to confirm the horizontal extent of uranium

impact. Well construction details are presented in Section 2.0 and Appendix C.

Monitoring well 6-MW-07 was located beside 6-MW-01 and advanced to a depth of 50 ft bgs to
provide unfiltered water samples. It was screened at the base of the B Aquifer, as evidenced by
the continuous sand units that were encountered during its installation. Soil boring logs and well
construction diagrams are provided in Appendix C. Well development records are provided in

Appendix G.
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6.2.2.3 Surface Water and Sediment Investigation, AOC 6

A total of 12 surface water and 13 sediment samples were collected for radiological analysis.
Ten of the 12 surface water samples were also analyzed for TAL metals, VOCs and SVOCs.
Ten sediment samples were analyzed for these constituents as well as for PCBs and PAH
compounds. While these constituents are not COPCs for the FUSRAP investigation based on the
definition of FUSRAP-eligible contaminants, they were collected to provide information for the

BRA.

6.3  Nature and Extent of Contamination

6.3.1 AOC 4, Historical Lagoon A

6.3.1.1  Source Zones

The source of contamination in AOC 4 is believed to be from both the process waste setting
basin (former lagoon) that received effluent from the CDD and in the form of contaminated
rubble, equipment and materials that were disposed after demolition of uranium-production
buildings. In particular, the source of uranium contamination in AOI 1 (DuPont SWMU 5) is
believed to be waste from Former Building J-16. Historical data indicate that much of the site
was developed on top of construction fill resulting from onsite building demolition. It should be
noted that the field effort was constricted in this area due to the presence of the disposal cell in
SWMU 5 and that there are additional soil sampling locations in AOC 3 (to the west of SWMU

5) for use in bounding potential source zones related to AOC 4.

6.3.1.2  Soils and Vadose Zone, AOC 4

Soil samples were obtained from a total of 28 soil borings in AOC 4. Fifty-one soil samples plus
duplicates and third-party splits were collected from these borings. All soil samples were
analyzed for total uranium (31 by gamma spectroscopy and 20 by alpha spectroscopy), Th-234,
U-235 (gamma spectroscopy), and Ra-226 (all gamma spectroscopy analysis), while 30 samples
were analyzed Th-230 (alpha spectroscopy). Twenty samples were analyzed for isotopic
uranium (U-234, U-235 and U-238) via alpha spectroscopy. All 51 samples were analyzed for
U-235 by gamma spectroscopy.

Chemical constituents (TAL metals, VOCs/ SVOCs), PAH and PCB compounds) were also
analyzed in a subset of 20 of soil samples from AOC 4 in support of the BRA.
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6.3.1.2.1 Radiological Constituents

Uranium

As discussed in Section 1.0, MED-related radiological contamination is limited to the isotopes of
natural uranium (U-234, U-235, and U-238) and their short-lived decay progeny. N atural
uranium consists of these three isotopes at the following activity fractions: 48.3% U-234, 3.4%
U-235, and 48.3% U-238, while total uranium is the sum of all three isotopes. If the uranium is
in a secular equilibrium condition, as displayed by the equal U-234 and U-238 activities above,
total uranium may be estimated by measuring U-238 and multiplying the result by 2.1. U sing
gamma spectroscopy, U-238 is reported via its decay daughter Th-234 (and converted to total
uranium using the multiplier above for direct comparison with the ISV of 14 pCi/g). T he
calculated total uranium value was used to define the extent of potential soil contamination.
Analytical results for total uranium from both the offsite laboratory alpha and gamma
spectroscopy analyses are presented in Table 6-5. The maximum concentration reported for any
sample (alpha or gamma spectroscopy) is presented in the text and depicted on associated
figures. A brief summary of the isotopic U and Th-234 results is also provided in this section,
while the analytical results are presented along with analytical data results for the other eligible

radiological contaminants Ra-226 and Th-230.

Forty-one of the Th-234 samples were non-detect (80%). Detectable concentrations ranged from
3.9 pCi/g to 5,720 pCi/g. The 20 samples analyzed for U-234 ranged from 0.16 pCi/g to 23.6
pCi/g; while the U-238 samples contained similar concentrations (0.32 pCi/g to 23.6 pCi/g). The
U-235 alpha spectroscopy samples were between 0.11 pCi/g and 1.25 pCi/g. Eighty-six percent
(44 of the 51 samples) were reported as non-detects for the U-235 gamma spectroscopy samples.
The detected concentrations ranged from 0.77 pCi/g to 282 pCi/g. The maximum concentrations
of these isotopes were reported in two of the same sample locations for which uranium
concentrations above the ISV were detected (4-CPT-62A-B-P-05 and 4-SB-34-BS-P-07), as

discussed below.

Horizontal Extent of Potential Uranium Contamination

In AOC 4, the GWS encompassed the perimeter of the historical lagoon on the south, east, and
north boundaries. A total of 18.7 acres was surveyed within this AOC. A portion of the
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southwest side of the lagoon was omitted due to the presence of significant amounts of recently-
emplaced fill material, which attenuated potential gamma influence from MED-era radioactivity
deposits. Of the 55,493 data points collected, 54,287 data points (98%) exhibited calculated Z-
Scores below the action level of three. Of the remaining data points, the highest calculated Z-
Score was 18, which corresponded to a count rate of 29,853 cpm. The mean count rate for all of
AOC 4 was 5,309 cpm, with a standard deviation of 1,389 cpm. A Z-Score of three encloses
99.73% of a normal population, therefore the portion of a normal population expected to exceed
the upper limit c onfidence interval is calculated as [(100%-99.73%)/2] or 0.135%. In other
words, of the 55,493 data points collected, 0.135% or 75 data points would be expected to
exceed the Z-Score of three. The observed number of exceeding data points was 1,206, and

therefore, 1,131 data points or 2.04% exceeded a normal distribution.

A graphic representation of the AOC 4 GWS is presented in Figures 6-12. T he regions of
highest surface gamma activity were located in the vicinity of 4CPT61, 4CPT63, and between
4CPT50 and 4CPTS51. These areas were investigated further in an attempt to discern the source

of the elevated gamma measurements.

At the region of elevated count rates near 4CPT61 and 4CPT63, a piece of uranium-impacted
rubber debris measuring approximately four inches across was found at approximately seven
inches bgs. This piece of debris was removed from the area for sampling and it was reported to

contain a total uranium concentration of 11,700 pCi/g (4CPT62A B-P-05).

Upon investigation of the area around 4CPT50, it was noted that the ground surface consisted
primarily of granitic gravel fill, as opposed to the dolomitic gravel cover typically found at
DuPont. G ranite typically contains approximately 40 becquerels per kilogram (Bg/kg; one
pCi/g) uranium and 70 Bg/kg (1.9 pCi/g) thorium (Van Schmus, 1995). Thus, it was concluded
that the elevated gamma activity in this region was likely due to the naturally occurring
radioactivity of the granitic gravel rather than MED contamination. This conclusion was
supported by a field test which consisted of placing the granitic gravel from the roadbed in a
bucket, transporting it to a low-background count area and then scanning the granitic material
with a FIDLER. Similarly elevated readings were reproduced from the granitic gravel during

this testing as were detected during the GWS.
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Vertical Extent of Potential Uranium Contamination

During the rotosonic drilling in AOI 1 (DuPont SWMU 5), it was noted that the upper 10 ft of
soil consisted of sandy fill material and burial debris. Below 10 ft bgs, the soil consisted of
native organic clay with sand stringers. Gross gamma background readings in the sand ranged
from 4000 to 4500 cpm, while background gamma activity in the native clay ranged from 5000
to 7000 cpm. The higher gamma activity in the native clay is likely due to naturally occurring
K-40. In AOI 2, sands and clays interpreted as fill persisted to at least 13 ft bgs. Gross gamma
activities in this soil ranged from 4500 to 6500 cpm. Tables 6-3 and 6-4 show the gross gamma
results for the AOC 4 borings. A1l measurements were integrated over a one minute count

period.

Of the 51 soil samples collected from AOC 4 soil borings, analytical results for total uranium in
22 samples (or 43%) were reported as ND, with reporting limits ranging from two to eight pCi/g,
as presented in Table 6-5. With the exception of the surficial debris sample discussed above
(4CPT62A B-P-05), seven soil samples contained total uranium concentrations at depth that
exceeded the ISV of 14 pCi/g, Figure 6-13 shows the highest total uranium activity encountered

at each boring location.

All locations exhibiting potentially contaminated soils were located in the AOI 1 ( DuPont
SWMU 5) area of AOC 4. All potential soil contamination was at discrete intervals within each
boring. Four of the seven samples exhibited potentially contaminated soils at depths between
seven and 10 ft bgs. These locations also contained the highest concentrations of uranium
reported for AOC 4. Boring 4-MW-06 contained a reported uranium concentration of 355 pCi/g
at eight ft bgs (sample 4-MW-06-B-P-08) and 4-SB-23 (sample 4-SB-23-BS-P-09) contained
uranium at 108 pCi/g at a depth of 9.5 ft bgs. Lower concentrations of uranium were detected at
depths of eight to 9.5 ft bgs in borings 4-SB-34 (4-SB-34-BS-P-07; 48.3 pCi/g) and 4-SB-24 (4-
SB-24-B-P-09; 21.3 pCi/g). Figure 6-14 presents a cross sectional view of the vertical extent of
uranium contamination about the ISV across AOC 4.

The remaining three locations contained less elevated concentrations of uranium at shallower

depths (less than 3.5 ft bgs). The shallower soil ISV exceedances were detected in borings 4-SB-
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25 (sample 4-SB-25-B-P-03; 23.2 pCi/g); boring 4-SB-26 (sample 4-SB-26-B-P-03; 14.8 pCi/g)
and boring 4-MW-05 (sample MW-05-B-P-03; 14.6 pCi/g).

Table 6-5 presents the analytical results with ISV exceedances shaded. T able 6-6 shows
estimates of total uranium results from FIDLER readings in soil versus depth for AOC 4 soil

borings (curves) versus analytical results from the offsite laboratory (“square” data points).

Other Radiological Constituents

The maximum concentrations of the other radiological constituents analyzed in AOC 4 s oil
borings were collocated with uranium in two of the sample locations. Sample 4-MW-06-B-P-08
contained the maximum concentrations of Ra-226 (4.42 pCi/g) and Th-230 (26.4 pCi/g). As
presented above, total uranium in this sample was 355 pC i/g. Sample 4-SB-34-BS-P-07
contained the second highest concentrations of Ra-226 and Th-230 (4.01 and 17.1 pC i/g,

respectively). Total uranium in this sample was 48.3 pCi/g.

The remaining soil sample concentrations for Ra-226 ranged from 0.46 pCi/g to 3.06 p Ci/g.,
while the remaining Th-230 concentrations ranged from 0.09 pCi/g to 2.31 pCi/g. Table 6-7
presents the analytical results for the radiological isotopic samples, while Figure 6-15 shows the

distribution of results across AOC 4.

6.3.1.2.2 Chemical Constituents

The data summary discussions presented in this subsection focus on those constituents for which
concentrations have exceeded the USEPA Region 6 PRGs for residential soil, where applicable.
As mentioned in Section 4.0, these PRGs were chosen for use because they represent the most
recently updated human health screening values and in most instances are more conservative
than the values published in the State of NJ standards. Full data presentations are located in
Appendix F. Table 6-8 presents a summary of the metals constituents that exceed the PRG
values, while Tables 6-9 and 6-10 present summaries of VOC/SVOC and PAH/PCB compounds,
respectively. In addition, for a comparison of these analytical results for chemical constituents to
site background concentrations the reader is referred to the background screening step of the
BRA (CABRERA 2011b). Appendix B of the BRA, Tables B-1-2 through B-1-6 (Surface Soil)
and Tables B-2-2 through B-2-7 (All Depth Soil) presents these results.
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Metals

Thallium was not detected in any of the 20 soil samples. Three metals (beryllium, cadmium and
silver) were detected in only two samples each, while antimony, selenium, sodium were detected
in three samples, six samples, and 11 samples, respectively. T he remaining metals were
reported for over 75% of the samples. Six metals have concentrations that exceeded the

respective PRG, as presented in Table 6-8 and discussed below.

The single exceedance (36 mg/kg) of the PRG for antimony was reported in sample 4-SB-40-BS-
P-06. The PRG for antimony is 31.3 mg//kg. Mercury was also reported above the PRG of 6.11
mg/kg in the same sample (9.4 mg/kg). Arsenic was detected above the PRG of 0.39 mg/kg in
19 soil samples. Concentrations exceeding the PRG ranged from 1.4 mg/kg in sample 4-SB-31-
BS-P-05 to 20 mg/kg in sample 4-SB-34-BS-P-07.

Chromium was detected above the PRG in eight samples and lead in seven samples. Chromium
concentrations ranged from 31 mg/kg in 4-SB-39-BS-P-01 to 77 mg/kg in 4-SB-34-BS-P-07.
Lead concentrations ranged from 480 mg/kg in 4-SB-37-SS-P-00 to 5,000 mg/kg in 4-SB-40-
BS-P-06. The PRGs for these metals are 30.1 mg/kg and 400 mg/kg, respectively. Only one
location contained metals collocated with uranium (arsenic and chromium in sample 4-SB-34-

BS-P-07).

VOCS and SVOCs
VOC analytes were detected in two soil samples, with the greatest frequency in 4-SB-40-BS-P-

06. VOC concentrations in this sample ranged from 4,200 pg/kg benzene (PRG of 656 pg/kg) to
1,600,000 pg/kg 1,2 -dichlorobenzene (PRG of 279,000 p g/kg). T he maximum VOC
concentration of 1,900,000 pg/kg 1,2-dichlorobenzene was detected in sample 4-SB-38-BS-P-02.
One SVOC was reported above the respective PRG in one sample. Sample 4-SB-38-BS P-02
contained hexahlorobenzene at 76,000 pg/kg, compared to the PRG of 304 pg/kg. It should be
noted that several of the SVOC compounds, such as chrysene or benzo(a)anthracene, are also
reported as PAHs (PAHs are a subset of SVOCs and analyzed by different methodologies) ) and
are presented in the PAH discussion below. Table 6-9 presents the data summary for those VOC

and SVOC concentrations exceeding the respective PRG values.
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PAHs and PCBs

PAH compounds were detected above the PRG in soil samples obtained from 10 locations. The
greatest frequency was reported in samples from borehole 4-SB-32. Sample 4-SB-32-SS-P-00
and 4-SB-32-BS-P-01 had maximum PAH concentrations of 5,400 p g/kg benzo(a)anthracene
and 25,000 pg/kg chrysene, respectively. The PRG values for these compounds are 148 pg/kg
and 14,800 pg/kg. One PCB compund (Aroclor-1254 at 810 pg/kg) was reported above the PRG
of 222 pg/kg in 4-SB-40-BS-P-06. Table 6-10 presents the data summary for those compound
concentrations exceeding the respective PRG values. Again, only one location (Boring 4-SB-34)

contained PAHs or PCBS collocated with uranium.

6.3.1.3  Groundwater AOC 4

Groundwater elevations have been measured in all AOC 4 wells for the past four quarters of
sampling (quarters 4 through 7). Well MW-117-MO1A was also measured during quarters 2 and
3. Water level data obtained from AOC 4 wells are presented in Table 6-11. Groundwater flow
direction in the A aquifer has consistently been to the northwest towards the Delaware River. As
previously discussed Quarter 5 (September 2006) was determined to be a representative
sampling period for the quarterly monitoring program. Figure 6-16 shows the groundwater
elevation contours for the A aquifer during this representative sampling period. The average
groundwater gradient in the A aquifer during the quarterly sampling program has been
approximately 1%. The flow direction in the B aquifer is towards the southeast, away from the
river. Figure 6-17 presents the water elevation contours and measurements obtained from each
of the two B aquifer wells during this same period. Water level measurement forms are provided
in Appendix G-2, while groundwater elevation contour maps by quarter are presented in

Appendix I.

Geochemistry of Groundwater in OU 3-AOC 4

Groundwater stabilization parameters were measured during the purging of the wells prior to
each sampling event. These included pH, specific conductance, temperature, ORP, turbidity, and
DO. In addition, groundwater was analyzed after purging for concentrations of ferrous iron,
nitrite and sulfide which are indicators of redox condition. The presence of hydrogen peroxide
was tested for onsite as an indicator for the presence of uranium peroxide dihydrate. W ater

quality data representing stabilized conditions are presented in Table 6-12, while results for the
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additional sampling parameters are provided in Table 6-13. Appendix L provides figures
showing concentration trends in water quality data by quarter, as well as isopleth maps. The
field results are described below. Calibration logs for the YSI meters used in .the field analysis

are presented in Appendix K.

Five of the six A aquifer wells were stabilized to a final turbidity of 10 NTU or less (the target
level for sampling) during quarters 4 and 5 sampling. All wells exhibited higher turbidity levels
during the quarter 6 and 7 sampling, and were considered stabilized when three consecutive
NTU readings were within £10%. Piezometer [17-PO1A consistently exhibited the highest levels
of turbidity, ranging from 87 NTUs (quarter 5) to 828 NTUs (quarter 6). This well was purged
dry during the quarter 7 field effort, and thus was not sampled. The B aquifer wells were also
stabilized to less than 10 NTUs in the quarter 4 and 5 sampling, and stabilized to +10% during

quarters 6 and 7.

With a few exceptions, dissolved oxygen concentrations in the stabilized A Aquifer samples
were less than one mg/L in all wells (80% of all samples), indicating a reducing environment.
Samples obtained from 4-MW-02A and 4-MW-06A during the quarter 6 monitoring reported
DO values in excess of the upper limit (9.1 mg/L); DO concentrations in both wells returned to
less than one mg/L in the subsequent sampling. Well 117-PO1A also had one of three samples
exceed one mg/L (quarter 5). The average DO concentrations for all A Aquifer wells, with the
exception of well I17-PO1IA (3.3 mg/L), were less than 1.5 mg/L; while the average
concentration across the A aquifer was 0.88 mg/L. Results from the B Aquifer well 4-MW-01B,
were also indicative of reducing conditions with an average DO concentration of 0.36 m g/L.
Average values for the remaining B aquifer well could not be determined. ORP values were
strongly reducing in both A Aquifer wells and the B Aquifer wells, with average values ranging
from -74.06 mV to -179.94 mV. The average ORP reading over time in the A aquifer was -
118.58 mV, while the average among the two B Aquifer wells was -93.26 mV. The average DO
and ORP values for AOC 4 wells are presented in Figure 6-18.

Specific conductance values in the A aquifer wells ranged from an average of 594 uS/cm to
2,840 uS/cm, with an average value of 1,893 uS/cm across the aquifer Values for the B aquifer

wells ranged from 1,715 puS/cm to 2,553 uS/cm, with an average aquifer value of 1,939 uS/cm.
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Average values for pH were circum-neutral, ranging from 6.82 to 7.65. The average pH value
over time for the A Aquifer was 7.08; while the B Aquifer wells were slightly acidic (average of
6.74).

Ferrous iron concentrations ranged from an average of 1.24 mg/L to 3.30 mg/L in the A Aquifer
wells, while average concentrations in the B Aquifer ranged from 2.55 mg/L to 3.29 m g/L.
Nitrite was detected once in each of three wells in the A Aquifer and one in the B aquifer, with
concentrations less than one mg/L. Values for both ferrous iron and nitrite support a reducing

environment.

The sulfide concentrations in both aquifers were low, averaging from 0.01 mg/L to 0.22 mg/L in
the A aquifer wells and 0.03 m g/l in the B aquifer. Hydrogen peroxide was detected
sporadically in the AOC 4w ells, and was reported in a total 10 of 32s amples, with
concentrations ranging from 0.05 mg/L to 4.80 mg/L. The maximum concentration was detected
during the quarter 4 sampling in well 4-117-MO1A. Overall, the average hydrogen peroxide
values ranged from 0.07 mg/L to 1.18 mg/L.

Major lons in Groundwater

Concentrations of major cations and anions were analyzed to interpret their effect on uranium
geochemistry. C oncentrations of the inorganic ions chloride, fluoride, sulfate, phosphate (as
phosphorous), nitrate/nitrite, and alkalinity were measured. Sample results for major cations and

anions obtained for AOC 4 are presented in Table 6-14.

Average alkalinity values are indicative of ‘hard’ to ‘very hard’ water quality. Values in the A
Aquifer ranged from 140 mg/L to 1,400 mg/L (average of 488 mg/L), and from 410 mg/L to 990
mg/L (average of 761.5 mg/L) in the B aquifer. Average chloride concentrations ranged from 10
mg/L to 410 mg/L in the A Aquifer, while concentrations in the B aquifer ranged from 183 mg/L
to 283 mg/L. For comparative purposes, the NJDEP WQC for chloride is 250 mg/L.

Sulfate values were considerably higher in the A aquifer (15 mg/L to 1,600 mg/L) than in the B
aquifer (15 mg/L to 57 mg/L). S ulfate values in wells [17-MO1A and 4-MW-06 were
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consistently higher than other A Aquifer wells by one or two orders of magnitude. The NJDEP
WQC for sulfate is also 250 mg/L.

Average fluoride values in the Aquifer were between 1.5 and 6.9 mg/L. Fluoride was detected in
one of the two B Aquifer wells, (4-MW-01), with an average value of 0.57 mg/L. Nitrite/nitrate
values were low, with averages less than one mg/L in both aquifers. Total phosphorus
concentrations were slightly higher in the B aquifer (0.81 to 1.5 mg/L) than in the A aquifer
(0.075 to 0.62 mg/L).

6.3.1.3.1 Radiological Constituents

Uranium

All eight AOC 4 monitoring wells were sampled for isotopic and total uranium in Quarters 4
through 7 (6/2006, 9/2006, 2/2007 and 5/2007). Well 117-MO0O1A was also sampled in Quarter 3
(11/2005). A total of 32 groundwater samples were collected from AOC 4 (24 samples from the
A aquifer and eight samples from the B aquifer). Comprehensive sample results for isotopic and
total uranium in the AOC 4 wells are presented in Table 6-15. Total uranium results exceeding
the MCL of 30 pg/L have been highlighted. These exceedances have been utilized to determine
the extent of groundwater contamination, and are the focus of the discussions presented below.
As discussed in previous sections, the uranium results reported by the laboratory as pCi/L have
been converted to mass units of pg/L by dividing the result by a factor of 0.667 to allow
comparison to the MCL. A verage isotopic and total uranium results for A Aquifer wells are
presented in Figure 6-19, while concentration trends for total uranium are found in Figure 6-20.
A total uranium isopleth map representing average concentrations in the A aquifer over time is

shown in Figure 6-21.

Average isotopic and total uranium results for B aquifer wells are presented in Figure 6-22, while

concentration trends for total uranium are found in Figure 6-23.

Groundwater laboratory data for both primary and QA analyses are presented in Appendix H.

The QA/QC evaluation results are presented in Appendix M.

Well 117-MO1A contained total uranium concentrations exceeding the MCL of 30 pg/L. As

previously discussed, this well is located within the uranium-impacted area as identified through
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the expedited characterization effort. The well is also located adjacent to soil boring 4-SB-24,
which contained potentially contaminated soils. U ranium concentrations in well 117-MO1A
ranged from a maximum of 200 pg/L (Quarter 3) to 50 pg/L (Quarter 7) and have averaged 145
ug/L. While analytical data collected over six quarters of sampling indicate that concentrations
of uranium in this well appear to be declining over time, concentrations still exceed the MCL of
30 pg/L. T he initial sample (4-MW-06-GU-P-02, Quarter 4) for Well 4-MW-06A slightly
exceeded the MCL with a value of 31.9 pg/L. Subsequent sample concentrations were below the
MCL, and the average uranium concentration for well 4-MW-06A was 22 ug/L. All other A

Aquifer wells had uranium concentrations below the MCL.

Uranium contamination is bounded in the A aquifer by well I17-PO1A (upgradient control) and
wells 4-MW-02A and 4-MW-07A (downgradient control) It should be noted that uranium levels
in 4-MW-02A appear to be increasing slightly over time, however, both the maximum value
detected to date (sample 4-MW-02-GU-P-02, quarter 7; 15 ng/L) and the average concentration
for this well (11.4 pCi/L) are below the MCL. Cross-gradient control is provided by wells 4-
MW-05A and 4-MW-06A.

Total uranium was detected sporadically and at low levels in the B aquifer wells. The two

detections of total uranium were also reported in well 4-MW-07B, and were less than one pCi/L.

Other Radionuclides

In addition to radiochemical analysis for uranium described above, groundwater samples from all
quarters (32 samples) were analyzed for the radiochemical parameters gross alpha / gross beta,
Ra-226 and Ra-228. The thorium isotopes Th-228, Th-230 and Th-232 were analyzed beginning
in Quarter 4; resulting in a total of 30 samples (well 117-M0O1A did not have thorium isotope data
for Quarters 2 and 3). Comprehensive radionuclide results are found in Table 6-16. For those
radionuclides with corresponding MCL values, the results exceeding the MCL have been
highlighted. Results for the A aquifer wells are depicted in Figure 6-24 and in Figure 6-25 for

the two B aquifer wells.

In the A Aquifer, gross alpha concentrations consistently exceeded the MCL of 15 pCi/L in well
117-MO1A. Concentrations in sample 117-MO1A-GU-P-02 ranged from a maximum of 92
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pCi/L (quarter 4) to 40 pCi/L (quarter 7). The average gross alpha concentration for this well
was 67.6 pCi/L. Groundwater from 4-MW-06A also exceeded the MCL during the quarter 4
sampling with a value of 28.9 pCi/L (sample 4-MW-06-GU-P-02). W hile subsequent sample
results from 4-MW-06A have been below the MCL, the average gross alpha concentration for
this well is 15 pCi/L (equal to the MCL). A1l of the above Gross Alpha exceedances are

attributed to the presence of uranium in these samples.

Average gross beta concentrations ranged from 1.3 pCi/L to 71.8 pCi/L (well 117-M01A). Gross
Beta exceedances are also attributable to the presence of uranium in this sample. No Ra-226 or
Ra-228 concentrations exceeded the MCL for combined Ra-266/Ra-228 of 5 pCi/L. In general,
average radium data was reported between 0.21 pCi/L and 1.30 pCi/L.

The thorium isotopes Th-228 (in the thorium decay series), Th-232 and Th-230 (in the uranium
decay series) were detected infrequently in A Aquifer groundwater. Of the 22 samples analyzed
for these isotopes, Th-228 was detected in four samples (0.18 pCi/L to 0.225 pCi/L); Th-230 in
three samples (0.177 pCi/L to 0. 26 pCi/L); and Th-232 in five samples (0.015 pCi/L to 0.59
pCi/L).

In the B aquifer, gross alpha was not detected above the MCL of 15 p Ci/L, with the highest
average value of 2.85 pCi/L. Gross beta values were lower than those in the A aquifer, with
averages of 9.3 pCi/L and 16.3 pCi/l. Average radium data was reported between 0.23 pCi/L and
0.93 pCi/L, and all combined radium data was less than the MCL of 5 pCi/L. No Th-228 was
detected; and Th-230 and Th-232 were reported in one sample each at concentrations of 0.13

pCi/L and 0.02 pCi/L, respectively

6.3.1.3.2 Chemical Constituents

The data summary discussions presented in this subsection focus on those constituents for which
concentrations have exceeded the USEPA Region 6 PRGs for tap water. Full data presentations
are presented in Appendix H. In addition, for a comparison of these analytical results for
chemical constituents to site background concentrations the reader is referred to the background
screening step of the BRA (CABRERA 2011b). Appendix B of the BRA, Tables B-3-2 and B-3-6

presents these results.
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Metals

Six metals were detected in 100% of the samples, while eight were not found in any samples.
Three (antimony, arsenic and zinc) were detected in less than five samples; while aluminum,
chromium, mercury and vanadium were detected in only one sample each. The remaining metals
were detected in 55% to 65% of the samples. Six metals had concentrations exceeding the PRG,
as discussed below. T able 6-17 presents the data summary for those metals concentrations

exceeding the respective PRG value.

In the A aquifer, antimony was reported above the PRG of 0.0146 mg/L in three wells. The
highest concentrations were detected in sample 4-MW-06-GU-P-02. A maximum concentration
of 0.83 mg/L was reported during the Quarter 3 sampling event; while the most recent sampling
for Quarter 6 indicated a maximum level of 0.034 mg/L. Well I117-PO1A contained arsenic and
chromium above the PRGs of 0.0000448 mg/L and 0.11 mg/L, respectively. Results from the
Quarters 3 and 4 sampling indicate maximum concentrations of these constituents at 0.031 mg/L

arsenic and 0.18 mg/L chromium.

Sample 4-MW-06-GU-P-02 contained elevated levels of lead in the earlier sampling events
(Quarter 3 ( 0.03 mg/L) and Quarter 4 (0.24mg/L); while more recent sampling indicates
concentrations below the PRG of 0.015 mg/L. Lead also exceeded the PRG in sample 117-
PO1A-GU-P-02 (0.32 mg/L in Quarter 5). Concentrations of manganese exceeded the PRG of
1.70 mg/L in three A aquifer wells, with the maximum concentration of 2.7 mg/L detected in

sample 117-MO01A-GU-P-02 (Quarter 3).

In the B aquifer, manganese consistently exceeded the PRG in Well 4-MW-07. Samples from
this well indicate concentrations between 2.4 and 3.5 mg/L. Arsenic also exceeded the PRG in

two wells at concentrations slightly above the detection limit.

VOCs and SVOCs

A total of eight groundwater samples were analyzed for VOCs; with six samples indicating
concentrations above the PRGs. Four of the six samples are from wells located in the A aquifer.
Samples from A aquifer wells 4-MW-06 and 117-MO1A contained the greatest frequency of
compounds above the PRGs; while sample 4-MW-06-GU-P-02 contained the maximum reported

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 6-22



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

concentrations. VOC levels in this sample ranged from 210 pg/L 1,2-trichlorobenzene to 10,000
pg/L 1,2-dichlorobenzene. T he PRGs for these compounds are 8.16 pg/L and 49.3 pg/L,
respectively. B aquifer well H17-MO2B contained concentrations of VOCs ranging from 120
ug/L naphthalene (PRG of 6.2 pg/L) to 5,800 ug/L benzene (PRG of 0.354 ug/L).

SVOCs were detected above the PRGs in five A aquifer wells and one B aquifer well, with the
highest frequency of compounds detected in wells 4-MW-06; H17-MO2B and 117-MO1A. The
maximum concentrations were reported in sample H17-M02B-GU-P-02, with 49,000 u g/L 4-
chloroaniline and 170,000 pg/L aniline. The PRGs for these compounds are 146 ug/L and 11.8
png/L, respectively. No SVOCs were detected above the PRGs in the B aquifer.

Table 6-18 presents the data summary for those compound concentrations exceeding the

respective PRG value.

6.3.1.4  Surface Water and Sediments, AOC 4
No surface water features are present at AOC 4; therefore, no surface water or sediment samples

were collected at this AOC during the RI.

6.3.2 AOC 6, East Area

6.3.2.1  Source Zones

The primary source of potential contamination in OU 3, AOC 6 is believed to be in the form of
contaminated rubble, equipment and materials that were disposed after the demolition of MED

buildings in OU 1.

6.3.2.2  Soils and Vadose Zone, AOC 6

Soil samples were obtained from a total of 49 soil borings in AOC 6. Ninety-one soil samples
plus duplicates and third-party splits were collected from these borings. All soil samples were
analyzed for total uranium (71 by gamma spectroscopy and 20 by alpha spectroscopy), Th-234,
U-235, and Ra-226 (all gamma spectroscopy analysis), while 29 samples were analyzed Th-230
(alpha spectroscopy). Twenty samples were analyzed for isotopic uranium (U-234, U-235 and
U-238) via alpha spectroscopy. A Il 91 s amples were analyzed for U-235 by gamma

spectroscopy.
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Chemical constituents (TAL metals, VOCs/SVOCs and PAHs/PCBs)) were also analyzed in a
subset of 20 soil samples from AOC 6 in support of the BRA.

6.3.2.2.1 Radiological Constituents

Uranium

As previously discussed, characterization results for total uranium were compared to the ISV of
14 pCi/g in order to define the extent of potential soil contamination. Analytical results for total
uranium from both the offsite laboratory alpha and gamma spectroscopy analyses are presented
in Table 6-21. T he maximum concentration reported for any sample (alpha or gamma
spectroscopy) is presented in the text and depicted on associated figures. A brief summary of the
isotopic U and Th-234 results is also provided in this section, while the analytical results are
presented along with analytical data results for the other eligible radiological contaminants Ra-

226 and Th-230.

Fifty-four of the Th-234 samples were non-detect (60%), while reported concentrations ranged
from 1.8 to 1,910 pCi/g. Samples for U-234 ranged from 0.55 pCi/g to 1,770 pCi/g. U-235
alpha spectroscopy samples were between 0.04 pCi/g and 105 pCi/g, while 69% (63 of the 91
samples) were reported as non-detects for the U-235 gamma spectroscopy samples with detected
concentrations between 0.82 pCi/g and 97 pCi/g. Concentrations of U-238 ranged from 0.65
pCi/g to 1,830 pCi/g. The maximum concentrations of these isotopes were reported in two of the
same sample locations for which uranium contamination was detected (6-SB-04 for Th-234 and

6-SB-38 for the others), as discussed below.

Horizontal Extent

In AOC 6, the GWS encompassed the majority of what was once the East Burial Area (AOI 4).
A total of 10.8 acres was surveyed in this AOC. Because of elevated surface gamma activity, a
higher density of soil borings was concentrated along East Road. Areas at higher ground surface
elevations than East Road, specifically the Firefighter Training Area (AOI 6) to the north, were
omitted due to the thickness of cover that has been filled in over the years in the area. Gamma
walkover surveys conducted in similar areas on East Road resulted in gamma readings of
approximately half the observed values along East Road. Of the 74,916 data points collected,
74,546 data points exhibited Z-Scores below the action level of three. Of the remaining data
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points, 64 was the highest Z-Score, which corresponded to a count rate of 104,283 cpm. The
mean count rate for all of AOC 6 was calculated to be 4,927 cpm, with a standard deviation of
1,555 cpm. A Z-Score of three encloses 99.73% of a normal population, therefore the portion of
a normal population expected to exceed the upper limit confidence interval is calculated as
[(100%-99.73%)/2] or 0.135%. In other words, of the 74,916 data points collected, 0.135% or
101 data points would be expected to exceed the Z-Score of three. The observed number of
exceeding data points was 370, t herefore 269 data points or 0.36% exceeded a normal

distribution.

A graphic representation of the AOC 6 GWS is presented in Figure 6-26. As depicted in the
figure, the regions of highest surface gamma activity were located in the vicinity of East Road
(6CPT62, 6CPT63, and 6CPT64). T hese arecas were investigated during the subsequent soil

boring activities to discern the source of the high gamma measurements.

Vertical Extent

During gamma logging activities, two locations (6CPT21, 6CPT37, Figure 6-8) exhibited
elevated uranium, one (6CPTO05) exhibited clevated K-40, and three (6CPT25, 6CPT45,
6CPT54) did not exhibit any elevated radioactivity. These six locations were selected for
confirmation soil sampling during the CPT investigation. Tables 6-19 and 6-20 show the gross
gamma results for the AOC 6 core samples. All measurements were collected as average
integrated one minute count rates. Field results from AOI 6 are similar to results from the
Lagoon Area in that gross gamma results generally ranged from 4500 to 6500 cpm, and were
highest in the (native) clay intervals. However, locations SB-19 and SB-20 exhibited maximum
gross gamma activities in the 7000 to 8000 cpm range at a depth of approximately seven ft,
within fill and rubble. Clay content was not high in this interval, but the occurrence of cinders

was noted.

Field results from AOI 4 (East Burial Area) showed elevated gross gamma activities of up to

100,000 cpm. A continuous native clay layer was not evident in this area.

A total of 91 soil samples (including the CPT samples discussed above) were collected from 49

borings in AOC 6, of which 45 (or 49%) were reported as ND for total uranium, with reporting
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limits ranging from 0.03t o 7.1 pCi/g. T wenty-eight samples contained total uranium
concentrations that exceeded the ISV of 14 pCi/g. Uranium data has been evaluated against the

ISV to determine the extent of potential contamination.

Eighteen boring locations in AOC 6-AOI 4 exhibited elevated uranium concentrations at depths
less than four ft bgs as presented on Figure 6-29. The highest concentration of total uranium
measured in this area was from boring 6-SB-04 (3,910 pCi/g in sample 6-SB-04-B-P-01). The
next two highest sample concentrations were detected in borings 6-SB-38 (adjacent to 6-SB-04)
and 6CPT-62A (in the ditch area, north of East Road). T otal uranium of 3,740 pCi/g was
reported in sample 6-SB-38-SS-P-01 (zero to one foot); while a concentration of 1,280 pCi/g was
reported in sample 6CPT-62A-B-P-0.5 (first six inches of soil). T he remaining sample
exceedances of the ISV ranged from 15.7 pCi/g (6-SB-08-B-P-02 at 2.5 ft bgs) to 3,740 pCi/g (6-
SB-38-SS-P-01, zero to one foot bgs). M ost potentially contaminated soils were detected at
discrete intervals within each boring; only two borings (6-SB-37 and 6-SB-38) were potentially

contaminated between the surface and two ft bgs depth.

Results from samples obtained from boring 6CPT21 (which had been selected for confirmation
sampling due to the presence of elevated uranium during gamma logging) indicated a total
uranium concentration of 69 pCi/g in the two to three ft depth. The remaining CPT confirmation

samples were reported as NDs for the shallower soils.

Four locations in AOI 6 exhibited deeper soil contamination at discrete depth intervals between
six and 12 ft bgs. Uranium concentrations in these locations ranged from 37.3 pCi/g (sample 6-
SB-19-B-P-11, 12 ft bgs) to 153 pCi/g (sample 6CPT-37-B-P-08, 8.5 ft bgs). Location 6CPT37
has also been identified as a confirmation sample location during gamma logging. Boring 6-SB-
19 also contained uranium at a concentration of 71.3 pCi/g in the six to seven ft depth. Samples
6-SB-22-B-P-10 and 6-SB-20-B-P-07 contained uranium at concentrations of 72 pCi/g (11 ft bgs
depth and 101 pCi/g (seven ft bgs depth), respectively. Elevated gross gamma activity had been
noted at the seven ft depth for locations 6-SB-19 and 6-SB-20 during logging.
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Table 6-21 presents the analytical results with ISV exceedances shaded. Figure 6-27 shows the
distribution of uranium results across the entire AOC. Figure 6-28 presents a cross sectional

view of the vertical extent of uranium contamination about the ISV across AOC 6.

Other Radiological Constituents

The maximum concentrations of the other radiological constituents analyzed in AOC 6 s oil
borings were collocated in two of the same sample locations for which the highest uranium
contamination was detected. Sample 6-SB-38-SS-P-00 contained the maximum concentrations
of Th-230 (69 pCi/g and the second highest concentration of Ra-226 (9.8 pCi/g). Total uranium
in this sample was 3,740 pCi/g. S ample 6-SB-04-B-P-01 contained the maximum Ra-226
concentration of 14.3pCi/g (total uranium was 3,910 pCi/g). Both locations are within AOI 4.

Table 6-22 presents the analytical results for the radiological isotopic samples, while Figure 6-29

shows the distribution of results across AOC 6.

6.3.2.2.2 Chemical Constituents

The data summary discussions presented in this subsection focus on those constituents for which
concentrations have exceeded the USEPA Region 6 PRGs for residential soil, where applicable.
Table 6-23 presents a summary of the metals constituents that exceed the PRG values, while
Tables 6-24 and 6-25 present summaries of VOC/SVOC and PAH/PCB compounds,
respectively. Full data presentations are located in Appendix F. In addition, for a comparison of
these analytical results for chemical constituents to site background concentrations the reader is

referred to the background screening step of the BRA (CABRERA 2011b).

Metals

Thallium and silver were not detected in any of the 20 s amples. T hree metals (antimony,
beryllium and cadmium) were detected in only two or three samples while two (mercury and
selenium) were detected in less than eight samples. The remaining 16 metals were detected in
more than 85% of the 20 s oil samples. Six metals have concentrations that exceeded the

respective PRG, as presented in Table 6-23 and discussed below.

The maximum of the two antimony exceedances (280 mg/kg), along with the single cadmium,

chromium and iron exceedances, were reported in sample 6-SB-40-BS-P-05. Antimony was also
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detected above the PRG of 31.3 m g/kg in sample 6-SB-41-BS-P-05. M ercury was reported
above the PRG of 6.11 mg/kg in sample 6-SB-41-SS-P-00 (11 mg/kg). Arsenic was detected
above the PRG of 0.39 mg/kg in 19 of the 20 samples, with concentrations ranging from 1.2
mg/kg (6-SB-34-BS-P-03) to 11 m g/lkg in 6-SB-40-BS-P-05. Arsenic was collocated with
uranium in five of 10 borings (6-SB34 through 38) in AOI 1.

VOCs and SVOCs

VOCs were detected in two of 20 soil samples, with naphthalene values of 270,000 ug/kg and
560,000 pg/kg in 6-SB-40-BS-P-05 and 6-SB-41-BS-P-05, respectively. T he PRG for
naphthalene is 125,000 pg/kg. SVOCs were reported above the PRGs in sample 6-SB-40-BS-P-
05 (5,000 pg/kg azobenzene compared to a PRG of 4,420 ug/. Table 6-24 presents the data

summary for those compound concentrations exceeding the respective PRG value.

PAHs and PCBs

PAH compounds were detected above the PRGs in nine soil samples, with the greatest frequency
reported in samples from boreholes 6-SB-40 and 6-SB-41 Samples from 6-SB-41 contained the
maximum PAH concentrations, ranging from 3,800 pug/kg dibenzo(a,h)anthracene to 3,700,000
pg/kg fluorene in 6-SS-41-P-00 and 4,700 p g/kg dibenzo(a,h)anthracene to 10,000,00 p g/kg
fluorene in 6-SB-41-BS-P-05. T he PRG values for these compounds are 14.8 pu g/kg and
2,644,000 ng/kg, respectively. N o PCB compounds were detected in AOC 6 soils at
concentrations exceeding a respective PRG value. Table 6-25 presents the data summary for

those compound concentrations exceeding the respective PRG value.

6.3.2.3 Groundwater
Groundwater Flow Parameters in OU 3 - AOC 6

Groundwater elevations have been measured in all seven of the AOC 6 B aquifer wells for the
past four quarters of sampling (quarters 4 through 7). Three wells existed previous to quarter 4
and therefore, elevations were obtained from these wells during the third quarter. W ater level
data obtained from the AOC 6 wells are presented in Table 6-26. Groundwater flow direction
has consistently been towards the southwest. Groundwater elevation contours from Quarter 5
(September 2006) are representative of the quarterly sampling monitoring program and are

presented in Figure 6-30. T he average groundwater gradient in the B Aquifer during the
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quarterly sampling program has been 0.4%. W ater level measurement forms are provided in
Appendix G-2, while groundwater elevation contour figures by quarter are included in Appendix

L

Geochemistry of AOC 6 Groundwater

Groundwater stabilization parameters were measured during the purging of the wells prior to
each sampling event. This included pH, specific conductance, temperature, ORP, turbidity and
DO. In addition, groundwater was analyzed at the time of purging for concentrations of ferrous
iron, nitrite and sulfide (which may be considered indicators of biodegradation activity), as well
as for the presence of hydrogen peroxide. Groundwater quality data representing stabilized
conditions are presented in Table 6-27, while results for the additional sampling parameters are
provided in Table 6-28. Appendix L provides figures showing concentration trends in water
quality data by quarter, as well as isopleth maps. T he field results are described below.

Calibration logs for the YSI meters used in the field analysis are presented in Appendix K.

All wells except 6-MW-02B were stabilized to a final turbidity of 10 NTUs or less in the quarter
3 through 5 sampling. An NTU of 77 mg/L was reported in Well 6-MW-02B during quarter 3.
Readings in this well were below 10 NTU for all remaining sampling. The wells exhibited higher
turbidity levels in the quarter 6 (and in some cases, the quarter 7) sampling, and were considered

stabilized when three consecutive NTU readings were within +10%.

Dissolved oxygen concentrations were less than one mg/L in 21 of 31 total groundwater samples
(68%), indicating a reducing environment. Average sample values ranged from 0.48 mg/L to 2.5
mg/L. The average DO concentration for the B aquifer over time was 1.2 mg/L. In general,
ORP values for AOC 6 were positive, with an average value for the B aquifer of 82 mV. Only
the deep well 6-MW-07B consistently indicated reducing conditions during all sampling, with
ORP values between -52 mV and -101 mV. The average ORP for this well was -82 mV. While
values in down-gradient well 6-MW-05B ranged from -97 mV to 37 mV, the average ORP value
of -29 mV is also indicative of reducing conditions. Figure 6-31 presents the average DO and

ORP values for the AOC 6 wells.

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 6-29



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

Average specific conductance values ranged from 423 uS/cm to 2,078 uS/cm, with an average
aquifer value of 1,189 uS/cm. A verage pH values ranged from 5.8 (slightly acidic) to 8.5
(slightly basic). One sample from well 6-MW-07B taken during quarter 5 was highly basic, with

a value of 11.83. The average pH value for the B aquifer was 6.4.

Ferrous iron concentrations ranged from an average of 0.26 mg/L to 2.9 mg/L, while nitrite was
detected at values less than one mg/L in five wells, and was not detected in any samples from 6-
MW-04B and 6-MW-07B. Concentrations of both parameters support the presence of reducing

conditions in the B aquifer.

The average sulfide concentrations were between 0.01 mg/L to 0.04 mg/L. Hydrogen peroxide
was detected in approximately 50% of the AOC 6 g roundwater samples, with average
concentrations ranging from 0.12 mg/L to 1.04 mg/L. No hydrogen peroxide was detected in
any samples from well 6-MW-04B and in only one sample each from wells 6-MW-05B and 6-
MW-07B (quarter 7 sampling).

Major lons in Groundwater

Concentrations of major cations and anions were analyzed to interpret their effect on uranium
geochemistry. C oncentrations of the inorganic ions chloride, fluoride, sulfate, phosphate (as
phosphorous), nitrate/nitrite, and alkalinity were measured as well as the metals calcium,
magnesium, sodium, and potassium. Sample results for major cations and anions obtained for

AOC 6 are presented in Table 6-29.

The average alkalinity value for the B aquifer in AOC 6 is indicative of ‘hard’ to ‘very hard’
water quality (140 mg/L.) Three wells exhibit high alkalinity: 6-MW-01B (180 mg/L; 6-MW-
04B (160 mg/L); and 6-MW-06B (320 mg/L). The remaining wells would be categorized as
‘slightly to moderately hard’ with values ranging from 34 mg/L to 90 mg/L.

Average chloride concentrations ranged from 7.1 mg/L to 580 mg/L across the B aquifer, with
the highest concentrations detected in wells 6-MW-03B (428 mg/L) and 6-MW-04B (558 mg/L).
For comparative purposes, the NJDEP WQC for chloride is 250 mg/L. Sulfate also exhibited a

wide range of values (68 mg/L to 923 mg/L). The highest average concentrations were detected

W912DQ-08-D-0003/CF02 CABRERA SERVICES INC. 6-30



031003

DuPont Chambers Works FUSRAP Site FINAL
Sitewide Remedial Investigation Report

in the wells with the lowest chloride values (6-MW-06 and 6-MW-07). The NJDEP WQC for
sulfate is also 250 mg/L.

Fluoride, nitrate/nitrite and total phosphorus values were low, and averaged less than one mg/L
each. P hosphorous was not detected in any samples from well 6-MW-03B and in just one

sample from well 6-MW-02B.

6.3.2.3.1 Radiological Constituents

Uranium

All seven AOC 6 B aquifer monitoring wells were sampled for isotopic and total uranium in
Quarters 4 through 7 (6/2006, 9/2006, 2/2007 and 5/2007). Three wells (6-MW-01B, 6-MW-
02B and 6-MW-03B) were also sampled in Quarter 3 (11/2005). A total of 31 groundwater
samples were collected. Comprehensive sample results for both isotopic and total uranium in the
AOC 6 wells are presented in Table 6-30. Total uranium results exceeding the MCL of 30 pg/L
have been highlighted. These exceedances have been utilized to determine the extent of
groundwater contamination, and are the focus of the discussions presented below. As discussed
in previous sections, the uranium results reported by the laboratory as pCi/L have been converted
to mass units of pg/L by dividing the result by a factor of 0.667 to allow comparison to the MCL.
Figure 6-32 presents the results for the isotopic and total uranium in AOC 6 w ells, while
concentration trends for total uranium are found in Figure 6-33. A n average total uranium

isopleth is presented for AOC 6 in Figure 6-34.

Groundwater laboratory data for both primary and QA analyses are presented in Appendix H.

The QA/QC evaluation results are presented in Appendix M

Well 6-MW-01B exhibited total uranium concentrations exceeding the MCL of 30 ug/L. As
previously discussed, the initial uranium sample result for this well (6-MW-01-GU-P-02, quarter
3) was 763 n g/L. Subsequent analytical results reported concentrations between 187 p g/L
(quarter 4) and 106 pg/L (quarter 7). The average uranium concentration for this well was 267
ug/L. While no soil borings in this general area contained elevated uranium, the well is located
downgradient of an area of potentially contaminated soils, and thus may contain dissolved

uranium in soil particulates which have migrated along the groundwater flow path. T he
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remaining wells in AOC 6 (6-MW-02B through 6-MW-07B) had uranium concentrations below
the MCL, and all average values were below five pCi/L. It should be noted that while 6-MW-
07B is located adjacent to 6-MW-01B, well 6-MW-07B was completed to the base of the B
Aquifer (50 ft bgs) in order to provide vertical delineation of potential groundwater

contamination. In contrast, 6-MW-01B is completed to a depth of 17 ft bgs.

Other Radionuclides

In addition to radiochemical analysis for uranium described above, groundwater samples from all
quarters (31 samples) were analyzed for the radiochemical parameters gross alpha / gross beta,
Ra-226 and Ra-228. The thorium isotopes Th-228, Th-230 and Th-232 were analyzed beginning
in Quarter 4, resulting in a total of 28 samples (wells 6-MW-01B through 6-MW-03B did not
have thorium isotope data for quarter 3). Comprehensive radionuclide results are presented in
Table 6-31. For those radionuclides with corresponding MCL values, the results exceeding the

MCL have been highlighted. Figure 6-35 presents average results for AOC 6 wells.

The MCL for gross alpha (15 pCi/L) was consistently exceeded in well 6-MW-01B. T he
average gross alpha concentration at this location was 119 pCi/L, and individual concentrations
ranged from a maximum of 317 pCi/L (quarter 4) to 31.2 pCi/L (quarter 7). Data from all other
AOC 6 wells indicated that concentrations were below the gross alpha MCL. G ross beta
concentrations averaged between 5.1 pCi/L and 58.5 pCi/L with the highest reported value also
in 6-MW-01. All of the above gross alpha exceedances, as well as gross beta concentrations, are

attributed to the presence of uranium.

No Ra-226 or Ra-228 concentrations exceeded the MCL for combined Ra-226/Ra-228 of five
pCi/L. Average reported values for Ra-226, and Ra-228 were between 0.12 pCi/L and 1.03
pCi/L. No Th-228 was detected in any B aquifer samples, while Th-230 was detected in only
two of the 28 samples (0.133 pCi/L to 0.171 pCi/L) and Th-232 in five samples (0.018 pCi/L to
0.026 pCi/L).

6.3.2.3.2 Chemical Constituents
The data summary discussions presented in this subsection focus on those constituents for which

concentrations have exceeded the USEPA Region 6 PRGs for tap water. Full data presentations
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are presented in Appendix H-2. In addition, for a comparison of these analytical results for
chemical constituents to site background concentrations the reader is referred to the background
screening step of the BRA (CABRERA 2011b). Appendix B of the BRA, Tables B-3-2, B-3-3,

and B-3-4 present these results.

Metals

Six metals were detected in more than 90% of the 29 groundwater samples. Eight metals were
not found in any samples. Chromium and selenium were detected in three samples; copper in
four; while lead was detected in a total of seven samples. The remaining metals were detected in

25% to 50% of the samples. Four metals had concentrations exceeding the PRGs.

Arsenic was reported in concentrations exceeding the PRG of 0.0004 mg/L in three of the seven
B aquifer wells. The maximum concentrations were detected in sample 6-MW-04-GU-P-02,
ranging from 0.011 mg/L to 0.021 mg/L over four quarters of sampling. Iron was also reported
above the PRG in this sample. Lead was detected above the PRG of 0.015 mg/L in the most
recent sample round (Quarter 6) in 6-MW-01-GU-P-02 (0.077 mg/L), while manganese was
detected above the PRG of 1.70 mg/L in three quarters of sampling for Well 6-MW-03. Sample
concentrations ranged from 2.1 mg/L to 2.3 mg/L. Table 6-32 presents the data summary for

those metal concentrations exceeding the respective PRG value.

VOCs and SVOCs

VOCs and SVOCs were detected above the PRGs in all seven B aquifer wells. The maximum
concentrations were reported in sample 6-MW-01-GU-P-02, ranging from 820 p g/L 1,4-
dichlorobenzene to 32,000 pg/L 1,2-dichlorobenzene. The PRG values for these compounds are
0.467 pg/L and 49.3 pg/L, respectively. Table 6-33 presents the data summary for those

compound concentrations exceeding the respective PRG value.

6.3.2.4  Surface Water and Sediment Results, AOC 6

6.3.2.4.1 Radiological Constituents

Comprehensive sample results for isotopic and total uranium for the surface water samples
obtained in AOC 6 are presented in Table 6-34. Similar to the groundwater data presentations,
those total uranium concentrations exceeding the MCL of 30 ng/L have been highlighted, and

are the focus of the discussion on nature and extent of contamination. Sediment results are
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provided in Table 6-35, with the total uranium concentrations exceeding the ISV of 14 pCi/g
highlighted. Results for other radiochemical constituents are provided in Tables 6-36 (surface
water) and 6-37 (sediment). Sample results for sediment in AOC 6 are presented in Figure 6-37.
Laboratory data for both primary and QA analysis (surface water and sediment) are presented in

Appendix P.

Total Uranium

Of the 12 surface water samples, the only exceedance of the total uranium MCL was detected in
sample 6-SW-02-S-P-01, with a concentration was 265 ug/L. MED related uranium occurs near
the ground surface on the northern bank of the ditch near where this sample was collected. As
the sample was obtained during a storm event, it most likely was turbid and contained surface
soil particulates from the bank. As demonstrated by the sediment results, any potentially
contaminated soils washed into the ditch have not migrated. Concentrations of total uranium

values for the remaining 11 samples were reported at less than three pg/L

Of the 13 sediment samples, only sample 6-SD-11-P-00 (18.4 pCi/g) exceeded the ISV of 14

pCi/g. Uranium concentrations in the remaining sediment samples ranged from 0.7 to 13 pCi/g.

Other Radiological

In addition to radiochemical analysis for uranium described above, all 12 surface water samples
were analyzed for the radiochemical parameters gross alpha / gross beta, Ra-226/Ra-228 and
thorium isotopes Th-228, Th-230 and Th-232. All sediment samples were analyzed for Ra-226
and the thorium isotopes. Comprehensive radionuclide results for surface water are presented in
Table 6-36. For those radionuclides with corresponding MCL values, the results exceeding the

MCL have been highlighted. Radionuclide results for sediment are presented in Table 6-37.

The MCL for gross alpha (15 pCi/L) was exceeded in sample 6-SW-02-S-P-01. The gross alpha
concentration for this sample was 89 pCi/L. Gross alpha concentrations for the remaining 11
surface water samples were less than five pCi/L. The maximum gross beta concentration (83
pCi/L) was also reported in sample 6-SW-02-S-P-01. With the exception of this sample, gross
beta concentrations ranged from 4.9 pCi/L to 10.3 pCi/L. The presence of the gross alpha and
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gross beta in surface water is attributable to the presence of uranium. T otal uranium was

reported in this sample at 265 pg/L.

Radium-226 was detected in one sample (0.17 pCi/L, sample 6-SW-09-SW-P-00), while Ra-228
was not detected in any surface water sample in AOC 6. No Th-228 or Th-230 was detected;
one Th-232 value was reported for sample 6-SW-02-S-P-01 (0.015 pCi/L).

The maximum concentrations of Ra-226 (1.6 pCi/g), Th-230 (1.04 pCi/g) and Th-232 (9.7 pCi/g)
were detected in sample 6-SD-11-P-00 (total uranium of 18.4 pCi/g). Th-234 was detected at 6.3
pCi/g in sample 6-SD-02-D-P-001.

6.3.2.4.2 Chemical Constituents

The data summary discussions presented in this subsection focus on those surface water and
sediment constituents for which concentrations have exceeded the USEPA Region 6 PRG for tap
water or