(N evada DOE/NV--689-Rev. 1 \
Environmental
Restoration
Project

T VA a5
A 4

Site Characterization
Work Plan for the
Gnome-Coach Site,
New Mexico

Controlled Copy No.:
Revision No.: 1

January 2002

Approved for public release; further dissemination is unlimited.

Environmental Restoration

Division W
|

U.S. Department of Energy
National Nuclear Security Administration
Nevada Operations Officy




rinted on
recycled paper

Available for public sale, in paper, from:

U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road

Springfield, VA 22161

Phone: 800.553.6847

Fax: 703.605.6900

Email: orders@ntis.fedworld.gov

Online ordering: http://mww.ntis.gov/ordering.htm
Available electronically at http://www.doe.gov/bridge

Availablefor aprocessing feeto U.S. Department of Energy and its contractors,
in paper, from:

U.S. Department of Energy

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831-0062

Phone: 865.576.8401

Fax: 865.576.5728

Email: reports@adonis.osti.gov

Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endor sement, recommendation, or favoring by the United
Sates Government or any agency thereof or its contractors or subcontractors.



DOE/NV--689-Rev. 1

SITE CHARACTERIZATION WORK PLAN FOR THE
GNOME-COACH SITE, NEW MEXICO

U.S. Department of Energy
National Nuclear Security Administration
Nevada Operations Office
Las Vegas, Nevada

Controlled Copy No.:

Revison No.: 1

January 2002

Approved for public release; further dissemination is unlimited.



SITE CHARACTERIZATION WORK PLAN FOR THE
GNOME-COACH SITE, NEW MEXICO

Approvedby:  Slgnature Approved pae  1-14-02
Monica Sanchez, Project Manager
Offsites Project

Approved by: Sighature Approved Date:  1-14-02

Runore C. Wycoff, Division Director
Environmental Restoration Division



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page i of xviii

Table of Contents

LISt Of FIQUIES. . . oo e e e IX
ListOf TabIES. . .o Xii
List of Acronymsand Abbreviations . .. ... Xiv
1.0 INtrOQUCHION. . . .\ e e e e e e e 1
L1 PUIPOSE . . .ot 3
1.2 Scopeof WOrK . ... 3
1.3  Investigation Work Plan Contents . ... ..o 5
20  Facility DesCriplion. . . . ..ot 6
21 Physical SEtting. . . ..o 6
211 LandStatuS . ..o ot 6
212  Environmental Setting. . ... ... 6
213 Geology and Hydrology. . .. ... oo i i 8
214 Surface Water, Wetlands, and Floodplains . . .................... 10
22 Operational HiStOry. . .. ... 11
221  Traler Park and Control Point. . .......... .. ... . i, 14
222  FaloutPlume. ... ... 14
223 Gnome-CoachShaft Area.......... .. ... 14
224 GnomeSurface Ground Zero. . . ...t 16
225 Evaporation Pond/Waste Tank . ...............coiiiiiiinaon.. 17
226 AT . . 17
227  SAtMuckpile. . ... 17
228  SOragEAIEaS. . . ..o 18
229 DecontaminationPad. ........... .. .. ... . 19
2210 Laundry/LabFacilities. .. ... ... 19
2211 Contaminated Waste Dump. ... ...t 20
2212 SalvageYard . ... ... 20
2213 Drill HolePads. . ... 21
22131 LRL-7andLRL-8Drill Pads ....................... 27
2.2.13.2 Drill Pad for Monitoring Wells USGS-4
andUSGS-8 . ... ... 28
23  SiteRestoration ACHVILIES . .. ..ot 28
231 Initial Cleanupin 1968/1969 . ... ... ... ...t 28
232 1972 AreaReCcONNaiSSaNCe . .. ..o vv vttt 29
233 Second Cleanupin1977t01979. ... ... ... 30
24  Current Conditions at the Gnome-Coach Site .. ............ .. .ot 32
25  PreviousInvestigations. . .. ... ..ottt 33

251  Surfacelnvestigations . . . ...t 33



Gnome-Coach SC Work Plan

Section: Contents
Revision: 1
Date: 01/14/2002
Page ii of xviii

Table of Contents (Continued)

3.0

4.0

252 Radionuclide Background Investigations . ......................
2521 Radionuclide Concentrationsin Soil at the
Gnome-Coach Site ............c.c ..

2522 Radionuclide Concentrationsin Soil attheWIPP .......
2523 Radionuclide Concentrationsin Soil in the Vicinity
Of WIPP . ..
2524 Radionuclide Concentrations in Sail at Distant
Locationswithin New Mexico ......................
2525  Summary of the Background Radionuclide
Concentrations in Soil for the Gnome-Coach Site ... ....

253  Subsurfacelnvestigations . ... ...t
Data Quality ODjeCtiVES . . . ..o
31 Conceptual SiteModel . ... ...
311  SurfaceConceptua SiteModel ............. ... .. ...
3.1.2  Subsurface Conceptual SiteModel ........... ... ... ... ......
3.2  Contaminantsof Potential Concern .............. ...
321 COPCsfor Surface and Shallow Subsurface Investigation. . ... .....
322 Prediminary ActionLevels(PALS) ........ ..
323 COPCsfor Subsurface Investigation. .. ..o,
Surface and Shallow SubsurfaceWork Plan . ............ ... it
4.1  Demarcate Historical Operational Areas ...,
4.2  Investigation of Radiological Constituents. . .. ............ ...,
4.2.1 Driveover Radiological Survey ...
4.21.1  Driveover Radiological Survey Design
and ASSUMPLIONS . ... oo
4.2.2  Shalow Subsurface In Stu Radiological Surveys. ................
4.22.1  CPT In Stu Radiological Survey Design
and ASSUMPLIONS . . ..o v
4.2.2.2  Confirmation Soil Sample Collection for
Radiologica COPCS . ...t
4223 DataQuality and Analysis ............... ...t
4.2.3  Establishing Background Vauesfor Radiological Surveys .........
4.3  Vegetation Sampling. . ... ..o o
44  Geophysical INVESHIQation. . .. ...t
441  Geophysical SUNVEY Ar€aS. . .. ..ot
4411  Technical Methodology .................c.coiin.t.
45  Delineate Soil Investigation Areas. . ... ...
46  Representative Inorganic Background Sample Collection. .................



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page iii of xviii

Table of Contents (Continued)

5.0

6.0

7.0

4.7  Surface/Shallow Subsurface Soil Investigation of Chemical Constituents . . . .. 83
471  Soil Sampling Techniques. . .......... ... i 84
472  FeEdSCreening . ... ..o 85
473  Sampling Criteria. . . . ... 86
4.7.4  Soil Sampling Locations for Surface/Shallow

Subsurface Characterization . ..., 87
4741  MudPit SamplingLocations ....................... 88

4.74.2  Sampling Locations at Suspect AOCs with
Chemical COPCS ... 89
4743  USGS-1 Concrete Pad and Grease Pit (near shaft) .. ... .. 91
4.74.4  Other Sampling Locations .................covvu... 91
475 DataQuaity and Analysis. . ... 92
4.8  Surface Water and Shallow Groundwater Investigation. .. ................. 92
49  Additional Requirementsand AcCtivities. ... ... 92
491 HedthandSafety.......... .. 92
49.2  Environmental Compliance and Waste Management ... ........... 93
493 NEPAReqUIrementS . ... ... ... 9
494  QUAItY ASSUIANCE . . . o v ittt et et 94
495 Community REIEONS .. ... ... 9
Subsurface Work Plan ... ..o 95
51  Geologicand Hydrogeologic Setting . . .. ..o oo oo 95
5.2  Description of the Gnome Test and ItsEffects. . .............. .. ... ... ... 99
521 Hypothetical Releaseby SaltCreep. .. ... ... 105
53 Releaseand Transport fromthe Tracer Test. .. ........ .. ..., 106
54  DataQuality Objectives of Subsurface Investigation. .. .................. 108
55  Evauation of Existing SubsurfaceData. . ............... ..o, 109
56  ldentification of Proper Numerical Model ............ ... ... ... ... ..... 110
57  Investigation/Modeling Process . ... ... 111
57.1 Investigation Strategy for the Underground Nuclear Test. ......... 112
5.7.2  Investigation Strategy for the Tracer Test. ..................... 113
58 Bvauation of RESUITS . . . ...t 115
SChedUle . . ..o 116
6.1 TentativeProject Schedule. .. ... ... ... .. ... . 116
REfErENCES. . . .o 119



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page iv of xviii

Table of Contents (Continued)

Appendix A - Historical Radiological Survey Review for the Gnome-Coach Site
A.1.0 Summary of Radiological Monitoring and Sampling

for Gnome-Coach SiteSurface. .. ... o A-1
A.1.1 Historical Radiological MONItOring . ......... ... A-1
A.1.2 Summary of Areasof CONCEIN . . ......oo i A-2
A.2.0 Monitoring and Surveys During Detonation and
Post Shot Drilling (1961 - 1962). . .. ... oottt e A-9
A.2.1 Aeria Radiation Surveys (December 9and 10,1961) . .. ................. A-9
A.2.2 Ground Radialion SUNVEYS . . .. ..ot A-10
A.2.3 Decontamination and Standby Status. . . ........ . .o A-10
A.3.0 Monitoring and Surveys for Decommissioning Activities (1968 through 1979). . . .. A-11
A.3.1 SiteDecomMmISSIONING . .. oo vttt A-11
A.3.1.1 Initial Decommissioning Effort, 1968-1969 .................. A-11
A.3.1.2 SiteReconnaissance, April 1972. ... ... .. . i A-12
A.3.1.3 Second Decommissioning Effort, 1977-1979 . ................ A-13
A.3.2 Aeria Radiation Surveys (May 1972 and September 1979) .............. A-15
A.3.3 Ground Radiation Surveys (1968-1969, 1972, and 1977-1979). ........... A-16
A34 Soil SampPling . . ..o e A-17
A.3.4.1 Evauationof Cs137 and TritiumResults .................... A-21
A.3.42 Evauationof Sr-90 and Pu-239 Analysis. .. ............. ... A-24
A.35 Vegetation Sampling. . ... ..o A-32
A.3.6 Thermoluminescent Dosimeters (TLD) . ..., A-33
A37 DataQuality ... ... A-33
A.4.0 Monitoring and Surveys for Post 1977-1979 Decommissioning (1980-2000). . . .. .. A-59
A.4.1 Environmental ProteCtion AgeNCY . . ... ..ot A-59
A.4.2 Environmental Evaluation Group. .. ...t A-60
AB5.0 CONCIUSION . .o e e A-61
AB. 0 REEIENCES. . ..ot e A-62

Appendix B - New Mexico Quality Assurance Project Plan

B.1.O INtrodUCHION. . . ..o B-1
B.2.0 Criterial- Quality Program. . . ...t B-4
B.2.1 Quality Management Policy . ........... i B-4

B.2.2 Project Organization. . .. .. ...t B-4



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page v of xviii

Table of Contents (Continued)

B.2.3 NNSA/NV ERD DIreCtor . . . . ..ottt B-6
B.23.1 NV ERPProject Manager . ..., B-6
B.2311 NVERPTakManager ..................cooou... B-7

B.2.3.1.2 NV ERP Quality Assurance Coordinator ............. B-7

B.2.3.2 New Mexico Sites Project Participants . . .. .................... B-7
B.2.3.3 Analytical Laboratories. .. ... B-8

B.24 Planning ... ... B-9
B.24.1 TaskInitialion . ... ... B-9
B.2.4.2 DataQuality Objectives. .. ... ...t B-9

B.25 Quality INdiCators. . . ... .o B-10
B.25.1 Precision. .. ... B-10
B.25.2 ACCUIBCY . .. ottt B-11
B.25.3 Representativeness. . .. ... B-11
B.254 Completeness. . ... ... B-12
B.25.5 Comparability ........ ... B-12

B.2.6 ReportstoManagement . .............. i B-12
B.27 ReadineSSReVIEWS. . ... ..o B-13
B.3.0 Criteria2 - Personnel Training and Qualifications. ... ........................ B-14
B.3.1 Project Personnel .. ... ... .. . B-14
B.3.2 Subcontractor Personnel . . ... B-14
B.4.0 Criteria3- Quality Improvement . . ... B-15
B.4.1 Internal Quality Control Checks. .. ........ ... ... . i B-15
B.41.1 FieldQuality Control........ ... B-16
B.4.1.1.1 Equipment Rinsate Blank Samples................. B-16

B4.112 FieddBlankSamples .............. ... ... ... ..... B-17

B.4.113 TripBlankSamples . .......... .. ... ... ... ... ... B-17

B.4.11.4 DuplicateSamples ............ .. ... ... .. ... B-18

B.4.1.15 SourceBlanks . ...... ... B-18

B.4.1.2 Analytical Laboratory Quality Control ....................... B-18
B.4.1.2.1 Laboratory Control Samples . ..................... B-19

B.4.1.22 MethodBlank Samples.......................... B-19

B.4.1.2.3 Surrogate-SpikeSamples ................. . ... .. B-19

B.4.1.2.4 Matrix-Spike/Matrix-Spike Duplicate Samples . ...... B-20

B.4.1.25 Laboratory Duplicate Samples .................... B-20

B.4.1.3 On-Site Radiological Laboratory Quality Control. .............. B-21
B.4.1.3.1 Instrument Control Samples . ..................... B-21

B.4.132 BlankSamples .......... .. ... i B-21

B.4.1.3.3 DuplicateSamples ............ ... ... B-21

B.4.2 DataPrecision, Accuracy, and Completeness ......................... B-21



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page vi of xviii

Table of Contents (Continued)

B.4.3 CorreCtivVe ACtION . . . ot B-22
B.4.3.1 NonconformanCe. .......... ..., B-22
B.43.2 Cause ANalySiS. .. oot e B-23
B.43.3 Trend AnalySis. ... ..o B-23
B.4.3.4 LessonsLearned ............c.oiinii B-23

B.5.0 Criteriad - Documentsand ReCOrds. . ...t e B-24

B.5.1 Documentsand RECOrdS. . ....... ..ottt B-24
B.5.1.1 Document ReviewandControl ................. ..., B-24
B.5.1.2 ChangeControl .......... ... .. B-24
B.5.1.3 RecordsMaintenancCe. .. ............uiiiiiiinean.. B-25

B.6.0 Criteriab5- WOrk ProCESSES . .. . oottt e e e B-26

B.6.1 Evaluation and Use of Existingand New Data. .. ...................... B-26

B.6.2 Computer Hardwareand Software. . ............ ... .. B-26
B.6.2.1 Computer Systems. . ... B-27
B.6.2.2 Software Design/Development ................. .. B-27

B.6.22.1 CodeEvaluation .............. ... B-28
B.6.2.2.2 CodeVeification/Vdidation ..................... B-28
B.6.2.2.3 Software Documentation ........................ B-29
B.6.2.3 Peer Review of Software and Code Applications. . ............. B-29

B.6.3 FieldInvestigation .. ........... i B-29

B.6.3.1 SampleCustody . ... ... ...t B-30
B.6.3.1.1 Chainof Custody Form.......................... B-30
B.6.312 Custody Seals ............ccoiiiiii i B-30
B.6.3.1.3 Sample Labelsand Identification .................. B-31
B.6.3.1.4 Sample Handling, Preservation, Packaging,

and ShippiNg . ... B-31
B.6.3.1.5 Decontamination . ............c.uiuiiinininnnnnn. B-32
B.6.3.1.6 Investigation-DerivedWaste ..................... B-32
B.6.3.1.7 FidddDocumentation.................cccivou.... B-32
B.6.3.1.8 Photographic Documentation ..................... B-32

B.6.3.2 Identificationand Control of Items . ......................... B-33

B.6.3.3 Cadlibration and Preventive Maintenance. .. ................... B-33
B.6.3.3.1 Cdibration .......... ... .. B-33
B.6.3.3.2 PreventiveMaintenance ..................iu... B-34

B.6.3.4 Laboratory Operation. . .. ... B-34
B.6.34.1 PreanalysisStorage ...............c. .. B-35
B.6.3.4.2 Post-AnalysisStorage . ..., B-35

B.6.4 Anaytica DataUsability ... ... B-35

B.6.4.1 DataManagement ................iiiiiiiiii B-36



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page vii of xviii

Table of Contents (Continued)

B.6.4.2 EvauationandUseofData.............. ..., B-36

B.6.4.3 Data Reduction, Verification, and Validation. . ................ B-37

B.6.4.3.1 DataCompletenessReview ...................... B-37

B.6.4.3.2 DataReviewand Summary ...................... B-37

B.6.43.3 DataVadidation .............. ... ... B-38

B.6.4.4 Laboratory DataReporting ... B-39

B.6.44.1 DataReporting .............c.couiiiiiiiiininnn. B-40

B.7.0 CriteriaB - DeSIgN. . . ..o B-41
B.8.0 Criteria7 - Procurement . . . ...t e B-42
B.8.1 Procurement Control. . ...... ... ... i B-42
B.8.1.1 ProcurementDocuments . ........... ..., B-42

B.8.1.2 Measurement and Testing Equipment . .. ..................... B-43

B.8.1.3 Verification of Quality Conformance . ....................... B-43

B.9.0 Criteria8 - Inspection and Acceptance Testing . . . .......covviiiinninann.. B-44
B.10.0 Criteria9 - Management ASSESSMENt . . . .. ..ottt e B-45
B.11.0 Criteria 10 - Independent ASSESSMENES. . . . ..o ittt B-46
B.12.0 REfBIENCES. . . .ottt e B-47
B.13.0 GlOSSaY ..\ i it B-49
Attachment 1 - Quality Criteriafor Site-SpecificDocuments . .. ...................... B-58

Attachment 2 - Laboratory Chemical, Toxicity Characteristic Leaching Procedure
and Radiochemistry Analytical Requirements for the New Mexico Sites. . ........ B-61

Appendix C - Radiological Screening Evaluation for the Gnome-Coach Site

C.LO INrodUCHiON. . . .ot e e e e e C-1
C.2.0 Identification of Radionuclides of Potential Concern. .. ...............coivu.... C-2
C.21 Summary of Impacted Ar€aS . ... ... C-2

C.2.2 Analytica DataUsed for Dose/Risk Calculations . ... ................... C-7

C.3.0 HumanHealth DOSE ASSESSMENT . . . . ..ottt e C-10
C.31 EXPOSUre ASSESSMENT . . . ..ottt e e e C-10
C.3.1.1 ExposurePathways . ..............iiiiiiiiiinn C-10

C.3.1.2 EXposure MOdElS. . .. ..o C-13

C.3.1.3 EXposureParameters. ... .. ... C-13

C.3.2 Dose/Risk Screening Evaluation . ... C-14



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page viii of xviii

Table of Contents (Continued)

C.3.2.1 DoseScreening Criteria. . .. .....ovuieni i C-14

C.322 RiskScreening Criteria. ... C-21

C.3.3 Preliminary Action Levelsand Area CorrectionFactors. . ............... C-22
C.33.1 Regulatory GUIDANCE. . ... ..ot C-22

C.33.2 PALCACUEioNS. . . ...t C-24

C.3.4 Resultsof the Human Health Dose Screening Evaluation. . .............. C-27

CA D REErENCES. . ..ot e C-33

Appendix D - Vegetation Sampling and Analysis Plan

D.1.0 INtroduCtioN. . . .. oot e e e e e e D-1
D.1.1 Background. . ... ... e D-1

D.1.2 APPrOaCh. . oottt D-2

D.1.3 ObJECtVES . . . ot ittt D-2

D.2.0 FeldSampling Plan . ... .o D-3
D.2. 1 SCOPE. . . ottt D-3

D.2.2 Sampling Rationale. . . ......... . D-5

D.2.3 Sampling Procedures . . . ... .. e D-5
D.231 SampleCollection . ... ... ... D-6

D.2.3.2 Sample Handling and Site Documentation . .................... D-6

D.3.0 Field Laboratory Procedures. . . . ... ..ot e D-8
D.3.1 SampleProCessing . . ... ...t e D-8

D.3.2 Radiochemical Analyses. . . ... ... D-8

D40 DataANnalySiS . ..ot D-10
D.5.0 ReEfErenCes. . . ... D-11

Appendix E - New M exico Environment Department Document Review Sheets

Plate 1 - Ghome-Coach Historical Soil Sample Locations (Phase | and/or Phasell/I11)



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1
Page i oh
List of Figures
Number Title Page

1-1 Location of the Project Gnome-Coach Area .. .......... ..., 2
2-1 Project Ghome-Coach Area: Township/Range Boundaries and

Land Withdrawal Boundaries, Eddy County, New Mexico. . ................. 7
2-2 Topographic Map of Gnome-Coach and Surrounding Area .. ................ 9
2-3 Gnome Shaftand Drift Plan. .. ... . o 12
2-4 Historical Site Layout and Facility Locations at the

Project Ghome-Coach Area, New MeXiCO. .. .. ... 15
2-5 Drill Hole Locationsin the Vicinity of the Gnome-Coach Site. . ............. 22
2-6 Sampling Locationsat WIPP . . ... ... 37
2-7 Sampling Locationsin the Vicinity of theWIPP. ........... ... ... ... ... 38
3-1 Conceptual SiteModel . ... ... 44
4-1 DQO Decison Flow Diagram . . . .....oo i 61
4-2 Oblique Photo of Ghome-Coach Site, 1961. .. ............ ..., 64
4-3 Aerial Photo of the Gnome-Coach Site, 1979 .. . ....... .. ... .. . ... 65
4-4 Example of Boring LOCALiONS. . . ... ..ot 90
5-1 Location of the Gnome Site Within the Northern DelawareBasin .. .......... 95
5-2 North-South Stratigraphic Cross-Section Through the Delaware Basin

and Northern Shelf . ... . 97
5-3 Potentiometric Surfaceinthe Vicinityof Ghome . ........................ 98
5-4 Locations of Wellsin the Vicinity of Gnome With Transmissivity Data . . . . . . . 99
5-5 Cross-Section Through the Gnome Explosion Cavity . .. ...t 100
5-6 Cross-Section From Land Surface Down to Gnome Activity,

Showing the Shaft, Drift, and Inferred Zone of Fracturing .. ............... 104
5-7 Schematic Representation of the Hypothetical Release Scenario

from the Gnome Underground Workings. . . .. ..., 107
5-8 DataDecisSion ANalySISPrOCESS. . .. oottt e 114



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page x of xviii

List of Figures (Continued)

Number Title Page
6-1 Gnome-Coach Project Proposed Schedule for Surface Investigation . ..... ... 117
6-2 Gnome-Coach Project Proposed Schedule for Subsurface Investigation. . . . . .. 118
A.1-1 Historical Site Layout and Facility Locations at the

Project Ghome-Coach Area, New MeXiCOo. .. ... A-3
A.3-1 Terrestria Exposure Rate Levels: Man-Madelsopleths. ................. A-38
A.3-2 CWD Cs-137 Soil ConCentrationS. . .. ...o.vu i A-39
A.3-3 Gnome-Coach CWD Area Surface Sampling Locations. .. ............... A-40
A.3-4 Gnome-Coach Salvage Y ard Area Surface Sampling Locations. .. ......... A-41
A.3-5 Gnome-Coach Warehouse Area Surface Sampling Locations. . ............ A-42
A.3-6  Gnome-Coach Evaporation Pond/Tank Surface Sampling Locations. . ... ... A-43
A.3-7 Gnome-Coach SGZ Area Surface Sampling Locations. . ................. A-44
A.3-8 Gnome-Coach Decontamination Pad Surface Sampling Locations. ... ...... A-45
A.3-9 Gnome-Coach Old Laundry/Lab Area Surface Sampling Locations. . ... .... A-46
A.3-10 Gnome-Coach New Laundry/Lab Area Surface Sampling Locations. . . .. ... A-47
A.3-11 Gnome-Coach Salt Muckpile Area Surface Sampling Locations . .......... A-48
A.3-12 Gnome-Coach Shaft Area Surface Sampling Locations .................. A-49
A.3-13 Gnome-Coach Venting Fallout Track Surface Sampling Locations . ... ..... A-50
A.3-14 Gnome-Coach Equipment Storage Area Surface Sampling Locations . . . . . .. A-51
A.3-15 Gnome-Coach Area57 (NFCS) Surface Sampling Locations. . ............ A-52
A.3-16 Gnome-Coach Road Area Surface Sampling Locations . ................. A-53
A.3-17 Gnome-Coach USGS-4 and -8 Area Surface Sampling Locations . . ........ A-54
A.3-18 Gnome-Coach General Crusher Plant Area Surface Sampling Locations. . . . . A-55
A.3-19 Gnome-Coach LRL-7 Drill Pad Area Surface Sampling Locations ... ...... A-56
A.3-20 Gnome-Coach LRL-8 Drill Pad Area Surface Sampling Locations ... ...... A-57
A.3-21 Vegetation Sampling Locations (1973) .. ... A-58



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1
Date: 01/14/2002
Page xi of xviii

List of Figures (Continued)

Number Title Page
B.1-1 Hierarchy of DOCUMENES. . . .. .. ..ot e B-3
B.2-1 NNSA/NV ERD Organizational Chart. .. .......... .. ... .. B-5
C.3-1 Doseto Rancher from Surface Soil Contamination of 287 pCi/g

G L7 (MM .ttt e e e e e e C-30
D.2-1 Tentative Vegetation Sampling Areas and Plots at the Gnome-Coach Site. . . . . D-4



Gnome-Coach SC Work Plan

Section: Contents
Revision: 1
Date: 01/14/2002
Page xii of xviii

List of Tables

Number

2-1
2-2
2-3
2-4
31
3-2
3-3
3-4
41

51

A3-1
A.3-2
A.3-3
A.3-4
A.3-5

A.3-6
A.3-7
A.3-8
C21
C.2-2
C31
C3-2
C.3-3

Title Page
Drill HoleData History. . . .. ..o 23
Historical Activitiesand Previous Investigations. . ......................... 34
Sample Results from Distant Locations within New Mexico. ................. 40
Summary Table for Background RadionuclideLevels. . ..................... 41
Summary of Data Quality ObjectivesfortheSurface ....................... 47
Summary of Data Quality Objectives for the Gnome-Coach Subsurface . ... . ... 50
Tracer Test RadionuclideInventory . . ... e 56
Long-Lived Radionuclides Produced by the Ghome Nuclear Test ............. 57
List of Areas of Concern, Size of Area, and Potential COPCs
for the Ghome-Coach Site, Eddy County, New Mexico ..................... 66
Well Information for Wells Near the Gnome-Coach Site . .................. 101
Number of Sample Results for Each Areaof Concern. . ................... A-19
Gnome-Coach Phasel, I, and I 11 - Soil Sampling Results (1977-1979). ... ... A-22

Gnome-Coach Phase [, I, and I11 - Surface Soil Analysis Results Statistics. . .. A-23
Gnome-Coach Phase |, I1, and 111 Shallow Subsurface Soil Analysis Results. .. A-24

Gnome-Coach Select Sample Locations for Cs-137, Sr-90, and

PU-239 COMPAIiSON . . ..ottt A-25
First Historical Vegetation Sampling Results. . . ............ .. .. ... ... A-32
Second Historical Vegetation SamplingResults ......................... A-34
TLD Monitoring ResUItS. . . .. ..o A-35
Gnome-Coach Phase |, I, and |11 Surface Soil AnalysisResults. . ............ C-8
Gnome-Coach Phase 1, 11, and 111 Shallow Subsurface Soil Analysis Results. ... C-9
Potentially Complete Human Exposure Pathways at Gnome-Coach Site . . . . . . C-12
RESRAD Parameters for the Gnome-Coach Site. . .. ..................... C-15
Hot Spot Area Correction Factors for Trespasser Scenario . ................ C-25



List of Tables (Continued)

Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page xiii of xviii

Number

C.34
C3-5

C.3-6

C.3-7

D.3-1

Title

Hot Spot Area Correction Factors for Rancher Scenario . . ... ..

Dose to the Hypothetical Trespasser as a Function of the Area

Contaminated to 287 pCi/gof Cs-137 ... ...

Dose to the Hypothetical Rancher as a Function of the Area

Contaminated to 287 pCi/gof Cs-137 ... ...

Examples of Estimated Dose to Trespasser and Rancher at

Selected Gnome-Coach AOCS . .. ... .o
Nominal Detection Limitsfor Vegetation Samples .. .........



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page xiv of xviii

List of Acronyms and Abbreviations

AEC U.S. Atomic Energy Commission

ALARA As-low-as-reasonably-achievable

Am-241 Americium-241

AOC Areaof concern

ARMS Aerial Radiation Measuring System

ATV All-terrain vehicle

bgs Below ground surface

BLM U.S. Department of the Interior, Bureau of Land Management
CERCLA Comprehensive Environmental Response Compensation and Liability Act
CFR Code of Federal Regulations

CERMC Carlsbad Environmental Monitoring & Research Center
Ci Curie

CLP Contract Laboratory Program

COPC Contaminant of potential concern

CPT Cone penetrometer truck

Cs-137 Cesum-137

CsMm Conceptual site model

cv Coefficient of Variation

CwWD Contaminated Waste Dump

D&D Decontamination and decommissioning

DD Downhole disposal

DOE U.S. Department of Energy

DQO Data Quality Objective

EEG Environmental Evaluation Group

EM Electromagnetic

EPA U.S. Environmental Protection Agency

ERD Environmental Restoration Division



List of Acronyms and Abbreviations (Continued)

Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page xv of xviii

ERP Environmental Restoration Program

ft Foot (feet)

2 Square foot (feet)

3 Cubic foot (feet)

GC Gas chromatography

GC/MS Gas chromatography/mass spectrometry
GPR Ground penetrating radar

GPS Global Positioning System

H&S Headlth and Safety

ha Hectare

HASP Health and Safety Plan

HPLC High performance liquid chromatography
[-131 lodine-131

ICRP International Commission on Radiological Protection
IDW Investigation-derived waste

ILCR Incremental lifetime cancer risk

in. Inch(es)

ISMS Integrated Safety Management System
ITLV IT Corporation, Las Vegas

keV Kiloelectron volt

LAPS Large area plastic scintillation

Ibs Pounds

LCS L aboratory control sample

LLW Low-level waste

LQC Laboratory quality control

LTHMP Long-term hydrologic monitoring program

MDA Minimum detectable activity



Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page xvi of xviii

List of Acronyms and Abbreviations (Continued)

MDC Minimum detectable concentration

m? Square meter

mg/cm? Milligram per square centimeter

mg/L Milligram per liter

mR/hr MilliRoentgen per hour

mrad/hr Millirad per hour

mrem Millirem

mrem/yr Millirem per year

MRI M agnetic resonance image

MS Matrix spike

MSD Matrix spike duplicate

M&TE M easurement and testing equipment

Nal Sodium iodide

NCP National Contingency Plan

NCR Nonconformance report

NEPA National Environmental Policy Act

NIST National Institute of Standards and Technology

NNSA U.S. Department of Energy, National Nuclear Security Administration Nevada
Operations Office

NRC U.S. Nuclear Regulatory Commission

NTS Nevada Test Site

NV ERP U.S. Department of Energy, Nevada Operations Office, Environmental
Restoration Project

ORERP Off-site Radiation Exposure Review Project

PAL Preliminary action levels

pCi Picocurie

pCi/g Picocurie per gram

pCi/mL Picocurie per milliliter



List of Acronyms and Abbreviations (Continued)

Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page xvii of xviii

pCi/L
PHS

PID

ppm

PRG
PTRW
Pu-239/240
PVC

QA

QAC
QAPP
QC
RCRA
REOP
RESRAD
RME
RPD

SD

Sr-90
SSHASP
svoc
TLD
TPH
uCL
USGS
usT

Picocurie per liter

Public Health Service

Photoi onization detector

Part per million

Preliminary remediation goal
Particle tracking random-walk
Plutonium-239/240

Polyvinyl chloride

Quality assurance

Quality Assurance Coordinator
Quality assurance project plan

Quality control

Resource Conservation and Recovery Act

Real Estate/Operations Permit
Residual Radiation

Reasonable maximum exposure
Relative percent difference
Standard deviation

Surface ground zero
Strontium-90

Site-specific health and safety plan
Semivolatile organic compounds
Thermoluminescent dosimeter
Total petroleum hydrocarbons
Upper confidence level

U.S. Geologica Survey
Underground storage tank



List of Acronyms and Abbreviations (Continued)

Gnome-Coach SC Work Plan
Section: Contents

Revision: 1

Date: 01/14/2002

Page xviii of xviii

VOA
VOC
WIPP
y3

°C

oF
uCi/g

Volatile organic analysis
Volatile organic compounds
Waste Isolation Pilot Plant
Cubic yard

Degree Celsius

Degree Fahrenheit

Microcurie per gram



Gnome-Coach SC Work Plan
Section: 1.0

Revision: 1

Date: 01/14/2002

Page 1 of 126

1.0 Introduction

The scope of thiswork plan isto document the environmental sample collection objectives and the
proposed technical site investigation strategies that will be utilized during the Gnome-Coach Site
characterization. Thisinvestigation isbeing conducted by the U.S. Department of Energy (DOE),
National Nuclear Security Administration Nevada Operations Office (NNSA/NV).

Gnome was the first nuclear experiment conducted under the Plowshare Program under the direction
of the U.S. Atomic Energy Commission (AEC), predecessor to the DOE. The Plowshare Program
focused on developing nuclear devices exclusively for peaceful purposes. Gnome, a 3-kiloton
nuclear explosive, was detonated on December 10, 1961, at a depth of 1,184 feet (ft) below ground
surface (bgs) in athick, bedded salt deposit within the Salado Formation approximately 25 miles east
of Carlsbad, New Mexico, in Eddy County (Figure 1-1). Immediately following the detonation,
close-in stemming failed and cavity gases vented from the emplacement shaft into the atmosphere.
The gases were carried downwind in a northwest direction from the site (AEC, 1962). Coach, an
experiment to be located near Gnome also within the Salado Formation, was initially scheduled for
1963. Construction and rehabilitation were completed for Coach, but the test was canceled and never
executed. Additionally, a hydrologic tracer test performed by the U.S. Geological Survey (USGS) in
1963 left residual radioactive tracers (i.e., tritium, cesium-137 [Cs-137], strontium-90 [Sr-90], and
iodine-131 [1-131]) in the Culebra Dolomite at and between the tracer test wells, USGS-4 and -8.

Major site restoration activities were conducted in 1968-1969 and 1977-1979. The restoration
activitiesincluded: well plugging and abandonment, decontamination, disposal of equipment, soil,
and salt muck into the Gnome cavity, shaft, and drift complex, and soil sampling and analysis. The
results of the final phase of the 1977-1979 restoration effort showed the average radionuclide
concentration over any areaof 0.25 hectare did not exceed the established radiological release criteria
(DOE/NV, 1981).

Although restoration activities were performed for surface and shallow subsurface (<20 ft)
radiological contamination, radiologically elevated |ocations have been identified on the surface
during recent survey and sampling events by the U.S. Environmental Protection Agency (EPA)
(1994c) and the Environmental Evaluation Group (EEG) (1995). The surveying and sampling



Gnome-Coach SC Work Plan
Section: 1.0

Revision: 1

Date: 01/14/2002

Page 2 of 126

[C4-DEC-2000 hvanomeorPianDrailgaiocmag_al.ogn
| |

"' |

a: Carlsbad X X

#: ‘

by 8
N 518
i =3
B =

l’l

.

e mmeo Gnome Coach I

[ ! \%‘fgﬁ-& Area
v J
s 128
.

NN NewMexico . _ . _.._.._.. /.. _
........................ ey (
Red Bluff Lake
Q Angeles Kermit

Explanation Scale

{O U.S. Highway ! -

- 0 10 20 Kilometers
O State Route om

10 20 Miles

Project Gnome-Coach Area
Source: AEC, 1969

Figure 1-1
Location of the Project Ghome-Coach Area



Gnome-Coach SC Work Plan

Section: 1.0

Revision: 1

Date: 01/14/2002

Page 3 of 126
involved in these two recent effortsis too limited to adequately assess the surface conditions using
current standards. Reviews of historical radiological data also identified data gaps for shallow
subsurface soils at several operational areas. Additionally, the historical restoration efforts have not
adequately defined the potential for and extent of chemical contamination for the surface and shallow
subsurface. The deep subsurface hazards (i.e., test cavity) have not been evaluated for potential

migration outside of the current site subsurface intrusion restrictions.

1.1  Purpose

The purpose of this environmental investigation of the Gnome-Coach Site isto collect data of
sufficient quantity and quality to establish current site conditions and to use the data to identify and
evaluate if further action is required to protect human health and the environment and achieve
permanent closure of the site. Thisinvestigation will utilize available data and documented historical
knowledge to the extent possible. Existing subsurface site information will be evaluated and
migration of contaminants from the test cavity and tracer test areawill be modeled to establish
contaminant fate and transport. The subsurface modeling and risk evaluation will result in the
potential refinement of the existing compliance boundary that defines the area where subsurface
intrusion restrictions are applied.

1.2  Scope of Work

The details of the scope of work are discussed in two sections. the “ Surface and Shallow Subsurface
Work Plan” (Section 4.0), and the “ Subsurface Modeling Work Plan” (Section 5.0). Historical and/or
new data collected will be of sufficient quantity and quality to be used in addressing the Data Quality
Objectives (DQOs). The following sequential DQOs need to be met to complete the scope of work
for the surface and shallow subsurface site characterization investigations and the subsurface
modeling effort:

» Determine the nature and extent of potential contamination at the surface and shallow
subsurface.

» Support arisk-based decision on the need to perform corrective actions for the surface.

» Support acorrective action aternative analysis for the surface, if required.
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» Determine the potential migration of the contamination in the Gnome cavity, shaft, and drifts
to the Culebra aquifer.

» Determine the potential of contaminant migration from the tracer test to the Culebra aquifer.

* Determineif existing subsurface intrusion restrictions need to be adjusted to ensure they are
protective of human health and the environment.

The scope of work to be conducted at the Gnome-Coach Site for the surface and shallow subsurface
includesin situ radiological surveys, ageophysical investigation, and soil and vegetation sample
collection. The scope of work for the deep subsurface and groundwater will include an evaluation of
existing well data, groundwater analyses, and previous modeling efforts to determine the threat posed
by the underground workings (i.e., cavity, shaft, and drifts) and tracer test experiment. This datawill
be used to evaluate if existing subsurface intrusion restrictions need to be adjusted to be protective of
human health and the environment.

The first portion of the investigation consisted of researching historical documents, photos, and
engineering diagrams and drawings. The objective of this research was to identify suspect areas and
to correlate these locations with their actual locations at the Gnome-Coach Site. Subsequent steps for
the surface/shallow subsurface investigation will be to conduct both a geophysical survey and an

in situ radiological survey of the Gnome-Coach areas of concern (AOC), which may include: drill
pads associated with numerous well locations, the contaminated waste dump, salvage yard, old and
new laundry/lab, warehouse area, equipment storage area, waste tank/evaporation pond,
decontamination pad, surface ground zero, and the shaft area. The results of the geophysical
investigation and radiological survey, coupled with historical data, will be used to identify and/or
further delineate potential areas of contamination within each of these AOCs.

As determined by the radiological survey, geophysical investigation, historical data, and the
radiological screening evaluation, additional datawill be collected at each AOC where data gaps have
been identified to adequately characterize the AOC. Background conditions will be established by
utilizing existing data for the Gnome-Coach Site and surrounding area, as well as collecting soil
samples at nonimpacted areas near the site to fill data gaps. Vegetation samples will be collected and
analyzed to support arisk assessment.
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The subsurface at the Ghome-Coach Site has two contaminant sources (Gnome cavity and drifts and
tracer test) that are fundamentally different in terms of both their stratigraphic location and release
mechanism. For thisreason, the strategy to address each is different and they are discussed separately
in Section 5.0. In genera, the subsurface strategy will focus on locating and evaluating all existing
data for boreholes, geology, and hydrology; use previous modeling data; collect additional data, if
necessary; and determineif the existing subsurface intrusion restrictions and compliance boundary

need to be adjusted with consideration of uncertainty.

1.3 Investigation Work Plan Contents

This document provides a detailed description of past and present site conditions, a description of the
DQO process results, and a description of the methods and procedures to be used for investigation
activities. Thiswork plan has been organized as follows:

e Section 1.0 - Introduction

» Section 2.0 - Facility Description

» Section 3.0 - Data Quality Objectives

e Section 4.0 - Surface and Shallow Subsurface Work Plan
» Section 5.0 - Subsurface Work Plan

e Section 6.0 - Schedule

e Section 7.0 - References

Previous radiological monitoring and sampling results are described in Appendix A, a Quality
Assurance Project Plan (QAPP) is provided in Appendix B, aRadiological Screening Evaluation is
provided in Appendix C, and Appendix D contains the Vegetation Sampling and Analysis Plan.
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2.0 Facility Description

2.1  Physical Setting

This section describes the location of the Ghome-Coach Site, land status, and environmental setting
which includes topography, vegetation, climate, and surface water.

2.1.1 Land Status

The Gnome-Coach Site is located approximately 25 miles southeast of Carlsbad, Eddy County, New
Mexico. The Gnome-Coach Site was withdrawn from U.S. Department of Interior, Bureau of Land
Management (BLM) by Public Land Order 2526 issued on October 26, 1961, and is still assigned to
the DOE. The land withdrawal encompasses 640 acres in Section 34, Township 23 South, Range 30
East (Gnome-Coach Facility Area), and approximately 40 acresin the NW1/4 of the NW1/4 of
Section 10 in Township 23 South, Range 30 East (Gnome Control Point Area), New Mexico,
Principle Meridian (Areas A and B on Figure 2-1) (AEC, 1962). Section 34 includes nearly all of the
surface AOCs as well as the Gnome-Coach underground workings (e.g., ground zero, the main shaft,
and the entire drift complex) (DOE/NV, 1978). Severa drill pads associated with Project Gnome
exist outside of the land withdrawal boundaries. The principal land use in the area of the
Gnome-Coach Site is open-range (e.g., livestock grazing). No areas within the Gnome-Coach Site
constitute prime agricultural land (LTSP, 1972). In addition to the land withdrawal, Rights-of-Way
for access roads, power lines, seismic cables, sites for radio relay towers and test wells were acquired
by Land Use Agreements (AEC, 1962). Although land withdrawal is still assigned to DOE, in

June 1969, these Land Use Agreements were released (AEC, 1969).

Currently there are restrictions on subsurface intrusion (i.e., drilling, excavation) from the surface to
1,500 ft total vertical depth within the entire Section 34, Township 23 South, Range 30 East
(DOE/NV, 1978).

2.1.2 Environmental Setting

The Gnome-Coach Site is situated within the Delaware Basin on the Mescal ero pediment of the
Pecos River. The approximate elevation of the Gnome-Coach Site is 3,406 ft above mean sealevel.
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Karst topography is common in the surrounding area with immature drainage courses characterizing
the land surface and generally leading to local depressions. Caliche, windblown sand, alluvium, and
playa lake deposits of Quaternary age comprise most of the surficial geology immediately
surrounding the Gnome-Coach Site. Topographic relief of the project areais characterized by gently
rolling plains, stabilized dunes, and deflation basins (DOE/NV, 1993b). The land surface slopes
northeastward |ess than one-half degree. Sand dunes up to 20 ft high with a maximum length of

300 ft and awidth of 50 ft are present at or near the site. Figure 2-2 isatopographic map of the area
surrounding the Gnome-Coach Site.

Climate in the Gnome-Coach area is semiarid with a mean annual precipitation of 12.3 inches (in.).
Long-term monitoring shows arange of lessthan 3 in. to over 30 in. of precipitation annually. The
rainy season, May through October, accounts for about 70 percent of the annual precipitation.
Typical temperature fluctuations occur in the area, ranging from -24 degrees Fahrenheit (°F) in
January to 107°F in July and August. Extreme diurnal temperature fluctuations are common, often
exceeding 40°F (DRI, 1988). Winds are generally out of the southeast and average around

8 miles/hour.

Vegetation within Section 34 can be divided into three community types. Plains Grassland
(Oak-Grass Series), Semidesert Grassland (Black Grama Series), and Chihuahuan Desertscrub
(DOE/NV, 1993b). Vegetation at the Gnome-Coach Siteis sparse, mostly hardy range grasses
(grama and dropseed) with mesquite, yucca, and shinnery oak.

2.1.3 Geology and Hydrology

The geology described for the Gnome-Coach Site refers to the square mile of Section 34. The land
surfaceis covered with approximately 45 ft of alluvial and windblown sand and caliche of Quaternary
age. The alluvium is underlain by thousands of feet of sedimentary rocks ranging in age from
Ordovician to recent. The formations present in Section 34 are, in descending order, the Gatuna
Formation of Quaternary age, the Dewey Lake Redbeds, and the Rustler and Salado Formations of
Late Permian age. Beneath the Salado are thousands of feet of Paleozoic rocks (Gard, 1968). A
detailed discussion of the geology and hydrology, as they relate to the subsurface investigation, is
presented in Section 5.0. These underlying strata dip gently east and southeast, resulting in older
rocks cropping out in the west with progressively younger rocks to the east. Although, most of these
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formations crop out in areas nearby, they are concealed by alluvium in the Ghome-Coach area
(Gard, 1968).

The aluvia deposits at the site have been assigned to the Kermit-Berino soil map unit. The Kermit
Series soilsin association with Berino Series soils produce the Kermit-Berino fine sands, whichisthe
only soil map unit within and immediately surrounding the Gnome-Coach Site boundary (USDA,
1971). Kermit-Berino fine sands consist of noncal careous, yellowish-red sandy soilsto a depth of
about 5 ft. The Berino Series at depth consists of sandy clay loam with clay loam (soft caliche)
typically forming at the base of soil layers. The loose, sandy soils are easily eroded by wind and
water. Calicheisknown to form calcareous zones in soil and near-surface deposits. It rangesin
composition from dense to thinly-banded and contains sand grains and rock fragments. Where it has
long been exposed at the surface, it is commonly very hard and resistant; however, where it has
remained covered, it may be soft and friable. The color is primarily white to gray, but may be stained
brown or red. In much of the Ghome-Coach area, caliche forms a cap over older formations of
several ages in the topographically high and less eroded parts of the land surface and is also present
within the eolian sand deposits. The caliche crops out where sand cover has been removed. Drill
holes within the Gnome-Coach area have encountered alayer of friable caliche from about 7 to 10 ft
bgs. Beds of caliche asthick as 3 ft have been encountered above 15 ft bgs (Cooper, 1962a).

Shallow groundwater is not present at the Gnome-Coach Site. Although many of the sedimentary
unitsin the Ghome-Coach area are known to supply water to nearby wells (e.g., Santa Rosa
Sandstone), geologic records from the shaft and USGS test wells constructed on the site show that
either the water-producing unit is not present or, if present, does not yield water (Cooper, 19623;
Cooper and Glanzman, 1971). The only water-producing unit present at the Gnome-Coach Site isthe
Culebra Dolomite Member of the Rustler Formation (see Section 5.1) which islocated approximately
500 ft bgs (USGS, 1962; Cooper and Glanzman, 1971).

2.1.4 Surface Water, Wetlands, and Floodplains

There is no surface water at the Ghome-Coach Site. The Pecos River, a perennia stream, is located
approximately 11 miles west of the project area. To the east of the Pecos River valley isthe Nash
Draw, located approximately 7 miles west of the Gnome-Coach Site. The Nash Draw contains many
karst features including alarge surface depression known as the Laguan Grande de la Sal.
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Surveys were conducted in 1993 for wetlands and floodplain determination. The survey used aerial
photographs, USGS topographic maps (7.5-Minute Los M edranos and Remuda Basin Quadrangles),
and field surveys. The survey showed no wetland sites or floodplain areasin the Ghome-Coach Site

(DOE/NV, 1993h).

2.2  Operational History

Gnome was the first nuclear detonation conducted under the AEC's (predecessor to the DOE)
Plowshare Program and the first detonation conducted within the continental United States outside
the Nevada Test Site (NTS). The Plowshare Program was established by the AEC to provide research
and development directed toward peaceful uses of nuclear explosives. The objectives of the Gnome
test were specifically designed to explore the possibility of converting the energy of a nuclear
explosion to electric power, investigate the production and recovery of radioactive isotopes, collect
data on the characteristics of nuclear detonations within a salt medium, to obtain neutron
Cross-section measurements over awide energy range, and to obtain information useful in the design
of future Plowshare tests (AEC, 1969).

Gnome consisted of detonating a 3-kiloton yield nuclear device on December 10, 1961 (AEC, 1962).
The device was placed in a thickly bedded salt deposit 1,184 ft bgs surface via a 10-ft diameter,
vertical shaft with alateral drift approximately 8 by 10 ft, extending to the northeast about 1,116 ft,
and terminating in abuttonhook configuration (Figure 2-3) (AEC, 1969).

Immediately following detonation the test vented into the drift and up the shaft, having breached the
salt in the vicinity of the line-of-sight neutron-tube hole and having blown a rupture disk out of a
ventilation hole in the blast door. Stemming at the bypass section near the blast door prevented any
ultrahigh-pressure gases or particles from escaping through the vent (Gard, 1968). This allowed the
low pressure release of steam and gaseous fission products onto the surface. For more than 24 hours,
the steam and short-lived radioactive gases vented from the shaft, and were carried in a northwest
direction from the site. Aerial monitoring results indicated that these short-lived radionuclides were
deposited on the ground for approximately 10 miles.

Posttest drill-back activities began on December 11, 1961, and continued through September 1963.
Surface activities consisted of drilling sample recovery holes (e.g., SR-2A and SR-3A), which were



Gnome-Coach SC Work Plan
Section: 2.0

Revision: 1

Date: 01/14/2002

Page 12 of 126

Shaft

E 643,713 N 460,005
- E 644,473
Headframe

Surface
R NP2 | A R T, o RIS
i Tertiary Sandstone Deposits 78 ft
—_—_— ] 3

Dewey Lake (Pierce Canyon) Formation
Red Beds (siltstone and minor sandstone)

Permian Rustler Formation
(anhydrite, minor dolomite,
claystone, and sandstone)

————————————————————————— @95f)---~-~--

1,216 ft Shaft, 10 ft Diameter

Permian Salado Formation (halite {rock salt}
minor anhydrite polyhalite, silt and claystone)

g
3 ‘ TR TR AL G
s . 1,116 ft Drift (Tunnel)
L o i |
&
g /
g | Not to Scale
o
% Source: Modified from AEC, 1969
Figure 2-3

Gnome Shaft and Drift Plan



Gnome-Coach SC Work Plan

Section: 2.0

Revision: 1

Date: 01/14/2002

Page 13 of 126
completed into the test cavity at approximately the 1,079-ft depth. Subsurface activities included
excavation of exploratory drifts and crosscut alcoves, drilling holes into the original tunnel from the
alcoves, and excavating crawl holes into the tunnel. Drill-back activities connected the shaft to the
cavity, allowing it to be entered. It was calculated that the explosion melted 7,054,673 pounds of
rock salt, forming a 960,452-cubic feet cavity (Rawson, et al., 1965). All subsurface exploration
from the shaft to the test cavity was completed by June 1962. Both the surface and subsurface

activities brought contaminated material to the surface, mostly in the form of salt muck.

Construction activities commenced in June 1962 through July 1963 for Project Coach. These
activitiesincluded: rehabilitation of the Gnome shaft and extending its depth to 1,284 ft; constructing
alateral drift southeastward to the Coach ground zero room; and drilling four holes from the ground
surface to the Coach drift. Project Coach was cancelled in late 1963.

In 1963, a hydrologic tracer experiment within the Culebra Dolomite member of the Rustler
Formation was conducted at the Gnome-Coach Site. The experiment involved injecting water spiked
with tritium, 1-131, Sr-90, and Cs-137 into the CulebraDolomite. Well USGS-8 was used to inject
the isotopes into the aquifer system, while samples were taken from Well USGS-4 to determine
breakthrough curves for the different isotopes (Beetem and Angelo, 1964). This experiment resulted
in contamination of both wells and direct contact of radionuclides with the Culebra aquifer
groundwater. Section 5.0 of thiswork plan discusses the tracer test in more detail.

After being on caretaker statusfor approximately five years, the Nevada Operations Office was given
ordersto begin site decommissioning. Subsequently, the Gnome-Coach Site has undergone two
major decontamination/cleanup efforts and one area reconnaissance. Theinitial decontamination
effort was conducted in 1968 and 1969. The areareconnaissance occurred in 1972. The second
decontamination effort was a three-phase operation conducted between the years of 1977 and 1979.
These decontamination and decommissioning (D& D) efforts are further discussed in Section 2.3.1,
Section 2.3.2, Section 2.3.3, and Appendix A.

Appendix A, “Radiological Summary for the Gnome-Coach Site,” describes the on-site radiol ogical
monitoring activities and results for the surface; summarizes the surface and shallow subsurface
radiological sampling conducted during cleanup efforts; and assesses the results and adequacy of this
sampling and monitoring.
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The following sections briefly describe historical aspects (i.e., former operations, cleanup activities)
of each AOC. Figure 2-4 depicts the former operational layout and areas of concern within the
Gnome-Coach Site.

2.2.1 Trailer Park and Control Point

Historical information indicates that the structures and activities within the Trailer Park and Control
Point area were used mainly for instrument and administrative purposes and did not involve handling
hazardous or radioactive material. Subsequently, these areas have been eliminated from additional
characterization (AEC, 1962; LRL, 1961). However, general cleanup activities will be performed at
these areas to remove surface debris (e.g., cables).

2.2.2 Fallout Plume

During the execution of Gnome in 1961, steam and short-lived radioactive gases vented through the
shaft and low level fallout occurred in a northwest direction. Although the potential for surface
radiological contamination outside the land withdrawal boundary of Section 34 may exist, recent
surveys and soil sampling have found remaining contamination extends only a short distance (less
than 600 ft) from the shaft. The 1977-1979 aerial radiological surveys (DOE/NV, 1981), 1994 soil
sample results (EPA, 1994c), and an EEG survey (EEG, 1995) all show the highest concentration of
residual gamma contamination at a small area about 490 ft northwest of the shaft. Small particles
from demolishing the shaft collar during cleanup may aso contribute to isolated contaminated
locations. The fallout track area has not required any type of cleanup effort due to concentrations of
contamination less than previoudly established release criteria.

2.2.3 Gnome-Coach Shaft Area

The shaft provided access to both the Gnome and Coach drifts which led to the respective ground
zerorooms. The shaft is circular in plan, had afinished diameter of 10 ft, and was constructed to a
depth of 1,216 ft below ground surface. The shaft was lined with reinforced concrete from the
surface to a depth of 722 ft bgsinto the Salado Formation (USGS, 1962). The elevation of the shaft
collar was 3,408.7 ft above sealevel. The caliche-stabilized pad was approximately 250 by 300 ft and
held all the housing necessary to operate the mine shaft and hoist, as well as instrument trailers and a
parking area. The ground area surrounding the shaft was used for posttest drilling and recovery
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operationsfor Project Gnome and construction for Project Coach. Radiological contamination of soil
and equipment resulted from both the venting episode immediately following the Gnome test and
posttest operations. Historical documentation indicates a vehicle maintenance and machine shop was
operated within the shaft area. According to historical documents, a concrete-lined grease pit was
located behind a machine shop near the shaft (Holmes and Narver, 1963). It isunknown if thisgrease

pit was actually used and, if so, if any contents remain.

During the 1968-1969 cleanup effort, radiologically contaminated material was disposed down the
shaft and into the Gnome and Coach drifts. After all known contaminated material had been
deposited in the shaft, the remainder of the shaft was backfilled with uncontaminated soil to within
5 ft of the surface. The remaining concrete shaft collar was subsequently demolished using
explosives prior to sealing with a 5-ft thick, permanent concrete plug (Tappan and Lorenz, 1969).
The explosives demolition deposited small contaminated concrete and soil particles on the surface,
which were reportedly excavated and disposed of in the shaft prior to sealing. Historical
documentation indicate that 6,605 gallons of “clean” water was added to the shaft to settle the
disposed muck and that the shaft was filled above the Culebra aquifer with the low-level radioactive
materials and muck.

No subsurface restoration work has been undertaken for the shaft or drifts. A 27-ft diameter circular
concrete pad currently resides on the surface above the shaft’s five-foot concrete plug. Additional
AQOCs near the shaft, which are briefly described below, include the fallout plume and areas
previously occupied by the salt muckpile, the equipment storage yard, and a drum storage area.

2.2.4 Gnome Surface Ground Zero

The Project Gnome surface ground zero area, located about 1,000 ft northeast of the main shaft was
the site of reentry drilling activitiesinto the test cavity aswell as operations involving the posttest
power measurement program. Contamination related to the power measurement programis
discussed in Section 2.2.5. Radiological contamination of the surface ground zero (SGZ) area
occurred as a result of drill-back operations into the test cavity and the durry disposal operations of
contaminated materials during both the 1968-1969 and 1977-1979 cleanup efforts. The site currently
measures approximately 200 by 200 ft and encompasses the ground surface area associated with
several reentry wells (e.g., DD-1, SR-2A, and SR-3A). The 1979 radiological field operation logs



Gnome-Coach SC Work Plan
Section: 2.0

Revision: 1

Date: 01/14/2002

Page 17 of 126

indicate that soil surrounding the casing of reentry well SR-3A was contaminated to a depth of
approximately 8 ft bgs. Approximately 48 cubic yards (yd®) of soil were removed and the excavation
was backfilled with clean soil (REECo, 1979). The same logbook indicates that soil contamination of
this extent was not encountered at reentry well SR-2A. Well DD-1 is open and currently sampled as
part of the Long-Term Hydrologic Monitoring Program (LTHMP). Drilling mud pits may be located
near ground zero from various pretest wells drilled nearby.

2.2.5 Evaporation Pond/Waste Tank

The evaporation pond and liquid waste tank were utilized as part of the power measurement program.
Contaminated water and sludge generated during the power program operation was pumped from
both the waste tank and evaporation pond into the Gnome cavity during the 1968-1969 cleanup. The
evaporation pond was excavated to a depth of 12 ft during the initial cleanup (1968-1969) to remove
contaminated soil underneath the pond liner. Both the contaminated liner and excavated soil were
deposited into the shaft. Radiological field operation logs from April through June 1979 indicate
additional soil excavation was conducted to a depth of 16 ft and approximately 370 yd® of soil were
removed from thisarea as part of the 1977-1979 Phase I1/I11 cleanup operations (REECo, 1979).
None of the operational area structures remain.

2.2.6 Areab57

Area 57 was an areaidentified during the second cleanup as having surface radiological
contamination from known contaminated areas nearby. The area was subjected to sampling and
radiological cleanup during the 1977-1979 restoration effort with approximately 35 yd® of
contaminated soil removed (REECo, 1979). Area57 isalso referred to as NFCS; the acronym has not
been identified.

2.2.7 Salt Muckpile

The salt muckpile, originaly located about 100 ft north-northeast of the shaft, consisted of salt muck
and rock waste from the mining operations during construction of the main shaft and the Gnome and
Coach drifts. The overall dimensions of the muckpile reached 450 by 350 ft and 21 ft thick. Portions
of the salt muckpile had become radiologically contaminated during the posttest drill-back activities.

Between 27,000-30,000 yd® of salt and salt-polluted soil left in place after the 1969 cleanup were later



Gnome-Coach SC Work Plan
Section: 2.0
Revision: 1
Date: 01/14/2002
Page 18 of 126
removed in the 1977-1979 cleanup effort and disposed into the Gnome cavity. Excess
uncontaminated salt that could not fit into the cavity was buried in atrench located in the old

laundry/lab area (see Section 2.2.10).

2.2.8 Storage Areas

The drum storage areawas identified during areview of historical documents. Aerial photographs
and an engineering drawing revealed a site located across the road from the shaft that apparently was
used for storage of drums and possibly electrical cable (LLNL, 1961; Holmes & Narver, 1963).
Approximately 20 to 25 drums are visible in various photographs. Nothing was found in the
historical literature that identified this site or discussed the use or contents of these drums. Based on
process knowledge of historic DOE/AEC operations, these drums probably contained petroleum
products (e.g., oil, grease).

The generator pad was identified during areview of historical documents. Engineering drawings
indicate a generator shelter, generator(s), and aboveground fuel tank(s) existed on this pad for the
duration of Ghome-Coach Site activities (Holmes & Narver, 1961; 1963). It isunclear from the
historical records how many tanks and generators were located on the pad at any one time because of
continuous changes to engineering drawings. Historical records do not indicate the size of the fuel
tank(s) and if there were any fuel spills/releases on the pad.

The equipment storage area, located east-southeast of the shaft, was identified as an area used for
holding tunneling equipment and possibly used as a sandblasting areafor radiologically contaminated
drill pipe (DOE/NV, 1978).

The warehouse area, located north of the old laundry/lab area, was used for storage of miscellaneous
tools and equipment within the building and the outside storage yard. During the 1968-1969 cleanup,
radiologically contaminated tools, equipment, and concrete pieces were removed from the building;
additionally, a dump truck, mine cars, a hoist muck bucket, a hoist man cage, and soil were removed
from the storage yard and disposed of in the shaft. A buria pit/trench with scrap metal was
uncovered during the 1977-1979 cleanup; however, these materials were not radiologically
contaminated.
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2.2.9 Decontamination Pad

A decontamination pad was used for the decontamination of equipment and facilities associated with
Gnome-Coach Site during posttest activities (DOE/NV, 1978). Decontamination techniquesincluded
high-pressure detergent washing, vacuuming, and the use of solvents (AEC, 1962).

2.2.10 Laundry/Lab Facilities

The old laundry/lab facility was used to decontaminate personnel anticontamination clothing and
used as on-site analytical laboratory during the drill-back activities (DOE/NV, 1978; AEC, 1962).
Sections of the area were also radiologically contaminated by material spilled from trucks which
hauled contaminated waste during the 1968-1969 cleanup. Based on knowledge of laundry and
laboratory processes at the time of Project Ghome, relatively small amounts of solvents may have
been used at thisfacility. In addition to cleanup activities at this facility during the 1977-1979
restoration effort, atrench was excavated in the same area as the old laundry/lab facility for the burial
of uncontaminated salt that was leftover after disposal operations. The trench measured
approximately 380 x 95 x 12 ft, covering the entire areal extent of the old laundry/lab facility. A 4-ft
thick salt layer was deposited in this trench, then saturated with water to compact the salt and
minimize the bulking factor. A thin (4-in.) layer of crushed concrete was then deposited on the salt,
followed by the placement of alayer of vinyl. The trench was then backfilled with approximately 6 ft
of clean soil and the arearecontoured. It isreasonable to assume that any remaining contaminated
soil was removed during the excavation due to the areal coverage and depth of this trench.

The new laundry/lab facility was built to provide a more centralized location for laundry and
radiochemical laboratory activities. The principal radiologica contamination of this facility was
found in the subsurface at the sump area (DOE/NV, 1978). During the 1977-1979 Phase | cleanup,
one trench was dug across the new laundry/lab sump area to determine the area encompassed by the
sump (DOE/NV, 1978). After initial Phase I1/111 soil samples (dated April 21, 1979) indicated high
concentrations of Cs-137 in the sump area, two trenches were dug to an average depth of 6 ft to
determine the extent of contamination and remove soil for disposal. According to radiological field
operation logs, one trench (3 ft x 20 ft x 6 ft) was located on the southern edge of the cement pad and
the second trench (12 ft x 20 ft x 6 ft) was located afew feet northeast of the cement pad.
Approximately 68 yd® of contaminated soil were removed from these two trenches before soil sample
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results were less than 20 picocuries per gram (pCi/g) (REECo, 1979). Documentation was not
located to verify the purpose of the sump; however, based on process knowledge of laundry and

laboratory processes, effluent most likely drained from the facility to the sump.

2.2.11 Contaminated Waste Dump

The area known historically as the contaminated waste dump (CWD) was originally used as a caliche
borrow pit during construction of the Gnome Site. Documentation indicates that the CWD was | ater
used for the burial of contaminated soil and debris (e.g., metal, wood, salt muck) from post-Gnome
activities through the Project Coach abandonment. The CWD was arectangular area originally
measuring 500 by 300 ft. During the 1968-1969 cleanup, the CWD site was trenched using a backhoe
to determine the exact location of unknown quantities of radioactive materials. Four separate
disposal pits were uncovered within the CWD site during this trenching operation. Metal and large
debris were sifted from the soil and salt muck at the site and segregated to facilitate disposal
operations. All contaminated material, including soil and salt muck measuring greater than the
established release criteria, was removed and disposed of into the Gnome shaft and Coach drift
(Tappan and Lorenz, 1969). After it was determined that all contaminated materials had been
removed from the CWD site, the excavated trenches were back-filled and mounded with
uncontaminated soil.

During the 1977-1979 cleanup, the CWD site again underwent decontamination. The effort consisted
of the site being scraped to a depth of approximately 6 in. and/or trenched to locate contamination at
depth. Radiological field operation logs from April through June 1979 provide details on the
locations of excavations and soil removal during Phase 11/111 (REECo, 1979). The contaminated soil
was first transported and deposited on the salt muckpile, then disposed into the cavity by means of a
water injection system through Well DD-1 (DOE/NV, 1981). All excavations were backfilled and
the area recontoured.

2.2.12 Salvage Yard

The salvage yard may have initially been used as a caliche borrow pit, but was later used to store
salvaged materia during Gnome-Coach Site operations. Radiologically contaminated fiberglass was
located and removed during a reconnaissance of thisareain 1972. The area underwent two separate
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metal detection surveys and trenching activities during the first phase of the 1977-1979
decontamination cleanup. Numerous pieces of metal and crushed metal drums were located at
various depths within the salvage yard. Documentation indicates that no radiation levels above
background were detected on these items (DOE/NV, 1978). One area, identified as a burn pit, was
uncovered within the salvage yard as having elevated radiological readings (DOE/NV, 1978). The
material in the burn pit was subsequently excavated and disposed during the 1977-1979 cleanup. A

potential mud pit associated with the LRL-2 drill pad may be located in this area.

2.2.13 Drill Hole Pads

Various drill pads surrounding the site and within Section 34 are till easily identified on the ground
surface with the aid of aerial photographs due to the lighter colored caliche used to stabilize the pad.
All of the pads were constructed for drill holes (e.g., instrument holes) that supported either the
Gnome or Coach experiment. These drill holes are shown in Figure 2-5 with relevant data regarding
drill date, casing record, plugging history, etc. listed in Table 2-1. In generdl, if thedrill date is after
December 10, 1961, then the well is considered a posttest well; however, the “Well Use” column
contains information on whether or not the hole was used for reentry operations and/or contaminated
material disposal that would have potentially contaminated the area and/or mud pit with
radionuclides. Section 4.0 summarizes which drill pads will be investigated for potential radiological
contamination. Historically, none of the pads were subjected to previous cleanup efforts unless
directly involved with known radiologically contaminated areas such as reentry holes or disposal
operational areas. Selected drill pad locations, described in Section 4.0, will be subjected to a
geophysical investigation to determine if amud pit exists and, if so, will be sampled for chemical
constituents associated with mud pits.

A recent, more rigorous review of historical documentation has identified at |east three suspected
mud pits at the Gnome-Coach Site; however, exact locations in relation to the drill holes are not
available. One pit was described in ageologic report where*“...acircular crack 30 to 40 ft in diameter
and ranging in width from a hairline to one-quarter inch that was observed after the Gnome test, about
25 feet south of USGS-1 well. This crack appears to have formed over the perimeter of the filled-in
mud pit used when the well was drilled” (USGS, 1962). A second pit was identified in a photo titled
Figure 30, “Drilling LRL hole No. 1,” from the Project Manager’s Report (AEC, 1962). An
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Table 2-1
Drill Hole Data History

(Page 1 of 4)

. Casin Pluggin . . .
Well Name | Drill Date | Depth (ft) 9 1991ng Elevation Status Well Use Easting Northing
Record History
AEC-1 09/18/1958 | 1,501 6 1/4 in. hole to 1501 ft N/A 3,407 Plugged SGheaof'[Ogica' exploratory hole-main - | 13715 459461
g 12 3/4 in. outer diameter Plugged to surface prior to Hole used for underground high
AEC-2 02/07/1959 1,200 casing set at 728 ft Gnome event 3,400 Plugged explosive experiment 644031 459750
Hole cemented surface to Hole drilled to emplacement room
Coach #1 N/A 1,741 Conductor only total depth 3,444 Plugged for Coach test 644463 458062
Hole specifically drilled for the
purpose of downhole disposal of
DD-1 07/23/1979 1,137 Unknown Unknown 3,400 LTHMP well | contaminated soil and salt muck 644473 460005
from surface; no drilling details
have been located
LRL-1 100001961 | 1,177 9-5/8 in. to 734 ft Sﬁg‘zze" and/or stemmed (0 | 5 55 Plugged Instrument hole 644597 460075
LRL-2 10/00/1961 | 1,199 7in. to 748 ft Sﬁg‘zge" and/or stemmed 1o | 5 39, Plugged Instrument hole 644732 460446
LRL-3 10/00/1961 | 600 Conductor only gj’f‘;‘zg‘e" and/or stemmed 10 | 5 397 Plugged Instrument hole 644507 459970
20-in. to 50 ft Plugged and sealed during
LRL-6 N/A 1,021 11-3/4 in. to 780 ft cleanup effort of 1968-69 3,442 Plugged Test hole 644428 458096
Hole plugged during/after
1968-69 cleanup; bridge plug Hole entered Coach drift, was used
set at 760 ft and plugged with for disposal of contaminated
LRL-7 N/A 1,320 Original casing to 788 ft cement to surface; 3,443 LTHMP well | material and reused in 1979 slurry | 644413 457901
hole re-entered during D&D operations; originally drilled for
effort of 1979; was left open Coach test hole
as monitoring well
Plugaed during cleanun effort Hole entered Coach drift, used for
LRL-8 N/A 1,284 11-3/4 in. to 758 ft 99 9 P 3,413 Plugged disposal of contaminated material | 643913 459161
of 1968-69 ;
during 1968-69 cleanup
. Cemented surface to total Hole also known as Sandia
Sandia #1 02/09/1959 790 Unknown depth on 02/13/1959 3,400 Plugged Instrument Hole 645435 462671
Sandia #2 10/00/1961 | 1,050 13-3/81n. to 730 ft Cemented and/or stemmed {0 | 5 597 Plugged | nstrument hole. Detailed record | g4,45, 459977
surface not available




Gnome-Coach SC Work Plan
Section: 2.0

Revision: 1

Date: 01/14/2002

Page 24 of 126

Table 2-1
Drill Hole Data History
(Page 2 of 4)

. Casin Pluggin . . .
Well Name | Drill Date | Depth (ft) 9 1991ng Elevation Status Well Use Easting Northing
Record History

Sandia #3 100011961 | 1,217 9-5/8 in. to 765 ft Plugged during cleanup effort | 5 Plugged Instrument hole. Detailed record | /3554 458943
of 1968-69 not available
Cemented to surface following Sample recovery hole, detailed

SR-1 N/A 1,209 Unknown Gnome event 3,396 Plugged record not available 644474 460010
Cemented surface to total
depth; weak grout placed in
casing pre-shot; post-shot Original Gnome re-entry hole but

SR-2 N/A 1200 13-3/8 in. to 750 ft re-entry drilling was not 3396 Plugged terminated because of separated 644454 460033
completed down to cavity due casing
to severe casing damage at
600 ft
thz?r?ﬁ d gf;l(t))rrt‘to ﬁgegfz ain Re-entry well after detonation;

SR-2A 12/21/1962 1137 Original casing to 843 ft p etiort, plugged ag 3397 Plugged reopened during 1979 D&D effort | 644454 460010
after use in 1979 cleanup; no -

. ) for downhole disposal

details available
Cemented surface to total
depth; weak grout placed in
casing pre-shot; post-shot Original re-entry hole but

SR-3 N/A 750 5-1/2 in. to 750 ft re-entry drilling was not 3395 Plugged terminated because of separated 644502 460000
completed down to cavity due casing
to severe casing damage at
600 ft
Plugged prior to 1968-69

) - cleanup effort; plugged again . )

SR-3A 12/21/1962 1125 Originally cased to 756 ft after use in 1979 cleanup; no 3398 Plugged Re-entry well after detonation 644484 460001
details available

SRI-1 10/00/1961 | 1,155 7-in. t0 754 ft Plugged prior to 1968-69 3,357 Plugged Instrument hole 644062 462568
cleanup effort
Plugged during 1968-69

SRI-10 N/A 1,219 11-3/4 in. to 760 ft cleanup effort; no other details | 3,416 Plugged Test hole drilled for Coach test 642888 458411
available

) Plugged prior to 1968-69

SRI-2 10/00/1961 1,117 7-in. to 733 ft cleanup effort 3,318 Plugged Instrument hole 644729 465236

SRI-3 10/00/1961 | 1,017 7-in. t0 630 ft Plugged prior to 1968-69 3,217 Plugged Instrument hole 645742 470443
cleanup effort
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. Casin Pluggin . . .
Well Name | Drill Date | Depth (ft) 9 1991ng Elevation Status Well Use Easting Northing
Record History

SRI-4 10/00/1961 | 1,106 7-in. 10 730 ft Plugged prior to 1968-69 3,305 Plugged Instrument hole 655234 489176
cleanup effort

SRI-5 N/A 2,356 11-3/4 in. to 796 ft Plugged during 1968-69 3,443 Plugged Test hole drilled for Coach test 645588 458021
cleanup effort

SRI-6 N/A 1,256 11-3/4 in. to 789 ft Plugged during 1968-69 3,55 Plugged Test hole drilled for Coach test 646098 458026
cleanup effort

SRI-7 N/A 1,902 11-3/4 in. to 811 ft Plugged during 1968-69 3,464 Plugged Test hole drilled for Coach test 645308 457336
cleanup effort
Plugged during 1968-69

SRI-8 N/A 1,275 11-3/4 in. to 825 ft cleanup effort; no other details | 3,474 Plugged Test hole drilled for Coach test 645668 457051
available
Plugged during 1968-69

SRI-9 N/A 2,339 11-3/4 in. to 771 ft cleanup effort; no other details | 3,437 Plugged Test hole drilled for Coach test 643348 458301
available
567-722 ft = plugged with

USGS-1 08/00/1960 | 728 Cased to 577 ft cement, perforated the casing | 3 45, LTHMP well | Testhole; left open for LTHMP and | 435, 4 458368
opposite the aquifer (518-550 currently used as livestock well
ft)
Plugged during the 1969
decommissioning and

- decontamination effort;

USGS-2 09/00/1960 607 Originally cased to 605 ft slotted the casing opposite 3,403 Plugged Test hole 636029 451913
the water bearing formation at
452-582 ft below land surface

Originally drilled as test hole for
3 Casing to the top of the 518 ft to 512 ft = plugged with observing water levels during
USGS-4 12/05/1961 518 dolomite (478 ft) cement 3,413 LTHMP well Gnome test: later used in 1963 641337 459755
tracer test
Plugged and abandoned
Originally cased to total during the 1969 cleanup
USGS-5 12/04/1961 696 ginally effort; water encountered at 3,438 Plugged Test hole 640537 459995
depth

417 ft-Magenta, 500
ft-Culebra, and 685 ft
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. Casin Pluggin . . .
Well Name | Drill Date | Depth (ft) 9 1991ng Elevation Status Well Use Easting Northing
Record History
567-1,489 ft = plugged with
cement; later plugged to Drilled posttest for gamma-ray
y - surface during 1969 cleanup logging of geologic formations

USGS-6 02/15/1962 1489 Originally cased to 631 ft effort; perforated the casing 3,400 Plugged following Gnome test: did not 644577 459883
opposite the aquifer at intercept cavity or drifts
498-532 ft
563-1,507 ft = Plugged with
cement; later plugged to
surface during 1969 cleanup Drilled posttest for gamma-ray

USGS-7 03/30/1962 | 1507 Originally cased to 678 ft | Sfort: perforated the casing | 5 ), Plugged logging of geologic formations 644808 459643
opposite the aquifer at following Gnome test; did not
514-545 ft; additional intercept cavity or drifts
perforated casing between
445 ft and 553 ft
495-722 ft = Plugged with

USGS-8 01/00/1963 | 722 Cased to 463 ft cement, hole is uncased 3,410 LTHMP well | Well used in 1963 tracer test 641463 459755
opposite the aquifer at
460-494 ft

Notes: Dates designated with “00” for the day had no specific drill date available. Sources of data: AEC, 1962,1969; Cooper, 1961, 1962b, 1963; DOE/NV, 1981; USGS, 1962;

Hughes, 2000.
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excavated pit adjacent to the drill rig can be detected in this photo figure. It is assumed this pit was
used as amud pit for drilling operations. Based on photo interpretation, the depth of the mud pit
appearsto be 5 ft at aminimum. The third pit was identified in a historic newspaper photo about
Project Gnomein the Carlsbad Current Argus (8-27-1958). The photo depicts a suspected mud pit
adjacent to AEC hole No. 1.

A complication to identifying the suspected mud pit at the USGS-1 well is awater storage pit built
south of the well and used for clean water storage during the 1979 slurry operation. The dimensions
of the water pit were approximately 75 x 100 x 6 ft (capacity of 45,000 cubic feet), which essentially
coversthearea extent of the disturbed areain the assumed location of the mud pit. The water storage
pit was lined with 20-mil polyvinyl chloride (PVC), which was reportedly left in place

(DOE/NV, 1979). Thisinformation is consistent with current conditions at the site where large
pieces of plastic were observed at and near the surface.

2.2.13.1 LRL-7 and LRL-8 Drill Pads

The LRL-7 hole was originally drilled as a cable hole into the Coach drift for the Project Coach
experiment (DOE/NV, 1979). The well was subsequently used to durry contaminated salt/soil into
the Gnome cavity during the 1969 cleanup (DOE/NV, 1979). Hole LRL-7 was reopened during the
1977-1979 cleanup effort to support the slurry operations into the Gnome cavity. The support
consisted of linking the Gnome cavity wells (SR-2A and DD-1) to LRL-7 with awater line and pump,
which allowed contaminated water to recirculate between the two areas during the dlurrying process
(DOE/NV, 1979 and 1981). The well was |eft open at the completion of cleanup effortsand is
sampled annually as part of the LTHMP.

Hole LRL-8, drilled for Project Coach and located about 300 ft southeast of the main shaft, was used
for downhole disposal of contaminated slurried salt/soil during both cleanup efforts. An engineering
drawing (Fenix & Scisson, 1969) shows LRL -8 extending into the Coach drift where contaminated
soil is depicted within the drift. The historical literature states that L RL-8 was open during the
1977-1979 cleanup, but no details were found to show if the hole was redrilled or left open during
1969 effort. Analytical results from the 1979 sampling programs under the heading “ Study 32" have
been identified as the area surrounding the LRL -8 hole based on location coordinates. Hole LRL-8
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was reported as being plugged and abandoned during the 1977-1979 cleanup operations
(DOE/NV, 1979).

2.2.13.2 Dirill Pad for Monitoring Wells USGS-4 and USGS-8

In 1963, the USGS conducted a hydrologic tracer test in which Cs-137, tritium, [-131 and Sr-90 were
injected into the Culebra aquifer at Well USGS-8 and pumped to Well USGS-4. Thisfluid purged
from Well USGS-4 was reinjected in USGS-8. The soil surrounding the wells may have become
contaminated from minor fluid spills during the reinjection phase of the tracer test. Radiological field
operation logs from 1979 indicate that limited volumes (about 7 yd®) of contaminated soil were
removed from this area (REECo, 1979). A potential for amud pit at this drill pad has been identified
based on historical documents. Both of these wells are sampled annually by EPA as part of the
LTHMP.

2.3 Site Restoration Activities

The Gnome-Coach Site underwent two major decontamination cleanup efforts and one area
reconnaissance. These are described briefly in the following subsections. Appendix A summarizes
and discusses the radiological survey and analytical results of these cleanup efforts.

2.3.1 Initial Cleanup in 1968/1969

Theinitia site cleanup and restoration activities were conducted between 1968 and 1969. The
cleanup was undertaken following guidelines that specified removal of all contaminated material
above 0.1 milliRoentgen per hour (mR/hr) beta plus gamma as measured by a 30-milligram per
square centimeter (mg/cm?), open-shield (1.7 mg/cm?) Geiger Mueller portable survey instrument
(Tappan and Lorenz, 1969). Cleanup activities were conducted at numerous locations within Gnome
operational areas and included:

» Dismantling the metal liquid waste tank near ground zero after removing radioactive sludge
from the bottom. The tank was then disposed of down the shaft. The sludge was placed in
twenty-four 55-gallon drums and placed down the shaft.

»  Pumping the liquid from the evaporation pond near ground zero into the Gnome cavity and
disposing of the pit liner, which consisted of tar and asphalt covered plastic, down the shaft.
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The perimeter sludge was bulldozed and dumped into the shaft when monitoring reveaed
radioactive contamination.

» Excavating the contaminated waste dump to determine extent of buried radioactive material,
then segregating the metal and other large items from soil and salt to facilitate disposal
operations. The contaminated materials were either dumped into the shaft or slurried and
placed in drill holesleading to the drift and cavity. All excavated areas were backfilled,
recontoured, and monitored for radioactive contamination.

 Characterizing the salt muckpile. The muckpile consisted of approximately 27,000 yd® of
salt, soil, and muck with thin lenses of radiological contamination at various depths. The salt
muckpile was left in place.

« Disposal of all other contaminated salt/soil (approximately 4,800 yd®) and contaminated metal
and scrap materials on the site by lowering into and releasing in the shaft.

» Decontaminating all radiologically contaminated, salvageable equipment before transporting
it off site aswell asremoval of all uncontaminated project-related surface buildings, facilities
and equipment. Perform general housekeeping type activities across entire site.

* Plugging all AEC wells and drill holes and the capping and padlocking of all USGS wells
retained for groundwater monitoring (i.e.,, USGS-1, USGS-4, USGS-8).

2.3.2 1972 Area Reconnaissance

In 1972, a site reconnaissance and survey was conducted with the express purpose of verifying
reported observations that the muckpile was eroding away and its exact condition was not known. A
site inspection was conducted in April 1972 to primarily sample the surface of the eroding muckpile;
however, during thisvisit, additional areas were surveyed and found to have radiologically elevated
readings from 5 millirad per hour (mrad/hr) up to 45 mrad/hr on fiberglass at the salvage yard
(REECo, 1973). Additionally, small quantities of unexploded dynamite and blasting caps were found
to have weathered to the surface of the muckpile, and were subsequently collected and disposed of by
burning on site.

It was concluded from this 1972 reconnai ssance that a more extensive survey with additional
sampling was necessary to reevaluate the Gnome-Coach Site (REECo, 1973). During a period
between 1973 to 1977, additional surveys were made to reassess public safety and environmental
conditions on and near the Gnome Area (DRI, 1988). These additional surveysled to theinitiation of
work on the second D& D effort of the Project Gnome Site in July of 1977.
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2.3.3 Second Cleanup in 1977 to 1979

Between the years of 1977 to 1979, the second cleanup effort was undertaken following guidelines
that specified decontamination to levels below 2 x 10° microcuries per gram (uCi/g) (20 pCi/g) for
beta-gamma emitters in soil averaged over 0.25 hectare (ha) and 30,000 picocuries per milliliter
(pCi/mL) of tritium in soil moisture (DOE/NV, 1981). Appendix A provides additional detail of the
activities completed during this cleanup effort and an evaluation of the radiological datathat will be
used as aguide for characterization efforts during this investigation.

The cleanup effort was conducted in a three-phase approach, with the following general objectives:

* August 1977 to September 1978

- Phasel - Conducted aerial and ground radiological surveys, established radiological
decontamination criteria, and devel oped an operational plan for D& D activities based upon
the results of the surveys.

* March 1979 to September 1979
- Phasell - Cleaned out existing wells and made other preparations for the D& D work.

- Phaselll - Executed the operational plan for the cleanup and disposal of contaminated
materials in accordance with the approved decontamination criteria.

The Phase | radiological survey resultsindicated Cs-137 is the primary beta-gammaemitter. The
decontamination criteriawere applied asif all gamma contamination was Cs-137 (DOE/NV, 1981).
The only other beta-emitting contamination detected in significant quantities was tritium with only
trace quantities of Sr-90. The cleanup and restoration activities completed in 1979 included:

» Preparing the site for disposal of contaminated salt and soil into the Gnome cavity and the
drift complex. Thisincluded rehabilitation and installation of a pump at Well USGS 1 for an
operational water supply and the excavation of awater storage reservoir; clean out and
opening of the Gnome reentry holes SR-2A and LRL-7; establishment of a decontamination
holding area and a clean holding area; fabrication and installation of atritium effluent filter
system at LRL-7; installation of a crushing plant with slurry and mud tanks on the north side
of the salt muckpile; and drilling a new hole, DD-1, into the cavity for the downhol e disposal
system operation (DOE/NV, 1981).
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Scraping and excavating contaminated soil and salt in operational areas identified by the
Phase | surveys, and depositing at the salt muckpile for eventual disposal into the cavity and

drifts through the reopened holes SR-2A, LRL-7, and DD-1 until capacity was reached.

Removal of all excess nonradiological scrap metal and material located on the site by
packaging into drums and wooden boxes and transporting to the NTS for disposal.

Burial of approximately 6,000 yd® of clean salt from the salt muckpile in atrench located on
site near the old laundry/lab area. The clean salt was covered with a thin layer of crushed
concrete and vinyl, and the trench filled with 6 ft of clean soil.

Removal of miscellaneous concrete pads located throughout the site and recontouring all
surface areas disturbed during the contaminated soil and salt removal operations (when
necessary, fill was taken from clean areas on the Gnome Site).

Plugging al reentry holes (i.e., SR-2A, SR-3A, LRL-8) except LRL-7, USGS-1, and DD-1
which were prepared to remain open as monitoring wells for the LTHMP.

Conducting extensive survey and sampling activities after cleanup operations were compl eted
to verify that soil was below the established radiological release criteria.

Demobilization of all equipment and facilities associated with D& D activities.

Over the duration of the downhole disposal operations, the Gnome cavity was filled to capacity. It
was estimated that approximately 35,750 yd® of contaminated soil and salt had been durried into the
Gnome cavity for disposal. At the end of the operations, contaminated soil, salt, and debris still

remained. It was decided that this excess contaminated material would be packaged and shipped to
the NTSfor disposal as low-level radioactive waste (LLW). A total of 242 drums (73,972 pounds
[bs]) and 14 boxes (50,200 Ibs) were transported to the NTS. The total radiological content of this
material was 2.67 x 107 curies (Ci) (based on Cs-137) (DOE/NV, 1981).

The following structures remained at the site at the completion of the 1977-1979 Gnome-Coach Site

decommissioning and restoration activities:

Open monitoring wells DD-1, LRL-7, USGS-1, USGS-4, and USGS-8 as part of the LTHMP.

A concrete and bronze historical monument with two bronze plates and inscribed wording on
historical and restrictive information.



Gnome-Coach SC Work Plan
Section: 2.0

Revision: 1

Date: 01/14/2002

Page 32 of 126

* The shaft concrete cover, the warehouse pad, and two concrete pads |ocated south of shaft
cover.

» Caliche-stabilized drill pads and roads that were not recontoured to original grade.

There was no restoration effort on any of the subsurface facilities (i.e., cavity, drifts, or tracer test
wells). Limited access to subsurface facilities are through four of the five on-site monitoring wells
sampled in the LTHMP, namely LRL-7, DD-1, USGS-4, and USGS-8. All four wellsare
radiologically contaminated. The fifth well, USGS-1, is not radiologically contaminated and is
currently used as a livestock water supply well for local ranchers (see Section 2.5.3).

24 Current Conditions at the Gnome-Coach Site

A sitevisit was conducted in June 1993 and again in June 2000 by project personnel. The only
notabl e change between the visits was the lack of hydrocarbon staining at Well USGS-1 and the
growth of vegetation. All of the structures listed in the above section remain on site, with the addition
of two water storage tanks and a watering trough associated with ranching activities at the site and an
electric power line terminus and meter at Well USGS-1. Miscellaneous debris mostly in the form of
cables, wood stakes, and small metal pieces remain in many areas but generally do not pose any
hazard. The general locations of former operational areas could be identified by comparing historical
photographs with the area and recognizing changesin vegetation and soil properties. Boundaries of
known backfilled excavations (i.e., CWD) and any existing mud pits are indistinguishable on the
surface because of recontouring after the 1979 cleanup effort. Some salt muck still remains near the
shaft areaand is easily distinguished by the lack of vegetation. General locations of drill holes that
were plugged and abandoned below ground surface can usually be identified by the presence of a
small area of crushed concrete on the surface of the caliche-stabilized drill pad associated with the
hole. These pads are in relatively good condition with minimal vegetation growth compared to
unstabilized or undisturbed areas.

Upon inspection of the drill hole known as SRI-10, which is enclosed by a barbed-wire fence, it
appears the hole may not have been plugged and abandoned as stated in historical documents. The
well head is above ground, capped, and enclosed in a square metal vault.
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2.5 Previous Investigations

This section presents and briefly describes previous investigations of the surface soils, surface
background radiological conditions both at and surrounding the site, and subsurface and groundwater
studies.

2.5.1 Surface Investigations

An account of historical activities and previous investigations of the Gnome-Coach Site are listed on
Table 2-2. After site restoration activities were completed in 1979, two other limited radiological
surveys were conducted at the Gnome-Coach Site (see Appendix A for details). 1n 1988, a
Comprehensive Environmental Response Compensation and Liability Act (CERCLA) evaluation of
the Gnome-Coach Site determined the site to be of low risk (DRI, 1988). The site did not score high
enough to be registered on the National Priority List. 1n 1993, in support of the National
Environmental Policy Act (NEPA) process, DOE conducted a floodplains and wetlands survey,
sensitive species survey, and aClass |11 cultural resources survey to determine potentially sensitive
areas in advance of conducting intrusive investigative work. The potential for adverse impacts
resulting from the proposed investigation at the Gnome-Coach Site to sensitive species, wetlands, or
cultural resourcesislow (DOE/NV, 1993 a, b, ¢).

2.5.2 Radionuclide Background Investigations

A siteradiological background area is defined as an area that has similar physical, chemical,
radiological, and biological characteristics as the site area being investigated, but has not been
contaminated by Site activities. A background area is a nonimpacted area from which representative
background measurements are performed for comparison with measurements performed in impacted
survey units at the site being investigated.

The following radionuclide contaminants have been detected or are likely to be present in the surface
soil at the Gnome-Coach Site: Cs-137, Sr-90, tritium, Americium-241 (Am-241), and plutonium-239
and -240 (Pu-239/240).

Cesium-137 and Sr-90 are present in undisturbed background surface soil as aresult of global fallout
from nuclear weapon tests. Tritium is present in undisturbed background surface soil becauseit is
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Table 2-2
Historical Activities and Previous Investigations

Date

Description of Activity

1958 to 1961

Project Gnome pretest activities were conducted (AEC, 1962).

December 10, 1961

Gnome test (AEC, 1962).

December 1961 to
June 1962

Posttest drill-back activities (drilling sample recovery holes into the cavity, excavation of drifts and crosscut alcoves,
connecting shaft to cavity) were conducted. Activities brought contaminated material (salt muck) to the surface
(AEC, 1969).

June 1962 to July 1963

Construction for Project Coach commenced; included rehabilitation of shaft, construction of drift to Coach ground zero
room, drilling of four holes (AEC, 1969).

1963

USGS conducted tracer test in wells USGS-4 and -8 (Beetem and Angelo, 1964).

September 1963

Project Coach canceled and Gnome-Coach Site placed on “Caretaker Status” (AEC, 1969).

April 1964

Gnome-Coach Site placed on a “Minimal Standby Status” under a caretaker (AEC, 1969).

November 1967

Authorization given to proceed with deactivation and site disposal at Gnome-Coach (AEC, 1969).

1968-1969

Initial site cleanup conducted and included: decommissioning, plug/abandon wells, and restoration activities (Tappan and
Lorenz, 1969). Drilling exclusion boundary is set for all of Section 34, T23S, R30E, to depth of 1,500 ft. All holes plugged
except USGS-1, USGS-4, and USGS-8 (AEC, 1969).

1972 to 1977

Site reconnaissance of Gnome-Coach Site indicated contaminated debris had been exposed through weathering
(REECo, 1973). From 1973 to 1977, surveys were conducted to reassess public safety and environmental conditions on
and near the site.

1972 to Present

EPA conducts annual Long-Term Hydrological Monitoring Program (DOE/NV, 1982; EPA, 1999a).

1977 DOE initiated work on a plan for the second cleanup of the Gnome-Coach Site.
1977-1978 Phase | of site decommissioning was conducted (DOE/NV, 1978).
1979 Phase Il and Ill of site decommissioning conducted; included drilling new Well DD-1 into cavity, reentering LRL-7, LRL-8,
and SR-2A for downhole disposal of contaminated materials (DOE/NV, 1981).
April 1988 A CERCLA preliminary assessment was conducted to determine CERCLA hazard ranking. The Hazard Ranking System
P score was not high enough for the site to be registered on the National Priority List (DRI, 1988).
June 1993 DOE conducted a Class Il Cultural resources survey, a floodplains and wetlands survey, and a sensitive species survey

(DOE/NV, 1993 a, b, c).

1992 to 1995

The EPA and EEG conducted independent survey/sampling projects at Gnome-Coach and detected elevated areas of
radioactivity above background at isolated locations within the site.

May 1998

Preliminary Risk Assessment submitted to the State of New Mexico by the DOE (SNL, 1998).
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created naturally by cosmic ray interactions in the atmosphere, is released as a vapor from nuclear
power plants, and as aresult of the global fallout from nuclear weapon tests. However, itisrarely
detected in soil moisture because the tritium concentration is too low. Plutonium-239/240 and
Am-241 are present in undisturbed background surface soil as aresult of the global fallout from

nuclear weapon tests.

The concentrations of these nuclidesin soil at the Gnome-Coach Site, at the nearby Waste | solation
Pilot Plant (WIPP), in the vicinity of the WIPP site, and at distant offsite background locations are
described below. Background levels will be established based on the data reported in the following
publications:

» U.S. Department of Energy, Nevada Operations Office. 1981. Gnome Ste Decontamination
and Decommissioning Project, Radiation Decontamination Clearance Report,
March 28, 1979 - September 23, 1979, DOE/NV/00410-59. Las Vegas, NV.

* U.S. Department of Energy. 2000. Waste Isolation Pilot Plant 1999 Ste Environmental
Report. DOE/WIPP 00-2225, September 2000. Carlsbad, NM.

» Carlsbad Environmental Monitoring & Research Center. 2000. 1999 Report Carlsbad
Environmental Monitoring and Research Center, February 1, 2000. Carlsbad, NM.

* McArthur, R, and F. Miller. 1989. Offsite Radiation Exposure Review Project Phase Il Soils
Program. Las Vegas, NV: Desert Research Institute.

25.2.1 Radionuclide Concentrations in Soil at the Gnome-Coach Site

A soil sampling program was conducted between 1977 and 1979 during the decommissioning of the
site. Surface soil sampleswere taken from six nonoperational areaslocated along the perimeter of the
Gnome-Coach Site. The samples were collected to a depth of two inches, with all samples analyzed
for Cs-137 and a limited number analyzed for tritium (DOE/NV, 1981).

The Cs-137 concentrations in the background areas at the Ghome-Coach Site ranged from 0.16 to
1.6 pCi/g, with amean value of 0.623 pCi/g. Thetritium concentration in soil moisture samplestaken
from the background areas of the Gnome-Coach Site has abimodal distribution, ranged from

37 pCi/mL to 2,060 pCi/mL, with amean value of 1,061 pCi/mL. Thisisabout 10,000 to 600,000
times greater than that found in undisturbed background locations. These tritium concentrations are
well above naturally occurring levels and may be attributed to both the venting cloud following
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detonation, and also the systematic release of tritium-contaminated gas from the test cavity during
drill-back operations and disposal operations. Historical records indicate that gas was released from
reentry holes SR-2A and SR-3A for several weeks during drill-back operations in 1961-1962;
additionally, gas was again released during the disposal operation in 1979 through SR-2A and DD-1.
These gas releases would account for the presence of higher levels of tritium in areas other than the

fallout plume area.

2.5.2.2 Radionuclide Concentrations in Soil at the WIPP

The DOE and its subcontractors perform radiological environmental monitoring at the WIPP sitein
Carlsbad, NM. Asapart of this environmental monitoring program, soil samples are collected on an
annual basis at the six locations shown in Figure 2-6 (DOE, 2000). In 1999, samples were collected
from each location in three incremental vertical profiles: 0-0.8in.,0.8-2.0in., and 2.0-4.0in.
Gamma spectroscopy, Sr-90, Pu-239/240, and Am-241 analyses were performed. The results of the
top two soil sampleintervals (0-0.8 in. and 0.8-2.0 in.) were averaged to obtain comparable results to
those collected at the Gnome-Coach Site, namely 0.0-2.0 in. surface soil samples.

The Cs-137 concentrations on site at WIPP ranged from 0.026 to 0.315 pCi/g, with a mean value of
0.106 pCi/g. The Sr-90 concentrations on site at WIPP ranged from 0.16 to 0.365 pCi/g, with amean
value of 0.283 pCi/g. The Pu-239/240 concentrations on site at WIPP ranged from 0.002 to

0.038 pCi/g. Theonly detectable Am-241 concentrations were 0.01 and 0.007 pCi/g.

2.5.2.3 Radionuclide Concentrations in Soil in the Vicinity of WIPP

The scientific staff at the Carlsbad Environmental Monitoring & Research Center (CEMRC), a
division of the Waste Management Education and Research Consortium in the College of
Engineering at New Mexico State University, developed and implemented an environmental
monitoring program in the vicinity of the WIPP. Results from this program are accessible to the
public and are utilized here in evaluating background values.

In 1998, soil sampleswere collected by CEMRC staff at two distinct sampling sites (CEMRC, 2000).
Thefirst Siteisreferred to as Near Field which includes the set of sampling locations within the WIPP
site boundary. The second site isreferred to as Cactus Flats which includes the set of sampling
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Figure 2-6
Sampling Locations at WIPP

locations on a parcel of land located approximately ten miles southeast of the WIPP facility

(Figure 2-7). At thesetwo sampling sites, agrid was established with sixteen soil sampling locations.
Three randomly selected sampling spots were located within a 165-ft radius of the sixteen gridded
sampling locations resulting in atotal of 48 samples at each site. At each sampling spot, soil was
collected to a depth of approximately 1 in. The samples were then sent to the CEMRC for gamma
spectroscopy and isotopic plutonium analysis.



Gnome-Coach SC Work Plan
Section: 2.0

Revision: 1

Date: 01/14/2002

Page 38 of 126

8
[

1. WIPP Boundary

L-- Zone 1

Les
County

D1 D2 D3 A Soil samplmg
1 e 4 location
1 C2 C3
By e Aerosol/
P T * .
cr|] o8, 4% D meteorologica
R e sampling station
o7 D6 D5
4 4 — Road
=] h
G N
|
J W E
10 0 10 20 Miles
Source: CEMRC, 2000 5
Figure 2-7

Sampling Locations in the Vicinity of the WIPP

The CERMC purports that the radionuclide concentration in samples taken from Cactus Flats and
Near Field at WIPP imply that significant levels of variability in the radionuclide concentration in soil
at background levels can occur in areas having relatively similar soil texture and the same
climatology (CERMC, 2000). The Cs-137 concentrationsin the Near Field ranged from 0.008 to
0.16 pCi/g, with a mean value of 0.084 pCi/g; in Cactus Flats, Cs-137 ranged from 0.019 to

0.405 pCi/g, with amean value of 0.17 pCi/g. The Pu-239/240 concentrationsin the Near Field
ranged from 0.0004 to 0.005 pCi/g, with amean value of 0.003 pCi/g; in Cactus Flats, Pu-239/240
ranged from 0.0007 to 0.014 pCi/g, with amean value of 0.006 pCi/g. The Am-241 concentrationsin
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the Near Field ranged from 0.0004 to 0.004 pCi/g, with amean value of 0.001 pCi/g; in Cactus Flats,
Am-241 ranged from 0.0006 to 0.0007 pCi/g, with amean value of 0.002 pCi/g.

2.5.2.4 Radionuclide Concentrations in Soil at Distant Locations within New Mexico

In 1982-1987, the DOE collected 1,800 soil samples at more than 100 communities in the western
United States as a part of the DOE Off-Site Radiation Exposure Review Project (ORERP). The
ORERP was designed to estimate the dose from fallout from the nuclear tests conducted at the NTS.
As part of the ORERRP project, 248 surface soil sampleswere taken from 62 undisturbed background
locations in New Mexico. Table 2-3 lists the locations where the surface soil samples were taken
from in New Mexico and the Cs-137 and Pu-239/240 concentration in the soil samples.

A Wilcoxon Rank Sum test was performed to determine if the Cs-137 concentration in the
Gnome-Coach background soil samplesis equal to or greater than the Cs-137 concentration in the
ORERP soil samples taken from undisturbed background locationsin New Mexico. The Wilcoxon
Rank Sum test demonstrate that the Cs-137 concentration in the Gnome-Coach background soil
samplesisequa to the Cs-137 concentration in the ORERP soil samples (Adams, 2000).

A Wilcoxon Rank Sum test was also performed to determine if the Pu-239/240 concentration in
Gnome-Coach characterization samples (listed in Table A.3-5) isequal to or greater than the
Pu-239/240 concentration in the ORERP soil samples (listed in Table 2-2). The Wilcoxon Rank Sum
test demonstrates that the Pu-239/240 concentration in the Gnome-Coach characterization soil
samples are less than the ORERP soil samples (Adams, 2001).

2.5.2.5 Summary of the Background Radionuclide Concentrations in Soil for the
Gnome-Coach Site

A review of historical information on radionuclide concentrations in soil at background locations has
been performed to establish baseline levels for measurements made during site characterization. It
has been shown that Cs-137 concentrations in soil at the boundary of the Gnome-Coach Site are
consistent with global fallout levels seen at other background locations within New Mexico. These
values will be compared with the results from on-site background measurements that will be
performed during the field investigation and also referred to when specifying the needed analytical
sensitivities for the associated radiochemical measurements. Table 2-4 summarizes the range of
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Table 2-3
Sample Results from Distant Locations within New Mexico
Location Cs-137 Conpentration Pu-239/240 ancentration
(pCi/g) (pCi/g)

Albuquerque 0.175 - 1.277% 0.0034 - 0.1899?
Belen 0.427 0.008946
Carlsbad 0.404 -
Chama 1.243 .01682
Cimarron 0.453 0.009032
Cortez 0.401 0.01818
Estancia 0.355 -
Farmington 0.341 - 0.802° 0.007473 - 0.0105%
Gallop 1.095 .01566
Las Cruces 0.252 0.0047
Moriarty 1.326 .01204
Portales 0.394 0.008432
Raton 1.875 0.01685
Roswell 0.526 0.0047
Santa Fe 0.465 - 0.843% 0.007589 - 0.009302°
Silver City 0.391 0.0086
Socorro 0.295 - 0.355% 0.0082
Tocumcari 0.394 0.008432
Geometric Mean 0.52 0.01539

®The listed values represent the range of the maximum concentrations in the surface soil samples taken in the

community.

background radionuclide concentrations that exist at and around the Gnome-Coach Site. This

summary encompasses measurements made at the following background locations: Gnome-Coach
Site, WIPP on site, WIPP vicinity (Near Field and Cactus Flats), and distant locations within

New Mexico.
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Table 2-4

Summary Table for Background Radionuclide Levels

Cs-137 Sr-90 Pu-239/240 Am-241 Tritium
Sampling Event Concentration Concentration Concentration Concentration Concentration

(pCilg) (pCilg) (pCilg) (pCilg) (pCi/mL)
Gnome-Coach Site 0.16-1.61 37-2,060
WIPP On Site 0.053-0.315 0.16-0.365 0.002-0.038 0.001-0.007
\é\i/grdp Vicinity Near 15 508.0.16 0.0004-0.005 0.0004-0.004
WIPP Vicinity
Cactus Flats 0.019-0.405 0.0007-0.014 0.0006-0.007
Distant Locations 0.175-1.277 0.0034-0.1889

“-" Denotes no data collected

Tritium soil moisture concentrations at the boundary of the site are much higher than typical
background concentrations and can be attributed to historical Gnome-Coach Site activities. The DOE
Order 5400.5, “ Radiation Protection of the Public and Environment (1993),” states that guidelinesfor
residual radioactive materia in soil are derived from the basic dose limit by means of environmental
pathway analysis using specific property data where available. Adapting guideline concentrations
without consideration of background is conservative and will result in over estimating any additional
dose to future land users and does not require tritium analysis of any background samples as part of
this site characterization.

2.5.3 Subsurface Investigations

Geologic and hydrologic data were collected in the vicinity of Ghome-Coach in support of the
original Plowsharetest. Thisincluded regional geologic studies (Cooper, 1960; Jones, 1960) and
surface geologic studies (Vine, 1960), regional groundwater studies (Hale and Clebsch, 1958), and
investigations into the chemical, physical, and seismic properties of salt (Robertson et al., 1958;
Byerly et a., 1960). Site-specific investigations include detailed borehole reports (Cooper, 1961;
Moore, 1958) and local groundwater investigations (Cooper, 1962a and b). Much of this work was
later compiled into two comprehensive reports on the Gnome-Coach area geology (Gard, 1968) and
hydrology (Cooper and Glanzman, 1971). Detailed studies of the geology (in the shaft and drifts) and
hydrology at Ghome-Coach, and effects from the test are given by the U.S. Geological Survey
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(1962). Additional testing effects are described by Nathans (1965), Rawson (1963), Rawson et al.,
(1965), and Gard (1963).

The subsequent hydrologic tracer test is described in a series of technical |etters (Beetem and
Angelo, 1964; Bittinger and Beetem, 1964; Cooper, 1963), with the results published by Grove and
Beetem (1971). Aninitial analysis of the subsurface hazard represented by the siteis given by
Gardner and Sigalove (1970). More recently, Desert Research Institute assessed radionuclide
transport from the site (Earman et a., 1996), and performed two eval uations of transport related to the
tracer test (Pohlmann and Andricevic, 1994; Pohll and Pohlmann, 1996).

The site has been monitored under the LTHMP (DOE/NV, 1982) since 1972, with results reported
annually by the EPA (e.g., EPA, 1992; EPA, 1999a). Several nearby stock wells, designated as
Public Health Service (PHS) numbers 6, 8, 9, and 10; public water suppliesin Loving and Carlsbad;
and the Pecos River Pumping Station Well No. 1 are all in the network, as well as Ghome-Coach
WellsUSGS 1, 4, 8, and LRL-7 and DD-1. From 1973 to 1976, an extensive analytical suite was
performed on the groundwater samples and this included Sr-90, U-234, U-235, U-238, Pu-238, and
Pu-239 in addition to tritium. During most years since 1976, only enriched tritium analysis for the
noncontaminated wells was conducted. The only contaminated wells include USGS-4 and -8, used
for aradioactive tracer test, and wells LRL-7 and DD-1, completed in the underground workings and
test cavity. No radioactivity levels above background have been found in the LTHMP Gnome-Coach
wells, with the exception of the contaminated wells noted above.
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3.0 Data Quality Objectives

The DQO process is a strategic planning approach based on the scientific method that is used to
prepare for a site characterization data collection activity (EPA, 1994b). Data Quality Objectives
were used for the Gnome-Coach Site Characterization Work Plan to develop an effective scientific
and resource-efficient data collection design.

The DQOs for the investigation of the Ghome-Coach Site are designed to ensure that data of
sufficient quantity and quality are collected to establish the current site conditions. These datawill be
used to identify and evaluate if further action is required to achieve long-term closure of the site that
is protective of human health and the environment.

3.1 Conceptual Site Model

A site-specific conceptual site model (CSM) for the Ghome-Coach Siteis provided in Figure 3-1.
This model is based on the assumption that land use will continue as open-range with ranchers and
trespassers as the receptors. The CSM illustrates the relationships between the identified potential
sources of contamination, the mechanism(s) for release and migration away from the potential source,
the potentia pathway(s) the contamination would follow once released, the exposure routes that
potential contamination would travel to affect receptors, and the receptors that would be impacted by
the potential contamination.

The Gnome-Coach Project consisted of 18 distinct operational areas, not including approximately
20 drill pads with the potential for associated drilling mud pits. The historical operations of these
AQOCs are previously described in Section 2.2. Additional details are also available in Table 4-1.
Within each of these AOCs, historical and potential sources of contamination in the surface and/or
shallow subsurface are aresult of the operations/rel eases associated with the following:

» Venting of radioactive gases following detonation

» Former operational areas where there may have been releases and/or spills (e.g., waste oil)
» Drillback activities that brought contaminated salt and soil muck to the surface

» Storage areas for radiologically contaminated equipment

* Laundry/laboratory and decontamination operations

» Posttest drilling operations at wells, drill pads, and potential mud pits

» Reinjection phase of the tracer test well water at Wells USGS-4 and -8
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Within the deep subsurface are two distinct sources of contamination, the Gnome-Coach underground
workings (i.e., Ghome cavity, drifts, reentry holes, and shaft) and the tracer test in the Culebra
Dolomite.

As required by the DQO process, a conceptual site model presumes that potential migration of
contamination from these sources (potential and/or known) into the surface/shallow subsurface soils
and deep groundwater system may occur at the site.

Site characterization activities will be conducted until it is determined that sufficient data exists to
support or refute the conceptual model. If, during the planned field investigation, the conceptual
model is proven to beincorrect (i.e., the extent of contamination if greater than predicted), a
contingency would be implemented to adjust the scope of the field investigation. For example, this
contingency may include the modification of the radiological surveys to include areas outside the
original study limitsto fully identify the extent of contamination.

3.1.1 Surface Conceptual Site Model

Potential migration of contamination in surface and shallow subsurface soils may have occurred. The
release mechanisms that would facilitate migration include the following:

» Percolation of precipitation through impacted soil and transport of potential contamination
into shallow subsurface soil

» Contaminated soil transport via erosion, dispersion, and storm water runoff into surrounding
surface soil

» Volatilization of volatile organic compounds (VOCs), semivolatile organic compounds
(SVOCs), or tritium into the atmosphere

»  Surface contaminants entering the atmosphere as fugitive dusts
» Uptake of contaminants by plants from surface and shallow subsurface soils
Potential exposure routes to humans or ecological receptors from contaminants in the surface or

shallow subsurface soils include ingestion, inhalation, dermal contact, or external gamma radiation.
Pathways include the following (with route specified):
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» Contaminant uptake by plants or animals (ingestion)

» Contaminantsin surface soil (ingestion, dermal, external exposure)
» Contaminantsin fugitive dust (inhal ation)

» Contaminant uptakes by humans through beef (ingestion)

It's worth noting the absence of a shallow groundwater pathway for the surface CSM. Although there
isapotential for the migration of contaminantsinto the shallow subsurface soil, shallow groundwater
was not detected at the site (see Section 2.1.3). Therefore, apreferential pathway for contaminants to
reach receptors via shallow groundwater does not exist. Additionally, hydrogeological and
unfavorable climatic conditions (low annual precipitation/high evaporation rates) would prohibit
contaminants in surface and shallow subsurface soils from reaching the groundwater table within the
Culebra Dolomite at 500 ft bgs.

The identified potential sources and rel ease mechanisms for potential contaminant migration
formulate the basis for the design of the characterization work plan. The data collected by this
characterization program will be utilized to determine the extent of contamination and impact to
potential receptors (human health and the environment) through the preparation of a dose/risk
assessment. The dose/risk assessment, if required, will be conducted using the open-range land use
scenario (with rancher and trespasser). A corrective action alternative analysis will be completed
should the dose/risk assessment indicate there is an unacceptable risk to identified potential receptors.
The DQO process for the surface is summarized in Table 3-1.

3.1.2 Subsurface Conceptual Site Model

Nearly all of the contamination at the Gnome-Coach Site is associated with the underground nuclear
test cavity. The Gnome and Coach drifts, shaft, and reentry holes are radiologically contaminated
because of their communication with the Gnome test cavity and the downhole disposal of
radiologically contaminated materials (which were originally mined or drilled out of the cavity)
during the decontamination and cleanup efforts undertaken in 1968-1969 and 1977-1979. A tracer
test performed by the USGS in 1963 |eft residual radioactive tracers (i.e., tritium, 1-131, Sr-90, and
Cs-137) in the Culebra Dolomite at and between the tracer test wells, USGS-4 and USGS-8.



Summary of Data Quality Objectives for the Surface

Table 3-1

Gnome-Coach SC Work Plan
Section: 3.0

Revision: 1

Date: 01/14/2002

Page 47 of 126

Step 1
State the Problem

Potential surface contamination at the Gnome-Coach Site may pose a threat to human health and the
environment. The location of potential sources and the nature and extent of potential contamination is
unknown. Therefore, it is unknown if potential contamination at the site poses a threat to human health and/or

the environment.

Step 2
Identify the Decision

Step 3
Identify the Inputs to
the
Decision

Step 4
Define the Study
Boundaries

Step 5
Develop a Decision
Rule

Step 6
Specify Limits
on Decision
Errors

Step 7
Optimize the
Design for
Obtaining Data

Determine the radiological and
chemical COPCs.

Historical data and documentation,
process knowledge from
underground nuclear tests. COPCs:
VOCs, SVOCs, Metals, TPH,
radionuclides (specifically
cesium-137)

Determine the PALs for COPCs.

State and Federal Regulations,
technological limits, site-specific
dose-based levels

Determine the location of the
sources of potential
contamination.

Historical data and documentation,
geophysical techniques

Determine if COPC
concentrations are above PALs.

Results of field-screening and/or
laboratory data, statistical analysis,
background conditions

Determine the nature and extent
of potential contamination in
surface and shallow subsurface
soils.

Results of field-screening and/or
laboratory data, soil properties,
mobility of COPCs

Determine if COPC
concentrations are within
acceptable dose/risk levels.

Risk requirements, future land use
scenarios, dose/risk levels

Determine if a corrective action
is necessary.

Results of dose/risk assessment
(RA)

Areas of Concern (AOC)

Area surrounding Gnome-Coach
main shaft and Gnome ground zero,
salvage yard, CWD, Coach ground
zero, (LRL-7) area, USGS-1 area,
Trailer park, Control point, Wells
USGS-4 and 8 area, Fallout plume
area

Within AOCs: old and new laundry
sites, potential mud pits,
decontamination pad, operational
areas, storage areas, potential spill
areas, salt muck pile, evaporation
pond/liquid waste tank, gas station

Migration from AOC: surface and
shallow subsurface soils, surface
depressions, surface water

Collect background samples and
measurements.

Area-specific:

If no COPCs are detected, then
no action is required.

If COPCs are detected, then a
RA will be conducted.

If RA determines unacceptable
levels, then a corrective action
evaluation will be conducted.

Decision errors are
based on risk
assessment.

If data is insufficient to
make a decision, then
additional data will be
collected.

Develop work plan and
technical approach.
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Sources of contamination in the subsurface include:

» Gnometest cavity, shaft, and drifts

*  Wells (both open and abandoned) into the cavity and drifts, including the current monitoring
wellsDD-1 and LRL-7

» Thetracer test subsurface area, including wells USGS-4, USGS-8, and the Culebra Dolomite
between these wells

» Groundwater in the Culebra Dolomite downgradient from the cavity and tracer test areas

A site-specific conceptual model for the subsurface at the Gnome-Coach Site is provided in

Figure 3-1. The two distinct subsurface contaminant sources are the Gnome underground workings
and the tracer test in the Culebra Dolomite. The possible pathways for potential migration from the
identified sources include:

» Leakage of contaminated brine upward from the cavity through failed borehole or shaft seals
* Migration by groundwater flow through the Culebra Dolomite

During the construction of the Gnome shaft, the USGS indicated that groundwater was not detected in
any formation other than the Culebra Dolomite (Gardner and Sigalove, 1970). Asaresult, the
Culebraisthe only aquifer through which contaminant transport could occur. No release mechanism
is known for the contaminants in the cavity, drifts, and shaft without assuming some type of system
failure (e.g., well plug, shaft liner). A release mechanism is not required for the tracer test
contaminants, as they were left in direct contact with groundwater.

The conceptual model for transport must include a hypothetical system failure to cause any release.
The unsaturated, impermeable nature of bedded salt deposits resultsin the lack of aredlistic release
mechanism for the contaminants in the Gnome cavity, drifts, and shaft. The limited historical
documentation on borehole and shaft sealing, and record of durried subsurface disposal activities,
creates the possibility of arelease mechanism of salt creep in the cavity and drifts driving
contaminated water upward to the Culebra Dolomite. Thisrequires an unlikely scenario of afailed
borehole or shaft seal, sufficient fluid to dissolve and transport contaminants, and the precise timing
of apressure build-up above hydraulic head in the Culebra aquifer prior to salt creep sealing the very
pathway by which migration could occur. This scenario is described in more detail in Section 5.0.
The conceptual model for transport of contamination once in the Culebrawould be identical to that
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for the tracer test, involving groundwater flow through afractured aquifer with diffusion into matrix
blocks, sorption processes, and radioactive decay. Section 5.0 provides amore detailed description of
this process.

Potential exposure would be through direct exposure to contaminated groundwater (i.e., external and
ingestion routes, although the marginal water quality in the Culebrawill require additional evaluation
of the direct ingestion route), through uptake by plants or animals from contaminated well water (i.e.,
ingestion route), and through contaminant migration and uptake of surface water (i.e., ingestion and
external routes).

These identified potential sources and release mechanisms for potential contaminant migration
formulate the basis for the design of the characterization work plan. Currently, there isno technology
to remediate underground nuclear test cavities; therefore, the approach is to use existing data and
analyses of sufficient quantity and quality to evaluate if current subsurface intrusion restrictions and
monitoring need to be adjusted to be protective of human health and the environment. Although
pump-and-treat technologies exist for remediation of contaminated groundwater such as the residual
from the tracer test, they are not always cost-effective relative to natural remediation processes.
Therefore, the approach identified in this plan isto evaluate flow and transport of the tracer
constituents to determine the appropriate strategy for protection of human health and the
environment. The DQO process for the subsurface is summarized in Table 3-2.

3.2 Contaminants of Potential Concern

The contaminants of potential concern (COPCs) for the surface/shallow subsurface and deep
subsurface investigations were determined based on an evaluation of site-specific historical
documentation regarding site operations, previous sampling efforts performed at Gnome-Coach,
drilling methods, process knowledge from other underground nuclear test areas, and State of New
Mexico regulatory guidance.

All laboratory data for chemical COPCs will be evaluated for data quality according to Contract
Laboratory Program National Functional Guidelines for Inorganic Data Review (EPA, 1994b), or
Contract Laboratory Program National Functional Guidelines for Organic Data Review

(EPA, 1999c), as appropriate. In addition, five percent of this data will be subjected to an
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Step 1
State the Problem

Radiological contamination in the subsurface workings of the test cavity, shaft, and drift complex poses a potential threat to human health
and/or the environment through possible leakage into the overlying Culebra aquifer. Radiological contamination from the tracer test
experiment remains within the Culebra Dolomite aquifer. The nature and extent of these contaminants migrating in the Culebra is
uncertain; therefore, it is uncertain if contamination of the Culebra aquifer poses a present or future threat to human health and/or the

environment.

Step 2
Identify the Decision

Step 3
Identify the Inputs to the
Decision

Step 4
Define the Study Boundaries

Step 5
Develop a Decision Rule

Step 6

Specify Limits on
Decision Errors

Step 7
Optimize the Design
for Obtaining Data

Determine the radiological and
chemical COPCs.

Historical data, process knowledge,
past modeling results, known
radiological decay processes

Determine the PALs for COPCs.

State and Federal Regulations,
site-specific dose-based levels

Determine the migration
potential to the Culebra aquifer
from the Gnome cavity, drifts,
and shaft.

Historical data, process knowledge,
existing calculations, past modeling
results

Determine potential of COPC
migration in the Culebra aquifer
due to the tracer test.

Historical data, knowledge of
subsurface geology and hydrology,
mobility of COPCs, past and
proposed modeling

Determine if the potential
reduction in uncertainty
regarding groundwater
contamination justifies the
commitment of resources to
collect new subsurface data.

Data Decision Analysis, past and
proposed modeling, cost estimating

Determine if a human health
dose assessment is warranted.

Modeling results, COPC
concentration guidelines

Determine if existing subsurface
intrusion restrictions are
adequate for site closure.

Modeling results, possible dose
assessment, and future land use
scenarios

Determine if a long-term
monitoring program is
technically warranted.

Modeling results, subsurface
intrusion restrictions, possible
monitoring well installation if
technically warranted

Modeling boundary to be based on
scoping calculations.

If calculations predict possible
contaminant transport beyond
existing restrictions, either
reduce uncertainty with
additional data collection, or
extend institutional controls.

Decision errors are

based on model.

If data is insufficient to
make a decision, then
additional data will be

collected.

Develop work plan and
technical approach.
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independent, third party verification using the same guidelines. Appendix B, Section B.6.4.3
provides details of the data validator requirements. All laboratory datafor radiochemistry analysis
will be evaluated according to internal procedures.

3.2.1 COPCs for Surface and Shallow Subsurface Investigation

Radiological COPCs

In addition to historical documentation regarding site operations, the analytical results from previous
sampling programs are used in this investigation to further refine the surface and shallow subsurface
investigation strategy. A summary of the sampling activities, radioanalytical results, and survey
results from previous sampling programs for the surface are presented in Appendix A. The
radiological summary identifies AOCs that require additional soil data collection. Section 4.0
provides more detail on the strategies for this data collection.

Drillback operationsinto the shaft and cavity and, to alesser degree, venting of radioactive gases
from the Gnome test are the primary sources of known and potential radiological surface
contamination for most of the operational areas at the Gnome-Coach site. The radiological summary
confirmed that the radiological COPCs from these sources are aged fission products, primarily
Cs-137 and tritium. Statistical analysis of historical Sr-90 analytical data show that Sr-90 is not a
COPC for AOCsrelated to this source term (Adams, 2001). Detection of Am-241 and Pu-239/240
have been identified at isolated locations (EEG, 1995); therefore, alimited investigation will be
conducted to establish the presence/absence of these nuclides and, if present, confirm these detections
do not represent significant contamination.

Another source for potentia radiological surface contamination isthe reinjection of well water during
the tracer test at WellsUSGS-4 and -8. Potentially contaminated well water may have been spilled on
the surface soils between and surrounding these two wells. The COPCs at this AOC are the
radionuclides injected into the Culebra Dolomite and include Cs-137, Sr-90, tritium. Strontium-90 is
aprimary COPC only at the USGS-4 and -8 AOC because of the different source term of the tracer
test. Although used in the tracer test, 1-131 isno longer a COPC because its decay corrected present
day activity level is zero (see Section 3.2.3) and no longer poses a threat to human health or the
environment.
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Furthermore, sample results from the 1977-1979 cleanup program were also used to define
parameters for a preliminary human health radiological screening evaluation of the Ghome-Coach
Site (Appendix C). The radiological screening evaluation confirmed that Cs-137 is the primary
contributor to the cal culated dose through external gamma exposure and meat ingestion (rancher
scenario only). Tritium and Sr-90 has aminimal contribution to the total dose. The radiological
screening evaluation also helped to further refine the surface and shallow subsurface investigation
strategy by identifying AOCs that require additional soil data collection to confirm concentrations of
Cs-137 are consistent with historical data. Section 4.0 provides more detail on the strategies for this
data collection. The screening evaluation was able to establish that radiologically contaminated

shallow subsurface soils do not significantly contribute external dose due to soil attenuation.

Chemical COPCs

A review of historical documentation identified solvents asthe only potentially hazardous constituent
used during decontamination and cleaning operations at the old and new laundry/lab facilitiesand the
decontamination pad (AEC, 1962). Based on process knowledge of similar nuclear test areas, itis
assumed the volume of solvents potentially released would have been small. The new laundry/lab
areawill beinvestigated for chemical COPCs; however, because this area also had radiological
contamination and was subject to radiological cleanup efforts, it is assumed that most chemical
constituents present were excavated and disposed of along with the radiological contaminants. The
old laundry/lab facility will not be investigated for chemical COPCs because the areal coverage and
depth of the trench excavated for the burial of uncontaminated salt in this area would have removed
any residual chemical contamination (see Section 2.2.10).

A gas station was reportedly used on site (AEC, 1962) but reviews of additional historical records
were unsuccessful at identifying the location of this facility; subsequently, it cannot be investigated.
However, two additional areas (i.e., generator pad and drum storage area) have been identified as
potentially requiring soil sampling for chemical constituents. Hydrocarbon-stained soil had been
previously identified at the USGS-1 pad; although this staining was no longer evident during a year
2000 site vigit, the areawill be investigated. Radiological COPCs are not expected at the generator
pad and drum storage area.
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Standard drilling methods in practice during the time of Project Gnome-Coach suggest that mud pits
would have been used for disposition of soil cuttings and drilling fluids;, however, reviews of
historical records and photographic documentation for pre- and posttest drilling operations have
provided very limited information on the use and locations of mud pits at the Ghome-Coach Site.
Historical photographs of the site show no conclusive evidence of mud pit construction; athough,
two historical photos show areas resembling mud pits adjacent to adrill rig, and for the purposes of
thisinvestigation, will be assumed mud pits. A review of historical recordsindicate that drilling
fluids such as “mud gels,” muds, and brackish or brine water were used at some holes. These same
reviews also indicate that the cable-tool method was a common drilling technique for amajority of
the wells constructed for the project (Cooper, 1962b and USGS, 1962). Normally, cable-tool
methods do not utilize drilling mud. Existing documentation indicates all drilling/circulation fluids
used during the cleanup drilling operations of 1977-1979 were contained in tanks rather than using
mud pits. All fluids were then disposed of either downhole into the cavity or were contained and then
transported to the NTS as low-level radioactive waste (DOE/NV, 1981). Fluid containment during
these cleanup operations reduced the potential for radiological contamination of the surface.
However, this does not preclude any drilling practices during the mine-back operations of 1962 or the

cleanup effort of 1968-19609.

Due to the uncertainty regarding the existence of mud pits, geophysical investigations of the
Gnome-Coach Site will be performed prior to characterization to identify disturbed ground in areas
where mud pits would be potentially located. If geophysical dataindicate anomalous areasindicative
of mud pits, then those areas will be investigated under the assumption that the anomalies represent
mud pits and may contain potentially hazardous and/or radioactive contamination. Investigation of
mud pits will not be pursued if the geophysical datais negative.

Thefollowing isacomprehensive list of COPCs for the surface and shallow subsurface investigation
and was determined based on an evaluation of site-specific historical documentation regarding
drilling methods and site operations, previous sampling efforts performed at the Gnome-Coach Site,
and process knowledge from other underground nuclear test areas (additional COPCs may be
analyzed for waste characterization purposes):

e TPH (diesd- and gasoline-range)
« VOCs
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e SVOCs
» Total Resource Conservation and Recover Act (RCRA) Metals
* Radionuclides/Fission products (primarily Cs-137)

Information regarding specific COPCsto be analyzed for each AOC based on the criteria described
aboveisgivenin Section 4.0, Table 4-1.

3.2.2 Preliminary Action Levels (PALS)

Chemical PALs

To determine if contamination exists, results of laboratory analysis for chemical COPCs in soil (both
organic and inorganic) will be compared to preliminary action levels (PALS). For the purposes of this
investigation, the PALs will be the industrial risk-based preliminary remediation goals (PRGS)
provided in the EPA Region I X Risk-Based Concentration Table (EPA, 1999b). Laboratory results
above PAL s indicate the presence of COPCs at levelsthat may require arisk assessment to determine
if corrective actions are required.

Secondary PALsfor inorganic COPCs are background concentrations that will be established through
statistical analysis during the investigation. Detected concentrations of inorganic COPCs

(i.e., metals) will be compared to representative background valuesif the detected concentration(s)
exceed the primary PAL (i.e., Region IX PRGSs) and the established background concentration aso
exceeds the primary PAL. If representative inorganic site characterization values from AOCs are
shown through statistical analysisto be not significantly different from representative background
values, then a risk assessment may not be warranted. If representative inorganic background values
exceed the EPA Region IX PRGs, risk due solely to background values may be estimated
independently for comparison to the risk posed by the actual detected or representative COPC
concentrations; however, the risk due solely to background constituent concentrations should not
trigger corrective action (NMED, 2000a).

As specified in the New Mexico Environment Department, Hazardous Waste Bureau Position Paper,
“ Use of Total Petroleum Hydrocarbon (TPH) Test Results for Ste Characterization,” in the absence
of other contaminants above risk-based cleanup levels, results for TPH may be used to guide potential
cleanup (NMED, 2000b).



Gnome-Coach SC Work Plan
Section: 3.0

Revision: 1

Date: 01/14/2002

Page 55 of 126

The NM QAPP (Appendix B), “Laboratory Chemical, Toxicity Characteristic Leaching Procedure,
and Radiochemistry Analytical Requirements for New Mexico Sites,” table covers both Method 5035
and Method 8260B for VOC analysis. Due to the remoteness of the site, planned work schedules, and
required hold times for Method 5035, it islikely that if Method 5035 were used, a significant portion
of data would be qualified as estimated. Because estimated data is not usable for risk assessment
purposes (DOE, 2000), Method 5030 and Method 8260B will be used for this investigation.

Radiological PALs

Site-specific, dose-based PAL s have been determined for three radiological COPCs at the
Gnome-Coach Site. Characterization data (i.e., in situ radiological surveys and laboratory analysis)
will be compared to these PALSto determine if residual radioactivity is present at levels that may
require arisk assessment to determineif corrective actions are required. The PALsfor residual
radioactivity in surface and shallow subsurface soils were determined through the “ Radiol ogical
Screening Evaluation for the Ghome-Coach Site,” presented in Appendix C of thiswork plan. The
PAL is based upon the radionuclide concentration resulting in a 25 millirem per year (mrem/yr) dose
to the future land user that was the most limiting or restrictive. The limiting scenario for the largest
AOCs was the rancher scenario based on the meat ingestion pathway. The PAL for Cs-137, Sr-90,
and tritium are 167 pCi/g, 66 pCi/g, and 14,980 pCi/g, respectively. The dose to areceptor will be
proportionately lower for the smaller AOCs. See Appendix C for additional details.

3.2.3 COPCs for Subsurface Investigation

The COPCsfor the tracer test are the radionuclides injected into the Culebra Dolomite at Well
USGS-8 and pumped from Well USGS-4 (with subsequent reinjection in USGS-8) (Beetem and
Angelo, 1964). Theinitial total inventory of radionuclidesinjected in the 1963 test and the cal culated
present day activity level for each radionuclideis given in Table 3-3.

The COPCs for the underground nuclear test come from four primary sources. radioisotopes placed
in or near the device as part of an isotope production study, radioisotopes produced by neutron
activation, radionuclides produced by fission of plutonium-239, and any nuclear fuel from the device
that was not consumed by the test. An unclassified estimate of neutron activation products and
fission products that resulted from the Gnome test was calculated by Gardner and Sigalove (1970)
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Nuclide Half Life Initial Injected Actiyity in Injected Activity Degayed to
(years) Year 1963 (pCi) Year 2000 (pCi)*
Tritium 12.32 1.85x 1015 2.31x 10lZ
Cs-137 30.07 1.0x 1013 4.26 x 1012
1-131 2.20x 10_2 4.0x 1012 Zero
Sr-90 28.78 1.0x 1013 4.10 x 1012

*Assumes no migration or diffusion from source area

and isincluded in Table 3-4. Some information about the Gnome test remains classified and though
the isotopes added for the production study are aso classified, it is known that the most significant
isotope was tritium; therefore, tritium is the primary isotope of concern for the subsurface.

Nonradioactive materials were added to the test for shielding and support. These included several
tons each of iron, lead, polyethylene, and wood, as well as smaller quantities of aluminum and brass.
These materials reacted with the surrounding rock as a result of the nuclear explosion and formed a
wide variety of iron-rich minerals, such as magnetite, olivine, galena, and lead hydrochloride
(Nathans, 1965). Theinvestigation will evaluate if other chemical constituents from the surface were
introduced during disposal operations (e.g., solvents, diesal fuel), although if present, their volumes
are assumed to be very small relative to the radioactive constituents.

The nonradioactive test materials are not considered primary COPCs in the subsurface investigation
due to their lower mobility when compared to some of the radionuclides, primarily tritium. Since
tritiumisat least as mobile (if not greatly more so) than any of the possible chemical constituents, itis
agood first indicator for migration of both radionuclide and chemical constituents from the Gnome
underground workings. Initial collocation of radioactive and nonradioactive constituents is assured
by the placement within the cavity and shaft and lack of effective permeability in the surrounding salt.
Although the disposal operations were unstructured, the majority of disposal involved reintroducing
mined salt back into the cavity and drifts, with the COPCs being radionuclides. Additionally, the
medium of migration is groundwater, and all groundwater in the underground workings can be
reasonably expected to be contaminated with tritium.
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Table 3-4
Long-Lived Radionuclides Produced by the Gnome Nuclear Test
(Page 1 of 2)

Nuclide Source Half-life Initial A(_:tivity Activity i_n
(yr)* (pCi) 2000 (pCi)
Tritium ap.t 1.23 x 10 7.10 x 10* 7.91 x 102
Carbon-14 a 5.72 x 10° 4.90 x 107 4.88 x 107
Sodium-22 a 2.61x 10° 1.70 x 10° 5.27 x 10*
Chlorine-36 a 3.01x 10° 5.60 x 101 5.60 x 101
Argon-39 a 2.69 x 10 9.10 x 10" 8.23 x 101
Potassium-40 a 1.27 x 10° 3.85x 10° 3.85 x 10°
Calcium-41 a 1.03 x 10° 8.40 x 10° 8.40 x 10°
Calcium-45 a 4.46 x 10 1.29 x 10 6.13x 10
Manganese-54 a 8.55 x 10! 5.95 x 107 1.10 x 10°®
Iron-55 a 2.73x 10° 1.72 x 10%° 8.61 x 10°
Cobalt-57 a 7.45 x 10 7.00 x 10° 1.22 x 10°
Cobalt-60 a 5.27 x 10° 2.03x10° 1.20 x 10°
Nickel-63 a 1.00 x 10° 5.60 x 107 4.27 x 107
Zinc-65 a 6.68 x 10 3.01x10° 8.01 x 10°
Krypton-85 af 1.08 x 10* 4.50x 10" 3.65 x 10%2
Rubidium-87 f 4.88 x 10™° 7.35x10* 7.35 x 10*
Strontium-90 ft 2.88 x 10 2.40 x 10* 9.38 x 102
Niobium-94 f 2.00 x 10* 7.00 x 10° 6.99 x 10°
Technetium-98 f 4.20x 10° 1.61 x 10 1.61 x 10*
Technetium-99 f 2.13 x 10° 8.75 x 10%° 8.75 x 10%°
Ruthenium-106 f 1.02 x 10° 1.40 x 10 4.33x10*
Rhodium-102 f 2.90 x 10° 1.01 x10° 9.04 x 10*
Palladium-107 a 6.50 x 10° 1.28 x 10° 1.28 x 10°
Silver-110m af 6.84 x 10 6.90 x 10* 4,73 x10°
Cadmium-113m f 1.41 x 10 1.19 x 10%° 1.75 x 10°
Indium-115 f 4.40 x 10" 3.39x 10" 3.39x10%
Antimony-125 f 2.76 x 10° 1.36 x 10 7.53 x 10°




Gnome-Coach SC Work Plan
Section: 3.0

Revision: 1

Date: 01/14/2002

Page 58 of 126

Table 3-4
Long-Lived Radionuclides Produced by the Gnome Nuclear Test
(Page 2 of 2)

Nuclide Source Half-life Initial A(_:tivity Activity i_n
(yr)* (pCi) 2000 (pCi)
lodine-129 f 1.57 x 10 5.60 x 10° 5.60 x 10°
Cesium-134 af 2.07 x 10° 1.16 x 10* 239 x 10°
Cesium-135 a 2.30 x 10° 7.82x 102 7.82 x 107
Cesium-137 fit 3.00 x 10* 7.00 x 10* 2.85 x 10%
Lanthanum-138 a 1.05 x 10 8.87 x 10° 8.87 x 10°
Neodymium-144 f 2.38 x 10% 1.92x10° 1.92 x 10°
Promethium-147 f 2.62 x 10° 2.24x10% 7.50 x 10%°
Samarium-147 f 1.06 x 104 5.25 x 10 5.25 x 10*
Samarium-151 af 9.00 x 10* 3.10 x 10% 2.30 x 10%
Europium-152 a 1.35x 10" 3.90 x 103 5.30 x 10%
Europium-154 af 8.59 x 10° 9.94 x 10% 4.28 x 108
Europium-155 f 475 x 10° 4.20 x 10* 1.42 x 102
Gadolinium-153 a 6.62 x 10* 8.98 x 10° 1.66 x 10°
Terbium-158 a 1.80 x 107 6.76 x 107 5.82 x 107

Source: Gardner and Sigalove, 1970, for initial activities.
*Half lives from Chart of the Nuclides, 15th Edition (Knolls Atomic Power Laboratory, 1996)

a = Activation: Nuclide produced by neutron activation in salt.

t = Tracer test: Nuclide also used in the tracer test, although that mass is not included in this table
(see Table 3-2).

f = Fission: Nuclide produced by neutron-induced fission of Pu-239.

p = Production study: Nuclide added to zero room as part of isotope production study.
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4.0 Surface and Shallow Subsurface Work Plan

This section of the Ghome-Coach Work Plan contains the scope of work and technical approach for
the investigation of surface (0-1 ft) and shallow subsurface (1-20 ft) soils at the Gnome-Coach Site.
Datawill be collected during the field investigation to confirm or refute the conceptual site model for
Gnome-Coach. Figure 4-1isaDQO Decision Flow Chart that summarizes the site characterization
scope of work and technical approach. The technical approach for this site will be amultiphase
investigation consisting of radiological surveys, vegetation sampling, geophysical surveys, and soil
investigation. Figure 4-1 presents the general order in which investigation activities will be
conducted at the Gnome-Coach Site starting with the radiological surface investigation utilizing
driveover radiological survey technology. Vegetation sampling and geophysical surveyswill follow
and may be conducted ssmultaneously; however, vegetation sampling will be conducted prior to
geophysicsin any areain which shrub clearing is required. The last phase of the investigation, as
shown on page 3 of 3 of Figure 4-1, consists of characterizing shallow subsurface soils for
radiological constituents, characterizing the surface/shallow subsurface soils for chemical
constituents, and collecting background soil samples.

The following sections provide details of the activities to be completed for each phase of the field
investigation in the general order they will be performed. An exception to thisis the description of
the technical approach for characterizing shallow subsurface soil for radiological constituents using
downholein situ measurements. Although this activity will not be performed until the last phase of
the investigation, all activities associated with investigating radiological COPCs are described in
Section 4.2 for organizational and clarification purposes.

» Section 4.1, Demarcate Historical Operational Areas

» Section 4.2, Investigation of Radiological Constituents

» Section 4.3, Vegetation Sampling

» Section 4.4, Geophysical Investigation

» Section 4.5, Delineate Soil Investigation Areas

» Section 4.6, Representative | norganic Background Sample Collection

» Section 4.7, Surface/Shallow Subsurface Soil Investigation of Chemical Constituents
* Section 4.8, Surface Water and Shallow Groundwater Investigation

» Section 4.9, Additional Requirements and Activities



Gnome-Coach SC Work Plan

Section: 4.0

Revision: 1

Date: 01/14/2002

Page 60 of 126
The results of theinitial driveover and geophysical survey activities will be reviewed and used as the
baseline for subsequent phases of the investigation (e.g., excavation of anomalies, soil investigation).
Although this represents a phased approach to the completion of the site characterization process, the
intention is that all characterization activitieswill be completed in asingle field effort, minimizing
number of mobilizations of personnel and equipment. Unexpected site conditions may require

modifications to the conceptual site model, DQOs, and/or field investigation activities.

4.1 Demarcate Historical Operational Areas

Historical aerial and oblique photographs, along with site drawings, will be compared with physical
land features at the Gnome-Coach Site to demarcate the historic operational areas. Figure4-2isan
oblique historical photograph showing the primary operational areas in 1961 before the Gnome test.
For comparison, Figure 4-3 is an aerial photograph taken in 1979, near the completion of the
decontamination activities. Refer to Figure 2-4 for the locations of each AOC overlain on this same
aerial photo.

Prior to beginning the driveover radiological surveys and geophysical investigation, the estimated
extent of each AOC (e.g., CWD, salvage yard, area between shaft and ground zero, and monitoring
well locations) will be located and staked at the corners, then gridded as appropriate. Table 4-1 lists
each AOC to be investigated, its approximate size, and suspected COPCs. The table aso indicates
what type of initial investigations will be conducted at each AOC as part of the characterization.
Other types of investigations for each AOC will be dependent upon the results of these initial
investigations. The AOCs are divided in sections by the type of potential contamination suspected
based on historical information and past analytical data.

4.2 Investigation of Radiological Constituents

This section describes the Ghome-Coach soil investigation for radiological COPCs and addresses the
collection of both in situ radiological data as well as soil sample collection and analysis for
radiological COPCs. Soil sampling and analysis for chemical COPCs is addressed in Section 4.7.
The collection of in situ radiological data to characterize residual radiological contamination in
surface and shallow subsurface soils are proven technologies used by the DOE at other DOE and
U.S. Department of Defense facilities. Two different radiological survey technologies will be used
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Radiological

Surface —> Purpose is to confirm historical surface characterization data and to locate and

Investigation

Driveover Radiological Survey with LAPS Detector

delineate remaining areas of elevated radiological contamination
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radiological survey

Yes Is it easily
Remove and removable?
resurvey (i.e., debris)

s there detection
above

No

background?

Is elevated
area less

than 25 m?2

Does the area

Stop and report
results

No

require further
investigation?

v

If surface confirmation

sample required, then_

collect soil and submit
for analysis

v

Continue with
investigation

LAPS = Large area plastic scintillator

v
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Figure 4-1
DQO Decision Flow Diagram
(Page 1 of 3)
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Geophysical Investigation
Purpose is to locate and delineate areas
suspected of contamination

AQOCs defined A4
by historical / | Demarcate areas to be

information surveyed

A4
Conduct geophysical
investigations
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If required (i.e., well head),
(i.e., mud pit) then no further action
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Soil Investigation
(page 3 of 3) v

Continue with rest
of investigation

Figure 4-1
Decision Flow Diagram
(Page 2 of 3)
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Soil Investigation

Purpose is to define the nature and extent of contamination and provide
analytical data to validate in situ radiological survey results
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Figure 4-2
Obliqgue Photo of Gnome-Coach Site, 1961
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Section 34 Boundary Line

1k
|

Bl
- ]

Figure 4-3
Aerial Photo of the Ghome-Coach Site, 1979




Table 4-1

List of Areas of Concern, Size of Area, and Potential COPCs
for the Gnome-Coach Site, Eddy County, New Mexico

(Page 1 of 3)

Gnome-Coach SC Work Plan
Section: 4.0

Revision: 1

Date: 01/14/2002

Page 66 of 126

Approximate

Initial Investigation Technique

Area of Concern Sizein copcs? CPT In Situ . Geophysical Drl_veov_er
Square Feet b Drilling S Radiological
Survey urvey Survey
Sites with Radiological COPCs only
Gnome Ground Zero . . . .
(surface area) 40,000 Residual radioactive contamination (Cs-137) |/ |/
tli\;]ail(poratlon pond/waste 10,000 Residual radioactive contamination (Cs-137) |/ |/
Area 57 1,200 Residual radioactive contamination (Cs-137) |/
Equipment storage area 10,000 Residual radioactive contamination (Cs-137) |/
Old laundry/lab 20,000 Residual radioactive contamination (Cs-137) |/ |/
Crusher Plant 75,000 Residual radioactive contamination (Cs-137) |/
Salt muckpile 140,000 Residual radioactive contamination (Cs-137) |/ |/
Contaminated waste dump 150,000 Residual radioactive contamination (Cs-137) |/ |/
Road between CWD and Residual radioactive contamination (Cs-137)
7,000 v
salvage yard
Fallout plume 880,000 Residual radioactive contamination (Cs-137) |/
Sites with Chemical and Radiological COPCs
Solvents (VOCs, SVOCs, Total Metals) and residual radioactive
New laundry/lab 5,600 contamination (Cs-137) ./ ./ ./ ./
N Solvents (VOCs, SVOCs, Total Metals) and residual radioactive
Decontamination pad 10,000 contamination (Cs-137) |/ |/ |/
Unknown contents of drums (TPH, VOCs, SVOCs, Total Metals)
Drum storage area 10,000 and potential residual radioactive contamination from fallout plume |/ |/
(Cs-137)
Residual radioactive contamination (Cs-137)
Warehouse area 60,000 and Buried scrap metal (Total Metals) ./ ./ ./
Residual radioactive contamination (Cs-137)
Salvage yard 60,000 and Buried scrap metal (Total Metals) ./ ./ ./
Residual radioactive contamination (Cs-137, tritium, and Sr-90)
Wells USGS-4 and USGS-8 | 20,000 and potential mud pit (TPH, VOCs, SVOCs, v v v
Total Metals)
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Approximate

Initial Investigation Technique

Area of Concern Sizein copcs? CPT In Situ . Geophysical Drl_veov_er
Square Feet b Drilling Survey Radiological
Survey Survey
. d Mud pit (TPH, VOCs, SVOCs, Total Metals) and residual
LRL-1 drill pad 53,000 radioactive contamination (Cs-137) ./ ./
. Vehicle/equipment maintenance chemicals (TPH, VOCs, SVOCs,
ngf:fei?:g‘ Shaft 57,200 Total Metals) and |/ |/ |/
residual radioactive contamination (Cs-137)
7 dr e Residual radioactive contamination (Cs-137) and potential mud
Coach/LRL-7 drill pad 90,000 pit (TPH, VOCs, SVOCs, Total Metals) v v
o i Residual radioactive contamination (Cs-137) and potential mud pit
LRL-8 drill pad 14,300 (TPH, VOCs, SVOCs, Total Metals) v v
5 dri Residual radioactive contamination (Cs-137) and potential mud
LRL-2 drill pad 22,750 pit (TPH, VOCs, SVOCs, Total Metals) v v
Sites with Chemical COPCs Only
Generator pad 20,000 Potential fuel spills (TPH, VOCs, SVOCs) v v
Mud pit (TPH, VOCs, SVOCs, Total Metals)
USGS-1 131,250 generator fuel spills (TPH, VOCs, SVOCs) ./
USGS-2 drill pad unknown Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
USGS-5 drill pad unknown Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
USGS-7 drill pad 75,000 Mud pit (TPH, VOCs, SVOCs, Total Metals) |/
Sandia No. 1 drill pad unknown Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
Sandia No. 3 drill pad 75,000 Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
SRI No. 1 drill pad unknown Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
SRI No. 2 drill pad unknown Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
SRI No. 3 drill pad unknown Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
SRI No. 4 drill pad unknown Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
SRI No. 5 drill pad 37,500 Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
SRI No. 6 drill pad 37,500 Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/




Table 4-1

List of Areas of Concern, Size of Area, and Potential COPCs

for the Gnome-Coach Site, Eddy County, New Mexico
(Page 3 of 3)

Gnome-Coach SC Work Plan

Section: 4.0
Revision: 1

Date: 01/14/2002
Page 68 of 126

Approximate

Initial Investigation Technique

Area of Concern Sizein copcs? CPT In Situ . Geophysical Drl_veov_er
Square Feet Survey® Drilling Survey Radiological
Yy Survey
SRI No. 7 drill pad 37,500 Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
SRI No. 8 drill pad 37,500 Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
SRI No. 9 drill pad unknown Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/
SRI No. 10 drill pad 60,000 Potential mud pit (TPH, VOCs, SVOCs, Total Metals) |/

& COPCs are based on historical operations, process knowledge, and/or historical survey/analytical data. If an AOC is designated as a drill pad and has residual radioactive
contamination listed as a COPC then that drill pad is associated with posttest drillback operations and/or contaminated material disposal (refer to Table 2-1 for addi-

tional information on drill hole history).

CPT in situ radiological measurements will be taken to define nature and extent of radiological contamination in shallow subsurface.
¢ Drilling method will be used to collect surface/shallow subsurface soil to define nature and extent of chemical COPCs.
9 LRL-1 drill pad may include holes USGS-6, SR-1, SR-2, SR-2A, SR-3, SR-3A due to proximity of one another.
€ Coach pad includes drill holes LRL-7, LRL-6, and LRL-4.

SRI = Stanford Research Institute
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during thisinvestigation. Thefirst technology isadriveover/walkover radiological survey which will
utilize alarge-area plastic scintillation (LAPS) detector to measure gamma counts for surface soil.
The second technology will consist of autilizing a cone penetrometer truck (CPT) equipped with a
spectral gamma probe to collect in situ gamma measurements for shallow subsurface soil
characterization. The objectivesin collecting thein situ radiological data are to:

» Provide information on current site conditions regarding the distribution and concentration of
residual radiological contamination in the surface soils of previously cleaned areas.

* ldentify “hot spots’ or areas of elevated radiological contamination remaining in surface soils
and define the nature and extent of the remaining contamination.

» Gather additional shallow subsurface data to fill identified data gaps (i.e., new laundry/lab,
decontamination pad) on nature and extent of potential contamination.

The radiological surveyswill proceed once each AOC is demarcated. Survey location coordinates
will be determined using a global positioning system (GPS). If geophysical surveys areto be
conducted in radiological AOCs that require shrub/vegetation clearing, both the initial driveover
radiological survey and vegetation sampling (if required) will be completed prior to commencement
of the geophysical surveys.

The AOCsto beincluded in the initial driveover survey of the surface are summarized in Table 4-1
and include all the AOCs known or suspected to be radiologically impacted. In addition to the
driveover survey, aminimum of four AOCs have initially been identified as requiring additional
shallow subsurface characterization due to data gaps identified in the historical data review
(Appendix A) and the radiological screening evaluation (Appendix C) and are a'so summarized in
Table 4-1.

The two technologies to be utilized for characterizing radiological contamination during this
investigation are described in the following sections.
4.2.1 Driveover Radiological Survey

The objectives of the driveover radiological survey areto provide information on current site
conditions regarding the distribution and concentration of residual radiological contamination in the
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surface soils of previously cleaned areas, aid in verifying AOC boundaries, and identify areas of
elevated radiological measurements (i.e., hot spots) which may require further characterization or
removal. Thissurvey will be conducted at designated areas by mounting a LAPS detector to the
bumper of an all-terrain vehicle (ATV) or 4-wheel drive vehicle. The maximum attainable coverage,
up to 100 percent if possible, of an AOC will be surveyed, as site conditions permit. The LAPS
detector consists of two large area plastic scintillators, a differential GPS, a data acquisition system,
and alaptop computer. Count rate and GPS data are integrated on a second-by-second basisto
automatically fix the count rate to the x, y, and z coordinates generated by the GPS. The LAPSis
capable of detecting beta particles with energies exceeding 300 kiloelectron volts (keV) and gamma
particles with energy exceeding 40 keV. When mounted on a four-wheel drive vehicle traveling at
approximately 2.5 miles per hour, the LAPS generates approximately 1,800 count rate measurements
per acre. Each measurement represents the integrated counts from a 2.24 square meters (m?) area. At
the conclusion of a survey, the collected radiological datawill be used with the positional data and

processed to generate a graphical representation of the measured radioactivity.

The LAPS detector is calibrated to measure surface and volume contamination of Cs-137. The
driveover survey shall be performed in a manner that detects at least 10 pCi/g of Cs-137
concentration equivalent in surface soils. Reporting of radiological driveover survey findings shall be
in units of pCi/g and counts per second. Walkover surveys may be performed on portions of the site
inaccessible by the driveover survey.

4.2.1.1 Driveover Radiological Survey Design and Assumptions

The driveover survey has been planned based on the following assumptions. The combined total of
approximately 1,857,500 square feet (ft?) or approximately 42 acres, excluding the fallout plume area,
will be included in theinitial driveover radiological investigation. As a conservative estimate, the
fallout plume is assumed to encompass the entire northwest quarter of Section 34 for potentially
another 160 acres. The ATV or 4-wheel drive vehicle, with the mounted L APS detector, will
systematically traverse each designated AOC. The distance between traverses (or detector passes) is
dependant upon the detector height and the required coverage of the survey. The detector height
determines the detector field of view. For example, with the detector approximately 1.6 ft above the
ground surface, the field of view is an oval 6.6-ft long by 3-ft wide.
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All AOCs identified for the radiological investigation, as shown in Table 4-1, will be first surveyed
with the LAPS detector. For most AOCs, the driveover survey grid will extend to the edges of
disturbed ground associated with each AOC and then extend approximately 30 ft outside the
boundary into relatively undisturbed land. The actual areasto be investigated will be determined in
the field by project personnel prior to initiating the surveys. All areas investigated may be expanded
if radiation measurements continue to indicate elevated results. In the case of the fallout plume, the
initial driveover survey will originate at the shaft and may extend to the edges of the northwest
quarter of Section 34; however, if during the completion of the survey, no elevated radioactivity is
measured for a distance of 80 ft from the last indication of elevated radioactive materia, the survey
will be terminated in that direction even though the predetermined distance may not have been
reached.

Following the decision flow on Figure 4-1 (page 1 of 3), al radiological anomalies identified by the
driveover survey will be evaluated to determine if further investigation isrequired. Portable handheld
instruments may be used to verify and/or refine the locations of €levated measurements. Surveyed
areas with elevated radiation measurements will be identified and marked on a site map. If the
average concentration of Cs-137 in any surface arealess than or equal to 270 ft* (25 m?), exceeds the
PAL by afactor of (100/A)°°, where A isthe areain square meters, a marker (e.g., pin flag) will be
placed at the approximate locations and limits for hot spots will be applied. The hot spot limits will
be derived in accordance with the guidance of DOE/CH-8901 (Gilbert, 1989) and DOE Order 5400.5
(DOE, 1993). The “hot spot” will be further evaluated with ahandheld radiation detector to determine
if it can be easily removed (i.e., debris such as contaminated concrete particles) or if the arearequires
further investigation (i.e., additional in situ data collection). To determine if an arearequires further
investigation, several decision factors may be considered; some examples of the decisions (if/then
statements) to be applied are:

» If a“hot spot” is not removable debris, then collect abiased surface confirmation sample to
validate the survey results.

« If survey datafor areas larger than 270 ft*(25 m?) are consistent with historical
characterization data, then no further investigation is required provided the historical datais
adequate to make decisions regarding the nature and extent of contamination.
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« If the location or survey datafor areas larger than 270 ft* (25 m?) are inconsistent with
historical characterization data and site operational knowledge, then collect additional soil
data as appropriate.

Inconsi stency with historical data may include such factors as unexpectedly high levels of radioactive
contamination or more widespread contamination. The various data collection activities may consist
of additional surface surveys (e.g., using portable instruments), removal of hot spots, downhole

in situ measurements, or collection of confirmation soil samplesfor analysis. Additional inputs into
the decision to investigate an area further are not limited to those decisions listed above. Other field
data such as geophysics and field observations will be evaluated by the Site Supervisor in selecting
the most appropriate data collection method.

If asurface confirmation sample is deemed appropriate, surface soil (i.e., 0-6 in.) may be collected
during this phase with a hand auger, trowel, or scoop and submitted for radiological analysis either
on-site (gamma spectroscopy) or off-site (Sr-90 or Pu analysis). Alternatively, surface soil sample
collection may be deferred until the last phase of theinvestigation. Decisions and the rationale for the
decision, regarding the technical approach at newly identified areas, will be documented by the Site
Supervisor.

4.2.2 Shallow Subsurface In Situ Radiological Surveys

Figure 4-1 (page 3 of 3) shows the decision flow for the shallow subsurface soil investigation for
radiological COPCs. Thissection provides detailsfor both the shallow subsurfacein situ radiological
survey investigation utilizing a CPT equipped with a spectral gamma probe and confirmation soil
sampling that will be performed in areas requiring further subsurface characterization for radiol ogical
COPCs. Subsurfacein situ radiological surveyswill be the primary investigation tool used in
determining the vertical extent of radiological contamination at hot spot locations identified during
theradiological driveover surveys. Additionally, thisinvestigation tool will aid in determining the
nature and vertical extent of potential remaining radiological contamination at selected AOCs that
wereidentified as requiring additional subsurface data based on reviews of historical characterization
data (Section 4.2.2.1).

Subsurface in situ radiological surveys are performed using a CPT equipped with a spectral gamma
probe that is driven into the subsurface from a 25-to 40-ton truck-mounted platform. The CPT
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connects rods to the probe and uses a hydraulic system to advance the rods and the probe through the
subsurface soils. A sodium iodide (Nal) detector, preamplifier, temperature sensor, sleeve stress
sensor, and tip stress sensor are contained near the probe tip. The data acquisition and analysis
systems are located in the CPT.

The gamma radiation detector located within the probe isa 1-in. by 2-in. cylindrical Nal crystal that
detects gammaradiation. The gammarays emitted from Cs-137 located within afoot of the probetip
are collected and analyzed. The CPT system isdesigned to continuously measure the count rate in the
detector as the probe is pushed through the subsurface soil. A gamma spectra can also be acquired at
any time when the probe is stationary.

Heat is produced from the friction of pushing the probe through the subsurface. The heat is
transmitted to the Nal detector and causes changes in the density and gamma response of the crystal.
Changes in the temperature are detected by the temperature sensor and transmitted to the data
acquisition system. Corrections are made by the data acquisition system to the gamma spectra to
correct for thermal changes in the detector. The data collected from the sleeve and tip stress sensors
are used to determineif the rods are being bent beyond their design limits, provide information on the
nature of the material through which the probes are being pushed, and if the pressure on the probe
indicates refusal in the subsurface material. The CPT system operations are as follows:

» Temperature and gamma count rates are digitized on two channels of the data acquisition
system. The results are viewed with a temperature correction display program on the local
area network within the truck.

» The gross gamma count rate data as a function of probe depth is provided continuously in real
time by the rate meter on the multichannel analyzer.

» Raw spectra data can be viewed in real time whilethe pushisin progress. When the probeis
stationary, the system software collects gamma spectrometry data over a user selected time
interval, corrects the data for temperature, and makes the data available for viewing in
quasi-real time.

» All acquired data are stored and available as hard copies and electronic copies.

The radiological data acquired by this technology, combined with confirmation sample analytical
results, will be of sufficient quality and quantity to establish current radiological site conditions and to
identify and evaluate if further action is required to protect human health and the environment.
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4.2.2.1 CPT In Situ Radiological Survey Desigh and Assumptions

Based on the evaluation of the historical characterization data provided in Appendix A, the following
AOCs were identified as requiring further shallow subsurface characterization for radiological
COPCs: decontamination pad area, the new laundry/lab area, salt muckpile, and USGS-4 and -8 drill
pad. A systematic random grid for these four identified AOCs will be set up to collect CPT in situ
measurements and will proceed as described in the following paragraphs.

A systematic sampling grid will be used to determine CPT push locations within an AOC. The area
of each AOC will be initially divided into six roughly equal area sections by bisecting the area aong
itslong axis and trisecting the areain the short dimension. One soil boring will be located near the
center of each grid section, with another boring located at each of the grid intersections along the
center axisline. This systematic grid spacing provides a minimum of eight CPT locations to collect
in situ gamma count rate measurements. The number of CPT pushes required to define the nature and
extent of radiological contamination isadirect and linear function of the variability in the
radiological contamination in surface and near surface soil. Statistical analysiswill be performed on
the CPT in situ measurements to verify that an adequate number of CPT pushes have been conducted.

At each CPT push location, continuous gamma count rate measurements will be acquired from the
ground surface to a minimum depth of 6 ft. This minimum depth assumes that any contamination
remaining beneath clean fill after the 1977-1979 remediation will be encountered and also assumes
that refusal will not be encountered at a shallower depth. If the gamma count rate remains at
background during the initial 6-ft push, it will be assumed no contamination exists at that location, the
CPT rodswill be retracted, and the CPT will be moved to the next survey location. If radiological
contamination is present, the probe will be pushed until a continuous 2-ft interval of background
count rates are acquired, or to a maximum depth of 20 ft bgs. A gamma spectra (i.e., stationary
measurement) will be acquired at the depth with the maximum radiological contamination. The depth
at which the 2-ft interval of background count rates begins will be considered the vertical extent of
contamination at that location. If bedrock or refusal (caliche) is encountered before background
gamma count rates are encountered or refusal is encountered above the 6-ft depth, additional
measurements will not be obtained at that location and the CPT will be moved to the next survey
location. A CPT push will be performed at step-out locationsif contamination is detected near the
boundary of an AOC. A sufficient number of CPT pushes will be performed at step-out locations to
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completely define the vertical and lateral extent of the radiological contamination. |If radiological
contamination is still present at a depth of 20 ft bgs, the investigation will be halted and the CSM and
technical approach will be evaluated.

Based on results of the driveover and/or geophysical surveysthat will be performed in the early
phases of the investigation, additional AOCs, features within an AOC, or anomalies may also require
CPT in situ radiological surveys to adequately define the nature of contamination. A combination of
factors such as operational knowledge and historical datawill determine if systematic random grids
or biasing factors will be used to determine the number and location(s) of CPT pushes at these newly
identified areas. Decisions and the rationale for the decision, regarding the technical approach at
newly identified areas, will be documented by the Site Supervisor.

Each soil sampling location will be named, described, and documented in accordance with the New
Mexico QAPP (Appendix B) and applicable contractor standard quality practices. Inthefield,
decisions will be made to allow for changes to sampling locations and number of samples collected,
depending on field conditions encountered. For example, if apparent contamination is more
widespread than originally anticipated, it may be decided to drill additional borings and collect
additional characterization data. If drilling and/or sampling at a recommended |ocation presents an
undue health and safety risk to field personnel, the location will be changed.

4.2.2.2 Confirmation Soil Sample Collection for Radiological COPCs

Soil sample collection for gamma spectrometry (e.g., Cs-137) will be limited to confirmation
sampling to validate driveover and/or CPT in situ radiological measurements. Four confirmation soil
samples will be collected from each of the following six AOCs: CWD, new laundry/lab,
decontamination pad, Gnome-Coach shaft, salt muckpile, and the fallout plume. The number of
confirmation samples required is based on taking 10 percent of the maximum number of samples
required to characterize any of the Ghome-Coach AOCs, which is 36. Ten percent of 36is 3.6,
rounded up to 4. The soil samples from each of these AOCs will be collected from locations/depth
intervals with the two highest and two lowest Cs-137 in situ measurements and analyzed on site using
gamma spectrometry. Sr-90 and tritium analysiswill be conducted on limited soil samples at the
USGS-4 and -8 drill pad area because of a different source term for contamination (i.e., tracer test
isotopes); these analyses will be submitted to an off-site laboratory. To confirm that Pu-239/240 is
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not a COPC at the site, confirmation soil samples will be collected at areas near the shaft with the
highest elevated radiation measurements and analyzed by gamma spectrometry to measure the
Am-241 (adaughter product) activity. If Am-241 is detected, then the sample will be sent to an

off-site laboratory for isotopic plutonium analysis.

Sail for the confirmation samples will be collected using the CPT. If the CPT proves inadequate for
collecting the soil, another appropriate soil collection method will be implemented (as described in
Section 4.7.1). All equipment that may come in contact with soil shall be decontaminated prior to
each new CPT push and/or sampling event to minimize potential cross-contamination between CPT
push/boring locations. All samples collected for laboratory analysis will be fresh media. Records
will be kept of the soil description, survey measurements, and other relevant data.  All required
sampling information (i.e., date, time, sample interval) will be documented in accordance with the
New Mexico QAPP (Appendix B) and applicable contractor-approved procedures.

4.2.2.3 Data Quality and Analysis

Quiality control samples at the Gnome-Coach Site will be collected, |abeled, handled, and shipped to
the laboratory in accordance with the New Mexico QAPP located in Appendix B of this document
and the DOE contractor procedures. Laboratory radiochemistry analytical requirements that will be
used for the site characterization at Ghome-Coach are shown in Attachment 2 of Appendix B.

4.2.3 Establishing Background Values for Radiological Surveys

Background values will be established for both the driveover and in situ radiological surveys.

Background Values for Driveover Survey

The ability to determine whether or not the residual radioactivity at a Site exceeds the desired
reporting criteria depends on the Minimum Detectable Concentration (MDC) of the measurement.
The MDC is the minimum activity concentration on a surface or within amaterial volume that an
instrument is expected to detect with a 95 percent confidence.

The MDC concept is derived from statistical hypothesis testing in which a decision is made on the
presence of activity. The null hypothesisis generally stated as "no net activity in the sample"
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(i.e., observed counts are not greater than background), while the alternative hypothesis states that the

observed counts are greater than background (i.e., activity is present in the sample).

The background distribution for the medium to be evaluated can be defined as the observed counts
from a sample, which isidentical to the sample of interest, except that the residual radioactivity is
absent. In the context of this activity, the medium is nonradiologically impacted soil.

The assessment of Cs-137 concentration in soil requires a determination of area background for
establishing whether a reading exceeds a desired reporting criteria. The backgrounds to be used for
this survey will take advantage of the capability of the LAPS to measure the entire area under study.
When the entire areais measured, background can be established from uncontaminated areas within
the area being surveyed. A statistical evaluation is used to separate any contaminated areas from
uncontaminated areas.

The background areas for these activities will be established by statistical evaluation of all data
collected. The determined background value is established using the mean and the standard deviation
(SD) of the entire data set. The data outside of three standard deviations of the mean is considered
elevated and should be investigated further. If morethan 5 percent of the total datais over three SD
of the mean, then the elevated data is excluded from the cal culation of background and a new mean
and SD is calcul ated.

Background Values for In Situ Radiological Survey

Soil background for CPT in situ measurements will be established at undisturbed locations. These
CPT in situ measurements may be conducted within the same borings from which background
samples will be collected for radionuclides (see Section 4.6). A CPT count rate and gamma spectra
for soilsrelative to the areas being investigated will be established as a range of background values
prior to actual data collection. The CPT background values will be used for comparison to actual
gamma count rates within an AOC.

4.3 Vegetation Sampling

A review of historical documents containing vegetation analysesrevealed alack of Cs-137 datafor
important range species in all areas of the Gnome-Coach Site (Smith and Giles, 1973;
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DOE/NV, 1978; DOE, 2000). Asaresult, alimited vegetation sampling effort will be conducted as
part of the field investigation. The objectives of collecting and analyzing vegetation are:

(1) characterize radionuclides (specifically Cs-137) in important range species of the area and

(2) provide crucia information for estimation of radionuclide ingestion by range cattle as constituents
of any pathway analysis that may be conducted.

Vegetation species important to grazing cattle will be the primary vegetation selected for analysis
(e.g., black gramma and dropseed grasses). Several factors (e.g., weather conditions, grazing
pressure, and terrain disturbance) may influence the availability sufficient biomass of selected range
grasses for radionuclide analyses; thus, creating a need to potentially collect additional species or
change samplelocations. A minimum of three areas have been tentatively identified for sampling and
include one area each in the downwind and upwind direction of the venting plume, and one control
area. Alternate locations for sample collection may be selected upon the results of the driveover
radiological survey so that samples may be collected in radiologically elevated areas. Analyses for
other radionuclides may be added if, during the course of soil characterization, radiological data
suggest COPCs of significance, other than Cs-137, are present at the site. Final location and size of
the sample area as well as the type of range species to be sampled will be determined by field
conditions and documented in project files. Refer to the Vegetation Sampling and Analysis Planin
Appendix D for details concerning sample data collection and analysis.

4.4  Geophysical Investigation

The last decommissioning and restoration effort for the Gnome-Coach Site occurred in 1979, when
most affected land areas subjected to restoration were reshaped to as near the original contours aswas
practical (DOE/NV, 1981). The only project-related land features not reshaped or recontoured were
the dirt roads and stabilized drill pads. The objective of the geophysical investigation isto more
accurately locate and delineate targeted areas of potential contamination, locate other suspect areas,
detect residual buried debris, and map any potential mud pits and subsurface structures identified by
geophysics. Locating and delineating the boundaries of suspect areas will help guide soil
characterization efforts. Figure 4-1 (page 2 of 3) shows the decision flow for the geophysical
investigation.
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4.4.1 Geophysical Survey Areas

The geophysical investigation will proceed once each known AOC and suspected location is
demarcated. Geophysical surveys may be conducted concurrently with theinitial driveover
radiological survey in areas where brush clearing will not interfere with potential vegetation
sampling. A GPSwill provide measurement of positional data. The following sections describe the
areas to be investigated and the technical methodol ogy.

The geophysical surveyswill be conducted to accomplish the following target area-specific

objectives:

* Investigate all drill pads and suspect areas to identify potential backfilled drilling mud pits,
and, if identified, map their dimensions.

* Délineate the CWD boundaries and identify any remaining buried metallic debris.
* Délineate the salvage yard boundaries and identify any remaining buried metallic debris.

» Locate and delineate boundaries of the buried, uncontaminated salt trench at the old
laundry/lab area.

* Investigate the general areanear and between shaft and Gnome ground zero to detect a
concrete-lined grease pit near shaft, any unknown burial sites, unknown underground storage
tanks (USTSs) or septic tanks.

* Verify there are no USTs at the generator pad.
» Verify al buried debris was excavated from the warehouse area.

» Map out identified buried water, phone, or cable lines.

For the purposes of thiswork plan, it is assumed approximately 3,575,000 ft? (approximately

82 acres) will be included in the geophysical investigation. The actual areasto be investigated will be
determined in the field by project personnel prior to initiating the surveys. The areas investigated
may be expanded or contracted depending on results of the geophysical survey. The areasto be
investigated are shown in Figure 2-4. Table 4-1 providesamore detailed list of the AOCsthat will be
included in the geophysical investigation. The general areas are listed here:
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» SGZ Area(to include the evaporation pond)

* Main Shaft Area

* Waste Disposal Areas (which include the salvage yard and CWD)
s Coach Drill Pad

* New and Old Laundry/Lab

» Miscellaneous Drill Pad Areas

» Generator Pad Area

44.1.1 Technical Methodology

The surface geophysical investigation will be conducted in accordance with contractor procedures
covering the following:

» Surface Magnetic Surveys

» Surface Frequency-Domain Electromagnetic (EM) Surveys
» Surface Time-Domain Electromagnetic Surveys

» Electrical Resistivity Surveys

* Ground Penetrating Radar (GPR) Surveys

e Global Positioning System Surveys

» Geophysical Data Management

The most appropriate geophysical method(s) will be used at each designated AOC. The methods will
be determined in the field based on site conditions with one or more methods being employed to meet
the objectives for each AOC. Emphasiswill be placed on EM, magnetics, resistivity, and perhaps
GPR survey data for identifying any drilling mud pits and backfilled trenches, and determining their
thickness and dimensions. Former burial pits, such as the CWD, with the potentia of remaining
buried metallic objects/debris will be identified using EM, magnetics, and/or GPR. Areas with the
potential for buried structures such as storage tanks will be surveyed with EM, magnetics, and/or
GPR to identify anomalies.

4.5 Delineate Soil Investigation Areas

The results of the geophysical and radiological investigations, along with the conclusions of the
historical radiological review in Appendix A and the radiological screening evaluation in

Appendix C, will be used to more accurately define the boundaries of each suspect areaand
determine areas requiring additional investigation. Historical, geophysical, and radiological datawill
be compared to make a determination as to what any geophysical and/or radiological anomaly
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represents (e.g., aknown or unknown mud pit, trenches) and a unigue name will be assigned. The
initially staked areas from the radiological and geophysical investigations will be adjusted, any new
sampling areas will be staked, and a field investigative map will be developed showing areas to be

further investigated (e.g., excavated or sampled).

4.6 Representative Inorganic Background Sample Collection

Samples will be collected from unaffected areas near the Gnome-Coach Site to establish baseline
levels for inorganic COPCs (i.e., radionuclides and metals).

Radionuclides

Background soil sampleswill be collected as part of this field investigation to reduce the uncertainty
of naturally occurring radionuclidesin surface and shallow subsurface soil to a 95 percent confidence
l[imit. The number of additional samplesto be collected is based on a stetistical analysis of the
1977-1979 Cs-137 background sample results. The statistical method used was in accordance with
the Multi-Agency Radiation Survey and Ste Investigation Manual for site characterization

(NRC, 2000).

Additional background soil sampleswill be collected at the surface and shallow subsurface at the
Gnome-Coach Site. The 1977-1979 D& D background analysis focused only on radiological
parameters, and primarily surface soil sampleswere collected. It isproposed during thisinvestigation
that both surface and shallow subsurface background soil samples be collected from four boring
clustersat two of the 1977-1979 background locations. A total of eight boringswill be advanced with
soil samples collected at the surface (0-6 in.), at 2 ft, and at 4 ft in each boring for atotal of 24
samples. The boring locations and depth interval sampled will be determined based on field
conditions encountered. Sampling will be performed using approved sampling procedures and
methods. Radiological analysis will be performed by an off-site laboratory and includes Cs-137,
Sr-90, and Pu-239/240.

Newly collected and analyzed background surface and shallow subsurface soil sample resultswill be
combined with the 1977-1979 background sampling results to determine with a 95 percent
confidence the upper limit of radionuclides detected in soil at the Ghome-Coach Site. The
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radiological background results will be used to identify naturally occurring radionuclides and

radionuclides associated with worldwide fall out.

Inorganic Chemicals

Background inorganic chemical concentrations for total RCRA metals will be established for the
Gnome-Coach Site. Systematic sampling will be conducted in a designated areato collect
background samples for off-site |aboratory analysis. The results will be used in comparing
characterization samples and supporting risk assessments, if required.

Statistical methods will be employed in order to form abasis for determining the appropriate number
of samples to establish background concentrations for the following RCRA metals: mercury, silver,
selenium, chromium, lead, arsenic, cadmium, and barium. Equation 8 of Chapter 9 of SW-846
(EPA, 1996) gives the number of samples required to determine the mean value of a given parameter
to within a specified percent error, e, with a confidence limit of 90 percent, using an analytical
method with a specified coefficient of variation (CV), as:

n= (tO.QO,n—l* [CVI er])2

where“t” isthe one-tailed 90 percent Student’s “t” value for the appropriate number of degrees of
freedom (n-1).

The CV in the above equation refersto the variability of the specific parameter in the medium being
sampled. Itsvalue cannot be determined until sufficient samples from the site have been analyzed.
Since previous sampling information regarding metal concentrations and variability in the soil at or
surrounding the Gnome-Coach Site have not been located, some assumptions must be made:

» Thevariability of the analytical method may be used as afirst approximation of the variability
of the distribution of natural metal concentrationsin the soil. Thisisareasonable assumption
because the composition of soils in the Gnome-Coach area are somewhat uniform. As
determined from the individual SW-846 procedures 6010 and 7470, typically the average CV's
for metalsis 21.3 percent and for mercury is 69.5 percent, respectively.

For the Ghome-Coach Site, aCV of 40 percent will be assumed. Thisfigure represents acompromise
between the high CV of the mercury and the lower CV of the metals. It is an acceptable starting point
for the purposes of Equation 8.
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A relative error of 10 to 20 percent from the true mean at a confidence limit of 90 percent is
considered acceptable for planned removal and remedial response studies (EPA, 1989). A relative
error of 15 percent will be specified for thissite. Substituting the appropriate values for “t”
(Taylor, 1990), CV (40 percent) and e, (15 percent) into this equation and iterating the equation
severa times gives n = 22. Although only 22 samples are required, 24 samples will be collected to

keep consistency between the borings (i.e., 6 boreholes with 4 sample levels each).

The background samples will be collected in an areathat is undisturbed, unaffected by site
operations, and upwind of the historic venting plume.

The 24 samples will be taken from 6 soil borings drilled to a depth of 12 ft bgs, with sample
collection at 4-ft intervals starting with the surface. If refusal ishit at a shallower depth, then
additional borings will be drilled to collect the required number of samples. The depth of 12 ft was
based on the assumption that chemical contamination would not extend beyond this depth based on
process knowledge and operational history. If contamination should be detected at deeper intervals,
additional background samples will be collected for those depths at the same approximate locations
as previously collected.

4.7  Surface/Shallow Subsurface Soil Investigation of Chemical Constituents

Soil sampling will be conducted for the purpose of site characterization, quality control (QC), and
waste characterization. Figure 4-1 (page 3 of 3) shows the decision flow of the soil investigation.
The sampling investigation described in this section applies to the surface and shallow subsurface
investigation for chemical COPCs. A combination of biased sampling and systematic sampling
strategies will be used. Biased samples will be collected in locations of known or suspected
contamination using professional judgement and biasing tools (e.g., visual and odor observations). A
systematic sampling strategy will be utilized to characterize potential contamination in the mud pits
and other AOCs that require additional soil characterization data and information is not adequate to
determine biased locations.

Shallow groundwater is not present in the Gnome-Coach area and is not included in the sampling
investigation.
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4.7.1 Soil Sampling Techniques

The soil sampling techniques described in this section apply to the physical collection of soil for
field-screening and laboratory analysis (i.e., not in situ measurement surveys). The techniques
described here apply to the background sampling for radionuclides and metals (Section 4.6) aswell as
characterization sampling for chemical COPCs. Soil sampling criteriafor confirmation sampling of
in situ radiological measurements is addressed in Section 4.2.2.2. |f appropriate, in Situ confirmation
samples may be collected simultaneoudly with chemical characterization samples.

For areas requiring only surface soil collection (i.e., 0-6 in.), the soil may be collected with a hand
auger, trowel, or scoop instead of using an excavation or boring method. For shallow subsurface soil
collection, coring methods such as direct-push, rotosonic, or other appropriate drilling techniques will
be used for the soil characterization. The direct-push method penetrates the soil with minimal
disturbance using a decontaminated 4-ft core barrel. Acetate, cellulose, or PVC liner sleeves can be
used to contain the cores at each boring. If adirect-push method is chosen, and in the event that an
additional volume of soil is needed for analysis, additional cores will be obtained from around the
original boring at a radius of not greater than one ft. The rotosonic method also penetrates soil with
minimal disturbance using a decontaminated 10-ft core barrel. The resulting soil cores can be
extruded into plastic bags in convenient handling lengths (approximately 5 ft). Thisdrilling method
may be employed if the direct-push method experiences consistent refusal at a depth shallower than
expected vertical contamination (i.e., <10 ft).

Excavation techniques may be used to locate shallow subsurface anomalies identified by the
geophysical investigation (e.g., septic tanks or landfills) or in areas where drilling is deemed
inappropriate. Excavation techniqueswill be appropriate for the anticipated depth and volume of the
excavation (e.g., hand tools or heavy equipment). If soil sampling is required, soil may be collected
either directly from the bottom of the excavation or from the material removed (i.e., from a backhoe
bucket).

All equipment that may comein contact with soil samples shall be decontaminated prior to each
sampling event to minimize potentia cross-contamination between sample locations. All samples
collected for laboratory analysis will be fresh media. Records will be kept of the soil description,
field-screening measurements, and other relevant data.  All required sampling information (i.e., date,
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time, sample interval) will be documented in accordance with the New Mexico QAPP (Appendix B)

and applicable contractor-approved procedures.

4.7.2 Field Screening

Field screening isabiasing tool that may help guide the selection of the most appropriate soil samples
for laboratory analysis by providing semiquantitative screening measurements. Field-screening
methods are conducted on extracted soils for the purposes of |aboratory analysis and to assist with
health and safety and waste management decisions. Therefore, it will be conducted (as appropriate)
only at locations in which direct-push, drilling, or excavation is used to collect soil samples. The type
and extent of field screening is dependant on site conditions, method of investigation (e.g., 4-ft
intervals for direct-push or 5-ft intervals for rotosonic), depth of investigation, and the feature being
investigated. For example, TPH field screening would not be used where TPH is not a COPC nor
would field screening be conducted at a depth interval with obvious staining and/or odor present. The
location and number of sampleintervals field-screened will be at the discretion of the Site Supervisor.
When field screening is being used to guide the selection of sampling intervalsfor analyss, it will be
continued until two consecutive, nondetect, field-screening results are obtained. If contamination is
detected beyond 20 ft bgs, or the limit of the technology is met prior to reaching two consecutive,
nondetect results, drilling/excavation will stop and the situation will be evaluated to determine if the
contamination is outside the planned scope of the investigation.

Soil cores and excavated material will be visually inspected. Where VOCs have been identified as
COPCs (i.e., new laundry/lab), field-screening will be conducted using a photoionization detector
(PID) (or similar). Field-screening for radiation, using portable al pha and beta/gamma detectors, will
be conducted on all soil cores and excavated material for health and safety purposes and waste
management decisions. Soil may also be field screened for TPH using an appropriate field-screening
method (e.g., Hanby or other method). The results of field screening will be recorded on the
appropriate forms. Visual indications of contamination, elevated VOC readings, elevated radiation
readings, and/or elevated TPH screening will be used to select samples for laboratory anaysis. The
following field-screening results will be used to indicate if contamination is present for chemical
COPCs:
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* VOC head-space readings of twice background (established daily) or 20 parts per million
(ppm), whichever is higher

* TPH results of 100 ppm or greater

Radiation field-screening levels for the portable instruments measuring a pha and beta/gamma are
defined as the mean background activity level (measured from 20 background locations prior to the
start of field activities) plus two times the standard deviation of the mean background activity level.
Various detectors typically used include the NE Electra and/or Eberline E-600s. This field-screening
level will be utilized during soil collection activities for chemical COPCs and should not be confused
with the downhole in situ gamma-screening levels used for the shallow subsurface radiological
characterization or the background levels established for the driveover radiological survey.

If contamination is detected by any of the above methods, the horizontal and vertical extent of the
contamination will be defined by continuing soil borings and/or excavations until two consecutive
nondetects are recorded and/or by completing step-out borings or excavations.

4.7.3 Sampling Criteria

Soil borings and/or excavations will be used for two primary purposes: (1) to collect soil samples
from within an AOC to determine the nature and vertical extent of potential contamination, and (2) as
step-out borings/excavations to determine the lateral extent of potential contamination. Unless
otherwise indicated, samples will be collected for chemical COPCs as follows:

For borings/excavations that are within an AOC, a minimum of two samples will be selected for
off-site laboratory analysis from each boring/excavation that indicates contamination. One sample
will be from the highest field-screening interval and the second sample will be from the deepest
vertical, nondetect interval. If field-screening results and field observation does not indicate
contamination in aboring drilled in a suspect area, then asample will be collected from an interval
based on the assumed depth of which contamination would have been expected based on process
knowledge and historical operations. For example, if soil below 4 ft bgs appears to be undisturbed
and soil above 4 ft bgs appearsto be fill or nonnative soil, the sample will be collected above the 4-ft
level.
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If field screening does not detect any contamination in astep-out boring, asample from the equivalent
depth interval (same depth as the contaminated boring) will be submitted for confirmation of the
nondetect field-screening readings. Soil samples collected for chemical COPCs will have limited
analyses based on historic data and operational knowledge. If sufficient information is not available
then a suite of VOCs, SVOCs, RCRA metals and TPH (full range) will be performed. Table 4-1

shows which specific analyses will be performed at each AOC.

Discretionary sampling points, in addition to those discussed below, may be selected for |aboratory
analysis based on examination. Selection criteriafor discretionary samplesinclude:

* Moist or discolored zones
» Significant changesin soil grain size or debrisin sample
» Changesin field-screening detection (e.g., odor)

Geotechnical samples may be collected for evaluation of soil parameters to facilitate future corrective
action strategies.

4.7.4 Soil Sampling Locations for Surface/Shallow Subsurface Characterization

The known and suspect AOCs requiring soil characterization for chemical COPCs based on historical
operations and data are shown in Table 4-1 and described in the following sections. Other AOCs
listed in Table 4-1 may require further investigation for chemical COPCs once the results of the
geophysical and/or radiological surveys (e.g., diesel staining observed while collecting in situ data)
are available and therefore will follow the general approach described in this section (see

Section 4.7.4.4).

Each soil sampling location will be named, described, and documented in accordance with the New
Mexico QAPP (Appendix B) and applicable contractor standard quality practices. Inthefield,
decisions will be made to allow for changes to sampling locations and number of samples collected,
depending on field conditions encountered. For example, if apparent contamination is more
widespread than originally anticipated, it may be decided to drill additional borings and collect
additional characterization data. If bedrock or refusal (e.g., caliche) is encountered at a very shallow
depth, a subsurface soil sample may not be possible at that sampling location. If drilling and/or
sampling at a recommended location presents an undue health and safety risk to field personnel, the
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location will be changed. Excavation techniques may also be employed for sample collection and/or
investigation of anomalies where more appropriate or if drilling is not feasible. Changes, and the

rationale behind each change, will be documented.

4.7.4.1 Mud Pit Sampling Locations

Mud pits possibly containing hazardous and/or radioactive contamination have been tentatively
identified at the following areas: wells USGS-1, USGS-4 and -8, USGS-7, and LRL-1 near surface
ground zero. Geophysical surveys may not be conducted at these areas since it is assumed mud pits
exist and their locations are fairly certain. Instead, soil borings will be drilled for the purpose of
confirming the existence of amud pit and, if detected, determine its approximate dimensions.

The investigation of potential mud pits at other well locations, where the presence or orientation of a
mud pit relative to the drill hole was not identified in historical documentation (e.g., well AEC No. 1
near shaft), is contingent upon the results of the geophysical investigation to be performed prior to
soil investigations. If geophysical data indicate anomalous areas indicative of mud pits, then those
areas will be investigated under the assumption that the anomalies may contain potentially hazardous
and/or radioactive contamination. Investigations for mud pits at these well locations will not be
pursued if the geophysical data does not indicate their presence.

For all known and suspect mud pits, soil borings will be drilled and samples will be collected to
characterize the materials present and define vertical and lateral extent of potential contamination.
The COPCs to be analyzed at any particular mud pit are provided in Table 4-1. To facilitate the
objective of confirming mud pit boundaries and performing characterization, a systematic sampling
grid will be used. The area of each suspected mud pit will be initialy divided into six roughly equal
area sections by bisecting the mud pit along its long axis and trisecting the mud pit in the short
dimension. One soil boring will be located near the center of each grid section, with another boring
located at each of the grid intersections along the center axisline. This systematic grid spacing
provides a minimum of eight samplesto be collected within the mud layer from each pit, aswell as,
soil samples below the mud layer to define vertical extent. The number of samples required to define
the nature and extent of chemical contamination is a function of the variability in the chemical
contamination in surface and near surface soil. Statistical analysiswill be performed on the analytical
resultsto verify that an adequate number of samples have been conducted.
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Additional soil borings used for bounding the mud pit through visual inspection of the subsurface
material will be initially located at grid intersections near the suspected boundaries. These borings
may or may not include sample collection; if the boring does not indicate mud (i.e., native soil) then it
may be used as a step-out boring to define lateral extent of contamination. On the other hand, if mud
and/or contamination is detected by visual and/or field screening then additional step-out borings will
be conducted until the extent of contamination has been defined. Step-out locationswill be
determined by a combination of grid node distance, visual inspection for mud pit materials, and
field-screening results. Figure 4-4 (lllustration A) shows examples of where initial soil boring
locations for both soil collection and visual ingpection would be located in a suspected mud pit with

either arectangular or square configuration.

If the lateral extent of contamination trends out of the boundaries of the AOC while conducting the
step-out borings, an evaluation will be conducted to determine if the AOC extends further than
originally anticipated or if asecondary area of contamination has been encountered. Once the trend
has been evaluated, along with possible causes, then additional borings will be conducted to define
the lateral and vertical extent of contamination.

4.7.4.2 Sampling Locations at Suspect AOCs with Chemical COPCs

Based on historical documentation and process knowledge, the following AOCs were identified as
potentially contaminated with chemical COPCs due to site operations and therefore require soil
characterization: generator pad, drum storage area, decontamination pad area, the new laundry/lab
area, warehouse area, and salvage yard. The old laundry/lab facility will not be investigated because
of excavation operations that occurred at the area during the last restoration effort in 1977-1979 (see
Section 3.2.1 for details). Theidentified AOCswill be sampled and analyzed for chemica COPCs
using a systematic sampling grid as described abovein Section 4.7.4.1. The location of each AOC
will be based on historical information and GPSto aid in setting up the grid spacing for sampling. If
contamination is detected within an AOC, additional step-out borings will be conducted to
completely define the vertical and lateral extent. See Table 4-1 for approximate dimensions and other
investigation activities planned for the AOCs. See Figure 4-4 (Illustration A) for example boring
locations.
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4.7.4.3 USGS-1 Concrete Pad and Grease Pit (near shaft)

A potential grease pit near the shaft and a stained concrete pad at Well USGS-1 are features within
AOCsthat have been initially identified as requiring characterization. Biased sampling will be used
to characterize potential contamination in soils at both these features. Because soil staining is
confined to within four feet of the USGS-1 concrete pad, the first boring will be drilled in the most
visually stained area as shown in historical photos and step-out borings will be drilled at a distance of
approximately 3 ft if contamination is detected. The grease pit will beinvestigated in asimilar
manner. |f geophysics and excavation identify an anomaly, it will be investigated either through
excavation or drilling. See Figure 4-4 (Illustration B) for example boring locations.

4.7.4.4 Other Sampling Locations

Additional AOCs, individual features within an AOC, and/or anomalies may be investigated if its
determined by the geophysical survey results, excavation, and/or historical data evaluation that those
areas may have potential contamination. An areaor feature will be sampled using a systematic
sampling grid similar to that described for the mud pits if the area or feature is not considered a point
source or discrete location. The areawill beinitially divided into six roughly equal area sections by
bisecting the area along its long axis and trisecting the area in the short dimension. One soil boring
will be located near the center of each grid section, with another boring located at each of the grid
intersections along the center axisline.

If an anomaly or feature isadiscrete location or point source (e.g., tank), then biased sampling will be
implemented. Depending on size and configuration, the anomaly will be excavated or one boring will
be drilled at the estimated center of the anomaly. If contamination is detected, additional step-out
borings will be arranged in atriangular pattern around theinitial boring or excavation to define the
extent of contamination. Theinitial step-out distances will be equal to approximately one-half of the
length of the long axis of the feature (e.g., 5-ft long feature, the step-out distance is 2.5 ft). The
number of additional borings/excavations required and the distance from the center may be varied in
the field depending on the dimension and configuration of the denoted anomaly (see Figure 4-4,
[llustration B). If contamination is detected in theinitial step-out borings, additional step-out borings
will be conducted to completely define the horizontal and vertical extent.
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4.7.5 Data Quality and Analysis

Quality control samples at the Gnome-Coach Site will be collected, |abeled, handled, and shipped to
the laboratory in accordance with the New Mexico QAPP located in Appendix B of this document
and the DOE contractor procedures.

The potential chemical COPCs include TPH (e.g., diesel, waste oil fraction, and gasoline); SVOCs,
VOCs; and total and leachable metals (specifically chromium at mud pits). Laboratory chemical and
radiochemistry analytical requirements that will be used for the site characterization at Ghome-Coach
are shown in Attachment 2 of Appendix B.

4.8  Surface Water and Shallow Groundwater Investigation

There are no surface waters within the vicinity of the Gnome-Coach Site that will require
investigation (seeSection 2.1.4). Geologic records for the Gnome-Coach Site indicate thereis no
shallow groundwater table (see Section 2.1.3); therefore, no shallow groundwater investigation is
planned. Groundwater islocated within the Culebra Dolomite at a depth of approximately 500 ft bgs
(Cooper, 1962a). Because surface contamination is not expected to extend beyond 20 ft bgs,
groundwater in the Culebraaquifer is not aconcern for the surface soil investigation.

4.9 Additional Requirements and Activities

The requirements and activities described in this section apply to both the surface and subsurface
investigations.

4.9.1 Health and Safety

All site preparations and work activitieswill be conducted in amanner that is protective of the safety
and health of siteworkers, the public, and the environment. Site workers are encouraged to utilize the
best available methods to perform job functions in supporting field activities. Standard work
practices and procedures are designed to comply with al relevant and applicable federal, state, and
local regulatory agencies.

Operations conducted at the Ghome-Coach Site will be conducted in accordance with the primary
Real Estate/Operations Permit (REOP) holder’s fully developed health and safety program. This
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program places the emphasis for the health, safety, and environmental protection on the company
management team and the associates doing the work. The “safety first” philosophy is passed down
from the management to the associates as the best method of doing business. The health and safety
program and philosophy fully supports the DOE Integrated Safety Management System (ISMS), and

Is maintained through a system of inspections, audits, and reviews of field activities as they occur.

A site-specific health and safety plan (SSHASP) will be devel oped that summarizes the scope of
work to be conducted, and to identify the particular features, hazards, communication methods,
responsibilities, and protective measures to be employed on site. Controls will be developed and
implemented to minimize or eliminate identified hazards. The provisions of this plan are mandatory
for all personnel assigned to the field project. Visitorsare also required to abide by these procedures.
The SSHASP is aliving document and may be amended as necessary to deal with new hazards and
changing conditions. Changes to the document may be verbal or written after obtaining the approval
of the signatories to the original SSHASP. In addition, these changes may only be implemented after
being discussed with the affected personnel on site.

4.9.2 Environmental Compliance and Waste Management

Contractor personnel will comply with applicable environmental compliance and waste management
regulations and requirements in the conduct of site activities. A designated contractor shall be
responsible for the on-site management and ultimate disposal of all waste generated as aresult of the
Gnome-Coach Site characterization investigations. Personnel must comply with waste management
and environmental compliance policies and procedures established for the Gnome-Coach Site.

Investigation-derived waste (IDW) will likely consist of the following waste streams: (1) used
disposable sampling equipment and personal protective equipment; (2) soil; (3) rinsate water from the
decontamination of sampling equipment; and (4) waste generated as a result of field-screening
activities (e.g., chemicals used in certain TPH field-screening kits). Investigation-derived waste will
be managed on site in accordance with all applicable regulations for the type of waste (e.g., RCRA
hazardous waste, low-level radioactive waste). To the extent possible, site characterization samples
and knowledge of the waste stream will be used to characterize IDW generated during
characterization activities. Additional anaysis (e.g., toxicity characteristic leaching procedure) of
Site characterization samples and/or direct sampling and analysis of IDW will be conducted as
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necessary to aid in decision making regarding waste characterization and to meet waste acceptance

criteria of potential disposal facilities.

4.9.3 NEPA Requirements

In accordance with the DOE NEPA compliance program, a NEPA checklist shall be completed prior
to commencement of site investigation activities at Ghome-Coach. This checklist compels DOE to
evaluate this proposed project against alist of several potential environmental impacts which include,
but are not limited to: air quality, chemical use, waste generation, noise levels, and land use.
Completion of the checklist results in a determination of the appropriate level of NEPA
documentation by the DOE NEPA Compliance Officer for this project.

4.9.4 Quality Assurance

All investigation activities will be completed in accordance with standardized operating procedures
and quality practices established in the site-specific New Mexico QAPP.  This plan, located in
Appendix B, describesthe measuresthat will be taken to ensure the quality of field sample collection,
storage, transport, analytical activities and modeling associated with environmental data collection
for the Gnome-Coach Site investigation.

4.9.5 Community Relations

As part of the Gnome-Coach Site investigation, DOE will interface with the State of New Mexico to
establish the scope for this activity.
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5.0 Subsurface Work Plan

5.1 Geologic and Hydrogeologic Setting

The Gnome Siteis|ocated in the northern part of the Delaware Basin, a 10,155-square mile structural
basin containing over 16,400 ft of limestone, shale, and evaporites that accumulated in a slowly
sinking shallow sea. The basin iswell defined by the surrounding Capitan Limestone, alate
Permian-age reef deposit (Figure 5-1). The basinistilted to the east so that formations outcropping
along the western edge occur at increasing depths below land surface to the east. The Delaware Basin
has great economic value, primarily from oil and gas deposits, but also from mining of evaporites

(potash) and waste disposal activities. Asaresult, the geology and structure of the basin are well
known.
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Figure 5-1

Location of the Gnome Site Within the Northern Delaware Basin
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The Gnome test was conducted in the bedded salt of the Salado Formation. Immediately below the
Salado is athick sequence of evaporites (anhydrite and halite) of the Castile Formation (Figure 5-2),
which in turn overlies the Bell Canyon Formation and others, representing sedimentary deposition in
deeper seas. These deeper formations, though targets of oil and gas exploration are not relevant to
contaminant transport concerns at Gnome. The Salado itself is approximately 1,640 ft thick at the
site. Over 75 percent of the formation is halite, with the remainder comprised of potassium minerals
(USGS, 1962). The Gnome test occurred about 525 ft below the top of the Salado, at a depth of
1,180 ft bgs.

The contact between the Salado Formation and overlying Rustler is marked by a*“L eached Member”
of interlayered gypsum and sandstone residual from halite dissolution. The Rustler Formation is
comprised principally of anhydrite/gypsum and siltstone and sandstone. Two carbonate members of
the Rustler, the Magenta and Culebra Dolomites, are the only significant water-bearing unitsin the
formation. The Magenta is unsaturated in the Gnome area so that the Culebraisthe only aquifer at
the site. The overlying Dewey Lake (Pierce Canyon) Redbeds and Gatuna Formations are also
unsaturated in the area.

The Culebrais afractured, grayish-white dolomite. It is approximately 30 ft thick at Gnome, 500 ft
below ground surface, and 670 ft above the Gnome test point (Cooper and Glanzman, 1971). The
Culebrais saturated and confined in the area. The potentiometric surfaceis about 75 ft above the top
of the dolomite. The recharge areafor the Culebrais not well defined, with the regional flow pattern
suggesting a primary recharge area to the north and east (Cooper, 1962b). Groundwater flowsin a
westward or southwestward direction from the site (Figure 5-3) (Cooper, 1962a; Cooper and
Glanzman, 1971). The Pecos River, particularly in the area of springs at Malaga Bend, is believed to
be the primary discharge areas. Pohlmann and Andricevic (1994) note that the transmissivity in the
Culebraincreases from east to west in the Gnome area (Figure 5-4) due to increased fracturing as the
result of greater dissolution of underlying halite, and increased thickness of the Culebra, to the west.

Due to the dissolution of evaporites, the water quality in the Culebra dolomite is marginal and used

principally for livestock. Cooper and Glanzman (1971) identified four supply wells completed in the
Culebrathat were in use in the late 1950s and early 1960s. The water from these wellsranged in total
dissolved solids content from 3,260 to 6,960 milligrams per liter (mg/L), with sulfate concentrations
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Figure 5-2
North-South Stratigraphic Cross-Section Through the Delaware Basin
and Northern Shelf
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over 2,000 mg/L. For comparison, New Mexico groundwater standards for domestic use isless than
1,000 mg/L total dissolved solids, with sulfate concentrations less than 600 mg/L (NMAC, 1996).
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Figure 5-3
Potentiometric Surface in the Vicinity of Ghome

Geologic and hydrologic data from wells and boreholes drilled for Gnome, WIPP, and additional
water wellsin the region will be used to characterize the hydrogeology of the site. Details on some of
these wells can be found in Section 2.2.13 and others are shown in Figure 5-4. The Waters
Administration Technical Engineering Resource System (W.A.T.E.R.S.) database of well records
from the New Mexico Office of the State Engineer (2001) was queried for wellsin the Ghome-Coach
area. Table5-1 shows all wellslisted for T23S R30E, T24S R30E, T23S R31E, T24S R31E, and
wellsin the one mile strip on the eastern edges to T23S R29E and T24S R29E. Thiscoversan areain
excess of five miles around the Gnome ground zero location. The status of wells within a 5-mile
radius will beinvestigated as part of the Gnome-Coach subsurface investigation effort.
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Locations of Wells in the Vicinity of Gnome With Transmissivity Data

5.2 Description of the Gnome Test and Its Effects

At the time of the Gnome detonation, intense temperatures and pressures were generated at ground
zero. Rock immediately around the device was vaporized into a plasma, creating a cavity
approximately 70 ft in radius, with melting of nearby rock (Figure 5-5). Asthe gases cooled and
condensed, there was partia collapse into the cavity, quenching the melted rock.

A compressional shock wave created by a nuclear test typically travels severa thousand feet before
decaying to an elastic wave. Thiswave travelsto land surface, causing arise in surface elevation.
Surface spall can occur where the surface layers split away under the influence of tensile reflections
from the surface and there is subsequent slap-down when the layersfall. This can result in fracturing
of the near surface rock, confined to the upper tensto several hundreds of feet below land surface and
unconnected to fractures from the cavity.
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Figure 5-5
Cross-Section Through the Gnome Explosion Cavity

At Gnome specifically, major effects due to the test were confined to aradial distance of
approximately 140 ft from the detonation point, with some curving vertical faults with slight
horizontal movement observed as far as 230 ft (Gard, 1963). A separate reference

(Rawson et al., 1965) cites a zone of increased permeability to extend at least 150 ft laterally and
345 ft above the point of the explosion, based on loss of circulation of drilling fluid during posttest
drilling (Figure 5-6).

About 2,400 tons of melt were created and mixed with 13,000 tons of rock. Most of the melt isfound
in the bottom of the cavity, and most of the radioactivity generated by thetest is contained in the melt.
Drilling above the cavity found melt injection and radiation-damaged salt (an indicator of Ieakage of



Well Information for Wells Near the Gnome-Coach Site

Table 5-1

(Page 1 of 3)

Gnome-Coach SC Work Plan
Section: 5.0
Revision: 1

Date: 01/14/2002
Page 101 of 126

State
i Quarter- uarter- uarter- ini Water
Eng_lneer Use Owner TOW“ Range Section a Q a Q a Easting Northing Finish Wwell Depth,
File ship section section section Date Depth, ft it

Number

C 01901 Stock mﬁigléﬁg\"-ﬁm 235 30E 34 3 2 4 606480 3569457 NA 554 NA
C 02095 Stock mﬁigléﬁg\"-ﬁm 235 30E 34 3 2 NA 606381 3569558 8/31/1960 554 440
C 02486 Prospect’ ;EPXRAOCSU??LORAT'ON 235 30E 19 3 2 3 601347 3572630 | 1/29/1996 350 NA
C 02694 Monitoring \l,Jv'lsp'PDEPT' OF ENERGY, 235 30E 14 1 4 4 608048 3574717 | 12/31/1979 154 NA
C 02770 Monitoring \l/Jv'lsp'PDEPT' OF ENERGY - | 539 30E 14 1 4 4 608048 3574717 | 12/31/1979 286 NA
c 02771 Monitoring \l/Jv'lsp'PDEPT' OFENERGY - | 539 30E 14 3 2 1 607852 3574514 | 12/31/1983 295 NA
C 02772 Monitoring \l/Jv'lsp'PDEPT' OF ENERGY - | 53g 30E 14 1 4 4 608048 3574717 | 12/31/1979 420 NA
C 01934 Prospect” | PERRY R.BASS 24 30E 16 2 2 2 605708 3565623 NA 300 NA
C 02106 Domestic é AF’TATFT_TENESSH'P M&M 245 30E 18 3 3 NA 601128 3564239 NA NA NA
C 02107 Domestic é AF’TATFT_TENESSH'P M&M 245 30E 21 2 3 NA 605217 3563508 NA NA NA
C 02108 Stock a AF’TATFT_TEN(':ESSH'P M&M 245 30E 8 3 1 NA 602745 3566289 | 12/31/1963 200 186
C 02109 Stock a AF’TATFT_TEN(':ESSH'P ME&M 245 30E 19 2 3 NA 601956 3563451 | 12/31/1963 130 150
C 02110 Stock ,\CA'E:ADFE)E,\"\‘/S_'IEDW' 245 30E 23 3 4 NA 608082 3562750 | 12/31/1967 600 400
C 02780 Monitoring \llJv'lsp'PDEPT' OFENERGY - | 54 30E 23 2 3 2 608582 3563657 | 12/31/1979 505 NA
C 02781 Monitoring \llJv'lsp'PDEPT' OFENERGY- | 54g 30E 23 2 3 4 608582 3563457 | 12/31/1979 624 NA
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Enséfr:ger Use Owner TOW“ Range Section Quarte: Qua.rtere—l Qua.rter; Easting Northing Finish Wwell I\Dl\vl;gtehr,
Nur'lnlger ship section section section Date Depth, ft ft
C 02782 Monitoring \lljv'lsp'PDEPT' OFENERGY- | ;g 30E 23 2 3 4 608582 3563457 | 12/31/1979 808 NA
C 02258 Prospect” gg\éggszﬁgﬁ\( 235 31E 26 2 3 NA 618101 3571647 9/18/1992 662 NA
C 02348 Stock LS ALY 235 31E 26 3 2 NA 617704 3571241 4111947 500 NA
C 02492 | Commercial | MILLS RANCH 235 31E 6 4 4 4 612101 3577113 | 12/31/1948 135 85
C 02602 Sanitary® ngASAPNF;ODUC'NG 235 31E 35 2 2 NA 618518 3570446 NA 450 NA
C 02664 Monitoring fAAgg;QAA.'F‘éEIOEQAL 235 31E 5 2 3 3 613094 3577928 | 5/31/1974 4299 NA
C 02725 Monitoring \l/Jv'lsp'PDEPT' OF ENERGY - | 539 31E 5 1 1 1 612286 3578521 | 12/31/1978 532 NA
C 02773 Monitoring \l/Jv'lsp'PDEPT' OF ENERGY - | 539 31E 3 3 1 4 615713 3577551 | 12/31/1987 880 NA
C 02774 Monitoring \l/Jv'lsp'PDEPT' OF ENERGY - | 53g 31E 4 3 1 3 613902 3577535 | 12/31/1976 1660 NA
C 02775 Monitoring \l/Jv'lsp'PDEPT' OF ENERGY - | 5ag 31E 5 1 1 1 612286 3578521 | 12/31/1978 529 NA
C 02776 Monitoring \l,Jv'lsp'PDEPT' OF ENERGY - | 539 31E 5 1 1 2 612486 3578521 | 12/31/1978 661 NA
C 02777 Monitoring \l,Jv'lsp'PDEPT' OF ENERGY - | 539 31E 15 2 2 2 616950 3575352 | 12/31/1983 1001 NA
C 02865 Exploraion | STACY MILLS 235 31E 6 4 4 4 612101 3577113 9/4/2001 174 NA
C 02020 Stock D OEAND 245 31E 28 4 4 NA 615408 3561154 NA NA NA
C 02021 Stock Eﬂiﬁigléﬁgl\"‘?m 245 31E 28 2 1 NA 614992 3562356 NA NA NA
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State
i Quarter- uarter- uarter- ini Water
Eng_lneer Use Owner TOW“ Range Section a Q a Q a Easting Northing Finish Wwell Depth,
File ship section section section Date Depth, ft it
Number
C 02405 Prospect? gg'h“ﬂAPTAﬁép'-ORAT'ON 245 31E 2 1 4 3 617635 3568327 | 9/30/1994 275 160
C 02440 Prospect” | SONAT EXPLORATION 245 31E 10 3 2 NA 616150 3566396 | 3/21/1995 350 NA
C 02452 Prospect? :,%A[)%%Eépl\"-'lﬁ‘c 245 31E 2 1 4 NA 617736 3568428 NA NA NA
C 02460 Prospect” | SONAT EXPLORATION 245 31E 2 3 NA NA 617543 3567820 | 8/25/1995 320 212
C 02464 Prospect? SSQ/M:SEA%ER OF 245 31E 2 1 4 3 617635 3568327 | 8/24/1995 320 205
C 02576 Prospect” | SONAT EXPLORATION 245 31E 2 1 4 3 617635 3568327 | 9/30/1994 275 160
C 02661 Monitoring fAAgg;QAA_'F‘éEIOEQAL 245 31E 4 1 3 3 614015 3568283 8/28/1979 708 NA
C 02783 Monitoring \llJv'lsp'PDEPT' OFENERGY- | g 31E 4 1 3 3 614015 3568283 | 12/31/1979 708 NA
C 02784 Monitoring \l,Jv'lsp'PDEPT' OFENERGY - | 54 31E 4 1 3 3 614015 3568283 | 12/31/1979 816 NA
C 02785 Monitoring \l,JVﬁD'PDEPT' OFENERGY - | 545 31E 4 1 3 3 614015 3568283 | 12/31/1979 692 NA

#1=NW 2=NE 3=SW 4=SE; quarters are listed largest to smallest subsection.

bProspecting or development of natural resource
“Sanitary in conjunction with a commercial use

NA = Not available
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Figure 5-6
Cross-Section From Land Surface Down to Gnome Activity,
Showing the Shaft, Drift, and Inferred Zone of Fracturing

radioactive gases) no farther than 125 ft above and 75 ft below the working point. Along the equator
of the cavity, but not associated with the venting, radiation-damaged salt wasfound to 217 ft from the
working point, with melt injected in radial cracks to a distance of 131 ft from the working point
(Rawson, 1963). Along the vent path, small amounts of melt were found injected up to 200 ft away
from the cavity along zones of weaknessin clays, and up to the concrete block stemming in the open
drift (950 ft from ground zero), though some of this melt is not radioactive. Melt found in radial
cracks beyond the cavity generally did not contain much radioactivity, inferred to be the result of
injection prior to mixing of molten rock and test products in the cavity (Rawson et a., 1965).
Nathans (1965) concluded that the lower quarter of the cavity contains aimost all of the radioactivity.

Underground nuclear tests are designed to prevent venting to the atmosphere; however, in the case of
Gnome, the design failed. Lessthan a minute after the detonation, very high, short-lived,
radioactivity levels were observed at the blast door in the tunnel. Three minutes later, high levels
were detected at the bottom of the shaft, and after seven minutes, smoke and steam began to escape
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the shaft at the surface. The release continued for more than aday (AEC, 1962). During the initial
release, melt and gases were able to penetrate from the cavity into the closed, but apparently
permeable, line-of-site portion of the emplacement drift. This zone was structurally weak due to an
open neutron pipe leading from the drift to the working point, several weak clay seamsaong the drift,
and the relative geometry of the drifts and cavity. Rawson et al. (1965) infer that a rarefaction wave,
generated by the compressional wave reflecting at the ground surface, momentarily put the cavity
region under tension, causing parting of the clay seams and injection of melt through them to the open
drift beyond. Once this happened, dynamic venting followed, with melt, rock, neutron pipe, vent line
and drift material all blown down the drift to pile up at the cement plug. Melt was encountered as far
asthe concrete block stemming. This stemming held the pressure, as designed, but was not gas tight,
reducing the dynamic venting to agas leak. The next barrier was a blast door, where one of two
rupture disks was broken, and the blowout continued up the shaft, through a filter, and out into the
open. Particulate radioactivity and violent venting were contained underground, while steam and
gaseous fission products escaped.

Physical examination of the shaft and underground workings found relatively minor damage as a
result of the test (Randolph and Higgins, 1962). In particular, the cement lining surrounding the shaft
down to the level of the Salado salt displayed only minor cracks at 75, 90, 160, and 480 feet. Water
seepage was noted in severa cracks. Thefirst was the one at 480 ft, which appeared to be depositing
gypsum and a small amount of plastic red clay. The crack wasin ajoint in the cement, behind which
there is aclaystone and gypsum strongers. The Culebraislessthan 6.1 m below that horizon. A few
more seeps at cement joints occur occasionally down to the bottom of the cement (Randolph and
Higgins, 1962). Given theintegrity of the cement liner, the hydraulic head in the formations beyond
the liner in the shaft, and the gaseous nature of the release, the venting cannot be considered a
contaminant source for the Culebra aquifer.

5.2.1 Hypothetical Release by Salt Creep

The extremely low permeability and plastic deformation qualities of salt have led to its use for
long-term disposal of radioactive waste (such as at the WIPP). The shaft leading to the underground
workings was lined with concrete until it reached the Salado Formation halite (the shaft below that
level and the drifts were unlined), and grouting was conducted by injection of cement materials
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through holes drilled into the Culebra (Gardner and Sigalove, 1970). Cooper (1962a) presents water
levelsin Well USGS-1 through the time period when grout was injected behind the shaft’s concrete
liner at the depth of the Culebra, recording a period of leakage into the shaft of about 5 gallons per
minute, followed by “slight seepage” after final grouting. Boreholes drilled into the underground
workings were similarly cased until at least the Salado Formation, and with the exception of several
left open for monitoring purposes, were sealed and/or plugged and abandoned in accordance with the
New Mexico State regulations regarding borehole abandonment (AEC, 1973). Given these physical
constraints, the release mechanism for contaminants in the underground workingsis a hypothetical
one of salt creep pressurizing fluid present as the porosity of the underground workings decreases,
driving contaminated water upward to contact the Culebra through afailed shaft or borehole seal.

This mechanism requires an improbable scenario of afailed borehole seal, sufficient fluid to dissolve
and transport contaminants, and the delicate timing of a pressure build-up above hydraulic head in the
Culebraaguifer prior to the salt creep sealing the pathway. This sequence of eventsis described in
Figure 5-7. Again, this scenario is considered improbable, as evidenced by the results of an
investigation in 1968 of the amount of water collecting in the underground workings after site
activitiesended. It concluded that the leakage rate from the Culebra down the shaft must have slowed
considerably from the operational estimate of 210 gallons/week in 1963, suggesting that the shaft seal
remained competent (Gardner and Sigalove, 1970). Long-term hydrologic monitoring, though
limited to Well USGS-1 for groundwater near the shaft, has detected no indication of contaminant
migration from the cavity and shaft.

5.3 Release and Transport from the Tracer Test

No release mechanism is needed for contaminants remaining from the USGS tracer test, as the
tritium, Sr-90 and Cs-137 remained within the Culebra Dolomite at the conclusion of the test. The
conceptual model for flow and transport assumes that fracture flow dominates in the dolomite.
Fracture flow will likely be numerically simulated as an equivaent porous medium, taking into
account the hydraulic characteristics and effective porosity of the fracture system. Contaminant
transport will include significant retardation and degradation processes. diffusion of dissolved
constituents into the relatively porous matrix blocks, sorption of the reactive tracers (Sr and Cs) onto
mineral surfaces, and radioactive decay.
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A. The hydraulic condition after the Gnome test, but prior to
disposal operations. The hydraulic head in the Culebra Dolomite is
slightly higher than the elevation of the formation itself. The cavity,
drift, shaft and post-test holes are at atmospheric pressure.
Examination of the shaft indicates minor water seepage into the shaft
through a minor crack at a depth of 480 ft (20 ft above the Culebra)
and through cement joints below that level, confirming the higher
head in the water bearing formations above the Salado.

| D spaces in the salt will begin to plastically deform and close. Based on
data from the WIPP site (Munson et al., 1989), Earman et al. (1996) E
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Schematic Representation of the Hypothetical Release Scenario from the Gnome Underground Workings

* ‘ 7 D. Under the lithostatic pressure conditions, open, mined underground

the Culebra, a hydraulic connection will be made between the
contaminated subsurface material and the Culebra and contaminant
transport could occur into the aquifer. It should be noted that unless the
head builds up substantially above that in the Culebra, there would be
fymyy o little advective driving force, so that transport would primarily be
driven by much slower diffusional gradients.
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B. Disposal operations involved the injection of large amounts
of fluid and slurried solids in a recirculating pattern. Records
suggest that head may have been temporarily raised in the shaft
and injection wells to near land surface. The majority of flow
would be down the open conduits of the shaft and injection
wells, but some flow out into the Culebra may have occurred
through the minor crack in the cement shaft lining mentioned
above (leakage out through the injection wells is less likely as
they were cased and cemented through the Culebra).
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C. As disposal operations ceased and fluid filled
available space in the underground workings, the
hydraulic head in the cavity dropped below that of the
Culebra. This is evidenced by EPA water level
measurements for Well LRL-7 being at an elevation
lower than that of USGS-4. Under these conditions, as
for the predisposal condition, if there is any hydraulic
communication, it is seepage from the Culebra down
into the underground workings.

E. Eventually, salt creep closes the cavity and
drift, sealing the migration pathway. This sealing
will be hastened by the placement of large
amounts of solid material into the openings for
disposal. If a hydraulic connection was created
between the cavity and the Culebra, the hydraulic
head will eventually equilibrate. If the salt closure

occurs prior to head rising above that in the
Culebra, no hydraulic connection between the
aquifer and cavity will be established and no
contaminant migration path will exist.

Figure 5-7
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Flow will be ssimulated based on a hydraulic gradient directed toward Malaga Bend on the Pecos
River, consistent with regional head data. Discharge to the river will be evaluated, aswell as
concentrations crossing the DOE land withdrawal boundary. Potential exposure would be through
direct exposure to contaminated groundwater (dermal and possibly ingestion routes, taking into
account the poor water quality), through uptake by plants or animals from contaminated water wells
(ingestion route), and through contaminant migration to surface water and uptake of the surface water
(ingestion and dermal routes).

5.4  Data Quality Objectives of Subsurface Investigation

The objective of any subsurface modeling for Gnome is to determine if the radiol ogical
contamination in the subsurface workings of the test cavity, shaft and drift complex, or the
contamination remaining in the Culebra aquifer from the tracer test, is migrating. Thisinformation
will be used to identify an appropriate corrective action.

The specific objectives of the subsurface investigation are as follows:

» Determine the migration potential to the Culebra aquifer by the contamination in the Gnome
cavity, drifts, and shaft.

» Determine the potential of COPC migration in the Culebra aquifer due to the tracer test.

* Determineif the potential reduction in uncertainty regarding groundwater contamination
justifies the commitment of resources to collect new subsurface dats, possibly by installing
new wells.

» Determine the potential for contaminants to reach a receptor.

» Determineif existing subsurface intrusion restrictions are adequate for site closure.

» Determineif along-term monitoring program is technically warranted.

Five decision points are identified for the subsurface investigation, with corresponding associated

actions;

» |If the Data Decision Analysis indicates significant uncertainty reduction is possible at a
reasonable commitment of resources, then collect additional subsurface data.
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» |If the Data Decision Analysis indicates significant uncertainty reduction is not possible at a
reasonable commitment of resources, then proceed with contaminant transport predictions
using existing data.

» If the contaminant analysis (cavity) or transport predictions (tracer test), combined with
existing subsurface intrusion restrictions, indicate a potential for contaminantsto reach a
receptor, then perform a human health dose assessment.

» |If subsurface intrusion restrictions are considered inadequate to protect human health, based
on the dose assessment, then adjust the existing subsurface intrusion restrictions.

* If theexisting LTHMP is considered inadequate for long-term monitoring, then modify the
program, if technically warranted.

5.5 Evaluation of Existing Subsurface Data

The focus the cavity release investigation will be locating and compiling documentation regarding
completion and stemming of boreholes into the underground workings, or on the specifics of shaft
construction. A previous evaluation of arelease scenario from the Gnome cavity

(Earman et a., 1996) compiled readily available information pertaining to the underground test and
failure scenario. Thisincluded the physical test configuration and radionuclide inventories
(Rawson et al., 1965), and the record of underground disposal operations that were performed in
conjunction with surface cleanup activities (DOE/NV, 1981). In addition, radionuclide concentration
data and water levels have been recorded through the last several decades as part of the EPA LTHMP.
These datawill be carefully evaluated to see if they can add to the understanding of cavity closure
Processes.

There are strengths and weaknesses to the data existing to support flow and transport modeling
through the Culebra Dolomite. The two primary strengths are the abundance of hydraulic
conductivity datafor the Culebra from studies conducted for the WIPP site (see Figure 5-4), and data
on the effective porosity of the Culebrain the immediate Gnome area derived from the tracer test
itself. These data represent a major strength for analysis at Ghome, providing datavital to
understanding transport velocity. Another plusis the number of laboratory sorption experiments
performed using the Culebra as a sorbate, both in support of the Ghome tracer test and, more recently,
in support of WIPP. Thetracer test will help in scaling these lab measurementsto the field scale. The
most significant data weakness is related to hydraulic heads. Although heads and gradients are
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known with reasonable confidence at and east of Ghome, there are no groundwater head
measurements between the site and the Pecos River. Although this adds uncertainty, it should be

noted that the river itself bounds the gradient range.

5.6 Identification of Proper Numerical Model

It isnot planned a priori to perform numerical modeling in support of the investigation into a cavity
system failure. Rather, the release analysis of Earman et a. (1996) will be combined with any
additional datalocated to determine the threat posed to the Culebra aguifer from the Gnometest. If a
modeling effort appears beneficial in the course of the investigation, it will likely focus on transport
through the Culebra dolomite and/or optimization of monitoring in the Culebra.

Several modeling studies have been performed regarding the fate of the Gnome tracer test. Two of
these have used semianal ytical approachesto solving the flow and transport equations (Pohlmann and
Andricevic, 1994; Earman et a., 1996), and one used numerical methods (Pohll and

Pohlmann, 1996). Any approach used needs to be able to simulate the processes important in the
conceptual model of flow and transport. These processes and other necessary capabilities include:

* Heterogeneous spatial properties

» Steady-state and transient conditions

» Flexible boundary conditions

» Advection, dispersion, adsorption, matrix diffusion
» Radioactive decay, daughter products

e Minimal numerical dispersion

Additional considerationsinclude the capability for multiple realizations, efficient data handling, pre-
and postprocessors, and efficient numerical solvers.

The previous numerical codes used for Gnome include MODFLOW (McDonad and Harbaugh,
1988) and MT3D (Zheng, 1990). Though MODFLOW may be selected again, it is more likely that
transport will be ssimulated using a particle-tracking approach. The particle-tracking, random-walk
(PTRW) method has severa important advantages over other numerical methods for solving
contaminant migration problems, including ease of implementation, inherent conservation of mass,
and lack of numerical errors (Tompson et a., 1988). Inthe PTRW method, the solute massis divided
evenly into alarge number of hypothetical indivisible particles. The movement of the particlesin the
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groundwater flow field is primarily afunction of the groundwater velocity and, to alesser degree, the
microscopic dispersivity. By increasing the number of particles used in the simulation, the solution
becomes more consistent and reliable, and predictions of solute concentrations at specific locations
become more accurate.

A numerical model of flow and transport at Gnome will be used to quantify the uncertainty of
transport predictions and evaluate the possible reduction in uncertainty that could be gained from a
field data collection program. To characterize the uncertainty in model predictions, the probability
distributions of each input random variable needs to be characterized and then analyzed to determine
how these uncertainties propagate through the model itself. Thisis sometimes termed the prior
probabilities and describes the likelihood of obtaining the true estimate of a parameter given existing
data. The changesin uncertainty resulting from collection of additional data are determined by
characterizing the posterior distributions. This describes the likelihood that a given data collection
activity will obtain the true parameter estimate. The posterior distributions may be determined
utilizing Bayes theorem (1T, 1998), which allows for the mean of the parameter to be significantly
different after data collection, or may be simplified by assuming that the mean will be similar but the
distribution around the mean reduced (Pohll et al., 1999). Evaluation of the sources of uncertainty
and supporting data will determine which approach is used for Gnome. The method of Monte Carlo
simulation will be used to cal cul ate the output variances based on the prior and posterior distributions
by sampling from the input distributions, performing model simulations hundreds of times, and
characterizing the output distributions. Finally, the estimated uncertainty reductions will be
evaluated relative to the estimated costs of the field activities.

5.7 Investigation/Modeling Process

The two contaminant sources in the subsurface are fundamentally different in terms of both their
stratigraphic location and release mechanisms. For this reason, the process to address each is
different and they are discussed separately below. Despite this, there are also similarities in terms of
geographic location and aquifer of concern, so there will be strong coordination between the efforts.
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5.7.1 Investigation Strategy for the Underground Nuclear Test

Currently, there is no technology to remediate underground nuclear cavities; therefore, the approach
of the subsurface investigation for the Ghome-Coach underground workings is to use existing data
and analyses to evaluate if existing subsurface intrusion restrictions and monitoring need to be
adjusted to be protective of human health and the environment. The magjority of contaminants are
isolated within the Gnome cavity, located in the bedded salt of the Salado Formation. Lesser amounts
of contamination are located in the drifts (also in the Salado salt), shaft, and disposal wells, asaresult
of disposal operations during surface clean-up. The shaft and wells penetrate all formations between
the Salado and land surface, with grouted liners and casing through water-bearing formations.

Given that the release scenario is hypothetical and dependent upon a system failure, it is doubtful that
modeling beyond what is presented by Earman et al. (1996) would add significantly to understanding
the contaminant migration hazard. However, possibly important details regarding as-built specifics
of boreholes and shafts, as well as monitoring datafor system behavior, may either add confidenceto
existing predictions or justify additional analysis. Therefore, the strategy iSsto concentrate on
collating all such pertinent data and identify any new datathat can be obtained in a cost effective
manner (such as confirming water levelsin DD-1 and LRL-7, and the wellhead elevations), and
determine the migration potential to groundwater in the Culebra Dolomite. From this, decisions can
be made regarding the existing subsurface intrusion restriction boundary and long-term monitoring.

The steps anticipated for the cavity investigation are asfollows:
1. Locate and evaluate all available completion and stemming data for boreholes and shafts

intercepting the Gnome-Coach underground workings.

2. Evaluate existing data from wells into the Ghome cavity and drift (DD-1 and LRL-7) regarding
contaminant concentration and water |evels through time.

3. Collect additional data from existing wells, if necessary.

4. Usetheinformation gathered in the previous steps, combined with the release analysis of Earman
et al. (1996) to determine the threat posed to the Culebra aquifer from the Gnome test.

5. Usetherelease analysisto evaluate existing subsurface intrusion restrictions in regard to
protection of human health and the environment.

6. Determine appropriate long-term monitoring, if technically warranted.
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5.7.2 Investigation Strategy for the Tracer Test

Although the tracer test represents a much smaller contaminant mass relative to the nuclear test, it
poses a much more direct problem because the radionuclides are in contact with groundwater in the
CulebraDolomite. Several modeling studies have been performed that evaluated the tracer test
(Pohlmann and Andricevic, 1994; Pohll and Pohlmann, 1996; Earman et al., 1996). These models
will provide the framework for evaluating the extent of contaminant migration in the Culebra aquifer.

The first step in determining the nature and extent of contaminant migration from the tracer test will
be to use existing monitoring data from the EPA LTHMP and existing hydraulic data from
Gnome-Coach and WIPP to build on the previous modeling efforts. The uncertainties will be
evaluated and a Data Decision Analysis (Pohll et al., 1999) performed to weigh the potential
reduction in uncertainty from additional data collection against the cost of such field efforts. The
Culebraaquifer is highly spatially variable, a condition which tends to require the addition of large
amounts of datato significantly affect uncertainty. The DOE will use the Data Decision Analysis, in
consultation with the State of New Mexico, to determine whether additional characterization data are
needed prior to evaluating existing subsurface intrusion restrictions and determining long-term
monitoring. Important to this decision process will be the potential use of the Culebra aquifer, asthe
water quality is below New Mexico drinking water standards (NMAC, 1996).

The Data Decision Analysis process begins by quantifying the existing uncertainty and estimating the
effectiveness of various field data collection efforts at reducing that uncertainty (Figure 5-8). Monte
Carlo modeling techniques are used to obtain the model variance resulting from different values of
input uncertainty (based on the parameters and field activities). The effectiveness of various data
collection methods at reducing overall model uncertainty can then be weighed against the cost of the
field activity.

The steps anticipated for the tracer test investigation are as follows:

1. Usethe strengths of the previous modeling efforts to optimize a model for performing the Data
Decision Analysis.

2. Incorporate any additional data derived since the previous modeling was completed in 1996
(e.g., new LTHMP and WIPP data).
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Cost-Benefit Analysis

Figure 5-8
Data Decision Analysis Process
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3. Perform aData Decision Analysis to provide a systematic method to measure the potential gains
(through reduction in uncertainty) against the costs of acquiring new subsurface data.

4. If indicated by the analysis, collect additional data.

5. Calculate final contaminant transport predictions for the tracer test contaminants, incorporating
new dataif collected.

6. Use the transport predictions to evaluate current subsurface intrusion restrictions in regard to
protection of human health and the environment.

7. Determine appropriate long-term monitoring, if technically warranted.

58 Evaluation of Results

The results of the cavity investigation will be used to determine if the underground cavity and
workings pose a threat to the groundwater quality in the Culebra Dolomite. The investigation of the
tracer test will be used to determine the extent of radionuclide migration through the Culebra
Dolomite. If either analysisindicates a potential to reach areceptor, a human health dose assessment
will be performed. The existing subsurface intrusion restrictions will be evaluated, and possibly
altered, depending on the results of the transport analyses and dose assessment (if performed).
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6.0 Schedule

6.1 Tentative Project Schedule

A tentative project schedule has been developed and is presented in Figure 6-1 and Figure 6-2. This
schedule provides information regarding the start times and durations for the tasks to be completed as
part of the Gnome-Coach Site investigation and modeling activities. This schedule also identifies
dates for submission of progress reports and other reporting requirements for the Gnome-Coach
project.
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ID | Task Name Duration Start Finish Qtra [atr1]atr golo:)tr 3larafatrt]atr goloétr 3[ara Q1 ]at :ologm 3[aQtr4
1 Site Characterization Work Plan 246d Wed 2/21/01 Wed 1/30/02 M :
2 State Review & Comments (Rev. 0) 1580 Wed 212101  Fri9/28/01 :
3 Respond to State Comments 88d Mon 10/1/01 Wed 1/30/02
4 Deliver to State (Rev. 1) od Wed 1/30/02 Wed 1/30/02
5 Field Work \ 158d Wed 12/19/01 Fri 7/26/02
6 : Prefield Activities 44d Wed 12/19/01 Mon 2/18/02
7 Mobilization 9d Tue 2/19/02 Fri 3/1/02
8 Field Investigation 85d Mon 3/4/02 Fri 6/28/02
9 Radiological surveys 30d Mon 3/4/02 Fri 4/12/02
10 Vegetation Sampling 5d . Mon 4/15/02 Fri 4/19/02
11 Geophysical surveys 25d. Mon 4/22/02 | Fri 5/24/02
12 In Situ measurements and Soil Samplingi 25d ‘ Mon 5/27/02  Fri 6/28/02
13 Laboratory Analysis 75d Mon 4/15/02 Fri 7/26/02
14 Site Characterization and CADD Report 331d Mon 7/29/02  Mon 11/3/03
15 Prepare Site Characterization and CADD Report 247d Mon 7/29/02 Tue 7/8/03
16 Deliver to State (Rev. 0) od Tue 7/8/03 Tue 7/8/03
17 State Review & Comments (Rev.0) 22d Wed 7/9/03 Thu 8/7/03
18 Respond to State Comments 62d Fri 8/8/03 Mon 11/3/03
19 Deliver to State (Rev. 1) od Mon 11/3/03 Mon 11/3/03

Task Summary ~ Rolled Up Progress I
Project: Gnome_Surface. MPP
e by I
Date: Fri 12/7/01 Progress Rolled Up Task
Miestone 4 Rolled Up Milestone >

Figure 6-1
Gnome-Coach Project Proposed Schedule for Surface Investigation
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
ID | Task Name Duration Start Finish '00 '01 '02 '03 '04 '05 ‘06 '07 '08 ‘09 10
L] Site Characterization Work Plan 433d Mon 6/5/00 Wed 1/30/02
2 Prepare Work Plan 187d Mon 6/5/00 Tue 2/20/01
3 Deliver to State (Rev. 0) od Tue 2/20/01 Tue 2/20/01
4 State Review & Comments 158d Wed 2/21/01 Fri 9/28/01
5 Respond to State Comments 88d Mon 10/1/01 Wed 1/30/02
6 Deliver to State (Rev. 1) od Wed 1/30/02 Wed 1/30/02
7 Field Effort 507d Thu 6/23/05 Fri 6/1/07
8 Modeling Effort 660d Mon 4/2/07 Fri 10/9/09
9 CADD Reprt 181d Mon 8/3/09 Mon 4/12/10 "
10 Prepare Documents 117d Mon 8/3/09 Tue 1/12/10
11 Deliver to State (Rev. 0) od Tue 1/12/10 Tue 1/12/10 ‘11”2
12 State Review and Comments 22d Wed 1/13/10 Thu 2/11/10
13 Respond to Comments 42d Fri 2/12/10 Mon 4/12/10 E
14 Deliver to State (Rev. 1) 0d Mon 4/12/10 Mon 4/12/10 : : ’ 412
[ e b e .
Task Summary _ Rolled Up Progress RN
gra(:j:: th::riG1nz%r;gTSubsurface.MPP Progress I Rolled Up Task I
Milestone ‘ Rolled Up Milestone <>

Figure 6-2
Gnome-Coach Project Proposed Schedule for Subsurface Investigation
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A.1.0 Summary of Radiological Monitoring and Sampling
for Ghome-Coach Site Surface

A radiological review was performed for the surface of the Gnome-Coach Site using historical
radiological data. The results of this review were used to identify the type and quantity of additional
data required to effectively characterize the site. If required, the historical and new characterization
data will then be used to evaluate remedial action alternatives and obtain site closure. The
information presented in this appendix primarily includes results from the in situ radiological survey
and soil sampling conducted to support the decommissioning and cleanup activities at the
Gnome-Coach Site.

A.1.1 Historical Radiological Monitoring

Several reports have been prepared that summarize the radiological surveys conducted before and
during the Gnome detonation, and as part of the immediate postdetonation monitoring and cleanup.
These surveyswere conducted between December 1961 and January 1962. The principal reports that
summarize this data include:

* Project Gnome - Final Report, On-Ste Radiological Safety Report (AEC, 1962a). Thisreport
summarizes the results of the on-site radiological program conducted during detonation and
postdetonation activities.

» Aeroradioactivity Survey and Geology of the Ghome (Carlsbad) Area, New Mexico and Texas
(ARMS-1) (AEC, 1965). Thisreport presents the results of pre- and postdetonation aerial
radiation surveys.

* Radiological Survey of the Area Surrounding the Project Gnome Test Ste Carlsbad, New
Mexico (EG&G, 1973). Thisreport was prepared after the 1968-1969 cleanup of the site and
presents the results of postdetonation aerial surveys and soil sampling.

Gnome-Coach Site deactivation started in 1968. Five additional on-site surface radiological sampling
and survey programs were conducted after 1968. The sampling programs were conducted in
conjunction with the site restoration efforts conducted in 1968-1969 and 1977-1979. The Carlsbad
Site Roll-Up Program (Tappan and Lorenz, 1969) addresses the 1968-1969 cleanup. The cleanup in
1977-1979 isdiscussed in the Phase | Ghome Site D& D Report (DOE/NV, 1978) and the Gnome Site
D& D Clearance Report (DOE/NV, 1981). A third sampling program was conducted during the 1972
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Site reconnaissance survey (Carlsbad Reconnaissance, 1972 [REECo, 1973]). Thefourth
Gnome-Coach sampling/survey program was conducted in 1992 by the EPA for a surface
characterization study (EPA, 1994). A fifth soil sample/survey program was conducted in 1994-1995
by the EEG to obtain information on long-term trends in radionuclide transport in the area

surrounding the WIPP (EEG, 1995).

The documents listed above were reviewed along with other historical documentsto determine the
current radiological status of the surface and shallow subsurface at the Gnome-Coach Site. For
simplicity, shallow subsurface is defined as soil contamination associated with surface activities
conducted at the site. Deep subsurface contamination is associated with test cavity, shaft, and drifts.
The historical document review was conducted to identify areas where data gaps may exist, areas
where no contamination was encountered and additional characterization datais not required, and
areas where corrective actions have been completed and no additional characterization datais
required. Results from the data eval uation were used to perform aradiological screening evaluation
(Appendix C), which in turn was used to strategize and focus the Site characterization activities
presented in thiswork plan.

This appendix is organized as follows:

* Section A.1.0 - Introduction and Summary of Areas of Concern
* Section A.2.0 - Summary of surveys conducted between 1961 and 1962
* Section A.3.0 - Summary of surveys conducted between 1968 and 1979
(To maintain the fluency of Section 3.0 text, al figures are provided at the end.)
» Section A.4.0 - Summary of surveys conducted from 1979 to Present
» Section A.5.0 - Conclusions
» Section A.6.0 - References

A.1.2 Summary of Areas of Concern

The historical datareview identified 18 AOCs that may be impacted by radiological contamination.
A brief description of each AOC is provided below. A more detailed discussion of the AOCsis
included Section 2.0 of the Work Plan. The locations of the AOCs are presented on Figure A.1-1.
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Explanation

DD Downhole Disposal

LRL Lawrence Radiation Laboratory
SR Surface Recovery

USGS  U.S. Geological Survey

SRI Stanford Research Institute

LTHMP Monitoring Well Sites
DD-1

USGS 1,4 and 8

LRL-7

Notes

details on size.

SRI-2, SRI-3, and SRI-4.

0 500 1,000 Feet

S g —
0 150 300 Meters

Source: Modified from EG&G, 1979; DOE/NV, 1981

Figure A.1-1
Historical Site Layout and
Facility Locations at the
Project Gnome-Coach Area, New Mexico

1. This figure shows the approximate location of each
AOC as a point. Refer to Section 4.0 for more

2. Surface AOCs not shown on map include
the drill pads associated with USGS-2, SRI-1,
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Contaminated Waste Dump

The CWD was used for the burial of radiologically contaminated soil and debris (e.g., metal, wood,
salt muck, insulated wiring) generated from the Gnome mine-back operations. During the 1969
CWD cleanup, four burial pits were identified within the waste dump containing contaminated soil
and debris measuring greater than 0.1 mR/hr. This material was removed and disposed of in the
Gnome shaft and Coach drift (Tappan and Lorenz, 1969). During the 1979 cleanup, additional
contaminated soil and debris above the established 1979 cleanup levels was removed from the CWD
and disposed of in the Gnome test cavity (DOE/NV, 1981).

Salvage Yard

The salvage yard was used to store material salvaged during Gnome-Coach Site operations and may
potentially contain mud pits from well drilling. Metal scrap and debris were left in place after the
1968-1969 cleanup effort. Soil samples taken during the 1972 reconnai ssance revealed gross gamma
activity ranging from 4.5 to 46 pCi/g. Scrap metal and burned debris were excavated and disposed of
in the test cavity during the 1977-1979 cleanup effort. Only the burned debris had elevated
radiological levels.

Warehouse Area

The warehouse was used to store hand tools and equipment, no other uses were identified.
Radiologically contaminated material and concrete were removed from the warehouse during the
1968-1969 cleanup (Tappan and Lorenz, 1969). Buried scrap metal was uncovered during the
1977-1979 cleanup and disposed of either in the Gnome cavity or shipped to the NTS.

Waste Tank - Evaporation Pond

The evaporation pond and liquid waste tank were utilized as part of the power measurement program
at SGZ. During this program, contaminated liquid waste was generated and pumped from the cavity
to the waste tank and evaporation pond. During the 1968-1969 cleanup (Tappan and Lorenz, 1969),

all the liquid waste from the tank and pond was pumped into the Gnome Cavity. An additional 12 ft
of soil beneath the pond liner was found to be contaminated and was removed. This material was
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disposed of in the Ghome cavity. Cleanup activities of 1977-1979 consisted of excavation and

removal of an additional 370 cubic yards (yd®) of contaminated soil (REECo, 1979).

Gnome Surface Ground Zero (SGZ), SR-3A, and DD-1 Monitoring Well

This AOC includes an area measuring 200 x 200 ft and was used for postdetonation drilling
operations of reentry wells SR-2A and SR-3A (DOE/NV, 1978). Thisareapotentially contained mud
pitsfromwell drilling. Well DD-1 was aso installed at thislocation in July of 1979 to provide access
to the Gnome cavity for the disposal of the salt/soil slurry from decommissioning operations.

WEell DD-1 was not plugged after its use, but remained open for the LTHMP. Radiological
contamination of the SGZ and Well DD-1 area occurred as aresult of drill-back operations into the
test cavity and the dlurry disposal operations. Sample resultsfrom SGZ, Well SR-3A, and Well DD-1
were combined for this summary because of the overlap in geographic location.

Decontamination Pad

A decontamination pad was used for the decontamination of equipment and facilities associated with
Gnome-Coach Site during posttest activities (DOE/NV, 1978). Decontamination techniquesincluded
high-pressure detergent washing, vacuuming, and the use of solvents (AEC, 1962b).

Old Laundry/Laboratory

Laundry decontamination and counting laboratory activitieswere performed at thisfacility during the
drill-back activities. Sections of the area were contaminated by material spilled from trucks which
hauled radiologically contaminated waste during the 1968-1969 cleanup. The areawas subsequently
cleaned up in 1979 (DOE/NV, 1978). At the end of 1977-1979 cleanup activities, about 6,000 y* of
uncontaminated salt was buried in a 380 x 95 x 12 ft trench in this area and covered with crushed
concrete and 6 ft of clean soil. The trench covers the entire areal extent of thisfacility.

New Laundry/Laboratory

Thisfacility was built to provide a more centralized location for laundry and radiochemical
laboratory activities. The principal radiological contamination of thisfacility was found in the
subsurface at the sump area (DOE/NV, 1978). During the 1977-1979 Phase | cleanup, one trench was
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dug across the New Laundry/L ab sump area to determine the area encompassed by the sump
(DOE/NV, 1978). During Phase 11/111, two trenches were dug to an average depth of 6 ft. A total of
approximately 68 yd* of contaminated soil were removed and disposed of into the cavity
(REECo, 1979). Documentation was not located to verify the purpose of the sump; however, based
on process knowledge of laundry and laboratory processes, effluent most likely drained from the

facility to the sump.

Salt Muckpile

Mine tailings from the construction of the Gnome drift and shaft were placed approximately 100 ft
north of the shaft. After the Gnome test, low-level radiologically contaminated salt from Gnome
reentry operations was deposited on top of the pile, then clean salt from the Coach drift construction
was placed over this (DOE/NV, 1978). The salt muckpile eventually encompassed an area of
approximately 140,000 ft% The muckpile was |€eft in place following the 1969 cleanup. However, all
of the radiologically contaminated salt muck was later removed during the 1979 cleanup by injection
into the Gnome cavity or disposal as solid waste at the NTS (DOE/NV, 1981).

Gnome-Coach Shaft Surface Area

The ground area surrounding the shaft was used for postdetonation drilling operations and Project
Coach construction. Radiological contamination of soil and equipment resulted from the venting
episode following the Gnome detonation, postdetonation drill-back operations, and disposal of
contaminated materials during cleanup efforts. Radiologically contaminated material and equipment
were disposed of down the shaft. At the completion of disposal operationsinto the shaft, the concrete
shaft collar was demolished with explosives to a depth of 5 ft bgs prior to setting a permanent
concrete plug. The destruction of the collar deposited small contaminated concrete and soil particles
on the surface; however, the material was excavated and disposed of in the shaft.

Venting Fallout Track

During the execution of Project Gnome in 1961, radioactive gas vented through the shaft and low
level fallout occurred in a northwest direction. The 1977 and 1979 aerial radiological surveys
(DOE/NV, 1981) and 1994 EPA soil sample results (EPA, 1994) show the highest concentration of
residual gamma contamination at a small area about 490 ft northwest of the shaft. The EEG surveys
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(EEG, 1995) confirmed residual contamination in the same approximate area. The surface
radiological contamination associated with the venting episode only extends a short distance from the
shaft. However, small particles from demolishing the shaft collar during cleanup may also contribute

to isolated contaminated | ocations.

Equipment Storage Area

This area was used as a holding area for tunneling equipment and may have been used as a
sand-blasting areafor radiologically contaminated drill pipe (DOE/NV, 1978). The results of the
DOE final status survey indicate that surface radiological contamination does not exist at this AOC
(DOE/NV, 1981).

Area 57

This site became of interest during 1977 Phase | A investigation when surface radiation levels above
background were measured. Contamination in this areawas supposedly due to runoff from one of the
contaminated locations closely associated with this area (DOE/NV, 1978). The area was subjected to
sampling and radiological cleanup during the 1977-1979 Phase 11/111 restoration effort with
approximately 35 yd® of contaminated soil removed (REECo, 1979). It isimportant to note that Area
57 isreferred to as NFCS (unknown acronym) in the 1979 Phase 11/111 sampling program.

Road Between the Salvage Yard and the CWD

A dirt road approximately 700 ft long existed in front of the Salvage Yard and the CWD. The road
between these two areas of concern was contaminated during the mine-back operations, when
contaminated soil and debris was transported to and from the CWD and/or salvage yard from other
areas of the site (DOE/NV, 1978).

Crusher Plant

A crushing and durry facility (consisting of crushers, conveyor belts, and mixing tanks) was set up on
north side of the salt muckpile during the 1979 final phase of cleanup. The crusher reduced solids
(salt muck and soil) to a size which could be mixed with gel-water to form a slurry that was
subsequently pumped from mixing tanksinto a disposal well.
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LRL-7 Drill Pad Area

The LRL-7 hole was originally drilled as a cable hole into the Coach drift for the Project Coach
experiment (DOE/NV, 1979). The well was subsequently used to durry contaminated salt/soil into
the Gnome cavity during the 1969 cleanup (DOE/NV, 1979). Hole LRL-7 was redrilled and opened
during the 1977-1979 cleanup effort. Reportedly, a screen system was installed over areturn pit and
cement cuttings were collected and later injected into the cavity with the salt muck (DOE/NV, 1979).
Hole LRL-7 was then configured to support the durry operationsin 1979 by hooking up a
recirculating system to the Gnome cavity with awater line between the hole, SR-2A and later DD-1
(DOE/NV, 1979 and 1981). The well was left open at the completion of cleanup efforts so that it
could be used as part of the LTHMP. Sample results from the water line area have been included with
the LRL-7 sample data.

LRL-8 Drill Pad Area

Hole LRL-8, located about 300 ft southeast of the main shaft, was used for downhole disposal of
contaminated slurried salt/soil during both cleanup efforts. Analytical resultsfrom the 1979 sampling
programs under the heading “ Study 32" have been identified as the area surrounding the LRL-8 hole
based on location coordinates. Hole LRL-8 was reported as being plugged and abandoned during the
1977-1979 cleanup operations (DOE/NV, 1979).

Monitoring Wells USGS-4 and USGS-8 Surface Area

In 1963, the USGS conducted a hydrologic tracer test in which Cs-137, tritium, [-131 and Sr-90 were
injected into the Culebra aquifer at Well USGS-8 and pumped to Well USGS-4. Thisfluid purged
from Well USGS-4 was reinjected in USGS-8. The soil surrounding the wells may have become
contaminated from minor fluid spills during the reinjection phase of the tracer test. Both of these
wells are sampled annually by EPA as part of the LTHMP.
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A.2.0 Monitoring and Surveys During Detonation and
Post Shot Drilling (1961 - 1962)

Several reports have been prepared that summarize the radiological surveys conducted before and
during the Gnome detonation, and as part of the immediate postdetonation monitoring and cleanup.
These surveys were conducted between December 1961 and January 1962. The datafrom these
reports were reviewed and determined they are no longer applicable in describing the contamination
that currently exits at the Gnome-Coach Site. However, these surveys are useful in presenting the
level of radioactive contamination present before site cleanup was performed.

Aerial and ground surveys were conducted immediately after the detonation and after the venting
episode from the shaft. Radioactive contamination was detected in the venting cloud and at the
ground surface downwind of the shaft. However, within days after the detonation, the radioactivity
had significantly decreased because most of the radiation measured was from isotopes with relatively
short half-lifes. Subsequent radiation surveys and soil sampling indicate that the radioactive
contamination measured in 1962 has decreased to levels similar to background at the Gnome-Coach
Site.

A.2.1 Aerial Radiation Surveys (December 9 and 10, 1961)

A predetonation aerial radiological survey was conducted on December 9, 1961 (AEC, 1965), and a
postdetonation aerial radiological survey was conducted on December 10, 1961 (AEC, 1962b). The
purpose of these surveys was to measure radiation levels over the Gnome-Coach Site and surrounding
areas before and after the nuclear detonation and observe any increase in radiation caused by the
detonation. The December 9, 1961, aeria radiological survey results were within the range of natura
background exposure rates.

An aerial and ground radiation survey using a helicopter-based platform performed cloud tracking on
December 10, 1961, after the detonation. The maximum near-field exposure rates occurred

22 minutes after the detonation and were in excess of 2,000 mR/hr in the venting cloud. For
comparison, 2,000 mR/hr is approximately the radiation flux for awhole-body magnetic resonance
image (MRI) (NCRP, 1993). Thisdatawas not used for the radiological screening evaluation or site
characterization because it does not represent what was measured at the ground surface or currently
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exists at the site. The datais being presented to demonstrate the amount of radioactive material that
vented after the detonation.

A.2.2 Ground Radiation Surveys

Due to the unanticipated postdetonation venting, the initial ground radiation survey was reduced and
the schedule delayed. Theinitial radiation survey was limited to the main access road with the largest
measurement 1,300 ft north of SGZ areawith an exposure rate of 35 mR/hr. After several hours,
survey teams were again dispatched to collect radiation readings at locations of interest. A
postdetonation radiation exposure rate measured at ground level in the path of the plume (northwest)
seven hours after detonation was 1,000 mR/hr. The highest reported exposure rate was 5,000 mR/hr
measured at 10 ft east of the Vent House near the shaft (AEC, 1962a). The day of the detonation, an
exclusion zone perimeter was established approximately 200 ft from the shaft. One day following the
detonation, exposure rates had decreased to alevel that allowed workers to enter the exclusion zone.
Historical recordsindicate personnel exposure ratesfor the workers averaged 2 to 5 mR/hr in the days
following the detonation (AEC, 1962a). The datawas not used for site characterization and is being
presented only to demonstrate the amount of radioactivity that was present immediately after the
detonation.

A.2.3 Decontamination and Standby Status

A major decontamination program was initiated after it was determined that there was no longer a
significant human health or contamination problem. Decontamination techniques included the
removal and burial of contaminated material, high-pressure water washing with added detergents,
washing with solvents, and vacuuming. Logging and coring equipment were decontaminated to
levelsto allow off-site release to the contracting organization (AEC, 1962a). After the two reentry
well drill rigs were released, the equipment and piping was disassembled, weatherproofed, and
moved to an on-site storage area. The SGZ area was then relandscaped with road equipment and the
spray pond was drained and covered (AEC, 1962b).

From 1963 to 1968, the Ghome-Coach Site was placed in a caretaker status. In February or

March 1963, the AEC planned to conduct Project Coach and construction activities were initiated.
However, Project Coach was cancelled in late 1963. The caretaker staff was reduced during 1965 and
1966 and approval to deactivate the site was given on May 27, 1968 (DRI, 1988).
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A.3.0 Monitoring and Surveys for Decommissioning Activities
(1968 through 1979)

Major site restoration efforts were conducted in 1968-1969 and 1977-1979. An areareconnaissance
was performed in 1972 between the two site restoration efforts. The initial restoration effort
conducted in 1968 and 1969 occurred as part of site deactivation authorized in 1968. The purpose of
a 1972 reconnaissance was to verify observations that the salt muckpile was eroding and to measure
the radiological conditions that remained after the 1968-1969 cleanup effort. The 1977-1979
restoration activities included well plugging and abandonment; decontamination; disposal of
equipment, soil, and salt muck into the Gnome cavity, shaft, and drift complex; soil sampling; and
analysis.

Site deactivation and cleanup activities were performed to radiological standards, based on the
existing Federal and State of New Mexico regulations and industry and DOE standards. Subsequent
radiological surveys and sampling indicate that these standards were generally met. However, since
these cleanup activities were completed, these standards have generally become more restrictive.

A.3.1 Site Decommissioning

The Gnome-Coach Site underwent an initial decontamination effort between 1968 and 1969, an area
reconnaissance in 1972, and a second major decontamination cleanup effort between 1977 and 1979
(Tappan and Lorenz, 1969; DOE/NV, 1978; DOE/NV, 1981). These three efforts are briefly
summarized below.

A.3.1.1 Initial Decommissioning Effort, 1968 - 1969

An account of the sampling activities, radiological analytical results, and cleanup conducted during
theinitial decommissioning effort is presented in On-site Radiological Safety Report, Carlsbad Ste
Roll-up Program, 1969 (Tappan and Lorenz, 1969). The 1968 and 1969 cleanup was undertaken
following radiological release guidelines that specified removal of all contaminated material above
0.1 mR/hr beta plus gamma, as measured by a 30-mg/cm? Geiger Mugller portable survey instrument.
Cleanup activities were conducted site-wide, but focused primarily on the operational areas that
included a liquid waste disposal tank, evaporation pond, miscellaneous storage sites and facilities,
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and the CWD site. Various decontamination methods were employed including the disposal of all
radioactive materials (i.e., salt muck, liquid wastes, metal, wood, insulated wiring, dump trucks, mine
cars, drill rig equipment, the Gnome shaft headframe, and the concrete collar) into the Gnome shaft
and drift and the Coach drift (Tappan and Lorenz, 1969). The contaminated materialsfilled the
Gnome shaft to within 7 ft of the surface. The shaft was backfilled with uncontaminated gravel and
soil to within 5 ft of the surface and then sealed with a concrete plug and pad to form a permanent
plug (Gardner and Sigalove, 1970). Cleanup activities at the salvage yard and the CWD consisted of
the buria of low-level radioactive soil by excavating trenches, burying the contaminated material,
and covering it with approximately 2 ft of clean fill.

Exploration of the salt muckpile was undertaken during thisinitial cleanup effort and consisted of
drilling, monitoring, and sampling the muckpile contents to determine the extent and degree of
radiological contamination. The results from the sample analyses indicated elevated levels of
radiological contamination within the muckpile. The AEC Nevada Operations Office considered the
amount of overburden and decided that the limited radioactivity within the salt muckpile was
“sufficiently low in radiological content” to present no significant environmental or health hazard
(Tappan and Lorenz, 1969). No cleanup activities of the muckpile were conducted during the
1968-1969 cleanup.

During the 1968-1969 cleanup, all above ground materials and facilities were removed, and all drill
holes were plugged, except those retained for long-term hydrological monitoring.

A.3.1.2 Site Reconnaissance, April 1972

In 1972, a site reconnaissance and survey was conducted with the objective of verifying reported
observations that the muckpilewas eroding away and its exact radiological condition was not known.
A sitevisit was conducted in April 1972 primarily to sample the surface of the eroding muckpile.
However, additional areas (decontamination area, clean scrap yard, CWD, shaft area) were also
surveyed. One areain the “clean scrap yard” was found to have elevated radiological levels

(45 mrad/hr) on pieces of fiberglass (REECo, 1973).

The 1972 reconnaissance concluded that a more extensive survey with additional sampling was
needed at the Gnome-Coach Site (REECo, 1973). Between 1973 and 1977, additional surveyswere
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made to reassess public safety and environmental conditions on and near the Gnome-Coach Site
(DRI, 1988). These additional surveys led to the second cleanup effort conducted between 1977 and
1979.

A.3.1.3 Second Decommissioning Effort, 1977 - 1979

Between 1977 and 1979, DOE/NV implemented a D& D operational plan for the Gnome-Coach Site.
This plan was conducted in a phased approach (DOE/NV, 1978 and DOE/NV, 1981) and included the
following:

August 1977 - September 1978

Phase | - Aerial and ground radiological surveys were conducted to establish radiological release
criteriafor the surface and an operational plan for D& D activities was devel oped.

March 1979 - September 1979

Phase Il - Existing monitoring wells were cleaned out and other miscellaneous preparations made for

the anticipated D&D activities.

Phase |11 - The operational plan was executed for the disposal of contaminated materialsin
accordance with the approved radiological release criteria. A final status survey and sampling for
residual radioactive material was also conducted.

The radiological release guidelines used for the D& D at the Gnome-Coach Site, as described in
DOE/NV'’s operational plan (DOE/NV, 1979) for the 1977 through 1979 cleanup are as follows:

« Decontamination to levels below 2 x 10° .Ci/g (20 pCi/g) for beta-gamma emittersin soil,
averaged over 0.25 ha (0.62 acre)

« 3x10? xCi/mL (30,000 pCi/mL) of tritium in soil moisture

These guidelines are more conservative than those applied during initial cleanup in 1968-1969.
Because the Phase | radiological survey resultsindicated tritium and Cs-137 as the indicator
beta/gamma-emitters, the decontamination criteriawere applied asif all contamination were Cs-137
and tritium (DOE/NV, 1981).
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The D&D plan called for the contaminated materials to be disposed of into the Gnome cavity and
drift and the Coach drift. Major site decontamination and restoration preparation activities included
the rehabilitation and installation of a pump in Well USGS-1 for use as an operationa water supply
and the excavation of a water storage reservoir, cleanout and opening of the Gnome reentry holes
SR-2A and LRL-7, establishment of a decontamination holding area and a clean holding area,
fabrication and installation of atritium effluent filter system at LRL-7, installation of acrushing plant
on the north side of the salt muckpile, and the setup of durry and mud tanks for the downhole disposal
system operation (DOE/NV, 1981).

The D&D system operation consisted of the disposal of contaminated soil and debris within the
Gnome-Coach operational areas. Soil was removed from the larger contaminated areas by various
mechanical methods. For small, well-defined surface areas, shovelswere used to isolate and remove
the contamination. In some cases, such asthe CWD where contamination was disbursed throughout a
large generalized area, the surface was scraped to a depth of 6 in. and/or trenches were dug when
contamination was located at depth (DOE/NV, 1981). In areas where contamination was buried, a
backhoe, front-end loader, or bulldozer was used. The removed soil and materials from these areas
were loaded onto dump trucks, transported, and staged on the existing salt muckpile.

To ensure that a site was below the decontamination criterialevels, radiological surveys were
conducted with amodified criteria for cleanup for surface variances of greater than 20 R/hr above
background (DOE/NV, 1981). Soil samples were collected and analyzed at an on-site mobile
laboratory to verify the survey results. Based on the results of the analyses, the trenches would be
backfilled, or excavation and scraping of the area would continue until the site was verified to be
below the radiological release criteria.

Thefinal phase of the D& D operation consisted of the contaminated soil being taken from the staging
areas and a combination of soil and salt would be loaded into a crusher unit and sent through a series
of conveyor belts and shaker table unitsto sort out the larger debris (e.g., large pieces of wood,
gloves, metal fragments) for later disposition. The pebble-sized soil and salt would again be fed into
afinal series of conveyor belts and two additional crusher units. The total tonnage was then weighed
onthefinal conveyor belt, recorded, taken to a hopper, and deposited into the Gnome cavity by means
of awater injection system.
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Over the duration of the D& D operations, the cavity wasfilled to capacity. Approximately 35,750 y?
of contaminated soil and salt were slurried into the Gnome cavity for disposal. The most conservative
estimate of the total activity of Cs-137 deposited down the Gnome cavity was 1.06 Ci

(DOE/NV, 1981).

At the end of the crusher/slurry operations, contaminated soil, salt, and debris still remained. This
excess contaminated material was packaged and shipped to the NTS for disposal as LLW. Historical
records indicate 242 drums (73,972 pounds [Ibs]) and 14 boxes (50,200 |bs) were transported to the
NTS for disposal. The radiological activity level of this material was 2.67 x 10? Ci (based on
Cs-137). Excess nonradiological waste, scrap metal, and debris were also transported to the NTS for
final disposition. Approximately 6,000 y* of clean salt from the salt muckpile remained after the
disposal operations were completed. This clean salt was buried at the old laundry/lab areain atrench,
covered with athin layer of crushed concrete and vinyl, and filled with 6 ft of clean soil. A more
detailed account of the second major cleanup effort is contained in Gnome Ste Decontamination and
Decommissioning Project, Radiation Decontamination Clearance Report, March 28, 1979 -
September 23, 1979 (DOE/NV, 1981).

A.3.2 Aerial Radiation Surveys (May 1972 and September 1979)

An aerial radiological survey was conducted on May 13, 1972, after the 1968-1969 environmental
restoration. A program known as the Aerial Radiological Measuring System (ARMYS) was used to
perform this aerial radiation survey of the Ghome-Coach Site and surrounding area. The objective of
ARM S was to detect and document any anomalous gamma radiation levels in the environment from
residual radioactive material following the environmental restoration activities conducted between
1968 and 1969.

The ARM S uses a high-sensitivity detection system which collected gamma-ray spectral and
gross-count data. The data were computer-processed onto a four square-mile area map of the
Gnome-Coach Site, showing gamma exposure rates three feet above the ground. The exposure rates
measured within the survey regions were generally uniform and typical of rates resulting from natural
background radiation in the United States (5 to 7 «R/hr). Other than trace amounts of Cs-137
detected over the waste dump, no anomalies were detected that could be attributed to the Gnome test
(EG& G, 1973).
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A second aerial radiological survey was conducted on September 22 through 23, 1979, following
cleanup efforts. The objective of this survey was to document the effectiveness of the cleanup effort
and to provide overall certification that no major anomalous gamma radiation levels remained
following the environmental restoration activities. The results were presented as isopleths showing
the exposure rates from the man-made nuclide Cs-137. The survey indicated that above background
levels of radioactive material existsin the vicinity of the venting fallout track, Gnome shaft, new
laundry/lab area, salvage yard, and the CWD (Figure A.3-1) (DOE/NV, 1981).

A.3.3 Ground Radiation Surveys (1968-1969, 1972, and 1977-1979)

Ground radiation measurements were completed at the Gnome-Coach Site on three occasions. The
first radiation survey was performed during from June 1968 through April 1969. The second survey
as conducted in April, May, and October 1972. The third survey was conducted during Phase | and
[11 of the 1977-1979 decommissioning.

The first radiation survey program was conducted in 1968 in the soil/salt muckpile. Seventy-nine
holes were drilled into the muckpile, and the resulting debris was monitored and sampled.
Representative cross-section samples were selected for laboratory analysis. The laboratory results
indicated elevated levels of radiological contamination on the surface, and at certain depths within the
muckpile, exceeding the criteriaof 0.1 mR/hr. The results of the sample analyses are summarized in
On-Ste Radiological Safety Report, Carlsbad Ste Roll-Up Program (Tappan and Lorenz, 1969).

The second radiation survey was performed during the 1972 Site Reconnaissance using in situ
instruments. Three surface locations on the muckpile were identified with readings above the

0.1 mR/hr 1968-1969 radiological release criteria. Other sites, including the decontamination Site,
clean scrap yard site, CWD site, and shaft were surveyed and showed readings above background but
below the 1968-1969 radiological release criteria. These locations were found to be isolated areas of
elevated radioactivity (REECo, 1973).

The third radiation survey was conducted in two phases during the second site decommissioning.
During Phase |, radiation surveys were conducted to provide data to guide the design of the

Phase 11/111 soil sampling. The objective of the Phase I1/111 survey was to confirm that the new
radiological release criteria was met (i.e., 20 «R/hr above background) after the Phase 11 removal of
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contaminated materials. Background radiation used for this survey was 10 «R/hr. None of the
exposure rate measurements exceeded the 1968-1969 and the 1977-1979 radiological release criteria.
The results for both of these surveys are summarized in Gnome Ste Decontamination and
Decommissioning - Phase | Radiological Survey and Operations Report, Carlsbad, New Mexico
(DOE/NV, 1978), and Gnome Site Decontamination and Decommissioning Project, Radiation
Decontamination Clearance Report, March 28, 1979 - September 23, 1979 (DOE/NV, 1981).

A.3.4 Soil Sampling

Soil sampling and analysiswere performed by the AEC/DOE, and other outside agencies. Theresults
for the outside agencies (EPA and EEG) are presented in Section A.4.0. Thefirst three AEC/DOE
soil sampling programs were performed in June 1968 through April 1969; April, May, and October in
1972; and between 1977 and 1979 during the second site decommissioning.

The first soil sampling program was conducted during the 1968-1969 initial cleanup (Tappan and
Lorenz, 1969). The objective of this deactivation program was to remove and dispose of all surface
contamination in excess of the established limit of 0.1 mR/hr (beta plus gamma), as measured by field
instruments. All the operational areas within the Gnome Site were sampled before, during, and after
the decontamination activities. The specific areas that were monitored and surveyed were the liquid
waste tank, evaporation pond, miscellaneous storage areas and facilities, CWD, Coach drift and
surface area, Gnome shaft and surface area, and the salt muckpile (Tappan and Lorenz, 1969). At the
end of the cleanup operations, all of the operational areas underwent a detailed radiological survey.
The survey revealed that radiological measurements were less than 0.1 mR/hr in all of the areas
except the salt muckpile (Tappan and Lorenz, 1969).

The second soil sampling program was completed in stages over the months of April, May, and
October in 1972 (REECo, 1973). The primary objective of this sampling effort was to better define
the extent of contamination at the salt muckpile. Approximately 170 soil samples were collected on
the muckpile from holes that were previously drilled during the 1968-1969 sampling program. In
general, results from the samples collected showed that the predominant isotope was Cs-137.
Strontium-90 analyses were conducted on some samples with the maximum result of 1 pCi/g. The
analytical results for the soil sampling programs are summarized in Carlsbad Reconnaissance 1972,
Gnome Ste (REECo, 1973).
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The third soil sampling program was conducted in two phases (Phase | and Phase 11/111) between
1977 and 1979 during the second site decommissioning. The objective of the Phase | soil sampling
program was to provide radiological data necessary to plan operations for the decontamination and
decommissioning of the sitein Phase I1/111. The objective of the Phase I1/111 soil sampling program
was to provide postdecontamination concentrations in soil for the predetermined radionuclide
indicators, Cs-137 and tritium. Approximately 5,800 soil samples, including surface and shallow
subsurface soil samples, were collected between the two phases of this operation at al of the
operational areasimpacted by radiological contamination (i.e., salvage yard, CWD, shaft, evaporation
pond, and SGZ). The areal coverage of surface sampling was extensive across the Gnome-Coach Site
(see Plate 1). Sampleswere analyzed at an on-site laboratory and a split of the samples was sent to

the NTSfor analysis.

1977-1979 Soil Sampling Results

All soil analytical datawas reviewed during this analysis to assess the Gnome-Coach Site. Phase|
data is associated with the radiological conditions following the remediation conducted in 1968 and
1969. Phasell/Il datawas associated with the radiological conditions following the remediation
conducted in 1977-1979. Phase I1/I11 remediation and data collection focused on areas that were
identified through Phase | as not having been adequately remediated in 1968-1969. Therefore, some
results from Phase | were obtained before remediation occurred, and do not represent the radiological
conditions after the Phase 11/111 remediation. To assess the current conditions at the Site, a
compilation of Phase | and Phase I1/111 data was organized by AOC. For example, if remediation
occurred in an area, Phase | data may no longer be applicable and Phase 11/111 was used. In areas
where remediation did not occur or was not required, Phase | or a combination of Phase | and I1/111
datawas used. To avoid confusion, the data used at each areais stated with the understanding that
other datamay exist that is no longer applicable. Table A.3-1 summarizes the number of Cs-137 and
tritium soil sample results above minimum detectable activities obtained during Phase | and 11/111 for
each AOC at the Gnome Site.

During Phase | activities, operational areas having elevated surface measurements or potential for
shallow subsurface contamination because of former site operations (i.e., CWD, shaft, salt muckpile,
old laundry/lab) were characterized by griding an area, drilling at each location to adepth ranging



Gnome-Coach SC Work Plan
Appendix A

Revision:

1

Date: 01/14/2002
Page A-19 of A-64

Table A.3-1
Number of Sample Results for Each Area of Concern?®
Cs-137 Tritium
Generalized Area
Phase | Phase 11/l Phase | Phase I/l

Contaminated Waste Dump 579 453 126 6
Salvage Yard 527 51 5

Road 65 13 2
Evaporation Pond and Waste Tank 224 66 10 2
Salt Muckpile 205 315 17 5
NFCS/Area 57 137 25 13

Old Laundry/Lab 130 6

Gnome SGZ 404 88 2
Decontamination Pad 240 32 7

Equipment Storage Yard 104 4

New Laundry/Lab 130 49 15

Fallout Plume 69 79 3 2
Gnome-Coach Shaft Area 319 400 2
General Site 155 168 45

General Site Background 13 10

Waste Trench 4

Study 32 35

Waterline 50

Nonoperational Areas 96

Well DD-1 17 3
Well SR-3A 6

Warehouse 17

Well LRL-7 74

Crusher Plant 90 1
Well USGS-8 13 9

#The number of sample results are presented on this table. The historical data indicate that in some instances, if a Cs or
tritium result was not detected it was not recorded. This means that there are more samples collected than there are

reported results.
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from 1 to 20 ft, and collecting soil samples. Based on Phase | results, the shallow subsurface at the
SGZ, old laundry/lab, shaft area, warehouse area, fallout track plume area, equipment storage area,
Area 57, road between salvage yard and CWD, crusher plant area, LRL-7 area, LRL-8 area, and
salvage yard were determined to be adequately characterized. Sufficient data existsto determine that
either contamination was not encountered, detected, or if contamination was detected, appropriate
remediation has been completed. During Phase |, Cs-137 leaching characteristicsin soil were studied
by collecting profile sasmples at 1-in. intervals in areas where no contaminated material had been
buried (i.e., old laundry/lab, Area 57, and fallout area). This study demonstrated that surface
contamination from Cs-137 was concentrated just below the surface to a maximum depth of 7 in.
(DOE/NV, 1978).

Phase I1/111 data was biased, meaning that for areas that were not suspected of being contaminated
above the 1977-1979 release criteria, there was limited Phase I1/111 sampling performed. During
Phase I1/111, soil samples were collected at various depths from the surface to 16 ft at the CWD,
SR-3A area (SGZ), evaporation pond/waste tank, salt muckpile, new laundry/lab area, shaft area, and
USGS-8 area. Sample collection was biased and limited to areas identified with elevated
measurements during Phase |. Samples were taken from drill cores or trenches and analyzed at an
on-site laboratory. The CWD was the only AOC that required substantial cleanup and
postdecontamination sampling for the shallow subsurface. Figure A.3-2 summarizes the results of
the Cs-137 concentrations measured in athree-dimensional format for the CWD and displays the
amount of characterization data available for this former operational area. Upon review of the
historical data, areas that are still suspect and will require additional data collection include the
decontamination pad, new laundry/lab area, USGS-4 and -8 drill pad area, and salt muckpile area.

Phase I1/111 shallow subsurface samples collected at the salt muckpile were above the 1979 release
criteria. However, it isnot clear if these samples were collected from atop the salt muckpile prior to
removal or on the ground surface after removal. Because the values are above therelease criteria, itis
strongly suspected the samples were collected prior to removal. A confirmation in situ radiological
survey has been proposed to confirm the salt muckpile remediation is complete.
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A.3.4.1 Evaluation of Cs-137 and Tritium Results

As part of the historical data review, an evaluation was made of the Cs-137 and tritium results from
the 1977-1979 sampling program because they represent the concentrations after the most recent site
restoration (DOE/NV, 1978 and 1981). Only the Phase 11/111 data were utilized for the evaluation
unless Phase | data determined an area was already below the release criteria without remediation or
was remediated during Phase I, in which case the Phase | datawere used. Although not verified
during this evaluation, DOE/NV (1981) states that no areas exceeded the established release criteria
of 20 pCi/g averaged over 0.25 hectare. Table A.3-2 summarizes the number of individual Cs-137
surface and shallow subsurface soil concentrations that exceeded 20 pCi/g. The table shows that most
AQOCs had asmall percentage of sample concentrations exceeding 20 pCi/g; however, these values
were not averaged over a 0.25 hectare as specified by the DOE 1979 release criteriafor this review.
All tritium concentration results were less than the 1979 DOE radiological release criteria.

Figures A.3-3 through A.3-20 present surface sample results above the detection limit for Cs-137 for
each AOC that were used for this evaluation. Plate 1 shows a more comprehensive view of the
surface data points compiled acrossthe site. Note that many of the Phase I1/111 samples were biased,
meaning soil samples were collected: (1) where contamination was suspected and shown not to exist,
(2) where removal actions had occurred, and/or (3) where the results were used to confirm the
contamination was removed to below the established release criteriaduring thisremedial action. This
accounts for the clustering of the data and the large areas that were previoudy characterized and
confirmed to not be contaminated, and thus not sampled as part of Phase 11/111.

Table A.3-3 lists the minimum, maximum, average, and 95 percent Upper Confidence Level (UCL)
for Cs-137 in surface soil samples and the minimum and maximum concentration for tritium in soil.
Historical documents indicate that the maximum Cs-137 concentration of 28,000 pCi/g at the new
laundry/lab area was removed by sampling (REECo, 1979; DOE/NV, 1981). Because of this
statement, it is assumed that this concentration was not used in calculating if the new laundry/lab was
below the release criteria. The maximum tritium concentration of 25,300 pCi/mL was measured at
the CWD. Table A.3-4 gives the weighted average concentrations for AOCs with shallow subsurface
sample data. The maximum and 95 percent UCL for surface soil, and the weighted average
concentrations for shallow subsurface will be used as initial input values to calculate dose/risk in the
preliminary radiological-screening evaluation presented in Appendix C.
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Table A.3-2
Gnome-Coach Phase |, I, and Il - Soil Sampling Results (1977-1979)
Total Samples Total Samples Total Samples TritiuT;télo?'nin?tlreastions
Collected and Cs-137 Concentrations Collected and in Soil Moisture Greater
Areas of Concern Analyzed for Cs-137 Greater Than or Equal Analyzed for Tritium ;
- , - Than or Equal to DOE’s
(most recent sampling to DOE's 20 pCi/g (most recent 30.000 pCi/mL
program) (DOE/NYV, 1981) sampling program) (D(')E/N\p/ 1981)
L gomam'”ated Waste 453 (Phase I/I1T) 8 6 (Phase I1IIT) 0
ump
2. Salvage Yard 51 (Phase II/ll) 4 5 (Phase 1) 0
3. Warehouse Area 17 (Phase II/1lT) 2 - -
4. Waste Tank -
Evaporation Pond 69 (Phase II/1l) 2 2 (Phase 11/111) 0
5. Gnome SGZ + DD-1 110 (Phase 11/111) 7 3 (Phase lI/ll) 0
6. Decontamination Pad 32 (Phase II/11l) 1 7 (Phase 1) 0
7. Laundry/Lab Old and 79 (Phase | & IlIT) 9 6 (Phase I) 0
Trench
8. Laundry/Lab New 49 (Phase II/11I) 5 15 (Phase I) 0
9. Salt Muckpile 315 (Phase Il/1T) 17 5 (Phase I/111) 0
10. Gnome-Coach Shaft
surface Aren 400 (Phase II/1l1) 5 2 (Phase Il/1ll) 0
11. Fallout Track from 79 (Phase I1/11l) 13 2 (Phase I1IlT) 0
Venting
12. Equipment Storage 61 (Phase I) 0 4 (Phase I) 0
Area
13. Area 57 (NFCS)a 120 (Phase | & lI/111) 8 13 (Phase 1) 0
14. Road between the
Salvage Yard and the 10 (Phase II/1lT) 1 2 (Phase 11/111) 0
CWD
15. USGS-8 & USGS-4
Monitoring Wells 10 (Phase II/111) 1 9 (Phase Il/Ill) 0
b
16. Crusher Plant 161 (Phase II/111) 0 1 (Phase lI/lI1) 0
17. LRL-7 Drill Pad Area 74 (Phase II/11I) 1 - -
18. LRL-8 DriIICPad Area
(Study 32) 35 (Phase Il/1ll) 0 - -
TOTALS 2,125 124 82 0

8Area 57 is same as “NFCS” data in DOE/NV, 1981
“General Site” data in DOE/NV, 1981, used for Crusher Plant area as it is more representative of surface ground conditions.
°LRL-8 data is “Study 32" data in DOE/NV, 1981
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Table A.3-3
a . . ..
Gnome-Coach Phase I, Il, and Ill - Surface?® Soil Analysis Results Statistics
Minimum Average Maximum 95% UCL Minimum Maximum
Areas of Cs-137 Cs-137 Cs-137 Cs-137 Tritium Tritium
Concern Concentration Concentration Concentration Concentrations Concentration Concentration
(pCilg) (pCilg) (pCilg) (pCilg) (pCi/mL) (pCi/mL)
1. Contaminated 0.24 535 60 15.84 52 25,300
Waste Dump
2. Salvage Yard 0.24 8.83 76 12.36 18 117
3. Warehouse 0.28 21.32 201 49.00 ; ;
Area
4. Waste Tank -
Evaporation 0.66 5.24 38 6.78 21 28
Pond
5. Gnome SGZ & 0.26 421 39 5.36 531 2,090
DD-1
6. Decontamination 0.24 5.47 23 17.67 15 2360
Pad
7. Laundry/Lab Old 0.25 6.03 29 8.15 28.6 93.2
8. Laundry/Lab 0.33 580.17 28,100 35.37 (w/max) 1.84 473
New 6.58 (w/o max)
9. Salt Muckpile 0.24 6.5 95.3 23.2 1 722
10. Gnome-Coach
Shaft Surface 0.21 6.36 465 16.39 132 1,160
Area
11. Fallout Track 0.26 18.24 370 62.21 20 38
from Venting
12. Equipment
Storage Area 0.29 5.02 16 6.37 103 217
13. Area 57,
(NFCS) 1.49 4.78 14.6 6.1 2.2 213
14. Road between
the Salvage Yard 1.25 10.24 52 21.17 45 117
and the CWD
15. USGS-8 &
USGS-4 Drill 0.26 5.22 34 13.6 178 23,100
Pad Area
16. Crusher Plant 0.20 1.09 17.50 1.41 111 111
17. LRL-7 Drill Pad
Area 0.17 1.95 67 3.77 - -
18. LRL-8 Drill Pad
Area (Study 32) 0.29 2.19 20 3.36 - -

#Surface = 0 to 2.0 in. bgs
PArea 57 data is same as “NFCS” data in DOE/NV, 1981
C“General Site” data in DOE/NV, 1981, used for Crusher Plant area as it is more representative of surface ground conditions.
dLRL-8 data is same as “Study 32" data in DOE/NV, 1981
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Table A.3-4
Gnome-Coach Phase I, Il, and Ill Shallow Subsurface Soil Analysis Results
Sambplin ) a Volume Weighted Average
piing Range of Contaminant Depth Cs-137 SubSurface Concentrations
Areas (ft) )
(pCilg)

1. Contaminated Waste 0.166 - 16 85.86

Dump
2. Salvage Yard 0.166 - 7 6.66
3. Gnome SGZ 0.166 - 6 25.37
4. Waste Tank -

Evaporation Pond 0.166 - 10 6.64
8. Laundry/Lab New 0.166 -5 38.69
9. Salt Muckpile 0.166 - 12 223.54
10.Gnome-Coach Shaft 0.166 - 6 758

Surface Area
15.USGS-8 & USGS-4

Monitoring Wells 0166 -2 1.39

Maximum depth of contaminant detected at each area of concern

A.3.4.2 Evaluation of Sr-90 and Pu-239 Analysis

To verify that Cs-137 was the primary isotope of concern at the Gnome-Coach Site, some randomly
selected samples were sent to the analytical laboratory at the NTS for Sr-90 and Pu-239 analysis
during the 1977-1979 sampling effort (DOE/NV, 1978 and 1981). The analytical resultsfor the Sr-90
and Pu-239 analyses are summarized in Table A.3-5. Statistical evaluations of the Sr-90 and Pu-239
data were performed and are discussed below.

During Phase | remediation activities, 133 surface soil samples were analyzed using gamma
spectrometry and total strontium. Of these 133 samples, four did not have a positive Cs-137
concentration and two did not have a positive Sr-90 concentration. Of the remaining 127 samples, the
Cs-137:Sr-90 concentration ratio in 125 samples exceed the source term ration of 3.04. The Cs-137
concentration ranged from a minimum of 0.934 pCi/g to a maximum of 808 pCi/g with a mean
concentration of 22.73 pCi/g. The Sr-90 concentration ranged from a minimum of 0.0366 pCi/g to a
maximum of 12.7 pCi/g with a mean concentration of 1.41 pCi/g +/- 1.92 pCi/g. The PAL for Sr-90
in soil at the site for the limiting hypothetical dose receptor (rancher) is 66 pCi/g. The mean Sr-90
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Table A.3-5
Gnome-Coach Select Sample Locations for Cs-137, Sr-90, and Pu-239 Comparison
(Page 1 of 6)

Area of . . Cs-137 Sr-90 Cs-137/Sr-90 Pu-239
Concern Northing® Easting® (pCilg) (pCilg) Ratio (pCilg)
Phase | Samples
CwWD N100840 E101740 148 1.99 74.4 NA
CWD N100760 E101780 66.8 2.63 25.4 NA
CWD N100800 E101860 56.0 5.09 11.0 NA
CWD N100700 E101960 51.3 0.750 68.4 NA
CWD N100800 E101860 47.6 1.72 27.7 NA
CWD N100780 E101860 41.8 1.55 27.0 NA
CWD N100780 E101800 39.9 3.35 11.9 NA
CWD N100780 E101840 37.0 3.18 11.6 NA
CWD N100780 E101780 32.2 3.62 8.90 NA
CWD N100780 E101820 31.8 3.36 9.46 NA
CWD N100660 E101940 30.7 0.881 34.8 NA
CWD N100720 E101960 28.4 4.83 5.88 NA
CWD N100720 E101940 25.6 1.07 23.9 NA
CWD N100800 E101880 25.4 3.57 7.11 NA
CWD N100840 E101880 23.9 0.947 25.2 NA
CWD N100820 E101760 23.4 3.58 6.54 NA
CWD N100680 E101920 23.1 2.45 9.43 NA
CWD N100780 E101860 22.2 2.25 9.87 NA
CWD N100720 E101860 21.5 3.77 5.70 NA
CWD N100700 E101840 20.9 1.62 12.9 NA
CWD N100760 E101760 20.8 1.51 13.8 NA
CWD N100700 E101940 20.7 2.17 9.54 NA
CWD N100680 E101940 19.7 1.18 16.7 NA
CWD N100780 E101840 19.5 1.27 15.4 NA
CWD N100760 E101780 19.5 4.40 4.43 NA
CWD N100740 E101940 19.3 0.603 32.0 NA
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Gnome-Coach Select Sample Locations for Cs-137, Sr-90, and Pu-239 Comparison

(Page 2 of 6)

Area of . . Cs-137 Sr-90 Cs-137/Sr-90 Pu-239

Concern Northing® Easting® (pCilg) (pCi/g) Ratio (pCi/g)
CWD N100740 E101900 19.0 0.344 55.2 NA
CWD N100720 E101960 17.7 0.489 36.2 NA
CWD N10084 E101800 16.6 0.263 63.1 NA
CWD N100800 E101880 16.4 0.765 21.4 NA
CWD N100780 E101820 15.9 0.625 25.4 NA
CWD N100860 E101860 14.4 1.98 7.27 NA
CWD N100860 E101300 14.0 0.288 48.6 NA
CWD N100820 E101860 13.5 0.701 19.3 NA
CWD N100800 E101900 10.9 1.67 6.53 NA
CWD N100820 E101900 10.7 0.734 14.6 NA
CWD N100700 E101560 8.41 0.177 475 NA
CWD N100820 E101900 7.25 0.338 21.4 NA
CWD N100840 E101300 4.90 0.310 15.8 NA
CWD N100780 E101760 2.58 0.785 3.29 NA
CWD N100820 E101840 253 0.403 6.28 NA
CWD N100860 E101820 1.37 0.597 2.29 NA
Decon Pad N100480 E100520 17.5 0.354 49.4 NA
Decon Pad N100480 E100485 19.3 3.20 6.03 NA
Decon Pad N100460 E100520 30.5 0.578 52.8 NA
Decon Pad N100460 E100500 36.8 0.306 120 NA
Decon Pad N100470 E100450 715 1.69 423 NA
Muckpile N100400 E100200 3.95 0.873 452 NA
Muckpile N100240 E100220 9.67 0.0986 98.1 NA
Muckpile N100320 E100200 11.5 0.513 224 NA
Muckpile N100320 E100200 16.3 0.187 87.2 NA
Muckpile N100220 E100160 19.7 0.278 70.9 NA
Muckpile N100220 E100160 27.2 0.568 47.9 NA
Muckpile N100220 E100180 38.0 0.250 152 NA
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Gnome-Coach Select Sample Locations for Cs-137, Sr-90, and Pu-239 Comparison

(Page 3 of 6)

Area of . . Cs-137 Sr-90 Cs-137/Sr-90 Pu-239
Concern Northing® Easting® (pCilg) (pCi/g) Ratio (pCi/g)

Muckpile N100360 E100240 38.0 0.719 52.9 NA
Muckpile N100420 E100160 38.8 0.0795 488 NA
Muckpile N100118 E100206 39.0 0.257 152 NA
Muckpile N100340 E100220 51.8 0.319 162 NA
Muckpile N100106 E100188 56.6 0.860 65.8 NA
Muckpile N100440 E100140 70.4 0.0609 1160 NA
Muckpile N100260 E100160 83.3 0.174 479 NA
Muckpile N100360 E100240 91.2 0.448 204 NA
Muckpile N100106 E100188 128 1.91 67.0 NA
Muckpile N100340 E100240 163 12.7 12.8 NA
Muckpile N100380 E100180 808 0.786 1030 NA
New Lab N100000 E100200 4.91 0.897 5.47 NA
New Lab N100118 E100194 15.5 0.918 16.9 NA
New Lab N100112 E100194 23.3 0.789 29.5 NA
New Lab N100106 E100182 32.4 0.861 37.6 NA
New Lab N100112 E100188 110 4.16 26.4 NA
Fallout Plume N100200 E099880 6.99 1.04 6.72 NA
Fallout Plume N100300 E099780 11.1 0.297 37.4 NA
Fallout Plume N100115 E099785 45.8 0.695 65.9 NA
Fallout Plume N100115 E099785 177 4.51 39.2 NA
Fallout Plume N100115 E099785 208 3.93 52.9 NA
Shaft N100000 E099960 6.20 1.32 4.70 NA
Shaft N099980 E099980 7.23 0.115 62.9 NA
Shaft N100060 E100060 7.76 0.241 32.2 NA
Shaft N100020 E100020 11.2 1.23 9.11 NA
Shaft N100000 E099960 12.0 0.122 98.4 NA
Shaft N100020 E100080 13.7 0.805 17.0 NA
Shaft N100080 E099960 15.4 0.0490 314 NA
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Gnome-Coach Select Sample Locations for Cs-137, Sr-90, and Pu-239 Comparison

(Page 4 of 6)

Area of . . Cs-137 Sr-90 Cs-137/Sr-90 Pu-239
Concern Northing® Easting® (pCilg) (pCi/g) Ratio (pCi/g)

Shaft N099900 E100060 15.5 0.506 30.6 NA
Shaft N099960 E100020 16.8 0.629 26.7 NA
Shaft N099980 E099980 17.5 0.825 21.2 NA
Shaft N100060 E099980 22.9 0.233 98.3 NA
Shaft N100020 E099920 25.1 0.356 70.5 NA
Shaft N100000 E099900 25.9 1.28 20.2 NA
Shaft N099980 E100080 26.2 1.57 16.7 NA
Shaft N099980 E099920 36.6 0.580 63.1 NA
Fallout Plume N100160 E099900 19.8 0.830 23.9 NA
NA N100500 E100000 0.934 4.45 210 NA
NA N100860 E100480 2.68 0.0676 39.6 NA
NA N100820 E100670 3.24 0.538 6.02 NA
NA N100840 E100460 4.80 0.335 14.3 NA
NA N101120 E101080 5.02 0.0666 75.4 NA
NA N100840 E100620 6.19 0.526 11.8 NA
NA N100860 E100480 6.79 0.0517 131 NA
NA N100000 E100300 7.07 0.171 413 NA
NA N100760 E100680 751 0.188 39.9 NA
NA N100560 E100020 8.61 0.465 18.5 NA
NA N100860 E100480 8.66 0.106 81.7 NA
NA N099960 E100260 9.02 0.868 10.4 NA
NA N100900 E101180 9.69 0.423 22.9 NA
NA N100600 E100040 10.3 0.467 22.1 NA
NA N100580 E100140 11.0 0.143 76.9 NA
NA N100880 E100460 13.7 0.516 26.6 NA
NA N100500 E100480 14.4 0.478 30.1 NA
NA N099800 E100200 17.3 1.09 15.9 NA
NA N100720 E100780 18.7 0.564 33.2 NA
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Gnome-Coach Select Sample Locations for Cs-137, Sr-90, and Pu-239 Comparison

(Page 5 of 6)

Area of . . Cs-137 Sr-90 Cs-137/Sr-90 Pu-239
Concern Northing* Easting® (pCilg) (pCi/g) Ratio (pCi/g)
NA N100580 E100140 19.8 0.333 59.5 NA
NA N100860 E100480 27.2 0.0366 743 NA
NA N100580 E100140 30.8 0.236 131 NA
NA N100580 E100140 40.0 0.278 144 NA
NA N100760 E100640 42.2 0.461 915 NA
NA N100580 E100140 42.8 0.392 109 NA
NA N100580 E100140 53.3 0.524 102 NA
NA N100780 E100660 55.1 1.01 54.6 NA
NA N100860 E100480 61.9 0.0523 1180 NA
NA N100860 E100480 66.8 0.0537 1240 NA
NA N100860 E100490 69.3 0.311 223 NA
NA N100820 E100660 75.0 1.25 60.0 NA
NA N100740 E100820 75.1 0.304 247 NA
NA N100920 E101000 75.2 0.0976 770 NA
NA N100560 E100580 80.9 0.471 172 NA
NA N100860 E100480 176 0.0543 3240 NA
NA N101160 E101040 686 0.171 4010 NA
Phase II/1ll Samples
Crusher plant 100520 100340 9.85 5.5 1.79 <.0058
Crusher plant 100520 100340 2.37 0.663 3.57 <0.0058
Crusher plant 100520 100340 11.3 0.678 16.7 NA
CWD 100725 101940 16.0 0.723 221 0.0149
CWD 100720 101960 22.3 0.167° 134 0.0242
CWD 100700 101919 20.2 1.29 15.7 <0.0066
CWD 100870 101880 37.1 7.56 491 NA
CWD 100780 101760 3.46 111 3.12 NA
CWD 100720 101952 15.4 0.677 22.7 NA
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Gnome-Coach Select Sample Locations for Cs-137, Sr-90, and Pu-239 Comparison

(Page 6 of 6)

Area of . . Cs-137 Sr-90 Cs-137/Sr-90 Pu-239
Concern Northing® Easting® (pCilg) (pCi/g) Ratio (pCi/g)
CWD 100720 101940 13.1 1.30 10.1 NA
CWD 100752 101780 0.1305° 0.689 0.19 NA
CWD 100720 101910 22.9 0.959 23.9 NA
New laundry/lab 100075 100165 0.1555° 0.337 0.46 NA
New laundry/lab 100114 100191 11 3.42 32 NA
Road 100920 101080 52.1 0.167" 312 <0.0087
Salt muckpile 100280 100265 95.3 0.487 196 NA
Shaft 100060 99960 10.9 0.332 328 <0.015
Shaft 100040 100000 8.72 0.205 425 <0.0072
SR-3A (SG2) 100638 100762 0.1355° 0.489 0.28 NA

®Coordinates are from DOE/NV, 1979; 1981, and reflect site-specific coordinate system where shaft is designated N100,000,

E100,000.

®The concentrations listed in bold face type are not known, only that it is less than the minimum detectable concentration (MDC).
The concentrations are estimated by setting them equal to one half of the sample-specific MDC reported in DOE/NV (1981).

A sample, from USGS-8, is deleted because its source term is the tracer test experiment, not the Gnome test.

NA = Not available

concentration is 2.2 percent of the PAL. The 95th percentile of the Sr-90 concentration in the Phase |
surface soil samplesis 4.57 pCi/g which is 6.9 percent of the PAL. The Cs-137:Sr-90 concentration
ratios varied from a minimum of 0.21 for a sample with a Cs-137 concentration just above the
minimum detectable concentration, to a maximum of 4,012.

The MINITAB code (Minitab, Inc., 2000) was used to analyze the concentration ratio of
Cs-137:5r-90 in the surface soil samples. The concentration ratio follows alog-normal distribution.
The coefficient of determination (R) to thelog normal distribution is 0.979, using the Ryan-Joiner test
(Ryan, et al., 1982). A perfect positive fit would result in avalue of R of 1.00. The geometric mean
Cs-137:Sr-90 concentration ratio is 36.7 +/- 4.35 and the median value is 32.2. The 95th percentile
Cs-137:Sr-90 concentration ratio is 408.
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During the Phase [1/111 remediation activities, 19 surface soil samples were collected and analyzed
using gamma spectrometry and total strontium. These samples were collected to confirm the
assumption that the only significant radiological COPC at the siteis Cs-137. Because remediation
activities had been performed, the Cs-137 concentration in the surface soil samplesis|ower than the
Cs-137 concentration measured in the Phase | surface soil samples. The Cs-137 concentration ranged
from a minimum of 0.19 pCi/g to amaximum of 111 pCi/g. The mean Cs-137 concentration in the
19 samplesis 8.05 pCi/g +/- 7.26 pCi/g. The Sr-90 concentration ranged from a minimum of
0.167 pCi/g to amaximum of 7.56 pCi/g with a mean concentration of 0.76 pCi/g +/- 2.81 pCi/g. The
mean Sr-90 concentration measured in the Phase 11/111 surface soil samplesisonly 1 percent of the
PAL, the maximum value is 11.5 percent of the PAL. The Cs-137:Sr-90 activity ratio varied from a
minimum of 0.2 to amaximum of 312. Fifteen of the 19 surface soil samples had Cs-137:Sr-90
concentration ratios exceeding the Gnome test source term. The concentration ratio follows a
log-normal distribution. The R value for the log-normal distribution fit is 0.98 using the Ryan-Joiner
test. The mean Cs-137:Sr-90 concentration ratio is 10.55 +/- 8.085 pCi/g with a median

concentration ratio of 16.69.

The radioanalysis of surface soil samples collected from the Ghnome-Coach Site during Phase 1, 11,
and 111 supports the theory that the Sr-90 concentration is an order of magnitude lower than the
Cs-137 concentration. As stated previoudly, the PAL for Sr-90 in soil is 66 pCi/g. Based upon the
Sr-90 concentration in soil samples and the Radiological Screening Evaluation (Appendix C), Sr-90
isnot asignificant radiological COPC at the Gnome-Coach Site (Adams, 2001).

A Wilcoxon Rank Sum test was performed on the pu-239 characterization samples given in

Table A.3-5. Thetest was performed to determine if the Pu-239 concentration in the Gnome-Coach
surface characterization soil samplesisequal to, greater than, or less than the Pu-239 concentration in
surface soil samples collected from undisturbed background locationsin New Mexico published in
the ORERP (McArthur and Miller, 1989). Thetest demonstratesthat at the 0.05 level of significance,
the Pu-239 concentration in surface soil samples collected at Gnome-Coach are less than the Pu-239
concentration in the surface soil samples collected from undisturbed background locationsin the state
of New Mexico (Adams, 2001).
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A.3.5 Vegetation Sampling

Two bioenvironmental sampling programs were conducted at the Gnome-Coach Site. In

October 1972, a bioenvironmental sampling program was conducted by the EPA to document the
radionuclide concentrations within plant and animal tissues (Smith and Giles, 1973). The second was
conducted in May of 1978 by DOE/NV. The purpose of this sampling program was to document
radionuclide concentrations of material that may enter into man’s food chain. Two species of grass
(i.e., black gramaand dropseed grass) utilized by grazing animals, primarily cattle, were collected for
analysis.

The first bioenvironmental sampling program collected grass samples from five locations on the
Gnome-Coach Site (Figure A.3-21). All samples were analyzed for gamma emitters, strontium, and
plutonium. The results for the analysis are presented on Table A.3-6. Detectable concentrations of
Zirconium-95 (Zr-95) and Ruthenium-103 (Ru-103) were found in the air-dried samples of black
gramagrass. Sand observed on the base of the plant stacks and worldwide fallout were stated as the
most probable sources for this radioactivity. Gamma-emitting radionuclides were not detected.

Table A.3-6
First Historical Vegetation Sampling Results
Station No. Zr-95 RU-ELOS Remarks
pCilg pCilg
1 0.65 One of five samples contained detectable levels of Zr-95.
2 0.23 One of five samples contained detectable levels of Zr-95 and
0.69 one Ru-103.
3 0.19 Four of five samples contained detectable levels of Ru-103.
0.40
0.42
0.82
4 11 Two of five samples contained detectable levels of Zr-95 and
0.83 0.32 two contained Ru-103.
0.51
5 0.35 One of five samples contained detectable levels of Zr-95 and
0.82 one Ru-103.

*Table indicates values above the minimum limit of detection of counting systems used at the EPA National Environmental
Research Center-Las Vegas.

Source: Smith and Giles, 1973
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The second set of bioenvironmental samples were analyzed for gamma emitters, strontium, and
tritium. The results for the 23 vegetation samples are presented in Table A.3-7. Because of different
laboratory techniques and lower detection limits, detectable concentrations of Cs-137, Sr-90, and
tritium were found in these vegetation samples. Sand deposition on the plant together with
worldwide fallout from nuclear weapons tests were stated as the most probable source for this

radioactivity (DOE/NV, 1978).

A.3.6 Thermoluminescent Dosimeters (TLD)

Because the primary pathway for exposure at the Ghome-Coach Site is external exposure, areview
and summary of the TLD surveysis presented here for completeness. A TLD exposure survey was
conducted in 1978 and 1979 at approximately 50 locations throughout the Ghome-Coach Site and
surrounding area. Three sets of TLDs were posted starting from June 22, 1978, through

September 18, 1979.

The first set of TLDs were posted from June 22, 1978 to August 23, 1978, and represented the
radiation levels following the 1968-1969 major restoration effort. The second set of TLDs were
posted from August 23, 1978 to April 12, 1979, to confirm the previous set of TLD radiation levels.
The third set of TLDs were posted from April 12, 1979 to September 18, 1979, and represent the
radiation levels during the cleanup activities performed in late March 1979 through

September 23, 1979.

Results from the three sets of TLD data are presented in Table A.3-8. A comparison of the three sets
of TLD resultsindicates a slight decrease in the average exposure rates between the pre- and final
restoration periods, which may be attributed to the reduction in contaminated materials.

A.3.7 Data Quality

A mobile gamma spectroscopy system was the principal analytical measurement system used during
the Ghome-Coach Site Phase | and I1/111 investigations. This system, which consisted of a
Germanium-Lithium detector and associated single channel analyzer, was calibrated to measure
Cs-137 in soil and water. Soil samples were counted for ten minutes and the minimum detectable
concentrations was stated as 0.1 pCi/g. Quality control at the mobile laboratory consisted of
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Table A.3-7
Second Historical Vegetation Sampling Results
GLegcegggrz]eSd Northing Easting Sr-90 (UCi/g) (:—Lg?/:rt) zils(;lll\’;?)
Gnome-Coach Shaft 459,342 643,653 1.48 x10-7 8.09 x10-6 4.05 x10-7
Gnome-Coach Shaft 459,342 643,973 3.57 x10-7 1.43 x10-6 2.00 x10-7
Gnome-Coach Shaft 459,362 643,913 1.05 x10-6 2.28 x10-6 1.15 x10-6
Gnome-Coach Shaft 459,462 643,613 NA 9.23 x10-7 NA
Fallout Plume 459,742 643,413 7.22 x10-8 5.39 x10-6 8.75 x10-8
Salt Muckpile 459,802 644,213 3.08 x10-7 1.14 x10-6 NA
Old Laundry/Lab 459,942 643,893 4.45 x10-8 6.66 x10-6 NA
Evaporation Pond 460,002 644,493 5.10 x10-7 3.85 x10-4 8.79 x10-7
Evaporation Pond 460,042 644,573 3.40 x10-7 5.31 x10-6 2.41 x10-7
Evaporation Pond 460,062 644,333 2.00 x10-7 1.67 x10-6 NA
\i/c;r;t;ms:ﬁd 460,082 645,613 1.90 x10-7 4.88 x10-6 NA
\%C;Zttimszi;zd 460,142 645,673 4.65 x10-7 2.73 x10-6 NA
Warehouse 460,162 643,873 4.22 x10-8 8.57 x10-7 NA
Gnome SGZ 460,162 645,013 1.72 x10-7 4.68 x10-6 NA
Warehouse 460,222 644,173 2.18 x10-7 4.48 x10-6 NA
\%C;r:taemDizi:zd 460,222 645,513 5.81 x10-7 1.04 x10-5 NA
Gnome SGZ 460,362 644,793 9.64 x10-8 1.15 x10-6 NA
Gnome SGZ 460,482 644,813 7.53x10-8 1.49 x10-4 NA
Gnome SGZ 460,382 644,953 7.98 x10-8 6.44 x10-6 NA
Background NA NA 1.11 x10-6 <1.08 x10-6 NA
Background NA NA 3.89 x10-7 9.36 x10-7 NA
Background NA NA 7.06 x10-7 <8.93 x10-7 NA
Background NA NA 6.25 x10-8 4.58 x10-6 NA

NA = Not analyzed for

Source: DOE/NV, 1978
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TLD Monitoring Results
(Page 1 of 2)

Date of TLD Deployment
Generalized Location Northing Easting June 22,1978to | August 23,1978 Aspégtiﬁ;;(g:igo
August 23, 1978 | to April 12,1979 1979 ’
(uR/hr) (uR/hr) (UR/h")

Warehouse 460,462 643,673 11.1 11.5 5.6
Fallout Plume 459,962 643,113 8.4 10.7 6.9
Fallout Plume 459,862 643,213 9.0 9.8 8.4
Fallout Plume 459,762 643,313 9.6 11.7 8.5
Fallout Plume 459,662 643,413 12.7 12.3 9.4
Fallout Plume 459,562 643,513 9.0 8.3 6.4
Fallout Plume 459,462 643,613 8.5 7.8 8.8
Salvage Yard 460,662 644,913 7.5 7.9 Lost
Salvage Yard 460,542 644,873 6.1 6.1 Lost
Salvage Yard 460,462 644,713 7.5 7.6 6.7
Salvage Yard 460,262 644,913 10.5 10.0 7.2
Salt Muckpile 459,962 643,913 9.3 8.5 Lost
Salt Muckpile 459,862 643,813 7.5 7.8 Lost
Salt Muckpile 459,862 643,913 7.8 7.6 Lost
Salt Muckpile 459,762 643,713 9.3 10.1 Lost
Salt Muckpile 459,762 643,973 6.7 8.3 5.7
Salt Muckpile 459,762 644,113 8.7 Lost Lost
Old Laundry/Lab Facility 460,262 643,913 8.2 7.8 5.5
Old Laundry/Lab Facility 460,162 643,813 8.3 7.5 6.0
Old Laundry/Lab Facility 460,162 643,913 7.3 7.8 6.6
Gnome SGZ 460,162 644,413 7.2 8.1 Lost
Gnome SGZ 460,062 644,413 9.8 8.9 Lost
Gnome SGZ 460,062 644,613 8.5 7.7 7.1
Gnome SGZ 459,862 644,613 8.6 8.2 5.8
Evaporation Pond 460,262 644,213 7.7 8.0 Lost
Evaporation Pond 460,162 644,113 9.6 10.3 Lost
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Date of TLD Deployment
Generalized Location Northing Easting June 22,1978to | August 23,1978 Aspégtiﬁ;;(g:igo
August 23, 1978 | to April 12,1979 1979 ’
(uR/hr) (uR/hr) (UR/h")

Evaporation Pond 460,162 644,213 8.0 7.6 6.4
Evaporation Pond 460,162 644,313 7.3 8.5 8.0
Equipment Storage Yard 459,562 644,013 8.2 8.0 5.9
Equipment Storage Yard 459,468 643,901 8.4 10.8 Lost
Equipment Storage Yard 459,462 643,913 7.7 7.5 Lost
Equipment Storage Yard 459,362 643,913 11.3 10.8 6.1
Equipment Storage Yard 459,362 644,013 9.8 Lost 6.7
Equipment Storage Yard 459,262 643,813 8.4 8.3 Lost
Equipment Storage Yard 459,262 644,013 9.0 11.6 8.8
Drum Storage Area 459,062 643,613 8.1 7.8 Lost
Decontamination Pad 459,922 644,193 8.7 Lost Lost
Decontamination Pad 459,922 644,313 8.3 7.8 Lost
Decontamination Pad 459,862 644,413 8.1 7.4 Lost
Decontamination Pad 459,762 644,313 8.1 8.8 7.2
Contaminated Waste Dump 460,342 645,393 7.9 7.3 5.9
Contaminated Waste Dump 460,162 645,213 8.3 8.3 Lost
Contaminated Waste Dump 460,062 645,213 6.7 8.5 Lost
Contaminated Waste Dump 460,022 645,393 9.9 10.1 7.8
Contaminated Waste Dump 460,022 645,693 7.4 7.1 Lost
Gnome-Coach Shaft 458,062 644,313 7.6 7.0 Lost
Background 462,002 643,713 7.9 Lost Lost
Background 459,756 639,963 6.1 6.8 Lost
Background 457,622 646,353 7.3 7.1 8.0
Background 459,756 641,213 6.2 6.7 Lost

Lost = TLD not recovered after deployment
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performing a daily background and radioactive source check. The daily background count was used
to calculate the net counts on each sample. The ratio of the daily source count to the source count at
calibration was used to adjust the Cs-137 efficiency.

Data summaries indicated that 207 of the 3,300 samples counted at the mobile laboratory during
Phase | were sent to the analytical laboratory at the NTS. At the NTS laboratory, full gamma
spectroscopy, tritium, and strontium analysis were performed. To evaluate the quality of the data, the
ratio of Cs-137 concentrations measured at the mobile |aboratory were compared to the Cs-137
concentration measured at the NTS laboratory. A ratio of 1.0 would indicate that the two laboratories
reported the same Cs-137 concentration. Twenty-four samples had at |east one result below the
minimum detectable concentration and were not included in the ratio comparison. The remaining
183 sets of sample results had mobile laboratory to NTS laboratory ratios ranging from 0.35 to 2.81.
The median of theratio was exactly 1.02, with a standard deviation of 0.42. A review of theratio
distribution showed that 40 percent of the paired observations were within 20 percent accuracy range
and 75 percent were within 40 percent accuracy range. No duplicate or replicate sample results were
available for measuring system precision (DOE/NV, 1978).

The basic mobile laboratory analytical measurement system used during Phase | was expanded
during Phases I1/111 to aso include tritium viadistillation and liquid scintillation counter analysis, two
multichannel analyzers and air filter analysis capabilities. Aswith Phase I, samples were sent to the
NTS laboratory for gamma spectroscopy, tritium, and strontium analysis. Thistime, when any
discrepancy between the Gnome mobile laboratory data and the NTS laboratory data were indicated,
both systems were investigated and corrections to calibration or counting system made. Data
generated during these periods of inconsistency were evaluated and either corrected or rejected.
Upon reviewing the quality assurance programs, it is concluded that for Phase | and [1/111 sampling
acceptable standard practices for the time were followed.
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"%‘: Yo

MAN-MADE GROSS COUNT
CONVERSION SCALE

*Counts per second at 100ft.

| +Inferred exposure rate at 1 meter above
the ground for man-made isotopes only,
averaged over the detector field-of-view.

E/NV, 1981 -

Figure A.3-1
Terrestrial Exposure Rate Levels: Man-Made Isopleths
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Properly Color Key
Display: gnomealogCsall_s...
Units: Cs-137 pCig

0.0
20.0

Z exaggerariazn: 5.0

CWD Cs-137 Soil Concentrations : Side View
Systematic Sampling on Surface, Biased at Depth (1979)

Figure A.3-2
CWD Cs-137 Soil Concentrations
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A.4.0 Monitoring and Surveys for Post 1977-1979
Decommissioning (1980-2000)

Survey and sampling programs were conducted by the EPA in 1994 (EPA, 1994) and the EEG in
1994 and 1995 (EEG, 1995) at the Ghome Site. These investigative programs identified areas that
were above background radiological levels. The results for these two survey and sampling programs
are described below.

A.4.1 Environmental Protection Agency

In June of 1992, the Gnome Site was selected by the EPA for a surface characterization study that
would coincide with the EPA’s annual LTHMP sampling activities. The study was conducted to
assess the extent of activity remaining at the site and to provide data on the distribution of the
contamination in the desert environment. Survey sites were selected based on previous operational
areas and facilities such aswaste disposal sites, building foundations, and around the shaft. The areas
surveyed were a so determined based on previoudy identified contaminated areas that had been
cleaned up.

In situ field gamma-ray spectra (e.g., potassium-40, thorium-232, uranium-238, beryllium-7, Cs-137
and total gamma) measurements were collected at 22 locations utilizing two types of detectors.
Twelve of the measurement locations were on site and 10 were off site. Soil core samples were
collected at 11 locations with 2 on site and 9 off site. The areaswith the highest in situ measurements
were SGZ, shaft surface area, CWD, decontamination pad, wells USGS-4 and -8 aswell asthe
venting plumefallout area. The highest exposure rate was 9.13 mR/hr located 490 ft northwest of the
shaft area, which is consistent with other surveys conducted at the Gnome-Coach Site. Ratios of
Sr-90 to Cs-137 were calculated from soil samples collected near the Well DD-1 and Well USGS-8
and compared to ratios calculated from well water samples. These ratios demonstrate that spillage
from well sampling was not the source of soil contamination near these wells. Additional details on
the results of the surveys and sample analyses can be found in Residual Soil Radioactivity at the
Gnome Test Stein Eddy County, New Mexico (EPA, 1994).
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A.4.2 Environmental Evaluation Group

The EEG conducted radiologica surveysand sampling at the Gnome-Coach Sitein 1995 at areas that
were known to be contaminated based on previous radiological studies. The surveys and sampling
were limited to the CWD site, the area surrounding the Gnome shaft, and the fallout plume area. The
surveys were conducted using discrete radiation measurements collected at grid center intervals and a
100 percent walkover survey of the specified areawith three radiation detection instruments. Both
survey methods detected radioactivity above background within the locations surveyed (EEG, 1995).
Areas with radioactivity above background were found along the Gnome fallout plume axis and at the
CWD, predominately along the northern edge of the area surveyed (EEG, 1995).

Soil samples were taken from six of the highest soil radioactivity locations and sent for |aboratory
analyses. Two additional soil samples were collected at locations off the Gnome-Coach Site
considered by EEG to be background. All of the samples were analyzed with gamma spectroscopy
activities for Potassium-40 and Cs-137 were reported. The surface soil samples #2 and #3 were
located approximately 130 ft south and 230 ft east of the main shaft, respectively. These sampling
locations were selected based on in situ measurements. Sample #2 had the maximum Cs-137
concentration of 83.40 pCi/g and Sample #3 had 15.60 pCi/g. The two background sample results
were 0.64 and 0.07 pCi/g.

Three out of the eight sample |ocations were analyzed for transuranics: Pu-239/240, Pu-238, and
Am-241. Two soil samples had radioactivity concentrations above background. One of the above
background soil samples was split into aliquots. Four of the aliquots were analyzed by an
independent laboratory for radioactivity. Analysis results demonstrated that the radioactivity was
heterogeneous (i.e., not uniformly distributed) in the soil matrix. A high transuranic result of
1,290 pCi/g (Pu-239/240) was from one of these aliquot samples. However, only two sample
locations were analyzed for this determination. Therefore, it should not be implied that thereis
significant plutonium contamination at the Gnome-Coach Site.
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A.5.0 Conclusion

Radiological surveysand soil sampling were conducted during and after the Ghome detonation, from
December 1962 to January 1963, and during site decommissioning and restoration conducted in 1968
to 1969, and from 1977 to 1979. Radionuclides of concern detected at the site during and after site
restoration include Cs-137, tritium, Sr-90, Pu-239/240, and Am-241. Cesium-137 was determined to
be the primary contaminant of concern and was consistently used as the radionuclide indicator during
site decommissioning and restoration.

After the 1979 site remedial action, Cs-137 was detected in soil above background but did not exceed
the 1977-1979 criteria of 20 pCi/g averaged over 0.25 hectare as reported in DOE/NV (1981).
Tritium concentration results were all less than the 30,000 pCi/mL radiological release criteria.

In situ radiological surveys completed after site decommissioning showed above background levels
of Cs-137 in the vicinity of the shaft, old and new laundry/lab areas, evaporation pond, fallout track
from shaft venting, and the CWD. Independent surveys and sampling conducted by EPA and EEG
confirmed the same areas of elevated radiological contamination.

An assessment of the adequacy of the radiological sampling and monitoring was performed. The
areal and vertical distribution of soil samples collected for the two phases of the 1977-1979 site
characterization (Phase 11/111) indicate that the number of soil samples collected in each of the areas
of concern is adequate to characterize the site. The areal distribution of in situ radiological surveys
also indicate that the identified areas of concern are adequately characterized. The quantity of data
was evaluated and is adequate for site characterization purposes.

The results from this evaluation indicate that some areas of the site have Cs-137 soil concentration
results that are of concern and require further investigation. Additional shallow subsurface data
should be collected at the decontamination pad, new laundry/lab area, USGS-4 and -8 drill pad area,
and salt muckpile area. A limited soil investigation should be madein the vicinity of the EEG (1995)
detection of Pu-239/240 to confirm that this detection does not represent significant contamination.
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B.1.0 Introduction

This Quality Assurance Project Plan (QAPP) is a planning document used for the Offsites Project
New Mexico Sites by the NNSA/NV Environmental Restoration Project (NV ERP). The NV ERP
conducts environmental investigation and remediation activities at sites under the oversight of the
NNSA/NV. Itisthe policy of the NV ERP to conduct all environmental restoration activitiesin a
manner that produces data of a known quality. Safety is integrated into management and work
practices at all levels so that missions are accomplished while protecting the public, the worker, and

the environment.

The information provided in this QA PP describes policies, organization, responsibilities, and
objectives of the New Mexico Sites and isintended to provide a consistent framework for the
collection, evaluation, analysis, and use of data. This QAPP provides for the evaluation of risks
associated with the activities to be performed and uses the graded approach to determine the required
level of quality assurance. Thisdocument supplements, and isto be used in conjunction with, project
planning documents which will contain QA/QC requirements appropriate for the site and activities
being performed. Attachment 1 of this QAPP delineates the quality criteriathat should be addressed
in site-specific planning documents. In the event that project objectives or regulatory jurisdiction
change, this document will be reevaluated for adequacy.

The requirements of this QAPP are consistent with those provided in DOE Order 414.1A,

Quality Assurance (DOE, 1999). The NV ERP activities shall also be in compliance with

DOE Order 440.1A, Worker Protection Management for DOE Federal and Contractor Employees
(DOE, 1998), and DOE Order 450.4, Safety Management System Policy (DOE, 1996b). Work at
hazardous waste sites shall be conducted in accordance with the applicable sections of 29 Code of
Federal Regulations (CFR) 1910.120, Hazardous Waste Operations and Emergency Response
(CFR, 1998h), and in accordance with New Mexico Administrative Code regulations for the disposal
of hazardous waste.

Work at the New Mexico Sites will be conducted in accordance with the applicable New Mexico
Administrative Code regulations and New Mexico Statutes. Should radioactive waste be generated, it
shall be handled and disposed of in accordance with 10 CFR Part 71, Subpart H, Packaging and
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Transportation of Radioactive Materials - Quality Assurance (CFR, 1998a), and Nevada Test Site
Waste Acceptance Criteria (NTSWAC) (DOE/NV, 1999b). Sitesthat conduct activities or operations
that involve radioactive and/or fissionable materials in such form and quantity that a nuclear hazard
potentially exists shall also comply with the relevant parts of 10 CFR 830.120, Quality Assurance

Requirements (CFR, 1996).

Figure B.1-1 delineates the hierarchy of documentsfor NV ERP activities.

QAPP Organization

The organization of this plan reflects the criteria of DOE Order 414.1A, Quality Assurance

(DOE, 1999). Theten criteriatherein coversthree major areas. management, performance, and
assessments. Management entails the planning and preparation required for the successful
completion of the New Mexico Sitesmission. Additionally, this section incorporates quality
improvement processes to enable personnel to detect and prevent quality problems. The performance
section establishes the requirements and procedures to be implemented to ensure that newly collected
environmental data are valid, that uses of existing data are appropriate, and that methods of
environmental modeling are reliable. Assessments provide a feedback [oop to Offsites Project
management whereby the feedback information can be used to evaluate and, if necessary, modify a
system or process to ensure the quality of the product.
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DOE Federal
Orders Regulations

NNSA/NV State
Orders Regulations

ERD
Policy/Plans

Project Plans
(QAPP)

Contractor Plans,
Procedures, or
Instructions

Key

DOE = U.S. Department of Energy

ERD = Environmental Restoration Division

NNSA/NV = U.S. Department of Energy, National Nuclear Security Administration Nevada Operations Office
QAPP = Quality Assurance Project Plan

Figure B.1-1
Hierarchy of Documents
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B.2.0 Criteria 1 - Quality Program

The management systems for the New Mexico Sites encompass the planning and preparation
necessary to ensure the successful completion of identified objectives. This QAPP has been prepared
to provide the planning and control necessary for effective and efficient work processes. This
document provides the overall QA Program requirements and the general quality practicesto be
applied to activities at the New Mexico Sites. Policy is established, roles and responsibilities are
defined, lines of communication are identified, the needs and objectives of the Project are confirmed,
and reviews are conducted to ensure (to the extent possible) that all necessary planning and
preparation activities have taken place. Low-level radioactive and mixed waste managed under the
NV ERP must aso meet the requirements of the NTSWAC and the IT Corporation, Las Vegas (ITLV)
waste certification program plan. The following sections describe the quality management systemsto
be employed for the effective management of the New Mexico Sites.

B.2.1 Quality Management Policy

It isthe policy of the NV ERP to provide environmental management that incorporates applicable
regulatory requirements. The Quality Management Program described in this document should be
implemented for all New Mexico Sites environmental activities to ensure that work is performed in
an efficient, controlled manner, and is appropriately documented. Project requirements should be
applied on a graded approach, commensurate with the risk of failure of theitems or processes and the
potential harm those risks pose for human health and the environment. Activities shall conform with
applicable federal, state, and local regulations, and contract requirements. Quality will be part of the
normal course of work and incorporated from the earliest planning stages to completion of the work.

B.2.2 Project Organization

The NNSA/NV Environmental Restoration Division (ERD) is responsible for the administration of
the NV ERP. The NV ERPisamajor project under the DOE Office of Environmental Management,
Southwestern Area Programs. Personnel from the ERD are assigned project management and
technical support responsibilities. All NV ERP Project Managers are responsible for achieving
quality within the specific projects they manage. The NNSA/NV ERD organization chart is provided
in Figure B.2-1.
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Project Integration Team
Quality Assurance Coordinator

Assistant Manager for Environmental Management

Environmental Restoration Division
Director

Offsites Project
Project Manager

New Mexico Sites
Task Manager

Figure B.2-1
NNSA/NV ERD Organizational Chart



Gnome-Coach SC Work Plan
Appendix B - NM QAPP
Revision: 1
Date: 01/14/2002
Page B-6 of B-71

Roles and responsibilities for NV ERP personnel and supporting contractors and organizations

(referred to as Project participants) are described in the following sections.

B.2.3 NNSA/NV ERD Director

The NNSA/NV ERD Director has oversight and management responsibilities for all projects under
the NV ERP and is responsible for the scope and implementation of the QA Program defined in this
document. The Director isthe senior management official responsible for ensuring that this QAPPis
established, that quality requirements are implemented, and that opportunities for improvement are
identified and incorporated.

B.2.3.1 NV ERP Project Manager

The NV ERP Project Manager reports directly to and is the prime point-of -contact with the
NNSA/NV ERD Director. The NV ERP Project Manager has day-to-day management
responsibilities for technical, financial, and scheduling aspects of his/her assigned project and shall
monitor contractor performance of project activities. At aminimum, the NNSA/NV Project Manager
isresponsible for the following duties:

* Review, approve, and direct the implementation of NV ERP project-specific plans.

» Disseminate pertinent information from NNSA/NV to NV ERP participants.

* Review and approve changesto NV ERP project-specific documents.

* Monitor the activities of participating organizations and provide direction and guidance for
improvement.

» Verify Project participants are adequately executing the responsibilities as delineated in this
section.

» Notify and apprise the NNSA/NV ERD Director and NNSA/NV ERP Quality Assurance
Coordinator (QAC) of significant conditions adverse to quality.

» Act asthe point-of-contact for state regulator for all aspects of the project.
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B.2.3.1.1 NV ERP Task Manager

The NV ERP Task Managers report directly to their respective NV ERP Project Managers. The Task
Managers have day-to-day management responsibilities for technical and scheduling aspects of the
assigned project task and shall monitor contractor performance of task activities. At aminimum, the
Task Managers are responsible for the following duties:

» Ensure effective communication among contractors performing work for their assigned tasks.
» Participate in the organization and planning of activities.
» Perform periodic assessments (such as surveillances) of activities under their purview.

* Monitor the activities of participating organizations and provide direction and guidance for
improvement.

» Notify the responsible NV ERP Project Manager and other involved personnel of significant
conditions adverse to quality.

B.2.3.1.2 NV ERP Quality Assurance Coordinator

The NV ERP QAC has adirect line of communication with the NNSA/NV ERD Director and the
NV ERP Project Managers. TheNV ERP QAC will provide the overall direction of the QA function.
At aminimum, the NV ERP QAC shall have the following duties:

* ldentify and respond to QA/QC needs of the NV ERP and provide QA/QC guidance or
assistance to individual Project Managers and Task Managers.

* Verify that systems are in place to evaluate data against analytical quality criteria.
» Verify that appropriate corrective actions are taken for nonconforming conditions.

* Notify the NNSA/NV ERD Director, theindividual NV ERP Project Managers, and other
involved personnel, of significant conditions adverse to quality or any adverse trends.

B.2.3.2 New Mexico Sites Project Participants

Project participants, such as supporting contractors and organizations, are responsible for developing
the necessary procedures for their assigned scope of work and ensuring that work is performed in
accordance with applicable federal, state, and local regulations, and approved NV ERP project plans
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and procedures consistent with individual contracts and agency agreements. To fulfill responsibilities

specific to QA, participants shall, at a minimum, be responsible for the following:

* Report to the NV ERP Project Managers or NV ERP Task Managers concerning scope,
schedules, costs, technical execution, and quality achievement of task order activities.

» Ensure the proper resources are provided for QA activities and that QA activities are
integrated into project activities.

» Evaluate activities to ensure that planning document requirements are implemented.
» Implement applicable procedures and instructions that govern NV ERP activities.

* Verify that work is technically sound, of acceptable quality, and is consistent with project
objectives.

» Ensure personnel are trained and qualified to achieveinitial proficiency, maintain proficiency,
and adapt to changes in technology, methods, or job responsibilities.

» Perform assessments, as applicable, to verify compliance with applicable requirements.
» ldentify deficient areas and implement effective corrective action for quality problems.

* Notify the NV ERP Project Managers, the NV ERP Task Managers, and other involved
personnel of significant conditions adverse to quality or any adverse trends.

» Verify that appropriate corrective actions are taken for nonconformances.

B.2.3.3 Analytical Laboratories

Analytical laboratories used to support the NV ERP are responsible for ensuring that samples are
received, handled, stored, and analyzed according to the analytical laboratory’s QA program and
contract requirements. Analytical laboratories performing data analysis shall participate in
Performance Evaluation Sample Programs appropriate for analyses performed and be subject to
periodic audits. Subcontracted analytical services are subject to the same requirements. Verification
of subcontractor conformance is the responsibility of the contracting organization.
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B.2.4 Planning

The NV ERP and participant personnel responsible for oversight of data collection operations should
verify that the data-collection system design is defined, controlled, verified, and documented. All
planning shall incorporate the principles of Integrated Safety Management to mitigate hazards to
workers, the public, and the environment. A graded approach to data quality requirements shall be
used to meet the sampling objectives and data needs of a given site and the dynamic nature of the
program. Work assignments should be clearly communicated with lines of communication
established among all participants. Organizations assigned lead responsibilities shall coordinate
project planning with decision makers and participating organizations.

B.2.4.1 Task Initiation

A project kickoff meeting should be conducted at the beginning of each task. This meeting should
brief key personnel assigned to the task on the purpose of the task, the expected outcome, the
schedule for the task, and personnel responsibilities for completion of the effort. The responsible
manager should monitor the planning process to ensure communication of status, to assess progress,
and to implement any corrective action needed to achieve timely completion.

B.2.4.2 Data Quality Objectives

When appropriate, planning and scoping for environmental data/information needs will include the
use of the DQO process to determine the type, quantity, and quality of the data to be collected and the
appropriate use of such data. Participantsin the DQO process for each operation should include
representatives of all data users and decision makers involved with that operation. The DQO process
provides a systematic procedure for defining the criteriathat a data collection design should satisfy.
The appropriate NNSA/NV ERD personnel, NV ERP participants, and state regulators will jointly
establish DQOs for each site, or group of similar sites, to allow the work to be planned in a manner
that will ensure data will meet the needs of the end users. Representatives from these organizations
should include data users and decision makers.
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The most current version of EPA QA/G-4, Guidance for the Data Quality Objectives Process
(EPA, 1994a), or an equivalent approach that incorporates the applicable elements of QA/G-4, should
be used to develop DQOs. The DQO process should:

Clarify the study objective.
» Define the most appropriate type of datato collect.
» Determine the most appropriate conditions from which to collect the data.

» Specify tolerable limits on decision errors which will be used as the basis for establishing the
quantity and quality of data needed to support the decision.

Results of the DQO process shall be documented and project participants shall use the DQOs to
develop a scientific and resource-effective data collection design.

B.2.5 Quality Indicators

Data quality indicator goals are qualitative and quantitative statements that specify the data
requirements for the project. Sample analytical data goals are based on the intended use of the data,
current field procedures, instrumentation, and available resources. Quality indicator goals are
established during the site-specific DQO process to properly support the overall project or sampling
task objectives. An evauation of the quality indicators shall be performed during the assessment of
datato determineif the goals set during the DQO process have been accomplished. Indicators of data
quality asthey relate to data collection and laboratory analysis include precision, accuracy,
representativeness, completeness, and comparability.

B.2.5.1 Precision

Precision measures the reproducibility of data under a given set of conditions. Specifically, precision
is a quantitative measurement of the variability of a population of measurements compared to their
average value. Precision for inorganic analyses shall be assessed by collecting, preparing, and
analyzing duplicate field samples and by creating, preparing, and analyzing laboratory duplicates
from one or more field samples. Precision for organic analyses shall be assessed by collecting,
preparing, and analyzing matrix spike (MS) and matrix spike duplicate (MSD) samples. Precision
will be reported as relative percent difference (RPD). The RPD is calculated as the difference



Gnome-Coach SC Work Plan
Appendix B - NM QAPP
Revision: 1

Date: 01/14/2002

Page B-11 of B-71

between the measured concentrations of Sample 1 and Sample 2, divided by the average of the two
concentrations, and multiplied by 100. If the RPD exceeds predetermined limits for agiven
parameter, the data shall be evaluated for usability based on the purpose for the data and reasons for
theincreased RPD. This evaluation must be documented.

B.2.5.2 Accuracy

Analytical accuracy is defined as the nearness of a measurement to the true or accepted reference
value. It isthe composite of the random and systematic components of the measurement system and
measures bias in ameasurement system. Accuracy measurements for spike samples and laboratory
control samples shall be calculated as percent recovery, which is calculated by dividing the measured
sample concentration by the true concentration and multiplying the quotient by 100. The percent
recovery shall be within the limits defined in site-specific plans. Values exceeding the acceptance
criteria, established during the site-specific DQO process, must be evaluated for corrective actions.

Field accuracy is assessed by confirming that the documents of record track the sample from origin,

through transfer of custody, to disposal. The goal of field accuracy isfor all samplesto be collected

from the correct locations, at the correct time, placed in acorrectly labeled container with the correct
preservative, and sealed with custody tape to prevent tampering.

B.2.5.3 Representativeness

Representativeness expresses the degree to which sample data accurately and precisely represent a
characteristic of a sample population, a parameter variation at a sampling point, a process condition,
or an environmental condition (EPA, 1998). Representativeness depends on the proper design and
execution of a sampling program and it will be achieved through careful selection of sampling
intervals and locations as well as analytical parameters and the correct collection methods.

The number of samples collected must be sufficient to demonstrate that the data represent the
population of interest to the statistical certainty required by the DQOs. Collection, storage, handling,
and transport of samples should be performed in a manner that preserves the in situ characteristics of
the samples and maintains the representativeness of the sample to the site.
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B.2.5.4 Completeness

Completeness is a measure of the amount of valid data obtained from a measurement system
compared to the amount that was expected to be obtained under correct, normal conditions

(EPA, 1998). Completenessis affected by unexpected conditions that may occur during the data
collection process. The number of samples prescribed for an activity must be sufficient to meet data
requirements identified in the DQO process and must consider typical loss of data caused by
handling, shipping, and analytical processes.

B.2.5.5 Comparability

Comparability is a measure of the confidence with which one dataset or method can be compared
with another (EPA, 1998). Comparability is achieved by using standard techniques and procedures
(e.g., standard operating procedures) to collect and analyze representative samples and by reporting
analytical results in appropriate units. Comparability islimited by the other quality indicators
because only when precision and accuracy are known can datasets be compared with confidence.

B.2.6 Reports to Management

Contractor management and NV ERP Project Managers shall be made aware of project activities and
shall participate in the development, review, and operation of these activities. Management shall be
informed of quality-related activities through the receipt, review, and/or approval of:

* Project-specific plans and procedures

» Assessment reports

» Corrective action requests, corrective actions, and schedules
* Nonconformance reports (NCR)

Individuals identifying nonconforming conditions or deficiencies are responsible for documenting
and reporting said conditions. All nonconformances and findings related to quality shall be corrected
as required, documented, and properly reported. In addition, periodic assessment of QA/QC
activities and data quality parameters shall be evaluated and reported to the participating project field
and laboratory management.
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B.2.7 Readiness Reviews

Readiness reviews shall verify that all planning documents and processes are in place for the
successful and efficient accomplishment of the mission. The readiness review includes verification
that personnel are qualified and knowledgeable in the activities they are assigned to perform.

Readiness reviews shall be performed by participating organizations prior to the start of any major
scheduled activity and prior to restarting work (following stop work orders) to verify and document
that project planning and prerequisites have been satisfactorily completed. At a minimum, readiness
reviews shall verify that the following issues have been addressed:

The scope of work is compatible with project objectives.
» The planned work is appropriate to meet objectives.

»  Work instructions have been reviewed for adequacy and appropriateness, formally approved,
and issued to personnel who will be performing the work.

» Hazards have been identified, analyzed, categorized, and controls implemented.

» Proper resources (e.g., personnel, equipment, and materials) have been identified and are
available.

» Assigned personnel have read the applicable work instructions and have been trained and
qualified.

* Interna and external interfaces have been defined.
» Proper work authorizations and permits have been obtained.
* Thecalibration of all material and test equipment is current.

» A feedback mechanism has been established to facilitate process improvement.



Gnome-Coach SC Work Plan
Appendix B - NM QAPP
Revision: 1

Date: 01/14/2002

Page B-14 of B-71

B.3.0 Criteria 2 - Personnel Training and Qualifications

The NV ERP and project participant management shall ensure that personnel are qualified and
knowledgeable in the activities they perform. Training should emphasize correct performance of
assigned work and provide an understanding of quality requirements. Personnel qualification and
training records shall be maintained as quality documents in accordance with DOE Order 414.1A,
Quality Assurance (DOE, 1999).

B.3.1 Project Personnel

Personnel shall be trained and qualified to perform the tasks to which they are assigned. Objective
evidence of qualifications may include academic credentials, personal resumes, registrations and/or
certifications, licenses, and training records. The qualifications of personnel shall be evaluated
against assigned responsibilities and any identified training needs must be addressed.

Training should be provided to achieve and maintain proficiency; adapt to changes in technology,
methods, or job description; and allow for feedback and effectiveness of job performance. Training
may take the form of orientation and/or indoctrination, formal classroom training, or on-the-job
training. Thistraining should include regulatory requirements, scopes of work, QA/QC
requirements, and applicable work instructions.

Any required on-the-job training should be conducted and documented by personnel experienced in
the task being performed in accordance with each organization’s requirements. Any work performed
by a trainee should be under the supervision of an experienced individual. Trainees should
demonstrate capability prior to performing work independently.

B.3.2 Subcontractor Personnel

Subcontractor personnel shall be qualified and trained to perform the duties for which they were
contracted. The contracting organization shall be responsible for verifying the qualifications of their
subcontractors.
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B.4.0 Criteria 3 - Quality Improvement

An objective of the New Mexico Sites activities is to produce quality products and to continuously
seek methods to improve both processes and products. Processes shall be established with the
objective of preventing problems and improving quality. Peer reviews of various work products
should be built into the work processes to ensure the quality of the products prior to release. All
personnel are encouraged to identify and suggest improvementsin all areas of work performed for the
New Mexico Sites.

Management shall seek to cultivate an atmosphere which fosters the belief that improvement is
always possible, and accountability and excellence must be established at all levels. Itisequaly
important to identify and implement process improvements and efficiencies. Successful techniques
should be evaluated to determine the potential for performance improvements in other areas or
projects. The following sections identify processes that, at a minimum, shall be implemented.

B.4.1 Internal Quality Control Checks

Quality control checks shall be performed for data collected in the field and data obtained through
on-site and/or off-site analysis. Information shall be reviewed by someone other than the originator
to ensure correct collection, transcription, and manipulation. Transcribed data shall be verified to
ensure the correctness of the transcription. Datathat has been manipulated shall be checked to ensure
the manipulation process was performed as the originator intended.

Proprietary computer applications used for the evaluation of historical data maintained or transferred
via electronic media shall have QC checks performed that are appropriate to the application being
used. These checks must be documented and maintained in accessible files.

Field sampling and laboratory analytical activities shall incorporate QC procedures. All field and
laboratory operations and systems shall be evaluated for their potential to impact the quality of
generated data. System quality controls that meet the requirements of this QAPP shall be established
and documented through the use of approved procedures, plans, or instructions.
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The QC samples shall be incorporated into the analytical stream to assess the overall data quality
produced by the program. The QC samples consist of field- and laboratory-generated samples which
are used to evaluate sampling and analytical precision and accuracy aswell asthe levels of potential
contamination introduced by the sampling and analytical effort. The following paragraphs describe
the QC samples that will be generated.

B.4.1.1 Field Quality Control

The field data collection QC program is designed to provide confidence that data collected during
field activities adequately represents the area of interest. For sampling activities, field QC samples
provide a mechanism for assessing and documenting that the collection process meets the QA
objectives of the project. The number and type of field QC samples required shall be determined
during the planning process for each site. Field QC samplesinclude, as applicable, trip blanks,
equipment rinsate blanks, source blanks, field blanks, and field duplicates. Field QC samplesshall be
submitted to the laboratory in such amanner that the laboratory is not aware that the sampleisfor QC
purposes. Collection and documentation of field QC samples shall be in accordance with approved
procedures and site-specific plans. Other types of data collected, such as observational data and
measurements, shall have the appropriate quality control checks applied to ensure the information
collected isof aquality that meets the objectives of the activity.

B.4.1.1.1 Equipment Rinsate Blank Samples

An equipment rinsate blank is collected from the final rinse solution from the equipment
decontamination process to determine the effectiveness of the decontamination process. The blanks
shall be prepared by pouring deionized water through or over a sampling device after it has been
decontaminated and prior to using the device for environmental sample collection. Care shall be
taken to ensure that each part of the sample device which comes in contact with the sampleis
included in therinse. If equipment rinsate blank analytical results indicate possible contamination of
samples, environmental sample results shall be reviewed to determine whether qualifiers should be
assigned to the data or whether the source should be resampled. Results of rinsate blank analyses
shall be maintained with the corresponding sample analytical datain the laboratory records file and
reported in the laboratory data package. One equipment rinsate blank sample shall be collected for
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each method of equipment decontamination employed. Equipment rinsate blanks shall be analyzed
for the same analytical suite as the samples being collected.

B.4.1.1.2 Field Blank Samples

Field blanks are collected and analyzed by the laboratory to determine if contamination in the air
during sample collection and packaging may have contaminated the samples. Thefield blanksare
prepared by pouring deionized water or solid material that is certified to be without the contaminants
of concern into clean sample containersin the field near the sampling locations, or by exposing a
clean swipe to the same ambient conditions as those present during sampling. Field blanks should be
collected as closely in time and space to the environmental sample as possible. If field blank
analytical results indicate possible contamination of associated samples, environmental sample
results shall be reviewed to determine whether qualifiers should be assigned to the data or whether the
source should be resampled. Onefield blank is collected for each 20 samples collected. Field blanks
shall be analyzed for the same analytical suite as the samples being collected.

B.4.1.1.3 Trip Blank Samples

A trip blank isa40-milliliter volatile organic analysis (VOA) container of organic-free water that is
shipped to the field along with the other VOA sample containers. The blank is not opened, but is
otherwise maintained, handled, stored, packaged, and shipped asif it were collected in thefield. The
purpose of the trip blank is to determine if contaminants have entered the sample through diffusion
across the Teflon™'-faced, silicone rubber septum of the sample vial during the performance of
laboratory, field, or shipping procedures. Thetrip blank isonly analyzed for volatile organic
constituents. Trip blanks shall be submitted for analysis at a frequency of one sample per shipping
container that contains field VOA samples. If trip blank analytical results indicate possible
contamination, environmental sample results shall be reviewed to determine whether qualifiers
should be assigned to the data.

Following the analyses, if the trip blanks indicate possible contamination of the samples,

the appropriate project personnel shall be notified. Results of trip blank analyses shall be maintained
with the corresponding sample analytical datain the laboratory records file and reported in the
laboratory data package.
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B.4.1.1.4 Duplicate Samples

Field duplicates are QC samplesthat are collected as closely in time and space to the environmental
sample as possible to assess sample variability and to measure sampling and analytical variability.
Collection of the required number of duplicates shall be evenly distributed throughout the sampling
activity. One duplicate shall be collected for each 20 samples collected. The field duplicates shall
mirror the sampling and analytical profile of the original sample and be assigned a unique sample
number. The duplicate sample number shall not indicate that it isa QC sample to minimize handling,
analysis, and data evaluation bias. Parameters to be analyzed shall be the same as those analyzed for
the corresponding environmental samples. Sample management and documentation procedures for
duplicates shall be the same as those used for environmental samples. When the RPD results between
the environmental sample and its duplicate are outside control limits, environmental results will be
reviewed to determine whether qualifiers should be assigned to the data.

B.4.1.1.5 Source Blanks

A minimum of one source blank shall be collected from each source of water used for project
activitiesto include decontamination. Source blanks shall be analyzed for the same parameters asthe
original samples. Source blanks shall be collected as close to the source as practical, but may be
collected from on-site storage containers.

B.4.1.2 Analytical Laboratory Quality Control

All on-site and off-site analytical |aboratories performing analyses for the New Mexico Sites shall
conduct their activities in accordance with awritten and approved QA plan. Laboratory quality
control (LQC) samples shall be analyzed using the same analytical procedures used to analyze
environmental samples. Each analytical laboratory shall generate QC samples during each analytical
run to assess and document accuracy and precision associated with each analytical measurement in
accordance with the laboratory QA plan. All datafrom concurrently analyzed LQC samples and
other quality controls which are used to demonstrate analytical control shall be included in the
laboratory’s analytical report. The requirements for the types and number of LQC samples will
depend on the analytical procedure or method and the laboratory’s QA objective for each test.
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Laboratory quality control samples include Laboratory Control Samples (LCS), method blanks,
surrogate-spike, and MS/MSD samples.

B.4.1.2.1 Laboratory Control Samples

One LCS shall be prepared and analyzed with each batch of samples per matrix. The LCS shall be
carried throughout the sample preparation and analysis procedures to assess laboratory accuracy and
precision. The LCS shall be analyzed concurrently with each analytical batch for each analyte of
interest and shall be prepared from standards independent of the calibration standard. Control limits
for recovery shall be established, and recovery data shall be plotted on internal control charts. The
LCS data outside these recovery limits shall be considered "out of control," and the laboratory shall
initiate corrective action(s) that shall be performed in accordance with the laboratory’s QA plan.
Results of duplicate LCS analyses shall be reported as RPD and percent recovery and included with
the associated analytical report. When LCS percent recovery is outside the control limits,
environmental sample results will be reviewed to determine whether qualifiers should be assigned to
the data.

B.4.1.2.2 Method Blank Samples

Method blanks shall be analyzed by the laboratory to check for instrument contamination and
contamination and interference from reagents used in the analytical method. A method blank shall be
concurrently prepared and analyzed for each analyte of interest for each analytical batch. Method
blank data outside statistical control limits shall be considered "out of control," and corrective
action(s) shall be performed in accordance with the laboratory’s QA plan. Method blank data shall be
reported in the same units as the corresponding environmental samples, and the results shall be
included with each analytical report.

B.4.1.2.3 Surrogate-Spike Samples

Surrogate-spike sample analysis shall be performed for all samples analyzed by gas chromatography
(GC), gas chromatography/mass spectrometry (GC/MS), and High Performance Liquid
Chromatography (HPLC) to monitor laboratory performance and analytical procedures on a
sample-by-sample basis. Surrogate standards are nontarget compounds added to GC, GC/MS, and
HPL C standards, blanks, and samples prior to extraction or purging. Surrogate compounds are
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compounds that are not expected to be present in the associated environmental samples but behave
similar to target compounds chromatographically. Surrogate compounds and concentrations added
shall be those specified in the applicable analytical method. Recovery values for surrogate
compounds shall be within the control limits specified by the laboratory and in accordance with
assessment procedures in the laboratory’s QA plan, or the analysis shall be repeated. Results of
surrogate-spike sample analyses shall be reported as percent recovery. When surrogate percent
recovery is outside the control limits, environmental sample results will be reviewed to determine

whether qualifiers should be assigned to the data.

B.4.1.2.4 Matrix-Spike/Matrix-Spike Duplicate Samples

Project site-specific MS/MSD samples shall be analyzed by the laboratory to determine interferences
of the sample matrix on the analytical methods and subsample variance of the laboratory data. A
separate sample aliquot shall be spiked with the analytes of interest and analyzed with every

20 samples per matrix or, if fewer than 20 samples were collected, at |east one of the samples shall be
spiked. Results of the MS/MSD analyses shall be reported as percent recovery and RPD and included
with the analytical report. Results that are outside the established recovery or reproducibility limits
for the analytical method shall be considered “out of control,” and the laboratory shall initiate
corrective action(s) that shall be performed in accordance with the laboratory’s QA plan. When the
RPD results between the MS and MSD samples are outside control limits, environmental results will
be reviewed to determine whether qualifiers should be assigned to the data. The MS/MSD samples
shall not be collected for radiochemical analysis.

B.4.1.2.5 Laboratory Duplicate Samples

Two aliquots of the same sample per matrix shall be prepared and analyzed for inorganic analysis,
and the duplicate results will be used to calculate the precision as defined by the RPD. If the
precision value exceeds the control limit, the appropriate laboratory personnel will identify the root
cause of the nonconformance and implement corrective actions. A laboratory duplicate analysis shall
be performed with every 20 samples. When the RPD results between the environmental sample and
itslab duplicate are outside control limits, environmental results will be reviewed to determine
whether qualifiers should be assigned to the data.
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B.4.1.3 On-Site Radiological Laboratory Quality Control

On-siteradiological laboratory analysis may be performed for direct counting of soils by gamma
spectral analysis. Any on-site laboratory analysis shall be performed in accordance with written,
approved work instructions by trained personnel using properly calibrated equipment. Gamma
spectroscopy requires physical preparation of the sample and direct counting. QC checks required
shall verify the accuracy and precision of the counting system. A National Institute for Standards and
Technology (NIST)-traceable mixed gamma standard shall be used.

B.4.1.3.1 Instrument Control Samples

Aninstrument control sample shall be analyzed with each batch of samples. The control sample shall
be carried through the analysis procedures to assess laboratory accuracy and precision. Control limits
for recovery shall be established, and recovery data shall be plotted on internal control charts.

B.4.1.3.2 Blank Samples

Blanks shall be analyzed to check for instrument and container contamination. A method blank shall
be concurrently prepared and analyzed for each analytical batch. A minimum of one method blank
shall be analyzed with each 20 samples.

B.4.1.3.3 Duplicate Samples

Duplicate results will be obtained and used to calculate precision. Onein 20 samples shall be counted
twice to provide precision data.

B.4.2 Data Precision, Accuracy, and Completeness

Quality control sample results are used to evaluate laboratory and field precision and accuracy.
Precision shall be determined by comparing the concentrations of the various constituents between
duplicate analyses. Accuracy shall be determined by comparing analytical results with the known
(true) value of areference standard (i.e., alaboratory control sample). The analytical accuracy for the
spiked samples must be within the accepted accuracy of the method of analysis for the analyte of
interest. Sample results falling outside of acceptable ranges for precision and accuracy shall be
brought to the attention of laboratory management for evaluation and corrective action(s), as needed.
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Completeness shall be determined by comparing the amount of valid data obtained from a
measurement system to the amount that was expected to be obtained. Data precision, accuracy, and
compl eteness requirements shall be dependant on the end use of the data and determined during the

DQO process for each site.

Laboratory results shall be checked upon receipt. |If there appears to be an error in the analysis, the
laboratory shall be contacted immediately, and corrective action(s) must be taken. If investigation
reveals that processes were not in control, corrective action(s) shall be taken, and the resulting data
evaluated to determine any impacts.

B.4.3 Corrective Action

This section establishes the methods and responsibilities for identifying, reporting, controlling, and
resolving conditions of nonconformance and conditions adverse to quality for activities performed in
support of the New Mexico Sites work.

B.4.3.1 Nonconformance

A nonconformance is a deficiency in characteristic, documentation, or procedure that renders the
quality of an item or activity as unacceptable, or indeterminate. The NV ERP policy encourages all
personnel to identify and document nonconforming items and processes. Itisaso NV ERP policy to
identify nonconformances in a manner that focuses on solutions and discourages fault-finding to
encourage the open identification and resol ution of problems. Individuals identifying nonconforming
conditions or items are responsible for documenting and reporting the nonconformance. Responsible
personnel should be notified at the time the nonconformance is identified so that, when possible,
corrective measures may be taken immediately.

All NCRs shall be handled in accordance with each organization's internal processes. An NCR shall
specify:

» Originator

» Date of the nonconformance
* NCR number (unique)

* Responsible organization

* Requirement(s)
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e Nature of the nonconformance
» Disposition
» Technica justification for disposition

When an NCR affects cost, schedule, scope, or is a health and safety issue, the applicable NV ERP
Project Manager and the NV ERP QAC and Health and Safety Representatives must be notified.

B.4.3.2 Cause Analysis

A root cause is the most basic element that, if corrected, will prevent recurrence of the same

(or similar) problem. Cause analysis should be used where the understanding of the basic underlying
cause isimportant to the prevention of similar or related problems. The cause analysis should be used
to gain an understanding of the deficiency, its causes, and the necessary corrective actions to prevent
recurrence. The level of effort expended should be based on the possible negative consequences of a
repeat occurrence of aproblem. The term “root cause” is used generally and does not require the use
of highly sophisticated methods such asis used for accidents.

B.4.3.3 Trend Analysis

Trend analyses should be performed on nonconforming conditions, deficiencies, root causes, and the
results of improvement initiatives to identify any possible trends. Adverse trends shall be brought to
the attention of the appropriate management. Positive trends, such as improved performance or cost
savings resulting from enhancements or the application of new technology, should be shared to
facilitate improvement in other areas or projects. As appropriate, information obtained from trend
analyses should be included in a Lessons L earned system.

B.4.3.4 Lessons Learned

A Lessons Learned system has been established at NNSA/NV as afocal point for reporting and
retrieving important information concerning experiences gained through previous activities.
Improvement can be fostered through incorporation of applicable Lessons Learned into work
processes and project planning activities, including work plan development, budget development, and
strategic planning. The Lessons Learned program should be used interactively with other
management tools such as critiques, assessments, readiness reviews, and evaluations of field
activities.
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B.5.0 Criteria 4 - Documents and Records

The New Mexico Sites shall have planning documents, as deemed necessary, for the work to be
performed. Contractors may determine that additional procedures are necessary to further define the
responsibilities and activities of specific scopes of work. Figure B.1-1 isaflowchart of the guidance
documents.

B.5.1 Documents and Records

Systems and controls shall be implemented by project participants for identifying, preparing,
reviewing, approving, revising, collecting, indexing, filing, storing, maintaining, retrieving,
distributing, and disposing of pertinent quality documentation and records.

B.5.1.1 Document Review and Control

Plans and reports shall be reviewed for quality requirements, technical adequacy, completeness, and
accuracy prior to their approval and issuance. The NV ERP documents shall be reviewed in
accordance with the NNSA/NV procedure AMEM-02-002, Document Review and Coordination
(DOE/NV, 1999a).

A system or process for identifying documents that require control and controlling those documents
shall be implemented to ensure that the latest revision of adocument isused. The New Mexico Sites
management is responsible for ensuring that personnel who perform work are in possession of the
most current version of the documents applicable to the activities being conducted.

Revisionsto controlled documents shall be approved by the same level of authority or organization as
theoriginal. Documents no longer in use should have their status clearly indicated, and record copies
should be maintained in accordance with DOE Order 200.1, Information Management Program
(DOE, 19964).

B.5.1.2 Change Control

Changes or modifications to approved procedures or plans may be necessary to adjust an activity to
actual field conditions or to revise programmatic methods of implementing project requirements.
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New Mexico Sites participants shall ensure that changes are properly identified, documented,
approved, and controlled in accordance with the individual procedures of each participant
organization. Verbal authorization of changes are permitted but must be documented and followed
up with awritten change notice in atimely manner. Changes shall be approved commensurate with
the original document prior to implementation of the change. Changesto the SSHASP shall bein
accordance with the participants applicable procedures. The NNSA/NV Project Manager shall be
notified of changes that impact the technical scope, cost, or schedule of the project.

B.5.1.3 Records Maintenance

Sufficient records of New Mexico Sites activities shall be prepared, reviewed, and maintained.
Project records shall be maintained in accordance with DOE Order 200.1 (DOE, 1996a), I nformation
Management Program. Contractors and other agency participants shall have a system in place for the
storage and retrieval of quality records that is consistent with environmental regulations and

DOE Order 200.1 (DOE, 19963).
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B.6.0 Criteria 5 - Work Processes

The performance of activities shall be based upon the objectives of the project. Details of specific,
environmental, data-collection activities will be discussed in the applicable site-specific planning
documents. Appropriate technical methods or a scientific rationale shall be employed. Activities
shall be performed in accordance with approved procedures and site-specific plans that comply with
the applicable requirements of DOE Orders, procedures, and project planning documents. Upon
request, contractors and participating organizations shall supply the NNSA/NV with copies of
applicable procedures. Deviations from the applicable approved project plans and procedures shall
be approved and documented.

B.6.1 Evaluation and Use of Existing and New Data

Existing and new data shall be evaluated against current requirements for their intended use. This
analysis consists of editing, screening, checking, auditing, verification, and review. Methods shall be
in place for the control and transfer of data, control of interpretive work products, and the control of
data within adatabase. The process should provide guidance for gathering, manipulating, and
distributing data. The quality of existing data shall be determined, based on the traceability of data
and the level of QA/QC applied to the data during initia collection, prior to inclusion into a central
database. Reports or interpretative works shall indicate the quality of the data being used. Prior to
use, newly acquired analytical datawill be evaluated against predetermined objectives and criteria.

B.6.2 Computer Hardware and Software

Computer hardware/software configurations are defined as the combination of computer program
software version, operating software version, and model of computer hardware. Computer software
and hardware/software configurations used in the acquisition, modeling or storage of environmental
data shall beinstalled, tested, used, maintained, controlled, and documented to meet the requirements
of the user and/or data management criteria. Compatibility between software and hardware systems
must be achieved for long-term retrievability. To the extent possible, contractor’s and project
participant’s hardware and software should be compatible with that of the NV ERP.
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B.6.2.1 Computer Systems

Computer hardware/software configurations for the storage and manipulation of environmental data
should be tested by knowledgeable individuals prior to actual use and the results documented and
maintained. Changes to hardware/software configurations should be assessed to determine the
impact of the change on the technical and quality objectives of the environmental program. If any of
the components are changed or modified and a new configuration results, or if program regquirements
change so that the capability of the hardware/software configurations to meet the new requirementsis
uncertain, then the configuration should be retested and redocumented.

Computer hardware/software configurations integral to measurement and testing equipment (M& TE)
that are calibrated for specific uses do not require further testing unless the software uses change or
the configuration is modified.

The physical mediaon which softwareis stored shall be controlled and protected so that software and
data are physically retrievable and protected from loss or compromise by catastrophic events.
Back-up copies shall be maintained so that a single event will not cause a significant loss of software
or data.

B.6.2.2 Software Design/Development

Project participants involved in the development or use of major-use software for modeling or
technical computations will develop and implement processes for the devel opment, modification,
verification/validation, and control of computer software codes. Code criteria should be clearly
defined prior to development or purchase and should be consistent with applicable national standards.
Software will be qualified for use, based on its ability to provide acceptable results for its intended
application. The configuration of software should be controlled and documented so traceability is
maintained through the developmental history. Documentation of the development or modification
of software codes must include the appropriate peer reviews and verification/validation.
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B.6.2.2.1 Code Evaluation

Newly developed computer codes or modifications to existing software shall be reviewed and the
reviews documented by individuals who are knowledgeable in the area of code development.
Reviewers should consider the following aspects:

* Assumptions are reasonable and valid
» Correctness of the mathematical model

» Conformance of methods to accepted and published concepts (recognizing that aternative
methods and interpretations other than those of the evaluators may be acceptable)

» Consistency of results with known data

* Reasonable and prudent use of data and analysis tools

Appropriateness for intended purpose

B.6.2.2.2 Code Verification/Validation

Software should be qualified for use based on its ability to provide acceptable results for the intended
application. Software verification and validation activities will include provisions for providing
confidence that the software adequately and correctly performs all intended functions. The extent of
verification/validation required shall depend on the complexity, risk, and uniqueness of the code.
Computer software code modifications shall be verified and validated according to the same
requirements as the original code. Verification of changes may be limited to the scope of the
modification, if the rest of the code is not affected. Acquired technical software used without
modification must have operational checks performed through test cases to verify that the software is
functioning as intended.

Computer applications, project participants, used for the evaluation of historical data maintained or
transferred via electronic media shall have QC checks performed as appropriate to the application
being used. These checks must be documented and maintained in project files.
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B.6.2.2.3 Software Documentation

All developed or procured computer codes shall be uniquely identified. Computer software code
documentation shall be maintained with associated calculations and reference material.
Documentation will consist of software design and reference material, verification/validation records,
operational test records, and user-oriented information.

B.6.2.3 Peer Review of Software and Code Applications

The peer review is an assessment of the assumptions, calculations, extrapolations, alternate
interpretations, methodol ogy, acceptance criteria, and conclusions pertaining to interpretive work
products generated through use of computer software. Peer reviews shall be performed and
documented to ensure that interpretive work products are technically adequate, properly documented,
and satisfy established technical and quality requirements. Peer reviewers shall possess the
appropriate subject matter/technical expertise and not have participated in preparing the original
work. All review comments and the attendant comment responses shall be recorded on review sheets
and maintained in the project files. The acceptable level of accuracy of each interpretive work
product should be established by project management.

B.6.3 Field Investigation

Field activities generally involve the collection of data for the purpose of decision making. Field data
acquisition shall be accomplished through the use of approved plans, procedures and/or instructions,
by qualified personnel using appropriate tools and calibrated equipment. Additionally, all work shall
be performed safely within the controls established to prevent/mitigate hazards. Details of specific
environmental data collection activities shall be delineated in the associated project plans and
instructions. Data acquisition methods for which a procedure does not exist (those that are unique,
experimental, or under development) shall be detailed in the project-specific plans or instructions.
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B.6.3.1 Sample Custody

Chain of custody for each field sample collected must be documented to provide the traceability of
possession from the time the samples are collected until disposal. A sampleis considered to bein
custody if it meets any of the following criteria:

* Isinaperson's actual possession

* Isinaperson's unobstructed view after being in the person's physical possession

* Isinasecured areato prevent tampering after having been in the person’s physical possession
* Isinadesgnated secured area, restricted to authorized personnel only

Sampling events shall be monitored to ensure that custody procedures and records are being properly
implemented. Without exception, sample custody shall be continuously maintained for all samples
collected.

B.6.3.1.1 Chain of Custody Form

Each individual who possesses a sample is responsible for sample custody until the sampleis
relinquished to another individual or a secure storage area viathe chain of custody form. Field teams
shall initiate chain-of-custody forms for samples collected during field activities in accordance with
written and approved procedures and/or instruction. Whenever samples are transferred to a new
sample custodian, the new custodian shall sign his or her name, the company name, and note thetime
and date that the transfer occurred. There shall be no gaps on the record of custody. The chain of
custody form shall accompany the samples during handling and shipment, and it shall chronicle the
history of custody.

B.6.3.1.2 Custody Seals

To ensure that tampering is easily detectable, each sample container shall be individually sealed with
acustody seal. The seal shall be placed over or around the lid of the sample container so that the
container cannot be opened without breaking the seal. Each custody seal shall be initialed and dated
by the sample custodian.
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B.6.3.1.3 Sample Labels and Identification

Sample labels shall contain the unique sample numbers and other sampling information. This
information must be entered using indelible ink and the label securely affixed to the container. All
information and data for a sample are keyed to each sample’s unique number. The sample label shall
contain the following required information:

* Project name

*  Unique sample number

» Sampling date and time (military)

» Samplelocation and depth interval (if applicable)
» Sample medium

* Reqguested analyses

* Name of theindividua collecting the sample

* Preservation or conditioning of the sample

Each sample number shall be indicated on both the container and field data/sample collection forms.
For samples requiring multiple containers, the same sample identification numbers shall be required
on each container. Labels that are not plastic coated and have the potential to smear or deteriorate
shall be covered with clear tape.

B.6.3.1.4 Sample Handling, Preservation, Packaging, and Shipping

Proper sample handling is achieved by selecting the appropriate sample containers, preservation
procedures, and holding times for specific analyses. Where applicable, sample containers shall be
certified clean per EPA protocol and shall remain sealed until ready for use. Certificates of container
cleanliness shall be maintained in the project files. A table of parameters and analytical methodsis
provided in Attachment 2.

Upon completion of sampling, labeling, and custody sealing, each sample shall be placed in a
separate, sealable plastic bag; transferred to an appropriate shipping container cooled with ice
4°C (= 2°C), if required; and protected from breakage by using shock-absorbent packing material.
Approved procedures must comply with Title 49 CFR, Parts 170 to 180 (CFR, 1999) for the
packaging, |abeling/placarding, and shipping of samples.
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B.6.3.1.5 Decontamination

To prevent cross-contamination of samples, equipment coming in contact with samples shall be
decontaminated prior to use, between sampling locations, and before leaving the site. Certification of
cleanliness shall be obtained for disposable or precleaned sampling equipment, if they are not
decontaminated by the sampling organization. Decontamination activities shall be performed and
documented in accordance with the participating organization’'s approved written procedures.

Equipment rinsate blanks shall be submitted to the analytical laboratory to assess the effectiveness of
the decontamination process. |If the rinsate blank results indicate possible contamination, corrective
actions shall be implemented to preclude recurrence. Sample results obtained using the suspect
sampling equipment shall be reviewed to determine whether analytical qualifiers should be assigned
to the data.

B.6.3.1.6 Investigation-Derived Waste

Investigation-derived waste (IDW) shall be containerized pending the results of waste
characterization. To ensure compliance with DOE requirements and federal and state regulations,
IDW shall be characterized and disposed of in accordance with approved plans.

B.6.3.1.7 Field Documentation

Field documentation should be of sufficient detail to facilitate the reconstruction of field activities.
Field personnel shall document activities on alogbook or on the appropriate form as required by each
contractor doing work for the New Mexico Sites. Documentation should be madein indelibleink and
include all information applicable to the activity being performed.

Field-generated records shall be independently reviewed to verify they are complete and accurate.
This review should be noted on the reviewed document with an initial and date. Records shall be
preserved and maintained in accordance with Section B.5.1.3.

B.6.3.1.8 Photographic Documentation

With the approval of the NNSA/NV Project Manager, photographs may be taken during the
corrective action investigation and/or corrective action activities. Photographs shall be documented
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on aphotographic log in accordance with contractor procedures. The photographs and negatives shall
be processed and stored in accordance with NNSA/NV security procedures and National Archives

and Records Administration regulations.

B.6.3.2 Identification and Control of Items

The New Mexico Sites participants shall establish and document sufficient controls to ensure that
quality-affecting items, such as equipment, components, and material can be readily identified.
These controls shall be established to prevent incorrect use, to retain integrity of materials, and to
preserve the desired operating characteristics of equipment. Controls shall be applied that are based
on the risk to the project if control of theitem islost. Appropriate controls shall be applied prior to
and subsequent to use. Specific requirements for preservation and packaging shall be identified in
project documents.

Hazardous materials shall be properly controlled and transported in accordance with Title 49 CFR
Part 171-180, Transportation - Hazardous Materials Shipping Regulations (CFR, 1999).

B.6.3.3 Calibration and Preventive Maintenance

The M& TE used at the New Mexico Sites shall be uniquely identified and controlled. A system of
calibration and preventive maintenance shall be employed by project participants to ensure the proper
operation of M& TE. Reference standards of the correct type, range, and acceptabl e uncertainty shall
be used for collecting data consistent with the project objectives.

B.6.3.3.1 Calibration

Approved procedures or the manufacturer’s recommendations shall be used to calibrate M& TE prior
to use and at prescribed intervals thereafter. The frequency of calibrations (periodic or factory) shall
be based on the manufacturer’'s recommendations, national standards of practice, equipment type and
characteristics, and past experience. Operational, or in-house, calibrations and/or source-response
checks shall be performed on the appropriate M& TE prior to the start of work and at prescribed
intervalsto verify the equipment’s continued accuracy and operational function.
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Equipment for which the periodic calibration period has expired, equipment that fails calibration, or
equipment that becomes inoperabl e shall be tagged " out-of -service" and, when possible, segregated to
prevent inadvertent use. Results of activities performed using equipment that is out of calibration
shall be evaluated for adverse affects and the appropriate personnel notified.

Physical and chemical standards shall have certifications traceable to National Institute of Standards
and Technology, EPA, or other nationally recognized agencies. Supporting documentation on all
reference standards and equipment shall be maintained.

B.6.3.3.2 Preventive Maintenance

Preventive maintenance shall be performed to maintain performance and reliability, prevent
equipment from failing during use, and to identify sources for repair replacement. Preventive
maintenance programs shall include all sensitive equipment.

Field equipment preventive maintenance programs will provide the following as applicable:

» Alisting of the equipment included in the program

» The frequency of maintenance considering manufacturer’s recommendations and/or previous
experience with the equipment

* Alist of spare parts to be maintained

» Activitiesto be performed in the event of equipment failure (i.e., spare parts maintained,
backup instrumentation, or sources to repair or replace instrumentation)

B.6.3.4 Laboratory Operation

Laboratories performing analytical work for the New Mexico Sites must operate in accordance with
an acceptable written QA program. Plans and procedures relevant to the New Mexico Sites work
must be made available upon request. Deviations from approved procedures shall be documented.

All New Mexico Sites participants who subcontract analytical services must ensure quality of
services through established procurement practices and oversight activities. Laboratories must
participate in an Interlaboratory Performance Evaluation program appropriate to sample types and
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analyses. The laboratory must provide the results of these performance evaluation studies along with

the laboratory’s response to any deficiencies which were identified upon request.

B.6.3.4.1 Preanalysis Storage

Samples received at the analytical |aboratory that have been entered into the sample tracking system
shall be placed into a storage refrigerator or secure storage area until analyzed. The methods of
storage are generally intended to:

* Retard biological action

* Retard hydrolysis of chemical compounds and complexes
* Reduce volatility of constituents

* Reduce adsorption effects

* Reduce light exposure

Preservation methods are generally limited to pH control, preservative addition, and refrigeration.
Preanalysis sample storage procedures shall be documented and described in laboratory-specific
procedures.

B.6.3.4.2 Post-Analysis Storage

The possibility of reanalysis requires that proper environmental control for post-analysis samples be
provided. These controls shall be described in laboratory-specific procedures. The samples shall be
properly disposed of by the laboratory unless other arrangements have been made to return them to
the site. The laboratory must contact the participants designated personnel prior to disposal of
samples.

B.6.4 Analytical Data Usability

Analytical datareceived for input into a project shall be assessed for acceptability against the
requirements stipulated in the applicable project document. Personnel should verify that analytical
data reports have been reviewed by appropriate individuals other than those generating the analytical
data or the report, and that all forms of the report (printed or electronic) carry a notice of any
limitations on the use of the data.
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B.6.4.1 Data Management

Analytical data shall be controlled and managed to guarantee data integrity throughout acquisition
and development. Systems must be established for directing analytical data results into a controlled
data management system. Requirements shall be established for identification, collection, selection,
control, and transfer of analytical data both within and external to the NV ERP data management
system. Analytical datathat are submitted shall be qualified and traceable to original datarecords and
procedures established for processing, storage, and control of data. Analytical data users are
responsible for determining if the data are sufficient for their intended use.

Each participating organization responsible for generating environmental data for the New Mexico
Sites shall have a management plan for handling data that describes the flow of data from its
generation through its final use and storage. The Data Management Plan shall include or reference
the specific procedures to be used for data verification and validation to ensure that all data used to
support decisions made for the New Mexico Sites are of known and documented quality. Procedures
shall be used to optimize the detection and correction of errors and prevent data loss during data
reduction, reporting, and data entry into databases.

B.6.4.2 Evaluation and Use of Data

Participating organizations shall have a system in place for the control and transfer of data and
interpretive work productsto the NV ERP Common Data Repository, and provide guidance for
gathering, manipulating, and distributing data. The quality of existing data shall be determined,
based on the traceability of dataand the level of QA/QC applied to the data during initial collection
and current requirements for their intended use. This analysis consists of editing, screening,
checking, auditing, verification, and review. Reports, models, or interpretative works shall indicate
the quality of the data being used. Prior to use, newly acquired analytical data will be evaluated
against predetermined objectives and criteria. Computer applications used for the evaluation of data
maintained or transferred via el ectronic media shall have quality control checks performed as
appropriate to the application being used.
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B.6.4.3 Data Reduction, Verification, and Validation

Computations performed on raw data are considered data reductions. Numerical reduction of field
and analytical data shall be formally checked in accordance with approved procedures, and this
checking must be performed prior to the presentation of results. If unchecked results are to be
presented, transmittals or subsequent cal cul ations based on these results must be marked
"preliminary"” until the results are checked and determined to be correct.

Verification is the process of checking and reviewing the data reduction process. Data verificationis
asystematic review of data by qualified individualsto check data reduction and ensure that data meet
specified guidelines.

Validation of analytical datais a comprehensive verification which includes complete review of raw
data. The site-specific DQO process shall establish what percentage of analytical data packages shall
bevalidated. Qualifiers may be attached to the data to indicate the results of the verification process.
These qualifiers may restrict or limit certain uses of the data.

B.6.4.3.1 Data Completeness Review

A completeness review should be conducted to ensure that field and laboratory data and
documentation are present and complete. During this review, problems should be identified and
documented. Information from this review should accompany the data. The review should include
the verification that:

» Overall deliverable objectives are met.

» Laboratory documentation is complete and accurate.

» Significant problems are identified in laboratory documentation.

» Chain of custody documents are complete and contain required information.
» Analytical practices are consistent with chain of custody requirements.

» Analytical information presented is correct and complete.

» Analytical practices are within technical guidelines.

» All field forms are present and compl ete.

B.6.4.3.2 Data Review and Summary

Selected QC checks and procedures shall be evaluated for compliance or noncompliance with DQO
standards. Deficienciesin the data package shall be communicated to the laboratory, and additions or
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corrections to the data package shall be controlled. Datareview shall be conducted by personnel with
training in, and a technical understanding of, |aboratory methods and data quality. Data review shall

include, but not be limited to, the examination of the following:

» Analytical requirements have been met.

» Critical items meet the project requirements.

* Anaytical method QC compliance evaluated and applied to results/qualifiers.
» Sampledata quality indicator goals are eval uated.

» Surrogate data quality indicators are eval uated.

» Laboratory QC sample data quality indicators are eval uated.

» Cdibration information evaluated and applied to results/qualifiers.

* Internal standard evaluated and applied to results/qualifiers.

» Serid dilution effects evaluated.

* Holding time criteria has been met.

» Laboratory data qualifiers are correct and explained or akey isincluded.
» Compound analyte concentration is accurate.

» Sample collection and storage requirements are met.

B.6.4.3.3 Data Validation

Data validation encompasses a compl ete validation of the analytical results according to EPA
functional guidelines or an equivalent industry-standard protocol. Data validation and review of
Contract Laboratory Program (CLP) and CLP-like data packages shall be performed in accordance
with the USEPA Contract Laboratory Program, National Functional Guidelines for Inorganic Data
Review (EPA, 1994b) and Contract Laboratory Program, National Function Guidelines for Organic
Data Review (EPA, 1999) or anational standard. Thisreview is designed to be conducted by
personnel with training in, and a technical understanding of, laboratory methods and data quality, and
with the extensive experience required of professionally trained data validators. Calculations of
results from raw data will be verified, and data validation qualifiers will be assigned. The results of
thisreview and asummary of parameter detections shall be forwarded to the appropriate project
manager.

Data validation shall include a check of the calculation of all QC sample results and a third party
confirmation of aminimum of five percent, based on direction from the NNSA/NV Radioactive
Waste Acceptance Program, of the sample result calculations from characterization samples or
samples intended to demonstrate that the contaminant(s) of concern have been isolated, stabilized,
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and/or removed. Data validation shall also include a check of all the functional guideline parameters
included in lower-level reviews.

The percentage of data packages to be validated for the New Mexico Sites shall be dependent on the
end use of the data and established during the site-specific DQO process. Sample results selected for
validation shall be determined by use of arandom number generator or may be selected by project
management in cases where specid criteriaexist. The NNSA/NV New Mexico Sites Task Manager
shall maintain the option of having additional validation performed.

B.6.4.4 Laboratory Data Reporting

Analytical datareports must contain, at a minimum, the following information:

» Cover page with the reviewer's signature, data qualifiers, and a description of any technical
difficulties encountered during the analyses

» Date the sample was received

» Date the sample was prepared

» Date the sample was analyzed

» Sampleidentification number

» Laboratory sample identification number

» Analytical method reference number

* Analytical results

» Tabulated QC sample results

* Instrument tuning and calibration results

» Final copy of the chain of custody form, with appropriate signatures

» Hard copy raw data of calibration, QC samples, and the analyses of field samples

Data packages shall be required for all analytical results unless sample results are excluded from data
validation by NNSA/NV project management. Validated data shall be reviewed to determine
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whether they meet the DQOs of the investigation. The data shall be reviewed to ensure that the
required number of samples were collected, critical samples were collected and analyzed, and the
results passed data-validation criteria. The datashall also be reviewed to determine whether detection
limits were met. Data-reporting techniques shall be in accordance with the project data-reporting
requirements; data-reporting procedures should be consistent with those found in the User’s Guide to
the Contract Laboratory Program (EPA, 2000).

B.6.4.4.1 Data Reporting

Data shall be reported in accordance with standardized formats. Electronic data transfers shall be
delivered, along with the hard copy, on 3.5-inch diskettes or other methods agreed upon with the
NV ERP Common Data Repository custodial organization. The laboratory data will not be loaded
into the common data repositories for general use until it has been verified/validated.
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B.7.0 Criteria 6 - Design

Any quality-affecting items or processes designed in support of the New Mexico Sites shall be in
accordance with a documented design control process and based on sound engineering and scientific
principles using the appropriate standards. The acceptability and adequacy of the design product
shall be verified or validated by a qualified individual (s) other than those who performed the original
design. Verification and validation shall be completed prior to approval and implementation of the
design. Design records shall include the design steps and sources of input that support the final
output. The final design output shall be approved in accordance with the participants’ internal
procedures. Changes or modifications to the final design shall be subject to the same control
measures and approvals as applied to the original design.



Gnome-Coach SC Work Plan
Appendix B - NM QAPP
Revision: 1

Date: 01/14/2002

Page B-42 of B-71

B.8.0 Criteria 7 - Procurement

Procurement of items and services for the New Mexico Sites shall be consistent with standard
commercia purchase order terms and conditions, and performed in cooperation with the NNSA/NV
Contracts Management Division. Project participants must have processes in place that meet the
requirements of their contracts or agreements and applicable federal requirements.

B.8.1 Procurement Control

Items and services of atechnical nature procured in support of the New Mexico Sites shall be of a
quality that meets the requirements of the project. Project participants shall establish controlsto
ensure that, as aminimum, procured items and services meet specifications delineated in the
procurement documents. Each participating organization shall have systems in place to track items
and confirm the delivery of procured items and services as specified. Project participants shall have a
program in place, invoking the appropriate quality requirements of the contractor’s QA program and
specifying any project requirements for the procurement of items and services.

Subcontractors procured for New Mexico Sites activities must be evaluated for prior experience,
ability to perform specific tasks, and cost. The capabilities of subcontractor personnel shall be
assessed by the procuring contractor to verify qualifications and determine the type and amount of
training and supervision needed for environmental restoration activities.

B.8.1.1 Procurement Documents

Procurement documents for the New Mexico Sites shall define the scope of work for the item or
service being procured and provide specifications, acceptance criteria, shipping and handling
requirements, health and safety requirements, and any documentation required, as applicable.
Technical specifications shall either be directly included in the procurement documents or included
by reference to specific drawings, specifications, procedures, regulations, or codes that describe the
items or services to be furnished. Procurement documents shall be reviewed for accuracy and
completeness by qualified personnel prior to initial issue. Changes to a procurement document
require the same level of review and approval as the original document.
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B.8.1.2 Measurement and Testing Equipment

Procurement documents shall also require that al purchased and rented M& TE be calibrated to
existing national standards prior to acceptance and that calibration documentation is provided.
Calibration certification and instrument manufacturer’s manuals should be available in project files
for M&TE. Schedules for recalibration shall be established and implemented for M& TE requiring
periodic calibration.

B.8.1.3 Verification of Quality Conformance

If applicable, procurement documents for New Mexico Sites-related items or services shall require
access to the subcontractor’s or vendor’s facilities, including their subtier facilities, work areas, and
records for assessments to verify acceptability. Upon delivery, procured items or services shall be
inspected for conformance to procurement specifications and requirements prior to using items or
placing them in service. Project personnel have the authority to stop work if significant quality
problems are identified. Procured items should be evaluated for suspect/counterfeit parts. If thereare
indications that suppliers knowingly supplied substandard items or services, the DOE Office of
Inspector General shall be notified.
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B.9.0 Criteria 8 - Inspection and Acceptance Testing

Inspections and acceptance testing shall be accomplished for specific itemsin accordance with
approved inspection documents and test procedures that reflect acceptance and performance criteria.
Individuals performing inspections and acceptance testing shall be independent of those who
performed the work. Quality-affecting materials used during characterization, corrective action, or
sampling activities shall be inspected upon receipt for adequacy. The M& TE used in the performance
of ingpections or acceptance tests shall be calibrated and properly maintained. Any item or work
determined to be defective shall be controlled to avoid inadvertent use.
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B.10.0 Criteria 9 - Management Assessment

Planned and periodic assessments shall be conducted and shall involve the participation of project
management. The primary emphasi s of management assessments is to evaluate the implementation
of the integrated QA program and identify problems that hinder the achievement of objectives.
Contractor management should conduct periodic assessments that focus on such issues as the:

» Adequacy of implementation of the integrated QA program, with particular emphasis on
quality improvement

» Existence of any management biases or organizational barriers that impede the improvement
process

» Adequacy of the appraised organization's structure, staffing, and physical facilities

Existence of effective training programs

The results of the assessment shall be documented in afinal report and issued to the appropriate
personnel. Management has the primary responsibility to ensure the timely follow-up of corrective
actions, including an evaluation of the effectiveness of management's actions. Results of the
management assessment should be entered into a tracking system for the purposes of identifying
trends and lessons learned.
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B.11.0 Criteria 10 - Independent Assessments

Independent management and technical assessments shall be performed to verify compliance with
applicable quality requirements, DOE policies, and procedures. Assessments shall be conducted to
measure item and service quality, the adequacy of work performance, and to promote improvement.
The scheduling of the assessments and resource allocation for independent assessments should be
based on the status, risk, and complexity of work being assessed.

The group performing the independent assessment shall be composed of individuals that are not
directly involved in the work being assessed. Each group performing independent assessments shall
have sufficient authority and freedom to carry out the activities necessary to effectively conduct the
assessment. Assessments should focus on improving the quality of the processes that lead to the end
product.

Results of each assessment should be tracked and resolved by responsible management with
follow up of deficient areas. Assessment responses should include: corrective action, identification
of the root cause, actions to prevent recurrence, and actions for improvement.
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B.13.0 Glossary

Acceptance Criteria
Specific characteristics of an item, process, or service defined in codes, standards, or other
requirement documents. (DOE/NV, 1993)

Accuracy

A measure of the closeness of an individual measurement or the average of a number of
measurements to the true value. Accuracy includes a combination of random error (precision) and
systematic error (bias) components that are due to sampling and analytical operations; the EPA
recommends using the terms * precision” and bias,” rather than “accuracy,” to convey the
information usually associated with accuracy. (EPA, 1998)

Activity

An all-inclusive term describing a specific set of operations or related tasks to be performed, either
serially or in parallel (e.g., research and development, field sampling, analytical operations,
equipment fabrication), that in total result in a product or service. (ASQC, 1994)

Assessment

The evaluation process used to measure the performance or effectiveness of a system and its
elements. Assessment is an all-inclusive term used to denote any of the following: audit,
performance eval uation, management Systems review, peer review, inspection, or surveillance.
(ASQC, 1994)

Audit (Quality)

A systematic and independent examination to determine whether quality activities and related results
comply with planned arrangements and whether these arrangements are implemented effectively and
are suitable to achieve objectives. (ASQC, 1994)

Bias
The systematic or persistent distortion of a measurement process which causes errorsin one direction
(i.e., the expected sample measurement is different from the sample’s true value). (ASQC, 1994)
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Calibration

Comparison of a measurement standard, instrument, or item with a standard or instrument of higher
accuracy to detect and quantify inaccuracies and to report or eliminate those inaccuracies by
adjustments. (ASQC, 1994)

Certification
The act of determining, verifying, and attesting in writing to the qualifications of personnel,
processes, procedures, or items in accordance with acceptance criteria. (DOE/NV, 1993)

Characteristic
Any property or attribute of a datum, item, process, or service that is distinct, describable, and/or
measurable. (ASQC, 1994)

Comparability
A measure of the confidence with which one data set can be compared to another. (ASQC, 1994)

Completeness
A measure of the amount of valid data obtained from a measurement system compared to the amount
that was expected to be obtained under correct, normal conditions. (ASQC, 1994)

Condition Adverse to Quality
An all-inclusive term used in reference to any of the following: failures, malfunctions, deficiencies,
defective items or nonconformance. (DOE/NV, 1993)

Corrective Action
An action taken to eliminate the causes of an existing nonconformance, deficiency, or other
undesirable situation in order to prevent recurrence. (ASQC, 1994)

Criteria

Rules or tests against which the quality of performance can be measured. They are most effective
when expressed quantitatively. Fundamental criteria are contained in policies and objectives, as well
as codes, standards, regulations, and recognized professional practices that DOE and DOE
contractors are required to observe. (DOE/NV, 1993)
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Data Quality Objectives (DQOs)

Qualitative and quantitative statements derived from the DQO process that clarify study technical and
quality objectives, define the appropriate types of data, and specify tolerable levels of potential
decision errorsthat will be used asthe basisfor establishing the quality and quantity of data needed to
support decisions. (ASQC, 1994)

Data Quality Objectives Process
A systematic strategic planning tool based on the scientific method that identifies and defines the
type, quality, and quantity of data needed to satisfy a specific use. The key elements of the process

include:

» Concisely defining the problem

* ldentifying the decision to be made

» ldentifying the key inputs to the decision

» Defining the boundaries of the study

» Developing the decision rule

» Specifying tolerable limits on potential decision errors

» Selecting the most resource efficient data collection design

Data quality objectives are the qualitative and quantitative outputs from the DQO process. The DQO

process was developed originally by the EPA, but has been adapted for use by other organizations to
meet their specific planning requirements. (ASQC, 1994)

Data Usability
The process of ensuring or determining whether the quality of the data produced meets the intended

use of the data. (ASQC, 1994)

Deficiency
An unauthorized deviation from acceptabl e procedures or practices, or a defect in anitem.
(ASQC, 1994)

Design
Specifications, drawings, design criteria, and performance requirements. Also theresult of deliberate
planning, analysis, mathematical manipulations, and design processes. (ASQC, 1994)
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Document
Any written or pictorial information describing, defining, specifying, reporting, or certifying

activities, requirements, procedures, or results. (ASQC, 1994)

Environmental Data
Any measurements or information that describe environmental processes or conditions, or the
performance of environmental technology. (ASQC, 1994)

Environmental Data Operations
Work performed to obtain, use, or report information pertaining to environmental processes and
conditions. (ASQC, 1994)

Graded Approach

The process of basing the level of application of managerial controls applied to an item or work
according to the intended use of the results and the degree of confidence needed in the quality of the
results. (See data quality objectives process.) (ASQC, 1994)

I ndependent Assessment
An assessment performed by a qualified individual, group, or organization that is not a part of the
organization directly performing and accountable for the work being assessed. (ASQC, 1994)

I nspection

An activity such as measuring, examining, testing, or gauging one or more characteristics of an entity
and comparing the results with specified requirements in order to establish whether conformanceis
achieved for each characteristic. (ASQC, 1994)

Item

An all-inclusive term used in place of any of the following: appurtenance, facility, sample, assembly,
component, equipment, material, module, part, product, structure, subassembly, subsystem, system,
unit, documented concepts, or data. (ASQC, 1994)
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Management Assessment
The determination of the appropriateness, thoroughness, and effectiveness of management processes.

(DOE/NV, 1993)

Measurement and Testing Equipment (M&TE)
Tools, gauges, instruments, sampling devices or systems used to calibrate, measure, test, or inspect in
order to control or acquire data to verify conformance to specified requirements. (ASQC, 1994)

Method
A body of procedures and techniques for performing an activity (e.g., sampling, chemical analysis,
quantification) systematically presented in the order in which they are to be executed. (ASQC, 1994)

Nonconformance
A deficiency in characteristic, documentation, or procedure that renders the quality of an item or
activity unacceptable or indeterminate; nonfulfillment of a specified requirement. (ASQC, 1994)

Precision
A measure of mutual agreement among individual measurements of the same property, usually under
prescribed similar conditions, expressed generally in terms of the standard deviations. (ASQC, 1994)

Procedure
A specified way to perform an activity. (ASQC, 1994)

Process
Any activity or group of activities that takes an input, adds value to it, and provides an output to a

customer. The logical organization or people, materials, energy, equipment, and procedures into
work activities designed to produce a specified end result (work product). (DOE/NV, 1993)

Quality
The totality of features and characteristics of a product or service that bear on its ability to meet the

stated or implied needs and expectations of the user. (ASQC, 1994)
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Quality Assurance (QA)

An integrated system of management activities involving planning, implementation assessment,
reporting, and quality improvement to ensure that a process, item, or serviceis of the type and quality
needed and expected by the customer. (ASQC, 1994)

Quality Assurance Program
The overall program (management system) established to assign responsibilities and authorities,
define policies and requirements for the performance and assessment of work. (DOE, 1999)

Quality Control (QC)

The overall system of technical activities that measures the attributes and performance of a process,
item, or service against defined standards to verify that they meet the stated requirements established
by the customer; operational techniques and activitiesthat are used to fulfill requirementsfor quality.
(ASQC, 1994)

Quality I mprovement

A management program for improving the quality of operations. Such management programs
generaly entail aformal mechanism for encouraging work recommendations with timely
management evaluation and feedback or implementation. (ASQC, 1994)

Quality Indicators

Measurabl e attributes of the attainment of the necessary quality for a particular environmental
decision. Indicators of quality include precision, bias, completeness, representativeness,
reproducibility, comparability, and statistical confidence. (ASQC, 1994)

Quality System

A structured and documented management system describing the policies, objectives, principles,
organizational authority, responsibilities, accountability, and implementation plan of an organization
for ensuring quality in its work processes, products (items), and services. The quality system
provides the framework for planning, implementing, and assessing work performed by the
organization and for carrying out required QA and QC. (ASQC, 1994)
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Readiness Review
A systematic, documented review of the readiness for startup or continued use of afacility, process,
or activity. Readiness reviews are typically conducted before proceeding beyond project milestones

and prior to institution of amajor phase of work. (ASQC, 1994)

Record
A completed document that furnishes evidence relating to items or activities. (DOE/NV, 1993)

Remediation
The process of reducing the concentration of a contaminant (or contaminants) in air, water, or soil
mediato alevel that poses an acceptable risk to human health. (ASQC, 1994)

Representativeness

A measure of the degree to which data accurately and precisely represent a characteristic of a
population, parameter variations at a sampling point, a process condition, or an environmental
condition. (ASQC, 1994)

Risk
A quantitative or qualitative expression of possible loss which considers both the probability that an
event occurrence will cause harm or loss and the consequences of that event. (DOE/NV, 1993)

Root Cause
The most basic reason for conditions adverse to quality that, if corrected, will prevent occurrence or
recurrence. (DOE/NV, 1993)

Self Assessment
Assessments of work conducted by individuals, groups, or organizations directly responsible for
overseeing and/or performing the work. (ASQC, 1994)

Service

The result generated by activities at the interface between the supplier and the customer, and by
supplier internal activities to meet customer needs. Such activitiesin environmenta programs
include design, inspection, laboratory and/or field analysis, repair, and installation. (ASQC, 1994)
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Specification

A document stating requirements and which refers to or includes drawings or other relevant
documents. Specifications should indicate the means and the criteria for determining conformance.
(ASQC, 1994)

Sandard Operating Procedure

A written document that details the method for an operation, analysis, or action with thoroughly
prescribed techniques and steps, and that is officially approved as the method for performing certain
routine or repetitive tasks. (ASQC, 1994)

Surveillance (Quality)
Continual or frequent monitoring and verification of the status of an entity and the analysis of records
to ensure that specified requirements are being fulfilled. (ASQC, 1994)

Technical Review

A documented critical review of work that has been performed within the state of the art. Thereview
isaccomplished by one or more qualified reviewers who are independent of those who performed the
work, but are collectively equivalent in technical expertise to those who performed the original work.
The review is an in-depth analysis and evaluation of documents, activities, material, data, or items
that require technical verification or validation for applicability, correctness, adequacy, completeness,
and assurance that established requirements are satisfied. (ASQC, 1994)

Traceability

The ability to trace the history, application, or |ocation of an entity by means of recorded
identifications. In a calibration sense, traceability relates measuring equipment to national or
international standard, primary standards, basic physical constants or properties, or reference
materials. I1n adata collection sense, it relates cal culations and data generated throughout the project
back to the requirements for quality for the project. (ASQC, 1994)

Training
The process of providing for and making available to an employee(s) and placing or enrolling an
employee(s) in a planned, prepared, and coordinated program, course, curriculum, subject, system, or
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routine of instruction or education, in fiscal, administrative, management, individual development, or
other fields which improve individual and organizational performance and assist in achieving the
agency’s mission and performance goals. (DOE/NV, 1993).

Validation

Confirmation by examination and provision of objective evidence that the particular requirements for
aspecific intended use are fulfilled. 1n design and development, validation concerns the process of
examining a product or result to determine conformance to user needs. (ASQC, 1994)

Verification

Confirmation by examination and provision of objective evidence that specified requirements have
been fulfilled. In design and development, verification concerns the process of examining a result of
agiven activity to determine conformance to the stated requirements for that activity. (ASQC, 1994)
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Attachment 1

Quality Criteria for
Site-Specific Documents
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Site-Specific Quality Assurance Project Plans
Requirements
Site-specific planning documents must contain QA/QC requirements appropriate for the site and
activities being performed. This attachment delineates the quality criteriathat should be included in
either the site-specific planning document or addressed in an appendix to the appropriate document:

» Quality Objectives and Criteriafor Measurement Data: Describe the project quality
objectives and performance criteria.

» Specia Training Requirements/Certification: |dentify and describe any specialized training
or certification reguirements and discuss how such training will be provided and how the
necessary skillswill be assured and documented.

* Required Documentation and Records: Define the information that must be included in the
data report package and the reporting format. |dentify documents (e.g., interim progress
reports, final reports) that will be produced. Specify the final disposition of recordsincluding
retention period.

» Sampling Process Design: Describe any experimental design or data collection design for the
project and classify all measurements as critical or non-critical.

» Sampling Methods Requirements: Describe specific performance requirements for the
method. Addresswhat to do when afailure in the sampling occurs, who is responsible for the
corrective action, and how the effectiveness of the corrective action shall be determined and
documented.

» Laboratory Requirements: Identify volume requirements, preservative requirements, and
holding times.

» Analytical Methods Requirements: |dentify the analytical methods, waste disposal
requirements (if any), and specific performance requirements for the method.

* Quality Control Requirements: Identify required measurement QC check for both the field
and laboratory. State the frequency of analysis for each type of QC check.

* Instrument/Equipment Testing, Inspection, and Maintenance Requirements: Describe how
inspections and acceptance testing of environmental sampling and measurement systems and
their components will be performed and documented.
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Reports to Management: |dentify the frequency and distribution of reports issued to inform

management of the status of the project.

Reconciliation with Data Quality Objectives; Describe how the results obtained from the

project or task will be reconciled with the requirements defined by the data user or decision
maker.
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Attachment 2

Laboratory Chemical,
Toxicity Characteristic Leaching Procedure,
and Radiochemistry Analytical Requirements
for New Mexico Sites
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Laboratory Chemical, Toxicity Characteristic Leaching Procedure, and

Radiochemistry Analytical Requirements for New Mexico Sites
(Page 1 of 9)

. _ Relative
Medium . . Minimum Percent
Parameter or or Analytical Container Preservative Reportin Percent Recovery
Analyte : Method Requirement poring Difference b
Matrix Limit a (%R)
(RPD)
ORGANICS
" 40"“'@;)6 W | pH<2 wiHCL & )
ater _i
Teflont lined Cool to 4°C 5 ug/L
Total Volatile Organic 8260B° septum e e
Compounds (VOCs) 50308° Pyp— Lab-specific Lab-specific
Soil widemouth w/ Cool to 4°C 5 ug/kg®
Teflon"-lined lid
Toxicity
Characteristic
Leaching
Procedure (TCLP)
VOCs
Benzene Lab-specific®
Carbon o
Tetrachloride Aqueous Lab-specific*
40 mL G w/
Chlorobenzene ® . Lab-specific®
Teflon ~-lined
Chloroform septum Lab-specific®
i Aqueous i
1,2-Dichloroethane a?ch; ScL:iI 1311/8260B° Cool to 4°C Lab-specific® Lab-specific® Lab-specific®
1,1-Dichloroethene Soil Lab-specific®
Methyl Ethyl Ketone 2-0z.G Lab-specific®
widemouth w/ —
Tetrachloroethene ® Lab-specific®
- Teflon -lined lid —
Trichloroethene Lab-specific®
Vinyl Chloride Lab-specific®
W 1-L AG w/
: . ater -
TotaI.SemlvoIatlle Teflon®-lined lid o Analyt.e-spemflc 3 3
Organic Compounds 8270C* Coolto4°C estimated Lab-specific® Lab-specific®
(SVOCs) Soil 4'0;' Gw/ quantitation limits®
Teflon "-lined lid
TCLP SVOCs
o-Cresol 0.10 mg/L®
m-Cresol 0.10 mg/L®
p-Cresol Agueous 0.10 mg/L®
Cresol (total) l'L®AG wi 0.30 mg/L®
: Teflon "-lined lid
1,4-Dichloro- Adueous
benzene a?]Lc; ScL:iI 1311/8270C* Cool to 4°C 0.10 mg/L* Lab-specific® Lab-specific®
Sail
2,4-Dinitrotoluene 8-0z. G w/ 0.10 mg/L®
Hexachloro- ® ;
benzene Teflon -lined lids 0.10 mg/L®
Hexachloro- d
butadiene 0.10 mg/L
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Laboratory Chemical, Toxicity Characteristic Leaching Procedure, and
Radiochemistry Analytical Requirements for New Mexico Sites

(Page 2 of 9)

. _ Relative
Medium . . Minimum Percent
Parameter or or Analytical Container Preservative Reportin Percent Recovery
Analyte : Method Requirement poring Difference b
Matrix Limit a (%R)
(RPD)
Hexachloro- d
ethane 0.10 mg/L
Nitrobenzene Aqueous 0.10 mg/L¢
- 1-L AG w/
Pentachloro-
ohenol AdueoLs Tefion ®-lined lid 0.50 mg/L*
— q .| 1311/8270C° Cool to 4°C Lab-specific® Lab-specific®
Pyridine and Soil Soil 0.10 mg/L*
2,4,5-Trichloro- 8-0z. G w/
hr|c Ioro o 0.10 mg/L¢
pheno Teflon™ -lined lids
2,4,6-Trichloro- d
phenol 0.10 mg/L
1-L AG w/
Water ® . )
Total sopias | oron AnedWd | a0 | Anabtesseecifc | ecificc | Lab-specific
Pesticides yR——yw ool to (CRQL) ab-specific ab-specific
Soil ®
Teflon "-lined lid
TCLP
Pesticides
Chlordane 0.0005 mg/L'
Endrin Aqueous 0.001 mg/Lf
Heptachlor 1-L AG w/ 0.0005 mg/L'
® . .
Heptachlor Teflon "-lined lid
Aqueous f
Epoxide a?ch; ScL:iI 1311/8081A° Cool to 4°C 0.0005 mg/L Lab-specific® Lab-specific
Sail
gamma-BHC ¢
(Lindane) 4-0z. Gw/ 0.0005 mg/L
Teflon"-lined lid
Methoxychlor 0.005 mg/Lf
Toxaphene 0.05 mg/L'
1-L AG w/ -
Water ® . _ Analyte-specific
Polychlorinated . Teflon "-lined lid o contract-required . .
Biphenyls (PCBs) . 8082 yw— Coolto4°C quantitation limits Lab-specific Lab-specific
0i f
Teflon"-lined lid (CRQL)
W 1-L AG w/
ater 1.3 pg/L®
Total ) Teflon®-lined lid . Mo - -
Herbicides | 8151A 707 Gl Coolto4°C Lab-specific Lab-specific
Soi 66 ug/kg®
Teflon"-lined lid Harka
TCLP
Herbicides
1-L AG w/
24D ®. 0.002 mg/L
Aqueous . Teflon "-lined lid ° o o
and Soil 1311/8151A 707 G Coolto4°C Lab-specific Lab-specific
2,4,5-TP ® . ) 0.00075 mg/L¢
Teflon "-lined lid
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Laboratory Chemical, Toxicity Characteristic Leaching Procedure, and
Radiochemistry Analytical Requirements for New Mexico Sites
(Page 3 of 9)

Medium Minimum Relative Percent
Parameter or or Analytical Container Preservative Reportin Percent Recovery
Analyte : Method Requirement poring Difference b
Matrix Limit a (%R)
(RPD)
Water
Gasoline Aqueous 0.1 mg/L®
- 1-L AG w/ Cool to 4°C
Soil ®_jined I 0.5 mg/kg?
Total Petroleum Gasoline 80158 Teflon "-lined lid > Mg Lab ifice Lab ifice
Hydrocarbons (TPH) [ water Modified® ) ab-specitic ab-specilic
; Soil 0.5 mg/L®
Diesel 4-0z. Gw/ o ¢
Soi ®' Coolto4°C
| . .
Diesel Teflon -lined lid 25 mg/kg?
W 1-L AG w/
ater 14 pg/L®
_ Teflon®-lined lid . Ho
Explosives 8330° 7 S Coolto4°C Lab-specific® Lab-specific®
-0Z. W,
Soll 2.2 mg/kg®
Teflon"-lined lid ke
1-L AG w/
Water Tefl ® lined lid 0.05 pg/L®
Polychlorinated . eflon -lined li o - o
Dioxins and Furans 8280A/8290 707 Gl Coolto4°C Lab-specific Lab-specific
Soil 5 pg/kg®
Teflon"-lined lid Harka
INORGANICS
Target Analyte List
Metals
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Laboratory Chemical, Toxicity Characteristic Leaching Procedure, and
Radiochemistry Analytical Requirements for New Mexico Sites

(Page 4 of 9)

. _ Relative
Medium . . Minimum Percent
Parameter or or Analytical Container Preservative Reportin Percent Recovery
Analyte : Method Requirement poring Difference b
Matrix Limit a (%R)
(RPD)
] Water 6010B° 100 pg/Lo"
Aluminum -
Soil 6010B° 10 mg/kg®"
) Water 6010B° 20 pg/Loh
Antimony -
Soil 6010B° 2 mg/kg®"
_ Water 60108B° 10 pg/L®"
Arsenic -
Soil 6010B° 1 mg/kg®"
) Water 6010B° 200 pg/Lo"
Barium -
Soil 6010B° Aqueous 20 mg/kg®"
Berilium Water 6010B° Aqueous ph <2 w/ HNO, 5 pg/Le" 20 Matrix Spr:ke
i Soil 6010B° 600-mL P or G and o 0.5 mg/kg®" For both Matrix 75-125
Coolto 4°C - Spike and Laboratory
Water 6010B°¢ i 100 pg/L?
Boron Soil _ H9 Laboratory Control Sample
Soil 6010B¢ 8-0z.PorG Soil . 10 mg/kg®h Control Sample 80-120"
_ Water 6010B° Coolto 4°C 5 pg/Leh
Cadmium -
Soil 6010B° 0.5 mg/kg®"
) Water 6010B° 1,000 pg/Le"
Calcium -
Soil 6010B° 100 mg/kge"
) Water 6010B° 10 pg/Lo"
Chromium -
Soil 6010B° 1 mg/kg®"
Water 6010B° 10 pg/Lo"
Cobalt -
Soil 6010B° 1 mg/kg®"




Gnome-Coach SC Work Plan
Appendix B - NM QAPP
Revision: 1

Date: 01/14/2002

Page B-66 of B-71

Laboratory Chemical, Toxicity Characteristic Leaching Prqcedu_re, and
Radiochemistry Analytical Requirements for New Mexico Sites

(Page 5 of 9)

Medium . . Minimum F;glr?:t;\:: Percent
Parameter or or Analytical Con_talner Preservative Reporting Sifraeen’ Recovery
Analyte Matrix Method Requirement Limit (RPDY" (%R)"
Water 6010B° 10 pg/Le"
Copper Soil 6010B° 1 mg/kg®"
Water 6010B° 100 pg/Le"
ron Soil 6010B° 10 mg/kg®"
Water 6010B° 3 pg/L*"
Lead Soil 6010B° 0.3 mg/kg®"
o Water 6010B° 10 pg/Lo"
Lithium Soil 6010B° 1 mg/kg®"
_ Water 6010B° 1,000 pg/Le"
Magnesium Soil 6010B° 100 mg/kgd"
Water 6010B° 10 pg/Le"
Manganese Soil 6010B° 1 mg/kg®"
Water 7470A° 0.2 pg/Leh
Mereury Soil T471A° 0.1 mg/kg®"
Water 6010B° Aqueous 10 pg/L®"
Molybdenum Sol 5O10B° Aqueous ph <2 w/ HNO, 1 mg/kg®" 20n Matrix Sprike
Water 6010B° 600-mL P or G and o 20 pg/Le" For both Matrix 75-125
Nickel Coolto 4°C - Spike and Laboratory
Soil 6010B° Soil 2 mo/kg® Laboratory Control Sample
Water 6010B° 8-0z.PorG Soil 200 pg/Le" Control Sample 80-120"
Phasphorus Soil 6010B° Cool to 4°C 20 mg/kg®"
_ Water 6010B° 1,000 pg/Lo"
Potassium Soil 6010B° 100 mg/kgd"
) Water 6010B° 5 pg/Le"
Selenium Soil 6010B° 0.5 mg/kg®"
- Water 60108B° 50 pg/L°"
Silica Soil 6010B° 5 mg/kg®"
) Water 6010B° 10 pg/Lo"
Silver Soil 6010B° 1 mg/kg®"
_ Water 6010B° 1,000 pg/Le"
Sodium Soil 6010B° 100 mg/kgd"
_ Water 60108B° 50 pg/L°"
strontium Soil 6010B° 1 mg/kg®"
) Water 6010B° 5 pg/Le"
Thalium Soil 6010B° 0.5 mg/kg®"
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Laboratory Chemical, Toxicity Characteristic Leaching Procedure, and
Radiochemistry Analytical Requirements for New Mexico Sites

(Page 6 of 9)

. _ Relative
Medium . . Minimum Percent
Parameter or or Analytical Container Preservative Reportin Percent Recovery
Analyte : Method Requirement poring Difference b
Matrix Limit a (%R)
(RPD)
T Water 6010B° 10 pg/Lo"
in
Soil 6010B° 2 mg/kg®"
o Water 6010B° Aqueous 20 pg/Le"
Titanium h / . iK
Soil 6010B° Aqueous ph <2 w/ HNO; 1 mg/kge" 20" Matrix Spike
h
Water 6010B° 600-mL P or G and o 20 pg/Le" For both Matrix 75125
Uranium < —on Coolto4°C pv——— Spike and Laboratory
0i : m !
Sail _ 9’kg Laboratory Control Sample
Water 6010B° 8-0z.PorG Soil 10 pg/Le" Control Sample 80-120"
Vanadium - Cool to 4°C
Soil 6010B° ootto 1 mg/kg®"
) Water 6010B° 20 pg/Loh
Zinc -
Soil 6010B° 2 mg/kg®"
TCLP RCRA
Metals
Arsenic 0.10 mg/L%"
Barium Aqueous 2mg/Le"
Cadmium Aqueous ph <2 W/dHNO3 0.05 mg/L9"
an
Chromium 600-mL P or G 0.10 mg/Le"
Aqueou; 1311/6010B¢ Cool to 4°C 9
Lead and Soil | 1311/7470A° Soil 0.03 mg/L"
. 20" Matrix Spike
8-0z.PorG h
Mercury Soil o 0.002 mg/L® For both Matrix 75-125"
Selenium Coolto 4°C 0.05 mg/Le" Spike/Matrix
Sver .10 ma/Le" Spike Duplicate Laboratory
v mg and Laboratory | Control Sample
Water Aqueous 0.01 mg/Lh Control Sample 80-120"
Aqueous ph >12 w/ 1c(j)N
600-mL P or G NaOH an:
Cyanide ] 9010B¢ Coolto4C
Soil Soil 1.0 mg/kg"
8-0z. PorG Soil
Cool to 4°C
4 drops 2N zinc
acetate per
100mL, pH>9
Water 250-mL P or G w 6N NaOH, 0.4 mg/L®
and Cool to
Sulfide 9030B/9034° 2°C
Fill surface of Lab-specific® Lab-specific®
Soil or solid w/ 2N zinc
- 9
Sediment 8o0z.PorG acetate until 10 mg/kg
moistened
o Water 9040B°¢ 600-mL P or G )
pH/Corrosivity None required NA
Soll 9045C* 8-0z.PorG
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Laboratory Chemical, Toxicity Characteristic Leaching Procedure, and
Radiochemistry Analytical Requirements for New Mexico Sites

(Page 7 of 9)

. _ Relative
Medium . . Minimum Percent
Parameter or or Analytical Container Preservative Reportin Percent Recovery
Analyte : Method Requirement poring Difference b
Matrix Limit a (%R)
(RPD)
Water 1010° 250-mL AG Cool to 4°C
Ignitability NA NA NA
Soil 1030° 4-07. AG Cool to 4°C
Totalslillisdsglved Water 160.1' 1-LPorG Cool to 4°C Lab-specific Lab-specific Lab-specific
Water EPA 300.0 1-LPorG 100 pg/L®
Bromide None required
Soil EPA 300.0 4-0z. AG 2 mg/kg®
Water EPA 300.0 1-LPorG 200 pg/L?
Chloride None required
Soil EPA 300.0 4-0z. AG 2 mg/kg®
] Water EPA 300.0 1-LPorG ) 200 pg/L? » »
Fluoride None required Lab-specific Lab-specific
Soll EPA 300.0 4-0z. AG 2 mg/kg®
Water EPA 300.0 1-LPorG 9
Nitrate as NO4 _ Cool to 4°C 200 hglL
Soll EPA 300.0 4-0z. AG 2 mg/kg®
Water EPA 300.0 1-LPorG ° 1,000 pg/L®
Sulfate - Coolto4°C
Soil EPA 300.0 4-0z. AG 2 mg/kg®
RADIOCHEMISTRY
Water EPA 901.1% 1-LPorG pH<2 w/ HNO, 20 Laboratory
Gamma-Emitting e m Control Sample
. i o ) Isotope-specific vield
Radionuclides Soil/Biota | HASL 300' 250-mLP or G | None required 35 ie
80-120
HASL 300'or
Water ASTM 1-LPorG pH<2 w/ HNO, 0.1 pCi/L 20
Isotopic D3865-97"
Plutonium’ HASL 300 or
Soil/Biota C]_AOSO-;-_NIQOH 250-mL P or G None required 0.05 pCi/g 35 Chemical Yield
: 30-105
Isotopic Water HASL 300' 1-LPorG pH<2 w/ HNO, 0.1 pCi/L 20 Laboratory
Uranium’ Soil/Biota | HASL 300' 250-mL P or G | None required 0.05 pCi/g 35 Contr$:j§mple
ASTM -
Water ) 1-LPorG pH<2 w/ HNO, 1 pCilL 20 80-120
Strontium - 90’ D5811-95
Soil/Biota | HASL 300' 250-mL P or G None required 0.5 pCilg 35
o Water 1-LPorG pH<2 w/ HNO, 0.1 pCi/L 20
Americium-241 — HASL 300' - -
Soil/Biota 250-mL P or G None required 0.05 pCi/g 35
Water EPA 900.0* 1-LPorG pH<2 w/ HNO, 4 pCi/L 20
Gross Alpha - - -
Soil Lab-Specific° | 250-mL P or G None required 4 pCilg 35
Laboratory
Water EPA 900.0% 1-LPorG pH<2 w/ HNO, 4 pCilL 20 Control Sample
Gross Beta .
Soil Lab-Specific® 250-mL P or G None required 4 pCilg 35 Yield
80-120
Water EPA 906.0% 250-mL P or G 400 pCilL 20
Tritium’ - None required -
Soil Lab-Specific® 250-mL P or G 1pCilg 35
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Laboratory Chemical, Toxicity Characteristic Leaching Procedure, and

(Page 8 of 9)

Radiochemistry Analytical Requirements for New Mexico Sites

. _ Relative
Medium . . Minimum Percent
Parameter or or Analytical Container Preservative Reportin Percent Recovery
Analyte : Method Requirement poring Difference b
Matrix Limit a (%R)
(RPD)
. Water EPA 903.1 1-LPorG pH<2 w/ HNO, 0.5 pCi/lL 20 Chemical Yield
Radium-226 - — - - 30-105
Soil Lab-Specific 250-mL P or G None required 0.5 pCi/g 35 i
Wi EPA 904.0 1-LPorG H<2 w/ HNO 1 pCi/lL 20 Laboratory
ater . -LPor pH<2 w i
Radium-228 : = i p . Control Sample
Soil Lab-Specific | 250-mL P or G None required 1 pCilg 35 75-125
Carbon-14 o . .
(screening for C-14) Water Lab-Specific 1-LPorG None required 500 pCi/L 35 60-115
Carbon-14
+/- 1 Percent -
(for groundwater o . 1 Percent Modern M Within 1 Percent
: - odern
dating in association Water Lab-Specific LLPorG None required Carbon Modern Carbon®
Carbon®
w/ C-13)
STABLE ISOTOPES
Carbon-13 1-LG / i Within 0.4 per
Oxygen-18 - ) *-02permil 1 i of Standard®
Water Lab-Specific® 30-mL G with None required NA' - I
. ; ; Within 2 per mi
Deut poly-lined lid . iP
eutenum +/- 1 per mil of Standard*

®RPD is used to Calculate Precision.
Precision is estimated from the relative percent difference of the concentrations measured for the matrix spike and matrix spike duplicate
analyses of unspiked field samples, or field duplicates of unspiked samples. It is calculated by:
RPD =100 x {(|C,-C,|)/[(C,+C,)/2]}, where C, = Concentration of the analyte in the first sample aliquot, C, = Concentration of the analyte in
the second sample aliquot.

%R is used to Calculate Accuracy.

Accuracy is assessed from the recovery of analytes spiked into a blank or sample matrix of interest, or from the recovery of surrogate

compounds spiked into each sample. The recovery of each spiked analyte is calculated by: %R = 100 x (C,-C/C,), where C, =

Concentration of the analyte in the spiked sample, C, = Concentration of the analyte in the unspiked sample, C, = Concentration increase

that should result from spiking the sample
°U.S. Environmental Protection Agency’s (EPAs) Test Methods for Evaluating Solid Waste, 3rd Edition, Parts 1-4, SW-846 (EPA, 1996)
dEstimated Quantitation Limit as given in SW-846 (EPA, 1996)
In-House Generated RPD and %R Performance Criteria

It is necessary for laboratories to develop in-house performance criteria and compare them to those in the methods. The laboratory begins
by analyzing 15-20 samples of each matrix and calculating the mean %R for each analyte. The standard deviation (SD) of each %R is then
calculated, and the warning and control limits for each analyte are established at + 2 SD and + 3 SD from the mean, respectively. If the
warning limit is exceeded during the analysis of any sample delivery group (SDG), the laboratory institutes corrective action to bring the
analytical system back into control. If the control limit is exceeded, the sample results for that SDG are considered unacceptable. These
limits are reviewed after every 20-30 field samples of the same matrix and are updated at least semiannually. The laboratory tracks trends
in both performance and control limits by the use of control charts. The laboratory’s compliance with these requirements is confirmed as
part of an annual laboratory audit. Similar procedures are followed in order to generate acceptance criteria for precision measurements.

f EPA Contract Laboratory Program Statement of Work for Organic Analysis (EPA, 1988b; and 1991)

9Minimum reporting level as directed to laboratory by contractor.

"EPA Contract Laboratory Program Statement of Work for Inorganic Analysis (EPA, 1988a; and 1994)

'Methods for Chemical Analysis of Water and Wastes (EPA, 1983)

lIsotopic minimum detectable concentrations are defined during the DQO process and specified in the CAIP, as applicable.

“Prescribed Procedures for Measurements of Radioactivity in Drinking Water (EPA, 1980) or equivalent method
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Laboratory Chemical, Toxicity Characteristic Leaching Procedure, and

Radiochemistry Analytical Requirements for New Mexico Sites

(Page 9 of 9)

Medium . . Minimum
Parameter or Analytical Container . -
or . Preservative Reporting
Analyte . Method Requirement s
Matrix Limit

Relative
Percent
Percent
; Recovery
Difference %R)°
(RPD)? (%R)

'Environmental Measurements Laboratory Procedures Manual (DOE, 1997), or equivalent method
"Isotope-Specific Minimum Reporting Limit to be specified in the work plan.

"American Society for Testing and Materials, or equivalent method.

°Laboratory-Specific Method, as preapproved by Analytical Services

PMeasure of precision as directed to the laboratory by contractor.

9Measure of accuracy as directed to the laboratory by contractor.

'A ratio is reported; therefore, a minimum reporting limit is not applicable.

Definitions:

pg/kg = Microgram(s) per kilogram mg/L = Milligram(s) per liter
mg/kg = Milligram(s) per kilogram pCi/g = Picocurie(s) per gram
pCi/L = Picocurie(s) per liter pg/L = Microgram(s) per liter
mL = Milliliter N = Normal

L = Liter HCL = Hydrochloric acid

0z. = Ounce H,SO, = Sulfuric acid

G = Glass HNO, = Nitric acid

AG = Amber glass NaOH = Sodium Hydroxide

P = Polyethylene
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C.1.0 Introduction

This appendix provides an evaluation of the overall baseline human health effects of exposure to
radionuclides of potential concern in surface and shallow subsurface soil at the Gnome-Coach Site.
Theradiologica dose to future hypothetical land users has been cal culated as a function of the Cs-137
and tritium concentration in the surface and shallow subsurface soil and the area of the radiological
contamination. The calculated results are used to define the following:

* Preliminary action levels for the radiologica COPCs at the site

» Site-specific radiological contamination limits for small areas of elevated radiological
contamination

» Selection of AOCs (survey units) where the area of radiological contamination exceed the
survey unit arealimits recommended in federal guidance documents

The input parameters and concentrations used in this evaluation are preliminary and may changein
the final dose assessment following site characterization. In addition, the parameters may be refined
based on collection of new data.

On December 10, 1961, the DOE detonated a 3-kiloton nuclear device approximately 25 miles
southwest of Carlsbad, New Mexico. The Gnome test took place at a depth of 1,184 ft bgsin the
bedded salts of the Salado Formation. Contamination occurred at the ground surface when venting
from the shaft occurred a few minutes following the shot and continued for approximately 24 hours.
In addition, several holes were drilled for reentry into the shot cavity that also resulted in surface
contamination when radionuclides were entrained in the drilling fluids and soil borings and disposed
of at the ground surface (Earman et al., 1996; Cooper and Glanzman, 1971; Gardner and Sigalove,
1970; USGS, 1962). Additionally, decontamination and decommissioning activities contributed to
the surface contamination (Tappan and Lorenz, 1969; DOE/NV, 1978 and 1981).

The human health risk/dose assessment is an estimation of potential risk that may occur at the
Gnome-Coach Site under current and future use conditions. This dose assessment was performed in
accordance with regulatory guidance using the Residual Radioactive (RESRAD) computer code
(Version 6.1) (ANL, 2001).
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C.2.0 Identification of Radionuclides of Potential Concern

Five on-site surface radiological sampling and survey programs were conducted after the
Gnome-Coach Site was deactivated in 1968. Two of the sampling programswere in conjunction with
the major restoration effortsin 1968-1969 (Carlsbad Site Roll-Up Program [ Tappan and

Lorenz, 1969]) and 1977-1979 (Gnome Site D& D Report-Phase | [DOE/NV, 1978] and Gnome Site
D&D Clearance Report [DOE/NV, 1981]). The third sampling program was conducted during the
1972 site reconnaissance survey (REECo, 1973). The fourth sampling/survey program was
conducted in 1992 by the EPA for a surface characterization study (Residual Soil Radioactivity at the
Gnome Ste [EPA, 1994]). The fifth soil sample/survey program was conducted in 1994-1995 by the
EEG for the purpose of obtaining information for a study on long-term trends in radionuclide
transport in the area surrounding the WIPP (Radionuclide Baseline in Soil Near Project Gnome and
the Waste I solation Pilot Plant [EEG, 1995]). The results of the most recent and compl ete sampling
programs are carried through this dose assessment. Thisincludesthe Phasel, I, and |11 radiation
surveys of the 1979 restoration effort. All of the sampling and survey program results are
summarized in detail in Appendix A of this Work Plan.

C.2.1 Summary of Impacted Areas

The Gnome-Coach Site has 18 potentially impacted areas from radiological contamination. A brief
summary for each of these potentially impacted areas is presented below.

Contaminated Waste Dump

The CWD was used for the burial of radiologically contaminated soil and debris (e.g., metal, wood,
salt muck, insulated wiring) generated from the Gnome mine-back operations. During the 1969
CWD cleanup, four burial pits were identified within the waste dump containing contaminated soil
and debris measuring greater than 0.1 mR/hr. This material was removed and disposed of in the shaft
and Coach drift (Tappan and Lorenz, 1969). During the 1979 cleanup, additional contaminated soil
and debris above the established 1979 cleanup levels was removed from the CWD and disposed of in
the Gnome cavity (DOE/NV, 1981).
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Salvage Yard

The salvage yard was used to store salvaged material during Gnome-Coach Site operations and may
potentially contain mud pits from well drilling. Metal scrap and debris were left in place after the
1968-1969 cleanup effort. Soil samples taken during the 1972 reconnaissance reveal ed gross gamma
activity ranging from 4.5 to 46 pCi/g. Scrap metal and burned debris were excavated and disposed of
in the test cavity during the 1977-1979 cleanup effort. Only the burned debris were found to have
elevated radiological levels during cleanup.

Warehouse Area

The warehouse was used to store hand tools and equipment; no other uses were identified.
Radiologically contaminated material and concrete were removed from the warehouse during the
1968-1969 cleanup (Tappan and Lorenz, 1969). Buried scrap metal was uncovered during
1977-1979 cleanup and disposed of either in the Gnome cavity or shipped to the NTS.

Waste Tank - Evaporation Pond

The evaporation pond and liquid waste tank were utilized as part of the power measurement program
at SGZ. During this program, contaminated liquid waste was generated and pumped from the cavity
to the waste tank and evaporation pond. During 1968-1969 cleanup (Tappan and Lorenz, 1969), all
the liquid waste from the tank and pond was pumped into the Gnome cavity. An additional 12 ft of
soil beneath the liner was contaminated and removed. This material was disposed of in the Gnome
cavity.

Gnome SGZ, SR-3A, and DD-1 Monitoring Well

This AOC includes an area measuring 200 x 200 ft and was used for posttest drilling operations of
reentry Wells SR-2A and SR-3A (DOE/NV, 1978). Thisareamay potentially contain mud pits from
well drilling. Well DD-1 was also installed at this location in July of 1979 to provide access to the
Gnome cavity for the disposal of the salt/soil slurry from decommissioning operations. Well DD-1
was not plugged after its use, but remained open for the LTHMP. Radiological contamination of the
SGZ and Well DD-1 area occurred as aresult of drill-back operations into the shot cavity and the
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dlurry disposal operations. Sample results from SGZ, SR-3A, and DD-1 were combined for this
summary because of the overlap in geographic location.

Decontamination Pad

A decontamination pad was used for the decontamination of equipment and facilities associated with
the Gnome-Coach Site during posttest activities (DOE/NV, 1978). Decontamination techniques
included high-pressure detergent washing, vacuuming, and the use of solvents (AEC, 1962).

Old Laundry/Laboratory

Laundry decontamination and counting laboratory activitieswere performed at thisfacility during the
drill-back activities. Sections of the area were contaminated by material spilled from trucks which
hauled contaminated waste during the 1968-1969 cleanup. The area was subsequently cleaned up in
1979 (DOE/NV, 1978). At the end of 1977-1979 cleanup activities, about 6,000 y* of
uncontaminated salt was buried in a 380 x 95 x 12 ft trench in this area and covered with crushed
concrete and 6 ft of clean soil.

New Laundry/Laboratory

Thisfacility was built to provide a more centralized location for laundry and radiochemical
laboratory activities. The principal radiological contamination of thisfacility was found in the
subsurface at the sump area (DOE/NV, 1978). During the 1977-1979 cleanup, one trench was dug
across the New Laundry/Lab sump areato determine the area encompassed by the sump
(DOE/NV, 1978).

Salt Muckpile

Mine tailings from the construction of the Gnome drift and shaft were placed approximately 100 ft
north of the shaft. After the Gnome test, low-level radiologically contaminated salt from Gnome
reentry operations was deposited on top, then clean salt from the Coach drift construction was placed
over this (DOE/NV, 1978). The salt muckpile eventually encompassed an area of approximately
140,000 ft?>. The muckpile was left in place following the 1969 cleanup. The radiologically
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contaminated salt muck was later removed during the 1979 cleanup by injection into the Gnome

cavity or disposal as solid waste at the NTS (DOE/NV, 1981).

Gnome-Coach Shaft Surface Area

The ground area surrounding the shaft was used for posttest drilling operations and Project Coach
construction. Radiological contamination of soil and equipment resulted from the venting episode
following the Gnome detonation, posttest drill-back operations, and disposal of contaminated
materials during cleanup efforts. Radiologically contaminated material and equipment were disposed
of down the shaft. At the completion of disposal operations into the shaft, the concrete shaft collar
was demolished with explosives to a depth of 5 ft prior to setting a permanent concrete plug. The
destruction of the collar deposited small contaminated concrete and soil particles on the surface;
however, the material was excavated and disposed of in the shaft.

Venting Fallout Track

During the execution of Gnome in 1961, radioactive gas vented through the shaft and low-level
fallout occurred in a northwest, downwind direction. The 1977 and 1979 aerial radiological surveys
(DOE/NV, 1981) and 1994 EPA soil sample results (EPA, 1994) show the highest concentration of
residual gamma contamination at a small area about 490 ft northwest of the shaft. The EEG surveys
(EEG, 1995) confirmed residual contamination in the same approximate area. The surface
radiological contamination associated with the venting episode only extends a short distance from the
shaft. However, small particles from demolishing the shaft collar during cleanup may also contribute
to isolated contaminated |ocations.

Equipment Storage Area

This area was used as a holding area for tunneling equipment and may have been used as a
sand-blasting areafor the radiologically contaminated drill pipe (DOE/NV, 1978). The results of the
DOE final status survey indicate that surface radiological contamination does not exist at this AOC.
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Area 57

This site became of interest during the 1977 Phase | investigation when surface radiation levels above
background were measured. Contamination in this areawas supposedly due to runoff from one of the
contaminated areas closely associated with this area (DOE/NV, 1978). It isimportant to note that
Area57 isreferred to as NFCS in the 1979 Phase 11/111 sampling program.

Road Between the Salvage Yard and the CWD

A dirt road approximately 700 ft long existed in front of the Salvage Yard and the CWD. The road
between these two areas of concern was contaminated during the mine-back operations when
contaminated soil and debris was transported to and from the CWD and/or salvage yard from other
areas of the site (DOE/NV, 1978).

Crusher Plant

A crushing and durry facility (consisting of crushers, conveyor belts, and mixing tanks) was set up on
the north side of the salt muckpile during the 1979 final phase of cleanup. The crusher reduced solids
(salt muck and soil) to a size which could be mixed with gel-water to form a slurry that was
subsequently pumped from mixing tanksinto a disposal well.

LRL-7 Drill Pad Area

The LRL-7 hole was originally drilled as a cable hole into the Coach drift for the Project Coach
experiment (DOE/NV, 1979). The hole was subsequently used to durry contaminated salt/soil into
the cavity during the 1969 cleanup (DOE/NV, 1979). Hole LRL-7 was redrilled and opened during
the 1977-1979 cleanup effort. Reportedly a screen system was installed over areturn pit and cement
cuttings were collected and later injected into the cavity with the salt muck (DOE/NV, 1979).

Hole LRL-7 was then configured to support the Slurry operationsin 1979 by hooking up a
recirculating system to the Gnome cavity with awater line between the hole, SR-2A, and later DD-1
(DOE/NV, 1979 and 1981). The well was left open at the completion of cleanup efforts so that it
could be used as part of the LTHMP. Sample results from the water line area have been included with
LRL-7 sample data.
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LRL-8 Drill Pad Area

Hole LRL-8, located about 300 ft southeast of the main shaft, was used for downhole disposal of
contaminated slurried salt/soil during both cleanup efforts. Analytical resultsfrom the 1979 sampling
programs under the heading “ Study 32" have been identified as the area surrounding the LRL-8 hole,
based on location coordinates. Hole LRL-8 was reported as being plugged and abandoned during the
1977-1979 cleanup operations (DOE/NV, 1979).

Monitoring Wells USGS-4 and USGS-8 Surface Area

In 1963, the USGS conducted a hydrologic tracer test in which Cs-137, tritium, [-131 and Sr-90 were
injected into the Culebra aquifer at Well USGS-8 and pumped from Well USGS-4 (with subsequent
reinjection in USGS-8). The soil surrounding the wells may have become contaminated during the
reinjection phase of the tracer test. Both of these wells are sampled annually by EPA as part of the
LTHMP.

C.2.2 Analytical Data Used for Dose/Risk Calculations

The analytical data for each of the potential impacted areas is summarized in Appendix A of the
Gnome-Coach Work Plan. Assummarized in Appendix A of the Gnome-Coach Work Plan, the
primary radionuclide of concern is Cs-137. Both maximum (to characterize potential hot spots) and
95 percent UCL (to characterize an AOC as awhole) concentrations for each of the impacted areas
will be evaluated in this dose assessment. These concentrations were used to obtain conservative
values for dose/risk to the receptor. Although not used in this screening evaluation, a more
representative dose may be obtained by using the mean concentration of each impacted area.
Therefore, the use of the mean concentration will be evaluated at the completion of the site
characterization and possibly revised in the final dose assessment. It isimportant to note that the
concentrations measured at an AOC may change based on newly collected data and will be used in
the final dose assessment following the characterization work.

If the 95 percent UCL concentration is greater than the maximum concentration of agiven area, only
the maximum concentration was evaluated in the dose assessment. Table C.2-1 summarizes the
surface soil analytical data for each of the potentially impacted areas. Table C.2-2 providesthe
volume-weighted average concentrations for each of the potentially impacted areas that had shallow
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subsurface soil data analyzed. All of the sampling results presented in Table C.2-1 and Table C.2-2
were measured between 1977 and 1979. To account for radioactive decay in this evaluation, it was
assumed that all of the sampling occurred in 1979. The tritium input concentrations were decay
corrected to the present for the dose assessment. Results for CS-137 input concentrations, as

presented in Section C.3.4, were not decay corrected.
Table C.2-1

Gnome-Coach Phase I, I, and lll Surface Soil Analysis Results
(Page 1 of 2)

95% Upper 95% Upper
Approximate Confidence Maximum Confidence Maximum
Sampling Areas Estimated Site Length of Level (UCL) Cs-137 Surface Level (UCL) Tritium
piing Areas (m?) Parallel Cs-137 Surface Concentrations Tritium Concentrations
(m)? Concentrations (pCilg) Concentrations (pCi/mL)
(pCilg)® (pCi/mL)
1. Contaminated 13,935 180 15.84 60 NA® 25,300
Waste Dump
2. Salvage Yard 5,574 113 12.36 76.3 NA 117
3. Warehouse Area 5,574 113 49.00 201 NA NA
4. Waste Tank -
Evaporation 929 41 6.78 37.9 NA 28
Pond
5. Gnome SGZ +
DD-1 + SR-3A 3,716 84 5.36 39 NA 2,090
6. Decontamination 929 40 17.67 23.10 1,530 2,360
Pad
7. Laundry/Lab Old
(Phase 1B) 1,858 72 8.15 28.90 NA 93.2
8. Laundry/Lab 520 30 35.37 28,100° 205 473
New
9. Salt Muckpile 13,006 168 23.20 95.30 NA 722
10.Gnome-Coach
Shaft Surface 5314 101 16.39 465 NA 1,160
Area
11. Fallout Track 81,755 1,135 62.21 370 NA 38
from Venting
12. Equipment
Storage Area 929 41 6.37 16.4 NA 217
(Phase 1B)
13.Area 57 (NFCS) 111 18 6.1 14.60 138 213
14. tl?]zagal:l)\«/e;wsen 213 (assume
9 650 linear with 21.17 52.1 NA 117
Yard and the length of road)
CWD g




Gnome-Coach SC Work Plan
Appendix C

Revision: 1

Date: 01/14/2002

Page C-9 of C-36

Table C.2-1
Gnome-Coach Phase I, I, and Ill Surface Soil Analysis Results
(Page 2 of 2)

95% Upper 95% Upper
Approximate Confidence Maximum Confidence Maximum
Sampling Areas Estimated Site Length of Level (UCL) Cs-137 Surface Level (UCL) Tritium
pling Areas (m?) Parallel Cs-137 Surface Concentrations Tritium Concentrations
(m)? Concentrations (pCilg) Concentrations (pCi/mL)
(pCilg)® (pCi/mL)
15.USGS-8 &
USGS-4 1,858 72 13.59 34.1 NA 23,100
Monitoring Wells
16. Crusher Plant 6,968 162 1.41 17.5 NA 111
17.LRL-7 Drill Pad 8,361 131 3.77 67.1 NA NA
Areas
18.LRL-8 Drill Pad 1,329 60 3.36 20 NA NA
Areas

®Length of parallel is an input parameter that is area-specific and is provided here for convenience.

95 percent UCL of range of analytical results

°NA = Not applicable; calculated UCL greater than the maximum concentration due to the limited number of samples.

“The 95 percent UCL is 6.58 for the new laundry/lab without the 28,100 value included. The 6.58 value is used in calculations
described in Section C.3.4. Historical reports suggest the soil with the 28,100 CS-137 concentration was removed.

Table C.2-2
Gnome-Coach Phase I, Il, and Ill Shallow Subsurface Soil Analysis Results
. Volume-Weighted Average
R f Cont t
Gnome Sampling Areas ange ot ‘-ontaminan Cs-137 Subsurface Concentrations
Depth?(feet) .
(pCi/g)
1. Contaminated Waste 0166 - 16 85.86
Dump
2. Salvage Yard 0.166 - 7 6.66
3. Gnome SGZ 0.166 - 6 25.37
4. Waste Tank -
Evaporation Pond 0.166 - 10 6.64
8. Laundry/Lab New 0.166 -5 38.69
9. Salt Muckpile 0.166 - 12 223.54
10. Gnome-Coach Shaft 0166 - 6 758
Surface Area
15. USGS-8 & USGS-4
Monitoring Wells 0.166 -2 1.39

#Maximum depth of contaminant detected at each area of concern
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C.3.0 Human Health Dose Assessment

This human health assessment was performed in accordance with applicable state and federal
guidance.

C.3.1 Exposure Assessment

This section identifies exposure pathways and quantifies radionuclide exposure. The purpose of this
exposure assessment is to estimate the type and magnitude of exposure to humans based on existing
and potential future land use. Thisinformation, in turn, will be used to refine the surface and shallow
subsurface investigation strategy.

For each potentially compl ete exposure pathway identified in Section C.3.1.1, areasonable maximum
exposure (RME) scenario has been developed. The RME isthe highest exposure that is reasonably
expected to occur at asite (EPA, 1989). Theintent of the RME, as defined by EPA, isto estimate a
conservative exposure case (i.e., significantly exceeding the average case) that is still within the
possible range of exposures. The RME is both protective and reasonable but is not the worst possible
case (EPA, 1991a).

C.3.1.1 Exposure Pathways

For exposure and potential risks to occur, complete exposure pathways must exist. A complete
pathway requires the following elements (EPA, 1989):

» A source and mechanism for release of contamination
» A trangport or retention medium

* A point of potential human contact (exposure point)

* Anexposure route at the exposure point

If any one of these elements is missing, the pathway is not considered complete. Following isabrief
discussion of the exposure pathway elements.

Contamination sources and the transport/retention medium are the same as those addressed in
Section C.2.0 of this appendix. However, at the Gnome-Coach Site the primary medium of concern
issurface soil (0to 1 ft bgs) and shallow subsurface soil (1 to 20 ft bgs).



Gnome-Coach SC Work Plan

Revison: 1

Page C-11 of 0-36
Exposure points are locations of human contact with contaminated media. Exposure points consider
human activity patterns and the location of potentially exposed individuals relative to the location of
contaminated media. Because the Ghnome-Coach Siteisin aremote area, the potential future land use
for the site is recreational open space or trespasser. The current land use at the Gnome-Coach Siteis
ranching. Both the trespassing and ranching scenarios are examined in this assessment. To maintain
the conservative methodol ogy, the contact point for soil contamination, both surface and shallow
subsurface, in all exposure scenariosislocated at the center of the areaof contamination. In addition,
the surface and shallow subsurface UCL and maximum concentrations at a given area of concern are
carried through this dose assessment (i.e., surface and shallow subsurface soil are considered separate
media). However, surface soil is considered the primary mediaof concern at the Ghome-Coach Site.
Subsurface intrusion is restricted at the site and the shielding provided by the one foot of surface soil
further limits the potential for subsurface exposure. Shallow subsurface soils are being evaluated in

the screening eval uation to determine the potential need for additional data collection.

The following exposure routes were examined:

* Ingestion (soil and beef)
e Inhalation
» External exposure (includes dermal)

The potentially compl ete exposure pathways include exposure to surface and shallow subsurface soil.
Figure 3-1 in the work plan illustrates the conceptual site model for the Ghome-Coach Site.

Table C.3-1 lists the complete human exposure pathways for current and future land use. Thistable
also indicates which pathways have been selected for risk characterization and presents the rationale
for inclusion or exclusion of each pathway.

Two exposure scenarios are assumed for the future hypothetical land users. A rancher is assumed to
be exposed to contaminated soil and air and consumes contaminated meat from cattle raised on site.
The trespasser exposure scenario assumes an individual is exposed to contaminated soil and air but
does not consume any contaminated food or water.

Since land use at the Gnome-Coach Site is expected to remain similar (i.e., no development is
planned), future pathways will be similar to the current pathways listed above. Therefore, thisrisk
assessment assumes that any restrictions currently in place will remain in place. Under these
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Table C.3-1
Potentially Complete Human Exposure Pathways at Gnome-Coach Site
. . Pathway
Enwron_mental Exposure Route Potentially E_xposed Selected for Reason for Selection or Exclusion
Medium Population .
Evaluation
. Inhalat_lon Residential Gnome-Coach is in a remote area and the land use is
Surface Soil Ingestion ) No L
Occupational expected to remain similar in the future.
External Exposure
Inhalation Potential intermittent recreational exposure is likely
. - Trespasser L .
Surface Soil Ingestion Rancher Yes under current and future conditions. Ranching occurs
External Exposure at the Gnome-Coach Site.
Inhalation . . L .
Shallow Subsurface - Residential Gnome-Coach is in a remote area and the land use is
. Ingestion ; No L
Sail Occupational expected to remain similar in the future.
External Exposure
Inhalation Potential intermittent recreational exposure is likely
Shallow Subsurface - Trespasser L .
Soil Ingestion Rancher Yes under current and future conditions. Ranching occurs
External Exposure at the Gnome-Coach Site.
Surface Soil Ingestion of Meat Rancher Yes Ranching occurs at the_Gnome-Coach Site. _It is
assumed the ranchers ingest meat from on-site cattle.
. . Re5|der_1t|al Gnome-Coach is in a remote area and the land use is
Surface Soil Ingestion of Meat Occupational No L
expected to remain similar in the future.
Trespasser
. Residential
Inhalation ) . .
- Occupational There are no permanent on-site surface water bodies
Surface Water Ingestion No .
Trespasser at the Gnome-Coach Site.
External Exposure
Rancher
. Residential
Inhalation )
) Occupational .
Groundwater Ingestion No Groundwater at the Gnome-Coach Site is nonpotable.
Trespasser

External Exposure

Rancher
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conditions, the current and future human health risks are identical (i.e., the pathways and receptors
arethe same). For the remainder of the document, these risks/doses will be linked to the same

receptors with no further consideration of whether the exposure is current or future.

C.3.1.2 Exposure Models

The RESRAD computer code was developed at Argonne National Laboratory for the

U.S. Department of Energy to calculate site-specific residua radioactive material guidelines as well
as radiation dose and excess lifetime cancer risk to a chronically exposed on-site receptor

(ANL, 1993b; 2001). A soil release guideline or PAL is defined as the radionuclide concentration in
soil that is acceptable if the site isto be used without restrictions. Soil is defined as unconsolidated
earth material at the surface and shallow subsurface, including rubble and debris that might be
present. These guidelines are based on the following principles: (1) the annual radiation dose
received by a member of the critical population group from the residual radioactive material,
predicted by arealistic but reasonably conservative analysis and calculated as committed effective
dose equivalent, should not exceed 25 mrem/yr (NRC, 1998); and (2) doses should be kept
as-low-as-reasonably-achievable, a concept commonly known as ALARA (DOE/NV, 1997).

RESRAD uses a pathway analysis method in which the relation between radionuclide concentrations
in soil and the dose to a member of acritical population group is expressed as a pathway sum, which
isthe sum of products of “pathway factors.” Pathway factors correspond to pathway segments
connecting compartments in the environment between which radionuclides can be transported or
radiation emitted. Radiation doses, health risks, soil guidelines, and media concentrations are
calculated over user-specified timeintervals. The source is adjusted over time to account for
radioactive decay and ingrowth, leaching, erosion, and mixing.

C.3.1.3 Exposure Parameters

Three types of parameters are used in exposure models to estimate potential dose:

» Radionuclide-related parameters (e.g., exposure point concentrations, dose conversion
factors, arealsize of contamination source)

» Parameters that describe the exposed population (e.g., contact rate, exposure frequency, and
duration)
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» Site-specific parameters that are independent of the radionuclides and exposed receptors
(e.g., climatology, geology)

The RESRAD dose cal culations were performed to determine the dose to the trespasser and rancher
as afunction of Cs-137 and tritium concentration, area of contamination, and exposure pathways.
The exposed popul ations, exposure-related parameters, and site-specific parameters are summarized
in Table C.3-2. The exposure parameters were taken from the preliminary human health risk
assessment (SNL, 1998), available site information, EPA guidance, industry standards, and best
professional judgement using site-specific information where available. The area of contamination
ranged from 1.0 m? to >20,000 m? for the trespasser and rancher scenarios. For the rancher scenario,
the Area Factor isset to -1 instead of +1. The use of +1 resultsin the maximum calculated dose from
the ingestion of meat, independent of the contaminated area. RESRAD cal cul ates the meat ingestion
dose as afunction of the area of contamination if the AreaFactor isset to-1. Upper-bound values are
generally 90" or 95" percentile values, depending on the data available for each parameter. If no
site-gpecific information was available, the RESRAD default was used as a reasonabl e upper bound
estimate (ANL, 1993a). A combination of upper bound and average exposure parameters were used
to estimate the RME for each scenario.

C.3.2 Dose/Risk Screening Evaluation

This section provides an evaluation of the potential doses and risks associated with the exposure to
Cs-137 and tritium at the Gnome-Coach Site. This assessment employs a health-protective bias that
leads to the overestimation of potential dose. Individuals are exposed to an RME (see Section C.3.1)
and exposure is evaluated (see Section C.3.1.1) to provide estimates of annual exposure. This
dose/risk data generated for each area of concern will be compared to the dose/risk screening criteria.
Areas of concern having dose/risks above the screening criteria will have additional soil data
collected (e.g., in situ radiological survey).

C.3.2.1 Dose Screening Criteria

This section summarizes the dose criteria guidelines from existing and proposed regulations and
guidance. The dose criteriais used in the corrective action level evaluation by determining what level
of residual concentrations of contaminants in the soil is acceptable and does not exceed established
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Parameters

Trespasser
Scenario

Rancher
Scenario

Source of Parameter Data

Area of contaminated zone (m?)

Refer to Table C.2-1

Refer to Table C.2-1

Based on the site dimensions

Initial input concentrations (pCi/g)

Refer to Table C.2-1

Refer to Table C.2-1

Based on the on site measured radionuclide
concentrations

Thickness of contaminated zone (m)

0.3 m (surface)
0.3 to 5 m (shallow
subsurface)

0.3 m (surface)
0.3 to 5 m (shallow
subsurface)

Assumes 1 ft depth of contamination for
surface soils

Length parallel to aquifer flow (m)

Refer to Table C.2-1

Refer to Table C.2-1

Based on total site area

Basic radiation dose limit (mrem/yr)

25

25

CFR, 2000

Time since placement of radioactive
material (yr)

0

0

Based on current radionuclide levels in soil
(decayed values)

Cover depth (m)

0 (surface soil)
0.3 m (shallow

0 (surface soil)
0.3 m (shallow

Assumes no cover for surface contamination

subsurface) subsurface)
Density of cover material (g/cm®) 2.0 2.0 USDA, 1971
Cover depth erosion rate (m/yr) 0.001 m 0.001 m RESRAD default
Density of contaminated zone (g/cm?®) 2.0 2.0 USDA, 1971
Contaminated zone erosion rate 0.001 0.001 RESRAD default
(miyr)
Contaminated zone total porosity 0.4 0.4 RESRAD default
Contaminated zone effective porosity 0.2 0.2 RESRAD default
Contamlnateq ;one hydraulic 10 10 RESRAD default
conductivity (m/yr)
Contaminated zone b parameter 5.3 5.3 RESRAD default
Evapotranspiration coefficients 0.99 0.99 Calculated value baszc;tc;n the regional climate
Precipitation (m/yr) 0.3 0.3 DRI, 1988
Irrigation (m/yr) 0 0 No current on site irrigation
Irrigation mode Overhead Overhead RESRAD default
Runoff coefficient 0.2 0.2 RESRAD default
Watershed area from nearby stream NA NA No groundwater consumption
or pond
Accuracy for water/soil computations NA NA No groundwater consumption
Density of saturated zone (g/cm?®) NA NA No groundwater consumption
Saturated zone total porosity NA NA No groundwater consumption
Saturated zone effective porosity NA NA No groundwater consumption
Saturated zone hydraulic conductivity NA NA No groundwater consumption
(miyr)
Saturated zone hydraulic gradient NA NA No groundwater consumption
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RESRAD Parameters for the Gnome-Coach Site

(Page 2 of 4)

Trespasser Rancher
Parameters P - - Source of Parameter Data
Scenario Scenario
Saturated zone b parameter NA NA No groundwater consumption
Water table drop rate (m/yr) NA NA No groundwater consumption
Well pump intake depth (m below NA NA No groundwater consumption
water table)
Model: Nondispersion (ND) or
Mass-Balance (MB) ND ND RESRAD default
Well pumping rate (m®/yr) NA NA No groundwater consumption
Number of Uncontaminated NA NA No groundwater consumption
unsaturated zone strata
Unsat. zone 1, thickness (m) NA NA No groundwater consumption
Unsat. zone 1, soil density (g/cm®) NA NA No groundwater consumption
Unsat. zone 1, total porosity NA NA No groundwater consumption
Unsat. zone 1, effective porosity NA NA No groundwater consumption
Unsat. zone 1, soil-specific b NA NA No groundwater consumption
parameter
Unsaturated z.o.ne 1, hydraulic NA NA No groundwater consumption
conductivity (m/yr)

Exposure Frequency (d/yr) 4dlyr @ 6 diyr @ Personal communication with BLM
(used as a calculation value) 24 hr/d 8 hr/d (Arnold, 2000)

Daily inhalation rate (m®d) 14.56 9.84 Upper bound estimated based on the time
(used as a calculation value) ' ' spent on site (Layton, 1993)
Annual inhalation rate (m?y) 58.24 59.04 Calculated value based on the daily inhalation

rate and the exposure frequency
Daily drinking rate (L/d) NA NA No groundwater consumption
Annual drinking rate (L/y) NA NA No groundwater consumption
-1
Mass loading for inhalation (g/m?®) 0.00001 0.00001 Anspaugh, 1974 an_d a faf:tor of 1x10™ to
account for arid environments
Dilution Igngth fgr airborne dust, 3 3 RESRAD default
inhalation (m)
Exposure duration (yr) 30 30 EPA, 1991a
Shielding factor, inhalation 0.4 0.4 RESRAD default
Shielding factor, external gamma 1.0 1.0 Assumes shielding (worst case)
Fraction of time spent indoors (onsite 0 0 No time spent indoors
per year)
Fraction of tl_me spent outdoors (on 0.011 0.0055 Calculated from the exposure frequencies
site per year)
Shape factor, external gamma 1.0 1.0 RESRAD default
Fruits, vegetables and grain NA NA NA

consumption (kg /yr)
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RESRAD Parameters for the Gnome-Coach Site

(Page 3 of 4)

Trespasser Rancher
Parameters P - - Source of Parameter Data
Scenario Scenario
Leafy vegetable consumption (kg/yr) NA NA NA
Meat consumption (kg/yr) NA 63.0 RESRAD default agjrtézted for home range
Milk consumption (Liyr) NA NA Milk ingestion not considered; primarily beef
cattle
- . Based on 480 mg/day for the trespasser and
Soil ingestion rate (g/yr) 1.92 2.88 the rancher. EPA, 1999b
Household wgter fraction NA NA No groundwater consumption
contaminated
Livestock water fraction contaminated NA NA No groundwater consumption
Irrigation water fraction contaminated 0 0 No on site irrigation water
Contaminated fraction of plants NA NA NA
Contaminated fraction of meat NA -1.0 Accounts for area of contamination
Livestock fodder intake for meat NA 68 RESRAD default
(kg/d)
Livestock water intake for meat (L/d) NA 50 RESRAD default
Livestock intake for soil (kg/d) NA 0.5 RESRAD default
Mass loading for foliar deposition Anspaugh, 1974 and a factor of 1x10™ to
3 NA 0.00001 ) .
(g/m?) account for arid environments
Depth of soil mixing layer (m) 0.3 0.3 Based on depth of surface contamination
Depth of roots (m) NA 0.9 RESRAD default
Household fractional usage from NA NA No groundwater consumption
groundwater
Irrigation fractional usage from NA NA No groundwater consumption
groundwater
Livestock fractional usage from NA NA No groundwater consumption
groundwater
Storage times for contaminated foodstuffs
Fruits, non-leafy veg. & grains (d) NA NA NA
Leafy vegetables (d) NA NA NA
Meat (d) NA 20 RESRAD default
Milk (d) NA NA NA
Water well (d) NA NA No groundwater consumption
Water surface (d) NA NA NA
Livestock fodder (d) NA 45 RESRAD default

Thickness of material (m)

In foundation

NA

NA

NA
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Table C.3-2
RESRAD Parameters for the Gnome-Coach Site
(Page 4 of 4)

Parameters Trsiseaﬁfoer g:gr:::r?(r) Source of Parameter Data
In contaminated zone soil NA NA NA
Density of material (g/cm)
In the foundation NA NA NA
In the contaminated soil NA NA NA
Total porosity of material
In the foundation NA NA NA
In the contaminated soil NA NA NA
Volumetric water content NA NA NA
Diffusion coefficient for radon gas (m/sec)

In the foundation NA NA NA
In the contaminated soil NA NA NA
Contamlnatlocr;?ﬁr::(ieerna;don diffusion NA NA NA
Radon vertical dimension of mixing NA NA NA

Average annual wind speed (m/sec) 3.5 3.5 EEG, 1999
Average building air exchange rate NA NA NA

(1/hr)
Height of the building (room) (m) NA NA A
Building interior area factor NA NA NA
Building depth below ground NA NA NA
surface(m)

Emanating power of Radon-222 gas NA NA NA
Emanating power of Radon-220 gas NA NA NA

NA = Not applicable

guidelines. The following is abrief summary of the applicable DOE and NRC regulations. Also
included is adiscussion of the As-L ow-As-Reasonably-Achievable (ALARA) analysis as outlined in
each of theregulations. The regulatory dose standards are summarized below:

* DOE Order 5400.5, Radiation Protection of the Public and the Environment (DOE, 1993)

» Title 10 of the Code of Federal Regulations (CFR), Part 20, Sandards for Protection Against
Radiation (CFR, 2000)
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DOE 5400.5

The primary dose limits for members of the public from all U.S. Department of Energy activities,
including remedial actions, are established in Chapters |l and 1V in DOE Order 5400.5 (DOE, 1993).
Chapter 11 of DOE Order 5400.5 states, “the exposure of members of the public to radiation sources
as a conseguence of al routine DOE activities shall not cause, in ayear, an effective dose equivalent
greater then 100 mrem.”

The primary dose limit is expressed as a committed effective-dose equivalent, aterm devel oped by
the International Commission on Radiological Protection (ICRP) for their risk-based system, which
requires the risk-weighted summation of doses to various tissues and organs of the body. The basic
dose limit (100 mrem) is used in establishing guideline concentrations of residual radioactive material
inthe soil. Thisbasic dose limit isan annual limit for members of the public who are assumed to
participate in worst-case exposure scenarios (e.g., residential rancher and farmer). Other exposure
scenarios could include an industrial worker and/or arecreational user. This regulation requires an
environmental pathway analysis using approved models, such as RESRAD, to derive acceptable
levels of radionuclides in soils from all exposure pathways. Radiation dose is assessed for these
exposure scenarios every year during a 1,000-year time frame.

Chapter 11 of DOE Order 5400.5 requires that the ALARA process be adopted in planning,
monitoring, cleanup, and control of residual radioactive material (DOE, 1993). DOE Order 5400.5
states “ ALARA requires judgement with respect to what is reasonably achievable. Factorsthat relate
to societal, technological, economic, and other policy considerations shall be evaluated to the extent
practicable in making such judgements.” These factors include:

*  The maximum dose to members of the public
* The collective dose to the popul ation

» Alternative processes

* Dosesfor each aternative process

» Costsfor each technological alternative

» Differential doses from various pathways

The ALARA analysis may be quantitative (cost-benefit analysis) or qualitative. However, in either
case, the basesfor judgement should be clearly stated. The ALARA processfor DOE Order 5400.5is
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summarized in greater detail in the Draft document, Applying the ALARA Process for Radiation
Protection of the Public and Environmental Compliance with 10 CFR Part 834 and DOE 5400.5

ALARA Program Requirements - Volumes | and Il (DOE, 1997).”

10 CFR 20

The NRC regulations establish standards for protection against ionizing radiation resulting from
activities conducted under licensesissued by the NRC (CFR, 2000). Subpart D of 10 CFR 20 states
that operations should be conducted so: “the total effective dose equivalent to individual members of
the public from the licensed operation does not exceed 0.1 rem (100 mrem or 1 millisievert) in ayear,
exclusive of the dose contributions from background radiation, any medical administration the
individual has received, voluntary participation in medical research programs, and the licensee's
disposal of radioactive material into sanitary sewerage.” Subpart E further states this criteriafor
license termination: “asite will be considered acceptable for unrestricted use if the residual
radioactivity that is distinguishable from background radiation resultsin atotal effective dose
equivalent to an average member of the critical group that does not exceed 25 mrem/yr, including that
from groundwater sources of drinking water, and the residual radioactivity has been reduced to
ALARA levels. Subpart E further statesthat if the land use was restricted, the 25 mrem/yr limit
would still apply. Therefore, an unrestricted exposure scenario would still have to be considered.
The radiation dose (if the land restrictions fail) shall not exceed 100 mrem/yr. Therefore, any
individual will not receive more than the ICRP-recommended dose limit of 1200 mrem/yr under any
land-use scenarios.

Title 10 CFR 20 states that, to the extent practicable, procedures and engineering controls are based
upon sound radiation protection principles to achieve ALARA occupational doses and doses to
members of the public.

Based on the available information and regulations, a dose criteria of 25 mrem/yr isthe only
promulgated dose criteria and is considered protective to human health and will be used for
comparison purposes at the Gnome-Coach Site.
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C.3.2.2 Risk Screening Criteria

The EPA classifies all radionuclides as Group A carcinogens. Ingestion and inhalation slope factors
are central estimates in alinear model of the age-averaged, lifetime attributable radiation cancer
incidence (fatal and nonfatal cancer) risk per unit of activity, inhaled or ingested, expressed as
risk/pCi. External exposure slope factors are central estimates of lifetime-attributabl e radiation
cancer incidence risk for each year of exposure to external radiation from photon-emitting
radionuclides distributed uniformly in athick layer of soil and are expressed as risk/yr per pCi/gram
soil. When combined with site-specific media concentration data and appropriate exposure
assumptions, slope factor can be used to estimate lifetime cancer risks to members of the general
popul ation due to radionuclide exposures. In most cases, cancer risks are limiting, exceeding both
mutagenic and teratogenic risks.

In evaluating the calculated exposure from potentially carcinogenic radionuclides, a reasonable level
of risk must be selected. The EPA used an incremental lifetime cancer risk (ILCR) (also referred to
as excess cancer risk) of onein one million (1 x 10 °) asthe lower bound of an acceptable range. The
upper bound of an acceptable ILCR recommended by the EPA for drinking water is 1 in 10,000
(1x10% (EPA, 1999a). In addition, the EPA specifies arisk range of 10 ° to 10 * associated with
the consideration and selection of remedial alternatives for contaminated mediain the National
Contingency Plan (NCP) (CFR, 1999).

Based on the regulatory precedents cited above, a reasonable and appropriate ILCR range would be
from 10 °to 10 *. Asimplemented under the NCP, pathway risks greater than 10 ° ILCR must
receive risk management consideration (CFR, 1999). This quantitative risk screening is one of many
factors that are considered in the decision-making process for the need for additional data collection.
Therefore, thereis no single risk value that defines “acceptable” and “unacceptable” risk. The
purpose of thisrisk screening isto present qualitative estimates of potential risk; thus, all sites greater
than the cumulative upper bound of 10 will be examined further for the need of additional data
collection.

Cumulative site radionuclide ILCRs were developed for surface and shallow subsurface soils.
However, therisks for the individual media were not combined. These cumulative ILCRs included
all media and pathways that were appropriate to combine. Combined pathways occur when thereis
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potential for an individual to be exposed to multiple pathways at the same given instant in time.
Where the cumulative ILCR site risk to an individual based on the RME for both current and future
land useis lessthan 10 *, action generally is not warranted unless there are adverse environmental

impacts (EPA, 1991b).

C.3.3 Preliminary Action Levels and Area Correction Factors

Remediation of radiologically contaminated land requires the development of PALs for the
radiological COPCs. For the Gnome-Coach Site, aPAL is defined as the concentration of a
radionuclide in soil that will not be exceeded if the land is to be released without restrictions on use.
The PAL is used to define potential areas that may require remediation to ensure that a future
hypothetical land user will not receive atotal effective dose equivalent exceeding 25 mrem/yr. A
PAL must be defined for both large areas of radiol ogical -contaminated surface and shallow
subsurface soil, on the order of 100 m?, and for small areas that have contamination that is
significantly elevated in comparison to the surrounding area. These small areas of elevated
radiological surface contamination, commonly known as hot spots, may result in agreater dose to the
future land user than larger areas with lower radiological surface contamination.

C.3.3.1 Regulatory Guidance

The derivation of PALs typically assumes homogenous contamination of relatively large areas of
land. Federal guidance varies on the definition of what constitutes a large area of land and a hot spot.
The derived concentration guide levels (DCGLSs), analogous to PALS, are defined in U.S. Department
of Energy (DOE) Order 5400.5, Radiation Protection of the Public and the Environment, in terms of
radionuclide concentrations averaged over an area of 100 m?(Gilbert, et al., 1989, as cited in

DOE, 1993).

Because of the averaging process described in DOE Order 5400.5, there may exist small areas of land
with radionuclide concentrations exceeding the PAL. If hot spots are present and if the concentration
of the radionuclide contaminant in the hot spot is significantly greater than the PAL, the hot spot
could potentially pose a greater dose to the future hypothetical land users than the dose associated
with homogeneous contamination. In order to ensure that individuals are adequately protected and to
ensure that the ALARA process required in DOE Order 5400.5 is satisfied, ahot spot criteriamust be
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applied along with the general criterion for homogeneous contamination. Applying the terminol ogy
and symbolsin Section 3.3.2 and Equation 3.15 of Gilbert et al., (1989), and Section 3.3.2 and
Equations 3.16 and 3.17 of the User’'s Manual for RESRAD Version 6.0 (ANL, 2001), the hot spot
criterion for field applicationsis defined as

M** =Y. S** [G** <1 Equation 1
where

M** = hot spot mixture sum for field use (dimensionless),
** = measured concentration of thei™ principal radionuclide in the hot spot (pCi/g), and
G** =single-radionuclide PAL for thei™ principal radionuclide in the hot spot (pCi/g)

Gilbert et al. (1989) states: “ The measured hot spot concentrations S* are the peak concentrations if
the hot spot areais 1 m? or less or the average concentration if the hot spot areaislarger than 1 m2.” It
also recommends that the value for G,** should be obtained from a RESRAD analysis prior to the
remediation activities.”

The original RESRAD Manual cited in DOE Order 5400.5 (Gilbert et al., 1989) and the User’s
Manual for RESRAD Version 6.0 (ANL, 2001) state that the following equation should be used for
defining a single radionuclide, hot spot soil guideline:

G** = G,(t ) x (100/A)*> Equation 2

where

G,(t.) = single-radionuclide PAL for thei ™ principal radionuclide in a homogeneous
contaminated zone at the time (t,) when the value of G,(t) is aminimum (pCi/g),

A = areaof the hot spot (m?), and

(100/A)°** = hot spot multiplication factor

Equations 1 and 2 are from Gilbert et al. (1989), cited in DOE Order 5400.5, and apply to hot spots
with areas of 25 m? or less. For larger hot spot areas, the RESRAD manuals state that the
homogeneous PAL is sufficient. Anareaof A =1 m?isusedin Equation 1 if the actual hot spot area
islessthan 1 m? Gilbert et al. (1989) states that the average radionuclide concentration for any
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100 m? area must always comply with the homogeneous release criterion, irrespective of hot spot
criteria. It should be noted that the RESRAD code and supporting manuals are not federal regulations
or DOE Orders, though the original RESRAD manual is cited in DOE Order 5400.5 (DOE, 1993). A
significant difference exists between the guidance recommended in the RESRAD Manual and its
applicability to the Gnome-Coach Site. Equations 1 and 2 were developed for the “kitchen-garden”
scenario where afamily resides full time on the site and raises a large portion of the food on the site.
For the “kitchen-garden” scenario an areaas small as 1 m? with elevated radiological contamination
could result in a dose exceeding the approved limit. Aswill be demonstrated in the following
sections of this attachment, the dose to trespasser and rancher are not as sensitive to small areas of

radiological contamination.

C.3.3.2 PAL Calculations

The area dose correction factors listed in Tables C.3-3 and C.3-4 are calculated using two different
methodologies. Asused in Equation 2, the hot spot area correction factors are listed in column 2 of
Tables C.3-3 and C.3-4. RESRAD Version 6.1 was used to calcul ate the hot spot area correction
factors listed in column 4 of Tables C.3-3 and C.3-4. The areafactors given in column 4 were
computed by taking the ratio of the dose per unit concentration generated by RESRAD for the
10,000 m? areato that generated for the other areaslisted. If the PAL for residual radioactivity
distributed over 10,000 m?is multiplied by the area factor, the resulting concentration distributed over
the specified smaller area delivers a calculated dose of 25 mrem/year. Other than changing the area
of contamination, the Gnome site-specific and default RESRAD parameter valueswerenot changed.

Based upon the **’Cs concentration in surface soil samples collected during the Phase I/11/111
investigations at the Gnome-Coach Site, the area of **’Cs-contaminated surface soil at several areas of
concern exceeds the DOE Order 5400.5 recommended areafor a survey unit. A series of RESRAD
calculations was performed to determine the dose to the hypothetical future land user as a function of
the area and concentration of **’Csin the surface soil. The calculated doses were used to compute the
area dose correction factors for the Gnome-Coach Site. The data listed in Table C.3-4 demonstrates
that the area correction factor for the rancher exposure scenario, based upon the RESRAD
calculations, isgreater than 1.0 until the area of contamination exceeds 20,000 m?. The areafactor for
the rancher is not less than one, even for an area of 81,755 m? (the estimated area for the largest
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Table C.3-3
Hot Spot Area Correction Factors for Trespasser Scenario
Rggg,&n SI rg.l Cs-137
Area DOE Or_der 5400.5 Dose RESRAQ 6.1 Concen_tratl_on
(m?) Correction E?ctor from 287 pCilg Correction Resulting in
(100/A) Cs-137 Factor 25 mrem/year
(mrem/year) (pCi/g) (PAL)
1 10.0000 0.9919 10.5152 7,234
3 5.7735 2.2421 4.6519 3,200
5 44721 3.103 3.3613 2,312
8 3.5355 4.116 2.5340 1,743
10 3.1623 4.868 2.1426 1,474
30 1.8257 6.64 1.5708 1,081
50 1.4142 7.591 1.3740 945
80 1.1180 8.112 1.2857 884
100 1.0000 8.405 1.2409 854
300 0.5774 9.18 1.1362 782
500 0.4472 9.495 1.0985 756
800 0.3536 9.643 1.0816 744
1,000 0.3162 9.726 1.0724 738
2,000 0.2236 9.843 1.0596 729
3,000 0.1826 9.93 1.0504 723
5,000 0.1414 10.07 1.0357 713
8,000 0.1118 10.14 1.0286 708
10,000 0.1000 10.17 1.0256 706
15,000 0.0816 10.2 1.0225 703
20,000 0.0707 10.23 1.0196 701
30,000 0.0577 10.27 1.0156 699
40,000 0.0500 10.31 1.0116 696
50,000 0.0447 10.34 1.0087 694
60,000 0.0408 10.37 1.0058 692
81,755 0.0350 10.43 1.0000 688
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Area Factor =-1

Area | DOE Order5400.5 REsl\F/eIZXDirg.ulmDose RESRAD 6.1 G,i::(:PélL )
(m?) Corrzelcéloolz)l;?ctor from 287 pCi/g Correction Cs-137 Concentration Resulting
Cs-137 Factor in 25 mrem/year (pCi/g)
(mreml/year)
1 10.0000 0.4977 86.1623 14,416
3 5.7735 1.127 38.0506 6,366
5 44721 1.561 27.4715 4,596
8 3.5355 2.073 20.6864 3,461
10 3.1623 2.362 18.1554 3,038
30 1.8257 3.388 12.6573 2,118
50 1.4142 3.89 11.0239 1,844
80 1.1180 4.207 10.1932 1,705
100 1.0000 4.391 9.7661 1,634
300 0.5774 5.155 8.3187 1,392
500 0.4472 5.689 7.5379 1,261
800 0.3536 6.328 6.7767 1,134
1,000 0.3162 6.747 6.3559 1,063
2,000 0.2236 8.689 4.9353 826
3,000 0.1826 10.62 4.0379 676
5,000 0.1414 14.46 2.9656 496
8,000 0.1118 20.14 2.1292 356
10,000 0.1000 23.93 1.7920 300
12,500 0.0894 28.64 1.4973 251
15,000 0.0816 33.36 1.2855 215
20,000 0.0707 42.78 1.0024 168
25,000 0.0632 42.8 1.0019 168
30,000 0.0577 42.81 1.0017 168
40,000 0.0500 42.83 1.0012 168
50,000 0.0447 42.84 1.0010 167
60,000 0.0408 42.86 1.0005 167
81,755 0.0350 42.88 1.0000 167
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Gnome-Coach survey unit, the Fallout Plume). As demonstrated in Table C.3-3, the area correction
factor for the trespasser exposure scenario is greater than 1.0 until the area of contamination exceeds
2,000 m?. The area factor for the trespasser is not less than one, even for an area of 81,755 m%. The
area dose correction factors are greater than or equal to 1.0 even for the largest proposed survey unit
at the Gnome-Coach Site. Therefore, the size of the Gnome-Coach Site survey units can be the

largest AOC at the site.

Additional RESRAD calculations were performed to generate PALs for tritium and Sr-90. These
calculations did not account for area of contamination as provided for *¥'Cs for the rancher and
trespasser scenario. Calculations provided a PAL of 14,980 pCi/g for tritium and 66 pCi/g for Sr-90.

C.3.4 Results of the Human Health Dose Screening Evaluation

A series of dose cal culations have been performed to determine the dose to the trespasser and rancher
and are listed in Tables C.3-5 and C.3-6, respectively. Essentially 100 percent of the calculated dose
to the trespasser is from external dose, regardless of the area of contamination. The dose contribution
from inhalation of resuspended **'Cs-contaminated dust and the inadvertent ingestion of
137Cs-contaminated soil never exceeds 0.01 percent of the total dose to either the trespasser or the
rancher. For areas of contamination < 300 m?, greater than 90 percent of the dose to the rancher is
from external dose. Asthe areaof contamination is increased to > 300 m?, the dose to the rancher
from meat ingestion increases faster than the dose due to external exposure. Thisis because the
RESRAD code assumes that the dose receptor is |ocated within the area of contamination where they
would receive the maximum dose, in the middle of the contaminated land. Asyou increase the size of
the radiologically contaminated land, the probability increases that the photons emitted from the **’Cs
present on the outer edge of the contaminated area are absorbed or scattered away from the dose
receptor. Increasing the area of the radiologically contaminated land beyond a certain point does not
result in asignificant increase in external dose. Asdemonstrated in Tables C.3-5 and C.3-6, the
calculated external dose to the trespasser and the rancher increases by less than 10 percent as the
contaminated land area increases from 500 m? to 81,755 n.

The RESRAD calculated dose per year to the trespasser from the *3'Cs contamination in the surface
and near-surface soil islisted in Table C.3-5. The dose to the trespasser exceeds the dose per year to
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Dose to the Hypothetical Trespasser as a Function
of the Area Contaminated to 287 pCi/g of Cs-137

Area External Inhalation Inglg\/(lei?;[on Ingsezitlion Total
(m?) (m?gr?/eyr) (mIrD;r?/eyr) Dose Dose (mIngr?/eyr)
(mrem/yr) (mrem/yr)
1 0.9916 2.61E-09 0.00E+00 2.99E-07 0.992
3 2.242 2.94E-09 0.00E+00 1.35E-06 2.242
5 3.103 3.11E-09 0.00E+00 1.50E-06 3.103
8 4.116 3.28E-09 0.00E+00 2.39E-06 4.116
10 4.686 3.36E-09 0.00E+00 2.99E-06 4.686
30 6.66 3.79E-09 0.00E+00 8.97E-06 6.660
50 7.591 4.00E-09 0.00E+00 1.50E-05 7.591
80 8.112 4.21E-09 0.00E+00 2.39E-05 8.112
100 8.405 4.31E-09 0.00E+00 2.99E-05 8.405
300 9.18 4.85E-09 0.00E+00 8.97E-05 9.180
500 9.495 5.13E-09 0.00E+00 1.50E-04 9.495
800 9.643 5.39E-09 0.00E+00 2.39E-04 9.643
1,000 9.726 5.52E-09 0.00E+00 2.99E-04 9.726
3,000 9.932 6.20E-09 0.00E+00 2.99E-04 9.932
5,000 10.07 6.54E-09 0.00E+00 2.99E-04 10.070
10,000 10.17 7.03E-09 0.00E+00 2.99E-04 10.170
81,755 10.42 8.71E-09 0.00E+00 2.99E-04 10.422

the rancher, until the area of contamination reaches 3,000 m?. As the area of contamination is

assumed to increase to > 3,000 m?, the dose to the rancher exceeds that of the trespasser.

The RESRAD calculated external dose and meat ingestion dose to the rancher as afunction of the
area of the **’Cs-contaminated land is listed in Table C.3-6 and illustrated in Figure C.3-1. The

RESRAD calculated external dose to the rancher increases until it equals 500 m? and then increases

very slowly, less than 10 percent increase as the contaminated areaincreases from 500 m? to
81,755 m?. The RESRAD calculated dose to the rancher from the ingestion of meat increases as a
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Table C.3-6
Dose to the Hypothetical Rancher as a Function of the Area Contaminated to
287 pCi/g of Cs-137

Area External Inhalation Ing;vtlei?iton Ingsezitlion Total
(m?) (mlragr?/eyr) (mlragrri(/eyr) Dose Dose (m?gr?/eyr)
(mrem/yr) (mrem/yr)
1 0.4958 1.30E-09 1.88E-03 2.24E-07 0.498
3 1.121 1.47E-09 5.65E-03 6.73E-07 1.127
5 1.552 1.56E-09 9.42E-03 1.12E-06 1.561
8 2.058 1.64E-09 1.51E-02 1.80E-06 2.073
10 2.343 1.68E-09 1.88E-02 2.24E-06 2.362
30 3.332 1.89E-09 5.65E-02 6.73E-06 3.389
50 3.796 2.00E-09 9.42E-02 1.12E-05 3.890
80 4.056 2.11E-09 1.51E-01 1.80E-05 4.207
100 4.203 2.16E-09 1.88E-01 2.24E-05 4.391
300 4.59 2.43E-09 5.65E-01 6.73E-05 5.155
500 4.747 2.56E-09 9.42E-01 1.12E-04 5.689
800 4821 2.70E-09 1.51E+00 1.80E-04 6.328
1,000 4.863 2.76E-09 1.88E+00 2.24E-04 6.747
3,000 4.966 3.10E-09 5.65E+00 2.24E-04 10.617
5,000 5.037 3.27E-09 9.42E+00 2.24E-04 14.455
8,000 5.069 3.43E-09 1.51E+01 2.24E-04 20.139
10,000 5.086 3.51E-09 1.88E+01 2.24E-04 23.926
20,000 5.114 3.77E-09 3.77E+01 2.24E-04 42.784
81,755 5.213 4.36E-09 3.77E+01 2.24E-04 42.883

linear function of the contaminated land area, until the areaiis equal to 20,000 m%. Asthe

radiol ogical-contaminated land areais assumed to increase to > 20,000m?, the dose from the ingestion
of *3'Csmeat remains constant. Though the amount of radiol ogical-contaminated forage available
for feeding cattle increases, the RESRAD code assumes that the amount of meat ingested by the
rancher, as defined by the RESRAD code user, can be obtained from the number of cattle that can be
supported on 20,000 m? of radiological-contaminated land. Therefore, increasing the area of
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Figure C.3-1
Dose to Rancher from Surface Soil Contamination of 287 pCi/g Cs-137 (mrem)
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contamination will not increase the RESRAD cal culated dose due to the amount of contaminated

meat ingested by the rancher.

Table C.3-7 summarizes the dose to the hypothetical future land user as a function of the **'Cs
concentration, area of contamination, and exposure pathways for 6 of the Gnome-Coach AOCs that
showed the highest Phase I1/111 analytical results. Notethat this table includes actual 95 percent UCL
values for specific AOCs (which are considerably less than the hypothetical 287 pCi/g concentration
used in Tables C.3-5 and C.3-6).

Table C.3-7

Examples of Estimated Dose to Trespasser and Rancher at
Selected Gnome-Coach AOCs

. . . 25 mrem/yr
Approximate 95 Pgrcentlle Estimated Estimated Cesium-137
Cesium-137 Trespasser Rancher -
Area of Concern Area . Preliminary
Concentration Dose Dose .
(m?) (pCilg) (mrem/yr) (mrem/yr) Action Level
ptiig y y (pCilg)*
New Laundry/Lab 520 6.583* 0.216 0.143 761 (Trespasser)
Deco”g‘;g'”a“o” 929 17.67 0.581 0.466 760 (Trespasser)
Gnome-Coach 5,314 16.39 0.539 0.883 464 (Rancher)
Shaft
Salt Muckpile 13,006 35.43 1.165 3.467 255 (Rancher)
Contaminated 13,936 15.84 0.521 1.646 241 (Rancher)
Waste Dump
Fallout Plume 81,755 62.21 2.260 9.296 167 (Rancher)

*Value does not include 28,100 pCi/g concentration which was reportedly removed during remediation effort of
Phase II/1l.
**PAL based on the most limiting scenario.

Additional RESRAD calculations were performed for tritium concentrations at the surface, tritium
and Cs-137 concentrations at shallow subsurface, and maximum Cs-137 concentrations without
considering the area of contamination (i.e., the Area Factor was left as +1). Results confirmed that
tritium has a minimal contribution to the total dose. The only site(s) to exceed the dose criteria of
25 mrem/yr for the surface was the new laundry/lab for both the trespasser and rancher. This
occurred as aresult of including the analytical result of 28,100 pCi/g which was reportedly removed
during remediation activitiesin 1979. None of the AOCs exceeded the dose criteria of 25 mrem/yr
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for the shallow subsurface. Three AOCs exceeded the upper bound cumulative ILCR of 10* based
on maximum Cs-137 concentrations on the surface for the trespasser: new laundry/lab,
Gnome-Coach shaft surface area, and the fallout track from venting.

To confirm concentrations of the historical data used, and reduce the uncertainty of the calculation
resultsfor afinal dose/risk assessment, the new laundry/lab, Ghnome-Coach shaft surface area, and the
fallout track from venting may require additional data collection.
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D.1.0 Introduction

This document is intended to supplement data collected as part of the Preliminary Human Health
Dose/Risk Screening Evaluation of the Ghome-Coach Site, New Mexico. Previous studies of the
area have emphasized measuring surface gamma radiation and radionuclide concentrations in soils
and groundwater shortly after the Gnome event in 1961 and over several years of radiological
monitoring and sampling at the Site. The first bioenvironmental sampling program was conducted by
the EPA in October 1972 and a second bioenvironmental sampling program was conducted for DOE
in 1978.

The current Human Health Dose/Risk Screening Evaluation effort has made a decision to emphasize
Cs-137 and recognizes the need for additional vegetation sampling and analysis at the Gnome-Coach
Site to (1) characterize levels of that radionuclide in important range grasses of the area and

(2) provide crucia information for estimation of Cs-137 ingestion by range cattle as constituents of
any pathway analysis to be conducted.

D.1.1 Background

Two sets of bioenvironmental sampling programs were conducted at the Gnome-Coach Site, the first
by the EPA in October 1972 (Smith and Giles, 1973) and the second for DOE in May 1978
(DOE/NV, 1978). Review of the data on radionuclides in vegetation of the Gnome-Coach Site
resulting from those two programs revealed a definite lack of datafor Cs-137 in all areas. The EPA
study provided no Cs-137 values in samples of two range grasses of interest collected in five areas
located 0.27, 1.2, 1.9, and 2.3 miles north-northwest and 1.4 miles southeast of the Ghome-Coach
Site. The DOE dataincluded 23 vegetation samples of grasses, forbs, and shrubs; however, only 6 of
the 23 samples contained measurable Cs-137 concentrations and only two of those were grasses of
importance to grazing livestock. Upon review of sampling proceduresin these reports, it appears that
the collection of biomass was not sufficient to allow detection above the MDA for Cs-137. It would
be inappropriate to estimate Cs-137 intake by cattle as a vector of the radionuclide to human
consumers from data of this nature.
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D.1.2 Approach

A focused and expedient vegetation sampling plan is proposed to provide necessary data on Cs-137
concentrations in range plants of the Ghome-Coach Site that are important forage for range cattle that
graze the environs. An important condition of the study is to ensure that the sampling strategy
provides analytical results which support the objectives of thisinvestigation. Therefore, itis
proposed to obtain adequate samples of important grass species of the area, with emphasis on black
grama grass (Bouteloua eriopoda) and sand dropseed (Sporobolus cryptandrus) species. Additional
forage species will be sampled if the key species are insufficient in biomass. Much of the site has
been disturbed by past decommissioning and cleanup activities and is currently being grazed by
cattle, all activities that will complicate the proposed vegetation sampling scheme; therefore, the
Vegetation Sampling Plan is designed to have flexibility to adjust to on-site variables. Thisflexibility
may include adjustments to species collection and sample locations based on field conditions.

D.1.3 Objectives

The objective of the field sampling plan is to collect and document radiological data concerning the
possible presence and distribution of man-made radionuclides at the Gnome-Coach Site, especially
Cs-137 inrange forage grasses. Thisinformation will supplement past sampling efforts and provide
defensible values for input to the range cattle parameters in the Human Health Risk Assessment.

Although the proposed vegetation sampling plan is limited in scope because of time and logistic
constraints, it is designed to answer two basic questions: (1) what Cs-137 concentrations are
currently found in range grasses of the Gnome-Coach Site and (2) how important are those levels of
Cs-137 in the Human Risk Assessment? These questions will be investigated by using accepted
sampling and analysis methods for the determination of the very low levels of Cs-137 expected to be
found in the biota of the Gnome-Coach Site, particularly range forage grasses.
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D.2.0 Field Sampling Plan

D.2.1 Scope

This effort will be conducted in a survey (characterization) sampling mode. A general survey of the
sitewill beinitially made to select suitable sampling areas of the target range grass species,
particularly black grama grass (Boutel oua eriopoda) and sand dropseed (Sporobolus cryptandrus), or
adecision made for aternate species if the target species are not available in sufficient biomass for
analytical purposes.

Tentative vegetation sampling locations are proposed as follows (see Figure D.2-1):

» Fallout plume area approximately 345 to 820 ft northwest of the shaft, six sampling gridsin a
T-shape across the reported cloud vector

» Upwind vector approximately 985 ft southeast of Gnome GZ, three sampling grids

» Control area approximately 490 to 655 ft southwest of the Coach Site, three sampling grids

The first location isin the vicinity of maximum Cs-137 soil concentrations, historically measured in
the downwind location of the fallout plume. Two upwind locations in the Gnome environs provide
comparative values, including the control (background) location designated as an area located in
relatively undisturbed habitat upwind of the Gnome-Coach Site and southwest of the Coach
Exploratory Hole. The other upwind location will be based on theinitial driveover radiological
survey. Sampling target speciesin radiologically elevated areas will maximize the potential of
detecting Cs-137, which is crucial in estimating Cs-137 ingestion by range cattle; therefore, the
sampling locations listed above are tentative until field conditions can be assessed.

The proposed sampling locations have been made based on an aerial photographs dated 1979 and
1988 (EG& G, 1979; 1988) and will be adjusted as necessary based on site conditions at the time of
sampling. The mgjor consideration in establishing the sampling areas will be the availability of
sufficient biomassto provide at |east three grass samples per location, plus 10 percent of total samples
added for quality assurance and quality control considerations and distributed among duplicates,
blanks, and blind samples. The EPA (Smith and Giles, 1973) reported obtaining samples of 100 to
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200 grams (g) of (presumably wet) grass from approximately 390 ft?, which were then compressed
into a400 mL container for gamma analysis; none of the samples were above the MDA of Cs-137
and only Zr-95 and Ru-103 were reported as positive values. The DOE reported only two of four
samples of Sporobolus contained above background concentrations of Cs-137 and with no indication

of the area sampled or the weight (e.g., wet, dry, or ash) basis of the determination (DOE/NV, 1978).

The above results indicate that sampling areas must be considerably larger than the 390 ft areas
reported by EPA in order to obtain sufficient biomass to yield enough ashed sample for positive
counting results in the nominal 0.01-0.1 pCi Cs-137/g ash detection range. Therefore, it is proposed
to initially establish sampling plots of approximately 10,760 to 14,000 ft? from which to obtain
1,750-2,630 g of Bouteloua or Sporobolus, or about two kilograms of fresh (wet) grass, assuming a
wet/ash weight ratio of 3.8 for Sporobolus and 5.7 for Bouteloua (Smith and Giles, 1973), and

40 percent reduction of count rate due to radiological decay over the past 22 yearsin order to obtain
>100 g of ash of those species for gamma analysis. Adjustment of these estimates may be made, as
necessary, on the basis of container calibrations at the analytical |aboratory.

D.2.2 Sampling Rationale

The number of samplesto be collected and analyzed for Cs-137 is proposed to be (1) six in an area of
about 330 by 655 ft located in the fallout track that was reportedly traversed by the plume of
contamination from the shaft; (2) three in a primary control arealocated in a southeasterly direction
and approximately 655 to 1,640 ft from Gnome GZ; and (3) three in a secondary control arealocated
southwesterly direction and approximately 395 to 985 ft from the Coach Site. Driveover radiological
survey results and ground reconnaissance prior to beginning the sampling will refine these proposed
locations sited in areas of apparently little disturbance. Impacts of cattle grazing and site
characteristics, such asrainfall history, on these selected areas can only be evaluated by much closer
inspection and changes will be made, as necessary, to assure sampling sufficient biomass of the target
species.

D.2.3 Sampling Procedures

Guidelines for the collection, handling, and documentation of samples collected under thisfield
sampling plan are described in the following sections.
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D.2.3.1 Sample Collection

Samples will be collected in the following sequence to minimize the risk of cross-contamination
between sites: (1) within the secondary control (SW) area; (2) within the primary control (SE) area;
and (3) in the area traversed by the Gnome plume. This schedule will occur after the driveover
radiological survey that will define AOCs (>25 mrem) for further consideration and necessary
adjustments to the sampling regime will be made.

Emphasiswill be placed on obtai ning adequate biomass of the target species of range grasses, such as
sand dropseed (Sporobolus cryptandrus), black grama (Boutelou eriopoda), and others by clipping
individual plants about 2 in. above ground level, removing excess soil by shaking samples, and
compositing individual plantsin plastic bags until about 1.5 kg (Bouteloua)- 2.5 kg (Sporobulus) is
obtained. If other grass species are to be collected instead of the above target species, the change will
be noted in the field documentation.

D.2.3.2 Sample Handling and Site Documentation

Samples will be carefully labeled and sealed with custody tape, and all necessary field data and
descriptions, including field wet weight, species sampled, and other data entered in the field
documentation in accordance with the QAPP. Transfer and receipt of al sampleswill be documented
and samples will be handled in strict conformance to chain-of-custody procedures at all times. Each
sample will be assigned a unique sample control number and a corresponding label will be attached at
the time of collection. Sampleswill be returned to an on-site sample preparation area for drying,
ashing, and packaging for gamma analysis or shipped to an analytical |aboratory if facilities are not
available on-site.

Information about each sampling location and sampling point, including weather conditions, numbers
and stand densities of vegetative types, date, time, and methods used to collect the samples will be
recorded in field documentation and photographs will be taken at each sampling location for
documentation. In addition, sampling locations will be identified with a stake marked with the
sample designation for future reference.
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All sampleswill bereturned to the field laboratory as convenient to the sampling activities, usually at
the end of the day. Upon receipt at the field laboratory, samples will be logged in, chain of custody
procedures completed, and secure storage of samples assured until further processing begins.
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D.3.0 Field Laboratory Procedures

D.3.1 Sample Processing

Vegetation samples received at the field laboratory will be receipted and custody transferred to the
appropriate party. Sampleswill be weighed and transferred to an appropriate container, such asa
tared aluminum baking tray, reweighed, and placed in adrying oven preset and operating at 100° C
for at least 24 hours or until constant weight is achieved. Sample dry weight will be recorded in the
laboratory documentation and the sample will be transferred to an airtight plastic bag marked with the
sampl e identification number and seal ed.

Dried samples will be securely stored until milled by a Wiley mill with a2-mm screen, which will
significantly reduce the volume of the sample prior to ashing for radionuclide analyses. Sampleswill
be weighed prior to and after milling, and care taken to preserve sample identification at all stages of
processing. Continuous records will be made in the laboratory documentation and custody will be
maintained. Milling will also provide an opportunity to split homogeneous samples with other
interested parties, if so indicated.

Milled samples will be placed in an appropriate tared aluminum baking tray or equivalent and ashed
at 425-450° C in amuffle furnace for sufficient time to be completely ashed. The sampleswill then
be reweighed and a suitable portion of the ash transferred to a tared counting container, sealed, and
submitted for gamma spectrometric analysis. Excess sample ash will be archived in case of further
analytical requirements.

D.3.2 Radiochemical Analyses

Gamma spectrometric analyses of the range grass samples should provide values within a 95 percent
confidence interval, monitored through analyses of QC samples. Control limits for accuracy shall
meet the requirements of the New Mexico QAPP (Appendix B). The HASL 300 analytical method
(DOE, 1992) is the standard for this analysis and should have a minimum detection concentration of
0.04 pCi/g ash weight. A similar procedure is used by the EPA laboratory in Las Vegas

(EPA, 1997c). Nominal detection limits for analyses are presented below (see Table D.3-1).
Radioactive strontium analysis, alpha spectroscopy Pu-239/240, and Am-241 determinations
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typically require sample ashing at high temperature (500-650°C), splitting of the sample into two
aliquots, and separate processing.

Table D.3-1
Nominal Detection Limits for Vegetation Samples

Nominal Detection Limit

Analysis (pCilg ash)
Gamma Spectrometry (Cs-137) 0.01-0.1
Isotopic Strontium (Sr-90) 0.01

Alpha Spectrometry (Pu-239/240 and
Am-241) 0.02
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D.4.0 Data Analysis

Radioanalytical datawill be presented as pCi/g dry weight of vegetation for summarization and
interpretation.
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DOCUMENT REVIEW SHEET

1. Document Title/Number
Coach, New Mexico

Site Characterization Work Plan for Gnome-

2. Document Date _02-15-01

Review Criteria

Revision Number

Rev. 0

4. Originator/Organization _ITLV

3
5. Responsible Manager
7

Monica Sanchez

6. Date Comments Due _Completed 9/10/01

9. Reviewer's Signature

| 8. Reviewer/Organization/Phone No. New Mexico Environment Department

10. 11. 12. 13. 14.
Comment Type® Comment Comment Response Accept
Number/
‘ Location
Part 1- General
Comments
1) General Land use/access controls: The land withdrawal encompasses . A plaque currently resides at surface ground zero
Section 34 and approximately 40 acres in Section 10 of describing the Gnome test and subsurface intrusion
Township 23 south. Are there any engineering restrictions being restrictions. The entire Section 34 boundary is fenced
implemented for the surface (e.g., fencing, warning signs, etc.)? but not posted as there are currently no surface use
Is open range the only permitted land use? Is hunting allowed? restrictions. Dependant upon site characterization
If hunting is not allowed, are there “no hunting” signs? What results, posting will be considered as one of the
about “no trespassing” signs? |s there any posted information corrective action alternatives and implemented as
regarding the subsurface intrusion restrictions? Is the area necessary.
patrolied/maintained by any entity? Are all groundwater . The BLM currently oversees grazing rights to both
monitoring wellheads secured, maintained, and properly labeled Sections 34 and 10 as well as the use of Well USGS-1
(warning signs)? for livestock watering.
. All groundwater monitoring wellheads are secured but
not labeled. Annual inspections occur during the EPA
LTHMP sampling event.
2) General Notifications - DOE should notify the public and other entities All stakeholders will be notified accordingly.

(NMED, EPA, BLM, etc.) in advance of any significant field
activity and/or future report submittal dates.

3 Comment Types: M = Mandatory, S = Suggested.
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3a) General Long-Term Hydrologic Monitoring Program - Note that . The LTHMP for Gnome-Coach was initiated in 1972,

NMED has only a few copies of the EPA’s Offsite Environmental
Monitoring Reports. It would be very helpful to summarize the
groundwater results of the Long-Term Hydrologic Monitoring
Program (LTHMP) in the Work Plan.

Does a database exist that shows all groundwater historical
results from the LTHMP? If so, can this be reviewed by NMED?

It appears that EPA initiated the LTHMP in 1980 and that tritium,
cesium and strontium are the only radionuclides being
monitored. Has annual sampling been consistent over time, that
is, performed every year and analyses conducted for tritium,
WCs, and ¥ Sr?

despite the delayed publication of a report describing
the program in 1980. Table 2-2 on page 34 was
changed to reflect this information.

A paragraph addressing the EPA LTHMP was added to
Section 2.5.3. The last sentence of the second
paragraph has been moved and modified to begin the
third paragraph which reads: “The site has been
monitored under the LTHMP (DOE/NV, 1982) since
1972, with results reported annually by the EPA (e.g.,
EPA, 1992; EPA, 1999a). Several nearby stock wells,
designated as Public Health Service (PHS) numbers 6,
8, 9, and 10; public water supplies in Loving and
Carlsbad; and the Pecos River Pumping Station Well
No. 1 are all in the network, as well as Gnome-Coach
Wells USGS 1, 4, 8, and LRL-7 and DD-1. From 1973
to 1976, a fairly extensive analytical suite was run on
the groundwater samples and this included *Sr, U-234,
U-235, U-238, Pu-238, and Pu-239 in addition to H-3.
During most years since that time, only an enriched
tritium analysis for the noncontaminated wells was
conducted. The only contaminated wells include
USGS-4 and -8, used for a radioactive tracer test, and
wells LRL-7 and DD-1, completed in the underground
workings and test cavity. No radioactivity levels above
background have been found in the LTHMP Gnome-
Coach wells, with the exception of the contaminated
wells noted above.”

2 Comment Types: M = Mandatory, S = Suggested.
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3b) General Are there any plans to modify the current LTHMP? The LTHMP will be evaluated upon completion of the

subsurface investigations and identification of an appropriate
corrective action. This is one of the specific objectives of
the subsurface investigation, listed on page 108. A
corresponding decision point is to modify the LTHMP if it is
found to be inadequate. Given the absence of technology to
remove the source of contamination in nuclear cavities,
ongoing work for underground nuclear tests at the Nevada
Test Site anticipates groundwater monitoring as a likely
corrective action.

4) General Shaft/well integrity - Based on the Work Plan, is it safe to All shafts and wells to the Salado Formation are reported as
assume that the shaft and all wells and re-entry boreholes were having liners or casing through water-bearing formations.
cased and/or cemented in such a manner as to seal and isolate Since this would be standard practice and facilitate the

the formations above the Salado? underground work (where water inflow was an operational
nuisance), it is most likely that it was done in such a manner
as to isolate the overlying formations. However, few
detailed plugging records have been found. The first step of
the investigation regarding the underground nuclear test, as
listed on page 112, is to: “Locate and evaluate all available
completion and stemming data for boreholes and shafts
intercepting the Gnome-Coach underground workings.”
Thus, although all indications are that they were sealed,
further investigation is planned.

3 Comment Types: M = Mandatory, S = Suggested.
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5) General DOE Order and radiological action levels- Should DOE follow Limits on residual surface radioactivity on equipment and

its Order 5480.11, Radiation Protection for Occupational
Workers, to determine a releasable limit for ¥’ Cs and others
(Tritium, % Sr, etc.) as suggested in the Surface Radioactivity
Guides of DOE Order 5480.117 Other DOE facilities have set ™/
Cs, ® Sr, and Tritium release levels at 1000 disintegrations per
minute (dpm), removable, for soil. It is not very clear what the
target/action goals are for radiological contaminants: will they be
based on site-specific dose-based screening levels?

materials for unrestricted release are defined in 10 CFR 835,
“Occupational Radiation Protection,” Appendix D and in
DOE Order 5400.5, Radiation Protection of the Public and
the Environment, Figure IV-1. The limit for mixed fission
products {e.g., *°Sr and 'Cs) is 1,000 dpm/100 cm’ and for
tritium it is 10,000 dpm/100 cm?,

The preliminary action levels (PALs) for residual surface
radioactivity in surface and near-surface soil are defined in
Appendix C and Section 3.2.2 of the work plan and are
based upon the radionuclide concentrations resulting in a
25 mrem/yr dose to the future land user or an incrementai
lifetime cancer risk of 10, whichever is less. The limiting
scenario for the largest AOCs was the rancher scenario with
PALs for ¥'Cs, ®Sr, and tritium at 167 pCi/g, 66 pCi/g, and
14,980 pCilg, respectively. The dose to a receptor will be
proportionately lower for the smaller AOCs.

2 Comment Types: M = Mandatory, S = Suggested.
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6a) General

Other action levels/target goals- Please confirm that action
levels/target goals for VOCs/SVOCs will be EPA Region IX
preliminary remediation goals (PRGs) and for metals will be
based on statistical results from background levels.

As stated in the DQO document, the Region 1X Industrial
PRGs will be used as PALs for organic and inorganic
COPCs, with the exception of total petroleum hydrocarbons
and radiological COPCs.

Background concentrations for inorganic COPCs (i.e.,
metals) are not a primary PAL. Detected concentrations of
inorganic COPCs would only be compared to background
values if the detected concentration(s) exceed the primary
PAL (i.e., Region IX PRGs) and the established background
concentration also exceeds the primary PAL. Section 3.2.2
has been edited to more clearly reflect this strategy. Itis
unlikely that defensible background concentrations will need
to be established for all the RCRA metals and may not be
necessary for any of them. The background sampling
strategy was written with consideration of mitigating the
potential risk and cost of remobilizing to collect additional
background data. If statistical tests prove that additional
background data are required to meet confidence levels in
the concentrations, then the initial background sample
collection will also provide sufficient data to statistically
establish the number of additional samples needed to meet
the confidence levels provided in Section 4.6.

6b) General

What about TPH (non-screening samples); will use NMED/HWB
position paper?

The values presented in the NMED/HWB position paper,
“Use of Total Petroleum Hydrocarbon (TPH) Test Resulits for
Site Characterization,” will be used as PALs for comparison
to laboratory analytical resuits for TPH samples.

3 Comment Types: M = Mandatory, S = Suggested.
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6c) General Will toxicity characteristic leaching procedure (TCLP) samples The following text has been added as a second paragraph to
be collected to characterize investigation-derived waste (IDW) Section 4.9.2 Environmental Compliance and Waste
along with total samples? Management:

“Investigation-derived waste will likely consist of the
following waste streams: (1) used disposable sampling
equipment and personal protective equipment; (2) soil; (3)
rinsate water from the decontamination of sampling
equipment; and (4) waste generated as a result of field-
screening activities (e.g., chemicals used in certain TPH
field-screening kits). Investigation-derived waste will be
managed on site in accordance with all applicable
regulations for the type of waste (e.g., Resource
Conservation and Recovery Act hazardous waste, low-level
radioactive waste). To the extent possible site
characterization samples and knowledge of the waste
stream will be used to characterize IDW generated during
characterization activities. Additional analysis (e.g., toxicity
characteristic leaching procedure) of site characterization
samples and/or direct sampling and analysis of IDW will be
conducted as necessary to aid in decision making regarding
waste characterization and to meet waste acceptance
criteria of potential disposal facilities.”

2 Comment Types: M = Mandatory, S = Suggested.
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7) General Additional monitor wells- DOE should consider the A decision regarding the need for characterization wells in
construction of additional monitoring wells in order to confirm advance of the modeling will be made after the Data
that no migration of radiological contaminants of potential Decision Analysis, described in Section 5.7.2. Additional
concern {COPCs) has/is occurring in the Culebra dolomite from monitoring wells will be considered for the site. This is
the underground works (Gnome and Coach shafts, drifts and dictated by the fifth decision point on page 109, which says,
cavity). Suggested location of additional wells: 1) downgradient “If the existing LTHMP is considered inadequate for long-
of Gnome ground zero/Well DD-1,2) immediately next to the term monitoring, then modify the program, if technically
Gnome-Coach shaft, and 3) downgradient of the Gnome-Coach warranted.” Stewardship of the site through monitoring is the
shaft (USGS-1 is not a true downgradient well). Groundwater most likely subsurface remediation proposal, given the lack
analysis results from these additional monitor wells would help of other feasible alternatives for underground nuclear test
calibrate subsurface modeling inputs and should support its cavities. The manner and conduct of monitoring would be
conclusions. established in conjunction with the State of New Mexico
during the plan for corrective action, after the site
characterization and alternatives analysis phase described
in this work plan. Data from any new wells drilled at the site
will be compared to either parameter ranges used as model
input or model output of chemical or physical quantities.
8) General Additional monitor well- DOE should consider the construction See response to comment #7.

of an additional monitoring well downgradient of USGS-4 and -8
to assess contaminant migration in the Culebra dolomite from
the tracer test. As mentioned in Item #7 above, analytical
results from this additional well should help calibrate and
support the findings of subsurface modeling efforts.

2 Comment Types: M = Mandatory, S = Suggested.
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9) General High-explosive seismic experiment- Should there be any These high-explosive experiments were conducted in the
concerns with pre-detonation experiments, such as the high- deep subsurface, in a drill hole completed into the Salado
explosive seismic experiment from February 10-16, 19597 Formation at a depth of 1,200 ft. The drill hole, known as
Where did this detonation occur refative to Gnome ground zero? | AEC No. 2, was located 500 ft laterally from ground zero.
Is any data available and/or have investigations been performed The hole was cemented upon completion. Explosives
addressing this activity (seismic experiment)? residue that may have resulted from the experiments do not
pose an environmental concern based on the complete
burning properties of HE. Any concern due to ground
motion from the experiments would be similar to ground-
motion issues stemming from the Gnome test itself. As the
possibility of compromised shaft seals is included in the
evaluation of the Gnome-Coach subsurface, there are no
additional issues stemming from the high-explosive tests
alone.
10) General Driveover survey- An important consideration in the present The LAPS has been calibrated to National institute of

site characterization will be the driveover survey employing the
large area plastic scintillation (LAPS). This activity must be
performed with a high degree of care and with the certainty that
questionable areas are rigorously hand surveyed. The reason
for this is that, if, at some future date hot spots are detected, the
entire site characterization will be called into question. A current
example of a case like this is the cleanup of the South Fork of
Acid Canyon at Los Alamos National Laboratory (LANL), an
area that the DOE has stated was “clean” and had deeded to
the County of Los Alamos.

Standards and Technology (NIST) traceable large area
americium-241 and cesium-137 sources and secondary
radium and depleted uranium sources. The detector signal
is integrated on a live-time basis with data acquired from a
global positioning system. Approximately 4,500 radiological
count rate measurements are acquired per hectare during a
LAPS survey. The data can be expressed relative to the
background reference area or *’Cs concentration (pCi/g).
The minimum detectable concentration for *'Cs is about 2
pCi/g. The data is used to create a 3-dimensional map of
the surface and near-surface contamination. In addition, the
data can be superimposed on an aerial photograph or site
map. The data is analyzed to determine the completeness
of the survey and if hot spots were detected. Radionuclide
concentration at soil hot spots are evaluated using portable
radiological survey instruments.

2 Comment Types: M = Mandatory, S = Suggested.
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there have been a number of comments regarding *Sr, but little
substantiating data. Likewise, there are a number of references
to ¥ Cs, but not the corresponding activities or concentrations of
% Sr. Because plants and vegetation readily take up strontium,
the lack of data concerning this important isotope may be a
shortfall. Accordingly, a more complete radiological
characterization including *°Sr should be effected.

11) General Disposal in the underground works- Radioactive material has This is addressed in the first objective listed on page 108:
been disposed in the underground works (Gnome and Coach “Determine the migration potential to the Culebra aquifer by
shafts, drifts and cavity). If the ultimate goal of the site the contamination in the Gnome cavity, drifts, and shaft.”
characterization/closure is to turn this land over to a non-DOE The strategy for that aspect of the investigation is given in
entity, the ultimate fate of the buried radioactive material should Section 5.7.1.
be of concern and eventually addressed.

During the DQO meeting, it was understood by all attendees
that no remediation technology is currently available for
underground cavities. The fate of the buried material will be
addressed through the subsurface characterization and
groundwater modeling.

12) General Strontium 90- Generally speaking, throughout the Work Plan The presence of ''Cs does not indicate *Sr. This is

because the *¥'Cs radioactive precursor has a longer half life
than those of ®Sr and the chemistry of alkali metals (Cs) is
significantly different than alkaline-earth metals (Sr). See
Attachment A for details on the production, decay chain, and
chemistry of Cs and Sr, and the *°Sr concentration in
environmental samples collected from the Gnome-Coach
Site. There is no need to increase the number of *Sr
analyses. The Gnome Site Decontamination and
Decommissioning Phase 1 Radiological Survey and
Operations Report (DOE/NV, 1978) listed the ¥'Cs and *Sr
concentrations in soil at 127 surface and near-surface
locations. The mean *Sr/'¥Cs concentration ratio is 0.0257,
the 95" percentile concentration ratio is 0.27. On the
average, the '’Cs concentration in these 127 samples is 39

times higher than the *°Sr concentration.

2 Comment Types: M = Mandatory, S = Suggested.
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13) General Radiological characterization- The Multi-Agency Radiation MARSSIM does not address the survey methodology
Survey and Site Investigation Manual (MARISSM) should be proposed at Gnome-Coach which includes drive-over and
used as the standard for radiological characterization of the site. walk-over surveys using plastic scintillators to investigate
This MARSSIM will rigorously allow for the identification of surface and near-surface contamination and the CPT to
suspected hot spots if they are present and will most likely be investigate subsurface contamination. These proposed
the most cost effective protocol to use. methodologies are rigorous and cover aimost 100 percent of
an area; whereas, MARSSIM only recognizes the collection
of soil samples and measuring radiation fields at specific
locations.
Attachment B demonstrates that historical sampling events
were more rigorous than MARSSIM and how the proposed
methodologies for upcoming field work will also satisfy
MARSSIM standards.
14) General Insect and animal receptors- Give consideration to the NNSA/NV feels that the trace amounts of *Sr and low
determination of radionuclides in insects and animal receptors. concentrations of *’Cs at the Gnome-Coach Site preclude
If the land is being used for grazing, radioactive strontium may insects as germane to this investigation. To maintain a cost
enter the food chain and be present in vegetation being eaten by | effective investigation, the need for sampling animals will be
grazing cattle. The determination of radionuclides in evaluated after newly collected soil and vegetation
herbivorous deer mice would provide insight into this possibility. characterization data are available.
15) General Survey instruments- In the text there are references to the NNSA/NV does not plan to use survey instruments to

determination of the presence of radionuclides at concentrations
of 0.1-1.0 mR/hr. The question is simply, “Do hand survey
instruments have the ability to present data at concentrations as
low as these values?” If not, the Work Plan should be modified
accordingly.

measure the radiation dose rate. The work plan addresses
historical surveys in the discussions where survey
instruments were used to measure dose rates in the range
of 0.1-1.0 mR/hr. The Eberline E-112B, an open shield GM,
used in the surveys had a minimum detection level of 0.035
mR/hr. This minimum detection level is sufficient to
measure dose rates in the range of 0.1-1.0 mR/hr, itis 14 to
20 times background, and is in mid-range of the first dose
rate scale of the E-112B.

Part 2 - Specific
Comments

3 Comment Types: M = Mandatory, S = Suggested.
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1) Section 1.0
Page 1

Third paragraph, last sentence: Based on Tables A.3-3 (pg. A-
24) and C.2-1 (pg. C-8), several sampling areas exceeded the
¥7Cs radiological release criteria established for that period,
20 pCilg. Are these tables showing concentrations before
clean-up activities? Explain basis of statement.

The last sentence has been revised to state, “The results of
the final phase of the 1977-1979 restoration effort showed
the average radionuclide concentration over any area of
0.25 hectare did not exceed the established release criteria
(DOE/NV, 1981).” To be conservative in the Radiological
Screening Evaluation (Appendix C), we have placed the
maximum concentrations of all individual samples collected
from each area of concern into these tables without
averaging over the 0.25 hectare.

2) Section 1.2

First bullet: This bullet should include shallow subsurface

The text “shallow subsurface” has been added.

Page 3 (<20 ft).

3) Figure 2-2 The scale of this figure appears to be incorrect. The scale was incorrect and has been modified accordingly.
Page 9

4) Section 2.2 Third paragraph: For NMED's benefit, please provide more See response to General Comment #4 regarding the

Page 10 details about the shaft; stemming, construction, mechanism construction and stemming for the shaft. The most

from which there was a failure to contain the detonation gases,
re-entry activities to clean-up and backfilling.

descriptive information for the failure to contain the
detonation gases comes from a USGS report (Gard, 1968).
This description was added to the third paragraph of
Section 2.2.

5) Section 2.2.2
Page 13

First paragraph: “....aerial radiological surveys....

LANL. is presently pursuing funding for a gamma flyover of areas
involved in the Cerro Grande wildfire. If funding is successful,
DOE/NV may want to consider the “dovetailing” of flyovers of
the Gnome and Gasbuggy areas with the LANL flyovers, as this
would provide important radiological information at a relatively
low cost.

Aerial fly-over radiation surveys were performed in May
1972 and September 1979. However, fly-over surveys
“smear” the data over a large area and cannot detect hot
spots. Therefore, drive-over and walk-over surveys will be
employed as part of the present site characterization. These
surveys provide data that is more precise and accurate in
comparison to fly-over surveys.

6) Section 2.2.3
Page 15

Second paragraph: “...deposited small contaminated concrete
and soil particles on the surface...” Some of the contaminated
concrete and soil particles may still be present on the surface.

Suggest site observation of suspect concrete/soil particles and
hand survey with appropriate radiological instrumentation.

As described in Section 4.2, the drive-over/walk-over
radiological surveys, combined with portable handheld
instruments, will be used to identify “hot spots” such as
removable debris which may include remaining
contaminated concrete and soil particles.

3 Comment Types: M = Mandatory, S = Suggested.
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7) Section 2.2.5 First paragraph: “...evaporation pond was excavated to a According to Tappan and Lorenz (1969), the evaporation
Page 16 depth...which was also deposited into the shaft.” There is no pond liner and underlying contaminated soil was deposited

statement regarding the depth to which the material was
deposited...was it also pumped into the “Gnome Cavity"” or
merely left in the shaft at a depth of x feet below the surface?

Identify where (i.e., depth) within the shaft the material was
actually deposited.

into the shaft while liquid/sludge from the pond was
deposited into the cavity. Information regarding the depth to
which material was deposited within any of the underground
workings has not been identified.

8) Section 2.2.7
Page 17

First paragraph: “...become radiologically contaminated...”
Nothing has been said concerning the activity of the
radionuclides. Was this the proper and regulatory correct way to
dispose of such material?

Review appropriate portions of 10 CFR, 40 CFR, and DOE
orders to assure compliance.

Disposing of the radiological contaminated salt muck in the
Gnome cavity complied with the disposal requirements at
the time. The disposal of this waste in the cavity removed it
from the surface and near-surface environment and placed it
back at its source. This minimized the risk to human health
and the environment.

9) Section 2.2.11
Page 19

Second paragraph: “...for eventual disposal into the cavity...”
Was it actually disposed of into the cavity, or is the
contaminated soil still on the salt muckpile?

Determine, by whatever means, whether or not the material is
stilt in/on the muckpile.

The contaminated soi/muck was disposed of in the cavity.
The text in this paragraph was changed to eliminate
confusion regarding disposal. The muckpile no longer exists
at the site.

10) Section 2.3.1
Page 22

First Paragraph: “...removal of all contaminated materials above
0.1 mR/hr...as measured by a 30 mg/cm? Geiger Mueller (GM)
portable survey instrument.” It seems a bit optimistic to be able
to read a GM portable survey instrument to this level.

Determine the validity of this statement. Even 1 mR/hr might be
a bit tricky.

This comment refers to clean-up activities that occurred in
1968 and 1969. See response to General Comment #15.
The text was revised to state an open window (1.7 mg/cm?)
GM detector was used.

a Comment Types: M = Mandatory, S = Suggested.
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11) Section 2.3.1 Fourth Bullet; “...muck with thin lenses of radiological As listed in Table A.3-4, the volume weighted average '’Cs
‘ Page 22 contamination of various depths.” What was the level of concentration in the salt muckpile was 223.54 pCi/g. As
radiological contamination?” stated in Section 2.3.3, the contaminated salt was either
‘ disposed of in the Gnome cavity or packaged and shipped to
In this section of this Site Characterization report, make a the NTS for disposal as low-level waste. The salt muckpile
statement concerning the level of radiological contamination and | is no longer present on site. Material disposed in an
how this level might compare to DOE sites that have been underground cavity with a ’Cs concentration of 223.54
released to private concerns, counties, or other federal pCi/g is not comparable to surface soil that has been free
‘ agencies. released.
\ 12) Section 2.3.3 First Paragraph: “...for beta-gamma emitters in soil averaged...” The drive-over and walk-over surveys described in the work
Page 23 Existence of hot spots. plan will provide 100 percent coverage (if possible) of the
areas being surveyed and will be used to determine if there
Assure that samples were taken from an appropriate gridding are any hot spots. Section 2.3.3 describes the 1977 to 1979
! and that the use of this grid did not give evidence of hot spots. cleanup. The grid spacing and analytical results for the

surface samples collected during the 1977-1979 Phase [1/1l|
investigations are shown in Figures A.3-3 through A.3-20 of
the work plan.

‘ 13) Section 2.3.3 Third Paragraph: “...the only other beta-emitting contamination is | Section 2.3.3, page 30, third paragraph, third sentence was
Page 24 tritium...” ®°Sris a pure beta emitter and wouid be present as a revised to state, “The only other beta-emitting contamination
fission product if *¥’Cs is present as this report indicates. detected in significant quantities was tritium with only trace
quantities of ¥Sr.” If the "’Cs is remediated to low levels,
The “extensive survey and sampling activities after cleanup” the *°Sr concentration will be, on average, 39 times lower.
should be reviewed to ascertain that “Sr is, indeed “below the Sr-90 concentration data is listed in Table A.3-5 and in
established radiological release criteria.” Appendix E of DOE/NV (1978). Analysis of this data for

127 soil samples demonstrates that the ®Sr concentration
is, on average, 2.57 percent of the ***Cs concentration. For
locations with the highest 'Cs concentration, defined as
locations where the *’Cs concentration >100 pCi/g, the

\ ¥Cs concentration, on the average, is 52 times higher than
the **Sr concentration.

2 Comment Types: M = Mandatory, S = Suggested.
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14) Section 2.3.3 First Paragraph: “The total radiological content of this The existence of **Sr has been acknowledged; however, its
Page 25 material...(based on *¥Cs).” The existence of *Srhas notbeen | concentration is very low in comparison to ¥Cs and is
acknowledged. considered a trace contaminant. There is no need to
recalculate the activity in the salt muck based upon the **Sr
Give consideration to the recalculation of the activity “based on activity. Based upon the data listed for 127 samples listed in
Cs” after determining the activity level of * Sr present. Appendix E of DOE/NV (1978) , the **Sr activity in the

contaminated soil and salt muck is less than 6.9 Ci or 2.57
percent of the total activity. For samples collected from the
salt muck, the %°Sr concentration is only 0.511 percent of the
¥7Cs concentration, See also the response to General
Comment #12 and Specific Comments #11and #13.

15) Section 2.3.3 Third Paragraph: “The fifth well, USGS-1, is not radiologically ©gr has been analyzed in samples from USGS-1 in 1973,

Page 25 contaminated and is currently used as livestock water supply 1974, 1975, 1976, 1977, 1988, and 1991, with no significant
well for local ranchers.” If the “not radiologically contaminated” is | detection. A wider analytical suite, including Pu and U
based upon analytical work that did not include * Sr, then the isotopes, and ¥Cs, is also periodically performed. There is
statement is suspect. no indication from any of the monitoring data that USGS-1 is

radiologically contaminated.
Radiochemical analysis of the well water including the
determination of ¥ Sr.

16) Section First Paragraph: “...all samples analyzed for '¥Cs...” Again, why See the response to General Comment #12 and Specific
2.5.2.1 no analysis for ¥ Sr? Comments #13 and #14.
Page 29

Perform radiochemical determinations of % Sr at the Gnome-
Coach site and compare with radionuclide concentrations in soil

at the WIPP.
17) Section Second Paragraph: There is a statement that the "*'Cs A Wilcoxon Rank Sum test was performed for the Z¥*°Py
2524 concentration in the Gnome-Coach soil samples is equal to the concentrations in Table A.3-5 and Table 2-2. The ***°Py
Page 32 ¥7Cs concentration in the Off-Site Radiation Exposure Review concentration in the surface soil samples collected from
Project (ORERP) soil samples. Can the same statement be undisturbed background locations in New Mexico (Table 2-2)
made about 2° Py? is greater than the 2%**%Pu concentrations listed in Table

A.3-5. This information has been added to Section 2.5.2.4.
Perform the Wilcoxon Rank Sum test on the Pu data in Table 2- Also see Attachment C to this document review sheet.
2.

3 Comment Types: M = Mandatory, S = Suggested.
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18) Table 2-2 No ® Sr data. If there is *’Cs data, there should be * Sr data. The data in Table 2-2 is from the ORERP Report. The
Page 33 undisturbed background soil samples collected in 17 states
Collect samples and determine % Sr data. during this 10-year program were not analyzed for *Sr. The
ORERP program will not be repeated in order to collect soil
samples and analyze them for the %gr concentration. For
additional information, please see the response to General
Comment #12 and Specific Comments #13 and #14.
19) Table 2-3 Limited % Sr, 2924 py, and ' Am data. Where there is '¥'Cs, As stated in the response to General Comment #12 and
Page 34 there is *° Sr. Also, there should be Am and Pu data. Specific Comments #13 and #14, %S¢ concentration is, on

Obtain the data for the missing entries in this table.

the average, 2.57 percent of the '7Cs concentration. Based
upon measurements taken at hundreds of undisturbed
background locations throughout the western United States,
the concentration of Pu is less than 7 percent of ’Cs and
Am is less than detection levels, 1 percent or less of the
¥7Cs background concentration (McArthur and Miller, 1989).
All available data is listed in Table 2-3.

20) Section 3.1
Page 38

2™ Paragraph bullets: Based on subsequent information
provided in this report, shouldn’t more areas of concern be
included in this list (e.g., Gnome surface ground zero, Salt
Muckpile, Monitoring Wells USGS-4 and USGS-8 surface area,
etc.)?

The bullets list the common operations that are considered
sources of contamination throughout the site and is not
intended to list specific affected areas.

21a) Section 3.1.1
Page 39

First Paragraph: For your information, current NMED policy
states that chemicals of concern detected in soil samples should
be compared against the more stringent residential PRGs if the
site is to be closed under a No Further Action determination
{NFA). The NMED policy is based upon the fact that, at the
present time, NMED does not have the mechanism or authority
to impose/enforce land-use restrictions; therefore no guarantees
can be made that the current status (i.e., current land use) of the
site will not change over time. However, as stated in the cover
letter, NMED does not have regulatory authority over the Gnome
Site (Gnome is not subject to RCRA regulations); therefore,
NMED cannot enforce residential PRGs for the subject site.

This comment is now addressed in Section 3.2.2. While
NNSA/NV acknowledges NMED's policy regarding an NFA
determination, the industrial PRGs are considered adequate
considering current and future land-use scenarios.

As stated in the DQO document, the Region IX Industrial
PRGs will be used as PALs for organic and inorganic
COPCs, with the exception of total petroleum hydrocarbons
and radiological COPCs.

4 Comment Types: M = Mandatory, S = Suggested.
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21b) Section 3.1.1
Page 39

Although NMED has no issues with the use of EPA Region IX
Risk-Based PRGs, for your information, NMED is currently using
its own risk-based screening levels for corrective action
remediation of soils. A table containing the State of New
Mexico's soil screening levels can be downloaded from NMED's
web page (http://www.nmenv.state.nm.us/HWB/guidance.html).

This comment is now addressed in Section 3.2.2. As stated
in the DQO document the Region IX Industrial PRGs will be
used as PALs for organic and inorganic COPCs, with the
exception of TPH and radiological COPCs.

21c) Section
3.1.1
Page 39

This section may have to be more specific about how the
radiological COPCs will be compared to site-specific, dose-
based screening levels (in situ driveover and in situ downhole,
background sampling and confirmatory sampling).

This comment is now addressed in Section 3.2.2. As
described in Section 3 of Appendix C, the PALs are the
concentration resulting in a 25 mrem/yr dose and/or an
incremental lifetime cancer risk of 1.0E-4. See response to
General Comment #5 for PALs. The drive-over and walk-
over survey data are compared to background reference
Jocations and can also be expressed as the "'Cs
concentration (pCi/g). Text was modified in Section 3.2.2 to
clarify the PALs for radiological COPCs.

21d) Section 3.1.1
Page 39

Text should probably be introduced in this section explaining
why soil results (organics/inorganics) will not be compared to
screening levels for the protection of ground water (Dilution
Attenuation Factor [DAF]-DAF-1/DAF-20). Hydrogeological
conditions should be brought up to support the decision
(absence of pathways due to depth of ground water, shallow
low-permeability zones, low annual precipitation, etc.).

A shallow groundwater investigation is not planned for the
Gnome-Coach Site and soil results will not be compared to
screening levels for the protection of groundwater. Text was
added to both Sections 2.1.3 and Section 3.1.1 describing
shallow hydrogeological conditions and why a shallow
groundwater investigation is not warranted (i.e., absence of
pathway).

The title of Section 2.1.3 is changed to Geology and
Hydrology. Section 2.1.4 addresses surface waters.

22) Section 3.1.1
Page 41

Fourth Paragraph: Expand on the statement “...five percent of
this data will be subjected to independent verification...” Who is
performing the verification?

This comment is now addressed in Section 3.2. Data
validation is typically performed by qualified laboratory
personnel who meet the QA/QC requirements of NNSA/NV.
The text has been modified to read: “...five percent of this
data will be subjected to an independent, third party
verification using the same guidelines. Appendix B, Section
B.6.4.3 provides details of the data validator requirements.”

3 Comment Types: M = Mandatory, S = Suggested.
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23) Section 3.1.1
Page 41

Seventh Paragraph: Regarding the unknown location of the
former gas station, in addition to the review of historical records,
have personal interviews been attempted during the preparation
of this report to fill some of the informational gaps? (We realize
that this can be a difficult task given that the detonation occurred
40 years ago.)

Personal interviews have been difficult to obtain; however,
NNSA/NV is currently trying to contact more original
participants for possible information. If any new information
relevant to the conceptual site model or COPCs is
discovered, it will be addressed in the final revision of the
work plan and NMED will be notified.

24) Section 3.1.1
Page 42

Ninth Paragraph: Somewhere in the report it should be specified
which wells were drilled and used before detonation versus
those used for post-test and clean-up activities. It would be very
helpful to explain monitor well identification designation and to
include a table that provides the following about former and
existing wells: date the well was constructed, construction
details (construction materials, diameter, screen interval, total
depth, formation being monitored), original purpose and
subsequent uses of the well, and current status (active,
abandonment date).

Additional text was added to Section 2.2.13, Drill Hole Pads,
to provide information on which drill holes were used before
and after detonation. A table will be added to provide
relevant data (if available) such as total depth, construction
details, original purpose, etc. This information should help
the reader understand subsequent discussions in Sections
3.0 and 4.0 regarding mud pit investigations and Section 5.0
regarding the subsurface investigation.

25) Section 3.1.1
Page 42

Third Paragraph: “...aged fission products, primarily ¥ Cs and
tritium.” No mention of the fission product, * Sr.

Include * Sr determinations in the soil characterizations.

This comment is now addressed in Section 3.2.1. *°Sr will
not be included as an analyte for soil characterization, with
the exception of the USGS-4 and USGS-8 AOC
investigation. See the response to General Comment #12
and Specific Comments #13 and #14.

26) Section 3.1.1
Page 43

Last Bullet: Radionuclides/fission products (primarity '¥’Cs).
No mention of the fission product, * Sr.

Include ¥ Sr determinations in the soil characterizations.

See response to Specific Comment #25.

27) Section 3.2
Page 44

Second Paragraph, Second bullet: DOE should also consider a
potential source of contamination being the groundwater in the
Culebra Dolomite at and downgradient of any post-test well into
the drifts, shaft and cavity if any of these wells were not properly
cased/cemented through the Cuiebra Dolomite.

This comment is now addressed in Section 3.1.2. The
fourth bullet in this list of sources of contamination
addresses this comment: “Groundwater in the Culebra
Dolomite downgradient from the cavity and tracer test
areas.”

28) Section 4.0
Page 50

Second Paragraph: “The technical approach...” Lack of any
animal or insect species in the investigation.

Investigate such animal or insect species as are deemed
germane for this study.

See response to General Comment #14.

a Comment Types: M = Mandatory, S = Suggested.
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29) Figure 4-1 Should not all areas require further investigation if there are Not all areas above background require further investigation

Page 51 detections above background? Per the flow diagram and text, a beyond a driveover and/or hand survey. If results show

driveover survey area does not need to be further investigated if consistency with historical analytical results, then the
the area is larger than 10 square ft. and consistent with historical | historical results will be used to delineate horizontal and
characteristics and site operations. In order to delineate the vertical contamination.

horizontal and vertical extent of radioactive contamination, these
sites should also be surveyed by the downhole in situ technique. | Areas larger than 25 square meters with detections above
background are known to exist and are expected at the site;
therefore, the approach is to first evaluate whether enough
data exists that delineates the horizontal and vertical extent
of radioactive contamination. This evaluation takes into
consideration the hundreds of analytical and survey results
from past cleanup/restoration activities as well as
consideration for the historical site operations at a particular
area. If the driveover survey results find inconsistencies
such as expanded horizontal contamination then the
approach would be to supplement the historical results
through either in situ surveys or sample analysis. This
approach is explained in detail in Sections 4.2.1.1 and

4221.

30) Table 4-1 “...and residual radioactive contamination (”i Cs).” %Sr will not be included as an analyte for soil
Page 56 characterization. See the response to General Comment

Determine the activity/concentration of % Sr. #12 and Specific Comments #13 and #14.
31a) Table 4-1 Based on Section 4.4.1, pg. 66, the New Laundry/Lab AOC This area will be covered under the larger purview of the
Pages 56-58 should include a geophysical survey. shaft area but a check mark will be added for clarification.
31b) Table 4-1 Based on historical information on the AOCs provided in Warehouse: RCRA metal analysis has been added to the
Pages 56-58 Appendix A, pg. A-4 to A-5, shouldn’t the Warehouse Area AOC suite of analytes for this AOC.

(buried scrapped metal) be also investigated for metals?
Shouldn’t the Old Laundry/Lab (material spilled from trucks) and Old laundry/lab: Material spilled on the surface soil was
Salvage Yard (mud pit material) be also investigated for organic radioactively contaminated; therefore, organic/inorganics are
and inorganic COPCs? not COPCs for this site.

Salvage Yard: RCRA metal analysis was added to the suite
of analytes for this AOC due to types of materials unearthed
during restoration (e.g., metal drums). The mud pit is
addressed in the LRL-2 investigation.

2 Comment Types: M = Mandatory, S = Suggested.
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31c) Table 4-1 Confirm/expand on: 1) The reason why most mud pits are not 1. The comment regarding the mud pit drilling investigation
Pages 56-58 checked (marked) for drilling investigations is because of the is correct; investigations will only commence if geophysical
need to determine their location through geophysical means; 2) surveys indicate the existence of mud pits at the well areas
All the mud pits shown are from post-test wells. listed.

2. Most of the mud pits shown in Table 4-1 are from pretest
drilling activities. The only mud pits associated with post-
test wells that have a potential for radiological contamination
are wells DD-1, LRL-7, LRL-8, SR-1, SR-2, SR-2A, SR-3,
and SR-3A. USGS-6 and -7 were also post-test wells but
they were not drilled into the underground workings;

: therefore, no radiological contamination is expected within

| their respective mud pits. Footnotes are added to Table 4-1
! to indicate which mud pits are posttest and pretest. See also
‘ text and table added to Section 2.2.13.

‘ 32) Section There is no reference to employing MARSSIM criteria for the The amount of data collected and the LAPS MDC will result
| 4211 driveover radiological survey. NMED’s concern is assurance in a rigorous survey of the potential radiological surface
‘ Page 60 that the survey is rigorous. contamination. The LAPS drive-over survey method has an
MDC for *¥'Cs of 2 pCi/g. The LAPS drive-over survey
Simply employ the MARSSIM criteria for this survey as itis the method results in the collection of 4,500 measurements per
standard to which the DOE operates. hectare.
33) Section 4.2 Third paragraph bullets: Based on Table 4-1, pg. 56 and 57, we The three referenced operational areas were checked for
Page 60 count 3 additional facilities that downhole in situ radiological drilling because of chemical COPCs. Section 4.2.2.1
surveys are proposed (i.e.., Drum Storage Area, LRL-1 Drill discusses sites being investigated for shallow subsurface
Pad, Gnome-Coach Shaft Area). Please verify. radiological COPCs. Sections 4.2, 4.6, and Table 4-1 have

been modified to clarify the technical approach to be taken
at an AOC due to chemical and/or radiological COPCs and
whether downhole in situ radiological measurements and/or
soil collection with analysis will be used as the primary
investigation tool. Note that Section 4.6 is now Section 4.7.
Vertical soil data already exists for the shaft area, while LRL-
1 and the drum storage area were not originally identified as
having subsurface radiological contamination; therefore, will
‘ ’ not be investigated by downhole in situ surveys. Instead,
samples will be collected for chemical COPCs via direct-
push or drilling and analyzed by an off-site laboratory.

3 Comment Types: M = Mandatory, S = Suggested.
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34a) Section What type of radiological device and detector/probe will be used (Note that Section 4.2.1.2 is now Section 4.2.2.) Section
4.21.2 for this survey? What will be the detection limit of the 4.2.2 has been revised to provide additional information of
Page 61 instrument? the downhole in situ radiological survey using a CPT. The

detector will be either Nal or Csl. The minimum
concentration that can be detected is a function of the
background count rate. Background count rates will be
performed prior to performing the survey. Typical MDC for
the CPT with the Nal detector is 4.8 pCi/g. Very high
correlations (>0.9999) were found between the CPT
measurements and radioanalytical lab analysis of soil
collected from the same location and depth.

34b) Section
4212
Page 61

What technique(s) will be used to collect the samples? Same
as those described in Section 4.6.2, pg. 70?

The CPT is designed to collect samples. However, due to
the very high correlation between the CPT measurements
and radioanalytical laboratory results, samples may not be
collected at all CPT survey locations.

34c) Section
421.2
Page 61

If readings are consistently greater than background in a
borehole (beyond 4 ft. bgs), what is the maximum depth of those
boreholes assuming no refusal? 20 feet?

The maximum depth is 20 ft for the shallow subsurface

investigation. If readings are greater than background at this

depth, the investigation will be halted and the conceptual
site model and technical approach will be reevaluated. Text
has been added to Section 4.2.2.1 to reflect this information.

34d) Section
4212
Page 61

How will the boring locations be determined? Will locations
represent the entire AOC or will they be located based on the
results from the driveover survey (delineating exceedances from
the driveover)? If the latter, is it possible to have deeper,
shallow subsurface radiation contamination and not surface
contamination?

The CPT surveys will be performed at “hot spot” locations at
those areas of the site where the contamination is a result of
the venting episode. Where the contamination is deposited
from an airborne source, it has not been our experience to
have contamination below the surface with no contamination
at the surface. At other locations a combination of “hot
spot” and systematic random locations will be used. See
revised Section 4.2.2.

34e)
4212
Page 61

Confirmation of in situ measurements: What percentage is
“limited number of random soil samples?” s the “limited
number” based on a statistically valid determination?

The number of confirmation samples was calculated based
on statistical analysis of historical data. Section 4.2.2.2
provides the number and AOCs in which confirmation
samples will be collected.

2 Comment Types: M = Mandatory, S = Suggested.
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35a) Section 4.3
Page 64

How will background radiation be calculated/determined in the
vegetation samples? Will the upwind sampling area determine
the background?

Background vegetation samples will be collected from the
designated areas upwind of the reported track of the fallout
plume, as proposed in Appendix D. Alternate areas will be
chosen if drive-over surveys indicate the presence of
elevated levels of radioactivity in the original proposed
areas.

35b) Section 4.3
Page 64

Since radiological soil background samples will include analyses
for "Cs, ®Sr and @*2° Py (Section 4.6.1, pg. 68), shouldn't the
vegetation samples be analyzed for the same isotopes?

As stated in Section 4.3, there is no need to analyze the
vegetation for ®°Sr and #9*°Py unless soil sample and
analysis suggest these or other radionuclides may be
present as a COPC.

36) Section 4.3

First Paragraph: “...characterize radionuclides (specifically

As stated in Section 4.3, there is no need to analyze the

Page 64 ¥Cs)...” vegetation for °Sr and 2**°Py unless soil sample and
analysis suggest these or other radionuclides may be
Determine the activity/concentration of * Sr. present as a COPC. See response to General Comment #12
and Specific Comments #13 and #14 regarding 0gr,
37) Section 4.4 Third Sentence: Sentence should specify “... accurately locate The statement was not intended to imply all known AOCs
Page 65 and delineate specific known areas of potential ) would be surveyed. The word “known” is replaced with

contamination...” Not ali areas of potential contamination will be
investigated using geophysics (based on Table 4-1, pg. 56).

“targeted” so that sentence now reads, “The
objective....locate and delineate targeted areas of potential
contamination, locate other suspect areas....”

38) Section 4.6.1
Page 68

Second Paragraph: Clarification: radionuclide background will
consist of a total of 24 samples (3 samples from 8 borings)?
Will an off-site lab be used?

(Note that Section 4.6.1 is now Section 4.6.) Text was
added to this paragraph to clarify that a total of 24 samples
will be collected and analyzed at an off-site laboratory.

2 Comment Types: M = Mandatory, S = Suggested.
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39) Section 4.6.1 First Bullet: “The variability of the analytical method may be (Note that Section 4.6.1 is now Section 4.6.) There is no
Page 69 used as a first approximation of the variability of the distribution available site-specific or area-specific data on which to base
) of natural metal concentration in the soil.” The validity of this an approximation of the variability of natural metal
statement is questionable. concentrations in soil. In such cases it is standard practice
to use the variability of the analytical method as a first
Also, if ICP is used for the determination of metais other than approximation of the variability of the distribution of a natural
mercury, a value considerably less than 40 percent should be metal concentration in soil.
readily attainable and this would decrease the number of
samples that would be required. The high value for mercury As described in the document it is understood that analyzing
would likely be the result of the mercury analytical technigue not a smaller number of samples would likely provide sufficient
being the same as for the other metals and its higher value is data to determine the mean value of the metals except for
inherent with the Hg method. It simply is not representative of mercury, within a relative error of 15 percent, with a
the ICP method when done properly. confidence limit of 90 percent. However, by analyzing a

greater number of samples it is less likely additional samples
will need to be collected, potentially saving additional
mobilization expenses. The coefficient of variation (CV) for
mercury would indicate the need for a greater number of
samples; however, mercury is not a COPC specifically
identified with any of the historical activities at the Gnome-
Coach Site and is not expected to be present due to past
NNSA/NV activities.

As described in the response to Comment #6,
concentrations of inorganic COPCs will only be compared to
background values if the detected concentration(s) exceed
the specified action levels (see Section 3.2.2). Itis unlikely
that a defensible background concentration will need to be
established for mercury.

3 Comment Types: M = Mandatory, S = Suggested.
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40) Section 4.6.1
Page 70

First Paragraph: “The 24 samples will be taken...to 12 ft bgs.”
The equation 8 of Chapter 9 SW-846 is to determine the
average value of a given parameter. To have the
concentrations of metals being the mean of what amounts to a
compositing to a depth of 12 ft would not have much meaning

because of this depth. Rather than an average value to a depth

of 12 ft, a sampling strategy looking for spots near the surface
and differentiating those from deeper samples may be more
meaningful. A more helpful background sampling would invoke
the determination of an average for surface samples (0-1 foot)

and a separate average for subsurface samples (1-12 feet bgs).

Rethink the sampling strategy for these background
determinations.

The strategy as presented is based on the assumption that
the soil at the Gnome-Coach Site is homogenous within the
vertical area of concern (e.g., surface to 20 ft bgs). Also see
response to Comment #39.

41a) Section 4.6.2
Page 70

First and Second Paragraphs: Confirm the following: the
sampling techniques described in this section will be used for
the downhole in situ radiological sampling, the background
sampling for radionuclides and metals, field screening, and soil
sampling for chemical and radiological COPCs?

(Note that Section 4.6.2 is now Section 4.7.1.) The following
text was added first paragraph: “The soil sampling
techniques described in this section apply to the physical
collection of soil for field-screening and laboratory analysis
(i.e., not in situ measurement surveys). The techniques
described here apply to the background sampling for
radionuclides and metals (Section 4.6) as well as
characterization sampling for chemical COPCs.”

The reviewer is referred to Section 4.2.2.2 for techniques
applicable to the collection of downhole in situ
measurements.

41b) Section 4.6.2
Page 70

Third Paragraph: Regarding excavation techniques to locate
shallow subsurface anomalies, are underground utilities or
unexploded ordnance of any concern at any of the AOCs? In
order to minimize volatilization of VOCs, VOC samples should
be collected in situ (i.e., using direct-push technology) and not
from a backhoe bucket.

Unexploded ordnance is not a concern. Any remaining
underground utilities will be identified prior to intrusive
activities via engineering drawings, geophysical surveys,
etc.

Whenever possible, VOCs will be collected in sifu within an
excavation; however, site conditions may not be favorable
for this method (i.e., unsafe to enter trench or inaccessible to
direct-push equipment) and collection from a backhoe
bucket will be a contingency.

3 Comment Types: M = Mandatory, S = Suggested.
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42a) Section 4.6.3
Page 71

First Paragraph: Is field screening to be performed only on those
AOCs from which soil samples are to be collected? Will the
location/amount of screening samples be determined by using
Table 4-4, pg. 757

(Note that Section 4.6.3 is now Section 4.7.2.) The first
paragraph was modified for clarification.

42b) Section 4.6.3
Page 71

Second Paragraph: Is the 20 ppm PID action level too high for
“heavy” petroleum-hydrocarbons such as diesel/kerosene?

The PID is not an appropriate screening instrument for
diesel/kerosene; therefore, it will not be used for this
purpose. Instead, other indicators such as visual and odor
indicators or a TPH field-screening kit such as Hanby may
be used where necessary for detecting diesel.

42c) Section 4.6.3
Page 71

Third Paragraph: What detector will be used and what is the
detection limit?

Various detectors typically used include the NE Electra
and/or Eberline E-600s. The detection limits are based on
the instrument efficiency and the area’s background. The
detection limit will vary by site location and from day to day
and will be documented in the field. Text was added to this
section to give examples of detectors that may be used in
the field.

42d) Section 4.6.3
Page 71

Fifth Paragraph: If contamination is detected, is the vertical
limitation of sampling 20 ft. bgs?

The investigation will be suspended at 20 ft and NNSA/NV
will evaluate whether the conceptual site model and
technical approach needs to be adjusted. If feasible,
sampling may continue beyond the 20 ft depth until the
vertical extent of contamination is defined.

43a) Section 4.6.4
Page 72

Is soil sampling (for chemical or radiological COPCs) to be
conducted immediately after the screening of a boring or after
an entire AOC has been fully screened?

(Note that Section 4.6.4 is now Section 4.7.3.) Soil samples
are selected for laboratory analysis upon completion of each
boring or excavation.

43b) Section 4.6.4
Page 72

Are soil samples collected next to screening samples from new
borings or will specific screening samples for chemical or
radiological COPCs analyses be used? If the latter, will
samples for VOC analyses be compromised (aerated)?

Except for test kits that require soil extraction (i.e., Hanby),
typical field-screening methods used (e.g., PID and alpha
detector) do not disturb the collected soil. In all cases, if
VOC analyses are required the appropriate volume of soil for
that analysis will be collected prior to any soil extraction for
field-screening purposes.

43c) Section 4.6.4
Page 72

Will all samples collected for chemical COPCs be analyzed for
VOC, SVOCs, metals and TPH or will they strictly be analyzed
for those analyses known to have existed based on the AOC
historical data and operational knowledge?

Samples collected for chemical COPCs will have limited
analyses based on historic data and operational knowledge.
Table 4-1 shows which specific analyses are to be
performed at each AOC.

2 Comment Types: M = Mandatory, S = Suggested.
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43d) Section 4.6.4
Page 72

Is “suspected area” referring to all borings advanced within an
AOC or only those in proximity to possible sources of
contamination within an AOC?

It refers to all borings within an AOC.

43e) Section 4.6.4
Page 72

Please confirm: what this section is saying is that each
screening boring will have at least one chemical COPC sample
collected (minimum of two samples on “hot” borings and one
from the rest).

There are no “screening borings.” The soil from each boring
will be field screened as soil core comes up or as each
bucket of soil is excavated. The FSRs help to guide
selection of which soil sample will be submitted for
laboratory analysis. There is no separate drilling for
screening versus soil collection. Locations within an AOC
will not drilled/bored without the intention of submitting at
least one soil sample for analysis, whether chemical or
radiological COPCs.

43f) Section 4.6.4
Page 72

Sampling protocol is confusing to the reader; need to better
explain sampling protocol, especially screening vs. soil sampling
for radionuclides and chemical COPCs

As mentioned in Comment response #33, Sections 4.2 and
4.6 were modified to clarify and distinguish between
downhole in situ surveys, soil sample collection and
laboratory analysis, and field-screening. Note that Section
4.6 is now Section 4.7.

44a) Section 4.6.4
Page 73

What is the criterion for “random confirmation” (percentage of
samples)? Perhaps it would be more meaningful to state that a
certain percentage of elevated driveover or downhole in situ
measurements will be sampled as soil samples for ¥’ Cs.

Note that all text regarding radiological COPCs and soil
characterization for radionuclides has been moved to
Section 4.2. The word “random” has been deleted. A
calculated number of soil samples will be collected and
analyzed by gamma spectrometry to confirm driveover and
CPT in situ measurements. This section has been revised
to more clearly emphasize the number and selection criteria
of soil sample locations for radiological COPCs.

44b) Section 4.6.4 Does any reading above background constitute an “elevated See response to specific comment #44a.
Page 73 radiological reading”? Should some confirmatory sampling be
performed on areas that in sifu measurements were below
background?
44c) Section 4.6.4 Will ' Am be analyzed by an off-site lab? No confirmatory This comment is now addressed in Section 4.2. 2'Am will
Page 73 sampling for ® Sr and tritium near the shaft area? be detected using gamma spectrometry on site. Typical

MDC using field gamma spectrometry for *'Am is 2 pCi/g.
No confirmatory *Sr or tritium analysis will be performed on
samples collected from the shaft area.

2 Comment Types: M = Mandatory, S = Suggested.
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45) Section What is the distance criteria between borings used in lllustration (Note that Section 4.6.5.1 is now Section 4.7.4.1) Text and

4.6.51 C (what determines a distance of 20, 30, or 40 ft?) Figure 4-4 have been modified that explains rationale of

Page 75 number and location of borings. lllustration C (now

lNustration B) depicts the approach for areas or features
where biased sampling will occur. The actual locations of
borings will be determined in the field based on biasing
factors including the estimated size of the anomaly, survey
measurement data, and visual indicators. Text has been
added to clarify how initial step-out borings will be located.
The justifications for locations will be noted in daily field
notes by the Site Supervisor.

463a) Section USGS-1 AOC: are these two types of investigations being (Note that Section 4.6.5.2 is now Section 4.7.4.3.) Yes,
46.5.2 performed at this AOC? Stained concrete pad vs. mud pit? The there are two types of investigations at this AOC. One
Page 76 AOC is 131,250 sq. ft. focuses on the stained concrete, the other focuses on the

mud pit. The area given in Table 4-1 represents the entire
AOC footprint including mud pit areas, drill pad, well area,
etc. and does not distinguish between smaller, discrete

areas.
46b) Section Given the size of some of the AOCs (>10,000 sq. ft.), shouldn’t Sections 4.2 and 4.6 are revised to clarify between number
4.65.2 lllustration A apply to the Salt Muck Pile and the Generator of in situ measurements versus soil collection and analysis.
Page 76 Pad? Reason is that 5 borings (lllustration B) does not seem The technical approach for establishing location and number
enough for large known AOCs. of soil boring/samples has also been modified. Note that

Section 4.6 is now Section 4.7.
Need to explain better the AOC size depicted in Table 4-1
versus the number of borings proposed in Figure 4-4.

47) Section USGS-4 and -8 already meet the requirements of lllustration A This comment is now addressed in Section 4.2.2.1. A
4653 per Section 4.6.5.1, pg. 74; follow lllustration B for radiological different target area was described for USGS-4 and USGS-8
Page 76 sampling only? for radiological COPCs. The soil between and immediately

surrounding the well heads may have been radiologically
contaminated during the re-injection phase of the tracer test.
This is separate from the potential contamination within the
mud pits. Section 4.6.5.3 has been deleted and Section
4.2.2.1 now describes the technical approach for radiological
COPCs at this AOC.

2 Comment Types: M = Mandatory, S = Suggested.
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48) Section 4.6.7
Page 77

First Paragraph: Does the first sentence refer to the screening
technique mentioned earlier, or some additional screening to be
performed to the soil samples for lab analysis? Also, there is no
mention of TPH screening at appropriate sites.

Because the first paragraph of this section has been
previously addressed in Section 4.6.3 (now Section 4.7.2), it
has been deleted. Note that Section 4.6.7 is now Section
4.7.5.

49) Section 4.7
Page 78

Note that WIPP-related investigations have revealed shallow
water-bearing zones above the Culebra Dolomite (i.e., Magenta,
Dewey Lake, Santa Rosa units, etc.). Need to make sure that
previous investigations are reliable.

{Note that Section 4.7 is now Section 4.8.) We acknowledge
there may be shallower water-bearing zones; however, the
depths of these zones are expected to be significantly
deeper than any surface contamination based on geologic
logs generated during pretest drilling. Text was added to the
second sentence for clarification.

50) Section 4.8.1
Page 78

Third Paragraph-Typo: used reference to Gasbuggy site instead
Gnome-Coach. Note that NMED would like to have a copy of
the Site-Specific Health and Safety Plan (SSHASP) when
available. What is the anticipated date of submittal?

(Note that Section 4.8 is now Section 4.9.) The typo has
been corrected to read “Gnome-Coach.” NNSA/NV will
provide NMED with a copy of the approved SSHASP when
available. The SSHASP should be available for distribution
in late February to early March 2002 prior to commencement
of field work.

51) Section 4.8.2
Page 79

Should provide more details (i.e., temporary IDW staging,
disposal alternatives, type of sampling and technique to be used
for sample collection, etc.)?

See response to Comment #6. Additional information has
been added to Section 4.8.2 (now Section 4.9.2). All waste
will be managed in accordance with contractor-specific
procedures.

52) Section 4.8.3.

Page 79

NMED would like to receive a copy of the NEPA checklist when
completed.

Upon completion of the checklist, NNSA/NV will submit a
copy to NMED.

@ Comment Types: M = Mandatory, S = Suggested.
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53) Section 5.1 Fifth Paragraph: Four supply wells were identified in 1971. In A table was added to Section 5.1 that provides information
Page 82 order to accurately define pathways and exposure/receptors, for wells located within 5 miles of the site. The records were

information should be available on current existing supply wells.
Should a new survey be performed that would account for all
nearby supply wells (potable supply for livestock, irrigation,
oil/gas exploration, etc.)? It would be helpful to show details of.
supply wells: age, size, depth, screen interval, yield, current use,
abandonment date, etc. Also, what is the optimal distance from
the site to inputs (variables) for subsurface modeling purposes?

obtained from the Water Administration Technical
Engineering Resource System (WATERS) database from
the New Mexico Office of State Engineer at
http://www.seo.state.nm.us/water-info/index.html. Note that
Figure 5-5, which depicts the wells/boreholes drilled at the
Gnome-Coach Site, has been moved to Section 2.2.13.

Regarding the final question in the comment, it is desirable
to have data at a variety of scales for a model of subsurface
flow and transport. Data close to the contaminant source is
always important, particularly if transport is limited by
retardation processes. Given the existing data distribution
for Gnome, the largest uncertainties arise in the
downgradient direction from the site, where there are no
wells to provide information.

54) Section 5.2
Page 89

Last Paragraph: Please expand on the meaning of “...and a
fewer lower cement joints...”

This confusing sentence was replaced by a direct quote
from the referenced source. The preceding sentence will
remain, “In particular, the cement lining surrounding the
shaft down to the level of the Salado salt displayed only
minor cracks at 75, 90, 160, and 480 feet.” Strike the
sentence after it and replace with following text: “Water
seepage was noted in several cracks. The first was the one
at 480 feet, which appeared to be depositing gypsum and a
small amount of plastic red clay. The crack was in a joint in
the cement, behind which there is a claystone and gypsum
strongers. The Culebra is less than 6.1 m below that
horizon. A few more seeps at cement joints occur
occasionally down to the bottom of the cement.”

Then continue with final sentence of existing paragraph:
“Given the integrity...”

@ Comment Types: M = Mandatory, S = Suggested.
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55a) Section 5.2.1 First Paragraph: Provide more details on the grouting of the Because the Gnome test was an early AEC Plowshare
Page 89 shaft, specifically within the Culebra aquifer. Were all boreholes project, detailed records of subsurface engineering aspects
drilled into the underground workings cased? Did “cased” are less organized for the Gnome test than for later
consist of well casing (made of well construction material) and AEC/DOE projects. As a result, we are not yet satisfied with
then grouted in place or strictly concrete lined? our records review and see a commitment of time for an

exhaustive review as a necessary step in the investigation.
This is the first step enumerated in the investigation strategy
for the underground nuclear test, Section 5.7.1, page 112:
“1. Locate and evaluate all available completion and
stemming data for boreholes and shafts intercepting the
Gnome-Coach underground workings.” The information in
hand is clear in the presence of a concrete liner in the shaft
to the level of the Salado. The most detailed description of
the treatment of the Culebra is in a description by Gardner
and Sigalove (1970) regarding infill of the underground
workings by seepage from the Culebra in the shaft: “The
probable time and travel sequence of water movement also
would be additionally slowed by local conditions of shaft
concreting and grouting by injection of cement materials
through holes drilled into the rock from the shaft. This
practice was commonly used in the region to seal potash
mine shafts against water flow. The technique is reliable and
grout usually does not deteriorate.” All borehole records
found thus far (completion diagrams for 16 holes) indicate
casing to a depth of around 200 m, coinciding with the top of
solid halite in the Salado Formation, with open hole in the
underlying Salado. These are constructed using anywhere
from 7 to 13 3/8 -inch casing strings (11 % is most common),
cemented in place. In some cases, the well itself was later
plugged with cement in its interior.

3 Comment Types: M = Mandatory, S = Suggested.
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55b) Section 5.2.1 Second Paragraph, Last Sentence: Is only one well, USGS-1 The sentence in question here indicates the same concern
Page 89 enough to confirm lack of contaminant migration into the expressed by the reviewer (“Long-term Hydrologic
Culebra? The well is approximately 1,000 ft. south-southwest of | monitoring, though limited to Well USGS-1for groundwater
the shaft and groundwater flow in the Culebra was stated as near the shaft, has detected no indication of contaminant
being to the west or southwest (pg. 82). Is there any post-test migration from the cavity and shaft.”). We agree that the
groundwater quality data available from wells SRI-10 and location of the well is not optimal. No post-test groundwater

Sandia-3? Are these wells plugged or abandoned (if so, when)? | data are available from SRI-10 nor Sandia-3. These wells
were plugged sometime prior to 1973 per the following from
AEC, 1973: “During the AEC’s Gnome/Coach operations, a
total of 35 bore holes were drilled for project-related
purposes within the boundaries of Section 34. All of these
holes, with the exception of three, were sealed and/or
plugged and abandoned in accordance with the New Mexico
state regulations regarding bore hole abandonment...” (the
three exceptions are USGS-1, -4, and —-8). We intend to find
details of the method and time of abandonment during the
records search referred to in the previous comment

response.

55c¢) Section 5.2.1 Would there be any physical, chemical and biological No degradation other than radioactive decay is expected.

Page 89 degradation of isotopes such as ®3r, ¥7Cs and tritium in There are retardation processes during subsurface transport
groundwater other than the expected decay from these (matrix diffusion, sorption, isotopic exchange), but these only
elements? If so, please expand on the effects of natural slow contaminant velocity, and do not remove it.
degradation on radioactive isotopes.

56) Section 5.2.1 First Paragraph: Citations of studies published in 1962 and As discussed for previous comments, evaluating appropriate

Page 89 1970. NMED's concern is crack formations or structural changes | long-term monitoring needs is a specific objective of the
in the intervening years. work described in the plan. The damage to the shaft after

the major ground motion of the Gnome test was minor, the

Address these concerns through appropriate on-going shaft was still usable afterward and no large cracks nor
monitoring. significant water leakage was observed. Even questioning

the integrity of the shaft seal at the Culebra, as done in the
scenario analysis presented in Section 5.2.1and Figure 5-8,
there is not an obvious failure of the containment provided
by the cavity, drift, and shaft.

3 Comment Types: M = Mandatory, S = Suggested.
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57a) Section 5.4 Second Paragraph, Third Bullet: Expand on the meaning of The statement refers to subsurface data collection, not
Page 92 «_..commitment of resources to collect new subsurface data.” modeling, and includes the possibility of drilling and

Does the statement refer to modeling or actual subsurface
sampling including the possible installation of monitoring wells?

installing new wells. Other data collection methods are
possible; such as, land-based geophysical surveys or
laboratory sorption studies using existing cores or outcrops.
The sequence of the investigation is designed to ensure that
new data will benefit the investigation to justify their cost,
and to ensure that the optimal type of data are collected.
The clause, “...possibly by installing new wells...,” was
added to the end of the third bullet to clarify the meaning.

57b) Section 5.4 Third Paragraph, First Bullet: If this scenario applies, will Yes, revised predictions would be generated through

Page 92 modeling (contaminant transport predictions) still be conducted? modeling after any new data are gathered. As this is a
specific decision point, not a listing of project steps, no
change is being made to the text.

58a) Section 6.1 Can a more detailed schedule of field events be provided (in A schedule with the approximate starting days of each

Page 101-102 situ) radiological survey, geophysical survey, vegetation separate activity can be provided; however, this more

sampling, soil screening/sampling)?

detailed schedule is subject to change depending on site
conditions.

58b) Section 6.1 Will preliminary results from field activities (e.g., in situ

Page 101-102 radiological survey, geophysical survey) be available for review
by NMED, if requested? Will other preliminary or draft reports
be available for NMED review?

Yes.

58c) Section 6.1 Will NMED have the opportunity to observe some of the field
Page 101-102 activities (and perhaps collect some split samples)?

Yes; however, soil samples would need to be collected by
NNSA/NV due to restricted access and activities by other
organizations while NNSA/NV is on site. NNSA/NV
contractors would collect soil, package, and ship to
appropriate laboratory at NMED’s request. Due to the
volumes of vegetation mass required for sampling and
analysis and the possibility of limited resources at the
Gnome-Coach Site, splits of vegetation samples may not be
feasible.

2 Comment Types: M= Mandatory, S = Suggested.
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59) Appendix A, First Paragraph: “A discussion of the groundwater data is Appendix A is directed only toward surface contamination at
Section A.1.0 included in Section 5.0..." In actuality, there is very little stated the site so the last sentence of the paragraph will be
Page A-1 in Section 5.0 about the chemistry of the groundwater. deleted. Also, the word “surface” was added to first
sentence to clarify this fact and now reads: “A radiological
Revisit this topic and provide more information. review was performed for the surface of the Gnome-Coach
Site...”
60) Appendix A, Decontamination Pad: What was the ultimate fate of the Information regarding the fate of decontamination fluids
Section A.1.2 decontamination fluids? during the decontamination activities of 1962 (the time frame
Page A-5 during which the decontamination pad was used) has not
been identified.
61) Appendix A, New Laundry/Laboratory: Need more detailed information on the Additional text has been added to this section describing
Section A.1.2 sump area, the origin of radiological contamination, the trench some of the details regarding the soil investigation at this
Page A-5 dug across the sump, and contamination removal and disposal AOC.
method.
62) Appendix A, Area 57: Need more information about runoff from which Historical documents do not specify which contaminated
Section A.1.2 contaminated location? Any remediation performed in this area? areas may have contributed to Area 57 elevated radiological
Page A-6 levels. A radiological logbook reports that approximately 35
cubic yards of contaminated soil were removed. The text in
this section has been revised to reflect this information.
63) Appendix A, First Paragraph, First Line: “...plume...” Existence of long-lived Refer to Section 4.2 for the technical approach for the
Section A.2.2 radionuclides in plume path. investigation of radiologically contaminated surface soils.
Page A-10
Assure that adequate soil sampling and appropriate analyses
are performed in the area of the plume
64) Appendix A, Fifth Paragraph: “...radiological release guidelines...” The These release guidelines pertain to the cleanup of surface
Section A.3.1.3 radioactive material buried in the Gnome shaft and drift and the soils. The material within the underground workings were
Page A-14 Coach drift is not addressed in the release guidelines. not subject to the guidelines discussed in this section as

Include this material as it likely contains long-lived radionuclides.

they were not remediated.

2 Comment Types: M = Mandatory, S = Suggested.
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65) Appendix A,
Section A.3.1.3
Page A-16

First Paragraph: “...total activity of ¥’ Cs...” Table 3-4 of the
present document indicates that in the calendar year 2000, there
were high activities of a number of isotopes other than '’ Cs.

In addition to ** Cs, consider these other isotopes mentioned in
Table 3-4.

The activity level described in this section refers to the soil
that was remediated at the surface and disposed into the
underground workings. Table 3-4 lists all the long-lived
radionuclides produced by the Gnome test. The list given in
Table 3-4 represents the source term for the underground
nuclear test cavity, drifts, and shafts, as described in Section
3.2.3. The amount listed here, 1.06 Ci, is included in the
700 Ci of **’Cs on Table 3-4, as the 1.06 Ci originated from
the Gnome test itself. Table 3-4 is not relevant to the surface
remediation because the nuclides are located in the
subsurface and are addressed through the subsurface
investigation.

Due to the venting after the test (described in Sections 2.2.2
and 5.2), steam and some gaseous fission products
escaped the underground and were deposited on land
surface. Though ¥'Cs is not volatile, its radioactive parent,
Xe-137, is and accounts for the release with the gas.
Previous remediation activities examined the Gnome venting
area and have not identified other isotopes from that source.
Drillback activities also presented a possible avenue for
radionuclides to be brought to the surface. A discussion of
potential surface contaminants is given in Section 3.2.1.

66) Appendix A,
Section A.3.2
Page A-17

The text infers that higher radiation levels were detected during
the 1979 survey than during the 1972 survey; is this due to the
consequences of the cleanup effort in 19797 Were different
detectors and/or detection levels used?

As stated in the second paragraph of Section A.3.2, the
dose rate reported from the 1972 ARMS surveys was in the
range of 5 - 7 uR/hr. As shown in figure A.3-1, the isopleths
are in the range of 0.6 to 3.1 uR/hr due to man-made
radionuclides. The 1979 results are lower than the exposure
rates stated in the earlier ARMS survey report.
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67) Appendix A, First Paragraph, First Line: “Background radiation used for this The primary source of the man-made background radiation

Section A.3..3 survey was 10 4R/hr.” This value is about twice the background exposure rate measured at the Gnome-Coach Site in 1977 -

Page A-18 observed at the WIPP using a Ludlum Model 19uR Survey 1979 is ¥'Cs. The WIPP survey was performed 16 years

Meter. after the Gnome-Coach surveys. The radiation field from

¥7Cs would have been reduced by 69 percent which, within
Consider whether or not the correct background was used in the the precision of the instruments and the variability in the
radiological release criteria. natural background, explains the difference in the measured
background dose rates. In addition, locations in New
Mexico much closer together than the Gnome-Coach and
WIPP site sampling areas have radiation exposure rates that
vary by greater than 5 uR/hr.

68) Appendix A, Second Paragraph: “...established limit of 0.1mR/hr (beta plus The minimum detectable exposure rate established by the
Section A.3.4 gamma)...field instrument...” The ability to measure 0.1 mR/hr Eberline E112B, an open shield GM, was 0.035 mR/hr
Page A-18 with field instrumentation is questionable. (Tappan and Lorenz, 1969). This instrument could

confidently measure 0.1 mR/hr, about 14 to 20 times
Determine the capability of field instrumentation to perform with background. An exposure rate of 0.1 mR/hr is mid-range on
this level of discernment, and if not, be aware of the errors in the the first scale of the E112B.

cited documents.

69) Appendix A, First Paragraph, Fourth Line: “...20 pCi/g averaged over 0.25 The fourth line states that the 1978 and 1979 studies were
Section A.3.4, hectare.” The potential existence of hot spots. not verified and there is no plan to verify them. The current
Page A-22 work plan will provide sufficient data to determine the

Assure that the data was validated and verified in such a fashion | existence of hot spots.
that the existence of hot spots was not missed.

70) Appendix A, Third Paragraph: “..."¥ Cs was the primary isotope for Theoretically, the activity ratio of *’Cs to ®Sr created in a
Section A.3.4 concern...” The data in Table A.3-5 show the " Cs/® Sr ratio to nuclear detonation is about 3:1. However, the radiological
Page A-22 be much larger than the corresponding ratio in Table 3-4. precursors of "’Cs have a significantly longer haif life in
comparison to ®Sr and the chemistry of the alkali metals
Determine whether or not a rationale explanation can be given (Cs) and alkaline earth metals (Sr) are significantly different.
for this. It is rare that the concentration ratios of '¥Cs and *Sr in

environmental samples correspond to the radiological
source term. See Attachment A for additional details.
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71) Appendix A, First Paragraph: “A comparison of the three sets of TLD TLDs will not be deployed during 2001. The column heading
Section A.3.6 results...may be attributed to the reduction in contaminated in Table A.3-8 for the third TLD deployment is incorrect and
Page A-29 materials.” Table A.3-8 states that the final TLD was removed will be revised to state September 18, 1979. The site
on August 18, 1979 and the text says September 18, 1979. average exposure rate dropped 1.5uR/hr, significantly lower
exposure rates were measured at those locations that
Determine which dates are correct because this may influence initially were the highest. The range of exposure rates was
the conclusion regarding whether or not the averages of the 5.5uR/hr to 9.4pR/hr, not statistically different from

TLDs for the posting periods are the same or different. Also, at- | background.
test for the Fallout Plume for the first and last time periods did
not indicate a statistically significant difference between the two
periods. A problem with this data is that for the most recent time
period far too many TLDs were lost. It may be worthwhile to
have another set of TLDs for a time period during the year 2001.
If TLDs are deployed during 2001, be certain that they are the
same composition as during the 1978-1979 time period,
otherwise appropriate comparisons cannot be made.
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72) Appendix A, Third Paragraph, Last Line: “Therefore, it should not be implied The statement that the plutonium concentration is
A4.2 that there is significant plutonium contamination at the Gnome- heterogeneous is supported by the measurements
Page A-54 Coach Site.” On page 23 of EEG-58, Radionuclide Baseline in performed by EEG and AEC/DOE. Plutonium was detected

Soil Near Project Gnome and the Waste Isolation Pilot Plant,
there is the statement, “As expected the concentrations of 2*Pu
and ®*%° Py are significantly greater in the Gnome samples.

Reconsider the Site Characterization statement and evaluate,

especially Fallout Plume, surface soil samples for isotopic Pu

and also %' Am is not uniformly distributed within the first 5 cm
of soil depth.

in one surface soil sample collected near some exposed
metallic debris 75 m east-southeast of the access shaft.
The #924°py concentration in this sample (3A) was reported
by EEG as 17 pCi/g. Seven aliquots of this sample were
taken and analyzed. The three aliquots analyzed by EEG
had 2%2°Py concentrations ranging from 8.5 pCi/g to 1,290
pCi/g. The four aliquots analyzed by commercial labs had

BIA40py concentrations ranging from 0.27 pCi/g to 410 pCi/g.

These seven aliquots of the same sample demonstrate that
the ¥24%py concentration is highly heterogeneous.

The statement that plutonium is not a significant
contaminant at Gnome-Coach is supported by
measurements. EEG reported the #%?*°Pu concentration in
three site samples as ranging from 0.113 to 17 pCi/g. The
239240p; concentration in eight soil samples collected at the
Gnome-Coach Site during the Phase il investigation varied
from <0.0058 pCi/g to 0.0242 pCi/g.

As stated in Section 4.2.2.2 of the Gnome-Coach Work
Plan, soil samples collected at areas near the shaft with
elevated radiation measurements will be analyzed by
gamma spectrometry to measure the *’Am. If *'Am is
detected, the sample will be analyzed for isotopic plutonium.

It is true, measurements over the last 50+ years show that
the relaxation length, the depth where the concentration is
reduced by a factor of “e” (2.718) from the surface
concentration usually varies from 1.1 cm to 5.6 cm for 'Am
and @¥24°py deposited from clouds and for radioactive
fallout, even from aged sources (>30 yrs old).

3 Comment Types: M = Mandatory, S = Suggested.
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73) Appendix A, First Paragraph: “Cesium-137 was determined to be the primary See response to General Comment #12 and Specific
Section A.5.0 contaminant of concern and was consistently used as the Comments #13 and #14 regarding the presence of * Sr.
Page A-55 radionuclide indicator during site decommissioning and
restoration.” See response to Comment #72 regarding the investigation
Not paying enough attention to ® Sr. Soil sampling for * Sr. Also, | of plutonium in soil.
as the present Site Characterization suggests, there should be a
soil investigation in the vicinity of the Environmental Evaluation
Group (EEG, 1995) plutonium detection to determine with
statistical confidence whether or not, plutonium is present.
74a) Appendix A, Third Paragraph, second sentence: the “two phases of site No, it refers to the last two phases of the 1977-1979 cleanup
Section A.5.0 characterization” refers to the ‘68-69 and ‘77-79 cleanup efforts? | effort (Phase [l and 1Il). Text was added to clarify and now
Page A-55 reads: “The areal and vertical.....for the two phases of the
1977-1979 site characterization (Phases Il and lll)
indicate.....”
74b) Appendix A, Fourth Paragraph: Note that Table 4-1 does not show shallow Although Appendix A suggests a shallow subsurface
Section A.5.0 subsurface drilling at the Oid Laundry/Lab area as stated in this investigation may be warranted, historical documentation
Page A-55 section. states the original soil within this AOC was excavated and
replaced by the burial of “clean” salt. Part of the geophysical
investigation is to confirm the existence of this buried
material. The areal coverage and depth of the trench
excavated for the burial of the uncontaminated salt would
have removed any residual contamination; therefore, no
intrusive investigation is planned. This is explained more
clearly in Sections 2.2.10 and 3.2.1.
74c) Appendix A, Fourth Paragraph: Are confirmatory measurements for ®3rto No, this conclusion was meant for the whole site.
Section A.5.0 be conducted only in association with the USGS-4 and -8 AOC?
Page A-55
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75) Appendix B,
Section B.4.1.1.1

Last sentence: No mention of percentage of equipment rinsate
blanks to be collected other than one per each method of

As stated in the last sentence the minimum requirement is
for one equipment rinsate blank to be collected for each

Page B-16 decontamination employed. Also should mention analysis to be method of equipment decontamination used. In other words
performed (same analytical suite as samples being collected). if the equipment decontamination procedure does not
change there is not a requirement to collect more than one
equipment rinsate blank during the entire project. The
following sentence has been added to the end of Section
B.4.1.1.1:
“Equipment rinsate blanks shall be analyzed for the same
analytical suite as the samples being collected.”
76) Appendix B, Text too general. No specifics on IDW sampling protocol The QAPP is not the appropriate location for the discussion
Section B.6.3.1.6 (anticipated waste matrices, analytical sampling, proposed on specifics of waste management. See response to
Page B-32 disposal, etc.). Comment #6.
77) Appendix C, Third Paragraph: “An additional 12 ft of soil beneath the liner The objective of the 1968-1969 cleanup program was to
Section C.1.0 was contaminated and removed.” What criteria were used to remove and dispose of all surface contamination to whatever
Page C-3 say that there was no contamination at a depth greater than 12 depth was in excess of 0.1 mR/hr as measured with an open
feet? shield GM tube instrument (Tappan and Lorenz, 1969). This
criteria was used to determine that soil contamination in the
Determine whether or not contamination existed below the 12 pond was not a depth greater than 12 ft. The contaminated
feet level. Conceivably prior reports or logs might have this soil beneath the pond liner had originally measured 10
information and should be investigated. mR/hr prior to excavation. Radiological surveys following
excavation confirmed that no contact surface contamination
exceeded the established criteria of 0.1 mR/hr.
78) Appendix C, Table C.2-1: No * Sr data. 95 will not be included as an analyte for soil
Section C.2.2 characterization. See the response to General Comment
Page C-7 Incorporate * Sr data if it exists. #12 and Specific Comments #13 and #14.
79a) Appendix C Should a hunter exposure scenario be used? Would it be A hunting scenario is not considered because the Gnome-
Table C.3-1 similar to the trespasser scenario? Coach Site is not a primary hunting area. The trespasser
Page C-12 scenario represents a more restrictive scenario than an

occasional hunter driving through the area.

@ Comment Types: M = Mandatory, S = Suggested.
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79b) Appendix C Under groundwater as an environmental medium: is Appendix C is a human health radiological screening
Table C.3-1 groundwater used for oil/gas exploration activities (i.e., used for evaluation for receptors exposed to potentially contaminated
Page C-12 drilting mud circulation)? surface and near-surface soil and does not consider
groundwater usage. This will be dealt with under the
subsurface characterization. NNSA/NV currently has no
information regarding the use of the Culebra aquifer
groundwater in oil/gas exploration activities.
80) Appendix C, Fourth row: should refer to Table C.2-1 Reference corrected to Table C.2-1.
Table C.3-2
Page C-14
81) Appendix C, Second Paragraph: What is the current status of the “effective No, DOE Order 5400.5 has not revised the basic dose limit
Section C.3.2.1 dose equivalent” (25mrem/yr has been adapted)? to 25 mrem/year.
Page C-18
82) Appendix D, Second Paragraph, First Line: “...decision to emphasize s As stated in Section 4.3 of the main document, there is no
Section D.1.0 and recognizes...” As plant species will uptake ® Srin need to analyze the vegetation for °Sr and 2**%Pu unless
Page D-1 appreciable amounts, the determination of this isotope may be soil sample and analysis suggest these or other
necessary for a comprehensive determination of dose. radionuclides may be present as a COPC. See responses
to General Comment #12 and Specific Comments #13 and
Include the isotopic strontium in the bicenvironmental sampling #14.
and analysis program.
83) Appendix D, Third Paragraph: Clarification: the three specific areas for Yes, it will.
Section D.2.1 vegetation sampling will be determined based on previous
Page D-3 radiation surveys and on the driveover radiological survey; will
the driveover survey take precedence over any previous surveys
when it comes to determining sampling locations?
84) Appendix D, First Paragraph: “Nominal detection limits for analyses (see The nominal detection limit for ® Sr is usually 0.01 pCi/g dry
Section D.3.2 Table D.3-1)...” No detection limits for ® Sr in this table. weight. The detection limit will be added to Table D.3-1;
Page D-8 however, as mentioned in Comment response #82

Include the * Sr nominal detection limits.

vegetation samples may not be analyzed for * Sr if
characterization data confirm its present only in trace
amounts.

2 Comment Types: M = Mandatory, S = Suggested.
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EXPLANATION

Soil Sample Location

& Well Location

Improved Road

NOTES

Multiple colors shown to emphasize area coverage and density of samples within
the general location of area of concern and to differentiate between areas.

The outlines of disturbed areas are interpreted from a 1979 aerial photo. These
outlines are overlain on the sample coordinate locations and are best approximation
based on historical records.

Projection and Grid: New Mexico Coordinate System, East Zone, 1927 North
American Datum Feet. UTM Zone 13, 1927 North American Datum Meters
and Geographic (Longitude, Latitude) is Shown for Reference Only.

New Mexico coordinates were converted from original false coordinate system
used in historical documentation.
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PLATE 1
GNOME-COACH HISTORICAL SOIL SAMPLE
LOCATIONS (PHASE | AND/OR PHASE Ii/lll)

SOURCES: Sample Data Coordinates from DOE/NV, 1978; 1981; Drawing Modified from EG&G, 1979 Aerial Photo to Show Approximate Boundaries of
Disturbed Areas
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