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I .  

1.0 INTRODUCTION 

Preparation of this document partidy fulfills the Stage 1 Resource Conservation and Recovery 

Act (RCRA) Facility Investigation o/Comprehensive Environmental Response, 
Compensation, and Liabiity Act (CERCLA) Remedial Invdgation (RI) Work Plan 

requirements to present the results of the nonintrusive Stage 1 activities for Operable Unit 

No.9 (OU9) at the U.S. Department of Energy (DOE) Rocky Flats Environmental 

Technology Site (RFETS) located in Golden, Colorado. Figwe 1-1 illustrates the general 

location of RFETS. Plate 1 identifies the location of the Industrial Area and the 1 1 tank groups 

located throughout the Industrial Area. The Stage 1 (screenhg level) activities include visual 

inspections, surfixe radiological surveys (i.e., sodium iodide INaI] surveys), sudiux-soil 

sampling, subsurfk-soil sampling, and tank characterization. 

The Stage 1 activity is the first of a three-stage RFI/RI. These activities are pursuant to an 

Interagency Agreement (IAG) among DOE, the U.S. Environmental Protection Agency 

@PA), and the State of Colorado Department of Public Health and Envirorment (CDPHE), 

dated Janwuy 22,1991 (DOE et al. 1991). The IAG program addresses both RCRA and 

CERCLA requirements. The purpose of this Data Sunuky is to report analytical data 
resulting fiom the Stage 1 activity. 

1.1 BACKGROUND 

OU9 consists of one Individual Hazardous Substances Site (MSS) designated A Number 121, 

the original procesS Waste Lines (OWL). The OPWL is a predomhantly abandoned 

network of tanks and underground pipelines used for transport and temporary storage of 

aqueous process waste fiom Rocky Flats production activities. Eleven tank groups located 

throughout the RFETS Industrial Area (Plate 1) were the subject of this outside tank field 

’ )  1. 
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investigation. Complete documentation of these IHSSs is detailed in the OU9 RFI/RI Work 

Plan (DOE 1992a). 

All MSSs in the Industrial Area were evaluated according to criteria in the draft Proposed Plan 

for Reorganization and Remediation of the Industrial Area Operable Units @G&G Rocky 

Flats, Inc. [EG&G] 1994a) to assist in iden-g those MsSs that are candidates for closure 

or accelerated cleanup. The intention of the categorization is to allow for the expedited risk- 

based closure of the Industrial Area MsSs by issuing a decision matrix equivalent to a Record 

of Decision (ROD) for each M S S  or group of MSSs. This would occur before RODS are 

issued for each Indusbial Area OU. This categorization process is designed to manage 

potential changes of previously planned work scopes based on the collection and interpretation 

of new data. Data collected during the Stage 1 activity are compared with the remedial 

categories in this Data Summary. 

originally the results of this Stage 1 Work Plan were to be presented in a Technical 
Memorandum that would (1) present the Stage 1 findings and (2) provide data interpretation 

conclusions and follow-on recommendations. The Technical Memorandum also would have 

presented a Stage 2 and 3 Work Plan for determining those tank groups that required follow- 

on investigation. However, due to.contractor transition and funding limitations, the OU9 

Scope of Work was required to be modified to a Data Summary Report that eliminated data 

interpretation, conclusions, and recommendations for each tank group and the Stage u3 Work 

Plan. 
L 

Additionally, because of FY% budget concerns, and RFETS needs to forecast the Industrial 

Area priorities for FY96, this Data Summary Report was required to be completed before 

receipt of a complete Rocky Flats Environmental Data System (RFEDS) data package for all 

tank groups. Compilation of the remaining data will be performed through an addendum, 

when bding is available. 

H:\WRPU'IS\RMRS\DATSUMM.DOC 10112195 FiDnl 
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1.2 PURPOSE AND SCOPE 

The purposes of this Data Summary are as follows: 

Descrii the activities implemented during the Stage 1 investigation and compare these 
activities to the outline in the OU9 RFVRI Work Plan (DOE 1992a). 

Relate ament data to the categorization of MSSs in the draft Proposed Plan for 
Reorganization and Remediation of the Industrial Area Operable Units @G&G 1994a). 

Present a summary of analytical data fiom the activities implemented during the Stage 1 
investigation in order to further characterize the tanks. 

The Stage 1 activities for OU9 were designed to detect contamination at each tank or tank 

group using screening-level w e y s .  These surveys provided an assessment of the presence of 

contaminaton, and also preliminarily indicated the nature and extent of the contamination that 
is present. The following is a list of the activities implemented during the Stage 1 investigations 

at each tank or tank group: 

visual inspections of the physical setting 

0 surfice radiological w e y s  using an NaI instrument; . t3Ulke-soilsampling 

subsurfkesoil sampling and 
0 tank characterization including visual inspection and tank sludge andor liquids sample 

collection. 

L 
This document presents the results of these inspections, surveys, and sampling events for 

each individual tank or tank group. All results of the surface radiological survey are 

included as appendices or tables. Once the investigations for the Stage 1 activities are 

completed, the need for a comprehensive RFI/RI document to summarize all of the 

information and fulfill the initial objectives of the RFI/lU as defined in the OU9 RFI/FU 

Work Plan (DOE 1992a) will be evaluated. 

H:\WP\PUTS\RMRSU)ATSUMl.DOC 10112195 F d  
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2.0 METHODS OF INVESTIGATION 

This section describes the investigative methodologies used during implementation of the 

Stage 1 data collection activities pursuant to the OU9 RFI/RI Work Plan (DOE 1992a). 

2.1 HIGH-PURITY GERMANIUM SURVEY 

In situ high-purity germanium (HPGe) surveys were planned for d of the tanks in OU9, 

but postponement of the HPGe survey until late in the Stage 1 field program required that 

the survey be canceled. However, HPGe surveys were conducted near some of the tanks 
in adjacent OUs/IHSSs. These data were compiled before the start of Stage 1 field 

activities and evaluated to identlfj, potential areas of high radiological contamination. 

These data are compared with the NaI surveys discussed in the following section. 

2.2 SODIUM IODIDE SURVEYS 

The MaI scintillation detector, also referred to as the Field Instrument for Detection of 

Low Energy Radiation @IDLER), is used for detecting low-energy gamma photons and X 
rays that are characteristic of americium and plutonium (EG&G 1993a). The detector 

consists of a single crystal of NaI to which a small amount of thallium has been added. 

The detector has a narrow field of view of approximately 1 foot in diameter when held 2 

inches 'above the ground. The procedure for use of the FIDLER at RFETS is outlined in 

Environmental Restoration Program Division (ERPD) Standard Operating Procedure 

(SOP) FO. 16 (EG&G 1992a). 

NaI surveys were conducted at each sampling location in OU9 for health and safety 

purposes and were intended to be compared with in situ HPGe survey results at each tank 
i location. The NaI survey results are used to characterize the radiological activities at each 
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tank and are compared with the in situ HPGe survey data from adjacent MSSs Ad 

available preliminary OU9 surveys. 

2.3 VISUAL INSPECTIONS 

A site reconnaissance, or visual inspection, was conducted at each of the tank groups in 

OU9 to accomplish the following: characterize and document the physical conditions of 

each area, identifjl health and safety hazards that may exist, identifjl potential overhead 

utility interference with the drill rig mast, identifjl special needs or requirements for drilling 

operations and for collecting samples at each area, and plan the OU sampling strategies. 

Tank photographs taken at the time of the site reconnaissance are presented in 

Appendix A. 

Also identified during site reconnaissance were affected media such as stressed vegetation, 

soil staining, cracked concrete, and pavementlconcrete staining. Surface-soil samples . 
were specificaIIy located based on these visual inspections in conjunction with the 

locations 8s indicated in the OU9 Technical Memorandum 1 (DOE 1994a). These 

locations were approved for sampling by DOE, EPA, and CDPHE as described in the - + 

OU9 Technical Memorandum 1. 

2.4 SURFACESOIL SAMPLING 

A total of 50 surface-soil sample locations were sampled in OU9. Thrrty-seven of these 

sufice-soil locations were co-located directly above borehole drilling locations, with the 

remaining 13 locations being independent. Table 2-1 summarizes the analytical 

parameters for surface-soil sampling. 

Two methods of collecting surfhce-soil samples were employed during Phase I sampling at 

OU9 depending on whether the surface was paved. In unpaved areas, grab samples were 
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collected; in ares where asphalt pavement covered the ground surfhe, grab samples were 

collected after cutting a hole through the asphalt with an electric coring device. Both grab 

sampling methods were conducted in accordance with ERPD SOP GT.08 (EG&G 1993b). 

Sample numbers and location codes for OU9 were assigned by the RFETS Sample 

Management Office. Sample numbers with the “SSG” prefix designate surface-soil 

material, and location codes are identified by a five-digit code ending in “95.” All 
sampling information was entered into RFEDS on a weekly basis using the DataCapm 

v3.0 program located at the Jacobs Engineering Group Inc. (Jacobs) onsite fieId trailer. 

Surface-soil samples were collected and handled in accordance with ERPD SOP F0.13 

@G&G 1994b). Data management was conducted in accordance with ERPD SOP FO. 14 

@G&G 1994~). 

2.5 SUBSURFACE SOIL SAMPLING 

Subsurface-soil samples were collected fiom borehole locations .specified in OU9 

Technical Memorandum 1 (DOE 1994a). Subsurface-soil sampling was conducted in 

accordance with ERPD SOP GT.02 @G&G 1992b)’and ERPD SOP GT.08 (EG&G 

1993b). 

A total of 40 borehole locations were sampled in OU9. Four borehole locations were 

abandoned and 13 locations were offset because utilities were in t,he way. Several 

locations failed to produce a sufficient volume of soil to collect a cornpfete analytical suite 

or failed to produce any yield at all, preventing sample collection. In general, large 

cobbles or excess fines, often found in the Rocky Flats alluvium, prevented consistent 

recovery. The priority of subsurface samples was determined on a case-by-case basis 

depending on the history of the tank in question. If necessary, the sample interval was 

I extended in order to increase the sample volume so a complete analytical suite could be 

collected. Table 2-2 summarizes the analytical parameters for subsurface-soil sampling. 
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Sample numbers and location codes for OU9 were assigned by the RFETS Sample 

Management Department. Sample numbers with the “BHG” prefix designate borehole- 

sample material, and location codes are identified by a five-digit code ending in “95.” All 

sampling information was entered into RFEDS on a weekly, basis using the DataCapm 

v3.0 program located at the Jacobs onsite field trailer. Borehole samples were collected 

and handled in accordance with W D  SOP FO. 13 (EG&G 1994b). Data management 

was conducted in accordance with ERPD SOP FO. 14 (EG&G 1994~). 

I 

2.6 GEOLOGIC CORE LOGGING 

Preliminary lithologic core logging was performed at the time of sample recovery by the 

site geologist’and was recorded on GT.1B - Preliminary Wellsite Field Log. The core 

was then wrapped in plastic, boxed, and transported to the core-logging room. A detailed 

log was completed in accordance with EWD SOP GT.01 (EG&G 1992c) and recorded 

on a GT.1A (Rev. 3) - Borehole Log. All of the core recovered was labeled and 

photographed in the core bdx. These photographs were previously turned in to EG&G 

along with all field records., Color originals and the negatives are on file at RFETS 

document conbol. The geologist performing these procedures received RFETS-specific 

core logging training. 

Upon completion, the detailed core logs were reviewed by a logging supervisor and then 

emtmed into the LOGGER &computer program to create graphic boreholes. The 

LOGGER-generated borehole logs are presented in Appendix B of this report. 

2.7 GROUNDWATER SAMPLING 

Groundwater samples, field parameters, and water-level measurements were collected 

fiom borehole locations as specified in OU9 Technical Memorandum 1 (DOE 1994a). 

Groundwater samples within the saturated zone were collected using a HydroPunch@ 



~ _..___..._.... .... ...- . . . . .  . .  . . . -... ...... . . . .. . . . .. .. _. . . .  

Rocky Flats En-tal Technology Site Document No. RFP/ERh4-95-0000 
Operable Unit No. 9 Outside Tanks W o n :  2.0 Page 5 of 8 

sampler and were used to characterize potential contamination of the groundwater. Table 

2-3 summarizes the analytical parameters for groundwater sampling. Field parameter 

analysis of pH, conductivity, and temperature were performed with a Horiba U-10 meter. 

Water-level measurements were performed with a Solinst@ water-level instrument. 

Groundwater sampling activities were conducted in accordance with ERPD SOPS GW.01 

(EG&G 1992d), GW.05 @G&G 1992e) and GW.06 (EG&G 19920. 

Groundwater was encountered in a total of 19 boreholes in OU9. The analytical suite 

varied depending on the yield of the water table. Groundwater samples were collected in 

the priority set forth in Section 3 of OU9 Technical Memorandum 1 (DOE 1994a). All 
groundwater sampling activities were recorded in the field on forms F0.14B - 

Groundwater Sample Collection Form; GW.6A, (Rev. 3) - Field Activity Daily Log; and 

GW.6B, (Rev. 3) - Groundwater Sample Collection Log; as well as in the field logbooks. 

Sample numbers and location codes for OU9 were assigned by the RFETS Sample 
I Management Office. Sample numbers with the “GWG” prefix designate groundwater 

samples, and location codes are identified by a fivedigit code ending in “95.” All 

sampling information was entered into RFEDS on a weekly basis using the DataCapm 

v3.0 program located at the Jacobs onsite field trailer. Groundwater samples were 

collected and handled in accordance with ERPD SOP F0.13 (EG&G 1994b). Data 

management was conducted in accordance with ERPD SOP F0.14 (EG&G 1994~). 

I 

L 

2.8 WASTE MANAGEMENT 

AU Investigative-Derived Material (IDM) generated during drilling operations was 

handled in accordance with ERPD SOP F0.8 (EG&G 1992g) and ERPD SOP FO.10 

(EG&G 1992h) and is doaimented in form FO.lOA (Rev. 4) - Drum Field Log Form. 
The information contained in FO. 10A was entered into DataCapm v3.0 and transmitted’ to 

RFEDS for drum characterization. Drill cuttings were field-screened for radioisotopes 
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and volatile organic compounds (VOCs) in accordance with ERPD SOP FO.15 @G&G 

19923) and ERPD SOP FO. 16 (EG&G 1992a). Field-screening data were documented on 

F0.8C (Rev. 2) - Record of Drilling Fluids and Cuttings. All drums were closed and 

labeled by a certified Waste Generator and transferred to RFETS personnel along with a 

Waste Residue Traveler for disposition. 

2.9 HEAVY EQUIPMENT AND GENERAL DECONTAMINATION 

Field equipment was decontaminated in accordance with ERPD SOP F0.03 (EG&G 

1992j) or ERPD SOP F0.04 (EG&G 1992k). Downhole equipment was decontaminated 

at the decontamination facility before it was used, between uses, and after final use (before 

it was released from site). General small equipment was decontaminated in the field using 

tubs, brushes, garden sprayers, Liquinoxm, and deionized water. Decontamination liquid 

was collected in satellite containers and transported to the decontamination facility for 

disposal. Property Release Evaluations (PRES) were obtained before the removal of 

equipment from RFETS. Field radiological monitoring was done in accordance with 

ERPD SOP F0.16 (EG&G 1992a) and Environmental Management Radiological 

Guidelines (EMRG) 3.02 (EG&G 1991a). Decontamination activities are recorded in 

field logbooks and on Form F0.4A - Heavy Equipment DecontaminationWash Checklist 

and Record. 

2.10 ABANDONMENT OF BOREHOLES 

All boreholes were plugged and abandoned in accordance with ERPD SOP GT.05 

@G&G 19921). Required information was documented on form GT.5A (Rw. 3) - 
WelYBorehole Abandonment. A metal cap inscribed with the borehole number and date 

was placed in the abandoned borehole cement cap. The elevation and survey coordinates 

will be inscribed on the metal cap upon completion of borehole surveying. 

L 
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2.11 TANK CBARACIXRUATION 

Tank characterization consisted of both visual inspection of the tank and/or vault and 

collection of sludge or liquid samples fiom the tank. A final EG&G ERPD SOP for tank 
characterization was not available, so a Scientific Notebook Plan (SNP) (Jacobs 1995), 

was created to guide the field activities. This SNP provided procedures for conducting 

visual inspections and for collecting samples fiom the tanks and also provided the field 

team with the discretion to implement sample collection techniques not othewise 

delineated in the SNP. The Scientific Notebook was maintained to document any changes 

to established S N P  procedures and the reasons for implementing alternate procedures. 

Visual inspection of the tanks and/or tank vaults was conducted by viewing the interior of 

the tanks through manways or inspection ports without physically entering the tanks. An 

intrinsically safe flashlight was used to illuminate the tank, but no other mechanical means 

of viewing the tanks, such as remote camera videotaping, was used. 

Sample collection from the tanks followed the procedures in the SNP to the extent 

practicable, but procedures followed at &ch tank depended on the circumstances and 

characteristics encountered at the tank and therefore will be discussed individually in each 
tank section. Table 2-4 summarizes the analytical parameters for tank liquid, sludge, and 

smear sampling. 

b 

2.12 LOCATION OF SURFACESOIL AND SUBSURFACE-SOIL SAMPLING 
SITES 

Maps fiom the OU9 RFI/RI. Work Plan (DOE 1992a) and OU9 Technical Memorandum 1 

(DOE 1994a) were used to locate surface- and subsurface-soil sample collection points. 

Fixed locations such as building corners and fences were used to locate the sample points. 

Measurements were made off the maps, and locations were determined with a tape and 

F i  
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compass. Site inspection also provided information, such as soil staining and stressed 

vegetation, indicating the best sample location. Each location was flagged in the field. 

Some borehole locations for subsufiace-soil samples had to be offset fiom the original 

location due to interference with utilities in the area. Boreholes that were meant to 

capture downgradient conditions were offset hrther downgradient up to 20 feet fiom the 

original location with the expectation that the contaminant plume would still be detected; 

boreholes that were meant to capture upgradient or presumed background conditions 

were offset up to 20 feet fbrther upgradient. Several borehole locations were abandoned 

because of possible underground utilities at or near the location. 

2.13 GEOGRAPHIC INFORMATION SYSTEM 

All maps and spatially referenced data have been created in a Geographic Information 

System (GIs) format using ARCflnfo software. RFETS map coverages, including OU 

and M S S  outlines, were obtained fiom EG&G. Analytical data were imported into the 

software to spatially represent analyte concentrations. 

i 

F i  



TABLE 2-1 
Analytical Parameters for Surface Soil Samples Associated With OU8 Tank Groups 

. /  

Test Group:.BNACLP 
lI2,4-TRICHLOROBENZENE 
lI2-DICHLOROBENZENE 
1 ,SDICHLOROBENZENE 
1 ,CDICHLOROBENZENE 
2,4,5-TRICHLOROPHENOL 
2,4,&TRICHLOROPHENOL 
2,4-DICHLOROPHENOL 
2,CDIMETHYLPHENOL 
2,CDINITROPHENOL 
2,4-DINITROTOLUENE 
2,&DINITROTOLUENE 
2-CHLORONAPHTHALENE 
2-CHLOROPHENOL 
2-METHYLNAPHTHALENE 
2-METHYLPHENOL 
2-NITROANILINE 
2-NITROPHENOL 
2-PENTANONEI 4-HY DROXY-4-METHY 
3,3’-DICHLOROBENZIDINE 
3-HEXENE-2,5-DIONE 
3-NITROANILINE 
4,&DINITRO-2-METHYLPHENOL 
4-CHLORO-3-METHYLPHENOL 
4-CHLOROANILINE 
CCHLOROPHENYL PHENYL ETHER 

4-METHYLPHENOL 
4-N ITROAN ILI NE 
4-NITROPHENOL 
9,101ANTHRAQUINONE 
ACENAPHTHENE 
ACENAPHTHMENE 
ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)PYRENE 
BENZO@)FLUORANTHENE 
BENZO(ghi)PERYLENE 
BENZO(k)FLUORANTHENE 

BIS(2-CHLOROETHYL)ETHER 
BlS(2-CHLOROlSOPROPYL)ETHER 

BUTYL BENZYL PHTHALATE 
CARBAZOLE 
CHRYSENE 
CYCLOPENTA[DEF]PHENANTHRENONE 
DI-n-BUTYL PHTHALATE 

4-METHYL-SPENTEN-2-ONE 

BIS(2-CHLOROETH0XY)METHANE 

BlS(2-ETHYLHEXYL)PHTHALATE 

IDI-n-OCTYL PHTHALATE 
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TABLE 2-1 
Analytical Parameters for Surface Soil Samples Associated With OU9 Tank Groups 

DIBENZOFURAN 
DIBENZOTHIOPHENE 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 

FLUORANTHENE 
FLUORENE 
FLUORENONE 
HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROETHANE 

ISOPHORONE 
METHYL FLUORENE ISOMER 
N-NITROSO-DI-n-PROPYLAMINE 

NAPHTHALENE 
NITROBENZENE 
gBROMODlPHENYL ETHER 
PENTACHLOROPHENOL 
PHENANTHRENE 
PHENOL 
PYRENE 

ETHANE, 1 ,l'-OXYBIS 2-METHOX 

INDENO(l12,3-~PYRENE 

N-NITROSODIPHENYLAMINE 

I DIBENZO(a,h)ANTHRACENE 

ALDRIN 
alpha-BHC 
alpha-CHLORDANE 
AROCLOR-1016 
AROCLOR-1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1260 
beta-BHC 

Test Group: METADD 
CESIUM 
LITHIUM 
MOLYBDENUM 
SILICON 
STRONTIUM 
TIN 



TABLE 2-1 
Analytical Parameters for Surface Soil Samples Associated With OU9 Tank Groups 

- 
delta-BHC - 
DIELDRIN 
ENDOSULFAN I 
ENDOSULFAN II 
ENDOSULFAN SULFATE 
ENDRIN 
ENDRIN ALDEHYDE 
ENDRIN KETONE 
gamma-BHC,(LINDANE) 
gamma-CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 

Test Group: SMETCLP 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
TANTALUM 
THALLIUM 
VANADIUM 

I 

Test Group: TCLP-RADS 
TRITIUM 
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TABLE 2-1 
Analytical Parameters for Surface Soil Samples Associated With OU9 Tank Groups 

Test Group: TRADS 
AMERICIUM-241 . 

I 

CESIUM-1 34 
CESIUM-1 37 
GROSS ALPHA 
GROSS BETA 
NEPTUNIUM-237 
PLUTON1 UM-238 
PLUTON I UM-2391240 
URANIUM-233,-234 
URANIUM-235 
URANIUM-238 

Test Group: VOACLP 
1 ,l ,1-TRICHLOROETHANE 
1 ,1,2,2-TETRACHLOROETHANE 
1 .1,2-TRICHLOROETHANE 
1,l-DICHLOROETHANE 
1,l-DICHLOROETHENE 
1.2-DICHLOROETHANE 
1 ,ZDICHLOROETHENE 
1 ,2-DICHLOROPROPANE 
2-BUTANONE 
2-HEXANONE 
2-PROPANOL OR ISOPROPANOL 
4-METHYL-2-PENTANONE 
ACETONE 
BENZENE . 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
cis-l,3-DICHLOROPROPENE 
DIBROMOCHLOROMETHANE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
STYRENE 
TETRACHLOROETHENE 
TOLUENE 
TOTAL XYLENES 
trans1 ,&DICHLOROPROPENE 
TRICHLOROETHENE 
TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 
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TABLE 2-1 
Analytical Parameters for Surface Soil Samples Associated With OU9 Tank Groups 

Test Group: WQPL 
CHLORIDE 
CHROMIUM VI 
NITRATE 
NITRITE 
SULFATE 
TOTAL ORGANIC CARBON 

NQkZ 
BNACLP = Base Neutral AcM Extractable Contract Lab Program 
METADD = Metals Added 
PESTCLP = Pesticides Contrad Lab Program 
SMETCLP = Standard Metals Contract Lab Program 
TCLP-RADS = Toxkity Characteristics Leaching Procedure - Radionuclides 
TRADS = Total Radionuclides 
VOACLP = Volatile Organic Analysis Contract Lab Program 
WQPL =Water Quality Parameter List 

Page 5 of 5 
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Test Group: BNACLP 
1,2,4-TRlCHLOROBENZENE 
lI2-BENZENEDICARBOXYLIC ACID 
lI2-DICHLOROBENZENE 

1 ,4-DICHLOROBENZENE 
1 -PHENYLNAPHTHALENE 

1,3-DlCHLOROBENZENE 

2,4,5-TRICHLOROPHENOL 

2,CDICHLOROPHENOL 
2,CDIMETHYLPHENOL 
2,4-DINITROPHENOL 
2,601 N ITROTOLUENE 
2,&DINITROTOLUENE 

2,4,6-TRICHLOROPHENOL 

2-CHLORONAPHTHALENE 
2-CHLOROPHENOL 
2-METHYLNAPHTHALENE 
2-METHYLPHENOL 
2-NITROANILINE 
2-NITROPHENOL 
2-PENTANONEI dHYDROXY4METHY 
2-PHENYLNAPHTHALENE 
3,3’-DICHLOROBENZIDINE - 
3-HEXENE-2,S-DIONE 
3-NITROANILINE 
4,SMETHYLENE PHENANTHRENE 
4,6-DINITRO-2-METHYLPHENOL 
4-CHLORO-3-METHYLPHENOL 
4-CHLOROANILINE 
4-CHLOROPHENYL PHENYL ETHER 
4-METHYL-3-PENTEN-2-0NE 
4-METHYLPHENOL 
4-NITROANILINE 
4-NITROPHENOL 
9,10-ANTHRAQUINONE 
ACENAPHTHENE 
ACENAPHTHMENE 
ANTHRACENE 
BENZANTHRONE 
BENZO(a)ANTHRACENE 
BENZO(a)PYRENE 
BENZO@)FLUORANTHENE 
BENZO(ghi)PERYLENE 
BENZO(k)FLUORANTHENE 
BENZO[b]NAPHTH0[2,3dJFURA 
BIS(2-CHLOROETH0XY)METHANE 
BlS(2-CHLOR0ETWL)ETHER 
BIS(2-CHLOROISOPR0PYL)ETHER 

TABLE 2-2 
Analytical Parameters for Subsurface Soil Samples Associated With OU9 Tank Groups 

.. , 
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TABLE 2-2 
Analytical Parameters for Subsurface Soil Samples Associated With OU9 Tank Groups 

BIS(2-ETHYLHEXYL)PHTHALATE 
B U M  BENZYL PHTHALATE 
CARBAZOLE 
CHRYSENE 
CYCLOPENTA[DEF]PHENANTHRENONE 
CYCLOPENTASILOXANE, DECANE 
DI-n-BUTYL PHTHALATE 
DI-n-OCTYL PHTHALATE 
DIBENZO(a, h)ANTHRACENE 
DIBENZOFURAN 
DIBENZOTHIOPHENE 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
DIMETHYLPHENANTHRENE ISOMER 

FLUORANTHENE 
FLUORENE 
FLUORENONE 

HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 
H EXACH LO RO ETHANE 

ISOPHORONE 
N-NITROSO-DI-n-PROPYLAMINE 

NAPHTHALENE 
NITROBENZENE 
pBROMODlPHENYL ETHER 
PENTACHLOROPHENOL 
PHENANTHRENE 
PHENOL 
PYRENE 
TETRAHYDROFURAN 
TRIDECANE 

ETHANE, l.l'-OX/BIS 2-METHOX 

HEPTANE, 3,CDIMETHYL- 

INDENO(l,2,3-cd)PYRENE 

N-NITROSODIPHENYLAMINE 

Test Group: HERB8150 
2.4-DICHLOROPHENOXYACETIC ACID, SALTS 
PROPANOIC ACID, 2-(2,4,5-TRICHLOROPHENOX 

Test Group: METADD 
CESIUM 
LITHIUM 
MOLYBDENUM 
SILICON 
STRONTIUM 
TIN 

j :~WJoubu9~\BHANALYTXLS 10/2195 k Page 2 of 5 
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MERCURY 
NICKEL 

.. . TABLE 2-2 
Analytical Parameters for Subsurface Soil Samples Associated With OU9 Tank Groups 

. .  . .  . . . .  
. .  

Test Group: PESTCLP 
4,4'-DDD 

1 

, ;  
.. . 

4,4'-DDE 
4,4'-DDT 
ALDRIN 
alpha-BHC 
alpha-CHLORDANE 
AROCLOR-1016 
AROCLOR-1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1260 
beta-BHC 
delta-BHC 
DIELDRIN 
ENDOSULFAN 1 
ENDOSULFAN II 
ENDOSULFAN SULFATE 
ENDRIN 
ENDRIN ALDEHYDE 
ENDRIN KETONE 
gamma-BHC (LINDANE) 
gamma-CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 

Test Group: SMETCLP 
ALUMINUM 

j:WataW-bWk8WHANALYT.XLS 1oRlss b Page 3 of 5 
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TABLE 2-2 
Analytical Parameters for Subsurface Soil Samples Associated With OU9 Tank Groups 

POTASSl UM 
SELENIUM 
SILVER 
SODIUM 
TANTALUM 
THALLIUM 
VANADIUM 
ZINC 

Test Group: TCLP-RADS 
TRITIUM 

Test Group: TRADS 
AMERICIUM-241 
CESIUM-134 
CESIUM-137 
GROSS ALPHA 
GROSS BETA 
NEPTUNIUM-237 
PLUTONIUM-238 
PLUTONIUM-239/240 
URAN I UM-233 ,-234 
URANIUM-235 
URANIUM-238 

Test Group: VOACLP 
1.1 .l-TRICHLOROETHANE . .  
1,1,2,2-TETRACHLOROETHANE 
1 ,1,2-TRlCHLOROETHANE 
1,l-DICHLOROETHANE 
1 ,l -DICHLOROETHENE 
1 ,ZDICHLOROETHANE 
1 ,ZDICHLOROETHENE 
1 ,ZDICHLOROPROPANE 
2-BUTANONE 
2-HEXANONE 
2-PROPANOL OR ISOPROPANOL 
CMETHYL-ZPENTANONE 
ACETONE 
BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
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CHLOROMETHANE 
cis-l,3-DICHLOROPROPENE 
DECANAL 
DIBROMOCHLOROMETHANE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
STYRENE 
TETRACHLOROETHENE 
ITOLUENE 
TOTAL XYLENES 
TRICHLOROETHENE 
VINYL CHLORIDE 

, .  . .  

TABLE 2-2 
' 

Analytical Parameters for Subsurface Soil Samples Associated With OU9 Tank Groups 

Test Group: WQPL 
CHLORIDE 
CHROMIUM VI 
FLUORIDE 
NITRATE 
NITRITE 
PH 
SPECIFIC CONDUCTIVITY 
SULFATE 
TOTAL ORGANIC CARBON 

Notes: 
BNACLP = Base Nwtral Acid Extractable Conttact Lab Program 
HERB8150 = Herbicides - Method 8150 
METADD = Metals Added 
PESTCLP = Pesticides contract Lab Program 
SMETCLP = Standard Metals Contract Lab Program 
TCLP-RADS = Toxicity Characterktics Leaching Procedure - Radionudides 
TRADS = Total Radionudiies 
VOACLP = Volatile Organic Analysis contract Lab Program 
WQPL = Water Quality Parameter List 

- 
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TEST GROUP: BNACLP 
1,2,CTRICHLOROBENZENE 

lI3-DICHLOROBENZENE 
1 ,CDICHLOROBENZENE 

1,2-DlCHLOROBENZENE 

2,4,5-TRICHLOROPHENOL 
2,4,6-TRICHLOROPHENOL 
2,CDICHLOROPHENOL 
2,CDIMETHYLPHENOL 

2,CDINITROTOLUENE 
2,6-DI N ITROTOLUENE 

2,4-DINITROPHENOL 

2-CHLORONAPHTHALENE 
2-CHLOROPHENOL 
2-METHYLNAPHTHALENE 
2-METHYLPHENOL 
2-NITROANILINE 
2-NITROPHENOL 
3,3’-DICHLOROBENZIDINE 
3-N ITROANI Ll NE 
4.6-DINITR0-2-METHYLPHENOL 
CCHLORO-%METHYLPHENOL 
CCHLOROANILINE 

CMETHYLPHENOL 

CNITROPHENOL 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 

4-CHLOROPHENYL PHENYL ETHER 

4-NITROANILINE 

BENZO(a)ANTHRACENE 
BENZO(a)PYRENE 
BENZO@)FLUORANTHENE 
BENZO(gh0PERYLENE 
BENZOQFLUORANTHENE 
B I S(2-CHLOROETHOXY) M ETHAN E 
BIS(2-CHL0ROETHYL)ETHER 
BIS(2-CHLOROISOPR0PYL)ETHER 
BlS(2-ETlWLHEXYL)PHTHALATE 
BUTYL BENZYL PHTHALATE 
CARBAZOLE 
CHRYSENE 
DI-n-BUTYL PHTHALATE 
DI-n-OCM PHTHALATE 
DIBENZO(a,h)ANTHRACENE 
DIBENZOFURAN 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
FLUORANTHENE 
FLUORENE 

TABLE 2-3 
Analytical Parameters for Groundwater Samples Associated With OU9 Tank Groups 
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TABLE 2-3 
Analytical Parameters for Groundwater Samples Associated With OU9 Tank Groups 

, HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROETHANE 
INDENO(1,2,3-cd)PYRENE 
ISOPHORONE 
N-NITROSO-DI-n-PROPYLAMINE 

NAPHTHALENE 
NITRO BENZENE 
pBROMODIPHENYL ETHER 
PENTACHLOROPHENOL 
PHENANTHRENE 
PHENOL 
PYRENE 

N-NITROSODIPHENYLAMINE 

TEST GROUP: HERB8150 
PROPANOIC ACID, 2-(2,4,5TRICHLOROPHENOX 
I2,4-DICHLOROPHENOXCETlC ACID, SALTS I 

TEST GROUP: METADD 
CESIUM 
LITHIUM 
MOLYBDENUM 
SILICON 
STRONTIUM 

TEST GROUP: PESTCLP 
4 ,4'-DDD 
4.4'-DDE 
4,4'-DDT 
ALDRIN 
alpha-BHC 
alpha-CHLORDANE 
AROCLOR-1016 
AROCLOR-1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1260 
beta-BHC 
delta-BHC 
DIELDRIN 
ENDOSULFAN I 
ENDOSULFAN I I  
ENDOSULFAN SULFATE 
ENDRIN 
ENDRIN ALDEHYDE 

j:WataWJoubu9bs\OWANALnXLS 1- k Page2of4 * 
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TABLE 2-3 
Analytical Parameters for Groundwater Samples Associated With OU9 Tank Groups 

1 

ENDRIN KETONE 
gamma-BHC (LINDANE) 
gamma-CHLORDANE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 

. .  . .  

. . .  

TEST GROUP: TRADS 
AMERICIUM-241 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM-239/240 
RADIUM-226 

URANIUM-233,-234 
URAN I U M-235 
URANIUM-238 

TRITIUM 

TEST GROUP: VOACLP 
1,1,1-TRICHLOROETHANE 
1 ,l12,2-TETRACHLOROETHANE 
1 ,l12-TRICHLOROETHANE 
1,l-DICHLOROETHANE 
,1 ,I-DICHLOROETHENE 

j : W a t a W ~ ~ ~ W A N A L ~ ~  1- h Page 3 of 4 

TEST GROUP: SMETCLP 
ALUM I NUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM LrANESE 
MERCURY 

POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANAD I UM 
ZINC 



I 
...... . ..._. . ~ , .... . . . . .  - . . .  . . . . -.... _...... . ._ . .. 

~3-lK)C)~EM VI 

I NITRATE 
NITRITE 
PH 
SPECIFIC CONDUCTIVITY 
SULFATE 

i 

TABLE 2-3 
Analytical Parameters for Groundwater Samples Associated With OU9 Tank Groups 

1 ,ZDICHLOROETHANE 
1 ,ZDICHLOROETHENE 
1.2-DICHLOROPROPANE 
2-BUTANONE 
2-HEXANONE 
4-METHYL-ZPENTANONE 
ACETONE 
BENZENE 
BROMODICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
STYRENE 
TETRACHLOROETHENE 
TOLUENE 
TOTAL XYLENES 
TRICHLOROETHENE 
VINYL CHLORIDE 

TEST GROUP: WQPL 
CHLORIDE 

 TOTAL ORGANIC CARBON L 

M!?z 
BNACLP = Base Neubal Add Extractable contract Lab Pragram 
HERB8150 = Herbiddes - Method 8150 
METADD = Metals Added 
PESTCLP -- Pestiddes contrad Lab Program 
SMETCLP = standard Metals Contract Lab Program 
TRADS = Total R a d d i d e s  
VOACLP = Volatile Organic Analyds Contract Lab Program 
WQPL = Water Quality Parameter Ust 
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TABLE 2-4 
Analytical Parameters for Tank Liquid, Sludge, and Smear Samples From OU9 Tank Groups 

1 ,2-DICHLOROBENZENE 
1,2-DICHLOROBENZENE-D4 
1,3-DlCHLOROBENZENE 
1 ,CDICHLOROBENZENE 
2,4,5TRICHLOROPHENOL 
2,4,6-TRIBROMOPHENOL 
2,4,6-TRICHLOROPHENOL 
2,4-DICHLOROPHENOL 
2,4-DIMETHYLPHENOL 
2,4-DINITROPHENOL 
2,CDINITROTOLUENE 
2,6-DINITROTOLUENE 
2-CHLORONAPHTHALENE 
2-CHLOROPHENOL 
2-CHLOROPHENOL-D4 
2-FLUOROBIPHENYL 
12-METHYLNAPHTHALENE 
2-METHYLPHENOL 
2-NITROANILINE 
2-NITROPHENOL 
3,3’-DICHLOROBENZIDINE 
3-NITROANILINE 
4,6-D I N ITRO-2-M ETHYLPH EN OL 
CCHLORO-3-METHYLPHENOL 
CCHLOROANILINE 
CCHLOROPHENYL PHENYL ETHER 
4METHYLPHENOL 
CNlTROANlLlNE 
CNITROPHENOL 
ACENAPHTHWE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)PYRENE 
BENZO@)FLUORANTHENE 
BENZO(ghi)PERYLENE 
BENZOQFLUORANTHENE 
BlS(2-CHLOROETH0XY)METHANE 
BIS(2-CHLOR0ETHYL)ETHER 
BIS(2-CHLOROISOPR0PYL)ETHER 
BlS(2-EmMHEXYL)PHTHALATE 
BUTYL B E N M  PHTHALATE 
CARBAZOLE 
CHRYSENE 
IDI-n-BUTYL PHTHALATE 
,DI-n-OCM PHTHALATE 

. . ... . 
. i: 
,...I 

.:,.*’ 

Test Group: BNACLP 
1,2,4-TRlCHLOROBENZENE 

j:WataW-loubuQb\TNANALUXLS 1012195 h Page 1 of 5 
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AROCLOR-1016 
AROCLOR-1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1260 

TABLE 2 4  
Analytical Parameters for Tank Liquid, Sludge, and Smear Samples From OU9 Tank Groups 

i 

DIBENZO(a, h)ANTHRACENE 
DIBENZOFURAN 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
FLUORANTHENE 
FLUORENE 
HEXACHLOROBENZENE 
HEXACHLOROBUTADIENE 
HEXACHLOROCYCLOPENTADIENE 
HEXACHLOROETHANE 
INDENO(1,2,34)PYRENE 
ISOPHORONE 
N-NITROSO-DI-n-PROPYLAM INE 
N-N ITROSODI PHENYLAM I NE 
NAPHTHALENE' 
NITROBENZENE 
N ITROBENZENE-DS 
O-FLUOROPHENOL 
pBROMODIPHENYL ETHER 
PENTACHLOROPHENOL 
PHENANTHRENE 
PHENOL 

PYRENE 
PHENOL-D5 

TERPHENYL-Dl4 

Test Group: METADD 
CESIUM 
LITHIUM 
MOLYBDENUM 
SILICON 
STRONTIUM 



; . . . .  . . .  ._ ... . ...... .. .. . . .  . . ...__. _.:.. _ . .  .. .. , . . . .  . 

beta-BHC 
delta-BHC 
DIELDRIN 
ENDOSULFAN I 
ENDOSULFAN II 
ENDOSULFAN SULFATE 
,ENDRIN 
IENDRIN ALDEHYDE 
ENDRIN KETONE 
lgamma-BHC (LINDANE) 
gamma-CHLORDANE 

I HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 

TABLE 2 4  
Analytical Parameters for Tank Liquid, Sludge, and Smear Samples From OU9 Tank Groups 

. ‘. 

Test Group: SMETCLP 
ALUMINUM 
ANTIMONY 
ARSENIC , 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
 CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
IMANGANESE 
MERCURY 
INICKEL 
POTASSIUM 
 SELENIUM 

TANTALUM 
THALLIUM 
VANADIUM 
I INC 

Test Group: TRADS 
AMERICIUM-241 
GROSS ALPHA 
GROSS BETA 
NEPTUNIUM-237 
PLUTONIUM-239/240 

J:UataW~buWks\TNANALVXS laRlss k Page 3 of 5 
I 



TABLE 2 4  
Analytical Parameters for Tank Liquid, Sludge, and Smear Samples From OU9 Tank Groups 

> 

RAD1 UM-226 
TOTAL RADIOCESIUM 
TRITIUM 
URANIUM-233,-234 
URANIUM-235 
URANIUM-238 

Test Group: VOACLP 
1 ,l ,I-TRICHLOROETHANE 
1 ,1,2,2-TETRACHLOROETHANE 
1 ,1,2-TRICHLOROETHANE 
1 ,I-DICHLOROETHANE 
1 ,I-DICHLOROETHENE 
1 ,ZDICHLOROETHANE 
lI2-DICHLOROETHENE 
1 ,2-DICHLOROPROPANE 
2-BUTANONE 
2-HEXANONE 
4-METHYL-2-PENTANONE 
ACETONE 
BENZENE 
BROMODICHLOROMETHANE 
BROMOFLUOROBENZENE 
BROMOFORM 
BROMOMETHANE 
CARBON DISULFIDE . 
CARBON TETRACHLORIDE 
CHLOROBENZENE . . 
CHLOI?OETHANE 
CHLOROFORM 
CHLOROMETHANE 

DIBROMOCHLOROMETHANE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
STYRENE 

TOLUENE 

TOTAL XYLENES 
trans-l,3-DICHLOROPROPENE 
TRICHLOROETHENE 
VINYL CHLORIDE 

cis-l,3-DICHLOROPROPENE 

TETRACHLOROETHEN~ 

TOLUENE - 08  

j:k!ata\rl_kubu9lss\TNANALYTXLS 1012195 k Page 4 of 5 

Test Group: WQPL 
CHLORIDE 
CHROMIUM VI 
FLUORIDE 



TABLE 2 4  
Analytical Parameters for Tank Liquid, Sludge, and Smear Samples From OU9 Tank Groups 

NITRATE 
NITRITE 
PH 
SPECIFIC CONDUCTIVIN 
SULFATE 
TOTAL ORGANIC CARBON 

r!k& 
BNACLP = Base Neutral Acid Extractable Contract Lab Program 
METADD = Metals Added 
PESTCLP = Pesticides Contrad Lab Program 
SMETCLP = Standard Metals Contract Lab Program 
TRADS = Total Radionwliies . 
VOACLP = Volatile Organic Analysis Contract Lab Program 
WQPL = Water Quality Parameter List 

J:UataWJoubu9b\TNANALYrXLS 1Wlm b Page 5 of 5 
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Rocky Flats Environmental Technology Site Document No. RFP/ERM-95-0000 
Operable Unit No. 9 Outside Tanks Section: 3.0 Page 1 of 119 

3.0 DATASUMMARY 

The location of the tank groups is presented on Plate 1. This data summary section also 

reports the. recorded history of the tank sites to indicate potential sources of 

contamination. Information fiom adjacent MSSs is presented, as appropriate, if the M S S  
is a potential source of contamination. 

Radiological surveys were conducted before field activities both for health and safety 

precautions and for site characterization. 

Finally, the data generated during field sampling activities are reported, including surface- 

soil, subsurface-soil, groundwater, and tank-characterization findings. The preliminary 

remediation goals (PRGs) are identified for the surface-soil, subsurface-soil, and 

groundwater media for comparison. 

3.1 DATA EVALUATION 

Analytical results for the various sampling and analysis activities were obtained from the 

RFEDS. Each activity undertaken at OU9 is introduced in this section, and an overview 

of the data use is provided. 
I 

3.1.1 In Situ High-Purity Germanium Survey 

During the investigation of other OU;/MSS sites proximate to OU9, HPGe data were 

generated for screening purposes to help identifj areas that are potentially contaminated 

with radionuclides. Seventeen HPGe surveys were conducted within the boundaries of 

OU9 that provide useful data to screen areas for possible radionuclide contamination. 

Plate 2 shows americium-241 (Am-241) contours generated by the HPGe unit for the 

Industrial Area. The HPGe detector identifies and quantifies the specific activities of 
i 



Rocky Flats Environmental Technology Site Document No. RFP/ERM-9510000 
Operable Unit No. 9 Outside Tanks Section: 3.0 Page 2 of 119 

gamma-emitting radionuclides in soils at the picocuries per gram (pcig) level for a variety 

of radionuclides (except for plutonium, which can only be measured at the nanocurie per 

gram [nCi/g] level). While the instrumentation uses several assumptions that make the 

method qualitative, the system is usefbl in identifjring general areas of contamination. The 

radionuclides measured by the HPGe methodology in OU9 include potassium40 (K-40), 

radium-226 (Ra-226), thorium-232 (Th-232), cesium- 137 (CS-137), Am-24 1, plutonium- 

239/240 (Pu-239/240), uranium-233/234 (U-233/234), uranium-23 5 (U-23 S), and 

uranium-238 (U-238). In general, the HPGe detector is accurate in identifjing the 

presence of specific radionuclides because of its gamma spectrum resolution. However, 

the HPGe detector is generally considered inaccurate in the quantitation of specific 

radionuclides, especially given the assumptions required for the calculation of specific 

actiirities. In addition, some HPGe results indicate that inadequate shielding during HPGe 
surveys may lead to elevated activity readings because of “shine” from structures that 

process or store high or concentrated levels of radionuclides. Shine is radiation that 

emanates fiom radioactive materials stored within structures, causing elevated readings of 

nearby field HPGe measurements. 

Because of the large area over which the instrument ‘collects data, HPGe survey stations 

often count activity fiom more than one MSS in different OUs. HPGe station 

designations were typically combined with the OU for which the survey reading was made. 

Thus, Station 81-9 was surveyed primarily for the purpose of characterizing an area within 

OU9. Some tank groups in OU9 had no HPGe survey conducted, ‘although an HPGe 
survey was occasionally conducted in the vicinity so the tank fell within the radius of 

influence of the instrument. Data generated fiom these surveys were used to estimate 

radionuclide contamination in OU9. 

HPGe data obtained for OU9, as well as associated minimum detectable activity (MDA) 

and error terms, are contained in Appendix C. HPGe error terms account for the 

propagated statistical counting uncertainty for the sample and the associated analytical 
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blanks at the 95 percent confidence level. These error terms represent a minimum 

estimate of error for the data (EG&G 19944). Anomalous HPGe values were identified 

based on comparison of HPGe in situ analytical results to expected background activities 

of radionuclides. Error terms were taken into account in the comparison to background 

activities. More specifically, if the background value was located within the range of the 

reported HPGe result plus or minus (+) its associated error term, the HPGe result was 

considered to be statistically indistinguishable from background activities. For example, a 

reported HPGe U-238 value of 2.4 pCi/g is numerically greater than the background 

comparison value of 2.3 pCi/g. However, after accounting for a hypothetical associated 

error term of 5 0.2 pCi/g, the range of possible U-238 values is 2.2 to 2.6 pCi/g. Because 

this range includes the background value of 2.3 pCi/g, the HPGe result is considered 

statistically indistinguishable fiom background. 

Expected background activities were identified based on background HPGe data as well as 
a literature search of background activities that included Rock Creek data collected during 

the OU1 Phase ITI Investigation in 1993 as presented in the OU6 Technical Memorandum 

4 O E  1994b). These background values are shown in Table 3-1. Table 3-1 also 

contains the' background values for the fallout radionuclides based on the Preliminary 

Draft Background and Soils Characterization Program Report (BSCP) (DOE 199Sa). For 

the fallout radionuclides (Le., Am-241, Cs-137, Pu-239/240 and strontium-89/90 [Sr- 

89/90]), the background values for surface soil are believed to be more appropriate using 

the Rock Creek data. This'is because the samples for the BSCP were collected fiom a 

background location that is not potentially impacted by RFETS operations, and a 

statistically larger sample population was used (Siders 1995). Therefore, for these 

radionuclides, detected activities will be compared to the Rock Creek background values. 

Table 3-1 identifies background activities of specific radionuclides. 

...-' ,J A brief description of the various radionuclides measured and reported by the HPGe 
detector is presented below: 
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Potassium40 is a naturally occurring radioisotope that has not been used in significant 

quantities in production-related activities at RFETS. Background activities of K-40 could 

be expected to range up to 2 1.8 pCi/g. HPGe data for K-40 were generated primarily for 

calibration purposes for the HPGe detector. Nothing in the operational history of OU9 

suggests that K-40 would be present in excess of natural background conditions because 

of production-related radionuclide or hazardous waste contamination. 

Nevertheless, it should be noted that K-40 above background activity levels may be 

present in soils on the plant site because of the use of Polar MeltQ deicer, which is 

composed of potassium chloride. Potassium chloride has a 0.01 17 percent natural 

abundance of K-40. In March 1992, a report titled Possible Gross Beta Affects to Roc@ 

Fhts Plant's Storage Ponds Due to Polar Melt@ De-icer Usage @G&G 1992m) 

evaluated how the usage of Polar MeltQ affected gross beta activities in the drainage 

ponds. The activity of Polar Melt@ was estimated to average 53 pCdg or 24,040 

picocuries per pound @Cab). A total of 62,350 pounds of Polar MeltQ were used during 

the 1990-91 snow season. Conclusions of the study indicated that 14.3 to 41.9 percent of 

the gross beta in the pond system during 1990-91 could be attributed to Polar MeltQ in 

mnoE The average contribution of gross beta by Polar MeltQ in the ponds was predicted 

to be 1.9 picocuries per liter ( p C i )  with contributions ranging as high as 3.9 pCi/L in 

March 1991 @G&G 1992m). 

L Radium-226 is a naturally occurring radionuclide that was not used in signiEicant quantities 

in production-related activities at RFETS. Background values for this radionuclide can be 

expected to range up to 1.13 pCi/g. HPGe data for Ra-226 were generated primarily for 

calibration purposes for the HPGe detector and for comparison of the total activities of 

Ra-226 and U-238 in the surface soils. Nothing in the history of operations in OU9 

suggests that Ra-226 would be present in excess of natural background conditions as a 

' -/' ,I result of radionuclide or hazardous waste contamination. 

I 
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Thorium-232 is the most abundant of the naturally occurring isotopes, beiig about three 

times as abundant as uranium and roughly as abundant as lead and molybdenum (Cember 

1978; Chemical Rubber Company [CRC] 1980). This metal is not known to have been 

used in significant quantities for production purposes at RFETS. Thorium-232 may have 

been used for light bulbs, crucibles, camera lenses, scientific instruments, or as a coating 

for tungsten wire in electronic equipment (CRC 1980). Background activities of Th-232 

could be expected to range up to 1.35 pCi/g. HPGe data for Th-232 were generated 

primarily for calibration purposes for the HPGe detector. Nothing in the history of 

operations in OU9 suggests that Th-232 would be present in excess of natural background 

conditions as a result of radionuclide or hazardous waste contamination. 

Uranium-238 is called depleted uranium. Naturally occurring uranium is processed to 

remove the U-235 isotope (called enriched uranium). The remaining material is the U-238 

depleted uranium. Uranium-238 was used widely at RFETS, especially in the 400-area 

buildings. The maximum background activity of U-238 is 2.3 pCi/g. Therefore, the 2.3 

pCig value was used as anjnitial indicator that anomalous U-238 values may exist. 

, 
Once anomalous U-238 activities were identified, hrther analysis of the aata was 

conducted by evaluating the ratio of Ra-226 activity to U-238 activity. Radium-226 is a 

daughter product of U-238 and has a half-life of 1,600 years versus the 4.51 x lo9 year 

half-life of U-238. Thus, in naturally occurring materials, these two radionuclides should 

be in secular equilibrium and the ratio of the activities should be near unity (Cember 1978; 

Faure 1977). Based on the HPGe-generated data for background soils, this ratio is 
1 

considerably less than unity in ad cases, ranging fiom 0.35 to 0.51. The low ratios 

identified by the HPGe technology are expected to be caused in part by the HPGe 
sensitivity to the two isotopes. In the OU9 HPGe data evaluation, ratios of Ra-226 to U- 
238 activity that exceed 0.35 are considered to be indicative of naturally occumng U-238 

' 

activities, and ratios below 0.35 are considered to be indicative of anthropogenic sources 

of U-238. 



Rocky Flats Environmental Technology Site Document No. RFp/ERM195-0000 
operable Unit No. 9 Outside Tanks Sedon: 3.0 Page 6 of 119 

Therefore, for HpGe OU9 survey results for U-238 to be identified as anomalously high, 

the survey station must demonstrate a uranium activity in excess of 2.3 pCi/g and a Ra- 
226 to U-238 ratio of less than 0.35. 

Uranium-235 is recovered from natural uranium through the enrichment process, and is 

called “enriched uranium.” It has a very low natural abundance (0.72 percent). Based on 

the BSCP-generated data, the background activities for U-235 could range up to 0.10 

pCi/g. The history of U-235 usage at RFETS in production-related activities indicates 
that this material could potentially be found in excess of natural background activities in 

the general vicinities of all 11 tank groups (all of OU9). 

Cesium-137 is a man-made radionuclide found in surface soils because of fallout 

deposition fiom atmospheric testing of nuclear weapons. Cesium-137 activities up to 1.37 

pCi/g are expected in areas where soils have remained undisturbed in recent years. Areas 

where soils have been disturbed would have lower activities of Cs-137 because of the 

mixing of Cs-137 in surface soils with less-contaminated deeper soils. ’From historical 

reports of the 886 Criticality Laboratory area, Tanks T-21, T-22, and T-27 may have been 

associated with Cs-137 handling aqd therefore might suggest a presence of it in excess of 

fallout activities. 

Americium-241 is a daughter product of man-made Pu-241 and is present in the plutonium 

handled at RFETS. Americium-24 1 is horn  to have beenL released to the environment at 

RFETS and is probably present in buildings that processed plutonium, including Buildings 

371, 374, 776/777, 771, 774, and 707. Some elevated Am-241 readimgs within OU9 

could be influenced by shine 6om buildings that store tfansutatll ‘c wastes. Based on 

background data, only Am-24 1 values above 0.10 pCVg are considered to be anomalous. 

Plutonium-239/240 is a man-made radionuclide that has been used extensively in 
production-related activities at RFETS. The MDA for Pu-2391240 with the HPGe 

.1 -.. ) 
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detector at RFETS is relatively high (on the order of nCVg). Thus, Pu-239/240 values 

greater than the MDA are considered to be anomalous. As is the case with Am-241, 

elevated Pu-239/240 readings within OU9 could be influenced by shine fiom buildings that 

processed plutonium, such as the 700-area buildings. Rock Creek data idente 0.13 pCVg 

as the background upper tolerance limit. 

3.1.2 Sodium Iodide Survey 

NaI surveys were conducted with a FIDLER instrument at every surface-soil, and 

borehole location, and around every tank in OU9 as part of a health and safety 

requirement and to supplement the HPGe data, particularly at tanks where buildings or 

obstructions limited HPGe effectiveness. The NaI data provide spatial resolution of 

surficial radioactivity detected in HPGe readings. In other words, the NaI data enable 

hrther resolution of the exact locations of high activity within the larger area measured by 

HPGe technology. 

Before using the FIDLER instrument in each tank or sample location, background 

readings were obtained by holding the instrument 15 feet outside of the established 

sampling grid and performing a one-minute scaler count. The upper limit of background 

values was then calculated at two times the square root of background plus background 

(Hyder 1994): 

This calculation provides a statistical estimate of two standard deviations above the mean, 
given a normal distriiution. This number represents the acceptable error, or 

reproducibility of the background reading. Thus, NaI readings above this value were 

considered potentially indicative of anomalous activity levels at the survey station (Hyder 

1994). For tanks with large survey areas, more than one background reading was usually 
j . ,I 
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taken. For these tanks, each background reading was compared to the group of readings 

immediately following the background reading. Field notes and data logs for NaI detector 

results obtained at OU9 are contained in Appendix D. 

3.1.3 Sample Analyses 

The following sections introduce each sampling activity performed in OU9 and provide an 

overview to the data generated. 

3.13.1 Environmental Samples 

The analytical parameters collected at a given site depends on the historical use of the tank 

and associated pipelines. Environmental samples consist of both soil (surface and 

subsurface) and groundwater samples. Tables 2-1 through 2-4 previously identified the 

analytical parameters requested for laboratory analysis. Tables 3-2 through 3-8 identifjl 

individual analytes provided in the RFEDS data packages. In some cases, laboratory 

analytes included additional analytes not identified in the OU9 RFI/RI Work Plan (DOE 
1992a). 

3 

Sample results were compared to risk-based or background levels. The PRGs were 

obtained from the Programmatic Risk-Based Preliminary Remediation Goals for the 

Rocky Flats Plant (DOE 1995b) and background concentrations and specific activities 

were obtained from both the BSCP Report (DOE 1995a) and the Background 

Geochemical Characterization Report for Rocky Flats Plant (DOE 1993). PRGs have 

been calculated for various scenafios at RFETS to obtain contaminant and medium- 

specific levels of exposure that protect human health. Ecological effects were not 

considered in the development of these goals. PRGs used to evaluate surface-soil sample I 
results and groundwater sample results are those developed for the residential exposure 

scenario that examined exposure to an adult via the soil ingestion and water consumption ! .J 
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pathways. The residential soil PRGs were used because the calculated mfhce-soil 

concentrations are the lowest, or most conservative concentrations among the various soil- 

arposure scenarios assessed. The residential groundwater PRGs are also lowest amongst all 
water-exposure Scenarios assessed. Thus, PRGs used to evaluate groundwater results are 

those developed for the residentialexposure scenario that examined exposure to an adult via 

the drinking water pathway. 

Submfiicesoil or borehole sample results were evaluated using PRGs developed for the 

construction worker subsurfice-soil exposure scenario. Use of these reference values implies 

that only workers obtaining the borehole samples are subject to potential exposure risks in 

handling the subsurface soils. 

If both a PRG and a background concentration were available for an analyte (e.g., for most of 

the inorganic analytes), comparison was made to the higher of the two concentrations. This 
procedure helps to prevent characterization of existing background levels as site contamination 

and removes the consideration of potential health risks associated with naturally Occuning 

levels. Background is assumed to be zero for organic analytes. When a PRG was not available 

for a particular analyte, it was assumed to be zero. PRGs were used where available. 

The analytical results of the surface-soil sampling and borehole sampling were used to 

characterize soil contamination near each tank by comparing the results to the PRGs 

and/or background levels to idenGfjl areas that may be of potential concern for @ture 

investigation. 

The PRGs and background concentrations used for comparison with the OU9 data are 

listed in each positive results data table. These tables (Tables 3-9 through 3-35) follow 

Section 3.0 text. 

H:\WP\~ATS\RMRSU)ATSUM~.DOC 10112195 
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Data tables presenting complete analytical sampling results for each set of samples (i.e., 

surfiace soil, boreholes, groundwater, and tank residues) from each tank group are 

presented in Appendix E. The following tables were compiled for each tank group: 

r\ 

0 data tables that show both the detected and the undetected analytes (Appendix E); and 
0 data tables that show only the detected analytes and analytes that exceed their 

designated PRG andor background concentration (Section 3 .O tables). 

3.13.2 Tank Sam~les  

The analytical results of sludge and liquid samples collected from the tanks in OU9 were 

not compared with any PRGs or background values. Samples of tank sludge and liquids, 

being industrial waste and having come from a confined containment, will undoubtedly 

exceed even the least conservative PRGs and background values; therefore no tank 
sludgdiquid comparisons to PRGs or background levels were made. The locations of the 

tank samples are depicted in tank group figures, and the analytical results are shown in 

each tank group table. However, because tank samples had no comparison to background 

or PRGs, there are no figures that list these data. 

3.2 TANKT-1 

The Tank T-1 source area is located in the 100 Area, along the south side of Building 122 

near the southeast comer (Figure 3-2). 

3.2.1 Historical Information 

Tank T-1 was an 800-gdon, stainless steel underground tank that was W e d  in 1955 

and then removed in January 1984. It held waste streams f?om Building 122, the Medical 
Facility, including wastes such as trace radionuclides and decontamination water with 

' .-.d 1 
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constituents such as bleach, soap, blood, and hydrogen peroxide. This former tank area 

has beem identified as a known release location (DOE 1992b). 

3.2.2 Radiological Surveys 

The following sections describe the radiological surveys conducted at Tank T-1 . HPGe 
survey locations are shown on Plate 2 and HPGe results are presented in Appendix C. 

NaI survey locations and results are shown in Appendix D. 

3.2.2.1 HiPh-Puritv Germanium Survey 

Tank T-1 is within the radius of influence of one HPGe survey location, Station 81-9. This 

station provided no evidence to indicate iinomalous activities of K-40, Ra-226, Th-232, U- 

235, U-238, Cs-137, Am-241, or Pu-2391240. 

.3.2.2.2 Sodium Iodide Survey 

*Twelve locations around the area of the former tank location were surveyed on a 10-foot 

grid. Of these stations, five appear to have elevated activities statistically distinguishable 

above background levels. These locations are primarily on the east side of the former tank 

location. Activities around the tank ranged fiom 2,200 to 2,700 counts per minute (cpm) 

with a background of 2,465 cpm. 
I 

3.23 Borehole InvestigationdGmundwater Sampling 

Three boreholes were drilled around the former location of Tank T-1. Figure 3-1, 

Example 1 depicts the sampling rationale that was used for the borehole drilling conditions 

encountered at Tank T-1. Borehole BH-01095 was drilled upgradient of the former tank 
but within its original radius, BH-01195 in the center, and BH-01295 downgradient but .- _/. i 

i 
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within the original radius. Borehole and groundwater sample locations are presented in 

Figure 3-2. Two soil samples were collected fiom directly above the groundwater table 

and from 1 foot below the base of the tanks (estimated at 12 feet below ground surfhe). 

Surface-soil samples were omitted because the area was backfilled with uncontaminated 

fill when the tank was removed in 1984. Groundwater samples were collected using a 

HydroPunch' sampler. Soil samples were analyzed for gross alpha, gross beta, U- 

233/234, U-235, U-238, Am-241, Pu-2391240, volatiles, and Target Analyte List (TAL) 
metals. Water samples were analyzed for the same analytes as above in addition to water 

quality parameters, which include fluoride, nitrate, nitrite, sulfate, chloride, total organic 

carbon (TOC), pJ3, and specific conductivity. A summary of the analytical parameters for 

each medium are shown in Tables 2-1 through 2-4. Tables 3-9 and 3-10 list detected 

constituents, reported concentrations, and sample locations for the borehole and 

groundwater samples, respectively. Complete analytical results are included in 

AppendixE. Figure 3-3 displays sample results that exceed established PRGs and 

background concentrations. Borehole logs are presented in Appendix €3. 

The sample range and interval varied, and a complete analytical suite was not always 

possible because of limited recovery in some boreholes. The following summarizes the 

borehole sampling investigations around the former location of Tank T-1: 

Borehole 01095. This borehole was located on the west side (upgradient) of the former 

location of Tank T-1, approximately 7 feet northwest of the original location specified in 
the OU9 Technical Memorandum 1 (DOE 1994a). Groundwater was initially encountered 

at 7.0 feet and the borehole was drilled to a depth of 14.0 feet. No bedrock was 

encountered in this borehole. Soil samples were collected above the groundwater table 

(6.0 to 6.7 feet), and below the base of the tank (12.0 to 13.8 feet). Water samples were 

collected once groundwater was encountered. The depth to groundwater, measured again 
after the water sample was collected, rose to 3.2 feet. Recovery was sufficient to collect a 

complete analytical suite for each sample collected. - 
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No radionuclides or TAL metals were detected at levels exceeding background or PRGs 

in the soil sample fiom 6.0 to 6.7 feet (BHG4900JE), or in the soil sample fiom 12.0 to 

13.8 feet (BHG4901JE and BHG4902JE [duplicate]). 

In the groundwater sample fiom this boring (GWG1702E) the metals aluminum, arsenic, 

barium, chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, 

selenium, sodium, strontium, vanadium, and zinc and the radionuclides Am-24 1, and Pu- 
239/240 all exceeded background concentrations. In addition, the metals aluminum, 

antimony, arsenic, beryllium, manganese, and vanadium and the radionuclides Am-24 1, 

Pu-239/240 and Ra-226 exceeded their specific PRG. Only aluminum, arsenic, 

manganese, vanadium, Am-241, and Pu-239/240 exceeded both background and PRG 

concentrations. 

Because this boring is located upgradient of the former location of Tank T-1, the 

contaminants detected in the groundwater sample may be attributable to other upgradient 

sources. 

Borehole 01 195. This borehole was located on the cknter portion of the former location 

of Tank T-1 as specfied in OU9 Technical Memorandum 1 (DOE 1994a). Groundwater 

was initially encountered at 4.5 feet and the borehole was drilled to a depth of 14.0 feet. 

Soil samples were collected above the groundwater table (4.0 to 4.9 feet). Because of 

poor recovery and refusal, it was not possible to collect a sample at the base of the tank. 
Water samples were collected once groundwater was encountered. The depth to 

groundwater, measured again after the water sample was collected, rose to 3.0 feet. 

Recovgr was sufficient to collect a complete analytical suite for each sample collected. 

In the soil sample from 4.0 to 4.9 feet (BHG4906JE), the radionuclides Am-241 and Pu- 
239040 were detected at levels exceeding background. No radionuclides or TAL metals 

were detected at levels exceedimg PRGs. 
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detected at a concentration of 14 pgkg (acetone was also detected in the blank), and 

methylene chloride was detected at a concentration of 2 pgkg. All of these detected 

concentrations are well below the PRGs for these chemicals. In the soil sample collected 

fiom the 3.0-foot level in the excavation (BHG4914JE) no radionuclides or TAL metals 

were detected at levels exceeding background or PRGs. 

A groundwater sample was not collected fiom this boringlexcavation location. 

The volatiles detected in BHG4904JE may be attributable to material contained in the 

PVC pipe that was breached by the drilling operations. 

3.3 TANKS T-2 AND T-3 

Tanks T-2 and T-3 are interconnected tanks located in the 400 area, along the south wall 

of Building 441 near its southwest corner (Figure 3-4). Tank T-3 refers to the 3,200- 

gallon carbon steel abovegiound storage tank (AST) and an underlying 3,000-gallon 

concrete storage tank. T-2 is an underground concrete tank that partially underlies 

Building 44-1: However, the precise location of the underground tanks and the tank 

designation are not clear because the underground tanks could not be Visually inspected 

because of the presence of water in the vaults, and the as-built drawings do not adequately 

describe the tanks (DOE 1969). The data reported herein assume that Tank T-3 is only 

the steel AST, and Tank T-,2 refers to the underground concrete tank that has three 

concrete access chambers overlying the tank. The field inspection could not determine if 

the tank underlying these vaults extended under the T-3 AST nor could the field 

inspection assess the confition of the underground tank@). 

33.1 Historical Information 

) The T-2 and T-3 tanks were installed in 1952. The underground concrete tanks and the 

AST were then abandoned in June 1982 after reportedly being decontaminated, filled with 
. ._,' 
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gravel, and covered with concrete (DOE 1969; Jacobs 1994). However, the reference to 

being filled with gravel probably refers only to the part of the T-2 tank that underlies the 

addition to Building 441, whereas the other part of the T-2 tank that is outside of the 

building probably remains intact. The as-built drawing for this tank indicates that a 

separate chamber to this tank lies entirely outside of the building foundation (DOE 1969). 

Further, no gravel was noted during the limited visual inspection of the T-2 tank 
underlying the three concrete access chambers. Information also indicates that a pipe 

directed effluent to this part of the tank so that the other,parts could be filled with gravel 

upon construction of the structure addition to Building 44 1. 

These tanks reportedly received waste streams fiom Building 122 (the Medical Facility), 

Building 123 (the Health Physics Analytical Laboratory), and Building 441 (the Analytical 

Laboratory) (Jacobs 1994). Waste streams included acids, bases, solvents, radionuclides, 

metals, thiocyanate, ethylene glycol, trace polychlorinated biphenyls (PCBs), bleach, soap, 

blood, and hydrogen peroxide. Tank T-3 reportedly last stored ammonia after storing 

several other wastes. This site has been identified as a known release location (DOE 
I 

I 1992b). 

33.2 Radiological Surveys 

The following sections describe the radiological surveys conducted at Tanks T-2 and T-3. 
1 NaI survey locations and results are shown in Appendix D. HPGe survey locations are 

shown on Piate 2. HPGe results are presented in Appendix C. 

I 33.2.1 H P W  

Hi&-Puritv - Ge rmanium Survey. Tanks T-2 and T-3 lie Within the radius of one HPGe 
t survey location, Station 8J-9. This station provided no evidence to indicate anomalous 
#I 

-,* 

I 
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activities ofK-40, Ra-226, U-235, U-238, Cs-137, Am-241, or Pu-239/240. Only Th-232 

was noted slightly above background activities at 1.38 0.01 percent) pCig. 

Sodium Iodide Survey. Seventeen locations around Tanks T-2 and T-3 were surveyed on 

a 10-foot grid. Of the 17 locations, six were slightly elevated and statistically 

distinguishable above background levels; these six are located randomly around the tanks. 
Activities around the tanks ranged fiom 2,100 to 2,600 cpm with backgrounds ranging 

fiom 2,200 to 2,400 cpm. 

33.2.2 Tank Area Survevs 

A radiological contamination survey was conducted on the exterior parts of the T-2 and 

T-3 tanks. Radionuclides are not historically associated with these tanks, although the 

data obtained fiom this investigation indicate otherwise. A direct radiological survey of 

the tank exterior surfaces indicated fixed and removable alpha activity less than 100 

disintegrations per minute (dpm) per 100 square centimeters (cm2) and beta activity less 

than 1,894 dpd100 cm2 (Appendix F, Field MonitoringISurvey Forms). Radiological 

smear samples collected fiom the tank exterior surfaces reported removable .alpha 

contamination less than 20 dpd100 an2 and beta contamination less than 200 dpd100 

. . . .  . .. ... . , I  

. .I 
.; :/ I.’. ,’. 

Radiological smear samples were collected fiom the interior of the T-3 tank and are 

reported in Section 3.5.2. 
~ 

333 SurfaceSoil Investigations 

Eleven surface-soil samples were originally intended for collection around Tanks T-2 and 

T-3; however, only nine were needed because of the site conditions and the concurrence 

F i i l  
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of borehole locations within 1 to 2 feet of surface-soil locations. See Figure 3-4 for the 

locations ofthe surfa~e-soil sampling sites. 

The nine surface-soil samples were analyzed for gross alpha, gross beta, Am-241, Pu- 

239/240, U-233/234, U-235, U-238, TAL metals, Target Compound List (TCL) volatiles, 

TCL semivolatiles, pesticides, and PCBs. Concentrations detected above background are 

listed in Table 3-1 1 and shown in Figure 3-5. 

Americium-241 activity was slightly elevated above background activity levels, but not 

above PRGs, in all but two of the nine surface-soil sample locations (SSOOOl95 and 

SS000495). Plutonium-239/240 activity was slightly elevated above background activity 

levels, but not above PRGs, in all but one of the nine surface-soil sample locations 

(SS001095). Uranium-238 activity was detected in all nine of the surface-soil sample 

locations above the PRG but not above background. 

I Arsenic and beryllium were detected above their PRGs at all nine locations, but arsenic at 

Location SS000695 was the only detection above background. Several metals were 

detected only above background conktltrations are listed in Table 3-1 1 and are shown in 

Figure 3-5. 

TCL volatile analysis detected acetone above the Method Detection Limit (MDL) at four 

of the nine sample locations (SS000195, SS000295,L SS000395, and SS000595), and 

methylene chloride above the MDL at one of the nine locations (SS000695). Neither 

volatile was detected at levels above the PRGs. 

T U  semivolatile analysis revealed detections of multiple chemicals above the MDL 

(Table 3-11) at every surfacesoil sample location. However, the following sample 

locations had detections above the PRG for the chemical listed: SSOOO195 and SSOO1095, 

benzo(a)pyrene; SS000295, SS000595, and SS000795, benzo(a)pyrene and 
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dibenzo(4h)anthracene; SS000395 and SS000895, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, dibenzo(a,h)anthracene, and indene( 1,2,3-cd)pyrene; and 

SS000495, benzo(a)anthcene, benzo(a)pyrene, benzo(b)fluoranthene. 

At least one of the pesticide4PCB analytes was detected above the MDL at every sample 

location (Table 3-11). Aroclor-1254 was detected above its PRG (83.2 pgkg) at 

locations SS000395, SS000695, SS000795, SS000895, and SSOOlO95. A sigruficant 

concentration (10,000 pgkg) of aroclor-1254 was detected at Location SS000695. 

aroclor-1260 was detected above its PRG (83.2 pgkg) at Location SS00'0195. Dieldrin 

was detected above its PRG (40 pgkg) at Location SS000395. 

3.3.4 Borehole Investigations/Groundwater Sampling 

Five boreholes were drilled around Tanks T-2 and T-3. Borehole and groundwater 

sample locations are presented in Figure 3-4. Three soil samples were collected fiom the 

following locations: ground surface (before drilling), directly above the groundwater table 

(ifgroundwater was encountered), and 1 foot below the base of the tanks (estimated at 

8.0 to 10.0 feet below ground surface). Groundwater samples were collected using a 

HydroPunch'sampler. Figure 3-1, Example 1 depicts the sampling rationale that was used 

for borehole drilling conditions encountered at Tanks T- 2 and T-3. Soil samples were 

analyzed for gross dpha, gross beta, U-233/234, U-235, U-238, Am-241, Pu-239/240, 

TAL metals, TCL volatiles, TCL semivolatiles, pesticides, and PCBs. Water samples 

were analyzed for the same analytes as above in addition to water quality parameters that 

include fluoride, nitrate, nitrite, sulfate, chloride, TOC, pH, and specific conductivity. A 

summary of the analytical parameters for each medium is shown in Tables 2-1 through 

2-4. Tables 3-12 and 3-13 list detected constituents, reported concentrations, and sample 

locations for the borehole and groundwater samples, respectively. Complete analytkal 

results are included in Appendix E. Figure 3-5 displays sample results that exceed 
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) 
established PRGs and background concentrations. 

Appendix B. 
Borehole logs are presented in 

The sample range and interval varied, and a complete analytical suite was not always 

possible because of limited recovery in some boreholes. The following summarizes the 

borehole sampling investigations around Tanks T-2 and T-3. 

I 

Borehole 01395. This borehole was located adjacent to the northwest corner of Tanks T- 

2 and T-3 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Groundwater 

was encountered at 5.2 feet and the borehole was drilled to a depth of 14.0 feet. Soil 
samples were collected at ground surface (0.0 to 6.0 inches), above the groundwater table 

(2.0 to 4.6 feet), and below the base of the tank (8.0 to 12.5 feet). Water samples were 

collected once groundwater was encountered. Recovery was sufficient to collect a 

complete analytical suite for each sample collected. 
! 

In the soil sample fiom 0.0 to 6.0 inches (BHG4858JE), Pu-239/240 activities were above 

background but below the PRG. No other radionuclides were detected above 

background. No TAL metals were Petected at concentrations above background or 

PRGs. No TCL volatiles were detected. Several TCL semivolatiles were detected (Table 

3-12) but none were above PRGs. All organic compounds were considered to have a 

background level of zero. For pesticides/PCBs, aldrin and aroclor-1260 were detected but 

were not present at concentrations above PRGs. 

In the soil sample fiom 2.0 to 4.6 feet @HG4896JE), Pu-239/240 activities were above 

background but below the PRG. No other radionuclides were detected above 

background. None of the TAL metals were detected at concentrations above background 

or PRGs. Acetone was the only TCL volatile detected, but it was at a concentration well 

below the PRG. No TCL semivolatiles were detected. No pesticides/PCBs were 

detected. 

l 
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In the soil sample tiom 8.0 to 12.5 feet (BHG4897JE), none of the radionuclide isotopes 

analyzed for were detected above background or PRGs. None of the TAL metals were 

detected at concentrations above background or PRGs. Acetone was the only TCL 

volatile detected, but it was at a concentration well below the PRG. Several TCL 

semivolatiles were detected (Table 3-12) but none were above PRGs. No pesticideslPCBs 

were detected. 

In the groundwater sample fiom this boring (GWG1696JE) all of the TAL metals and 

radionuclides except cesium, molybdenum, beryllium, and silver exceeded background 

concentrations (Table 3-13). In addition, the metals aluminum, arsenic, barium, bexyllium, 

manganese, nickel, and vanadium and the radionuclides Pu-239/240, Ra-226, U-233/234, 

and U-238 exceeded their specific PRG. Aluminum, arsenic, barium, manganese, nickel, 

vanadium, Pu-239/240, Ra-226, U-233/234, and U-238 exceeded both background and 

PRG concentrations. The TCL volatiles 1 ,2-dichloropropane, tetrachloroethene (PCE), 

and trichloroethene (TCE) were detected, but only PCE was present in a concentration 

above its PRG. TCL semivolatiles analytical results had not been received fiom'RFEDS at 

the time this report was prepared. The only pesticiddPCB detected was deltalBHC at a 

concentration of 0.1 1 micrograms per liter (pg/L). A PRG has' not been developed for 

this compound. 

Even though this boring is located immediately upgradient of Tank T-2, the contaminants 

detected in both the soil and the groundwater indicate that the waste streams associated 

with this tank may have impacted the surrounding soil and groundwater. The radionuclide 

analysis indicates that radiological contamination may also be present at this location. 

Borehole 01495. This borehole was located adjacent to the southwest corner of Tanks T- 

2 and T-3 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Groundyter 

was encountered at 3.5 feet and the borehole was drilled to a depth of 15.0 feet. Soil 

samples were collected at the ground surface (0.0 to 6.0 inches), abovdat the 
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groundwater table (2.0 to 4.7 feet), and below the base of the tank (12.0 to 12.6 feet). 

Water samples were collected once groundwater was encountered. Because of poor 

recovery fiom 8.0 to 15.0 feet it was not possible to collect a complete analytical suite 

below the base of the tank. The volatile, semivolatile, and PCB/pesticide samples were 

omitted fiom this location. Recovery was sufficient to collect a complete analytical suite 

for the remainder of the samples. 

In the soil sample fiom 0.0 to 6.0 inches (BHG4859JE), Pu-239/240 activities were above 

background but below the PRG. No other radionuclides were detected above 

background. Of the TAL metals, only lead was detected at a concentration greater than 
background. No metals were detected at concentrations above PRGs. No TCL volatiles 

were detected. Several TCL semivolatiles were detected (Table 3-12) but none were 

above PRGs. For pesticidesPCBs, aroclor-1254 was detected but at a concentration 

significantly below the PRG. 

In the soil sample fiom 2.0 to 4.7 feet (BHG4893JE), none of the radionuclides analyzed 

for were detected above background gr the PRGs. None of the TAL metals were 

detected at concentratiom above background or PRGs. Of the TCL volatiles, 2- 

hexanone, acetone, and methylene chloride were detected. Acetone and methylene 

chloride concentrations did not exceed the PRG, and 2-hexanone was detected at a 

concentration of 2 pgkg. A PRG has not been established for this chemical. No TCL 
semivolatiles were detected. No pesticidedPCBs were detected. 

In the soil sample fiom 12.0 to l2.6 feet (BHG4894JE), none'of the radionuclides 
I analyzed for were detected above background or PRGs. No TAL metals were detected at 

concentrations above background or PRGs. I 

In the groundwater sample from this boring (GWG17OOJE) Am-241, U-233/234, and U- 

238 activities exceeded background, and U-238 activities also exceeded the PRG (Table 
. -/ 
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3-13). Of the TAL metals, aluminum, barium, lead, potassium, sodium, and strontium 

exceeded background concentrations. Beryllium exceeded the PRG but not background. 

Arsenic and manganese exceeded both background and PRGs. The TCL volatiles 1,2- 

dichloropropane was not detected in this sample, but in the duplicate sample the result 

exceeded the PRG. Acetone was detected but did not exceed the PRG. Methylene 

chloride was detected but it was also present in the laboratory blank. TCL semivolatiles 

analytical results had not been received from RFEDS at the time this report was prepared. 

Pesticides and PCBs were not detected. 

The groundwater radionuclide analyses indicate that radiological contamination may be 

present at this location. Therefore, the contaminants detected in the groundwater sample 

may be attributable to other upgradient sources. 

Borehole 01595. This borehole was located adjacent to the south side of Building 441 as 
specified in OU9 Technical Memorandum 1 (DOE 1994a). Groundwater was 

encountered at 4.4 feet and the borehole was drilled to a depth of 13.0 feet. Soil samples 

. were collected at the ground surface (0.0 to 6.0 inches), above the groundwater table (2.0 

to 4.6 feet), and below the base of the tank (12.0 to 12.2 feet). Water samples were 

collected once groundwater was encountered. Because of poor recovery from 8.0 to 13.0 

feet, it was not possible to collect a complete soil analytical suite below the base of the 

tank. There was enough recovery to collect only a volatile sample at the 8.0- to 13.0-foot 

‘interval. In addition, the water table yielded only enough recovery to collect a volatile 

sample. Recovery was sufficient to collect a complete analytical suite for the remainder of 

the samples. 

In the soil sample fiom 0.0 to 6.0 inches (BHG486OJE), Am-241 and Pu-2391240 

activities were above background but below the PRG. No other radionuclides were 

detected above background. A significant detection of lead (204 milligrams per kilogram 

[mgkg]) was the only TAL metal detected at a concentration greater than background. 
i -. . . . >J( 
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No metals were detected at concentrations above PRGs (a PRG for lead has not been 

established). The TCL volatiles 2-butanone, acetone, carbon disulfide, and methylene 

chloride were detected, but at concentrations well below PRGs. Several TCL 

semivolatiles were detected (Table 3-12) but none were above PRGs. No pesticides or 

PCBs were detected. 

In the soil sample fiom 2.0 to 4.6 feet @HG4887JE), none of the radionuclides analyzed 

for were detected above background or the PRGs. None of the TAL metals were 

detected at concentrations above background or PRGs. Of the TCL volatiles, toluene was 

detected but was well below the PRG. Several TCL semivolatiles were detected, but none 

exceeded their PRG. No pesticides or PCBs were detected. 

For the soil sample from 12.0 to 12.2 feet (BHG4889JE) there was only enough recovery 

for a TCL volatiles sample. In that sample, 2-butanone, ethylbenzene, styrene, PCE, 

toluene, and total xylenes were detected. None of the concentrations for these chemicals 

exceeded their PRGs; however styrene and total xylenes do not have an established PRG. I 

In the groundwater sample fiom this boring (GWG1698JE) the TCL volatides l,%. 

dichloroethene and acetone were detected (Table 3-13). The detected concentration of 

1,2dichloroethene was 1 pg5:  A PRG has not been established for this volatile. 

Acetone was detected at a concentration of 35 pg/L, which is two orders of magnitude 

below the PRG. Radionuclides, TAL, metals, TCL semivolatiles, and pesticides or PCB 

analyses were not run on this sample because of insufficient recovery. 

Borehole 01695: This borehole was located adjacent to the east side of Building 441 as 

specified in OU9 Technical Memoraridum 1 (DOE 1994a). Groundwater was 

encountered at 4.0 feet and the borehole was drilled to a depth of 13.0 feet. Soil samples 

were collected at the ground surface (0.0 to 6.0 inches), and above the groundwater table 

(2.0 to 2.8 feet). Water samples were collected once groundwater was encountered. 

, .  
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Because of poor recovery fiom 8.0 to 13.0 feet, it was not possible to collect a soil sample 

below the base of the tank. Recovery was sufficient to collect a complete analytical suite 

for the remainder of the samples. 

In the soil sample from 0.0 to 6.0 inches (BHG4857JE), Pu-239/240 and U-238 activities 

were above background but below the PRG. No other radionuclides were detected above 

background. The TAL metal lead was detected at a concentration slightly greater than 

background. A PRG for lead has not been established. No other metals were detected at 

concentrations above background or PRGs. No TCL volatiles were detected. Several 

TCL semivolatiles were detected (Table 3-12) but none were above PRGs. The pesticides 

and PCBs dieldrin and aroclor-1254 were detected, but both were below their respective 

. PRGs. 

In the soil sample from 2.0 to 2.8 feet (BHG4890JE), none of the radionuclides analyzed 

for were detected above background .or the PRGs. None of the TAL metals were 

detected at concentrations above background or PRGs. No TCL volatiles were detected. 

Several TCL semivolatiles were detected, but none exceeded their PRG. The pesticide 

endrin ketone was detected at a concentration of 62 p@g; however, a PRG for this 

chemical has not been established. 

In the groundwater sample from this boring (GWG1699JE) every radionuclide analyzed 

for had detectable In 

addition, Am-241, Ra-226, U-2331234, and U-238 activities exceeded their PRG values. 

Every TAL metal except antimony, beryllium, cadmium, calcium, cesium, molybdenum, 

silicon, silver, and tin exceeded its background concentration. Anthony and beryllium 

exceeded their PRGs, but not their background values. Aluminum, arsenic, manganese, 
mercury, and vanadium exceeded both their background and PRG values. The TCL 

volatiles 1 , 1 , 1-trichloroethane, 1,2-dichloropropane, acetone, chloromethane, and PCE 

were detected. The detected concentration of 1,1,1-trichloroethane was 1 pgL. A PRG 

above its respective background value (Table 3-13). 

.--.Ti -1 



~~ ~ 

. . . . . . . . . . . . . _._. , ._. , ,._ __. , C.-L . . . . . . .. . .~ ..-- ..... . . ~. . . _ ._  . . . . .  . 

Rocky Flats Envitonmental Technology Site Document No. RFPmRM-95-0000 
Operable Unit No. 9 Outside Tanks Section: 3.0 Page 26 of 119 

has not been established for this volatile. Also, the volatile 1,2-dichloropropane was 

detected at a concentration of 3 pa, which is greater than its PRG. The TCL 

semivolatile bis(2-ethylhexy1)phthalate was detected at a concentration of 4 pg/L, but this 

chemical was also detected in the blank. Aroclor-1254 was the only PCB detected, at a 

concentration of 9.8 pa, which exceeded its PRG. 

Although the soil at this location does not appear to have been sigNficantly impacted by 

the waste streams contained in Tanks T-2 and T-3, the groundwater analyses indicate that 

contaminants fiom these tanks may have impacted the groundwater. Additionally, the 

radionuclide analyses indicate that radiological contamination may be present in the 

groundwater at this location. 

Borehole 01795. This borehole was located adjacent to the northeast comer of Building 

441 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Groundwater was 

encountered at 4.0 feet and the borehole was drilled to a depth of 12.0 feet. Soil samples 

were collected at the ground surface (0.0 to 6.0 inches), above or at the groundwater table 

(2.6 to 4.8 feet), and below the base of the tank (8.0 to 10.6 feet). Water samples were 

collected once groundwater was encountered. Because of poor recovery fiom 2.0 to 5.0 

feet, it was not possible to collect a complete soil analytical suite above the water table. 

There was enough recovery to collect only a radionuclide and volatile sample at the 2.0- 

to 5.0-foot interval. Recovery was sufficient to collect a complete analytical suite for the 

remainder of the samples. ' 

In the soil sample fiom 0.0 to 6.0 inches (BHG4856JE), Pu-239/240 activities were 

detected above background but below the PRG. No other radionuclides were detected 

above background. The TAL metal lead was detected at a concentration slightly greater 

than background. A PRG for lead has not been established. No other metals were 

detected at concentrations above background or PRGs. No TCL volatiles were detected. 

Several TCL semivolatiles were detected (Table 3-12) but none were above PRGs. The 

1w1m5 F i  
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pesticide dieldrin and PCB aroclor-1260 were detected, but both were below their 

respective PRGs. 

In the soil sample from 2.6 to 4.8 feet (BHG4884JE), none of the radionuclides analyzed 

for were detected above background or exceeded the PRGs. The TCL volatile acetone 

was detected, but did not exceed the PRG. However, acetone was also detected in the 

blank. Insufficient sample recovery did not allow TAL,' metals, TCL semivolatiles, or 

pesticide/PCB analyses. 

In the soil sample from 8.0 to 10.6 feet (BHG4886JE), there were no radionuclide 

activities detected above background or PRGs. No TAL, metals were detected above 

background or PRGs. The TCL volatiles 2-butanone and acetone were detected, but did 

not exceed their PRG values. Six TCL semivolatiles were detected (Table 3-12) but none 

were above PRGs. The PCB aroclor- 1254 was detected, but did not exceed its PRG. 

In the groundwater sample from this boring (GWG1697JE) every radionuclide analyzed 

for had detectable activity above its respective background value (Table 3-13). In 

addition, Am-241, Ra-226, U-233/234, and U-238 activities exceded their PRG values. 

Every TAL metal except antimony, beryllium, cadmium, calcium, cesium, molybdenum, 

silicon, silver, and tin exceeded its background concentration. Beryllium exceeded its 

PRG but not its background value. Aluminum, arsenic, manganese, and vanadium 

exceeded both their background and PRG values. The TCL volatiles 1,2dichloroethene, 

aketone, and PCE were detected. The detected concentration of 1,2dichloroethene was 2 

pfi. A PRG has not been established for this volatile. Acetone and PCE detections did 

not exceed their PRGs. Several TCL semivolatiles were detected (Table 3-13) but only 

benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene were detected above the 

PRGs. Aroclor-1254 was the only PCB detected, at a concentration of 3 pglL, which 

exceeded its PRG. I 
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Although the soil at this location does not appear to have been significantly impacted by 

the waste streams contained in Tanks T-2 and T-3, the groundwater analyses indicate that 

contaminants fiom these tanks may have impacted the groundwater. Additionally, the 

radionuclide analyses indicate that radiological contamination may be present in the 

groundwater at this location. 

3.3.5 Tank Characterization % 

Characterization of the T-2 and T-3 tanks began with a visual inspection of the tanks and 

the surrounding area. No soil staining or stressed vegetation was noted in the area. The 

foundation to the T-3 tank (a carbon steel AST) was composed of wooden fiaming on 

which the tank rested; the foundation fkuning was filled to a depth of roughly 12 inches 

with 1-inch gravel. No Staining was noted on this gravel. 
I 

Tank T-3 was observed to be in satisfactory condition. Its paint was largely intact and the 

interior of the tank had no residue but did have some limited surface oxidation. The pipes. 

co~ected  to T-3 were in satisfactory condition, but no test was possible to determine 

tightness. No staining was observed at the pipe connections. The tank- reportedly had 

stored ammonia, but no ammonia odor was detected upon opening the tank ports and no 

organic vapors were detected. 

Visual inspection of the underground portion of the tanks was limited because no entry 

was made into the T-2 vault. However, it was apparent that an underground tank was 
located under the T-2 vault chambers, although the lateral or vertical extent of the 

underground tank could not be determined. A manhole at the base of the southernmost 

chamber of the T-2 vault and the northernmost chamber both led into the underlying tank, 
but the base of the underlying tank could not be viewed because of poor lighting and the 

liquid that filled the tank. The middle chamber of the T-2 vault did not appear to have any 

I 
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opening to the underlying tank, but it was co~ected  to the north and south T-2 vault 

Chambers. 

Approximately 6 inches of a clear liquid was found in the base of the southernmost and 

northernmost chambers of the T-2 vault, and this liquid presumably completely submerged 

the underlying T-2 tank. The middle vault chamber, however, had about three feet of a 

clear liquid that also had some rust-colored, fine, unconsolidated sediment at the bottom. 

The middle T-2 vault did not seem to have any opening to the underlying tank. 

The bottom drain valve fiom the T-3 tank exited into the southernmost chamber of the 

T-2 vault. A port at the top of the T-3 tank also led into this chamber. An overflow pipe 

fiom the north end of T-3 emptied into the northernmost chamber of the T-2 vault. Two 
pumps were also located on top of the north end of the underground T-2 vault with shafts 

extending through the vault into the underlying tank. 

33.5.1 Tank T-2 

A disposable bailer was used to- collect the liquid sample fiom the middle vault of Tank 

T-2. The rust-colored, fine, unconsolidated sediment in this chamber quickly went into 

suspension when the liquid was disturbed. Therefore, no effort was made to isolate the 

liquid mixed with the sediment fiom the clear liquid. These aqueous phase samples were 

analyzed for gross alpha, gross beta, U-233/234, U-235, U-238, Am-241, Pu-239/240, 

TAL metals, water quality parameters including fluoride, nitrate, nitrite, sulfate, and 

chloride, TOC, pH, specific conductivity, TCL volatiles, TCL semivolatiles, pesticides, 

and PCBs. 

Both the southernmost and northernmost chamber of the T-2 vault were sampled using a 

Teflon’ dipper. The dipper was extended to about 10 feet and used,to reach through the 

manholes in these chambers in an attempt to reach the bottom of the underlying tank. 
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However, the bottom could not be determined because the chambers were themselves 

about 6 feet d&p and the tank is about another 8 feet deep (DOE 1969). 

No organic vapors were detected during the sampling event (Appendix F, Field 

Monitoring Results). 

Table 3-14 lists detected constituents, reported concentrations, and sample locations for 

liquid and smear samples taken from Tanks T-2 and T-3. 

Analytical results collected with a disposable bailer from the middle vault of Tank T-2 

(TNGO003JE) indicate that the aqueous sample contained aroclor-1254 at a concentration 

of 250 &L. Results for radionuclides, TAL metals, TCL volatiles, TCL semivolatiles, 

pestkidelPCB, and water quality parameters had not been received from RFEDS at the 

time this report was prepared. 

Andytid results collected with a Teflon' dipper from the southernmost chamber of the 

Tank T-2 vault (TNGOOO4JE) indicate that every radionuclide analyzed for had a positive 

activity, with gross alpha, gross beta, U-233/234, U-235, and U-238 having moderate to 

high activities. AU of the T m  metals analyzed for were detected, except for antimony, 

cadmium, chromium, cobalt, selenium, tin, and vanadium. Most of the detections indicate 

trace concentrations except for magnesium, potassium, and sodium, which appear to be 

slightly elyated. The following TCL volatiles were detected: 1,24chloropropane (5 

@I.,), chloroform (13 &L), PCE (17 pg/L), and TCE (9 pa). TCL semivolatile 

r d t s  had not been received fiom RFEDS at the time this report was prepared. No 
pe?icides or PCBs were detected. 

Analytical results collected with a Teflon' dipper &om the northernmost chamber of the 

Tank T-2 vault (TNGOOOSJE) indicate that every radionuclide analyzed for had a positive I 

activity, with gross alpha and gross beta having moderate to high activities. All of the TAL 

73 
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metals analyzed for were detected, except for antimony, arsenic, cadmium, cobalt, 

selenium, and tin. Most of the detections indicate trace concentrations except for lead, 

magnesium, potassium, and sodium, which appear to be slightly elevated. The following 

TCL volatiles were detected: 1,2-dichloropropane (5  pg/L), acetone (8 pg/L), chloroform 

(13 pa), PCE (17 pg/L), and TCE (8 &L). TCL semivolatile results had not been 

received from RFEDS at the time this report was prepared. No pesticides or PCBs were 

detected. 

3.3.5.2 Tank T-3 

/ 

Tank T-3 did not have any residue to be sampled, but some limited surface oxidation was 

apparent within the AST. The surface oxidation was not sufficient to scrape to obtain any 

significant sample quantity. Therefore, radiological smear samples were collected to 

assess the removable radiological contamination. Samples were collected through the 

three ports on top of the AST by afiixing smears to the end of an extension pole and h n l y  

rubbing the smear on the tank surface. Samples were collected at the following locations 

Within Tank T-3 : 

at the base of the interior of the AST near the southernmost end by the drain valve; 

on the side of the interior of the AST near the southernmost end by the drain valve; 

0 at the base of the interior of the AST near the northernmost end; and 

0 on the side of the interior of the AST near the northernmost end. 

All of the smear samples indicated removable radiological alpha contamination less than ’ 
20 dpd100 cm2 and beta contamination less than 200 dpd100 cm2 (Table 3-14 and 

Appendix F). 
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No organic vapor was detected during the sampling event (Appendix E). The tank had 

reportedly stored ammonia before being closed, but no ammonia was detected by 

colorimetric tubes during the sampling event. 

Significant surface and subsurface contamination has been found during this Stage 1 

investigation for the T-2 and T-3 tank group. Groundwater analytical results indicate the 

presence of TAL metals, TCL semivolatiles, TCL volatiles, PCBs, pesticides, and 

radionuclides. These tanks should be considered for an accelerated action. 

3.4 TANKT-7 

Tank T-7 is located in the 500 Area within Building 528, which is referred to as the 

Building 559 Process Waste Pit. This tank is located approximately 30 feet southeast of 
. Building 559. Tank T-7 is composed of two 2,0OO-gallon, in-sump steel tanks within an 

underground concrete vault (Figure 3-6). 

3.4.1 Historical Information 

Tank T-7 was reportedly installed in 1969 and received waste streams fiom Building 559, 

the Analytical Laboratory, including acids, bases, solvents, radionuclides, metals, 

pesticides, herbicides, and possibly PCBs. The tanks were used as 9Oday transuranic 

waste tanks, according to Building 559 personnel. This tank has been identified as a 

known release location at its connection with Pipe P-16 (DOE 1992b). The tanks were 

undergoing operational decontamination to be used to drain building sinks at the time of 

the field investigation (Jacobs 1994). 

I 
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In the groundwater sample fiom this boring (GWG1704JE) the metals aluminum, arsenic, 

lead, manganese, and potassium and the radionuclides gross alpha, gross beta, Am-241, 

Pu-239/240, Ra-226, U-233/234, U-235, and U-238 all exceeded background 

concentrations. In addition, the metals arsenic, beryllium, and manganese and the 

radionuclides Am-24 1, Pu-239/240, Ra-226, U-233/234, and U-238 exceeded their 

specific PRG. Arsenic, manganese, Am-24 1, Pu-239/240, Ra-226, U-233/234, and U-23 8 

exceeded both background and PRG concentrations. TOC was detected at a 

concentration of 6.07 milligrams per liter (mg/L). A background or PRG concentration 

for TOC has not been established. 
( 

Because the waste streams held in Tank T-1 included trace radionuclides, the 

radionuclides detected in soil and groundwater samples fiom this boring may be indicative 

of contamination from the tank. 

Borehole 01295. This borehole was located adjacent to the east side, downgradient of the 

former location of Tank T-1, as specified in OU9 Technical Memorandum 1 (DOE 
1994a). The borehole was drilled to a depth of 7.0 feet. Drilling operations were stopped 

at 7 feet when visible Apors were noted coming out of the borehole (photoionization 

detector [PID] readiig of 400 parts per million [ppm]). It was determined at a later date 

that while drilliig, the augers breached a portion of a polyvinyl chloride (PVC) pipe 

secondary containment of a process waste line, even though utility clearance for the 

borehole location had been obtained. This borehole location was abandoned and RFETS 

personnel excavated the site to conduct repairs to the process waste line secondary 

containment. For characterization purposes, a radionuclide and TAL metals sample was 

collected from 4.5 to 4.8 feet in the initial boring and a volatiles sample was collected fiom 

the excavation at the 3.0-foot level. 

) In the soil sample collected fiom 4.5 to 4.8 feet in the boring (BHG4904JE), 2-butanone 

was detected at a concentration of 4 micrograms per kilogram (pgkg), acetone was 
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3.4.2 Radiological Surveys 

The following sections describe the radiological surveys performed around Tank T-7. 

HPGe survey locations are shown on Plate 2; HPGe results are presented in Appendix C. 

NaI survey locations and results are shown in Appendix D. 

3.4.2.1 HiPh-Puritv Germanium Survey 

Tank T-7 lies within,the radii of two HPGe survey locations, 9D-9 and 9E-9. These 

stations provided no evidence to indicate anomalous activities for K-40, Ra-226, U-235, 

U-238, or (3-137. However, Am-241 was elevated above background activities with 

specific activities of 1 1.5 0.1 percent) and 3 1.1 e 0.1 percent) pCi/g at 9D-9 and 9E-9, 

respectively. In addition, pU-239/240 was noted above background activities with 4.3 e 
0.14 percent) nCi/g at 9D-9 and 4.2 e 0.14 percent) nCVg at 9E-9. It should also be 

noted that HPGe data analysis in this area indicates that both Am-241 and Pu-239 levels 

'increase 8s they get closer to Building 569. Therefore, the increased activities around 

Tank T-7 are probably due to shine from Building 569, which is located about 200 feet 

south of Tank T-7. 

In addition, the Th-232 activity at location 9D-9 was noted to have an above-background 

activity of 1.45 0.5 percent) pCi/g. 

L 

3.4.2.2 Sodium Iodide Survev 

Thirty locations around Tank T-7 were surveyed on a 10-foot grid. Only three locations 

were statistically distinguishable above background levels-one location on the northwest 

side and two locations adjacent to one another on the south side of the tank. Activities 

around the tank ranged from 1,500 to 2,500 cpm with background readings in the same 

range. 
1 

._ .*e' 
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3.4.3 Borehole InvestigationdGroundwater Sampling 

Three of four boreholes were drilled around Tank T-7. Borehole 02195, located adjacent 

to the southeast corner of Tank T-7, was abandoned because of interference &om 

underground utilities. Borehole and groundwater sampling locations are presented in 

Figure 3-6. Three soil samples were collected fiom the following locations: ground 

surface (before drilling), directly above the groundwater table (if groundwater was 

encountered), and 1 foot below the base of the tank (estimated at 22.0 to 25.0 feet below 

ground surface) or above bedrock, whichever came first. Groundwater was sampled with 

a HydroPunch' sampler. Figure 3-2, Example 1 depicts the sampling rationale that was 

used for the borehole drilling conditions encountered at Tank T-7. Soil samples were 

analyzed for gross alpha, gross beta, U-233/234, U-235, U-238, Am-241, Pu-239/240, 

TAL metals, TCL volatiles, TCL semivolatiles, pesticides and PCBs, chlorinated 

herbicides, and hexavalent chromium. Water samples were analyzed for the same analytes 

as above with additional water quality parameters that include fluoride, nitrate, nitrite, 

sulfate, chloride, TOC, pJ3, and specific conductivity. A summary of the analytical 

parameters for each medium is shown in Tables 2-1 through 2-4. Tables 3-15 and 3-16 

list detected constituents, reported concentrations, and sample locations for the borehole 

and groundwater samples, respectively. Complete analytical results are included in 

Appendix E. Figure 3-7 displays borehole and groundwater sample results that e x d  

established PRGs and background concentrations. 

Appendix B. 
Borehole logs are presented in 

Because of limited recovefy in some boreholes, the sample range and interval varied h d  a 

complete analytical suite was not always possible. The following is a summary of the 

borehole sampling. 

, )  Borehole 01895. This borehole was located adjacent to the northwest corner of Tank T-7 
as specified in OU9 Technical Memorandum 1 (DOE 1994a). Borehole 01895 was 

._ 
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moved approximately 3 feet to the west to avoid underground utilities. Groundwater was 

initially encountered at 16.8 feet, bedrock at 20.5 feet, and the borehole was drilled to a 

depth of 23.5 feet. Soil samples were collected at ground surface (0.0 to 6.0 inches), 

above the groundwater table (15.5 to 16.8 feet), and above bedrock (19.5 to 20.7 feet). 

Water samples were collected once groundwater was encountered. The depth to 

groundwater, measured again after the water sample was collected, rose to 11.5 feet. 

Recovery was sufficient to collect a complete analytical suite for each soil sample 

collected. 

No radionuclides, organics, or TAL metals were detected at levels exceeding background 

or PRGs in the soil sample from 15.5 to 16.8 feet (BHG4998JE), or in the soil sample 

fiom 19.5 to 20.7 feet (BHG4999JE). 

In the soil sample from 0.0 to 0.5 feet (BHG4997JE) Pu-2391240 exceeded background 

but was significantly lower than the PRG. 

In the groundwater sample from this boring (GWG1726JE) the metals arsenic, barium, 

chromium, cobalt, copper, lead, lithium, mercury,'nickel, selenium, strontium, and zinc all 

e x d e d  background concentrations (Table 3-16). In addition, the metals antimony, 

arsenic, barium, beryllium, manganese, and vanadium exceeded their specific PRGs. Only 

arsenic, barium, manganese, and vanadium exceeded both background and PRG 
concentrations. L 

For radionuclides, both gross alpha and gross beta were found in concentrations above 

background in the groundwater sample. Uranium-235 was found above background, and 

U-233/234 and U-238 were found in concentrations above both background and their 

specific PRGs. 
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Four volatile analytes were found in concentrations above PRG in the groundwater 

sample, including 1,l -DCE, chloromethane, PCE, and TCE. 1 , 1 , 1 -TCA and 1,2-DCE 

both showed positive results, but there are no PRGs for these compounds. 

Borehole 01995. This borehole was located approximately 15 feet south of the center of 

Tank T-7 approximately, 17 feet southeast of the original location specified in OU9 

Technical Memorandum 1 (DOE 1994a). Borehole BH-01995 was offset because of 

abundant underground utilities located in the Vicinity of the southwest corner of Tank T-7. 

Groundwater was initially encountered at 15.5 feet, bedrock at 18.2 feet, and the borehole 

was drilled to a depth of 24.0 feet. Soil samples were collected at ground surface (0.0 to 

6.0 inches), above the groundwater table (13.0 to 14.0 feet), and within the 

bedrocWalluvial contact (18.0 to 20.5 feet). Because of poor recovery, it was not possible 

to collect a sample above bedrock so a sample was collected within bedrock. Water 

samples were collected once groundwater was encountered. The depth to groundwater, 

measured again after the water sample was collected, rose to 10.3 feet because of 

hydrostatic pressure. Recovery was sufficient to collect a complete analytical suite for 

each soil m p l e  collected, bit only volatiles were analyzed for on the groundwater sample 

because of excessive fines that prohibited sufficient recovery. 

No organics, radionuclides, or TAL metals were detected at levels exceeding background 

or PRGs in the soil sample fiom 13.0 to 14.0 feet (BHG5016JE), or in the soil sample 

fiom 18.0 to 20.5 feet (BHG5017JE). No organics or radionuclides were detected at 

levels exceeding background or PRGs in the soil samples fiom 0.0 to 0.5 feet 

(BHG5014JE and BHGSOlSJE [duplicate]). Cadmium was found in concentrations 

greater than background, but below its PRG in the duplicate sample. 

Groundwater sampling for this borehole was limited to one volatile sample taken at 10.2 

feet (GWG1731lE). The volatile sample showed five analytes with concentrations 
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elevated above their PRGs. These were 1,2-dichloropropane, chloroform, chloromethane, 

methylene chloride, and PCE. 

Borehole 02095. This borehole was located adjacent to the northeast corner of Tank T-7 
as s p d e d  in OU9 Technical Memorandum 1 (DOE 1994a). Groundwater was initially 

encountered at 24.5 feet, bedrock at 24.0 feet, and the borehole was drilled to a depth of 

26.0 feet. Soil samples were collected at ground surface (0.0 to 6.0 inches), above the 

groundwater table (18.3 to 22.3 feet), and within bedrocWalluvial contact (24.0 to 25.0 

feet). Water samples were collected once groundwater was encountered. The depth to 

groundwater, measured again after the water sample was collected, rose to 21.0 feet. 

Recovery was sufficient to collect a complete analytical suite for each sample collected. 
I 

Four borehole sample suites were taken at BH-02095. Two were analyzed for TCL 
semivolatiles and all were analyzed for TAL metals, radionuclides, and TCL volatiles. No 

organics, radionuclides, or TAL, metals were detected at levels exceeding background or 

PRGs in any of the soil. Carbon tetrachloride was detected in concentrations below its 

PRG in the soil samples from 0.0 to 0.5 feet (BHG5000JE and BHG5001JE [duplicate]) 

and in the soil sample tiom 18.3 to 22.3 feet (BHGSOOUE). 

In the groundwater sample for this boring (GWGl727JE) the semivolatile bis(2- 

ethylhexyllphthalate and the metal befyllium were detected in concentrations greater than 
I their specific PRGs. These results were not confinned by the duplicated sample 

(GWGI728JE). 

The metals arsenic, strontium, manganese, sodium, and zinc and the radionuclides U- 
233/234 and U-238 all exceeded background concentrations in the groundwater sample. 

In addition, arsenic and manganese exceeded both background and PRG concentrations. 

Arsenic e x d i n g  background concentration was not confirmed in the duplicate sample. 
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Borehole 02 195. This borehole was located on the southeast corner of Tank T-7. It was 

abandoned because of the presence of numerous underground utilities. This borehole also 

could not be offset or relocated because of utilities. 

3.5 TANKT-8 

Tank T-8 is located in the 700 Area within Building 728, which is referred to as the 

Building 77 1 Process Waste Pit. It is located approximately 30 feet north of Building 77 1. 

Tank T-8 consists of two 25,000-gallon underground concrete tanks, one being located 

west of the other (Figure 3-8). For clarity, these two tanks have been designated as T-8 

(west) and T-8 (east). 

3.5.1 Historical Information ' 

These two tanks were installed in 1952 and were reportedly taken out of service in May of 

1984, cleaned, painted, and converted to plenum deluge catch tanks for fire-water Erom 

Building 771. The tanks originally received waste streams from Building 771, the 

Plutonium and Uranium Recovery Building, including radionuclides, acids, bases, solvents, 

metals, fitel oil, lubricating oil, PCBs, and photography laboratory wastes (Jacobs 1994). 

The T-8 tanks reportedly fill with groundwater periodically, and surfbce water also 

reportedly runs into Building 728 during periods of high runoff (Jacobs 1994). 
1 

35.2 Radiological Surveys 

The following is a summary of the in situ radiological surveys performed around Tank T- 
8. NaI survey locations and results are shown in Appendix D. HPGe survey locations are 

I shown on Plate 2; HPGe results are presented in Appendix C. 
j *.-/ 

/ 
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3.5.2.1 HPGe and NaI Survevs 

Hiah-Puritv Germanium Survey. Two HPGe survey sites were located within the vicinity 

of Tank T-8, Stations 7F-8 and 7FB-8. Surveys at these HPGe stations were conducted 

for OU8, but T-8 was within the range of influence. The HPGe survey data provided no 

evidence to indicate anomalous activities for Ra-226, U-235, U-238, Cs-137, Am-241, or 

Pu-239/240. Nonetheless, at Station 7F-8, K-40 (23.7 0.1 percent] pCi/g) and Th-232 

(1.66 & 0.01 percent] pCi/g) were statistically elevated above background levels. At 

Station 7FB-8, only Th-232 at 1.55 e 0.01 percent) pCi/g was in excess of background 

activities. 

Sodium Iodide Survev. Thirty-five locations were surveyed around Tank T-8. Seven of 

the 3 5 NaI survey locations were statistically distinguishable above background levels; 

these locations are located primarily along the north-south axis near the center of the tank. 
Activities around the tank ranged from 2,100 to 3,000 cpm with background levels in the 

same range. 

3.5.2.2 Tank Area Survevs 

Radiological contamination surveys were conducted both before entering the Building 728 

vault to collect samples from the underlying tanks and upon completion of all tank 
sampling (Appendix F). Direct surveys of the surfaces &within the vault were conducted to 

detect ked and removable alpha and beta contamination. All fixed and removable alpha 

contamination was below 100 dpd100 cm2 and beta contamination was below 1,894 

dpd t00  an2. Smear surveys within the vault were conducted to detect removable alpha 

and beta contamination. All removable alpha contamination was below 20 dpd100 cm2 

and all beta contamination was below 200 dpd100 an2. 
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3.53 Borehole Investigations 

Two of four boreholes were drilled around Tank T-8. Boreholes BH-02395 and 

BH-02495, located on the south side of Tank T-8, were abandoned because of 

interfefence by utilities. Locations for all boreholes that were drilled are presented in 

Figure 3-8. Three soil samples were collected from the following locations: ground 

surface (before drilling), above the bedrocldalluvial contact, and 1 foot below the 

bedrocWalluvial contact. Tank T-8 appeared to be keyed into bedrock. No water samples 

were collected because groundwater was not encountered. Figure 3-1, Example 1 depicts 

the sampling rationale for borehole drilling at Tank T-8. Soil samples were analyzed for 

gross alpha, gross beta, U-233/234, U-235, U-238, Am-241, Pu-2391240, TAL metals, 

TCL volatiles, TCL semivolatiles, pesticides, PCBs, tantalum, and hexavalent chromium. 

A summary of the analytical parameters for each medium is shown in Tables 2-1 through 

2-4. Tables 3-17 and 3-18 list detected constituents, reported concentrations, and sample 

locations for the borehole and tank liquid samples, respectively. Complete analytical 

results are included in Appendix E. Figure 3-9 displays sample results that exceed 

. established PRGs and background concentrations for borehole samples. Borehole logs are 

presented in Appendix B. 

Because of limited recovery on some boreholes, the sample range and interval varied and a 

complete analytical suite was not always possible. The following is a summary of the 

borehole sampli'ng. 

Borehole 02295. This borehole was located adjacent to the northwest comer of Tank T-8 
as specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was encountered 

at 20.4 feet and the borehole was drilled to a depth of 24.0 feet. Soil samples were 

collected at ground surface (0.0 to 6.0 inches), above the bedrocklalluvial contact (16.0 to 

17.1 feet), and below the base of the tank, which coincides with the bedrock/alluvial 
, I  1 
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contact (20.0 to 22.4 feet). Groundwater was not encountered. Recovery was sufficient 

to collect a complete analytical suite for each sample collected. 

No radionuclides, TAL, metals, TCL volatiles, or TCL semivolatiles were detected at 

levels exceeding background or PRGs in the soil samples from 0.0 to 0.5 feet 

(BHG4986JE or BHG4992JE [duplicate]), 16.0 to 17.1 feet (BHG4987JE), or 20.0 to 

22.4 feet (BHG4988JE). 

Borehole 02395. This borehole was located adjacent to the southwest comer of Tank 

T-8. This borehole was abandoned because of utilities found on the southern portion of 

Tank T-8. 

Borehole 02495. This borehole was located adjacent to the southeast comer of Tank T-8. 

This borehole was abandoned because of utilities found on the southern portion of Tank 

T-8. 

Borehole 02595. This borehole was located adjacent to the east side of Tank T-8 

approximately 10 feet south of the original location specified in OU9 Technical 

Memorandum 1 (DOE 1994a), but was offset because of overhead utilities. Bedrock was 

encountered at 16.0 feet and the borehole was drilled to a depth of 24.0 feet. Soil samples 

were collected at ground surface (0.0 to 6.0 inches), above the bedrocWalluvial contact 

(14.0 to 15.1 feet), and below the bedrocWalluvial contact (16.0 to 19.0 feet). 

Groundwater was not encountered. Recovery was sufficient to collect a complete 

analytical suite for each sample collected. 

In the soil sample from 14.0 to 15.1 feet (BHG4990JE), the radionuclide Am-241 was 

detected at levels exceedimg background (Table 3-17). No radionuclides, TCL 

semivolatiles, or TAL, metals were detected at levels exceeding PRGs. . .  *\ 

i ..-/ 
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3.5.4 Tank Characterization 

During the visual inspection of the T-8 vault, it appeared that the original plumbing and 

pumps still exist. The two T-8 tanks appeared to be identical and to have similar piping. 

However, a pipe to the T-8 (west) tank that apparently had originally branched to the 

pump was disconnected and open to the atmosphere. A similar pipe fiom the T-8 (east) 

tank was still connected. Nothing in the vault was locked or tagged out. 

The T-8 (east) tank had an estimated 2.5 feet of a clear liquid. No sludge was noted in the 

bottom of the tank, although some thin, green-colored material, with an appearance 

similar to algae, coated the tank base. It was noted that the ladder-rungs in the tank were 

severely rusted. 

The T-8 (west) tank contained an estimated 6 feet of clear liquid. As in the T-8 (east) 

tank, no sludge was noted other than a thin coating of a green-colored material resembling 

algae. 

Liquid level staining marks were observed in both tanks at various levels fiom the &-rent 

water level to the top of the tanks. A steel pipe, approximately 4 inches in diameter, 

enters each tank through the south wall at a level approximately 18 inches below the top 

of the tank and appears to be directed toward Building 77 1. Another similar pipe entered 

each tank about 18 inches to the side and below the other pipe, and exits the tank to the 

pumps. A smaller steel pipe, about 2 inches in diameter, was observed in the tank to the 

west of the manholes, but the destination of the pipes could not be determined. Some 

piping leadiig fiom the pumps was labeled "Process Waste to 774 or Pond." 

A peristaltic pump was used to collect the liquid sample fiom the T-8 (east) tank whereas 

a disposable bailer was used to collect the liquid sample fiom the T-8 (west) tank. The 

peristaltic pump prevented spilling of the liquid during sample collection, but the pump 0 '.... 
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required much time to collect the necessary volume. Therefore, a pigpen was constructed 

around the T-8 (west) tank to contain any liquid incidentally spilled fiom the disposable 

bailer used to collect the sample. 

These aqueous phase samples were analyzed for gross alpha, gross beta, U-233/234, U- 

235, U-238, Am-241, Pu-239/240, TAL metals, hexavalent chromium, water quality 

parameters including TOC, pH, and specific conductivity, TCL volatiles, TCL 

semivolatiles, pesticides, and PCBs. 

Analytical results fiom the west tank (TNGO015JE) indicate the aqueous samples 

contained traces of the TAL metals molybdenum, silicon, strontium, tin, aluminum, 

barium, calcium, copper, magnesium, manganese, nickel, potassium sodium, and zinc 

(Table 3-18). Radionuclides detected were Am-241, gross alpha and beta, Pu-239/240, 

tritium, U-233/234, U-235, and U-238. 

Analytical results from the aqueous samples &om the east tank (TNGO016JE) indicate the 

presence of the same metals as the west tank with the exception that tin, manganese, 

nickel, and zinc were not dekqed in the east tank. Mercury was detected in the east tank 
but not in the west tank. Radionuclide analyses indicate the presence of the same 

compounds except that Ra-226 was present in the east tank but not in the west. Acetone 

was also present in the east tank but not in the west. 

L 

No organic vapors were detected with field instruments before or during the sampling 

events. Colorimetric tubes failed to indicate any carbon tetrachloride present in either T-8 

tank (AppendixF). 

.3.6 TANKS T-9 AND T-10 

Tanks T-9 and T-16 are located in the 700 Area within Building 730, which is referred to j 
_I - 

I 
I 

8s the Building 776 Process Waste Pit (Figure 3-10). These tanks are approximately 50 
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feet north of Building 776 and about 30 feet east of Building 701. Tank T-9 consists of 

two 22,500-gallon underground concrete tanks oriented &west and therefore will be 

referred to as T-9 (east) and T-9 (west). 'Tank T-10 consists of two 4,500-gallon concrete 

underground tanks oriented &west and therefore will be referred to as T-10 (east) and 

T-10 (west). 

I 3.6.1 Historical Information 

The T-9 tanks were installed in 1955 and were taken out of service in October 1984 at 

which time both chambers were cleaned, painted, and converted to plenum deluge catch 

tanks. These tanks originally received laundry waste fiom Building 778 (Jacobs 1994). 

The T-10 tanks were installed in 1955 and were abandoned in December 1982; however, 

these tanks reportedly were not cleaned upon being abandoned. Tanks T-10 received 

waste streams fiom Building 776, Production Support, and Building 778, the Laundry 

(Jacobs 1994). 

I 

Waste streams for both sets of tanks include radionuclides, solvents, metals, and limited 

amounts of machinery and lubricating oils. Documented releases fiom Tanks T-9 and T- 

10 were not found, but releases fiom the tanks are considered likely because of the 

condition of the tanks (Jacobs 1994). 

L 

Furthermore, numerous releases have been documented fiom a previously removed 

underground storage tank adjacent to Building 730 (Tanks T-9 and T-10) that contained 

_.. . . .  . . . . .  
: ' ,\ 

. .  
L.#j 

solvents such as carbon tetrachloride and possibly PCE. This tank was reportedly located 

approximately 10 feet west of the exposed portion of the Building 730 pump house and 

was buried approximately 9.0 to 10.0 feet below grade. Documentation detailing the fate 

of the constituents released has not been found; moreover, this area (IHSS 118.1) is also 

being studied under OU8 investigations (DOE 1992b). 
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3.6.2 Radiological Surveys 

The following d o n s  summarize the NaI and HPGe radiological surveys performed 

around Tanks T-9 and T-10. NaI survey locations and results are shown in Appendix D. 

HPGe survey locations are shown on Plate 2; HPGe results are presented in Appendix C. 

3.6.2.1 HPGe and NaI Survevs 

Hiah-Puritv Ge rmanium Survey. Tanks T-9 and T-10 lie within the radii of two HPGe 
survey locations, Stations 9F-9 and 70-8. The HPGe survey for both locations provided 

no evidence to indicate anomalous activities for K-40, Ra-226, Th-232, U-238, U-235, or 

Cs-137. However, Stations 9F-9 and 70-8 both indicated elevated Am-241 levels of 1.2 

0.04 percent) pCVg and 0.2 e 0.03 percent) pCVg, respectively. Additionally, Pu- 
239/240 activities were also in exceedance of background levels with 1.1 e 0.1 percent) 

nCig at 9F-9, and 1.3 e 0.1 percent) nCVg at 70-8. It was determined from the tank 

inspection and survey results that radionuclide activity in the tanks is extremely high and 

therefore could be skewing the HPGe results in the area around this tank. 

$odium Iodide Survelv, Twenty-nine NaI survey sites are located around Tanks T-9 and 

T-10. Only one location was statistically distinguishable above background activities. It 

registered 1,687 cpm with a background of 1,595 cpm. The remaining activities around 

the tanks ranged from 1,300 to 2,100 cpm with background activities in the same range. 

3.6.2.2 Tank Area Survevs 

Radiological contamination surveys were conducted both before entering the T-9 and T- 

10 vault, which is Building 730, and at the conclusion of sampling in the vault (Appendix 

F). Direct surveys of the surfaces within the vault were conducted to detect fixed and 

removable alpha and beta contamination. Several areas surveyed in the Building 730 vault .d. j 
! 
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reported fixed and removable alpha contamination ranging up to about 7,400 dpd100 

an'; however, fixed and removable beta contamination was below 1,894 dpd100 an2. 

Most of the fixed and removable alpha contamination was detected on the floor of the 

vault and on the lower stairs leading into the vault. . 

Smear surveys within the vault were conducted to detect removable alpha and beta 

contamination. The vault had significant dust covering the floor, stairs, piping, and 

pumps. The smear surveys reported removable alpha contamination at virtually all survey 

locations up to about 1,000 dpd100 cm2; all of the removable beta contamination was 

below 200 dpd100 cm2 (Appendix F). 

A smear was collected fiom the underside of the Tank T-9 (east) inspection plate that 

reported removable alpha contamination of 8,798 dpd100 cm2. The underside of the 

inspection plates for the other tanks also reported removable alpha contamination up to 

about 600 dpd100 cm2. The direct survey for fixed and removable alpha contamination 

was not conducted because the surface was moist such that alpha containination would 

not be detected. Removable beta contamination on the underside of the Tank T-9 (east) 

inspection plate was 354 dpd100 an2; removable beta contamination on the other tank 
inspection plates was below 200 dpd100 cm2 (Appendix F). While the underside of the 

inspection port for T-9 (east) had the highest removable activity, the samples fiom the T-9 

(east) tank did not have the highest activity when compared to the sludge sampled in the 

T-10 (east) tank (as discussed in Sections 3.6.4.2). 1 

The dose rate within both T-9 tanks and the T-10 (west) tank was reported as background 

(10 microrem-per hour); the dose rate in Tank T-10 (east) was reported at 30 microrem 

- per hour (Appendix F). 
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3.6.3 Borehole Investigations 

Four of the four boreholes were ddled around Tanks T-9 and T-10. Borehole locations 

are presented in Figure 3-10. Three soil samples were collected from the following 

locations: ground surface (before drilling), directly above the groundwater table (if 
groundwater was encountered), and 1 foot below the base of the tank (estimated at 26.0 

to 29.0 feet below ground surface) or above bedrock, whichever came first. Groundwater 

samples were collected using a HydroPunchQ sampler. Figure 3-1, Examples 1 and 3 

depict the sampling rationale for borehole drilling at Tanks T-9 and T-10. Soil samples 

were analyzed for gross alpha, gross beta, U-2331234, U-235, U-238, Am-241, PU- 
239/240, TAL metals, TCL volatiles, TCL semivolatiles, and hexavalent chromium. In 

addition, water samples were analyzed for tritium and for the same analytes as above with 

additional water quality parameters, which include fluoride, nitrate, nitrite, sulfate, 

-chloride, TOC, pH, and specific conductivity. A summary of the analytical parameters for 

each medium is shown in Tables 2-1 through 2-4. Tables 3-19 and 3-20 list detected 

constituents, reported concentrations, and sample locations for the borehole and 

groundwater samples, respectivejy. Complete analytical results are included in 

Appendix E. Figure 3-1 1 displays borehole and groundwater sample results that yxceed 

established PRGs and background concentrations. Borehole logs are presented in 

Appendix B. 

Because of limited recovery in someiboreholes, the sample range and interval varied and a 

complete analytical suite was not always possible. In addition, carbon tertrachloride was 

encountered in all boreholes, and as a result, drilliig operations were conducted in Level B 

protection. Free product was encountered &,several intervals. The following is a summary 

of the borehole sampling. 

l i  Borehole 02695. This borehole was located adjacent to the northwest corner of Tanks T- 
9 and T-10, approximately 4 feet northwest of the original location specified in OU9 
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Technical Memorandum 1 (DOE 1994a). Borehole BH-02695 was offset because of 

overhead utilities. Groundwater was initially encountered at 9.0 feet, bedrock was 

encountered at 22.4 feet, and the borehole was drilled to a depth of 26.0 feet. Soil 
samples were collected at ground surface (0.0 to 6.0 inches), above the groundwater table 

(6.3 to 8.3 feet), and at the bedrocWalluvial contact (22.0 to 22.8 feet). Recovery fiom 

8.3 to 22.0 feet was very poor because of the absence of any fines. Water samples were 

collected once groundwater was encountered. The depth to groundwater, measured again 

afker the water sample was collected, rose to 5.1 feet. Recovery was sufficient to collect a 

complete analytical suite for each sample collected. 

In the soil sample from 0.0 to 6.0 inches (BHG4955JE), Am-241 and Pu-239/240 

activities were detected above background but below the PRG. No other radionuclides 

were detected above background. No TAL metals were detected at a concentration 

greater than background or PRGs. 
semivolatiles were detected (Table 3-19) but none were above PRGs. 

No TCL volatiles were detected. Several TCL 

Hexavalent 

chromium was not detected. 

In the soil sample fiom 6.3 to 8.3 feet (BHG5010JE) none of the radionuclides analyzed 

for were detected above background or the PRGs. Analyses for Am-241 and U-235 were 

not conducted. No TAL metals were detected at a concentration greater than background 

or PRGs. The TCL volatiles acetone, carbon tetrachloride, chloroform, and methylene 

' chloride were detected, but were significantly below the PRG. The TCL semivolatile di-n- 

butyl phthalate was detected at a concentration of 190 p g k g  which did not exceed the 

PRG. No other TCL semivolatiles were detected. Hexavalent chromium was not 

detected. 

In the soil sample fiom 22.0 to 22.8 feet (BHGSOllJE), there were no radionuclide 

activities detected above background or PRGs. No TAL metals were detected above 

background or PRGs. The TCL vobtiles 1,1,2,2-tetrachloroethae, carbon tetrachloride, 
'.-. i 
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and chloroform were detected at concentrations significantly higher than their PRG values 

(Table 3-19). 1,1,2,2-Tetrachloroethane and chloroform were nearly one order of 

magnitude greater than the PRG, and carbon tetrachloride was more than two orders of 

magnitude greater than the PRG. The ,dilution required to get an accurate carbon 

tetrachloride result may have masked the detection of other volatiles. Table 3-19 shows 

that all TCL volatile results, except carbon tetrachloride and chloroform, were below 

630,000 pg/kg. Hexachlorobutadiene and hexachloroethane were the only TCL 

semivolatiles detected, but neither were above PRGs. Hexavalent chromium was not 

detected. 

< 

In the groundwater sample from this boring (GWG1730JE) the radionuclides gross alpha, 

gross beta, Am-241, U-233/234, U-235, and U-238 had detectable activity above their 

respective background values. In addition, U-233/234 and U-238 activities exceeded their 

PRG values. Every TAL metal except beryllium, cadmium, cesium, selenium, silicon, 

silver, thallium, and tin exceeded its background concentration. Beryllium exceeded its 

PRG, but not its background value. Aluminum, arsenic, manganese, and vanadium 

exceeded both their background and PRG values. The TCL volatiles l,Zdichloroethene, 

1 ,Z-dichloropropane, acetone, carbon disulfide, carbon tetrachloride, chloroform,' 

chloromethane, methylene chloride, PCE, and TCE were detected. All of the detected 

concentrations for these chemicals exceeded their PRGs except for 1,2-dichloroethene, 

acetone, carbon disulfide, and TCE. The TCL semivolatile, di-n-butyl phthalate was 

detected but at a concentration significantly below its PRG. TOC was detected at a 

concentration of 14.1 m a .  

The lack of contaminants in the soil samples from above the water table, compared to the 

contaminants detected in the soil sample fiom below the water table and the groundwater 

sample, suggests that the waste streams historically contained in Tanks T-9 and T-10 have 

impacted the groundwater in this area. - 
I 
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Borehole 02795. This borehole was located adjacent to the southwest corner of Tanks 
T-9 and T-10 approximately 5 feet northwest of the original location specified in OU9 

Technical Memorandum 1 (DOE 1994a). Borehole BH-02795 was offset because of 

interference from overhead utilities. Groundwater was initially encountered at 5.6 feet and 

the borehole was drilled to a depth of 28.0 feet. Because of poor recovery (lack of fines) 

from 18.0 to 28.0 feet, it was not possible to collect a sample above bedrock or below the 

base of the tank. Soil samples were collected at ground surface (0.0 to 6.0 inches), and 

above the groundwater table (4.6 to 5.6 feet). Water samples were collected once 

groundwater was encountered. The depth to groundwater, measured again after the water 

sample was collected. rose to 4.2 feet. Recovery was sufficient to collect a complete 

analytical suite for each sample collected. 

In the soil sample from 0.0 to 6.0 inches (BHG4956JE), Am-241 and Pu-239/240 

activities were detected above background but below the PRG. No other radionuclides 

were detected above background. Lead and zinc were the only TAL, metals detected at a 

concentration greater than background. No metals were detected above the PRGs. No 

TCL volatiles were detected. Several TCL semivolatiles were detected (Table 3-19) but 

none were above PRGs. Hexavalent chromium w k  not detected. 

In the soil sample from 4.6 to 5.6 feet (BHG5008JE) none of the radionuclides analyzed 

for were detected above background or the PRGs. The TAL metals results had not been 

received from RFEDS by the time this report was prepared. Thc TCL volatiles acetone, 

carbon tetrachloride, and chloroform were detected, but were significantly below the 

PRG. The TCL semivolatiles fluoranthene and pyrene were detected but did not exceed 

the PRG. No other T U  semivolatiles were detected. Hexavalent chromium results had 

not been received from RFEDS by the time this report was prepared. 

In the groundwater sample fiom this boring (GWG1729JE) the radionuclides U-233034, 

In I U-235, and U-238 had detectable activity above their respective background values. 
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addition, Ra-226, U-233/234, and U-238 activities exceeded their PRG values. The TAL 

metal selenium exceeded its background concentration. Beryllium exceeded its PRG, but 

not its background value. Arsenic exceeded both its background and PRG values. The 

TCL volatiles acetone, carbon tetrachloride, chloroform, methylene chloride, and PCE 

were detected. Carbon tetrachloride, chlorofok and PCE exceeded their PRGs, with 

carbon tetrachloride and chloroform exceeding their PRGs by more than three orders of 

magnitude and PCE exceeding its PRG by nearly one order of magnitude (Table 3-20). 

The TCL semivolatiles bis(2=ethylhexyl)phthdate, fluoranthene, phenanthrene, and pyrene 

were detected; however, bis(2-ethylhexy1)phthalate was also detected in the blank. 

Fluoranthene and pyrene were detected at concentrations significantly below their PRGs, 

and phenanthrene was detected at a concentration of 2 &.L, but a PRG has not been 

established for this chemical. TOC was detected at a concentration of 6.25 mg/L. 

The lack of contaminants in the soil samples fiom above the water table, compared to the 

contaminants detected in the soil sample fiom below the water table and the groundwater 

sample, suggests that'the waste streams historically contained in Tanks T-9 and T-10 may 

have impacted the groundwater in this area; or since this boring is located upgradient of 

the tanks, the contaminants in the groundwater may be fiom sources fbrther upgradient. 

Borehole 02895. This borehole was located adjacent to the southeast corner of Tanks T-9 

and T-10 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Groundwater was 

encountered at 5.8 fMt, bedrock was encountered at 22.0 feet, and the borehole was 

drilled to a depth of 24.0 feet. Soil samples were collected at ground surface (0.0 to 6.0 

inches), above the groundwater table (4.6 to 6.9 feet), and above the bedrock/alluvial 

contact (20.0 to 22.5 feet). Recovery fiom 12.0 to 20.0 feet was very poor because of the 

cobbly nature of the soils and the absence of any fines. Water samples were collected 

once groundwater was encountered. Recovery was sufficient to collect a complete 

analytical suite for each sample collected. 
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In the soil sample fiom 0.0 to 6.0 inches (BHG4957JE), Am-241 and Pu-239/240 

activities were detected above background but below the PRG. No other radionuclides 

were detected above background. Lead and zinc were the only TAL metals detected at a 

concentration greater than background. No metals were detected above the PRGs. No 

TCL volatiles were detected. Several TCL semivolatiles were detected (Table 3-19) but 

none were above PRGs. Hexavalent chromium was not detected in the original sample, 

but was detected in the duplicate at a concentration of 0.86 mg/kg. 

In the soil sample from 4.6 to 6.9 feet (BHG4960JE), none of the radionuclides analyzed 

for were detected above background or the PRGs. Americium-241 and U-235 results had 
not been received fiom RFEDS by the time this report was prepared. No TAL metals 

were detected above background concentrations. The only TCL volatiles detected were 

2-butanone (below the PRG), and 4-methyl-2-pentanone at a concentration of 43 pg/kg. 

A PRG for 4-methyl-2-pentanone has not been established. No TCL semivolatiles were 

detected. Hexavalent chromium was not detected. 

In the soil sample from 20.0 to 22.5 feet (BHG4961JE), Am-241 was the only 

radionuclide detected above the background concentration. The Am-241 detected did not 

exceed the PRG. No TAL metals were detected above background concentrations. The 

only TCL volatiles detected were acetone and carbon tetrachloride. Acetone did not 

exceed the PRG, but carbon tetrachloride, at a concentration of 25,000,000 pg/kg, 

exceeded the PRG by nearly two orders of magnitude. The dilution required to get an 

. accurate carbon tetrachloride result may have masked the detection of other volatiles. 

Table 3-19 shows that all volatile results, except carbon tetrachloride, were below 

1,600,OOO pgkg. Hexachlorobutadiene and hexachloroethane were the only TCL 

semivolatiles detected, neither of which exceeded the PRG. Hexavalent chromium was 

not detected. 
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In the groundwater sample fiom this boring (GWG1718JE) the radionuclide U-235 had 

detectable activity above the background value. Americium-241, Pu-239/240, Ra-226, U- 

233/234, and U-238 activities exceeded both background and PRG values. The TAL 

metals aluminum, barium, copper, iron, lead, magnesium, mercury, potassium, sodium, 

strontium, and zinc exceeded their background concentrations (Table 3-20). Beryllium 

exceeded its PRG, but not its background value. Manganese exceeded both its 

background and PRG values. Several TCL 

semivolatiles were detected; however, none of them exceeded their PRG. A PRG has not 

been established for 2-methylnaphthalene, 4-methylphenol, carbazole, or phenanthrene, 

which were detected at concentrations of I00 pa, 150 p a ,  1 pg/L and 12 pg/L, 

respectively. TOC was detected at a concentration of 67 mg/L. A PRG has not been 

established for TOC. 

No TCL volatiles were detected. 

The lack of contaminants in the soil samples from above the water table, compared to the 

contaminants detected in the soil sample from below the water table and the groundwater 

sample, suggests that the waste streams historically contained in tanks T-9 and T-10 may 

have impacted the groundwater in this area. 

Borehole 02995. This borehole was located adjacent to the northeast corner of Tanks T-9 

and T-10 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Groundwater was 

initially encountered at 9.0 feet, bedrock was encountered at 26.5 feet, and the borehole 

was drilled to a depth of 28.0 feet. Soil samples were collected at ground surface (0.0 to 

6.0 inches), above the groundwater table (8.0 to 9.4 feet), and above the bedrocWaIluvial 

contact (26.0 to 27.8 feet). The depth to groundwater, measured again after the water 

sample was collected, rose to 4.9 feet. Recovery fiom 16.0 to 26.0 feet was very poor 

because of the absence of any fines. Water samples were collected once groundwater was 

encountered. Recovgr was sufficient to collect a complete analytical suite for each soil 

sample acquired, but the water table did not yield sufficient quantity to collect a complete 

analytical suite. Hexavalent chromium and water quality parameters were not collected. 

F i i  
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In the soil sample &om 0.0 to 6.0 inches (BHG4958JE), no radionuclides were detected 

above background or PRGs. No TAL metals were detected at a concentration greater 

than background or PRGs. No TCL volatiles were detected. Several TCL semivolatiles 

were detected (Table 3-19) but none were above PRGs. Hexavalent chromium was not 

detected. 

In the soil sample &om 8.0-9.4 feet (BHG4962JE), none of the radionuclides analyzed for 

were detected above background or the PRGs. No TAL, metals were detected above 

background or PRG concentrations. The TCL volatiles carbon tetrachloride, chloroform, 

and chloromethane were detected at concentrations of 17 &kg, 1 pgkg, and 4 pgkg, 

respectively, but did not exceed the PRGs. No TCL semivolatiles were detected. 

Hexavalent chromium was not detected. 

In the soil sample fiom 26.0-27.8 feet (BHG4963JE), none of the radionuclides analyzed 

for were detected above background or the PRGs. No TAL metals were detected above 

background concentrations. No TCL volatiles were detected, but it appears that the 

detection of volatiles may have been masked by the dilution required to get an accurate 

carbon tetrachloride result. Table 3-19 shows that all volatile results were below 640,000 

pg/kg. Hexachlorobutadiene, hexachloroethane, and naphthalene were the only TCL 
semivolatiles detected, none of which exceeded the PRG. Hexavalent chromium was not 

detected. 
& 

In the groundwater sample fkom this boring (GWG1719JJ3) the radionuclides gross alpha, 

gross beta, and U-235 had detectable activity above the background value. Radium-226, 

U-233/234, and U-238 activities exceeded both background and PRG values. Americium- 

241 results had not been received &om RFEDS at the time this report was prepared. The - 
TAL metals calcium, chromium, cobalt, copper, iron, lead, lithium, magnesium, mercury, 

nickel, potassium, sodium, strontium, and zinc exceeded their background concentrations. 
Antimony and beryllium exceeded their PRG, but not their background concentration. 
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Aluminum, arsenic, barium, manganese, and vanadium exceeded both their background 

and PRG values. The TCL volatiles acetone, carbon tetrachloride, chloroform, methylene 

chloride, and PCE were detected and carbon tetrachloride, chloroform and PCE 

detections exceeded PRGs. The TCL semivolatiles bis(Z-ethylhexyl)phthalate, 

fluoranthene, phenanthrene, and pyrene were detected, all at a concentration of 2 pg/L. 

All of the detections were below PRGs as well as estimated values. Bis(2- 

ethylhexy1)phthalate was also detected in the blank. TOC was detected at a concentration 

of 29.7 mg/L. A PRG has not been established for TOC. There was insufficient 

groundwater available to collect a sample for hexavalent chromium or water quality 

parameters. 

The downgradient location of this boring suggests that it would be the most severely 

impacted by contaminants from Tanks T-9 and T-10. However, the contamination 

detected does not appear to be any more extensive than that detected in BH-02695 or 

BH-02895. The contaminants detected in the groundwater sample suggest that the waste 

streams historically contained in Tanks T-9 and T-10 may have impacted the groundwater 

in this area, or the contamination could have come fiom another MSS/OU upgradient 

fiomthesetanks. ’ 

3.6.4 Tank Characterization 

The w l t  to the T-9 and T-10 tanks measured roughly 15 feet along the north-south axis 

by about 20 feet and was approximately 8 feet deep. The four metal lids on the vault roofl 

which measured about 36 inches square, had radiological placards indicating that the vault 

was a Radiological Control Area (RCA). 

Tank T-9 is used as plenum deluge catch tanks for Building 776. It was noted that a 6- 

inch pipe leading into the vault fiom the south wall, labeled “To (Buildings) 776/777/778,” 

emptied into the T-9 and T-10 tanks controlled by manual valves. One valve leading into 
-L. r 

F i  
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the T-9 (west) tank w8s in the open position, and all other valves to the other tanks were 

closed at the time of inspection. However, no lockout or tagout was observed. It is 

presumed that the T-9 tanks have some overflow between them since both tanks are used 

as plenum deluge catch tanks, but the flow can only directly enter the T-9 (west) tank. 

A pipe approximately 2 inches in diameter connected the T-10 tanks to pumps that then 

c ~ ~ e c t e d  through one common pipe to the pumps of the T-9 tanks. This same pipe also 

branched to three pipes on the north wall of the vault. The only pipe still apparently 

co~ected was to the far western pipe; the other two pipes had been capped, although one 

branch of this pipe fed through a valve to a fire hose. The three pipes on the north wall of 

the vault were labeled “TO 774,207 [T-291, and Solar Ponds.” 

The vault had water staining on the floor and on the walls, which indicates that surface 

water runoff or groundwater intrusion is likely. The sludge in Tank T- 10 (east), discussed 

below, also had divots directly below the cover, which indicates that water from the vault 

had dripped onto the sludge through the covers. 

3.6.4.1 Tank T-9 

Tank T-9 had two identical tanks, one lying west of the other. An 8-inch steel diamond- 

plate inspection cover was removed from each tank‘s 4-foot steel diamond-plate cover to 

Visually inspect the tank and to collect samples. The 4-foot cover was not removed 

because of health and safety concerns and because removal of this cover would probably 

not have significantly expanded the field of view. The visual inspection of these two tanks 
was therefore limited because the tanks extended away from the inspection cover and a 

concrete header blocked much of the view. It was noted that the pumping mechanism in 

both tanks seems in good repair and the paint on the pumps and piping were intact. 

Liquid-level float mechanisms were present in both tanks, but the mechanisms did not 

seem operational. 
i -.-,.‘ 
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The walls to the T-9 tanks that could be visually inspected appeared in satidkctory 

condition. However, the walls that could be visually inspected were the walls between the 

T-9 tanks and the walls between the T-9 and T-10 tanks; the exterior walls to the T-9 

tanks could not be viewed. One area in the T-9 (east) tank near the top of the ladder- 

rungs appeared to have been painted at some point and is now peeling; this was not 

observed in the T-9 (west) tank. Several liquid level stains on the walls of the tanks 

indicated that the liquid level had fluctuated. The steel ladder-rungs in the tanks were 

significantly rusted. 

A Teflon@ dipper was used to collect the liquid samples out of both the T-9 (east) and T-9 

(west) tanks. Sample medium was transferred from the dipper to the sample containers 

directly over the tank openings so that the liquid would fall back into the tanks. As an 

added precaution, pigpens were constructed around the tank openings to contain 

incidental spillage. The aqueous phase samples collected from the T-9 tanks were 

analyzed for gross alpha, gross beta, U-233/234, U-235, U-238, Am-241, Pu-239/240, 

TAL metals, hexavalent chromium, TCL volatiles, and TCL semivolatiles. 

No organic vapors were detected before or during the sampling events (Appendix F). 
Colorimetric tubes indicated that carbon tetrachloride was below the detection capabilities 

of the tube in both T-9 tanks (Appendix F). 

Table 3-21 lists detected constituents, reported concentrations, and simple locations for 

both T-9 and T-10 tank liquid samples. Complete analytical results are included in 

Appendix E. 

TankT-9(eastl Liauid - SamDle Results. About 1 foot of a clear liquid was found in the T- 

9 (east) tank. No significant sediment was found on the base of the tank other than some 

unconsolidated fine material that went into suspension as soon as the liquid was agitated. 

The sump was not assessed for sediment or sludge. 
i 

-..A. 
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AnalyticaI.results for the sample fiom this tank ("NGOO19JE) indicate that e v q  

radionuclide analyzed for, with the exception of Ra-226, had a positive activity (Table 3- 

21). Americium-241, gross alpha, gross beta, pU-239/240, U-233/234, U-235, and U-238 

had elevated activities. All of the TAL metals analyzed for were detected, except for 

antimony, cadmium, chromium, cobalt, lead, mercury, silver, thallium, tin, and vanadium. 

Most of the detections indicate trace concentrations with the exception of lithium, 

beryllium, selenium, and sodium, which appear to be elevated. No TCL volatiles were 

detected. No TCL semivolatiles were detected. No hexavalent chromium was detected. 

Tank T-9 (west) Liauid Samde Results. About 4 inches of a clear liquid was found in the 

T-9 (west) tank. No significant sediment was found on the base of the tank other than 

some unconsolidated fine material that went into suspension as soon as the liquid was 

agitated. The sump was not assessed for sediment or sludge. 

Analytical results for the sample fiom this tank (TNGO020JE) indicate that every 

radionuclide analyzed for, with the exception of Ra-226, had a positive activity (Table 3- 

21). Americium-241, g r m s  alpha, gross beta, Pu-239/240, U-233/234, U-235, and U-238 

had elwaied activities. All of the TAL metals analyzed for were detected, except for 

antimony, cadmium, chromium, lead, mercury, silicon, thallium, tin, and vanadium. Most 
of the detections indicate trace concentrations with the exception of lithium, beryllium, 

potassium, selenium, and sodium, which appear to be elevated. No TCL volatiles were 

detected. The TCL 'semivolatile bis(2-ethylhexyl)phthalate was ddected, at a 

concentration of 17 pa. No hexavalent chromium was detected. 

3.6.4.2 Tank T-10 

Tank T-10 has two identical tanks, one lying west of the other. An 8-inch steel diamond- 

plate inspection cover was removed &om each tank's 4-foot steel diamond-plate covex to 

visually inspect the tank and to collect samples. The Cfoot cover was not removed 



I 

..., Rocky Flats Environmental Technology Site Document No. RFPmRM-95MH)o 
operable Unit No. 9 Outside Tanks Section: 3.0 Page 59 of 119 

because of health and safety concans and because removal of this cover would probably 

not have significantly expanded the field of view. Much of the T-10 tanks could be 

viewed except the far east wall of the T-10 (east) tank aAd the west wall of the-T-10 

(west) tank. 

A potential breach in the south wall of the T-10 (east) tank was noted about 1 foot west of 

the southeast corner of the tank. This area of the tank cannot be fblly viewed from the 

inspection cover, but the hole appears to be about 8 inches long and about 4 inches high, 

and the concrete around this hole is crumbling. 

Several Liquid-level stains on the walls of the tanks indicated that the liquid level had 
fluctuated. The steel ladder-rungs in the tanks were significantly rusted. 

A Teflon" dipper was used to collect the liquid samples fiom the T-10 (west) tank. 
Sample medium was transferred from the dipper to the sample containers directly over the 

tank opening so that the liquid would fall back into the tanks. A Teflon" dipper was used 

to collect a volatile organic analysis sample aliquot fiom the sump in the T-10 (east) tank, 
but a peristaltic pump was then used to collect all other liquid samples. As an added 

precaution, pigpens were constructed around the tank openings to contain incidental 

spillage. Both the aqueous phase samples and the sludge samples were analyzed for gross 

alpha, gross beta, U-233/234, U-235, U-238, Am-241, Pu-239/240, TAC metals, 
hexavalent chromium, TCL volatifes, and TCL semivolatiles. 

No organic vapors were detected before or during the sampling events other than the 

organic vapor detected at times during the collection of the liquid in Tank T-10 (east). 

Colorimetric tubes indicated that carbon tetrachloride was below the detection capabiities 

of the tube in both T-10 tanks. 
) 

.,a 

F i  
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Tank T-10 (west) Liauid Sample Results. Approximately 2 feet of a clear liquid was 

found in Tank T-10 (west). No significant sediment was found on the base of the tank 
other than some unconsolidated fine material that went into suspension as soon as the 

liquid was agitated. The sump was not assessed for sediment or sludge. 

No organic vapor was detected using in-field instruments during the collection of the 

liquid in Tank T-10 (west) using the peristaltic pump (Appendix F). 

Analytical results for the sample fiom this tank (TNGO024JE) indicate that every 

radionuclide analyzed for, with the exception of gross alpha, had a positive activity. 

Americium-241, gross alpha, Pu-239/240, U-233/234, U-235, and U-238 had significantly 

elevated activities. All of the TAL metals analyzed for were detected, except for 

antimony, beryllium, mercury, molybdenum, silver, thallium, and vanadium. Most of the 

detections indicate trace concentrations with the exception of cadmium and cobalt, which 

were slightly elevated; and calcium, copper, lithium, manganese, nickel, potassium, 

sodium, strontium, and zinc, which appear to be significantly elevated. The only TCL ' 

volatiles detected was TCE at a concentration of 7 pg/L. The TCL semivolatile bis(2- . 
ethylhexy1)phthalate was detected at a concentration of 3 pg/L. No hexavalent chromium 

was detected. 

, 

Tank T-10 (east) Liquid Sample Results. Water was found almost filling the sump to the 

T-10 (east) tank but no liquid was found on the floor of the tank. The sump measures 

about 3.3 feet by 5.5 feet and about 1.25 feet deep according to the as-built drawing, so 

the total volume of the sump is about 150 gallons (DOE 1984). This liquid was sampled. 

, 

Analytical results for the sample fiom this tank (TNGO032JE) indicate that every 

radionuclide analyzed for, with the exception of gross alpha and Ra-226, had a positive 

activity (Table 3-21). Americium-241, Pu 2391240, U-2331234, U-235, and U-238 had 

elevated activities and gross alpha had significantly elevated activity. All of the TAL 
; . /  .- 
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metals analyzed for were detected except for antimony, arsenic, beryllium, cadmium, 

chromium, cobalt, mercury, molybdenum, selenium, silver, thallium, and vanadium. Most 

of the detections indicate trace concentrations with the exception of nickel, which was 

slightly elevated, and lithium, potassium, sodium, and 'zinc, which appear to be 

significantly elevated. The TCL volatiles 1,Z-dichloroethene and acetone were detected at 

concentrations of 12 pgL and 5 pg/L, respectively. No other TCL volatiles were 

detected. The TCL semivolatile bis(2-ethylhexy1)phthalate was detected at a 

concentration of 43 &I,; however, it was also detected in the blank. No hexavalent 

chromium was detected. 

Organic vapor was detected during the collection of the liquid in Tank T-10 (east) during 

the use of the peristaltic pump. The fluid fiom the pump initially pulled up a colloidal 

material, similar to soap scum, but then began pumping clear liquid. The organic vapors 

diminished as the liquid became clear, but increased whenever some of the colloidal 

material was brought up. The monitoring of organic vapors was conducted in the sample 

containers, which were preserved with concentrated nitric acid, possibly causing 

interference with the PID readings. 

Tank T-10 (east) SludPe Sample Results. 

telescoping pole was used to collect the sludge fiom this location. A stainless steel 5- 

milliliter (mL) spoon was used to transfer the sample aliquot into sample containers. The 

sludge was estimated at about 1.0 to 2.0 inches dcep in the T-10 (east) tank. The top 1/4 

inch of the sludge was a muddy-brown color and had a silty texture. The remaining sludge 

was a dark gray color and appeared more colloidal, but with parts that seemed to have a 

silty-sand texture. 

A stainless steel trowel attached to a . 

I 
The sludge directly under the inspection cover was observed to have divots in the surface. 

It is suspected that these divots are a result of water dripping &om the cover onto the i ' 1  ... 
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sludge. The other areas of the sludge had deep cracks up to about 1 inch across that gave 

the sludge the appearance of a cracked-dry desert soil. 

The sludge samples were sent to the 559 laboratory for analysis because of the high 

radiation screening levels. These results were not been received in time for incorporation 

into RFEDS data packages and this report. Appendix E includes the raw laboratory 

results. 

3.7 TANKS T-11 AND T-30 

Tanks T-1 1 and T-30 are located on the east side of Building 707 in the 700 Area Within 
Building 731, which is referred to as the Building 707 Process Waste Pit (Figure 3-12). 

Tank T-1 1 is composed of two 2,000-gallon concrete tanks within Building 73 1. Tank T- 

30 consists of a 23,111-gallon underground concrete structure and a 100-gallon concrete 

sump. 

3.7.1 Historical Information 

Tanks T-11 and T-30 were installed in 1959. In 1975, the concrete tanks were partially 

removed. The concrete wall separating the two tanks was removed along with part of the 

concrete tank surface and new concrete was poured into the old process waste tanks and 

the lOegallon sump. Currently, the area of the old process waste tanks serves as a 

secondary containment for the Building 707 process waste and plenum deluge tanks 
(Jacobs 1994). 

Original waste streams for these tanks originated fiom Building 707, including solvents, 

radionuclides, metals, and other wastes (Jacobs 1994). 
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A 1Oegallon steel tank, which was not within the scope of this investigation, is reportedly 

filled with Raschig rings and was used to contain fire deluge fiom Building 707 but did not 

reportedly receive process waste. The piping that connected with this tank was removed 

in 1975. Any leak fiom this tank would have flowed to the T-1 1 and T-30 tanks (Jacobs 

1994). 

3.7.2 Radiological Surveys 

The following is a brief summary of the NaI and HPGe surveys conducted around Tanks 

T-1 1 and T-30. NaI survey locations and results are shown in Appendix D. HPGe survey 

locations are shown on Plate 2; HPGe results are presented in AppendE C. 

3.7.2.1 HPGe and NaI Surveys 

= H i .  No HPGe survey locations within 75 feet (the 

approximate radius of influence for the in situ HPGe instrument) of Tanks T-1 1 and T-30 

currently exist. 

Sodium Iodide Survev. Twenty-nine NaI locations were surveyed around Tanks T-1 1 and 

T-30 on a 10-foot grid. Of these, 13 locations were statistically distinguishable above 

background (activities ranging between 2,064 to 3,082 cpm with a background of only 

1,876 cpm). These locations are primarily located adjacent to Building 707 (east side 

within 3.0 to 4.0 feet) and on the north side of Building 73 1 (Tank T-1 1 and Tank T-30 

vault entrance and housing). It should also be noted that it was determined these higher 

readings are probably because of shine fiom Building 707 and Building 731 where 

plutonium is processed and stored. Activities around the tanks ranged fiom 1,500 to 

1,900 cpm. 
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3.7.2.2 Tank Area Survevs 

A radiological contamination survey of the T-11 and T-30 tanks and the Building 731 

vault was conducted by personnel fiom Building 707 under supervision of environmental 

personnel. These results are discussed in Section 3.7.4. 

3.7.3 Borehole Investigations/Groundwater Survey 

Four boreholes were drilled around Tanks T-11 and T-30. Borehole locations are 

presented in Figure 3-12. Three soil samples were collected fiom the following locations: 

ground surface (before drilling), above bedrock or 1 foot below the base of the tank 
(estimated at 13.0 to 15.0 feet), and 1 foot below bedrocWalluvial contact. If 

encountered, groundwater was sampled using a HydroPunchQ sampler. Figure 3-1, 

Examples 1, 2, and 4 depict the sampling rationale for borehole drilling at Tanks T-1 1 and 

T-30. Soil samples were analyzed for gross alpha, gross beta, U-233/234, U-235, U-238, 

Am-241, Pu-239/240, TAL metals, TCL volatiles, TCL semivolatiles, axid tantalum. In 

addition, water samples were analyzed for the same analytes as above with additional 

water quality parameters including fluoride, nitrate, nitrite, stlfate, chloride, TOC, pH, and 

specific conductivity. A summary of the analytical parameters is shown in Tables 2-1 

through 2-4. Tables 3-22 and 3-23 list detected constituents, reported concentrations, and 

sample locations for the borehole and groundwater samples, respectively. Complete 

analytical results are included in Appendix E. Figure 3-13 displays &borehole and 

groundwater sample results that exceed established PRGs and background concentrations. 

Borehole logs are presented in Appendix B. 

Because of limited recovery in some'boreholes, the sample range and interval varied and a 

complete analytical suite was not always possible. The following is a summary of the 

i borehole sampling. - ,' 
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Borehole 03095.. This borehole was located adjacent to the north side of Building 731, 

approximately 5 feet east of the location specified in OU9 Technical Memorandum 1 

(DOE 1994a). Borehole BH-03095 was offset because of underground and overhead 

utilities. Groundwater was initially encountered at 15.7 feet (1.7 feet into bedrock), 

bedrock was encountered at 14.0 feet, and the borehole was drilled to a depth of 16.0 feet. 

Soil samples were collected at ground surface (0.0 to 6.0 inches), above the groundwater 

tableibedrock (10.4 to 14.0 feet), and below the bedrocWalluvial contact (15.2 to 16.0 

feet). Water samples were collected once groundwater was encountered. The depth to 

,groundwater, measured the next day, rose to 14.8 feet. Recovery was sufficient to collect 

a complete analytical suite for each soil sample collected, but the water yield was only 

sufficient to collect a volatile sample. 

No radionuclides, organics, or TAL metals were detected at levels exceeding background 

or PRGs in the soil sample from 10.4 to 14.0 feet (BHG4981JE), or in the soil sample 

fiom 15.2 to 16.0 feet (BHG4982JE). 

In the soil sample fiom 0.0 to 0.5 feet (BHG4967JE), silver exceeded background but was 

significantly lower than the PRG. 

The groundwater sample fiom this boring was the only water sample obtained fiom the 

four borings around Tanks T-11 ahd T-30. Water yield was only sufficient to collect a 

volatile sample (GWG1723JE). Carbon tetrachloride, chloroform, and PCE all exceeded 

their specific PRGs. Volatiles found are consistent with the prior use of Tanks T-1 1 and 

T-30 to store waste solvents. 

Borehole 03195. This borehole was located adjacent to the southwest comer of Tank T- 

11 as specified in OU9 Technical Memorandum I (DOE 19948). Bedrock was 

encountered at 12.2 feet and the borehole was drilled to a depth of 14.0 feet. Groundwater 

was not encountered. Soil samples were collected at ground surface (0.0 to 6.0 inches), 
*\ i 



, , . , . . . . , .__ . ... . -  . . ~ .  . . .. .. . -1 _ _  __..__..__.....__ ~ . ....... 1 .  *..____________.__.__,_._...I. .. - ....... .. ..._ .. . ._ , 

I 

Rocky Flats Environmeatal Technology Site Documeat No. RFP/E.RM-95-0000 
operable Unit No. 9 Outside Tanks Section: 3.0 Page 66 of 119 

\ 

above the bedrock/al)uvial contact (10.0 to 13.0 feet), and below the bedrocWalluvial 

contact (13.0 to 14.0 feet). Recovery was sufficient to collect a complete analytical suite 

for each sample collected. 

Four borehole sample suites were taken at BH-03195. No organics were detected at 

levels exceeding background or PRGs in any of the soil samples. 

The metal silver was detected at a level exceeding background in the soil sample from 0.0 

to 0.5 feet (BHG4968JJi and BHG4969JE [duplicate]), but was significantly lower than 

the PRG. In the duplicate sample, the metal copper and the radionuclide Am-241 were 

detected at levels greater than background concentrations. These results were 

unconfirmed by the real samples, and were both significantly lower than the specific PRGs. 

No organics, radionuclides, or TAL metals were detected at levels exceeding background 

or PRGs in the soil sample from 10.0 to 13.0 feet (BHG4975JE). 

The metal lead and radionuclide Am-241 were detected at levels exceeding background in 

the soil sample from 13.0 to 14.0 feet (BHG4976JE). The Am-241 result was 

SignXcantly lower than the PRG. 

Groundwater was not encountered, and therefore not sampled. 

1 

Borehole 03295. This borehole was located about 10 feet south of the southeast comer of 

Tanks T-11 and T-30, approximately 9 feet south-southwest of the original location 

specified in OU9 Technical Memorandum 1 (DOE 1994a). Borehole BH-03295 was 

offset in order to avoid a security alarm line. Bedrock was encountered at 11.0 fet ,  and 

the borehole was drilled to a depth of 14.0 feet. Groundwater was not encountered. Soil 
samples were collected at ground surface (0.0 to 6.0 inches), above the bedrocWalluvial 

contact (6.0 to 7.0 feet), and below the bedrocWalluvial contact (1 1.0 to 12.0 feet). Poor 
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recovety from 7.0 to 11 .O feet prevented a sample from being collected directly above the 

bedrocWalluvial contact. Recovery was sufficient to collect a complete analytical suite for 

each sample collected except for the sample fiom 6.0 to 7.0 feet. At this location, metals 

and tantalum samples were omitted. 

No organics were detected at levels exceeding background or PRGs in the soil sample 

from 0.0 to 0.5 feet (BHG4970JE). Copper, silver, and the radionuclide Am-241 all 
exceeded background concentrations, but were all significantly lower than their specific 

PRG. 
1 

No organics or radionuclides were detected at levels exceeding background or PRGs in 

the soil samples fiom 6.0 to 7.0 feet (BHG4973JE). Metals were not sampled because of 

insufficient yield. 

No organics, radionuclides, or TAL metals were detected at levels exceeding background 

or PRGs in the soil sample fiom 11.0 to 12.0 feet (BHG4974JE). 

Groundwater was not encountered, and therefore was not sampled. 

Borehole 03395. This borehole is located 8 feet fiom the northeast corner of the 731 

Building Tanks T-11 and T-30, approximately 7 feet northwest of the original location 

specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was encountered at 

7.0 feet and the borehole was drilled to a depth of 10.0 feet. Groundwater w k  not 

encountered. Soil samples were collected at ground surf" (0.0 to 6.0 inches), above the 

bedrocWalluvial contact (6.0 to 7.0 feet), and below the bedrocWalluvial contact (8.1 to 

9.1 feet). Recovery was su5cient to collect a complete analytical suite for each sample 

collected. 
._.. 

j ......... / 
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No organics, radionuclides, or TAL metals were detected at levels exceeding background 

or PRGs in the soil samples fiom 0.0 to 0.5 feet (BHG4971JE), 6.0 to 7.0 feet 

(BHG4977JE), and from 8.1 to 9.1 feet (BHG4978JE). 

Groundwater was not encountered, and therefore was not sampled. 

3.7.4 Tank Characterization 

Tanks T-11 and T-30 were visually inspected and noted to be painted with no detected 

cracks. The tanks serve as secondary containment for the Building 707 process waste and 

plenum deluge tanks, but no staining was noted within the area. 

Organic vapor was not detected on any in-field instruments (Appendix F). Respirable 

airborne particulate levels were also below background. 

Ten smear samples for removable radiological contamination were collected by Building 

707 personnel under the direction and supervision of the investigation team members. 

Three swipe samples for removable radiological contamhiation were also collected. These 

data were. not processed through RFEDS and are not included in either the tables or 

figures because samples were collected and read by Building 707 personnel. 

I 

The swipe is a 4,100 cm2 piece of material that is physically rubbed against an area to 

collect removable matrix. All of the swipe samples inhicated removable radiological 

contamination below 250 cpm (Appendix F). 

The smear samples were collected fiom an area of approximately 100 an2. Removable 

beta contamination ranged from 35 to 46 dpd100 cm2, which is approximately 

background for this instrument. Removable alpha contamination was at or below 3 

dpd100 an2 for eight of the 10 smear samples collected. 
.\ 
i 

1 ,../ 
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However, a smear collected 6om the northeast corner of the T-11 (east) tank reported 

removable alpha contamination at'39 dpd100 cm2. Another smear collected from the 

northwest side of the T-11 (east) tank reported removable alpha contamination at 644 

dpd100 cm2. Building 707 was notified of the discovered removable contamination in 

Building 73 1, and decontamination procedures were then implemented by the building 

personnel. 

3.8 TANKS T-14 AND T-16 

Tanks T-14 and T-16 are located in the 700 Area on the east side of Building 774 

underlying a chemical storage shed (Figure 3-14). Tank T-14, which is designated by 

I 

RFETS as Tank 68, is a 30,000-gallon concrete underground tank. Tank T-16 consists of 

two 14,000-gallon concrete underground tanks underlying the chemical storage shed to 

the north of Tank T-14. The northernmost T-16 tank, which will be referred to as "-16 

(north), is designated by RFETS as Tank 66 while the other T-16 tank, which will be 

referred to as T-16 (south), is designated by RFETS as Tank 67. 

3.8.1 Historical Information 

These tanks were installed in 1952 and were reportedly abandoned in November 1989 

(Jacobs 1994). The Historical Release Report (DOE 1992b) indicates that the tanks were 

to be closed in wmpliance With RCRA closure requirements, although confirmation of this 
is unavailable. These tanks were reportedly removed fiom the list of RCRA-permitted or 

RCRA interim-status tanks before closure was conducted and were then transferred to 

OU9. The tanks received waste streams 6om Building 774, the Process Waste Treatment 

Facility, including acids, bases, radionuclides, metals, and other wastes fiom RFETS 
processes. Releases 6om the tanks have been documented, specifically from tank 
overflow in 1980 and 1981 (DOE 1992b). 



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

Rocky Flats Environmental Technology Site Document No. RFP/ERM-95M)o 
operable Unit No. 9 Outside Tanks Section: 3.0 Page70of 119 

3.8.2 Radiological Surveys 

The following paragraphs summarize the NaI and HFGe surveys conducted around Tanks 

T-14 and T-16. NaI survey locations and results are shown in Appendix D. HPGe survey 

locations are shown on Plate 2 and HPGe results are presented in Appendix C. 

3.8.2.1 HPGe and NaI Survevs 

High-purity Ge rmanium Survey. Two HPGe stations, Sites 9J-9 and 9K-9, are located 

adjacent to Tanks T-14 and T-16. No evidence was provided to indicate anomalous 

activities for K-40, Ra-226, U-235, Cs-137, or Pu-239/240. Both 9J-9 and 9K-9 showed 

slightly elevated Th-232 levels at 1.64 (2 0.01 percent) and 1.38 0.01 percent) pCi/g, 

respectively. At Survey Site 9K-9, U-238 was slightly elevated at 2.6 e 0.2 percent) 

pCi/g. Sites 9J-9 and 9K-9 also exhibited elevated Am-241 levels of 1.6 (t 0.1 percent) 

and 3.8 e 0.1 percent) pCi/g, respectively. 

Sodium Iodide Survey. Twenty-one NaI survey sites, taken on a 10-foot grid, were 

located directly adjacent to Tanks T-14 and T-16. Five of the 21 sites encountered 

activities statistically distinguishable above background levels; $ese are randomly located 

throughout the survey area. Activities around the tanks ranged fiom 2,000 to 3,100 cpm 

with background readings in the same range. 

3.8.2.2 Tank Area Survevs 

A radiological contamination survey was conducted of the area around the T-14 and T-16 

tanks before tank characterization (Appendix F). While no removable radiological 

contamination was noted on the concrete surface near the underlying T-14 and T-16 

tanks, a direct survey for fixed and removable alpha and beta contamination indicated 

significant fixed alpha contamination. The contamination survey for fixed and removable ,,j 



.... ....... .... .. . . . . . . . . . . . . . . .  . . . . . .  .. ................... .(_ .., ........................... . . . . . . . . . . . . . . . . . .  .......................... .I.. 
.....-. .._,_ ...._......_. 

Rocky Flats Environmental Technology Site Document No. Iu1'p/ERM-95-0000 
Operable Unit No. 9 Outside Tanks Section: 3.0 Page 71 of119 

\ 

alpha indicated activities ranging fiom 118 dpd100 cm2 to about 4,500 dpd100 cm2 

(Appendix F). The areas with the highest fixed and removable alpha contamination seem 

to be located to the south of the manhole for Tank T-14, near Door 10 of Building 774, 

and near Door 11 of Building 774 (Figure 3-14). The Building 774 shift manager was 

notified of these findings and the area was painted by building personnel to encapsulate the 

radiological contamination after the OU9 tank sampling in this area was complete. 

The dose rate above Tanks T-14 and T-16 (south)'prior to removing the manway cover 

was reported to be 14 and 12 microrem per hour, respectively; the dose rates were 400 

and 1,200 microrem per hour when measured inside of the tank manways, respectively 

(Appendix F). The dose rate inside of Tank T-16 (north) was 1,000 microrem per hour. 

3.8.3 Borehole Investigations 

Five boreholes were drilled around Tanks T-14 and T-16. Borehole and tank sludgdiquid 
~ 

I 

locations are presented in Figure 3-14. Because contaminated soils have been detected 

previously in this area, soil samples were collected from the following locations: ground 

surface (before drilling), and one composite sample at each 2-foot interval to a depth of 10 

feet below the base of the tank, or until bedrock was encountered. Soil samples were 

analyzed for gross alpha, gross beta, U-2331234, U-235, U-238, Am-241, Pu-239/240, 

TAL metals, TCL volatiles, TCL semkolatiles, hexavalent chromium, and tantalum. 

Groundwater was not encountered. A summary of the analytical parameters for; all media 

is shown in Tables 2-1 through 2-4. Tables 3-24 and 3-25 list detected constituents, 

reported concentrations, and sample locations for the borehole and tank sludgefliquid 

samples, respectively. Complete analytical results are included in Appendix C. Figure 3- 

15 displays borehole sample results that exceed established PRGs and background 

concentrations. Borehole logs are presented in Appendix B. 

a 

.'* 
j ...... 
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Becawe of limited recovery on some boreholes, the sample m g e  and interval varied and a 

complete analytical suite was not always possible. The following is a summary ofthe 

borehole sampling. 

Borehole 03495. This borehole was located adjacent to the northeast corner of Tank T- 

16 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was 

encountered at 8.5 feet and the borehole was drilled to a depth of 10.0 feet. Soil samples 

were collected at ground surface (0.0 to 6.0 inches), fiom 2.4 to 5.7 feet, 6.0 to 7.4 feet, 

and 8.0 to 8.5 feet. Because of recovery variations, it was not possible to collect a 

composite sample at every 2-foot interval. Recovery was sufficient to collect a complete 

analytical suite for each soil sample collected. 

Four borehole sample suites were taken at BH-03495. No radionuclides, organics or TAL 

metals were detected at levels exceeding background or PRGs in any of the four soil 

samples collected (Table 2-24). 

Groundwater was not encountered, and therefore was not sampled. 

Borehole 03595. This borehole was located adjacent to the southeast corner of Tank T- 

16 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was 

encountered at 9.6 feet and the borehole was drilled to a depth of 10.0 feet. Soil samples 

were collected at ground surface (0.0 tp 6.0 inches), fiom 2.0 to 5.2 feet, 6.0 to 8.4 feet, 

and 8.4 to 9.6 feet. Because of recovery variations, it was not possible to collect a 

composite sample at every 2-foot interval. &covery was sufficient to collect a complete 

analytical suite for each soil sample collected. 

I 

I Four borehole sample suites were taken at BH-03595. No organics or TAL metals were 

detected at levels exceeding background or PRGs in any of the soil samples. , 1 ;  
I -  

I I 
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The radionuclides Am-24 1 and Pu-239/240 were detected at levels exceeding .background 

in the soil sample from 0.0 to 0.5 feet (BHG4879JE), but both were significantly lower 

than their specific PRGs. Americium-241 was also detected above background in the soil 
sample from 2.0 to 5.2 feet (BHG493OE), but again was significantly lower than the 

PRG. 

Plutonium-239/240 and Am-241 were also detected in samples taken fiom water and 

sludge inside Tanks T-14, T-16 (south), and T-16 (north). BH-03595 is downgradient 

from all three tanks. 

Groundwater was not encountered, and therefore was not sampled. 

Borehole 03695. This borehole was located adjacent to the southeast corner of Tank T- 

14 as specified in OU9 Technical Memorandum 1 (DOE 1994a). The borehole was drilled 

to a depth of 14.0 feet. Soil samples were collected at ground surface (0.0 to 6.0 inches), 

fiom 0.5 to 2.5 feet, 4.0 to 6.5 feet, 6.5 to 8.9 feet, and 10.0 to 13.2 feet. Because of 

. recovery variations, it was not possible to collect a composite sample at every 2-foot 

interval. Recovery was sufficient to collect a complete analytical suite for each soil sample 

collected. 

Five borehole sample suites were taken at BH-03695. No organics were detected at 

hvels exceeding background or PRGs in any of the five soil-sampling intervals (Table 

3-24). 

The metals barium and lead were detected at levels exceeding background in two of the 

five samples, from 0.0 to 0.5 feet (BHG4880JE) and fiom 0.5 to 2.5 feet (BHG4925JE). 

The metal silver was also detected in the soil sample fiom 0.0 to 0.5 feet at a level 

i exceeding background. 
,J 
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The radionuclides Am-241 and h-2391240 were detected at levels exceeding background 

concentrations in four of the five sampling intervals. The results were significantly higher 

than background for the sampling intervals 0.0 to 0.5 feet and 0.5 to 2.5 feet, but were all 

lower than their specific PRGs. Results for the interval 4.0 to 6.5 feet (BHG4926JE) were 

below detection limits. Results for the intervals 6.5 to 8.9 feet (BHG4927E) and 10.0 to 

13.2 feet (BHG4928JE) for Am-241 and Pu-239/240 were above background but 

significantly lower than their specific PRGs. 

Because Pu-239/240 and Am-241 were also detected in samples taken fiom water and 

sludge inside Tanks T-14, T-16 (south), and T-16 (north), and BH-03695 is downgradient 

fiom al l  three tanks, these tanks may be a source of this subsurface soil contamination. 

Groundwater was not encountered, and therefore was not sampled. 

Borehole 03795. This borehole was located adjacent to the southeast comer of Tank 

T-14 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was 

encountered at 8.5 feet and the borehole was drilled to a depth of 12.0 feet (rehsal). Soil 
samples were collected at ground surface (0.0 to 6.0 inches), fiom 0.5 to 2.7 feet, 5.0 to * - 
6.6 feet, and 10.0 to 10.9 feet. Because of recovery variations, it was not possible to 

collect a composite sample at ewery 2-foot interval. Recovery was not sufficient to collect 

a complete analytical suite for each soil sample collected. None of the samples except for 

the ground surface sample had adequate recovery to collect the TCL metals, tantalum, and 

hexavalent chromium samples. In addition, the 10.0- to 10.9-foot sample did not have 

enough recovery to collect a TCL semivolatile. 

Four borehole sample suites were taken at BH-03795. No organics were detected at 

levels exceeding background or PRGs in any of the four soil sampling intervals. 

Semivolatiles were not sampled at the deepest of the four sample intervals (10.0 to 10.9 

feet) because of insufficient recovery. 

I 

1 .-./ 
I .  

I 

I 
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The metal silver and the radionuclides Am-241 and Pu-239/240 were detected at levels 

e x d i g  background in the sample interval fiom 0.0 to 0.5 feet mHG4881JE). All were 

less than their specific PRGs. Plutonium-239/240 was significantly less than its PRG. 

No radionuclides or added metals were detected at levels exceeding background or PRGs 

in the remaining three sample intervals. TCL metals, tantalum, and hexavalent chromium 
. 

were not sampled in the remaining three sample intervals because of inadequate recovery. 

Because Pu-239/240 and Am-241 were also detected in samples taken fiom water and 

sludge inside Tanks T-14, T-16 (south), and T-16 (north), and silver was detected in Tank 
T-14, and BH-03795 is downgradient fiom Tank T-14, this tank could be a source of soil 
contamination. 

Groundwater was not encountered, and therefore was not sampled. 

Borehole 03895. This borehole was located adjacent to the southwcst corner of Tank T- 
14 as specified in OU9 Technical Memorandum 1 (DOE 1994a). The borehole was drilled 

to a depth of 14.0 feet. Soil samples were collected'at ground surface (0.0 to 6.0 inches), 

fiom 0.5 to 2.8 feet, 4.0 to 6.5 feet, 8.0 to 9.7 feet, and 10.0 to 12.9 feet. Because of 

recovery variations, it was not possible to collect a composite sample at every 2-foot 

interval. Recovery was sufficient to collect a complete analytical suite for each soil sample 

collected. L 

Five sample suites were taken at BH-03895. No organics, radionuclides, or TAL metals 

were detected at levels exceeding background or PRGs in any of the soil samples (Table 

3-24). 

Groundwater was not encountered, and therefore was not sampled. 

F i  
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3.8.4 Tank Characterization 

Tank T-14 and the two T-16 tanks underlaid a concrete slab that had no significant cracks 

and otherwise appeared to be in satisfactory condition. However, as noted above, fixed 

and removable alpha contamination was detected on the concrete around the tanks. Parts 
of the concrete seemed to have some coating that had appeared to have worn OK 
especially in high traflic areas. 

All of the manways to the tanks had a steel rail cage around three sides with two metal 

chains restricting access fiom the Eront. Each manway had been silicone sealed shut. An 

aluminum grate, weighing about 10 pounds, was present under each manway cover. 

Tank T-14 and Tank T-16 sludge samples were analyzed for gross alpha, gross beta, U- 

233/234, U-235, U-238, Am-24 1, Pu-239/240, TAL metals, hexavalent chromium, 

tantalum, TCL volatiles, and TCL semivolatiles. The aqueous phase samples fiom Tank 

T-14 were analyzed for the same suite with the exception of tantalum. Tank T-16 residue 

samples were analyzed for gross alpha, gross beta, U-233/234,.U-235, U-238, Am-241, 

Pu-239/240, tritium, TAL metals, hexavalent chromium, tantalum, TCL volatiles, and 

TCL semivolatiles. The aqueous phase samples fiom Tank T-16 were analyzed for gross 

alpha, gross beta, U-233/234, U-235, U-238, Am-241, Pu-239/240, tritium, TAL, metals, 

TCL volatiles, and TCL semivolatiles. 

a 

3.8.4.1 Tank T-14 

Visual inspection of the T-14 tank was limited because no entry into the tank was made. 

However, liquid was noted extending in an arc about 8 feet from the northwest corner of 

the tank. A brown-colored sludge was observed at the perimeter of the liquid extending 

to the limit of visual observation. This sludge presumably underlies the liquid. The liquid 
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appeared to be about 12.0 to 18.0 inches at the deepest point and was observed to be a 

brown color. 

An air bubbler was noted in the northwest comer, which, according to Building 774 

personnel, is part of the liquid-level indicator. This air bubbler agitated the water and 

probably caused the underlying sediment to be in suspension, accounting for the silty- 

brown appearance of the liquid. 

It is suspected that there is a sump in the northwest corner of the tank, which is the 

deepest point of the tank according to as-built drawings, but it could not be viewed 

because of the turbidity of the liquid (DOE 1986). Based on the as-built drawings and the 

similarity of the T-16 tanks, the sump is probably located along the north wall of T-14 in 

the northwest corner, measuring about 18 inches square and about 1 foot deep (DOE 
1958). A metal pipe, about 4 inches in diameter, extends out of the sump into the west 

wall of the tank about 18 inches above the floor of the tank, this pipe appeared to be clean 

and is believed to be stainless steel because of the absence of corrosion. A smaller pipe, 

perhaps 3 inches in diameter, extended straight out of the sump to the top of the tank, but 

the destination of this pipe could not be viewed. The as-built drawings for this tank 
indicate that this pipe extends into the west wall of the tank about 3 feet below the top of 

the tank (DOE 1958). This pipe appears to be the source for the air bubbler discussed 

above. 
I 

Organic vapors were not detected at the top of this tank before or during the sampling 

evemts. Colorimetric tubes were used to screen for carbon tetrachloride, hydrogen 

cyanide, and hydrogen chloride, but each was below the detection capabilities of the tubes. 

Radiological monitoring of the tank indicated removable alpha contamination of 6,422 

dpd100 cm2 on the grate to the tank; fixed and removable alpha activity was reported at 

3,570 dpdlOO cm2, and fixed and removable beta contamination was reported at 3,750 
1 . .>a* 
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dpd100 cm2 on this grate. The dose from Tank T-14 was recorded as 400 microrem per 

hour (Appendix F). 

Liauid Sample Results. The liquid in Tank T-14 was collected using a peristaltic pump 

because this minimized spillage during sampling. However, a TeflonQ dipper was used 

first to collect the samples to be analyzed for VOCs to minimize the volatilization of the 

aliquot. 

For the water sample taken from Tank T-14 (TNGOOO9JE) no organics were detected in 

the ppm range. The following metals were detected at 1 ppm (1,000 mglL) or greater: 

cesium, lithium, silicon, aluminum, beryllium, calcium, copper, nickel, and silver. 

With the exception of Ra-226, all radionuclide analytes were detected in significant 

quantities. Americium-241, Pu-239/240, tritium, U-233/234, and U-238 were all detected 

in quantities greater than 1,000 pCi/L, the highest being Am-241 at more than 7,500 

pCi/L. Uranium-235 was detected at more than 100 pCi/L. 

Gross alpha was measured at greater than 25,000 pCVL, and gross beta 6;t.more than 

2,500 pCA. 

For hexavalent chromium, results were missing from the RFEDS data. 

Sludge Samule Results. The sludge in Tank T-14 was sampled about 8 feet east of the 

tank's west wall near the perimeter of the liquid. A stainless steel trowel attached to a 

telescoping pole was used to collect the sludge from this location. However, the bottom 

of the tank could not be felt during sampling, so the total depth of the sludge at this 

location can only be estimated at a minimum of 4 inches. The top layer of the sludge was 

a Light brown color about 1/4-hch thick, based on visual observations. The next layer, 

also about 1/4-inch thick, was a light gray-green color, followed by a turquoise-green 

I 

j 
4 
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layer about In-inch thick (parts of the turquoise-green layer had vibrant colors). The 

remaining part of the sludge was a-darlc gray. Most of the sludge had an even consistency. 

The surface of the sludge that was not submerged in the liquid had deep cracks in it up to 

about 2 inches wide. 

The sludge was collected from the tank and brought up to the manway where the samplers 

then used a stainless steel 5-mL spoon to transfer the sample aliquot to a sample container. 

All sampling operations were conducted within a containment constructed of visqueen to 

prevent the incidental spread of contaminants. Negative air pressure was maintained 

within the containment to minimize any potential spread of contamination. 

In-field instruments did not detect any organic vapors from the sludge (Appendix F). 

However, consistent alpha activity was detected fiom the sludge even though the sludge 

was saturated. 

The radionuclides Pu-239/240 and the combination PJ-238 + Am-241 were detected at 

levels exceeding 150,000 pCVg in the sludge sample analyzed by the 371 Laboratory 

(TNGWlOJE). Uranium-235 was detecfed at less than 1.82 pCi/g. 

For TAL metals, hexavalent chromium, tantalum, volatiles, and semivolatiles, results were 

missing from the RFEDS data. 

3.8.4.2 Tank T-16 (South) 

Visual inspection of the T-16 (south) tank was limited because no entry into the tank was 

made. However, liquid was noted extending in an arc about 8 feet fiom the northwest 
corner of the tank. A brown-colored sludge was observed at the perimeter of the liquid 

extending to the edge of the field of view, and the sludge presumably underlies the liquid. 

The liquid is about 12.0 to 18.0 inches at the deepest point and was observed to be clear. 
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1 

The liquid was not sampled because the quantity was limited and the liquid was probably 

the same liquid that was sampled in Tank T-16 (north), discussed in Section 3.8.4.3. 

A pile of a whitish-gray granular material was discovered directly under the manway, 

measuring about 3 feet in diameter and about 12 inches high. The grains measured less 

than about 5 millimeters in diameter, but numerous grains had hsed together. This 

material was completely submerged in the liquid. 

An air bubbler was noted in the northwest corner, which is the deepest point in the tank 
accordmg to as-built drawings (DOE 1986), similar to the one in Tank T-14, but only one 

bubble each Six seconds appeared. This air bubbler did not agitate the water. 

A sump is located along the north wall of Tank T-16 (south) in the northwest corner 

measuring about 18 inches square and about 1 foot deep. A pipe, approximately 6 inches 

in diameter, extends out of the sump and then bends to the north through the tank wall 

into Tank T-lb (north). 

Approximately 77 ppm of organic vapor was detected within 8 inches below the manway 

opening. This readiig dropped to background at the surface of the manway and in the 

breathing zone. However, higher readings were then detected as the field organic vapor 

detection instrument was brought close to the sides of the manway. A white, flaking scale 

was noted on the manway opening and readings up to about 45 ppm were detected 

duectly adjacent to the material. Prior field monitoring of this tank using colorimetric 

tubes for carbon tetrachloride, hydrogen cyanide, and hydrogen fluoride indicated each 

was below the detection capabiities of the tubes. 
~ 

y-. A Stainless steel trowel attached to a telescoping extension 

\* 

..#I 
pole was used to collect the granular unknown residue in Tank T-16 (south). The materid 

was cohesive and required some chipping to remove an aliquot &om the pile. The material 
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appeared to be a whitish-gray color with some brown staining, presumably fiom the 

similarly colored sludge in the tank. Some of the granules were broken upon being 

removed fiom the tank to reveal a whitish-gray color with little brown interspersed in the 

matrix. This sample was designated as sample number TNGOOIJE. 

Initial surveys of the material with a PID revealed organic vapors up to 15 ppm. 

However, subsequent monitoring of the sample container indicated background levels. 

The original PID survey may have detected the same organic vapors detected within the 

manway because this monitoring was conducted within the manway when the material was 

first brought up. 

Field radiological surveys of the material indicated only background levels of alpha and 

beta radiation. 

All results fiom this sample (TNGO017JE) were missing fiom the RFEDS data. 

Sludge Sample Results. The sludge in Tank T-16 (south) was sampled about 6 feet south 

of the tank's north wall near the perimeter of the liquid. A stainless steel trowel attached 

to a telescoping pole was used to collect the sludge fiom this location. However, the 

bottom of the tank could not be felt during sampling, so the total depth of the sludge at 

this location can only be estimated at a minimum of 3 inches. The sludge was 

predominantly a rust color to an orange-brown color. The sludge had some light-brown- 

colored material within the matrix, but layers could not be discerned. Parts of the sludge 

had an even consistency, but other 'parts contained lumps. The surface of the sludge that 
was not submerged in the liquid had deep cracks in it up to about 2 inches wide. 

The sludge was collected fiom the tank and brought up to the manway where the samplers 

could then use a stainless steel 5-mL spoon to transfer the sample aliquot to a sample 

container. All sampling operations were conducted within a containment constructed of 
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visqueen to prevent the incidental spread of contaminants. Negative air pressure was 

maintained within the containment to minimize any potential spread of contamination. 

j . .  

In-field instruments did not detect any organic vapors Erom the sludge (Appendix F). 
However, radiological monitoring detected occasional alpha activity; alpha contamination 

was not detected at every point as it was in the sludge for Tank T-14. 

In the sludge sample (TNGOOllJE) taken from Tank T-16 (south) and analyzed by the 

371 Laboratory, the radionuclide Pu-239/240 and the combination of h-238 f Am-241 

were detected at levels in excess of 23,000 pCi/g. Uranium-235 was less than 0.03 pCi/g. 

The results fiom this sample suite for TAL metals, hexavalent chromium, tantalum, TCL- 
volatiles, TCL semivolatiles, and tritium were missing fiom the RFEDS data. 

3.8.43 Tank T-16 (North) 

Visual inspection of the T-16 (north) tank was limited because no entry into the tank was 
made. However, liquid was noted in the western part of the tank to a point approximately 

8 feet east of the west wall. The tank had been preliminarily visually inspected about two 

months before the more complete visual inspection, but no liquid was noted during that 

initial inspection. It is possible that the liquid was not noticed during the initial viewing 

because the manway lid was only partially removed; however, the two interceding months 

brought significant precipitation that may have either entered the tank by surfak water 

runoff or by groundwater intrusion. 

A rust- or brownalored sludge was observed at the edge of the liquid extending to the 

edge of the field of view. It presumably underlies the liquid considering that it was noted 

during the first tank visit. The liquid is about 18 inches at the deepest point and was 

observed to be clear. 
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Neither an air bubbler nor a sump was noted in the tank. However, both are probably 

present because the T-16 (north) and T-16 (south) tanks seem to be otherwise identical. 

A colorimetric tube was used to detect carbon tetrachloride at a level of 7 ppm just below 

the level of the manway (Appendix F). No other organic vapors were detected. 

Colorimetric tubes were used to screen for hydrogen cyanide and hydrogen fluoride but 

failed to indicate the presence of either vapor above the detection capabilities of the tubes. 

Radiological surveys of the tank indicated that the grate underneath the manway cover had 

fixed and removable alpha contamination at 10,710 dpd100 cm2, and fixed and 

removable beta contamination at 23,700 dpd100 cm2. Removable alpha contamination 

on this grate was reported at 18,672 dpd100 cm2 and 11,813 dpd100 cm2, and 

removable beta contamination was reported at 2,460 dpd100 cm2 (Appendix F). 

Liauid Sample Results. The liquid in Tank T-16 (north) was sampled using a peristaltic 

pump to transfer the liquid into sample containers. .The liquid was collected carefully so as 

not to disturb the underlying sludge. In-field instruments did not detect ariy organic 

vapors during collection of the liquid samples (Appendix F). 

For the water sample taken &om T-16 (north) (TNGO018JE), no organics were detected 

in the ppm range (Table 3.25). The following TAL, metals were detected at 1 ppm (1,000 

mg/L) or greater: silicon, calcium, and potassium. 

AU radionuclide analytes were found above detection limits. Americium-24 1, PU-23 9/240, 

and tritium were all detected in quantities greater than 1,000 p C i .  The highest was Am- 

241 at more than 35,000 p C i .  Uranium-233/234 was detected at more than 100 pCi/L. 

Uranium-235 and U-238 were detected at less than 100 pCZ.  
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Gross alpha was measured at greater than 25,000 pCi/L, and gross beta at more than 

1,Ooo p c i .  

Sludge Samp le Results. The sludge in Tank T-16 (north) was sampled about 6 feet south 

of the tank’s north wall near the perimeter of the liquid. A stainless steel trowel attached 

to a telescoping pole was used to collect the sludge fiom this location. However, the 

bottom of the tank could not be felt during sampling, so the total depth of the sludge at 

this location can only be estimated at a minimum of 3 inches. The sludge was similar to 

that found in the T-16 (south) tank, being predominantly a rust color to an orange-brown 

color. The sludge had some light-brown-colored material within the matrix, but layers 

could not be discerned. Parts of the sludge had an even consistency, but other parts 

contained lumps. The surface of the sludge that was not submerged in the liquid had deep 

cracks in it up to about 2 inches wide. 

The sludge was collected fiom the tank and brought up to the manway where the samplers 

could then use a stainless steel 5-mL spoon to transfer the sample aliquot to a sample 

qntainer. All sampling operations were conducted within a containment constructed of 

visqueen to prevent the incidental spread of contaminants. 

In-field instruments did not detect any organic vapors fiom the sludge (Appendix F). 

However, radiological monitoring detected occasional alpha activity; alpha contamination 

was not detected at every location as it was for the sludge associated with Tank T-14. 

In the sludge sample (TNGOO12JE) taken fiom Tank T-16 (north) and analyzed by the 

371 Laboratory, the radionuclide Pu-239/240 was detected at a level in excess of 325,oOO 

pCig. The combination of Pu-238 + Am-241 was detected at a level exceeding 225,000 

pCig. Uranium-235 was less than 0.3 pCVg. 
. .  
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The following results from this sample suite were missing from the RFEDS data dump: 

TAL metals, hexavalent chromium, tantalum, TCL volatiles, and TCL sedvolatiles. 

3.9 TANKS T-21, T-22, AND T-27 

Tanks T-21, T-22, and T-27 are located in the 800 Area within Building 828, the Building 

886 Process Waste Pit (Figure 3-16). Tank T-21 is an approximately 135-gallon floor 

sump in the southeast corner of the 886 Waste Pit vault. Tank T-22 is a 450-gdon 

stainless steel AST filled with Raschig rings within the 886 Waste Pit vault that was used 

for waste storage. Another identical tank was located within the vault to the north of 

Tank T-22 that stored product, but this tank was outside of the scope of this investigation. 

Tank T-27 was a 500-gallon portable tank that was located on a concrete pad to the north 

of the 886 Process Waste Pit; Tank T-27 was previously removed (Jacobs 1994). 

3.9.1 Historical Information 

Tank T-22 and the T-21 sump were installed in 1963 and then abandoned in 1978. Tank 

T-22 held waste from the laboratories in Building 886, including radionuclides, laboratory . 
soaps, janitorial cleaning fluids, and possibly nitrates. Tank T-21 captured overflow from 

Tanks T-22 and the other tank. Historical reports of the 886 Criticality Laboratory 

indicate Tanks T-21, T-22, and T-27 may have been associated with Cs-137 handling. No 

known releases at this location have been identified (Jacobs 1994). 

It is unknown when Tank T-27 was installed. This tank was decontaminated, removed, 

and sent to the Size reduction building for disposal in July 1989 after a state employee 

noted a wet area, approximately 4.0 to 5.0 inches in diameter, under the bottom drain 

valve of the tank. This tank was used to store and transfer Building 886 process waste 

from Tanks T-21 and T-22 to the waste treatment facility (Jacobs 1994). 
-,-. 1 
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3.9.2 Radiological Surveys 

The following summarizes the in situ NaI and HPGe radiological results from the area 

around Tanks T-21, T-22, and T-27. NaI survey locations and results are shown in 

Appendix D. 'HPGe survey locations are shown on Plate 2; HPGe results are presented in 

Appendix C. 

3.9.2.1 HPGe and NaI Survevs 

Hiah-Puritv - Germanium Survey. Two HPGe survey stations, Locations 3s-14 and 3T-14, 

are in the vicinity of Tanks T-21, T-22, and T-27. No evidence was provided to indicate 

anomalous activities for K-40, Cs-137, Am-241, or Pu-239/240. At Station 3s-14, Ra- 

226 was slightly elevated at 1.14 e 0.01 percent) pCi/g. Survey Location 3T-14 recorded 

elevated U-235 activities of 1.75 e 0.02 percent) pCi/g. Station 3s-14 recorded elevated 

Th-232 at 1.39 0.01 percent). Both Stations 3s-14 and 3T-14 provided evidence of 

elevated U-238 activities; 4.8 e 0.1 percent) and 4.5 e 0.1 percent; pCi/g, respectively. 

Sodium Iodide Survey. Twenty NaI sites were suweyed around theBuilding 886 Process 

Waste Pit and around the concrete pad of the already removed Tank T-27 on a 10-foot 

grid. Only two of the 20 sites showed activities statistically distinguishable above 
background levels: one directly west of the tanks on the concrete driveway, and the other 

on the northeast corner of the Building 886 Process Waste Pit. Activities around the 

tanks ranged from 1,600 to 2,200 cpm with background readings in the same range. 
. .  . ,  

3.9.2.2 Tank Area Survevs 

A radiological contamination survey was performed inside of Building 828, the vault 

containing the T-21 sump and the T-22 AST (Appendix F). Only U-235, a beta emitter, is 

historically associated with these tanks. A direct survey for fixed and removable alpha and _ _  I. -1 
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beta contamination within the vault Wed to reveal readings above 100 dpd100 cm2 for 

alpha and 1,894 dpd100 an2 for beta; removable alpha and beta contamination was less 

than 20 dpd100 cm2 for alpha and less than 200 dpd100 cm2 for beta. This radiological 

survey was conducted throughout the vault, including surveying the exterior surface of 

Tank T-22 and the sediment accumulated within the secondaq containment in the vault. 

The dose rate within the Building 828 vault was determined to be 10 microrem per hour, 

both at the manway to the vault and 4 feet below the ceiling of the vault (Appendix F). 

3.93 Historical Surface Soil Sampling 

Previous radiation surveys and soil sampling efforts around the Tank T-27 concrete pad 

indicated no radiological contamination as a result of the leak previously mentioned in 

Section 3.9.1 (Jacobs 1994). Results of the soil samples showed only low levels of 

naturally occurring uranium (Jacobs 1994). 

3.9.4 Surface Soil Investigations 

Three soil samples were originally intended for collection around Tank T-27; however, 

only two were actually needed. Because of the utility clearance and relocation of 

Borehole BH-04295, the borehole was co-located with a surface-soil site and the surf&- 

soil site was subsequently eliminated. See Figure 3-16 for the locations of the surfacmoil 

sampling sites. Table 3-26 lists detected constituents, reported concentrations, and sample 

locations for the surface-soil samples. Complete analytical results are included in 

Appendix E. Figure 3-17 displays sample results for soil and groundwater that exceed 

established PRGs and background concentrations. 

b 

In the two mfhce-soil samples taken fiom the vicinity of Tank T-27 at sites SSOO1195 

and SS001395 (SSG2834JE and SSG2836JE), no organics were detected at levels 
.I . ,e' 

F i  
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exceeding background or specific PRGs. The metals arsenic and beryllium were detected 

in both samples at levels exceeding their specific PRGs, but none of these results were 

greater than background. The metals calcium and magnesium were detected at both 

sample locations at levels in excess of background. At sample location SSOOll94 only, 

the metals cesium, copper, manganese, and sodium were detected at levels exceeding 

background. The result for copper was significantly lower than its PRG. 

The radionuclide Cs-137 was detected at both sample locations at a level exceeding the 

PRG, but neither result was greater than background. For Location SSOO1195, U-238 

was detected at a level greater than the PRG but lower than background. 

3.9.5 Borehole Investigations 

Three of four planned boreholes were drilled around Tanks T-21 and T-22. Borehole 

BH-04195, located on the east side of Tanks T-21 and T-22, was abandoned because of 

abundant underground utilities. Borehole locations are presented in Figure 3-16. Three 
soil samples were collected from the following locations: ground surface (before drilling); 

above the groundwater table (if groundwater was encountered); and 1 foot below the base 

of the tank. Tanks T-21 and T-22 appeared to be keyed into bedrock. Groundwater was 

encountered and sampled at two of the three boreholes; however, these sample results 

were never received &om RFEDS. Figure 3-1, Examples 1, 4, 5, and 6 depict the 
I sampling rationale for borehole drilliig at Tanks T-21 and T-22. Soil samples were 

analyzed for gross alpha, gross beta, U-233/234, U-235, U-238, Am-241, Pu-239/240, 

Cs-137, neptunium, TAL metals, TCL volatiles, and TCL semivolatiles, A summary of 

the analytical parameters for each medium is shown in Tables 2-1 through 2-4. Table 3-27 

lists detected constituents, reported concentrations, and sample locations for the borehole 

samples. Complete analytical results are included in Appendix E. Figure 3-17 displays 

sample results that exceed established PRGs and background concentrations. Borehole 

logs are presented in Appendix B. 

\ .) 
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Because of limited recovery on some boreholes, the sample range and interval varied and a 

complete analytical suite was not always possible. The following is a summary of the 

borehole sampling. 

Borehole 03995. This borehole was located on the west side of Tanks T-21 and T-22 as 

specified in OU9 Technical Memorandum 1 (DOE 1994a). Groundwater was 

encountered at 18.6 feet, bedrock at 19.5 feet, and the borehole was drilled to a depth of 

21.0 feet. Soil samples were collected at ground surface (0.0 to 6.0 inches), above the 

groundwater table (13.4 to 14.5 feet), and below the base of the tank (19.5 to 20.3 feet). 

Water samples were collected once groundwater was encountered. 

sufficient to collect a complete analytical suite for each sample collected. 

Recovery was 

Three borehole sample suites were taken at BH-03995. No radionuclides, organics or 

TAL metals were detected at levels exceeding background or PRGs in the soil sample 

fiom 0.0 to 0.6 inches (BHG5030JE). 

Data are missing for the soil samples taken fiom 13.4 to 14.5 feet (BHG5036JE) and fiom 

19.5 to 20.3 feet (BHG5037JE). In addition, data are missing’fiom the duplicate sample 

BHG5031JE @UP for BHG5030JE taken fiom 0.0 to 0.5 feet). These data were not 

received fiom RFEDS. 

Groundwater was encountered and sampled at 18.6 feet (GWG1735JE). Results were 

also not included in RFEDS data. 
L 

Borehole 04095. This borehole is located on the southwest corner of Tanks T-21 and 

T-22 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was 

encountered at 10.7 feet and the borehole was drilled to a depth of 16.0 feet. Soil samples 

were collected at ground surface (0.0 to 6.0 inches), above the bedrock/alluvial contact 

(8.4 to 10.5 feet), and below the bedrocWalluvia1 contact (12.6 to 13.6 feet). Groundwater 
i 
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was not encountered. Recovery was sufficient to collect a complete analytical suite for 

each sample collected. 

Three borehole sample suites were taken at BH-04095. 

Data are missing for all soil samples. Samples were taken from 0.0 to 0.5 feet 

(BHG5032JE), fiom 8.4 to 10.5 feet (BHG5042JE), and from 12.6 to 13.6 feet 

(BHG5043JE). These data were not received fiom.RFEDS. 

Groundwater was not encountered, and therefore was not sampled. 

Borehole 04195. This borehole is located on the southeast corner of Tank T-21. It was 
abandoned because of interference with utilities. 

Borehole 04295. This borehole was located on the north side of Tanks T-21 and T-22 as 

specified in OU9 Technical Memorandum 1 .(DOE 1994a). Groundwater was 
encountered at 12.7 feet, bedrock at 16.6 feet, and the borehole was drilled to a depth of 

18.0 feet. Soil samples were collecfed at ground ’surface (0.0 to 6.0 inches), above the 

groundwater table (8.9 to 12.6 feet), and below the bedrocWalluvial contact (17.0 to 18.0 

feet). Because of inadequate recovery, a sample could not be collected above the 

bedrocwalluvial contact. Water samples were collected once groundwater was 

. encountered. Recovery was sufficient to collect a complete analytical suite for each 
L 

sample collected. 

Two borehole sample suites were taken at BH-04295. 

Data are missing for the soil samples taken fiom 0.0 to 6.0 inches (BHG5034JE) and from 

17.0 to 18.0 feet (BHGS04OJE). These data were not received fiom RFEDS. A sample 

could not be collected fiom 8.9 to 12.6 feet because of inadequate recovery. ’.. .” *‘ j 
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Groundwater was encountered and sampled at 12.7 feet (GWG1736JE). These results 

were also not included in RFEDS data. 

3.9.6 Tank Characterization 

The Building 828 vault, which measured about 17 feet along the north-south axis and 

about 13 feet along the east-west axis, and is approximately 15 feet deep, was entered 

through a manway. The T-21 sump was located in the southeast corner of the vault and 

the T-22 fiee standing AST was located along the west wall of the vault just to the north 

of the vault ladder, near the southwest corner of the vault. Another free standing AST, 
seemingly identical to the T-22 tank, was situated immediately north of T-22. This other, 

AST was outside of the scope of this investigation. 

Immediately before the Jacobs tank characterization effort, the vault had been flooded 

with presumed surface-water runoff. Building 886 personnel detected that the vault was 

flooded dler several storm events and pumped the water fiom the vault. Only a few 

puddles of water remained on the floor of the vault at the time of sample collection, 

although the sump was fill of liquid. It was suspected that the water entered the vault 

through the plenum system after a sump pump failed in an adjacent building. Building 886 

personnel indicated that water could be detected dripping into the vault. Over a five-day 

period, approximately 77,000 gallons were reportedly pumped from the vault. The vault 

has a one-time capacity to hold approximately 25,000 gallons. 

' 

The vault was lined with what appeared to be a stainless steel seconday containment 

about 24 inches high. Inspection of the vault disclosed significant corrosion up to about 

the height of the secondary containment in the vault, indicating that the vault was regularly 

flooded. It is suspected, therefore, that the vault was not water-tight and that only the 

secondary containment held the water. A thin layer of a dark-brown-colored sediment 

covered the vault floor. 

i 
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A pladbnn extended over the top of Tank T-22 and the adjacent tank. This pla$onn was 

used to visually inspect most of the vault and the tanks as well as to collect the liquid 

sample fiom the sump. However, a complete inspection could not be performed flom this 

location, so the team entered the vault floor after conducting a radiological survey of the 

vault floor. 

3.9.6.1 Tank T-21 

The T-21 sump was full of liquid even though the vault had been pumped of all water by 

Building 886 personnel before sample collection. The vault had reportedly been pumped 

by dropping a vacuum hose to the vault floor through the manway at the southwest comer 

of the vault. The T-21 sump, however, was in the southeast corner and, therefore, was 

not drained. 

A TeflonQ dipper on a 6-foot extension pole was used to collect the liquid samples fiom 

Tank T-21. The sampling team remained on the platform that extended over Tank T-22 

to collect the samples so that the base of the vault did not have to be entered. 

Table 3-28 lists detected constituents, reported concentrations, and sample locations for 

Tank T-2 1 liquid samples. Complete analytical results are included in Appendix E. 

No organic vapors were detected with in-field instrumentation before or during the 

sampling events (Appendix F). 

For the water sample taken fiom Tank T-21 (TNGO027JE), no organics were detected in 

the pprn range. The following metals were detected at 1 ppm (1,000 mg/L) or greater: 

calcium, iron, magnesium, potassium, and sodium. 
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The radionuclides U-233/234, U-235, and U-238 were all detected in quantities greater 

than 1.0 pC&, the highest being U-233/234 at more than 61.0 pCii.  

Gross alpha was measured at greater than 66 pCi/L, and gross beta at more than 74 pCi/L. 

For cesium, results were missing from the RFEDS data. 

3.9.6.2 Tank T-22 

Tank T-22 was surveyed with a Bicron microrem meter and a Ludlum 12-4 millirem meter 

to determine dose. The dose rate was determined to be 20 microrem per hour fiom the 

tank (Appendix F). 

Tank T-22 has an inspection port on the top of the AST with a clear lens. It could be 

determined, after cleaning the inspection port lens, that this AST was filled with Raschig 

rings, which moderate neutrons to minimize the risk of a criticality. It could not be 

determined, however, whether the AST contained liquid. The sample team loosened the 

six bolts that secured the inspection port, although it was fourd.that only two -of the six 

bolts were tightened, and a minimal amount of liquid escaped before the bolts could be 

secured. The liquid pooled on the flat top of the tank and was then siphoned with a 

syringe to be transferred to a sample container. 

This aliquot, less than 10 d in volume, was delivered to the Building 88i lab for 

radiological screening analysis and found to have 18 pCi/L f 13 p C i  gross alpha activity 

and 64 p C i  f 120 p C i  beta activity (Appendix F). 

It was decided that the tank could not be sampled through this inspection port on the top 

of the tank because of the apparent hydrostatic head and the concern expressed by the 

Building 886 Shift Manager that the inspection port might not be able to be completely 

. .. 

..j 
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sealed again. A steel pipe, approximately 3 inches in diameter, entered the T-22 tank 
through the east wall of the vault but was not blanked nor did it have a valve. Adequate 

spill containment could not be planned without knowledge of the total potential volume 

that could escape the tank. 

A visual inspection of the tank and its ancillary equipment, such as the liquid-level 

indicator, revealed that no sampling ports were available and all other ports that could 

conceivably be opened were severely corroded and therefore might not seal completely 

after collection of the samples. Authorization to attempt alternate sampling methods, such 

as installation of a self-tapping sampling port, was denied. Therefore, sampling of Tank 
T-22 W ~ S  canceled. I 

The Building 881 laboratory was contacted to determine whether the small sample aliquot 

initially recovered could be analyzed for U-235. While this was possible and therefore 

requested, the sample aliquot was inadvertently disposed of by Building 881 laboratory 

personnel after the request. 

3.io TANKS T-24 im T-32 

, 
Tanks T-24 and T-32 are located in the 800 Area in Building 887, the Building 881 

Process Waste Pit (Figure 3-18). Tank T-32 is a 13 1,160-gallon concrete vault underlying 

Building 887 serving as secondary cogtainment for the seven 2,700-gallon ASTs (T-24 

being one of the seven ASTs). 

3.10.1 Historical Information 

Tanks T-24 and T-32 were installed in 1952 and are still active tanks receiving Building 

881 process wastes. These tanks received waste streams from Building 881, including 
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radionuclides, solvents, metals, acids, bases, oils, and PCBs. No reported releases fiom 

these tanks are known. 

3.10.2 Radiological Surveys 

The following sections summarize the NaI and HPGe surveys completed for Tanks T-24 

and T-32. NaI survey locations and results are shown in Appendix D. HPGe survey 

locations are shown on Plate 2 and HPGe results are presented in Appendix C. 

3.10.2.1 High-Puritv Germanium Survev , 

Tanks T-24 and T-32 lie within the radius of one HPGe survey location, Station 3F-10. 

No evidence was provided that indicated anomalous activities for any of the HFGe 

analytes including K-40, Ra-226, Th-232, U-235, U-238, (3-137, Am-241, or Pu-239. 

3.10.2.2 Sodium Iodide Survey 

A total of 27 NaI locations were surveyed around the tanks on a 10-foot grid. Twelve of 

the 27 sites were statistically distinguishable above background. These 12 sites were 

located primarily on the south and southeastern side of the tanks. Activities around the 

tanks ranged fiom 1,600 to 2,350 cpm with background activities of 1,902 and 2,159 cpm. 

b 

3.103 Borehole Investigations 

Three of the three planned boreholes were drilled around Tanks T-24 and T-32. Borehole 

locations are presented in Figure 3-18. Three soil samples were collected ftom the 

following locations; ground surface (before drilling), above the bedrocklalluvial contact, 

and 1 foot below the bedrocklalluvial contact. Tanks T-24 and T-32 appeared to be 

. keyed into bedrock. Groundwater was not encountered. Figure 3-1, Example 4 depicts -.-' i 
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the sampling rationale for borehole drilling at Tanks T-24 and T-32. Soil samples were 

analyzed for gross alpha, gross beta, U-233/234, U-235, U-238, Am-241, Pu-239/240, 

neptunium, TAL metals, TCL volatiles, TCL semivolatiles, hexavalent chromium, and 

pesticidedPCBs. A summary of the analytical parameters is shown in Tables 2-1 through 

24 .  Table 3-29 lists detected constituents, reported concentrations, and sample locations 

for the borehole samples. Complete analytical results are included in Appendix E. Figure 

3- 19 displays sample results that exceed established PRGs and background concentrations. 

Borehole logs are presented in Appendix B. 

Because of limited recovery on some boreholes, the sample range and interval varied and a 

complete analytical suite was not always possible. The following is a summary of the 

borehole sampling. 

Borehole 05195. This borehole was located on the southwest corner of Tanks T-24 and 

T-32 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was 

encountered at 16.3 feet and the borehole was drilled to a depth of 20.0 feet. Soil samples 

were collected at ground surface (0.0 to 6.0 inches), above the bedrocWalluvial contact 

(14.0 to 16.3 feet), and below the bedrocWalluvial contact (16.3 to 19.4). Water was not 

encountered. Recovery was sufficient to collect a complete analytical suite for each 

sample collected. 

In the soil sample collected below the alluviaybedrock contact zone at 16.3 to 19.4 feet 

(BHG5021JE), the U-233/234 value slightly exceeded background values. No TAL 

metals were detected at a concentration greater than background or PRGs. No TCL 
volatiles or semivolatiles were detected. Hexavalent chromium was not detected. 

Borehole 05295. This borehole was located on the southeast corner of Tanks T-24 and T- 

32 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was 

encountered at 15.1 feet and the borehole was drilled to a depth of 18.0 feet. Soil samples 
- 1  
-..-e’ 
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were collected at ground surface (0.0 to 6.0 inches), above the bedrocWalluvial contact 

(14.0 to 15.1 feet), and below the bedrocWalluvial contact (16.0 to 18.0 feet). Water was 

not encountered. Recovery was sufficient to collect a complete analytical suite for each 

sample collected. 

In the soil sample collected below the alluvial/bedrock contact zone at 16.0 to 18.0 feet 

(BHG5025JE) and its duplicate sample (BHG5029JE), two background exceedances were 

identified. The duplicate sample indicated an exceedance value for U-233/234, but this 

exceedance was not confirmed in the original sample. For zinc, a background e x d a n c e  

value was shown in the original sample, but not confirmed in the duplicate. No TAL 

metals were detected at a concentration greater than background or PRGs. No TCL 

volatiles or semivolatiles were detected. Hexavalent chromium was not detected. 

Borehole 05395. This borehole was located on the northeast corner of Tanks T-24 and 

T-32 as specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was 

encountered at 12.2 feet and the borehole was drilled to a depth of 16.0 feet. Soil samples 

were collected at ground surface (0.0 to 6.0 inches), above the bedrocldalluvial contact 

(10.0 to 11.5 feet), and below the bedrock/alluvid contact (13.2 to 14.9 feet). Water was 

not encountered. Recovery was sufficient to collect a complete analytical suite for each 

sample collected. 

No background or PRG exceedances were reported for any borehole soil samples. 

3.11 TANKT-29 

Tank T-29 is located in the 700 Area to the northeast of Building 776 and to the east of 

the cooling tower (Figure 3-20). Tank T-29 is a 200,000-gallon carbon steel AST. A 

valve vault on the north side of Tank T-29 was also sampled. 
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3.11.1 Historical Information 

Tank T-29 was installed in 1952 and was then reportedly abandoned in the mid-1980s. 

This tank was used to store untreated process waste fiom Building 774, including acids, 

bases, solvents, radionuclides, metals, chlorides, oils, and grease. No reported releases 

fiom this tank are known (Jacobs 1994). 

3.11.2 Radiological Surveys 

The following summarizes the in situ radiological NaI and HPGe surveys performed 

around Tank T-29. NaI survey locations and results are shown in Appendix D. HPGe 
survey locations are shown on Plate 2; HPGe results are presented in Appendix C. 

3.11.2.1 HPGe and NaI Survevs 

Hi&-Puritv Germanivm Survey. Tank T-29 falls within the radii of three HPGe survey 

locations: Stations 9G-9,9H-9, and 91-9. Results fail to indicate any anomalous activities 

for K40, Ra-226, or Cs-137. At Stations 9G-9, 9H-9, and 91-9, U-238 showed elevated 

activities of 9.4 0.1 percent), 17.3 0.1 percent), and 9.2 2.5 percent) pCig, 

respectively; and U-235 was also elevated at 0.66 @ 0.01 percent), 1.78 @ 0.01 percent), 

and 1.35 @ 0.01 percent) pCig, respectively. At Station 9G-9, Th-232 was slightly 

elevated at 1.57 @ 0.01 percent) pCdg. Stations 9G-9, 9H-9, and 91-9 also showed 

elevated Am-241 activities of 9.7 @ 0.1 percent), 13.5 @ 0.1 percent), and 9.8 @ 0.1 

percent) pCig, respectively. In addition, Pu-239/240 activities were elevated at 7.8 @ 0.1 

percent), 5.8 (& 0.1 percent), and 3.4 @ 0.1 percent) pWg, respectively. . 

Sodium Iodide Survey. A total of 48 NaI sites were surveyed around Tank T-29 on a 10- 

foot grid. Of these, only three located east of the tank, on the seMce road, were 

statistically distinguishable above background levels. NaI activities measured around Tank ./ 
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T-29 ranged between 1,900 and 3,000 cpm with background levels falling in the same 

range. 

3.11.2.2 Tank Area Survevs 

A radiological contamination survey was performed for the exterior of Tank T-29, the 

interior of Tank T-29 (discussed in Section 3.1 1.5. I), and for the exterior of the valve 

vault on the north side of Tank T-29 (Appendix F). A direct radiological survey of the 

exterior of Tank T-29 for fixed and removable contamination failed to reveal activities 

above 100 dpd100 cm2 for alpha activity and 1,894 dpd100 cm2 for beta activity. The 

inspection port, through which the sampling team later collected radiological smear 

samples, was also monitored both on the exterior and under the lid; fixed and removable 

activity was less than 100 dpd100 cm2 for alpha activity and less than 1,894 dpd100 cm2 

for beta activity (Appendix F). 

A direct radiological survey of the interior of the T-29 tank for fixed and removable beta 

and gamma activity revealed 45,456 dpd100 cm2 when measured at the plane of the tank 
through the opened inspection port. The beta and gamma activity dropped to 2,841 

dpd100 cm2 when the instrument probe was held 8 inches above the opened inspection 

port (Appendix F). 

The valve vault on the north side of Tank T-29 did report areas of fixed and removable 

alpha contamination on the northeast quadrant of the manway cover and on the northwest 

quadrant of the vault pad. A single area on the manway cover had 208 dpd100 cm2 fixed 
and removable alpha contamination while the area on the concrete pad had 210 dpd100 

cm2 tixed and removable alpha contamination. 

The dose rate, which was measured when the manway on the west side of the T-29 tank 
was initially removed, was 0.2 microrem per hour (Appendix F). 
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3.113 Surface-Soil Sampling Investigation and Results 

Three soil samples were originally intended for collection fiom around Tank T-29; 

however, only two were actually collected. One surface-soil site was co-located (within 
1.0 to 2.0 fe t )  with BH-04595, and the surface-soil site was subsequently eliminated, 

Figure 3-20 identifies the locations of the surface-soil sampling sites. 

Table 3-30 lists detected constituents, reported concentrations, and sample locations for 

the surface-soil samples. Complete analytical results are included in Appendix E. Figure 

3-2 1 displays sample results that exceed established PRGs and background concentrations. 

The two surface-soil samples at Sites SS001495 and SSOO1595 (SSG2837JE and 

SSG2838JE) were analyzed for gross alpha, gross beta, Am-241, Pu-239/240, U-233/234, 

U-235, U-238, neptunium, TAL metals, TCL volatiles, TCL semivolatiles, tantalum, 

hexavalent chromium, and pesticides and PCBs. 

Americium-241 activity was detected above background and PRG activity levels at 

Location SS001495 (Table 3-30). Americium-241 activity was detectpd above 

background but not above PRG activity levels at Location SSOO1595. Gross alpha 

activity was detected above background but not above PRG activity levels at Location 

SS001495. Plutonium-239/240 activity was detected above background and PRG activity 

levels at Location SS001495. Plutonium-239/240 activity was detected above 

background but not above PRG activity levels at Location SSOO1595. Uranium-238 

activity was detected above PRG but not above background activity levels at Location 

SS001495. Neptunium-237 was not detected at either location. 

I 

L 

Arsenic and beryllium were detected above their PRGs but not above background at both 

surface-soil sample locations. Additionally, copper was detected above background levels 
I 
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at both locations, and silver was detected above background levels at Location SSOO1595. 

Tantalum and hexavalent chromium were not detected at either location. 

Methylene chloride, at an estimated concentration of 1 pgkg in the sample fiom Location 

SS001595, was the only TCL volatile detected. 

TCL semivolatile analysis revealed detections ofLrnultiple chemicals above the MDL 

(Table 3-30) at every surface-soil sample location. However, both sample locations 

(SS001495 and SSOOlS95) had detections above the PRG for benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, and dibenzo(a,h)anthracene. In addition, Location 

SS001495 had a detection of indeno(l,2,3-cd)pyrene above the PRG. 

Of the PCB analytes, aroclor-1260 was detected at Location $SO01495 and aroclor-1254 

was detected at Location SSOO1595. However, neither detection exceeded the PRG. 

3.11.4 Borehole Investigations 

Four boreholes were drilled around.Tank T-29. Tliree soil samples were collected fiom 

the following locations: ground surface (before drilling), mid-depth between the ground 

surface and bedrock, and above the bedrocldalluvial contact. Groundwater was not 

encountered. Figure 3-1, Example 5 depicts the sampling rationale for borehole drilling at 

Tanks T-29. Soil samples were analyzed for gross alpha, gross beta, U-233/234, U-235, 

U-238, Am-241, Pu-239/240, neptunium, TAL metals, TCL volatiles, TCL semivolatiles, 

tantalum, hexavalent chromium, chlorinated herbicides, and pesticides/PCBs. A summay 

of the analytical parameters for all media is shown in Tables 2-1 through 2-4. Table 3-31 

lists detected constituents, reported concentrations, and sample locations for the borehole 

samples. Complete analytical results are included in Appendix E. Figure 3-21 displays 

sample results that exceed established PRGs and background concentrations., Borehole 

logs are presented in Appendix B. 

L 

1 
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Because of limited recovery on some boreholes, the sample range and interval varied and a 

complete analytical suite was not always possible. The following is a summary of the 

borehole sampling. 

Borehole 04395. This borehole was located on the west side of Tank T-29 as specified in 

OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was encountered at 13.0 feet and 

the borehole was drilled to a depth of 16.0 feet. Soil samples were collected at ground 

surf& (0.0 to 6.0 inches), mid-depth between the ground surface and bedrock (4.0 to 7.2 

feet), and above the bedrocWalluvial contact (10.0 to 13.0 feet). Water was not 

encountered. Recovery was sufficient to collect a complete analytical suite for each 

sample collected. 

In the soil sample 6om 0.0 to 6.0 inches (BHG4873JE), every radionuclide analyzed for 

had detectable activity. However, Am-241 and Pu-2391240 were the only radionuclides 

with activities above background. No radionuclides exceeded PRG levels. Tritium was 

not detected by the total radionuclide analysis method, but the toxicity characteristic 

leaching praxdure (TCLP) leachate analysis detected an estimated activity of 16.9 p C i .  

Of the TAL metals, lead was the only metal detected above background concentrations. 

No metals exceeded PRGs. Methylene chloride, at an estimated concentration of 1 pg/kg, 

was the only TCL volatile detected. Several TCL semivolatiles were detected (Table 

3-31) but none were above PRGs. Tantalum was not detected. Hexavalent chromium 

was not dete'cted. Because this is a surface-soil sample for this boring location, and to 

remain consistent with the surhe-soil analytical suite, chlorinated herbicides were not 

analyzed for in this sample. Aroclor-1254, at an estimated concentration of 68 pgkg, was 

the only PCB detected. This detection of aroclor-1254 did not exceed the PRG. 

In the soil sample from 4.0 to 7.2 feet (BHG4946JE) none of the radionuclide results, 

including tritium, were received 6om RFEDS by the time this report was prepared. No 

TAL metals were detected above background or PRG concentrations. The TCL volatiles 
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2-butanone, acetone, and methylene chloride were detected at concentrations of 8 pgkg, 

160 pgkg, and 2 pgkg, respectively, but did not exceed the PRGs. The 2-butanone and 

methylene chloride detections were estimated concentrations, and acetone was also 

detected in the blank. No TCL semivolatiles were detected. Tantalum was not detected. 

Hexavalent chromium was detected at an estimated concentration of 0.59 mgkg. A 

background concentration or PRG for hexavalent chromium has not been established. 

Chlorinated herbicides were not detected. Pesticide and PCBs were not detected. 

In the soil sample fiom 10.0 to 13.0 feet (BHG4947JE), none of the radionuclide results, 

including tritium, were received fiom RFEDS by the time this report was prepared. No 

TAL metals were detected above background concentrations. Four TCL volatiles were 

detected: 2-butanone at 12 pgkg, 4-methyl-2-pentanone at 4 pgkg, acetone at 76 pgkg, 

and methylene chloride at 2 pg/kg. The detected concentrations of 4-methyl-2-pentanone 

and methylene chloride were estimated, and acetone was also detected in the blank. None 

of the detected volatiles exceeded PRGs. No TCL semivolatiles were detected. Tantalum 

was not detected. Hexavalent chromium was not detected. Chlorinated herbicides were 

not detected. PesticidedPCBs were not detected. 

Possibly because of its upgradient location, it does not appear that contaminants 

associated with the Tank T-29 waste stream have impacted the soil in this location. 

Borehole 04495. This borehole is located on the southwest side of Tank T-29 as specified 

in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was encountered at 14.3 feet 

and the borehole was drilled to a depth of 16.0 feet. Soil samples were collected at 

ground surface (0.0 to 6.0 inches), middepth between the ground surface and bedrock 

(6.0 to 6.9 feet), and above the bedrocklalluvial contact (10.0 to 14.3 feet). Water was not 

encountered. Recovery was sufficient to collect a complete analytical suite for each 

sample collected. 
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In the soil sample fiom 0.0 to 6.0 inches (BHG4874JE), every radionuclide analyzed for 

had detectable activity. However, Am-241 and Pu-239/240 were the only radionuclides 

with activities above background. No radionuclides exceeded PRG levels. Tritium was 

not detected by the total radionuclide analysis method, but the TCLP leachate analysis 

detected an estimated activity of 28.16 pCi/L. Of the TAL metals, lead was the only metal 

detected above background concentrations. No metals exceeded PRGs. Methylene 

chloride, at an estimated concentration of 2 pgkg, was the only TCL volatile detected. 

Several TCL semivolatiles were detected (Table 3-31) but none were above PRGs. 

Tantalum was not detected. Hexavalent chromium was not detected. Because this is a 

surface-soil sample for this boring location, and to remain consistent with the surface-soil 

analytical suite, chlorinated herbicides were not analyzed for in this sample. Aroclor- 

1260, at an estimated concentration of 89 pg/kg, and gamma-chlordane, at an estimated 

concentration of 2.6 pg/kg, were the only pesticides/PCBs detected. In addition, dieldrin 

was detected in the duplicate of this sample at an estimated concentration of 4.5 pg/kg. 

None of the detections exceeded the PRG. 

In the soil sample from 6.0 to 6.9 feet (BHG4944JE), none of the radionuclide results, 

including tritium, were received fiom RFEDS by the time this report was prepared. No 

TAL metals were detected above background or PRG concentrations. The TCL volatiles 

acetone and methylene chloride were detected at concentrations of 95 pg/kg, and 1 p&g, 

respectively, but did not exceed the PRGs. Acetone was detected in the blank, and the 

methylene chloride detected concentration was estimated. No TCL semivolatil& were 

detected. Tantalum was not detected. Hexavalent chromium was not detected. 

Chlorinated herbicides were not detected. Pesticide and PCBs were not detected. 

In the soil sample tiom 10.0 to 14.3 feet (BHG4945JE), none of the radionuclide results, 

including tritium, were received from RFEDS by the time this report was prepared. No 
TAL metals were detected above background concentrations. The TCL volatiles acetone 

and methylene chloride were detected at concentrations of 70 pgkg and 2 &kg, 

F i i  
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respectively, but did not exceed the PRGs. Acetone was detected in the blank, &d the 

methylene chloride detected concentration was estimated. No TCL semivolatiles were 

detected. Tantalum was not detected. Hexavalent chromium was detected at an estimated 

concentration of 0.84 mg/kg. A background concentration or PRG for hexavalent 

chromium has not been established. Chlorinated herbicides were not detected. 

PesticidedPCBs were not detected. 

Possibly because of its upgradient location, it does not appear that contaminants 

associated with the Tank T-29 waste stream have impacted the soil in this location. 

Borehole 04595. This borehole was located on the east side of Tank T-29 as specified in 

OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was encountered at 13.2 feet and 

the borehole was drilled to a depth of 15.0 feet. Soil samples were collected at ground 

surface (0.0 to 6.0 inches), mid-depth between the ground surface and bedrock (6.0 to 7.4 

feet), and above the bedrocWalluvial contact (10.5 to 11.5 feet). Water was not 

encountered. Collection of a complete analytical suite was not possible above the 

bedrocWalluvial contact. Only a semiuolatildpesticide4PCB fraction was not collected. 

For all other samples, recbvery was sufficient to collect a complete analytical suite. 

In the soil sample from 0.0 to 6.0 inches (BHG4875JE), every radionuclide analyzed for 

had detectable activity. However, Am-241 and Pu-239/240 were the only radionuclides 

with activities above background. No mdionuclides exceeded PRG levels. Tritium was 

not detected by the total radionuclide analysis method, but the TCLP leachate analysis 

method detected an estimated activity of 46.59 (227) pCVL. Of the TAL metals, lead was 

detected above background concentrations. No metals exceeded PRGs. No TCL 

volatiles were detected. Several TCL semivolatiles were detected (Table 3-31) but none 

were above PRGs. Tantalum was not detected. Hexavalent chromium was not detected. 

Since this is a surface-soil sample for this boring location, and to remain consistent with 

the suflace-soil analytical suite, chlorinated herbicides were not analyzed for in this 

149 
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sample. Aroclor-1254, at an estimated concentration of 81 pgkg, was the only PCB 

parameter detected. The detection did not exceed the PRG. 

In the soil sample from 6.0 to 7.4 feet (BHG4948JE), gross'alpha, gross beta, neptunium- 

237, Pu-239/240, U-233/234, and U-238 had detectable activities, but none exceeded 

background or PRGs. Analytical results for Am-241, Pu-238, tritium, and U-235 had not 

been received from RFEDS at the time this report was prepared. No TAL metals were 

detected above background or PRG concentrations. The TCL volatiles 2-butanone, 

acetone, and methylene chloride were detected at concentrations of 6 pg/kg, 110 pgkg, 

and 2 pg/kg, respectively, but did not exceed the PRGs. The 2-butanone and methylene 

chloride detected concentrations were estimated. No TCL semivolatiles were detected. 

Tantalum was not detected. Hexavalent chromium was not detected. Chlorinated 

herbicides were not detected. Pesticide and PCBs were not detected. 

In the soil sample from 10.5 to 11.5 feet (BHG4949JE), Pu-239/240, U-233/234, U-235, 

I 

I ' :  

and U-238 had detectable activities, but none exceeded background or PRGs. Analytical 

results for gross alpha, gross beta, Am-241, and tritium had not been received from 

RFEDS at the time this report was prepared. Neptunium-237 and Pu-238 did not have 

detectable activity. Cadmium and silver were detected above background concentrations. 

Their concentrations did not exceed their PRGs. The TCL volatiles acetone and methylene 

chloride were detected at concentrations of 45 pg/kg, and 3 pgkg, respectively, but did 

not exceed the PRGs. Both chemicals' detected concentrations were estimated. 

Inadequate sample recovery prevented the collection of a sample for TCL semivolatile, 

chlorinated herbicide, and pesticidflCB analyses. Tantalum was detected at an estimated 

concentration of 25.6 mgkg; however, it was also detected in the blank. Hexavalent 

chromium was detected at an estimated concentration of 0.56 mgkg. A background 

concentration or PRG for hexavalent chromium has not been established. 
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Significant contamination associated with the Tank T-29 waste streams does not appear to 

be present at this location. 

Borehole 04695. This borehole was located on the northeast side of Tank T-29 as 

specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was encountered at 

13.2 feet and the borehole was drilled to a depth of 14.0 feet. Soil samples were collected 

at ground surf'ace (0.0 to 6.0 inches), mid-depth between the ground surface and bedrock 

(6.0 to 8.3 feet), and above the bedrocWalluvial contact (10.0 to 13.2 feet). Water was 

not encountered. Because of lack of recovery, a complete analytical suite was not possible 

for the mid-depth sample and as a result, the TAL metals and the semivolatile and 

pesticide and PCB samples were not collected. For the rest of the samples, recovery was 
sufficient to collect a complete analytical suite. 

In the sod sample from 0.0 to 6.0 inches (BHG4876E), every radionuclide analyzed for 

had detectable activity. However, Am-241 and Pu-239/240 were the only radionuclides 

with activities above background. No radionuclides exceeded PRG levels. Tritium was 

not detected by the total radionuclide analysis method, but the TCLP leachate analysis 

method detected an estimated activity of 56.8 (220) pCi/L. No TAL metals were detected 

above background or PRG concentrations. No TCL volatiles were detected. Several 

TCL semivolatiles were detected (Table 3-3 1) but none were above PRGs. Tantalum was 

not detected. Hexavalent chromium was not detected. Because this is a surfke-soil 

sample for this boring location, and to remain consistent with the surface-soil analytical 

suite, chlorinated herbicides were not analyzed for in this sample. No pesticide or PCBs 

were detected. 

In the soil sample !?om 6.0 to 8.3 feet (BHG4950JE), every radionuclide analyzed for had 

detectable activity, but none exceeded background or PRGs. Analytical results for tritium 

had not been received fiom RFEDS at the time this report was prepared. Inadequate 

I sample recovery prevented the collection of a sample for TAL metals (including tantalum), 
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TCL semivolatiles, chlorinated herbicides, pesticides/PCBs, and hexavalent chromium 

analysis. The TCL volatiles acetone and methylene chloride were detected at 

concentrations of 76 pgkg and 2 pgkg, respectively, but did not exceed the PRGs. The 

methylene chloride detected concentration was estimated. 

In the soil sample fiom 10.0 to 13.2 feet (BHG4951JE), every radionuclide analyzed for 

had detectable activity, but none exceeded background or PRGs. Analytical results for 

tritium had not been received fiom RFEDS at the time this report was prepared. No TAL, 

metals were detected above background concentrations or PRGs. The TCL volatiles 

acetone and methylene chloride were detected at concentrations of 29 &kg and 3 pgkg, 

respectively, but did not exceed the PRGs. The methylene chloride detected concentration 

was estimated. No TCL semivoIatiles were detected. Tantalum was not detected. 

Hexavalent chromium was detected at an estimated concentration of 1.16 mg/kg. A 

background concentration or PRG for hexavalent chromium has not been established. 

Chlorinated herbicides or pesticide and PCBs were not detected. 

Significant contamination associated with the Tank T-29 waste s t reps  does not appear to 

be present at this location. 

3.11.5 Tank Characterization 

The Tank T-29 valve vault measured about 5 feet on the north-south axis and about 6 feet 

on the east-west axis, and is approximately 4 feet deep. A steel pipe, about 4 inches in 

diameter, enters the valve vault through its south wall fiom the direction of and 

presumably fiom Tank T-29. This pipe enters a valve and continues out of the north side 

of the vault. A steel pipe, also about 4 inches in diameter, exits fiom the top of Tank T-29 

and enters the valve vault through the top of the vault. This pipe leads into a valve that 

then connects with the other pipe that exits the north side of the vault. 
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Two other &inch pipes enter valves in the vault through the east wall &om the direction of 

the solar ponds and then connect to a common pipe that exits the north wall of the vault. 

3.11.5.1 Tank T-29 Vault 

The vault was visually inspected through the manway. The valve vault had about 12 

inches of a clear liquid, but the bottom inch of the liquid had rust-colored, unconsolidated 

sediment that quickly dispersed upon being disturbed. Water-level stains on the vault 

walls indicated that the vault periodically filled with water; the manway cover was not 

sealed, so surface water runoff is suspected within the vault. The walls of the vault 

appeared to be in satisfactory condition, but no paint was noted. The pipe, and the ladder 

rungs were significantly corroded, againjndicating that water was common in the vault. 

No organic vapors were detected with in-field instrumentation before or during the 

sampling event (Appendix F). Colorimetric tubes were used to screen for carbon 

tetrachloride, hydrogen fluoride, and chloroform but indicated that each was below the 

detection capabilities of the tubes. 

The liquid sample was collected using a disposable bailer and included some of the 

unconsolidated sediments that went into suspension. 

This aqueous sample was analyzed for the complete analytical suite including gross alpha, 

gross beta, U-233/234, U-235, U-238, Am-241, Pu-239/240, tritium, TAL metals, 

hexavalent chromium, and tantalum; water quality parameters including fluoride, nitrate, 

nitrite, sulfate, chloride, TOC, pH, and specific conductivity; and TCL volatiles, TCL 

semivolatiles, pesticides, and PCBs. 

I 
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impossible. Some oxidation was apparent inside of the tank, but no residue was found 

(which the sampling team had been told was present). Building 774 personnel reportedly 

sampled the residue fiom this tank sometime in the mid-1980s d e r  the tank was taken out 

of service, but data fiom this sampling were not located. 

The paint on the exterior of the tank was in satisfactory condition and no surface oxidation 

on the exterior of the tank was noted. The tank seemed structurally sound, although some 

oxidation was noted near the welds between the ladder and the tank. 

Radiological smear samples were collected from the interior of the tank because no 

residue was found. The results for removable alpha and beta contamination are presented 

in Appendix F. The highest activities were found on the base of the tank, ranging from 

2,970 to 6,020 dpd100 cm2 for removable alpha activity and fiom less than 200 dpd100 

cm2 to 263 dpd100 cm2 for removable beta activity. The sides near the base of the tank 
had significantly lower removable activities than the base, ranging fiom 26 to 142 

dpdl00  an2 for removable alpha activity and less than 200 dpd100 cm2 at all locations 

for removable beta activities. The removable alpha activities on the sides of the tank 

increased as the positions of the survey locations approached the tank ceiling. 

These data would suggest that the residue that was present during the sampling in the 

early- to mid-1980s was removed and the tank cleaned before this tank characterization. 

It is conceivable that the top of the tank could not be cleaned as thoroughly as the sides 

closer to the base, which would account for the trend of increasing radiological activity 

closer to the top of the tank. 

A radiological smear sample was collected from a 4-inch overflow pipe located on the east 

side of the tank because no residue or liquid remained in the pipe to sample. Removable 

alpha contamination fiom the interior of this overflow pipe was less than 20 dpd100 cm2 
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and removable beta contamination from this same location was less than 200 dpd100 

cm2. 

No organic vapors were detected with in-field instrumentation before or during the 

sampling events at Tank T-29 (Appendix F). 

3.12 TANKT-40 

Tank T-40 is located in the 800 Area west of Building 889 (Figure 3-22). Tank T-40 

consists of two 400-gallon underground concrete tanks underlying a concrete vault 

approximately 7 feet deep; however, the assumed volume of these tanks may be 

inaccurate, as discussed below. 

3.12.1 Historical Information 

Tank T-40 was reportedly installed sometime in the mid-1950s .and was then abandoned in 

1981 or 1982 (Jacobs 1994). The T-40 tanks received waste fiom Building 889, including 

acids, solvents, radionuclides (only U-23 8), met&, detergents,'and soap and grease fiom 

cleaning equipment. Information indicates that the tanks were abandoned in 1982 when 

the new transfer system was brought into service (Jacobs 1994). As-built drawings 

indicate that the tanks were decontaminated when abandoned (DOE 1981). 

L 

3.12.2 Radiological Surveys 

- .  
The following sections describe the results fiom the in situ radiological NaI and HPGe 
surveys around Tank T-40. NaI survey locations and results are shown in Appendix D. 
HPGe survey locations are shown on Plate 2 and HPGe results are presented in 

Appendix C. 
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3.12.2.1 HPGe and NaI Survevs 

Hiah-Puritv - Germanium Survey. Tank T-40 lies within the radius of one HpGe survey 

location, Station 3H-14. No evidence was provided indicative of anomalous activities for 

K-40, Ra-226, Th-232, Cs-137, Am-241, or Pu-239/240. However, U-238 and U-235 

activities were both elevated at 29.3 e 0.1 percent) and 0.44 e 0.01 percent) pCi/g, 

respectively. 

Sodium Iodide Survey. Thirteen total locations were surveyed around Tank T-40 on a 

10-foot grid. Only one site was statistically distinguishable above background activities 

and it is located on the southeast side of the tank. Activities around the tank ranged fiom 

1,900 to 3,300 cpm with backgrounds of 2,078 to 3,125 cpm. 

3.12.2.2 Tank Area Survevs 

A radiological contamination survey was conducted on the exterior of the vault to Tank 

T-40 near the vault entry way (Appendix F). Fixed and removable alpha contamination 

was iess than 100 dpd100 cm2 and beta was below 1,894 dpd100 cm'. Removable 

alpha. contamination was less than 20 dpd100 cm2 and removable beta contamination was 

less than 200 dpd100 cm2. 

3.123 Borehole Invqstigations/Groundwater Sampling 

Four boreholes were drilled around Tank T-40. Borehole locations are presented in 

Figure 3-22. Two soil samples were collected fiom the ground surface (before drilling), 

and above the groundwater contact and above the bedrocWduvial contact (the 

groundwater surface and the bedrocldalluvial contact were at Virtually the same depth and 

therefore this sample was combined into one). Groundwater was encountered at three of 

the four boreholes. Figure 3-1, Example 3 depicts the sampling rationale for borehole 
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drilling at Tank T-40. Soil samples were analyzed for gross alpha, gross beta, U-2331234, 

U-235, U-238, Am-241, Pu-239/240, TAL metals, TCL volatiles, and TCL semivolatiles. 

A summary of the analytical parameters for each medium is shown in Table 2-2. Tables 

3-33 and 3-34 list detected constituents, reported concentrations, and sample locations for 

the borehole and groundwater samples, respectively. Complete analytical results are 

included in Appendix E. Figure 3-23 displays sample results that exceed established PRGs 

and background concentrations. Borehole logs are presented in Appendix B. 

Because of limited recovery in some boreholes, the sample range and interval varied and a 

complete analytical suite was not always possible. The following is a summary of the 

borehole sampling. 

Borehole 04795. This borehole was located on the northwest side of Tank T-40 as 

specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was encountered at 

10.0 feet and the borehole was drilled to a depth of 14.0 feet. Soil samples were collected 

at ground surface (0.0 to 6.0 inches) and above groundwater (and immediately below the 

bedrocWalluvial contact) (10.0 to 11.6 feet). Groundwater was initially encountered at 

13.7 feet and eventually rose to 9.3 feet. Recovery was sufficient to collect a complete 

analytical suite for each sample collected. 

No radionuclide, TAL, metals, or TCL volatiles or semivolatiles were detected at levels 
L exceeding background or PRGs in the soil samples in Borehole BH-04795 fiom 0.0 to 0.5 

feet (BHG4869JE), or from 10.0 to 11.6 feet, (BHG4908JE or BHG4910JE [duplicate]). 

In the groundwater sample (GWG1705JE) fiom this boring, the compounds strontium, 

barium, calcium, magnesium, mercury, and sodium exceeded background only. Arsenic, 

beryllium, Ra-226, PCE, and vinyl chloride exceeded PRGs only. Manganese was the 

only analyte that exceeded both background and PRGs. 
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Since Borehole BH-04795 is located generally crossgradient fiom T-40 and the waste 

stream held in T-40 included badneutrals acids, trace metals, and radionuclides, the 

badneutral acids, metals, and radionuclides detected in soil and groundwater samples 

fiom this boring may be indicative of releases from the tank. 

Borehole 04895. This borehole was located on the southwest side of Tank T-40 as 

specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was encountered at 

12.3 feet and the borehole was drilled to a depth of 14.0 feet. Soil samples were collected 

at ground surface (0.0 to 6.0 inches) and above groundwater (and immediately above the 

bedrocWalluvial contact) (8.0 to 12.3 feet). Groundwater was encountered at 10.2 feet. 

A complete analytical suite was not collected for the groundwater sample because of lack 

I of recovery; total radionuclides, TAL metals, and a TOC sample were not collected. For 
I 

the remainder of the samples, recovery was sufficient to collect a complete analytical suite. 

Uranium-233/234 was detected above background fiom 0.0 to 0.5 feet (BHG4870JE) in 

Borehole BH-04895. No radionuclides, TAL metals, or TCL volatiles or semivolatiles 

were detected above background or PRGs from 0.0 to 0.5 feet. No radionuclides, TAT.. 

metals, or TCL volatiles or semivolatiles were detected at levels e x d i n g  background or 

PRGs in soil samples fiom 8.0 to 12.3 feet (BHG4911JE) (Table 3-33). 

In the groundwater sample (GWG1706JE) fiom this boring, PCE was the only compound 

that exceeded the PRG. No backgrounds were exceeded in analytical results fiomi 

groundwater in this borehole. 
r 

Because Borehole BH-04895 is located generally upgradient fiom the former location of 

Tank T-40, the presence of PCE in the groundwater and U-233/234 in soil may be 

attributable to other upgradient sources. 
\ 

1 
' ; . . . A '  
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Borehole 04995. This borehole was located on the southeast side of Tank T-40 as 
specified in OU9 Technical Memorandum 1 (DOE 1994a). Bedrock was encountered at 

10.5 feet and the borehole was drilled to a depth of 12.0 feet. Soil samples were collected 

at ground surface (0.0 to 6.0 inches) and above groundwater (and immediately above the 

bedrocWalluvial contact) (9.1 to 10.5 feet). Groundwater was initially encountered at 

10.8 feet and eventually rose to 9.3 feet. Recovery was sufficient to collect a complete 

analytical suite for each sample collected. 

No radionuclides, TAL metals, or TCL volatiles or semivolatiles were detected at levels 

exceeding background or PRGs in the soil samples in Borehole BH-04995 from 0.0 to 0.5 

feet (BHG4871JE) and from 9.1 to 10.5 feet (BHG4915JE). 

In the groundwater sample (GWG1707JE) fiom this boring the compounds strontium and 

zinc exceeded background only. Uranium and PCE exceeded PRGs only. No compounds 

exceeded background and PRGs. 

Because Borehole BH-04995 is located generally-crossgradient to T-40 and contaminants 

in the waste streams held in T-40 included trace elements of uranium and PCE, the 

compounds found in the groundwater may be indicative of releases fiom the tank. 

Borehole 05095. This borehole was located on the northeast side of Tank T-40 as 
specified in OU9 Technical Memorandum 1 (DOE, 1994a). Bedrock was encountered at 

11.0 feet and the borehole was drilled to a depth of 14.0 feet. Soil samples were collected 

at ground surface (0.0 to 6.0 inches) and immediately above the bedrocWalluvial contact 

(8.0 to 11.0 feet). Groundwater was never encountered. Recovery was sufficient to 

collect a complete analytical suite for each sample collected. 

Uranium-233/234 was detected above background fiom 0.0 to 0.5 feet (BHG4872JE) in 

Borehole BH - 05095. No TCL volatiles or semholatiles or TAL metals were detected 
...< 1 .  

I 
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above background or PRGs fiom 0.0 to 0.5 feet. No radionuclides, TAL metals, or TCL 
volatiles or semivolatiles were detected in levels exceeding background or PRGs in soil 

samples fiom 8.0 to 11.0 feet (BHG4918JE) (Table 3-33). 

Because Borehole BH-05095 is located generally downgradient from Tank T-40 and the 

waste streams held in T-40 included trace U-233/234, the U-233/234 detected in soil 

samples fiom this boring may be indicative of releases fiom the tank. 

No groundwater was collected from this borehole. 

3.12.4 Tank Characterization 

The vault to the two T-40 tanks measured about 12 feet along the north-south axis and 

about 7 feet along the east-west axis, and is approximately 7 feet deep. Stairs on the west 

side of the vault landed in the northwest vault corner. The manway to the south T-40 tank 

was near the southeast corner of the vault and the manway to the north T-40 tanks was 

near the northeast corner. The covers to the manways had each been removed and lay on 

the vault floor. Pumps to each tank were noted immediately southeast of each manway. 

A steel pipe, approximately 4 inches in diameter, led out of the north T-40 tank about 1 

foot south of the manway; a similar pipe led fiom the south T-40 tank about 1 foot north 

of the mvway for this tank. Each pipe had been disconnected fiom the associated piping 

and was open to the vault atmosphere. Vents were noted immediately adjacent to these 

pipes. Another similar pipe entered the vault fiom the direction of Building 889 through 

the east vault wall between the two open pipes; this pipe, however, was blanked. Another 

blanked pipe, also about 4 inches in diameter, exited the vault through the north wall in the 

northeast corner. 
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Approximately 2 inches of a clear liquid covered the base of the vault and filled each of the 

tanks. Some liquid, presumably groundwater or surface water runoff, was noted on the 

vault walls. Much debris, including plastic sheeting, a medium-size garbage can, and a 

tumbleweed, lay in the vault. 

The two T-40 tanks could not be visually inspected because both were filled with liquid 

and because the sampling team could not enter the vault. The dimension of the tanks 

could therefore not be measured in the field and the reported capacity of 400 gallons each 

could not be verified. However, the as-built drawings indicate that the tanks are each 

approximately 5 feet along the north-south axis by about 7 feet along the east-west axis 

and about 4.5 feet deep; the tanks would therefore each have a capacity of about 1,200 

gallons (DOE 1981). 

Similarly, the T-40 tanks could not be directly assessed to determine the presence of 

sediment or sludge underlying the liquid. 

A Teflon@ dipper was used to remotely collect the liquid sample fiom the south T-40 tank. 

It was decided that only one sample would be collected fiom the two T-40 tanks because 

the liquid would probably be homogenous considering that the liquid could migrate 

between the tanks and liquid was observed entering the vault through the walls. 

These aqueous phase samples were analyzed for gross alpha, gross beta, U-233/234, U- 
235, U-238, Am-241, Pu-239/240, TAL, metals, TCL volatiles, and TCL semivolatiles. 

Table 3-35 lists detected constituents, reported concentrations, and sample locations for 

the tank liquid samples. Complete analytical results are included in Appendix E. 
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No organic vapors were detected With in-field instrumentation before or during the 

sampling event (Appendix F). Colorimetric tubes were used to screen for carbon 

tetrachloride and sulfbric acid, but each was below the detection capabilities of the tubes. 

Analytical results from the Tank T-40 liquid sample (TNGOOlJE) indicate the aqueous- 

phase samples contained traces of the following TAL metals: lithium, molybdenum, 

silicon, strontium, barium, calcium, cobalt, iron, magnesium, manganese, mercury, nickel, 

potassium sodium, thallium, vanadium, and zinc. Radionuclides detected were U- 

233/234, U-235, and U-238. Bis(2-ethylhexy1)phthalate was the only analyte detected 

fiom the test group TCL semivolatiles. Analytes detected fiom the TCL volatiles test 

group are 1 ,Zdichloroethene, 1 ,2-dichloropropane, acetone, PCE, toluene, and TCE. 

Water quality parameters detected include chloride, fluoride, and sulfate. TOC was also 

detected. 
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TABLE 3-1 
Background Activities of Specific Radionuclides 

Americium-241 0.01-0.05 EG&G (1992e) - 0.06 0.037 0.10 

Plutonium-239 & 240 0.009-0.05 EG&G (1992e) 0.13 pCi/g 0.084 tt 

m: 

CDPHE (1992) 
Henderson (1 987) 

CDPHE (1992) 
Henderson (1 987) 

HPGe = high purity germanium 
NR = not reported 
pCUg = picocuries per gram 
RFETS 
UTLW,W = upper tolerance limit 
t 

= Rocky Flats Environmental Technology Site 

These numbers were reported in the 'Geochemical Characterization of Background Surface Soils, Background Soils Characteriiation 
Program (BSCP), Rocky Flats Environmental Technology Site' (DOE 1995a). These values represent the 99/99 background upper tolerance 
limits (UTLss/ee) based on a normal distribution of data. 

HPGe technology is only capable of measuring plutonium-239 in the nanocurie per gram (nCilg) range. tt 

H:\WP\FLATS\OumlB3-l.mc 1w12/95 Page 1 of 1 
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Aluminum, AI 

Barium, Be 

Cesium, Cs 
cobalt, co 
Lead, Pb 

Manganese, Mn 

Potassium, K 
Silver, Ag 

Thallium, TI 

TABLE 3-2 
Target Analyte Ust Metals (Modified) 

Antimony, Sb Arsenic, As 
Beryllium, Be Cadmium, Cd 
Chromium, Cr Chromium (VI), Cf+* 

Copper, Cu Iron, Fe 

Lithium, Li Magnesium, Mg 

Molybdenum, Mo Nickel, Ni 

Selenium, Se Silicon, Si 

Sodium, Na Strontium, Sr 

Tin, Sn Vanadium, V 

Chloromethane Bromomethane 

Chloroethane Methylene chloride 

Cattmn disulfide 1 ,l-Dichlomethane 

I 

Zinc, zn I Tantalum, Ta' I 

Vinyl chloride 

Acetone 

1 , 1 -Dichloroethene 

These metals (not part of the TAL metals list) were only analyzed for at certain tanks 

Dibromochloromethane 

trans-1 ,SDichloropropene 

2-Hexanone 

1 ,1,2-Trichloroethane Benzene 

Bromoform &Methyl-2-pentanone 

Tetrachloroethene Toluene 

l92-Dichloroethene (total) I Chloroform I lI2-Dichlomethane 
I I 

2-Butanone I 1 ,l ,l-Trichloroethane I Carbon tetrachloride 

1,2-DichIompropane I cis1 ,bDichloropropene I Trichloroethene 

I I 

1 ,1,2,2-TetrachIoroethane I Chlorobenzene I Ethylbenzene 
I I 

Styrene I Xylenes (total) I 
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Benzo(a)anthracene 

Benzo(g,h,l)petylene 

Butylbenzylphthalate 

Ws(24hloroethoxy)methane 

TABLE 3 4  

J 

Benzo(a)pymne Benzo@)fluoranthene 

BenzoQfluoranthene 4-Bromophen yl-phen ylether 

Carbazole dChlom3-methylphenol 

bis(2-Chloroethy1)ether bis(2-Chloroisopropyl)ether 

Target Compound List Semivolatile Organic Compounds 

Chrysene 

1,2-Dichlorobenzene 

I Acenaphthene I Acenaphthylene I Anthracene 1 

Dibenzofuran Dibenzo(a,h)anthracene 

1,3-DichIorobenzene 1,dDichlombenzene 

3,3'-Dichlorobenzidine 

2,CDimethylphenol 

I I 

2-Chloronaphthalene I 2-Chlorophenol 1 4Chlorophenyl-phenylether 

2,CDichJorophenol DiethylpMhalate 

Dimethylphthalate Di-n-butylphthalate 

I 

Fluorene Hexachlorobenzene 

Hexachlorocyclopentadiene Hexachloroethane 

lsophorone 2-Methylnaphthalene 

CMeth ylphenol Naphthalene 

%Nitroaniline &Nitroaniline 

2-Nitrophenol 4Nitrophenol 

N-Nitrosophen ylamine Pentachlorophenol 

Phenol Pyrene 

2,4,5-TrichlorophenoI 2,4,&TrichlorophenoI 

Hexachlorobutadiene 

Indeno(l,2,3-cd)pyrene 

2-Methylphenol 

2-Nitroaniline 

Nitrobenzene 

N-Nitrosodi-n-pol yamine 

Phenanthrene 

1,2,4Trichlorobenzene - , 

I I 

2,CDinRrobenzene I 2,dDinitrotoluene I 2,&Dinitrotoluene I I I 

Dkn-odylphthalate 1 bis(2-ethylhexyl) phthalate I Fluoranthene 1 

I ....... 
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' Total Gross alpha Total Gross beta Total U233/234,235,238* 

Total Pu-239/240, Am-241 Tritium, %I- Neptunium-237- 

Cesium-1 37- Radiological Screen" 
~ 

. .  . .  

Aldrin 

y-BHC (Lindane) 

Dieldrin 

Endosulfan sulfate 

Heptachlor 

4,4'-DDD 

Toxaphene 

PCB-1232 

PCB-1254 

a-BHC p-BHC 

GBHC Chlordane 

4,4'-DDE 4,4'-DDT 

Endosulfan I Endosulfan II 

Endrin Endrin aldehyde 

Heptachlor epoxide Methoxychlor 

PCB-1016 - . PCB-1221 

PCB-1242 PCB-1248 

PCB-1260 

Isotopes U-233 and U-234 are measured together along with individual measurements of 

U-235 and U-238. - These radionuclides were only analyzed for at certain tanks; see Tables 2-1 and 2-3. 

Gross screening that all samples are subjected to before they are released from RFETS. " 

TABLE 3-6 
List of Other Organic Compounds 

(Pesticides and Polychlorinated Biphenyls) 
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Sulfate Total Organic Carbon 

Specific Conductivtty 

. .  . . ._ .., ... . . . . I  
. .  

pH (Standard Units) 

TABLE 3-7 
List of Water Quality Parameters 

I Fluoride I Nitratflitrite (N) I Chloride I 

TABLE 3-8 
List of Chlorinated Herbicides' 

Dichlorophenoxyacetic Acid (2,4-0) I Trichlorophenoxypmpionic Acid (2,4,5TP) I 
Chlorinated herMcides were only analyzed for at certain tanks; see Table 2-1 and 2-3. 

. .  
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Legend for Tables 3-9 through 3-35 

A = Validatbn qualifmr; laboratory qualifw considered acceptable 
B = lndiies compound was found In blank and sample 
D = Compounds IdenWfed uslng Secondary Dilution Factor - Organic 

I =  Interference 
J = Laboratory Qualifer: estimated value 
R = Data are rejected 
U = Analyzed; not detected atlabove method detection limit 
V = V a l i i  qualifer: valid data 
X = Result by calculation defined In GRRASP (EGBG 1991 b) 
Y = Analytical results in validation process 

= Indicated compound exceeds PRG 

** = All samples reported with positive results; no nondetects reported 
- = No background or PRG for Indicated compound 

< = lnd i ied  compound is equal to or bdow instrument detection limit 

' 

# = lndiied Compound exceeds background 

BKGND = Background 
BNACLP = Base Neutral Acid Contract Laboratory Program Method 
GRRASP = General Radiochemistry and Routine Analytical Services PrOtoCOl 

HERB8150 = Herbicides Method 8150 
IHSS = Individual Hazardous Substance Site 
MDL = Method Detection Limit 

mgkg = milligrams per kilogram 

pCUg = picocuries per gram 
pCM = picocuries per liter 

METADD = Metals Added 

OU= OperabkUnit 

PESTCLP = Pestiddes Contra& Laboratory Program 
pH = measure of addiilalkalinity 

PRG = Preliminary Remediation Goal 
SED= Sediment 

SQL= SampkQuantitationLlmk 
SMETCLP = standard Metals contrad Laboratory Program 

\ ss= surfacesdls 

TRADS= TotalRadionudides 

WQPL = Water Qualay Parameter Ust 

TCLP-RADS = Radhudldes - Tolddty Characterktic Leaching Procedure 

VOACLP = centrad Laboratoty Program V W l e  Organic Analyte Package 

I WQPL - SPCOND = water amri parameter LM - spedfic conduct~ty 
WQPL - pH Water Quality Parameter Ust - measUre Of additylalkalinity 

%REC= PefcentRecovery 

I@@= -perldkgram 
lrsn= mlcrpg-perm 

pInhos/cm= micromhospercentimeter 
1 = PROs fr#n Programmatic RM-Based P f e h h f y  Remedbtkn Goals (DOE l-) 
2 = Background from Background Solls C- Program, May 1995 (DOE l-) ; --._ ' 
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TABLE sa 
Elorehole Positive Results table 

Tank T-1 
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TABLE 3-1 1 
Surfltlal Sol1 Porltlve Result. fable 

Tank Qroup T-2 and T 3  
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TABLE 3-1 2.  
Borehole Porltlve Rerults Table 

Tank Oroup 1-2 and 13 , 

Page 1 of 6 



TABLE 3-12 
Borehole Porttlve Rerutts Table 

Tank Qroup T-2 and T 3  

H : \ W R R A f ~ H l w 0 2 . X l S  Page 2 of 6 



TAeLE 3-12 
Borehole Posklv6 Remit. Table 

Tank Oroup T-2 and T 3  
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TABLE 3-12 
Borehole Porklve RO8Ub Table 

lank OroupT-2 and T 3  
I 
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TABLE 3 4  3 
Groundwabr Q0r)thrr Results TIM. 

Tank Group 1-2 and 13 

. .  . 
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TABLE 3-14 
Tank LiquidlSmear Positive Resutts Table 

Tank Group T-2 and 1-3 
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TABLE 3-14 
Tank LlquidlSmear Posftive Results Table 

lank Group 1-2 and T-3 
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TABLE 3-16 
Borehole Positive Results Table 

Tank T-7 

H : \ W P F I . A T ~ S U ) I E E ~  l(Y41Ss Page 1 of 6 



, 

_-.. 
' ' . .\,. 

. .  . .  . .  . .  





_.'.. , .  - 
I . .  . .  . ~ . .  . .  . .  . . .  . . .  . .. 



TABLE 3-16 
Borehole Positive Results Table 

Tank T-7 
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TABLE 3-16 

Borehole Positive Results Table 
Tank T-7 
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TABLE 3-16 
Groundwater Positive Results Table 

Tank 1-7 
r 
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" rqeLE 3-17 

Borehfrls Pospve Results Table 
' frhk T d  

IRANIUM-238 0 7.98E 1 I 19.12E-1 .755(.125) :Y .555(.1) :Y 
est 0roup:VOACLP Unltr:UG/KO 
-BUTANONE 0 1.00EOl O.OOEO 9 J:Y 4 J:Y 
CETONE 10 l .ZIE81 O.OOEO 70 B:Y 62 B:Y 
'ARBON TETRACHLORIDE 0 3.96E51 OBOE0 12 :Y 5 J:Y 
MLOROFORM 1 J:Y 
l E f r m E N E  CHLORIDE 5 1.66E71 O.OOEO 18 0:Y 32 B:Y 
OLUENE 5 1.25E8I O.OOEO 1 J Y  
RICHLOROETHENE 0 5.44E6J O.OOE0 2 J:Y 

.715(.118) :Yr l ( . l@) :Y .983(.165) :Y l.U71(.1Se) :Y 1.093(.169) :Y 

. .  
87 B:Y 78 B:Y 83 B:Y 16 :Y 14 :Y 
140 :Y 8 J:Y 20 :Y 
12 J:Y 
33 B Y  15 B:Y 39 B:Y 4 J:Y 5 J Y  

5 J:Y 

, 

. "' 

. .  
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TABLE 3-18 
Tank Liquid Positive Resutts Table 

Tank T-8 

Page 1 of 1 
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TABLE 3-19 
Borehole Positive Results Table 

Tank Group 1-9 and T-10 
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TABLE 3-19 
Borehole Positive Results Table 

lank Group T-9 and 1-10 

a 
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TABLE 3-19 
Borehole Positive Results Table 

Tank Group T-9 and T-10 
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TABLE 3-20 
Groundwater Positive Results Table 

Tank Group 1-9 and T-10 

Page 1 of 3 
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TABLE 3-20 
r Groun’dwater Positive Results Table 

lank Group T-9 and T-10 

7.30E 2 I 4.77E 1 

Page 2 of 3 



TABLE 3-20 
Groundwater Positive Results Table 

lank Group T-9 and 1-10 

1 

. .  .. . 

Page 3 of 3 
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TABLE 3-22 
Borehole Positive Resub Table 

Tank Group T-11 and T30 
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TABLE 3-22 
Borehole Positive Results Table 

Tank Oroup T-11 end T-30 v 

I Page 2 of 4 
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TABLE 3-22 
Borehole Positive Resub Table 

Tank Oroup 1-11 and 130 
, 
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TABLE 3-22 
Borehole Positive Results Table 

Tank Oroup T-11 and T-30 

Page 4 of 4 



. .  

Date' Sam pled: MDL PRO I BKGNO I 11-Apr-96 
Test Group:VOACLP Units:UG/L I 
ACETONE 10 3.6SE 3 / O.OOE 0 7 J:Y 

TABLE 3-23 
Groundwater Positive Results Table. 

Tank Group T-11 and T-30 , 
. I  

CARBON TETRACHLORIDE 

ample Location: I I I 3098 
amde Identification Number: I GWGl723JE 

0 2.S&! / O.OOEO 1 21 :Y 1 

Page 1 of 1 
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TABLE 3-24 
Borehole Posltlve Results fable 

Tank Qroup 1-14 and 1-18 

I 
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TABLE 3-24 
Borehole Posltlve Results fable 

Tank Group T-14 and T-f6 
I .  

Page 2 of 6 



TABLE 3-24 
Borehole Porltlve Result8 Table 

Tank Oroup T-14 and T-16 
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TABLE 3-24 
Borehole Posltlve Results Table 

Tank Qroup T-14 and T-16 
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TABLE 3-25 
Tank SludgeLiquld Positive Resutts Table 

Tank Group T-14 and T-16N 
I 
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TABLE 3-25 
lank SludgeLiquid Positive Results Table 

Tank Group T-14 and T-16N ,. . 

. -  
. .. 

Page 2 of 2 
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TABLE 3-26 
Surficlal Soil Positive Results Table 

Tank Group 1-21, T-22, and T-27 

Page 2 of 2 
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TABLE 3-27 
Borehole Positive Results table 
Tank Group 1-21,1-22, and 1-27 
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TABLE 3-28 
Tank Uquld Porltlve Results Table 
Tank Group T-21, T-22, and T-27 



TABLE 3-29 
Borehole Positive Results Table 

Tank Group 1-24 and T-32 

sample Location: 

test Gmup:BNACLP Units:UG/KO Depth (ft) or Sample Type 

c Sample Identification Number: 
Date Sampled: MDL PRO I BKGND 

2-METHYLNAPHTHALENE 330 O.OOE 0 I O.OOE 0 
ACENAPHTHENE 330 1.06E 8 I O.OOE 0 
ANTHRACENE 330 5.32E 8 I O.OOE 0 
BENZO(a)ANTHRACENE 330 1.70E 5 I O.OOE 0 
BENZO(a)PYRENE 330 1.70E 4 I O.OOE 0 
BENZO@)FLUORANTHENE 330 1.fOE 5 I O.OOE 0 
BENZO(ghi)PERYLENE 330 O.OOE 0 / O.OOE 0 
BENZO(k)FLUORANTHENE 330 1 .7OE 6 I O.OOE 0 
CARBAZOLE 0 O.OOE 0 / O.OOE 0 
CHRYSENE 330 1.70E 7 I O.OOE 0 
OIBENZO(a,h)ANTHRACENE 330 1.70E 4 I O.OOE 0 
DIBENZOFURAN 330 O.OOE 0 I O.OOE 0 
DIETHYL PHTHALATE 330 1 .OOE 9 I O.OOE 0 
FLUORANTHENE 330 7.10E 7 I O.OOE 0 
FLUORENE 330 7.1OE 7 I O.OOE 0 

NAPHTHALENE 330 7.10E 7 / O.OOE 0 

~ 

INDENO(l,2,3-cd)PYRENE 330 1.7OE 5 / O.OOE 0 

PHENANTHRENE 330 O.OOE 0 I O.OOE 0 

61 95 61 95 6196- - I 61 96 6296 
BHG4865JE BHGSOZOJE BHGSO?’i ‘E I BHGS023JE BHG4866JE 
2l-Feb-91 10-May-96 1 0 - M n F 9 r  1O-May-96 21-Feb-91 

0.04.1 14.0-18.3 16.3-1 9.4 18.M 9.4 0.046 

51 JA 
67 J*A 

40 J:A 250 JA 
210 JA 
210 JA 
180 JA- 
150 JA 
39 JA- 

40 J:A 240 JA 

69 J:A 470 :W 
40 JA 

-- I f 1 120 JA 
I I 

43 J:A- I 360JA- ~ ~~ 

PYRENE 330 
Test Group:METADD Units:MG/KG 
CESIUM 1000 
LITHIUM 100 
MOLYBDENUM 200 

~ 

5.32E 7 I O.OOE 0 76 J:A 590 :w 

O.OOE 0 / 1267.00E 0 8.6 :Y 2.4 :Y 4.5 :Y 4.8 :Y 4 :Y 
3.55E 4 I 53.40E 0 7.1 :Y 4.8 :Y 11.9 :Y 5.6 :Y 6.5 :Y 

1.2 :Y 8.87E 3 I O.OOE 0 1.4 :Y -- 

Page 1 of 6 

LSTRONTIUM 200 1 .OOE 6 I 342.60E 0 18.7 - ,* -. 
‘TIN 200 1 .OOE 6 / O.OOE 0 5 *) 

67.9 3 97.1 :Y 73.9 :Y 25.7 :Y 
7.3 ... 4.6 :Y 

Test Group:SMETCLP Units:MGlKG 
ALUMINUM 
ARSENIC 
BARIUM 
BERYLLIUM 

I 
--L- 

200 1 .OOE 6 / 55098.00E 0 624C .‘i 7.4 J :Y 6750 :Y 5610 :Y 
10 7.09E 1 I 21.48E 0 1.3 :Y 8 2 :Y 1.37 .- 8 :Y 1.3 :Y 

200 1.24E 5 I 389.00E 0 64.1 :Y 1-9 :Y 74.9 :Y 62.7 :Y 
5 2.89E 1 I 18.80E 0 .33 :Y -- .74 .y-;.‘* ?:5 :Y .93 :Y .22 :Y 



TABLE 3-29 \ 

Borehole Positive Results Table , 
. *  Tank Group T-24 and f-32 
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TABLE 3-29 
Borehole Positive Resutts Table 
Tank Group T-24 and T-32 
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c TABLE 3-29 
Borehole Positive Results’ Table 

Tank Group T-24 and T-32 
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TABLE 3-30 
Sumcial Soil Positive Results Table 

Tank 1-29 

H W W U ~ S S S T E N X L S  1W- Page 1 of 2 





. .  
. I  . .  
, 

TABLE 3 3 1  
Borehole Positive Results Table 

Tank f-29 

' . . ., I ' , ' _  - .  . .  . .. . .._ 
. .  
: , . . .: 

Page 1 of 9 



TABLE 3-31 
Borehole Positive Results Table 

Tank T-29 

AMERICIUM-241 
GROSS ALPHA 
GROSS BETA 
NEPTUNIUM-237 
PLUTONIUM-238 

c 

PLUTONIUM-239/240 

0 2.16E 2 I 6.34E-2 2.7f 297) :\; TPp-- J .329(.053) :V# .332(.07) :V# 
0 O.OOE 0 I 44.56E 0 28.?(5.'? t) :\' 1 19.25(4.79) :V 25.29(5.64) :V --+E-, .006(.005) :V- .006(.007) :V- 
0 
0 EO1 EO .016(.008) :V- I 
0 EO1 EO .128(.031) :V- I .023(.017) :V- .028(.018) :V- 

O.OOE'0 I 55.35E 0 40.38(4.12) :\r t - - ! 41.31(4.18) :V 38.58(3.99) :V 

0 3.01E 2 I 13.21E-2 6.716(.763) :Vpc'L- .- - -Ar !---- - 381 (.152) :V# .638(.099) :V# 



. .  
. .  

TABLE 331 
Borehole Positive Results Table 

Tank T-29 

I .  
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TABLE 3 3 1  
Borehole Positive Resub Table 

Tank T-29 

! 
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TABLE 3 3 1  
Borehole Positive Results Table 

Tank T-29 
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TABLE 331 
Borehole Positive Results T&ie 

Tank T-29 . 
: . .. 

. ? .  . 
. . . .  . .  ._ .,.,I i( .. . . , .. . 
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TABLE 3 3 1  
Borehole Positive Results T;.% 

Tank T-29 

~~ - 

PYRENE 
Test OroupMETADD Unit8:MGIKG 
LITHIUM 
MOLY8DENUM 

DlBENZO(a ,h)ANTHRACENE 
DIBENZOFURAN 

7.6 B:V 6.9 B:V 

FLUORANTHENE 
FLUORENE 
INDENO(l,2,3-cd)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

STRONTIUM 
TIN 
Test Group:PESTCLP Units:UG/KG 
AROCLOR-1254 
AROCLOR-1260 

12.8 B:V 15.5 B:JA 
6 B:JA 

DIELDRIN 
gamma-CHLORDANE 

. I  
' I  

Page 7 of 9 



, . . .  
* .  . '.. : -..  : . .  

~ ~~ ~ 

ZINC 
Test Group:TCLP-RADS Units:PCl/L 
TRITIUM 

. .  

27.3 :W 34.3 :JA 

TABLE 3-31 
Borehole Positive Results Table 

Tank 1-29 . 

Test 0roup:TRAD.S Units:PCI/G 
AMERICIUM-241 
GROSS ALPHA 
GROSS BETA 
NEPTUNIUM-237 
PLUTONIUM-238 
PLUTONIUM-239/240 

I 

. O i l  (.006) :Y .001(.002) J:Y 
12.19(3.78) :Y 16.09(4.34) :Y 

24.27(3) :Y 24.94(3.05) :Y 
.002(.003) J:Y- .001(.002) J:Y- 
.001(.003) J:Y- .004(.004) :Y- 
.003(.006) J:Y .01(.007) :Y , 

\ i 

Page 8 of 9 
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-* 
Sample Location: 4696; 4696 
Sample Identification Number: BHG49Sl JE BHG4963JE 
Date Sampled: 30-Mar-96 30-Mar-96 
TRITIUM 
U RANI UM-233 ,-234 .639(.158) :Y .657(.165) :Y 
URANIUM-235 .016(.019) J:Y .021(.024) J:Y 

.694(.168) :Y .763(.184) :Y URANIUM-238 
Test Group:VOACLP Units:UG/KQ 

~ -.- - 
- -I 

2-BUTANONE 

TABLE331 . 
Bomhole Positive Results Table 

Tank T-29 

~~- - 

dMETHYL-2-PENTANONE 
ACETONE 
METHYLENE CHLORIDE 

< & - - I  
3J:A , ~ 

Test Group:WQPL Unit8:MGIKG I I "r -- 
CHROMIIIM VI 1 -. ., .-. 

.- 

: I  

, . Page 9 of 9 



TABLE 3-32 
Tank LiquidISmear Positive Resutts Table 

lank 1-29 

CALCIUM 
CHROMIUM 

. I  . .- 

- 

SO00 O.OOE 0 I O . % ~ * ~ ~ ~  
10 O.OOE 0 I 0.OOC 41.8 :JA 

Sample Location: I I I 1-29 
Samde IdentMcation Number: I TNGOOOUJE 

COBALT 
COPPER 
IRON . 
LEAD 
MAGNESIUM 

50 O.OOE 0 / O.OOF 0 I 2Q.1 B:V 
25 O.OOE 0 I O.OOE3 
100 O.OOE 0 I 
3 O.OOE 0 / O.OOE 0 

5000 O.OOE 0 ,' 0.OOE il ISS: J :V 
IMANGANESE I 15 I O.OOE0,' O.OOEO I 267 J:V I 

Page 1 of 2 



TABLE 3-32 
Tank LiquidlSmear Positive Results Table 

Tank 1-29 9 

GROSS BETA 0 O.OOE 0 / O.OOE 0 109g :Y 
0 O.OOE 0 / O.OOE 0 918.5q.27) :Y 

TRITIUM 0 O.OOE 0 / O.OOE 0 3320 :Y 
URANIUM-233,-234 0 O.OOE 0 / O.OOE 0 8.87(1 .l&) :Y 
URANIUM-235 0 O.OOE 0 / O.OOE 0 1.17(.43) :Y 
URANIUM-238 0 O.OOE 0 / O.OOE 0 31 B(2.22) :Y 
Test Gr0up:VOACLP Units:UGR I 
2-BUTANONE 0 O.WE 0 / O.OOE 0 I 24 :Y 

' PLUTONIUM-2391240 

. 

.. . 

Page 2 of 2 



TABLE 3-33 
Borehole Positive Resub Table 

Tank 140 c 

Page 1 of 4 I 



TABLE 3-33 
Borehole Posithre Results Table 

Tank 140 

Page 2 of 4 
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. 1. 

I 
1 .  
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. .  . .  
1 .  . ' .  . 
- .  . ./. 
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TABLE 3 3 3  
Borehole Positive Result8 Table 

Tank T40 . .,: 
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TABLE344 . 
Groundwater Positive Resub- T I IL~  

Tank T40 

i 
i 

Page 1 of 2 
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IRON 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 

TABLE 3-36 
lank Liquld Positive Results Table 

Tank 1 4 0  

100 0.OOECi O..!!?c P 

15 O.OOEO/, -- Q.OOE\' - 11.26:V 

40 O.OOE 8') OIKtEL: .61.2 :V 

'--TowJ :-I --- 5000 O.OOEO; 

0.2 O.OOE.0 / 4MhF f &JA 

50 
CALCIUM 
COBALT 
IRON 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 

100 0.OOECi O..!!?c P 

15 O.OOEO/, -- Q.OOE\' - 11.26:V 

40 O.OOE 8') OIKtEL: .61.2 :V 

'--TowJ :-I --- 5000 O.OOEO; 

0.2 O.OOE.0 / 4MhF f &JA 

POTASSIUM 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 
Test WOUIXTRADS Unlts:PCi/L 

5000 O.OOE 0 / Q.OOE 0 
O.OOE 0 / O.OOE 0 
O.OOE 0 / O.OOE 0 
O.OOEO/ O.OOE0 

10 
50 
20 

URANIUM-233,-234 
URANIUM-235 
URANIUM-238 
l e d  Oroup:VOACLP Units:UWL 
1,2-DICHLOROETHENE 
1.2-DICHLOROPROPANE 
ACETONE 

0 O.OOE 0 / O.OOE 0 3601(1.8) :Y 
0 O.OOE 0 / O.OOE 0 12.7(.35) :Y 
0 O.OOE 0 / O.OOE 0 48.8(.68) :Y 

5 O.OOEO/ O.OOEO 3 J:Y 
0 O.OOE 0 / O.OOE 0 8(1 J:Y 
10 O.OOE 0 / O.OOE 0 1711 B:Y - ~ 

TETRACHLOROETHENE 
TOLUENE 

~ -.- - - 

O.OOEO/ O.OOE0 
5 O.OOE 0 / O.OOE 0 
5 
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System, Removal Plans and Sections. 

U.S. Department of Energy. 1969. Eng. DWG 21641-39. Building 441 Addrtion and 
Renovation Process Waste Pit Modrfication. 

U.S. Department Af Energy. 1958. Eng. DWG. 1-5392-74, Piping To & From 30,000 

---. 
Gallon Holcing Tank. 
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EXAMPLE 2 - WATER TABLE WITHIN BEDROCK 

EXAMPLE 4 - WATER TABLE WITHIN BEDROCK AND 
TANK KEYED" INTO BEDROCK 

OWL TANK 
(M CRWND) /- 

SOIL BORING SAMPLE u)cATON 

NAm SOlL 

AND UIDDEPTH WATER TABLE SURFACE 

WATER TABLE 

EXAMPLE 5 - WATER TABLE ABOVE BEDROCK AND 
ABOVE GROUND OPWL TANK 

EXAMPLE 6 - WATER TABLE ABOVE BEDROCK AND 
TANK "KNED" INTO BEDROCK 

EXAMPLE 1 - WATER TABLE ABOVE BASE OF TANK 

SolL BORING SAMPLE mm r 
SOlL 

ONE FOOT BELOW BME OF TANK 
(OMIT IF MSTANCE FROM W E  OF TANK TO 
ALUJVIUM/EEDROCK C O N T M  IS <5 FEET) 

Id 

-- 
-.. . ..-.. . - - e . - .  - ..-.. .._. -.._.. ?..-E2 -..- Zd.." ..-.. 2 .._..- :-..2 ..-.._ ="'"-".'.".t"r.,..-..r.."~":"~~. 

DUWPLE 3 - WATER TABLE ABOVE BEDROCK, BUT BELOW 
BASE OF TANK 

.I 

hOT TO SCALE 

NO'E: IF TANK HAS BEEN 
RE~IOVED, THE SOIL BORING 
wid- BE PLACED APPROX- 

i IMATELY IN THE CENTER 
OF T H E  ORIGINAL TANK 
LOCATION. 

1 Figure 3-1 
i 

1 ou 9 
BOREHOLE DRILLING SAMPLING m n o w  

05-H-60800 I. DETMER 

FIGURE 3-1 
MlE 

7 /25 /9E 
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Figure 3-2 

Tank T-1 
Borehole and Groundwater 

Sample Locations 
\ 

Legend 

@ BoreholQMydropunch 
Sample pdnt 

TankSamples 

0 Surface Soil Sample point 

N Buildings 

N Tanks 

t4, : Fences :f 

A/ PwedRoads 

/\/' DlrtRoads 

SCALE: 1 INCH = 50 FEET 
APPROXIMATE 

N 
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Si\tVCi' 17- 
AL l.24.000 @ 

AS 47.6 @ 
E4 867 At 

CO 46.8 # 
CR 158 # 
CU 133 I 
FE 141,000 I 
K 18NO # 
MANQ 1.240 4 

AM-241 0.407 

L BE'7.5 * 

;:1ZEZ- NI 11aIt 

PB 99.4 u 
w2m 1.1 
8E4.1 d 
S R e O  b 

I V M d )  

- - %  PU 2 . m  Q 

._ ZP-SSO'r 

01295 Q 
44.9) 

AM-241 0.170 t 
W 0.747 # 
CiW0'1704JE 
AL 23,500 # 
AM-241 11.9 @ 
AS 10.4 @ 
E E l .  
GA 1,900 # 
OB 1,500 1 
K 6,360 # 
MAN0 584 @ 
PB 19.3 I 
PU 140 @ 
RA-228 150 @ 
U-2334 42.99 @ 
u-236 1.84 # 
U-238 41.86 @ 

.4 -k' 

Figure 3-3 

Tank T-I 
Analytical Results for 

Borehole and Groundwater 
Samples 

Legend 

@ BoreholeRlydmpunch 
Sample Pdnt 

a TankSemples 

a Surface Soil Sample Point 

N Buiitiings 

N Tanks 

A f  Fences 
' f  

h e d R o a d s  

hi DirtRowls 

AniWcal nwlt. a n  lndlcated b.i the chemlcnl 
OYmbOt, re&, and threshold fing. Fings are: 

PosithrsdetbctionebarnPRQ 
# Po* c!etection ab- background 
@ Podlhm dst.otlan a h  PRQ and bmkgrounc 

Esthnnted or 3. qualified ~ l u s o  am reported 
no podtivc~ detectlona. 8se amodatod dam 
tabbc far full data pneontntlon. 

SCALE: 1 INCH = 50 FEET 
APPROXIMATE 

N L 

w+E S 

, 
LIccT---.---- ._ 



--. . ... 
: . .  

014% 

I .lW 

A "0695 - 
SSOOQ595d 

0 ss001095 

ssooo695. 
soQo-795 

Figure 3 4  

Tank Group T-2 and T-3 
Borehole, Groundwater8 
Surface Soil, and Tank 

Sample Locations 

I Legend 

Sample BoreholdHydropunch point 

Tank Samples 

Surface Soil Sample point 

Buildings 

Tanks 

Fences 

Paved Roads 

Dirt Roads 

i 
I 

SCALE: 1 INCH = 65 FEET 
APPROXIMATE 

5 
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AI. 974,000 @ 

AS 430 8 
84 10.4.00 @ 

AM-24'1 0.13;! # 

BE 203 * - 
CA 417,COO d 
CD 13 t 
CO 381 # 
CR 1,400 # 
CU 1.300 # 
FIE 669.000 # 
GA 815 # 
GB 741 # 
H G 3 #  
K 93,400 # 
LI 490 I 
MANO 7,840 @ 
M G  85,000 # 
NA 30,1300 # 
NI S20@+ 
PB 1380 # 
PCE 2. 
PU 1.614 @ 

SE 21.2 # 
SI 149,000 I 
SR 1,900 # 
TIN 209 # 
u-2334 30 B, 
u-235 1.01 I 
0-238 36.3 @ 
.v 1.~70 a 
ZN 2,0101 

RA-220 39 @ 

ss2MaE 
AM-241 0.058 I 

AL 185,000 @ 
AM-241 1.011 @ 

BA 755 # 
W 2 '  
BAP2*  
BBF2. 
BE 18.4 
CO 56.8 # 
CR 179 # 
CU 136 # 
FE 137,000 # 
GA 363 # 
GB 343 # 
HG 5.6 # 
K 21,500# 
LI 102 # 
MANG 1,240 @p 
MG 20,100 # 
NA 50.200 # 

SR 88.6 I / Fp2760I PB 1410 I 
u-238 l.Osl* fi fino a- 

HQ 0.88 I / NI138# 

Ho 0.36 I 
PU 0.418 # 
TIN41 
0-238 2076 
ZN226t 

AQ 0.88 # 
BAA 1100 
BAP860. 
WFl2OOQ 
CA6S801 
cu s6.2 I 
Pu 0.234 # 
u-238 1 AS1 

Mt.1264 120 
AM-241 0.066 # 

RAP 1600 
BBF 1400 

IDP 930 
HQ 0.260 # 
wo.2691 

w 0.283 I 
U-238 1.998 # 

AM-241 0.144 # BAP740. 
CA 25.200 I -1264 430 

w640. cu =.SI  
DEAlU). 
MG 41SO # 
PU o.ioa I bnAl90~ 

(00.67 / 
Bwa4869r 
PB89.70 
w 0.21s I 

Pu 0.111 1 
N A l M I  
T L 4 l  
TN1331 
M 1060 I 

U-238 1.429 

OW01699JE 
ACL1254 9.8 * - 
AM-241 2.075 @ 
AS 61 @ 
BA 720 # 
BE66* 
CO 51.7 # 
CR 146 # 
CU 107 # 
DCP12 3 
FE 111,000 # 
GA94# 
GB 516 # 
HG 24.2 @ 
K 19.000 I 
LI 78# 
MANG 1,190 @ 
MG 17.900 # 
NA NI 140 61,200 # # 

PB 120 # 
PU 0.147 # 
RA-22611.7@ . 
SE 8.1 # 

U-2334 13.53 @ 
U-23 50.33 # 
U-238 36.5 @ 
V282@ 
ZN 549# 

.'. 
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Figure 3-5 

Tank Group T-2 and T-3 
Analytical Results for 

Borehole, Groundwater, and 
Surface Soil Samples 

Legend 

Q BorehoWHydropunch 
Sample Point 
Tanksamples 

Surface Soil Sample hint 

N Buildings 

N Tanks 

Fences :i' 
A/ PavedRoads 

/\/ Dirt Roads 

Analytical nwlt. a n  lndicotmd by th. chsmlcal 
symbol, result, and threshold flog. Flags are: 

POSitiva detection ab- PRQ 
# PopftivP detodon abova background 
@ Poclthm dvtaotlon a b  PRQ and bdtground 

Eathatad or '3- quaeffsd values am reported 
as popfthm detecttons. B.r sosodotd dam 
tabboforfull data pwmtatlon. 

SCALE: 1 INCH = 100 FEET 
APPROXIMATE 

N 

S 

I 
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Figure 3-6 

Tank T-7 
Borehole and Groundwater 

Sample Locations 

Legend 

Sample Borehdehlydropunch Pdnt 

lank Samples 

Surface Soil Sample Point 

Buildings 

Tanks 

Fences 

h e d  Roads 

Dirt Roads 

SCALE: 1 INCH = 76 FEET 
APPROXIMATE 

N 
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BA 2,700 @ 
BE31 
CLM 18 + 

CO 218 # 
CR 371 At 
CU 514 # 
DCE11 10 
QA 219 I 
GB 241 # 
HG 1.8# 
LI 215 # 
MANG 9,540 @ 
NI 442 # 
PB232At 
PCE 13 li 
SE 11.4 I 
SR 1,410 # 
TCE 170 9 
U-2334 10.4 @ 
U-235 0.3 # 
U-238 11.69 @ 
V W 6 @  
ZN 1,420 # 

02095 e 
.w 
BE 0.7 

T-7 
GWG1728JE 
MANQ 966 @ 
NA 31,800 # 
SR 274 # 
ZN 438 # 

01995 
(04.6) 
BH06M6JE 
CD 11.7 t 
(Sspiit) 

GW01731JE 
CLF 610 
CLM 17 + 

DCP12 2 
MECL 39 
PCE 10 * 

557 

Figure 3-7 

Tank T-7 
Analytical Results for 

Borehole and Groundwater 
Samples 

Legend 

@ BorehdelHydropunch 
Sample Polnt 

TankSamples 

Surface Soil Sample Point 

N Buildings 

N Tanks 

Fences 

A/ PavedRoads 

' t  

/\/ DIrtRoads 

Anawcai r o d t i  a n  indicated by the chemical 
symbol, m8uk and threshold flag. Flag8 are: 

Ebtimatd or 3' qualifiad valwa am reported 
a0 poslthm datectlona 8 a  ap.ocdated data 
t8bke for full data pnrantatlon. 

SCALE: 1 INCH = 76 FEET 
APPROXIMATE 

N 

I 
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Figure 3-8 

Tank T-8 
Borehole and Tank 
Sample Locations 

Legend 

Sample Borehuldli pdnt ydropunch 

Tank Samples 

Surface Soil Sample Point 

Buildings 

Tanks 

Fences 

Paved Roads 

Dirt Roads 

SCALE: 1 INCH = 100 FEET 
APPROXIMATE 

N 

S 
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Figure 3-9 

Tank T-8 
Analytical Results for 

Borehole Samples 

Legend 

@ BoreholeRlydropunch 
Sample Point 

Tanksamples 

Surface Soil Sample Point 

/V Buildings 

/V Tanks 

4 1 Fences : f  

A/ PavedRoads 

/\/ DiltRoads 

Analytical rowlto a n  lndkhd by the chomlcel 
symbol, result, and threshhold flag. Flag8 are: 

pwhiva dotedon ab- PRQ 
# @ PoelUve pocithr, det.otlon datadon sbovo a b  background PRQ and baclrground 

Estimated or V qualified valuea are rqmrbd 
an poaltfvo datectlana 8ee acwodated data 
tabioc for full data pnwntatlon. 

SCALE: 1 INCH = 100 FEET 
APPROXIMATE 

N 

~ 
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Figure 3-10 

Tank Group T-9 and T-10 
Borehole, Groundwater, and 

Tank Sample Locations 

Legend 

@ BoreMydropunch 
Sample Point 
Tanksamples 

Surface Soil Sample Point 

N Buildings 

/V Tanks 

/\I DhtRoads 

SCALE: 1 INCH = l’@ FEET 
APPROXIMATE 

N 

S 
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FE 218,000 # 
GA 446 # 
GI3 565 # 
HG 0.32 # 
K 31,100 # 
LI r28 # 
MANG 4,200 @ 
MECL 22 
M 0 46,400 # 
IWI 38,500 # 
NI 218 # 

PCE 12 4 

SR 1,080 # 
U-2334 29.09 @ 
U-235 1.04 # 
U-238 30.73 8 
V641@ 
PI 605 # 

Pti I 93 # Q 
104.6'1 
BHQOBBBJE 
AM-2410.185 I 
PB 58.8 # 
PU 2038 # 
ZN 270 # 

701 

8 

BA 4,280 @ 
BE411 + 

CA 429,000 I 
ctf 620 
CO 207 # 
CR 506 # 
CTCL 390 + 

cu 347 # 
FE 423,000 W 
GA 1,380 # 
OB 1,650 # 
HG 0.34 # 
K 61,200 # 
LI 250 # 
MANG 5.100 @ 
MG 75.200 # 
NA 24.000 # 
NI 449 # 
PB 364 # 
PCE 2 + 

RA-226 33 @ 
SR 1,620 # 
U-2334 17.32 @ 
U-2350.53 # 
U-238 17.42 @ \ Vl,l90@ 
ZN 1,170 #L 

zN2388 BE 0.97 
cu 99.7 # 
FE 43.200 # 
HG 0.69 # 
K 24,600 # 
MANG 1,580 @ 
MG 17,700 # 
NA 64,600 # 
PB 61.900 # 

(20-22.1') PU 2.453 @ 

BE CLF 0.74 450 + :w AM-241 0.163 a 
CtCL 1,soo * 
PCE 14 
RA-226 1.3 * 
SE 7.2 # 
U-2334 9.2 @p 
U-235 0.4 # 
U-238 6.87 @p 

-- - 
CTCL 26mo,000. U-2334 5.67 @ 

U-235 0.400 # 
U-238 5.37 Q 
ZN 911 # 

Figure 3-11 

Tank Group T-9 and T-10 
Analytical Results for 

Borehole and Groundwater 
Samples 

Legend 

@ BorehdsMydropunch 
Sample pdnt 

TankSamples 

Surface Soil Sample Po 

/2/ Buildings 

A/ Tanks 

t! 1 Fences :f 

A/ PavedRoads 

/\I DlttRoads 

I t  

Analyticnl rowftm a n  Indicated by th. ohemlcnl 
symbol, rse~~tt. and threshold flag. Fbgs nre: 

Positivn detsction sborrs PRQ 
B Posith detection ab- background 
@ FoclUva dotoodon nbom PRQ and baokground 

Entimated or 3' quaiifkd values am reported 
am posithrp ddootlona 84e sCl.0dat.d data 
tabloo for full data pruantntlon. 

SCALE: 1 INCH = 116 FEET 
APPROXIMATE 

N 
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Figure 3-12 

Tank Group T-11 and T-30 
Borehole, and Ground water 

Sample Locations 

Legend 

8 BomhddHydropunch 
Sample hlnt  

e Tanksamples 

e Surface Soil Sample Point 

N BuiMings 

N Tanks 

4 : Fences : f  

PavedRoads 

/\/ DirtRoads 

SCALE: 1 INCH = ‘I25 FEET 
APPROXIMATE 

N 
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CTCL 21 4 
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BHW968JE 
ACP 49.8 R 

BHo49jBJE 
AM-241 0.09 
P0 30.6 # 

@03395 
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106.6'1 
itm4smE 
AQ 87.4 t 
AM-241 0.241 
CU 723 t 

Figure 3-13 

Tank Group T-11 and T-30 
Analytical Results for 

Borehole and Groundwater 

Legend 

BomholsMydropunch 
Sample pdnt 

Tank Samples 

Surface Soil Sample point 

Buildings 

Tanks 

Fences 

Paved Roads 

Dlrt Roads 

Analytlcd rowlta am Indkated by the chemical 
qmbol, matt, and threshold flag. Flags are: 

poldtiva detectlan ab- PRQ 
# Podthrr detactlon ab- bsckground 
@ hsldvo d a d m  abom PRG end brolrgrond 

Eathated or -Y-titied values are reportad 
aa p o d t h  detectha 8.e assodated dam 
tabbe for full data pmeentatlon. 

SCALE: 1 INCH = 125 FEET 
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Figure 3-14 

Tank Group T-14 and T-16 
Borehole and Tank 
Sample Locations 

Legend 

@ BomhddHydropunch 
Sample pobrt 

Tanksamples 

Surface Soil Sample Point 

N Buildings 

N Tanks 

Fences 

A/ PaudRoads 

I\/' Dirt Roads 

' t  

SCALE: 1 INCH = 75 FEET 
APPROXIMATE 

N 
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6A7481 
PB 42.6 1 
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W 0.876 t 
AM-241 0.866 B 

(10-1a.T) 
BHa4928JE 
ANI-241 1.006 # 

(0.6-2.67 
BH64928Je 
AM-241 24.64 I 
EA4911 
PB 30.8 # 
PU 14.96 # 

PU 1.986 # 

e 03795 , 

Figure 3-15 

Tank Group T-14 and T-16 
Analytical Results for 

Borehole Samples 

Legend 

@ BomholaRlydmpunch 
Sample pomt 

Tanksamples 

Surface Soil Sample M n t  

N Buildings 

N Tanks 

/i ' ; Fences 

A/ PaUedRoads 

/\i DIrtRoads 

Analythl rrdtr a n  lndlcated by the charnical 
symbol. r e a ,  and threshold fbg. Flags are: 

* Posltlva detection ab- PRB 
# Poeltk detection abow background 
0 Ibdthm datedon a h  PRQ and baakground 

Eabnsasd or=? qualffled va iw am raportad 
a~ posithn detootlona 8.. assodated data 
tabko for MI data pnsmt8tlon. 

SCALE: 1 INCH = 75 FEET 
APPROXIMATE 
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Figure 3-16 

Tank Group T-21, T-22, and T-27 
Borehole, Surface Soil 

and Tank Sample 
Locations 

Legend 

@ BomMeRfydropunch 
sample hint 

TankSamples 

Surface Soil Sample Point 

A/ Buildings 

N Tanka 

Fences / i '  
A/ PavedRoads 

/\/ DirtRoads 

6.2 
SCALE: 1 INCH =HFEET 
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Figure 3-17 

Tank Group T-21, T-22, and T-27 
Analytical Results for 
Surface Soil Samples 

Legend 

@ Sample BorehdsMydropunch Pdnt 

TankSamples 

Surface Soil Sample Fu..it 

/V Buildings 

/V Tanks 

hi Fences ' *  
A/ h e d R o a d s  

A/' DittRoads 

Analytkal n 4 t 8  Indicated by the chemical 
symbol. re-, and threshold flag. Fbgs am: 

M v a  detection ab- PR6 
8 Poritlvb dotectlon ab- background 9 PmMm datadon a h  PRQ and brolrground 

Estlmatod or 3' qualified value. am raportad 
n8 podtkl d.t.ctlanr Be4 au0dnt.d data 
tabkr for MI data pwantatlon. 
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Figure 3-18 

Tank Group T-24 and T-32 
Borehole Sample 

Locations 

Legend 

@ BoreholeIHydropunch 
Sample pdnt 

Tanksamples 

Surface Soil Sample Point 

N Buildings 

N Tanks 

4 ; Fences 1,’ 

A/ PavdRoads 

/\/ DlrtRoads 
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Figure 3-19 

Tank Group T-24 and T-32 
Analytical Results for 

Borehole Samples 

Legend 

BoreholdHydropunch 
Sample Point 
Tank Samples 

Surface Soil Sample Point 

Buildings 

Tanks 

Fences 

Paved Roads 

Dirt Roads 

Analytical r o d t o  a n  lndkatod by the chemlcai 
symbol, rewlt, and threshhokl flag. Flags are: 

Podtlw detection ab- PRcl 
I Poeltb detection ab- background 
@ Pocltlva datedon a b  PRQ and background 

E a i m a t d  0r-Y quallfbd v n l w a r e  reported 
a e  poslthm datedono. B.e auodatod data 
tablac tor MI data pmsentatlon. 
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Figure 3-20 

Tank T-29 
Surface Soil, Borehole 

and Tank Sample 
Locations 

Legend 

@ BoreholdHydropunch 
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Tanks 
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A/ PavedRoads 
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Figure 3-21 
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