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Executive Summary

The results of the National Aeronautics and Space Administration (NASA) 200 Area Phase 11
Investigation Report (IR) submitted on June 29, 2015 indicated that concentrations of contaminants of
potential concern (COPC) in soil vapor at the 200 Area Hazardous Waste Management Units (HWMUs)
exceeded New Mexico Environment Department (NMED) and/or WSTF-specific screening criteria.
NASA recommended a vapor intrusion assessment of the complete vapor pathway in the 200 Area.
NASA submitted the 200 and 600 Area Vapor Intrusion Assessment Work Plan (VIAWP) on February
26, 2016, and this was approved by NMED on May 27, 2016.

This vapor intrusion assessment report (VIAR) follows a tiered vapor intrusion evaluation process. The
two locations with the greatest potential for vapor intrusion were evaluated: the 200 Area on the west side
of Building 200 at the location of the former Clean Room tank HWMUj; and, 600 Area Building 637
located near the 600 Area HWMU. Additional evaluation to determine whether soil vapor is a potential
source of unacceptable indoor air risks include a review of building foundations, building ventilation
systems, a temporal trend analysis of VOC source concentrations in groundwater, characterization of the
vertical distribution of vadose zone pore vapor, and comparison of the concentrations of COPCs in source
media (soil vapor) and exposure media (indoor air) to assess the contribution of source area COPCs to
indoor air risks.

Two semi-annual sampling events were performed in the summer (August 2017) and winter (February
2018). Soil vapor samples were analyzed using EPA Method TO-15. In the 200 Area, soil vapor samples
were collected from the shallow ports of three MSVM wells on the west side of Building 200. Indoor
samples were collected at locations in Building 200 above the subsurface footprint of the former 200 Area
Clean Room Tank HWMU and outdoor air samples were collected adjacent to Building 200. In the 600
Area, samples were collected from the shallow ports in two MSVM wells on the west side of Building
637. Indoor air samples were collected in Building 637 along with outdoor air samples at adjacent
locations. The 200 and 600 Area soil vapor risk and hazard results were combined with previous soils
risk and hazard data. Risk screening evaluations for soil vapor include both carcinogenic and
noncarcinogenic toxicity and were performed using ProUCL Version 5.2.

For the 200 and 600 Area vadose zone, TCE concentrations in soil vapor exceed the NMED VISL and in
the 200 Area, WSTF RBC as well for both sampling events. PCE soil vapor concentrations exceed the
VISL for both sampling events but are below the RBC at 25 ft bgs. The concentrations for the other
remaining COPCs in vadose zone soil vapor are below the VISL (except 1,1-Dichloroethane in the 200
Area) and RBC. Concentrations in Building 200 outdoor and indoor air samples were generally non-
detect or below 1 pg/m? for COPCs and below the VISL and RBC. Cumulatively, TCE and PCE are the
risk drivers for soil vapor. Both individual and cumulative risk was exceeded by TCE concentrations for
the residential and industrial scenarios in the 200 Area. Even though risk and hazard targets were
exceeded for soil vapor, indoor air risk and hazard were below targets. Separate contaminant suites
between indoor air and soil vapor, intact building foundations, robust ventilation systems, a generally
increasing contaminant concentration trend with depth provide evidence that vapor intrusion is not a
significant contributor to indoor air in Building 200 or Building 637.

From the Decision Rule: “If the vadose zone soil vapor concentrations exceed NMED VISLs and updated
NMED-approved WSTF RBCs, but the subsurface contribution to indoor VOC levels is below risk-based
indoor air concentrations..., then current vapor intrusion risks are acceptable.” Based on this VIAR,
NASA concludes that potential vapor intrusion into the buildings does not present a risk of
industrial/occupational exposure to personnel, and no additional investigation or vapor intrusion
mitigation is required.

The use of trademarks or names of manufacturers is for accurate reporting and does not constitute an official endorsement
either expressed or implied of such products or manufacturers by the National Aeronautics and Space Administration.




The risk screening performed for this VIAR is not intended to be complete at this time, as continued
monitoring is planned for the 200 and 600 Areas. NASA will perform continued risk and hazard
screening, including soil-to-groundwater and an ecological assessment in accordance with the current
NMED RA Guidance, Volumes I and II at an appropriate time to make corrective action decisions or to
seek closure. At that time, NASA will provide a risk report in accordance with the WSTF Permit Section
6.5.

The use of trademarks or names of manufacturers is for accurate reporting and does not constitute an official endorsement
either expressed or implied of such products or manufacturers by the National Aeronautics and Space Administration.




Table of Contents

EXECULIVE SUIMIMATY ....c.uiiiiiiiiiiiieieeseeeteeie ettt e te st e st e et e esse e seessaesssessseasseessaesseesssesssesssesnsessessseesseesnsenns il
TADIE OF COMERIES ...ttt ettt sttt h et b e e et et e bt et e st e e bt et e sbeeat e besbe et e beesteneeebeenaenees v
List 0f FIgUures and Tables.........c.vivuiiiiiiieiie e eie ettt eveesveesteestreeaveeaveesbeesbeessesssesssessseensesssens viil
LISt O ACTONYIMIS ..eeutiiiiiieeiieeeieeette ettt e ettt e ettt e et e e bt eesbeesstbeessbeesssaeessseesssaeessseesssesasssaessseeassseessseesnsseesssennns X
L0 IIEEOAUCTION ..ottt ettt et b e et e e b et sb et e b e sb e et e bt eatetesbeeneenees 1
1.1 Facility Location and DeSCriPON.........cccuireiieiieeriieriierieseeeie et eieeseeseeseeeesseeseesseesseessaesnsesnseenns 1
1.2 WSTF 200 Area and 600 Area Closure COnditions...........ccceeeeriereerieneseeiene e 1
1.3 Regulatory REQUITEIMENLS. .......ecvieiieiieiieriiesie e ettt esitesete st e eeeeseeseessaeseaessaesssesnseenseesseesssesnses 2
1.4  Purpose and Method of Vapor Intrusion ASSESSMENT ...........cccveeeurerieerieereereerienieeieeseeesseeseeenenes 2
1.5  Vapor Intrusion Screening Levels and Risk Based Concentrations.............ccceeveeveevreeneenvennvennn. 4
1.6 Vapor INtrusion PAthWay .........ccccccviiiiiiiiiieiic ettt staestbeeabeebeebeesbsesssenenas 5

R A Y (5175 To T (0] (oY U F PP 6
2.0 BaCKGIOUNA.....cciiiiiiiieiiece ettt ettt e et stbe s tbeesbeesbe e beestbesebeesbeesseessaestaesabeerreenbeenns 6
2.1 S01] Vapor CONtamMINAtION .......c..cceerreerierresriereereesseesteesseessessesseessessseesssesssesssesssesssesssesssessseens 6
2.2 Rationale For Selection of Buildings for Vapor Intrusion Assessment ............ccccceeveereenrereennnn 8
23 OPeratioNal HISTOTY ... .coueiteiiitieieriieiee sttt st st st 9
2.3.1 OB (e I AN A L USRS 9
2.3.2 600 ATCA ACHVITIES ...vveiiirieetiieetie et ettt e eteeeetteeeveeeeteeeeebeeeeteeesaseesaseeessseesaseeessseesnsesesseesaseas 9

24 Environmental SEtHNZ.........cooveiiriiiinirieereetest sttt sttt ettt 10
2.4.1 200 Area and 600 Area Surface CONAItIONS.........ceoverueeuieriereeiere et 10
242 200 Area and 600 Area Subsurface CONAItioNnS .........cevereereeeierereeiene e 11

2.5 200 Area and 600 Area HWMU DeSCIIPtion......cccevuereeriiniirieniinieeienieeteie et 12
2.5.1 200 Area Clean Room Tank Location and USE ..........ccceecerieieiiiieiieneeieeecee e 12
2.5.2 600 Area Surface Impoundments Location and Use...........ccecevvevieiieniienieneennenne e 12

2.6 Previous Vadose Zone Investigations Delineating Contaminant Distribution................ccccceu.e... 12
2.7 Contaminants of Potential CONCEIM .........ccouieiuiiiieiieeiieieeiterte ettt ettt e beesaee e 12
2.8 Site Conceptual EXposure MOdEL...........cccvviviiiiiiiiieiieciicieeie ettt ere et seneseneeenas 13
2.8.1 CONtAMINATION SOUICES ......veeueeeuiieieerteerttesttesteeteerteesteesteeestesaeeenbeenbeeseesseesseesatesaseenseeseenne 13
2.8.2 Release MEChANISITIS .......ccueiuiiiiiieieieci ettt sttt 13
2.83 Potential Exposure Pathways and ReCEptors .........ccveviiviiiiiiiieiiceeeeceece e 13

3.0 SCOPE OF ACTIVITIES ..veeeeieeiirieeiieesteeesteeeteeetee e teeeteeestseessseeesseessseeassseesssaeassseessseesssesenssesssseeensses 14
3.1 Data QUALILY ODJECLIVES ...ccuvervieiieiieieestiestesete st et et esteesteestaessressseanseesseesseesssesssesssesnsesnsessseens 15
3.1.1 Problem StAteMENTS. .......ccouiiiiiiriieieecee ettt sttt 15
3.1.2 SHUAY GOAIS ...icvvieiieiieeiie ettt ettt e st e e te e e tveebeesbe e baessbesebeesseesbeeseestnesssesssesnns 15
3.1.3 INFOTmMAtion INPULS.......ceoiiiiieie ettt ettt e st e e et e e be e e e sseessaesnseenseenseesaens 16
3.1.4 Spatial EXtent Of ASSESSMENL.......c.cevuiriieciieiiieriieniesteeite et esteessteseaeseeeseeseesseessaessnesnsennns 16
3.1.5 DECISION RUIE....oeiiiiiieee ettt ettt et eees 16

3.2 ASSESSIMENE ACHVILIES .eueetieeieiietieietiettete et e et ete e e et este st e ese e e eteeneaseeseense st eneeseeseensesseeneensens 17
3.2.1 Vadose Zone Soil Vapor Sample Locations and Schedule.............cccooveeviiniinieiiieiienne 17
322 Indoor and Outdoor Air Sample Locations and Schedule............c.ccoovevieviiiiiiiciiiiiciieien, 18
3.2.3 SaMPUING PrOCEAUIES. .....ccviiiiiiieiieciece ettt tae b e rb e b e et e e staeseaeesne e 18
324 ANALYHICAL TaASKS....eeutiiiiiieiiiee ettt e 19
325 Health and Safety ........cocuoiiiiiii et 20
3.2.6 Field DOCUMENEALION. ......ccuiiuieiiiieieie ettt ettt ettt et eee et e s eaeeeeeseeneeeees 20
3.2.7 Investigation-Derived Waste Management Plan...........cc.ccoocveiieiiiiiinienienecicce e 21

4.0 Field Data Collection, Assessment, and REVIEW .............oooviiiiiiiiiiiiiiiie e 21
4.1 Project DOCUMENTALION. ........cciiiiieieeieeieestesteete et ebeeteesreestaeseaessbeesseesseesseesssesssessseasseessanssenns 21
4.2 Building Walkthrough INSPeCtiONS ...........cceevieriiiiiiiiiieriiesiieseeseeereereereeseeseeesenesssessseeseesseens 21
4.2.1 BUIlAINg 200......ccueeiiieiieieie ettt sttt sttt et a et e st e beereens e teenaeseeneensennes 22

200 and 600 Area Vapor Intrusion Assessment Report \



4.2.2 BUILAING 037 ...ttt sttt sttt 23

4.3 Preparation Of BUIlAINGS ........cccccieeiiiiiieiiieiecieresie ettt sreeve et e e snsesnseenseenseens 24
4.4  Field Preparation and SAmMPIINgG.........cccecvervierieiiiiieiieeieerieesee e sresre e eseesseesseesssesnseenseensaens 24
4.4.1 Summer Semi-Annual Sampling Event (August 2017) .....cccovevieiiieiieieereecee e 24
442 Winter Semi-Annual Sampling Event (February 2018).......c.cccveviiiiieiieiiiiiecieeieeieeiens 24

4.5  Vapor Intrusion Assessment SAMPING .........ccccevvireieriiiirierierie e ere ettt seeseeeeeeseesseens 25
4.6 Vadose Zone Soil Vapor SAMPIING........c..ccveiveiiiiiiiiirieriienieeieesreereereereesseesssesssessseesseessesssenns 25
4.7  Indoor and Outdoor Air SAMPIINE .......cccveerrieiieiiiiiieteete et eseesreereereereebeestseseaeseseesseesessseens 26
4.8 SOOIl SAMPIING....eeueiiiiiiieeie ettt et e st e st e et e e be e seessaessseesseenseenseessaessnesssesnsennns 26
4.9  Off-site Laboratory Data........ccccceeeiieiiieiiieiieriesiesie ettt e see st e steebeeseesseesseesnseenseenseenseens 26
4.10 Data Assessment and REVIEW ........ccooiiiiiiiiiiiii ettt 26
5.0  Summary of Soil Vapor, Outdoor Air, and Indoor Air Data ..........cccceceeveniiiininiiniiieenceeene 28
5.1 200 Area Soil Vapor, Outdoor Air, and Indoor Air Sampling.........cceeeveeverierienienienieeieeniens 28
5.1.1 200 Area Soil Vapor Analytical ReSUILS.........ccevviiviiiiieiiiiiicie et 28
5.1.2 Building 200 Outdoor Air Analytical RESUILS.........c.ccoveeviiiiiiiiieiiereeeerese e 29
5.1.3 Building 200 Indoor Air Analytical Results ..........cccceviriieniniiiiniiiicececeeece e 29
514 Building 200 Trends and ObSETVATIONS.........cocueruerueerieniirienieniteie sttt sttt 30

5.2 600 Area Soil Vapor, Outdoor Air, and INAOOT Al ........c..cceerieerieiieiie e ereereeseeens 30
5.2.1 600 Area Soil Vapor Analytical Results ..........ccccooieviriniininiiiiiiiciceescecseeee 31
522 Building 637 Outdoor Air Analytical Results.........cccccoervieniniiiininiininiccceceee 31
5.2.3 Building 637 Indoor Air Analytical ReSUILS ..........ccceeviiiiiiiiiiiciiceeeeee e 31
524 Building 600 Trends and ODSEIVAtIONS..........cc.eevvieriiereereeireereereesreeseeseresresseesseesseesseens 31

5.3  Potential Bias due to Field Sampling Conditions ............cccceereerierienienieeieeieeseesee e 32
6.0 Screening Level Risk Assessment, Uncertainties, and Lines of Evidence ...........c.cccocvevienirannnnnn, 32
6.1 Screening Level RiSK ASSESSIMENL .......c.ecviiiieriieriieiieete e ereeieesteesaeseressreesseesseesseessnesssessseenns 32
6.1.1 200 Area Screening RiSK ASSESSIMENL. ......cc.uiiuieriieriierieniierieeee ettt sreesite st eeeeseeeseeens 33
6.1.2 600 Area Screening Risk ASSESSIMENT.........ccviiriiieiiieiieiierieeie ettt 36

0.2 UNCEITAINMEIES -.euviuieieetieiiete et ete et et et et et ete e e bt eut et e es e e st e teese e teeteemeeseeseens e st entenseeneenseseeeneasens 38
6.2.1 Constituents without Published Screening Values...........cccevvereiiniieiienieneenee e 38
6.2.2 SMAIL SAMPLE SIZES...eecvvieeiieiieiieiieeie ettt e seestesreebeeteesseessaessseenseesseessaesseesssenssennns 38
6.2.3 Industrial Pathway Sample Depths .......c.ccocoviiiiiiiiiiiiiiecieeeeeee et 39
6.2.4 Large Dilution and Elevated Detection LImits ..........ccccevvveiiiiiiieriieniieiesieeieere e 39

6.3 LiNeS OF EVIARIICE ..eotiiiiiiiiieieiet ettt sttt ettt et ettt st eaee b 39
6.3.1 Conservative Risk Using Maximum Concentrations ..........c.cccueiveeveerveesreeseeseesneennesneenns 39
6.3.2 Soil Vapor Vertical Concentration Profiles ...........cccceeviieiiiiiiiiiniecieeeeeecee e 39
6.3.3 Integrity of Building SIabs.........c.cecieiieriiiieiieeie ettt eneee s 42
6.3.4 VeNtilation SYSTEIMIS ....cccuiiiiieiieiieetieiiesiteste et ettt e e ee st e staeseteesbeenseesseesseesssesnseenseenseenseens 42
6.3.5 Personnel Management PraCtiCeS........cueiviiiiiiiiviieriieiieiiiesireereereereesteesiresaesneeveeseesseens 42
6.3.6 Indoor Air Quality — RiSk t0 WOTKET ......c.cooiiiiiiiieiieiecicee e 43
6.3.7 Concentration Ratios of Detected Constituents in Soil Vapor and Indoor Air................... 43

6.4  Assessment of Worker Risks for Occupants of Buildings 200 and 637 .........c.cccceevveeveereennenne. 44
7.0 Summary and CONCIUSIONS..........cccviiciiiiiirieitiereeseesteereereesre et esteesebesebeesseessessseesseesssesssesssesssennns 44
7.1 Summary of Soil Vapor, Outdoor Air, and Indoor Air Sampling and Screening Criteria.......... 44
7.2 (07073T6] 1 107 o TSROSO 45
7.2.1 200 AT ...ttt ettt ettt ettt ettt ettt e s bt e bt e ea et et e bt e bt e bt e e beesae e et e ebeenbeens 45
7.2.2 GO0 ATCA....ecuiieieeieiieiieieete ettt et et e et et e et e steseestessesseessessesssessasseessenseaseensesseensensesseensansens 46

8.0 ReECOMMENAALIONS ......uiiiiiiiiiiiiiciiecte ettt ettt e e et e et e e ebeeeteeesabeeebseesaseeeaseeeeseesnresennes 47
L S (5 (<) 117 TSRS 48
FRGUIES ..ottt ettt e st e v e b e et e et e e bt e s ebeesbeesseesseessaesaaessbeasseasbeesseessaesssessseasseesseensaeraans 53
TADIES ..ot ettt e et e e tb e e e ta e e etbe e e beeetbaeebae e tbeeabeeetbeeaabeearaeennbeeereeenreas 70
Appendix A Pre-Sampling Building Inspection FOTmMS ..........cccccveiiriiiviiinieniesie e A-1

200 and 600 Area Vapor Intrusion Assessment Report vi



Appendix B Pre-Sampling Building Walkthrough Photographs ............cccccceevienieiieiiiiciecieeeecieeeieeene. B-1

Appendix C Quality ASSUTance REPOTLS .......cccuiriiiiiieriieriierie ettt ettt see e sereese e e esseesseesenessnesnseenne C-1
Appendix D UCL95 Results for Cumulative Risk ASSESSMENL.........cccvevvverierieiiiniieieerieesee e e D-1
Appendix E Soil Vapor Vertical Concentration Profiles ..........ccccoeviiiiiiiiiinienienieciecie e E-1

200 and 600 Area Vapor Intrusion Assessment Report vii



List of Figures and Tables

Figure 1.1
Figure 1.2
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 3.1
Figure 3.2
Figure 5.1
Figure 5.2
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4

Table 1.1
Table 3.1
Table 3.2
Table 4.1
Table 4.2
Table 4.3

Table 4.4
Table 5.1

Table 6.1
Table 6.2
Table 6.5
Table 6.6
Table 6.7
Table 6.9
Table 6.10
Table 6.11
Table 6.12
Table 6.13

Table 6.14

Table 6.15
Table 6.16
Table 6.17
Table 6.18
Table 6.19
Table 6.20
Table 6.21

WSTEF LOCAION IMAP ...veeeiieieiieiieiieieesite ettt esieesteessaeseaessseesbeesseesssesssesssesnsesnseessanns 54
Vapor Intrusion Assessment Building Location Map........c..ccceecveeivenieniencienieeieeieeniens 55
Freon 113 Soil Vapor and Groundwater Concentrations (Oct-14) ........ccccccvveevrevivenieennnnns 56
Trichloroethene Soil Vapor and Groundwater Concentrations (Oct-14)...........cccceeveeneee 57
Tetrachloroethene Soil Vapor and Groundwater Concentrations (Oct-14) ..........ccceeue.. 58
Building 200 Site CONAItIONS.........ceciierierierieeiieiierieeseeseeereereesteesseesseesssesssesseesseesseens 59
Building 637 Site CONAItIONS.......c.ccoveiriirieiierieirieseeseeereereereesreesreesesessseseseeseessessseens 60
Site Conceptual EXposure Model..........cccveiiiiiiiiiiiiiieeeeeee e 61
West Building 200 Soil Vapor and Air Sampling Locations...........cccceeevverveecveesivenieennnnns 62
Building 637 Soil Vapor and Air Sampling Locations ..........c.ccceevvevvenvenieeieenieenieenneens 63
West Building 200 Soil Vapor and Air Sampling Locations and Analytical Results....... 64
Building 637 Soil Vapor and Air Sampling Locations and Analytical Results................ 65
Revised Site Conceptual EXposure Model...........coveiiiiiiiiiieiieniieieesiecieere e 66
WSTF Background Soil Area Map.......c.cccveeiieriieniieiieiie e et e s sresreeeveeveesveesreens 67
200 Area Soil BOring LOCAtioNS ..........ccoeeierireiieninieienieeeesteesie et 68
600 Area Soil Boring LOCAtIONS ....c..ooueeiiriiiiiiiiieienieeteei et 69
Comparison of Soil Vapor and Air Concentration Guidance Levels..........c.ccecevereennne. 71
Soil Vapor Monitoring Well Sampling Locations ............ceccveevieriecrienienienee e e eveenns 72
Indoor and Outdoor Air Sampling LoCatioNnS .........ccccecvververriecrieiieneeseeseesre e e eneenns 73
Product Inventory Form for 200 Area Building 200 on 6/21/2017 ......cccveeivecivenveniiennenne 74
Product Inventory form for 200 Area Building 637 on 6/26/2017 ........cccocveieiveeeiernnne 76
Summary of 200 Area Building 200 and Vicinity Soil Vapor, Outdoor Air, and Indoor
Air Analytical RESUILS........cooiiiiiiiiiii ettt e 77
Detection Limits Exceeding Screening Levels Well 200-LV-150 .........cccoccvvieniiniennen. 82
Summary of 600 Area Building 637 and Vicinity Soil Vapor, Outdoor Air, and Indoor
Air Analytical RESUILS. .......cooiiiiiiiiei ettt 83
200 Area Soil Vapor: Residential Cancer Risk (VISLS)......cccceevieiiiiiiieiiinienieieeeeeen 89
200 Area Soil Vapor: Industrial Cancer Risk (VISLS) ....ccocvevvevieiciiiiieiierieeecve e 89
200 Area Soil Vapor: Residential (Noncancer) Hazard Index (VISLS)......cccocvevverveennen. 90
200 Area Soil Vapor: Industrial (Noncancer) Hazard Index (VISLS) .....cccceveevieniennne 91
200 Area Soil Vapor: Residential (Noncancer) Hazard Index (RBCS)........ccccceveerinnnnne 92
200 Area Indoor Air: Residential Cancer Risk (VISLS)....c..cocevieviievieniiiiecieeieeieeiens 93
200 Area Indoor Air: Industrial Cancer RisK.........c.ccocevininiiiiniiiiniceee, 93
200 Area Indoor Air: Residential (Noncancer) Hazard Index (VISLS) ......cccccceevverivennne 94
200 Area Indoor Air: Industrial (Noncancer) Hazard Index (VISLS).......ccceevevveecveennenns 96
200 Area Soil Maximum Concentrations vs. Background Threshold Value (BTV)
COMIPATISON ... teeuveeeiietieseieeteeteeteeteesteeseaesseeseseanseesseenseesseessseanseanseenseensaensaesssessnesssennsennes 98
200 Area Essential Nutrient Soil Maximum Concentrations vs. Background Threshold
Value (BTV) COMPATISON.......coiiriieirieiireirieriereesteesteeseeeaeeseeseesseesseesssesssessesssesssessseens 99
Population Comparison of Background and 200 Area Soil Data ..........cccceeeeieneneenenne. 99
200 Area Soil: Residential Cancer RisK..........ccceeoieriiiinininiiniiieeceee 99
200 Area Soil: Industrial Cancer RiSK ........cccoeieiiiiiiiiiieeee e 99
200 Area Soil: Residential (Noncancer) Hazard IndeX..........cccocevvvevienieneenienieenee, 100
200 Area Soil: Industrial (Noncancer) Hazard IndeX .........ccccceveeeeiiiiniienieneenienieeieene, 100
200 Area Cumulative Residential Risk and Hazard; All Pathways........c..cccceevveveennennne. 100
200 Area Cumulative Industrial Risk and Hazard; All Pathways...........ccccceeevveveennenee. 100

200 and 600 Area Vapor Intrusion Assessment Report viii



Table 6.22
Table 6.25
Table 6.27
Table 6.29
Table 6.31
Table 6.33

Table 6.34

Table 6.35
Table 6.36
Table 6.38
Table 6.40
Table 6.41
Table 6.42

600 Area Soil Vapor: Residential Cancer Risk (VISLS)......ccccoevvevieiiievieciceieeeeieeene. 101
600 Area Soil Vapor: Residential (Noncancer) Hazard Index (VISLS).........cccccvvueneee. 103
600 Area Soil Vapor: Residential (Noncancer) Hazard Index (RBCs)...........ccccvenenneee. 106
600 Area Indoor Air: Residential Cancer Risk (VISLS) ...c.covevieviiiiieiecceeciecieeeieen, 110
600 Area Indoor Air: Residential (Noncancer) Hazard Index(VISLS) ......c.ccccveevvenneneee. 111
600 Area Soil Maximum Concentrations vs. Background Threshold Value (BTV)
COMMPATISON ... uvveeiereeeiieeeiteeetteesteeeseeestseesbeeesseasssaeessseessseesssseessseesssssensseesssssasssessssenans 113
600 Area Essential Nutrients Soil Maximum Concentrations vs. Background Threshold
Value (BTV) COMPATISON......cccuirriieriieniierienieeieeieeieesieesieesseeseaessesseesseesseesseesssesssesnses 115
Population Comparison of Background and 600 Area Soil Data ............ccccoevverveennnnee. 116
600 Area Soil: Residential Cancer RisK..........cccoiiriiiiiieiiieeeeeeeeeee 117
600 Area Soil: Residential (Noncancer) Hazard IndeX..........ccocceeveviriiiinienienienieeiee. 118
600 Area Cumulative Residential Risk and Hazard; All Pathways...........cccccoevvneenene. 120
600 Area Cumulative Industrial Risk and Hazard; All Pathways.........c.ccccceveverveeneannenn 120
Summary of F113 and TCE Vertical Concentration Profiles for Select 200 and 600 Area
WRILS ettt et ettt ettt e et e e ab e e te et e e te e teeenaeenteenteents 121

200 and 600 Area Vapor Intrusion Assessment Report X



List of Acronyms

ug Microgram

ngkg Micrograms per kilogram

ug/L Micrograms per liter

AOI Area of Interest

bgs Below ground surface

BTV Background Threshold Value

CAP RCRA Corrective Action Program

CFR Code of Federal Regulations

CH4 Methane

CcO2 Carbon Dioxide

CoC Chain-of-custody

COPC Contaminant of Potential Concern

DQOs Data Quality Objectives

EDD Electronic Data Deliverable

EPA Environmental Protection Agency

Freon 11 Trichlorofluoromethane

Freon 113 1,1,2-Trichloro-1,2,2-Trifluoroethane

ft Feet/foot

GCL Geosciences Consultants, Ltd.

GMP Groundwater Monitoring Plan

GSA Gardner Spring Arroyo

HAZWOPER Hazardous Waste Operations and Emergency Response
HIS Historical Information Summary

HVAC Heating, Ventilation, and Air Conditioning
HWB Hazardous Waste Bureau

HWMU Hazardous Waste Management Unit
HWTL Hazardous Waste Transmission Line

IDW Investigation-Derived Waste

in. Inch(es)

IR Investigation Report

IWP Investigation Work Plan

JDMB Jornada del Muerto Basin

m Meter

MSVGM Multiport Soil Vapor and Groundwater Monitoring
MSVM Multiport Soil Vapor Monitoring

NASA National Aeronautics and Space Administration
NMED New Mexico Environment Department

02 Oxygen

ODEQ Oregon Department of Environmental Quality
PCC Post-Closure Care

PCE Tetrachloroethene

PDF Portable Document File

PEL Permissible Exposure Limit(s)

PID Photoionization Detector

PPE Personal Protective Equipment

ppm Part per million

PVC Polyvinyl Chloride

QA Quality Assurance

QC Quality Control

200 and 600 Area Vapor Intrusion Assessment Report



RBC
RCRA
SAM
SCEM
SHP
SOP

sq ft
SSL
SVE
SWMU
TCE
TPH
TWA
UST
VIAR
VIAWP
VISL
VOC
WSTF

Risk-Based Concentrations

Resource Conservation and Recovery Act

San Andres Mountains

Site Conceptual Exposure Model
Safety and Health Plan

Standard Operating Procedure
Square foot/feet

Soil Screening Level

Soil Vapor Extraction

Solid Waste Management Unit
Trichloroethene

Total Petroleum Hydrocarbons
Time Weighted Average
Underground Storage Tank

Vapor Intrusion Assessment Report
Vapor Intrusion Assessment Work Plan
Vapor Intrusion Screening Level
Volatile Organic Compounds
White Sands Test Facility

200 and 600 Area Vapor Intrusion Assessment Report

xi



NASA White Sands Test Facility

1.0 Introduction

National Aeronautics and Space Administration (NASA) submitted the results of the 200 Area Phase II
Investigation Report (IR; NASA, 2015b) to the New Mexico Environment Department (NMED)
Hazardous Waste Burecau (HWB) on June 29, 2015. The IR described the most recent phase of a
comprehensive 200 Area vadose zone investigation and included the results of the comprehensive soil
vapor sampling event in the 200 and 600 Areas conducted in October 2014. Based on the results of the
IR, NASA proposed a quantitative assessment of the potential complete vapor intrusion pathway for the
Building 200 foundation near the location of the former Clean Room underground storage tank (UST;
also known as the 200 Area West Closure hazardous waste management unit [HWMU]). NMED agreed
with NASA’s intent to address potential complete vapor intrusion pathways in their approval with
modifications for the IR on November 30, 2015 (NMED, 2015b).

The additional assessment of potential vapor intrusion in the 600 Area was proposed following written
communications between NASA and NMED. On April 16, 2015, NASA submitted the 600 Area Perched
Groundwater Extraction Pilot Test Interim Status Report — Project Year 2 for NMED review (NASA,
2015a). NMED approved the report with modifications on July 15, 2015, and required further
investigation of the source of contamination at or near the HWMU (NMED, 2015a). NASA has already
performed several investigations at the 600 Area HWMU, and concluded there is not a continuing source
of contamination in the vadose zone beneath the HWMU. In a November 25, 2015 letter to NMED
(NASA, 2015d), NASA included a summary of the environmental investigations performed at the 600
Area HWMU, the findings of those investigations, and the NMED responses to NASA’s conclusions.

However, it has yet to be determined whether the presence of volatile organic compounds (VOCs) in soil
vapor presents a risk to human health. Building 637, located southeast of the Closure, is the closest
potential structure that could provide a current pathway for receptor exposure in the 600 Area.

1.1  Facility Location and Description

NASA Johnson Space Center White Sands Test Facility (WSTF) is located at 12600 NASA Road in
central Dona Ana County, New Mexico. The site is approximately 12 miles northeast of Las Cruces, New
Mexico and 65 miles north of El Paso, Texas (Figure 1.1). The WSTF U.S. Environmental Protection
Agency (EPA) Facility Identification Number is NM8800019434. The facility has supported testing of
space flight equipment and hazardous materials since 1964. WSTF contains five closed HWMU s that are
under post-closure care (PCC) and 37 solid waste management units (SWMUs) within the 200, 300, 400,
and 600 Areas. PCC requirements are specified by the NASA WSTF Hazardous Waste Permit (Permit)
issued by NMED (2023). Specific regulatory requirements are discussed in Section 1.3.

1.2 WSTF 200 Area and 600 Area Closure Conditions

The field activities performed for the vapor intrusion assessment did not compromise the integrity of the
200 Area former Clean Room Tank HWMU. The original closure cap was removed when the building
extension was constructed in 1991. The 200 Area former Clean Room Tank excavation cannot be
accessed as it is located under Building 200 which is still in operation. Multiport soil vapor monitoring
(MSVM) well 200-SV-05 and multiport soil vapor and groundwater monitoring (MSVGM) well (200-
LV-150) are located adjacent to the building. Their installation and sampling do not affect the closure cap.

Activities in the 600 Area for this assessment also did not compromise the integrity of the 600 Area
closure cap. As directed by NMED, MSVM wells 600-SGW-2, 600-SGW-5, and 600-SGW-6 were
installed through or adjacent to the cap during previous investigations, and no new wells were installed
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for this assessment. No unintentional damage to either of the HWMU closures was identified during a
post-assessment evaluation of closure conditions.

1.3 Regulatory Requirements

The Permit requires that NASA investigate and address historical releases of hazardous waste and
hazardous constituents that may have occurred at sites throughout WSTF as part of the Resource
Conservation and Recovery Act (RCRA) corrective action process (CAP). The CAP consists of
investigation, characterization, and, if necessary, cleanup. The principal components of the CAP are:

e RCRA Facility Assessment.

e RCRA Facility Investigation.

e Interim Corrective Measures (if necessary).

e Corrective Measures Study (if necessary).

e Corrective Measures Implementation (if necessary).

NMED guidance requires that a quantitative vapor intrusion pathway assessment be performed where a
“complete pathway” category exists (NMED, 2022¢). The Permit (NMED, 2023) does not include
cleanup standards for soil vapor. However, NMED has issued the latest Risk Assessment Guidance for
Site Investigations and Remediation Volume I (NMED, 2022c¢) and has directed NASA to use this latest
guidance to provide specific information on the development of screening levels for soil vapor
contaminants and for evaluating exposure pathways and receptors. These are termed WSTF risk-based
concentrations (RBCs; NASA, 2019a, 2017a) (Table 1.1).

In the event the assessment indicates a complete pathway and unacceptable risk is present at either of the
two target building locations in the 200 and 600 Areas, NASA would be required to work with NMED to
perform a corrective measures evaluation in accordance with Section 3.12 of the Permit.

NMED presented the available vapor intrusion screening assessment criteria alternatives in their
November 30, 2015, 200 Area Phase 1l Approval with Modifications (NMED, 2015b). In accordance
with an NMED recommendation (NMED, 2015b), NASA updated existing RBCs using available 2018
data in conjunction with the pre-assessment planning and preparation activities for this vapor intrusion
assessment. Updated RBCs were available for use as a component for this vapor intrusion screening
assessment.

NASA routinely collects groundwater samples from a comprehensive network of monitoring wells at
WSTF in accordance with the NMED-approved Groundwater Monitoring Plan (GMP; NASA, 2017b).
Groundwater samples are collected for the analysis of the following primary constituents: VOCs; n-
nitrosodimethylamine, bromacil, and metals. In addition to routine groundwater samples required by the
GMP, samples for other chemical analyses are frequently collected at many of the groundwater
monitoring wells. Because these samples are not a direct requirement of the GMP, the results of these
analyses are provided in the appropriate project-specific report. This Vapor Intrusion Assessment Report
(VIAR) was prepared in response to NMED’s approval (NMED, 2016a) of the 200 Area and 600 Area
Vapor Intrusion Assessment Work Plan (VIAWP; NASA, 2016b).

1.4 Purpose and Method of Vapor Intrusion Assessment

The process to assess and remediate vapor intrusion in buildings (if required) involves a tiered approach.
Firstly, source area vadose zone soil and groundwater VOC concentrations are compared to available
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regulatory standards, in this case the NMED Soil Screening Levels (SSLs; NMED, 2022¢) and WSTF
groundwater cleanup levels (GMP; NASA, 2017b). Secondly, concentrations of VOCs in soil vapor are
compared to the latest NMED Vapor Intrusion Screening Levels (VISLs) (NMED, 2022c) and WSTF
RBCs (NASA, 2019a). Both of these comparisons were performed for the original submittal of this
report, 200 Area and 600 Area Vapor Intrusion Assessment Report, dated June 2018. However, as noted
by NMED (NMED, 2019) in comments to the original submittal, these comparisons did not constitute a
complete risk screening for soil vapor because total vapor risk was not calculated for the sum of all
COPCs and because, as far as human health risk, the total vapor risk was not added to the soil risk (soil
results had not been discussed at all in the June 2018 submittal). This revision revisits the risk screening
as required by the NMED Risk Assessment Guidance.

Originally, because specific samples in the 200 Area were identified that exceeded soil vapor screening
levels during both soil vapor screening processes (NASA, 2015¢), NASA and NMED agreed that the next
step in the investigation process would be a vapor intrusion assessment focused on the areas of greatest
potential concern. The objective of the 2018 200 Area and 600 Area vapor intrusion assessment was to
perform an evaluation of the vapor intrusion pathways at the priority locations within the 200 and 600
Areas that present the most likely routes for vapor intrusion based on previous investigations (Figure 1.2).
The investigation and 2018 report moved directly to evaluating the potential for vapor to affect
industrial/occupational indoor air in specific buildings in accordance with NMED guidance (NMED,
2022c). It was predicated that a complete vapor intrusion exposure pathway had already been established.
These locations can be described specifically as follows.

e The 200 Area immediately adjacent to, and below the foundation of Building 200 above the
location of the former Clean Room tank HWMU, and adjacent to soil borings 200-SB-05
(MSVM well 200-SV-05), 200-SB-06 (MSVGM well 200-LV-150), and 200-SB-09 (MSVM
well 200-SV-09). This location provided the highest soil vapor concentrations in the 200 Area
vadose zone for 1,1,2-trichloro-1,2,2-trifluoroethane (Freon®! 113), TCE, and tetrachloroethene
(PCE) during the October 2014 comprehensive soil vapor sampling event (NASA, 2015¢).
According to the NMED Risk Assessment Guidance for Site Investigations and Remediation
(NMED, 2022c), this location exceeded NMED industrial/occupational VISLs for Freon 113,
TCE, and PCE, WSTF’s RBC for TCE at a location that is immediately adjacent to a building,
and falls into the “complete pathway” category for vapor intrusion.

e The 600 Area between the 600 Area HWMU and Building 637, located 150 feet (ft) to the
southeast, near soil borings 600-SB-02 (MSVM well 600-SGW-02), 600-SB-05 (MSVM well
600-SGW-05), and 600-SB-06 (MSVM well 600-SGW-06). This location provided the highest
soil vapor concentrations in the 600 Area vadose zone for TCE and some of the highest for Freon
113 during the October 2014 comprehensive soil vapor sampling event (NASA, 2015¢). Building
637 is the most proximal structure to the southeast side of the 600 Area HWMU. This location
also exceeded NMED industrial/occupational soil vapor VISLs for TCE and warrants assessment
related to potential vapor intrusion.

Steps 1 through 3 listed below were performed as part of this assessment.
e Step 1: Using historical soil vapor investigation data, compare concentrations for vadose zone soil

vapor to the corresponding NMED VISL and NMED-approved WSTF RBC to determine whether the
vapor intrusion pathway must be evaluated for industrial workers in 200 or 600 Area buildings.

! Freon is a registered trademark of The Chemours Company CF, LLC.
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NMED VISLs and RBCs are presented in Table 1.1. This evaluation was performed in the June 2018
submittal of this report.

e Step 2: Evaluate the vapor intrusion pathway and perform human health risk screening for
exposure pathways, including soil and soil vapor, using all COPCs, their additive nature, and the
soil and soil vapor additive pathways. This evaluation was performed in the June 2018 submittal
of this report, and is presented here. This corresponds to Step 1 of a quantitative soil vapor
assessment described in Section 2.5.2.3 of NMED (2022b).

e Step 3: If a comparison to soil vapor screening criteria indicates potentially unacceptable risk, as
was indicated in the June 2018 submittal of this report, obtain additional information and assess
potential human health risks based on multiple lines of evidence. Accordingly, activities that were
completed in accordance with the VIAR included visual evaluation of the building foundations
and determination of any preferential pathways, identification of the building ventilation systems,
collection of shallow soil vapor samples in nearby MSVM and MSVGM wells in conjunction
with indoor and outdoor air sampling at the two building locations being evaluated, and
evaluation of vertical soil vapor concentrations to determine origin and attenuation from vapor
sources. Converging lines of evidence are used to determine whether there are potentially
unacceptable risks to present-day industrial workers in the buildings. This corresponds to Step 2
of a quantitative soil vapor assessment described in Section 2.5.2.3 of NMED (2022b).

1.5 Vapor Intrusion Screening Levels and Risk Based Concentrations

WSTF industrial/occupational workers could be exposed to VOCs derived from the migration of
subsurface soil vapor through pore spaces in the vadose zone and building foundations into indoor air.
The NMED Risk Assessment Guidance for Investigations and Remediation (NMED, 2022c) provides
preliminary criteria to determine when vapor intrusion pathways must be evaluated:

e If there are compounds present in subsurface media that are sufficiently volatile and toxic, and
e Ifthere are existing or planned buildings where exposure could occur.

“A chemical is considered to be sufficiently volatile if its Henry’s law constant is 1 x 10-5 atm-m3/mole
or greater and its molecular weight is approximately 200 g/mole or less. A chemical is considered to be
sufficiently toxic if the vapor concentration of the pure component poses an incremental life time cancer
risk greater than 1E-05 or the non-cancer hazard index is greater than 1.0” (NMED, 2022c).

In order to establish whether adverse human health risk is a factor at the 200 and 600 Areas, a risk
screening evaluation in accordance with the RA Guidance is initially required. VISLs are not designed to
be used as action standards or cleanup levels, but can be used as a tool for screening potential cumulative
risks and/or hazards from exposure to volatile and toxic chemicals and to determine if further evaluation
may be needed using site-specific data. NMED (2017) indicates that VISLs can be used as a first tier
screening assessment under certain conditions, including; the absence of shallow groundwater, no shallow
soil contamination within 10 ft of the foundation base, no buildings with subsurface openings, no
significant vadose zone advective transport (from landfills producing methane or industrial sites with
applicable vapor density), and no leaking vapors from gas transmission lines. NMED VISLs were used
for first tier screening due to the following:

o The 200 and 600 Areas have relatively deep groundwater sources (greater than 100 ft) below the
building foundation levels.

e Shallow soil contamination resulting in vapor sources was not identified during previous
investigations, although samples are greater than 10 ft from the building foundations. The closest
soil sample to Building 200 was in soil boring 200-SB-05 located 18 ft from the building at a
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depth of 8 to 10 ft below ground surface (bgs). The closest soil sample to Building 637 was
collected below the 600 Area Closure cap in soil boring 600-SB-05 located 181 ft from the
building at a depth of 8 to 10 ft bgs.

e Buildings do not have significant known openings to the subsurface (no sumps or earthen floors)
or other significant preferential pathways.

e No known sources exist for advective transport (no vapor-forming chemicals released within an
enclosed space where vapors could migrate downward through cracks and openings in floors and
into the vadose zone).

e No known leaking gas transmission lines exist at WSTF.

Annually updated WSTF soil vapor RBCs are preferred relative to the screening and evaluation of soil
vapor intrusion (NASA, 2019a). WSTF RBCs represent the maximum VOC concentrations allowed in
soil vapor at a given depth for a complete vapor intrusion pathway. A VISL is calculated with a depth at
or just below the surface (sub-slab). Since RBCs are more site-specific to WSTF than the generic VISLs
and are calculated for multiple depths, using RBCs is preferred at WSTF.

First developed in 2012, these RBCs were based on EPA ambient air regional screening levels. The
WSTF RBC calculations were completed for multiple depths in the vadose zone to provide a direct
reference against soil vapor samples collected at the equivalent depths. To provide the best understanding
of potential exposure, soil vapor and air concentrations were referenced and compared to the latest WSTF
RBC:s for air contaminants (Table 1.1).

1.6  Vapor Intrusion Pathway

No significant concentrations of VOCs were detected in vadose zone soil samples collected during the
200 Area or 600 Area investigations (NASA, 2015c, 2011a). In the 200 Area, organic compounds with
more than one detection in soil samples were limited to traces of toluene and acetone at concentrations
several orders of magnitude below the applicable NMED SSLs. Traces of acetone were considered an
artifact of the sampling and analytical processes. The random horizontal and vertical distribution of trace
concentrations of toluene do not support a vadose zone contaminant source. In the 600 Area, traces of
trichlorofluoromethane (Freon 11), Freon 113, TCE, and PCE were rarely reported in soil samples, again
at concentrations orders of magnitude below applicable NMED SSLs. NMED approved “No Longer
Contained in Determinations” for all soils from the 200 Area and 600 Area investigations (NMED,
2009b, 2011b, 2014b, 2014c). Soils were redistributed at the surface in the vicinity of the soil borings
from which they were derived (NASA, 2015¢, 2011a). However, VOCs were detected above the
applicable NMED VISLs in soil vapor and above the TCE cleanup level for groundwater samples
collected in conjunction with the soil samples during these previous investigations.

Chemical analytical data were also obtained from two types of sampling performed for the assessment of
the vapor intrusion pathway: passive vadose zone soil vapor sampling and active indoor/outdoor air
sampling. Passive vadose zone samples from MSVM and MSVGM wells were used to confirm the
presence of VOCs and their relative concentrations at specific depths in the vadose zone. Active indoor
and outdoor air samples collected within the target buildings are required for quantitative assessments.
Chemicals that should be considered for the vapor intrusion pathway include both volatile and toxic
constituents (NMED, 2017). For the 200 and 600 Area building assessments, the vapor intrusion pathway
options considered were: 1) incomplete and no action required; 2) potentially complete and a qualitative
evaluation required; or 3) complete and quantitative evaluation required.
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1.7  Methodologies
The VIAR provides specific information on the following activities:

e Project planning and preparation; NASA developed the required internal planning documents and
coordinated the assignment of on and off-site resources for the assessment.

e Assessment activities, including soil vapor sample collection from MSVM and MSVGM wells
and indoor and outdoor air sample collection at and adjacent to the target buildings.

e Investigation-derived waste (IDW) management as described in the VIAWP IDW Management
Plan (NASA, 2016b; Appendix A).

e Data evaluation to determine if there are COPC concentrations above screening levels for vadose
zone soil vapor and/or indoor air at the target buildings, as well as in surface soil. If COPCs are
detected at concentrations above screening levels, the data can be used to guide remedial action,
if necessary.

e Development and submittal of the 200 Area and 600 Area VIAR to NMED.
2.0 Background

2.1 Soil Vapor Contamination

Concentrations of soil vapor contaminants in the WSTF source areas vadose zone are widespread and
have been identified and delineated during previous soil vapor surveys (Geosciences Consultants, Ltd.
[GCL], 1986; NASA, 2013b). The first shallow soil vapor survey performed at WSTF (GCL, 1986)
incorporated all WSTF source areas and areas topographically and hydrologically downgradient to the
west. A strong correlation between the footprint of the groundwater contaminant plume and the overlying
soil vapor contaminant plume within the vadose zone was observed. Soil vapor concentrations decreased
to the west as the depth to the groundwater table increased from approximately 140 ft bgs in the source
areas to more than 400 ft bgs in the Jornada del Muerto Basin (JDMB), which was consistent with a
groundwater source.

The most recent 200 Area vadose zone investigation included a soil vapor survey that was performed
using a phased approach. Fieldwork and laboratory testing activities were completed between June 2012
and January 2013 (Phase I) and June 2014 through January 2015 (Phase II). NMED requested that NASA
report the 200 Area Phase I investigation results separately prior to implementing Phase II of the
investigation (NMED, 2012). This allowed NMED to evaluate the initial Phase I data and review NASA’s
strategy for the Phase II investigation.

The Phase I field investigation (NASA, 2013b) included the shallow soil vapor survey, which was
performed on a grid across the WSTF 200 Area and portions of the adjacent 100, 600, and 800 Areas in
order to derive shallow soil vapor isoconcentration maps and delineate additional areas of interest (AOls).
The survey was conducted in two sub-phases using Gore Modules emplaced at a depth of 2.5 ft bgs in a
grid pattern on 250-ft centers to evaluate soil vapor adjacent to and surrounding three HWMUSs (former
200 Area USTs and former 600 Area surface impoundments), SWMUs 4 through 9, portions of SWMU
10, SWMUs 19 and 20, and six additional targets identified in the 200 Area Historical Information
Summary (HIS; NASA, 2012b). The initial survey incorporated 144 survey points. An additional 38
points were installed within the grid to further evaluate specific areas yielding the highest soil vapor
concentrations. Each sample module was analyzed for a total of 45 VOCs using EPA Method 8260. Five
VOCs showed consistent detections in the vadose zone: TCE; PCE; Freon 11; Freon 113; and total
petroleum hydrocarbons (TPH). NASA submitted the results in the 200 Area Phase I Status Report on
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January 30, 2013 (NASA, 2013b). Following NMED review (NMED, 2013a), NASA submitted a revised
Phase I IR on August 6, 2013 (NASA, 2013d). The revised report was approved by NMED on October
22,2013 (NMED, 2013b).

The Phase II field investigation comprised subsurface evaluation of 200 Area HWMUs, SWMUs, AOIs
outlined in the Phase I IR, and additional locations required by NMED (2013b). Subsurface drilling with
soil and bedrock core sampling was followed by the installation of MSVM or MSVGM wells in the
boreholes, and finally soil vapor and groundwater sampling (NASA, 2015¢). All targets identified for
Phase II were evaluated to the depth of bedrock, with the exception of the two 200 Area HWMUS that
were investigated to the upper groundwater table located at depth in fractured rock. Fieldwork and
laboratory testing activities were performed between June and November 2014. The final component of
the 200 Area Phase II investigation comprised a comprehensive vadose zone soil vapor sampling event
(NASA, 2015¢).

The concentrations of VOCs in soil vapor within the 200 and 600 Areas have declined since the initiation
of soil vapor monitoring at WSTF in 2000 with installation of the first MSVGM wells within the 200
Area (NASA, 2004). Subsequent comprehensive soil vapor sampling incorporating all MSVM and
MSVGM wells in the 200 and 600 Areas were performed during four semi-annual events (NASA, 2011b,
2012a, 2012d, 2013c) required by NMED as a follow up to the 600 Area Closure investigation (NASA,
2011a). Comprehensive soil vapor sampling culminated with the most recent event in October 2014,
which was performed as a component of the 200 Area Phase II investigation (NASA, 2015b). A historical
data trend analysis to demonstrate the declining concentrations over time between sequential sampling
events is included on the vertical concentration profiles provided in Section 6.2 of this vapor intrusion
assessment. The vertical concentration profiles demonstrate the decline in soil vapor concentrations over
time for two of the primary and most widely distributed contaminants (Freon 113 and TCE) for sampling
events performed in August 2010 (NASA, 2011b), March 2013 (NASA, 2013c), October 2014 (NASA,
2015b), and for this vapor intrusion assessment in August 2017 and February 2018.

Declines in soil vapor concentrations have been observed in conjunction with a corresponding decline in
concentrations of the same contaminants in groundwater (NASA, 2016a). The maximum soil vapor
concentrations measured during the most recent (October 2014) comprehensive survey, including the
newly installed 200 Area Phase II wells, decreased toward the southwest through the area covered by
existing 100 and 200 Area wells and into the 600 Area HWMU along the downgradient path for
groundwater plume migration and contamination. NASA submitted the results in the 200 Area Phase II
IR on June 29, 2015 (NASA, 2015c). The report was approved with modifications by NMED on
November 30, 2015 (NMED, 2015b).

NASA compared these maximum soil vapor concentrations to the equivalent WSTF site-specific RBCs
(NASA, 2012c; Figure 2.1 through Figure 2.3) during the last comprehensive soil vapor sampling event
(NASA, 2015c). Results indicated that the maximum Freon 113 and PCE soil vapor concentrations
measured were one to three orders of magnitude lower than the proposed site-specific WSTF RBCs at that
time (NASA, 2012c¢). TCE is the primary soil vapor contaminant with respect to health risk from vapor
intrusion in the 200 and 600 Areas (Figure 2.2). The most concentrated soil vapor areas for TCE exceeded
both the NMED VISL and the equivalent WSTF RBCs in the 2014 soil vapor sampling event. Nine
specific soil vapor points in seven different monitoring wells exceeded the RBCs and the VISL. These
were grouped into three specific locations:

e The former Clean Room UST HWMU and surrounding area located adjacent to Apollo
Boulevard on the northwest side of the Building 200 Clean Room (three wells: 200-SV-05, 200-
LV-150, and 200-SV-09).
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e The west side of the former 200 Area Evaporation Treatment Unit near the former 200 Area Burn
Pit (SWMU 9) and the hazardous waste transmission lines (HWTLs) temporary tanker location
(part of SWMU 10). This location (200-SG-3) is approximately 300 ft from the most proximal
building, and as stated above, TCE concentrations decrease in this direction (from the 200 Area
southwest to the 600 Area HWMU).

e The 200-D well cluster area immediately surrounding groundwater monitoring wells 200-D-109
and 200-D-240 (three wells: 200-SV-19, 200-SG-1, and 200-SG-4). This location is
approximately 1,600 ft from the most proximal building.

Soil vapor concentrations at the 200 Area former Clean Room UST HWMU were of the greatest potential
concern because they were the highest measured within the 200 and 600 Areas. VOC concentrations at
this location are the most proximal to and potentially below the northwest side of Building 200. The
NMED VISLs for Freon 113 and PCE (Figure 2.3) were also exceeded by the concentrations in the soil
vapor at this location.

The highest concentrations of TCE at the 600 Area HWMU were identified within the wells located near
the southeast boundary of the closure (Figure 2.2), which is in the closest proximity to Building 637
(wells 600-SGW-2, 600-SGW-5, and 600-SGW-6). Although TCE concentration at these wells exceeded
the NMED VISL, they did not exceed the VISLs for Freon 11, Freon 113, or PCE. The concentrations of
all four of these VOCs were also below the WSTF RBCs (Table 1.1). The closure boundary is located
approximately 100 ft northeast of Building 637.

2.2 Rationale For Selection of Buildings for Vapor Intrusion Assessment

Supporting data and evaluations that demonstrate the rationale for the selection of Building 200 and
Building 637 as the locations most likely to present a risk from vapor intrusion are documented in several
previous investigations referenced within this report. Elevated concentrations of COPCs in shallow soil
vapor in the 200 Area vicinity of Building 200 were most recently confirmed by the results of a
qualitative shallow soil vapor survey performed on a grid across the 200 Area (discussed in Sections 2.3,
3.2 and 5.1.2 of the 200 Area Phase I Status Report [NASA, 2013b]). Elevated vadose zone soil vapor
concentrations identified within MSVM and MSVGM wells subsequently installed in the 200 Area
adjacent to Building 200 were discussed in Section 4.3.2.1 of the 200 Area Phase II Investigation Report
(NASA, 2015b). Of particular interest is the soil vapor isopleth map for TCE discussed in Section 6.3.3
that identifies RBC exceedances at the former Clean Room Tank HWMU adjacent to Building 200. The
elevated TCE concentrations on the northwest side of Building 200 and a comparison to WSTF RBCs are
further discussed in Section 7.3.3. A recommendation in Section 8.3 identified the need for a quantitative
assessment of the vapor pathway for Building 200 near the location of the former Clean Room Tank; also
known as the 200 Area West Closure HWMU.

Soil vapor concentrations in the vadose zone below the 600 Area Closure were first evaluated during the
600 Area Closure Investigation (NASA, 2011a). NASA recommended interim vadose zone soil vapor and
groundwater monitoring to assist with the upcoming implementation of the 200 Area investigations. Four
200/600 Area Semi-annual Soil Vapor and Groundwater Data Summaries were subsequently provided to
NMED, culminating with the fourth sample event in March 2013 (NASA, 2013c). MSVM well 600-
SGW-2 located on the south corner of the closure was identified as the location well where a single
COPC (TCE) exceeded the WSTF RBC. The maximum soil vapor concentration levels for Freon 11,
Freon 113, and TCE in the 600 Area MSVM wells were subsequently identified in the deepest port of
well 600-SGW-5 at 137.5 ft. These are discussed in Section 4.3.2.3 of the 200 Area Phase II Investigation
Report (NASA, 2015b) and do not exceed WSTF RBCs.
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The evaluation of potential vapor intrusion in the 600 Area was added to the VIAWP following
communications between NASA and NMED following completion of the 200 area Phase II investigation
(NASA, 2015b). Following several vadose zone investigations at the 600 Area HWMU, NASA

concluded that the source of soil vapor contaminants beneath the 600 Area HWMU is the underlying
groundwater. In a November 25, 2015 letter to NMED (NASA, 2015¢), NASA proposed an assessment of
the 600 Area Building 637, located southeast of the 600 Area HWMU, as the closest structure and
primary potential target for exposure. The approach of utilizing Buildings 200 and 637 for the same
assessment ensured consistent evaluation of the vapor intrusion pathway at the 200 West Closure and 600
Area HWMUs.

2.3 Operational History
2.3.1 200 Area Activities

The operational history of the 200 Area is provided in the 200 Area HIS (NASA, 2012b). Descriptions are
provided for the two 200 Area East Closure USTs, the two West Closure USTs, and seven SWMUSs
(SWMUs 4 through 10) as identified in the Permit. Six potential AOIs were identified within the HIS (the
Chemistry Laboratory Acid Tank Drain Pipe, an additional Building 203 industrial drain pipe, the
Chemical Storage Building 253, the 270 Area Military Transport Vehicle Fire Suppression Test Area, two
additional 200 Area historical burn pits, and the 250 Area Possible Septic Tank Drainage Source). These
areas were evaluated during the 200 Area Phase I shallow soil vapor field investigation.

The 200 Area became operational in 1964 to support propulsion testing facilities for the Apollo program.
The Clean Room was first used for the precision cleaning of equipment in 1967 and began to evaluate
flammability and toxicity characteristics of materials used in the Apollo spacecraft. By 1970, the Apollo
program focused on materials’ testing capability for oxygen and propellant-exposure environments. As
materials’ testing expanded at WSTF, five test facilities were developed, four within or near the 200 Area:
the Chemistry and Metallurgical Laboratories (200 Area), the High-Flow Components Facility (250
Area), Hazardous Hypervelocity and Detonation Facilities (270 and 272 Areas), and the Materials Test
Facility (800 Area). The 800 Area Materials Test Facility was completed between 1975 and 1979, the 250
High-Flow Components Area was completed between 1989 and 1990, and the 270 and 272 Hypervelocity
and Detonation Areas were completed between 1987 and 1991.

In a pollution abatement report to NASA headquarters in June 1984, NASA proposed constructing
aboveground evaporation tanks at WSTF to store hazardous waste in order to cease using the 200 Area
USTs and the 600 Area surface impoundments (which were not specifically designed for hazardous waste
disposal). In the interim, NASA proposed constructing a hazardous waste drain line that would transport
(by gravity) 200 Area hazardous wastes directly to the 600 Area surface impoundments. On April 22,
1986, it was discovered that the 8-inch (in.) long vertical carbon steel nozzle on the Clean Room tank (II)
had corroded away, and there was an elliptical breach approximately 8 in. by 10 in. in the top of the Clean
Room tank (II). Both Clean Room tanks were removed, and the remaining tanks were drained in
November 1986. During tank removal, it was discovered that the bottom portion of tank I had completely
corroded.

2.3.2 600 Area Activities

The operational history of the 600 Area is summarized in the 600 Area Closure Investigation Work Plan
(NASA, 2009). In the mid-1960s, the 600 Area surface impoundments were designed to contain the
saltwater backwash produced from regenerating the zeolite beds in the WSTF water softening plant
located to the south. The impoundments received the saltwater backwash through an 8-in. diameter
pipeline from 1964 to 1984.
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From 1968 to 1986, 4,000 to 12,000 gallons of hazardous waste were transported by tanker truck from the
200 Area Clean Room and Chemistry Laboratory Tanks to the surface impoundments per week. White
Sands Missile Range’s High Energy Laser System Test Facility also contributed process waste from
September 1983 to June 1984. The Hazardous Waste Transmission Line (SWMU 10) was constructed in
May of 1986 to transport waste from the 200 Area Laboratories to the 600 Area surface impoundments.
One month later, on June 13, 1986, the 600 Area impoundments were closed in response to an EPA order,
and the pipeline was re-routed to nearby stainless steel tankers for transportation of wastes to an off-site
RCRA disposal facility.

2.4  Environmental Setting

The topography at WSTF is typical of the Basin and Range physiographic province of the southwestern
United States. The area is characterized by late Tertiary extensional tectonism, with linear mountain
ranges separated by broad intermontaine basins in a northwest-trending direction. The adjacent San
Andres Mountains (SAM) adjacent and east of WSTF represent an uplifted northwest-trending mountain
block that is separated from adjacent mountain ranges to the west by the southern JDMB. WSTF is
located on the alluvial-covered bedrock pediment slope that separates the eastern foothills of the SAM
from the JDMB.

2.4.1 200 Area and 600 Area Surface Conditions

The 200 Area industrial complex is constructed on a pediment of thin alluvium (18 to 50 ft in thickness)
overlying Permian limestone bedrock (Figure 2.4) at an elevation of approximately 4,930 ft above mean
sea level. Pennsylvanian to Permian limestones crop out approximately 1,000 ft to the east on the east
side of Gardner Spring Arroyo (GSA). The 200 Area is located immediately west of and is bound on the
south by the GSA drainage as it diverts westward and downgradient toward the axis of the JDMB
(Figure 1.2). Gardner Spring is the only natural surface water feature in the area and is located
approximately 2,000 ft northeast of the 200 Area industrial complex within GSA. It is an intermittent
spring and ceases to flow for long periods of up to several years between rare periods of heavy mountain-
front rainfall.

The 600 Area complex in the vicinity of Building 637 is located on top of an alluvial pediment
approximately 150 ft thick overlying Tertiary andesitic bedrock (Figure 2.5) at an elevation of
approximately 4,755 ft above mean sea level. No significant drainages are present within the immediate
area, and GSA is located approximately 1,500 ft north of the 600 Area HWMU as it moves west toward
the JDMB.

Soils in the vicinity of the 200 and 600 Areas are classified as Tencee-Nickel Association Gently Sloping
and Steep units (United States Department of Agriculture Soil Conservation Service, 1976). The Tencee
Series is comprised of shallow, well-drained soils which formed in calcareous gravelly loamy alluvial
sediments on old alluvial fans. The soil is slightly hard, dry, and very friable with common interstitial
pores. The soil is approximately 30 to 45% caliche and gravel, is strongly calcareous, and has nearly
continuous lime coatings on all clasts. The Nickel series soils comprise deep, well-drained soils on old
alluvial fans. They are gravelly, medium textured alluvial sediments with gravel contents to 50%. The
Tencee-Nickel, Gently Sloping unit is approximately 65% Tencee Very Gravelly Loam and 20% Nickel
Fine Sandy Loam. The soil is nearly level to gently sloping and occurs on old alluvial fans. Included
within these soils are arroyo bottoms and areas of soils similar to Tencee and Nickel soils except that they
contain less than 35% coarse fragments. The Tencee-Nickel, Steep unit is approximately 45% Tencee
Very Gravelly Loam and 40% Nickel Fine Sandy Loam.
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The area is characterized by a Chihuahuan Desert Shrub climate, with abundant sunshine, low humidity,
slight rainfall, and a large day-to-night temperature variance. The adjacent mountainous terrain influences
the climate by blocking the incursion of moisture laden maritime air masses. Sparse biotic resources are
typical of those found in the arid southwest. The average rainfall of 10 in. per year makes it difficult to
support agriculture. As is typical with all deserts and semi-arid areas, the overall species diversity is low.
Vegetation includes a combination of woody shrubs and grasses. These shrubs include Louisiana white
sage, creosote bush, honey mesquite, tarbush, broom snakeweed, and lotebush. Common grasses include
alkali sacaton, side-oats grama, fluff grass, tobosa grass, and purple three awn. Plant species biodiversity
is low relative to that in better drained upland slopes. Shrubs provide a microhabitat for warm season
grasses and forbs as well as herptiles and small mammals. WSTF is considered to be a low affectability
area, with little capacity to be influenced by physical stimuli. The facility receives little use by wildlife
species because it has been physically altered by human disturbance.

2.4.2 200 Area and 600 Area Subsurface Conditions

The predominant alluvial lithology across the area is the poorly indurated piedmont slope facies of the
Camp Rice Formation (Seager, 1981). Vadose zone alluvium in the 200 Area (Figure 2.4) and 600 Area
(Figure 2.5) near the buildings of interest consists of coalescent alluvial fan deposits derived from the
adjacent SAM to the east. The alluvium is an unconsolidated to locally cemented, poorly sorted
polygenetic pebble to boulder conglomerate. Lenticular sandy to clayey gravels, sandy silt, and silty clays
are interbedded with the conglomerate. Clast lithologies include varieties of subrounded to subangular
granite, rhyolite, siltstone, and micritic limestone in sand to boulder-size clasts.

24.2.1 200 Area

Previous 200 Area vadose zone investigations have identified moderately cemented caliche horizons a
few inches thick at depths ranging from 2 ft bgs to 65 ft bgs. Significant barriers to soil vapor migration
have not been encountered within 200 or 600 Area soil borings (e.g., NASA, 1996, 2015¢). Well-formed
drainages like the GSA that drains south and subsequently west between the 200 Area and 600 Area
HWMU s host younger piedmont slope alluvium, characterized by unconsolidated silt, sand, gravel, and
loam within the arroyo floor. Alluvial fan materials visible in cut sections of the GSA are indicative of
irregular channeled morphologies with grain sizes ranging from clay to well-graded sandy gravel.

Alluvium overlies Pennsylvanian to Permian age limestone bedrock, which occurs at variable depths due
to faulting in the area and irregular erosion of the pre-alluvial bedrock surface. The 200 Area bedrock has
been fractured pervasively, predominantly on an orthogonal system, with one fracture set trending
northeast-southwest and the other fracture set trending northwest-southeast. The shallowest bedrock in the
industrialized 200 Area is located in the vicinity of SWMU 4, the Clean Room Discharge Pipe (14 ft bgs),
southwest across Road L at well 200-F (17 ft bgs), and at the adjacent 200 Area Clean Room Tank across
Apollo Boulevard to the east (18 ft bgs). This accounts for the primary bedrock high in the vicinity of the
200 Area West Closure.

2.4.2.2 600 Area

Alluvium in the vicinity of the 600 Area HWMU is between 140 and 160 ft thick and overlies poorly
fractured Tertiary Orejon Andesite bedrock. Fracturing is sparse based on the observation of camera logs
recorded in 600 Area HWMU boreholes utilized for groundwater wells, with individual calcite-filled
hairline fractures often separated by several tens of feet. Permian limestone is topographically and
hydrologically upgradient, juxtaposed against the andesite along the Hardscrabble Hill Fault which lies
cast of the 600 Area HWMU and Building 637.
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2.5 200 Area and 600 Area HWMU Description
2.5.1 200 Area Clean Room Tank Location and Use

A detailed description of the 200 Area Clean Room Tank located in Building 200 is provided in the HIS
(NASA 2012b). Activities in the 200 Area Clean Room included the precision cleaning of propulsion
system components using solvents and degreasers. Wastes included dilute solutions of organic solvents,
heavy metals, inorganic salts and various formulations of Oakite Brand cleaning solutions. Wastes
generated from cleaning activities were gravity fed through single-walled stainless steel pipes to the UST
located west of the former front of Building 200, in front of the laboratories complex.

The original carbon steel Clean Room tank (I) had a 2,000-gallon capacity, was 14 ft long by 5 ft in
diameter, and was installed in 1964. Drawings for this tank do not show corrosion protection. This
original Clean Room tank (I) was used until late 1978 or early 1979 and abandoned in place. A new
underground Clean Room tank (II) was installed in late 1978 or early 1979 approximately 50 ft to the
west of the original tank (I). This carbon steel tank had a 4,000-gallon capacity and was 19 ft long, 6 ft in
diameter with a 5/16-in. thick shell. This new tank is believed to have contained external corrosion
protection. Wastes were gravity-drained from 50-gallon sinks and the sump of the outdoor Clean Room
pad to the tank using 3-in. diameter, schedule 10, grade 304 stainless steel lines. The tank was connected
to the drain lines using 3-in. schedule 40 carbon steel. Prior to 1968, excess wastes from the original
Clean Room tank (I) were discharged to grade. This process was discontinued in 1968, and the Clean
Room tank was used as temporary storage.

2.5.2 600 Area Surface Impoundments Location and Use

A detailed description of the 600 Area HWMU is provided in the 600 Area Closure Investigation Report
(NASA, 2011a). The surface impoundments, constructed in 1964, consisted of two adjacent individual
150 ft x 350 ft x 3 ft deep cells, separated by a narrow central berm, and lined with an 8-mil polyvinyl
chloride (PVC) liner. This liner was protected by an overlying layer of rip-rap, consisting of large gravel
and wire mesh, and sand. The cells received saltwater backwash through an 8-in. diameter pipeline from
1964 to 1984. There is no indication that this pipeline was used at any time for hazardous waste. HWMU
closure activities commenced on November 7, 1988, and following construction of the closure, vent wells
were installed on May 26, 1989. Concrete lined drainage ditches were constructed along the north, south
and east sides of the cap to support the drainage of surface water.

2.6 Previous Vadose Zone Investigations Delineating Contaminant Distribution

The concentrations and distribution of vadose zone soil vapor contaminants in the 200 and 600 Area
HWMU s have been defined by previous comprehensive vadose zone investigations (NASA, 2011a,
2013b, 2015b) that have all been approved with modifications by NMED (NMED, 2011a, 2013b, 2015a,
2015b). Subsequent monitoring of 200/600 Area soil vapor distribution has been performed through
contemporaneous semi-annual sampling of all accessible multiport soil vapor monitoring ports in the 200
and 600 Areas along with groundwater sampling at underlying or nearby locations (NASA, 2012a, 2012d,
2013c, 2015b). The 200 Area Phase II IR (NASA, 2015b) presented the results of the latest
comprehensive soil vapor sampling event in the 200 and 600 Areas conducted in October 2014.

2.7  Contaminants of Potential Concern

The VIAWP (NASA, 2016) presented a list of 13 VOCs known to have been managed in the 200 Area
USTs and potentially discharged at SWMUSs during historical operations including: TCE; PCE; Freon 11;
Freon 113; 2-butanone (methyl ethyl ketone); 1,1,1-trichloroethane; chloroform; benzene; ethylbenzene;
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toluene; xylenes; acetone; and 2-propanol (isopropyl alcohol). Waste management practices at WSTF
have been continually modified and improved through time to effectively minimize, document, store, and
dispose of wastes. Wastes generated in the 200 Area were transported to the 600 Area surface
impoundments. The VOCs placed in the 600 Area impoundments were the same as those stored in 200
Area USTs.

2.8 Site Conceptual Exposure Model

A preliminary site conceptual exposure model (SCEM) was developed as part of the 200 and 600 Area
VIAWP (NASA, 2016b; Figure 2.6) to provide an understanding of the potential for exposure to
hazardous contaminants at the site based on the source of contamination, the release mechanism, the
exposure pathway, and the potential receptor(s). Please see Section 6.1 for the SCEM revised based on
the results of this investigation.

2.8.1 Contamination Sources

The former UST locations at the 200 Area Clean Room tanks and the 600 Area surface impoundments
were the primary contaminant sources. Secondary sources include groundwater directly impacted by
releases and soil vapor derived from groundwater that filled fractures within bedrock and pore space
within the overlying soils. Subsurface vadose zone soils in the 200 and 600 Areas that were once
impacted by the releases have been evaluated through sampling extensively. The soils have been shown to
be non-hazardous in nature and are not considered a continuing source of contaminants to groundwater
(NASA 2015c¢, 2011a).

2.8.2 Release Mechanisms

Vadose zone contamination at the 200 Area Clean Room HWMU and 600 Area surface impoundments
HWMU resulted from the release of hazardous constituents into the vadose zone between 1964 and 1986.
Release mechanisms comprised the infiltration of liquid-phase contaminants into the vadose zone,
downward to the groundwater table by the hydrodynamic processes of gravity and precipitation, and
infiltration of the vadose zone pore space as vapor-phase contamination.

2.8.3 Potential Exposure Pathways and Receptors

Potential present-day receptors identified in the vicinity of the 200 and 600 Area HWMU s are
industrial/occupational workers who occupy buildings adjacent to the HWMU areas while performing
their daily duties. The primary potential present-day exposure pathway for these WSTF
industrial/occupational site personnel in the 200 and 600 Area buildings addressed in this investigation is
the inhalation of volatile contaminants derived from soil vapor and potentially present in indoor air. Soil
vapor contamination has been identified from past investigations in the vadose zone near WSTF industrial
area buildings (NASA, 2015c, 2011a). Additionally, present-day receptors in Buildings 200 and 637 are
potentially exposed to residual soil contamination in the vicinity of these buildings.

Building 637 is situated approximately 100 ft away from the 600 Area surface impoundments HWMU
that is the source of VOC releases. In the future, if the HWMU closure cap is removed or compromised
and a building is situated at that location, building occupants could be exposed to VOCs when entering
that building through vapor intrusion. Because Building 200 is adjacent to the former 200 Area West UST
that is the source of VOC releases from the 200 Area Clean Room, potential future receptors for this
HWMU are identical to present-day receptors.
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There are no current or future residential land use scenarios anticipated in the vicinity of the 200 or 600
Area HWMUs. WSTF is a controlled test site located on the U.S. Army White Sands Missile Range.
There are no encroaching residential areas and no present or future residential land use scenarios in this
SCEM, though contaminants were screened to the most conservative residential levels. A cumulative risk
screen evaluation in conformance with Risk Assessment Guidance has been provided in Section 6.1 as a
supporting line of evidence for acceptable risk levels.

The groundwater underlying much of the WSTF industrialized source areas is known to be contaminated
and its future use and potential risk to receptors are part of ongoing site-wide evaluations and corrective
actions. The water supply wells for the 200 and 600 Areas are located several miles to the west of the
investigation areas and are not contaminated. These wells are monitored regularly for the presence of
known WSTF groundwater contaminants. A groundwater assessment was not conducted specifically as
part of the vapor intrusion assessment. Groundwater assessment activities are regularly reported in
NASA’s quarterly Periodic Monitoring Reports (NASA, 2018a). These data are also available for review
in conjunction with results of the VIAR.

3.0 Scope of Activities

The area of concern on the west side of Building 200 is located directly above the footprint of the 200
Area Clean Room Tank HWMU adjacent to MSVM wells 200-SV-05 and 200-SV-09, and MSVGM well
200-LV-150 (Figure 3.1). The area of concern within Building 637 is approximately 100 ft southeast of
the southeast margin of the 600 Area HWMU in close proximity to MSVM wells 600-SGW-1, 600-
SGW-2, and 600-SGW-5 (Figure 3.2).

The following additional sampling activities were performed as part of this assessment to evaluate the
existence of a complete exposure pathway.

e Sample and evaluate VOC concentrations (including COPCs) in soil vapor in the upper vadose
zone utilizing MSVM and MSVGM well ports located in the vicinity of the buildings.
e Sample and evaluate VOC concentrations (including COPCs) in indoor air and outdoor air.

The following activities were performed as part of the vapor intrusion assessment. Some of the
preliminary required vapor intrusion activities identified in Steps 1 and 2 of Section 1.4 had already been
performed as part of previous investigations in the 200 and 600 Areas (NASA, 2013b, 2015¢, 2011a).

o Identification of the appropriate vadose zone soil vapor sampling locations (based on the previous
200 Area HIS, 200 and 600 Area IRs, and soil vapor sampling events in the 200 and 600 Areas).

e Determination of a representative number of soil vapor and air samples, specification of the
frequency and duration of sampling, and identification of the sampling and analytical methods to
be employed.

e Daily planning sessions and health and safety briefings.

e Field collection of soil vapor samples from the uppermost vadose zone located adjacent to the
target buildings.

e Field collection of indoor air samples within the buildings and outdoor samples adjacent and
upgradient of the buildings.

e Documentation, management, and shipment of soil vapor and indoor and outdoor air samples
(including field quality control [QC] samples).
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e Performance of laboratory analyses by an accredited laboratory (including laboratory QC
samples), analytical reporting, and data processing using the established WSTF data management
system.

o Evaluation and interpretation of technical and analytical data for use in development of a final
VIAR.

3.1  Data Quality Objectives

The assessment approach was based on “Guidance on Systematic Planning Using the Data Quality
Objectives Process” (DQOs; EPA, 2006), the Corrective Action Site Investigations requirements of the
Permit (NMED, 2023; Part 3), and Risk Assessment Guidance for Site Investigations and Remediation
(NMED, 2022c¢). The data acquisition plan (i.e., sampling design) is based on the data quality objective
process. The DQOs addressed the qualitative and quantitative nature of the sampling data to ensure that
any data collected was appropriate for the intended purpose. Development of the DQOs considers
precision, accuracy, representativeness, completeness, comparability of the data, sampling locations,
laboratory analyses, detection limits, data quality, and the employment of adequate quality
assurance/quality control measures. The VIAR documents the DQO procedures that were followed to
assess the potential migration pathway between vadose zone soil vapor contamination and indoor air.

3.1.1 Problem Statements

The 200 Area Clean Room HWMU USTs leaked contaminants to the vadose zone, comprising
approximately 18 ft of porous alluvial soil overlying fractured limestone bedrock. The tanks were located
at a depth of between 8 and 12 ft bgs. The water table is located at a depth of 140 ft bgs. Soil samples
collected during the installation of adjacent soil borings indicated that soil samples did not exceed the
regulatory criteria applicable at the time of the investigation and soil remedial action was not required
(NASA, 2015c). Groundwater in the area exceeds the NMED cleanup level for TCE. Soil vapor
concentrations from samples collected in adjacent MSVM wells and a MSVGM well exceeds NMED
VISLs for TCE, PCE, and Freon 113 and the WSTF RBC for TCE. The HWMU is located directly below
a northwestern extension of Building 200 that is currently operated by an industrial/occupational labor
force. The inaccessible location of this HWMU is the primary constraint to the vapor intrusion assessment

(Figure 2.4).

Contaminants from the 600 Area HWMU may have been leaked to the vadose zone characterized by
approximately 146 ft of porous alluvial soil overlying poorly-fractured andesite bedrock. A perched (and
potentially temporary) water table is currently encountered at a depth of 143 ft bgs, which may be sourced
from groundwater recharge during heavy rainfall and up to this time from the adjacent 600 Area Overflow
Lagoons that are currently in the process of being removed. Soil samples collected during the installation
of soil borings through the Closure cap to bedrock indicated that soil samples did not exceed the
regulatory criteria applicable at the time of the investigation and soil remedial action was not required
(NASA, 2011a). Groundwater in the area exceeds the New Mexico cleanup level for TCE. Soil vapor
concentrations from samples collected in adjacent MSVM and MSVGM wells historically exceed NMED
VISLs for TCE, PCE, and Freon 113. The 600 Area HWMU is located approximately 160 ft from
Building 637 that is operated by an industrial/occupational labor force.

3.1.2  Study Goals

The primary decision is whether additional corrective actions are warranted at the 200 and 600 Area
targets (identified through previous investigation) as a result of the intrusion of soil vapor VOCs from the
vadose zone into nearby buildings affecting the indoor air quality. Alternative actions for the decisions
include:
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e Consider a “Corrective Action Complete” status determination.

e Ifrequired, perform a corrective measures evaluation for the site(s) to identify remedial options
for mitigation of source(s) of continuing contamination or human health risk.

3.1.3 Information Inputs

The results of previous investigations performed in the 200 and 600 Areas provide information for this
VIAR. The results of these previous investigations are documented within the 200 Area HIS (NASA,
2012b), the 200 Area Phase I Status Report (NASA, 2013b), the 200 Area Phase II IR (NASA, 2015¢),
and the 600 Area Closure IR (NASA, 2011a), including:

e Detailed investigation pertinent to the establishment and operational history of the 200 and 600
Area HWMU .

e Analytical data sets for soil (as part of the risk/hazard screening), soil vapor, and groundwater
samples collected during previous investigations at the 200 and the 600 Area HWMUs.

The primary data inputs for the VIAR are the analytical results of soil vapor, indoor air, and outdoor air
sampling described in Sections 3.0 and 4.0 of this report.

Two types of soil vapor screening criteria are used as inputs to assess potential risks related to the soil
vapor data. These include NMED VISLs (NMED, 2022¢) and WSTF RBCs (NASA, 2019a). NMED
VISLs are applicable to soil vapor concentrations present immediately below a building foundation, from
where vapors may enter a building. WSTF RBCs are calculated for various depths below a building
foundation, and therefore can potentially be applied to assess soil vapor risks from data collected at
different depths. Indoor air screening criteria used in this VIAR are taken from NMED (2022c¢), and the
EPA (EPA, 2019) if no values were provided by NMED. See also Table 1.1 and Section 1.5.

3.1.4  Spatial Extent of Assessment

The horizontal study boundaries are shown in Figure 1.2. The vapor intrusion pathway that is considered
a primary potential threat and requires priority assessment is typically for buildings located within 100 ft
of the vadose zone soil vapor plume that exceeds established soil vapor RBCs. In this case, NMED VISLs
and WSTF RBCs were utilized to identify the targets of greatest concern.

In the 200 Area, soil vapor from the three most proximal MSVM and MSVGM wells located within 85 ft
of the former Clean Room Tanks HWMU and air from the most proximal tier of indoor rooms on the
west side of Building 200 within a distance of 100 ft of the footprint of the HWMU was evaluated
(Figure 2.4). In the 600 Area, soil vapor from the three most proximal MSVM wells within 240 ft of
Building 637, and the indoor air within Building 637 (Figure 2.5) were evaluated.

The vertical boundaries of the study are constrained between a maximum depth of 34 ft in the vadose
zone as characterized by the maximum depth of upper ports in MSVM and MSVGM wells utilized and
the industrial/occupational worker breathing zone of between 3 and 5 ft above ground surface.

3.1.5 Decision Rule

The vapor intrusion assessment addresses COPC soil vapor concentrations within the upper vadose zone
surrounding the target buildings and COPC air concentrations inside the buildings. The assessment was
performed to determine if a complete pathway is present and whether contaminants are present at
concentrations at or above the latest NMED VISLs (NMED, 2022c¢) and WSTF RBCs (NASA, 2019a).
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Updated RBCs were determined concurrently with the pre-assessment planning and preparation phase for
this vapor intrusion assessment.

Decisions were structured as follows.

e If the subsurface vadose zone VOC contribution to indoor air levels exceeds indoor air NMED
VISLs and updated NMED-approved WSTF RBCs as a result of a confirmed complete exposure
pathway under the industrial/occupational worker scenario, then there is an unacceptable current
and future risk to building occupants. These levels must be specific to vapor intrusion as opposed
to an artifact of an alternate process identified within the building. Corrective action, removal
and/or remediation are necessary.

e Ifthe vadose zone soil vapor concentrations exceed NMED VISLs and updated NMED-approved
WSTF RBCs, but the subsurface contribution to indoor VOC levels is below indoor air NMED
VISLs and WSTF RBCs, then current vapor intrusion risks are acceptable.

e If the vapor intrusion assessment fails to fully determine the nature, source, and extent of indoor
air contamination, additional investigative measures may be required.

3.2  Assessment Activities

Two semi-annual sampling events (seasonal events within the summer [August 2017] and winter
[February 2018]) were performed to address the potential issue of seasonal building pressure gradients
that can influence vapor intrusion into buildings. Indoor and outdoor air pressures were not observed to
vary significantly (all readings were approximately 30 in. of mercury for both sampling events). Early
morning outside temperatures for the August event (67-70 degrees Fahrenheit) were significantly higher
than for the February 2018 event (34 to 37 degrees Fahrenheit), with indoor air temperatures maintained
in the vicinity of 70 degrees Fahrenheit for both buildings. VOC levels in ambient air can vary over time
and may fluctuate diurnally due to the ebb and flow of industrial/occupational activity, and as a result of
atmospheric heating and cooling cycles, air pressure changes, and wind speed. During winter months,
heated air rises within buildings and exits through the roof. This reduces indoor air pressure, may draw in
soil vapor, and potentially increases vapor intrusion rates.

3.2.1 Vadose Zone Soil Vapor Sample Locations and Schedule

Soil vapor samples were collected from the shallowest soil vapor port within the three MSVM or
MSVGM wells located closest to the 200 Area and 600 Area target buildings. In the 200 Area, the three
wells are all located within 84 ft of the west side of Building 200. In the 600 Area, the three wells are all
located within 260 ft of Building 637. The soil vapor wells and specific ports that were sampled are listed
below.
e Adjacent to the 200 Area Clean Room Tank HWMU (Figure 3.1, Table 3.1)

o 200-SV-05 at 9 ft

o 200-SV-09 at 19 ft

o 200-LV-150 at 34 ft
e Nearby the 600 Area HWMU (Figure 3.2, Table 3.1)

o 600-SGW-1 at 12.5 ft

o 600-SGW-2 at 12.5 ft

o 600-SGW-5at 7.5 ft
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Six vadose zone samples from the vapor monitoring well network and one duplicate sample were
collected from the 200 and 600 Area MSVM and MSVGM wells for each soil vapor sampling event.
Additional field QC samples are provided in Section 3.2.3. Two consecutive semi-annual sampling events
were performed in August 2017] and February 2018. A total of 14 vadose zone soil vapor samples were
collected.

3.2.2  Indoor and Outdoor Air Sample Locations and Schedule

The number and locations of indoor and outdoor air samples was established in the VIAWP (NASA,
2016b) based on building size, proximity to the potential intrusion source, the scale of the vadose zone
vapor impact, subsurface heterogeneity, and sample purpose. Increased sample density is typical of a
nearby spill or release and heterogeneity in the subsurface. Because no releases have been identified in
soil, the soils are relatively homogeneous and porous, and a fractured bedrock and groundwater VOC
source is inferred, sample densities were compared to standard guidance (e.g., ODEQ, 2010). Typical
sample densities in buildings between 1,000 square feet (sq ft) and 10,000 sq ft in size are one sample per
1,500 sq ft. The sample locations identified in this VIAR (Figure 3.1, Figure 3.2) have a greater density
than the standard guidance.

Where rooms exceed 500 sq ft in size as in the case of Building 200, samples were collected at a
frequency of approximately one sample per 500 sq ft. Samples were collected within the normal breathing
zone at a height of between 3 to 5 ft above the building floor. Ambient outdoor air samples were collected
at the same time and using the same method as the indoor samples at each of the two building locations.
Indoor and outdoor air sample locations are summarized below.

e Building 200 — Preparation Building (Figure 3.1, Table 3.2)

o Eight indoor air samples within individual rooms in the areas above and adjacent to the
subsurface footprint of the former 200 Area Clean Room Tank HWMU.

o Two outdoor air samples adjacent to Building 200 near the former 200 Area Clean Room
Tank HWMU at locations upgradient of the prevailing wind direction on the day of sampling.

o One sample duplicate.

e Building 637 — Groundwater Assessment Building (Figure 3.2, Table 3.2)

o Four indoor air samples in Building 637 distributed in the four quadrants of the single room
building.

o Two outdoor air samples adjacent to the Building 637 on the northeast side at locations
upgradient of the prevailing wind direction on the day of sampling.

o One sample duplicate.

A total of 16 indoor and outdoor air samples and two duplicate samples were collected for each sampling
event performed for a total of 18 samples during each event. Two consecutive semi-annual indoor and
outdoor air sampling events were performed in August 2017 and February 2018. A total of 36 indoor and
outdoor air samples were collected during vapor intrusion assessment fieldwork.

3.2.3  Sampling Procedures

NASA has developed comprehensive internal procedures for soil vapor sample collection and
management. These procedures provide specific information on sample management and related
documentation, including instructions for sample custody (internal to NASA and external during
shipment), storage, packaging, shipment, delivery tracking, and related recordkeeping. These procedures
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were followed during this assessment to ensure appropriate sample management. Sampling procedures
and the equipment used follows generally accepted EPA guidance (EPA, 2015a). Sample collection
techniques and flow rates conformed to the specifications for the appropriate EPA sample collection
method. Soil vapor samples from MSVM and MSVGM wells, indoor samples, and outdoor samples for
each area was collected contemporaneously on the same day within each area. Samples from the 200 and
600 Areas were collected on consecutive days for both semi-annual sampling events. The two semi-
annual sampling events were 182 days apart. The following generalized procedures were followed:

e  Sampling start times and the initial vacuum gauge readings were recorded in the field sampling
logbook and on the internal chain-of-custody (CoC) form.

e For indoor and outdoor air samples, a flow-controller was to be affixed to the canister prior to
sampling at a rate pre-set by the laboratory to provide for collection of the samples over an 8-hour
period. The indoor and outdoor sampling periods were the same in length, but the outdoor air samples
were initiated approximately one hour before starting the indoor samples to reduce potential errors.
The EPA estimates that indoor air undergoes a complete exchange every one to two hours. Initiating
outdoor air sampling early compensated for this potential lag time.

e Sample valves on each canister were opened to perform sample collection.

e Upon the completion of vadose zone, indoor air, and outdoor air sampling, the valve on the passivated
stainless steel canister was closed and the time and ending vacuum pressure recorded in the field
sampling logbook and on the internal CoC form.

e Canisters and flow-controllers were shipped back as a single shipment to the analytical laboratory for
each of the two semi-annual sampling events.

Disposable gloves were worn to collect soil vapor and indoor air samples and were changed between
sampling locations. Gloves and other disposable materials contacting the samples were collected and
managed in accordance with the IDW Management Plan in the VIAWP (NASA, 2016b; Appendix A).

Field QC samples were collected to ensure high quality data are generated during the assessment, and
were analyzed for the same parameters as the primary samples.

e Indoor and outdoor duplicate samples were collected at a rate of 10% of the project sampling
locations (two samples per sampling event).

o Field blanks (one outdoor and one indoor for each of the two target buildings in the 200 Area and 600
Areas at a rate of four samples per sampling event).

e Trip blanks (one per sample shipment).

The samples were managed according to established site procedures that included labeling, CoC
documentation, storage, packing, and expedited overnight shipment to the analytical laboratory for
analysis.

3.2.4  Analytical Tasks

Soil vapor samples were analyzed using EPA Method TO-15 in order to achieve the assessment DQOs.
NASA typically contracts services from off-site National Environmental Laboratory Accreditation
Program-accredited analytical laboratories as required to support program and project needs. The
analytical tasks required to achieve the project objectives was awarded to the ALS Environmental
laboratory. Potential laboratories must respond to a comprehensive statement of work developed to meet
the project objectives defined in this VIAR. Analytical standard operating procedures (SOPs), laboratory
quality manuals, and other laboratory-specific documentation are provided by the analytical laboratory
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following award of the contract and are not available in advance. These documents are retained in the
project record and are available for NMED review as required.

The overall objective for laboratory analysis is to produce data of known and sufficient quality.
Appropriate procedures and QC checks were used so that known and acceptable levels of accuracy and
precision are maintained for each data set. All samples were analyzed by a fully qualified laboratory in
accordance with the laboratory’s Quality Plan, which ensures that the contract laboratory adheres to
standardized analytical protocols and reporting requirements and is capable of producing accurate
analytical data.

Method blanks and laboratory QC samples are prepared and analyzed in accordance with the laboratory’s
method-specific SOPs. The analytical results of method blanks were reviewed to evaluate the possibility
of contamination caused by analytical procedures. At a minimum, the laboratory analyzed method blanks
and laboratory control samples at a frequency of 1 in 20 for all batch runs.

3.2.5 Health and Safety

Field activities were conducted in accordance with requirements of Occupational Safety and Health
Administration Standards for Hazardous Waste Operations and Emergency Response ((HAZWOPER]; 29
Code of Federal Regulations [CFR] 1910.120 [a] — [0], 2013). The WSTF environmental contractor’s
corporate-wide Safety and Health Plan (SHP) was augmented with site-specific Job Hazard Analyses to
address potential hazards foreseeable for the project and was followed in accordance with applicable
requirements of the standards. The augmented SHP addressed safety and health issues pertaining to work
activities, including known and reasonably anticipated hazards associated with project scope of work as
well as contingencies for unexpected conditions. Project field personnel were required to be current in
HAZWOPER training. The SHP was reviewed and approved by the contractor Health and Safety
Manager, and no new hazards were encountered that were not addressed by the SHP.

3.2.6 Field Documentation

The field geologist ensured that activities related to this assessment were documented using a field
logbook, field data records, and/or any required site-specific procedural documentation. Logbook entries
included, as applicable, information such as:

e Standard Daily Header — project name, logbook number, date, weather conditions, team members
present and their affiliations (including subcontractors), sample location identification, day’s task(s),
daily safety meeting topics, required personal protective equipment (PPE), equipment in use, and any
calibration information, if applicable.

e Daily activities (time and observations recorded) — site arrival and departure, visitors and the purpose
of their visit, vapor sampling information, decontamination (i.e., method, equipment cleaned),
reference data sheets or maps, if applicable.

e Daily summary — action items, materials used, changes or deviations made from planned protocol,
plan for next day.

e Signatures (field personnel and logbook reviewer).

At a minimum, field records included observations of environmental conditions, sampling conditions, and
sample documentation. For analytical samples, the date, location, depth, sample type, collection method,
identification number, sampler, and any circumstances, events, or decisions that could impact sample
quality were documented by the on-site geologist in the project field logbook. Even though each case may
be unique, the geologist must document any conditions that precipitated any decisions for the
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unsuitability of samples for analyses. In addition to the field logbook entries for sampling events, CoC
forms were completed for analytical samples and maintained with project documentation.

Evidential records for the entire project are maintained in hard copy or electronic form and consist of:

e Project VIAR with NMED modifications or deviations redlined.

e Site-specific internal procedural documentation or plans.

e Project logbooks.

e Field data records.

e Sample CoC forms.

e NMED correspondence.

e Final analytical data packages.

e Reports.

e Miscellaneous related records such as photos, maps, drawings, etc.

3.2.7 Investigation-Derived Waste Management Plan

As required in Permit Part 6 (Section 6.2.13; NMED, 2023), the IDW Management Plan for this vapor
intrusion assessment was provided to NMED in the 200 and 600 Area Vapor Intrusion Assessment Work
Plan (NASA, 2016b, Appendix A). The IDW Management Plan provided a description of the potential
wastes that could be generated from the 200 and 600 Area as well as procedures for waste management,
waste characterization, and waste disposition. Wastes that were generated as part of the assessment
comprised: used sampling equipment; PPE; and alcohol free moist wipes used for equipment
decontamination.

4.0 Field Data Collection, Assessment, and Review
4.1  Project Documentation

All facets of this assessment were documented in detail by the responsible project personnel. Records are
retained in the WSTF Operating Record and can be accessed at any time by authorized WSTF personnel.
Sample information and field measurements were recorded in the field logbook by the responsible project
field personnel. Records were reviewed by knowledgeable project personnel on a regular basis during the
assessment and are retained in the project file. The sample information and field measurements are
ultimately archived in the WSTF Records Management System as part of the Operating Record. As
required for reporting, these data are also transferred to and archived in operational and historical
databases.

4.2 Building Walkthrough Inspections

For most sites, detecting specific COPCs inside a building is not definitive evidence of vapor intrusion
since VOCs can also be common contaminants in ambient air and may also have other sources inside
buildings. Approximately two weeks prior to collecting the first semi-annual set of indoor and outdoor air
samples at Building 200 and Building 637, a pre-sampling inspection was performed to identify
conditions that may affect or interfere with the proposed sampling, and where possible to provide
temporary mitigation of these conditions. A standard building inspection form (Appendix A; developed
from ODEQ, 2010) was used to evaluate the type of structure, floor layout, physical conditions, and
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airflow of the buildings being studied. The 200 Area building complex includes a network of laboratories
and cleaning rooms that contain several of the COPCs identified in Section 2.2 that are commonly used as
laboratory chemicals (e.g., acetone, methyl ethyl keytone, isopropyl alcohol).

Potential COPC sources were evaluated within the building by conducting a product inventory and
recording the results on the building survey form. The primary objective of the product inventory is to
identify potential air sampling interference by characterizing the occurrence and use of chemicals and
products throughout the building. This information helped formulate the indoor environment profile. Both
Building 200 and Building 637 are single floor structures. Individual rooms were carefully inspected for
products and an inventory provided as products stored in another area of the building can affect the air of
the room being tested.

An MSA Altair® 5X photo ionization detector (PID) was used for the indoor and outdoor air screening of
potential air contaminants (oxygen, carbon monoxide, carbon dioxide, hydrogen sulfide, sulfur dioxide,
ammonia, chlorine, and VOCs) at concentrations as low as 1 part per million (ppm). Dry decontamination
followed. An alcohol-free moist wipe was used for the PID between screening readings. Any waste
materials removed from the equipment and the wipes used were disposed of as IDW and managed in
accordance with the VIAWP (NASA, 2016b; Appendix A).

Portable vapor monitoring equipment readings using the PID and a description of any odors present were
used to help evaluate potential indoor sources. Where available, chemical ingredients of interest were
recorded for each product as best possible. If the ingredients are not listed on the label, each product’s
exact and full name, and the manufacturer’s name, address and phone number, if available were recorded
on product inventory forms (Table 4.1, Table 4.2, Appendix A).

Building walkthrough inspections were performed at Building 200 on June 21, 2017, and at Building 637
on June 26, 2017. The junction between walls and the building foundation of the west side of Building
200 and surrounding 600 Area Building 637 were visually evaluated at this time to the best extent
possible for structural integrity, staining, or any other visible defects. No significant foundation issues
were identified at either building.

Walkthrough observations were documented using building inspection forms for each of the two
buildings (Appendix A) to support evaluation of the vapor intrusion pathway. Each building inspection
form includes a product inventory form listing the specific products found in each building that have the
potential to affect air quality. Photographs recorded during and immediately following the initial building
inspections on June 28, 2017, are provided in Appendix B: Photographs 1 through 18 were taken at
Building 200; and Photographs 19 through 26 were taken at Building 637.

4.2.1 Building 200

Building 200 is an industrial building used primarily as a laboratory. The northwest side of the building
incorporates machine shops, equipment and materials storage, utility rooms, photo lab, garage, and offices
(Appendix A). The building is an insulated single floor structure that was constructed in 1965 The portion
of Building 200 on the west side that is of interest relative to the vapor intrusion study is approximately
11,000 square feet in size. The building is cooled using forced refrigerated air through a central air
system, with outdoor air infiltration restricted to open doors, door thresholds, windows, and potentially
any cracks in the structure walls. Above grade construction comprises sealed concrete walls with some
metal paneling in the North Highbay. The floor is composed of poured concrete covered with concrete

2 Altair is a registered trademark of MSA Technology, LLC.
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sealant and 9-in. x 9-in. x 1/16-in. vinyl tile. The heating system relies upon hot air circulation generated
using natural gas, which is also used to heat water. The heating and cooling systems are typically run 24
hours a day, seven days a week due to operation of the building as a laboratory. Room 206B (Figure 3.1)
was constructed directly above the former fenced yard that was the location for the Clean Room tank
HWMU installed in the mid-1960s. The machine shop is equipped with a drill, lathe, and a variety of
lubricating oils.

The building is a non-smoking facility and is cleaned as required and on a daily basis on workdays
(Monday through Friday) using commercial cleaning materials. A cleaning room is also present for
advanced equipment cleaning operations that are performed regularly during the work week. Cosmetics
and air fresheners are used regularly by employees. No painting had been performed within the six
months preceding the first sampling event, and no new textiles had been installed. Several flume hoods
are present on the peripheral interior walls and vent to the outside of the building. Pesticides are applied
on a quarterly schedule to address problems with stinging insects, spiders, and scorpions. During the
walkthrough, it was noted that several odors were present in the building, which is not atypical of a
chemical laboratory. Many individual rooms had distinct odors related to the specific supplies stored
within the room. Chemical supplies included solvents and volatile chemicals that are components of oils,
lubricants, paints, and adhesives. Potable water is provided by the WSTF supply wells located within the
JDMB approximately 5 miles to the west. Sewage is managed through the City of Las Cruces public
sanitary system that was connected to the building in 2015. Table 4.1 provides a summary of the products
contained within Building 200 as listed within the product inventory form of Appendix A. The products
included a variety of glues, acids, paints, flammables, oils, and Freon. Photographs 1 through 18 were
taken within a variety of rooms during the walkthrough inspection and are provided in Appendix B.

4.2.2 Building 637

Building 637 is a relatively small and isolated industrial building approximately 1,200 square feet in size
(Appendix A). It is used by the WSTF Environmental Department for the groundwater assessment
program, primarily for the storage and management of soil, soil vapor, and groundwater sampling
equipment and laboratory-provided sample containers. The building is a single floor structure with
insulated walls that was constructed in 1992 Airflow through the building is generated by forced air
through two evaporative coolers located on the north wall of the building, with outdoor air infiltration
through a door and single garage bay door on the northwest side. The above grade construction consists of
poured concrete footing and corrugated metal siding sealed with paint. The floor comprises a concrete
slab with concrete sealant. Heating is provided by hot air circulation fueled by natural gas. The air
conditioning system is typically operated between 7 a.m. to 4 p.m. on workdays on an as-needed basis.
The system is usually shut down at weekends when the building is unoccupied. The building contains a
workbench with tools and a variety of lubricants in the west corner of the building.

The building is a non-smoking facility. Cleaning products are regularly used to clean work surfaces when
required. No cosmetic products are used, no painting had been performed in the six months preceding the
first sampling event, no air fresheners are used, and no carpets, drapes, or textiles are present. A pesticide
application was performed within a month prior to the building inspection for insects and rodents. Trace
odors are present in the building, usually related to chemical preservatives (dilute acids) used for
groundwater samples. Potable water is supplied by the WSTF supply wells located within the JDMB
approximately five miles to the west. No restroom facilities are present in the building and no sewage
management is required. Table 4.2 provides a summary of the products contained within Building 637 as
listed within the product inventory form of Appendix A. The products included dilute acid preservatives,
cleaning products, oils, lubricants, compressed gas (nitrogen), and fuel in an adjacent outside storage
building (gasoline). Photographs 19 through 26 were taken inside and outside Building 637 during the
walkthrough inspection and are included in Appendix B.

200 and 600 Area Vapor Intrusion Assessment Report 23



NASA White Sands Test Facility

4.3  Preparation of Buildings

The pre-sampling inspection provided adequate advance notice to the local workforce to minimize
potential background sources prior to air sampling through best management practices. At a minimum, it
was ensured that containers were tightly sealed. However, no potential sources were actually removed
from Building 200 or Building 637. The inability to eliminate potential interference is considered
justification for not testing, especially when testing for similar compounds at low levels. Although Freon
was observed to be stored in Room 202 where sample B200-IA-05 was located, sample collection
proceeded as planned. Room 202 is the former etching room that has been converted to a storage area for
various solvents (Appendix A).

Once interfering background sources were removed or minimized to the extent possible, the building
ventilation system in Building 200 continued to operate under normal conditions for approximately 48
hours (Friday and Saturday) prior to testing to eliminate residual contamination in the indoor air.
Ventilation was accomplished by operating the building’s heating ventilation and air conditioning
(HVAC) system. Air samples were intended to represent typical exposure in a mechanically ventilated
building, and the operation of HVAC systems during sampling was noted. It was ensured that the
building’s HVAC system was operating under normal conditions. In addition, steps were taken to avoid
any painting, cleaning, pesticide spraying, or air freshening activities at least two weeks prior to air
sampling. No exceptions were noted.

4.4  Field Preparation and Sampling

Vapor intrusion assessment fieldwork included preparation of the buildings to be assessed, sample
planning and preparation activities, and sample collection and management. Field activities commenced
following appropriate planning and preparation activities and NMED approval of the VIAWP (NMED,
2016a). Field assessment activities required approximately six months in order to complete two semi-
annual soil vapor sampling events that were performed in consecutive summer (August 2017) and winter
(February 2018) seasons.

4.4.1 Summer Semi-Annual Sampling Event (August 2017)

e Monday August 21 — analytical laboratory sampling equipment and containers shipped to WSTF.

o Friday August 25 — non-working day at WSTF. Buildings 200 and 637 experienced minimal
occupation or traffic. HVAC system operating normally 24-7 in Building 200 laboratories. Building
637 HVAC system shut off for weekend.

e Saturday August 26 — Building 637 sampling event performed starting at 0700 hours, completed at
1700 hours.

e Sunday August 27 — Building 200 sampling event performed starting at 0700 hours, completed at
1730 hours.

e  Weather conditions at 0700 hours (both days): clear skies, outdoor air pressure approximately 30 in.
of mercury, warm with outside temperature 67 to 70 degrees Fahrenheit, trace winds from the
northeast at < 2 miles per hour.

4.4.2 Winter Semi-Annual Sampling Event (February 2018)

e Tuesday February 20 — analytical laboratory sampling equipment and containers shipped to WSTF.
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e Friday February 23 — non-working day at WSTF. Buildings 200 and 637 experienced minimal
occupation or traffic. HVAC system operating normally 24-7 in Building 200 laboratories. Building
637 HVAC system shut off for weekend.

e Saturday February 24 — Building 637 sampling event performed starting at 0700 hours, completed at
1630 hours.

e Sunday February 25 — Building 200 sampling event performed starting at 0640 hours, completed at
1730 hours.

e  Weather conditions at 0700 hours (both days): clear skies, outdoor air pressure approximately 30 in.
of mercury, outside temperature 34-37 degrees Fahrenheit, no winds.

4.5  Vapor Intrusion Assessment Sampling

The vapor intrusion assessment incorporated soil vapor samples from MSVM and MSVGM wells,
outdoor air samples, and indoor air samples. The objective of this sampling was to determine whether
indoor air in Building 200 and Building 637 is impacted by intrusion of VOCs from soil vapor.
Laboratory containers and analysis were provided by the ALS Environmental Laboratory in Simi Valley,
California. Soil vapor grab samples were collected from ports in MSVM and MSVGM wells utilizing 1-
liter evacuated canisters provided by the laboratory. Outdoor and indoor air samples for the two buildings
targeted for air intrusion analysis (200 Area Building 200 and 600 Area Building 637) were collected in
6-liter canisters equipped with 8-hour flow controllers. All samples were analyzed using EPA Method
TO-15 in order to achieve the vapor intrusion assessment DQOs.

4.6  Vadose Zone Soil Vapor Sampling

Soil vapor sampling was conducted following standard site procedures for each of the MSVM or
MSVGM well sampling ports. Critical information describing the sampling event was recorded in the
field sampling logbooks. Vadose zone soil vapor samples were collected in laboratory-evacuated stainless
steel electropolished passivated vessels (passivated stainless steel canisters) certified as clean and
provided by the laboratory. The stainless steel construction ensures soil vapor and air samples did not
permeate through the vessel wall or degrade due to exposure to light during shipment to the laboratory.
Standard 1-liter canisters were used for soil vapor grab sampling from MSVM and MSVGM wells. These
samples were anticipated to be more concentrated than the corresponding indoor and outdoor air samples.

Immediately prior to sampling, the ambient barometric pressure was recorded and vacuum conditions
within the passivated stainless steel canisters recorded. Three tubing volumes of air were purged from
each sampling port and stainless steel tubing using a LANDTEC®?* GEM 2000+ gas analyzer to ensure
the removal of stagnant air. The pump on a gas analyzer was used to purge the soil vapor well tubing for a
minimum of five minutes per zone to evacuate at least three volumes of the % in. tubing and soil vapor
port. During purging, concentrations of methane (CH4), carbon dioxide (CO2), and oxygen (O2) indicator
parameters were monitored. Each parameter is required to be stable prior to sampling; additional purging
was performed as required. A passivated stainless steel canister was then attached to the sampling port,
opened, and filled to capacity (Appendix B, Photograph 27). Field QC samples were collected to ensure
high quality data were generated during the assessment (Section 3.3.7).

3 LANDTEC is a registered trademark of Q.E.D. Environmental Systems, Inc.
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4.7  Indoor and Outdoor Air Sampling

Passivated stainless steel canisters were utilized for indoor and outdoor air sampling. Six-liter volume
canisters were used due to the relatively low concentration of analytes anticipated in the indoor and
outdoor samples, the 8-hour sampling duration, preferred sampling flow rate for this type of sample, and
the sample volume required for the sampling period. Six-liter canisters are typically used to obtain the
integrated time-weighted average ambient air samples at sampling times of up to 24 hours. High quality
valves were utilized that resist human error in sample collection activities (e.g., over tightening that
potentially could cause leaks). Low-flow precision regulators were used with each of the canisters to
ensure a consistent airflow over the designated eight-hour sampling duration.

Sample collection intakes were located to approximate the breathing zone for building occupants at
heights of 3 to 5 ft above the building floor. Indoor air samples were collected during typical working
hours to be representative of typical exposure in a manner as to minimize disruptions to normal building
activities (Appendix B, Photograph 28). Outdoor air samples were collected starting one-hour earlier but
otherwise at the same times as the indoor samples (Appendix B, Photograph 29). Sampling technicians
did not remain in the immediate area of the canisters when samples were being collected.

4.8  Soil Sampling

For the cumulative soil risk screening, soil data for the 200 Area came from the 200 Area Phase II
Investigation Report, Appendix E (NASA, 2015b) and soil data for the 600 Area came from the 600 Area
Closure Investigation Report, Appendix 13.B (NASA, 2011a). The soil analytical data used is provided in
Excel format and included in Enclosure 4.

4.9  Off-site Laboratory Data

Data packages from the laboratory consisted of two primary components: comprehensive reports
submitted as Adobe portable document files (PDF) for review and archiving (provided as an enclosure to
this report); and electronic data deliverable (EDD) files to facilitate transfer of chemical analytical data
into WSTF’s analytical database(s). The PDF reports included the laboratory name, report date, sample-
specific information, analyte names and Chemical Abstract Service numbers, analytical results, QC
sample results, data qualifiers and narratives, pertinent analytical notes, laboratory reviewer signatures,
and a variety of other information specific to the laboratory and analytical method. The EDD files include
the associated electronic data and follow the same review and approval cycle as the PDF report.

4.10 Data Assessment and Review

A quality assurance (QA) specialist evaluated the sample data, field, and laboratory QC results for
acceptability with respect to the project quality objectives. Chemical analytical data was compared with
the project DQOs and evaluated using the data validation guidelines contained in EPA guidance
documents, the latest version of SW-846, “Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods,” and industry-accepted QA/QC methods and procedures (EPA, 2013). A QA report for the
vapor data and a second report for the previous soil data are provided in Appendix C.

A comprehensive review of sample analytical data was conducted. Prior to conducting the review, the
following information (where required and applicable) was compiled and provided.

e The NMED-approved VIAWP.
o Field sampling and geologist logs.
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e Laboratory reports.

e Statements of work and the laboratory Quality Management Plan.
e EDD Files.

e SOPs.

e Data tools.
Data review elements included:

Step I: Verification — Verification (review for completeness) is the confirmation by examination and
provision of objective evidence that the specified requirements (sampling and analytical) have been
completed (EPA, 2005).

Data verification is the process of determining whether data have been collected or generated as required
by the project documents. The process consists of the following categories: 1) verifying that field
sampling operations were performed as outlined in the vapor intrusion assessment Investigation Work
Plan (IWP; NASA 2016b); 2) verifying that the data collection procedures and protocols were followed;
3) verifying completeness to establish that sufficient data necessary to meet project objectives have been
collected; and 4) checking that QC sample results meet control limits defined in the analytical methods.

Step II: Validation — Validation is the confirmation by examination and provision of objective evidence
that the particular requirements for a specific intended use are fulfilled. Validation is a sampling and
analytical process that includes evaluating compliance with method, procedure, or contract requirements
and extends to evaluating against criteria based on the quality objectives developed (EPA, 2005).

The purpose of validation is to assess the performance of the sampling and analysis processes to
determine the quality of specified data. Data validation consists of the following objectives: 1) verifying
that measurements (field and laboratory) meet the user’s needs; and 2) providing information to the data
user regarding data quality by assignment of individual data qualifiers based on the associated degree of
variability. Data management personnel performed data validation in accordance with the requirements in
this IWP and existing WSTF procedures.

Step III: Usability Assessment — Usability assessment is the determination of the adequacy of data, based
on the results of validation and verification, for the decisions being made. The usability process involves
assessing whether the process execution and resulting data meet project quality objectives (EPA, 2005).

The goal of the usability assessment is to determine the quality of each data point and to identify data that
are not acceptable to support project quality objectives. Data may be qualified as being unusable or
rejected (R), as based on established quality review protocols. Data qualified as estimated concentrations
(J) are less precise, or less accurate, than unqualified data but are still acceptable for use. The data users,
with support from the contractor environmental data management staff, are responsible for assessing the
effect of the inaccuracy or imprecision of the qualified data on statistical procedures and other data uses.
The data reporting included a discussion of data limitations and their effect on data interpretation
activities.

A review of COPC detection limits obtained from the laboratory compared to regulatory screening levels
was conducted. Several COPCs in the 200 Area had dilution issues for the soil vapor samples where
detection limits reached were higher than regulatory screening levels. The issue arises when there are very
high concentrations of a VOC in a sample. For the instruments to read the contaminants, the sample must
be diluted, and sometimes diluted by orders of magnitude. However, this can cause other VOCs to be

200 and 600 Area Vapor Intrusion Assessment Report 27



NASA White Sands Test Facility

masked, since dilution raises the detection limits for other VOCs. Soil vapor samples from well 200-LV-
150 at 34 ft bgs contain high concentrations of VOCs. The August 2017 samples contain a dilution of
6600, and in February 2018, a dilution of 1530 was needed. These dilutions resulted in VOC detection
limits greater than VISLs or air RSLs. Detection limits higher than applicable regulatory screening levels
are highlighted in yellow on Table 4.3 and provided with dilutions on Table 4.4. COPCs affected include
carbon tetrachloride, chloroform, ethylbenzene, heptane, 2-hexanone, 2-propanol, TCE, and 1,2,4-
trimethylbenzene.

Examples to illustrate the elevated dilution and detection limits include TCE and chloroform. TCE
detection limits were 920 pg/m? for August 2017 and 430 pg/m?* for February 2018. These detection
limits are above the residential cancer and noncancer VISLs (69.5 and 147 pg/m?, respectively) and the
industrial noncancer VISL (328 pug/m*). However, the very high concentrations of TCE detected in the
200-LV-150 samples required the large dilutions (410,000 pg/m* and 140,000 pg/m?). These large
dilutions (6600 and 1530) also caused elevated detection limits for other VOCs, such as chloroform. The
August 2017 and February 2018 detection limits for chloroform for soil vapor in well 200-LV-150 were
1,100 and 260 pg/m?, which are above the residential and industrial cancer VISLs of 40.7 ug/m? and 199
pg/m?®. Chloroform was not detected in soil vapor samples in 200-LV-150. However, due to the high
detection limits, it is not possible to determine if chloroform was present in 200-LV-150 samples above
regulatory cancer limits. Table 4.4 provides details of the other six affected constituents.

5.0 Summary of Seoil Vapor, Outdoor Air, and Indoor Air Data

The chemical analytical results from the two semi-annual soil vapor sampling events were verified,
validated, and used to develop the final VIAR. Laboratory reports for the two semi-annual sampling
events (Sampling Event #1 in August 2017 and Sampling Event #2 in February 2018) are provided as an
enclosure to this report. A complete set of tabulated analytical results for all soil vapor and air samples is
provided as an enclosure to this report.

5.1 200 Area Soil Vapor, Outdoor Air, and Indoor Air Sampling

Figure 5.1 posts the analytical results for soil vapor, indoor air, and outdoor air samples in association
with the sample locations within and immediately surrounding Building 200 in the 200 Area. Analytical
results for the four primary COPCs anticipated to be present (TCE, PCE, Freon 11, and Freon 113) are
shown for both semi-annual sampling events performed on August 27, 2017 and February 25, 2018.

Table 4.3 provides a summary of the maximum observed contaminant concentrations for subsurface soil
vapor within wells adjacent to Building 200, the maximum contaminant concentrations for outdoor air
adjacent to Building 200, and the maximum contaminant concentrations for indoor air samples. Results
are provided for all 13 COPCs identified in Section 2.6 of this report (TCE; PCE; Freon 11; Freon 113; 2-
butanone; 1,1,1-trichloroethane; chloroform; benzene; ethylbenzene; toluene; xylenes; acetone; and 2-
propanol) for the August 2017 and February 2018 semi-annual sampling events. Table 4.3 also compares
the maximum contaminant concentrations reported to the available vapor intrusion screening levels:
NMED VISLs and WSTF RBCs (Section 1.5).

5.1.1 200 Area Soil Vapor Analytical Results

For both semi-annual sampling events, the TCE soil vapor concentrations from well 200-LV-150 at 34 ft
(410,000 and 140,000 pg/m?), well 200-SV-05 at 9 ft (40,000 and 26,000 pg/m?), and well 200-SV-09 at
19 ft (35,000 and 31,000 pg/m?) significantly exceeded both the NMED residential and industrial VISLs
(69.5 ng/m® noncancer, 147 ug/m? cancer, 328 ug/m? noncancer, and 1,120 pg/m? cancer). For WSTF
RBCs, well 200-LV-150 significantly exceeded the appropriate RBCs at 25 ft bgs (residential: 4,900
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ug/m® noncancer and 11,000 pg/m? cancer; industrial: 84,000 pg/m? noncancer and 280,000 pg/m?
cancer).

For wells 200-SV-05 and 200-SV-09, residential RBCs were exceeded (1,500 ug/m* noncancer and 3,400
ug/m® cancer at 5 ft bgs; and 2,300 ug/m? noncancer and 5,400 pg/m? cancer at 10 ft bgs), but not all
industrial RBCs were exceeded. In well 200-SV-05 (at 9 ft), concentrations (40,000 and 26,000 pg/m?)
exceeded the industrial noncancer RBC (18,000 pg/m?* at 5 ft) but not the industrial cancer RBCs (60,000
pg/m? at 5 ft). In well 200-SV-09 (at 19 ft), the August 2017 sample (35,000 pg/m?) exceeded only the
industrial noncancer RBC (34,000 pg/m? at 10 ft) but not the industrial cancer RBC (120,000 pg/m? at 10
ft). In February 2018, the 200-SV-09-19 sample concentration (31,000 pg/m?®) was below both industrial
RBCs (34,000 ug/m* noncancer and 120,000 pg/m? cancer at 10 ft).PCE soil vapor concentrations
exceeded the NMED residential noncancer and cancer and industrial noncancer VISLs (1,390 pg/m?
noncancer, 3,600 pg/m? cancer, and 6,550 pg/m*noncancer) in all three soil vapor wells for the August
2017 sampling event (200-LV-150 at 34 ft was 57,000 pg/m?; 200-SV-05 at 9 ft was 9,500 ug/m?*; and
200-SV-09 at 19 ft was 6,600 pg/m?). The industrial cancer VISL (17,600 pg/m?) was exceeded only in
well 200-LV-150 in August 2017.

For the February 2018 sampling event, PCE exceeded all the NMED VISLs (residential: 1,390 pg/m?
noncancer, 3,600 pg/m? cancer; industrial: 6,550 pg/m?® noncancer, 17,600 pg/m? cancer) in well 200-LV-
150 (36,000 ng/m?) and the residential VISLs in 200-SV-05 and 200-SV-09 (5,300 and 5,400 pg/m?,
respectively). February 2018 concentrations of PCE were below industrial VISLs.

Both August 2017 (well 200-LV-150 at 34 ft was 57,000 pg/m?*; well 200-SV-05 at 9 ft was 9,500 pg/m?;
and well 200-SV-09 at 19 ft was 6,600 pg/m?) and February 2018 concentrations of PCE (well 200-LV-
150 at 34 ft was 36,000 pg/m?; well 200-SV-05 at 9 ft was 5,300 pg/m?; and well 200-SV-09 at 19 ft was
5,400 ng/m>) in all soil vapor wells are all below the WSTF RBCs at the appropriate corresponding
depths (residential: 340,000 cancer and 130,000 pg/m? noncancer at 25 ft bgs; 93,000 cancer and 35,000
ng/m® noncancer at 5 ft; and 150,000 cancer and 58,000 pg/m?® noncancer at 10 ft. Industrial: 2,300,000
ng/m® noncancer and 6,000,000 pg/m? cancer at 25 ft; 460,000 ug/m* noncancer and 12,000,000 pg/m?
cancer at 5 ft; and 910,000 ug/m? noncancer and 2,400,000 pg/m? cancer at 10 ft).

All 11 remaining maximum concentrations for COPCs in vadose zone soil vapor (Freonl1; Freon 113; 2-
butanone; 1,1,1-trichloroethane; chloroform; benzene; ethylbenzene; toluene; xylenes; acetone; and 2-
propanol) are below the corresponding NMED VISL and WSTF RBC.

5.1.2  Building 200 Outdoor Air Analytical Results

Outdoor air samples were either non-detect or below 1 pg/m?* for TCE, PCE, Freon 113, 1,1,1-
trichloroethane, chloroform, benzene, ethylbenzene, toluene, xylenes, acetone, and 2-propanol. Traces of
Freon 11 (maximum 1.2 pg/m? in August 2017 and February 2018) and 2-Butanone (maximum 3 pg/m?
in August 2017) were also detected.

5.1.3  Building 200 Indoor Air Analytical Results

No indoor air concentrations exceeded NMED VISLs. The maximum concentration for indoor air
samples were non-detect or below 1 pg/ m* for four COPCs: PCE; 1,1,1-trichloroethane; chloroform; and
ethylbenzene. Trace concentrations were observed for eight COPCs: TCE (maximum 1.3 pg/m? in
February 2018); Freon 11 (maximum 22 pg/m? in August 2017); 2-Butanone (maximum 8.7 pg/m?® in
August 2017); benzene (maximum 1.6 pg/m?® in February 2018); toluene (maximum 22 pg/m?® in August
2017); xylenes (maximum 1.5 pg/m? in August 2017); acetone (maximum 29 pg/m? in August 2017); and
2-propanol (maximum 68 pg/m® in August 2017). The highest concentration of Freon 113 of 3,200 pg/m?
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was reported in August 2017 from sample location 200-IA-5. This maximum concentration is one and
two orders of magnitude below the NMED VISL for residential and industrial indoor air of 31,300 and
147,000 pg/m?, respectively.

5.1.4 Building 200 Trends and Observations
The following section describes trends and observations for the 200 Area vapor analytical results.

e Soil vapor COPC concentrations were higher in the summer semi-annual sampling event (August
2017), characterized by elevated outdoor temperatures, compared to the winter sampling event for all
four WSTF primary COPCs detected: (TCE, PCE, Freon 11, and Freon 113).

e The highest concentrations detected in vapor in the investigation were for TCE, PCE, and Freon 113.
Maximum concentrations for TCE, PCE, and Freon 113 were reported from well 200-LV-150-34, and
the maximum concentration for Freon 11 from well 200-SV-05. These wells are both located
downgradient of the former Clean Room Tank HWMU with respect to surface topography, bedrock
topography, and groundwater flow. From the 200 Area Phase II investigation (NASA, 2015b),
residual concentrations of the primary COPCs are present within microfractures of vadose zone
bedrock, as demonstrated through core analysis.

e The highest indoor air concentration for Freon 113 of 3,200 pg/m? (in August 2017) was reported
from sample location 200-IA-5 within Room 202 (Figure 5.1). The product inventory form
(Table 4.1) indicates that steel canisters containing Freon are stored in this secure, unoccupied storage
room. Room 202 is used exclusively for materials storage and is utilized periodically for chemical
storage and chemical management activities.

e The trace indoor air concentration for 2-propanol of 68 pg/m? reported in August 2017 is from sample
location 200-1A-3 within the equipment storage area of Room 205. 2-propanol is used in the
manufacture of a wide variety of industrial and household chemicals and is a common ingredient in
chemicals such as antiseptics, disinfectants and detergents that are stored in this room. Room 205 is
used exclusively for equipment and storage and is occupied only during maintenance activities.

e Indoor air concentrations of COPCs were generally slightly higher than the contemporaneous outdoor
air samples collected, but well below the concentrations observed within soil vapor in the shallow
vadose zone reported from MSVM and MSVGM wells.

5.2 600 Area Soil Vapor, Outdoor Air, and Indoor Air

The analytical results for all soil vapor and air sample locations within and immediately surrounding
Building 637 in the 600 Area are provided in Figure 5.2. The concentrations of the primary WSTF
COPCs (TCE, PCE, Freon 11, and Freon 113) are provided for two semi-annual sampling events
performed on August 26, 2017 and February 24, 2018.

Table 5.1 summarizes the maximum contaminant concentrations observed for subsurface soil vapor
within the MSVM wells located closest to Building 637, the maximum contaminant concentrations for
outdoor air adjacent to Building 637, and the maximum contaminant concentrations for indoor air
samples for both of the semi-annual sampling events. Results are provided for all COPCs identified in
Section 2.6 of this report (TCE; PCE; Freonl11; Freon 113; 2-butanone; 1,1,1-trichloroethane; chloroform;
benzene; ethylbenzene; toluene; xylenes; acetone; and 2-propanol) with a comparison to the available
vapor intrusion screening levels: NMED VISLs and WSTF RBCs (Section 1.5).
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5.2.1 600 Area Soil Vapor Analytical Results

TCE concentrations in well 600-SGW-1 (480 and 740 ug/m?) exceed residential VISLs (69.5 and 147
ug/m?) and the industrial noncancer VISL (328 ug/m?), but not the industrial cancer VISL (1,120 ug/m?)
for both sampling events. Well 600-SGW-2 TCE concentrations (330 and 270 pg/m?®) exceed the
residential VISLs for both sampling events, but only exceed the industrial noncancer VISL for the August
2017 event (330 ug/m?). TCE concentrations were below the industrial noncancer VISL in February 2018
and the industrial cancer VISL in both 2017 and 2018. TCE soil vapor concentrations were below RBCs
at 10 ft bgs (residential: 2,300 pg/m?® noncancer and 5,400 pg/m? cancer; industrial: 34,000 pg/m?3
noncancer and 120,000 pg/m?* cancer). Well 600-SGW-5 TCE concentrations (44 and 42 ng/m®) were
below all VISLs.

All other maximum concentrations for the 12 remaining COPCs for both the August 2017 and February
2018 sampling events (PCE; Freon 11; Freon 113; 2-butanone; 1,1,1-trichloroethane; chloroform;
benzene; ethylbenzene; toluene; xylenes; acetone; and 2-propanol) are below the respective NMED
VISLs and WSTF RBCs at the appropriate depths.

5.2.2 Building 637 Outdoor Air Analytical Results

The concentrations of COPCs in outdoor air samples were either non-detect or below 1 ug/m? for 10 of
the 13 COPCs (TCE, PCE, Freon 113, 1,1,1-trichloroethane, chloroform, benzene, ethylbenzene, toluene,
xylenes, and 2-propanol). Traces of Freon 11 (maximum 1.2 pg/m? in August 2017), 2-Butanone
(maximum 2.4 pg/m? in August 2017), and acetone (maximum 10 pg/m? in August 2017) were also
detected.

5.2.3 Building 637 Indoor Air Analytical Results

The maximum concentration for indoor air samples were non-detect or below 1 pug/m? for nine of the 13
COPCs: TCE; PCE; Freon 113; 1,1,1-trichloroethane; chloroform; benzene; ethylbenzene; toluene; and,
xylenes. Trace concentrations of three COPCs were also observed: Freon 11 (maximum 1.4 pg/m? in
February 2018); 2-Butanone (maximum 5.3 pg/m? in August 2017); acetone (maximum 16 pg/m? in
August 2017); and, 2-propanol (maximum 3.4 pg/m® in August 2017). No indoor air concentrations
exceeded NMED VISLs.

5.2.4 Building 600 Trends and Observations
The following section describes trends and observations for the 600 Area vapor analytical results.

e The indoor air concentrations for specific COPCs were slightly above the contemporaneous outdoor
air samples collected, but significantly below the concentrations observed within soil vapor in the
shallow vadose zone reported from MSVM wells.

e The higher concentrations for COPCs in the vadose zone MSVM wells are variable between the
summer (August 2017) and winter (February 2018) sampling events characterized by significantly
different ambient outdoor temperatures. Of the four primary COCs, TCE and PCE are slightly higher
for February 2017, and Freon 11 and Freon 113 are slightly higher for August 2017. This irregularity
is true for 12 of the 13 COPCs detected in the vadose zone. The rationale may be related to limited
amounts of groundwater available as a source for contaminants within poorly fractured andesite
bedrock, and lower concentrations of VOCs in the local aquifer. The effect of increased volatilization
during hotter (summer) months is less apparent than higher flow/higher contaminant concentrations
areas such as the 200 Area fractured limestone aquifer.
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e Analytical results for the four indoor air sample locations are also compatible with each other due to
the open nature of the building with no divides or separate offices.

5.3  Potential Bias due to Field Sampling Conditions

The VIAWP was followed at all times including the performance of field sampling, and no potential
biases due to field conditions were reported. The same analytical laboratory, sampling containers, and
supplies were used for both the August 2017 and February 2018 sampling events. The same facility
preparation and sampling protocol was also followed at Buildings 200 and 637 for each of the two events.
Climatic conditions remained favorable throughout. The two semi-annual sampling events were
performed 182 days apart during the summer and winter seasons as required by the VIAWP.

6.0 Screening Level Risk Assessment, Uncertainties, and Lines of Evidence
6.1  Screening Level Risk Assessment

This investigation was designed to evaluate whether there was unacceptable risk or hazard to WSTF
workers in the most likely location at WSTF for current vapor intrusion, buildings adjacent to the 200
Area west closure HWMU and the 600 Area HWMU. A comprehensive risk/hazard screening assessment
was not planned nor originally performed, and no soil borings were planned nor completed for this vapor
intrusion investigation. However, in the disapproval of the initial VIAR, NMED requested that NASA
perform a combined health risk and hazard screening evaluating soil vapor combined with soil data
(NMED, 2019). Since no soil data was collected as part of the vapor intrusion field work, additional data
collected prior to 2017 was used for soil risk and hazard screening. The soil data used was collected under
NMED-approved work plans (200 Area Investigation — Phase Il Investigation Work Plan [NASA, 2013a]
and NASA Response to NMED 03/19/09 Comments on the 600 Area Closure Investigation [NASA,
2009]). This additional soil data was also previously included in NMED-approved reports (NAS4 WSTF
200 Area Phase Il Investigation Report [INASA, 2015b] and 600 Area Closure Investigation Report
Provided in Response to a NMED Notice of Disapproval [NASA, 2011a]. Soil vapor and indoor air data
used in the risk and hazard screening evaluation were collected for this investigation in 2017 and 2018
only. Analytical data used are provided in Excel format in Enclosure 4.

As requested, and per NMED Guidance (NMED, 2022c), a cumulative screening risk assessment is
conducted at both the 200 and 600 Areas for the following potential exposure pathways: inhalation of
intruding soil vapors, inhalation of indoor air, and the ingestion, dermal contact, or inhalation of
chemicals present in soils. Figure 6.1 is the SCEM revised based on the results of this investigation and
risk assessment.

Consistent with Section 2.8.2 of the NMED Risk Assessment Guidance (2022¢), soil data from samples at
any depth within 0 to 10 ft of the ground surface can be screened using residential or construction worker
scenarios, whereas data from the O to 1 ft interval are applicable for evaluating industrial exposures.
However, soil samples for the 200 and 600 Area investigations were not collected in the 0 to 1 ft depth
range. The 200 and 600 Area investigations were originally designed to identify the locations of the
greatest soil contamination. Samples were obtained where contamination was suspected. Since WSTF
sites have been used for multiple purposes over time, surface soils have been disturbed and clean fill
added at multiple WSTF sites. Due to the disturbed surface soils and the goal of locating the highest soil
contaminant concentrations, surface soils were not collected for the 200 and 600 Area investigations, and
the industrial pathway was not initially evaluated. In addition, no soil vapor wells on site at WSTF were
designed with ports in the 0 to 1 ft bgs depth range. However, for this revision per NMED comments in
the NMED Disapproval (NMED, 2022b), the industrial pathway was evaluated using the shallowest soil
and vapor samples collected for the 200 and 600 Area investigations, even though the depths sampled
were greater than 1 ft bgs. (The shallowest depths are: 200 Area soils: 8 and 16 ft bgs; 600 Area soils: 3,
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4, 6, and 10 ft bgs; 200 Area soil vapor: 9, 19, and 34 ft bgs; and 600 Area soil vapor: 7.5 and 12.5 ft
bgs).

In accordance with NMED Risk Assessment Guidance Section 2.8.4 (NMED, 2022c¢), when a
constituent’s maximum detected value exceeded or neared NMED screening levels, an exposure point
concentration (EPC) can be calculated. If sufficient data are available, EPA’s ProUCL software (most
recent version EPA, 2022a) is used to calculate the constituent’s 95 percent Upper Confidence Limit
(UCL95) of the mean concentration. Ideally, a minimum of eight samples collected with at least five
detections is preferred for calculating statistics. The UCL95 is then compared to the applicable screening
level. When a detected constituent has no NMED screening level, EPA screening levels (EPA, 2022b) are
used. Finally, WSTF RBCs (NASA, 2022) can be used for soil vapor as screening levels containing more
site-specific criteria and should be compared against if NMED screening targets are not met. If less than
eight samples or less than five detections were present for constituents, the maximum concentration was
used as the EPC.

The cumulative screening risk assessment is performed with vapor analytical data from this investigation,
as well as soil data from previous investigations conducted in the 200 and 600 Areas (NASA, 2015b;
2011a). Soil vapor and indoor air quality data collected during this investigation are the most relevant to
the goals of this risk screening and are therefore used as key input parameters in the cumulative screening
assessments.

6.1.1 200 Area Screening Risk Assessment
6.1.1.1 200 Area — Soil Vapor Screening Risk Assessment

For this investigation, soil vapor samples were collected from the shallowest vapor ports in three wells in
the 200 Area. Since two separate sampling events (August 2017 and February 2018) were conducted,
there is a total of six samples per constituent for the 200 Area. Per NMED (2022c) and EPA (2022a)
guidance, six samples are not a sufficient number to perform reliable statistics. Therefore, the maximum
concentration per constituent was used in all screening for 200 Area soil vapor.

Table 6.1 contains the 200 Area residential soil vapor cancer risk screening compared to NMED VISLs.
Benzene, tetrachloroethene (PCE) and trichloroethylene (TCE) are the only carcinogenic constituents
detected. Benzene has a residential cancer risk of 6.67E-06. PCE and TCE are the risk drivers, each
having a cancer risk that exceeds the target if 1E-05 (1.58E-04 and 2.79E-02, respectively). The total
cancer risk is 2.81E-02, which exceeds the target of 1E-05 set by the NMED (NMED, 2022¢).

Table 6.2 contains the 200 Area industrial soil vapor cancer risk screening compared to NMED VISLs.
Like the residential scenario, the industrial scenario risk drivers are PCE and TCE, each exceeding the
risk target (3.24E-05 and 3.66E-03, respectively). The total soil vapor industrial risk is 3.69E-03, which
exceeds the target of 1E-05.

Since both the residential and industrial pathways exceeded the cancer target compared to NMED VISLs,
200 Area maximum soil vapor concentrations were compared to more site-specific and approved WSTF
RBCs (NASA, 2022; NMED, 2022a). Table 6.3 compares the maximum concentration to the RBC at the
next shallowest depth. For example, the maximum benzene concentration was detected at 19 ft bgs, and
this was compared to the RBC at 10 ft bgs. The risk driver for maximum concentrations compared to
WSTF RBCs remains TCE at an individual risk of 3.73E-04. The total risk for 200 Area residential soil
vapor is 3.75E-04, which exceeds the risk target of 1E-05. Table 6.4 presents the 200 Area industrial soil
vapor cancer risk screening results compared with WSTF RBCs. TCE is near the target risk level at
1.46E-05, and the total risk is 1.48E-05, which equals or just exceeds the NMED target of 1E-05.
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The 200 Area residential soil vapor noncancer hazard screening comparing maximum concentrations to
NMED VISLs is shown in Table 6.5. Eight constituents are detected, with PCE, TCE, and 1,1-
Dichloroethene exceeding their respective NMED VISLs. The total hazard for 200 Area residential soil
vapor is 5.94E+03, which exceeds the NMED hazard index of 1E+00.

Table 6.6 presents the 200 Area maximum soil vapor concentrations compared to industrial noncancer
VISLs for the six detected constituents. PCE and TCE exceeded the NMED hazard index of 1 (at
8.70E+00 and 1.25E+03, respectively). The total hazard is 1.26E+03.

Since NMED targets for hazard were exceeded using the VISLs, the data are compared against more site-
specific WSTF RBCs, as shown in Table 6.7. The RBCs take into account site-specific conditions and are
expected to better reflect the actual risk to human health and hazard on-site (NASA, 2019a). Constituents
are compared against the RBC value at the nearest depth shallower than the sample depth since shallower
RBCs are smaller numbers (more conservative; NASA, 2022). The cumulative hazard is reduced to
8.42E+01, which still exceeds the respective NMED screening target of 1E+00. TCE is the only
constituent that independently exceeds screening levels, and is a risk driver (at 8.37E+01 individually).

Table 6.8 shows the 200 Area industrial soil vapor hazard screening using WSTF RBCs. TCE still
exceeds the NMED target of 1E+00 (at 4.88E+00) and results in a total hazard of 4.91E+00.

6.1.1.2 200 Area - Indoor Air Screening Risk Assessment

Table 6.9 contains the residential cancer risk screening for 200 Area indoor air. All eight detected
constituents are below their respective NMED indoor air screening levels. The total cancer risk is 1.24E-
05, which approximately equals the target of 1E-05 set by the NMED.

The 200 Area industrial indoor air cancer risk is calculated using maximum concentrations compared to
NMED indoor air VISLs in Table 6.10. No individual constituent nor the total combined cancer risk
(2.31E-06) exceeds the NMED target of 1E-05.

Table 6.11 contains the screening residential hazard assessment for the 200 Area indoor air. There are 29
detected constituents, all of which are below their respective NMED indoor air screening levels. Because
a sufficient number of samples were present to obtain reliable statistical results, UCL95 values are
calculated for 14 constituents. The other 10 constituents did not have enough detections to perform
reliable statistics and therefore, the maximum concentrations were used. The output files for UCL9S5
calculations are provided in Appendix D. The cumulative residential indoor air hazard is 6.09E-01 which
is below the target of 1.0E+00 set by the NMED.

Table 6.12 provides the 200 Area industrial indoor air hazard screening. This table uses the same UCL95
calculated concentrations or maximum concentrations as Table 6.11. For the industrial indoor air
pathway, no individual or combined hazard (2.73E-01) exceeded the NMED target of 1E+00.

6.1.1.3 200 Area — Soils Screening Risk Assessment

Figure 6.2 shows the WSTF background soil areas. The 200 Area is within WSTF background Area 2.
Table 6.13 shows the 200 Area maximum soil concentrations versus the Area 2 Background Threshold
Value (BTV) comparisons that are used to determine what COPCs are initially indicative of WSTF
background and are therefore not COPCs in the 200 Area. Table 6.14 contains the maximum detected
200 Area soil concentrations for essential nutrients compared to WSTF BT Vs for Area 2. If maximum
detected values for a constituent are below previously established background concentrations within the
same depth range, the constituent is no longer considered to be a COPC. Using maximum 200 Area soil
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concentrations compared to BT Vs, the only COPCs were mercury and nitrate/nitrite. Mercury was
detected in one sample in the 200 Area (at 0.003 mg/kg) and must be retained as a COPC because
mercury was not detected in background Area 2 in sufficient enough quantity to calculate a BTV or
compare populations in the 8 to 12 ft depth range. Using ProUCL software, the populations of
nitrate/nitrite were compared between WSTF background Area 2 and the 200 Area soil data. When
duplicate data are present, the most conservative value of the sample and duplicate was used. For
background soil Area 2, the lower of the two concentrations was used, and the maximum 200 Area
investigation soil concentration of the sample and duplicate was used. Nitrate/nitrite in 200 Area soils
were not greater than background nitrate/nitrite Area 2 concentrations. Therefore, nitrate/nitrite was not
retained as a 200 Area soil COPC (Table 6.15). The ProUCL data input file is provided as an enclosure
and all ProUCL output files are provided in Appendix D.

Table 6.16 contains the residential cancer risk screening for the 200 Area soils. Risk was calculated using
data from soil borings 200-SB-05 through 200-SB-13, shown in Figure 6.3 (wells 200-SB-6 and 200-SB-
7 subsequently renamed 200-LV-150 and 200-KV-150, respectively), at depths between 0-10 ft bgs,
except for soil boring 200-SB-10, for which no sample was collected within the 0 to 10 ft interval. For
this well, the shallowest sample (collected at 16 ft bgs) was used for the 200 Area risk/hazard screening.
All 200 Area soil samples used in this screening were collected during the 200 Area Phase 11
Investigation (NASA, 2015b). 200 Area soil analytical data from the Phase II investigation are provided
in excel format in Enclosure 4. The only COPCs detected in 200 Area soils for the residential scenario
were dioxins and furans. The toxicity equivalents were calculated per the NMED Guidance (NMED,
2022c¢) and are presented in Appendix D. For this revision, toxicity equivalents (TEQs) were updated to
exclude total dioxin/furan data. Per Section 2.1 of the NMED Guidance (NMED, 2022c¢), only individual
congeners were evaluated. As required, the maximum dioxin/furan TEQ concentration was used for the
risk screening and compared to 2,3,7,8-TCDD (Tetrachlorodibenzo —p-dioxin). The resulting total cancer
risk is 6E-08 (Table 6.16) which is below the respective target of 1E-05 set by the NMED.

Table 6.17 provides the 200 Area industrial soil cancer risk for dioxins and furans. The risk of 1E-08 does
not exceed the NMED target of 1E-05.

Table 6.18 contains the 200 Area residential soils hazard screening, calculated using the same soil data
from the 200 Area Phase II Investigation Report (provided in excel format in Enclosure 4). Three COPCs
(mercury, toluene and dioxins/furans) are detected in these soil samples, all of which are below their
respective NMED SSLs. The TEQs for the dioxins/furans were calculated (Appendix D) and then
compared to the NMED residential noncancer SSL. The total hazard is 6.67E-03 which is below the target
of 1.0E+00 set by the NMED (NMED, 2022c¢).

Table 6.19 compares the 200 Area maximum soil concentrations of mercury, toluene, and dioxins and
furans to the industrial hazard screening levels. The total hazard is 5.47E-04, which is below the target of
1E+00.

6.1.1.4 200 Area — Cumulative Screening Risk Assessment for Residential Exposure

A screening of worker risks related to both indoor inhalation and soil exposure pathways for the 200 Area
is provided in this section for both the residential and industrial exposure scenarios. Table 6.20 shows
summed cancer risk and hazard for exposure to soil vapor and soil for the residential scenario in the 200
Area. The 200 Area has cumulative cancer risk of 4E-04 and a cumulative chemical hazard of 8E+01.
Table 6.21 shows the summed cancer risk and hazard for exposure to soil vapor and soil for the industrial
scenario in the 200 Area. The 200 Area cumulative industrial cancer risk is 1.48E-05, and the cumulative
industrial hazard is 4.91E+00. All cumulative risk and hazard exceed targets.
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All analytical data for the 200 Area cumulative screening risk assessment are included as an enclosure to
this report (vapor laboratory reports are in Enclosure 3 and analytical data in excel format are in
Enclosure 4).

6.1.2 600 Area Screening Risk Assessment
6.1.2.1 600 Area — Soil Vapor Screening Risk Assessment

For this investigation, soil vapor samples were collected from the shallowest vapor ports in three wells in
the 600 Area (600-SGW-1 at 12.5 ft bgs, 600-SGW-2 at 12.5 ft bgs, and 600-SGW-5 at 7.5 ft bgs). Since
two separate sampling events (August 2017 and February 2018) were conducted, there is a total of six
samples per constituent for the 600 Area. Per NMED (2022c) and EPA (2022a) guidance, six samples are
not a sufficient number to perform reliable statistics. Therefore, the maximum concentration per
constituent was used in all screening for 600 Area soil vapor.

The 600 Area risk/hazard screening was performed in the same way that the 200 Area risk/hazard
screening was done. 600 Area soil vapor analytical data was compared to NMED VISLs (and EPA RSLs
if no VISL was available) as a first screen. Table 6.22 contains the 600 Area residential soil vapor cancer
risk compared to NMED VISLs. There are 11 detected constituents, all of which are below their
respective NMED VISLs, except TCE (5.03E-05). The total cancer risk is 6.15E-05, which exceeds the
NMED target risk of 1E-05 (NMED, 2022c¢).

Table 6.23 provides the comparison of the maximum concentrations to industrial VISLs for soil vapor in
the 600 Area. All of the 11 detected constituents are below their respective NMED VISLs, and the total
600 Area industrial soil vapor cancer risk of 8.90E-06 is below the NMED target of 1E-05.

Since the total risk for the 600 Area residential soil vapor pathway exceeded the target compared to
VISLs, the more site-specific WSTF RBCs were used for comparison to maximum soil vapor
concentrations in Table 6.24. The total 600 Area residential soil vapor cancer risk is 2.20E-06, which is
below the target cancer risk of 1E-05 (NMED, 2022c).

Table 6.25 contains the residential hazard assessment for soil vapor in the 600 Area. There are 28
constituents detected with only TCE exceeding its NMED VISL (1.06E+01). The total hazard for the 600
Area soil vapor is 1.08E+01, which exceeds the NMED target hazard of 1E+00 (NMED, 2022c¢).

The 600 Area industrial soil vapor hazard is shown in Table 6.26. Like the residential scenario, TCE is
the only constituent that exceeded the individual noncancer VISLs (2.26E+00). The total hazard is
2.30E+00, which also exceeds the target of 1E+00 (NMED, 2022¢).

The 600 Area soil vapor hazard assessment using WSTF RBCs is shown in Table 6.27. The RBCs take
into account site specific conditions and are expected to better reflect the actual risk to human health on-
site than NMED VISLs (NASA, 2022c). Constituents are compared against the RBC value at the nearest
depth shallower than the sample depth since shallower RBCs are more conservative. There are no
available RBCs for 1,2-Dichloroethane, 1,4-Dichlorobenzene, Ethylbenzene, Toluene, m,p-Xylene, and
o0-Xylene, so the NMED VISLs were used as screening levels for these constituents. For cis-1,2-
dichloroethene and 1,2,4-Trimethylbenzene, the EPA RSL for resident air was used since there were no
RBCs or NMED VISLs established. The cumulative hazard is reduced to 3.63E-01, which is below the
NMED target hazard of 1E+00 (NMED, 2022c¢). There are no constituents that exceed WSTF RBCs.
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Table 6.28 presents the 600 Area industrial soil vapor maximum concentrations to WSTF RBCs. All
constituents were below the corresponding WSTF RBC for the industrial scenario, and the total hazard for
soil vapor is 3.25E-02, also below the target to 1E+00 (NMED, 2022c¢).

6.1.2.2 600 Area — Indoor Air Risk Assessment

Table 6.29 contains the 600 Area residential indoor air cancer risk screening assessment. The four
detected constituents are below their respective NMED indoor air screening levels. The total cancer risk is
2.49E-06 which is below the NMED target risk of 1E-05 (NMED, 2022c).

Table 6.30 contains the 600 Area industrial indoor air cancer risk screening. All four detected constituents
are below their respective NMED indoor air industrial screening levels, and the total cancer risk is 5.09E-
07, which is also below the 1E-05 target (NMED, 2022¢).

Table 6.31 contains the residential hazard assessment for 600 Area indoor air. There are 16 detected
constituents, all of which are below their respective NMED indoor air screening levels. The cumulative
hazard is 1.05E-01 which is below the NMED target hazard of 1E+00 (NMED, 2022c).

The 600 Area industrial indoor air hazard screening is presented in Table 6.32. No constituent exceeded
any individual VISLs. The total hazard (6.44E-02) also was below the target of 1E+00 (NMED, 2022c).

6.1.2.3 600 Area — Soils Risk Assessment

Figure 6.2 shows the WSTF background soil areas. The 600 Area is within WSTF background Area 4.
Table 6.33 shows BTV comparisons that are used to determine background constituents in the 600 Area.
If maximum detected values for a constituent are below previously established background concentrations
within the same depth range (NASA, 2015d), the constituent is no longer considered to be a COPC. Using
maximum 600 Area soil concentrations compared to BT Vs, potential COPCs were antimony, barium,
beryllium, boron, cadmium, chromium, cobalt, copper, manganese, mercury, molybdenum, NO,/NO3,
perchlorate, thallium, tin, and zinc. Essential nutrient maximum concentrations that exceeded BT Vs were
magnesium, potassium, and sodium (Table 6.34). Following comparison of 600 Area soils data to the
BTVs, the two populations of data were compared for 600 Area soil constituents that had a maximum
concentration that exceeded the BTV. Using ProUCL software (Version 5.2), the populations were
compared between WSTF background Area 4 and the 600 Area soil data. When duplicate data are
present, the most conservative value between the sample and duplicate was used. (For background soil
Area 4, the lower of the two concentrations was used, and the maximum 600 Area investigation soil
concentration of the sample and duplicate was used.) Antimony, boron, cadmium, chromium, NO»/NOj3,
perchlorate, thallium, and tin in 600 Area soils were retained as COPCs (Table 6.33 and Table 6.35).
Sodium was also retained as an essential nutrient (Also shown on Table 6.35).

Table 6.36 and Table 6.37 contain the cancer risk screenings for the 600 Area soils, calculated using data
from soil borings 600-SB-1 through 600-SB-10, shown in Figure 6.4, collected between 0 to 10 ft bgs in
the 600 Area Closure Investigation Report (NASA, 2011a). There are six detected carcinogenic
constituents, all of which are below their respective NMED SSLs (residential in Table 6.36 and industrial
in Table 6.37). The cumulative cancer risk is 1.80E-06 for residential risk and 3.40E-07 for industrial risk,
which are both below the NMED target risk of 1E-05 (NMED, 2022c).

Table 6.38 contains the residential hazard assessment for the 600 Area soils calculated using data from
the 600 Area Closure Investigation Report (NASA, 2011a). There are 19 constituents detected in these
soil samples, of which thallium is the only analyte to exceed its respective NMED residential SSL
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(6.63E+00). The total residential hazard including thallium is 6.66E+00, which exceeds the target of
1E+00.

Table 6.39 shows 600 Area industrial soil hazard. All constituents, including thallium, are below the
target of 1E+00. is 2.8E-02. The total industrial hazard is 4.01E-01, which is also below the 1E+00 target
(NMED, 2022c¢).

6.1.2.4 600 Area — Cumulative Screening Risk Assessment for all Exposure Pathways

A screening of worker risks related to both indoor inhalation and soil exposure pathways for the 600 Area
is provided here. Table 6.40 shows summed cancer risk and chemical hazard for exposure to soil vapor
and soil in the 600 Area. The 600 Area has a cumulative cancer risk of 4E-06 and a chemical hazard of
7E+00.

All analytical data (vapor laboratory reports and an Excel file data summary for vapor and soils) for the
600 Area cumulative screening risk assessment are included as an enclosure to this report. Data for
statistics for the 600 Area are provided in Appendix D.

6.2  Uncertainties
6.2.1  Constituents without Published Screening Values

The only detected constituents found in vapor throughout this investigation for which no published
inhalation screening level is available are 2,2,4-Trimethylpentane, ethanol, and Freon 21. The organic
chemical 2,2,4-Trimethylpentane is a component of gasoline and diesel but is not associated with any
historical operations related to the 200 and 600 Area HWMU s that are the focus of this investigation. The
relatively low measured concentrations (0.36 to 0.39 pg/m?) and few detections (2 of 52 samples, both
with J QA flags and adjacent to each other in the 200 Area Building [samples 200-IA-3 and 200-1A-4;
Figure 3.1]) indicate that this chemical is unlikely to present significant health risks/hazards.

All three constituents (Ethanol, Freon 12, 2,2,4-Trimethylpentane) were detected in low concentrations
(Ethanol: 1.5-9.6 ug/m?; Freon 21: 0.84-6 ug/m? detected 6 out of 52 samples; 2,2,4-Trimethylpentane:
0.36 and 0.39 ug/m?, detected 2 out of 52 samples), and none were detected in soils, likely indicating
there is not a continuous soil source. In addition, the hazard calculations using approved WSTF RBCs
included Ethanol (using methanol as a surrogate) and Freon 21 (using Freon 12 as a surrogate). No
significant hazard was contributed by either ethanol or Freon 21 (Table 6.27 and Table 6.28).

6.2.2  Small Sample Sizes

The goal of the 200/600 VI investigation was to obtain indoor air, outdoor air, and soil vapor samples at
the 200 and 600 Area over two seasonal changes and compare results to NMED VISLs and RBCs (if
there were VISL exceedances). This could determine if further evaluation was warranted. Performing a
comprehensive health risk was not part of the original scope. However, NASA was directed by NMED to
perform health risk for this investigation, which usually involves performing statistical calculations. Both
NMED and EPA recommend a minimum of 8 to 10 samples to perform reliable statistics. Only two sets
of samples within three soil vapor wells per area were collected for this investigation (resulting in a total
of 6 samples per constituent). Therefore, no EPCs such as UCL95 could be calculated for soil vapor.
Since the maximum concentrations were used for risk and hazard, this creates uncertainty (biased high) in
the risk and hazard results. A receptor is unlikely to be exposed to only the maximum concentrations of
constituents, so the risk and hazard are currently conservative and likely do not represent real conditions.

200 and 600 Area Vapor Intrusion Assessment Report 38



NASA White Sands Test Facility

6.2.3  Industrial Pathway Sample Depths

The initial 200 Area Phase II and 600 Area HWMU investigations were not designed specifically for risk
assessment. Since they were designed to find the greatest concentrations of contaminants and WSTF soils
have historically been disturbed, removed, and clean fill added, neither soil samples nor soil vapor
samples were collected from the 0-1 ft bgs depth range for this investigation. The shallowest soils depths
sampled and used for this risk screening were 8 and 16 ft bgs for the 200 Area and 3, 4, 6, and 10 ft bgs
for the 600 Area. For soil vapor, the 200 Area was sampled at 9, 19, and 34 ft bgs, and the 600 Area was
sampled at 7.5 and 12.5 ft bgs. This imparts uncertainty to the risk and hazard for the industrial pathway.
Lines of evidence can support risk and hazard conclusions.

6.2.4 Large Dilution and Elevated Detection Limits

When a laboratory needs to dilute a sample a large amount due to very high concentrations of one or more
VOC:s, this causes the detection limits of other VOCs to be artificially raised. Especially when the
detection limits are greater than corresponding regulatory screening levels, this creates uncertainty for the
health risk and hazard evaluations. It cannot be stated that the constituent is not present in the sample in
greater concentrations than the screening level. This could potentially bias the risk and hazard screening
low, meaning there could be more contamination at higher risk and hazards than the risk screening
indicates. For this evaluation, eight VOC constituents had detection limits greater than NMED VISLs due
to large dilutions for soil vapor samples in well 200-LV-150 (sampled at 34 ft bgs).

6.3 Lines of Evidence

Since there are always uncertainties associated with risk and hazard screenings, lines of evidence can be
applied to provide more confidence in the risk and hazard screening conclusions. The following lines of
evidence can be applied for this 200/600 Area VIAR.

6.3.1 Conservative Risk Using Maximum Concentrations

When either an individual COPC or the combined sum exceeds NMED screening levels, risk, or hazard
using maximum COPC concentrations, further evaluation is required. As stated in Section 2.8.4 of the
NMED Guidance, UCL95 (the 95 percent upper confidence limit of the arithmetic mean) concentration of
a contaminant may be calculated to represent an average concentration likely to be contacted over time.
However, due to small sample size, UCL95 values could not be calculated for soil vapor. In addition,
many constituents were only detected once or only a few times, requiring retaining the maximum
concentration as the EPC. This will result in conservative estimates of risk/hazard.

6.3.2  Soil Vapor Vertical Concentration Profiles

Soil vapor vertical concentration profiles for 200 and 600 Area wells were constructed to present the
distribution of COPCs in the vadose zone and identify any sourcing relationships to the local
contaminated groundwater aquifer. The evaluation includes a temporal element with comparison of
shallow soil vapor port analytical results generated specifically for the VI assessment to historical soil
vapor analytical data collected for previous investigations (NASA, 2011b; NASA, 2013c; and NASA,
2015b). Historical soil vapor sampling events included all accessible ports within 200 and 600 Area
MSVM and MSVGM wells that were sampled collectively as single events in order to provide a results
snapshot using soil vapor isopleth maps. Vertical concentration profiles also incorporate soil sample
analytical results collected during borehole installation, the soil porosity from geotechnical soil sample
analyses, and groundwater analytical results from contemporaneous sampling events performed to support
the soil vapor investigations. COPC concentrations in groundwater were used to calculate the equivalent
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soil vapor concentrations in equilibrium with groundwater using Henry’s Coefficient (NMED, 2019). The
calculated values are compared to soil vapor concentrations from the most proximal port located above
groundwater.

With the exception of TCE, soil vapor analytical results for the majority of COPCs for the VI assessment
and historical sampling events (PCE; Freonl1; Freon 113; 2-butanone; 1,1,1-trichloroethane; chloroform;
benzene; ethylbenzene; toluene; xylenes; acetone; and 2-propanol) are below the respective NMED VISL
and WSTF RBC in soil vapor. For the optimum vertical concentration profiling of soil vapor, the COPCs
Freon 113 and TCE were selected as they consistently display greater frequency of detection, relatively
high concentrations, and more widespread vertical distribution. Freon 113 and TCE also represent two of
the primary COPCs known to have been released from historical activities within the 200 and 600 Areas
(NASA, 2012b). Vertical concentration profiles for select 200 and 600 Area wells are provided in
Appendix E, with a summary of the profiles presented in Table 6.42.

6.3.2.1 200 Area - Wells 200-SG-2 and 200-SG-3

MSVGM wells 200-SG-2 and 200-SG-3 were utilized for vertical concentration profiles for the 200 Area
vadose zone, in lieu of VI assessment wells 200-SV-05 and 200-SV-09 located adjacent to Building 200.
Wells 200-SV-05 and 200-SV-09 comprise single port constructions directly above Permian Hueco
limestone bedrock at 9 ft and 19 ft respectively, which preclude the ability to plot vertical concentration
profiles. VI assessment MSVGM well 200-LV-150 was also not utilized for vertical concentration
profiles because the shallow port at 34 ft was blocked during the only comprehensive sampling event
performed (NASA, 2015), leaving only two lower ports accessible at 64 ft and 84 ft. The three ports are
also all located below shallow alluvium - Permian Hueco Limestone bedrock interface at 18 ft, with
bedrock elevated as a geological horst block along two subparallel faults below the industrialized 200
Area. The bedrock vadose zone in this area is not characterized by the high porosity and permeability of
the relatively thick vadose zone alluvial section found in other parts of the 200 Area and the 600 Area.
The bedrock vadose zone below the former Clean Room Tank HWMU located adjacent to Building 200
has been demonstrated to host residual COPCs within irregular low permeability bedrock fractures
sampled in cores (NASA, 2015b).

Wells 200-SG-2 and 200-SG-3 were not utilized for shallow soil vapor sampling as part of the vapor
intrusion assessment due to their distance from Building 200 of approximately 1,200 ft and 700 ft,
respectively. The wells were installed in 1998 as part of the well 200-D area vadose zone investigation
(NASA, 2004), through a thicker section of vadose zone alluvium peripheral to the industrialized 200
Area. Well 200-SG-2 was installed south of the industrialized 200 Area within a borehole drilled to a
depth of 240 ft bgs. The borehole intercepted Permian Hueco Limestone bedrock at 90 ft bgs, and
groundwater was initially identified at 230 ft bgs during drilling. The confined groundwater subsequently
increased in elevation to a depth of 83 ft bgs. Three soil vapor ports were positioned at depths of 30 ft, 60
ft, and 84 ft bgs. The first two ports are located within the alluvial vadose zone, and the deep port is
located within bedrock comprising interbedded limestone, shale, and sandstone. A screened groundwater
monitoring zone is present at a depth of 85 ft to 100 ft bgs. Because confined groundwater increased in
elevation above the bottom port, it became submerged and non-operational. The middle soil vapor port
positioned approximately 23 ft above the local water table is now utilized as the deep port.

MSVGM well 200-SG-3 was installed south of the 200 Area buildings in the vicinity of the former
hazardous waste evaporation tanks within a borehole drilled to a depth of 250 ft bgs. The borehole
intercepted Permian Hueco Limestone bedrock at 80 ft bgs, and groundwater at 190 ft bgs during drilling.
The groundwater table subsequently increased in elevation to a depth of 164 ft bgs. Five soil vapor ports
were located at depths of 30 ft, 60 ft, 90 ft, 120 ft (reported as blocked following installation), and 154 ft
bgs. The shallow two ports are located within the alluvial vadose zone, and the three deeper ports are

200 and 600 Area Vapor Intrusion Assessment Report 40



NASA White Sands Test Facility

located within bedrock comprising interbedded limestone, shale, and sandstone. A screened groundwater
monitoring zone is present between 155 ft and 170 ft bgs, with the deep soil vapor port located 10 ft
above the local groundwater table.

Evaluation of the vertical concentration profiles in the 200 Area at wells 200-SG-2 and 200-SG-3
(Appendix E, Table 6.42) indicate variable and complex relationships between soil vapor in the vadose
zone and groundwater. Proximal to Building 200, residual COPCs sourced from the former Clean Room
Tank HWMU characterize fractured Permian Hueco limestone bedrock. Relatively low and variable
permeability in the fractured interbedded limestone, sandstone, and shale comprises the majority of the
vadose zone along and within the horst block. Adjacent to the industrialized 200 Area where the alluvial
vadose zone is thicker, shallower soil vapor ports located within alluvium or proximal to the upper
bedrock section (well 200-SG-3, port at 90 ft) display generally increasing trends with depth, that are
characteristic of the vadose zone at the 600 Area Closure (Section 6.2.2).

Soil vapor ports within the fractured limestone section do not display the same increasing COPC
concentration trend as the alluvial vadose zone and are more irregular in profile. This trend could
potentially be attributed to irregular vadose zone sources in the fractured bedrock vadose zone and local
groundwater aquifer. Localized sources in these areas may be sourced by the infiltration of COPCs
observed at surface (NASA, 2012b) through the alluvial soil to the bedrock interface, with subsequent
migration down dip along relatively low permeability bedding planes or within bedding plane solution
channels saturated below the local groundwater table. Vertical concentration profiles generally
demonstrate declining soil vapor concentrations over time since the inception of soil vapor sampling in
this area, which coincides with declining COPC trends in groundwater (NASA, 2019a). Where COPC
concentrations in groundwater were used to calculate the equivalent equilibrium soil vapor
concentrations, the results for the deep port in the respective well were within one order of magnitude for
Freon 113 and the same order of magnitude for TCE.

6.3.2.2 600 Area - Wells 600-SGW-1 and 600-SGW-5

600 Area MSVM wells 600-SGW-1 and 600-SGW-5 were utilized for vertical concentration profiles in
the vicinity of Building 637. The shallow port in each well (12.5 ft and 7.5 ft, respectively) was used to
collect shallow soil vapor samples as part of the VI assessment. Well 600-SGW-1 was installed in 2009
as part of a closure investigation through the 600 Area closure cap within a borehole drilled to 135 ft bgs.
The borehole was not advanced to the projected depth of bedrock (anticipated at between 160 ft and 170
ft) due to drilling difficulties with the sonic drilling method. Three soil vapor ports were located at 12.5 ft,
57.5 ft, and 117.5 ft bgs. Well 600-SGW-1 is located 184 ft from Building 637, and all vapor ports within
the well have been sampled several times during previous investigations, providing a record of historical
vertical profiles.

MSVM well 600-SGW-5 was also installed as part of the closure investigation immediately adjacent to
the east corner of the 600 Area closure cap within a borehole drilled to 156 ft bgs. The well comprises
four soil vapor ports located at 7.5 ft, 52.5 ft, 102.5 ft, and 137.5 ft. During borehole installation, perched
groundwater was encountered at 144 ft on top of the alluvium-poorly fractured Tertiary Orejon andesite
interface at 148 ft bgs. Well 600-SGW-5 is the most proximal well to building 637 at a distance of 181 ft,
and was historically sampled as part of the same events as well 600-SGW-1. Because of the identification
of perched groundwater in the borehole, the well was twinned with monitoring well 600-G-138 in 2011 to
evaluate the perched groundwater. The results for Freon 113 and TCE for groundwater samples collected
from 600-G-138 within the same timeframe as the soil vapor samples from well 600-SGW-5 are used to
compare the soil vapor COPC concentration in equilibrium with groundwater to soil vapor in the deepest
port at 137.5 ft.
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The vertical concentration profiles in the 600 Area evaluated for wells 600-SGW-1 and 600-SGW-5
(Appendix E, Table 6.42) indicate a relationship between soil vapor in the vadose zone and groundwater.
Both wells are located within an area characterized by an alluvial vadose zone with high porosity and
permeability. The spectrum of soil vapor ports in these wells show consistently increasing COPC
concentrations with depth and proximity to either perched groundwater or the local groundwater table.
Vertical concentration profiles also demonstrate declining soil vapor concentrations over time since the
inception of soil vapor sampling in this area that coincides with local declines in COPC concentrations in
groundwater. Where COPC concentrations in groundwater at well 600-G-138 were used to calculate the
equivalent equilibrium soil vapor concentrations, the results were comparable and within the same order
of magnitude for the deep port in well 600-SG-5 located 7 ft above perched groundwater.

6.3.3 Integrity of Building Slabs

Building 200 was constructed in 1964 as a semi-permanent structure with a reinforced concrete floor
(NASA, 1994). The concrete slab floor is 6 in. in thickness. The facility was intended for its present use
as a laboratory with offices and is fully suitable for this use. Details of the Building 200 construction
characteristics identified through the building inspection performed for the vapor intrusion assessment are
provided in Appendix A. The floor is composed of a poured concrete slab covered with concrete sealant
and 9-in. x 9-in. x 1/16-in. vinyl tiling. No significant cracks were observed in the concrete foundation
slab during the building inspection around the outside periphery of Building 200 or inside within areas of
exposed concrete floor. Therefore, known vapor intrusion routes of entry through the foundation slab are
limited to diffusion through the concrete slab.

Building 637 was built in 1991 as a semi-permanent structure with a reinforced concrete floor (NASA,
1994). The concrete slab floor is 6 in. in thickness. The facility was intended for its present use for sample
storage and is fully suitable for this use. Details of the Building 637 construction characteristics are
provided in Appendix A. The floor comprises a poured concrete slab covered with concrete sealant. No
significant cracks were observed in the concrete foundation during the building inspection around the
outside periphery of the building or within the interior concrete floor. Therefore, known vapor intrusion
routes of entry through the foundation slab are limited to diffusion through the concrete slab.

6.3.4 Ventilation Systems

Building 200 comprises a single floor structure. Airflow is through cycled air, and outdoor air infiltration
can enter the building through open doors, door thresholds, and air ducts in the roof. Heating is through

hot air circulation sourced by natural gas, and air conditioning is provided through central air. The HVAC
systems run constantly throughout the day in order to preserve the laboratory environment (Appendix A).

Building 637 comprises a single floor structure. During summer months, airflow is through forced central
air generated by evaporative coolers located on the ground on the north side of the building. Outdoor air
infiltration could potentially be generated through the evaporative cooler intakes or on occasions when the
bay door on the west side of the building is open. Heating is through hot air circulation sourced by natural
gas. The HVAC systems run intermittently due to the irregular usage of the building on working days

(Appendix A).
6.3.5 Personnel Management Practices

The practices for chemical storage and chemical waste management in Buildings 200 and 637 have been
continually modified and improved through time at WSTF as part of the ongoing health, safety, and
environmental culture. Personnel management practices have effectively promoted the minimization,
documentation, storage, and disposal of wastes. These practices include: the training of WSTF employees
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operating within the target buildings to manage potential chemical sources of vapors appropriately;
communication of best practices for chemicals management from managers through supervisors to
workers; communication of the safety culture awareness; establishing chemical best management
policies; and, providing constant supervision and monitoring of the work environment. Development and
streamlining of the personnel management practices has helped minimize the potential for vapor intrusion
into the buildings and vapor circulation within the buildings.

6.3.6  Indoor Air Quality — Risk to Worker

In Building 200, the concentration of 3,200 pg/m? of Freon 113 reported in August 2017 from sample
location 200-1A-5 within Room 202 is two orders of magnitude below the NMED VISL for industrial
indoor air of 147,000 pg/m* (Table 4.3). The product inventory form (Table 4.1) indicates that steel
canisters containing Freon are stored in this secure, unoccupied storage room. A trace indoor air
concentration for 2-propanol of 68 pg/m? reported in August 2017 from sample location 200-IA-3 within
Room 205 is one order of magnitude below the residential and industrial RSLs (Table 4.3). 2-propanol is
a common ingredient in chemicals such as antiseptics, disinfectants and detergents that are stored in this
room. Room 205 is used exclusively for equipment and storage and is occupied only during maintenance
activities. The workers are protected under this scenario.

In Building 637, a trace indoor air concentration for acetone of 16 pg/m? reported in August 2017 from
sample location 600-1A-2 is four orders of magnitude below the NMED VISL for industrial indoor air of
152,000 pg/m?* (Table 5.1). Acetone is a common solvent used for cleaning tools occasionally used in the
building. The workers are protected under this scenario.

6.3.7 Concentration Ratios of Detected Constituents in Soil Vapor and Indoor Air

If vapor intrusion impacted indoor air quality in Building 200 or 637 one would expect to see a similar
detection pattern and ratio of constituent concentrations for indoor air and soil vapor samples. However,
analytical results from the two semi-annual indoor air and soil vapor sampling events show that the types
and concentrations of VOCs in indoor air in Buildings 200 and 637 are unrelated to soil vapor
measurements in those areas. This supports a conclusion that any constituents detected in indoor air
samples did not enter the building through vapor intrusion from the vadose zone. The trace level
constituents present within the buildings are not unexpected due to the inventoried storage of chemicals
within the Building 200 laboratories and Building 637 sample storage areas (see Section 6.6 and

Appendix A).

TCE, PCE, and 1,1-Dichloroethene were the three primary risk drivers which exceeded screening levels
in the 200 Area soil vapor samples as follows:

e TCE was detected in all eight of the vadose zone soil vapor samples collected. Of the 18 indoor air
samples, TCE was only detected in eight of the samples.

e PCE was again detected in all eight of the vadose zone soil vapor samples collected. There was only
one detection of PCE within the 18 indoor air samples, and the detection was a trace amount (0.28
ug/m>).

e 1,1-Dichloroethene was detected again in all eight of the soil vapor samples, while the constituent
was non-detect for all 18 indoor air samples.
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6.4  Assessment of Worker Risks for Occupants of Buildings 200 and 637

The three constituents which exceed NMED screening levels in 200 Area soil vapor coexist in all of the
soil vapor samples. This same correlation between these constituents does not exist in indoor air samples,
indicating that soil vapor is not the source of the trace indoor detections.

The primary risk driver that exceeded NMED VISLs in the 600 areca was TCE. TCE was detected in each
of the eight soil vapor samples collected within the 600 Area during this investigation. However, TCE
was not detected in any of the ten indoor air samples that were collected in Building 637. The absence of
TCE in indoor air samples is a strong line of evidence that TCE in soil vapor in the 600 Area does not
present a risk to present-day workers.

Industrial/occupational workers at WSTF who occupy buildings in the vicinity of the former 200 Area
Clean Room Tank HWMU and the 600 Area HWMU while performing their daily duties are the primary
potential receptors for COPC vapor intrusion. RA Guidance Section 2.5.2.1 (NMED, 2022c¢) states that
the vapor intrusion pathway may only be considered incomplete if all soil vapor sample concentrations
results are 100 percent non-detect. A cumulative health risk assessment was requested as part of the vapor
intrusion investigation by the NMED (NMED, 2022c¢). The assessment was included in the revised report,
and was completed in accordance with the RA Guidance to evaluate the pathway between soil vapor in
the 200 and 600 Area vadose zones and indoor air in the vicinity of adjacent Buildings 200 and 637. Lines
of evidence considered include:

e A cumulative screening level risk assessment.
o Evaluation of vertical concentration profiles within the 200 and 600 Areas.

o The results of the visual inspection of the buildings including the integrity of the building
foundations, quality of the ventilation systems, and an evaluation of personnel management practices.

e Quantitative screening assessment of vadose zone soil vapor, outdoor air, and indoor air laboratory
results with comparison to available vapor intrusion soil vapor screening levels and industrial
exposure scenario air screening levels.

Evaluation of the lines of evidence support the conclusion that no additional investigation or vapor
intrusion mitigation is required in Building 200 or Building 637.

Although vadose zone soil vapor concentrations of PCE and/or TCE at the locations of the 200 West
Closure and 600 Area HWMUSs exceeded NMED VISLs and updated NMED-approved WSTF RBCs as
expected, indoor air exposure within Buildings 200 and 637 presents no unacceptable risk. The subsurface
contribution to indoor VOC levels is below the equivalent indoor air screening levels.

Table 6.20, Table 6.21, Table 6.40, and Table 6.41 show the cumulative risk of soil and soil vapor within
the 200 and 600 Areas, respectively. This calculation does not include results from indoor air sampling
and is therefore representative of future risk. The same risk drivers remain present in this assessment.

7.0 Summary and Conclusions
7.1  Summary of Soil Vapor, Outdoor Air, and Indoor Air Sampling and Screening Criteria

The investigation reported in this VIAR used a tiered approach to evaluate the potential for vapor
intrusion in the WSTF 200 and 600 Areas. The vapor intrusion pathway between soil vapor in the vadose
zone and industrial/occupational indoor air at two locations identified through previous investigations was
evaluated by comparing the maximum detected concentrations to the corresponding NMED VISLs, and
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WSTF RBCs. Additional lines of evidence were reviewed including evaluation of the building
foundations and ventilation systems, and evaluation of the results of indoor and outdoor air sampling at
these locations.

Adjacent to the 200 Area Clean Room Tank HWMU, soil vapor samples were collected from shallow soil
vapor ports in MSVM wells 200-SV-05 at 9 ft bgs, 200-SV-09 at 19 ft bgs, and MSVGM well 200-LV-
150 at 34 ft bgs. All three wells are located within 85 ft of the west side of Building 200. Air samples
were collected simultaneously with the vadose zone samples. Indoor air samples were collected at
locations in Building 200 above and adjacent to the subsurface footprint of the former 200 Area Clean
Room Tank HWMU along with outdoor air samples adjacent to Building 200.

In the 600 Area, soil vapor samples were collected from shallow soil vapor ports in MSVM wells 600-
SGW-1 at 12.5 ft bgs, 600-SGW-2 at 12.5 ft bgs, and 600-SGW-5 at 7.5 ft bgs, all located within 210 ft
of Building 637. Indoor air samples were collected in Building 637 within the single room of the building,
along with outdoor air samples at adjacent locations.

Sample collection activities at both locations were performed as two single semi-annual events in the
summer (August 2017) and winter (February 2018) to address potential seasonal differences in HVAC
performance and related air pressure fluctuations that could affect vapor intrusion. Vadose zone, indoor
air, and outdoor air samples were collected over non-working three-day weekends on the same day within
each area, and on consecutive days for both sampling events. Indoor and outdoor air sampling procedures
were performed to assess the potential contribution of background levels of VOCs in ambient air to
measured VOC concentrations in indoor air. Soil vapor samples were analyzed using EPA Method TO-15
in order to achieve the project DQOs. 2022 NMED VISLs and 2022 WSTF RBCs (submitted to NMED
for review December 14, 2021; memorandum approved with modification by NMED on February 11,
2022, and resubmitted May 10, 2022), which incorporate new toxicity data and exposure factors, were
used for screening soil vapor data. Potential health effects related to inhalation of indoor air data were
screened using NMEDs air screening levels. NMED industrial soil screening levels were used to support
the all-pathways cumulative screening assessment.

7.2 Conclusions
7.2.1 200 Area
7.2.1.1 Vadose Zone Soil Vapor

The shallow soil vapor port within three wells adjacent to Building 200 (and the location of the former
Clean Room Tank HWMU) were utilized for the air intrusion evaluation. All three wells (200-LV-150-
34, 200-SV-05, and 200-SV-09) have historically shown TCE soil vapor concentrations that exceed
WSTF RBCs (NASA, 2015, Phase II report). Vadose zone TCE concentrations in soil vapor from MSVM
wells 200-SV-05 at 9 ft bgs, 200-SV-09 at 19 ft bgs, and 200-LV-150 at 34 ft bgs exceed NMED VISL
(11,000 and 280,000 png/m?* cancer and 69.5 and 328 ug/m? noncancer) and WSTF RBC at 25 ft bgs
(4,900 and 84,000 pg/m? noncancer) for the August 2017 and February 2018 semi-annual sampling
events performed for this vapor intrusion assessment. PCE soil vapor concentrations exceed the NMED
VISL (3,600 and 17,600 pg/m? cancer and 1,390 and 6,550 pg/m? noncancer) in all three wells for the
August 2017 sampling event but are below the WSTF RBC at 25 ft bgs (340,000 and 6,000,000 cancer
and 130,000 and 2,300,000 pg/m? noncancer). In February 2018, only the PCE sample from 200-LV-150
at 34 ft bgs exceeded the NMED VISLs. The concentrations for the other remaining COPCs in vadose
zone soil vapor are below the corresponding NMED VISLs (except 1,1-Dichloroethane) and WSTF
RBCs.
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7.2.1.2 Outdoor Air

Concentrations in Building 200 outdoor air samples were generally either non-detect or below 1 pg/m? for
COPCs. Traces of Freon 11 (maximum 1.2 pg/m® in August 2017 and February 2018) and 2-Butanone
(maximum 3 pg/m® in August 2017) were observed. Based on this simple comparison, NASA concludes
that outdoor air does not present a significant risk of industrial/occupational exposure and no additional
investigation or mitigation is required at this time.

7.2.1.3 Indoor Air

Concentrations in Building 200 indoor air samples were generally non-detect or present at trace
concentrations for COPCs. One low concentration of Freon 113 of 3,200 ug/m* was reported in August
2017 at location 200-IA-5. This concentration is two orders of magnitude below the NMED VISL for
industrial indoor air (147,000 pg/m?). All indoor air concentrations for all COPCs were well below
NMED VISLs. As stated in the NMED Risk Assessment Guidance for Site Investigations and
Remediation (NMED, 2022c), the “application of the VISLs is appropriate as a first-tier screening
assessment.” Although the vadose zone soil vapor concentrations exceed NMED VISLs and updated
NMED-approved WSTF RBCs, the subsurface contribution to indoor VOC levels is below indoor air
NMED VISLs and WSTF RBCs.

The Decision Rule from the approved work plan (provided in Section 3.1.4) states that “If the vadose
zone soil vapor concentrations exceed NMED VISLs and updated NMED-approved WSTF RBCs, but the
subsurface contribution to indoor VOC levels is below indoor air NMED VISLs and WSTF RBCs, then
current vapor intrusion risks are acceptable.” Based on the results of a visual inspection of the structural
stability WSTF Building 200, an evaluation of personnel management practices, and the quantitative
assessment of soil vapor and air sample laboratory results with comparison to available vapor intrusion
screening levels including NMED VISLs and WSTF RBC, NASA concludes the following:

e According to NMED Guidance on vapor intrusion pathway designation (NMED, 2022c), there is a
complete exposure pathway in the 200 Area.

e Potential vapor intrusion into Building 200 does not present a risk of industrial/occupational exposure
to personnel working in the building.

e No additional investigation or vapor intrusion mitigation is required in Building 200.
7.2.2 600 Area
7.2.2.1 Vadose Zone Soil Vapor

The shallow soil vapor ports within three wells located on the 600 Area HWMU adjacent to Building 637
were sampled as part the air intrusion evaluation. Well 600-SGW-2 has periodically yielded
concentrations of TCE that have exceeded WSTF site-specific RBCs (NASA, 2013¢ 200/600 semi-annual
fourth report), although TCE concentrations remained below the RBC for the last sampling event (NASA,
2015 Phase II report). TCE concentrations within soil vapor for well 600-SGW-1-12.5 (480 pg/m® in
August 2017 and 740 pg/m? in February 2018) and well 600-SGW-2-12.5 (330 pg/m? in August 2017)
exceed the NMED VISL (69.5 and 328 pg/m?), but are significantly below the WSTF RBC at 10 ft bgs
(5,400 pg/m?). All other maximum concentrations for the remaining COPCs for both the August 2017 and
February 2018 sampling events are below the respective NMED VISL and WSTF RBC in soil vapor.
Based on the historical soil vapor data and soil vapor results presented in the VIAR, NASA concludes
that activities related to the ongoing 600 Area Perched Groundwater Extraction Pilot Test (NASA, 2018b)
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and upcoming 600 Area Perched Groundwater Investigation (NMED, 2017b) will address concerns
related to the presence of VOCs in soil vapor in the area.

7.2.2.2 Outdoor Air

The concentrations for COPCs for Building 600 outdoor air samples were generally non-detect or below
1 pg/m? for the COPCs. Traces of Freon 11 (maximum 1.2 pg/m?® in August 2017), 2-butanone
(maximum 2.4 pg/m? in August 2017), and acetone (maximum 10 ug/m? in August 2017) were reported..
Based on this comparison, NASA concludes that outdoor air does not present a significant risk of
industrial/occupational exposure and no additional investigation or mitigation is required at this time.

7.2.2.3 Indoor Air

The Building 600 indoor air concentrations for specific COPCs were slightly above the contemporaneous
outdoor air samples collected, but significantly below the concentrations observed within soil vapor in the
shallow vadose zone reported from MSVM wells. The maximum concentration for indoor air samples
were generally non detect or below 1 pg/m? for the COPCs. Trace concentrations were observed for three
COPCs: Freon 11 (maximum 1.4 pg/m? in February 2018); 2-Butanone (maximum 5.3 pg/m® in August
2017); acetone (maximum 16 pg/m? in August 2017); and 2-propanol (maximum 3.4 ug/m? in August
2017). No concentrations of indoor air COPCs exceeded the NMED VISLs.

The Decision Rule from the approved work plan (provided in Section 3.1.4) states that “If the vadose
zone soil vapor concentrations exceed NMED VISLs and updated NMED-approved WSTF RBCs, but the
subsurface contribution to indoor VOC levels is below indoor air NMED VISLs and WSTF RBCs, then
current vapor intrusion risks are acceptable.” Based on the results of a visual inspection of the structural
stability WSTF Building 637, an evaluation of personnel management practices, and the quantitative
assessment of soil vapor and air sample laboratory results with comparison to available vapor intrusion
screening levels including NMED VISLs and WSTF RBC, NASA concludes the following:

e According to NMED Guidance on vapor intrusion pathway designation (NMED, 2022c), there is a
complete exposure pathway in the 600 Area.

e Potential vapor intrusion into Building 637 does not present a risk of industrial/occupational exposure
to personnel working in the building.

e No additional investigation or vapor intrusion mitigation is required in Building 637.

8.0 Recommendations

Based on the background data presented in this report, the comparison of analytical results to applicable
regulatory screening level criteria, and the performance of a cumulative screening level risk assessment,
NASA concludes that there is a complete vapor intrusion pathway within the 200 and 600 areas, but there
is no unacceptable impact to human health within Building 200 and 637, respectively.

From the Decision Rule: “If the vadose zone soil vapor concentrations exceed NMED VISLs and updated
NMED-approved WSTF RBCs, but the subsurface contribution to indoor VOC levels is below risk-based
indoor air concentrations shown in Table A-4 of NMED’s Soil Screening Guidance for Human Health
Risk Assessments VISLs and WSTF RBCs, then current vapor intrusion risks are acceptable.” No further
soil vapor investigation or corrective actions are recommended for Building 200 and Building 637 due to
the lack of unacceptable health risk of soil vapor COPCs from the vadose zone into the target buildings.

200 and 600 Area Vapor Intrusion Assessment Report 47



NASA White Sands Test Facility

The risk screening performed for this VIAR is not intended to be complete at this time, as continued
monitoring is planned for the 200 and 600 Areas. NASA will perform continued risk and hazard
screening, including soil-to-groundwater and an ecological assessment in accordance with the current
NMED RA Guidance, Volumes I and II at an appropriate time to make corrective action decisions or to
seek closure. At that time, NASA will provide a risk report in accordance with the WSTF Permit Section
6.5.

In accordance with Permit Sections 2.3, 7.3.5, and Attachment 5 (NMED, 2023), NASA will continue to
perform the necessary post-closure care inspections and activities at both the 200 Area and 600 Area
closures. Planned activities include continued groundwater monitoring in accordance with Permit Section
3.3, 4.3, and 7.3.4, surface impoundment requirements of Section 7.3.5.1, landfill requirements of Section
7.3.5.2, and the security measures described in Section 7.3.5.4. NASA will continue to perform
inspections and maintenance as specified in Permit Attachment 5.
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Figure 1.1 WSTF Location Map
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Figure 1.2 Vapor Intrusion Assessment Building Location Map
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Figure 2.1 Freon 113 Soil Vapor and Groundwater Concentrations (Oct-14)
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Figure 2.2 Trichloroethene Soil Vapor and Groundwater Concentrations (Oct-14)
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Figure 2.3 Tetrachloroethene Soil Vapor and Groundwater Concentrations (Oct-14)
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Figure 2.4 Building 200 Site Conditions
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Figure 2.5 Building 637 Site Conditions
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Building 637 Site Conditions
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Figure 2.6 Site Conceptual Exposure Model
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Figure 3.1 West Building 200 Soil Vapor and Air Sampling Locations
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Figure 3.2 Building 637 Soil Vapor and Air Sampling Locations
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Figure 5.1 West Building 200 Soil Vapor and Air Sampling Locations and Analytical Results
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Figure 5.2  Building 637 Soil Vapor and Air Sampling Locations and Analytical Results
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600-SGW-2-12.5 Results
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TCE ND ND ug/m3
PCE ND ND ug/m3
Freon11| 11A 11 ug/m3
600-1A-2 Results Freon 113 0.46J 051J | ug/m3
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TCE ND ND g | TCE ND ND ug/m3 .
PCE ND ND g’ PCE ND ND ug/m3 -
Freon 11| 12 A FB| 14FB | ugm? 600-1A-3 Results Frenll] 12A | 14 | ugm3 - |
Freon 113| 0.48J 057J | ug/md Analyte | Aug-17 | Feb-18 | Units Freon 113 056
o p TCE ND ND ug/m?3
q/r PCE ND | ND | ug
$ Freon11| 12A 13 ug/mé
Freon 113 0.47J 0557 | ug/md

@ Air Sample Location

Notes: 100

See Table 5.1 for Data Flags (A,D,FB,J)
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Figure 6.1 Revised Site Conceptual Exposure Model
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Figure 2.2

Site Conceptual Exposure Model 200 and 600 Areas Vapor Intrusion
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Figure 6.2 WSTF Background Soil Area Map
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Figure 6.3 200 Area Soil Boring Locations
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Figure 6.4 600 Area Soil Boring Locations
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Tables
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NASA White Sands Test Facility

Table 1.1 Comparison of Soil Vapor and Air Concentration Guidance Levels
NMED VISLs' WSTF RBCs™’
. Commercial
Chemical Industrial/ Occupational Indoor Co‘;,nomril;ml Worker
Air @ 5-ft bgs @ 10-ft bgs
(ng/m’) s (ng/m’)
(ng/m’) He
18,0007 34,0007
TCE 9.83 328 (8.500°) (14.000°)
460,000° 910,000°
PCE 197 6,550 (210,000°) (350,000)
6,400,000° 13,000,0007
Freon 11 3,440 115,000 (130,000,000°) (210,000,000°)
440,000,000? 900,000,000
Freon 113 147,000 4,920,000 (180,000,000°) (310,000,000°)
Notes:
'=NMED, 2022c.

2=NASA, 2019a (NASA WSTF NMED-approved Soil Vapor RBCs for 2018)
3=NASA, 2017a (NASA WSTF NMED-approved Soil Vapor RBCs for 2017).
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NASA White Sands Test Facility

Table 3.1 Soil Vapor Monitoring Well Sampling Locations
Soil Vapor Horizontal Concentrations for
Groundwater . . .
. . Well Sample Port . Distance to Primary Contaminants
Well ID Location Description . Sample Location J
Type Locations (ft bgs) Building from Oct-14
(ft bgs) . (ft (ug/m’)
200 Area in the vicinity of the Clean Room Tank HWMU Located Below the East Side of Building 200
West side of B. 200 preon 10
200-SV-05 southwest of the former Clean | MSVM 9 _— 28 co . ’
Room Tank location TCE = 47,000
PCE = 8,300 (J)
Immediately west and Freon 11 =ND
adjacent to B. 200 at the Freon 113 = 6,600,000
200-LV-150 former Clean Room Tank MSVGM 34, 64, 84 150 - 170 18 TCE = 380,000
location PCE = 42,000
Across Apollo Boulevard to Freon 11 =ND
the west of B. 200 at location Freon 113 = 14,000
200-5V-09 | 1 former Clean Room MSVM 19 o 84 TCE = 23.000
Discharge pipe PCE = 3,700
600 Area in the Vicinity of the Southeast Side of the 600 Area Closure Near Building 637
Northwest of B. 637 within E;Zgﬁ H;:Ng 000
600-SGW-1 | southeast cell of former 600 MSVM 12.5,57.5,117.5 - 184 TCE = 3.800 ’
Area surface impoundments PCE = ND
West of B. 637 along Freon 11 =ND
southwest side of southeast 12.5,47.5,107.5, Freon 113 = 200,000
600-SGW-2 cell of former 600 Area MSVM 150 - 260 TCE = 10,300
surface impoundments PCE =ND
North of B. 637 at east corner Freon 11 = 1,200 (J)
of southeast cell of former 7.5,52.5,102.5, Freon 113 = 280,000
600-SGW-3 600 Area Surface MSVM 137.5 - 181 TCE = 15,000
Impoundments PCE=14
Notes:

(J) = Estimated value is less than the quantitation limit, but greater than or equal to the detection limit.

MSVM = Multiport Soil Vapor Monitoring, MSVGM = Multiport Soil Vapor and Groundwater Monitoring
- Two semi-annual sampling rounds are proposed to provide seasonal samples. Indoor and outdoor air pressure will be monitored during sampling.
- Approximately seven vadose zone samples (one duplicate) per semi-annual sampling event and 14 samples total.

200 and 600 Area Vapor Intrusion Assessment Report

72




NASA White Sands Test Facility

Table 3.2 Indoor and Outdoor Air Sampling Locations
Horizontal
. . Indoor/
Indoor Air Distance from .
. Outdoor Air Sample
(TIA)/ Outdoor Primary Sample Type . . . Sample
. Sample Sample Collection Strategies Container
Air (OA) Vadose Zone and Frequency . . Notes
Collection and Analysis
Sample ID Vapor Source* Location
(v
Building 200 (West Side 200 Area) in the Vicinity of the Clean Room Tank HWMU
B200-1A-01 13
B200-1A-02 _ )
Indoor/outdoor Indoor samples will be collected with outer
B200-1A-03 air erab sample wall windows and doors closed to 3 Liter
B200-IA-04 12 £ ple. 30 5 ft above minimize any contribution from outside air passivated Flow
. d will be distributed through rooms as . controller
B200-IA-05 22 Two semi-annual | ground surface anc * stainless steel
B200-1A-06 40 sampling events | in typical applicable. canister, 1(12)71611 8-
B200-IA-07 24 ;I;l;h;islir;mer breathing zone Outdoor air samples from a representative ?[Ig}}l’zls by period
AL upwind location away from any wind
B200-IA-08 60 seasons. obstructions.
B200-OA-01 33
B200-OA-02 23
Building 637 in the Vicinity of the Southeast Side of the 600 Area Closure
B637-1A-01 92 Indoor/outdoor Indoor samples will be collected with outer
B637-1A-02 93 air erab sample wall windows and doors closed to 3 Liter
el & pic. 310 5 ft above minimize any contribution from outside air assivated Flow
B637-1A-03 118 Two semi-annual | ground surface and will be distributed through rooms as Is)tainless steel controller
B637-1A-04 118 sampling events | in typical applicable. canister, 1(12)71611 8-
B637-0OA-01 100 in the summer breathing zone | 4oor air samples from a representative analysis by period
and winter upwind location away from any wind TO-15
B637-OA-02 100 seasons. obstructions.
Notes:

* = Primary elevated vapor source in the 200 Area is the footprint of the former Clean Room Tank excavation (HWMU). Primary elevated vapor source in the
600 Area is MSVM well 600-SGW-05.
- Two semi-annual sampling rounds are proposed to provide seasonal samples. Indoor and outdoor air pressure will be monitored during sampling.
- Approximately 18 indoor and outdoor air samples (two duplicates) per semi-annual sampling event and 36 samples total.
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Table 4.1 Product Inventory Form for 200 Area Building 200 on 6/21/2017

Room MSA Altair
Location/ Product Size ... . . 5X PID Photo
(Sample Description (units) Condition Chemical Ingredients Reading Y/N
Location) (ppm)
Glue Paper InUse  Heat-activated Adhesive 0
Flammables ~3 ft? InUse  Various chemicals 1
Photo Lab Cabinet
Rm 102 i
Fire Extinguisher Unopened Posmbl.e fluorocarbon 0 Y
propelling agent
B200-1A-06
( ) Aero Duster 14 oz InUse 1,1,1,2 tetrafuoroethane 0
Hand Sanitizer 2 liters InUse  Ethyl Alcohol 0
Fire Extinguisher Ready to Use Posmbl.e fluorocarbon 0
propelling agent
Photo Lab v
Room 203 Aero Duster 14 oz InUse 1,1,1,2 tetrafuoroethane 0
Gator Board InUse  Adhesive Backing 0
Photo Lab Adhesive Tape 50 ft roll Open & Adhesive Backing 0
Room 204, Unopened
Storage Dry Erase 0
Shelves Markers Unopened Solvent (ethanol ?) 0 Y
Kodak Lens
(B200-IA-04)  Cleaner Unopened 0
5gal  Unopened &
Room 202 Sure Coat buckets Used Epoxy 0 Y
B200-1A-05
( ) Freon St'eel Unopened Freon 0
canisters
Eﬂ:ffc\fjrte Vapor \fachine  InUse 2 0
Room 201 . , Y
Hydraulic Drill Machine InUse  Lubes/Oils 0
Press
Room 111 Cleaners Open Vats  In Use Sgl((llste’ oxidizers, sulfuric 0 Y
drain to sanitary -
sewer (outside Ut.111ty InUse ? 0
Room 201 room 11 1) Sink
(B200-1A-08) ' Elammable 1 large, Alcohols, chlorinated Y
. InUse  solvents, Rustoleum spray 0
Cabinets #2 & #3 1 small .
(B200-IA-07) paints, WD-40
Flammable .
Cabinet £1 Small In Use  Paints, solvents, lubes 0
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Room MSA Altair
Location/ Product Size ... . . 5X PID Photo
(Sample Description (units) Condition Chemical Ingredients Reading Y/N
Location) (ppm)
Room 216
Assembly Krytox InUse ? 0 Y
Room

Oakite, IPA, Acids, Satellite

Room 206 Accumulation Area
(CSS HighBay) Several products InUse  containing chemical 0 Y
(B200-1A-01) ingredients identified for other
rooms.

%Z?rrll(lbiggl? Marker Pens

Oils used for Small InUse ? 0 Y
Area

assembly

(B200-1A-02)

Active Drain to

Room 205
Sewer

Utility Room In Use  Citric acid anhydrous 0 Y

Bags of water

(B200-1A-03) softening pellets

Full of petrochemicals, acids,

Room 204 Various In Use . .
corrosives, vacuum pump oils.
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Table 4.2 Product Inventory form for 200 Area Building 637 on 6/26/2017
Room MSA Altair
Location/ Product Size . . . S5XPID Photo
(Sample Description (units) Condition Chemical Ingredients Reading Y/N
Location) (ppm)
o Sample Bottles Dilute hydrochloric acid
Building 637 - ’

Hidng (with 40 mII“ ! Unopened sulfuric acid, sodium 0
(B637-IA-1 Preservative) hydroxide Y
B637-1A-2 ;

B637-IA-3 Fire Extinguisher 0.5 cuft Unopened Poss1b1§ fluorocarbon 0
propelling agent
B637-1A-4) .
Hand Sanitizer 1L InUse  Ethyl Alcohol 0
Flammables 025L-1 Silicone spray; isopropyl
. In Use  alcohol, gasoline, Rustoleum 0
Cabinet L
products
Corrosives . .
Cabinet 14 oz InUse  Sodium hydroxide 0
Generators 8 cu ft In Use  Gasoline and oil 0
Building . .
T-637A Steam Cleaners 8 cu ft InUse  Gasoline and oil 0 Y
. . Various motor oils and
Oils/Lubricants 1L Unopened lubricants (WDA40) 0
Aero Duster 14 oz In Use 1,1,1,2 tetrafuoroethane 0
Groundwater
Building Sampling 50 ft— 500
T-637B Equipment ft reels In Use 0 Y
Electronics
Compressed
Nitrogen
Storage Area Compressed Gas I.5cuft In Use  Nitrogen 0 N
. Cylinders
Adjacent to
B637
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Table 4.3 Summary of 200 Area Building 200 and Vicinity Soil Vapor, Outdoor Air, and Indoor Air Analytical Results
NMED
NMED VIS NMED VISL. NMED VISL
8/27/17 Method 2/25/18 Method R or RBCH or RSL* orRBCx  £WOLFRBC VISTE RBC
COPC Samole Tvpe Sample Sample Detection Sample Sample Detection Residential Residential Industrial Industrial ft bes ft bes Exceeds Risk / Hazard?
pie 1yp Event Location Limit Event Location Limit . Indoor Air Soil Vapor Indoor Air g g (Calculated risk or hazard
3 3 3 3 Soil Vapor nc/c nc/c
(ng/m°) (ng/m) (ng/m) (ng/m) ne /e nc/c ne/c nc/c (ng/m%) (ng/m’) exceeded)
5/md)! (ng/m’)! (ng/m’)’ (ng/m’)!
TCE Yes:
Res risk VISLs (2.79E-02)
Res risk RBCs (3.73E-04)
Soil Vapor (MSVM 200-LV- 140,000 200-LV- Res haz VISLs (5.90E+03)
Well) Maximum 410,000 150-34 20 (D) 150-34 480 NA Res haz RBCs (8.37E+01)
Indus risk VISLs (3.66E-03)
Indus haz VISLs (1.25E+03)
Indus haz RBCs (4.88E+00)
B200 Outdoor Air <0.26 200-0A-1 0.26 <0.21 200-OA-1 021 NA NA NA NA NA
Maximum
B200 - 0.86 200-1A-6 0.27 13 200-1A-6 0.20 NA 2.09/4.42 NA 9.83/33.6 NA NA No
Indoor Air Maximum
PCE Yes:
. Res risk VISLs (1.58E-04)
%‘,’;B’KE;’;%;VM 57,000 21(’5(’(;?32' 920 36,000 21050(;_L3Y 210 NA NA 133406000000/ 26300006000000/ Res haz VISLs (4.10E+01)
’ U Indus risk VISLs (3.24E-05)
Indus haz VISLs (8.70E+00)
B200 Outdoor Air <0.26 200-0A-1 0.26 <0.21 200-0A-1 021 NA NA NA NA NA NA NA
Maximum
B200 0.28
. . ND 200-1A-6 0.27 200-1A-6 0.20 NA 41.7/108 NA 197 /529 NA NA No
Indoor Air Maximum )
Freon 11 Soil Vapor (MSVM 490 200-SV-05- o4 <5 200-SV-05- 5 24300 / NA 115,000 / - NA 530,000/  6:400.000/- No
Well) Maximum (A) 9 9 -
B200 Outdoor Air 12 200-OA-1 0.32 1.2 200-0A-1 0.25 NA NA NA NA NA NA NA
Maximum (A)
B200 22 200-TIA-3 0.32 4.4 200-TA-3 0.26 NA 730/ --- NA 3,440/ --- NA NA No
Indoor Air Maximum (A, QD) ’ ’ ’ ’
Freon 113 Soil Vapor (MSVM 200-LV- 140,000 200-LV- 1,040,000 / - 4,920,000 / -- 120,000,000 /- 2,300,000,00
Well) Maximum 470,000 150-34 1,100 D) 150-34 520 - NA i NA - 0/ No
B200 Outdoor Air 0.76 200-OA-2 0.29 049 200-0A-2 0.26 NA NA NA NA NA NA NA
Maximum @) )
B200 730
. . 3,200 200-TA-5 6.6 200-TA-5 2.7 NA 31,300/ --- NA 147,000 / --- NA NA No
Indoor Air Maximum (D)
2-Butanone Soil Vapor (MSVM 200-LV- 200-LV- 160,000,000
Well) Maximum <1,400 150-34 1,400 <320 150-34 320 174,000 / --- NA 819,000 / --- NA 9,600,000 / --- P No
B200 Outdoor Air 3 200-0A-1 0.39 0.42 200-0A-2 0.32 NA NA NA NA NA NA NA
Maximum (J, TB)
B200 . . 8.7 200-TA-3 0.30 2 200-TA-2 0.36 NA 5,210/ --- NA 24,600 / --- NA NA No
Indoor Air Maximum J)
1,1,1- Soil Vapor (MSVM 200-LV- 200-LV- 13,000,000/ -- 220,000,000
trichlorocthane Well) Maximum <1,100 150-34 1,100 <260 150-34 260 174,000/ --- NA 819,000/ --- NA ) / e No
B200 Outdoor Air <0.32 200-0A-1 0.32 <0.25 200-0A-1 0.25 NA NA NA NA NA NA NA
Maximum
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NMED

NMED VIS. NMED VISL NMED VISL
827117 Method 2/25/18 Method  ‘pov®"  or RBC* or RSL* orRBCx  WoITRBC WSTF REC
COPC Sample Type Sample Sample Detection Sample Sample Detection Residential Residential Industrial Industrial ft bos ftus Exceeds Risk / Hazard?
pie 1yp Event Location Limit Event Location Limit . Indoor Air Soil Vapor Indoor Air g £ (Calculated risk or hazard
3 3 3 3 Soil Vapor nc/c nc/c
(ng/m°) (ng/m°) (ng/m°) (ng/m°) ne/ e nc/c nc/c nc/c (ng/m’)? (ng/md)? exceeded)
31 31 31
(ug/m3)! (ng/m) (ng/m”) (ng/m)
17 1 s 1 - B200
trichloroethane Indoor Air Maximum <0.38 200-TA-1 0.38 <0.27 200-TA-1 0.27 NA 5210/ --- NA 24,600 / - NA NA No
Chloroform Soil Vapor (MSVM 200-LV- 200-LV- 210,000 / 3,700,000 /
Well) Maximurn <1,100 15034 1,100 <260 15034 260 3,410/ 40.7 NA 16,100/199 NA 2,500 46,000 No
B200 Outdoor Air 0.35 200-0A-1 032 ND 200-0A-1 0.25 NA NA NA NA NA NA NA
Maximum J)
B200 0.33 0.39
Indoor Air Maximum o 200-1A-3 0.25 o 200-TA-3 0.26 NA 102/1.22 NA 5.98/5.98 NA NA No
Benzene Soil Vapor (MSVM 80 200-SV-09- 200-SV-09- 400,000 /
Well) Maximum o T 67 <52 T 52 1,040 / 120 NA 4,920/ 588 NA 29,000 / 3,400 49,000 No
B200 Outdoor Air <027 200-OA-2 027 0.3 200-OA-2 0.24 NA NA NA NA NA NA NA
Maximum )
B200 ~ 11 200-1A-4 0.29 16 200-I1A-8 027 NA 31.3/3.60 NA 17.6/17.6 NA NA No
Indoor Air Maximum
Ethylbenzene Soil Va
por (MSVM 200-LV- 200-LV- 164,000 /
Well) Maximum <1,100 15034 1,100 <240 15034 240 34,800 / 374 NA ! 840 NA No
B200 Outdoor Air <0.30 200-OA-1 0.30 <0.24 200-OA-1 0.24 NA NA NA NA NA NA NA
Maximum
B200 0.47 200-IA-3 023 <030 200-IA-3 0.30 NA 1,040/ 112 NA 55.1/55.1 NA NA No
Indoor Air Maximum @)]
Toluene Soil Vapor (MSVM 200-LV- 200-LV-
Well) Maximum <1,100 15034 1,100 <260 15034 260 174,000 / --- NA 819,000 / --- NA No
B200 Outdoor Air ey 200-0A-1 032 <025 200-0A-1 0.25 NA NA NA NA NA NA NA
Maximum (J, TB)
B200 7.2
. . 200-1A-5 6.6 1.1 200-TA-3 0.26 NA 5210/ --- NA 24,600 / - NA NA No
Indoor Air Maximum J)
Xylenes Soil Vapor (MSVM 200-LV- 200-LV-
Well) Maximum <2,000 15034 2,000 <460 15034 460 3,480/ - NA 16,400 / - NA No
B200 Outdoor Air <0.56 200-OA-1 0.56 <0.44 200-OA-1 0.44 NA NA NA NA NA NA NA
Maximum
B.200 ~ 15 200-1A-3 0.44 <047 200-I1A-3 0.47 NA 104 / NA 492/ NA NA No
Indoor Air Maximum
Acetone Soil Vapor (MSVM 200-LV- 200-LV- 1,080,000 / - 5,080,000 / -- 53,000,000 /- 860,000,000
Well) Maximum <5,100 15034 5,100 <1,200 15034 1,200 ” NA ’ NA ’ . No
B200 Outdoor Air 13 200-0OA-1 1.4 2.4 200-OA-2 1.2 NA NA NA NA NA NA NA
Maximum (TB)
B200 29 200-1A-3 1.4 8.7 200-1A-2 1.3 NA 32,300 / - NA 152,000 / ——- NA NA N
Indoor Air Maximum (QD) ’ ’ ' ’ ’ °
2-propanol Soil Vapor (MSVM 200-LV- 200-LV- . . 5,600,000 / -
Well) Maximum <2,800 15034 2,800 <640 15034 640 210% / - NA 880%* / --- NA 350,000 / - ” No
B200 Outdoor Air 43 200-OA-2 0.71 <0.66 200-OA-2 0.66 NA NA NA NA NA NA NA
Maximum
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NMED

NMED VISL NMED VISL NMED VISL
827117 Method 2/25/18 Method  ‘pov®"  or RBC* or RSL* orRBC  WWSIFRBC WHIE RBL
COPC Sample Type Sample Sample Detection Sample Sample Detection Residential Residential Industrial Industrial ft bos ftus Exceeds Risk / Hazard?
pie 1yp Event Location Limit Event Location Limit . Indoor Air Soil Vapor Indoor Air g g8 (Calculated risk or hazard
3 3 3 3 Seoil Vapor nc/c nc/c
(ng/m°) (ng/m°) (ng/m°) (ng/m°) ne/ e nc/c nc/c nc/c (ng/m’)? (ng/md)? exceeded)
31 31 31
(ug/m3)! (ng/m) (ng/m”) (ng/m)
2-propanol B200 68 % %
Indoor Air Meximum QD) 200-1A-3 0.61 4.3 200-1A-1 0.67 NA 210% / - NA 880%* / --- NA NA No
1,1-Dichloroethene  Soil Vapor (MSVM 200-LV- 200-LV- 6,700,000 / - Yes:
Well) Maximum 12,000 150-34 1,100 7,500 150-34 260 - NA 32,800/ NA 400,000/~ -- Res haz VISLs (1.73E+00)
B.200 Outdoor Air <032 200-0A-1 032 <025 200-0A-1 0.25 NA NA NA NA NA NA NA
Maximum
B200 <0.38 200-IA-1 0.38 <027 200-TA-1 027 NA 209 / - NA 983 / - NA NA No
Indoor Air Maximum
1,2,4-Trimethy- Soil Vapor (MSVM 200-LV- 200-LV-
Ibenzene? Well) Maximum <990 150-34 21 <230 150-34 250 &/ - NA 28 / - NA No
B.200 Outdoor Air <028 200-0A-1 0.28 <022 200-0A-1 0.22 NA NA NA NA NA NA NA
Maximum
B.200 . 0.92 200-1A-3 0.22 ND 200-1A-1 0.24 NA 63/ --- NA 260/ --- NA NA No
Indoor Air Maximum
2,2,4-Trimethyl- Soil Vapor (MSVM 200-LV- 200-LV-
pentane Well) Maximum <990 150-34 990 <230 150-34 230 NA NA No
B.200 Outdoor Air <028 200-0A-1 0.28 <022 200-0A-1 0.22 NA NA NA NA NA NA NA
Maximum
B200 0.39 200-IA-3 0.28 <024 200-IA-1 0.24 NA NA NA NA No
Indoor Air Maximum J)
2-Hexanone Soil Vapor (MSVM 200-LV- 200-LV- " " 1,200,000 / -
Well) Maximum <1,100 15034 1,100 <240 150.34 240 31%/ - NA 130%/ --—- NA 7,1000 / --- - No
B.200 Outdoor Air 0.62 200-0A-1 0.30 <024 200-0A-1 0.24 NA NA NA NA NA NA NA
Maximum J)
B.200 . 1.1 200-1A-3 0.30 0.39 200-1A-2 0.28 NA 31% /- NA 130% / --- NA NA No
Indoor Air Maximum J)
4-Methyl-2-
pentanone (methyl  Soil Vapor (MSVM 200-LV- 200-LV- . . __ 120,000,000
isobutyl ketone) Well) Maximum <1,100 15034 1,100 <240 15034 240 104,000 / NA 492,000 / NA 7,200,000 / . No
B.200 Outdoor Air 0.42 200-0A-1 0.30 <024 200-0A-1 0.24 NA NA NA NA NA NA NA
Maximum
B.200 24 200-1A-3 023 <025 200-IA-1 025 NA 3,130/ - NA 14,700 / NA NA No
Indoor Air Maximum
Carbon Disulfide Soil Vapor (MSVM 8,100,000 / -
. 64 200-SV-09- 200-LV- 610,000 / --- Sy
Well) Maximum 0 L9 63 <230 150.34 230 24,300 / --- NA 115,000 / --- NA 1,200,000 / - --19,/0?_(_),000 No
B.200 Outdoor Air 0.73 200-0OA-1 0.28 <0.22 200-0OA-1 0.22 NA NA NA NA NA NA NA
Maximum (JATB)
B.200 0.47
Indoor Air Maximum JA) 200-1A-1 0.33 <0.24 200-1A-1 0.24 NA 730 / --- NA 3,440 / --- NA NA No
Carbon Soil Vapor (MSVM 200-LV- 200-LV-
Tetrachloride Well) Maximum <990 15034 990 <230 15034 230 3,480/ 156 NA 16,400 / 765 NA No
B.200 Outdoor Air 0.41 200-0A-2 0.25 0.4 200-OA-1 0.22 NA NA NA NA NA NA NA
Maximum
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NMED

NMED VIS. NMED VISL NMED VISL
827117 Method 2/25/18 Method  ‘pov®"  or RBC* or RSL* orRBCx  WoITRBC WSTF REC
COPC Sample Type Sample Sample Detection Sample Sample Detection Residential Residential Industrial Industrial ft bos ftus Exceeds Risk / Hazard?
pie 1yp Event Location Limit Event Location Limit . Indoor Air Soil Vapor Indoor Air g £ (Calculated risk or hazard
3 3 3 3 Soil Vapor nc/c nc/c
(ng/m°) (ng/m°) (ng/m°) (ng/m°) ne/ e nc/c nc/c nc/c (ng/m’)? (ng/md)? exceeded)
31 31 31
(ug/m3)! (ng/m) (ng/m”) (ng/m)
B.200 . 0.45 200-IA-1 0.33 0.41 200-1A-3 0.23 NA 104/ 4.68 NA 22.9/22.9 NA NA No
Indoor Air Maximum
Chloromethane Soil Vapor (MSVM 200-LV- 200-LV- 14,700 / 140,000 / 2,100,000 /
Well) Maximum <990 150-34 990 <230 150-34 230 3,130/ 520 NA 2,550 NA 22,000 170,000 No
B.200 Outdoor Air 0.42 200-0A-1 0.28 0.57 200-OA-2 023 NA NA NA NA NA NA NA
Maximum (JTB) @)
B.200 0.37 0.6
oot Air Maximum 0 200-IA-6 0.29 o 200-1A-3 0.23 NA 93.9/15.6 NA 76.5/76.5 NA NA No
Ethanol Soil Vapor (MSVM 200-LV- 200-LV- 26,000,000 /- 400,000,000
Well) Maximum <5,300 150-34 5,300 <1,200 150-34 1,200 NA NA ’ . No
B.200 Outdoor Air 56 200-0A-1 1.5 <12 200-0A-1 12 NA NA NA NA NA NA NA
Maximum
B.200 . 23 200-1A-3 12 11 200-1A-1 1.3 NA NA NA NA No
Indoor Air Maximum
Freon 12 Soil Vapor (MSVM 200-LV- 200-LV- 3,800,000 / -
(Dichloro-difluoro-  Well) Maximum <1,100 15034 1,100 1,200 150-34 260 3,480/ --- NA 16,400 / - NA 220,000 / --- ” No
methane) B.200 Outdoor Air 2.3 0.25
Maimam (TB) 200-0OA-1 0.32 2.4 200-0OA-1 (1B NA NA NA NA NA NA NA
B200 2.7 200-1A-4 031 27 200-1A-3 0.26 NA 104 / NA 492 / - NA NA No
Indoor Air Maximum
Freon 21 Soil Vapor (MSVM 200-LV- 200-LV- 4,300,000 / -
(Dichloro- Well) Maximum <1,600 150-34 1,600 =370 150-34 370 NA NA 220,000/ — 3 Mo
fluoromethane) B.200 Outdoor Air <045 200-OA-1 0.45 <035 200-OA-1 035 NA NA NA NA NA NA NA
Maximum
B.200 Indoor Air 35 200-IA-3 0.45 <038 200-IA-1 038 NA NA NA NA No
Maximum
Heptane Soil Vapor (MSVM 200-LV- 200-LV- % % 18,000,000 /
Well) Maximum <1,100 15034 1,100 <260 15034 260 420% / --- NA 1,800% / - NA 1,000,000 / --- No
B.200 Outdoor Air <0.32 200-OA-1 0.32 <0.25 200-OA-1 0.25 NA NA NA NA NA NA NA
Maximum
B.200 Indoor Air 0.33 200-IA-3 025 <027 200-IA-1 027 NA 420% / - NA 1.800% / ——- NA NA No
Maximum J)
Hexane Soil Vapor (MSVM 200-LV- 200-LV- 28,000,000 /
Well) Maximum <990 15034 990 <230 15034 230 24,300 / - NA 115,000 / - NA 1,600,000 / - No
B.200 Outdoor Air 035 200-0OA-1 0.28 <0.22 200-0OA-1 0.22 NA NA NA NA NA NA NA
Maximum (JTB)
B.200 Indoor Air 12 200-1A-3 0.22 11 200-I1A-3 025 NA 730/ - NA 3,440 / - NA NA No
Maximum
Methylene Soil Vapor (MSVM 200-LV- 200-LV- 20,900 / 98,300 / 1,100,000/ 18,000,000 /
Chloride Well) Maximum <1,100 150-34 1,100 <260 150-34 260 33,800 NA 459,000 NA 1,700,000 79,000,000 No
B.200 Outdoor Air 0.42
. <0.32 200-OA-1 0.32 200-0A-2 0.26 NA NA NA NA NA NA NA
Maximum )
B.200 Indoor Air 1.6 200-1A-4 031 0.43 200-IA-2 0.29 NA 626 /1,010 NA 2,950/ 13,800 NA NA No
Maximum )
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NMED

NMED VISL NMED VIS NMED VISL
827117 Method 2/25/18 Method  ‘pov®"  or RBC* or RSL* orRBC  WWSIFRBC WHIE RBL
COPC Sample Type Sample Sample Detection Sample Sample Detection Residential Residential Industrial Industrial ft bos ft bos Exceeds Risk / Hazard?
pie 1yp Event Location Limit Event Location Limit Soil Vapor Indoor Air Soil Vapor Indoor Air ne /gc ne /gc (Calculated risk or hazard
(ug/m>) (ug/m?) (ug/m?) (ug/m?) ne /f nc/c nc/c nc/c (ng/m)? (ng/m’)? exceeded)
(ng/md)! (ng/m?)! (ng/m?)! (ng/m’)!

Styrene Soil Vapor (MSVM
Well) Maximum <990 210506_%‘2' 990 <230 21050(;_L3§:' 230 34,800 / - NA 164,000 / - NA No
B.200 Outdoor Air
Maximum <0.28 200-0OA-1 0.28 <0.22 200-0A-1 0.22 NA NA NA NA NA NA NA
ﬁig?nfgioor Alr 1.9 200-1A-3 0.22 <0.24 200-IA-1 0.24 NA 1,040 / ——- NA 4,920/ --- NA NA No

Tetrahydrofuran Soil Vapor (MSVM 200-LV- 200-LV- % " 59,000,000 /
Well) Maximum <1,300 15034 1,300 <310 15034 310 2,100% / -—- NA 1,800% / -—- NA 3,600,000 / - No
1}\3&23&1 ?ﬁdo"r Alr <0.38 200-0A-1 0.38 12 200-OA-2 0.30 NA NA NA NA NA NA NA
ﬁig?nfgioor Alr 0('J2)9 200-1A-3 0.29 <0.32 200-IA-1 0.32 NA 2,100% / -—- NA 1,800% / ——- NA NA No

trans-1,2- Soil Vapor (MSVM 200-LV- 200-LV-

Dichlorocthene ~ Well) Maximum <1,300 150-34 1,300 <290 150-34 290 1,390/ NA 6,550/ - NA No
1}\3&23&1 ?ﬁdo"r Alr <0.36 200-0A-1 0.36 <0.28 200-0A-1 0.28 NA NA NA NA NA NA NA
ﬁig?nfgioor Alr (12:'}5) 200-IA-8 0.36 (%g) 200-TA-8 0.32 NA 417/ - NA 197 / - NA NA No

Notes:

- = VISL or RBC exceeded.

Yellow = Detection limit exceeds VISL or RBC.

Flags = (D) reported result is from a dilution, (J) result is an estimated value less than the quantitation limit, but greater than or equal to the detection limit, (A) result of an analyte for a laboratory control sample (LCS), initial calibration verification (ICV) or continuing calibration verification (CCV)
was outside standard limits, (QD) relative percent difference for a field duplicate was outside standard limits, (TB) analyte was detected in the trip blank, (FB) analyte was detected in the field blank.

--- = Not available.
NA = Not applicable.

nc / ¢ = noncancer / cancer
= NMED VISLs taken from Risk Assessment Guidance for Site Investigations and Remediation November 2022 (NMED, 2022c¢).
2 = WSTF RBCs for soil vapor taken from NASA WSTF NMED-approved Soil Vapor RBCs for 2022 (NASA, 2022), approved with modification February 11, 2022 (NMED, 2022a). The RBC listed corresponds to the closest depth bgs the sample was collected. For each sample, the next
shallowest depth to the sample depth was chosen to be conservative, e.g., sampled at 34 ft bgs, the 25 ft RBC depth was used.
* = No NMED VISL was listed, so EPA RSL for air was used (EPA, 2022b).
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Table 4.4 Detection Limits Exceeding Screening Levels Well 200-LV-150

Constituent Detected? Det.ect.l on Sereening Leve§ Exceeded Dilution
Limit (ng/m’)

Carbon 990 and 230  Residential cancer VISL 156;

tetrachloride No 999 Industrial cancer VISL 765 6600 and 1530
Resident cancer VISL 40.7;

Chloroform No 1,100 and 260 Industrial cancer VISL 199 6600 and 1530

Ethylbenzene No 1,100 Residential cancer VISL 374 6600

Heptane No 1,100 Residential air (noncancer) RSL 420 6600
Residential air (noncancer) RSL 31;

2-Hexanone No 1,100 and 240 Industrial air (noncancer) RSL 130 6600 and 1530

2-Propanol 2,800 and 640 Residential air (noncancer) RSL 210;

(Isopropanol) No 2,800 Industrial air (noncancer) RSL 880 6600 and 1530

Trichloroethvlen Residential noncancer VISL 69.5;

(TrCCE)O octyiene Yes  920and430  Residential cancer VISL 147; 6600 and 3060
Industrial noncancer VISL 328

1,2,4- 990 and 230 Residential air (noncancer) RSL 63;

Trimethylbenzene No 990 Industrial air (noncancer) RSL 260 6600 and 1530

Note: Well was sampled at 34 ft bgs.
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Table 5.1 Summary of 600 Area Building 637 and Vicinity Soil Vapor, Outdoor Air, and Indoor Air Analytical Results
NMED VISL. NMED VISL. NMED VISL NMED VISL  WSTF RBC WSTF RBC
SQ 21171/ 111 Samole D“gfgcht‘i’:n gg 21151/ 112 Samole Dl\gf;cht‘i’:n or RBC* or RBC* or RBC* or RBC* Residential Industrial Exceeds Risk / Hazard?
COPC Sample Type p P .. P P s Residential Residential Industrial Industrial ft bgs ft bgs (Calculated risk or hazard
Event Location Limit Event Location Limit . . . .
(ug/m?) (ng/m?) (ng/m?) (ng/m?) Seoil Vapor Indoor Air Seoil Vapor Indoor Air nc/c nc/c exceeded)
g nc/c (ug/m’)'  nc/c(ug/m?)' nc/c(ug/m’)'  ne/c(ug/m’) (ug/m3)? (ug/m3)?
TCE . Yes:
Soil Vapor 480 600-SGW- 740 600-SGW- Res cancer VISLs (5.03E-05)
%i?% n\qull) ) 125 5.8 ) L12s 5.3 NA NA 2,300/5400  34,000/120,000 B o Crt N ISLs (106E-01)
Indus nonc VISLs (2.26E+00)
B637 Outdoor
. : <0.29 600-OA-1 0.29 <021  600-OA-1 0.21 NA NA NA NA NA NA NA
Air Maximum
B637 Indoor Air <024 600-TA-1 0.24 <022 600-IA-1 022 NA 2.09/4.42 NA 9.83/33.6 NA NA No
Maximum
PCE Soil Vapor
600-SGW- 600-SGW- 58,000 / 910,000 /
(MSVM Well) 3.4 125 0.58 52 515 0.53 1,390 / 3,600 NA 6,550/ 17,600 NA 150,000 5,400,000 No
Maximum
B637 Outdoor <029 600-0A-1 0.29 <021 600-OA-1 021 NA NA NA NA NA NA NA
Air Maximum
B637 Indoor Air <024 600-TA-1 0.24 <022 600-IA-1 022 NA 41.7/108 NA 197/ 529 NA NA No
Maximum
Freon 11 .
Soil Vapor
(MSVM Well) 1,400 B siuh 18 14 600-SGW- 0.65 24,300 / - NA 115,000 / --- NA 840,000 /- 31,000,000 / --- No
. (A) 2-12.5 1-12.5
Maximum
B637 Outdoor 1.2 600-0A2 031 11 600-OA-1 025 NA NA NA NA NA NA NA
Air Maximum (A)
B637 Indoor Air 1.2 600-TA-2 0.29 1.4 600-TA-2 026 NA 730 / NA 3,440 / - NA NA No
Maximum (A)
Freon 113 :
Soil Vapor
(MSVM Well) 8,200 A 18 5,300 600-SGW- 17 1,040,000 / - NA 4,920,000 / - NA 55,000,000 / - 900,000,000 / --- No
. 2-12.5 (D) 2-12.5
Maximum
B637 Outdoor 0.48 600-0A2 031 051 500.0a2 025 NA NA NA NA NA NA NA
Air Maximum @) )
B637 Indoor Air 0.49 600-TA-2 0.29 059 (00-1A-2 026 NA 31,300 / NA 147,000 / —- NA NA No
Maximum ) )
2-Butanone Soil Vapor
12 600-SGW- 5 600-SGW- 4,800,000/ — 66,000,000 / ---
ﬁ/lsyM Well) U.FB) oS 0.87 0 s 0.81 174,000 / --- NA 819,000 / --- NA 3200000/ — 35,000,000/ No
aximum
B637 Outdoor 2.4 600-0A-1 0.44 042 ¢00-0A-2 031 NA NA NA NA NA NA NA
Air Maximum ) Q)
B637 Indoor Air 3-3 600-TA-4 0.44 052  (00-1A-1 0.34 NA 5210/ NA 24,600 / NA NA No
Maximum J) J, FB)
1,1,1- Soil Vapor
trichloroethane (MSVM Well) O('J7)6 60?_'155?7' 0.70 3.6 60;)_'152(}5\’\/' 0.65 174,000 / --- NA 819,000 / --- NA 6,100,000 /- 90,000,000 / --- No
Maximum ’ ’
B637 Outdoor <036 600-OA-1 036 <025  600-0A-1 025 NA NA NA NA NA NA NA
Air Maximum
B.637 Indoor Air <0.29 600-IA-1 0.29 <029  600-IA-1 0.29 NA 5210/ --- NA 24,600 / --- NA NA No

Maximum
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NMED VISL  NMED VISL  NMED VISL NMED VISL _ WSTF RBC WSTF RBC
gﬁl 21171/ 111 Samble DM:tcht(i)(()ln ;ﬁl 21151/ 112 Samble DMftcli‘i’;'n or RBC* or RBC* or RBC* or RBC* Residential Industrial Exceeds Risk / Hazard?
COPC Sample Type P P etect P P etect Residential Residential Industrial Industrial ft bgs ft bgs (Calculated risk or hazard
Event Location Limit Event Location Limit . . . .
(ug/m?) (ug/m’)  (ng/m?) (ug/m?) Soil Vapor Indoor Air Soil Vapor Indoor Air nce/c ne/c exceeded)
Mg M ne ne nc/c (ug/m®)'  nc/c(ug/m)'  nc/c(ug/m?)’  nc/c(ug/md! (ng/m?)? (ng/m?)?
Chloroform Soil Vapor
(MSVM Well) 31 600-SGW- 79 41 O00-SGW- 65 3.410/40.7 NA 199 / 3,200 NA 100,000/1200  1->00:000/ No
. 1-12.5 1-12.5 19,000
Maximum
B.637 Outdoor <036 600-OA-1 036 <025  600-0A-1 025 NA NA NA NA NA NA NA
Air Maximum
B.637 Indoor Air ) g 600-IA-1 0.29 <027 600-IA-1 027 NA 102 /1.22 NA 5.98/5.98 NA NA No
Maximum
Benzene Soil Vapor
(MSVM Well) 3.2 600-SGW- 0.66 1.3 600-SGW- 0.61 1,040 / 120 NA 4,920/ 588 NA 29,000 /3,400 400,000 / 49,000 No
. (FB) 1-12.5 (J, FB) 1-12.5
Maximum
B.637 Outdoor <034 600-OA-1 0.34 025 00-0A-2 0.24 NA NA NA NA NA NA NA
Air Maximum J
B.637 Indoor Air 0.33 600-IA-4 026 0.4 600-IA-1 026 NA 31.3/3.60 NA 17.6/17.6 NA NA No
Maximum J) @)
Ethylbenzene Soil Vapor
(MSVM Well) 1.6 600-SGW- 56 <061 O00-SGW- 5 34,800 / 374 NA 164,000/ NA No
. 0) 1-12.5 1-12.5 1,840
Maximum
B.637 Outdoor <0.34 600-OA-1 0.34 <024 600-0A-2 0.24 NA NA NA NA NA NA NA
Air Maximum
B.637Indoor Air _; 5g 600-TA-1 0.28 <026 600-IA-1 026 NA 1,040/ 11.2 NA 55.1/55.1 NA NA No
Maximum
Toluene Soil Vapor
(MSVM Well) 0.87 600-SGW- 67 <065 O00-SGW- 65 174,000 / - NA 819,000 / --- NA No
. () 575 1-12.5
Maximum
B.637 Outdoor 0.35 600-0A-2 031 <025  600-OA-1 0.25 NA NA NA NA NA NA NA
Air Maximum )
B.637 Indoor Air 0.6 600-TA-4 0.36 032 (00-1A-4 0.25 NA 5210/ NA 24,600 / NA NA No
Maximum ) )
Xylenes Soil Vapor
(MSVM Well) <1.1 600-SGW- 1.1 <3p  600-SGW- 32 3,480 / - NA 16,400 / --- NA No
. 1-12.5 1-12.5
Maximum
B.637 Outdoor <0.63 600-OA-1 0.63 <044  600-OA-1 0.44 NA NA NA NA NA NA NA
Air Maximum
B.637Indoor Air ) 5, 600-IA-1 0.52 <048  600-IA-1 0.48 NA 104 / - NA 492/ - NA NA No
Maximum
Acetone Soil Vapor
(MSVM Well) 22 60%'_37(?”' 3.0 27 60%‘_57(;W' 3.0 1,080,000 / --- NA 5,080,000 / -—- NA 19,000,000 / —- 200,000,000 / --- No
Maximum ’ ’
B.637 Outdoor 10 2.2
A Mo o 600-OA-1 1.6 0 600-OA-1 1.1 NA NA NA NA NA NA NA
B.637 Indoor Air 28 600-IA-4 1.2 4.7 600-1A-1 1.1 NA 32,300 / - NA 152,000 / - NA NA No
Maximum (J, FB)
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NMED VISL  NMED VISL  NMED VISL NMED VISL __ WSTF RBC WSTF RBC
gﬁl 21171/ 111 Samble DM:tcht(i)(()ln ;ﬁl 21151/ 112 Samble DMftcli‘i’;'n or RBC* or RBC* or RBC* or RBC* Residential Industrial Exceeds Risk / Hazard?
COPC Sample Type P P etect P P etect Residential Residential Industrial Industrial ft bgs ft bgs (Calculated risk or hazard
Event Location Limit Event Location Limit . . . .
(ug/m?) (ug/m?) (ug/m?) (ug/m?) Seoil Vapor Indoor Air Soil Vapor Indoor Air nc/c nc/c exceeded)
Mg M ne ne nc/c (ug/m®)'  nc/c(ug/m)'  nc/c(ug/m?)’  nc/c(ug/md! (ng/m?)? (ng/m?)?
2-propanol Soil Vapor
(Isopropanol or  (MSVM Well) <16 60?_'132(};”' 1.6 <45 60;)_'152(}5“’ - 45 210% / NA 880 / - NA 180,000/ — 2,400,000 / --- No
Isopropyl alcohol)  Maximum ) )
B.637 Outdoor <0.88 600-OA-1 0.88 066 ¢h0-0A-2 0.62 NA NA NA NA NA NA NA
Air Maximum J
B.637 Indoor Air 34 600-IA-4 0.88 L1 600-TA-4 0.62 NA 210% / - NA 880% / - NA NA No
Maximum )
1,1-Dichloroethane  Soil Vapor
(MSVM Well) 5.7 600-SGW- 0.66 52 600-SGW- 0.61 /585 NA --2,870 NA -/ 17,000 - /250,000 No
Mas i 1-12.5 1-12.5
B.637 Outdoor
Air Maximum <0.34 600-OA-1 0.34 <024  600-OA-1 0.24 NA NA NA NA NA NA NA
ﬁ:ﬁ;ﬁi""r Alr <0.28 600-IA-1 0.28 <027  600-IA-1 0.27 NA — /175 NA /86 NA NA No
1,2,4-Trimethyl- Soil Vapor
benzene® (MSVM Well) 0.92 600-SGW- 0.62 <057  600-SGW- 0.57 63/ - NA 260 / --- NA No
Mo o 1-12.5 1-12.5
B.637 Outdoor
Air Maximum <0.32 600-OA-1 0.32 <022  600-OA-1 0.22 NA NA NA NA NA NA NA
ﬁgﬁfﬂfﬁoor Air <0.26 600-IA-1 0.26 <026  600-IA-1 0.26 NA 63/ - NA 260/ - NA NA No
1,2-Dichloroethane  Soil Vapor
(MSVM Well) 0.73 600-SGW-— 4 66 <061 S00-SGW- 61 243 /36 NA 1,150 / 176 NA No
Moo ) 1-12.5 1-12.5
Zfﬁa?(?rﬁfg <0.34 600-OA-1 0.34 <024  600-OA-1 0.24 NA NA NA NA NA NA NA
ﬁ:ﬁ;ﬁi""r Alr <0.28 600-TA-1 0.28 <027  600-IA-1 0.27 NA 7.30/1.08 NA 5.29/5.29 NA NA No
11)"4_}11 b Soil Vapor 1.9 600-SGW- 600-SGW-
lchlorobenzene — (\SyM Well) : 0.58 <0.58 0.58 27,800 / 85.1 NA 131,000/ 417 NA No
Moo ) 1-12.5 1-12.5
Zfﬁa?(?rﬁfg <0.29 600-OA-1 0.29 <029  600-OA-1 0.29 NA NA NA NA NA NA NA
ﬁgﬁfﬂfﬁoor Air <0.24 600-IA-1 024 <024  600-IA-1 024 NA 834/2.55 NA 12.5/12.5 NA NA No
2-Hexanone Soil Vapor
600-SGW- 1 600-SGW- . . 34,000 / - 490,000 / ---
%i?rfnl\ﬁ r:lzveu) <0.66 oS 0.66 o s 0.62 31%/ - NA 130% / - NA 22,000/ — 250,000 / No
Zfﬁa?(?rﬁfg <0.34 600-OA-1 0.34 <024  600-OA-1 0.24 NA NA NA NA NA NA NA
ﬁgﬁ;ﬁi"or Alr 1.1 600-TA-4 026 <027 600-IA-1 027 NA 31% /- NA 130% / - NA NA No
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NMED VISL. __ NMED VISL _ NMED VISL _ NMED VISL __ WSTF RBC WSTF RBC
gﬁl 21171/ 111 Samble DM:tcht(i)(()ln ;ﬁl 21151/ 112 Samble DMtetcht(i);ln or RBC* or RBC* or RBC* or RBC* Residential Industrial Exceeds Risk / Hazard?
COPC Sample Type P P etect P P etect Residential Residential Industrial Industrial ft bgs ft bgs (Calculated risk or hazard
Event Location Limit Event Location Limit . . . .
(ug/m?) (ugm’)  (ng/m) (ug/m?) Soil Vapor Indoor Air Soil Vapor Indoor Air nce/c ne/c exceeded)
e nc/c (ug/m®)'  nc/c(ug/m)'  nc/c(ug/m?)’  nc/c(ug/md! (ng/m?)? (ng/m?)?
4-Methyl-2- Soil Vapor
pentanone methyl  (MSVM Well) <0.66 60?_'15?;”' 0.66 <061 60?:??;"’ T 06l 104,000 / - NA 492,000 / --- NA 3,500,000/ -— 51,000,000 / -—- No
isobutyl ketone) Maximum ' )
B.637 Outdoor
637 Ov <034 600-OA-1 0.34 <024 600-OA-1 0.24 NA NA NA NA NA NA NA
Air Maximum
B.637 Indoor Air 0.5 600-TA-4 0.34 <027  600-IA-1 027 NA 3,130 / NA 14,700 / —- NA NA No
Maximum J)
Bromodichloromet ~ Soil Vapor
hane (MSVM Well) 0.62 600-SGW- 5 62 0.59 600-SGW- ) o /253 NA /124 NA -/ 980 115,000 No
. ) 1-12.5 ) 1-12.5
Maximum
B.637 Outdoor <0.32 600-0A-1 032 <022 600-OA-1 022 NA NA NA NA NA NA NA
Air Maximum
B.637Indoor Air ¢ 600-TA-1 026 <026 600-IA-1 026 NA 10759 NA 3.72/3.72 NA NA No
Maximum
Carbon Disulfide Soil Vapor
(MSVM Well) 86 600-SGW- 6 <057  600-SGW- 5y 24,300 / NA 115,000 / —- NA 610,000/  8.100,000 / — No
. (A FB) 1-12.5 1-12.5
Maximum
B.637 Outdoor <0.32 600-0A-1 032 <022 600-OA-1 022 NA NA NA NA NA NA NA
Air Maximum
B.637 Indoor Air ¢ 600-TA-1 0.26 <026 600-IA-1 0.26 NA 730/ NA 3,440 / —- NA NA No
Maximum
Carbon Soil Vapor
Tetrachloride (MSVM Well) <0.62 60?'132(}5\’\" 0.62 <0.57 60?'132(}5\"" 0.57 3,480/ 156 NA 16,400 / 765 NA No
Maximum e e
B.637 Outdoor 0.41 600-0A-1 032 0.4 600-0A-1 022 NA NA NA NA NA NA NA
Air Maximum ) Q)]
B.637 Indoor Air 0.41 600-IA-1 026 045 (00-1A-1 0.24 NA 104/ 4.68 NA 22.9/22.9 NA NA No
Maximum J) )
Chloroethane Soil Vapor
(Ethyl chloride) ~ (MSVM Well) 2 600-SGW- 59 L7 600-SGW- ) ¢s 348.000 / - NA 1,640,000 / NA 8.900,000 / -— 120,000,000 / --- No
\ a) 1-12.5 ) 1-12.5
Maximum
B.637 Outdoor <036 600-OA-1 036 <025  600-0A-1 025 NA NA NA NA NA NA NA
Air Maximum
B.637 Indoor Air ) g 600-IA-1 0.29 <027 600-IA-1 027 NA 10,400 / - NA 49,200 / - NA NA No
Maximum
Chloromethane Soil Vapor
15 600-SGW- 12 600-SGW- 900,000 /
;1/\1/ISYM Well) 0B) s 0.62 0FB) s 0.57 3,130/ 520 NA 14,700 / 2,550 NA 72,000 / 12,000 166,000 No
aximum
B.637 Outdoor 0.39 600-0A-1 032 063 00-0A-1 022 NA NA NA NA NA NA NA
Air Maximum J) J)
B.637 Indoor Air 0.33 600-TA-4 032 065 (00-1A-4 022 NA 93.9/15.6 NA 76.5/76.5 NA NA No
Maximum [0)) @)
cis-1,2- Soil Vapor
Dichlorocthene ~ (MSVM Well) 0.82 600-SGW- 66 <061 O00-SGW-— 42% ] e NA 180% / - NA No
. ) 1-12.5 1-12.5
Maximum
B.637 Outdoor <034 600-0A-1 0.34 <024  600-OA-1 0.24 NA NA NA NA NA NA
Air Maximum NA
B.637Indoor Air _ 5g 600-TA-1 0.28 <026 600-IA-1 026 NA 4% ) - NA 180% / - NA NA No
Maximum
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NMED VISL. NMED VISL. NMED VISL NMED VISL  WSTF RBC WSTF RBC
gﬁl 21171/ 111 Samble DM:tcht(i)(()ln ;ﬁl 21151/ 112 Samble DMtetcht(i);ln or RBC* or RBC* or RBC* or RBC* Residential Industrial Exceeds Risk / Hazard?
COPC Sample Type P P etect P P etect Residential Residential Industrial Industrial ft bgs ft bgs (Calculated risk or hazard
Event Location Limit Event Location Limit . . . .
(ug/m?) (ugm’)  (ng/m) (ug/m?) Soil Vapor Indoor Air Soil Vapor Indoor Air nce/c ne/c exceeded)
e nc/c (ug/m®)'  nc/c(ug/m)'  nc/c(ug/m?)’  nc/c(ug/md! (ng/m?)? (ng/m?)?
Ethanol Soil Vapor
(MSVM Well) 9#?3 60?'152(“”' 33 <3.0 60?'1SZGW' 3.0 NE NA NE NA 15,000,000 / --- 170,000,000 / --- No
Maximum (J FB) -12.5 -12.5
B.637 Outdoor 3.5 600-OA-2 1.5 2.6 600-OA-2 1.2 NA NA NA NA NA NA NA
Air Maximum J) J)
B.637 Indoor Air 49
Maximum 20 600-TA-4 1.7 grp)  O00IAl 1.3 NA NA NA NA NA NA No
Freon 12 Soil Vapor
. . 600-SGW- 2.2 600-SGW- 70,000 / -—- 810,000 / ---
Stl)}::r}llé())rodlﬂuorom %i?rfnl\i[lryell) 2.4 575 0.67 (FB) 1-12.5 0.65 3,480/ --- NA 16,400 / --- NA 110,000/ - 1,600,000 / —- No
i‘ifﬁa?(‘iﬁfg 23 600-OA-1 0.36 2.1 600-OA-1 0.25 NA NA NA NA NA NA NA
B.637 Indoor Air 2.3 2.3
Mocimoe D) 600-IA-1 0.29 D) 600-IA-1 0.27 NA 104 / - NA 492 / - NA NA No
Freon 21 Soil Vapor
(Dichlorofluoro- (MSVM Well) 10 60?:52(};”' 0.99 6 60?_'152("5\’\' - 0.91 NE NA NE NA 120,000/ --- 1,800,000 / --- No
methane) Maximum ) )
Zfﬁa?(?rﬁfg <0.50 600-OA-1 0.50 <035  600-OA-1 0.35 NA NA NA NA NA NA NA
ﬁ:ﬁﬁﬁi""r Alr <0.41 600-IA-1 0.41 <038  600-IA-1 0.38 NA NA NA NA NA NA No
Heptane Soil Vapor
(MSVM Well) <0.70 600-SGW- 0.70 <065  000-SGW- 0.65 420% / —-- NA 1,800% / --- NA 490,000 / --- 7,300,000 / --- No
Mo 1-12.5 1-12.5
Zfﬁa?(?rﬁfg <0.36 600-OA-1 0.36 <025  600-OA-1 0.25 NA NA NA NA NA NA NA
ﬁgﬁ;ﬁi""r Alr (()ﬁ' 600-TA-4 0.28 <027 600-IA-1 027 NA 420% / - NA 1,800% / - NA NA No
Hexane Soil Vapor
(MSVM Well) 1.5 600-SGW- 0.62 <057  600-SGW- 0.57 24,300 / -—- NA 115,000 / --- NA 780,000/ --- 11,000,000 / --- No
Moo (J FB) 1-12.5 1-12.5
iiﬁ\;a?:iﬁ?g 0('%2 600-OA-1 0.32 <022  600-OA-1 0.22 NA NA NA NA NA NA NA
ﬁgﬁ;ﬁi"or Alr 0('J7)9 600-TA-4 032 <024 600-IA-1 0.24 NA 730 / NA 3,440 / NA NA No
Methylene Soil Vapor
/ 600-SGW- 600-SGW- 98,300 / 550,000 / 7,400,000 /
Chloride %i?% n\qull) 24 oS 0.70 24 L 12s 0.65 20,900 / 33,800 NA 450,000 NA 870,000 Aol No
B.637 Outdoor <036 600-0A-1 0.36 043 ¢00-0A2 025 NA NA NA NA NA NA NA
Air Maximum J)
B.637Indoor Air 59 600-TA-1 0.29 055 (00-1A-1 027 NA 626 /1,010 NA 2,950 / 13,800 NA NA No
Maximum (J FB)
Tetrahydrofuran Soil Vapor
(MSVM Well) 0.85 600-SGW- g3 <076 G00-SGW- o6 2,100% / - NA 1,800% / --- NA 1,800,000 / - 24,000,000 / -—- No
Moo ) 1-12.5 1-12.5
B.637 Outdoor 1.1 600-0A-1 0.42 <029  600-OA-1 0.29 NA NA NA NA NA NA NA

Air Maximum
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NMED VISL NMED VISL NMED VISL NMED VISL WSTF RBC WSTF RBC
gﬁl 21171/ 111 Samble DM:tcht(i)(()ln ;ﬁl 21151/ 112 Samble DMftcli‘i’;'n or RBC* or RBC* or RBC* or RBC* Residential Industrial Exceeds Risk / Hazard?
COPC Sample Type P P etect P P etect Residential Residential Industrial Industrial ft bgs ft bgs (Calculated risk or hazard
Event Location Limit Event Location Limit . . . .
(ug/m?) (ng/m?) (ug/m?) (ug/m?) Soil Vapor Indoor Air Soil Vapor Indoor Air nc /c nc /c exceeded)
e nc/c (ug/m®)'  nc/c(ug/m)'  nc/c(ug/m?)’  nc/c(ug/md! (ng/m?)? (ng/m?)?
B.637 Indoor Air—_, 3 600-TA-1 034 <032 600-IA-1 0.32 NA 2,100% / - NA 1,800% / - NA NA No
Maximum

Notes:
REA = VISL or RBC exceeded.

Flags = (D) reported result is from a dilution, (J) result is an estimated value less than the quantitation limit, but greater than or equal to the detection limit, (A) result of an analyte for a laboratory control sample (LCS), initial calibration verification (ICV) or continuing calibration verification (CCV)
was outside standard limits, (QD) relative percent difference for a field duplicate was outside standard limits, (TB) analyte was detected in the trip blank, (FB) analyte was detected in the field blank.

--- = Not available

NA = Not applicable

NE = Not Established

1= NMED VISLs taken from Risk Assessment Guidance for Site Investigations and Remediation November 2022 (NMED, 2022c).

2= WSTF RBCs for soil vapor taken from NASA WSTF NMED-approved Soil Vapor RBCs for 2022 (NASA, 2022), approved with modification February 2022 (NMED, 2022a). The RBC listed corresponds to the closest depth bgs the sample was collected. For each sample, the next shallowest
depth to the sample depth was chosen to be conservative, e.g., sampled at 34 ft bgs, the 25 ft RBC depth was used

* =No NMED VISL was listed, so EPA RSL for air was used (EPA, 2022b).
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Table 6.1 200 Area Soil Vapor: Residential Cancer Risk (VISLs)

Maximum

Constituent Concentration VISL; Cancer Risk!
(ug/m?) (ng/m’)
Benzene 8.00E+01 1.20E+02 6.67E-06
PCE 5.70E+04 3.60E+03 1.58E-04
TCE 4.10E+05 1.47E+02 2.79E-02
Total 200 Area Residential Soil Vapor Cancer Risk 2.81E-02

Notes:
! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.
2Table A-4, NMED Residential Vapor Intrusion Screening Levels (NMED, 2022c¢)

Table 6.2 200 Area Soil Vapor: Industrial Cancer Risk (VISLs)

Maximum VISLZ
Constituent Concentration 3 Cancer Risk!
(ug/m?) (ng/m’)
Benzene 8.00E+01 5.88E+02 1.36E-06
PCE 5.70E+04 1.76E+04 3.24E-05
TCE 4.10E+05 1.12E+03 3.66E-03
Total 200 Area Industrial Soil Vapor Cancer Risk 3.69E-03

Notes:

! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.

2Table A-4, NMED Industrial Vapor Intrusion Screening Levels (NMED, 2022¢)
Bold values indicate an exceedance of screening levels.

Table 6.3 200 Area Soil Vapor: Residential Cancer Risk (RBCs)

. Depth RBC
Maximum :
i Concentration Maximum Depth iskl
Constituent Detected RBC? Used Cancer Risk
(ng/m?) (ftbgs)  (ng/m’)  (ft bgs)
Benzene 8.00E+01 19 3.40E+03 10 2.35E-07
PCE 5.70E+04 34 3.40E+05 25 1.68E-06
TCE 4.10E+05 34 1.10E+04 25 3.73E-04
Total 200 Area Residential Soil Vapor Cancer Risk 3.75E-04

Notes:

! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.

2 Table 2a, Derivation of Vapor Risk-Based Concentrations: Resident (NASA, 2022).
Bold values indicate an exceedance of screening levels.

RBC — WSTF Risk Based Concentration
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Table 6.4 200 Area Soil Vapor: Industrial Cancer Risk (RBCs)
Maximum Mg:il:::lm ]i]:)fh
Constituent Concentration Detected RBC? Used Cancer Risk!

(ng/m’) (ftbgs)  (ug/m’)  (ft bgs)
Benzene 8.00E+01 19 4.90E+04 10 1.63E-08
PCE 5.70E+04 34 6.00E+06 25 9.50E-08
TCE 4.10E+05 34 2.80E+05 25 1.46E-05
Total 200 Area Industrial Soil Vapor Cancer Risk 1.48E-05

Notes:

! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.

2 Table 3a, Derivation of Vapor Risk-Based Concentrations: Commercial Worker (NASA, 2022).
Bold values indicate an exceedance of screening levels.

RBC — WSTF Risk Based Concentration

Table 6.5 200 Area Soil Vapor: Residential (Noncancer) Hazard Index (VISLs)

Constituent Maximum Concentration VISL? Hazard
(ug/m3) (ug/m®) Quotient!

Benzene 8.00E+01 1.04E+03 7.69E-02
Carbon disulfide 6.40E+01 2.43E+04 2.63E-03
Freon-12
(Dichlorodifluoromethane) 1.20E+03 3.48E+03 3.45E-01
1,1-Dichloroethene 1.20E+04 6.95E+03 1.73E+00
PCE 5.70E+04 1.39E+03 4.10E+01
Freon-113 (1,1,2-Trichloro-
1.2.2-trifluorocthane) 4.70E+05 1.04E+06 4.52E-01
TCE 4.10E+05 6.95E+01 5.90E+03
Freon-11
(Trichlorofluoromethane) 4.90E+02 2.43E+04 2.02E-02
Total 200 Area Residential Soil Vapor Hazard Index 5.94E+03

Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-4, NMED Residential Vapor Intrusion Screening Levels (NMED, 2022¢), unless otherwise noted.
Bold values indicate an exceedance of screening levels.

200 and 600 Area Vapor Intrusion Assessment Report

90



NASA White Sands Test Facility

Table 6.6 200 Area Soil Vapor: Industrial (Noncancer) Hazard Index (VISLs)

Constituent Maximum Concentration VISL? Hazard
(ug/m3) (ug/m3) Quotient!

Benzene 8.00E+01 4.92E+03 1.63E-02
Carbon disulfide 6.40E+01 1.15E+05 5.57E-04
Freon-12
(Dichlorodifluoromethane) 1.20E+03 1.64E+04 7.32E-02
1,1-Dichloroethene 1.20E+04 3.28E+04 3.66E-01
PCE 5.70E+04 6.55E+03 8.70E+00
Freon-113 (1,1,2-Trichloro-
1.2.2-trifluoroethane) 4.70E+05 4.92E+06 9.55E-02
TCE 4.10E+05 3.28E+02 1.25E+03
Freon-11
(Trichlorofluoromethane) 4.90E+02 1 15E+05 4.26E-03
Total 200 Area Industrial Soil Vapor Hazard Index 1.26E+03

Notes:
! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-4, NMED Industrial Vapor Intrusion Screening Levels (NMED, 2022¢), unless otherwise noted.

Bold values indicate an exceedance of screening levels.
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Table 6.7 200 Area Soil Vapor: Residential (Noncancer) Hazard Index (RBCs)

Maximum Depth RBC
. . Maximum  RBC? Depth Hazard
Constituent Concentration 3 s 1
3 Detected  (ug/m) Used Quotient
(ng/m’) (ft bgs) (ft bgs)
Benzene 8.00E+01 19 2.90E+04 10 2.76E-03
Carbon disulfide 6.40E+01 19 6.10E+05 10 1.05E-04
Freon-12
(Dichlorodifluoromethane) 1.20E+03 34 2.20E+05 25 5.45E-03
1,1-Dichloroethene 1.20E+04 34 4.00E+05 25 3.00E-02
PCE 5.70E+04 34 1.30E+05 25 4.38E-01
Freon-113 (1,1,2-Trichloro-1,2,2- 4 501, 34 120E+08 25 3.92E-03
trifluoroecthane)
TCE 4.10E+05 34 4.90E+03 25 8.37E+01
Freon-11
(Trichlorofluoromethane) 4.90E+02 9 5.30E+05 5 9.25E-04
Total 200 Area Residential Soil Vapor Hazard Index 8.42E+01

Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.2 Table 2a, Derivation of Vapor Risk-Based

Concentrations: Resident (NASA, 2022).

Bold values indicate an exceedance of NMED screening levels or target hazard.

RBC — WSTF Risk Based Concentration

Table 6.8 200 Area Soil Vapor: Industrial (Noncancer) Hazard Index (RBCs)

. Depth RBC? RBC
. Max1mun.1 Maximum 3 Depth Hazard
Constituent Concentration (ng/m”) c
(ug/m?) Detected Used Quotient
(ft bgs) (ft bgs)
Benzene 8.00E+01 19 4.00E+05 10 2.00E-04
Carbon disulfide 6.40E+01 19 8.10E+06 10 7.90E-06
Freon-12
(Dichlorodifluoromethane) 1.20E+03 34 3.80E+06 25 3.16E-04
1,1-Dichloroethene 1.20E+04 34 6.70E+06 25 1.79E-03
PCE 5.70E+04 34 2.30E+06 25 2.48E-02
Freon-113 (1,1,2-Trichloro-
1,2.2-trifluorocthane) 4.70E+05 34 2.30E+09 25 2.04E-04
TCE 4.10E+05 34 8.40E+04 25 4.88E+00
Freon-11
(Trichlorofluoromethanc) 4.90E+02 9 6.40E+06 5 7.66E-05
Total 200 Area Industrial Soil Vapor Hazard Index 4.91E+00
Notes:
! Hazard = (Maximum Concentration/Screening Level) * 1E+00.
2 Table 3a, Derivation of Vapor Risk-Based Concentrations: Commercial Worker (NASA, 2022).
Bold values indicate an exceedance of screening levels.
RBC — WSTF Risk Based Concentration
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Table 6.9 200 Area Indoor Air: Residential Cancer Risk (VISLs)

Constituent Maximum Conscentration Indoor Air3VISL2 Cancer Risk!
(ng/m”) (ng/m-)
Benzene 1.60E+00 3.60E+00 4.44E-06
Carbon tetrachloride 4.50E-01 4.68E+00 9.62E-07
Chloroform 3.90E-01 1.22E+00 3.20E-06
Chloromethane 6.00E-01 1.56E+01 3.85E-07
Ethylbenzene 4.70E-01 1.12E+01 4.20E-07
Methylene chloride 1.60E+00 1.01E+03 1.58E-08
PCE 2.80E-01 1.08E+02 2.59E-08
TCE 1.30E+00 4 42E+00 2.94E-06
Total 200 Area Residential Indoor Air Cancer Risk 1.24E-05 or 1E-05
Notes:
! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.
2 Table A-4, NMED Residential Indoor Air Screening Levels (NMED, 2022c).
Table 6.10 200 Area Indoor Air: Industrial Cancer Risk
Constituent Maximum Conscentration Indoor Air }7ISLS2 Cancer Risk!
(ng/m”) (ng/m°)
Benzene 1.60E+00 1.76E+01 9.09E-07
Carbon tetrachloride 4.50E-01 2.29E+01 1.97E-07
Chloroform 3.90E-01 5.98E+00 6.52E-07
Chloromethane 6.00E-01 7.65E+01 7.84E-08
Ethylbenzene 4.70E-01 5.51E+01 8.53E-08
Methylene chloride 1.60E+00 1.38E+04 1.16E-09
PCE 2.80E-01 5.29E+02 5.29E-09
TCE 1.30E+00 3.36E+01 3.87E-07
Total 200 Area Industrial Indoor Air Cancer Risk 2.31E-06

Notes:
! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.
2 Table A-4, NMED Industrial Indoor Air Screening Levels (NMED, 2022c).
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Table 6.11 200 Area Indoor Air: Residential (Noncancer) Hazard Index (VISLs)

Max. Concentration

Constituent Or UCL95 Indoor AirVISLs® Hazard
(ng/m’) (ng/m°) Quotient
Acetone? 1.21E+01 3.23E+04 3.76E-04
Benzene? 7.05E-01 3.13E+01 2.25E-02
i:j’o‘;t:;one (Methyl ethyl 2.75E+00 521E+03 5.28E-04
Carbon disulfide 4.70E-01 7.30E+02 6.44E-04
Carbon tetrachloride® 4.11E-01 1.04E+02 3.95E-03
Chloroform 3.90E-01 1.02E+02 3.82E-03
Chloromethane® 5.27E-01 9.39E+01 5.61E-03
Ethylbenzene 4.70E-01 1.04E+03 4.52E-04
F]g?glllllgrzo difluoromethanc)’ 2.50E+00 1.04E+02 2.41E-02
trans-1,2-Dichloroethene 2.20E+00 4.17E+01 5.28E-02
n-Hexane? 6.24E-01 7.30E+02 8.55E-04
?s'é\gﬁf;ﬁggfganone (Methyl 2.40E+01 3.13E+03 7.67E-03
Methylene chloride® 5.84E-01 6.26E+02 9.33E-04
Styrene 1.90E+00 1.04E+03 1.83E-03
PCE 2.80E-01 4.17E+01 6.71E-03
Toluene? 2.68E+00 5.21E+03 5.14E-04
Eﬁ%ﬁ’l‘;‘rloghgﬂgf'T“"hloro'1’2’2' 6.19E+02 3.13E+04 1.98E-02
TCE? 5.21E-01 2.09E+00 2.49E-01
(F;fl";lgo fuoromethane) 7.57E+00 7.30E+02 1.04E-02
m,p-Xylene 1.50E+00 1.04E+02 1.44E-02
0-Xylene 6.00E-01 1.04E+02 5.75E-03
1,2,4-Trimethylbenzene* 9.20E-01 6.30E+01 1.46E-02
2,2,4-Trimethylpentane 3.90E-01 NE NA
2-Hexanone* 1.10E+00 3.10E+01 3.55E-02
2-Propanol (Isopropanol)** 2.63E+01 2.10E+02 1.25E-01
Ethanol® 8.64E+00 NE NA
fl;eigl?lsrzﬂuoromethane) 3.50E+00 NE NA
Heptane* 3.30E-01 4.20E+02 7.86E-04
Tetrahydrofuran* 2.90E-01 2.10E+03 1.38E-04
Total 200 Area Residential Indoor Air Hazard Index 6.09E-01
Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.
2 Table A-4, NMED Residential Indoor Air Screening Levels (NMED, 2022c), unless otherwise noted.
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3 These entries are UCL95 values calculated using ProUCL software.

4 EPA Regional Screening Level Residential Air (EPA, 2022) used when NMED screening levels are unavailable.
NA — Not Applicable

NE — Not Established
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Table 6.12 200 Area Indoor Air: Industrial (Noncancer) Hazard Index (VISLs)
Maximum Concentration Indoor Air Hazard
Constituent Or UCL95 VISLs? .
(pg/m’) (pg/m’) Quotient

Acetone? 1.21E+01 1.52E+05 7.99E-05
Benzene? 7.05E-01 1.76E+01 4.01E-02
i:j’o‘;t:;one (Methyl ethyl 2.75E+00 2 46E+04 1.12E-04
Carbon disulfide 4.70E-01 3.44E+03 1.37E-04
Carbon Tetrachloride® 4.11E-01 2.29E+01 1.79E-02
Chloroform 3.90E-01 5.98E+00 6.52E-02
Chloromethane® 5.27E-01 7.65E+01 6.89E-03
Ethylbenzene 4.70E-01 5.51E+01 8.53E-03
F]gigllnll;rzo difluoromethane)’ 2.50E+00 4.92E+02 5.09E-03
trans-1,2-Dichloroethene 2.20E+00 1.97E+02 1.12E-02
n-Hexane? 6.24E-01 3.44E+03 1.81E-04
?s'é\gﬁf;ﬁggfganone (Methyl 2 40E+01 1 47E+04 1.63E-03
Methylene chloride® 5.84E-01 2.95E+03 1.98E-04
Styrene 1.90E+00 4.92E+03 3.86E-04
PCE 2.80E-01 1.97E+02 1.42E-03
Toluene? 2.68E+00 2.46E+04 1.09E-04
Eﬁ%ﬁ’l‘;‘rloghgﬂgf'T“"hloro'1’2’2' 6.19E+02 1 47E+05 4.21E-03
TCE? 5.21E-01 9.83E+00 5.30E-02
(F;fl";lgo fuoromethane) 7.57E+00 7.30E+02 1.04E-02
m,p-Xylene 1.50E+00 4.92E+02 3.05E-03
0-Xylene 6.00E-01 4.92E+02 1.22E-03
1,2,4-Trimethylbenzene* 9.20E-01 2.60E+02 3.54E-03
2,2,4-Trimethylpentane 3.90E-01 NE NA
2-Hexanone* 1.10E+00 1.30E+02 8.46E-03
2-Propanol (Isopropanol)** 2.63E+01 8.80E+02 2.99E-02
Ethanol® 8.64E+00 NE NA
fl;eigl?lsrzﬂuoromethane) 3.50E+00 NE NA
Heptane* 3.30E-01 1.80E+03 1.83E-04
Tetrahydrofuran? 2.90E-01 8.80E+03 3.30E-05
Total 200 Area Industrial Indoor Air Hazard Index 2.73E-01

Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-4, NMED Industrial Indoor Air Screening Levels (NMED, 2022c), unless otherwise noted.
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3 These entries are UCL95 values calculated using ProUCL software.

4 EPA Regional Screening Level Industrial Air (EPA, 2022) used when NMED screening levels are unavailable.
NA — Not Applicable

NE — Not Established
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Table 6.13 200 Area Soil Maximum Concentrations vs. Background Threshold Value (BTV)
Comparison
Depth 200 Area Soil Background Area 2
Constituent Range Max. Detecfed BTV (95% UTL) Conclusion
(ft) Concentration 8-12 ft
(mg/kg) (mg/kg)

Aluminum, Total 8-10 6,460 12,577 Below background
Antimony, Total 8-10 1.2 1.77 Below background
Arsenic, Total 8-10 13.7 14.2 Below background
Barium, Total 8-10 108 137 Below background
Beryllium, Total 8-10 0.49 0.609 Below background
Cadmium, Total 8-10 0.95 1.42 Below background
Chromium, Hex 8-10 0.04 3.78 Below background
Chromium, Total 8-10 9.26 9.41 Below background
Cobalt, Total 8-10 5.35 5.49 Below background
Copper, Total 8-10 8.21 8.29 Below background
Iron, Total 8-10 19,300 39,313 Below background
Lead, Total 8-10 13 21.6 Below background
Manganese, Total 8-10 321 404 Below background
Mercury, Total 8-10 0.003 NE Include as COPC
Molybdenum, Total 8-10 1.8 3.65 Below background
Nickel, Total 8-10 11 17.1 Below background
NO»/NO; 8-10 7.4 3.1 Compare populations
Strontium, Total 8-10 250 896 Below background
Titanium, Total 8-10 111 273 Below background
Uranium, Total 8-10 1.76 3.26 Below background
Vanadium, Total 8-10 42.2 50.1 Below background
Zinc, Total 8-10 68 96.5 Below background

Notes:

NE = Not Established. Constituent was not detected in sufficient samples to establish a BTV.
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Table 6.14 200 Area Essential Nutrient Soil Maximum Concentrations vs. Background
Threshold Value (BTV) Comparison

200 Area Soil Background Area 2

: Depth v Detected BTV (95% UTL) :
Constituent R&}nge Concentration 8-12 ft Conclusion
« (mg/kg) (mg/kg)
Calcium, Total 8-16' 108,000 109,364 Below background
Chloride 8-10 16 579 Below background
Magnesium, Total 8-10 28,400 47,233 Below background
Potassium, Total 8-10 1,870 2,942 Below background
Sodium, Total 8-10 200 796 Below background

Notes:

! No analytical samples were collected between 0-10 ft bgs for 200-SB-10, so the shallowest sample was used for

that soil boring (16 ft bgs).

Table 6.15 Population Comparison of Background and 200 Area Soil Data

Constituent Area 2 Conclusion

NO,/NO; BG >=200 Area Delete as COPC.

200 Area soil data is no more than Background data.

Table 6.16 200 Area Soil: Residential Cancer Risk

. Maximun.l Soil Screening Level’ .11
Constituent Concentration (mg/kg) Cancer Risk
(mg/kg)
Dioxins/Furans 2.99E-07 4.90E-05° 6.10E-08
Total 200 Area Residential Soil Cancer Risk 6E-08

Notes:

! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.

2 Table A-1, NMED Residential Soil Screening Levels (NMED, 2022c).

3 Per NMED Guidance (November 2022), dioxin/furan concentrations were compared to 2,3,7,8-TCDD
(Tetrachlorodibenzo-p-dioxin).

Table 6.17 200 Area Soil: Industrial Cancer Risk

. Maximun.l Soil Screening Level® .11
Constituent Concentration Cancer Risk
(mg/kg) (mg/kg)
Dioxins/Furans 2.99E-07 2.38E-043 1.26E-08
Total 200 Area Industrial Soil Cancer Risk 1E-08

Notes:

! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.

2 Table A-1, NMED Industrial Soil Screening Levels (NMED, 2022c¢).

3 Per NMED Guidance (November 2022), dioxin/furan concentrations were compared to 2,3,7,8-TCDD
(Tetrachlorodibenzo-p-dioxin).
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Table 6.18 200 Area Soil: Residential (Noncancer) Hazard Index

. Maximun.l Soil Screening Level? .
Constituent Concentration (mg/kg) Hazard Quotient!
(mg/kg)
Mercury (elemental) 3.00E-03 2.38E+01 1.26E-04
Toluene 2.10E+00 5.23E+03 4.02E-04
Dioxins/Furans 3.11E-07 5.06E-05° 6.15E-03
Total 200 Area Residential Soil Hazard Index 6.7E-03

Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-1, NMED Residential Soil Screening Levels (NMED, 2022¢).

3 Per NMED Guidance (November 2022), dioxin/furan concentrations were compared to 2,3,7,8-TCDD
(Tetrachlorodibenzo-p-dioxin).

Table 6.19 200 Area Soil: Industrial (Noncancer) Hazard Index

. Maximun.l Soil Screening Level? .
Constituent Concentration (mg/kg) Hazard Quotient!
(mg/kg)
Mercury (elemental) 3.00E-03 2.35E+01 1.28E-04
Toluene 2.10E+00 6.13E+04 3.43E-05
Dioxins/Furans 3.11E-07 8.08E-04° 3.85E-04
Total 200 Area Industrial Soil Hazard Index 5.47E-04

Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-1, NMED Industrial Soil Screening Levels (NMED, 2022c).

3 Per NMED Guidance (November 2022), dioxin/furan concentrations were compared to 2,3,7,8-TCDD
(Tetrachlorodibenzo-p-dioxin).

Table 6.20 200 Area Cumulative Residential Risk and Hazard; All Pathways

. Source
Pathway Cancer Risk Hazard Risk / Hazard
Soil Vapor 3.75E-04 8.42E+01 Table 6.3 (RBCs) / Table 6.7 (RBCs)
Soil 6.35E-08 6.67E-03 Table 6.16 / Table 6.18
Total 3.75E-04 8.42E+01
Notes:

Bold values indicate exceedance of NMED target.

Table 6.21 200 Area Cumulative Industrial Risk and Hazard; All Pathways

Pathway Cancer Risk Hazard Rislf 71;;:;“ d
Soil Vapor 1.48E-05 4.91E+00 Table 6.4 (RBCs) / Table 6.8 (RBCs)
Soil 1.31E-08 5.47E-04 Table 6.17 / Table 6.19
Total 1.48E-05 4.91E+00
Notes:

Bold values indicate exceedance of NMED target.

200 and 600 Area Vapor Intrusion Assessment Report 100



NASA White Sands Test Facility

Table 6.22 600 Area Soil Vapor: Residential Cancer Risk (VISLs)

Constituent Maximum Conscentration VISL532 Cancer Risk!
(ng/m>) (ng/m”)
Benzene 3.20E+00 1.20E+02 2.67E-07
Bromodichloromethane 6.20E-01 2.53E+01 2.45E-07
Chloroform 4.10E+01 4.07E+01 1.01E-05
Chloromethane 1.50E+00 5.20E+02 2.88E-08
1,4-Dichlorobenzene 1.90E+00 8.51E+01 2.23E-07
1,1-Dichloroethane 5.70E+00 5.85E+02 9.74E-08
1,2-Dichloroethane 7.30E-01 3.60E+01 2.03E-07
Ethylbenzene 1.60E+00 3.74E+02 4.287E-08
Methylene chloride 2.40E+01 3.38E+04 7.10E-09
PCE 5.20E+00 3.60E+03 1.44E-08
TCE 7.40E+02 1.47E+02 5.03E-05
Total 600 Area Residential Soil Vapor Cancer Risk 6.15E-05

Notes:
! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.

2 Table A-4, NMED Residential Vapor Intrusion Screening Levels (VISLs; NMED, 2022c).

Bold values indicate an exceedance of screening levels.

Table 6.23 600 Area Soil Vapor: Industrial Cancer Risk (VISLs)

Maximum VISLs®
Constituent Concentration 3 Cancer Risk!
(ng/m?) (ng/m”)
Benzene 3.20E+00 5.88E+02 5.44E-08
Bromodichloromethane 6.20E-01 1.24E+02 5.00E-08
Chloroform 4.10E+01 1.99E+02 2.06E-06
Chloromethane 1.50E+00 2.55E+03 5.88E-09
1,4-Dichlorobenzene 1.90E+00 4.17E+02 4.56E-08
1,1-Dichloroethane 5.70E+00 2.87E+03 1.99E-08
1,2-Dichloroethane 7.30E-01 1.76E+02 4.15E-08
Ethylbenzene 1.60E+00 1.84E+03 8.70E-09
Methylene chloride 2.40E+01 4.59E+05 5.23E-10
PCE 5.20E+00 1.76E+04 2.95E-09
TCE 7.40E+02 1.12E+03 6.61E-06
Total 600 Area Industrial Soil Vapor Cancer Risk 8.90E-06
Notes:
! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.
2 Table A-4, NMED Industrial Vapor Intrusion Screening Levels (VISLs; NMED, 2022c¢).
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Table 6.24 600 Area Soil Vapor: Residential Cancer Risk (RBCs)

Maximum Dep th RBC’ RBC Depth
Constituent Concentration Maximum (ug/m?) Used Ca.n celsr
3 Detected Risk
(ng/m>) (ft bgs) (ft bgs)
Benzene 3.20E+00 12.5 3.40E+03 10 9.41E-09
Bromodichloromethane 6.20E-01 12.5 9.80E+02 10 6.33E-09
Chloroform 4.10E+01 12.5 1.20E+03 10 3.42E-07
Chloromethane 1.50E+00 12.5 1.20E+04 10 1.25E-09
1,4-Dichlorobenzene? 1.90E+00 12.5 8.51E+01 10 2.23E-07
1,1-Dichloroethane 5.70E+00 12.5 1.70E+04 10 3.35E-09
1,2-Dichloroethane? 7.30E-01 12.5 3.60E+01 10 2.03E-07
Ethylbenzene? 1.60E+00 12.5 3.74E+02 10 4.28E-08
Methylene chloride 2.40E+01 12.5 8.70E+05 10 2.76E-10
PCE 5.20E+00 12.5 1.50E+05 10 3.47E-10
TCE 7.40E+02 12.5 5.40E+03 10 1.37E-06
Total 600 Area Residential Soil Vapor Cancer Risk 2.20E-06

Notes:

! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.

2 Table 2a, Derivation of Vapor Risk-Based Concentrations: Resident (NASA, 2022).
3 NMED screening level (Table A-4 NMED VISLs; NMED 2022¢) used when WSTF RBC screening levels are

unavailable.
RBC - WSTF Risk Based Concentration
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Table 6.25 600 Area Soil Vapor: Residential (Noncancer) Hazard Index (VISLs)

. . )
Constituent Max1murz1ug/(::3c)entratlon (‘;Igs/[l;lz) Hazard Quotient'
Acetone 2.70E+01 1.08E+06 2.50E-05
Benzene 3.20E+00 1.04E+03 3.08E-03
2-Butanone (Methyl ethyl ketone) 1.20E+01 1.74E+05 6.90E-05
Carbon disulfide 8.60E+01 2.43E+04 3.54E-03
Chloroform 4.10E+01 3.41E+03 1.20E-02
Chloromethane 1.50E+00 3.13E+03 4.79E-04
Cis-1,2-dichloroethene? 8.20E-01 4.20E+01 1.95E-02
1,2-Dichloroethane 7.30E-01 2.43E+02 3.00E-03
1,4-Dichlorobenzene 1.90E+00 2.78E+04 6.83E-05
Ethylbenzene 1.60E+00 3.48E+04 4.60E-05
Freon-12
(Dichlorodifluoromethane) 2.40E+00 3.48E+03 6.90E-04
Ethyl chloride (Chloroethane) 2.00E+00 3.48E+05 5.75E-06
n-Hexane 1.50E+00 2.43E+04 6.17E-05
Methylene chloride 2.40E+01 2.09E+04 1.15E-03
PCE 5.20E+00 1.39E+03 3.74E-03
Toluene 2.90E+00 1.74E+05 1.67E-05
fg;‘l’ﬁ)‘rloﬁhgﬁif'T“Chlor"'1’2’2' 8.20E+03 1.04E+06 7.88E-03
1,1,1-Trichloroethane 3.60E+00 1.74E+05 2.07E-05
TCE 7.40E+02 6.95E+01 1.06E+01
f{fﬁlgo fluoromethane) 1.40E+03 2 43E+04 5.76E-02
m,p-Xylene 2.90E+00 3.48E+03 8.33E-04
0-Xylene 1.10E+00 3.48E+03 3.16E-04
1,2,4-Trimethylbenzene? 9.20E-01 6.30E+01 1.46E-02
2-Hexanone? 1.00E+00 3.10E+01 3.23E-02
f;f;gg;:ﬁglgisopmpyl alcohol or 4.30E+00 2.10E+02 2.05E-02
Ethanol 9.60E+00 NE NA
Freon 21
(D?(c)hloroﬂuoromethane) 1.00E+01 NE NA
Tetrahydrofuran? 8.50E-01 2.10E+03 4.05E-04
Total 600 Area Residential Soil Vapor Hazard Index 1.08E+01

Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-4, NMED Residential Vapor Intrusion Screening Levels (VISLs; NMED, 2022c), unless otherwise noted.
3 EPA Regional Screening Level Residential Air used when NMED screening levels are unavailable.

Bold values indicate an exceedance of screening levels.

NA = Not applicable

NE — Not Established
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Table 6.26 600 Area Soil Vapor: Industrial (Noncancer) Hazard Index (VISLs)

Maximum

Constituent Concentration VISng Hazard Quotient’
(ng/m?’) (ng/mc)
Acetone 2.70E+01 5.08E+06 5.31E-06
Benzene 3.20E+00 4.92E+03 6.50E-04
if(f;:;‘one (Methyl cthyl 1.20E+01 8.19E+05 1.47E-05
Carbon disulfide 8.60E+01 1.15E+05 7.48E-04
Chloroform 4.10E+01 1.61E+04 2.55E-03
Chloromethane 1.50E+00 1.47E+04 1.02E-04
cis-1,2-dichloroethene? 8.20E-01 1.80E+02 4.56E-03
1,2-Dichloroethane 7.30E-01 1.15E+03 6.35E-04
1,4-Dichlorobenzene 1.90E+00 1.31E+05 1.45E-05
Ethylbenzene 1.60E+00 1.64E+05 9.76E-06
(F];elgﬁlé rzo difluoromethane) 2.40E+00 1.64E+04 1.46E-04
Ethyl chloride (Chloroethane) 2.00E+00 1.64E+06 1.22E-06
n-Hexane 1.50E+00 1.15E+05 1.30E-05
Methylene chloride 2.40E+01 9.83E+04 2.44E-04
PCE 5.20E+00 6.55E+03 7.94E-04
Toluene 2.90E+00 8.19E+05 3.54E-06
11: rZG%ntrllh?:l S&ﬁtﬁlﬁ?m_ 8.20E+03 4.92E+06 1.67E-03
1,1,1-Trichloroethane 3.60E+00 8.19E+05 4.40E-06
TCE 7.40E+02 3.28E+02 2.26E+00
f{fﬁlgoﬂuommemane) 1.40E+03 1.1SE+05 1.22E-02
m,p-Xylene 2.90E+00 1.64E+04 1.77E-04
0-Xylene 1.10E+00 1.64E+04 6.71E-05
1,2,4-Trimethylbenzene® 9.20E-01 2.60E+02 3.54E-03
2-Hexanone® 1.00E+00 1.30E+02 7.69E-03
fs'g;’é’;:&%s"p“’pyl alcohol or 4.30E+00 8.80E-+02 4.89E-03
Ethanol 9.60E+00 NE NA
f];eiglllllirloﬂuoromethane) 1.00E+01 NE NA
Tetrahydrofuran? 8.50E-01 8.80E+03 9.66E-05
Total 600 Area Industrial Soil Vapor Hazard Index 2.30E+00
Notes:
! Hazard = (Maximum Concentration/Screening Level) * 1E+00.
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2 Table A-4, NMED Industrial Vapor Intrusion Screening Levels (VISLs; NMED, 2022c¢), unless otherwise
noted.
3 EPA Regional Screening Level Industrial Air used when NMED screening levels are unavailable.

Bold values indicate an exceedance of screening levels.
NA - Not Applicable
NE - Not Established
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Table 6.27 600 Area Soil Vapor: Residential (Noncancer) Hazard Index (RBCs)

Maximum Dep th 2 RBC
Constituent Concentration Maximum RBC 3 Depth Haz?rd 1
3 Detected (ng/m°) Used Quotient
(ng/m’) (ft bgs) (ft bgs)

Acetone 2.70E+01 7.5 1.90E+07 5 1.42E-06
Benzene 3.20E+00 12.5 2.90E+04 10 1.10E-04
i:f’o‘g:;lone (Methyl ethyl 1.20E+01 12.5 4.80E+06 10 2.50E-06
Carbon disulfide 8.60E+01 12.5 6.10E+05 10 1.41E-04
Chloroform 4.10E+01 12.5 1.00E+05 10 4.10E-04
Chloromethane 1.50E+00 12.5 7.20E+04 10 2.08E-05
Cis-1,2-dichloroethene* 8.20E-01 12.5 4.20E+01 10 1.95E-02
1,2-Dichloroethane’ 7.30E-01 12.5 2.43E+02 10 3.00E-03
1,4-Dichlorobenzene® 1.90E+00 12.5 2.78E+04 10 6.83E-05
Ethylbenzene® 1.60E+00 12.5 3.48E+04 10 4.60E-05
gf;ﬁﬁrﬁl gﬁ;ﬂi‘)’ro 2.40E+00 7.5 7.00E+04 5 3.43E-05
fg}?{éﬂf}gﬁz) 2.00E+00 12.5 8.90E+06 10 2.25E-07
n-Hexane 1.50E+00 12.5 7.80E+05 10 1.92E-06
Methylene chloride 2.40E+01 12.5 5.50E+05 10 4.36E-05
PCE 5.20E+00 12.5 5.80E+04 10 8.97E-05
Toluene? 2.90E+00 12.5 1.74E+05 10 1.67E-05
Freon-113 (1,1,2-
Trichloro-1,2,2- 8.20E+03 12.5 5.50E+07 10 1.49E-04
trifluoroethane)
1,1,1-Trichloroethane 3.60E+00 12.5 6.10E+06 10 5.90E-07
TCE 7.40E+02 12.5 2.30E+03 10 3.22E-01
Freon-11
(Trichlorofluoromethane) 1.40E+03 12.5 8.40E+05 10 1.67E-03
m,p-Xylene® 2.90E+00 12.5 3.48E+03 10 8.33E-04
0-Xylene? 1.10E+00 12.5 3.48E+03 10 3.16E-04
1,2,4-Trimethylbenzene* 9.20E-01 12.5 6.30E+01 10 1.46E-02
2-Hexanone 1.00E+00 7.5 2.20E+04 5 4.55E-05
2-Propanol (Isopropyl 430E+00 12.5 1.80E+05 10 2.39E-05
alcohol)
Ethanol 9.60E+00 12.5 1.50E+07 10 6.40E-07
Freon 21
(Dichlorofluoromethane) 1.00E+01 12.5 1.20E+05 10 8.33E-05
Tetrahydrofuran 8.50E-01 12.5 1.80E+06 10 4.72E-07
Total 600 Area Residential Soil Vapor Hazard Index 3.63E-01

Notes:
! Hazard = (Maximum Concentration/Screening Level) * 1E+00.
2 Table 2a, Derivation of Vapor Risk-Based Concentrations: Resident (NASA, 2022).
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3 NMED screening level (Table A-4 VISLs; NMED, 2022¢) used when WSTF RBC screening levels are

unavailable.
4EPA screening level used when WSTF RBC and NMED screening level are unavailable.

RBC — WSTF Risk Based Concentration
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Table 6.28 600 Area Soil Vapor: Industrial (Noncancer) Hazard Index (RBCs)

. Depth
Constituent C(l)\r/{zzlllltr:‘:?ilon Maximum RBCZ l?el:fh Haz?rd 1
(ug/m?) Detected (ng/m>) Used Quotient
(ft bgs) (ft bgs)
Acetone 2.70E+01 7.5 2.00E+08 5 1.35E-07
Benzene 3.20E+00 12.5 4.00E+05 10 8.00E-06
if(fgglo“e (Methyl cthyl 1.20E+01 125 6.60E+07 10 1.82E-07
Carbon disulfide 8.60E+01 12.5 8.10E+06 10 1.06E-05
Chloroform 4.10E+01 12.5 1.50E+06 10 2.73E-05
Chloromethane 1.50E+00 12.5 9.00E+05 10 1.67E-06
cis-1,2-dichloroethene* 8.20E-01 12.5 1.80E+02 10 4.56E-03
1,2-Dichloroethane’ 7.30E-01 12.5 1.15E+03 10 6.35E-04
1,4-Dichlorobenzene® 1.90E+00 12.5 1.31E+05 10 1.45E-05
Ethylbenzene? 1.60E+00 12.5 1.64E+05 10 9.76E-06
(F];elgﬁlé rzo difluoromethanc) 2.40E+00 7.5 8.10E+05 5 2.96E-06
Ethyl chloride (Chloroethane) 2.00E+00 12.5 1.20E+08 10 1.67E-08
n-Hexane 1.50E+00 12.5 1.10E+07 10 1.36E-07
Methylene chloride 2.40E+01 12.5 7.40E+06 10 3.24E-06
PCE 5.20E+00 12.5 9.10E+05 10 5.71E-06
Toluene? 2.90E+00 12.5 8.19E+05 10 3.54E-06
frg‘;ntﬂlhigioteztéﬁ?lom 8.20E+03 125 900E+08 10 O.11E-06
1,1,1-Trichloroethane 3.60E+00 12.5 9.00E+07 10 4.00E-08
TCE 7.40E+02 12.5 3.40E+04 10 2.18E-02
(F;fiocl}ll'li)ioﬂuommethane) 1.40E+03 12.5 8.40E+05 10 1.67E-03
m,p-Xylene? 2.90E+00 12.5 1.64E+04 10 1.77E-04
0-Xylene? 1.10E+00 12.5 1.64E+04 10 6.71E-05
1,2,4-Trimethylbenzene* 9.20E-01 12.5 2.60E+02 10 3.54E-03
2-Hexanone 1.00E+00 7.5 2.50E+05 5 4.00E-06
2-Propanol (Isopropyl alcohol) 4.30E+00 12.5 2.40E+06 10 1.79E-06
Ethanol 9.60E+00 12.5 1.70E+08 10 5.65E-08
flgelgﬁlgrlo fluoromethane) 1.00E+01 125 180E+06 10 5.56E-06
Tetrahydrofuran 8.50E-01 12.5 2.40E+07 10 3.54E-08
Total 600 Area Industrial Soil Vapor Hazard Index 3.25E-02
Notes:
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! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table 3a, Derivation of Vapor Risk-Based Concentrations: Commercial Worker (NASA, 2022).

3 NMED screening level (Table A-4 VISLs; NMED, 2022c) used when WSTF RBC screening levels are
unavailable.

* EPA screening level used when WSTF RBC and NMED screening level are unavailable.

RBC — WSTF Risk Based Concentration
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Table 6.29 600 Area Indoor Air: Residential Cancer Risk (VISLs)

Maximum

Constituent Concentration VISLS32 Cancer Risk!
(ug/m?) (ng/m>)
Benzene 4.00E-01 3.60E+00 1.11E-06
Carbon tetrachloride 4.50E-01 4.68E+00 9.62E-07
Chloromethane 6.50E-01 1.56E+01 4.17E-07
Methylene chloride 5.50E-01 1.01E+03 5.45E-09
Total 600 Area Residential Indoor Air Cancer Risk 2.49E-06

Notes:
! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.

2 Table A-4, NMED Residential Indoor Air Screening Levels (NMED, 2022c).

Table 6.30 600 Area Indoor Air: Industrial Cancer Risk (VISLs)

Maximum VISLs?
Constituent Concentration Cancer Risk!
(ng/m’) (ng/m?)

Benzene 4.00E-01 1.76E+01 2.27E-07
Carbon tetrachloride 4.50E-01 2.29E+01 1.97E-07
Chloromethane 6.50E-01 7.65E+01 8.50E-08
Methylene chloride 5.50E-01 1.38E+04 3.99E-10
Total 600 Area Industrial Indoor Air Cancer Risk 5.09E-07
Notes:
! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.
2 Table A-4, NMED Industrial Indoor Air Screening Levels (NMED, 2022c).
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Table 6.31 600 Area Indoor Air: Residential (Noncancer) Hazard Index(VISLs)

Maximum VISLs?

Constituent Concentration 3 Hazard Quotient'
Acetone 2.80E+01 3.23E+04 8.67E-04
Benzene 4.00E-01 3.13E+01 1.28E-02
2-Butanone (Methyl ethyl ketone) 5.30E+00 5.21E+03 1.02E-03
Carbon tetrachloride 4.50E-01 1.04E+02 4.33E-03
Chloromethane 6.50E-01 9.39E+01 6.92E-03
Freon-12
(Dichlorodifluoromethane) 2.30E+00 1.04E+02 2.21E-02
n-Hexane 7.90E-01 7.30E+02 1.08E-03
f;ggﬁ?;ﬁ;gf;mﬂone (Methyl 5.00E-01 3.13E+03 1.60E-04
Methylene chloride 5.50E-01 6.26E+02 8.79E-04
Toluene 6.00E-01 5.21E+03 1.15E-04
Freon-113 (1,1,2-Trichloro-1,2,2- 5.90E-01 3.13E+04 1.88E-05
trifluoroethane)
Freon-11
(Trichlorofluoromethane) 1.40E+00 7.30E+02 1.92E-03
2-Hexanone® 1.10E+00 3.10E+01 3.55E-02
2-Propanol’ 3.40E+00 2.10E+02 1.62E-02
Ethanol* 2.00E+01 NE NA
Heptane? 3.00E-01 4.20E+02 7.14E-04
Total 600 Area Residential Indoor Air Hazard Index 1.05E-01

Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-4, NMED Residential Indoor Air Screening Levels (NMED, 2022¢), unless otherwise noted.
3 EPA Regional Screening Level (EPA, 2022) used when NMED screening levels and WSTF RBCs are

unavailable.
NA — Not Applicable
NE — Not Established
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Table 6.32 600 Area Indoor Air: Industrial (Noncancer) Hazard Index (VISLs)

Maximum

Constituent Concentration VISLs* Hazard Quotient!
(ng/m’) (ng/m’)

Acetone 2.80E+01 1.52E+05 1.84E-04
Benzene 4.00E-01 1.76E+01 2.27E-02
2-Butanone (Methyl ethyl ketone) 5.30E+00 2.46E+04 2.15E-04
Carbon tetrachloride 4.50E-01 2.29E+01 1.97E-02
Chloromethane 6.50E-01 7.65E+01 8.50E-03
f]giglrlllgrzodiﬂuoromethane) 2.30E+00 4.92E+02 4.67E-03
n-Hexane 7.90E-01 3.44E+03 2.30E-04
?Ml\gfﬁl;ﬂsi%i‘:;‘}fe‘zne) 5.00E-01 1.47E+04 3.40E-05
Methylene chloride 5.50E-01 2.95E+03 1.86E-04
Toluene 6.00E-01 2.46E+04 2.44E-05
i Sgﬁﬁel)"hlor"' 5.90E-01 147E+05 4.01E-06
(F;fl";lgo fluorocthane) 1.40E+00 3.44E+03 4.07E-04
2-Hexanone® 1.10E+00 3.10E+02 3.55E-03
2-Propanol’ 3.40E+00 8.80E+02 3.86E-03
Ethanol 2.00E+01 NE NA

Heptane® 3.00E-01 1.80E+03 1.67E-04
Total 600 Area Industrial Indoor Air Hazard Index 6.44E-02

Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-4, NMED Industrial Indoor Air Screening Levels (NMED, 2022c), unless otherwise noted.
3 EPA Regional Screening Level (EPA, 2022) used when NMED screening levels and WSTF RBCs are

unavailable.
NA — Not Applicable
NE - Not Established
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Table 6.33 600 Area Soil Maximum Concentrations vs. Background Threshold Value (BTV)
Comparison
Depth M::?ODI:::;e d Soil Background Area 4
Constituent Range ) . BTV (95% UTL) Conclusion
(ff) Concentration (mg/kg)
(mg/kg)
0-4 9,480 17,681
Aluminum, Total 4-8 11,600 12,154 Below background
8-10 4,650 13,653
0-4 <0.5! NE?
Antimony, Total 4-8 <0.5! NE? Include as COPC
8-10 0.4 NE?
0-4 8.3 11.1
Arsenic, Total 4-8 10.1 12.6 Below background
8-10 6.76 11.9
0-4 191 215
Barium, Total 4-8 240 398 Pf)j[())llllll;);zfls
8-10 338 310
0-4 0.56 1.1 C
Beryllium, Total 4-8 0.72 0.713 Por‘)’l‘l‘l‘;’;ﬁls
8-10 0.37 0.814
0-4 3 NE?
Boron, Total 4-8 <2! NE? Include as COPC
8-10 4 NE?
0-4 0.2 0.696
Cadmium, Total 4-8 0.36 NE? Include as COPC
8-10 0.27 NE?
0-4 0.4 1.2
Chromium, Hex 4-8 0.21 6.94 Below background
8-10 <0.2! 1.23
0-4 16.7 11.1
Chromium, Total 4-8 15.4 11.7 PS;:;E;(‘;;
8-10 7.2 11.3
0-4 6.8 5.35 C
Cobalt, Total 4-8 5.4 535 Po;:ll:;gfns
8-10 2.2 5.28
0-4 7.7 11.7 C
Copper, Total 4-8 10.4 9.2 POI‘)’:;E;Z;
8-10 6.8 13.5
0-4 13,800 39,911
Iron, Total 4-8 12,600 15,794 Below background
8-10 8,140 18,759
0-4 8.8 15.9
Lead, Total 4-8 9.5 10.3 Below background
8-10 5.7 15.6
0-4 187 444 C
Manganese, Total 4-8 325 296 PO;)):II]]:;([:]S
8-10 253 393
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Table 6.33 600 Area Soil Maximum Concentrations vs. Background Threshold Value (BTV)
Comparison
Depth M:)?ODZ:::;e d Soil Background Area 4
Constituent Range ) . BTV (95% UTL) Conclusion
(6) Concentration (mg/kg)
(mg/kg)
0-4 0.012 0.0709 Compare
Mercury, Total 4-8 0.099 0.0576 Populations
8-10 0.005 0.0302
Molybdenum, 0-4 3.2 1.33 Compare
Total 4-8 1.8 2.85 Populations
8-10 1.4 1.98
0-4 14.9 15.4
Nickel, Total 4-8 114 12.3 Below background
8-10 7.2 14.1
0-4 54.6 6.39 C
NO»/NO; 4-8 55.4 2.84 Pogll:llgtgfns
8-10 14.9 4.82
0-4 0.00086 0.0112
Perchlorate 4-8 <0.0005! 0.00495 Include as COPC
8-10 0.03 0.00337
0-4 0.4 1.96
Selenium, Total 4-8 <0.4! 1.7 Below background
8-10 0.5 2.45
0-4 5.9 NE?
Thallium, Total 4-8 7.1 NE? Include as COPC
8-10 7.6 NE?
0-4 7 NE?
Tin, Total 4-8 10 NE? Include as COPC
8-10 6 NE?
0-4 211 359
Titanium, Total 4-8 213 352 Below background
8-10 130 330
0-4 26 33.9
Vanadium, Total 4-8 32.6 56.3 Below background
8-10 19.7 42.4
0-4 38.6 59.7
Zinc, Total 4-8 43.7 40.8 Compare
Populations
8-10 23.2 52.9
Notes:! Not Detected above laboratory detection limit
2 Not Established
Bold font indicates concentration exceeds BTV.
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Table 6.34 600 Area Essential Nutrients Soil Maximum Concentrations vs. Background
Threshold Value (BTV) Comparison
Depth M:)?ODZ::::te d Soil Background Area 4
Constituent Range ) . BTV (95% UTL) Conclusion
(6) Concentration (mg/kg)
(mg/kg)
0-4 177,000 302,460
Calcium, Total 4-8 200,000 214,770 Below background
8-10 145,000 332,558
M . 0-4 19,800 14,149 C
8-10 15,600 33,658
0-4 2,020 4,151 C
Potassium, Total 4-8 3,130 3,038 Pogﬁfg(ﬁfm
8-10 1,090 3,125
0-4 280 643
Sodium 4-8 12,900 1,242 Compare
Populations
8-10 1,260 1,297
Notes:

Bold font indicates maximum concentration exceeds BTV.
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Table 6.35 Population Comparison of Background and 600 Area Soil Data
Constituent Area 4 Conclusion
Barium BG >= 600 Area 600 Area soil data DIZ ltgi)er;l;)rce Otl;)aél‘Background data.
Beryllium BG >= 600 Area 600 Area soil data ];er;?er:;)rce Otl;)aél.Background data.
Chromium BG < 600 Area 600 Area soil (11;:;1 ie;(;e;egso ];acc.kground data.
Cobalt BG >= 600 Area 600 Area soil data ];er;?er:;)rce Otl;aél.Background data.
Copper BG >= 600 Area 600 Area soil data DIZ ltgi)er;l;)rce Otl;)aél‘Background data.
Manganese BG >= 600 Area 600 Area soil data Dizlr;)er:;)rce Otl;aél.Background data.
Mercury BG >= 600 Area 600 Area soil data DIZ ltgi)er;l;)rce Otl;)aél‘Background data.
Molybdenum BG >= 600 Area 600 Area soil data Dlz lr;)er:;)rce Otl;aél.Background data.
NO,/NO; BG < 600 Area 600 Area soil (11;:;1 ie;(;e;egso ];acc.kground data.
Zine BG >= 600 Area 600 Area soil data ];er;?er:;)rce Otl;)aél.Background data.

Essential Nutrients

600 Area soil data is no more than Background data.

Magnesium BG >= 600 Area .
Delete nutrient.

Potassium BG >= 600 Area 600 Area soil data is no more .than Background data.
Delete nutrient.

Sodium BG < 600 Area 600 Area soil data may exceed Background data.

Retain nutrient.
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Table 6.36 600 Area Soil: Residential Cancer Risk

. Maximun.l Soil Screening Level? .
Constituent Concentration Cancer Risk!
(mg/kg) (me/ke)
Benzo(a)anthracene 4.80E-03 1.53E+00 3.14E-08
Bis(2-ethylhexyl)phthalate 1.40E+00 3.80E+02 3.68E-08
Cadmium 3.60E-01 8.59E+04 4.19E-11
Chromium (Total) 1.67E+01 9.66E+01 1.73E-06
Chrysene 4.40E-03 1.53E+02 2.88E-10
Trichloroethylene 4.90E-04 1.55E+01 3.16E-10
Total 600 Area Residential Soil Cancer Risk 1.80E-06
Notes:
! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.
2 Table A-1, NMED Residential Soil Screening Levels (NMED, 2022c).
Table 6.37 600 Area Soil: Industrial Cancer Risk
Maximum Soil Screening
Constituent Concentration Level’ Cancer Risk!
(mg/kg) (mg/kg)
Benzo(a)anthracene 4.80E-03 3.23E+01 1.49E-09
Bis(2-ethylhexyl)phthalate 1.40E+00 1.83E+03 7.65E-09
Cadmium 3.60E-01 4.17E+05 8.63E-12
Chromium (Total) 1.67E+01 5.05E+02 3.31E-07
Chrysene 4.40E-03 3.23E+03 1.36E-11
Trichloroethylene 4.90E-04 1.12E+02 4.38E-11
Total 600 Area Industrial Soil Cancer Risk 3.40E-07

Notes:
! Cancer Risk = (Maximum Concentration/Screening Level) * 1E-05.
2 Table A-1, NMED Industrial Soil Screening Levels (NMED, 2022c¢).
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Table 6.38 600 Area Soil: Residential (Noncancer) Hazard Index

Maximum Soil Screening

Constituent Concentration Level? Haz?rd 1
(mg/kg) (mg/kg) Quotient
Acetone 8.70E-02 6.63E+04 1.31E-06
Antimony 4.00E-01 3.13E+01 1.28E-02
Benzyl Alcohol? 3.20E-01 6.30E+03? 5.08E-05
Bis(2-ethylhexyl)phthalate 1.40E+00 1.23E+03 1.14E-03
Boron 4.00E+00 1.56E+04 2.56E-04
2-Butanone (Methyl ethyl ketone) 7.00E-03 3.74E+04 1.87E-07
Cadmium 3.60E-01 7.05E+01 5.11E-03
Carbon disulfide 8.10E-04 1.55E+03 5.23E-07
Chromium (Total) 1.67E+01 4.52E+04 3.69E-04
Methyl isobutyl ketone 1.10E-03 5.81E+03 1.89E-07
Nitrite 5.54E+01 7.82E+03 7.08E-03
Perchlorate 3.00E-02 5.48E+01 5.47E-04
Thallium* 5.19E+00 7.82E-01 6.63E+00
Toluene 6.00E-04 5.23E+03 1.15E-07
Freon-113 1.40E-01 5.08E+04 2.76E-06
TCE 4.90E-04 6.77E+00 7.24E-05
Tetrahydrofuran® 1.70E-03 1.80E+04 9.44E-08
Tin, Total** 1.00E+01 4.70E+04 2.13E-04
2-Propanol® 1.80E-02 5.60E+03 3.21E-06
Total 600 Area Residential Soil Hazard Index 6.66E+00
Essential Nutrients
Sodium 1.29E+04 7.82E+06
Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-1, NMED Residential Soil Screening Levels (NMED, 2022c), unless otherwise noted.
3 EPA screening level (EPA, 2022) used when NMED screening levels are unavailable.

*These entries are UCL95 values calculated using ProUCL software.

Bold values indicate an exceedance of screening levels.

200 and 600 Area Vapor Intrusion Assessment Report 118



NASA White Sands Test Facility

Table 6.39 600 Area Soil: Industrial (Noncancer) Hazard Index

Maximum Soil Screening
Constituent Concentration Level® Hazard Quotient'
(mg/kg) (mg/kg)
Acetone 8.70E-02 9.60E+05 9.06E-08
Antimony 4.00E-01 5.19E+02 7.71E-04
Benzyl Alcohol® 3.20E-01 8.20E+04 3.90E-06
Bis(2-ethylhexyl)phthalate 1.40E+00 1.83E+04 7.65E-05
Boron 4.00E+00 2.59E+05 1.54E-05
2-Butanone (Methyl ethyl ketone) 7.00E-03 4.11E+05 1.70E-08
Cadmium 3.60E-01 1.11E+03 3.24E-04
Carbon disulfide 8.10E-04 8.54E+03 9.48E-08
Chromium (Total) 1.67E+01 3.14E+05 5.32E-05
Methyl isobutyl ketone 1.10E-03 8.16E+04 1.35E-08
Nitrite 5.54E+01 1.30E+05 4.26E-04
Perchlorate 3.00E-02 9.08E+02 3.30E-05
Thallium* 5.19E+00 1.30E+01 3.99E-01
Toluene 6.00E-04 6.13E+04 9.79E-09
Freon-113 1.40E-01 2.43E+05 5.76E-07
TCE 4.90E-04 3.65E+01 1.34E-05
Tetrahydrofuran? 1.70E-03 9.50E+04 1.79E-08
Tin, Total® 1.00E+01 7.00E+05 1.43E-05
2-Propanol® 1.80E-02 2.40E+04 7.50E-07
Total 600 Area Industrial Soil Hazard Index 4.01E-01

Notes:

! Hazard = (Maximum Concentration/Screening Level) * 1E+00.

2 Table A-1, NMED Industrial Soil Screening Levels (NMED, 2022c), unless otherwise noted.
3 EPA screening level (EPA, 2022) used when NMED screening levels are unavailable.

4 These entries are UCL95 values calculated using ProUCL software.
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Table 6.40 600 Area Cumulative Residential Risk and Hazard; All Pathways

. Source
Pathway Cancer Risk Hazard Risk / Hazard
Soil Vapor 2.20E-06 3.63E-01 Table 6.24 (RBCs) / Table 6.27 (RBCs)
Soil 1.80E-06 6.66E+00 Table 6.36 / Table 6.38
Total 4.00E-06 7.02E+00
Notes:

Bold value indicates exceedance of NMED target.

Table 6.41 600 Area Cumulative Industrial Risk and Hazard; All Pathways

. Source
Pathway Cancer Risk Hazard Risk / Hazard
Soil Vapor 8.90E-06 3.25E-02 Table 6.23 (VISLs) / Table 6.28 (RBCs)
Soil 3.40E-07 4.01E-01 Table 6.37 / Table 6.39
Total 9.24E-06 4.34E-01
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Table 6.42 Summary of F113 and TCE Vertical Concentration Profiles for Select 200 and 600 Area Wells
Soil
Analytical Soil Vapor Soil Vapor (Deep Relationship
Data (Drilling Seoil Vapor Vertical Sampling Event Port) Equivalent Between Soil
COoPC Phase) and Concentration Trends Over Concentration in Vapor (Deep Comments
Soil Porosity  Trends with Depth  Timeframe 2010 — Equilibrium with Port) and
(Geotechnical 2018 (ug/m?) Groundwater Groundwater
Samples)
MSVGM Well 200-SG-2
Freon  F113 in soil Increasing F113 in Steadily decreasing Latest equivalent  Soil vapor The increasing F113 in soil
113 non-detect soil vapor with depth  trend for F113 in soil vapor in concentration in ~ vapor with depth is
(<11.0 ug’kg) by one order of deep soil vapor port equilibrium with middle port (deep coincident with proximity to
for soil sample magnitude from over time for groundwater is port submerged)  the local confined
at 80 ft bgs. shallow port (30 ft) to historical sampling 2,592,000 pg/m? at 110,000 pg/m*  groundwater aquifer. The
Vadose zone ~ middle port (60 ft). events from on 10/22/14. is one order of deep port is located 23 ft
soil porosity Deep port submerged 169,000 pg/m? to magnitude below above groundwater
not reported in aquifer. 110,000 pg/m>. equivalent soil Decreasing F113 soil vapor
(insufficient Significant vapor in concentrations over time are
sample for concentration equilibrium with  coincident with declining
geotechnical increase with depth groundwater. F113 groundwater
analysis®). by one order of concentrations (Appendix E
magnitude. and NASA, 2019b).*
TCE TCE in soil Generally increasing  Irregular TCE trend Latest equivalent  Soil vapor The increasing TCE in soil
non-detect TCE in soil vapor in deep soil vapor soil vapor in concentration in  vapor with port depth is
(<5.3 ug/kg) with depth (within port over time for equilibrium with middle port at coincident with proximity to

the same order of
magnitude) from

for soil sample
at 80 ft bgs.

Vadose zone shallow (30 ft) to
porosity not middle (60 ft) port
reported located. Deep port
(insufficient submerged in aquifer.
sample for

geotechnical

analyses@).

relatively low
concentrations
within the same
order of magnitude
for historical
sampling events.

groundwater is
485 ug/m? on
10/22/14.

800 pg/m? is
within the same
order of
magnitude as
equivalent soil
vapor in
equilibrium with
groundwater.

groundwater. The deep port
is located 23 ft above
groundwater. Fluctuating
TCE soil vapor
concentrations over time are
within the same order of
magnitude and are consistent
with the relatively stable low
level groundwater
concentrations of between
1.2 pg/L and 1.6 pg/L
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Soil
Analytical Soil Vapor Soil Vapor (Deep Relationship

Data (Drilling Seoil Vapor Vertical Sampling Event Port) Equivalent Between Soil
COoPC Phase) and Concentration Trends Over Concentration in Vapor (Deep Comments

Soil Porosity  Trends with Depth  Timeframe 2010 — Equilibrium with Port) and

(Geotechnical 2018 (ng/m?) Groundwater Groundwater

Samples)
(Appendix E and NASA,
2019b).*
MSVGM Well 200-SG-3

Freon  F113 in soil Increasing F113 in Steadily decreasing Equivalent soil Soil vapor for the Increasing F113 in soil vapor
113 non-detect soil vapor with port trend for F113 in vapor in deep port with depth for the ports at 30

(<11.0 ug/kg)  depth by one order of  soil vapor ports equilibrium with (110,000 pg/m?)  ft, 60 ft, & 90 ft located

for soil magnitude for the over time for groundwater is is one order of within either permeable

samples at 30 upper 3 ports located  historical sampling 1,922,400 pg/m’ magnitude lower  alluvium or shallow bedrock.

ft, 50 ft, and at 30 ft, 60 ft, and 90  events. on 10/21/14. than equivalent Decreasing F113 soil vapor

60 ft bgs. ft within vadose zone soil vapor in concentrations occur within

Vadose zone alluvium and shallow equilibrium with  the port at depth (154 ft)

soil porosity bedrock. groundwater. located 10 ft above

reported as Concentrations groundwater within a

between 24%  subsequently decline
and 46% at the within the deep
same sampling bedrock port at 154

intervals.@ ft.

sedimentary bedrock
sequence with irregular
permeability. Decreasing
F113 trend in soil vapor over
time is coincident with
declining groundwater
concentrations in the local
200 Area aquifer

(Appendix E and NASA,
2019b).*
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Soil
Analytical Soil Vapor Soil Vapor (Deep Relationship
Data (Drilling Seoil Vapor Vertical Sampling Event Port) Equivalent Between Soil
COoPC Phase) and Concentration Trends Over Concentration in Vapor (Deep Comments
Soil Porosity  Trends with Depth  Timeframe 2010 — Equilibrium with Port) and
(Geotechnical 2018 (ng/m?) Groundwater Groundwater
Samples)

TCE TCE in soil Increasing TCE in Decreasing TCE in ~ Equivalent soil Soil vapor for the Increasing TCE in soil vapor
non-detect soil vapor with port soil vapor ports vapor in deep port (4,200  with depth for the ports at 30
(<5.3 png/kg) depth within the same over time for equilibrium with pug/m®) is within ~ ft, 60 ft, & 90 ft) located
for soil order of magnitude historical sampling  groundwater is the same order of  within relatively permeable
samples at 30 for the upper 3 ports  events. 1,697 pg/m?® on magnitude as alluvium or shallow bedrock.
ft, 50 ft, and located at 30 ft, 60 ft, 10/21/14. equivalent soil Decreasing TCE soil vapor
60 ft bgs. and 90 ft within vapor in concentrations within the
Vadose zone  vadose zone alluvium equilibrium with  accessible port at depth (154
soil porosity and shallow bedrock. groundwater. ft) located 10 ft above
reported as Concentrations groundwater within a
between 24%  subsequently decline sedimentary bedrock
to 46% at the  within deep port at sequence with irregular
same sampling 154 ft. permeability. Decreasing
intervals.@ TCE trend in soil vapor over

time is consistent with
declining groundwater
concentrations in the local
200 Area aquifer
(Appendix E and NASA,
2019b).*

MSVM Well 600-SGW-1

F113 F113 in soil Steadily increasing Steadily decreasing No groundwater No direct The increasing F113 trend in
140 and non-  F113 in soil vapor F113 in soil vapor  sample available comparison soil vapor with port depth is
detect (<0.76  with depth in ports ports over time for  for this well. performed. coincident with proximity to

pg/kg) at 10 -
12 ft, and non-
detect (<0.79
ng/kg) for the
soil sample at

located at 12.5 ft,
57.5 ft, and 117.5 ft.
Concentrations
remain within the

all historical
sampling events
2010 -2014. The
shallow port at 12.5
ft sampled for the

the projected fractured
bedrock depth at 160 ft) and
projected groundwater
aquifer depth at 170 ft.
Although no groundwater
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Soil
Analytical Soil Vapor Soil Vapor (Deep Relationship

Data (Drilling Seoil Vapor Vertical Sampling Event Port) Equivalent Between Soil

COoPC Phase) and Concentration Trends Over Concentration in Vapor (Deep Comments
Soil Porosity  Trends with Depth  Timeframe 2010 — Equilibrium with Port) and
(Geotechnical 2018 (ng/m?) Groundwater Groundwater

Samples)

72.5-75 ft. same order of vapor intrusion sample is available for this
vadose zone magnitude. assessment display well, decreasing F113 soil
soil porosity continuation of this vapor concentrations over
reported as declining trend. time correspond to declining
32%at 10 — F113 concentrations in the
12 ft and 47% local 600 Area groundwater
at72.5-75 aquifer (Appendix E and
ft.” NASA, 2019b).*

TCE TCE in soil Steadily increasing Steadily decreasing No groundwater No direct Increasing TCE trend in soil
0.49 and non-  TCE in soil vapor TCE in all soil sample available comparison vapor with port depth
detect (<0.41  with depth in ports vapor ports over for this well. performed. coincident with proximity to
ug/kg) at 10—  located at 12.5 ft, time for all projected fractured bedrock
12 ft,and non- 57.5 ft,and 117.5 ft.  historical sampling (depth 160 ft) and projected
detect (<0.43  Concentrations events 2010 - 2014. groundwater aquifer (depth
pg/kg) for the  remain within the Shallow port at 170 ft). Although no
soil sample at  same order of 12.5 ft sampled for groundwater sample is
72.5-175 ft. magnitude. VI assessment available for this well,
Vadose zone events continued decreasing TCE soil vapor
soil porosity the declining vapor concentrations over time are
reported as concentration trend. coincident with declines for
32% at 10 - TCE concentrations in local
12 ft and 47% 600 Area groundwater
at72.5-175 aquifer (Appendix E and
ft.* NASA, 2019b).*

MSVM Well 600-SGW-5 (Twinned with Monitoring Well 600-G-138)
Freon  F113 in soil Increasing F113 in Decreasing F113 in  Latest equivalent  Soil vapor Increasing F113 in soil vapor
113 non-detect for  soil vapor with port all soil vapor ports  soil vapor concentration in ~ with depth and significant

the soil

depth by two orders

over time for

concentration in

the lower port

increase in deep port at
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Soil
Analytical Soil Vapor Soil Vapor (Deep Relationship
Data (Drilling Seoil Vapor Vertical Sampling Event Port) Equivalent Between Soil
COoPC Phase) and Concentration Trends Over Concentration in Vapor (Deep Comments
Soil Porosity  Trends with Depth  Timeframe 2010 — Equilibrium with Port) and
(Geotechnical 2018 (ng/m?) Groundwater Groundwater
Samples)
samples at 4 ft  of magnitude. historical sampling  equilibrium with (280,000 pg/m? 137.5 ft located 7 ft above
(<0.71 ng/kg)  Significant increase events 2010 — groundwater from  on 10/9/14) is perched groundwater on top
and 77 (<0.65 indeep portat 137.5  2014. twinned well 600-  within the same of bedrock. Irregular F113
ng/kg) ft. ft. G-138 s 280,800  order of soil vapor concentrations
Vadose zone pg/m® on magnitude and over time within the deep
soil porosity 11/20/14. has excellent port are associated with
reported as correlation to the  irregularly fluctuating F113
34% at4 -6 equivalent soil concentrations in perched
ft.* vapor in groundwater at 600 Area
equilibrium with ~ well 600-G-136
groundwater. (Appendix E and NASA,
2019b).*

TCE TCE in soil Increasing TCE in Decreasing TCE in  Latest equivalent  Soil vapor Increasing TCE in soil vapor
non-detect for  soil vapor with port upper 3 soil vapor  soil vapor concentration in ~ with depth and significant
soil samples at depth by two orders ports over time for  concentration in the lower port increase in deep port at
4 ft (<0.39 of magnitude. historical sampling  equilibrium with (15,000 pg/m* on  137.5 ft located 7 ft above
ug/kg) and 77  Significant increase events. Deep port groundwater from  10/9/14) is within perched groundwater on top
(<0.35 ng/kg) indeep portat 137.5  relatively twinned well 600-  the same order of of bedrock. Irregular TCE
ft. Vadose ft. consistent at G-138 15 26,260 magnitude and soil vapor concentrations
zone soil between 13,800 pg/m® on has strong over time within the deep
porosity and 16,000 ug/m3.  11/20/14. correlation to the  port are associated with
reported as equivalent soil irregularly fluctuating TCE
34%at4 -6 vapor in concentrations in perched
ft.” equilibrium with  groundwater at twinned 600

groundwater. Area well 600-G-136
(Appendix E and NASA,
2019b).*
Notes:

@ = Soil analytical data from NASA, 2004.
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# = Soil and soil vapor analytical data (August 2010) from NASA, 2010.
& = Soil vapor data sets: March 2013 (NASA, 2013c); October 2014 (NASA, 2015c¢); and the VI assessment (August 2017 and February 2018).
* = Vertical concentration profiles (Appendix E) and Periodic Monitoring Report Time-Concentration maps and table (Appendix E of NASA, 2019b).
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Appendix A
Pre-Sampling Building Inspection Forms
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Complete This Form For Each Building Involved In Indoor Air Testing/Sam pling Zoo ORER I & OO
Preparer’s Name: G- O0FF  Gyiex Date/Time Pre%

Preparer’s Affiliation: N@M,a%a ‘ :,fe‘sga.gw"ﬁ, s Work Phone:

Purpose of Investigation: @HPOuan-'oE 2.0 Mleh oD Lo Al UAPo R
IOTRUS oY ASSES ST wolde. pLi

1. OCCUPANT
Interviewed: or No
Last Name: PivA 0 First Name: £ M2is7n0A
AL | S

Address: 12600 nASA RobDd T oo LAS
_____—_'_'—‘—‘—-——___;_;L____é.—.—r___

County: DrmeSa A A

Work Phone: $75= S2¢ - < 15~ Alternate Phone:
D IoT 2 £F ~S5I9E5

Number of occupants at location: -~ 20

-

Ageof occupants: 2> - 6O vEPE4
R e

2. OWNER OR LANDLORD: (Check if same as occupant) /

Interviewed

Last Name: First Name: _—
Address: ——
County: e
Work Phone:

Alternate Phone:
= _
3. BUILDING CHARACTERISTICS:

Type of Building: (Circle appropriate response)

Residential School Commercial/Multi-use

@ Church Other: LSIF R 200 ACA
oI B0 AR

If the property is residential, type? (Circle appropriate response)

Ranch 2-Family 3-Family
Raised Ranch Split Level Colonial

Cape Cod Contemporary Mobile Home

Duplex Apartment House Townhouse/Condos
Modular Log Home Other:

NovEe | Tya M uLeoueq) (OFw /v S24-5297 (m MR o6 el Prov ized AsSiSTANV S WMk
THE coMiLcTiond OF THs oM



——

If multiple units, how many?

If the property is commercial, type?

Business Type(s) Lboleroly — JHeTDLAR M ALt INE SHePS ez FAziuty
= —— =PI INE Srefs v FAz

Does it include residences (i-e., multi-use)? Yes o If yes, how many? -

Other characteristics:

Number of floors: | ___ Building Age: &= yehf-§
Is the building insulatedr No How air tight? Tight / Not Tight

. AIRFLOW

Use air current tubes 