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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.




TABLE OF CONTENTS

LIST OF FIGURES ...ttt e eec e re et e s e e e an e se s m e ne e e e e s s s eeneenaen iii
LIST OF TABLES ...ttt e s e s er e s e e e s s araa e e e s s snne e e s s e nemneeeean v
ACRONYMS AND ABBREVIATIONS ..ottt ettt st s san e seesnne s e vii
GLOSSARY ...t ccccrees e rrrree e s e en et re s s ar e s ss s saneesae s s e s e s s e e s e s e e ee s e neaeeaa s snteesae s s s s nnnneananns iX
EXECUTIVE SUMMARY ...ttt sitiresseesemre s e sener e s s ersen e ese e s nat s sssssmnnnansssesnensasessesnsnnnes S-1
1.0 PURPOSE AND NEED FOR ACTION .....cii ittt ettt reesenne s eee s e e st aee s 1-1
11 BackgroUnd........coooeeccieeieee e cee s e e e e r e e r e s s e ne e s e s s anne 1-1

1.2 PUrpose And NEEd........e e es e e rrere e e e s s e e e e e e e e e e naenennes 1-3

2.0 PROPOSED ACTION AND ALTERNATIVES..... ..ot srvecee e e 21
2.1 Proposed ACHON..........ceuiiiiitiii ettt e s e e e 2-1

2.1.1 Site Investigation and Characterization.........cc.cooeeviiririiniiriinniiinninnnnn. 2-12

2.1.2 Nature and Extent of Contamination .........cccccevviniiiiiiiiiiinccnnecnnnen. 2-13

2.1.3 Undertaking Voluntary Corrective Measures..........c.ceceevvevnerrnernennen. 2-18

2.1.4 Range of Treatment OptioNS.......cccovvvmeriiiiiiinieiiinvee e, 2-18

2.1.5 Examples of Treatment Option Combinations............cccceveeeeenrrevrnens 2-41

2.1.6 Designating Sites for No Further Action .........ccccvvecceieeiccenccneneeeenn. 242

2.2 NO Action AREINATIVE......coiiiiiierere et st es e e 2-42

3.0 DESCRIPTION OF THE AFFECTED ENVIRONMENT .....c.coviiitiiirennerirecreee e 3-1
3.1 Physical SettiNg.......ceiierieiiciiiiiiinsrre e e ssesess e s s s s e 3-1

3.2 - T g o T LT TR 3-4

3.3 Geology and SOilS....cccuie it e e e e e 3-7

1T T T € =T [o T PPN 3-8

B.3.2  S0il8 et e 3-11

3.4  Surface-Water and Groundwater Hydrology .......c.ceevrueeeeremrinvnrerersessnenneenennes 3-11

3.4.1  Surface-Water Hydrology ........cccccereeiiriiiinnnniniirerene e 3-11

3.4.2 Groundwater Hydrology .....cccoeericiioeirene e 3-17

3.5 AN QUAIY. ...t e n s e 3-19

3.5.1  Nonradiological Airborne EmiSSiONS...........ocoviviiiiemerncereeniinnenicceens 3-19

3.5.2 Airborne Radiological EMISSIONS......c.ccvviiiiieieiiciiiniintireee e scerceeiene 3-20

3.6  Biological RESOUICES.......coocueemiiiieiiiiiccreette e 3-21

3.6.1 Habitats and Biotic Communities of KAFB .........cccoorieriinicricninncenee 3-21

3.6.2 Threatened, Endangered, and Sensitive Species and Habitats........ 3-21

3.7 CURUIal RESOUICES.....ciievierieeecieciecectceteeteeeresrees st e s e s e sesassassaeesnseneesannnnans 3-29

3.8 NOISE ...ttt et e e e s s s n e e e e s e s nrene s s e s nnnneaenes 3-30

IR T S ToToi o T=ToTe] o Vo111 o SRS 3-30

3.9.1  DemographiCs.......cocvccereiieiieiiceiienrerenreerenneressssse e rannassssaseseeesesaesnanaas 3-31

3.9.2 Environmental JUSHICE .......ccccevevererrrensneiennnce et e sere e 3-31

4.0 ENVIRONMENTAL CONSEQUENGES.........ccoiiiiriieeeeccrr e reere e s saeer e sneee s 4-1
4.1 Effects of Proposed ACHON.......... et e 4-1
AL/12-95/WP/SNL:R3878TOC.DOC H . 03/2296 9:47TAM




TABLE OF CONTENTS (Concluded)

2 e T I T 5 T 1 == O 4-1
4.1.2 Geology and SOilS......cocvvvvmmmmiirieiiiiiiiirrre e 4-6
4.1.3 Surface-Water and Groundwater Contamination ............ccccevvennnneene. 4-7
v 3 I S AN | @ U ) 4 RN 4-8
4.1.5 Biological RESOUICES......ccoeiiiiiiiiiiiiiiiie ittt e ere e 4-14
4.1.6 Cultural RESOUICES.....uuuiriinirerieirrcre i er e er e rrerese s e se s s eaeenen 4-16
30 T A (o 1= OO PRSI 4-17
4.1.8 SocioeCoONOMIC IMPACES ..c.ceeuueimiiir e 4-18
4.1.9  Transportation........cocovvieeeiieiieiiiiniiiiereeee e e 4-19
4.1.10 Human-Health Effects of the Proposed Action........ccccevviiiiiciiiiinnnne. 4-22
4.1.11 Exposure of Biological Receptors .........cccovvveeiieeeiriiiiiniiiniciiiieenn. 4-24
4.2 NO Action AREINALIVE. .....cccieereiiiiiciiciieie e et s e e er e e 4-24
421 LANA USE..cuieiiiiiiiiciciiiieecene e nnes s en e e s e e e se s s ese s e s s e nae s s enen 4-25
422 Surface-Water and Groundwater Hydrology and Quality .................. 4-25
423 Geology and SOilS.....cccovmmieriiiiiiiciiii et e 4-25
4.2.4  AIr QUANLY....cciriiiiinini s 4-25
425 Biological RESOUICES.....ccvuiiiiiiiiiiiiircicnerereererecerense s evaasansanns 4-26
4.2.6 Cultural RESOUICES.......cuurereiriieiieerccrccerrrereeeeteerssrs e s e m s senns 4-26
4.2.7  NOISE...cotiiiiiririiicrircirieritte s cr s et se naanans 4-26
4.2.8 SoCIioeconOmiC IMPACES .....coviiieiirirrinieiirireees e resssesesreserrereeteesmneanene 4-26
4.2.9 Transportation.......cccccccemrerennennnennenena. cerereresesresressesienesieranrrnraba e 4-26
4.2.10 Human Health Effects of the No Action Alternative...........c.cocuueeeennee. 4-26
4.3 Risk Analysis Proposed Action and NO Action .......c.cuuverveeeneiunciiecciniinenennennnae 4-27
4.3.1 Populations Considered for Risk Assessment..........cccoveeveinernccnnneane 4-28
4.3.2 Accidental RIiSKS......ccccocureiriiiiiiiiicncienrercn e re s e rnse e e 4-28
4.3.3 Risks From EXPOSUIe ....c.cccoiiiiiiiiiiiiirriiircrere e eeeerenn e 4-29
4.3.4 Risks Associated with the No Action Alternative ........c.cccceercecneennnn. 4-29
4.4 Cumulative EffeCtS ....cccieiieereecereircinr et 4-30
5.0 APPLICABLE ENVIRONMENTAL REGULATIONS, PERMITS,
AND DOE ORDERS ...ttt srnstenrere s erses s s s s sssane st ssssteaesseseereaneenenees 5-1
6.0 LIST OF AGENCIES AND PERSONS CONTACTED....... eereeneerenettrer e e na e aneeaas 6-1
R (=] (T (=T Lot SOOI R-1
Appendix A—Information Tables Sandia National Laboratories/
New Mexico Environmental Restoration Sites .........ccccveeiieeeveeccrveinniinicccceees A-1
Appendix B—Major ASSUMPLIONS .....ieeeiiiciirieieicete e ssenrenrererre e s s essse s eenesnaesssennnneens B-1
Appendix C—Correspondence with Federal and State Agencies .......ccocvecvcvirererieenieceneceenen, C-1
Appendix D—RiSK ASSESSMENL...........ueiiiiiiiere et rrre e e eraner s s sane s e enessananeesassasssanes D-1
Appendix D1—Risk AsSeSSMENt OVEIVIEW ......coeeiiiiiiiiiiciciieireeteterer e es s e eneseansseesasesnnnns D1-1
Appendix D2—Risk Assessment DetailS......c...uereeiiiiiiiieieie e e D2-1

A1/12-95/WP/SNL:R3878TOC " 03/22/96 2:35PM




S-3

1-1

2-1

2-10

2-11

2-12

2-13

2-14

2-15

LIST OF FIGURES

Page
The Location of Kirtland Air Force Base and Sandia National
=T o To T =Y (o] 1T O OO TOTPR S-2
Sandia National Laboratories/New Mexico Environmental
ReStoration Sites ...ttt s S-3
Simplified Flow Process of the Proposed Action ........cccceccceeeviiiiiccrciicinnnecneneee. S-5
The Location of Kirtland Air Force Base and Sandia National
Laboratories. ... 1-2
Sandia National Laboratories/New Mexico Environmental
ReStOration SHES ....iiiiicceeeieer ettt st re e 2-2
Locator Map for Environmental Restoration Site Detail Maps ..........ccocvceeeeeenn. 2-3
Environmental Restoration Sites In or Near Tech Area l.......cccccoiviiniicinnnnnnns 2-4
Environmental Restoration Sites In or Near Tech Areas Il and [V .................... 2-5
Environmental Restoration Sites In or Near Tech Area lll ........ccoovrnnvvrennnnees 2-6
Environmental Restoration Sites In or Near Tech Area V.......cccoocvcrivivcecncnnnne. 2-7
Environmental Restoration Sites In or Near Coyote Test Field......................... 2-8
Simplified Flow Process of the Proposed Action ..........ccovveriininicniriininnccnnn 2-10
[llustration of Soil Excavation ACtiVItIeS........cccceovviriiiiiiniiiiniinnerees 2-21
lllustration of Site Reclamation .............coo i, 2-23
Simplified Conceptual Design of Thermal Desorber ........cooeveevveviiiiiininicinnnne. 2-24
Process Flow Diagram: Desorber Off-Gas Treatment System.........c.ccccceeuue. 2-26
Process Flow Diagram: Soil-Washing Plant............ccccccviviiiiiiiniiiiiiinsiienennees 2-28
Process Flow Diagram: Carbon Dioxide Blasting Process...........oeeceivennnnnee 2-30
Simplified Conceptual Diagram of Solidification System........ccccccceevriierenneennn. 2-32

AL/12-95/WP/SNL:R3878TOC "l 03/21/96 1:40PM




LIST OF FIGURES (Concluded)

Figure Page
2-16 Candidate Locations Corrective Action Management Unit (CAMU)................ 2-34
2-17 Conceptual Layout of Corrective Action Management Unit ...........c.eoeeeene. 2-35
2-18 Schematic Diagram of In Situ Bioremediation ...........c.ueeeveieineiieiiiininennnnenn. 2-38
2-19 Conceptual Cap DeSigN....cccocere i e e e se e e e e e e mn e e 2-40

3-1 The Location of Kirtland Air Force Base and Sandia National

Laboratories......ccveieiiiiieriiiiietrie e e e e et e s s s e 3-2
3-2 Average Annual Wind Direction, Albuquerque International Airport

(1983-1981) (Windrose Frequency in Percent Time)........ccccveeveereerecenieennennnene. 3-3
3-3 Land Use Permit Status........cccoceiiiieiierieeeeen e e s s e 3-5
3-4 Eastern Portion of the Albuquerque Basin........cc.covcovvveiimeveeriieieccnnicne e, 3-9
3-5 Location of Major Faults in Relation to Sandia National Laboratories/

NEW MEXICO ...ciiiiiiieceetiretie ettt resaesreresraesese s s s s e sasnsa e naen 3-10
3-6 Soil Types at Kirtland Air FOrce Base ........ccccevvrivrreenieiinnreeenecsnnensesescssennne 3-13
3-7 FIoOdPIain Ar€as......cccceiiereireiie et e e e s s s e s se s e e s e e e e anaannnnnnnns 3-15
3-8 100-Year Flood Map OF TA-] e e ae e e e assanene 3-16
3-9 Springs and Weilands .................................................................................... 3-18
3-10 Vegetation Types at Kirtland Air Force Base.......c.cccccvceemeeiererirecineeninnccnenenne, 3-22
3-11 Residential Areas Within a 1-Mile Buffer of Kirtland Air

FOrCe Base ....coo ittt e e s e s 3-32

AL/12-95/WRISNL:RISTETOC 0121196 1:40PM




Table

S-1

3-5

4-1

4-2

4-3

4-4

LIST OF TABLES

Page
Summary of Impacts Associated with the Proposed Action
Options and No Action Aternative..........oceeeeeemeeinreiccccccccrrer e S-9
Potential Contaminants at Sandia National Laboratories/New Mexico
Environmental Restoration Sites Grouped by Category ........ccccvvuvereeieencrnennn. 2-15
Matrix of Proposed Action OplioNS .........cccceiiicirireimiemeineiencceenenee e 2-19

General Soils Classification for Sandia National Laboratories/New Mexico....3-12

Sensitive Plant Species Potentially Occurring on Kirtland Air Force
Base (KAFB), NeW MEXICO ......ccccuuiiiiuiuienmeermminntnneenesssissessaessseseessssesnsassasenns 3-25

Sensitive Wildlife Species Potentially Occurring on Kirtland Air
Force Base (KAFB), NEW MEXICO ........ccccmrieimiiiiiieiccirsieenereeeeeeeenenes s 3-26

Environmental Restoration Project Sites Located on Floodplains,
Sandia National Laboratories/New MexXiCO .......ccccverieerireirieenieirccrcenneeeeneeen, 3-27 -

Priority Classification of Sensitive Species on Environmental
Restoration Project Sites, Sandia National Laboratories/New
L= (o7 o RPN 3-28

Summary of Impacts Associated with the Proposed Action
Options and No Action ARErNative.........ccccceereririreerrecere e e 4-2

Estimated Engine Types and Fuel Consumption Rates for Heavy
Diesel EQUIPMENL .....cooe et 4-10

Total Air Pollutant Emissions from Excavating and Transporting
Contaminated Soils from Environmental Restoration Project Sites
at Sandia National Laboratories/New Mexico (by equipment type) ................ 4-11

Estimated Annual Heavy-Diesel Equipment Air Emissions at

Sandia National Laboratories/New Mexico Compared with

National and Albuquerque Environmental Health Department

Ambient Air-Quality Standards .........cceevecrcciennieee e 4-12

Total Human-Health Effects from Proposed Action Options of the
Sandia National Laboratories/New Mexico Environmental
Restoration Project ...ttt e e re s rese s s e er e as e s 4-19

AL/12-95/WP/SNL:R3878TOC Y; 032156 1:40PM




LIST OF TABLES (Concluded)

Table Page
4-6 Comparison of Cumulative Risks to Human Health from the
Sandia National Laboratories/New Mexico Environmental
Restoration Project and the No Action Alternative.......c.coeveeeiniieiiiiiciceiciiccnnnn, 4-31
5-1 Representative List of Consultations, Permits, and Compliance Requirements
that May be Applicable to the Sandia National Laboratories/New Mexico
Environmental Restoration Project ..., 5-3
6-1 List of Agencies and Persons Contacted........cccceeeveieiiiiiiiiiveicinncecciece e, 6-1

AL/12-95/WP/SNL:R3878TOC Vl 03/22/96 2:35PM




ACRONYMS AND ABBREVIATIONS

AAQS Ambient Air Quality Standards

ACHP Advisory Council on Historic Preservation

AEA Atomic Energy Act

ALARA as low as reasonably achievable

BIA Bureau of Indian Affairs

BLM Bureau of Land Management

CAMU corrective action management unit

CEARP Comprehensive Environmental Assessment and Response Program

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CFR Code of Federal Regulations

Ci Curies

cm centimeter(s)

cMi corrective measures implementation

CMS corrective measures study

CoC contaminant of concern

CTA Central Training Academy

°C degree(s) Celsius

°F degree(s) Fahrenheit

dBA decibels

DOE U.S. Department of Energy

DOE/AL U.S. Department of Energy/Albuquerque Operations Office

Dol U.S. Department of Labor

DU depleted uranium (generally, 99.284% U-238, 0.711% U-235,
0.0053% U-234 by weight)

EA environmental assessment

EOD explosives ordnance disposal

EPA Environmental Protection Agency

ER environmental restoration

FR Federal Register

FY fiscal year(s)

HE high explosive(s)

HEPA (filter) high-efficiency particulate air (filter)

HSWA Hazardous and Solid Waste Amendments

1-25 Interstate-25

1-40 Interstate-40

KAFB Kirtland Air Force Base

kg kilogram(s)

km kilometer(s)

km® square kilometer(s)

km/hr kilometer(s) per hour

LCF latent cancer fatality

LDR land disposal restriction

MDL minimum detection limit
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GLOSSARY

Air Pollution: Any emission, excluding naturally occurring emissions, into the atmosphere of
one or more air contaminants in quantities and/or of a duration that may with reasonable
probability injure human health or animal or plant life or that may unreasonably interfere with
the public welfare, visibility, or the reasonable use of property.

ALARA: As low as reasonably achievable. Radiation protection program for minimizing
personnel exposures.

Alluvial Fan: A cone-shaped deposit of alluvium made by a stream where it runs out onto a
level plain or meets a slower stream.

Ambient Air: That portion of the atmosphere, external to buildings, to which the general
public has access.

Anion: A negatively charged ion (such as OH").

Anionic Exchange Media: A resin with a positively charged matrix and negative ions
(anions), which exchange positions with negatively charged ions (contaminants, in this case)
present in the solution being passed through it.

Arroyo: A drainage channel with ephemeral flow (the term is typically used in the arid and
semiarid parts of the Southwest where surface runoff is restricted to brief periods following
rainfall events).

Baghouse: A large filter housing filled with numerous long, cylindrical filter bags that remove
particulates from an air stream.

Biodiversity: The complexity of a biotic community in terms of the number of species that
comprise it and the relative evenness of their representation in abundance, weight, or other
quantity.

Biological Process: Pertaining to treatment of waste, a treatment technology that stimulates
microorganisms to consume contaminants and produce nontoxic byproducts such as water
and carbon dioxide. Nutrients and oxygen are introduced to the contaminated media to
encourage bioactivity.

Biotic Community: The naturally occurring plants and animals of a geographic area that is
characterized by a distinctive vegetation type (e.g., grassland, scrubland, or woodland).

CAMU: Corrective Action Management Unit. An area within a facility that is designated by the
U.S. Environmental Protection Agency (EPA) Regional Administrator under Title 40 Code of
Federal Regulations (CFR) Part 264, Proposed Subpart S for the purpose of implementing
corrective action requirements under 40 CFR 264.101 and the Resource Conservation and
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GLOSSARY (Continued)

Recovery Act (RCRA) Section 3008(h). A CAMU shall be used only for the management of
remediation wastes pursuant to implementing such corrective action requirements at the
facility.

Capping: The process of covering and sealing.

Carbon Dioxide Blasting: A physical process used to remove surface contamination from
debris by blasting the surface with pelletized carbon dioxide.

Catalytic Converter: A device that uses a catalyst to facilitate chemical reactions that convert
hazardous or undesirable compounds to nonhazardous compounds.

Cation: A positively charged ion (such as H*).

Cationic Exchange Media: A resin with a negatively charged matrix and positive ions
(cations, usually hydrogen ions), which exchange positions with positively charged ions
(contaminants, in this case) present in the solution being passed through it.

Chemical Process: Pertaining to treatment of waste, a treatment technology that uses
chemicals under controlled conditions to facilitate reactions that produce less hazardous or
nonhazardous compounds.

Chronic Daily Intake: Exposure expressed as the mass of a substance contacted per unit
body weight per unit time, averaged over a long period of time (as a Superfund program
guideline, seven years to a lifetime).

Reference Dose (RfD): An estimate (with uncertainty spanning perhaps an order of
magnitude or greater) of a daily exposure level for the human population, including sensitive
subpopulations, that is likely to be without an appreciable risk of deleterious effects during a
lifetime. Chronic RfDs are developed specifically to be protective for long-term exposure to a
compound.

Component: Those artifacts and features at an archaeological site that display a similarity of
style and temporal period, indicating the occupation of the site by a discrete cultural group.

Contact Rate: Amount of medium (soil) contacted per unit time or event (e.g., kilograms of
soil ingested per day).

Contaminant of Concern (CoC): General type of chemical or radionuclide known to be
present at waste sites based on site investigations and historical information about site use.

Corrective Action Management Unit: See CAMU.
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GLOSSARY (Continued)

Criteria Pollutants: Combustion byproduct pollutants for which EPA has established criteria
for protecting ambient air quality. These include carbon monoxide, nitrogen dioxide, sulfur
dioxide, particulates, ozone, and lead.

Cultural Resource: Manmade sites, structures, artifacts, and other remains associated with
historic or prehistoric cultures.

Cyclone: A vertical, conical vessel that separates particulate matter from an air stream using
centrifugal force.

Desorbed Vapor/Off-gas Treatment: An integrated treatment system designed to abate
(remove and/or destroy) contaminants in a vapor stream that is to be released to the
atmosphere.

Detection Limit: The lowest amount that can be distinguished from the normal "noise" of an
analytical instrument or method.

Emission Inventory: A quantitative, detailed compilation of pollutants emitted into the
atmosphere of a given community.

Emission Factor: The average emission of a pollutant per unit of use (gram/horse power-
hour) for a category of equipment.

Equipment Equivalency Units: A multiplication factor that defines the number of individual
heavy diesel equipment types needed to fulfill the excavation and/or backfill task in a given
time frame.

Exposure Pathway: The course a chemical or physical agent takes from a source to an
exposed organism. An exposure pathway describes a unique mechanism by which an
individual or population is exposed to chemicals or physical agents at or originating from a site.
Each exposure pathway includes a source or release from a source, an exposure point, and an
exposure route. If the exposure point differs from the source, a transport/exposure medium
(e.g., air) or media (in cases of intermedia transfer) is also included.

Exposure Route: The manner in which a chemical or physical agent comes in contact with an
organism (e.g., by ingestion, inhalation, dermal contact).

Exposure Point: A location of potential contact between an organism and a chemical or
physical agent.

Exposure Event: An incident of contact with a chemical or physical agent. An exposure
event can be defined by time (e.g., day, hour) or by the incident (e.g., eating a single meal of
contaminated fish).
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- GLOSSARY (Continued)

Exposure Assessment: A determination or estimation (qualitative or quantitative) of the
magnitude, frequency, duration, and route of exposure.

Exposure: Contact of an organism with a chemical or physical agent. Exposure is quantified
as the amount of the agent available at the exchange boundaries of the organism (e.g., lungs,
skin, and gut) and available for absorption.

Floodplain: The area adjacent to a drainage channel that would be inundated with water
during a flood event.

Fugitive Dust: Particulate-matter emissions that are not ducted through exhaust systems and
escape to the atmosphere because of leakage; material handling, transfer, or storage; travel
over unpaved roads or parking areas; or other industrial activities.

Granular Activated-Carbon Column: A cylindrical vessel filled with granular activated carbon
that adsorbs contaminants (generally organic compounds) from a vapor or liquid stream.

Grassland: Vegetation dominated by species of grass.

Habitat Quality: The physical and biological aspects of a habitat in relation to its ability to
sustain a vigorous population of a species.

Habitat: The location or type of location where an organism lives.

Hazard Index: The sum of more than one hazard quotient for multiple substances and/or
multiple exposure pathways.

Hazard Quotient: The ratio of a single substance exposure level over a specified time period
(e.g., subchronic) to a reference dose for that substance derived from a similar exposure
period.

Hazardous Waste: Waste contaminated with chemical compounds as defined in 40 CFR
Part 261, Subparts C and D.

High-Efficiency Particulate Air (HEPA) Filter: A sealed filter assembly that is designed to
remove essentially all of the particulate matter from a vapor stream.

Historic: The chronology of human events that is marked in North America by the arrival of
European expeditions (in the Southwest, the historic period begins in 1541).

Hydrogen Reclaimer: A porous platinum and/or palladium medium that adsorbs hydrogen
gas (produced in the steam reformer) from the vapor stream.
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GLOSSARY (Continued)

Incremental Cancer Risk: The incremental probability of an individual's developing cancer
over a lifetime as a result of potential exposure to the carcinogen.

In Situ: In the natural or original position (at an Environmental Restoration [ER] Project site).
In situ waste treatment means waste would not be transported from its ER Project site.

Indicator Chemicals: Selected chemicals that are potentially site-related and whose data are
of sufficient quality for use in quantitative risk assessment.

Intake: A measure of exposure expressed as the mass of a substance in contact with the
exchange boundary per unit body weight per unit time (e.g., milligram chemical/kilogram body
weight-day). Also termed the normalized exposure rate; equivalent to administered dose.

lon Exchange: The reversible interchange of ions between a solid and a liquid in which there
is no permanent change in the structure of the solid that is the ion-exchange material. lon-
exchange materials contain ion-active sites throughout their structure, with a uniform
distribution of activity.

Latent Cancer Fatalities: Cancer deaths that may be anticipated as a result of radiation
exposure.

Mesa: A flat to moderately sloping topographic surface (used at Kirtland Air Force Base) to
refer to the relatively flat surface of the alluvial fill between the base of the Manzano Mountains
and the bluffs of the Rio Grande Valley).

Mixed Waste: Radioactive waste that is contaminated with RCRA-regulated hazardous
wastes, as defined in 40 CFR Part 261, Subparts C and D.

National Ambient Air Quality Standards: Levels of air quality, with an adequate margin of
safety, to protect the public health and welfare from any known or anticipated adverse effect of
a pollutant.

No Further Action (NFA): NFA status means that the regulatory authority concludes that the
site is not contaminated at levels that require further cleanup.

No-Observed-Adverse-Effect Level (NOAEL): In dose response experiments, an exposure
level at which there are no statistically or biologically significant increases in frequency or
severity of adverse effects between the exposed population and its appropriate control; some
effects may be produced at this level, but they are considered neither to be adverse nor
precursors to specific adverse effects. In an experiment with more than one NOAEL, the
regulatory focus is primarily on the highest one, leading to the common usage of the term
NOAEL to mean the highest exposure level without adverse effects.

AL/12-95/WP/SNL:R3878TOC Xii i 03/21/96 1:40PM




GLOSSARY (Continued)

No-Observed-Effect Level: In dose response experiments, an exposure level at which there
are no statistically or biologically significant increases in frequency or severity of any effects
between the exposed population and its appropriate control.

Off-Gas: Vapor produced from thermal desorption treatment process.

Physical Process: Pertaining to treatment of waste, a treatment technology that uses
processes such as adsorption, abrasion, or elevated temperature to transfer contaminants
from one media to another media for the purpose of facilitating further treatment.

Prehistoric: The period of past human events that occurred in North America prior to the
arrival of European expeditions (in the Southwest, prior to 1541).

Process Control Instrumentation: Monitoring and control instrumentation used to maintain
continuous treatment unit operation, optimize unit operations, and shut down system
components when unacceptable conditions are encountered.

Pump-and-Treat System: A method of treating contaminated water through extraction by
pumping and then treating to remove contaminants to a level that meets regulatory
requirements. Actual treatment technologies vary according to site-specific conditions.

Radioactive Waste: Waste contaminated with radionuclides at a level detectable above
background radioactivity levels.

Riparian: Of or located along a watercourse (e.g., riparian vegetation and riparian habitat).

Savannah: A woodland vegetation characterized by isolated, widely scattered trees and
(typically) a grassiand understory.

Scrubland: Vegetation dominated by species of shrubs.

Sensitive Habitat: A habitat type that is either granted special status by a state or federal
agency (e.g., wetlands and floodplains) or a habitat that is known to support sensitive species.

Sensitive Species: A species or part of a species that is granted a special status designation
by a state or federal agency due to (1) a recognized threat of extinction or extirpation in the
foreseeable future (e.g., threatened or endangered species), (2) a current review of available
information or ongoing studies to determine whether such a threat exists (e.g., candidate
species), or (3) the need to monitor for potential future threats to a vulnerable species (e.g.,
rare species).
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GLOSSARY (Continued)

Site Reclamation: A process to restore and reclaim an ER Project site to the natural condition
that existed before corrective action activities. Reclamation activities would include backfilling
excavations, topsoil application, reseeding, and establishment of plant growth.

Soil Vapor Extraction: An in situ remedial technology that involves application of a vacuum in
order to reduce concentrations of volatile constituents adsorbed to soils in the unsaturated
(vadose) zone.

Soil-Washing: A process using vibratory screens, gravity separators, and a cyclone to
segregate various-sized soil particles, allowing the contaminants to adhere to the silt and clay
particles. Chemicals can be added to the wash water to extract metals from the soil.

Solidification and Stabilization: Solidification refers to processes that reduce the mobility of
contaminants by production of a monolithic block composed of cement, water, additives, and
contaminated media. Stabilization refers to processes that limit the solubility of contaminants
by changing the pH of the solution or detoxifying the contaminants by chemical reaction.
Stabilization uses additives to achieve desired waste form characteristics.

Steam-Reforming: A process that uses high-temperature steam to decompose organic
compounds to carbon dioxide, carbon monoxide, water, methane, and hydrogen in a
pressurized reactor vessel.

Succession: The natural process of change in a biotic community toward a more stable
("climax") community, typically following a disturbance or natural perturbation of the
community.

Temporary Unit: See TU.

TEVES: Thermal Enhanced Vapor Extraction System; a sampling and analysis plan to
characterize the physical and chemical conditions of the subsurface through the collection of
soil and soil gas. A method for collecting organic vapor from soils through use of thermal
electrodes inserted into ground and pressure gradients causing their mitigation to an enclosed
surface collection system.

Thermal Desorption: A physical process that uses increased temperature to separate
contaminants from a solid matrix through volatilization and, in some cases, decomposition.

Treatment Train: A series of integrated treatment technologies that are employed in
sequence to effectively remove the contamination from contaminated media.

TU: Temporary Unit. Container storage areas used for treatment or storage of hazardous
remediation wastes with a life span of one year and an option for one additional year of use.
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GLOSSARY (Concluded)

Understory: A community of Idw—growing plants beneath the tree canopy of a forest or
woodland.

Vadose Zone Vapor Extraction: See Soil Vapor Extraction.

VCM: See Voluntary Corrective Measure.

Vegetation: The plant community of an area, with emphasis on the relative abundances of
the species comprising the community.

Voluntary Corrective Measure (VCM): Partial or complete cleanups undertaken at the
initiative of the permittee rather than in response to permit compliance schedules.

Wetland: An area of permanently or periodically saturated soil that possesses resulting
modifications in soil and/or vegetation.

Woodland: Vegetation characterized by the presence of trees but not to the extent of forming
a closed canopy of foliage.

NOTE: Throughout this document, a scientific shorthand notation for expressing risks is used
in all tables estimating risks. For example, the number 0.00000111 can be expressed as
1.11 x 10 which would correspond to a 1.11-in-a-million risk.
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EXECUTIVE SUMMARY

Environmental Assessment for the
Environmental Restoration Project at
Sandia National Laboratories/New Mexico

The U.S. Department of Energy (DOE) is proposing to conduct Environmental Restoration (ER)
site characterization and waste cleanup (corrective action) activities at the currently estimated
157 ER Project sites (also known as solid waste management units or SWMUs) at Sandia
National Laboratories/New Mexico (SNL/NM) (see Figures S-1 and S-2). Site characterization
and cleanup would be performed using a range of treatment options. The corrective measures
selected for this cleanup and analyzed in this environmental assessment are those
reasonable, feasible, and implementable technologies that DOE believes would achieve

U.S. Environmental Protection Agency (EPA) corrective action objectives and meet EPA
technology selection criteria. These actions will be implemented in compliance with the
Resource Conservation and Recovery Act (RCRA), the Hazardous and Solid Waste
Amendments (HSWA) of 1984, other applicable laws and regulations, and applicable DOE
Orders.

Purpose of and Need for Action

DOE, through the Kirtland Area Office of the DOE Albuquerque Operations Office, proposes to
conduct ER Project site corrective action (site characterization and cleanup) activities at
SNL/NM. Site characterization and cleanup would be implemented in compliance with RCRA,
as amended by HSWA in 1984, and other applicable regulations.

The overall purpose and need for site characterization and cleanup is to reduce risk to human
health and the environment posed by potential releases of contaminants of concern (CoCs) at
ER Project sites. It is the mission of the DOE Office of Environmental Management to achieve
and maintain full compliance with applicable federal, state, and local environmental laws and
regulations pertaining to current waste management practices and cleanup of previously
contaminated sites and facilities. The proposed action would start in fiscal year 1996 and
continue for approximately 10 years.

This environmental assessment contains: a statement of the purpose of and need for the ER
Project (Chapter 1.0); a description of the proposed action and the alternatives (Chapter 2.0); a
description of the affected environment (Chapter 3.0); an analysis of potential environmental
consequences (Chapter 4.0); a discussion of applicable environmental regulations, permits,
and DOE Orders (Chapter 5.0); and a list of agencies and persons contacted (Chapter 6.0).
Supporting analysis and information on methodology are provided in the appendices.
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Proposed Action

What is DOE's proposed action? The proposed action is for DOE, through SNL/NM, to
perform site characterization activities and site cleanup at a currently estimated 157 SNL/NM
ER Project sites. An overview of the key steps in the proposed project is presented in

Figure S-3. The first step would be to identify those sites that may have been contaminated
because of past SNL/NM activities. Once this has been done, the next step is to evaluate the
nature and extent of the contamination and to determine the CoCs. After this evaluation, it
would be determined whether the site is contaminated at a level requiring cleanup. If a site is
not contaminated at a level that would require cleanup based on regulatory cleanup
thresholds, the site would be proposed to regulatory authorities for no further action (NFA)
status.

Under the HSWA Part B process, the SNL/NM ER Project may propose sites for removal from
the cleanup action list. After a rigorous permit modification process with significant public
input, EPA will make a determination on the request. However, if the contamination at a site
exceeds regulatory cleanup thresholds, other choices would follow. One choice could be to
immediately remove an existing hazard (e.g., surface debris), reducing the risk to human
health and the environment, by performing a voluntary corrective measure (VCM). If a VCM is
not warranted or sufficient for cleanup, the SNL/NM ER Project could proceed with further site
characterization to identify and determine the range of treatment options appropriate for site
cleanup.

Once the site characterization is complete, actual treatment options would be identified and
implemented to clean up the sites. The treatment options considered as part of the proposed
action include, but are not limited to, the following two general approaches:

1. Excavation followed by treatment and disposal of contaminated soils (see
Sections 2.1.4.1 through 2.1.4.8). This could include the following:

Excavation, waste segregation, and site reclamation.
Thermal desorption.

Off-gas treatment.

Soil-washing.

Carbon dioxide blasting.

Solidification and stabilization.

Off-site treatment and disposal.

2. Treatment or site control at individual ER Project sites (see Sections 2.1.4.9
through 2.1.4.11). This could include the following:

In situ bioremediation.

Thermally enhanced vapor extraction.
Capping.

Institutional controls.
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All activities requiring excavation followed by treatment and disposal of contaminated soils,
could be performed at a centralized treatment area called a temporary unit (TU) and/or
corrective action management unit (CAMU), if approved by the regulatory agencies.

What is involved with ER Project site characterization? As part of the proposed action,
site characterization activities (see Section 2.1.1) would include, but not be limited to, the
following:

¢ Installing and operating groundwater monitoring wells.

e Sampling and analysis of air, soil, surface-water, and groundwater.

» Performing aquifer tests.

o Extracting and analyzing soil-gas samples to determine the nature and extent of
organic vapor contamination within the soil.

¢ Installing and maintaining site monitoring instrumentation.
What is known about the CoCs? Past and interim investigations and subsequent field
investigations currently in progress provide information on site conditions. This information
includes evidence of spills and releases, determination of radiological contamination and
background conditions, and the existence of potential unexploded ordnance (UXO) hazards at
the ER Project sites. Based on this information, some broad categories of contaminants have
been identified for each of the ER Project sites. These broad categories of contaminants and
hazards include:

e Radioactive materials such as depleted uranium.

e Metals such as lead, copper, mercury.

¢ Polychlorinated biphenyls (PCBs).

s Petroleum hydrocarbons (PHCs).

¢ Volatile organic compounds (VOCs) such as acetone, alcohol, carbon tetrachloride,
and toluene.

¢ Semivolatile organic compounds (SVOCs) such as ethylene glycol.

¢ High-explosive compounds and residues, such as ammonium nitrate, rocket
propellant, and black powder.

+ Inorganic chemicals such as acetic acid, sulfides, and sulfuric acid.
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¢ Unexploded ordnance (UXO) hazards.
e Miscellaneous contaminants, such as asbestos and hydrazine.

What are VCMs and how are they regulated? VCMs are partial or complete cleanups
undertaken at the initiative of the permittee rather than in response to permit compliance
schedules. VCMs are intended to reduce or eliminate immediate human health or
environmental risks, as well as save time and money by quickly cleaning up sites for which a
remedy is obvious. The SNL/NM RCRA Part B permit contains a specific section on the use of
VCMs. Many cleanup actions at SNL/NM are performed as VCMs. Prior to performing a VCM,
DOE and SNL/NM presents the planned work to the public, requests temporary authorization
from EPA to begin the field work, and requests that EPA begin the permit modification process
necessary for an eventual decision on the adequacy of the cleanup.

What is a TU and/or CAMU? A TU and/or CAMU (see Section 2.1.4.7) is a centralized facility
for managing, treating and disposing of remediation generated wastes. A TU is an area where
wastes can be stored or treated. It is regulated and approved by EPA and requires a
modification of the SNL/NM RCRA Part B permit. The life of a TU is limited to one year with
the potential for a one-year extension. Once it is no longer needed to store or treat wastes, a
TU is clean closed. However, if it is needed to treat or to store wastes, it could become
permitted as part of a CAMU. The lifespan of the CAMU would be the remaining term of the
SNL/NM RCRA Part B Permit and any subsequent renewals.

A CAMU is an area within a facility that is designated for the management of remediation
wastes. A single proposed CAMU would be capable of storing and treating loose soils and
debris contaminated with organics, metals, or both. The CAMU would be designed with the
flexibility to store and treat additional hazardous waste streams and larger waste volumes.
Soils treated to remove contamination could be proposed for disposal at a CAMU. The
proposed action would be to return decontaminated soils to the ER Project sites of origin.
However, if EPA or other regulatory agencies do not approve this option, these soils would be
placed in the TU and/or CAMU. Concentrated waste streams from TUs, as well as from debris
that could not be decontaminated, would most likely be shipped off site for final treatment and
disposal.

What are "institutional controls"? Institutional controls include administrative actions, such
as deed restrictions, and access controls (e.g., fences) around ER Project sites to allow for
sufficient time for natural processes, such as degradation or radioactive decay, to occur and to
render waste less hazardous. The use of this option would depend upon future land-use plans
for the individual ER Project sites and for SNL/NM in general.

What does NFA mean? A NFA determination (see Section 2.1.6) is made by EPA with regard
to levels of contamination at a site. An NFA status means that EPA determines that the ER
Project site is not contaminated at levels that require cleanup. An NFA designation requires
that EPA approve a requested modification of the SNL/NM Part B permit for those sites
regulated under RCRA corrective action. There may be other comparable processes under
other applicable regulations.
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No Action Alternative

Are there other alternatives to the proposed action? The no action alternative is the only
alternative action considered in addition to the proposed action for this environmental
assessment. DOE is required by EPA through the SNL/NM RCRA Part B permit to perform ER
site characterization and cleanup. Under the no action alternative, existing contamination
would be left in place at the currently estimated 157 SNL/NM ER Project sites. Corrective
action, in the form of the specific corrective measures and treatment options described in
Sections 2.1.4.1 through 2.1.4.11, would not be undertaken at those sites where releases of
contamination currently occur or where there is a threat of future release of hazardous wastes
or constituents. There would be no excavation of contaminated soils and no transport of
contaminated media for treatment and/or disposal.

Under the no action alternative, DOE and SNL/NM would not comply with the requirements of
the SNL/NM RCRA Part B permit, which became effective August 26, 1993. Nor would
SNL/NM activities comply with the requirements of Sections 3004(u) and (v) of RCRA or other
applicable regulations. The no action alternative does not meet the purpose and need for the
proposed action.

Affected Environment

What is the affected environment? Aspects of the environment that could be affected by the
proposed action are described in detail in Chapter 3.0. Topics discussed include the physical
setting, land use, geology and soils, surface-water and groundwater hydrology, air quality,
biologic resources, cultural resources, noise, and socioeconomics.

Environmental Consequences of the Proposed Action

What are the environmental consequences? The consequences of site characterization
and cleanup are evaluated in Chapter 4.0. The issues identified, which have either beneficial
or potential adverse environmental effects, include land use, surface-water and groundwater
quality, geology and soils, air quality, biological resources, cultural resources, noise, and
socioeconomic consequences or effects. The potential environmental effects of the various
treatment options of the proposed action are summarized in Table S-1.

The no action alternative could result in environmental consequences at SNL/NM because no
site characterization or remediation (cleanup) activities would be initiated. The consequences
of the no action alternative are summarized in Table S-1.

Human Health Effects

What are the human health effects? Human health risks were estimated for four types of ER
Project sites for which sufficient site characterization data exists: waste disposal sites/landfills,
firing sites (explosives areas), burn pits, and septic systems. The risk assessment portion of
the environmental consequences analysis predicted potential human health effects for
individuals exposed to carcinogens and noncarcinogens in three population groups:
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e Members of the general public residing or present outside the Kirtland Air Force
Base (KAFB) boundary.

o Workers involved in implementing corrective measures at the ER Project sites.
o SNL/NM workers present at the facility but not involved with corrective measures.

The total lifetime incremental cancer risks from routine operations for all three population
groups were estimated to be 4.2 in 100,000 (4.2 x 10®). EPA guidelines list the accepted
cancer tisk range to be one in 10,000 (10“) to one in 1,000,000 (10°). Risks from exposures to
noncarcinogens, expressed as a hazard index, totaled 0.30 for all three population groups.
Any number lower than the value of 1.0 indicates that human populations can be exposed
without appreciable risks of deleterious health effects over a lifetime (see Section 4.3).

Total incremental cancer risks resulting from accidents and abnormal events for all three
population groups were estimated at 1.8 in 100,000 (1.8 x 10°). The hazard index associated
with accidental releases was estimated at 7.4 x 10°. The overall cumulative incremental
cancer risks for both routine operations and accidents were estimated as 1.0 in 10,000

(1.0 x 10%). The cumulative hazard index was estimated at less than 1.0 for all three exposure
groups.

The above risk may be compared to an estimated baseline of 0.00047 (4.7 x 10*) incremental
cancer risk to both SNL/NM workers and the public from general ievels of contaminants
existing on site and in the Albuquerque metropolitan area without undertaking proposed ER
Project actions. This estimate was based on levels of soil contaminants on and near KAFB
and locations in the greater Albuquerque metropolitan area (Culp et al., 1994). Contamination
from ongoing operations and existing ER Project sites does contribute to this risk; however, the
relative contribution is unknown. Therefore, the baseline provides an upper estimate of the
risk associated with the no action alternative.

Nevertheless, if the long-term potential for risks from releases to groundwater at unremediated
ER Project sites is considered, the no action alternative would likely result in increased risks.

Airborne concentrations of contaminants were compared with ecological benchmark toxicity
values. Airborne releases of either hazardous chemicals or radionuclides would be within EPA
limits (see Section 4.1.4).

Land Use Effects

What are the land use effects? The same or similar activities are anticipated to be
conducted at the SNL/NM location and KAFB and are not expected to change substantially
over the next 100 years, during which time institutional controls will be in effect. After

100 years, alternative land-use scenarios may be considered by whatever regulatory
authorities exist at that time. It is further assumed that cleanup levels imposed by EPA or the
State of New Mexico would achieve a minimum lifetime excess cancer risk no greater than 1 in
10,000 (10™), which is consistent with industrial uses where exposures to contaminant releases
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can be documented and controlled. It is also assumed that a regulatory risk level of 1 in
100,000 (10°) would be imposed and maintained for areas open to public recreation. For
reasons given in Section 4.1.1, there is no current conflict between the proposed action and
federal, regional, state, local, or tribal land-use plans, policies, and controls. No national state
parks, wilderness areas, or national monuments are in the vicinity of the ER Project sites. A
major recreation resource, Cibola National Forest, would not be adversely impacted.

Effects on Geology and Soils

What are the effects on the geology and soils? The principal impacts to geology and soils
would result from excavation activities associated with corrective measures. Excavation would
have minor, temporary effects on local topographic expression. Soils would be stored and
piled for site reclamation activities. Soil disturbances would also result in small increases in
local erosion potential, which would be mitigated by recontouring and revegetating disturbed
sites. A beneficial effect of soil-profile alteration (a decrease in fine-grained materiai during
treatment) would be a potential increase in infiltration rates and an accompanying decrease in
water erosion. No cumulative impacts were projected.

Surface-Water and Groundwater Quality Effects

What are the effects on surface-water and groundwater quality? No major adverse
impacts to surface-water or groundwater resources would result from construction or operation
of corrective measures. Any increases in surface-water runoff from excavation or construction
would be temporary (see Section 3.3). In general, surface-water quality would not be
adversely affected because it is present only during and following intense precipitation events
when it is predominantly confined to the channels of two major arroyos. There would be slight
adverse impacts for short durations where ER Project sites are located in or adjacent to the
arroyo channels. Groundwater contamination associated with corrective measures (e.g.,
excavation) is unlikely because of the depth to ground-water (generally, 350 feet [107 meters]
or more) and low annual precipitation.

Three ER Project sites (7, 16, and 23) are located within or adjacent to the main channel of
Arroyo del Coyote (see Figure 3-7 and Figure 3-8), which is subject to flooding during major
precipitation events (see Section 3.4.1). Small-scale excavation of contaminated soils and
debris at these sites would have no short- or long-term adverse effects on the floodplain. The
proposed excavations, which would be reclaimed within a short time period, would not affect
human life or property or natural and beneficial floodplain values. Of the natural wetlands
remaining at KAFB (Coyote Springs, Sol de Mete Spring, and G Spring) (see Figure 3-9), only
Coyote Springs (ER Site 62) might be affected. However, this site is proposed for a
determination of NFA based on a determination that the site is not contaminated at a level
exceeding regulatory cleanup thresholds.
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Air Quality Effects

What are the air quality effects? Prior to any excavation or remediation activities, each ER
Project site would undergo an evaluation for the applicability of the National Emissions
Standards for Hazardous Air Pollutants (NESHAPS) and of other potentially applicable
regulations.

An estimated 7,650 tons (6.94 million kilograms) of regulated criteria air pollutants would be
emitted over the assumed ten-year ER Project activity period (emissions of toxic pollutants not
subject to regulatory limits for mobile sources were also estimated). Ambient air
concentrations resulting from these emissions were estimated using the EPA ISC2 model (see
Section 4.1.4) and were compared to the National Ambient Air Quality (NAAQ) Standards and
the Albuquerque/Bernalilio County Ambient Air Quality (AAQ) Standards. All air emissions
associated with ER Project site excavation and transportation to the TU and/or CAMU would
be well below both the national and the local AAQ standards. Carbon monoxide emissions are
estimated to be 4.3 tons (3,900 kilograms) per year and would be below the Albuquerque
Environmental Health Department Air Pollution Control Division "General Conformity"
standards for carbon monoxide emissions of 100 tons (91,000 kilograms) per year for any local
source. Because of the contaminant destruction effectiveness of the proposed off-gas
treatment system for the thermal desorber, the only significant pollutant emission from the TU
and/or CAMU treatment facility would be carbon dioxide, which is estimated to be 0.03 tons
(27 kilograms) per year. There are no NAAQ or local AAQ standards for to carbon dioxide
emissions.

The only potential routine releases of hazardous air pollutants from the proposed treatment
facility would be radionuclides. Emissions of radionuclides, controlled by high efficiency
particulate air filters with a minimum 99.9 percent removal efficiency, would not exceed the
National Emission Standards for Hazardous Air Pollutants (NESHAPS) criteria that radiation
doses to the public not exceed 10 millirems (mrem) per year. Corrective measure-related
doses at KAFB site boundary were estimated at below 0.005 mrem per year. Radionuclide
emissions would be monitored and reported according to NESHAPS and SNL/NM air
monitoring requirements.

Effects on Biological Resources

What are the effects on the biological resources? Sensitive species potentially located at
ER Project sites include plant and animal species that are listed under the federal Endangered
Species Act (see Section 3.6.2) as well as those protected by the State of New Mexico. Three
state-listed endangered plant species (List 1: grama grass cactus, Wright's pincushion cactus,
and Visnagita cactus) are known to occur on KAFB. Two candidate species for federal listing
(grama grass cactus and the Texas horned lizard) are also known to occur. Seven other
federal candidate species (three birds, three bats, and one rodent species) are considered
potentially present on KAFB but have not been found to occur. One state-listed rare and
sensitive plant (List 2: Santa Fe milkvetch) is known to occur on KAFB, and two other List 2
species may occur there. One species under State review (List 3: strong prickly pear) may
occur on KAFB.
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Of the total area to be disturbed over a ten-year period by the proposed action (about

1,100 acres), nearly 900 acres (360 hectares) (about 70 percent) are comprised of ER Project
sites known to support sensitive species. However, nearly half of this area (about 420 acres or
170 hectares) is in a single site (ER Site 54). The proposed cleanup would result in an overall
reduction of exposure of ecological receptors, including sensitive species, to chemical and
radiological contaminants, thereby reducing long-term risks. Minor to moderate short-term
adverse impacts would be related to human activity, local noise, traffic, and potential releases
of contaminants.

Disturbance to areas with highly sensitive habitat (e.g., one wetland area and sites with
vigorous populations) would be avoided, if possible, during soil excavation operations. Where
it was not feasible to protect isolated individual plant species, individual plants would be
transplanted to an area outside the area of disturbance. Where special status plants are not
found, long-term impacts to biological resources are expected to be minor to moderate. With
mitigation measures, there would be no major impacts to sensitive plant species.

Effects on Cultural Resources

What are the effects on cultural resources? In 1994, a complete pedestrian survey of all
known ER Project sites was conducted on DOE, KAFB, and U.S. Forest Service lands that had
not been surveyed since 1988 or before. Sixty-two sites (32 prehistoric, 24 historic,

5 prehistoric-historic, and 1 site of unknown affiliation) have been recorded with the New
Mexico Historic Preservation Division as being within areas designated as ER Project sites. Of
these, 31 prehistoric sites, 17 historic sites, and 5 prehistoric-historic sites are candidates for
possible inclusion in the National Register of Historic Places (NRHP). Although these sites
have the potential for yielding significant information, they are not necessarily qualified for the
NRHP. ER Project activities, including excavation, would be implemented to avoid all potential
NRHP sites. If avoidance were impossible, subsurface testing and data recovery or monitoring
during ground-disturbing activities would be instituted as required. If any cultural resources
were uncovered during excavation, work would cease, and a qualified archeologist would be
called in to make an assessment. With these mitigation measures, there would be minor to
moderately adverse impacts on subsurface cultural resources. :

Effects from Noise

What are the effects from noise? Noise sources associated with the proposed action would
consist of normal construction noise, excavation equipment, and truck traffic. Noise emissions
would generally be confined to daylight hours and would be sporadic. Also, most public noise
receptors are located 1 mile (2 kilometers) or more from the major remediation activities. Thus,
ambient noise levels associated with corrective measures would have only minor short-term
on-site impacts.

Socioeconomic Effects

What are the socioeconomic effects? Implementation of the ER Project would create minor
short-term employment for construction workers, equipment operators, and truck drivers. The
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number of technical support staff would remain constant. Most members of the required work
force currently reside in the Albuquerque area and would be hired from the existing labor pool;
net increases in local employment and payroll would be negligible. Community services and
infrastructure would not be affected. None of the activities or potential impacts associated with
the proposed ER Project would result in disproportionately high adverse human health or
environmental effects on minority or low income populations.

Cleanup operations under the proposed action would, in the long term, reduce the risks of
environmental contamination and human health effects for the entire Albuquerque region.
Together with the general population as a whole, minority and low income populations in this
region, including the Isleta Pueblo to the south, would benefit from cleanup activities at
SNL/NM. Therefore, no foreseeable disproportionate or adverse health and environmental
impacts would be expected on any particular segment of the surrounding population, including
minority and low-income populations. »

Cumulative Impacts

What are the cumulative impacts of the proposed action? The Council on Environmental
Quality regulations defines, "cumulative impact” as that which results from the incremental
effects of an action when added to other past, present and reasonably foreseeable future
actions. Consistent with DOE guidance, the cumulative analysis in this environmental
assessment focuses on issues of importance. The greatest contributor to the human health
impacts from the proposed ER Project treatment options was estimated to be accidental
injuries and fatalities associated with corrective measures operations. The incremental cancer
risk for adults and children associated with the no action alternative was estimated to be
somewhat greater than the incremental cancer risk for proposed routine corrective measures
operations. However, this risk estimate is quite conservative because it is based on measured
environmental concentrations that include contributions from operational releases and
contaminants at ER Project sites. When risks from corrective measures accidents were
included, however, the cancer risks from taking no action and from implementing routine
corrective measures were together far lower than the total risk of industrial accidents occurring
during corrective measures.

In general, therefore, the environmental and human health impacts associated with ER Project
would be small, short-term impacts mainly associated with contamination exposures during
cleanup activities. Under normal operations, the greatest risk is the risk of physical injuries
from transportation accidents that would occur while transporting contaminated materials on
site or off site for treatment and disposal. Although small, short-term impacts would occur, the
long-term effects of the ER Project cleanup activities would reduce the existence of
contamination as well as the potential risk of contamination spreading to areas where it does.
not already exist.

Future Actions

What happens now? The ER Project is an ongoing process and, therefore, will be modified
depending on the results of assessment activities. Future actions may include getting
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additional permits and approvals from the appropriate regulatory authority (e.g., air permits
from EPA) and responding to any new regulatory requirements. Additional environmental
reviews may be done under the National Environmental Policy Act. Work plans, safety
analysis and additional risk assessments may be prepared. The public will be kept informed
and have opportunities to participate in the ER Project through the public participation
processes of such actions as future NEPA documents and new permit applications. The DOE
will continue to work with our local Citizens Advisory Board as a continuing program of public
outreach.
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1.0 PURPOSE AND NEED FOR ACTION

1.1 Background

Sandia National Laboratories/New Mexico (SNL/NM) is managed and operated for the

U.S. Department of Energy (DOE) by Sandia Corporation, a subsidiary of the Lockheed Martin
Company. SNL/NM is located on land controlled by DOE within the boundaries of Kirtland Air
Force Base (KAFB) in Albuquerque, New Mexico (see Figure 1-1). The major responsibilities
of SNL/NM are the support of national security and energy projects. Among the primary
missions of SNL/NM is the design and development of non-nuclear portions of weapons
systems. These systems include the arming, fusing and firing systems used in nuclear
ordnance.

In addition to designing and developing weapons systems, SNL/NM conducts nuclear reactor
safety studies for the U.S. Nuclear Regulatory Commission; develops safe transport and
storage systems for nuclear wastes; develops radioactive waste disposal techniques; and
conducts pulsed power, thermonuclear fusion, solar energy, vertical-axis wind turbine, and
fossil fuel and geothermal energy research. SNL/NM also supports the nation’s industrial
progress through Cooperative Research and Development Agreements with private sector
companies.

Since the mid 1940s, some SNL/NM national defense operations have generated solid waste, -
such as low-level radioactive waste, hazardous waste, and mixed waste (a combination of
radioactive and hazardous wastes) that contain contaminants of concern (CoCs). Prior to the
regulatory requirements now in place, SNL/NM disposed of these wastes in landfills and
release sites within the boundaries of SNL/NM and KAFB. In 1984, DOE through its
Albuquerque Operations Office (DOE/AL), created a site cleanup program called the
Comprehensive Environmental Assessment and Response Program (CEARP), which fulfilled
DOE's compliance requirements under several statutes and reguiations including, but not
limited to:

o Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), as amended by the Superfund Amendments and Reauthorization Act
(SARA).

¢ Resource Conservation and Recovery Act (RCRA) (Title 40 of the Code of Federal
Regulations [CFR] Parts 260 through 279), as amended by the Hazardous and
Solid Waste Amendments (HSWA) in 1984.
¢ National Environmental Policy Act (NEPA) (40 CFR 1500 through 1508).
e Atomic Energy Act (AEA) of 1954 (10 CFR 200 through 1060).
Under the goals of the CEARP, assessment and remediation activities were conducted from

1984 until March 1987, when DOE Headquarters, at the request of the U.S. House of
Representatives Armed Services Committee, incorporated the separate field programs into a
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national environmental restoration (ER) program for all DOE defense program facilities. In
November 1987, the Secretary of Energy established the Office of Environmental Restoration
and Waste Management to improve site remediation, waste management, and
decontamination/decommissioning by consolidating these programs into one office. The
primary goals of DOE ER Project activities are to ensure that risks to human health and the
environment posed by inactive sites be either eliminated or reduced to safe levels (SNL/NM,
1995a) and to ensure compliance with all applicable regulations.

CEARP studies completed in the 1980s and several additional investigations have identified
the suspected presence of 157 potential waste and release sites at SNL/NM (as of December
1995) where hazardous, radiological, or mixed materials may have been released to the
environment. These potential release sites are referred to under the RCRA as solid waste
management units (SWMUs); but, for the purposes of this environmental assessment (EA),
these sites are referred to as ER Project sites. In general, the types of CoCs found at the ER
Project sites include volatile organic compounds (VOCs), semivolatile organic compounds
(SVOCs), heavy metals, radionuclides, high explosives (HE), polychlorinated biphenyls
(PCBs), petroleum hydrocarbons (PHCs), various inorganic compounds, and sanitary wastes.

The ER Project sites listed in Appendix A, Table A-1, require further investigation and possible
corrective action. Additional sites may be added to this list in the future as more information
becomes available. The analysis in this EA addresses currently listed sites as well as
reasonably foreseeable additions to the ER Project site list.

1.2  Purpose And Need

DOE, through the Kirtland Area Office of DOE/AL, is proposing to conduct ER Project site
corrective action (site characterization and cleanup) activities at SNL/NM. The overall purpose
of and need for site characterization and cleanup is to reduce risk to human health and the
environment posed by potential releases of CoCs at ER Project sites. Under the mission of the
Office of Environmental Management/Office of Environmental Restoration and Waste
Management, DOE will achieve and maintain full compliance with applicable federal, state, and
local environmental laws and regulations pertaining to current waste management practices
and cleanup of previously contaminated sites and facilities. The proposed action would start in
fiscal year (FY) 1996 and continue for approximately 10 years.
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2.0 PROPOSED ACTION AND ALTERNATIVES

2.1 Proposed Action

DOE is proposing to characterize and clean up the ER Project sites using a range of treatment
technologies (also referred to as treatment trains). These technologies may be selected singly
or in combination, depending on the cleanup requirements. This cleanup could involve
currently estimated 157 SNL/NM ER Project sites. The corrective measures selected for this
cleanup and analyzed in this EA are those reasonable, feasible, and implementable
technologies believed to be capable of achieving U.S. Environmental Protection Agency (EPA)
correction action objectives and technology selection criteria.

The final selection of corrective measures would be made either by the appropriate HSWA
permitting authority after the completion of the RCRA facility investigations (RFls) and
corrective measures studies (CMSs), by the State of New Mexico when the State receives
RCRA corrective action authority or under other applicable regulations. This EA analyzes the
potential environmental consequences of the corrective measures that are consistent with
RCRA requirements, EPA guidance, HSWA permitting process, DOE policy, and other
applicable regulations. In addition, corrective measures selected for this analysis are based on
the best information on site characteristics available at this time. It is possible that not all of
the currently estimated 157 SNL/NM ER Project sites would require corrective measures.
Some sites would qualify for "no further action" (NFA), provided it could be demonstrated to the
regulators that leaving the sites as they are poses no threat to human health or the
environment. In addition, some sites would be addressed through a process of voluntary
corrective measures (VCMs) designed to remedy immediate hazards.

Figures 2-1 through 2-7 depict the locations of the currently estimated 157 SNL/NM ER Project
sites identified as of December 1995. More extensive information on these sites is available in
Appendix A, Table A-1, which lists each ER Project site with information on past waste
sources, geographical features, nearest point of public access, the area of concern and
estimated contaminated soil volume, and the CoCs. For each site, hazardous materials known
to have been associated with activities conducted at the site (based on archival evidence) are
included as potential contaminants. Hazardous materials suspected to have been used are
identified as suspected contaminants. The contaminated physical forms or media are also
identified in the table.

Appendix A, Table A-2, lists the estimated volumes needed to be treated through corrective
measures. For the purpose of this EA and in order to conservatively assess impacts, volume
estimates are considered to be larger than the actual volumes that would require remediation.
The range of possible treatment options at each site is also shown in this table. The table
provides an overview of the types of sites and contaminants to be addressed by the ER Project
and should not be interpreted as defining specific proposed remedial actions for each site. Itis
provided to assist the reader with background information on which this assessment of a range
of proposed actions in the EA is based. Actual corrective measures for individual sites would
be addressed as part of the HSWA permitting process and subsequent required documents.
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The proposed action to characterize and clean up the ER Project sites would select and apply
a range of options at individual sites. Specific actions for specific sites would begin once
characterization activities were complete and applicable permitting authorities selected specific
remedies appropriate to the individual sites.

The proposed action can be broken down into steps (see Figure 2-8), as follows:

1. ldentify those sites that may have been contaminated because of past SNL/NM
activities.

2. Evaluate the nature and extent of the contamination and identify the CoCs.

3. Determine whether the site is contaminated at a level requiring cleanup, based
on regulatory cleanup thresholds. :

4. Determine appropriate cleanup method.

If a particular site is not contaminated at a level requiring cleanup, the site would be proposed
to regulatory authorities for NFA status. However, if the contamination at a site exceeds
regulatory cleanup levels, other choices must be made. One of these choices could be to
immediately remove a hazard (e.g., surface debris) or reduce the risk to human health and the
environment by performing a VCM, or the ER Project may proceed with further site
characterization to determine the range of treatment options appropriate for site cleanup. Final -
decisions on NFA or cleanup actions will be made for each site using this process. For each
site, contaminant characterization and evaluation of human health risks will be performed
before a final decision regarding site disposition is made.

Once the site characterization is complete, actual treatment options will be identified and
implemented to clean up the sites. The treatment options considered for the purpose of this
analysis include two general approaches:

1. Excavation followed by treatment and disposal of contaminated soils, including
the following:

Excavation, waste segregation, and site restoration.
Thermal desorption.

Off-gas treatment.

Soil-washing.

Carbon dioxide blasting.

Solidification and stabilization.

Off-site (ex situ) treatment and disposal.

¢ & ¢ ¢ ¢ o o

2. In situ treatment or site control, including the following:

¢ In situ bioremediation.
e Thermally enhanced vapor extraction.
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o Capping.
o |nstitutional controls.

Additional ex situ or in situ treatments may be evaluated and implemented in the future as
technology improves and/or as the CoC types change with increased site knowledge. If such
other treatments were considered, their impacts would be evaluated before implementation.

Once treatment or site control was accomplished, actions taken at a site would be documented
and presented to applicable regulatory agencies for approval of NFA status. |f NFA status
were granted, the ER Project would have met its goals to reduce and/or eliminate
environmental, health, or safety risks and would have met regulatory requirements for site
cleanup. If NFA status were not granted, further site treatment would be needed. After any
additional actions were completed, a new NFA proposal would be submitted to the appropriate
regulatory agencies.

The process by which each ER Project site is evaluated for cleanup action involves the
following steps, although not necessarily in this order:

o Identify probable contaminant types (and thus waste types) for each ER Project
site.

¢ Identify and categorize the most likely CoCs.

o Perform assessment activities to determine the nature and extent of any
contamination.

e Estimate volumes of waste to be treated and/or disposed of.

¢ Describe candidate corrective measure technologies and treatment option
combinations for each waste category.

Therefore, impacts from treatment technologies proposed in this assessment would likely
encompass potential impacts from the actual technologies selected by DOE and approved by
EPA or other regulatory authorities as the ER Project progresses.

DOE policy for final selection of corrective measures is consistent with EPA Region 6 criterion
of selecting corrective measures "imposing the least adverse environmental impact or greatest
improvement on the environment over the shortest period of time" (EPA, 1993). However, to
provide a conservative estimate of environmental impacts in this assessment, those corrective
measures with greater anticipated adverse potential impacts have been analyzed. The
majority of sites would likely qualify for corrective measures with less impact than the
conservative assessment. The estimated volume requiring treatment is the most conservative
element of the analyses. More refined volume estimates for specific sites currently being
characterized indicate that the actual volumes to be excavated and treated are lower.
Therefore, the analysis of impacts associated with implementation of proposed options
evaluated in this assessment are considered to be conservative.
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The corrective measures selected for analysis in this EA are intended to achieve the following
corrective action objectives:

¢ To provide corrective measures that protect human health and the environment
and are cost-effective, practicable, and suited to SNL/NM site conditions.

¢ To attain approved cleanup levels.

e To comply with applicable waste management regulations and requirements.
A major consideration in the approach to selecting corrective measures for analysis was to
select those cleanup technologies (individually or in combination) that are consistent with the

following EPA selection criteria: long-term reliability (including performance and safety);
reduction of toxicity, mobility, and volume; short-term effectiveness; implementability; and cost.

2.1.1 Site Investigation and Characterization

Site investigation and characterization of potential sites would involve a number of field
activities required to conduct RFls at each ER Project site. Site characterization may include
the following:

¢ Installing and operating monitoring wells to locate and monitor contamination
sources and the extent of groundwater contamination.

e Sampling and analyzing groundwater, surface-water, and soil to identify the
nature and extent of contamination.

¢ Performing aquifer and vadose zone permeability testing to identify
characteristics of the soil to determine the mobility of contamination in the soil.

e Performing surface and borehole geophysical studies to assist in understanding
surface and subsurface geological conditions.

e Extracting and analyzing soil-gas samples to understand the nature and extent
of organic vapor contamination within the soil.

e Installing and operating air monitoring devices to determine whether
contaminants are becoming airborne.

¢ Installing and maintaining site monitoring instrumentation, such as subsidence
monitors and meteorological equipment, to assist in monitoring site
environmental conditions.

The environmental consequences of site investigation and characterization activities are
encompassed in this overall analysis of the proposed action. In compiling information on the
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nature and extent of contamination at the ER Project sites for this EA, the following site
characteristics were considered:

Past use and contaminant sources.

Presence or absence of surface water.

Depth to groundwater.

Potentially contaminated media (air, water, soils).
Areal extent of contamination.

Treatable waste volume.

Known or suspected contaminants.

2.1.2 Nature and Extent of Contamination

Nature of Contamination. Definitive detailed information on the presence or absence of the
identified CoCs is not available for all of the ER Project sites subject to corrective action. This
information would be available upon completion of an RFI for each site or site grouping. At
present, these investigations are in various stages of completion. To help remedy the absence
of specific information, a number of conservative assumptions (leading to greater rather than
lesser anticipated environmental impacts) have been made to be consistent with the Council
on Environmental Quality regulations related to incomplete information for analysis impact

(40 CFR 1502.22).

Conservative assumptions, detailed in Appendix B, have been made for the following factors:

The boundaries of each ER Project site—defined by historical records of the site
if sampling data does not exist.

The volumes of contaminated soil or debris needing treatment—assumed to be
an average of 1 foot (0.3 meters]) deep over the areal extent of each site,
unless more specific historical information is available (e.g., for landfills). This
assumption is conservative because contaminants are not distributed evenly
over the entire site.

The site contaminant type—the more toxic and/or mobile form of chemicals—is
assumed to be present at sites if they or similar less toxic contaminants were
detected at the site.

The acceptable level of risk (i.e., appropriate levels of cleanup)—acceptable risk
levels are assumed to be defined per EPA proposed Subpart S (55 Federal
Register [FR] 30796).

The concentrations of CoCs—based on the high estimate of concentration for
which data exist (see Appendix D2, Tables D2-1 through D2-5). At sites for
which no VOC data exist, the concentration was set at 1 part per million (ppm),
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consistent with EPA's guidance on assessing unit risk if data are unavailable
(EPA, 1989a).

To determine the potential environmental effects of the proposed corrective measures
(analyzed in Chapter 4.0, "Environmental Consequences"), conservatively estimated releases
of contaminant concentrations under unfavorable meteorological conditions were assumed in
estimating exposure to workers and the public. Public receptors were assumed to be
continuously located at KAFB site boundaries at points of maximum concentration, although
there are no actual residences at those locations.

Although only four detailed site RFls have been completed, past and interim investigations
provide a basis for estimating the nature and extent of contamination. One such investigation
was the 1984 DOE/AL-initiated CEARP to identify and assess the location of contaminated
sites and the types of CoCs present (DOE, 1987). In 1987, EPA Region 6 conducted a similar
investigation known as a RCRA facility assessment (EPA, 1987). Subsequent field
investigations have been conducted or are in progress to identify site conditions, to complete
gathering of evidence of spills or releases, to determine radiological contamination and
background, and to assess and remove unexploded ordnance (UXO) hazards.
Based on these investigations, some general conclusions were made regarding whether one
or more of the broad categories of contaminants are present or absent at each of the
ER Project sites. The broad categories of contaminants and hazards (see Table 2-1) include:

¢ Radioactive materials such as depleted uranium (DU).

e Metals such as lead, copper, and mercury.

e Polychlorinated biphenyls (PCBs).

e Petroleum hydrocarbons (PHCs).

¢ Volatile organic compounds (VOCs) such as acetone, alcohol, carbon
tetrachloride, and toluene.

e Semivolatile organic compounds (SVOCs) such as ethylene glycol.

o High Explosives (HE) compounds and residues such as ammonium nitrate,
rocket propellant, and black powder.

¢ |Inorganic chemicals such as acetic acid, sulfides, and sulfuric acid.
¢ Unexploded ordnance (UXO) hazards.

e Miscellaneous contaminants such as asbestos and hydrazine.
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Extent of Contamination. The types and amounts of contamination at the ER Project sites
vary. The site types include (but are not limited to) landfills, chemical disposal pits, explosives
burial sites, detonation areas, burn sites, trash pits, storage areas, open dumps, waste
disposal trenches, oil spill areas, underground storage tanks, septic tanks and leach fields, and
test pits. Some sites, such as PCB or fuel-oil spill areas, contain only one category of
contaminants (e.g., PCBs or PHCs). Other sites, including some septic systems, contain the
entire spectrum of CoCs found at SNL/NM (see Appendix A, Table A-1). Many sites at
SNL/NM were used for testing detonation primers and conventional explosive devices. These
firing sites are contaminated with scattered debris (including UXO, HE compounds and
residues, pieces of shrapnel, and chunks of DU or DU-contaminated metal that have been
partially buried as a result of weathering and/or the force of the testing).

It is anticipated that ER Project activities at SNL/NM would generate regulated waste such as
hazardous, radioactive, and mixed. Mixed waste is radioactive waste that also contains
RCRA-regulated hazardous waste as defined in 40 CFR 261, Subparts C and D. In order to
minimize waste generation and to treat waste volumes properly, the waste must be
characterized and segregated prior to treatment or disposal. Hazardous, radioactive, and
mixed wastes could be treated using technologies appropriate to the contaminant compound
and physical form.

The areal extent of individual ER Project sites ranges from an estimated 700 square feet

(65 square meters) for an oil spill (ER Site 39) to an estimated 18,000,000 square feet

(1.7 million square meters) for the Pickax HE area (ER Site 54) at Thunder Range (see
Appendix A). Estimated contaminated soil volumes range from less than 35 cubic feet (less
than 1 cubic meter) at a waste disposal trench (ER Site 23) to about 10.8 million cubic feet
(about 306,000 cubic meters) at the Chemical Waste Landfill (ER Site 74), although only partial
excavation of about 934,000 cubic feet (about 26,500 cubic meters) of soil to eliminate
groundwater contamination sources at the Chemical Waste Landfill is currently planned.
Volume estimates were made assuming an average contaminant depth of 1 foot (0.3 meters),
unless site information provided a better basis for depth or total volume assumptions.
Appendix A, Table A-2, shows the areal extent, depth, and volume assumptions used for this
assessment. Current, more refined volume estimates for all sites indicate that volumes of
contaminated soils are actually lower than those assumed for this EA.

It was assumed from the information available that at least 80 percent of the volume subject to
treatment consists of contaminated soils. An additional 10 percent of the volume of
contaminated material is buried nonsoil material, while the remaining 10 percent is debris
resulting from the demolition of pipelines and structures. Buried non-soil material includes
former underground storage tanks, waste drums, gas cylinders, scrap associated with
laboratory operations, and discarded machinery. This buried, non-soil debris could be
managed under the debris rule (40 CFR 260.2).

Groundwater remediation could require removing the contamination source through
excavation, soil treatment, in situ vadose-zone vapor extraction, or a pump-and-treat system.
These measures could, over a period of months to a few years, reduce groundwater-
contamination concentrations to a level consistent with regulatory standards.
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2.1.3 Undertaking Voluntary Corrective Measures

In keeping with its intent to employ a flexible approach to ER Project site cleanup, EPA
encourages voluntary cleanup in its proposed Subpart S (55 FR 30796). Voluntary corrective
measures, referred to in the SNL/NM RCRA Part B permit as VCMs, are actions undertaken by
the ER Project to reduce or eliminate human health or environmental risks, reduce costs,
and/or shorten the overall cleanup schedule.

VCM activities could involve cleaning up general debris, removing waste drums or spot
sources of contaminated soils, or removing discreet explosive or radioactive waste sources.
VCMs are expedited versions of the investigation/remedy selection process presented in this
document. VCMs generally would be undertaken at ER Project sites for which the remedies
are obvious. EPA has approved procedures for performing VCMs at SNL/NM; these
procedures include EPA review of the plans and early and complete public participation.

2.1.4 Range of Treatment Options

Two groups of treatment options are proposed for all remediation wastes expected to be
generated during cleanup of the ER Project sites. These treatment options represent
technologies commonly used to treat hazardous, radioactive, or mixed wastes. The treatment
options include:

o Excavation followed by treatment and disposal of contaminated soils. (All these
treatments may be performed at a central facility, such as a temporary unit [TU]
and/or corrective action management unit [CAMU], or at a mobile unit.)

-~ Excavation, waste segregation, and site restoration.
— Thermal desorption.

— Off-gas treatment.

~ Soil-washing.

— Carbon dioxide blasting.

- Solidification and stabilization.

— Off-site treatment or disposal.

e In situ treatment or site control.

In situ bioremediation.

Thermally enhanced vapor extraction.
Capping.

Institutional controls.

Table 2-2 is a matrix that shows how these technologies might be used for different waste
types. These treatments would be used in specific applications suitable to the waste type.
This table is presented as a guide for the discussion of the treatment options to follow. Until
the completion of field sampling activities, application of the proposed waste treatment
technologies must be described in general terms. In order to verify that a particular treatment
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technology would be effective for specific ER wastes, analytical data on CoC concentrations,
treatment process modeling, and (possibly) treatability studies would be necessary. At this
time, it is unknown whether restoration activities would be conducted at single sites
sequentially or whether activities would occur at multiple sites concurrently.

Table 2-2
Matrix of Proposed Action Options

. : | Figure = | Hazardous | Radioactive | Mixed
Treatment Option Number | Number | Waste | = Waste = -| Waste
Excavation, segregation 2.1.41 2-9 X X X
Thermal desorption 2.1.4.2 2-11 X X
Off-gas treatment 2.1.4.3 2-12 X X
Soil-washing 2.1.4.4 2-13 X X X"
Carbon dioxide blasting 2.1.45 2-14 X X
Solidification and stabilization 21.4.6 2-15 X X
Corrective action management unit 21.47 2-17 X X X
Off-site treatment or disposal 2148 None X X X
In situ bioremediation 2.14.9 2-18 X

Thermally enhanced vapor extraction | 2.1.4.10 None X

Capping/institutional controls 21.4.11 2-19 X X X

®Selected only if the contaminants are metals.

All site remediation activities using these treatment options would be conducted in accordance
with DOE-approved work plans and health and safety plans. All work would be performed in
accordance with standard SNL/NM policies set forth in SNL/NM safe operating procedures.
Wastes generated as part of these treatment options would be handled in accordance with
project-specific waste management plans.

2.1.4.1 Site Excavation, Waste Segregation, and Site Reclamation

Most treatment options could require some form of excavation to remove contamination from
the ER Project site prior to treatment or disposal. Excavation is applicable to hazardous,
radioactive, and mixed wastes.

Before any disturbance, including excavation, of an ER Project site, detailed studies to identify,
evaluate, and map biological and cultural resources located on or near suspected ER Project
sites would be performed. Detailed maps showing the locations of these resources would be
used to avoid disturbing cultural resources, particularly those potentially eligible for inclusion in
the National Register of Historic Places (NRHP). These surveys would also provide
information about any sensitive species or sensitive species habitat that might be located on or
near any ER Project sites. At sites where avoidance was not feasible, the cultural resource
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would be evaluated further in order to minimize impacts from ER Project efforts. In the event
that archaeological or historic artifacts are uncovered during site excavation, work would be
halted, and a qualified archaeologist would be called in to make an assessment. Also, the
KAFB Historic Preservation Officer and the State Historic Preservation Officer (SHPO) would
be contacted.

Mitigation for sensitive species would principally involve avoidance of areas where populations
of sensitive species were identified. Disturbance of areas with a highly sensitive habitat, such
as wetlands and sites of vigorous populations of sensitive species, would be strictly avoided
during soil-excavation operations. Disturbance of moderately sensitive habitats, such as
floodplains and sites of scattered individuals of a sensitive species, would be avoided
whenever possible, or a mitigation action specific to the conditions would be implemented to
reduce damage to the resource. Isolated sensitive plants found in areas to be disturbed would
be transplanted to a suitable habitat outside of the area of disturbance.

Because, historically, land use at KAFB involved ordnance testing and other uses of -
explosives, each ER Project site could be surveyed for UXO or HE fragments under the
supervision of the KAFB Explosive Ordnance Disposal (EOD) Unit. Any fragments found
would be either exploded in place or sent to the existing KAFB EOD Range, where they would
be detonated.

After the initial surveys and investigations, the ER Project sites would then be ready for either
further site characterization or site cleanup, which could involve excavation for onsite treatment
or removal for treatment or disposal elsewhere. Figure 2-9 illustrates soil excavation activity.
Excavation of contaminated soil would probably use tracked backhoes and front-end loaders.
If soil treatment were to be done elsewhere, contaminated soils would be loaded into metal
boxes and transported off the ER Project site on flatbed trailer trucks.

Containment zones would be maintained during excavation activities to minimize the potential
for contaminant migration. Any unexpected changes (e.g., changes in CoC type or
concentration or waste type) in the conditions encountered during excavation activities would
require a temporary shutdown of operations to ensure worker and public safety. Excavation
equipment would be monitored to detect excessive levels of contamination, and
decontamination areas would be constructed to manage any contaminated equipment. To
prevent spread of contamination, equipment decontamination processes would be performed
inside the containment zone. Wastes from the decontamination process would be handled in
accordance with standard waste-handling procedures, as required by SNL/NM waste
management policies.

Any debris, metal, or DU fragments encountered during excavation would be segregated from
other wastes. Depending on the type and quantity of the contamination, debris would be either
disposed of in an appropriate type of disposal facility or treated by carbon dioxide blasting to
remove surface contamination, as described in Section 2.1.4.5. After excavation, samples
would be analyzed to determine whether the targeted cleanup level were achieved. Sanitary
and low-level radioactive wastes may be stored at the excavation site for longer than 90 days
until further appropriate action is taken.
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lHustration of Soil Excavation Activities
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ER Project sites would be restored and reclaimed to their approximate natural condition. The
reclamation process would consist of the following steps (see Figure 2-10):

» Backfilling—Excavations would be backfilled and compacted using clean
overburden and/or treated soil if approved by the appropriate regulatory agency.

Side-Slope Reduction—Earth-moving equipment would be used to smooth the
contours of excavations.

Topsoil Application—When necessary, uncontaminated top soil would be
imported from designated SNL/NM borrow and fill locations to replace
excavated contaminated soils. Top soil would be broken up to promote bonding
to the backfill and would then be ripped, following newly established contours to
retard erosion.

Reseeding—An appropriate mixture of native grasses and shrubs would be
planted.

Establishing Plant Growth—Plants would be fertilized and irrigated for one or
more growing seasons to establish growth.

Excavation and segregation of the contaminated soils would be followed by appropriate waste

treatment or disposal. Consistent with the goals of the ER Project, waste management and
disposal activities would accomplish several important objectives:

e Reduce the extent of the soil contamination area.

Consolidate both low- and high-concentration RCRA-listed/characteristic
hazardous wastes.

Consolidate both low- and high-concentration radioactive wastes.
e Reduce the volume, mobility, and/or toxicity of contaminants.
Wastes would be treated using the range of technologies included in the proposed action.
Depending on design parameters, these technologies would achieve land disposal restrictions
(LDR) treatment standards. Where LDR treatment standards would apply to waste treatment

options, the treated wastes would be tested to verify compliance with applicable treatment
standards.

2.1.4.2 Thermal Desorption
Thermal desorption units would be used to volatilize (gasify) and/or destroy the hazardous

organic compounds (VOCs, SVOCs, PHCs, and PCBs) present in the contaminated soils (see
Figure 2-11). Volatilizing organic compounds removes VOCs, SVOCs, PHCs, and PCBs from
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the soil to facilitate treatment of these hazardous compounds. A number of effective thermal
technologies are available for removing and destroying organic compounds. The thermal
treatment discussed in this section represents thermal treatment technologies in general and is
an accepted technical treatment capable of meeting treatment goals with a minimum
environmental impact. Thermal desorption is appropriate for volatile and semivolatile
hazardous wastes and for the volatile and semivolatile components of mixed wastes.

A thermal desorption system is essentially a long cylindrical tube with three sections. The size
of a thermal desorption unit depends on the capacity for which the unit is designed, but it
typically ranges from approximately 50 to 200 feet (15 to 61 meters) in length. A screw feeder
draws contaminated soils into the first part of the tube. From there, the soils are drawn into a
gas furnace located in the middle section of the tube. The tumbling motion continuously
exposes the soils to heat, causing vaporization of VOCs, SVOCs, PHCs, and PCBs. The flow
rate and residence time of the solids traveling through the thermal desorber are controlied by
varying the slope and rotational speed of the tube. The treated solid residue remaining after
the VOCs, SVOCs, PHCs, and PCBs are removed drops onto a rotary airlock leading into a
solids collection container (Vavruska, 1993).

The thermal desorption unit is continuously purged with nitrogen gas to maintain the oxygen
concentration below a level needed for combustion. This prevents open-flame burning
(incineration). To control emissions, the sealed desorber is operated under a slightly negative
pressure created by an induced-draft fan used to draw the off-gas into the off-gas treatment
system (see Section 2.1.4.3). However, depending on specific waste stream characteristics,
oxidation capability may be required. If this becomes necessary, a supplemental
environmental analysis will be performed.

The thermal desorber would be designed to operate over a wide range of conditions and would
facilitate effective treatment for varying soil characteristics. Contamination measurements
taken during excavation of individual lifts of contaminated soil, as well as measurements of
moisture content taken at the treatment facility, would be used to adjust operating parameters
such as residence time and temperature. Continuous radiation monitoring would be conducted
to confirm safe working conditions during the treatment of mixed wastes. Fuel for the thermal
desorber (hydrogen and propane gases) would be stored at a safe distance from the burner
assembily; piping for the fuel would be routinely inspected for leaks.

2.1.4.3 Off-Gas Treatment

Treatment of the gaseous wastes from the thermal desorption unit (see Section 2.1.4.2) is
critical in controlling the release of off-gases to the ambient air. Off-gases would result from
heating contaminated soils. Off-gas treatment is an integral part of the thermal desorption unit
design necessary to minimize potential human health and environmental impacts of the
thermal desorption treatment option. Gaseous waste vapors are expected to contain organic
compounds (VOCs, SVOCs, PHCs, and PCBs), traces of acid vapor, and (possibly) dust
particulates. The technology to remove these contaminants is illustrated in Figure 2-12 and
consists of the following:
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e A cyclone separator (used to separate small particles of soils from the vapor
using centrifugal force).

s A baghouse (a series of fabric filter bags).
e Granular activated carbon columns (to absorb organic vapors).

s A steam reformer (to convert hazardous organic compounds such as VOCs and
SVOCs to nontoxic products by exposing them to superheated steam).

» A catalytic converter/hydrogen gas reclaimer.
o High efficiency particulate air (HEPA) filters.

This closed-loop technology for off-gas treatment is representative of the types of emissions
control technologies used for thermal treatment units.

The treatment process would involve routing the contaminated off-gas streams from the
thermal desorption system or other proposed waste treatment system into the off-gas
treatment system. Initially, a cyclone and a baghouse would be used to remove particulate
matter from the off-gas. Granular activated-carbon columns would then be used to adsorb
organic compounds, facilitating off-gas treatment in the steam-reformer by concentrating the
organics. High-pressure make-up steam would be used to regenerate the carbon columns and .
to transport the organics to a steam reformer, which would destroy the organics in the off-gas
stream (Bustand et al., 1994). Following treatment in a steam reformer, the off-gas would first
pass through a catalytic converter to eliminate any carbon monoxide present in the off-gas and
then would pass through a hydrogen reclaimer to remove and recycle hydrogen in the off-gas.
Finally, the off-gas would go through a HEPA-filter bank to remove any particulate
radionuclides from the off-gas.

2.1.4.4 Soil-Washing

Soil-washing would be used to segregate and concentrate radionuclide and metal
contamination onto smaller soil particles, such as silts and clays. It is an effective, common
decontamination technique used to remove fine-particulate contaminants from the soil matrix.
Soil-washing occurs as a self-contained closed-loop process and is representative of related
technologies, including the process of chemical extraction of contaminants from soil surfaces.
It is a simple and effective process that is-appropriate for the radioactive and metal
components of mixed wastes in soil. Initially, the contaminated soils would be sent through a
series of vibratory screens, gravity separators, and a cyclone separator to segregate the
variously sized soil particles and to allow the contaminants to adhere to the silt and clay
particles. Separating out the smaller contaminated silt and clay fractions would reduce the
volume of contaminated soil needing any further treatment (see Figure 2-13).

For the purpose of this EA, the clean soils resulting from the treatment process (estimated to
be 75 percent of the original soil volume) were assumed to be dewatered and returned to their
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original ER Project sites. The remaining (contaminated) soils (estimated to be 25 percent of
the original soil volume) would be decanted and sent to a solidification and stabilization (S/S)

unit (see Section 2.1.4.6).

Residual wash water resulting from both the soil-washing and the dewatering process would
be filtered through two ion-exchange columns in series. One column would contain anionic-
exchange media to capture the anionic species (negatively charged ions) that would form as a
result of the alkaline nature of SNL/NM soils (such as negatively charged uranium complexes).
The other column, containing cationic media, would capture the radioactive and/or metal
cations present in the wash water. The filtered water would then be recycled as feed water for
the soil-washing unit. The used ion-exchange media would be regenerated at an off-site
facility. Because the water would be recycled within the soil-washing process, contaminants
escaping the ion-exchange columns would not be a major concern.

All off-gas streams from the soil-washing unit would be sent to the off-gas treatment system
(see Section 2.1.4.3). Dust generation would be controlled by regularly moistening the soil.
There would be no discharge of process water to the environment. Any contaminated soils
remaining from this process would be loaded into roll-off bins with lids and transported to an
S/S unit for further treatment if necessary.

2.1.4.5 Carbon Dioxide Blasting

Debris recovered from ER Project sites with RCRA-regulated metals or radioactive surface
contamination would be treated using a surface-blasting technique. This technique is
appropriate for nonporous surfaces. A carbon dioxide blasting unit is representative of
surface-blasting techniques proposed for use at SNL/NM. This technology is appropriate for
radioactive wastes and for the radioactive portion of mixed wastes.

In an enclosed area, liquid carbon dioxide is pressurized into pellet form (see Figure 2-14).
These pellets are injected into a compressed air stream and shot from a blast nozzle at the
surface to be cleaned. When the pellets come into contact with the surface, the contamination
becomes brittle and easily removed. Contaminated particulates resulting from this process
would be sent through the S/S process (see Section 2.1.4.6). Cleaned debris would be
designated as recovered scrap material or sent to an industrial landfill.

To ensure operator safety and in order to capture all dispersed particulates, this operation
would be conducted in an enclosed area where air would be replaced according to
Occupational Safety and Health Administration (OSHA) standards. The air leaving the room
would be vented through a HEPA filter before being released to the atmosphere.

2.1.4.6 Solidification and Stabilization

An S/S process would be used to make wastes safer to handle and prevent contamination
from spreading to surrounding materials. Solidification refers to processes that reduce the

AL/12-95/WP/SNL:R3878-2.00C 2_29 03/21/96 2:36 PM




DOE/EA-1140

Compressor
Liquid CO2
tank
{200-275 psi)
—— Liquid CO2
Blast gun Pellets
===z

Pelletizer Fl— F

Dry ice pellet Blast nozzle

transport hose

(40 psi) | HEPA
Filter  Vent
to
Surface to be
Atmosphere
cleaned pher
psi Pounds per square inch

HEPA
CO2

High—efficiency particulate air
Carbon dioxide

Figure 2-14
Process Flow Diagram: Carbon Dioxide Blasting Process

2-30 9/16/94




DOE/EA-1140

mobility of CoCs, usually by processing the wastes into a single, solid block. Stabilization
refers to processes that limit the solubility of CoCs (e.g., by changing the pH of the solution or
by detoxifying the CoCs by chemical reaction). Stabilization processes can also alter the
physical characteristics of the waste. This technology is appropriate for radioactive wastes and
for the radioactive metal components of mixed wastes.

The S/S process is accomplished by mixing contaminated soil and particles with Portland
cement, water, and nontoxic additives to form a solid block (see Figure 2-15). The amount of
wastes and additives mixed together are determined by the specific CoCs to be treated. The
final form of this waste product is stable and prevents leaching. The treatment process could
be performed in a mobile unit temporarily housed within a larger treatment building.

Solidification of ER Project site wastes would be accomplished by feeding contaminated sail,
Portland cement, water, and additives into a lock hopper and a rotating screw feeder in a
continuous weighing system. The waste and solidification materials would be mixed in a
ribbon mixer and then poured into 0.1 inch (2.5 millimeter) thick 55-gallon (208 liter) steel
drums. The contents of the drums would be allowed to solidify for 8 to 10 hours before drums
were transferred to a curing/dewatering storage area. Each drum would be connected in the
curing/dewatering cell to a vacuum vapor treatment manifold. The connections of the manifold
would be tested for leaks. The vapor treatment manifold would be attached to the vapor
treatment system to prevent uncontrolled emissions. The solidified waste forms in the drums
would be tested to confirm that they comply with waste acceptance criteria for final disposal.

To the extent possible, all materials moving and mixing equipment would be enclosed to
control dust. Additionally, a portion of the mix water would be used to dampen the soil after
weighing. In order to minimize the distance over which additives and Portland cement would
be transferred, these materials would be stored in appropriate containment vessels located
adjacent to the S/S unit. Vacuum-vapor system piping and equipment would be inspected
routinely for leaks.

2.1.4.7 Temporary Unit and/or Corrective Action Management Unit

Another option under the proposed action is to store and treat excavated soils and other
remediation wastes at a centralized area known as a TU and/or a CAMU. A TU, as defined in
40 CFR 264.553, is a container storage area used for limit types of treatment or storage of
hazardous remediation wastes. The TU would have a lifespan of one to two years. The TU
could then be closed or become part of a permitted CAMU. A CAMU is defined in the final
EPA CAMU regulations as an “area within a facility that is designated . . . for the management
of remediation wastes” (40 CFR 260.10). The lifespan of the CAMU would be the remaining
term of the SNL/NM RCRA Part B permit and any subsequent renewals.

The goals for the use of this option are:

e To accelerate remediation of high-priority sites.
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e To achieve cost savings by accumulating wastes for bulk shipment and
treatment.

e To reduce costs and risks associated with off-site shipment of large volumes of
contaminated soils.

The single proposed CAMU would be capable of storing and treating loose soils and debris
contaminated with organics, metals or both. The CAMU would be designed with the flexibility
to store and treat additional hazardous waste streams and larger waste volumes in case
current estimates were found to be low. The only disposal currently proposed for the CAMU is
treated soils for which EPA has not approved for return to the ER Project sites from which they
came. Concentrated wastes from treatment units, as well as from debris that could not be
decontaminated, would be most likely shipped off site for final treatment and disposal.

EPA requires that a CAMU be placed on a contaminated site. Therefore, the ER Project
evaluated all 157 ER project sites and identified five potential CAMU locations. These five
candidate CAMU locations are ER Sites 18, 74, 107, 240, and 241 (see Figure 2-16), all five of
which are located within Tech Area Ill. After review and analysis by members of the public on
a TU/CAMU Working Group and the Citizens Advisory Board, a single site would be selected
for the location of the proposed CAMU.

The conceptual layout of the single CAMU site would consist of three primary staging areas: a
storage area, a treatment area, and an underground cell for permanent waste management
(see Figure 2-17). The storage area would consist of temporary containment structures
erected on concrete pads. Additional storage space would be provided for covered roll-off
bins. The temporary structures would be aluminum or have an aluminum frame/fabric cover.
Treatment would be performed using skid-mounted mobile treatment units placed on bermed
concrete or asphalt pads. The treatment area may be enclosed in a temporary structure. The
design of the permanent waste management cell would include a liner and cap approximately
level with the surrounding grade. Natural and native materials would be incorporated into
design features wherever applicable to ensure compatibility with local conditions and long-term
effectiveness. Implementation of long-term monitoring of the groundwater beneath the
disposal cell would be determined as part of the permit process. Designation of a CAMU
requires approval of a request for an SNL/NM RCRA Part B permit modification and can
include existing TUs.

A TU area where wastes can be stored or treated is included in this option. Later, additional
TUs could be constructed within a CAMU for storage and treatment of contaminated soils. To
designate a TU, whether for temporary storage of wastes or for treatment, SNL/NM must apply
for and obtain EPA approval of a request for modification to the SNL/NM RCRA Part B permit.

The life of a TU is limited to one year, with the potential for a one-year extension. After it is no
longer needed to store or treat wastes, clean closure of a TU is required if it has not been
incorporated into a permitted CAMU.
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2.1.4.8 Off-Site Treatment and Disposal

It is assumed that ER Project activities would generate waste requiring treatment and disposal.
The waste volume assumed to require off-site treatment is shown in Appendix A, Table A-3, as
the volume excavated. A conservative volume estimate of about 7,300,000 cubic feet (about
210,000 cubic meters) of excavated soils contaminated with mixed or hazardous wastes has
been assumed in this assessment. This includes an estimated 934,000 cubic feet

(26,459 cubic meters) of waste from the Chemical Waste Landfill (ER Site 74), because only
partial excavation at the Chemical Waste Landfill is currently planned to eliminate groundwater
contamination sources.

Wastes generated in volumes as described above and in Table A-3 would be temporarily
collected on ER sites where they were generated and/or moved to waste collection locations
for ER wastes such as the waste collection location at ER Site 18. Such wastes would be kept
at these locations until such time as they are manifested and shipped off-site to a RCRA-
permitted facility for treatment and disposal of hazardous waste, or to a permanent disposal
facility for low level radioactive waste. Alternatively, some wastes may be moved from the ER
collection locations to Sandia’s permitted waste storage facilities (such as the Interim Storage
Site or the Radioactive and Mixed Waste Management Facility in TA-3).

All waste collection at the locations on ER sites would be in strict compliance with applicable
RCRA storage and other applicable requirements. In general, at such time as excavated
materials are determined to be wastes, they will be properly containerized and labeled to
prevent loss of contaminants into the air, water, or soils.

If a CAMU is not established at SNL/NM, hazardous and mixed wastes would have to be
treated and disposed of in a RCRA-permitted disposal site. Hazardous waste from SNL/NM
operations is presently transported off site for treatment at commercial RCRA-permitted
treatment facilities. Under this option, it is anticipated that remediation wastes could also be
sent off-site to commercial facilities for treatment. The treated soils would meet LDR treatment
standards for hazardous organic contaminants. The residues would be treated to meet LDR
treatment standards for hazardous characteristics and would be disposed of in a landfill at a
commercial facility.

Off-site disposal could be chosen as a disposal option. SNL/NM ER waste streams comprise
fess than one percent of the projected DOE ER wastes that would be generated nationally.
This volume could be accommodated by existing off-site facilities. All waste would have to be
characterized to meet the applicable receiving facility's waste acceptance criteria and permit
requirements. Hazardous and mixed waste shipments would need to be properly manifested
and identified as LDR waste to comply with RCRA waste generator requirements. All waste
would be shipped according to U.S. Department of Transportation requirements. All applicable
characterization and notification regulatory requirements would be met. If disposal is
appropriate, the impacts associated with off-site transportation are covered in Section 4.1.9.
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2.1.4.9 In Situ Bioremediation

In situ bioremediation using microorganisms to remove wastes is proposed for soils
contaminated with organic compounds such as VOCs, SVOCs and PHCs and/or
low-concentration (less than 12 percent) HE residues (see Figure 2-18). Typically, these
contaminants are treated in situ through a process in which naturally occurring and cultured
organic-digesting organisms and nutrients are added to contaminated soils via wells to
enhance biological activity. The organisms break down hazardous VOCs and/or SVOCs into
nonhazardous by-products. In general, this option requires that a series of vertical wells be
drilled to serve as air inlets into the soil and to monitor the effectiveness of the treatment.

Oxygen and nutrients for the soil are introduced via these wells. A liquid extraction system is
installed in some of the wells to produce a negative pressure system to draw the oxygen and
nutrients into the contaminated soils. Soils are tested periodically to assess the rates of
hazardous organic removal. The culture and nutrient mix would be adjusted as necessary to
" ensure effective treatment, where in situ bioremediation is proposed as the appropriate
treatment of ER Project sites.

2.1.4.10 Thermally Enhanced Vapor Extraction System

Vapor extraction technologies have been successfully used in the remediation of PHC spills.
However, the effectiveness of this technology depends on the size and volume of air spaces
between soil particles. The technology's effectiveness is increased by heating the
contaminated soils in situ with electromagnetic and radiofrequency devices. This technology is
not appropriate for radioactive or mixed wastes.

The thermally enhanced vapor extraction system (TEVES) is designed to volatilize organic
contaminants (PHC, in this case) by heating the subsurface with electrodes placed in the soil
around the zones of contamination. The volatilized organics are recovered with vacuum-
extraction devices connected to vapor-recovery wells screened in the contamination zones.
The contaminants captured by the vacuum wells are destroyed in an off-gas treatment system
(see Section 2.1.4.3). This technology would be employed at SNL/NM ER Project sites where
contaminants and conditions indicate it would be effective.

2.1.4.11 Capping and Institutional Controls

A combination of physical isolation barriers (caps) and institutional controls would be
implemented at sites where excavation or treatment was not deemed the most effective
corrective measure and for sites with large volumes of contamination where excavation might
produce extensive impacts. This alternative would meet the RCRA corrective action criteria by
reducing the mobility of wastes. Caps placed over wastes would be designed to prevent
transport of contaminants into the surrounding environment by limiting pathways of water
infiltration, intrusion of plants and animals, wind and water erosion, human intrusion, and
gaseous releases. To limit pathways of environmental exposure during the first 100 years and
beyond, earthen or cement-type caps would be used where wastes would be disposed of in
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place or in shallow burial locations. Capping and institutional controls are appropriate for
hazardous, radioactive, and mixed wastes.

Capping. Capping would be a viable option when it would result in the control, minimization,
or elimination of post-closure escape of hazardous constituents, leachate, contaminated runoff,
or hazardous waste decomposition products to the extent necessary to protect human health
and the environment (in accordance with 40 CFR 264.111). Capping would reduce the
likelihood of vertical downward migration of hazardous constituents, facilitated by the creation
of a hydraulic head from surface water infiltration, and would reduce or eliminate VOC
migration. Construction of caps or barriers could be selected as the most feasible corrective
measure during the CMS.

Caps would be designed to be impermeable to specific VOCs present at the ER Project sites,
soil erosion and runoff from the cap slope, low moisture and high evapotranspiration rates
associated with an arid climate, and high-volume storm events. Caps would be a likely option
for environmental restoration of landfill sites. A conceptual diagram of a cap design is shown
in Figure 2-19. Capping materials would come from existing SNL/NM-designated “borrow and
fill” areas or from off-site sources if appropriate onsite sources or materials do not exist.

A cap is composed of three layers: a bottom low-hydraulic-conductivity layer, a middle
drainage layer, and a top soil/vegetation layer. The bottom layer functions as a barrier to
moisture that would otherwise move downward through the landfill. It consists of a low-
hydraulic-conductivity geomembrane and soil layer. Above the bottom layer is a drainage layer
con3|st|ng ofa mmlmum 12-inch (30.5-cm) soil layer with a minimum hydraulic conductivity of

4 x 10° inches' (1 x 107 cm) per second, or a layer of geosynthetic material having the same
characteristics. The purpose of this layer is to minimize the time the infiltrated water is in
contact with the bottom, low-hydraulic-conductivity layer, thus lessening the potential for water
to reach the waste in the landfill. A top soil/vegetation soil layer forms the uppermost portion of
the cap. At suitable SNL/NM ER Project sites when this remedy is appropriate, this layer
would be designed to inhibit soil erosion from storms while allowing runoff. The vegetation
would be indigenous and would have a root system that would not penetrate into the drainage
layer. It would have sufficient density to control the rate of erosion to the recommended level
of less than 2 tons per acre per year (4.5 metric tons per hectare per year). Based on specific
conditions at a particular site, alternate cap designs for arid environments may be used as well.

institutional Controls. Depending on the remedial action applied, the projected land use and
the site-specific conditions, some ER Project sites would be controlled through the use of deed
restrictions and through institutional and access controls (e.g., fences) to allow for sufficient
time for natural processes of degradation or radioactive decay to occur and render waste less
hazardous. Under this option, it is assumed that DOE or another government agency (e.g., the
U.S. Air Force) would retain control of the ER Project sites. Public access controls would be
implemented, such as placing fencing and warning signs, assessing trespassing fines, and

"NOTE: Throughout this document, a scientific shorthand notation is often used. 4 x 10 is equivalent
to 0.004, with two zeros after the decimal and 4 appearing in the third place after the decimal.
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establishing training requirements for persons allowed access. Workers would have access to
ER Project sites only under controlled conditions with safety requirements that would prevent
or limit unsafe exposure to contaminants.

The use of this option would depend on future land-use plans for the individual ER Project
sites. At present, the ER Project Program Implementation Plan calls for institutional controls to
remain in place for 100 years (SNL/NM, 1995a), consistent with EPA's requirements for waste
disposal facility performance evaluation criteria in 40 CFR 191. After this period, a large '
number of land-use scenarios would be possible. For this reason, the health and
environmental consequences of future intrusion into contaminated areas must be considered.

2.1.5 Examples of Treatment Option Combinations
2.1.5.1 Example 1: Treatment Options for Hazardous Waste

Contaminated soil would be processed initially in the thermal desorption unit (see

Section 2.1.4.2) to volatilize and/or destroy the organic compounds (VOCs, SVOCs, PHCs,
and PCBs) and HE. The desorbed vapor produced in this unit would be routed to the off-gas
treatment system (see Section 2.1.4.3) to destroy residual organics. Soil leaving the desorber
would be transferred to a soil-washing unit (see Section 2.1.4.4), which would segregate and
concentrate metal contamination on smaller soil particles, such as silts and clays. The primary
purpose of the soil-washing unit would be to reduce the volume of contaminated media
removed from the site. With EPA approval, clean soil would be returned to the ER Project
sites as part of site reclamation activities, which are detailed in Section 2.1.4.1. Contaminated
media would be treated in an S/S unit (see Section 2.1.4.6) to produce a final stabilized waste
form suitable for disposal.

2.1.5.2 Example 2: Treatment Options for Radioactive or Mixed Waste

Based on field sampling results, soil and debris from ER Project sites contaminated with
radioactive constituents couid be routed through a series of treatment options. Following initial
excavation and segregation activities, radioactive waste would be processed in a ‘
carbondioxide blasting unit (see Section 2.1.4.5) to remove radioactive surface contamination.
Decontaminated debris and equipment would then be segregated for disposal or reuse. items
that could not be decontaminated to meet release criteria specified by DOE Order 5400.5 for
unrestricted reuse would be disposed of as radioactive waste.

Initially, radioactively contaminated soil would be processed in a soil-washing unit (see

Section 2.1.4.4) to segregate and concentrate radionuclide contamination on smaller soil
particles, such as silts and clays. The primary purpose of the soil-washing unit is to reduce the
volume of contaminated media. With EPA approval, clean soil would be returned to the ER
Project sites as part of site reclamation activities, which are detailed in Section 2.1.4.1.
Contaminated media generated by these processes would be treated in an S/S unit (see
Section 2.1.4.6) to produce a final waste form suitable for disposal.
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2.1.5.3 Example 3: Waste Treatment at Individual ER Project Sites

This option would involve using a mobile thermal desorption unit (see Section 2.1.4.2), an off-
gas treatment system (see Section 2.1.4.3), a soil-washing unit (see Section 2.1.4.4), an S/S
unit (see Section 2.1.4.6), and other treatment units that could travel to individual ER Project
sites or be assembled at the site. This approach may require individual RCRA permitting for
treatment.

Under this option, the sites would be excavated as described in Section 2.1.4.1, although
contaminated soils would not be hauled to a central treatment facility. Because the only
transport required would be moving the wastes to the mobile treatment units, related operating
equipment, or units assembled on site, onsite truck transport would be minimized.

Excavating contaminated soils and treating them at individual ER Project sites, instead of at a
central treatment facility, and returning the treated soils to the site of origin would require the
treatment process to meet the LDR treatment standards and the RCRA minimum technology
requirements at the disposal site (where wastes would be replaced).

2.1.6 Designating Sites for No Further Action

As of December 1995, 71 of the currently estimated 157 SNL/NM ER Project sites were
proposed for an NFA determination. For these sites, DOE and SNL/NM have requested from
EPA a RCRA Part B permit modification, which would end the schedule for compliance with
the SNL/NM RCRA Part B permit. Other actions might be required by other applicable state
and federal laws and regulations.

Some sites are subject to confirmatory sampling to demonstrate that there are no CoCs
present. Although some contaminants may still be present, sites could be eligible for NFA
designation with regulatory agency approval. This approval would be based on a
demonstrated low-level of risk associated with existing contaminants.

2.2 No Action Alternative

Under the no action alternative, corrective action, in the form of the specific corrective
measures and treatment options described in Section 2.1.4.1, would not be undertaken at sites
where releases of contamination currently occur or where there is a threat of a future release
of hazardous wastes or constituents. Contamination, including VOCs, SVOCs, PHCs, heavy
metals, HE, PCBs, DU, and other CoCs listed in Table 2-1, would remain at the various ER
Project sites and would receive no treatment. There would be no excavation of contaminated
soils or debris and no transport of contaminated media for treatment and/or disposal. None of
the corrective measures described in Section 2.1.4.1 (excavation and transportation, thermal
desorption, desorbed vapor treatment system, soil washing, stabilization, etc.) would take
place.
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Under the no action alternative, DOE and SNL/NM would not comply with the requirements of
EPA Region 6 HSWA Module, which was effective August 26, 1993, nor would SNL/NM
activities comply with the requirements of Sections 3004(u) and (v) of RCRA or other
applicable regulatory requirements. In addition, DOE's purpose and need for this proposed

action would not be met.

The anticipated risks to human health and the environment associated with the no action
alternative are evaluated in the risk assessment (see Section 4.2.10).

. 03/21/96 2:36 PM
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3.0 DESCRIPTION OF THE AFFECTED ENVIRONMENT

This chapter describes the environmental parameters (e.g., soils, surface water, air, and
vegetation) that could be affected by activities associated with the proposed action and the no
action alternative described in Chapter 2.0.

3.1 Physical Setting

The SNL/NM facility is in Bernalillo County, New Mexico, and is situated entirely within the
external boundaries of KAFB, located immediately south of Albuquerque, New Mexico (see
Figure 3-1). KAFB is situated on two broad alluvial fans bisected by the Tijeras Arroyo, an
east/west-trending canyon. These alluvial fans are bounded by the Manzano Mountains (the
Cibola National Forest) to the east and by the Rio Grande to the west. Most of the area is
relatively flat, sloping gently westward toward the Rio Grande. However, the eastern portions
of KAFB and SNL/NM extend into the canyons of the Manzanita Mountains. The western
slope of the Manzanita Mountains facing KAFB is precipitous and rough and has numerous
arroyos. Elevations range from 4,920 feet (1,500 meters) at the Rio Grande to 7,990 feet
(2,430 meters) at the Manzano Lookout Tower in the Manzano Mountains. The mean
elevation of KAFB and SNL/NM is 5,350 feet (1,630 meters) (SNL/NM, 1995a).

The climate in the Albuquerque area is characterized by low precipitation; wide temperature
extremes; frequent, drying winds; heavy rain showers (usually of short duration and often with
erosive effects) and erratic, seasonal distribution of precipitation. The average annual
temperature in Albuquerque is 55 degree Fahrenheit (°F) (13 degrees Celsius [°C]), with an
average diurnal temperature of 28°F (-2.2°C) (NOAA, 1990). The average number of clear
days per year is 169, with 76 percent sunshine possible.

The valley and mesa areas are arid, with an average annual precipitation of approximately

8 inches (20 cm). The average annual precipitation in the mountains is considerably heavier,
up to 20 inches (51 cm) (SNL/NM, 1989). Half of the average annual precipitation occurs in
the form of brief but heavy thunderstorms during the summer period (July through September),
occasionally resulting in flash floods.

The average annual wind speed for the Albuquerque area is 9 miles per hour (mph)

(14 kilometers per hour [km/hr]). Sustained winds of 12 mph (19 km/hr) or less occur
approximately 80 percent of the time at the Albuquerque International Airport (near KAFB),
while sustained winds greater than 25 mph (40 km/hr) have a frequency of less than 3 percent
(NOAA, 1990). Airport data shows that winds blow most frequently from the north in winter
and from the south in summer (see Figure 3-2). At SNL/NM, where local land features modify
prevailing wind patterns, winds are almost equally probable from all directions under normal
conditions and occur at speeds generally less than 8 mph (13 km/hr). Wind speeds reach

30 mph (48 km/hr) on fewer than 48 days each year (SNL, 1993a). Tijeras Arroyo appears to
divert surface-air flow between Tech Area lll, Tech Area V, and the Coyote Test Field on the
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Reference: EPA 1992,

Note: Windrose indicates direction from which the wind blows.

Figure 3-2
Average Annual Wind Direction, Albuquerque International Airport (1983-1991)
(Windrose Frequency in Percent Time)
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one hand and Tech Area |, Tech Area ll, Tech Area 1V, and Albuquerque on the other
(Cuip et al., 1995).

Meteorological data used in estimating SNL/NM-site air-dispersion characteristics for this

EA were taken from the most recently available Albuquerque National Weather Service
observations from the EPA Technology Transfer Network (EPA, 1992). These observations
were made in 1991 at the Albuquerque International Airport, located adjacent to SNL/NM and
KAFB boundary. A composite windrose generated from the same meteorological data set for
the years 1983 to 1991 shows prevailing wind speeds and directions in Figure 3-2.

Albuquerque is classified as a region of low tornado occurrence, with an annual frequency of
0.1 or less. Severe winds may be associated with local thunderstorms occurring primarily
during the summer. The average number of thunderstorm days per year in the Albuquerque
area is 41 (SNL/NM, 1995a).

3.2 Land Use

It is anticipated that the size of the SNL/NM site would remain at its current 2,840 acres

(1,150 hectares) owned by DOE. Because 17,800 acres (7,200 hectares) are required to
conduct operations, the additional 15,000 acres (6,070 hectares) are provided to DOE through
ingrant land from KAFB (approximately 5,910 acres [2,390 hectares]), from the State of New
Mexico (approximately 2,750 acres [1,110 hectares]) and from the Isleta Pueblo
(approximately 6,350 acres [2,570 hectares]) (SNL/NM, 1995b) (see Figure 3-3).

KAFB encompasses 52,200 acres (21,100 hectares) and is bounded on the north and
northwest by the city of Albuquerque, on the zast by the Cibola National Forest, on the south
by the Isleta Pueblo, and on the west by land owned by the State of New Mexico, DOE buffer
lands, and the Albuquerque International Airport. A portion of KAFB located east of Manzano
Base is on land withdrawn from Cibola National Forest, which is managed by the U.S. Forest
Service (USFS). On the southwestern corner of KAFB, there are two restricted access buffer
zones that separate public access areas and the Isleta Pueblo from KAFB and SNL/NM
operations.

SNL/NM technical areas and test areas are described in the following paragraphs. Tech Area |
(350 acres [140 hectares]), with approximately 5,000 employees, has the largest working
population. This area is dedicated primarily to the design, research, and development of
weapon systems; limited production of weapon system components; and energy programs. It
also includes the main library and offices, laboratories, and shops used by the administrative
and technical staff. Facilities include a paint shop, a process development laboratory, an
emergency diesel generator plant, a foundry, a solvent spray booth, and a steam plant.

Tech Area |l is a 45-acre (18-hectare) facility that was established in 1948 for the assembly of
chemical HE main charges for nuclear weapons and later for production-scale assembly of
nuclear weapons. Also located in Tech Area Il are an inactive low-level radioactive waste
disposal site and a small radioactive material decontamination and storage facility
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Land Use Permit Status Legend

wm——czzzn K AFB Boundary

Technical Areas
ER Sites
ER Sites less than 1 acre

DOE Fee

DOE Withdrawn from USFS

DOE Withdrawn from BLM

DOE Leased (State of N.M. & BIA)

USAF Permitted to DOE

USAF Withdrawn from
BLM Permitted to DOE

USAF Various Structures Within this Area Permitted to DOE/SNL/TSD/CTA
and Support Agreement Between USAF and DOE for Various Facilities

USAF Withdrawn from BLM Joint Operating Agreement between-
DOE/BLM/Phillips Laboratories

USAF Fee Joint Operating Agreement between
DOE/SNIL/Phillips Laboratories

DOE Fee to USAF

- x DOE Permit to Others

m ; Private Property

Note: TSD = Transportation Safeguards Division
CTA = Central Training Academy
BIA = Bureau of Indian Affairs

Note: Numbers refer to environmental restoration (ER) sites.

Figure 3-3 (Continued)
Land Use Permit Status

3-6




DOE/EA-1140

(Building 906). The inactive low-level radioactive waste disposal site (ER Site 1) has not been
used for over 20 years.

Tech Area lll (1,920 acres [780 hectares]) is located 5 miles (8 km) south of Tech Area |l and is
composed of 20 test facilities, which include extensive environmental test facilities (such as
sled tracks, centrifuges, and a radiant heat facility). Other facilities include a paper incinerator,
an inactive chemical waste landfill (ER Site 74), an inactive low-level waste and mixed waste
landfill (ER Site 76), and a melting and solidification laboratory. The inactive radioactive waste
disposal site (ER Site 76) in Tech Area lll consists of two adjoining fenced areas that occupy
6,460 square feet (600 square meters). One area was used for low-level waste disposal and
consists of seven trenches. The second area consists of 37 pits that were used for disposal of
classified low-level waste. Three other pits in the second area were used for disposal of
depleted and natural uranium. The Chemical Waste Landfill (ER Site 74) is an inactive
hazardous waste disposal and storage site located near the southern boundary of Tech

Area lll.

Tech Area IV, located 2 miles (3 km) south of Tech Area |, consists of several inertial-
confinement fusion research and pulsed-power research facilities and covers approximately

80 acres (30 hectares). A large accelerator, the Particle Beam Fusion Accelerator, was
completed in 1985. A large accelerator facility, the Simulation Technology Laboratory, houses
seven pulsed-power accelerators: HERMES-3, RLA, TROLL, STF, SPEED, HYDRAMITE, and
PROTO 2. Several of these accelerators were transferred from Tech Area V. Another
accelerator facility, SATURN, and a major research facility, the Strategic Defense Facility, also
are part of Tech Area IV facilities.

Tech Area V, located in the northeastern corner of Tech Area lll, houses several electron
beam accelerators, three research reactors in two reactor facilities, an intense gamma
irradiation facility, and a hot cell facility (20 acres [8 hectares]). HERMES-2 is the largest
accelerator located in Tech Area V.

SNL/NM has three other test areas that are located east and south of Tech Area Ill and in the
canyon on the western side of the Manzano Mountains. The Coyote Test Field, the Canyons
Test Area, and the Thunder Range areas comprise the remaining test areas of SNL/NM.

There are no national or State of New Mexico parks, wildlife refuges, or monuments within

6 miles (10 km) of the KAFB boundary. Cibola National Forest is a multiple-use area, adjacent
to KAFB on the eastern side.

3.3 Geology and Soils

This section summarizes the geology and soils at SNL/NM.

AL/12-95/WP/SNL:R3878-3.DOC 3'7 043/21/96 2:12 PM
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3.3.1 Geology

SNL/NM is located on KAFB, which is situated in the eastern portion of the Albuguerque Basin
(see Figure 3-4). This basin is one of the largest of a series of north-trending basins. ltis
about 62 miles (100 km) long and 31 miles (50 km) wide and is located along the Rio Grande.
The basin lies within the northern portion of the Mexican Highlands section of the Basin and
Range physiographic province (Fenneman, 1931). The basin is bounded by the Sandia and
Manzano Mountains to the east, the Lucero Uplift and Puerco Plateau to the west, and the
Nacimiento Upilift to the north. The southern boundary is defined by the Socorro Channel.
Landforms within the basin include mesas and structural benches, low hills and ridges, inset
stream terraces, and graded alluvial slopes (Lozinsky et al., 1991; Kelley, 1977; Kelley and
Northrup, 1975).

Most of the Albugquerque Basin is composed of poorly consolidated sediments that have been
eroded from the surrounding mountain areas following large-scale faulting and structural
changes that occurred 11.2 to 5.3 million years ago. Underlying sediment sequences are
sedimentary rocks about 15,200 feet (4,630 meters) thick, as indicated by gravity and
aeromagnetic mapping (ERDA, 1977). These overlie the Precambrian (590 million-year-old)
rocks that underlie the entire basin and then lift up to form the western plateaus and eastern
mountains.

The Albuquerque Basin is flanked by normal faults to the east and west (see Figure 3-4 and
Figure 3-5), which are exposed along the eastern margins of the mountains (Kelley, 1961;
Kelley and Northrup, 1975; Kelley, 1977; Machette, 1982). The north-trending Hubble Springs
Fault runs parallel to the Manzano Fault along the east side of the basin. The northeast-
trending Tijeras Fault is manifested by a fault scarp that extends 31 miles (50 km) from
Manzano Base to Golden, New Mexico. These fauit systems intersect in the SNL/NM area,
where the subsurface structure is probably complex. There is no evidence that movement on
these faults, with accompanying strong earthquakes, has occurred within geologically recent
times (the past 10,000 years) (ERDA, 1977).

The Albuquerque area is located in Seismic Risk Zone 2 (ERDA, 1977), which, by definition, is
a region that can be expected to receive moderate damage from earthquakes (corresponding
to intensity V2 of the Modified Mercalli intensity scale of 1931," which is based on the degree
of destruction of cultural structures). The records for this region show fairly high activity but low
magnitude and intensity. There have been only 10 earthquakes of intensity V2 in New Mexico
in the last century (ERDA, 1977). Many of the earthquakes have occurred in sparsely
populated regions where there are no records. lt is likely that earthquakes have occurred in
the Albuguerque Basin since the basin stabilized in its present form, approximately 11.2 to

5.3 million years ago (ERDA, 1977).

'The Mercalli method of measuring earthquake intensity in terms of damage incurred originated in 1902
and continued to about 1935, when the Richter method of recording earthquake magnitude in terms of
energy released replaced the Mercalli scale.

AL/12-95/WP/SNL:R3878-3.DOC 3‘8 03/21/96 2:12 PM




DOE/EA-1140

City of
Albuquerque

O U T Y T O O |
- Sandia Fault

- —, .

x
KAFB Boundary TAl 74
_'

o
- JA IV~

" TN L TA

" 107 Manzanita
.. - Mountains

¢ Manzano
.. Mountains

Legend

Bedrock
[ ] Basin Fi

L0400, Normal Fault (Down-
thrown Side Barbed)

—== Strike-Slip Fault
— — — = Inferred Fault

Hubbell Springs Fauit
Hubbell Bench

Manzano Fault

| U s Tt 2

Modified from Hawley and Haase 1992.

————— Arroyo 0 4 8 KILOMETERS
KAFB  Kirtland Air Force 0 2 4 MILES
Base APPROXIMATE SCALE
Figure 3-4

Eastern Portion of the Albuquerque Basin

3-9




DOE/EA-1140

% \. / Espanola

o) .
£ ® % \ Basin
— < (S}
§ /
S S /
g < :
®© R
] £ Jemez Mountains /
s S/
P2 .
/ Santa Fe @
\ : o N7
\ >
&
. & 7
\ & 7
., S
N R Golden, Q/ /<<?$’
NM <§'
4
L
Albuguerque 7 qr’E
Q
] <
&
' ‘l? : New Mexico
'/ /=]
f 7 fls1. 0 20 MILES
w Ic g
: 213 18
( 515 45
: ' @D S S § 0 20 KILOMETERS
s\ e EETS APPROXIMATE SCALE
5, g3 S
3‘ g T N
o= YR 3
gs T \ i s Legend
= /
. D Albuquerque Basin
Ladron s
Mountain SNL/NM Area
—-— River
. Faul
xS . aults
=== Strike Slip Motion
T+ Nomal (Downthrown
Side Barbed)
Modified from Hawiley and Haase 1992. == Inferred

Figure 3-5
Location of Major Faults in Relation to Sandia National Laboratories/New Mexico

3-10




DOE/EA-1140

3.3.2 Soils

The Albuquerque Basin extends from the gently sloping area near the Rio Grande to the
steeply sloping Manzano and Sandia Mountains. Well drained, loamy soils dominate, with
minor amounts of gravelly and stony soils along the arroyos and on the mountains. Table 3-1
provides general soils information, including runoff potential and erosion hazard. Figure 3-6
shows the location of soil types in relation to ER Project sites. The soil series of primary
concern with respect to erosion at ER Project site locations are the Bluepoint, the Embudo, the
Madurez, the Tome, the Latene, the Laporte, the Tesajo, the Tijeras, and the Wink. Table 3-1
also shows the soil and water erosion hazards for each soil series (USDA, 1977).

3.4 Surface-Water and Groundwater Hydrology

This section describes the surface-water and groundwater hydrology of the SNL/NM area and
the monitoring programs at SNL/NM, KAFB, and vicinity.

3.4.1 Surface-Water Hydrology

The surface-water system within the SNL/NM-KAFB area primarily consists of drainage
channels (arroyos) that experience intermittent flow during rain storms or winter snow melt.
This drainage rarely reaches the lower portions of the arroyos or the Rio Grande 5 miles (8 km)
west of the site (SNL/NM, 1993b).

The major surface-water drainage feature in the SNL/NM-KAFB area is the Tijeras Arroyo,
which flows westward from the Sandia and Manzano Mountains to the Rio Grande. The
Tijeras Arroyo drains a 130-square-mile (330-square-km [km<]) area at a point just downstream
of the KAFB boundary. This includes runoff from the Arroyo del Coyote and some urban run-
off from city flood channels. The Arroyo del Coyote has a 30-square mile (78-km2) drainage
area that includes Lurance Canyon, Madera Canyon, and much of the Manzano Base area.
The major part of the Tijeras Arroyo watershed lies to the north and east of KAFB, whereas the
Arroyo del Coyote watershed is within SNL/NM-KAFB (SNL/NM, 1992). The U.S. Geological
Survey collected water quality samples at four sites on the Tijeras Arroyo and the Arroyo del
Coyote during 1991 and 1992. The results of this study indicate no contamination in the
surface water (SNL/NM, 1993b).

Floods in the Tijeras Arroyo and the Arroyo del Coyote are characterized by high-peak flows,
small volumes, and short durations. Figures 3-7 and 3-8 present the areas that could be
inundated by 100- and 500-year floods in the Tijeras Arroyo and the Arroyo del Coyote. Three
ER Project sites (ER Sites 7, 16, and 23) are within the 100-year floodplain.

There are also two perennial springs in the Arroyo del Coyote drainage: Coyote Springs and
Sol se Mete Spring. Other springs, G Spring, Burn Site Spring, and some localized seeps do

AL/12-95/WP/SNL:R3878-3.DOC 3-11 0321196 2:12 PM




Table 3-1
General Soils Classification for Sandia National Laboratories/New Mexico
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. Elevation

{feet)

“Percent
Slope

Runoff -

Soil and Water:
Erosion Hazard

Use

. BCC—Bluepoint: 7
lioam y fine:sand -
: BKD—Bluepomt-Kokan

association

Slow. .

.1Severe

Range, watershed, wildlife habitat,
recreation, and community development

| Slow

Water grosion—moderate to severe

Range, watershed, wildlife habita,
recreation, and community development

Cut & Fill

Cu—Cut and filf fand

Slow to
Rapid

 Slight to severe

Community development and watershed

EmB—Embudo——gravelly 1me :

}dandy ioam

| ExC—Embudo Tueras complex

“{Mediom:.

Water:erosion—moderate

Watershed, wildlife habitat, ang
community development

“{Mediurn

Water-erosion-—moderate

Community development, watershed,
wildiife habitat, and range

Gila

GA—Gila fine sandy loam

4850-6000

Slow

Water erosion and soil blowing—
moderate

Wildlife habitat, watershed, and
community development

lidefonso

ILC—lidefonso graveily sandy
loam

60007000

Medium

Water erosicn—moderate

Range, watersned, and witdlife habitat

Laporte

LRD-—Laporte-Rock outerop - |
Escabosa complex. i1 1

© 8500-7500

Moderate

; Moderate

Watershed, wildiife habitat, community

development, and recreation

Latene:

: LtB-—Latene Sandy loa

Madirez |

MaB——Madurez~loamy fme sand

:‘MWA—Madutez——Wm L
Jassociation® C oo

Water &
moderar:

~n-and Soil blowing—: .
sl YRS T community development

Range, watershed, wildlife habitat, and

| Soii blowing—severe -

“‘| Range,-wildlife habitat, watershed, and

community development

- {Soitblowing—moderate fo severe

‘| Range;:wildlife habitat, watershed, and

community development

Nickel

NL-—Nicke! Latene association

52005800

Water erci-an—moderate to severe

Range, watershed, and wildlife habitat

Pino

PR—Pino-Rock outcrop
association

74008000

Medium

Water erosion—moderate

Range, timber, recreation, wildlife habitat,
and watershed

Rock Outcrop

RLF—Rock outcrop—Laporte
complex

ROF—Rock outcrop-Orthids
complex

RUF—HRock outcrop-Ustolls
complex

600010000

Rapid

Water erosion—slight

Watershed, wildiife habitat, and range

Rapid

Water erosion—moderate

Watershed, recreation, and wildlife
habitat

Rapid

Water erosion—moderate

Range, wildlife habitat, recreation, and
watershed

SAF—Salas Complex

6000-7000

Rapid

Water erosion—moderate

Wildlife habitat, watershed, and
recreation

SEC—Seis very cobbly loam

SGE—Seis-Silver Complex

SHF—Seis complex

60007800

Medium

Water erosion—moderate

Range, recreation, wildlife habitat,
watershed, and limestone quarrying

Medium to
rapid

Water erosion—moderate to severe

Range, wildlife habitat, and watershed

Rapid

Water erosion—severe

Wildiife, habitat, watershed, recreation,
and range

Siiver

SwC—Silver and Witt soils

6400-7500

Rapid

Water erosion—moderate to severe

Range, watershed, wildlife habitat, and
community development

Tesajo

loams

- B000-7000

Medium

Water erosion—moderate

;. {Watershed, wildlife habitat, community

development, and range

Tijeras -

TgB-—-Tueras gl velly ?me sandy :
Jloam' @ - ;

5000--6500 :

Moderate

Water erosion—modefate

Community development, range,
watershed, and wildlife habitat

Tome

; To——Tome very fine' sandy loam '

48005600

Medium

Water erosion—moderate

Range, watershed, and wildlife habitat

Wink fine sandyioam

| Web—Wink-Embudo complex -

50006000

AIMedium’

50il blowing—moderate

Water-erosion-=slight to-maderate;: |

Range, watershed, wildlife habitat, and
community development

“tiMedium

| Water erasion—nioderate -

Community developmem watershed, and
wildlife habitat

Medium

| Soil blowing—severe

|Re watershed, and wildlite habitat

NOTE: Highlighted soil series are those of concem with respect to erosion at ER Project sites.

References:

U.S. Department of Agriculture, 1977. "Soil Survey of Bernalillo County and Parts of Sandoval and Vaiencia Counties, New Mexico,” Soil Conservation
Service, U.S. Department of the Interior, Bureau of indian Affairs and Bureau of Land Management, Washington, D.C.
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L.C

I

Soil Types Legend

KAFB Boundary

Technical Areas and Manza;o Base
ER Sites

ER Sites less than 1 acre

Bluepoint Loamy Fine Sand
Bluepoint-Kokan Association

Cut and Fill land

Embudo-Gravelly Fine Sandy Loam
Embudo Tijeras Complex

Gila Fine Sandy loam

idefansc Gravelly Sandy Loam
Laporte-Rock Outcrops-Escalosa Complex
Latene Sandy Loam

Madurez Loamy Fine Sand

Madurez-Wink Association

Z

el

L

-

TgB

&

el

Nickel Latene Association
Pino-Rock outcrop

Rock Outcrop-Laporte Complex
Rock Outcrop-Orthids Complex
Rock Outcrop-Ustolis Complex
Salas Complex

Seis-Very Cobbly Loam
Seis-Silver Complex
Seis-Complex

Silver and Witt Soils
Tesajo-Millet Stony Sandy Loam
Tijeras Gravelly Fine Sandy Loam
Tome Very Fine Sandy Loam
Wink-Madurez Association
Wink Fine Sandy Loam

Wink-Embudo Complex

Figure 3-6 (cont.)
Soil Types at Kirtland Air Force Base Legend

3-14




DOE/EA-1140

sealy uiejdpooiy

L-€ ainbi4
‘ooIxay MaN ‘anbianbnqyy ‘sieeuBug jo sdI0D SN ,'0IXa MON ‘G4 'B10A00) 19q ooy puy 0AoLy seisliL uoneuLIOjU] prEZeH Poold [eloads, '6£61 ‘Sieeubus JO mSQO, ‘g ;8ouslsieY
v i 7 . o SN Ul 9803
N [ Sosew———
m v z L 0
- r(@ via v $10JOLLI0)1Y L 8]ROG
vw )
£ gl 0

ure|dpoo| JesA-001

ue|dpooly JeaA-005

/]
et T . e
/4 — v % seusy3 777

WANNANNANNRNNRY

J0IBAN OOBJING mee o o ome

aseg ouezue|y
pue seesy {eolULOBL

Nnm

AN
3-15 -

ae

AlepuUNOg GAYN s .

N

7

pusbai

L ®lS Y3
9l 8ls H3

eseg ouezuep m oAouy s8I9f1L

'

< | go1y yosy




DOE/EA-1140

I-V1 jo dep pooj 1eax-001
8-¢ ainbi4

2V 000'€0'6v1 29 10E

aumponays [

pDOY paabd T

pooy g

auuoyd

abouipip Bunsixa
Uly}iM paunIu0d
pooly ipak-00L

(UOI}088-88S040
j0 juod 3sadeap o
G'0< Yjdep so1Dm)
jiwy pooyy 10a£-00l

Apms jo sy
puabay

{894 ul apog
e —r—y
008 0

— X

L 1

\

[ER—

AT

16501 UBpPooy /puse A /if

3-16




DOE/EA-1140

not run continuously (SNL/NM, 1993b). These springs are shown in Figure 3-9. Springs
provide limited and localized wetland habitat. These springs are periodically monitored for
radionuclides, primarily cesium-137 and tritium. Gross alpha and gross beta screening
analyses are performed on water samples. The Metal Scrap (Coyote Springs) site

(ER Site 21) is the ER Project site closest to a wetland habitat. SNL/NM has nonradiological
surface-water monitoring programs in place for waste water, storm water, and surface
discharges (Culp et al., 1995).

Discharges to surface impoundments resulting from operational activities at SNL/NM are
permitted under authority of the New Mexico Water Quality Control Commission and are
routinely monitored by SNL/NM. Sulphate, chloride, and total dissolved solids were reported at
levels well below applicable water quality control commission standards. These discharges do
not impact any ER Project site. Storm-water monitoring has been suspended pending
approval of the storm-water discharge permit by the State of New Mexico.

3.4.2 Groundwater Hydrology

SNL/NM shares the same large unconfined aquifer that occupies the Albuquerque Basin. The
faults described in Section 3.3.1 separate the regional water table into a somewhat deeper
region west of the fault complex and a much shallower region on the eastern side. The depth
to regional groundwater underlying SNL/NM facilities varies from 50 to 100 feet (15 to

31 meters) east of the faults and from 377 to 492 feet (115 to 150 meters) west of the faults
(SNL/NM, 1991). Most SNL/NM facilities are located west of the fault system in an area of
deeper regional groundwater. At KAFB and vicinity, the capacity of the regional aquifer to
transmit groundwater is estimated at about 1.6 square feet (0.15 square meters) per second
(SAIC, 1985).

ER Project assessment activities have identified a shallow water-bearing zone beneath Tech
Area |l at approximately 300 feet (91 meters) below ground surface (about 200 feet [61 meters]
above the regional aquifer). The full extent of this shallow water-bearing zone has not been
identified. Intermittent saturated conditions may exist from the shallow water-bearing zone
down to the regional aquifer. '

The apparent direction of groundwater flow west of the fault complex is generally to the west
and northwest (Culp et al., 1995). Regional groundwater has been reported to move generally
from north to south, east of the fault complex (at a depth of above 4,200 feet [1,280 meters}),
while deep zone groundwater (below 4,920 feet [1,500 meters]), moves from the northwest to
the east and southeast (Kues 1986). The direction of groundwater flow reported by Bjorklund
and Maxwell (1961) is southwesterly. These differences are attributed to the influence of
KAFB and nearby City of Albuguerque production wells (Culp et al., 1995). The gradient of the
shallow water bearing zone identified beneath Tech Area Il is generally to the southeast.

The unconfined regional aquifer under SNL/NM is recharged primarily by inflow from the
mountains to the east. Recharge is nearly nonexistent due to high evaportranspiration, low

AL/12-95/WP/SNL:R3878-3.D0OC 3'1 7 (3/21/96 2:12 PM
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precipitation, and an extensive vadose zone. Moisture that falls in the form of rain or snowmelt
flows into small channels that feed the Tijeras Arroyo and the Rio Grande. The significance of
the Tijeras Arroyo as a source of recharge to the shallow groundwater zone remains
undetermined (Kues, 1986).

Albuquerque obtains all of its drinking water from groundwater. Economic growth in the past
30 years and consequent increased water pumping from KAFB and the city's deep municipal
supply wells have significantly altered the saturated groundwater flow direction and water level
in the vicinity of SNL/NM (SNL/NM, 1991). Over 1.6 billion gallons (6.1 billion liters) of water
are pumped from the KAFB production wells annually (Culp et al., 1995). By the year 2000,
the water table is expected to undergo considerable decline east of the Rio Grande

(COE, 1979). The greatest decline would occur in the southeastern Albuquerque greater
urban area, where the water table is expected to fall as much as 120 feet (37 meters) below
the original predevelopment level (COE, 1979).

3.5 Air Quality

Ambient air quality is regulated by the Albuquerque Environmental Health Department Air
Pollution Control Division, which also monitors compliance with federal and state air quality
regulations. The Air Pollution Control Division under the Albuquerque Environmental Health
Department has established several ambient air sampling stations throughout the city to
monitor total suspended particulates, ozone, particulate matter, carbon monoxide, and nitrous
oxide. Sulfur dioxide and VOCs are also regulated by the Division. Station 2ZN, located at
6000 Anderson SE, 2 miles (3 km) northwest of SNL/NM, is the closest ambient air-monitoring
station to SNL/NM.

In 1993, an inventory of air emission sources was performed and reported in the 1993 Site
Environmental Report (Culp et al., 1994), which was used as the basis for describing the
emission sources and their impacts to air quality in the vicinity of the ER Project sites.
3.5.1 Nonradiological Airborne Emissions
Five steam boilers were operated by SNL/NM during 1993. They were the major source of
criteria pollutant emissions for the site. A very small contribution was also emitted from an
emergency generator plant (less than 1 percent by weight of total boiler sources). The
estimated total emissions from the boiler plants are as follows (Culp et al., 1994):

¢ Nitrous oxide—155.1 tons (140,700 kilograms [kg]) per year.

e Carbon monoxide—16.2 tons (14,700 kg) per year.

+ Particulate matter of 10 microns or less in diameter—3.9 tons (3,500 kg) per year.

AL/12-95/WP/SNL:R3878-3.00C 3-19 03/21/96 2:12 PM
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o Sulfur dioxide—0.3 ton (300 kg) per year.
e Total organic carbon—1.6 tons (1,500 kg) per year.

The only airborne pollutant for which Albuquerque is a "nonattainment area" for the National
Ambient Air Quality Standards (NAAQS) is carbon monoxide. However, the city recently
became eligible for "attainment” status for this pollutant. To date, the monitored pollutants
have not been recorded as exceeding acceptable levels at the station nearest to SNL/NM
(Culp et al., 1994).

A preliminary inventory showed that SNL/NM, as a whole, has used a wide variety of chemicals
listed in the Clean Air Act Amendments of 1990 (Culp et al., 1994).

Iindividual emission inventories for specific chemicals have been compiled annually. In 1991,
the inventory data were used to evaluate the impact of emissions on local ambient air
(excluding radionuclides) from sources within Tech Area I. These emission inventories were
evaluated for compliance with applicable air-quality standards by modeling their wind
dispersion to site boundaries. The meteorological data were used from the Albuquerque
International Airport adjacent to KAFB. These results, as well as monitoring results, were
published in the 1992 Environmental Monitoring Report for Sandia National Laboratories,
Albuquerque, New Mexico. Pollutant concentrations measured during the 1992 sampling
study were considerably lower than any federal, state, or local ambient air quality standards or
health-based significance levels (Radian Corporation, 1992).

3.5.2 Airborne Radiological Emissions

Few facilities within SNL/NM routinely generate radioactive emissions. Most facilities that do
so are within Tech Area IV and Tech Area V. Facility releases from stacks or vent exhausts
occur as the result of operational activities within the SNL/NM facility. In addition, diffuse
releases from the Mixed Waste Landfill (ER Site 76) occur in the form of tritium gas. The
radiation sources are in Tech Area ll, Tech Area lll, Tech Area IV, Tech Area V, with some
small sources in Tech Area |. In 1993, a total of 3.2 curies (Ci) of argon-41; 0.62 Ci of
nitrogen-13; 0.012 Ci of oxygen-15; and 0.294 Ci of tritium as well as other very small
quantities of gaseous activation and gaseous fission products and minute quantities of
depleted uranium and its decay products were released into the atmosphere (Culp et al.,
1994).

The EPA CAP 88 air dispersion modeling code was used to calculate resulting radiation
effective dose equivalent for the maximally exposed individual at public access locations. The
cumulative radiation dose at each receptor location was calculated to be well below the
effective dose equivalent limit of 10 millirem (mrem) per year imposed by EPA in 40 CFR 61
(Culp et al., 1994).
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3.6 Biological Resources

A key element in an environmental assessment is the consideration of potential impacts that
the proposed actions would have on biological resources, especially on populations of
sensitive species. This section describes the biological resources at KAFB and summarizes
the documented presence of sensitive species and key habitat areas at ER Project sites
located within the KAFB boundaries.

3.6.1 Habitats and Biotic Communities of KAFB

KAFB is divisible into four main habitat types based on physiographic setting. The western
half is dominated by a mesa-surface habitat on shallow to nearly level slopes and fine-grained
alluvial soils and an arroyo habitat along drainages. The eastern half is dominated by
mountain habitat (specifically, the western slopes of the Manzanita Mountains) typified by
steep slopes and coarse, rocky soils, and a canyon habitat along drainages between slopes.
Although surface-water flows in these drainages are ephemeral and typically exist for only a
brief time after intense rainfall events, permanent and semipermanent surface water does
occur at a few scattered springs along these drainages. The largest of these is Coyote
Springs.

Biogeographically, KAFB is located at the juncture of four major North American biotic
provinces: the Great Basin, the Rocky Mountains, the Great Plains, and the Chihuahuan
Desert. The influence of each of these is seen at SNL/NM. Based on the Brown (1982)
hierarchical system for the classification of biomes in the southwestern United States, each of
the four habitat types of KAFB contains a distinctive vegetation formation. Riparian woodland
and riparian scrubland are limited to arroyos and canyons; grasslands and woodlands
dominate the rest of the area. Figure 3-10 shows the areal extent of these vegetation types.

3.6.2 Threatened, Endangered, and Sensitive Species and Habitats

Under the provisions of the Endangered Species Act of 1973 (16 United States Code §§1531
et seq.), the U.S. Fish and Wildlife Service (USFWS) has the authority to protect species and
subspecies of wildlife and plants from threats to their continued existence. The USFWS
regulations in 50 CFR 17 contain a list of endangered and threatened species and their critical
habitats. The federal definition of an endangered species is any species that is in danger of
extinction throughout all or a significant portion of its range. A threatened species is any
species that is likely to become endangered within the foreseeable future throughout all or a
significant portion of its range. The USFWS also identifies species that are candidates for
possible listing.

The State of New Mexico also provides statutory protection to plant and animal species
threatened with extinction or local losses. Under the New Mexico Wildlife Conservation Act
(§17-2-41 New Mexico Statutes Authority, as amended in 1978 [NMSA])), the New Mexico
Department of Game and Fish is given authority to list endangered species of wildlife. Two
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Vegetation Types Legend

e K AFB Boundary

Technical Areas and Manzano Base
Surface Water

ER Sites

ER Sites less than 1 acre

Grasslands
Grasslands on Dune Sand

Woodland on Steep, Rocky Slopes

Woodland on Rolling
Mountainous Terrain

m Woodland on Flat to Rolling Terrain

Arroyos

- Canyons

301462.149.03.000 A13

Figure 3-10 (Continued)
Vegetation Types at Kirtland Air Force Base Legend
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categories for listing under Regulation No. 657 are used: Endangered Group |, equivalent to
the federal endangered list, is species or subspecies whose prospects of survival or
recruitment in New Mexico are in jecpardy. Endangered Group 2, equivalent to the federal
threatened list, is species or subspecies whose prospects of survival or recruitment in

New Mexico are likely to be in jeopardy within the foreseeable future.

e The New Mexico Forestry and Resource Conservation Division of the Department of
Energy, Minerals, and Natural Resources designates four categories of plants that
are provided protection under §§9-10-5 and 9-10-10 of the NMSA. These four
categories are:List 1, federally listed threatened and endangered plant species
present in New Mexico.

e List 2, New Mexico rare and sensitive plant species.
e List 3, New Mexico plant review list.

e List 4, plant species dropped from further consideration.

Although only the plant species on List | are given legal protection on State lands and rights-of-
way, plant species on Lists 1, 2, and 3 should be considered "sensitive" wherever they occur.

Field surveys of sensitive species and habitats were conducted between March and October
1994 (IT Corporation, 1995). Table 3-2 lists the New Mexico and federally sensitive plant
species potentially occurring on KAFB. Table 3-3 lists the New Mexico and federally sensitive
wildlife species. Table 3-4 identifies sensitive habitats (flood plains) associated with ER
Project sites. The results of site-specific sensitive species surveys for the ER Project are
summarized in Table 3-5.

Three New Mexico-listed endangered cacti occur within KAFB: the grama grass cactus
(Pediocactus papyracanthus), the Wright's pincushion (Mammillaria wrightii), and the white
visnagita (Neolloydia intertexta). The first is found in grassland and open woodland habitats;
the latter two exist primarily in woodland habitats. The State of New Mexico has listed (on
List 2) the Santa Fe milk vetch (Astragalus feensis) as rare or sensitive; this species has been
recorded on KAFB. New Mexico rare and sensitive plants (List 2) are not afforded legal
protection but are monitored for possible elevation to the federally listed endangered plant list
(List 1).

KAFB contains no federally designated critical habitat, as defined under the Endangered
Species Act. The most sensitive habitat at KAFB are the wetlands and canyons, which are
moister habitats with a greater plant and animal diversity. These areas include ER Project
sites located in floodplains and sites having permanent or intermittent surface water sources.
ER Project sites located on flood plains are designated on Table 3-4 and in Figure 3-7 and
Figure 3-8. The three most significant natural wetland sites remaining on KAFB are Coyote
Springs, Sol se Mete Spring, and G Spring (see Figure 3-9). Although the springs are
reverting to more natural wetland conditions, the proximity to a major roadway and its easy
accessibility for human use would limit the extent to which natural wetland conditions would
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Table 3-2
Sensitive Plant Species Potentially Occurring on
Kirtland Air Force Base (KAFB), New Mexico

. CommonName | . . ScientificName .| Status* | . - Comments

Cyanic milk vetch Astragalus cyaneus L2 Known from Bernalilio County but
not recorded on KAFB

Santa Fe milk vetch Astragalus feensis L2 Known to occur on KAFB

Wright's pincushion Mammillaria wrightii (Englm.) L1 Known to occur on KAFB

cactus

White visnagita cactus | Neolloydia intertexta (Englm.) L1 Known to occur on KAFB

Strong prickly pear Opuntia valida L3 Status as a species uncertain;

known from Bernalillo County but not
recorded on KAFB

Grama grass cactus Pediocactus (Toumeya) L1,C2, |Known from KAFB
papyracanthus (Engim.) FSS

Simpson's cactus Pediocactus simpsonii (Engim.) L1 Known from Bernalilio County but
not recorded on KAFB

Plank's catchfly Silene plankii L2,3C | Known from Bemnalillo County but
not recorded on KAFB

Great Plains lady Spiranthes magnicamporum L1 Known from Bemnalillo County but

tresses not recorded on KAFB

*Status codes:

L1 = New Mexico Forestry and Resource Conservation Division List 1 {Endangered)
L2 = New Mexico Forestry and Resource Conservation Division List 2 (Rare or Sensitive)
L3 = New Mexico Forestry and Resource Conservation Division List 3 (Under Review)

C2 =U.S. Fish and Wildlife Service candidate species
3C =U.S. Fish and Wildlife Service dropped from review list
FSS = U.S. Forest Service sensitive species

References:
IT Corporation (IT), 1995. "Sensitive Species Results, Environmental Restoration Project, Sandia National
Laboratories/New Mexico," prepared for Sandia National Laboratories, Albuquerque, New Mexico.

Sivinski, R., and K. Lightfoot, 1992. Inventory of Rare and Endangered Plants of New Mexico, New Mexico
Forestry and Resource Conservation Division; Energy, Minerals, and Natural Resources Department, Santa
Fe, New Mexico
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Kirtland Air Force Base (KAFB), New Mexico
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‘i CommonName

| Scientific Name

TS

I Comments

Reptiles

Texas homned lizard

| Phrynosoma cornutum |

Cc2

[Known to occur on KAFB

Birds

"Apache" northern
| goshawk

Accipiter gentilis apache

c2

Migrant; known from Bernalilio County but
not recorded on KAFB

Ferruginous hawk

Buteo regalis

Cc2

Known from Bernalillo County but not
recorded on KAFB

Peregrine falcon

Falco peregrinus

FE, Gt

Known from Bernalillo County but not
recorded on KAFB

Mexican spotted owl

Strix occidentalis lucida

FT, G2

Not known from KAFB

Southwestern willow
flycatcher

Empidonax traillii
extimus

C1,G2

Known from Bernalillo County but not
recorded on KAFB

Gray vireo

Vireo vicinior

G2

Known to occur on KAFB

Baird's sparrow

Ammodramus bairdii

G2

Known from Bernalillo County but not
recorded on KAFB

Mammals

Spotted bat

Euderma maculatum

C2,G2

Known from Bernalillo County but not
recorded on KAFB

Greater western mastiff
bat

Eumops perotis
californicus

c2

Known from Bernalillo County but not
recorded on KAFB

Occutt little brown bat

Myotis lucifugus
occultus

Cc2

Known from Bernalililo County but not
recorded on KAFB

Black-footed ferret

Mustela nigripes

FE

No recent records from New Mexico

"New Mexican" meadow
jumping mouse

Zapus hudsonius luteus

Known from Bernalilio County but not
recorded on KAFB

*Status codes:

FE = Federally listed as endangered
FT = Federally listed as threatened

C1 = U.S. Fish and Wildlife Service candidate species
C2 = U.S. Fish and Wildlife Service candidate species
G1 = New Mexico Department of Game and Fish Endangered Group 1
G2 = New Mexico Department of Game and Fish Endangered Group 2

References:

IT Corporation (IT), 1995. "Sensitive Species Results, Environmental Restoration Project, Sandia National
Laboratories/New Mexico,"” prepared for Sandia National Laboratories, Albuquerque, New Mexico.

New Mexico Department of Game and Fish, no date. Handbook of Species Endangered in New Mexico,
New Mexico Department of Game and Fish, Santa Fe, New Mexico.

Sullivan, R.M., 1994. "Biological Investigations of the Sandia National Laboratories Sol Se Mete Aerial Cable
Facility," Contractor Report SAND 93-7093, Sandia National Laboratories, Albuquerque, New Mexico.

Sullivan, R.M., and P.J. Knight, 1994. "Biological Surveys for the Sandia National Laboratories Coyote
Canyon Test Complex—Kirtland Air Force Base, Albuguerque, New Mexico," Contractor Report SAND
93-7089, Sandia National Laboratories, Albuguerque, New Mexico.
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Table 3-4
Environmental Restoration Project Sites Located on Floodplains,
Sandia National Laboratories/New Mexico

Site _in Aﬁoyo
Number - , ERSite Name - Floodplain® . | straddling Canyon Channel
7 Gas Cylinder Disposal xb
8 Open Dump X
9 Burial Site/Open Dump XC
12 Burial Site/Open Dump (Bum Site) X
15 Trash Pits (Frustration Site) X
16 Open Dumps xb
21 Meta! Scrap {(Coyote Springs) xb
23 Disposal Trenches xb
27 Building 9820 (Animal Disposal Pit) X
49 Building 9820 drains X
58 Coyote Canyon Blast Area XC
59 Pendulum Site X
62 Graystone Manor Site xb
65 Lurance Canyon Explosive Test Site X
71 Moonlight Shot Area xb
81 New Aerial Cable Site X
82 Old Aerial Cable Site Scrap X
87 Building 9990 (Firing Site) X
147 Building 9925 drain XC

2Arroyo floodplain is a habitat description and does not coincide with the designated 100-year floodplain.
bProposed no further action site
®Not in 100-year floodplain.

References:
IT Comporation, 1995. "Sensitive Species Survey Results, Environmental Restoration Project, Sandia National Laboratories/
New Mexico," prepared for Sandia National Laboratories/ New Mexico, Albuquerque, New Mexico.
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Table 3-5

Priority Classification® of Sensitive Species on Environmental Restoration
Project Sites, Sandia National Laboratories/New Mexico

s L e © o Grama Gras$:. o oo Wright's - Visnagita
SteName = | cacws®? | Pincushion® Cactus®

8 Open Dump 4 2 4
9 Burial Site/Open Dump 2 2 1
10 Burial Mounds (north of Pendulum) 4 3 3
15 Trash Pits (Frustration Site) 4 3 1
19 TRUPAK Boneyard Storage Area 4 2 4
26 Burial Site 2 4 4
27 Building 9820 (Animal Disposal Pit) 4 3 2
47 Unmanned Seismic Observatory 2 3 3
49 Building 9820 drain 4 2 4
54 Pickax Site 2¢ 4 4
58 Coyote Canyon Blast Area 1 2 1
59 Pendulum Site 4 3 2
60 Bunker Area (north of Pendulum) 4 3 3
62 Graystone Manor Site 2 2 4
66 Boxcar Site 3 2 1
67 Frustration Site 4 3 2
71 Moonlight Shot Area 2 4 4
82 Qld Aerial Cable Site Scrap 4 3 2
83 Long Sled Track 1 4 4
87 Building 9990 (Firing Site) 4 3 1
92 Pressure Vessel Test Site 4 2 2
107 Explosive Test Area 2 4 4

8priority classes are as follows:

Priority 1-—Survey results show that the species occurs in vigorous populations at the site.

Priority 2—Survey results show that only scattered individuals of the species are present, indicating adequate
habitat conditions exist to support the species.

Priority 3—Survey results did not find the species present at the site, although observed habitat conditions are
favorable to the species.

Priority 4—The habitat is not favorable to the species, and none were observed during the site surveys.

bpediocactus papyracanthus, State-listed endangered (List 1, New Mexico Forestry and Resource Division [Endangered]);
Federal candidate (C2)

CMammiliaria wrightii, State-listed endangered (List 1)

dNeolloydia intertexta, State-listed endangered (List 1)

€A small area of Priority 1 habitat occurs in the western part of this large site.

References:
IT Corporation, 1995. "Sensitive Species Survey Results, Environmental Restoration Project, Sandia National Laboratories,
New Mexico,” prepared for Sandia National Laboratories/New Mexico, Albuquerque, New Mexico.

AL/12-95/WP/SNL:R3878-3.DOC 3"28 (3/21/96 2:12 PM




DOE/EA-1140

develop through the process of natural succession. Sol se Mete Spring, which is much smaller
than Coyote Springs and has been altered by the construction of a stone tub, is more isolated
from human activity and generally represents more natural wetland conditions. Little
information is available on the ecology of G Spring. With the exception of the growth of an
exotic species at this site, the salt cedar (Tamarix spp.), G Spring is the most pristine wetland
site within KAFB.

Some artificial ponds provide wetland-like habitat to wildlife, although they are within
developed areas. Lake Christian is a 2-acre (0.8-hectare) permanent pond adjacent to a
KAFB testing facility 1 mile (2 km) northeast of the Inhalation Toxicology Research Institute.
Permanent ponds are also found on the golf course 1 mile (2 km) southeast of Tech Area iV.
Open ponds may be used by migratory waterfowl! in the spring and fall.

The more heavily wooded, undisturbed canyons and their adjacent slopes are aiso considered
highly sensitive wildlife habitat (Biggs, 1991). This classification is based on the quality of the
habitat for travel corridors, bedding areas, wintering areas, and foraging areas for large
mammals, such as mule deer (odocoileus hemionus). Table 3-4 identifies sensitive habitats
associated with ER Project sites.

3.7 Cultural Resources

A cultural resources inventory was completed. It included a 100-percent walk-over survey,
conducted in 1994, of all ER Project sites on DOE, KAFB, and USFS lands that had not been
surveyed since 1988 and of ER Sites 238 and 239, which had never been surveyed.
Approximately 1,400 acres (570 hectares) were surveyed or resurveyed. As a result of this
and previous surveys, 32 prehistoric sites, 24 historic sites, 5 prehistoric/historic sites, and 1
site of unknown temporal affiliation have been recorded with the State of New Mexico Historic
Preservation Division within lands designated as ER Project sites. Thirty-one prehistoric sites,
possibly seventeen historic sites, and five prehistoric/historic sites are candidates for inclusion
in the NRHP. The NRHP status of one other site is unknown, although it may qualify for NRHP
inclusion as well.

Specific cultural resources associated with individual sites are detailed in a cultural resource
report made available to the SHPO for their review (Hoagland and Dello-Russo, 1995). This
information is protected from public release to control access to cultural resources.
Archaeological sites recorded during the 1994 survey fall into the following cultural periods:
e Archaic sites (3).
e Puebloan/archaic sites (6).

s Puebloan sites (23).

e Puebloan/historic sites (4).
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¢ Puebloan/historic/Paleoindian sites (1).
o Historic sites (24).
¢ Sites of unknown temporal affiliation (1).
One hundred fifty-six isolated occurrences were also recorded.

3.8 Noise

Noise sources in the vicinity of SNL/NM can be categorized into two major groups:
transportation and stationary-type sources. Transportation sources include aircraft, motor
vehicles, and rail operations. Stationary noise sources are those that either do not move or
move relatively short distances; at SNL/NM, they include sources such as ventilation systems,
air compressors, generators, power transformers, and earth-moving equipment. Construction
and industrial-type stationary sources are concentrated mostly near the different tech areas.

Aircraft operations are the most pervasive type of noise found at SNL/NM. Albuquerque
International Airport is located due west of SNL/NM. The major east/west runways are
adjacent to SNL/NM, and the flight lines pass directly over the site. In addition, KAFB is
located on the same property as SNL/NM and uses the airport runways for its operations.
Although aircraft noise is the dominant source type, it is also a periodic source, with maximum
noise levels associated with take-off and landing.

Highway motor vehicle noise is also prevalent at SNL/NM. On-site traffic as well as traffic on
nearby roadways and major highways contribute to the overall noise levels at SNL/NM. The
fluctuation of highway noise (over long periods of time) is associated with the time of day in
which peak and off-peak traffic occurs. Noise monitoring studies have been conducted on
both SNL/NM property and in surrounding areas (Greiner, Inc., 1990; IT Corporation, 1990).

Existing noise level ranges for several areas of SNL/NM have been estimated for the northern
section of SNL/NM near Tech Area |, Tech Area ll, and Tech Area IV east of the airport
east/west runway. According to the monitoring data, the overall noise-level range for the
northern section of SNL/NM is 54 to 102 decibels (dBA). Although noise-monitoring data are
not available for other areas of SNL/NM, the overall noise level range of 54 to 102 dBA may be
considered representative of SNL/NM property.

3.9 Socioeconomics

The population of Bernalillo County, according to the 1992 preliminary census, grew

0.96 percent since 1990, to 499,262, with the Albuquerque city population being 398,492
(Boatman's Sunwest, Inc., 1994). From 1970 to 1980, New Mexico's population grew

28.1 percent. Much of the growth in the 1970s resulted from relatively strong economic
expansion, which attracted migrants to the state. Generally, weaker economic conditions in
the 1980s lead to decline in growth through emigration, contributing to a considerably smaller
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16.2 percent population increase. Growth rates in the 1980s were highest within the
metropolitan counties, such as Bernalillo County where SNL/NM is located.

Two major interstate highways meet in the center of Albuquerque: Interstate-40 (1-40), which
runs east-west, and Interstate 25 (I-25), which runs north-south. 1-40 is approximately

1.5 miles (2.4 km) north of SNL/NM and I-25 is approximately 3 miles (5 km) west.
Approximately 129,440 cars a day travel |-25 south of 1-40, making this area the most traveled
stretch of road in New Mexico. Albuquerque International Airport, immediately adjacent to
KAFB, served 5,613,275 passengers in 1993 (Boatman's Sunwest, Inc., 1994).

As a major employer in New Mexico, SNL/NM has a major economic and social impact on the
state and, in particular, on the Albuquerque metropolitan area. SNL/NM, the fifth largest
employer in New Mexico, employs approximately 7,455 people at several New Mexico
locations. In addition, approximately 2,998 retirees reside in New Mexico.

SNL/NM direct expenditures of $392 million for wages and salaries generated $1.1 billion of
personal income in the state (Lansford et al., 1995). Actual SNL/NM in-state expenditures
were $849 million in FY 1992 and $950 million in FY 1993 for salaries and wages, materials
and services, capital equipment, and construction (Adcock et al., 1993). The 1992 direct
spending in New Mexico of $849 million was equivalent to slightly over $500 for each resident.
SNL/NM funding accounted for about 14 percent of all federal expenditures in New Mexico.

SNL/NM out-of-state purchases and salaries for those living elsewhere amounted to

$551 million in 1992. By far, the largest expenditure was on labor, which was almost

57 percent of the total state expenditures, or nearly 34 percent of total operating and capital
budget for FY 1992. Another 30 percent ($257 million) was spent locally for trade, services,
and utilities, while 1.7 percent ($14.5 million) was spent on manufactured goods. Construction
accounted for about 4 percent ($34 million). State and local taxes and government fees
accounted for 6.7 percent of the $849 million in local expenditures (Adcock et al., 1992).

3.9.1 Demographics

Albuquerque, the largest population center in Bernalillo County, is the population center
closest to KAFB. Tech Area |, in the northeast portion of the facility, is located approximately
1.5 miles (2.4 km) east of the Albuquerque city limits. An estimated total population of
571,677 people live within a 50-mile (80-km) radius of KAFB (DOC, 1992). This population
includes permanent residents of KAFB living in the KAFB housing areas. Figure 3-11 shows
residential areas within a 1-mile (2-km) radius of the KAFB boundary.

3.9.2 Environmental Justice

Executive Order 12898, titled "Federal Actions to Address Environmental Justice in Minority
Populations and Low Income Populations” (issued February 1994) requires federal agencies to
identify and appropriately address any disproportionately high and adverse human health or
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environmental effects of their proposed actions on minority or low-income populations.
Although environmental justice issues are broader than NEPA, they must be considered in
preparation of NEPA documents. Specific DOE guidance for performing assessment of
environmental justice issues in NEPA documents is still pending until EPA completes the
federal "agency-wide environmental justice strategy.”

An approach to assessing the requirements of environmental justice in a DOE NEPA
document has been applied in DOE's "Draft Waste Management Programmatic Environmental
Impact Statement for Managing Treatment, Storage, and Disposal of Radioactive and
Hazardous Waste" (WM/PEIS) (DOE, 1995a), currently under review by the public. The
WM/PEIS addresses all radioactive and hazardous waste management activities at all DOE
facilities, including SNL/NM. This programmatic environmental impact statement provides
assessment of the waste management aspects of the ER Project. Although the WM/PEIS
does specifically address environmental justice considerations of waste management activities
at SNL/NM, which include a major component of the ER Project, the document is still in draft
form. Environmental justice considerations, therefore, are still discussed in this assessment.

Isieta Pueblo is immediately south of SNL/NM; its border is about 2 miles (3 km) from Tech
Area lll and 2.5 miles (4.0 km) from the Chemical Waste Landfill [ER Site 74]). The Pueblo
property is about 200,000 acres (80,000 hectares) in size, and its 4,000-person population is
clustered along the Rio Grande.
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4.0 ENVIRONMENTAL CONSEQUENCES

The major issues associated with the proposed action are public health and safety;
occupational worker health and safety; cultural (archaeological and historic) resources;
threatened, endangered, or sensitive species; and cumulative impacts. Although potential
impacts of proposed corrective measures on other environmental parameters are also
analyzed (e.g., land use and socioeconomic), they are believed to involve lesser environmental
impacts.

An overview of the environmental effects associated with the proposed action and the no
action alternative is provided in Table 4-1. A more detailed discussion of specific impacts
related to proposed action options is provided in Section 4.1. A similar discussion of the no
action alternative impacts is provided in Section 4.2. Section 4.3 summarizes the risk
assessment assumptions and methods used to assess health impacts on humans and
ecological receptors. The cumulative impacts associated with the incremental impacts of the
proposed action are discussed in Section 4.4.

Based on estimates of the areal extent of the ER Project sites in Appendix A, Table A-2, the
proposed action will affect no more than 1,100 acres (450 hectares), which is less than

1.6 percent of the 67,000 acres (27,000 hectares) of land area that comprise KAFB and the
USFS Withdrawn lands.

4.1 Effects of Proposed Action |
4.1.1 Land Use

Under the proposed action, several remediation options could potentially increase land-use
possibilities (see Table 4-1). These remedial options include excavation activities, thermal
treatment, in situ bioremediation, soil-washing/stabilization, decontamination, and off-site
treatment and disposal. By removing contaminated soils and replacing them with clean backfill
or by treating the contamination and returning treated soils to their original ER Project sites,
the ER Project sites could qualify for a broader range of land uses. If a TU and/or CAMU is
used, it would reduce the total contaminated area by confining contaminated media to one
central locale for treatment. This would result in a greater range of land-use options for more
sites. Land use at the TU and/or CAMU sites themselves would be limited to uses for which
public access is controlled. Using capping and institutional controls may allow for limited public
access for recreational purposes although completely unrestricted public access may not be
possible.

Currently, the ER Project is proposing either recreational or industrial land uses for all ER
Project sites, as recommended by the Kirtland Federal Complex and Logistics Support
Working Team, a group responsible for addressing future-use designations for the entire KAFB
installation. This is consistent with the existing land-use pattern, with industrial uses occurring
primarily on DOE and USAF lands, and with recreational uses occurring on USFS lands. After
100 years of institutional control, other viable land-use scenarios (e.g., residential and
commercial) may be considered by whatever regulatory authorities exist at that time.
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Section 3.2 describes and Figures 3-3 and 3-11 show existing land uses within properties
currently occupied by SNL/NM facilities as well as residential areas within 1 mile (1.6 km) of the
KAFB boundary. Figures 3-3 and 3-11 also show that lands within the KAFB boundary where
ER Project sites are located are federal lands under the jurisdiction of DOE, the USAF, or the
USFS. Although some lands southwest of the KAFB boundary are leased by DOE from the
State of New Mexico or from the U.S. Department of Interior Bureau of indian Affairs (Isleta
Pueblo), no ER Project sites exist on these lands. There are no national parks, state parks,
wilderness areas, or national monuments in the vicinity of the ER Project sites. A major
recreation area, the Cibola National Forest, would not be affected. Public use of this resource
would continue without new limitations. Thus, no change would result from the proposed
action in federal, regional, state, local, and Indian tribe land use plans, policies, and controls.
Land-use impacts associated with the proposed action options are summarized in Table 4-1.

4.1.2 Geology and Soils

The major impacts to the geology and soils at most of the individual ER Project sites would
result from excavation activities associated with corrective measures (see Table 4-1). Except
for the capping options and sites designated for NFA status, proposed site actions would
involve removing soils and either transporting them off site or remediating them at TUs.
Excavation of surface and subsurface soils at some ER Project sites would temporarily affect
local topography. Removing contaminated soil would create local areas that are lower in
elevation than the original surface. Stockpiling topsoil could create soil mounds on what may
have been relatively flat land surfaces. In no case would the change in topography be
substantial or permanent. All excavations would be backfilled and compacted after ER Project
efforts were completed. Backfill would consist of either soils from SNL/NM designated "fill and
borrow areas" or original soils that were treated and returned to their ER Project sites of origin.
Or, if deemed appropriate, commercially purchased materials may be used. Sites would also
be contoured to prevent erosion and would be revegetated as necessary.

The proposed treatment for soils contaminated with RCRA hazardous metals or radionuclides
could cause segregation and removal of a large percentage of the finer soils. In this case,
treated soils returned to their ER Project site of origin would be supplemented by additional
backfill. To minimize settling and the formation of depressions in the backfilled excavations,
soils would be placed into the area in small amounts and compacted.

Soil disturbances from excavation would result in a small increase in local erosion potential,
where uncontaminated soil was stockpiled and the surface vegetation removed. However,
local erosion and sediment transport in the SNL/NM area would be minor because of low
average annual precipitation (8 inch [20 cm]) and the nature of precipitation events. If major
storm events or flash floods occurred before disturbed sites were reclaimed, some soil erosion
could occur.

Treated soil would have a slightly different mineral composition and grain-size distribution.
This would be likely to occur with the thermal treatment, soil-washing/stabilization, and
decontamination options of the proposed action. The most important alteration would likely be
a decrease in fine-grained material, principally silt and clay. The principal effects of this
change to soil composition would be a potential increase in infiltration rates and a decrease in
the water-erosion hazard. Increased infiltration through local soils could enhance groundwater
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recharge in some areas. Soil suitability as a plant-growth medium could potentially be
impacted, if the soil profile is substantially disturbed. Future impacts related to soil erosion and
vegetation would be minimized by following standard reclamation practices, including
contouring, erosion control, reseeding, muiching, and adding soil amendments (see

Section 2.1.4.1 and Figure 2-10). Impacts to geology and soils associated with the proposed
action options are summarized in Table 4-1.

4.1.3 Surface-Water and Groundwater Contamination

No long-term adverse impacts to surface waters are anticipated from any of the proposed
action options or NFA designation. Constructing a waste treatment facility could produce
localized soil erosion; however, this would tend to be mitigated because the soils at the sites
are sandy and would rapidly soak up rainwater. The erosion could be expected to have
temporary peaks during heavy rainfall events. Surface-water runoff controls would be
integrated into the designs for the treatment facility and facilities performing thermal treatment,
soil-washing, stabilization, and decontamination. Capping could prevent the infiltration of
surface water into contaminated soils; likewise, in situ bioremediation would also incorporate
design controls to prevent the infiltration of surface water. Impacts to surface waters and
groundwaters associated with proposed action options are summarized in Table 4-1.

CoCs detected in groundwater could be reduced by the proposed action options, including
source removal, vadose-zone vapor extraction, and soil remediation and pump-and-treat
system. These measures would reduce groundwater concentrations to below regulatory limits
over a period of months to a few years.

DOE regulations set forth in 10 CFR 1022 require that any proposed action taken in a
floodplain be evaluated and that flood hazards and floodplain management be considered.
Approximately 32 ER Project sites are found in the eastern area of USFS withdrawn lands of
SNL/NM, where the floodplain of Arroyo del Coyote has not been defined or mapped (see
Figure 3-7). Generally, the arroyo has no clearly distinguishable floodplain in the mountain
areas and is limited to the immediate channel where it passes through KAFB. Corrective
measures conducted at ER Project sites in the USFS withdrawn area would have no impact on
floodplains.

Flashflooding is possible in the channel of Arroyo del Coyote and impacts from flooding could
be expected at sites located in the arroyo channel. Excavation activities performed in the few
sites located in floodplains (ER Sites 7, 16, and 23) could temporarily impact surface-water
quality for a short distance downstream from the excavation area by transporting excavated
soil downstream (excavation at ER Sites 7 and 23 would not occur if proposed NFA status is
approved by EPA). These three sites, located within or adjacent to the main channel of Arroyo
del Coyote (see Figure 3-7), could be subject to flooding during heavy precipitation events.
The impact would be limited because flow in Arroyo del Coyote rarely reaches the confluence
with the larger Tijeras Arroyo. Gauging stations in place since 1980 have recorded no
confluent flow (SNL/NM, 1993a). ER Site 23 has a very low flooding potential because it is
located away from the main arroyo in an adjoining tributary. Potential soil losses from flooding
would be reduced by conducting corrective measures during periods when precipitation and
runoff are minimal.
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Depth to groundwater near the base of the Manzano Mountains is shallow. However, the
underlying alluvial water-bearing zone is very thin and is not used for water supply. Low
precipitation and a low recharge rate make the transport of contaminants to groundwater in the
mountain areas unlikely. In other areas, groundwater is generally greater than 350 feet

(110 meters) deep. The low annual precipitation, the negligible recharge rates, and the very
thick vadose zone greatly reduces potential contaminant migration to groundwater.

The cap design for the capping option would prevent infiltration of water and the resulting
downward migration of contaminants. The arid climate and the distance to the vadose zone
contribute to the ability of capping to control infiltration.

4.1.4 Air Quality

Impacts on air quality might be associated with the proposed action options. Air quality can be
affected by dispersion of contaminants, either as VOC emissions from waste excavation,
treatment, or transport activities or as fugitive dust emissions. Impacts with respect to meeting
environmental regulations related to air quality associated with proposed action options are
summarized in Table 4-1.

Each site will undergo an evaluation for the applicability of the National Emissions Standards
for Hazardous Air Pollutants (NESHAPS) (40 CFR 61) and of other potentially applicable
regulations prior to any excavation or remediation zctivities.

4.1.4.1 Excavation

Excavation activities for the purpose of removing contaminated soil from ER Project sites for
treatment or on-site transport and for construction of TU and/or CAMU facilities could result in
airborne fugitive dust, which can be mitigated by implementing dust controls. Frequent
watering with watering trucks and use of tree-sap-based products such as Enduro Seal®
would be used to control fugitive dust emissions. A soil-disturbance permit required under the
local Albuquerque Environmental Health Department Air Pollution Control Division
(implemented by 20 New Mexico Administrative Code [NMAC] 11.20) would be obtained if
more than 0.75 acre (0.30 hectare) or 32,670 square feet (3,035 square meters) were to be
disturbed. Despite use of soil-watering during excavation, based on EPA estimates of fugitive
dust emissions associated with similar types of construction excavation activities, an estimated
1.2 tons of soil per acre per month (1.0 x 107 grams per square meter per second) would be
suspended in the air at sites where waste is removed for treatment (EPA, 1988).

For the purpose of evaluating risk from air emissions during excavation, gaseous VOC and
SVOC contaminants in soils were assumed to be attached to soil particles. Because VOCs
and SVOCs are present in contaminated soils at some sites, small quantities might be
‘released in gaseous form when the soil is disturbed. Applicable air quality permits would be
obtained prior to any excavation activities.

The only radioactive gaseous contaminant release from excavation could be tritium gas. The
Radioactive Waste Landfill (ER Site #1) is known to contain uranium, thorium, mixed fission
products and possibly transuranic waste material in solid form. These radioisotopes are not
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believed to be in a physical/chemical form that is readily suspendable and were not considered
in analyzing releases from this site. No other gaseous radioactive contaminants or decay
products are considered a potential source of exposure. For tritium and particulate radioactive
emissions, applicable National Emission Standards for Hazardous Air Pollutants (NESHAPS)
permits and notifications required under 40 CFR 61 and other applicable regulations would be
obtained prior to excavation or construction activities at individual ER Project sites.

In order to conservatively estimate air impacts associated with emissions from heavy
equipment used for excavation and transport activities, it was assumed that the following
diesel-powered heavy equipment would be used at each site:

¢ One tracked backhoe for site excavation.

¢ One front-end loader for loading contaminated soil into transport containers and
backfilling clean sail.

¢ One trailer truck with a 32-cubic-yard (24-cubic-meter) capacity and an average
speed of 25 mph (40 km/hr) for hauling excavated waste to a TU and/or CAMU.

¢ One water truck for fugitive dust mitigation at the excavation site.
e One water truck for fugitive dust mitigation along on-site transport routes.

s One 30-ton (30,000-kg) rough terrain crane for loading waste bins on transport
trailers.

All equipment types were assumed to operate for 8 hours a day, 260 days per year

(2,080 hours per year) for a ten-year period. The total operation time for each type of
equipment was based on the time needed to excavate and transport total volume of soil to be
excavated and the total volume of clean fill expected to be returned to the ER Project sites as
backfill. Additional information on volume and transport data can be found in Appendix A,
Table A-3.

Soil volumes, when discussed in the context of their relationship to excavation equipment, are
generally presented in cubic yards. The estimation of total time required to complete the task
was based on previous field experience, which showed that using one backhoe and one front-
end loader, 100 cubic yards (77 cubic meters) of contaminated soil could be excavated, and
200 cubic yards (153 cubic meters) could be backfilled per day. The total time in use for the
trailer truck was based on mileage from each ER Project site to the CAMU and/or TU, which
was assumed to be located near the Chemical Waste Landfill (ER Site 74). The total distance
to be traveled was estimated at about 79,000 miles (about 130,000 kilometers) (see Table A-3,
Appendix A).

The number of vehicles needed annually to accomplish ER cleanup goals was based on total
soil volume to be handled and an assumed 10 year period to complete corrective actions. (For
example, if the excavation of all sites using one backhoe would take 25 years, 2.5 backhoes
were assumed to be operating for ten years.)
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The heavy equipment would emit to the atmosphere small quantities of criteria pollutants
subject to the NAAQS as adopted by the State of New Mexico in its State Implementation Plan
and implemented by the Albuquerque Environmental Health Department Air Pollution Control
Division as Ambient Air Quality Standards (AAQS) (nitrous oxides, sulfur oxides, particulates,
and ozone). Lead is a criteria pollutant also regulated under NAAQS; however, the use of
unleaded fuel would not result in lead emissions. In addition, the Albuquerque Environmental
Health Department Air Pollution Control Division regulates carbon monoxide emissions
because of the Albuquerque metropolitan area’s current nonattainment status.

EPA air-emission factors for mobile heavy equipment with diesel engines rated at less than
447 horsepower were used to estimate emissions (EPA, 1988). The emission factors used
were based on the estimated horse power ratings and fuel consumption rates obtained from
equipment manufacturers and operators shown on Table 4-2. Based on comparison of EPA
emission factors for diesel versus gasoline powered engines, emissions from a few cars used
for personnel transport to and from the site are considered negligible in comparison to the low
emissions from heavy equipment (EPA, 1988).

Table 4-2
Estimated Engine Types and Fuel Consumption Rates for Heavy Diesel Equipment

. | FuelConsumption
- ‘ v - Unit/Engine Type and Approximate - |~ (gallons/hour
 Heavy Diesel EquipmentType = |  ~ HorsePower(hp) | - {liters/hour])
Backhoe (tracked) Caterpillar™ 1325 ~175 5.0 (18.9)

Front-end loader Caterpillar™ 966 ~135 7.3 (27.4)

Truck (trailer and water 3406 Caterpillar™ or Cummins™ 5.5 (20.8)
engine -400

Crane (30-ton, rough terrain) Cummins™ or Detroit™ engine ~100 1.7 (6.4)
to ~250

References:

Powers, M., Telephone conversation with D. Talaber, |T Corporation, September 14, 1994.
Trimble, W., Telephone conversation with D. Talaber, IT Corporation, September 14, 1994,
Sanders, |.A., Telephone conversation with D. Talaber, IT Corporation, September 14, 1994.
Ross, E., Telephone conversation with D. Talaber, IT Corporation, September 13, 1994,

The average concentrations of air emissions were estimated using EPA's ISC2 model.
Because specific sequencing of corrective actions has not been determined, all emissions
were assumed to occur from a central onsite location at a steady rate. The emissions were
assumed to be dispersed by wind, and concentrations at progressively farther locations were
modeled using EPA's ISC2 air dispersion model. The estimated concentrations nearest the
point of emission were the highest and are reported in Table 4-3. Concentrations at the point
of emission and at a distance of 1 mile (1.6 kilometers) away are shown in Table 4-4.

The total emissions of criteria pollutants and other air emissions associated with the operation
of heavy diesel equipment are also shown in Table 4-3. Heavy equipment was estimated to

AL/2-96/WP/SNL:R3878-4.D0C 4-1 0 ’ 03/21/96 3:05 PM




DOE/EA-1140

BUIjOIRD

YHON “ied o|Buey] Yoreasay ‘Aousby uoposoid [EUBWUOIAUT ‘S'N ‘Zh-dY Yd3 ,'SI0108S LOISSIWS Juein|od Aty Jo uoleidwo), ‘8861 ‘Aouaby uonoslold [euswuosiaul "s'N
:90usI8)eY

8pIX0 JNYngG = X0S

Ja)8w 2igno Jed welbololy = mE\un

$58j JO SUoIOIW O} Aleulwou elew alenolled = O1-Wd

SUOIE00IPAY OneWOIRAIOd = HVd

8pIXO SNOIIN = %ON

epixop uoqed = %00

epIXouoW Uoqe) = 09

‘gisAlRUR SiU} JO SUOISHIOUOD 8BUERYD JOU SOOP UORBULIOJU) BLUNJOA JUSJ81 8I0W JO SN 661 Ul SISAEUE 8y} JO 8wl U} 1& 8jge|ieAe BJep 8WN|OA §]SEM UO Paseq alam Sejewis3
“BAIIPPE 9q O} POWINSSE J0U 818 PUB UOISSIWS JO JUjod BU) 18 paINsesw ase sesea|es Juenjjod eualud Jo suoleiuacuo) ‘1on} [9salp epelb-z "oN Buisn sauibue [aseip 10
$10)08} UOISSIWS paysiqnd pue g-p ajqe. woly sejel uondwinsuod any (1eak sad sAep ogg ‘Aep Jed sinoy g) 9inpayds [euoijesado ey} pejeiodiodul sases|as juejniiod Buajd JOo Sejewis

98t €9l 1St 820 120 Y00 ¥0'0 290 09°0 10 6€0 920 520 /1oL
9€0 €0 0€0 500 500 800°0 8000 Z10 zho 800 800 500 500 sepAyBpIV
e GRsuoy [T Gusa) | (ksuon | (usan [T0ARuG) GGG T [T Oksuo [ Gpsal | T0ksuo) - [ Dyedi) CRsus) | Gwsa) | 0 jewo]
20000 90000 9000°0 10000 10000 0 0 20000 20000 20000 | 20000 | 10000 | 10000 HVd [eloL
£9000'0 50000 50000 10000 1000°0 0 0 20000 20000 10000 | 0000 | 10000 | 10000 oUBPIBI0IoY
86000 £€000 26000 90000 90000 10000 1000°0 21000 21000 80000 | 80000 | G0000 | 0000 epAyepieraoy
19000 £500°0 15000 60000 60000 10000 10000 2000 2000 vI000 | 61000 | 80000 | 80000 3pAUBPIEULIOZ
20000 710000 | 910000 | €00000 | €00000 | 000000 | vOOOOO'0 | 900000 | 900000 ¥00000 | ¥00000 | £00000 | £0000°0 suopeaINg €1
£100 VIL00 1100 02000 61000 £000°0 £000°0 ¥¥000 27000 62000 | 82000 | 61000 | 81000 susiAdoid
£1000 11000 11000 20000 20000 0 0 0000 0000 €000°0 | €0000 | 20000 | 20000 SoUdIRX
61000 11000 91000 £000°0 £0000 0 0 90000 9000°0 Y0000 | #0000 | €0000 | £0000 uanjoL
51000 000 20000 01000 1000 90000 auszUeg
[ g T Ousan | Gksuen | ORI | Tsa) " GgsayT [T T SOl iy
1058 8'60Z €62l 5281 €081 oell 200
Ve z1 z0 €0 £0 z0 01-Wd
671 zh 20 €0 €0 ) X0S
267 Yy 70 ot ot 00
681 Ve gy
, )L usan s GAsaoy | .
T SoUSTRleId U Woly | Suowsig
- eBeioay. -1 sUoiSSjug lenuUY IEIOL . | - BURIG UOIOE

(adAy Juswidinbe Aq)
LOOIXON MON/Sel0JeI0qeT [EUOIIEN EIPUES JB
$8]IG 109[014 uoNeIoISaY [BJUBWIUOIIAUT WO}
S)10S pajeuleiuo) Buipodsuel ] pue BuijeAaedox Woly gSUOISSIWT Juein|jod Ay [elo L
e-v olqel

03/21/96 3:05 PM

4-11

AL/2-96/WP/SNL:R3878-4.00C




DOE/EA-1140

Table 4-4
Estimated Annual Heavy-Diesel Equipment Air Emissions
at Sandia National Laboratories/New Mexico Compared with National
and Albuquerque Environmental Health Department
Ambient Air-Quality Standards®

~ Estimated | AAQS (Albuguerque
Emlssxons . Concentrat_ions_ : © e Environmental Health
. Tons/Year | (ug/m3) | NAAQS | Department Limits)
AirPollutant Criteria .~ | LKLLL | Maximum |1 mile away | (pg/m3) = | (ug/m3) | tons/year®
Nitrous oxides 19.7 22.7d 1.49 100¢ 1009 NA
Carbon monoxide 4.3 4,90 0.3® 4,600°© 100
g3f 4.2f 10,000
1769 1.39 40,000f
Sulfur oxides 1.3 1.5 0.9® 80¢ 11€ NA
Particulates <10 micron 1.3 1.5€ 0.9e 50¢ 60° NA
diameter
Carbon dioxide 738.2 850.5¢ 51.3¢ NA NA NA
Photooxudatlon Products (e.g., ozone) Not calculated?

, - Air Toxics® . . e o
Benzene 0.004 0.0015 0.00005 T NA NA
Toluene 0.002 0.0019 0.00006 NA NA
Xylenes 0.001 0.0013 0.00004 NA NA
Propylene 0.011 0.013 0.00042 NA NA
1,3 Butadiene 0.0002 0.0002 0.00001 NA NA
Formaldehyde 0.005 0.0061 0.00020 NA NA
Acetaldehyde 0.003 0.0038 0.00013 NA NA
Acrolein 0.0005 0.0006 0.00002 NA NA
Total polyaromatic 0.0006 0.0007 0.00002 NA NA
hydrocarbons
Aldehydes 0.32 0.36 0.012 NA NA
Total Hydrocarbons 1.6 1.9 0.062 NA NA

aestimates were based on waste volume data available at the time of the analysis in 1994. Use of more recent
volume information does not change conclusions of this analysis.

Maximum concentrations for total sitewide mobile-source emission contributions. Emissions are assumed to
originate from a central point on site. Maximum concentrations occur at this assumed single-release point. This
is a conservative model, because actual emissions would be originating at individual ER Project sites spread
throughout the SNL/NM facility and would be subject to greater dispersion.

CAny one or total of all air pollutants must be less than 100 tons/year.

Annual arithmetic mean.

€Annual average.
8-hour average concentration not to be exceeded more than once per year.
91-hour average concentration not to be exceeded more than once a year.

Depending upon local conditions and not readily predictable for total emissions. Because photochemlcal
oxidants are a result of oxidation of nitrous oxides and carbon monoxide products, these emissions would also be
expected to be below AAQS; nitrous oxides and carbon monoxide are below limits.

AAQS = Ambient air quality standard.

NA = Not applicable.

NAAQS = National Ambient Air Quality Standards.
pg/m = Microgram per cubic meter
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contribute greater emissions than other vehicles due to the types of engines and their
respective emissions factors.

Table 4-4 shows that at the point of highest estimated concentrations, all air emissions
associated with operation of equipment for ER Project site excavation and transportation of
contaminated soil to the treatment facility would be below ambient air-quality standards. The
Albuquerque Environmental Health Department Air Pollution Control Division implements
issued Air Quality Control Board regulations of 20 NMAC 11.04, titled "General Conformity," in
response to the Federal Clean Air Act Regulations for Non-Attainment and Maintenance
Areas. Section 2, paragraph B.1, of this regulation established the emissions threshold of
100 tons/year (90,700 kg/yr) for carbon monoxide for any source in the local area. A total of
4.3 tons (3,900 kg) per year of carbon monoxide is estimated for all diesel equipment (see
Table 4-4). Therefore, carbon monoxide air emissions associated with ER Project activities
would not exceed limits for the nonattainment area. There are no mobile source emission
standards that apply to other air emissions. Other air emissions concentrations would be
negligible, as shown in Table 4-4. As required by Section 176(c) of the 1990 Clean Air Act
amendments, the proposed action options would conform to the New Mexico state
implementation plan, which is designed to achieve NAAQS.

4.1.4.2 Waste-Treatment Emissions

Impacts to air quality were also evaluated by assuming that the total contaminated waste
volume would be treated at a central location near the Chemical Waste Landfill (ER Site 74).
This assumption provides a maximum emission source term. Emissions from treatment of
contaminants at any individual ER Project site would be lower. All treatment options would be
designed to virtually eliminate VOC and SVOC air emissions using state-of-the-art control
technologies (see Section 2.1.4.3). The thermal destruction of VOCs would result in the
formation of carbon monoxide, which would then be converted to carbon dioxide in the
catalytic converter. Emissions of carbon dioxide are assumed to occur from a 30-foot-
(9.1-meter-) high stack. The total carbon dioxide emissions would depend upon specific
treatment facility design capacity, but are estimated not to exceed 0.03 tons (27 kg) per year
for a facility with a capacity to treat 2200 pounds (1,000 kg) of waste per day, consistent with
typical thermal desorber design (Feizollahi and Shropshire, 1994). There are no air quality
regulation standards for carbon dioxide emissions.

Radionuclides would be the proposed treatment facility's only potential routine releases of
hazardous air pollutants regulated under the Albuquerque Environmental Health Department
Air Pollution Control Division 20 NMAC 11.64, which implements 40 CFR 61 (i.e., NESHAP
requirements). Particulate radionuclide emissions regulated under 40 CFR Part 61, Subpart H,
would be controlied using HEPA filters with a minimum-design removal efficiency of

99.99 percent. No tritium emissions would be associated with treatment because tritium-
contaminated wastes from the Radioactive Waste Landfill would not undergo treatment.
Emissions of radionuclides would neither violate the EPA NESHAP requirement that radiation
doses to the public from air emissions be below 10 mrem per year nor exceed the EPA source-
monitoring threshold level of 0.1 mrem per year. Based on EPA's CAP-88 model and
assuming a maximum inventory of 0.358 picocuries per gram available for release from soil
near the Radioactive Waste Landfill (ER Site 1) (Aas, 1995), doses at the KAFB site boundary,
the closest point of public access, are estimated to be below 0.005 mrem. Nevertheless,
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radionuclide emissions would continue to be monitcrad and reported as a part of SNL/NM's
ongoing air monitoring program. Human health effects are discussed in Section 4.1.10.

Prior to construction of a treatment facility, authority to construct notifications and required
permits for stationary sources required by the Albuquerque Environmental Health Department
Air Pollution Control Division will be obtained.

4.1.5 Biological Resources

The existing biotic communities, sensitive species, and sensitive habitats at the ER Project
sites are described in Section 3.6.2. Three sensitive species (all species of cacti) are known to
occur within the boundaries of designated ER Project sites. Only ER Site 21 includes wetland
habitat; 21 sites contain riparian or floodplain habitat. Because there exists only a very small
potential for adverse impacts exists from potential releases, the primary focus of this section is
on impacts resulting from the physical disturbance or removal of habitat and asscciated
organisms from the overall natural environment currently existing at KAFB. Of special concern
are impacts to sensitive species and the habitat types that support them.

It was generally assumed that the proposed corrective measures would result in an overall
reduction of exposure to chemical and radiological contaminants in ecological receptors,
thereby reducing the long-term risk of adverse effects in popuiations exposed to these
contaminants. Paradoxically, .= cost of this reduced risk would be the loss of habitat quality
directly resulting from implemeniation of corrective measures, particularly soil excavation and
topsoil removal. '

The physical impacts associated with proposed action options would vary from excavation of
large, contiguous areas that would be subsequently backfilled with uncontaminated soil to light
vehicle or foot traffic associated with removal of scattered debris and particles. Some
destruction of habitat would be likely occur with excavation, construction of treatment facilities,
capping and possibly other institutional controls, and off-road vehicle traffic. Disturbance
and/or destruction of habitat due to excavation would result in the local displacement of
wildlife. Although reclamation of disturbed sites (refer to Section 2.1.4.1) would aid in the
recovery of ecological structures and functions, this recovery would take time as natural
succession proceeds from artificially revegetated surfaces. Therefore, within excavation areas,
the short-term impacts to biological resources would be high; however, the long-term effects
could be beneficial.

In situ bioremediation, TEVES, and other ir situ treatments were assumed not to entail
excavation and removal of soil, although some habitat disturbance would result from this
option through construction of roads, drill pads, and associated surface facilities. The area of
disturbance associated with bicremediation is expected to be small and the total impact from
this corrective measure is expected to be minor.

Both the grama grass cactus and the Wright's pincushion cactus were usually found as widely
scattered individuals or as ciusters of several individuals (2 to about 15) in close proximity to
each other. The visnagita cactus was found as scattered individuals at some sites, but in
favorable habitat, it was sometimes found in large populations, reaching densities exceeding
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80 plants per acre (200 plants per hectare). In most cases, the populations of these species
are in isolated areas, comprising only a fraction of the entire site.

The locations of isolated individuals or clusters of individuals and the boundaries of known
habitat areas for these three species have been put into the ER Project geographical
information system database. This information would be used to mitigate impacts to
individuals or populations when corrective action was taken. For example, if surface-picking
were to be used in an area with a known population of sensitive cacti, the field personnel
would be instructed to avoid damage to all cacti in the area. If excavation were required in
such an area, transplanting of individuals would be performed, provided that this could be
done without disrupting existing populations that would otherwise not be affected by the
excavation. It is expected that the number of individuals affected by corrective actions would
be very small and insignificant with respect to the extent of the habitat and the numbers of
individuals that are present on KAFB. Further, because all three of these species have highly
dynamic natural populations (especially being prone to predation by small mammals and
insects), any incidental losses incurred by the ER Project corrective actions would not be
expected to affect the long-term survival of these species on the base, provided that the
physical disruption of favorable habitat was minimized.

As described in Section 3.6.2, the sensitive species survey for the ER Project (IT Corporation,
1995) identified 22 proposed ER Project sites that have one or more of the three species of
cacti listed as endangered in New Mexico present within the site boundary. Of these, 8 have
been designated NFA or have been removed from the list, and 14 are eligible for proposed for
excavation and treatment corrective action options. The boundaries of the last group
encompass a total area of about 890 acres (360 hectares).

Although not listed as a sensitive species, the burrowing owl (Speotyto cunicularia) is a
species of concern on KAFB as a breeding raptor. This species is particularly vulnerable to
excavation activities because of its habit of nesting in underground burrows, which are often
enlarged from small mammal burrows. On KAFB, burrowing owls are particularly common in
association with Gunnison prairie dog towns. These are found at scattered locations about the
base, and often occur on the outer edges of developed area. Because no prairie dog towns
were found at any ER Project sites during the sensitive species survey and no burrowing owl
nest burrows were observed (although one burrowing owl was observed at Pickax Site

[ER Site 54] in the late summer), the excavation activities actions are not expected to impact
this species.

Despite the planned actions to reclaim disturbed habitats (see Section 2.1.4.1), it was not
assumed that the habitat would be restored to its original quality or that it would it return to its
original quality through natural succession for many years, if ever.

Impacts to biotic communities would be reduced or mitigated by including the following
activities in project planning:

(1) Avoid, where possible, disturbing of ER Project sites at which populations of
sensitive species have been identified.
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(2) Avoid disturbing of sensitive or unique habitats, such as wetlands and areas
occupied by vigorous populations of sensitive species.

(3) Where possible avoid disturbing less sensitive habitats or develop specific
mitigation measures to reduce damage to the resource.

(4) Where disturbing of sensitive biota is unavoidable, transplant individual plants to
suitable habitats outside the area to be disturbed. Impacts to sensitive plant
species at the bioremediation sites, for example, would be mitigated by siting the
well pads to avoid sensitive habitats and transplanting individual plants if
avoidance is not possible.

Impacts to biologic resources resulting from site disturbance associated with proposed action
options are summarized in Table 4-1. The following agencies were contacted in order to
facilitate the discussion of impacts to biological resources:

e U.S. Fish and Wildlife Service.
e New Mexico Energy, Minerals, and Natural Resource Department.
e New Mexico Department of Game and Fish.

Correspondence with these agencies, including consultation letters from the USFWS, can be
found in Appendix C. Short-term impacts that couid result from contaminant releases during
operations would have minimal impact on biotic communities on KAFB (see Section 4.1.11 and
Appendix D2, Section D2.9). Impacts to biologic resources resulting from site disturbance
associated with proposed action options are summarized in Table 4-1.

4.1.6 Cultural Resources

A total of 32 prehistoric sites, 24 historic sites, 5 prehistoric/historic sites, and 1 site of
unknown temporal affiliation have been recorded within lands designated as ER Project sites
(see Section 3.7). Section 3.7 discusses the cultural resources that have been recorded.
Thirty-one prehistoric sites, possibly seventeen historic sites, and five prehistoric/historic sites
are candidates for possible inclusion in the NRHP. The NRHP status of one other site is
unknown.

Because no cultural resources locations are listed in the NRHP within the ER Project at this
time and ER Project activities would be planned to avoid significant cultural resources, there
would be no adverse impacts to sites listed in the NRHP as a result of the proposed action
options. Several buildings of potential historic significance have been recorded in Tech
Area Il. These buildings would not be impacted by proposed ER Project activities.

Subsurface cultural resources have not been mapped at ER Project sites. There could be
adverse impacts to any subsurface cultural remains that may be eligible for inclusion in the
NRHP but were not identified during the surface survey. If there were indications of
subsurface cultural resources encountered during site excavation, activities would be planned
to preserve potential resources.
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Impacts to cultural resources from proposed action activities may be minimized or mitigated by
doing the following:

(1) Providing ER Project Task Leaders with detailed maps indicating cultural resources
areas to be avoided while conducting excavation or other intrusive remediation or
characterization activities.

(2) Avoiding cultural resources as much as possible when implementing corrective
measures such as excavation.

(3) Where avoidance of cultural resources is not possible, instituting subsurface testing
and data recovery or monitoring during ground-disturbing activities.

(4) If archaeological or historical artifacts are discovered during site excavation activities,
delaying further surface or subsurface disturbance and contacting a qualified
archeologist to assess the finds. The State of New Mexico Office of Cultural Affairs,
Historic Preservation Division, would also be contacted.

There would be essentially no impacts to cultural resources as a result of the NFA designation.
Impacts to cultural resources associated with proposed action options are summarized in
Table 4-1. Consultation letters with SHPO are located in Appendix C.

A consultation letter dated January 18, 1996 was received from the State Historic Preservation
Officer (SHPO) for the Section 106 consultation process under the National Historic
Preservation Act. The SHPO concurs that of the 166 ER sites examined, 128 do not contain
eligible or potentially eligible sites. There are no additional preservation requirements for these
128 ER sites. Because decisions have not been made about what actions may occur within
the remaining sites, the potential effects on historic properties within these sites can not be
evaluated yet. Further consultation with the SHPO will occur as needed to complete the
Section 106 process.

4.1.7 Noise

The primary noise sources associated with the proposed action would be normal construction
noise from heavy equipment, excavation equipment (backhoes and front-end loaders), and
truck traffic. There would be an increase in truck-traffic volume to and from the treatment
facility. The number of truck trips would vary depending on the amount of soil to be excavated.
The truck would still need to go back for another load, but the only difference would be
whether the return trip was full or empty. A total of less than 11,000 truck trips has been
estimated for transport of waste volumes assumed to be excavated for treatment and the
transport of clean soil for backfill at excavated sites as shown in Appendix A, Table A-3. The
truck traffic would occur during daylight hours only and be of short duration over the 10 or
fewer years of project life. It would be confined to the SNL/NM facility and be negligible as a
long-term adverse impact.

Truck traffic would not travel on public highways or streets outside the KAFB-controlled access
area and would affect only SNL/NM and KAFB personnel. Most public receptors at the KAFB
boundary would be 1 mile (1.6 km) or more from the major remediation activities. Thus,
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ambient noise levels resulting from the proposed action options would have only localized
short-term adverse impacts on site. Impacts from noise associated with proposed action
options are summarized in Table 4-1.

4.1.8 Socioeconomic Impacts

4.1.8.1 Demographics

The population distribution in Bernalillo County is not expected to change as a result of the
proposed action. It is unknown at this time whether restoration activities would be conducted
at single sites on a sequential basis or whether activities would occur at multiple sites
concurrently. If the latter were to occur, short-term employment numbers would increase
accordingly.

Based on the projected waste volumes used in this EA, it is estimated that the performance of
the ER Project could create short-term employment for up to an estimated 40 heavy equipment
operators, treatment system operators, and truck drivers during the excavation, treatment, and
reclamation portions of the project. A thermal desorption treatment facility could require up to
20 full-time operators and waste handlers. Excavation, truck transport, and reclamation
activities alone at any given ER Project site could require up to ten full-time employees. Ata
site where solidification and stabilization are included in the treatment option, six full-time
employees could be needed; at sites where in situ bioremediation would be implemented, one
full-time employee could be required.

Most of the workers required for excavating, transporting, and treating contaminated soils
already reside and are employed in the Albugquerque area or would be assimilated from the
labor pool of contractor employees currently assigned to SNL/NM tasks. Considering that the
total number of SNL/NM employees is approximately 7,455 (see Section 3.9), net increases in
the local employment and payroll, if any, would be negligible. During the 10-year restoration
period, additional revenues would be provided to local contractors, constituting a short-term,
minor beneficial economic impact. Impacts to socioeconomics associated with proposed
action options are summarized in Table 4-1.

4.1.8.2 Environmental Justice

For environmental justice concerns, an assessment of the potential environment effects of the
proposed action must consider the possibility of disproportionately high or adverse effects on
minority or low-income populations. Incident-free and normal operations under the proposed
action include only small potential risks that do not constitute adverse impacts to the
surrounding population. These risks and impacts, summarized in Table 4-5, would be small in
all environmental and human healith areas of assessment. Risks due to accidents and impacts
associated with accidents under the proposed action would be dominated by the physical risks
of vehicle transportation accidents. The potential impacts from accidental releases of
contaminants under the proposed action would be small. Any impacts to specific populations
would be subject to random meteorological conditions on the day of the accident, so risks
would be randomly distributed.
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Table 4-5
Total Human-Health Effects from Proposed Action Options
of the Sandia National Laboratories/New Mexico
Environmental Restoration Project

_ HealthEffect
Incremental A Appendix D2,
. Release Type - Cancer Risk? _Injury | Fatality. Table
Corrective measures, routine | 42x105°¢ 3.0x10] NA NA D2-14
operations releases
Corrective measures, 1.8x107° 74x100 NA NA D2-15, D2-16
accidental releases
Corrective measures, NA NA 8.4 1.1 D2-17
accidents

incremented cancer risks and the EPA acceptable range 1074 to 1078 (55 FR 30796) discussed in
Section 4.1.10.1

bEPA acceptable threshold hazard index <1.

Cif the a_s;umed volatile organic compound contribution is eliminated, the incremental cancer risk would be
7.5x10 1.

NA = Not applicable

As has been described in the regulatory and permitting processes associated with the ER
Project, proposed environmental restoration activities at SNL/NM would be conducted in strict
compliance with federal, state, and local laws and regulations to protect air, water, and other
environmental resources. Cleanup operations under the proposed action would, in the long-
term, reduce the risks of environmental contamination and human health effects for the entire
Albuquerque region. Therefore, no foreseeable disproportionate or adverse health and
environmental impacts would be expected from any particular segment of the surrounding
population, including minority and low-income populations.

4.1.9 Transportation

Incident-Free Transportation Analysis. On-site transport of untreated waste from excavated
sites to a TU and/or CAMU or other treatment facilities and transport of clean waste back to
ER Project sites for backfill would result in some environmental and human health impacts.
These impacts have been factored into the estimates of air quality and human health impacts
discussed in Sections 4.1.4 and 4.1.10, respectively. The total on-site transport distance
estimated in Table A-3, Appendix A, to be traveled by waste-hauling trucks directly engaged in
ER Project activities is about 79,000 miles (130,000 km).
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Additionally, some waste generated by the ER Project may require shipment to permitted
disposal areas off site. The exact amounts of waste to be shipped and the disposal sites have
not been determined, but for the purpose of evaluating potential environmental impacts,
sufficient information is available to put a realistic upper bound on this aspect of the analysis.
Parameters important to the analysis of transportation impacts, such as source term
information (type and form of hazardous material, concentration, total amount), mix of roadway
types, population exposed and total mileage are compared between the SNL/NM ER Project
and other similar actions analyzed recently by DOE. Since analyses of transportation impacts
typically show very small risks, this comparative approach can readily be used to illustrate the
relative magnitude of impacts for this aspect of the program.

For purposes of this comparison, all sites in SNL's ER Project, except the mixed waste landfill,
were assumed to be excavated and all of the waste thereby generated was assumed to be
shipped off site. Given these conservative assumptions, the ER Project was projected to
generate a maximum of 2.2 million cubic feet of LLW and LLMW (this is a subset of the total
volume of ER waste shown in Appendix A, Table A-3). The maximum estimate of the shipping
distance for this waste was 4.4 million miles.

The Waste Isolation Pilot Plant Supplemental Environmental Impact Statement (WIPP/SEIS)
(DOE, 1990) described a shipping campaign to be conducted over 20 years and
encompassing about 5.5 million cubic feet of waste, which is at least twice the maximum
volumes of low level and mixed waste expected from the ER Project. In the WIPP/SEIS, the
shipping campaign with the longest transportation distance was from the Savannah River Site
(SRS) to New Mexico, with a prospective 3000 shipments (approximately 4.5 million miles)
over twenty years. This campaign resulted in an expected occurrence of 0.01 latent cancer
fatalities (LCFs) over the entire campaign. In another example, the Draft Nevada Test Site
Environmental Impact Statement (NTS/EIS) (DOE, 1996a) predicted a similar LCF occurrence
for the shipping campaign from SRS to the Nevada Test Site (NTS) (approximately

16.5 million miles), of 0.02 LCFs over 10 years.

The Draft Waste Management Programmatic Environmental Impact Statement (WM/PEIS)
(DOE, 1996b) also analyzed transportation of LLW and LLMW projected for the entire DOE
complex for the next 20 years (a waste volume at least 10 times higher than expected from the
ER Project) over 500 million miles. A maximum 9.3 LCF occurrence for the public was
predicted. The WM/PEIS (DOE, 1996b) analysis found that the risk from transportation is
largely linear, based on a per mile basis (i.e., transportation risk is a function of travel
distance).

The programmatic documents discussed above considered low level waste from all sources,
including process wastes, which generally contain higher concentrations of radioactive material
than ER wastes. For example, the average drum shipped to WIPP was expected to contain
0.5x10" Ci/per drum of radioactive material compared to 8.6x10° Ci/per drum projected for

ER wastes (Brown, 1996).

An additional comparison was made of the LLW generated by the environmental restoration
projects at the Fernald Operating Units (OU) 3 and 5. These shipments originated at Fernald,
Ohio, and were transported by highway to Envirocare in Clive, Utah. The analyses used for
comparison were the Fernald Feasibility Studies (DOE, 1995b and DOE, 1995c) and are
considered more directly analogous, except larger in scope, to the SNL/NM ER Project than
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the DOE programmatic documents. The incident-free impacts and accident risks were
estimated using the RADTRAN 4 code. The maximum projected impact from the
transportation of OU 3 and 5 wastes was 4.5x10° LCFs per year.

The risk from transporting LLMW include risk from exposure to the chemical component of the
wastes. The health hazards of concern in assessing risk from transportation of chemicals do
not include cancer because the only plausible mechanism for exposure of the public is a one-
time exposure due to accidents. whereby acute health effects would predominate.
Noncarcinogenic health effects are considered to have a threshold dose below which there is
no adverse effect. This threshold for evidence of systemic toxicity is assigned a hazard index
(HI) of one. An analysis yielding an Hli of less than one indicates no significant health effects.
In the analyses for LLMW performed in the WIPP/SEIS (DOE, 1990), the assumed
concentrations of volatile chemicals were at least as high or higher than the 1 ppm
concentrations assumed for the ER LLMW. A high concentration of lead (2.2 gm per drum)
was assumed for the WIPP analysis. The analyses of all considered shipping campaigns in
the WIPP/SEIS (DOE, 1990) yielded an H! from chemical exposure at least one hundred times
less than one.

The impacts from a proposed SNL/NM ER Project shipping campaign would be well below the
impacts determined by analyses in the WIPP/SEIS (DOE, 1990), the NTS/EIS (DOE, 1996a),
and the WM/PEIS (DOE, 1996b) documents because the volumes proposed to be shipped are
smaller, the source term is smaller, and the distances to be shipped are shorter. Therefore,
transportation of relatively small volumes of waste expected from SNL/NM ER Project are
projected to have negligible LCF and other health impacts based on the comparison with
analyses of transport of the LLW and LLMW generated by the entire DOE complex over
several decades. ,

Transportation Accident Analysis. The risk assessment shows that transportation accident
risks dominate all other types of risks for the proposed ER Project activities (see Appendix D2,
Tables D2-5 and D2-17). Transportation accident risks are about one million times greater
than health risks associated with potential releases.

Injuries and fatalities resulting from on-site and off-site transport accidents are estimated to be
the greatest contributor to public and worker health risks. The total expected impact for injuries
from on-site transportation accidents for the ER Project is 6.2, which may be interpreted to
mean that, according to accident statistics, approximately six injuries can be expected to result
from the proposed transport activities. The estimated risk of a traffic accident fatality is 0.62.

Most on-site or off-site transport accidents would not be severe enough to result in a release of
hazardous waste. Risks associated with emission of hazardous waste during a transport
accident would be extremely small. For carcinogen releases, risks would be comparable with
risks deemed acceptable in EPA guidance. The EPA defines acceptable risk levels for
exposure to carcinogens in a range of 10 to 10°, or one in 10,000 to 1 in 1,000,000 increased
probability of contracting cancer (55 FR 30796) (see Section 4.1.10.1 for further discussion of
risk levels). Fatal and non-fatal cancer risks from exposure to hazardous waste released in an
on-site transportation accident are discussed in Appendix D, Section D2.7.2 and shown on
table D2-15, and are estimated to be:
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e 6.5 x 10° for ER Project site workers

e 8.2 x 10° for site workers not involved in ER Project activities
e 4.9 x 107 for members of the public located off site

Risk associated with exposure to accidental releases of noncarcinogenic hazardous waste is
estimated to be at 5 orders of magnitude (100,000 times) below exposures associated with any
observable adverse health effects (see Appendix D, Table D2-16). Transportation impacts
associated with the proposed action options are summarized in Table 4-1.

4.1.10 Human-Health Effects of the Proposed Action

Estimates of human-health impacts were based on existing information about the ER Project
sites. Table 4-5 shows the health effect risks for proposed action options. As discussed in
Section 2.1.2, site characterization is still in progress, and there are limited data on actual
contaminant concentrations or volumes of soil to be remediated. Uncertainty is not
quantifiable at this time because site characterizations are still being performed. However,
best technical judgment has been used to provide an adequate margin of conservatism in the
assumptions, so that the risk assessments tend to provide an upper limit of impacts. The risk
information provided here should not be mistaken for the type of risk analyses performed in
support of a CMS or a baseline risk assessment to evaluate remedial alternatives.

It should be noted that the risk from the no action and proposed action were calculated
differently in that the no action risk included baseline exposure to contaminants from various
sources throughout the Albuquerque area while the proposed action risks were based solely
on projected cleanup activities. The former was not included in the proposed action because
the baseline risk is larger than the proposed action risk and including the baseline in the
proposed action estimates would have had the effect of masking the impact of the proposed
action.

This preliminary risk evaluation is performed only to provide a conservative estimate of the
range of risks associated with the proposed action options and no action alternative for this
EA. A separate assessment using site-specific characterization data would be used to select
appropriate remedial action alternatives under EPA’s corrective action program. An overview
of risk assessment assumptions is provided in Appendix D1. Details on risk assessment
methods, models, and results are presented in Appendix D2.

4.1.10.1 Definition of Health-Effects Evaluation Criteria
Human-health effects were evaluated for this analysis by estimating human-health risks

resulting from the proposed action options and the no action alternative. Human-heatith risk
assessment characterizes two general kinds of effects separately:
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e Potential cancer risks as described by the incremental cancer risk.

¢ Potential effects of exposure to hazardous noncarcinogens as described by the
systemic toxicity hazard index.

These two types of health effects are evaluated in fundamentally different ways (EPA, 1989a).
Because cancer risks and systemic toxicity hazards are not considered to be additive, they are
evaluated separately (EPA, 1989b).

Carcinogens such as radiation or carcinogenic chemicals are considered to have no threshold
dose. Thus, any increase in dose leads to increased probability of cancer induction but not to
increased cancer severity. Further, risks from exposure to mixtures of carcinogens are
considered to be additive.

To evaluate the significance of carcinogenic risk, EPA relates calculated incremental cancer
risk values to a risk of one cancer case in a potentially exposed population of one million
people. This risk standard is often described as the "one-in-one-million-risk," the “ten to the
minus 6 risk," or the "10™° risk." Because quantitative risk assessment is one of many factors
considered in making remediation decisions, a risk of 10~° does not define the highest risk that
can be considered acceptable EPA specifies that a risk range of "one-in-one-million" up to
"one-in-ten-thousand” (10~ to 107 ) can be considered for selection of remediation alternatives
(55 FR 30796).

The health hazards associated with exposure to noncarcinogens such as toluene are
considered to have a threshold dose below which there is no adverse effect. Increased
exposures above this threshold of systemic toxicity is assigned a hazard index of 1. Exposures
above a hazard index of 1 can lead to increased severity of the harmful effect. Effects of
exposure to hazardous chemicals are also considered to be additive for the same type of
human health effect, such as kidney damage. Some carcinogens, such as carbon
tetrachloride, also pose a noncarcinogenic hazard, usually at higher doses than required for
cancer induction. Thus, these potential hazards are characterized in the same manner as
other noncarcinogens.

To evaluate worker exposures to radioactive contaminants, it is appropriate to compare
exposures with existing occupational health and safety exposure protection limits. Under
normal operations, worker exposures to radiation would be controllied under established DOE
Orders and SNL/NM standard operating procedures to limit exposures to 5 rem per year and,
further, to be at "as low as reasonably achievable" (ALARA) levels. Workers would not be
expected to incur any harmful health effects from radiation exposures they receive during
normal operations conducted according to these limits. Similarly, worker exposures to
hazardous chemical contaminants would be controlled so that they would be below established
safe limits such as the Threshold Limit Values published by the American Conference of
Governmental Industrial Hygienists (ACGIH, 1995).

4.1.10.2 Human-Health Risk

Human-health risks associated with proposed ER Project activities are estimated to be very
small and well within the risk range generally found acceptable by EPA. The projected risks
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from accidents unrelated to the hazardous nature of the waste would be more significant than
the risks associated with routine or accidental emissions. Accident risks would be pertinent
primarily to workers involved in the ER Project activities and would not be different in type or
severity from those encountered by workers performing similar industrial activities using heavy
equipment, transporting materials, or performing construction and maintenance tasks. Human-
health risks for the proposed action options are summarized on Table 4-5. Detailied
information on how risks were estimated is presented in Appendix D2.

Human-health risks associated with routine excavatlon activities are very small, conservatively
estimated at about 4.2 in 100,000 (4.2 x 10™°) increased probability (incremental increase) of
cancer. Because VOC contaminants were assumed to be present at every site, even sites at
which no indication of their presence has been noted, the contribution from VOC exposure
risks at sites with no data is thought to be overestimated. No human health effects would be
associated with routine treatment activities because emissions would be controlled.

For routine ER Project activities, the hazard index of systemic toxicity due to exposure to
noncarcinogenic contaminants was estimated to be 0.30, below the threshold where adverse
health impacts would be observed (defined as a hazard index of 1).

Risks from exposures to projected accidental releases were lower than those estlmated for
routine activities. Health risks from carcinogen exposure were projected to be 1.8 x 107°. The
hazard index from accidental exposures was projected to be much less than 1, at 7.4 x 10
These are also considered to be very small risks within a range defined as acceptable by EPA
and the American Conference of Governmental Industrial Hygienists.

Although the greatest contributors to the human-health impacts for ER Project activities were
estimated to be accidental injuries and fatalities associated with corrective measures
operations, these risks would be reduced through implementation of operational safety, health,
and environmental protection programs. These programs would be documented in site-
specific health and safety plans approved by SNL/NM Industrial Hygiene, Safety Engineering,
and Environmental Restoration Departments. Hazardous waste workers would be trained in
accordance with OSHA requirements in 29 CFR 1910.120, RCRA personnel training
requirements in 40 CFR 264.16, DOE Orders, and SNL/NM safe operating requirements.

4.1.11 Exposure of Biological Receptors

The airborne releases of contaminants and their subsequent deposition could result in
exposures to plant and animal receptors similar to those of humans. Because releases would
be very small, no adverse health effects to biological receptors are anticipated.

4.2 No Action Alternative

Under the no action alternative, existing radiological and chemical contamination would remain
in place at the ER Project sites (see Table 4-1), site characterization would not be undertaken,
and no remedial action would be performed. Because acceptable reduction of risks from

contaminants of concern is a condition of the SNL/NM RCRA Part B permit and other
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applicable regulations, permit or regulation violations could occur if remediation activities
prescribed by the applicable regulators were not undertaken.

Some types of institutional controls, signs, and fencing to restrict access would be in place to
protect human health and the environment from releases in the short term. Over a longer
period of time, at some sites, there would be a potential for increased releases of contaminants
to air, groundwater, and surface water that could result in increased risks to human health and
the environment. The potential for increased releases would be associated with erosion,
surface-water runoff, percolation of contaminants to groundwater, other natural processes,

and human intrusions. Impacts of the no action alternative are summarized below and in
Table 4-1.

421 Land Use

Without the ER Project, DOE would be responsible for controlling access to contaminated
sites. Land use under the no action alternative would be restricted to current usage or to
similar DOE industrial and limited recreational applications with limited public access. Under
deed restrictions in effect, DOE-controlled land leased from the USAF could not be returned for
KAFB reuse without undertaking completion of the ER Project cleanup actions. Other
commercial industrial uses would also be precluded.

4.2.2 Surface-Water and Groundwater Hydrology and Quality

Surface waters could come into contact with contaminants if the no action alternative is
implemented. Eventual contamination of surface waters cannot be ruled out. Although most
ER Project sites are not located in or adjacent to the arroyos, surface-water quality could be
slightly impacted for short durations where ER Project sites are located directly in or near the
arroyo channels.

Contaminant migration would be extremely slow at most ER Project sites due to the depth to
groundwater and low precipitation. Without the ER Project, the nature and extent of
contamination would not be characterized nor would contaminant sources be removed.
Adverse impacts on groundwater quality could eventually occur.

4.2.3 Geology and Soils

Under the no action alternative, existing contaminated soils would be left in place at the
estimated 157 ER sites. This could reduce future land use options. It could also result in a
small incremental human health risk to both SNL/NM workers and the public.

4.2.4 Air Quality

Under the no action alternative, air quality could continue to be impacted in the future by wind
dispersion of contaminants. The short-term air quality impacts of the ER Project would exceed
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those for the no action alternative. Long-::rm impacts without ER Project contamination
source removal could not be readily assessed.

4.2.5 Biological Resources

Under the no action alte ative, the presence of contaminants in the ecosystem could
negatively impact biologic resources. However, impacts, should they occur, are estimated to
be very small. Although no sensitive species or sensitive species habitat would be disturbed
under the no action alternative, long-term impacts on biological resources could occur without
ER Project contaminant source removal.

4.2.6 Cultural Resources

No impacts to cultural resources are anticipated under the no action alternative.

4.2.7 Noise

No impacts from noise are anticipated under the no action alternative.

4.2.8 Socioeconomic Impacts

No socioeconomic impacts are anticipated under the no action alternative.

4.2.9 Transportation

No transportation activities are associated with the no action alternative. No effects from
transportation are anticipated.

4.2.10 Human Health Effects of the No Action Alternative

The human health risk from the proposed action may be compared to a baseline of 0.00047
(4.7 x 10'4) incremental cancer risk to both SNL/NM workers and the public from general levels
of contaminants existing on site and in the Albuquerque metropolitan area. These estimates
were based on levels of soil contaminants on and near KAFB and locations in the greater
Albuquerque metropolitan area : “ulp et al., 1994). Contamination from ongoing operations
"and existing ER Prciact sites cosiributes to this risk, but the relative contribution is unknown.
Therefore, the baseline provides an upper estimate of the risk associated with no action.

The incremental cancer risk (estimated as described above) was somewhat greater than that
estimated for routine corrective measures operations (4.7 x 1 0 versus 4.2 x 10~ respectively)
(see Appendix D2, Table D2-198). The higher apparent risk from the no action alternative is
probably due to the contribution to environmental contaminants from ongoing SNL/NM site
operations and other sources within the Albuquerque metropolitan area. Also, the no action
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risk assessment included data from sites known to be contaminated. The currently estimated
upper bound for health risks is still within a range considered acceptable according to EPA
guidance (55 FR 30796).

The systemic toxicity hazard index for the no action alternative is about the same as that for
the proposed action (0.16 versus 0.30, respectively).

Under the no action alternative, no adverse human health impacts would occur from industrial
accidents or accidental releases. -

4.3 Risk Analysis Proposed Action and No Action

The risks to human health were assessed in this EA using accepted methods described in
EPA guidance (EPA, 1989a) for assessing risk from releases of hazardous wastes. EPA
guidance, however, does not address risk to human health from accidental injuries or fatalities
unrelated to releases. An overview of the risk assessment process is provided in Appendix D,
Part D1. A detailed description of the risk assessment methods and results are presented in
Appendix D, Part D2. These risks were assessed using U.S. Department of Labor statistics for
similar industrial operations.

To support a conservative estimate of risk, those ER Project sites with the most extensive data
available on contaminate concentrations were examined. These sites are identified as
"example sites” in the analysis. (Five categories of example sites were selected to represent
the general categories of ER Project sites being considered for cleanup.) Concentrations of
specific contaminants measured at these sites are detailed in Appendix D2, Tables D2-1
through D2-5. Based on sampling data from these example sites, a set of chemical and
radionuclide "indicator" contaminants was identified as characteristic of the contaminants
present at all ER Project sites. These indicator contaminants and the basis for their selection
are discussed in detail in Appendix D, Section D2.2.2. (For sites where VOCs were not
detected, an average concentration of VOCs of 1 ppm was assumed.) This approach is
consistent with EPA risk assessment guidance for sites for which only incomplete data are
available (EPA, 1989a).

Where possible, ER Project sites with known historical use and contamination data similar to
an example site were grouped with their example site. These groups of similar sites are
referred to as "comparable” sites. Risk to human health were assessed for each of these
groups using contaminant concentrations at the example sites multiplied by the total waste
volume estimated for each group of comparable sites.  These comparable ER Project sites,
grouped with their example sites, are listed in Appendix D2, Tables D2-6 through D2-10.
Table D2-11 shows those ER Project sites assumed to require excavation but for which there
is no example site. For these sites, an average concentration of 1 ppm was assumed for each
indicator contaminant, which is consistent with EPA risk assessment guidance for sites at
which data are incomplete (EPA, 1989a).

Modeling of human health and ecological effects associated with potential contaminant
releases from excavation and treatment was based on an assumption that, on average, each
site would require one year to remediate. The contaminant concentrations were assumed to
be released during excavation, in spite of fugitive-dust emission mitigation measures. For
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accidents, the contaminant concentrations were multiplied by the soil volumes released to
obtain an exposure source term. The assumptions used during this process are detailed in
Appendix D2. The risks of human health and ecological effects were evaluated from both
routine and accidental exposures through the following possible routes: inhalation, ingestion,
dermal contact, and direct exposure to radiation.

As previously stated, the risk from the no action and proposed action were calculated
differently because the no action risk included exposure to contaminants from various sources
throughout the Albuquerque area while the proposed action risks were based solely on
projected cleanup activities. The former was not included in the proposed action because the
calculated no-action risk is larger than the proposed action risk. Therefore, including the no
action risk in the proposed action estimates would have had the effect of masking the impact of
the proposed action.

4.3.1 Populations Considered for Risk Assessment

This risk analysis provides estimates of potential human health effects from radiological and
chemical exposures to individuals in three populations groups:

e Workers involved in the proposed action (assumed to be wearing required
protective clothing and respiratory protection equipment).

SNL/NM workers not involved in ER Project activities (i.e., not wearing protective
equipment). '

Members of the general public residing or present outside the KAFB boundary.

4.3.2 Accidental Risks

Assessment of the risks to human health from accidents was not limited to accidental releases
of contaminants. The risks included:

Occupational risks.

— Traffic accidents from waste transport within SNL/NM.

— Waste handling and heavy equipment operation.

— Treatment plant operation (construction, maintenance, decontamination
decommissioning and closure).

Accidental exposure risks.

— Waste handling accident.
- Transportation accident.

AL/2-96/WP/SNL:R3878-4.DOC . 03/22/96 12:51 PM




DOE/EA-1140

e Abnormal event risks.

— Aircraft crash.
— Seismic or high wind events.

As with the risks associated with routine actions, accident risks were assessed for each of
three categories:

o Workers involved with the proposed action (the maximum number of persons
identified in staffing estimates for the proposed action is 60).

¢ SNL/NM workers not involved with the proposed action (an estimated 60 persons at
an assumed central waste treatment facility).

» Members of the general public whose exposure to accidental releases would
depend upon where the release occurred as well as random meteorological
conditions on the day of the accident.

4.3.3 Risks From Exposure

The risk from exposure to radionuclides and carcinogenic chemicals is reported as the
potential additional risk of cancer incidence (fatal and nonfatal) during the lifetime of an
exposed individual. These are calculated as an increasing probability of contracting cancer
over and above the risks of any individual's contracting cancer during his or her lifetime. This
risk is defined as excess cancer risk. At present, the individual risk of anyone contracting
cancer in the United States during his or her lifetime is reported as 1 in 5 (DOC, 1989).

Risks to human health from exposures to hazardous chemicals that are not cancer-causing
agents are reported in terms of a hazard index. EPA has established threshold limits for
exposure to a chemical that results in adverse physical symptoms or long-term effects. These
chemical effects are said to have a hazard index of 1. Thus, chemical hazard indices of less
than 1 indicate there would be no known adverse effects resulting from the exposure. Human
health and ecological risks associated with proposed disposal activities were based on the
assumption that mixed and hazardous wastes would be treated prior to disposal.

4.3.4 Risks Associated with the No Action Alternative

To assess the short-term risks associated with the no action alternative, it was assumed that
current waste management practices would continue without modification and that existing
environmental monitoring measurements would reflect future contaminant concentrations. "No
action" means that no ER Project wouid be undertaken and that the risks wouid be the same
as those presently incurred. Data on contaminants in soil reported in the SNL/NM
Environmental Monitoring Report were used to assess potential risks associated with taking no
action at ER Project sites (Culp et al., 1994).
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4.4 Cumulative Effects

The Council on Environmental Quality regulations define "cumulative impact" as that which
results from the incremental effects of an action when added to other past, present, and
reasonably foreseeable future actions (40 CFR 1508.7). Cumulative impacts could result from
"individually minor but collectively significant" actions. Thus, cumulative impacts were
assumed to be additive. For example, the impacts of corrective action-related waste
management could be connected to management of waste from day-to-day routine operations,
particularly if the same waste management facilities were used. Further, estimated cumulative
impacts estimated were conservatively derived and are intended to represent the human
health and environmental impact range associated with specifically proposed actions or similar
types of actions that may be undertaken eventually, in accordance with EPA-approved
RFI/CMS implementation.

The greatest contributor to the human health impacts from proposed ER Project treatment
options was estimated to be accidental injuries and fatalities associated with corrective
measures operations (see Table 4-6). The incremental cancer risk associated with the no
action alternative was estimated to be somewhat greater than the incremental cancer risk for
routine corrective measures operations. However, this risk estimate is quite conservative
because it is based on measured environmental concentrations that include contributions from
operational releases and contaminants at ER Project sites. When risks from corrective
measures accidents were included, however, the cancer risks from both taking no action and
implementing routine corrective measures were far less than the total risk of at least one
fatality and nine lost-time accidents projected to occur during corrective measures. The
possibility of accidents would be reduced through driver and operator training programs that
emphasize safe practices.

The cumulative estimated hazard index for all potential exposure groups was less than 1. As a
result, no systemic toxicity is expected for either the no action alternative or the proposed
corrective measures.

Therefore, in general, the environmental and human health impacts associated with ER Project
cleanup activities are small, short-term impacts associated mainly with contamination
exposures during cleanup activities. Under normal operations, the greatest risks are the risk of
physical injuries from transportation accidents transporting contaminated materials on site or
off site for treatment and disposal. Although small, short-term impacts would occur, the long-
term effects of ER Project cleanup activities would reduce the potential risk of contamination
spreading to areas where it does not already exist.

Currently, the USAF has its own restoration program called the Installation Restoration Project,
in operation at KAFB, with cleanup activity occurring at some 53 sites. SNL/NM has
cooperated with the USAF Installation Restoration Project by sharing information and by
integrating planning efforts. Both programs would provide long-term beneficial impacts through
the reduction of risks from contamination.
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Table 4-6
Comparison of Cumulative Risks to Human Health from
the Sandia National Laboratories/New Mexico
Environmental Restoration Project and the
No Action Alternative®
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":v;:'vzii-sléa}ftlf'n‘Ef‘fec{?} Slainy
- Number . | Lo
o umberof | - of - | Appendix D2,

| Hazard IndexC | Injuriesd | Fatalitiesd Table
Corrective measures, 4.1x10° 32x107! NA D2-14
routine operations releases
Corrective measures, 1.8x 1075 7.4x 1076 NA NA D2-15, D2-16
accidental releases
Corrective measures, NA NA 8.4 1.1 D2-17
accidents ‘

D219

- D2-18

aRisk estimates were made based on data available at the time of the analysis (IT Corporation, 1994). Use of

more recent information does not change conclusions in this analysis.

BEPA acceptable range 1074 to 1078 (55 FR 30796).
CEPA acceptable threshold hazard index <1.

C|Sta’tistically probable total over assumed 10-year ER project duration based on Department of Transportation

statistics for industrial and transportation accidents.

€The no action alternative shows a higher estimated health effect risk than the proposed action due to
contributions from ongoing SNL/NM operations and contaminants in the Albuquerque metropolitan area.

NA = Not applicable.
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Currently, all SNL/NM programs operate within regulatory requirements. The proposed action
is an extension of SNL/NM operations. It is expected that the cumulative effects would be
commensurate with existing effects. DOE and SNL/NM are pursuing an active program of
reducing potential health risk through an ALARA policy for all personnel and the public. In
addition to the reduction of cumulative effects associated with the proposed project, reduction
of cumulative effects would be anticipated through meeting ALARA standards, preventing
pollution, and minimizing waste.

AL/2-96/WP/SNL:R3878-4.00C 03/22/96 12:51 PM




DOE/EA-1140

5.0 APPLICABLE ENVIRONMENTAL REGULATIONS,
PERMITS, AND DOE ORDERS

The investigation and cleanup of ER Project sites at SNL/NM are primarily regulated by EPA
Region 6. The corrective action authority of EPA was granted by Congress through the HSWA
of 1984, a statute that amended RCRA. The HSWA requires that any facility seeking a RCRA
Part B permit for hazardous waste treatment, storage, or disposal must also undertake
corrective action for all releases of hazardous wastes or hazardous constituents from SWMUs
at the facility. The following discussion describes the RCRA process. Other applicable local,
state, and federal regulations may have additional requirements and follow a different, but
equivalent, process.

EPA first proposed regulations to govern RCRA corrective action in 1990 as Proposed
Subpart S (55 FR 30798), which have not been finalized but continue to function as guidance
for RCRA cleanups. HSWA Module 1V of the SNL/NM RCRA Part B permit contains the same
structure for cleanups as in Proposed Subpart S. Under the corrective action regime of
Proposed Subpart S, cleanup takes place in phases:

+ An RCRA Facility Investigation (RFI) defines the nature and extent of
contamination, identifies environmental pathways, and evaluates potential threat
to human health and the environment.

e A Corrective Measures Study (CMS) is conducted for those sites that pose a
threat to human health and the environment and evaluates alternative
approaches to clean up.

¢ A Corrective Measures Implementation (CMI) implements the selected remedy,
including design, construction, operation, maintenance, and monitoring stages.

After public input is received on future land use, acceptable cleanup levels are established by
EPA on a site-specific basis. Many of the decisions on cleanup levels are based on risk
calculations. EPA generally considers a risk range of 1 x 10°to1x 107" (1 in a million to 1 in
ten thousand) to be an acceptable range (55 FR 30796). Site-specific decisions incorporate
future land use and other site-specific conditions to evaluate the acceptability of the risk
calculated.

In some cases, sites that have been identified as SWMUs are later determined, following site
investigations, not to pose a threat to human health and environment. For these sites, the
Proposed Subpart S provides a mechanism for terminating any further corrective action. This
mechanism is called the no further action (NFA) process under which the permittee may
propose sites for NFA status. After a rigorous permit modification process with significant
public input, EPA will make a determination on the request.

Proposed Subpart S offers a number of provisions aimed at increasing flexibility in RCRA
cleanups. One such concept is that of VCMs, which are partial or complete cleanups
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undertaken at the initiative of the permittee rather that in response to permit compliance
schedules. VCMs are intended to save time and money by quickly cleaning up sites for which
a remedy is obvious. The SNL/NM RCRA Part B permit contains a specific section on the use
of VCMs and many cleanup actions at SNL/NM are performed as a VCM. Prior to performing a
VCM, SNL/NM presents the planned work to the public and applicable regulatory authorities.

Another section of Proposed Subpart S that was intended to add flexibility to cleanups is the
CAMU option. The CAMU provisions were finalized as a separate rule in February 16, 1993
(57 FR 8658). A CAMU is a new hazardous waste management unit to be used only for
treating and/or disposing of remediation wastes (i.e., those wastes resulting from cleanups).
EPA has stated that the CAMU provisions were designed to “reduce or eliminate certain waste
management requirements of the current RCRA Subtitle C regulations, which, when applied to
remediation wastes, impede the ability of [EPA] to select and implement reliable, protective,
and cost-effective remedies at RCRA facilities" (57 FR 8658). A CAMU allows remediation
waste to be consolidated, treated, and disposed of on site at a facility under standards
developed specifically for that facility through the permit modification process.

The activities associated with RCRA corrective actions invoke many other regulations covering
air quality, water quality, waste management, threatened and endangered species, cultural
resources, and health and safety. Most of these additional requirements are imposed by
federal or state agencies and are issued in the form of regulations or Executive Orders. Some
additional requirements are imposed by DOE Orders. Table 5-1 presents a representative list
of consultations, permits, and compliance requirements that may apply to the SNL/NM ER
Project.

AL/2-96/WP/SNL:R3878-5.00C 5_2 03/21/96 3:21 PM




Wd 1T€ 96/12/60 m m. D0 $-8LBETINS/AMI6-TIIV

*8]qe} JO PUB Je S8JoU}00} O} JajeY

"JuswiuonAug oy} pue aljgnd ay) Jo uonosjold uolielpe. 10} SpIepuRlS S'00¥S 49pJ0 300 30d Jswalinbay
‘YHOH oy Juawsidwi 0} sjuswalinbal pue $819110d €°00¥%S 19pI0 304d 300 awaiinbay
‘saniioe} 30Q e 31SeMm paxiul pue saloeoIpES
Buibeuew o) sjuswainbes wnwiuiw pue ‘seuljepinb ‘seiood | v2'028S 48pI0 J0J 304 swalinbay
*spun juswebeuew uonor
8081103 Jofpue sliun Aesodwey Bunusweidw 1o} sjuswaliinbey 266 ¥92 Y40 oY o uoibay vd3 wawalinbay
892 H4D Ov
‘9)SeMm snopiezey ‘IIA vedang
jo jesodsip pue ‘usuneal) ‘ebelo)s ay} 104 SuoloLlsal [esodsip pueT ‘L't DYAN 02 Q3NN nuwiad yHOY ‘luswannbay
0.2 H40 o
‘X! vedans
‘I'v OV 02 ‘$92
‘senioe) [esodsip pue ‘ebelols ‘qusuneall | 44D ov ‘A Medagng
Jo siojelado pue sioumo 1oy sjuswalinbal Bulwiad pue [eojuyoe ‘' DYNN 02 GanN ywuiad yyoyY “uswalinbay
292 "D Oy
‘Buideasypiooal pue ‘Bujeinwnooe ‘Bunssjiuew ‘Il vedgns
‘Buipseoe|d ‘Bupprew ‘Bujage] ‘BuiBexoed 1o sjuawannbai J0lelauan) ‘L' DYWNN 02 a3anN punad yHOY uswelinbay
192 440 0¥
‘Il yedgng
"UOHIBOHIIUBPI BISBM SNopiezeH ‘L'v OVWN 02 Q3NN Jwled YHOY ‘lusweiinbay
waweabeue aisem

108[014 UONEIOISOY [EJUBULIONIAUT OOIX3[ MON/SOUOJBIoqET [BUOHEN BIPUERS 8y} 0] 9|qeolddy
ag Aepy jey; sjuswaiinbay soueldwo) pue ‘spuLIad ‘SUOIBYNSUOY JO 1SIT dAlEJUSSaIdaYy

ovii-v3/300

b-G 9|qel




Wd 1T:¢ 9%6/17/80

J0QS-8LIEINS/AMN6TITY

*8|qe} O PUB Je S8l0Uj00} O} JajeY

‘00Ixa|y MaN 10} siueld pasebuepua peyosioid

10V se1vadg
jue|d pasebuepu
OOIXaN MaN 9yl

juswpedsq

$62UN0SAY |BINEN

pue ‘sjetouiy ‘ABlaug sy
JO UOISIAI] UOlieAlasSuUOD)
821nosay pue

Ays2104 ODIXaN MBN 8y

uoneNSuoD

"00IXS|\ MON 10} BJIIPIIM Pa1oalold

oy
ajIpiiM palabuepul
OOIXON MaN aY L

ysi4 pue swey jo
juswpeda 0oXoN MaN

uoneyNsuoD

‘paloaye aq |Iim seloads pejoajoid Aue J) Juswssasse

[eaifololq € jo uopesedeid isielgey [eanud J18y) 1o seloads
paseBuepus 4o psusleaiy} pesy Jo pasodoid uo (Aue J1) s)oedw
auILIBIeP 0} J0j08MQ [euoiBaY SMASN ayi Yum (s)uolelnsuo)

10V sepads
pasabuepus

UONE]NSUOD

selpedg aAnIsuas pue ‘paiebuepu] ‘psusiesiy)

‘Spiepuels

e S)e[OIA {jiM SUOISSIWS ey sisAjeue pue Buyspow ybnosy)
UOHBJ)SUOLLIBP 10 ‘SUOISSIWe atenolued Jo JoJU0D {SJUBUILWEIUOD A0
sjueinjjod Jie snopiezey jo uolssiwa jejusjod 10§ yuued uononisuod

suonenbey josuod
Ayren 2y 0gv

UOISIAI(] OO
uofn|[od A1y ‘yuewypedaq
yyesH jejuswuoiaulg
onhsenbnqyy jo An

Nuad

"0DIXBN MBN 10} spiepuels Ajjenb iy

1V jonuod Aiend
1y 001X\ MBN

(Aoyyne [eoo)

Buiaey UOISIAI [OIU0D
uapnjjod iy ‘uewpedaq
UyeeH |ejuswiuoliaug
anbianbnqy

eyl yum) AaNIN

Juawainbay

‘wesboud Ayjenb Jie jeiopay

(sjuswpudwe

pue ‘bas 1o
LOv2'§8 "0'S'N 2¥)
VY Wy ues)

9 uoibay yd3

wawalinbay

Ayenp Iy

uoneinbey
Joanelg

GELR

. mc__ye%«c_. Pupen |

109014 UONRIOISOY [BIUSLILOIIAUT ODIXO)\ MIN/SOLOJeIOET [BUOHEN EIPUES 8y} 0] 8|qedlddy
ag Aep 1ey) sjuswalinbay soueldwon) pue ‘SPULIB ‘SUONE}NSUOY) JO 1SI] dAlBlUasalday
(penupuo)) |-G alqeL

orli-v3/304d




Wd 1€ 9/ 1T/E0

J0A'S-8LIEVINSAMMGT/TV

*8jge} JO PUS JE SBJoUl00} 0) JejeY

"SaljiNoe BuIgun]S|p-20BLINS JO 90UBLINIY0

2y} o} Jold sedinosen jesifojoaeyore Bulowsas pue Buljeaeoxe

Joj JJuiad ispue| uelpu| pue [e18pPa} UO SB0IN0SA! [BOIB0j0SEYIIE
Jo0 asn ay) BugeinBas pue Buyosjoid soj spomewely sasusysidwon

(22-ee0L1§§
"0'S'N 91) 6261

JO 1oy uofosjold

' §92In0say
[eoifojoseyory oy

B0IMISS Hled [euoleN
Jouau| jo uswpedsg

yuued

"uoljoe Jesepe; ybnoiy) pakolisap o pebewep aq
asimiayio pinom jey ejep jeoibojoaeydle pue ‘opojsiyesd ‘olusds
jo uontensasald pue ‘uolosiold ‘Aienooal ay) J0j wesboid apimuoneN

(‘bes 10 698§
'S’ N9L) vi6l

JO Ky uoljealssald
JUOjsIH pue
jeaifojoseyoly ey

80IMDS Yled [euolieN
Jouaqu jo juswpedsq

sjuswalinbey

piooey Buuesuibug pue jeinjosliyoty jeuoneN
au pue ‘sfemung sbuipjing ueouswy JUOISIH ‘SABAING SBYIS OLO)SIH

(‘bes

1© 19988 'o'sn9l)
GE6L JO 1OV

SBYIS OUOISIH ay|

90198 Ned jeuolEN
Jouaju) jo wewpedsq

syjuswalinbay

‘suofjeBiseu jeotbojooryoie
oynustos Builonpuos Joj welsAs Bupyuued ‘spue jeiepe)
Uo sjuawnuow pue sujewss ouolsiyaid pue ouo)sIY JO UOIDB}0IY

(‘bss 10 gep§§
‘08N 91) 9061 Jo
1oV sefinbyuy ayy

9018 Kl [BUOHEN
Jouaiuy jo ewpedaqg

nuwed

"Bupfepspun ey) uo JusWWOd 0} JHOV 104 Aunpioddo sjqeuosess

e pue ‘seiuadold yons uo spaya renusiod ajebyiw o} skem

Anuspt 0} s18Y10 pue ‘8dlQ uolBAISSaId JLOISIH olelg oY) ‘Aousbe
[esopa} ey} Buowe (ajep Apes ue Je) (s)uoyelnsuos ‘seypadosd

4ons uo uoljoe ay} Jo $108Ya BU) Jo uoleUILLBIEP ‘uondk jesodosd e
Aq peraye Ajlenusiod aq Aew jey; senadoid suoisiy jo uoneaynuLp|

€651} 48pIO

2AlINDeX3 pue
10V UoeAIosald
OUOISIH [eUONEN

dHOV ayi pue adyj0
uoneAlasaly SLOISIH

a)e)S 021X MBN

UoHE}NSUOY)

$92In0saYy |eInyny

TueuiBlinbay souenawos

10 U8 ‘UohelNSUOD

100l01¢ UOHEIOISOY [EJUBWILOIIAUS 0DIXS|N MON/SBLORIONET [BUOHEN EBIPUES BU)} O} 9|qeolddy
ag Ae|\ yeys siuswainbay soueldwo) pue ‘syuuey ‘suoje)nsuos J0 1817 eAnejussaiday
(Penunuo) |-G alqe

orti-¥3/300




Wd 1T:€ 9/ 12/80

J0A'S-8LBEINS/AMO6-T/TVY

*a[qe) JO pua Je Sejouj00) O} Jejey

‘suoljesado pue uoyoNISUo
Aoey Buunp Aajes pue yyeay Joj sainpeoold Buiyelado eyes e)s
2jsem snopiezey e Je siaxiom 10§ sjuawaiinbal Ajajes pue yjesH

g1°'28vS 1epI1o
300 ‘9264 ubnoayy
0061 Sued H40 62

(Aousbe pes| se) 30Q

swainbey

KAajes pue yyeaH suonesado

‘uonoajold spuejiem pue Juswebeuew ure|dpool) J10) sjuswalinbay

2c0l ved Y440 0l

(Aouabe pes) se) 300

Juswalinbay

"S19pI0) 2AINDAXT puUe SjudWaliNbal malael
[EJUSLULOIIAUS JSLIO YIIM SIUBWINOOP Yd3N Jo uolteredaid sjeibau)

G2'20S1 H4D 0¥

VdaN

swalinbay

‘Juswalinbal
weawebBeuew puejem pue urejdpooy Bunuaws(dwi 10 S8INPs00Id

06611
19pIQ BAN0aX]

(Aoustie peaj se) 3040

juawslinbay

‘Juawebeuew pue spiezey uie|dpooy) Japisuod o} urejdpooy)
e Ul uaxeuepun aq o} Auanoe Aue jo sjoays [eyuaiod syl Jo uonenjeA

88611
18pIO BApNoaXy

{(Aouebe pesj sk) 304

wawalnbay

SpUBNaA PUE sulejdpooid

‘sjoelqo Aiesauny pue ‘sujewsel

(‘bes 1o 100688
"0'S'N 62) 0661
Jo 10y uopeujeday
pue uondslold
SOABIE) UBOLBWY

80IMag Wied [eUOlEN

Ry

...”,.,.:ovz.m_:mmm
_losiniegs

uewiny ‘spunolb jeunq ‘saaeif ueousWY BAIEN JO U01J8)0.d aneN ayL ke Jo Wewuedeqg uone}nsuo)
(‘bes 10 966188
"0'S'N 2Y) 861
"S9JIS [RIUOWIRIBD 1O S8 snoibyjas JO 10y wopsal4
uo Juswabuul ue seInNisUd UONOk Uk ji (Suelpu] ojgend eje|s| pue snoibijey uelpuj 90IMBS Yied [euoneN
eipueg “b'0) suesuswy aAlEN peloaye Ajenuaiod ylim uohelnsuo) uBoOlIaWY 8Y1 Joudiuj jo Juaswpedeq uoie}NSUoD

SUabY.

_ Bumoiddy 10 bupueio

100[014 UONEIOISaY [EIUSLIUONIAUD OJIXaN MON/SaL0IeIOqE] [euoheN Elpues ey} o} ajqedlddy
ag Ae ey sjuswiaanbay souedwon pue ‘siuiad ‘SUoielnsuo) JO 1si aAlejuasaldey
(penuyuod) |-G e|qeL

ortL-v3/30a




Wd 17:€ 96/12/£0

yAS]

D0A'S-BLBEINS/AMIG-T/TY

*@|qe} JO PUB JE S8J0U}00} O} Jojey

‘auaIBAY jeuysnpul Jo}oBHUOD
pue :uofjoajoid jejusawuoiiaug [eraush ‘Buiodes pue uoroeoid
ylieay pue ‘A19jes ‘UoN09301d [BJUBLLUOIIAUB ‘SB)SBM Shoplezey

pue ‘seouejsgns snopiezey ‘sjeusiew snopJiezey jo uonepodsuel)
pue Buieoed ay) ‘wesbold yyeay pue ‘Alejes ‘JusiuuolAUS

Ue sJax oM jeuolednooo Joj uoiosioid uoleipes oy sjuawalinbey | g1°08ps 1epI0 300 300 Juswelsinbay
‘spsepuels uohdsjosd uonepes feuonednod SE8 H4D 01 3040 Juswannbay
‘SaguelSgNs snhoplezey
jo sasesjos Jo dnuee(d pue Bupodes Jo} sossaooid ssuyep uejd
SaINSeawaiuN0) pue ‘s|o1juoy) ‘uofuarald ||Idg 104 sluswaiinbay 2L Y40 o vd3 swsainboy
c0ge
Hed 440 0 pue
(e)201§ v Aunqen;
pue ‘uonesuadwon
‘asuodsoy
feIUBWIUOIAUT
'SeauRISgNs snopiezey jJo seses|al 10} sjuswainbal Buoday anisudyaidwo) vd3l Juswsajinbay
@ bedans ‘v92 wed
Y40 ov ‘A bedgng
'sjuswanbal esuodsas Aousbiswg ‘L' DYWN 02 a3anN Nwiad yHOY ‘uswaiinbay

"lauuosiad uonoe aAlva1102 1o} sjuswainbal Buer )

91'¥92 U140 oF
‘A wedgng

109f01d4 uoneIo)SEY [BJUSLLUOIIAUT 0DIXS)\ MEN/SOHONRIOqE ] [BUOIEN elpueg ay) 0} o|qeonddy
ag Ae 1ey) sjusweainbay soueldwo) pue ‘spwlad ‘suonelnsuo Jo isi aAjejussasday
(penunuo)) 1-G ajqe

OrlLi-¥Y3/30Q




WAITE 96/17/€0

J0a'S-8L3E Y INS/AMAE6-87TY

83IAI8S SHIPIM PUB USIH "S'N = SMdSN

8poQ selelg payun = "0's’N

Y AI9A009Y PUB UOJEBAIBSUOD 90IN0SOY =  YHOH
juswipeda(] JUBWUOIAUT OJIXON MON =  QINN
9p0D BAJEIISIUILIPY OJIXBy MON =  DVWN

10V A91I0d [BIUSWUOIIAUT [BUOHEN = V43N

Aousby UONOB]0IH [BIUBLIUOIALT 'S’ = vd3
ABiau3 jo Juswpedsg 'gs'N = 300
suopeinbay |eiopad Jo 8pod = H4D
UOIIBAISSAId JUOISIH UO [10UN0) AIOSIAPY = dHOV
‘ssa004d ueyd
Juswaleqe sy} ybnoays pelinbal ag Aew SUOIIOE [BIPSWAS [BUORIPPY G niyy | sied UOISSILIWON)
‘sebieyosip peuuejdun ‘Jajempunosb Josye Aew yey) sebieyosip |  suoneinbey Anenp jonuon Ayenp
Aue 1o ‘aoeuns pue| ay} 0} sabieyosip 104 uojezuoyne Iold Joep\ OOIXON MON JaJBAN OOIXOIN MBN wawainbay
102-202
suonejnbey Alddng ;
-soljddns Jajem ofqnd 10§ S|9AS] JUBUILLBIUOD WINWIXEW I9JBAA ODIXaY MaN Q3NN wiswalinbay
"MaIAR1 Jepun uogedidde nued "Bunojuow abieyasip Jaremunolg vei-zel 440 o ¢ uoiboy vd3 nudd
j01)U0 ) Jajemalse M SYIOM JUBWIYeDI |
pue asn James paumo Apiand
“Jomas Alejues ay) o) sabieydsip 10} spiepuels uewjesnaid aoueuplo Ao anbianbnqyy jo Ain ‘ nuiad

Auenp sorem

109(014 UONEBIO)SaY |EJUSLULOIIAUT 001X\ MON/SeLO)eIoqe] [BUOREN EIPUES Y} O} a|qedddy
og Aepy 1eyl sjuswalinbay soueldwo) pue ‘sHuIad ‘SUoielinNsuoy JO Isi aAlejuasaidey
(pepnpouo)) |-G ejqe}

orii-v¥3/304




WAEZ'€ 96/17/€0

-9

J0U'9-8L8CYINS/AMMI6-TIV

Jooybr] uatey] Jo

8¥61-¥05/8 NN ‘e BlUES

UOISIAIQ UOHBAIBSUOD

S98/-228 (S08) INSUIAIG Lagoy 8v61 X09 ‘O'd $92IN0saY pue Alseio4
juswpedaq

1010811q £05/8 NN ‘94 ejueg $82IN0S9Y |einjeN pue

2e85-/28 (509) zouep Aqoy Buipjing eibeip ‘sjesauly ‘ABiau3 001N MON
lopauna €05/8 WN ‘a4 Blues ust4 pue

1888- 118 (505)

juiyooerey Auep

Bupiing eibe|iA

awey) Jo Juswpeda 0JIXSIN MON

1301JJO UOIIeAI9SDId OLIOISIH 8)BlS
lojAe ] osawoy ey
1sibojoseyoIy

€058 NN ‘ed elueg
anuUaAy doeled ‘g 822
EI9AY BlIIA

. OOIXBN MaN JO BJE)S UOISIAIQ
02e9-228 (505) uewysng pireQq slleljy [einynd Jo 80O UOIIBAIDSBI DUO)ISIH OJIXSN MON
1209-1€128 WN ‘enbienbngly yuegeleq
1SILIOU0D] JN Sewo] seq 6161 yoleassay olwouoo3g pue

00IXaN MBN JO AUsIaAlUN

uolswe( Ang

912e-2.2 (509)

s

82£5-29¢ (S09)

“m_mo_o‘i\f
pug|aiog led

219USY 0O MON JO SIBIS

b

ssauIsSNg JO neaing OIX8N MaN

0118 AN ‘@nbienbnayy
3N peoy |00Yog uelpyj LOSY

Aanng eoibojoon) 'sN

0S9%- 192 (S05)
yoee-182 (S05)

1si6ojoaeyoly
obpajuen wo|
JobBuey
uspAey uyop

65028 NN ‘seseli|
Le€ AemybiH
9//11 Jouisiqg sebuey elpues

15910 [BUONEN €(0qID)

80IMIBS 159104 'S N

Ges-192 (S09)

losiniadng plei4
ydoid-1amo- Jeyuuap

20128 NN ‘enbianbnqy

aN AemybiH ueouswy ued 0gse
g auns

sSaolMBg [EMB0j00]

S0IAMISG BJIIPIIM PUB USIH 'S'N

| equnNouoyq

1006-9¥8 (S05)

2¥00/6200-9+8 (S0S)

1sljetoads
UOI}08J01d [eJUBLLUOIIAUT

orii-v3/3040

LiLL8
N ‘eseg 80104 4y puefuiy
6599 8UnS

A310VINOD SNOSHAd ANV S3ION3OV 40 LSIT 09

Buim Jequiog 11 yiLLe

aseq

90104 NIV PUBIY ‘90104 IV 'S'N
‘asuaje jo Juswypedaq 'sn




THIS PAGE LEFT BLANK INTENTIONALLY




DOE/EA-1140

REFERENCES

ACGIH, see American Conference of Governmental Industrial Hygienists.

Aas, C.A. Memorandum to Denise Bleakly, Sandia National Laboratories/New Mexico,
Environmental Restoration Project. August 24, 1995.

Adcock, L.S., S. Ben-David, and R.R. Lansford, 1992. "The Economic Impact of Sandia
Laboratories on Central New Mexico and the State of New Mexico Fiscal Year 1992,"
Albuquerque Operations Office, Department of Energy, in cooperation with Agriculture
Experiment Station, College of Agriculture and Home Economics, New Mexico State
University, Las Cruces, New Mexico.

Adcock, L., S. Ben-David, and R.R. Lansford, 1993. "The Social and Economic Impact of the
Department of Energy on the State of New Mexico Fiscal Year 1993," Albuquerque Operations
Office, Department of Energy, in cooperation with Agriculture Experiment Station, College of
Agriculture and Home Economics, New Mexico State University, Las Cruces, New Mexico.

American Conference of Governmental Industrial Hygienists (ACGIH), 1995. "Threshold Limit-
Values and Biological Exposure Indices for 1988-1989," Cincinnati, Ohio.

Biggs, J., 1991. "A Biological Assessment for Sandia National Laboratories Burn Site," CGl
Report No. 8067AF, Chambers Group, Inc., Santa Ana, California.

Bjorklund, L.J., and B.W. Maxwell, 1961. "Availability of Ground Water in the Albuquerque
Area, Bernalillo and Sandoval Counties, New Mexico," Technical Report No. 21, New Mexico
State Engineers Office, Santa Fe, New Mexico.

Boatman's Sunwest, Inc., 1994. "New Mexico Progress Economic Review of 1993,"
Boatman's Sunwest, Inc., Albuquerque, New Mexico.

Brown, C., 1996. Memorandum dated January 31, 1996, to Denise Bleakly, MS-1143(7512),
Subject: Reference “Radioactive Waste Barrel for Transportation Analysis.”

Brown, D.E., 1982. "Biotic Communities of the American Southwest—United States and
Mexico," in Desert Plants, University of Arizona, Vol. 4, No. |-4. ’

Bustand, L.D., L.W. Derickson, P.D. Gildea, D.M. Kim, J.E. Miller, J.L. Sprung, R.J. Cena,
T.T. Coburn, and T.R. Galloway, 1994. Sandia's Hanford Underground Storage Tank (UST)
Steam Reforming Program.

COE, see U.S. Army Corps of Engineers.

ALJ/2-96/WP/SNL:R3878-R.DOC . H"1 03/22/96 10:24 AM




DOE/EA-1140

Culp, T., C. Cheng, W. Cox, N. Durand, M. Irwin, A. Jones, F. Lauffer, M. Lincoln,

Y. McClellan, K. Molley, and T. Wolff, 1994. "1993 Environmental Monitoring Report, Sandia
National Laboratories, Albuquerque, New Mexico," SAND94-1293-UC-630, Sandia National
Laboratories, Albuquerque, New Mexico.

Culp, T., C. Cheng, W. Cox, N. Durand, M. Irwin, A. Jones, F. Lauffer, M. Lincoln,

Y. McClellan, K. Molley, and T. Wolff, 1995. "1994 Environmental Monitoring Report, Sandia
National Laboratories, Albuquerque, New Mexico," SAND94-1293-UC-630, Sandia National
Laboratories, Albugquerque, New Mexico.

DOC, see U.S. Department of Commerce.
DOE, see U.S. Department of Energy.
Dol, see U.S. Department of Labor.

Energy Research and Development Administration (ERDA), 1977. "Environmental Impact
Statement,” EIA/MA 77-1, Sandia Laboratories, Albuquerque, New Mexico.

EPA, see U.S. Environmental Protection Agency.
ERDA, see Energy Research and Development Administration.

Feizoliahi, F., and Shropshire, D., 1994. "Interim Report: Waste Management Facilities Cost
Information Report,” EGG-WTD-10962, Idaho National Engineering Laboratory, EG&G Idaho,
Idaho Falls, Idaho. ' ’

Fenneman, N.M., 1931. Physiography of the Western United States, McGraw Hill, New York.

Greiner, Inc., 1990. “FAR Part 150 Noise Exposure Maps and Noise Compatibility Plan for
Albuquerque international Airport,” Albuquerque, New Mexico.

Hawley, J.W,, and C.S. Haase, 1992. "Hydrogeologic Framework of the Northern Albuquerque
Basin," Open File Report 387, New Mexico Bureau of Mines and Mineral Resources, Socorro,
New Mexico. :

Hoagland, S., and R. Dello-Russo, 1995. "Cultural Resource Investigation for Sandia National
Laboratories/New Mexico, Environmental Restoration Program, Kirtland Air Force Base, New
Mexico," prepared by Butler Service Group for Sandia National Laboratories, Albuquerque,
New Mexico. ‘

Holdren, K. J., D. W. Vetter, J. M. Valdez, J. K. Tucker, and R. G. Filemyr, 1994. "Remedial
Investigation/Feasibility Study Report for Operable Units 5-05 and 6-01 (SL-2 and BORAX-1
Burial Grounds)," Volume 2 of 2, EGG-ER-11238.

AL/2-96/WP/SNL:R3878-R.DOC R'2 03/21/96 3:37 PM




DOE/EA-1140

IT Corporation, 1990. "Sandia National Laboratories Sound Level Monitoring Report for
Background, Aircraft and Tech Area |l Operations," prepared for Sandia National Laboratories,
Albuquerque, New Mexico.

IT Corporation, 1994, Letter from P. Baker to D. Fate, SNL/NM Environmental Restoration
Project, December 20, 1994. “Transmittal Draft Sandia National Laboratories/New Mexico
Environmental Restoration NEPA Environmental Assessment Risk Analysis Supplement.”

IT Corporation, 1995. "Sensitive Species Results, Environmental Restoration Project, Sandia
National Laboratories/New Mexico," prepared for Sandia National Laboratories, Albuquerque,
New Mexico.

Judge, W.J., and J. Dawson, 1972. "Paleolndian Settlement Technology in New Mexico,"
Science, Vol. 176, pp. 210-216.

Kelley V.C., 1961. "Tectonic Map of a Part of the Upper Rio Grande Area, New Mexico,"
Albuquerque County, New Mexico Geological Society 12th Field Conference, S.A. Northrup,
ed., Albuquerque, New Mexico.

Kelléy, V.C., 1977. "Geology of the Albuquerque Basin, New Mexico," Memoir 33, New Mexico
Bureau of Mines and Mineral Resources, Socorro, New Mexico.

Kelley, V.C., and S.A. Northrup, 1975. "Geology of Sandia Mountains and Vicinity,
New Mexico," Memoir 29, New Mexico Bureau of Mines and Minerai Resources, Socorro, New
Mexico.

Kues, G., 1986. "Ground Water Levels and Direction of Ground Water Flow in the Central Part
of Bernalillo County, New Mexico, Summer 1983," Water Resources investigation Report
85-4325, U.S. Geological Survey, Albuquerque, New Mexico.

Lansford, R.R., L.D. Adcock, L.M. Gentry, and S. Ben-David, 1995. “The Economic Impact of
the Department of Energy on the State of New Mexico: Fiscal Year 1994," U.S. Department of
Energy, Albuquerque Operations Office, Office of Energy, Science and Technology, in
cooperation with the New Mexico State University, College of Agriculture and Home
Economics, Agricultural Experiment Station.

Lozinsky, R.P., J.W. Hawley, and D.W. Love, 1991. "Geologic Overview and Pliocene-
Quaternary History of the Albuquerque Basin, Central New Mexico," Bulletin 137, Field Guide
to Geologic Excursions in New Mexico and Adjacent Areas of Texas and Colorado, New
Mexico Bureau of Mines and Mineral Resources, Socorro, New Mexico.

Machette, M.N., 1982. "Quaternary and Pliocene Faults in the La Jencia and Southern Part of

the Albuquerque-Belen Basins, New Mexico: Evidence of Fault History from Fauli-Scarp
Morphology and Quaternary Geology," MS 913, U.S. Geological Survey, Denver, Colorado.

AL/2-96/WP/SNL:R3878-R DOC R-3 ' 03/21/96 337 PM




DOE/EA-1140

National Oceanographic and Atmospheric Administration (NOAA), 1990. “Local Climatological
Data, Annual Summary with Comparative Data," Albuquerque, New Mexico.

New Mexico Department of Game and Fish, no date. Handbook of Species Endangered in
New Mexico, New Mexico Department of Game and Fish, Santa Fe, New Mexico.

NOAA, see National Oceanographic and Atmospheric Administration.
Powers, M. Telephone conversation with D. Talaber, IT Corporation, September 14, 1994.

Radian Corporation, 1992. "Results of the 1992 Sandia National Laboratories Hazardous Air
Poliutant Baseline Study," prepared by Radian Corporation for Sandia National Laboratories,
Albuquerque, New Mexico. '

Rodgers, J.B., 1980. "Kirtland Air Force Base (KAFB) 1979 Archaeological Survey Project,
Bernalillo County, New Mexico," prepared for Kirtland Air Force Base, Albuquerque, New
Mexico. o

Ross, E. Telephone conversation with D. Talaber, IT Corporation September 13, 1994.
SAIC, see Science Applications international Corporation.
Sanders, |.LA. Telephone conversation with D. Talaber, IT Corporation September 14, 1994,

Sandia National Laboratories/New Mexico (SNL/NM), 1989. "Site Development Plan," Sandia
National Laboratories, Albuquerque, New Mexico.

Sandia National Laboratories/New Mexico (SNL/NM), 1991. "Ground-Water Monitoring
Program Calendar Year 1990 Annual Report," Sandia National Laboratories, Albuquerque,
New Mexico.

Sandia National Laboratories/New Mexico (SNL/NM), 1992. "Site Wide Hydrogeologic
Characterization Project, Calendar Year 1992, Environmental Restoration Project," Sandia
National Laboratories, Albuquerque, New Mexico.

Sandia National Laboratories/New Mexico (SNL/NM), 1993a. "Sandia National Laboratories,
New Mexico, Environmental Baseline Update," Contractor Report SAND92-7339, prepared by
IT Corporation and Consensus Planning Inc./Zephyr Design, Albuguergue, New Mexico.

Sandia National Laboratories/New Mexico (SNL/NM), 1993b. "Site Wide Hydrogeologic
Characterization Project, Calendar Year 1993, Environmental Restoration Project," Sandia
National Laboratories, Albuguerque, New Mexico.

Sandia National Laboratories/New Mexico (SNL/NM), 1995a. "Program Implementation Plan

for Albuquerque Potential Release Sites," Sandia National Laboratories, Albuguerque, New
Mexico.

AL/2.96/WP/SNLR3&78-R.DOC ‘R-4 03721196 337 PM




DOE/EA-1140

Sandia National Laboratories/New Mexico (SNL/NM), 1995b. "Site Development Plan: Fiscal
Year 1995," SAND94-2173, Sandia National Laboratories, Albuguerque, New Mexico.

Science Applications International Corporation (SAIC), 1985. "Installation Restoration Program
Phase Il—Confirmation/Quantification Stage I," Science Application International Corporation,
Albuquerque, New Mexico. '

Sivinski, R., and K. Lightfoot, 1992. "Inventory of Rare and Endangered Plants of New
Mexico, New Mexico Forestry and Resource Conservation Division; Energy, Minerals, and
Natural Resources Department, Santa Fe, New Mexico.

SNL/NM, see Sandia National Laboratories.

Stuart, D.E., and R.P. Gauthier, 1981. Prehistoric New Mexico, Background for Survey,
Historic Preservation Bureau, Santa Fe, New Mexico.

Sullivan, R.M., 1994. "Biological Investigations of the Sandia National Laboratories Sol Se
Mete Aerial Cable Facility," Contractor Report SAND93-7093, Sandia National Laboratories,
Albuquerque, New Mexico.

Sullivan, R.M., and P.J. Knight," 1994. "Biological Surveys for the Sandia National
Laboratories Coyote Canyon Test Complex—Kirtland Air Force Base, Albuquerque, New
Mexico," Contractor Report SAND93-7089, Sandia National Laboratories, Albuquerque, New
Mexico.

Trimble, W., Telephone conversation with D. Talaber, IT Corporation, September 14, 1994.

U.S. Army Corps of Engineers (COE), 1979. "Special Flood Hazard information Tijeras Arroyo
and Arroyo del Coyote, KAFB, New Mexico," U.S. Army Corps of Engineers, Albuguerque,
New Mexico.

USDA, see U.S. Department of Agriculture.

U.S. Department of Agriculture (USDA), 1977. "Soil Survey of Bernalillo County and Parts of
Sandoval and Valencia Counties, New Mexico," Soil Conservation Service, Bureau of Indian

Affairs and Bureau of Land Management, U.S. Department of the Interior, Washington, D.C.

U.S. Department of Commerce (DOC), 1989. Bureau of the Census "Statistical Abstract of the
United States, 109th Edition," p. 78, U.S. Department of Commerce, Washington, D.C.

U.S. Department of Commerce (DOC), 1992. "1991 Census of Population and Housing—

Summary Population and Housing Characteristics, New Mexico," U.S. Department of
Commerce, Washington, D.C.

AL/2-96/WP/SNL:R3878-R.DOC R'S 03/21/96 3:37 PM




DOE/EA-1140

U.S. Department of Energy (DOE), 1987. Albuquerque Operations Office, Environmental
Safety and Health Division, Environmental Program Branch, September 1987, draft.
"Comprehensive Environmental Assessment and Response Program (CEARP) Phase I:
Installation Assessment, Sandia National Laboratories, Albuquerque,” Department of Energy,
Albuquerque, New Mexico.

U.S. Department of Energy, 1990. “Supplemental Environmental Impact Statement, Waste
Isolation Pilot Plant, DOE/EIS-0026-S.

U.S. Department of Energy (DOE), 1995a. "Draft Waste Management Programmatic
Environmental Impact Statement for Managing Treatment, Storage and Disposal of
Radioactive and Hazardous Waste," U.S. Department of Energy, Washington, D.C.,
DOE/EIS-0200.

U.S. Department of Energy, 1995b. Feasibility Study Report For Operable Unit 3, Fernald
Environmental Management Project, Fernald, Ohio.

U.S. Department of Energy, 1995¢. Feasibility Study Report For Operable Unit 5, Fernald
Environmental Management Project, Fernald, Ohio.

U.S. Department of Energy, 1996a. Draft Environmental Impact Statement for the Nevada
Test Site and Off-site Locations in the State of Nevada - Volume 1, Appendix |, Transportation
Study, DOE/EIS-0243-D.

U.S. Department of Energy, 1996b. Draft Waste Management Programmatic Environmental
Impact Statement For Managing Treatment, Storage and Disposal of Radioactive and
Hazardous Waste, DOE/EIS-0200-D.

U.S. Department of Labor (DoL), August 1990. Bureau of Labor Statistics: “Occupational
Injuries and lilnesses in the United States by Industry, 1988,” Bulletin 2366.

U.S. Environmental Protection Agency (EPA), 1987. "Final RCRA Facility Assessment Report
on Solid Waste Management Units at Sandia National Laboratories, Albuquerque, New
Mexico," Contract No. 68-01-7038, prepared by A.T. Kearney, inc., and Harding Lawson
Associates for U.S. Environmental Protection Agency, Dallas, Texas.

'U.S. Environmental Protection Agency (EPA), 1988. "Compilation of Air Pollutant Emission
Factors," EPA AP-42, U.S. Environmental Protection Agency, Research Triangle Park, North
Carolina. ‘

U.S. Environmental Protection Agency (EPA), 1989a. "Risk Assessment Guidance for

Superfund (RAGS), Vol. i, Environmental Evaluation Manual” (Interim Final),
EPA/540/1-89-001, Office of Emergency and Remedial Response, Washington D.C.

AL/2-96/WP/SNL:R3878-R.DOC R'6 03/22/96 10:23 AM




DOE/EA-1140

U.S. Environmental Protection Agency (EPA), 1989b. "Exposure Factors Handbook,"
EPA/600/8-89/043, Exposure Assessment Group, Office of Health and Environmental
Assessment, Washington D.C.

U.S. Environmental Protection Agency (EPA), 1992. "User's Guide for the Industrial Source
Complex (ISC2) Dispersion Models, Vol. I—User Instructions," EPA540/4-92-008a, Technical
Support Division, Office of Air Quality Planning and Standards (OAQPS), U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina.

U.S. Environmental Protection Agency (EPA), 1993, HSWA Module IV of RCRA Permit
No. NM5890110518, EPA Region 6, issued to Sandia National Laboratories, Albuquerque,
New Mexico.

Vavruska, J.S., 1993. "Incineration Basics Co'urse," in Incineration Course, Knoxville,
Tennessee, 1993.

AL/2-96/WP/SNLR3878-R.DOC R'? 03/21/96 3:37 PM




THIS PAGE LEFT BLANK INTENTIONALLY




APPENDIX A

Information Tables
Sandia National Laboratories/New Mexico
Environmental Restoration Sites




THIS PAGE LEFT BLANK INTENTIONALLY




Table
A-1

A-2

LIST OF TABLES

Page
Sandia National LLaboratories/New Mexico Environmental Restoration Sites..................... A-1
Estimated Volumes and Potential Range of Treatments
Assumed for Environmental Restoration Sites at Sandia
National LaboratorieS/NEW MEXICO .....uuiiicccireciirreiieirceeeereereasessssnssserseeestessssssssssrssseeserseses A-28
Assumed Waste Soil Volumes to be Excavated and Trip Distances
to TU and/or CAMU for Sandia National Laboratories/New Mexico
Environmental ReStOration SieS ...ciiiicriserernrererrirreeeenersesssessssssinsnnmssissasnsssnsssssn A-36

AV2/96/WP/SNL:R3878A1.DOC A'I 03/21/96 3:41 PM




THIS PAGE LEFT BLANK INTENTIONALLY




Wd %€ 96/1T/€0 —.t< DO TVELBCH INS/dMM6TAY
"9]ge} JO pue Je $910L}004 0} Jajey

Y 005 :MD o} yideq

V4N 3 1w G2°0 sBunds jlegany ney

INwW e

N W §g°g 8jen) yuedqny g4vy m~o>00 |ep o>ot< dojepn eoruNg

nos (vl 3N W Z°E 6# B4V MNN W 52
md @w 008 S 1w g'0 Arepunoq g4v | (emioeul) 014 B4V II9M IseJeeN | (9966 “BRIg) 1id Jesodsig 1epuilh) sen 9 9

Y 067 :MD 01 yideq
3w | ejpueg :yned

vaN 3 SL0
810400 |op OAOLY l193eM 92euNS
_ 3N 1w 2 81ey) yuedn3 94w MN W €2 8% GAvH syuel
MO Q0A (W ser) ING W GZ'| 6# B4V MS IW G2'0 | Buipjoy A-v) wioy peBreyosip sejsem
jlog avy H 00 Mgt Arepunoq gdvyl | (eaoeur) 014 G4V “IIOM 1sasueN pinby 10j—(A-v1) PioyUIEIQ SAMT g S

Y 0S¥ :MD 0} yideg
31w 62’} BIpues ned

VAN Jwgo
8)0A00) |op OAOLIY 1818\ 22RUNS
. N lw 9°¢ 81eD Yueqn3 g4vyl MN W 1°2 84 g4vH »ue; Bulpioy
avy (0 voe'e) INI W E'L 64 GV S W Z'0 A-V1 woyj pabieyssip Jolemelsem
] 80d M ooo0'9e Muw 27} Arepunoq 94w | (eaoeun) OL# G4V SIBM 1s8180N 1o}—siuawpunodw) edeung SAM1 14 14
VN 1 00S-00€ :MD 01 yideQ
3w p't elpues jney
, N W §°0 81ED YUBqN g4v) I po
108 ] ANE 8vl'L) olouy seseli] :a0)em ooeung fesodsip |eoiusyd oAl0ROIPRIUOU
ma avy-uoN M 0002 3w g0 Aiepunoq 84w | MN 1 2°0 9# G4V “119M 1821e9N —{i-v.L) Ud fesodsiq [eousyD £ €
D0A (wsLi'g) 1 00S—00€ :MD 03 yideg
avy ¥ 000011 3w} eipues yney
a0d € 3NN EJRAY]
sugaqQ aw , W §°0 81eD ueqnl glvi ofouy seleli] :ielem aoeung
ltog ET (,w 296'6) MNN {esodsip ajsem payissers
ma na 000014 31w 20 Arepunog §4v) W £°0 9% G4V ‘119M 1SaIRaN —(II-v 1) ypue] BISEM poHISSEID 4 2
(w ove)
Q0A 100021 Y 005 :MD o} yideq
avd € 31w €1 BlpuES }ney
@w oy | 3N 1w g6°0 81D HuBqNT GJvH Jupo
1o ol ANE OLL'L) o/ouy sesall] :ie1ep eoeuNg |esodsip 8)Sem 8AIOEOIPE] [9AB|-MO|

ma na M 0002k 31w GzZ'0 Aepunog g4vM | MN 1W £°0 9# G4V em 1seseeN | —(11-v.L) Hpuen eisepm enjoeoipey ! }
T o - BN Ty W SS——| :

"8jendoiddeu) sesn JeYI0 BB SISQUINU 8SBY} YlIM PEIBIJ0SSE SOIUIBHoUN "SUOHIPUOS Buiplinog sujuelep o} Ajuo pasn elam pue Areuiwnaid aJe ejep esay
SO)IS UONBIO}SaY |EJUSLLUOIIAUT ODIXS|\ MBN/SOLOoIRIOqEeT] [BUCHEN BIpueS
}-¥ 8jqel

orLi-v3/3040




-ojeudoiddeur sesn JsLo eyew SIeqUWNU 9SeyY) LIM POBIC0SSE SBIUIBBoUN “SUORIPUOS Bulpunog sulwis)ep O} AjUo pasn esem pue Areulwaid ase ejep eseyL

orvtL-v3/300

SO}IS UONBIO}SOY |ejusWUOIIAUT OJIXBN MBN/SOLI0}eIOgET] |eUOEN elpueS
(penupuo)) 1-v ejqel

Wd V€ 96/12/€0 Nl< D0A'TV8LBEU INS/dMMETNY
*9jge} JO pu Je SIJ0UI00) 0] J3JoY
)
((wzro't) 3 0£2 :MD o} wideq
LW 2Zpe't 0 .
3 000°8S MN M W 8°C oUBZUBH “)NB
O0A € G/ 2 |jen yueqn3 g4vy MN WL
aw , 210400 jop oAouly Jajem edeung Buyse) seaisojdxa eose
Ios G ET (w ere'es) N 1w 6'L Atepunoq M I © 6# B4V MSM W Bupped Jepun ofone u—(uoAued
M8 na M 000'08S BOIY UMBIPUIM S4ASN Jouejy SuO)SARID) |aM 180IeON @ourInT) dwing uedQ/eNS jeung {3 k4
(weet) %05 :MD 03 tadeq
mz 008'9 3w 2'2 ouBZUBYY Jned
sjelapy € MN Niwg
1los IH . 1w G2'g 8len ueqng g4wM | 810402 |ep oAoly :491eM BdeunS Sjeuelews 8AIOBOIPE]
sugeq OHd (W 8ze'o) MN W G226 G4V INWGZZ | 40 IH Bumeiod Agissod spunow
nmg N: 000'89 S Iw G20 Alepunoq g4v BSOW 9SNOYIO0YDS oM 1SDIEON aisem £—Spunoy jeung saisojdx3g Ll 1L
1 002< :MD 01 Yidea
‘ ouezuep
Amcmw%m mmw pue ofouy selsl|} usemieg :yned
mc g MN MS UGt
jos , - W G2y 818D Juegny g4v) | lokoD |op ohouy t191eM 9dBUNS 110S UM PBIBADD pUB SUgep 1S9)
sugaqg ANE £09'882) MS W € 6# 94VM MSS 1w g't | Buupeiuos eele jeunqg e snid Spunow ¢
Mg .m_mﬁﬁ M 000°‘001L‘S 3 1w 20 Arepunoq g4v IoUB BUOISABID) :|IOM 189JRON —(eaiy Jeyung) spunoy jeung ol (]
: (weel) 405 :M9 01 ydeq
. 3 1w 1°0> ouezuep jnes
SITIoN MHO0LY | N 1w 6°G sten yueana gy N W G0
Ios SOOAS 810400 (8P OAOLIY :101BM 20BUNS Jesodsip 8isem PIIOS SNOBUBeoShu
sude@ SO0A (W a152) AN W GZZ AIpunog | MNM 1w 9 6# BVM M W 10 —(esap 8SnOYI00YdS) dwing
Mg (@ mm M 000°18 BaJY UMBIPUIM S4SN | BSBN 8SNOYI00YOS :||oM 1S918dN _ uadoyens reung 6 6
(w2ye't) 305 :MD 01 Yydeg
m: 00095 MN M W G°0 OUBZUBW }nedy
€ W G2y 8jep xueqn3 gavi Sugn
) . 810407 |9p 0AOLIY IBJEM 8OBUNS sajesd bupjoed
108 (@aH ANE 5LL'€8) N 1w -Asepunoq MIWOZ6#aIvVI MSIWE 0| ensojdxa woiy suqep jereueb—(easy
sugaq na Nt 000'08S ©BalY UMBIPYIM S4SN Jouepy suoiSAeRID) (|19 1SOIEON 1sejg uokue) v10409) dwnq uedo e [}
‘ ¥ 065-0GF :MD 01 yideq
m_w_%%m m 3w 2'0 Bipues :yned
MS OO0A € 8]0A0D
los QO0AS . N W G'¢ 8len Jueqn3 g4vi 19p OAOLIY Ul B)IS :1ejep edeuNS
sugeq (@ 3H (,w 006°82) MS 1w G} (3AROBU) OL# SV (@10h00
mg na Joooore MW 9g Arepunog §4vX | 3N IW €°0 6# G4V “119M 1S8Ie8N |op 0Aony) [esodsiq JepuiiAD sen L l
Dipt %0 ,OWNOA | eseodviseleeN | seinmeed eojded 5508 B, :
i JuIB2UOY JO Baly pai
gE:mw(




Wd 7' 96/1T/£0 ®|< J0A'TV8LECAINS/AMBI6NY
*a]ge} JO pud Je SBJ0UI00] 0} 19)8Y
Y 064—05H :MD 01 deq
(wzpl) 3w Gz'| eipueg ned
% 000'S 3N fw g} e10hod
OHd € INN 19p 0Aowly :Jojem 92euUNg
90d , W 9'% 81BH) Yuean3 g4vH MNN 1w € 8# 84v) ‘3N leusiew
@Qw ANE v8s'Y) W 2'g 6# 84V N 1w | (eanoeur) desos pue ebelols Juswdinbe
1og (@) 3H M 000'6% MW g’ Kiepunog a-4vy OL# G4V :IIoM 1804eN yoel) peis—ped eleJauo) 81 gl
Y 005 :MD 03 uidag
3 62'0 sBuuds l8qanH :ined
OHd V4N 3N Jw 2 8j0A0)
a0d N op o>ot< '101BM 6oRLINS
Ios (an . - W Gg'9 8lep Jueqn3 g4vH . aNIwge
siigeq na (W ozs'oe) 6# 93V MNN 1w 6'Z (eAnoeu) sfeusiew 1sa3—(sbuey
mg solsaqsy A4 ooo‘oee S 1w g0 Arepunoq g4vy Oi# 94V) (lloM 1seseeN | sepunyl) dung uedQ/spse) deiog Ll L1
(W ser'e) ) 06% :MO 0} Wideq
DO0A nc Ooo.mw 3w 0 elpues jned m_u::onEoo
Q0AS € 8)0A0D Buod ‘suqgep 103201 ‘jos
nos OHg . ep o>ot< Ul 8)S 491BA\ B0RLING PBIBUILIBIUCD-|IO .ﬁoo.s ‘ajasouo0d
ma (#'a)aH (wevi'os) MS W L OL# 94V ‘ieqes Buiuieluoo sojid aisem
sugeq na M 000°098 ‘sseiboid uj I W G0 6# G4V SNOM 1804eeN | —(e1040D jep ohoury) sdwng uedo ol ot
Y4 05 MY 0} uideg
M W $°| OUBRZUBK Jned
V4N MNN MNN lw G 810A0D
W g°'g elen Jueqn3g g4y lep o>ot< IDIEM AdeunS ebuel
1os . MN co_uuw._u JELIOW 3y} w0y} aoueUPIO
sugeq : (W 198'6) S Iw §°0 Arepunoq IW ¥'S 6# GAVM MN 1W £ BSely uieluoo Aew Jey) sud mojjeys ¢
ma (A 3H M o00°0tLL BalY UMBIPUIM S4SN snoy|ooydg oM 189JeaN —(aus uonensni) sid ysest Sl Sl
(wesiv) o oees e
H 000005 aN W 21 81040
. N W G 8jen) yueqng g4 |1ap 0oLy J9JeMm doBMNS sqing Jueosalony
1os a@w (W vve's) 3N W ') 6# 83V MN pue ‘sise} NQ ‘sisay buy og
M8 na M 000°€9 M w2 Arepunog g4y W 'L OL# GAVM “NoM 18048aN J0) syd e—(0266 Brig) aus reung 14! 14
{wg6L'9) 4 0ez :MD 01 tideg
¥ 000'0v2 MN M §°¢ ouezuep :nej
€ WG/, 81eD yuean3 g4vi. MN 1w |°| 810400
1op oAoury 1M doRUNS
{wezs) N 1w gL Aepunoq M1 O 64 G4V MSM W 1en} jef yd—(eus wing uohuen
los OHd M 008'L BalY UMBIDYIM S4SN Ioueyy duolsAeiD) (IO 1SIeIN aouein) wewpunodw) 8geuns 1O el el
o eiPeN 900 20y 159180N
v |

"ayendosddeur sesn JAYI0 SxeW SIBGUINU 85O} UM PaJRIDOSSE Sejuieussun “suoiipuod Buipunoq sujwisiep o} Ajuo pasn alem pue Areujunesd a1e ejep esay )

oriL-y3/300

SONG UONBIOISOY [BjusWUOHAUT OJIXO MON/Saliojeloqe] [eUOfleN ejpues
(penunuo)) |-v ojqet




Wd 1€ 96/12/£0 .V|< D0 TVSLICHINS/AMPGIIAY
‘9|qje} JO pue Je $9}0U)00} 0) JojoY

'WN/INS
1B punoj usaq Jou skey as SiyL
VN :MD ol yideq uMmouNuUN
VN nej uoileo0] J0€X8 Youss) € ut pedeid
o8 V4N VN :19)ep 99eung sugep Buipiing yoseeses sanisojdxe
ma (@) 3H VN ¥N VN :|IoM 1sd1eaN ~—(I"¥1 J0 YINOS) BYIS eung :14 ¥e
(w>) Y 00S—-00F :MD 01 ideq
*) ge> 3w | eipues ned
g Nw G0
. N W g 818D yuegn3g g4vy ofouy seiefi] ‘iejep eoruns
llos (;w 991'69) MN W G| +# 94V sesio10xe Buien—(okouy
me avy 4 000002 Niw Gt Arepunod g4vy | MN IW L 84 94V “IIM 18e1eoN sesoli) seaN) sayoues | [esodsiq €2 €2
3 05 :MD o) ideq
M W G2°0 ouezuel jne4
VAN MN W 2 810400
MN 1op okouy tiejep edeung
w12 8jen yueqn3 givy MN W '€ 6# GV siejled uspoom
jiog ANE 99t) MNN It G2°| esapy |e18Aas pue wnip [eB-GG B sujejuod
sugeq umouyun HSoog'L S 1w Arepunog g4v 8SNoyY|ooYoS HI9M 18eIReN | —(HITQ Jo Isem) eus wing/efieiolg 22 22
¥ 05 :MD 01 yideg
M W {°0> ouezuB }ne4
V4N S lw |0 8j0hoD
MN fw G 31eD) yuean3 g4y |ep ofouy 1B BdBLNS
. MNM
Hog $80d (u 196°¢) N 1w 'L Arepunog W G2 6 BV MSMIW €0 |  desos fejow pue wnip jeB-gg Aidwa
sugag m.%ﬂﬁ M ooo‘sy B3Iy UMBIPUNM S4SN Jouepy suoisAeID :|IaM 1SaIeON —(uokue) aj0fog) desas jeren 12 1z
¥ 05 :MD 01 yidaq
3 I $°0 OUBZUEB JInes
V4N MN N 1w 52°0 8j0ko)
W §°G 8jeD) Nuegn g4vH 1op 0Aoliy Jejep 9oRuNG
MN
“OHd (wees) IN W 5Z'Z Aepunoq | W '2 6% 84V I W 2'0> SO Bupse)
1os @@n M 006 €)Y UMBIDUNM S4SN 8SNOYI00YIS :HOM IS8JeaN BIl—B)S uINg BSON OSNOYI00YOS 02 0z
Y 0§ :MD 03 yideqa
A w N.v—.v M W 2°L ouezuey jIneq
% 000's N 1w ') 8j0k0D
€ MN 1w 2 8jen) yueqn3 g4wM 18p 0AOLIY tJBJeAN BORLINSG
avd , MN
sugeq @n (W 268°G1) S 1w g Aiepunog W & 6# G4V MN W G'L eSa | Sieualew Ayanoe 1se) piey Jo eBeiols
1log (@) 3aH M 000°0LL ealy UMBIPYIM SISN 9SNOYI00YOS lIBM 1S8JEIN —easy ebeioig predauog ¥vdnyl 61 61
.N_WOWE... T .QOO. EE ; rﬂE...:O). ou.wvou<ﬂuwm.‘_mvoz e o T 850 m 7567 TR -

‘apendoiddeul Sesn Joyio 9XeW SIequINU 8say) Yim PEJBIcOSSE SBiUIEPadun "Suolpuod Buipunog aulwielap o} Ajuo pasn eiem pue Areujwioid ese ejep aseyl

SO}IS UOIIBIOISOY |ejuawiuoliAug O0)Xa| MAN/Saliojeloqge |eUuolleN elpues
(penunuo)) |-v 8|qeL

0¥ 1-Y3/300




Wd It:¢ 96/17/€0

DOQ'TVBLICAINS/AMNGINY
"8|qe} JO Pud Je $2J0Uj00) O} J8jey

¥ #3S MD 0} Yideq

vaN 31w | Arepunog g4vyl 31w |°| elpues yned
aswel
ANE ¥68) 3NN ofony seisfi] :iejep aoeuns
flog OHd M 0096 i | een BIIWOAM VM | 3S 1W £°0 9# GV IIOM 189Ie0N (IFvL) ds 10 weld weeaig 2e o€
Y 06Y-0G¥ :MD 0} Yideq
31w |’} epues ney
V4N anmg
810A00 |op oAouy 1etepn SoRUNS
3NN W  81eS) Yuean3 g4y MN W G2 g#
Ohd (uszl) X AN W S°L 6# GV MNN
tos a0d MoovL Mgz L Arepunoq gavy W 2'0 OL# G4Y) IIOM ¥881e0N | (11-V.1) INdS 1O Jewiojsuel ) 1210913 1€ 62
{w ose'ee) % 00V ‘M9 0) uideq
H 0000021 31w g'| epueg Tynes
\ 31w 0 Arepunog a4vy IS W0
(W i98te) ofoury sesali] :41BM 92RUNS
nos a0d H0000b2 | 3N w g0 et Nueang g4vy S W 1°0 94 G4V 1I9M 1s0IeoN (preA uonewelosy) 11ds 04 oe 82
4 0S5 :MD 01 adeq
VAN M 1L £ ouBZuey Jned
MN 1W |°2 81es) juean3 g4v) MNIWS'0
810400 |9p ohouy Jd1eM 00RUNS
(weso) N g2 Aiepunog MW GZS 6# GAVI MSM W L'E abe.ols suqep
Hos umouyun Ns 000°L BalY UMBIPYIM S4SN Jouep SUOISABID) :|jOM 1SAILaN pue 81SeMm 10} PeSN—sYBYS aupy [:74 12
405 > ‘M9 01 yideg
M W | ouezuepy :)ned
NWweo
V4N 810402 |op ohony sa1em 8BuUNS
MN 1w g 81e9 yueqn3 g4vy MNM W G°¥ 64 94N
MO AeAnosdsal ‘MSM PuB MNM
nos umounun ANE 925) N W ' Arepunoq W ' | BSEW 8SNoYjooyog pue Apnis uofielpes e u) pesn shexuop
ma avyd HooL's BalY UMBIPUIM S4SN Jouey suoisAeID :ljoM 18a1e8N Z1—ld |esodsiq [ewiuy 02g6 ‘Bpig ¥ 9z
4 0605+ ‘MD 03 lidag
3 1w GZ'g BIpUES ined ,
V4N aNwZ
810400 |9p oAoLy 191 SoRUNG
. 3N W G B1eD Yuegn3 gavi N W §°g 8# g4YX o1 L palS HuoT ey} woyy 1010w
oS @w (;w £80°69}) ANIWGLZ6# BV ANIWGZL | puE SBIPOq 185001 'POOM PUE [EISW
me {@3H Y 000°008"t M 1w g0 Aiepunog g4vM | (0AROBUI) OL# B4V :1IOM ISeseeN

CIPON

000"

JUIdalo)H

| soeasy pawnssy |

sS850y YeeEaN

desos—(ji1-v.L JO 1SoM) BUS feung

“dleudoiddeu) sesn JeYI0 axBW SIAqUINU 8SBUI YNM PJBIDOSSE SBIUIBIoUN “SUOIpUo2 Buipunog auluwielep o} Aluo pesn aiam pue Aleunield ele ejep asat | '
S9JS UOI1BI0ISaY [BJUBWIUOIIAUT OOIX9N MBN/SaLI0)BIOqE ] [BUCEN BIpURS
(penunuo)) |-y 8|qel

orL1-v3/300




Wd I+€ 96/1T/€0

9-v

DO TVBLIEHINS/dMIG/INY
"9|ge) JO pu@ e $810Uj00) 0) J8jeY

(W v02) 1 00506 ‘MD 01 Yideg
‘ 3w €0 Bipueg Jyned
#0024 INWEE
N I G2°G 8jeD Nuegn3 g4wM | 810400 tep ofouy :1a)em edeuns
( 95) INN 1W 62 64 B3V MN W S'|
1os OHd A 009 S 1w 1'g Arepunog 94wl | (sanoeur) oL# B4V :IIOM 158180N (oze6 ‘bpig) sinds 1O 8e 9
Y 06¥-05Y MO 0} ideg
3 lw g0 BIpUES :yned
V4N INT W SL0
910400 19p 0A0LIY “19JBM BOBUNS
N fw §2°¢ 8jen) yueqn3g g4vH MN W €°2 8# 94V
(Jw z6) INT W 624 64 GV M €0
Ios OHd M 066 MW g Aiepunog g4vyl | (eaoew) OL# BV “IIOM 1SeJesN (A-v1) ids 10 OLOHd .8 se
1 0605+ MO 01 yideq
AmE 0€5'P) 3 W 6°0 BlpueS ined
. IN W90
¢4 000094 810407 |9p 0Aouty tJojep oeuUNS
N w G2°¢ 8jeD) yueqn3a aJv) MN W €2 8# g4V
OHd (osl) 3NS W S’} 6# SV MSM I E'0
ros a0d M 000C MW 6’| Aepunoq g3w | (eAnoeur) OL# GV 11OM 1SaIBaN (A-vL) SAWL3H—IIdS IO |~ o€ ¥e
¥ 06¥-05F ‘MO 01 tideq
3 lut |} Blpues yney
VAN AN W 6L
010400 {op ofouy :10)eM oRuNS
N W GZ't 818D sueqn3 g4vx MN WS g 8#
(w z6) AYY 3N (W 'L 6% GBIV N W S0
nog DHd M 000°) M 1w gL Alepunog g4vy | (eanoeur) 0L# G-v) :HOM 18eJeoN (I1-v.L) nds 1O Aoe uopeIgin se €€
¥ 06v-05Y M9 03 yideq
(wi>) 31w | BIpueg :yned
®uge> N L
€ 810400 |9p 0AOLY :18JeM edBUNS
INN 1w ¥ 21D Nuedn3 g4vi MN W G°2 8# B4V
(w 6v9) : IN W G'L 6# GV MNN IW 20
tos OHd M 0002 Mmiw g2y Aiepunog 94wy | (2Aloeun) OL# B4V SII8M 1S8IeeN (1m-v.) mds po ebnpnued ye 2
(W) 1 00¥ *MD 01 Wideq
€ 3w §'4 elpues ined
ov a5
' , MN W { 8jen) yuean3 g4wM | 1w | ohouy seiofi] :so1em aoeuns
(s MN U1 €'L# B3V
1og OHd H000't8 3 1w §°0 Arepunog g4v) S W S°0 9# BV ‘II9M 1824eaN (I~v1) Inds 11O food 10101 € e

“EIPOW

000

~ SSo00yisoieON

M osn

‘srendosddeu) sesn 1eyjo exell SIBqINY 9S8y} UM PalBIfoSSE Seluielsoun Suolipuod Bujpunog sujuLsiep o} Auo pasn a1am pue Areuuijesd e ejep esey |
SOJIS UOoIijel0]say |eluaWUOlIAUg 0DIXSIN MBN/saloleloqgeT |eUuolieN eipueg
(peNnURUOYD) 1-Y BjqeL

orLi-v3/300




Wd 1€ 96/17/€0

0T’ TVELSETINS/AMP6/TAV
'8|ge)] JO pud Je Saj0uj00) 0} Jojay

(wop) 4 +05p :MD 03 ideq
=n oov'L J W §°| Blpues §ned SJ00) JUleWOIpes BloYuMop
€ E LR 10 uopeiqued pue Bunsel S1N woly
avd , JN I 6°0 81D Hueagn3 g4vi ofoly sesali] uajep acepNG | s|elsleus Ise) palejss pue sluauodwiod
@w {,w 6992) MmsS suodeam—(|1-v L) Sid uoeiqyeD
liog (o]} M ooo'62 3 1w 0 Arepunod g4y W G2'0 9# B4V l1eM 189IeoN wnjueIN pUe aYS UOHIEUILEU028Q) 44 44
{wsr) Y ommyoom MO0} E.__..an
‘ W G gjpuesg ned
Moo 360
IN W | 81D 3ueqn3 g4vH ofouy sesali] :4e1ep edeuns
avy (w esp) MSS
log (@w M 006y 3N 1w §°0 Aepunoq g4wy W 0 9# G4V :IIOM 1S8JeeN pieA eBeiols [eusiepy anmoeopRY 514 W
(wgyp) 3 00F :MD 01 yidea
- “y oes 31w g} epues Ned
€ 3w eo
, N W §°0 91BE) Nueqns] g4vl ofony seisfi} t19jem eodeuns
(i 281) MN 1W G L# B4V (+v1)
Ios ol A ooeos 3w 0 Aiepunoq g4y S 1w £°0 9# G4V SHIOM 158JeaN Ayjtoed usunees] Jsiep Iids proy 44 ot
V4N ¥ 00Y MO 03 Yideq
3w g'i elpues jned
— 3 Iw £°0 81D Yueqn3 g4y aswelt
ol (;w 695) ofoury seisliy :Jelem edeung
los aw Moot'e 3w g0 Aiepunog g4vy | IS W 90 9# G4Vl SII9M 1SaJeeN (i-v1) inds Andseny geg “Bpig (87 6€
V4N 1% 00S-00€ ‘MO 03 yidag
3 iw g'g elpueg jined
3N 1w G2 818D Yueqnd g4vy ass W 0
(;w 59) ofony seioll] :Jorem eoeung
los OHd M 00L aN W 0 Aepunog givy | N W S°0 2# G4V II9M 1SaJesN (00iB1 000°9 ®8IY) IIdS 1O ov 8€
405 :MD 01 ideq’
viN M w1} sBundg leqant ned
MNN Nwee
W £'g ajen Nuegng G4wM | 810400 jep ofony 10l soeung
MNN 1l 62 6# 94V AN W £°2
los OHd S 1 Aiepunoq g4y | eSeiN 8snouiooyas :lIoM 15eIesN Ayoed sejos ids 1o 6€ £
i i _..w_voﬁ. .-000; j
S 140

‘oyendoiddeul sesn JeLi0 8w SiOqUINU 8SaUL YIm pajeldosse saljuiessun -suolipuod Buipunog suiuwueiep 0} Ajuo pesn alem pue Aieuiwjaid ere eyep esey|
S8)IS UOIIBIO]ISaY [BIUSWUOHAUT OJIXON MON/SaLIolRIOqET [RUOIBN BIpueS
(penunuo) |-V slqe]

orLi-v3/304




Wd 1¥:€ 96/17/€0 w..< D0 TVELIE A INS/dMPGINY
*9|qe} JO pUS JB SOJ0Ul00) 0] J8joY
 00S-00€ :MD 0} yydeq
V4N 31w 2| eipues :jned
aNN EJUETA
, W g0 9ley) yueqn3 g4y oAouy sesdli] :ie1em 8oelINS
and ANE 0.5°t) MN ebnjuuen pejjadoid-1ex201
1108 ol H000'ZL | 3NN w20 Arepunog g4vy 1 GE'0 O# G4V (II9M 180180N | —(oAony sesell) ang-eBnynued pIO 05 -1
3 05 :MD 01 deq
Miw |
ouBzZUBW MN W G'0 010400 yned
viN N g0
O0A MNM 1w @ 8jeg) Yueqn3 g4vY | 81040 fap oAoly :491BM BoBLNG
(@w MW GE 6# GAVH
jos ol (,w to8) N w 9'} Arepunog M W G| Jouely eucisAeln pue
Iy (@) aH Hooss BaJY UMBIDUIM SJSN |  ESBIN 8SNOYI00YOS :I9M Isa1eaN (sisoyiuAs 3H) 0Ze6 ‘Bpig sureiq (14 Ly
V4N ¥ 00S—00€ *MD 01 yideg
3NN 3w 71 eIpueg :yned
O0A \ W GZ'| 9)eD Huedn3 g4vM Jweo
OHd (w2e8't) oAouy sesli] tiejep eoBuNS
1os (@ aH M ooo‘oz Juw g0 Arepunoq g4vy | N IW GE'0 94 SV “lIoM I1selesN weajsig ondag ¥06 ‘Bpig 14 ov
% 06 :MD 0} yideqa
VAN MN M W $'0 OUBZUEBH :ned
W GZ'g 81en Jueqn3 g4vi NWGLE
210400 18P 0AOLY :I9YEM 8BNS
10s (w 961) Arepunog eery MN W § 64 GV MNN W 6°Z sjneA opustes
sugag umouNun «: 004'2 | umBIPUYIM SH4SN UIBYINOS UO | BSBN 9SNOYIO0YDS 1IOM IS8leeN —AIOJEAIBSG(O JISIBS PAUUBWIUL. Ly [+1)
(weset) 4 005-00€ :MD 01 Yydeq
o 0%€ | 31w G/} ejpueg tined
Jooo'sy ’ S W0
D0A . 3N 1w §°| 818D Huegn3 iV ohouy sesdli) :491EM dBlNg
@w (ueay'y) MW 90 v SV (ohouy
1ios ot M ooo'sy IN 1w | Alepunogq g4y | MS W G0 8# G4V SHIOM 1SaleaN sesslfiL) Ileano eur 8Isem PIOY PIO o 124
(W 122) .
3 0082 Y 005-00€ *MD 0} yideq
€ 3 1w | BIpueg yney
, AN W 21 918D yueanl gdvH e jueq
ANE 152'L) ololiy seigfil :s0)ep eoeung ofone ay) 0} dn paxoeq Hons B wol
ros umouyun 4 000'8L 3N 1w g0 Alepunod 84X | N IW G0 9¢ G4V oM i8aseeN —(A1-v.L puiyeg) ebreyosiq pinbr St 514
~EPoN 560 " BWINioA 88000y seleeN | seinjeed [edjdeibost NS ol ;
| J0 BRIy pallinssy

-apepdosddeur sesn JeLo SyewW SIAqINU BSBUL YIM POIRISOSSE SOIUIELsoUN "SUoHIpUod Buipunog auluselap o} Ajuo pasn ejem pue Areujwneid sie ejep asayL
SO)IS UONRIo)ISeY |BJUSWUOIIAUT OJIXSN MBN/S8LI0JRIOqE ] [BUOHEN BIpUES

orLi-v3/300

(penunuoD) 1-v ejqel




Wd 1¥€ 96/1T/£0 : ml< J0A' TVSLRCAINS/AMP6IAY
"8|qel JO pUS JB S810UJ00) O} J3JoY

OHd 3 005 :MD o} yidea
a0d VN 3 1w 6z°0 sbupdg jjeqanH :yned
(Qwn aNw g
sugeq IH N W GZ2'9 8jen) ueqn3 g4vy w~o>00 ep o>o:< +13JeM 90euNS
oS na (wssi) INWZE 6K IV MNNIWGZ | shun isal uo saaem yooys 10 Toedw
md sojsaqsy H008° S w g'0 Arepunog gav | (eanceul) OvL# G4V oM 1seseeN | —(ebuey Japuny}) silemsspuny), pIO 95 ¥S
(w 20g) 3 005 :MD 0} yideq
S 0082 3 1w g0 sbunds ljoaqnH :uned
€ aNmwsLe
aw , N 1w 99 ajeD) sueqng g4v) | 810400 |op okoly :J91eM 9oeung seaisojdxa Jo gy 05 03 dn yum
(@ an (W 89.°9) N W GE6# E4vI Niw 22|  Bunse) suodeem pereinuils 10} 1amo)
1os na H000'eL S 1w g0 Alepunoq g4y | (eanoeur) O1# 84X illem 1saseeN |  —(eBuey Jepuny)) eyg siemoy pay S5 €5
(W 1L#'08) Y 005~05Y :MD 03 ideq
1 000°008'L 31w £'0 sBundg eqanH :yned
€ aNN aNmwzge
avy o 1w 6'G eren Mueqnd g4vy | e104oQ [9p ohouy iejem edepng .
o) (weel'siL) 3N W 6'Z 6# BV N W 2 Bupse) :
1os (@) aH H000000'8L | gmugo Arepunoggdvy | (eAnoBUl) OL# BVM THeM 1SeIRON AH—(eBuey Japuny ) sus xexoid ¥S 2s
‘ssasb01d uy uoneuueleq
ViN :MD o} Yideq
jned sjuawiadxas
(wze) 11918 M 20RMNS | UORBAIOR UOANBU SN WOl S[EUSIRW
nos qavyd Na 005’1 *ssei601d ul uogeuuLlaq Il1OM 1801aN | eAnoeoipeI—O0|6) 8feiols £266 ‘Bpig [%e] X3
4 06¥ :MD 0} Yideq
31w | ejpueg :yned
VaN JWSL0
: 810409 19p 0/A0LIY :I0JEM BOBMNS
, 3N 1w '€ 918D Yueqnd g3Vl MN 1 €2 8% g4V
(W yve'e) INT M GZ'L 6# BAVM MS M SZ0
jlos uMowun 4 000's2 M 1w gL Aepunoq advy | (emnoeul) OL# IV lIeM ISaieeN (A-vL) siuel BuipioH SaM1 4] 0s
. ¥ 064-0GY :MD o} yideq
(W gs2) 3w g'0 BIpUES Ined
% 001'6 ANMISLL
€ 210400 |9p 0A0LIY (13JeM 8JRUNS
N Iw 62'S 819 Juean3 g4vy MN 1w G/°C 84 G4V
avy (W ¥2o) 3N W E'Z 6# GV MNN W G'L siseyuAs
nos 3IH MooL's S Iw 6'1 A1epunog gavy

(sanoew) OL# SV SHIOM 1S0JBON

IH—Id el ‘ped ¥269 ‘Bpig 19 6y
ey e o - -

T R R

o

valy patinssy

*ejendosddeus s8sn J9Y)0 SXeW SIAqLUINU 8S8Y) UIM PSJEIDOSSE Seljuleadsun "Suoipuod Huipunog auiuiialep o) Ajuo pesn eiem pue Areuiuneid ase ejep easeyy
S8]IS UOIJBI0ISaY [ejusWUuolIAUT ODIXaN MIN/SaLI0leIONE ] [eUOeN elpues
(panuiuo)) |-v sjqeL

orLi-¥Y3/300




Wd € 96/12/€0 oLV 200 TVSLBEL INS/d MVGZNY
‘ajqe) JO pue Je $8)jouUj00) 0} J9JoY
V4N 4 05 ‘M9 0} Yudeq
MN 3 W Gg'0 oueZUBN jIned
W 6/°F 818D Nueqn3 g4vi Js Lo
. 910400 |9p 0/0L1Y :191BM BIRLNS
(Qw 200°) 3N w62} Aiepunog MNM W Z 6 94V 3N 4 001> 6unsa) seb ansojdxe—(sBundg
oS (@) an M 000'05 BaIY UMBIPYIM SHSN JouBp suoisAeIO ||oM 18aIeON 810400} 81IS JouRYy BuoisARIL) 29 09
405 ‘MO 01 udeq
V4N Juw o o:mncwﬁ ”_.___awu
SOOAS . MN W §°G 81eD) yueanI g4vy | e10Aon jop okosy :1e1em eseung
SIe1on (,wer'e6e) MN W 52°2 6# 84V) 3N § 008 doys sujyoew ‘ebelols ‘sowed
o @ mm «c 000'002'y S 1w gz Aepunog g4vy |  esep asnoujooyos :liom 18esraN rem—olg 1S9 BSeW asnoyjooyos 19 6S
¥ 05 ‘MO 01 yideg
w 8¢ ouezuep
w 066 pue oAony seiell) ussmieq ned
avd e Sw§g|
Q)W MN W ¢ 81eD yueqn3 g4y | 910400 |op 0A0LY tISIeM BIRNS snipe;
(@3H (;u v26) MSMIW € 6# SIVIMSSIW 6L | 1seiq snid Buippng ssexung g—(eus
j10g na H000°04 | Arepunog g4y 3 0F spueix3 Joue auojsheso) (oM 1SeresN wnjnpusd JO YUON) easy Joxung 09 a5
3 0S M9 01 ideq
ouezuep
VAN pue okouy seiaf] usemieg ‘yneq
MN sug
W §Z'F olen Juean3 g4vM | 810400 [op oAouy tielem 9oBlUNS sjusuodwon
ANE 218} MSM W £ 6# 94V MSS W GZ'L suodeam uo $9910§ UOHEIBIEIDR
nos umounun M 008‘e 31w 20> Arepunog g4v JOUBW SUOISARID) |OM 1S2IRN- JO s1o9yje—elig wininpuad 65 1S
(wig'y) 4 os MO o) tdeg
¥ 000021 MW £°0 oUBZUBK }ned
€ MN W 9 8jey Nueqn3] g4v S o>
) 810402 |9p OAousy )08 BOBUNG (INL
20A (w6z9'es1) N tw 9°0 Alepunog MW PZ6# QIVIMS WSO | §0.0100S' L} Pash 1se} 1seble)) sisel
1os (@3H M 000'002°L EaJY UMBIPUIM SJSN louepy auojsAein) oM IseseaN | eaisojdxe—ealy isejg uoAue) 910A0) 85 96
(Wweizy) S S ey e
$g0d M 000°Ey : NIW S22
3H . MN Il G2 91D Yueqng 94wl | 810400 (9p okoliy :1eyepm aseung
1og B (;w s010t) MN W SZ'F 6# V) INN W 22 wewdojersp
sugeg OAWV\,M Nc 000'0eY S 1w g0 epunoq g4vy |  eseyy esnoyjooyos :||om 1saseoN 9sn} AUXO0Id—oYS UBUBPOM 1S GG
| Do 303 PWNIOA SS800y IseleoN SR O8N
fUsBIUOY - : S
Joealy pouinssy |

‘ajendosddeur sesn Jeyio axBW SIOGUINU 8S8Y) UM PBJeIO0SSE SaiuieHadun "suolipuod Buipunog auiuualep o} Ajuo pasn elem pue Areujwiieid eJe ejep esey L
S9JIS UOI1BI0)SaY |BJUBWUOIIAUL 0DIXS)N MON/SBLI0}eIOqE ] [BUONEN BIpuEeS

orti-v3/300

(penupuo)) |-y 8jqel




Wd 15€ 96/1 2/60 L=V DO 1VRLICH INSIdMDBRAY
‘9jge} JO pud Je SBJ0UJ00}) O} J9JoH
(wgp) ¥ 06 *MD 01 yideq
:»oc 'L I 1w |0 ouezZUBW line4
wnyoy} € MN MNNIW |2
: ) W GZ'2 31eY sueqn3 g4y | 910400 |9p Aoy (JBlep eoepng
s (1 822'92) MN W 8 64 SIVX N W 2 SWweuoduIo
nos R Nc 000'082 S W G20 Arepunog g4v) BSBWN @snoyjooyos liom 1sdseaN | suodeem jo Bunsal ay—als wng pIO 89 89
(w>) 4 0€2 MO 01 wideq
nc se> M W §°| ouezueyy JIney
€ MN W G°g 81eD Yuean3 g4yl NwZe
010400 |9p OAoLly 119)eM 8BNS
S na (w g9) S 1w 20 Azepunog MN W £°G 6# G4vM MN W € Bunse) aoueupio
sugag @ W M ooL BOIY UMBIPUIM SJSN | BSBN 9SNOYI00YDS :jjaM 15aIBaN ‘uoljels JISIOS—BNS UONEBASNI S 19 59
¥ 002< :MD 01 thdeq
M W 9°0 OUBZUBH :Jjney
VAN . , . NS
MN W £°'g 818N juegn3 g4vd | 810400 19p oAoLy :1ajepp eoeung
. MN W €' 6# 9V MN Je0 peoljies
aw ANE Lo0‘gz) S 1w gz Acepunog | w1 Jouep suoishern pmN W g0 ' u) Jjun uodeam e Jo uoneuolep
[l na N: 000'082 ealy UMBIPYIM S4SN BSOS 8SNOYI00YIS [jOM 11BN Apnis 0) eyis Bupy—ens Jeoxog 99 +9
(wziz'e) Y 062< :M9 0} deq
1 000062 MN M W 9'E OuezZUEBW :jiney
€ W g/°/ 818D Yueqng g4y MN W 7|
, 010400 [9p 0A0LIY t10JEM 90RMNG
o (w 628°.2) MN 1w g2 Arepunog M1 6°G 6# B4vM M 1w 6 | sebieyd a1 000'L ot dn Buisn sise} 3H
108 na M 000°006°2 BaJY UMBJPYIM S4SN JouRW BUO)SARID) :ljoM ISBIRaN | —ONIS 1S9 oAISOIdXT uoAueD eourin S9 €9
¥ 002< :MD 01 tndaq
VAN MW { g ofoury seisli) syney
M G279 81eD Yueqn3] g4v) s
. 91040 |19p OAouy (10JRM BoBMNS f
(usyo'ol) N iw g0 Arepunog MSM I G2°G 6# G2V MS Wi & Bunsse) sjueuodwon Jays
1os SIEIOW N: 0000t ealy UMBIPUNM S4SN Jouel auo)SARIY) :jlom IsaeaN | ww-gg1—(uokue) eiapep) als uny v9 29
(w6zs'1) U 002< :MD o} idag
mz 000+ MN M WU §°2 QUBZUEB SJiney
€ Iw G2°9 a1en Jueqn3 g4vy MN 1w Zg°0>
aw 810402 [9p 0AOLY J101RM BORUNG
(@) 3H (ueLL'6r) MN 1w g} KiEpunog | MNM W 8'F 6# 94V MSM IW 87 Butise suopunwigns
1os na Nc 000°0vS By UMBIDYIIM S4SN Jouep auoisAein) :fiep 1S0JeaN yueHiue—eely §se ). uoolieg
"EiPoN 369 ,PUWnIoN JSse00yIsSION. | seinjead [eolydelBoss
JUIRIU0D : G : Sene e
jo gaiy pawnssy i

-gjeudoiddew sesn Jayjo exew s1equinu 8sey) YlIm pajeicosse Saljuleiaoun) “suolipuod Buipunog suluielep o} Ajuo pesn aiom pue Areuiwieid ale ejep essy]

ovii-v3/30a

SO}IS UOReI0ISaY |BJUBWIUOIIAUT ODIXSN MBN/S8lI0JeI0qe] |eUONEN elpues
(penunuo)) 1-y ejgeL




Wd I¥:€ 96/17/€0 N —.c< J0Q' I VBLSEYINS/dMPI6IINY
*9|ge) JO pud Je SOJ0UJ00} 0) 10J8H
¥ S8¥ :MD 0} ideq
D0A (j £28'508) 1w 60 Yiney sbundg jjeaanH .._.aw
JOAS # 00000801 . . aNwz
suqgeg , N W 9'G ajen) yueqn3 g4vy | e10400 |ap oholy :aerem edeung
1og s4DNW (w989°2) 3N W 9°Z 6% G4V N W SL'L fesodsip ejsem
mea ol H 000°€8 S lw g'L Aiepunoq g4vy | (8A10eY)) OL# GvY IIOM ISaIReN 1eoUBYO~jjPUBT BISEM [BIIWSYD vL 2L
VN Y4 00F :MD 0} ydeq
D0A an3 3w g'| Bpues yned
Q0AS , 1w 9'0 81D HuRAN B4YH 35 g0
(SYW ANE 6vr'1) ofouy sesell] :iejem sorung ebeio)g/Buiberoedey
nos ol M ooo'st J 1w 9'0 Aepunog g4vM | 3S IW GZ'0 9# A4V SIIOM ISaIeoN a1seM snopiezeH 668 Bpig £L L
¥ 05 :MD 03 ydag
VAN MN M W G ouezuep :jined
W G/°6 91ED NUeqN3 G4vH MN U GZ°€
, 810400 jop 0AOLY :18)BAM 8DBMNS 80lAep
(W v062) S puE 31w g} Asepunoq MN W G'2 64 G4 MN W G paddaip-eidoaiey Buisn eese puet
nog (@) aH N: 000°1€ By UMBIPUIM S4SN | BSON 9SNOYI00YDS JIOM 189180N jo Buuea|o—oNg JaAeeg uojesadO 2L 0L
405 :MD 0} tideq
ouezuey uQ jinedq
VAN MNN W g
3IH , MN 1w 2 81D yueang g4y | 210400 [9p 0£0Lly 1191BM 8JBMNS
@n {w 8ze"0LE) MN W G2°E 6# GV N W §'1 seIpnis uojsieds|p
o na M 000°009'€ S 1w 60 Aepunoq g4y | eseyy esnoyjooyss Iam 1seseeN eplonuoipeI—esly 104Ss Jybijucoy L2 69
4 05 :MD 01 Yideq
3 1w £ ouezuep )ned
V4N N2
. MNN 1w 2 9189 ueang g4y | 810400 [op ofouly 1ajep 90eINS
(w £ys)) MNN I 9°E 6# G4V 3N W 62 | sluewiadxe Buuioj-jeiew seasojdxe ,
nos Amn__%wﬁ Nc 000°LL Siw g0 Arepunog 4wy | Bsew esnoy|ooyos H|Iom 1891eaN | —(S1omo | 181epM) Ild 159 sensojdxg 0L 89
405 :MD ol ideq
VAN M W G2°0 ouezuep ‘jned
MNN Iw e
. MN 1W g 3189 Jueand g4y | 010400 |op 0Aouy :43)eM 2oeUNS
sugeq {jw yee'e) MN W 't 64 9 MNN (W G2 s|qe) uspoom ‘|sudesys ‘seiged
og umowuN u: ooo'er S W GZ'0 Aepunoq g4vX |  BSO 2Snoy|00oyog (oM 1S9IeaN Buinj plo paureIoI—)id MOLiog PIO
EIPoN J99 LBUWIR[OA - T SsodoyiselesN - | seumeajfes|ydeiboss GUINN
fuseu0y, . S . , ousu3.
JO 81y pailinssy g 1

‘ejendosddeur sesn Jeyl0 SXBW S19QUINU SBY) YIM PBJBIDOSSE SalUIBNaUN "suolipuod Buspunogq suiuusiep o) AlUo pasn siom pue Areujwieid ase elep asay)

orLi-¥3/300

S8)IS UO[1BI0)SOY |ejudWUOoIIAUT 021X MBN/SalI0jeI0qe ] |[EUONEN elpues
(penunuo)) |-v jqel




Wd 1¥°€ 96/12/80

€

I-v

J0QTVSLIEY"INS/AMMGIIAY

"9|qe) JO PUD Je SBJ0U}00} 0} J8JoY

"ajendosddeur sasn Jay)o exew Siaquinu 9saL) UM PBJBIOOSSE SSUIBLIAOUN "SUORIPUOD Buipunoq aujwelap o} Ajuo pesn ajom pue Areuiunsid eJe ejep osay),

orLi-v3/300

SO}IS UOIIBI0}SaY |BlUSWIUOIIAUT OJIXaN MON/Sal0)elIoge [BUCHEN BlpueS
(penunuod) |-v ejqel

Y 06—0GY :MD 0} wideq
(wazpl) 31w g'L Bpueg Hjiney
avy % 000 aNmwg
IHd € 810400 [ap OAoLY :481BAN BORLING
@Nn . IN W G2°E 818D YUBGNI g4V Nw gL g#
(@3H (W siEvye) G4V 3 W 622 64 B4VH 3 W 80 Bunsa} s0low
tog na M 000’0020t M 1w G0 Arepunod g4y | (eaoeur) 014 G4V II9M 1S8IEON 19004—(I-¥'L) %2€1L pals Buo €8 8L
(W 189'¢) 4 05205 *MD 01 Yadea
m 000'0EL M W G| ouBzZuey Hney
£ MN W Z°2 81eD Yuedn3 g4vX Nwaet
og a@Qw , 810409 [op 0oLy :Jalem ddepNG sJsey
sugqaq (@) 3H (W 969'841) s gzt Arepunoqg MN (W ¥ 64 G4vM MN W g1 | 1oeduy pue earsojdxe pelejes-suodesm
ma na ¥ 000°00€"L B0JY UMEIOUUM SJSN'|  BSON 9SNOYIO0YDS :[19M 163IeaN —de19g 8N 8IqeD [euay PIO 28 LL
sjqejiee JoN ‘MO o1 Yidaqg
(wsgp'g) M W G/°2 OUBZUEBW :)Ne4
% 00004 1 MN 1w 522
B MN W 92 1By yueqn3 g4vy | 81040 jap 0401y i1eleps adeung
] MNIWOLE#EANIMILE eate Joedul pue
jog | tueledoid j@xooH (;w s05'voL) 3w gz Aiepunog |  esew 8SNOYICOYIS MNM I G2°€ | SIse) uoisiedsip Na-—eary 1se 1 /dwng
mg m_EM_\n‘_ M 000°001 "} BaJY UMBIPYNM SIS JOuBW suoisAeID) :|IOM 1S0IBIN fOUS feung/oNs siqey |euaY MBN 18 [:74
Y 06405t :MD 03 Yideq
3 W §'0 uonOBSIBIU OAOLIY SBIN )
{ weeg‘L) ‘ejpueg ‘sbuudg lsaanH uned
“4 000'09 N gL
€ 9)0A02) 19p 0AOLIY :IOJEAN BOBLUNG
, N Iw GG 81es) yueqna g4vX MN W ¢ 8¢ g4y
ol (wees't) AN W 9°Z 6# G4V MNN W S2°L
1os (0)3H J4000°02 Siw gt Alepunog gavy | (8AOBU) OL# DIV :IIBM 1SaIEEN (1-v1) 1d fesodstq sapuljAD sep 8L S
Y 005-00€ :MD o} ydag
3 1w G/'| BipUES ney
VAN S b
3N W g} 81eD) jueqny g4vM ofouy seisf|] 481eM 90BUNS |10 sewsiojsuel} Buiuiejuoo
(W ¥02) M IW 80 ¥# 94V senye) Joreseieooe—(oouy
nos OHd M 009°L AN 1w | Aepunog g4vil | MS W §°0 8¢ Sdv) 119 189I8aN sesol|)) wewpunodwy eoepng 1O i i
(wz1s'0p) 4 064-0SY 2D 03 Yidaq
F000‘0ca’ 3 W G2} elpues ey
4000059t NS
sugeq , N W b3 81BD) juedng g4vH | 910400 |op ofouy lejeps adepung
nos avd (w 8v6'6) 3N W Z 6# G4V IN W90 | fesodsip ejsem pexiw pue emjoeoipE)
ma DHd M 00001 E M gL Aiepunod g4vyl | (easaew) 0L# 94V IIOM I88IeaN
IPON <200 SOUWNIOA 1, 88A00y jseleeN 1 - saimead jedlydesboay
-/ [MIAOUOY o o S
JO B3y pauinssy




Wd It 96/12/€0

VIV

J0A' T VSLBEAINS/AMA6ZNY

"g|gel JO pud Je S8J0U00) 0} JojoY

"sjeldoiddeur sasn Jeylo exEW SIAQUINU 8SBY) UIIM PalBID0SSE Seluieesun “suoliipuod Buipunog aulwisiep o) Ajuo pesn aiem pue Aleunwyeid aJe ejep 8sal]

orti-v3/300

SONGS UOIEIOISaY |BIUSWUOIIAUT 02IXO MON/Salloleloge [euoijeN eipues
(penunuo)) |-y 8jqel

1 00S :MD o} yideq
VAN 3 lw §2°0 sbundsg fleqanH :yned
INWSZE
\ N w29 a1es) yueqnd g-4vM | 910402 18P 0AOLY (181eM 8IBUNS sjun
(@3aH (W ves'it) 3N W £ 64 G4V MNN W €2 | 1581 Uo Sjoage saem %00ys uoisojdxa
llos na A 000021 Sl | Arepunog g4y | (eanoeur) OL# g4V (llem 1seteaN |  —(ebue sepunyl) 8iS aqny ooyg 68 ¥8
3 05 *MH 0} uideq
V4N 3 1w $°Q oueZuepy ey
MN W 6% ajeD Yueqn3 g4vi agmwio
. a10fo) 1ap ohonry ualem eorUNS
Hw (W 6+8°29) INW ez Aepunog | AANMIW 22 64 84VM IN W 10 ea.e 150} soasojdxe—(sbuudg
1os (@) aH H 0000089 BaJY UMBIPYIM SISN Jouepy aucjshein) o IsaleaN 010409 Jo IsamyYINOg) als Buliy 88 €8
4 05 MY 03 yideq
(wes0'2) M W g°'0 ouBZUB :}nNeq
D0A 1 000'052 MN N L
@w € W 62'9 vl Huedn3 94y | 810400 jop 0Aouly tielem earung
ol MN 1W G°E 6# 94YX MN
(@3 (w 959) N Iw g2’z Arepunog | 1w 5| JouBpy UOISARID MNM W | s)s8) soaIsojdxe
[V na Hoor's BOIY UMBIDUNM SASN |  BSON SN0YI00YOS II9M 1S818IN ojeos-eber—oug buuid 0666 Bpig 18 28
Y 005-0SY *MD 01 Yideq
3
(w1>) W G2'0 UONYBSIA BIpUERS ‘Okouy
mc ce> selall) ‘sbuudg |loqqnH ned
e MNN ANMGL
(@w W 'S 81en jueqn3y g4vy | elohoD jep ofony tialem eseung
(Q) aH ANE mv.b INN W €2 6# SV MN W g°L Bugise) pue Juswdojersp
tos na ;0008 Siw ') Aiepunog 84wy | (eanoeul) OL# G4V ‘II9M 153180N AH—(2266 'Bpig) eus Guuy 98 18
(weport) ¥ 005-0S¥ ‘MY 01 idea
. 3 Iw Gg'0 Bipues ey
00085 Wz
DOA \ N W G a1eD uegn3y g4vy | 810407 |op 0AoLlY 19JRp 90RLING
@w (w v80vS) 3N W B'L 6# BV MN W 'L , sisol
los na M 000085 M 1w g2 Arepunog 94wy | (sAnoeu) OL# VM 11O IsaaeaN | seaisoidxe—(0z66 “Bpig) oug Buniy S8 08
1 0605t :M9 03 yidaqg
(wozt) 3w G/°| Blpues el
8 0020 aINmwg
€ 810400 |op ohouy :10jem aoeuns
avd , 3N 1W §'p 818D uean3 G4vH NIWS.ZB#
@w (W sLL's) 943 3N W G2 64 BV IN W | euawouayd 10edun
nos na M 00029 Miw 60 Aepunod 84w | (eanorul) oL# G4V SlIM iseseaN j0 Apmis—(jii-v 1) semoey ung
e1pol 000 LOUNIOA ,SSo00y IsaleoN | seiMipad (ed|ydeibodn | 9dIn0S eIseM 98 Ised
|-Jo-eaiy poumnssy |




Wd 1€ 96/12/€0 m —.l< J0A'TVRLRET INSId MIG/TNV
"g|qe} JO pue e S9J0Ul00; O} J8jey

‘ssa1b0id Ul uopeuILID)E
AnE m,wb | uojleuinwidag
H000Le 1 00V :MO 01 tideq
, ney
(;w 805°2) 11918 M 0OBUNG ofoury sesell),
nos umouzun M 000'28 ‘sseibosd ul uoeulwisleq oM 1SaleoN 0] afi1eyosip—wvIsASg ulelg uwols 96 06
(wpzL'a) % 052 :MD 01 Yidag
J0A 1 000°52 MN M W 8'€ OUBZUBN i}ney
OHd € W 62" 81D dueqn3 g4v MN Ly
an , 810400 |9p OAoNY tI0}RM BORUNG
(@aH (Jw 1z2'69) N tw g’} Aiepunog M 1W 9 6# G4V MSM 1w ¢ sjueuodwios suodesm jo Bunse}
nos na «: coo.oﬁ BalY UMBIDYIM S4SN Jouep auolsAeIY) I|iBM 1S0IBIN 8il)—oiS wng uoAuen eouesn) 6 68
3 002< :MD 0} wndaq
V4N MN M W 2 ouezuey s)ney
W 62'9 81eD duean3 4w IS MwEQ
. 91040 [9p oAoy 1oleM edeuns
ST (wser'e), MN 1w 62'0 Arepunog MSMIW S 6# BV MS W 1S | ons Buuy eissiu YeIosenUR—SpeE
nog @ mn_u." Nc 00099 By UMBIPYIM S4SN 10uep auoisAery) I8 M ISaIBON Jayoune-] 183004 uoAue) eiapep, €6 88
4 05 :MD 0} yideg
M W G0 uonossIel
V4N ouezuew pue ofouy sessli] yney
MN W S 212D Nueqn3 g4vy SIWGL O | 818I0U0O PUE [99)S PlILU JO PBIONIISUOD
. 810400 [0p 0Aouy IojeM SIBLINSG S{OSSAA S0)0E8] [8POW Bjeos
suqgaq (;w 089'p) 3N W g0 Arepunog MSM W G2°Z 64 G4V MS W | adA10101d Joj—(e8ry JsEIG UOAURD
jog QUON «u 000'0S B3Iy UMBIPUIM S4SN JOUBW BuUOISARIY) :||loM 1SaIeaN 8]0A0D) BUS 150 | [9SSOA 8Inssald 26 18
(wzzg) 1 00S *MD o} Yudeg
% ooe'y 3 1w 5z'0 sbuuds l1leganH ney
€ INWHZ ,
. N (W G2'0 81en) Muean3 g4wy | 210400 [op 0A0LY tiejeM BIBUNS (s10ys
({@wW (,w 856'€) 3N W Z'E 6# B4V MNN W §°Z 02) Joys 1ad pesj Jo Al 000"Y-000'E
ros (@3H M ooo'er S 1w g0 Aiepunod g4v) | (aaoeur) 0L# G4V lIem IseaeaN | —(abuey sepunyl) seys Buiy peen) 16 98
{wgel) Y 00506 ‘MD 03 uideq
% 0060 M 1w 5Z°0 sBuuds flaqanH ney
€ MNN aNwzge
: 1w g9 21D Juegn3 gavi m~0>00 |p O>9:< LI9JEMA OORUNG s{|Ieys
(@ 3H (jw ee9) INN W Z'E 64 94 MNN W 22 | Aieliue ‘ur-g ‘eem Jo Bunsel—(eBuey
los na M 006’9 S tw g'0 Aepunoq 4wl | (smnoeul) oL# G4v HI9M 1SeseeN 1apunyy) eug Buiy wnyheg 06
EIPeW JL5) -~ BWnIoA. ",SsoddyisaleaN | seimead jesiydeiboen . | _ P
- uaduoy 3 : o o o S | eusua
Jo BRIy pouiissy | f e

‘eyendoiddeur sasn J8YI0 9)EW SIBQINU 9SBY} YIIM POJEIDOSSE Sauiepesun “suoilipuod Supunogq suiuualap o} Ajuo pasn elom pue Aleuiwiieid a1e ejep esey |
SO)S UOIBIOISOY [BjudWIUOIIAUT ODIXSN MBN/Sa1I0JeIO(ET |eUOEN elpueS
(penunuod) |-V 8|qeL

orLi-¥3/300




Wd 1€ 96/12/80

91-v

20’ 1VSLICU INS/AMPETAY
‘8|ge) JO pus Je s9joul004 O} 19joY

ViN

-ssaiboid ul uoeuunalag

3 00% :MD 0} yadeq

jo ealy pauinssy |

ne4d
:J8jep eJeuns
oS a90d o0V ‘ssas604d ul uojeulwslaq [loMm 189JRON Aoey seindwos ‘nds god 01 96
((weze) .
DOAS W 000'e! Y 05 :MD 0 yidag
avy £ MNN M G0 0Aouy sessl) ney
a0d W £°G 21en Nuedn3 g4V Nwgo
nos QW ANE al) 810400 |op 0AoLIy :191eM 20RUNG Ao} 9109 UBOW WOJ) SieLslBw
suaeQ na Hooe't S g Aiepunod g4v | MNN W Z 6# 84V :IIOM 1Sa1e0N Bunser--(6£66 ‘Opig) pIeA deios €0l S6
Y4 0605 :MD 01 ideq
3 Iw §2°0 elpues :}ney
V4N ANWEQ
810400 |op oAouy :101eM BoBUNS
. MN W ¢ 8189 yuegn3 g4vyl MN W € 8# 94v)
los (,w e69'0e9) NN W §°0 6# V) MNM W 80
ma avy 4 000°006'9 M 1w G2 Aepunod g4vX | (oanoeu) OL# B-JvX oM 18eseaN | (j11-V L Jo 1se3) jesodsiq amoeoipey 20l ¥6
Y 067-0G¥ :MD 0} wideq
VAN 3 W $°0 BIPUES :YINe4
O0A ANNZZ
aw N 1w G 919 yuegnd g4vd | 310402 |ap okony :1ejep eceuns (Aiojesoge yoreasey
ol (uesi) INN W.6°L 6¢ BAVH MN-WLG'L sensoidx3—(9266 ‘Bpig) suielp
11os (@ aH H00L'1 S 1w 2z Aepunoq g4vy | (8A10ew) 014 S4v IIOM 1seaeeN | pue sdwng pejeuiweluo) aasojdxy 10t €6
1 06v-0S¥ :MD 01 indeq
31w 1"} ejpues ned
V4N ANWGL
310400 |op 0fouly :I91BM BOBUNS g
O0A N It G'E 81D JUeqn3 g4v) MN W62 8#
9Hd (uert) GV IN W 6L 6# BV N 1IW L0 Aiqwesse:
1os (@) aM Hoo9't Miw G| Aiepuiioq gdvy | (2AROBU) OL# SJVX “HIOM 183aBeN | Jun IH—uleag/dwing 3H 0299 ‘Bpig 00t 26
(wst) . d
Wooo'L % 00V :MD o1 tndag
€ 3NN 31w /'L BIpUES jned
\ W 2'0 818D uean3 g4vy asu
20A (W ost't) | ofony seieli] :iojep 8oBUNS soxog yoen
ros (@w M 00o'oL 31w 20 Alepunog g4vX | 3SS W G0 9# G4V SIIOM 18aleaN | JanS [eajweydoloyd voL—€98 Bpig 86 16
- BIPoN Q90 pONIOA - S8990V JsaleoN [S0IMBe] [0|Udeiboss | @dInosoisemesnised | equiny | Jequiny
UIRBOU0D : v : : . b i o FyShE

‘ajendoiddeun sasn 19410 o)W SISGUWINU BSBY) YIM PBJRIJOSSE SBIIUIENBOUN *SUORIPUOCD Buipunogq sujwisiap o} Ajuo pasn alem pue Areuiwijesd eie ejep asey|
S8JIS UOIBIOISaY [BJUSWUOIIAUT OOIXSN MON/S8LIojel0ge] [eUOliEN elpues ,
(penuguo)) |-y 8jqel

ort1-v3/300




Wd It 96/1T/80 N —v|< D0 1VRL8EE"INS/AMMIGTNY
*9|ge) JO pud Je S8jouloo) O) J18jaY
Y 00505t :MD 03 Yidaq
O0A VN 3 fw €0 BIpPUES jNe
OHd MNN 3N e
(awnw Ul 9'p 91D YuedNI g4vX | 810400 1ep 0oLy t1ejem doruNg 1opmod
(@ aH ([ ov8) 3N S'L 64 VI MN W 'L | %080 Buturiziuoo sejem asul—(9566
llog na Nc 001’6 Miw g Aiepunog g4 | (eanoew) OL# 94V CIIOM 1S21e8N '6pig) dwng pejeulweju0D anisojdx3 2Ly 201
Y 06105t :MD 0} Yideg
31w ¢'| elpueg ney
V4N INH L
810400 jap 0AC.I1Y :43lepM BORLING
OO0OAS 3N W G2°E 818D yuedn3 g4vi MNN W Z2°2 8# g4V
. @w ey INT W 9} 64 B4VH I W G20 wswdojeAep IH perenuI-yby
tos (@) aH M 0Sp MW L fepunog gdvy | (aAnoBw) OL# G4v) (lIoM 1S8JesN —(li-v) sueqrdwns 51,9 ‘Boig Lt o1
(W 159) } 00S-05¥ *MD 01 lideq
‘ 3w g0 elpUES Nkl
M 0002 MNN 3N W80
: 1w gy 81en yueqng g4wH | 910409 |ap ohoury :1elep edepng
nos @w (usi2) 3N WG} B4 4V MN W 1L s1s9)
ma (@ aH MA00e Miw e'g Arepunog g4yl | (eanoeur) oL# G4v) sHam 1saeoN | - seasojdxe—(9566 Gpig) eus Buury 601 004
¥ 00S-05 :MD 0} ndeq
s
(wgiz) W g°0 uondesIaul elpues ‘0AoLY
m: 009z setofl| ‘sbuuds eqgny ney
€ MNN 3N W90
@aw . W G2 % 9129 Juean3 g4v) | 910400 |9p OAouy i1dlep ddeUNg
(@3H (W sv0'2) ANN 1 G°L 6# BV MN 1w §°1 sise)
[ na M 000'9L S 1w G2 Alepunod g4v) | (oaioeul) OL# B4V :HOM 1S01eON | sensoidxe—(or66 “Bpig) eus Bunid ] 66
Y 06v-0S¥ :MD 01 thideq
3w |'} uonoesiejut ohouy sessfiy
‘epueg ‘sbunds |laqgni linej
ViN aNweg
810400 jop ofouy :101epM SORLNS .
, N fw g'G a)es) yueqn3l g4vy MN W+ g# punodiuo saisoldxd snid [ejow
Qanw (jw 85'501) : GAVIAN W ET6# AAVIN M 8L | 10 91 0g-01 Buisn Bunsel aH—(nI-vL
log 3H 40000011 Siw gy Aiepunoq givy | (aanoeur) oL# B4v) oM 18eseeN JO IseaYINOg) Baly is8 ) ansoldx3 201 86
'ssaiboid ut uoneuwisieg
Y 06v-0S+ :MD 03 iideg
V4N ‘ne4
Jojep doeUNg sweysAs feges Jeejonu soedsolee
nog (aw o0V ‘ssai601d u) uopeuILIBleq (HHOM 1S2IeON 16
E1Pon 005 ROWNIOA . ,SSe00y IssigoN . | . s2JmBad [ediydeiboot) | JoqunN
JO eOUY palinssy

‘ayeudorddeut sasn 18UI0 eNew SISGLINY 8SaL} YIM PaleIoosse SaluleHaoun “suonipuoo Buipunog suiielop o) Ajuo pasn aiem pue Areuiuyaid are ejep esey |

orLi-v3/30Q

SO1IS UONBIOISAY |BlUaLIUOHAUT OJIXO MBN/Sa10)eIOdET] [BUOIEN klpues
(penunuo)) |-y ejqeL




WA 1+:€ 96/17/€0

J0A'TVSLECYINS/AMI6/ZAY
"8|qe] JO PUS JB S$)0U00} O} Jajay

‘gyeudosddeur Sasn Jeylo BB SISQUINU 953U LM PBIEICOSSE SBNuelsdu "suollipuod Buipunog sujuLeiep o} Ajuo posn ajam pue Aieulwijeid ae ejep asey|

orLL-¥3/300

SO)IS UOIIRIOISOY [EJUBWIUOIIAUT OJIXS|N MON/SaLI0)RIOgET JeUOIIBN BlpUEeS
(penunuo)) |-y 8jqeL

O0A
avy V4N 3 005-00€ :MD 03 Yideg
g0d 3 1w | BIpueg :yned
QW 3N W | 81eD sueqn3 g4V Fwgo Bunse) SIN woyj
(@) 3H ANE vw_: ofouy sesali] :ie1em 8oeuNS sjepajew §sa) ues|o o) pue sfielo)s
1og v/Ng MEEEL 3w 0 Alepunog g4vy | N 1w G2°0 94 B4V)E IIOM 15918aN Joj pasn—weisAg ondes 906 Gpig SEl 801
{wore) .
3 0002k ¥ 05 :MD 0} ideq
€ MNN M W G0 0oLy sesdfiy ned
. W £°g 81 Nueqn3 94w Niwego
105 @w (w 890 2 810400 19D 0AOLIY H101BM 09BLING jessadsip wnuein
sugaq na Mooo'ze S g Aiepunog 94wy | MNN W Z 6# 94w II9M 180seaN | pue wnipos—(6€66 Bpig) seyoualt Lt 101
O0A
OHd (w1>) ¥ 05 :MD 01 idea
aod mc ce> MN M I g0 ouezuew jne4
@wnw € W 629 8jen) Yueqn3 giAvX Nw
0Ol o100 1op oholy :i01em ddeuNS
9SS na ([ 6v2) NwGZZ Alepunog | INFMIGEE#EAVI I L oM | ANIOB U0IeseH aAIS0IdXe011081a
11og v/NG M00Le €aly UMBIDYIM SISN | BSA @Snoy|ooyos :|IoM 1881eaN —uwisisAg ondag 0666 ‘Bpig gl 9014
¥ 005-0S :MD 0} adeg
]
1w €0 UONVBsIaUI BIpuUES ‘0AoLIY
(wote)
mz 00b'2 seiafl] ‘sBuudg jjeqany :uned
€ MNN INtw |
awn W GZ'G a1eY) Jueqn3 94y | 910402 jep oAoily tiajep adeung
(@3aH ([ 289) N1 6L 64 BV MN W G2} siso}
1os na MoovL S 1w 2 Aiepunoq g4wyl | (amnoeuy) oL# 9w oM 1seseeN | seaisojdxe—(oe66 Opig) aus Buuy St 501
V4N Y 005-00€ :MD o} yideq ,
3 1w G’} elpues jned
. IN W | 91eD Jueqn3 94V EFITE-X/] Aquesse
QW ANE PLEL) ohouy sessli) :1eyem edepns | quoq Buunp paonpo:d sanpises 3H Jo
nos (@ 3H Moooe IN 1w 90 Alepunoq g4y | 3N W €°0 9# G4V ‘IIoM IseseeN | Bunung—(j| eely) iud wng ensojdx3 vil yoL
VAN Y 005-00€ :MD 03 deq
ANN 3w ¢4 eipueg Jned
@w . 1w g°0 21D HuedNZ g4V JGo
(@) 3H ANE ¥5'1) ofouiy seiefl) :1ejepm 0oeuNS (a1 5°0>) sabireyo yews jo Bupsa)
Ilog na M 00021 3 lw g0 Aiepunod 94wy N U 170 O# 94V {IOM 1SeJesN senisojdxa—(g) seus Buuy | vaiy gt €0t
JePen 099 " BWINJOA “S585000Y 159JEON Seimeay jeoydesboary
: Juseouo) 5 Lm e
jo ealy pownssy




Wd I7:€ 96/17/€0

J0ATVSLECYINS/d MBIV

*81ge) JO pue Je S8I0Uj00} 0) 18j0Y

‘ojendoiddeur sesn JaUjo axew SIBqUINU BSBY) UIM POYRIOOSSE SaNUIeLISoUN *SuolIpUoD Bulpunog suiuuelep o} AU pasn a1am pue Areuiuyaid ale ejep asay ]

ortLi-y3/300

SO)S UONBIOISaY |eJUSWUOIIAUT OJIXSIN MBN/SaLI0}eIOqe T [BUOHEN BIpUBS
(penunuo)) |-y 9jqel

(w(>) Y 00S-0S¥ M9 0} yadeq
4 ge> M 1w 20 sBubdg ilagany :uney
€ INWGLY
N Iw g 8jen) yueqng g4vM | 810400 jop 0Aouy :a91eM 8ORUNS
G 69€) N W 52°2 6# G4V MN W 2 ‘Bpig Alquassy
liog (@) 3n A 000y S 1w g’y Arepunod g4vy | (aanoeur) OL# G4V HOM 150IeON JH—wasAg ondeg 2966 Bpig il bLL
(w>) 1 00S-0S¥ M9 01 wideg
€ N w |0 sBundg yeqany :uney
Mee> NWE
N W 2'g ales) juean3 g4vy | 810402 19p ohony tiatep edepng (woonyrep)
oSS @w (; 80€) 3N W € 6¢ BV MN W G'Z "Gpig jo1uod elowsy Aloed
jlog ol M00ee S hw | Aiepunog g4yt | (oA10RU)) O1# G5V oM I1SaIRaN yoous-—wayshs ondes So66 ‘Brig oyl gl
4 06-0SY ‘MO 0} yrdeg
V4N M iw 620 sBuuds jjaggny :uney
aNmwee
OO0A N W 1°G e1eD jueqna g4vy | 810koD (ap ohony :1ojepm eaeung
@@w (Qwrie) AN W L 64 BAVY MN 1w £'Z | Aoed dooys ay) 1oy Bpig wuswnisy)
tlog na M 00v'e S 1w g0 Aiepunod g4yl | (oM10BU) OL# B4V II9M 1S9IE0N ~waishs ondes 966 “Bpig 6€1 {41
O0A
OOAS Y 06-0SY ‘MO 03} Yideq
OHd VAN 3w | Blpueg Hney
€0d aN WL
aw ..\ | AN G2y eleD) sueang gdvd | 810400 jop ofouy 11ajem orUNg Ayiroegy
ss ol (w sz0't) 3N W Z 6# B4V N W | | uoneoyipiiog/Buiieiy exe Aloed ise )
ros na M 00011 M £7| Aiepunog gawt | (oAnoeu) OL# BV S1OM 1saJeeN | dnewlO—waisAg ondss 0g9o “Bpia ;118 L
4 06051 M9 0} uideg
VAN 3w g’} elpues :ynej
D0A AN W Z'L
avd \ N W ¢ 8185 jueqny g4vdl | 810409 |ap ohouy :1ajep soeung
Bss @w (W 696'p) 3N W 2L 64 B4V AN W #0 woospep
ftog ol ) 000°es Mgt Aepunog givy | (@AoRU) OL# G-V ‘IIOM 1SeseoN —uwelsAg oudeg 2y59/0¥S9 “Bpig el oLt
OO0A
avd V4N 4 00S-00€ :MH 03 yidaq
OHd 31 ¢ Blpues ned
aw . IN 1w | 81eD Hueqn3 g4vd Awso
ot (W L66°2) ofoury seieli :1alep aoepng Ajiroe uopeoddy
llog (@) 3aH M 00o'2e 3N W g0 Alepunog g4vyl | N IW 2'0 94 G4V S11I9M 1SeeaN g€l 601
JBIPeN $D00 GHUNJOA ,§$900Y JS0IEON JS2meadjeoyded oY) JJoquInN
Jli9ou0D £ Sl e i .
O BaJy pownssy .




Wd 7€ 96/12/€0 ON|< D00 TVSLBEHINS/dMMDETNY
‘91ge) JO pud JB S8JoUl00) 0} J9)oH
(wi>) 1 05 :MD 01 ideg
mz Se> 3 W | OUBZUEBW )Ny
€ Nw |
D0A | MmN ze eien juegna g4vdl | 810400 8p ohony tstem eoepUNg
oSS (@3 (Q 122'e) MN W S22 6# B4V) IN W 9'L s1oenbpeoH piald 1591
os na M ooo'se S G| Alepunod g4vX | EBSBN 8SNoY|ooyos I|I9M 1S8IeaN a10hog—uteisAs andes 5266 ‘Boig wi ocl
¥ 06405+ :MD 0} idea
3w €0 elpueg :yneg
VAN aNmweL
N W g'y 218D sueand g4vd | 810400 (ep okony ti8jem aseuns (woonpep
@w (w8L) NN W 6L 6# B4V MN W G') ‘Bupser sensoldxs) Ajjoed 1sa)
llos ol M0002 S Iw 2'z Arepunog g4wy | (eanoeur) oL# g4y :ieam 1s1eaN | ensoidxg—welsAg ondes 0266 Bpig oyl 6LL
305 ‘MY 01 yideq
VAN M 1w | sBupdg jjegani uned
D0A Nwgy
D0OAS . MN W z'g alen yuean3 g4vy | e10400 1op okouy :s01em @oeung (1eday yuswdinba) Alquassy
5SS a0d (;w 509'2) NWgZ6# 94V INIWGZ 12/05/101U0Q sejog NemeBaw-g
llos 0l Hooo'sz Siw g’} Aiepunog g4v) | ESep asnoyjooyos :|Iom 1seleaN —uwiesAg ondeg 2966/1866 Opig -4} 8Ll
405 :MD 03 deq
VAN M | sBunds eqany ey
O0AS Nwgl
@w .| MN 1w g9 B1eD yuegna g4vX | 8l0AoD |ap ohouy aa1em ddeung
0SS ol (W 099°1) MNN I §°2 6 B4V MN WU 82 19MO 19MOd 1810 Nemebaw-
llog V/Ng Mooo'sy Siw | Alepunog g4v | (eaoew) OL# G4V SII9M ISeIeaN —weisAg ondes 0866 Bpig 4! AN}
4.05 :MD 03 ydag
3J 1w G') OUBZUBK
V4N M w g') sBuudg feqanH _.,_.__.Hm_
\ MN W g'9 81eY Jueagna g4vy | 810£0D 1ep oAouy :1ajem 3&.:5 .
BSS (;w 906'1) MN W GZ'E 6% G4vH IN Wi b2 wewdojaAsp
1os O0A H000'12 S 1w g0 Alepunod 94wy | BSeN 9SNoYIo0ydS :fiem ISeIeeN Jepes—weisAs ondes 2466 ‘Gpig 4t oLl
3 0G :MD 03 Yideq
3 W g ouezuep
VAN M lw g sBundg l1leqany :ined
MN NW 0o
1w G/'g ajen yuedgng g-4vM m~o>00 ep o>ot< LIBIEM BdeUNG
ss ((w sse) MN W GZE 6# G4V AN W G ebuey uselied
1os D0A Hoose S1w g0 Alepunod g4wd | BSBN 9SNOUIO0YOS (Il I18BIREN | BuuBluY—WaISAS andes 0266 ‘Bpig A4} sLL
EIPon 000 TS 55900V 189180N ,.am._.zaw.._ eojudeiBos) | 93IN0S OISEA) OST1ised | JOQUINN | JOqUINN
JO Bly-pawinssy o : i

-ajendoiddeut mm.w: 110 axewW SiaquInu 8say} UM Peleloosse seluieeoun suonipuod buipunog auiwlslop o} Ajuo pasn arem pue Areuijerd ase ejep asay ]
S9)IS uoljelo}saY |BJUBWUOIIAUT OJIXBIN MON/SaL0leIOqeT [BUOHEN BlpuEeS
(penuyuo)) -y 9|qe]

oviLi-v3/300




Wd t¥:€ 96/12/€0 —. N|< D01 VBLSEUINSAMMO6/NY
'8|ge} JO pud Je $ajouloo) 0] J8jay
(W) ¥ 060-0S¥ *MD 01 uideg
J0A *y ge> 31w G2°0 epues Jneq
(ENON7 € MNN NGO
Ol R W G’ 9len) yueqn3y g4vy mzo>00 1°p o>ot< ~9JeM BORUNS
0SS (@3H (W vse'l) AN G'L 6# BIVH MN W | Aunoeg ung AyooleAssdin
o na M ooo'st M 1w g Aepunog g4vy | (oA0eUl) OL# GV IIOM 188IEN —uwalsAg ondag 9566 ‘Bpig €51 9z1
, ¥ 06405+ :MD o} yideg
DOA VN 3 Jw G2'0 Bjpueg ined
a0d aNweo
@wn N lw G'p 81eD Nuedn3 a4y | 810400 jap ofouy ttajem soeung
9ss of {,w oot) NN WS E 6% G4V MN W | Aupoed 1say
yos (@) aH M 00EY S 1w 9'Z Alepunoq gdv | (emnoew) OL# GV oM 1SIeeN |  sjeLaleN—wielsAS ondes 0566 ‘Bpig 261 g2L
O0A (w>) % 06v—0Sb :MD 01 widea
avd *y 5> M W Z°0 Blpueg :jined
@w € MNN INWSO
[o]] W /2 4 aje) yueqny g4vy| m~o>00 1ep o>o:< 9l QoeuNg
oSS (@)aH G zvy) NN W 6L 6# G4V MN W G'L woomep ‘Auoey jsey
10g na M 008y S 1w §°g Arspunog g4vy | (aAnoeUN) OL# G4V :lIoM 1581esN | sansoidxe—waisAs ondes oves ‘Bpig 15t 4}
(W 1>) .
e 1 05 M9 0} ideg
D0OA € M 1w g0 oAoury selefl) yned
g0d MN W G'¢ 818D Yueqn3 g4vy Nwgo Ayioey 8100 usjo
0nss AQV ] ANE mmwv w~o>oO op O>ot< LB BRUNS eye B___owu m@ZmQme uonenieay
nos na M 005°L S lw g Alepunog 94vd | MNN W 2 6# 93V HII8M 1SaIeaN —waishg ondeg veee6/6£66 ‘Bpig 05t €2l
Y 06+-0S+ :MD 0} yidag
yinos AejeipeLul
uolvasIs|U) Bipues ‘ofoly
,< IN sesoll) ‘sbunds [jeqgnH e
D0A 3NN W |
@w , MNN W G 81D sueqn g4v) | 810400 (9P ohoy lejep eoeuns
) ol (wez0't) , 3NN W Z 64 G4¥) MN W g woonyep ‘Bunsal '
tos (@ an M 000°LL S 1w g Arepunoq g4vy | (aanoeUl) OL# 94V HIIOM 1801e0N | seaisojdxe—welSAS dlldes 0e66 ‘Bpia 48 2zl
¥ 00S-0S+ *MD 03 yidaq
3
(wy) 1w G2'0 uonvasiaw ofony seseliy
5 oe> ‘eipues ‘sbunds HeagnH :uned
Q0A € aNwGL
avd MN W "G 81eD Nuean3 g4vdl | 910400 9P 0Aouy tistem 8oeUNS
9SS (aw (Jwvsl) AN W Z'Z 64 GV MN W 6L woonep
ftog ol A o002 S wi gL Alepunod g4vy | (eauoeul) O1# G4vX lIeM IsaseeN | ‘eis Guny—welsAs oides £266 ‘Opig 148 gt
.m_vw_z 200 .%EEO.> 55900y J58180N . ame._za,m&u_ _uu_ﬁ ,Emoc@ ] EnE:z
BdU0S S . : s ) o
JO €01y paunssy ; F

"ajendosddeur sasn Jayio axeW SISqUINU 8SBU} UM POYRICOSSE Saljufepedun “SUoipuod Buipunog auiwuelep o} Ajuo pasn siom pue Areuiunjaid ale eyep assy|

orLi-¥3/300

SOJIS UOHBIOISBY |BJUSWIUOIIAUT ODIXa MON/SOLI0JRIO]ET |BUOEN BlpueS
(penunuo)) -y ejqe)




Wd 116 96/12/60 v D0 1VBLIEUINSIAMPEZAY
*8|ge) JO pus Je SBJ0Ul00} 0} JojaY
1} 00S—00E ‘MH 01 tideq N
O0A VAN 3w ¢} ejpues ned
avy S0
@w 3NN W | 81eD juedn3 g4vH ohony sesefl] :i01eM 83BUNS
aH (wew) MNN ‘Bpig seaneq
] V/Ng M 000'S 3w ge'0 Arepunoq 94wy W €0 94 84V oM 1s0aeaN | eaisoidx3z—welsAs dndes 616 Opig 99} 2et
OOA
avy VAN ¥ 00S-00€ :MD 0} yidaq
OHd 31w G'L Bipues Ine4
(@w . 3N 1w | 91D yuean3 g4vl Jws0 (siseyiuhs 34
ol (wsiv'e) ohouy sesall] tJerem eoeuns ‘siemoys ‘Aipuney) Awoe sishieuy
1og (@) aH 00092 3N 1w g0 Alepunog @4yl | 3N W £°0 9# B4V Jllem 18aeeN | sweisAg—welsAg ondas 106 ‘Bpig s9l et
Y 06v-05¥ *MD 01 Wideq
31w '} elpues :ned
vaN aNwmGLL
OOAS , 3N 1w G 81D YueanT G4vM | 810A0Q Jop oAouly tioYem adeung
BsSs @w (jw 020't) 3N W 22 6# G4V INN W Z') Ayoe 1501 SAJONIISEPUON
1os ol M 000 L MIw G| Arepunog 4w | (2A0BUY) OL# SV “IIOM 1S8JeaN —uwaelsAg ondes 999 "Gpig 191 (71
%05 ‘MD 01 ideg
M W g ouezuepn jney
VAN MN N W S0
W G2/ ojen) yueqn3a g4vH | 010Ao) jep oholy :Id1BAN 8BNS
MG 6# GV
Dss DOA (W vog) MN w2 Aiepunog M W € Jouep Bucisherr) pue ‘Bpig Alquessy
tos (@ 3H H00L'L BalY UMBIDUNM S4ASN | BSIN BSNOYI00YdS (liaM 18aIeeN | ajoluaA—wilsAs diides 2ee6 ‘Bpig oo1 621
¥ 005-00€E ‘MO o} yidaq
O0A VAN 31w G| BIpuES :)nkg
awvy Jw o (uom :
a0d JN 1w | aler) yueqng g4 okoly seisll] :ojep 9orlNg juswidojeAsp J1UONI9|S Pue S)S8)
@n (wiv) . MNN sansojdxa) Ao 1581 J01eIBueD)
llos (@ 3H H00S°L 3w 0 Arepunog g4v W 0 O# G4V CII9M 180180N uonnaN—welsAg ondag ge6 ‘Bpig 651 :r4}
Y 05 *MD 03 pdeq
VAN M 1w 20 ooy seali] :neyq
OOA NW 90
@w .| MNNw g aren yuedana g4 | e104o) 1ep okouy tiarem adeuns
555 (@ 3H (wesLt) MNN Aoeg uogeredaid seasojdxg
Hos na M 00061 S 1w 2'g Arepunod g4 W GZ°L 6# 94V NI9M 1SaIeaN —weysAg ondes 0966 ‘Bpig v51 Jrd
PN 000 ,2WinjoA 88090y JsaieoN : ..mm._zuwu_” reomdeibosy IN0S O158) Bd
| 10 eoIy pauinssy (I E

‘eyendoiddeu; sesn JaLjo eXBW SI8quINu 8Sey UM PaJBIoOSSE SBRUIBLIBDUN "SUoiipuod Buipunoq aujuisiep o) Ajuo pasn alem pue Areujwijeid ase elep asayy
SOJIS UOHBI0ISaY [BluBWIUOIAUT OJIXO) MON/SeLI0leIOgET] [BUOIIEN BIpUBS
(penunuo)) |-y 8lqeL

orLi-¥3/300




Wd '€ 96/17/£0

gcv

J0Q 1VRLIEAINS/AMAIGINY

‘8|ge} JO puUa 18 S810uj00y 01 1ajaH

(W 992) 1 00F :MD 01 Uideq
% 0ov'E 31w Z'| elpues Jned
By Jwgo
IN W G1°0 918D Juegng g4vH oholy seiell] :iejem aseung
(W) MNM W 2" L# 94V (Buiokoa) 10j yuey
los OHd M oor'e 31w 1°0 Arepunog 4w | MS W 9°0 9# GV :lI9m 1SaieaN UOROBHI0D Jlo—HUE L |O-BISEM |-V.L 261 6et
(weog) 1 005 :MD 0} deq
% ooe'e 3 Iw G20 sbupdg jleqanH :ney
€ : INMISLE
. , N W G'9 8D Nueqn3 g4wX | ©10400 1op okouiy tJejepm edeung
(@)3H (,u 865°8) 3N W 66 64 G4¥M MNN 158} uodeom
tog na M 000°€6 1w g0 Ailepunog g4y | 1w S22 OL# 94V lIeM Iselean palejnwis swi-euo—pey snnb3 161 gel
((w189'e)
1 000081 ¥ 00F :MD o} uideg
€ 3 W )°Z Bjpues ned
. 3N W || 81D Yuedn3 94w Juwge't
(Qwoeo'Ll) okouy selell] :1oleM BoRUNS
nos OHd M 000'0EL 3 1w 6°0 Arepunoq 84w 31 G0 O# A4V HIOM 1SaIeaN uued yue) Jueld weelg 061 LEL
MO 01 Yida,
V4N Y 0605 ‘MDD 03 ....._scm_
‘ssaifoid uj (iajem adepng suey (dg
og OHd o0V 'ssaiboid uj oM 1894eaN | Juswurelos punoibasoqy £659 ‘Bpig 291 ogl
(wov9'2) :
€ H o} yyd
i 00v'ozz 4 00 M O} :.._ :Mm
aw ‘ssa1Boid up :49)epM BIBMNG MLOd 10} Buidid suel
1os ol ooV ‘ssaibord uj :{l9M 1S81BON opdeg—saurt Jlemeg Alelues -y 281 sel
(wig)
Yooi't % 00V M9 o} rdeq )
€ E e 3w '} elpueg iney
W £°0 81BD Yuegn3 g4vH 3ISWeE0 6g8 ‘Bpig
ANE 066) : oholsy selsl] :ie3em SBLNG | JO YINOS SPIEOQ UNJIID pajupd ues|d 0)
1os J0A H000'LL Fiw g0 Arepunog g4v | IS IW £°0 9% G4V ‘IfOM I18a488N | pasn 30 1—esodsig 301 658 Bpig 981 vEL
ViN 1 005-00€ :MD o} thdeg
3 WG’} BIpUES JNey
3N W L 81eD Yuean3 g4V Jw o
@w (;w 108) ofony seisli] :Je1em adeung Kiojesoqe) Bupse |
1os (@) aH Hoog'e Fw g0 Alepunoa 84wy | N IW €0 9# AJv SII9M 1saJeaN | soasoldxa—welsAs andes ove ‘Bpig 191 €El
BIPO RaLTe) ,PUINIOA 88000V 189JeON. JS2inead jeojydelbosty - |- . 93IN0G BISEM ‘o8 id - JoquInN:
Juloouo) el ; 8 g . T - : ; : i
JO BalY palunssy L

"gjeudoiddeur s8sn JSUI0 @YRW SIBQUINU BSBY) UM PaleInosse Sanuiepasun "suonipuod Buipunoq eujwisiap o) AU pasn aiom pue Areuluniald ase ejep aseyl

orLi-v3/304

SO}S UONEBIOISOY |BJUSWIUOIIAUT ODIXS\ MBN/Sali0leloqe] jeuoiieN elpues
(penunuo)) |-y ejge).




Wd 1t:€ 96/12/£0

vev

DO TVSLIERINS/AMMP6INY
*9|gfe] JO puo Je S3J0UJ00) 0} Jajey

‘sjeidoiddeur sasn Jayl0 8YBW SIOqUINU 853U} LHM pajeIdosse seljuieadur] suolipuod Bulpunoq auiwielep o} Ajuc pasn aiem pue Areuwiiesd ele ejep asayl

orii-¥3/300

SO}IG UOIJBIOISaY [BjuslUUOIIAUT OJIXSN MON/SalI0leIOqET [EUOIIEN BIPUES
(penunuo)) |-V 8|qel

( W gs2) ‘ssaiBo:d u) voReuuRlaQg
Q0A 5 000'6
avy € M9 o) deq
{@aw ‘yned
9SS ol (w 6e8) 110jepM 00BUNS a)sem Alejjues ‘Woonpep ‘qel 3H
nosg (@ anH M 000'6 ‘sseiboid uj uoneuwwidleq oM 18oaeeN | —(oAolry sessliL) 1epno 06 Jexung Vrid 14}
(wg9s) Y oov *MD o} ydeg
% 0002 3 iw 2| elpues ney
€ 3N W g0 91eD Yuedng d4vH JS ISzt
ohony sessli] :1elem 8Jeung Jojemalsem
fos ol oov 3w 20 Aiepunog g4y | 3S 1w S£'0 9# IV (II9M 1891e0N 2IpIoB—oUIT SISEM PIOY PIO 922 (24}
Y4 0oy :MD 01 ideq
3 i GL) Bjpues ned
asmLL
VAN 30w 270 e1en yuegnz g1vy oAouy SEIS) :10M B0RLNG
S I 9°0 9# G4VYH MN yue) sojem
iog OHd o0V 3 1w £°0 Arepunoq g4vy W L# 19 9V II9M ISe4e8N | Wel000—(|-Y 1) 1SN Jeuuod ovg Bpig Le (5141
(w8L2) 4% 06705t :MD o1 yideq
: 3w §°Q BjpuES YNey
M 0086 Jwego
oAolry seisfl] aejem aseung
OHd ANE sS1) J 1w Gz L 6# 94V j10-815eM JO BbeINS
1os suosig MooLt 'ss84601d Ul | M 1W €0 O1# BV N19M IsasBaN | Arejodwel—(A-V1) WelsIO.2659 Bpig 961 vl
400G :MD 01 yideq
VAN 3 1w g'0 sBundg leqqnH :uned
INWEZ uoisojdxa sinys aoeds .
} . N W 62'g 8D uedna g4y | 91040 |op ohony Jejem doeuNS B WOy jes1adsip nd jo Aupqissod
(@) aH (weos) 3N M 2°C 64 SIY MNN U G2 BYI SUILLIAISP Ol SISBI—BalY
1os na M ooo'st S 1w §°0 Aiepunoq gavy | (eanoeul) OL# 84V (IIoM 1saIeaN 158 | 821n0g JeeH asodind |essus) ¥61 i
((wgg) 1 005 :M9 ot ydaq
1002’2 M G20 sBuudg jjeqqnH :Hney
€ IN WSS e
@w N W G'g 81eD juedng G4vM | 810400 [9p 0Aolly :JajeMm adejunsg
o (;w £02) INN W Z°€ 6% B4V MNN W 22 swewwele oy Juads uo ebejoqes
S na Mooz'z S 1w g0 Aiepunoq g4y | (9AnoRUI) OL# GIVM DM 1S0IeaN 10 sjo8)je-—ealy Isa ) ebejoqes
[EIPSW 000 ~ ,2WnjoA | 55900y Js0leaN - Saneay Teajydesboeyy -
JUigU0D : i e it
1O Baly palinssy T




Wd 1¥€ 96/17/£0

Ge-v

D0A' TVLRCY INS/AMPE/INY
‘9|qe) JO pue Je S8Jou)00) 0} J8jeY

*ajeudosddeu; sasn 18YJ0 9)BW SJaqUINU 9SaY) Y)IM POJRIDOSSE Seluiepooun suoiipuod Buipunog suiwelep o} Ajuo pasn aiam pue Areuiwiieid ore ejep aseu ]
SolIS co_zw._o“mom_ [ejusIuOIIAUL OJIXDN MBN/SallojeiogeT] (euolleN elpueg
(penupuo)) 1-v ajqe

orti-v3/30a

(ws) 1 005-00€ :MD 01 Wideq
*¥ 006 3 W S| epueg nes
¢ sweo
3N 1w 9| 81eY) juean3 g4vy ofouy sesdli] o1eM 8deuNS
OHd (wvs) MSM
1os ol o4 006 3N 'w 6°0 Arepunod 84wy W g'0 8# BV :119M 1804E0N IEANO SWaISAS ureIq] WIOIS g2 151
(W s) 1 00S-00€ ‘M 0} uydag
. 3 W §°| BIPUES JINBd
S 009°L oW 50
3N W G| 81BD jueqn3] g4vH okony seseli :sa1em 90BUNS
OHd (Qw vw) NW G2°0 9% B4V) MS
flog ol H#009°t 3N 1w g°0 Arepunog g4v) W S/°0 8# G4V IO ISaIean [IBANO SWeISAS ulelq WiolS zez oSt
(wvs) .
4 006°L 1 00S—-00€E *MD 0} hdea
€ . 3INN 3w g') ejpueg Jned
Wi g1 91D yueqn3 a4y Jweo
OHd (e ofoury sessli| :iolem eoeuns
tos ol 2 006t 3N 20 AiEpunog 84y | N MU 9'0 9 GV “II9M 15eIeeN IBANO SWIRISAS UreIq UIOIS ez 6vl
(wszl)
% 00v'y 1 005-00€ :MD o1 tideg
£ 3NN 31w g} Blpues :yned
W g°| 818D Yueqn3 g4YX e
SHd (waLy) okony seseli] 191ep 92RUNS
oS ol M 00v'Yy aN 1w 20 Arepunog g4v N KU 9°0 9# B4V :I1oM 183180N IIBANO SWRISAS ureIq wiolS oee oyl
w
Aw: OMM—W ‘ss94601d u) voeUILIBIEQ
¢ :MD o} yideq .
. ned
OHd (G svt) :JO1eM BOBUNS
og Ql Na 008'v -ssasboid u) uogeuLIBlRQ |8 1S0IRON Il N SwvSAg ulelq uuos 622 vt
(werl) ]
1 000'S ¥ 00500 ‘MY 0} idag
€ 3 jw | eipueg ned
N fw 2°0 8leD yuegn3 94wy Jusgo $)28[q0 |BlOW SNOLBA
108 A w 020'62) ofony sesali] Jsajep sovung pue sjeusieul uononisuod Buipniout
sugeq (@w c 00001 Arepunog g4y welses uo | M IW €0 9% G4V :I19M 189180N sugep—ous aE:Q ofinpnuen 822 ovlL
[BIPON 900 ncES_o> amwlouu< 180ICON L SRamEsd jegly 4003y ug:.:z 1 JOqUINN -
MIBUOY ’ : Gl (F
Jo veiy pawnssy | .




Wd 1$:€ 96/12/€0

9g-v

D0 TVELBCUINS/AMPI6AY

*8|ge} JO PUD Je S8JoUj00} 0} Jojay

-ajeudosddeur sasn Jsylo ayew sisquinu 8SaL} UIM Peteinosse soluielasun 'suopuod Buipunog suiwieiap o) Ajuo pasn siom pue Aleuiuaid aJe eyep asey |

orL1-y3/300

S9]IS UONEBI0ISaY [elJUSWIUOIIAUL ODIXa| MBN/Sal0lelIoqe] [eUuslieN eipues
(penupuo)) |-y alqeL

) 00S-0S¥ ‘M 01 ladeq
9jqejieAe JON 3 1w g0 sbundg jleqgny :uned
3NN INwege
W §'G ejen) yueqng g4vH | 210400 |9p ohoity l181ep esepNg
(W ve) AN EZ6# GIVIN W Z

llos ajqeiieay 10N RIS S 1w G20 Arepunog g4vy | (sanoeu) 0L# G4V HOM ISalesN Slid efedeag A-v1 SL2 951
U 06¥-0S¥ :MD 03 yideq
(wesr) 3 1w g'0 BIpueS :jney
mz 000y INIWGLL
€ 010402 |9p ohouly 18 BdRLNG
X N W §2'G alen) yuegn3a g4vi MN W G2'€ 8# g4W

(w y89'e) AN W €2 6# B4V MNN W gL Bupse) 1010U 194901 Wios

os @wn M ooo‘or MIw 6L Aiepunoq g4vy | (aanoew) 0L# G4V Hllem 1seieeN “EHaIew eajoeoipeI—pIeA abeioig e G61
Y 0606t MO o1 yideq
w NVC 3w G| eipueg ned
mc 000's INT W)
avy [3 210400 19p Ofouy :1dlem doRuNS
@w , 3NN 1w § 81eH yueqn3 g4vi MN W £°2 g# 9-4v

(@3H (we8.828) 3N W 6L 64 B4AVY TN W 60 Buisel :

nog na Nc 000068 MIw g Alepunoq g4y | (samoeur) OL# 93V 1IOM 1S9JIBON J0]0us 1954004—081 |, PBIS UOYS ove 1218

Am”“_ % om%mpov ssaiboid ul uoteuiwielaq
€ MD 01 yideq '

B qned
OHd ANE 9£L's) ohouy seialif :1ejep edeuns

nos Ol «z 00029 ‘ssaiboid up uoneusleQg ([I9M 1S0IBON IlepnO sweisAg ureig wiols [el5r4 €61

w e6

M_n oom_mv 1 005—00€ ‘MD 01 yideq
€ 31w g'| epues ney
AN W g°{ ajen) yueqn3 g4vy ) S
Hd (wiie) ohosiy seseli] :10lem ooeUNS

nog Ol M ooe'e AN 1w |1 Arepunog g4vy MW G0 8# G4V 1IOM 188JedN IeANO swajsAs uelq uwiols ¥ee c5l

BN J00 SSUWNICA 55990y 150J€0N - ,S9iniegd jesyydeibooyy |
jo ealy pawinssy




Wd 1%°€ 96/17/£0

leY

D0 T VBLBEYINS/AMMG/INY

punodwoo ouebio ayejoa D0A
punodwiod
ouebio siejoONWeS  DOAS
wnjuen pajajdsp UOIO. JeyLN) OU VAN sue | abeio)g punoiblepun 1sn
ueyj 1ayjo epljonuoipes avy ajqejieAe jou vN Jeyodsuen
uogIes0IpAy wnajoned OHd QUBY10I0|YoU) VoL abeyoed oweinsuen Mydnyl
1Ausydiq payeunojyofjod a0d suonpuos Buyeledo feuouqe o0V auayIa0I0jyaLL 301
(syes) eow (S)W sa.nbyy weoyubis om} 03 papunoy aueyeoIofyaul VoL
(sjuawbel)) jelow 4N ANy |BOIUYDB L vi
(posiedsip) [elow awn agepeae jou N SHIOM .
punodwod ouebiou ol 801AI9S 158104 SolRIS palluny  S4ASN wawgeas) paumQ Aoliand  MLOd
(swewBeyy) (s)omsoidxe ybiy  (d4) 3H : ° 1Ausydiq pereunojyaiiod g0d
19¥8M doBNNS MS (pasiedsip) (s)eaisoidxa ybiy (@) aH O2IXBIN MBN 8IS 1S9, EpBASN SIiN
seb aoepnsqns nss (s)ensodxe ybiy IJH /seuojejogen] [eUCHEN BIPUES WN/INS walsAg |esodsiq sisem pinbim - saml
131BMpPUNOIB MO wniuen pajajdep na askeq 92104 My PUBUIY  g4WM ‘ 3H
alsem paunq ma a|qeIoBlXe ploglenau 3seq  W/NE Mo "3aa
¥ 00S-00€ :MD 0} Widea
3 W §°| eipueg Jne4
(ous JM50
" AN w1 |en juegn3y g4vy ofouy sesel) a01em 8depNg
painuap! Ajusoel) MSS
g 8|qE|I_AY JION diqeeAy IoN 3N tw §°0 Arepunog gdv W 0 9# 47X HOM I1SIBaN dwng x629 Buiping 9/e LS5}
.w_uos 290 vo.Es_o>, e .$6920Y JseieaN injea4 jeopdeiBosn o 0N0g 918 osn ised
. : JUIB3UO Gl . et E
JO BaIY pIUINSSY i

‘sjendoiddeur sesn 18UJ0 8yeW SIaqUINU aSaUj} YIIM PaJBID0SSE SeiUieNadul "Suolipuod Bulpunog aulwislep o} Ajuo pesn aiem pue Areuiwneld are ejep esey |

orli-v3/300

SBJIS UONEBIOISOY [BJUSWUOIIAUT OJIX8)N MBN/S8lIoleloqe] [euoieN eipues

(papnpouo)) L-y s|qeL




DOE/EA-1140

Table A-2 .
Estimated Volumes and Potential Range of Treatments Assumed for Environmenta
Restoration Sites at Sandia National Laboratories/New Mexico

These data are preliminary and were used only to determine bounding conditions. Uncertainties associated with
these numbers make other uses inappropriate.

ER : .
Site Depth Assumed feet Treatable Volume Assumed Corrective
No. | No, Description (meters)® | Areal Extent " (m?)" it (m%) Measure’
1 1 |Radioactive Waste 1(0.3) 12,000 (1,110) 12,000 (340) Dand A
Landfill
2 2 |Classified Waste Landfill 1(0.3) 110,000 (9,962) 110,000 (3,115) Dand A
3 3 |Chemical Disposal Pit 1(0.3) 12,000 (1,148) 0 NFA
4 4 |LWDS Surface 1(0.3) 36,000 (3,304) 0 NFA
Impoundments
5 5 {LWDS Drainfield (TA-V) 1(0.3) 4,700 (435) 0 NFA
6 6 |Gas Cylinder Disposal 1{0.3) 800 (74) 0 NFA
Pit
7 7 |Gas Cylinder Disposal 1(0.3) 310,000 (28,900) 310,000 (8,778) DandA
(Arroyo del Coyote)
8 8 |Open Dump (Coyote 0.1 (0.03) 580,000 (53,775) 58,000 (1,641) DandC
Canyon Blast Area)
9 9 [Burial Site/Open Dump NA 81,000 (7,517) 4,700 (133) © Dand A
(Schoolhouse Mesa) —
10 | 10 |Burial Mounds (Bunker 0.1 (0.03) 3,100,000 (288,603) | 310,000 (8,778) Dand A
Area N. Pendulum Site}
11 11 |Explosive Burial Mounds 0.1 (0.03) 68,000 (6,328) 6,800 (193) Dand B
12 | 12 {Burial Site/Open Dump 0.1 (0.03) 580,000 (53,848) 58,000 (1,642) DandA
(Lurance Canyon)
13 | 13 |Oil Surface 30 (9.1) 7,800 (729) 240,000 (6,795) B
Impoundment (Lur. Can.
Burn 8.)
14 { 14 |Burial Site (Bidg. 9920) 8(2.4) 63,000 (5,844) 500,000 (14,158) DandC
15 | 15 |Trash Pits {Frustration 1(0.3) 110,000 (9,861) 0 NFA
Site)
16 | 16 |Open Dumps (Arroyo del 0.1 (0.03) 860,000 (80,148) 86,000 (2,435) Dand A
Coyote)
17 | 17 |Scrap Yards/Open Dump 1(0.3) 330,000 (30,520) 0 NFA
(Thunder Range)
18 | 18 |Concrete Pad (active) 0.1 (0.03) 49,000 (4,584) 5,000 (142) Dand A
19 | 19 | TRUPAK Boneyard NA 170,000 (15,897) 5,000 (142) € DandC
Storage Area
20 | 20 jSchoolhouse Mesa Bum 1(0.3) 7,900 (733) 0 NFA
Site
21 21 |Metal Scrap (Coyote 1(0.3) 43,000 (3,961) 0 NFA
Springs) .
22 | 22 {Storage/Burn (West of 1(0.3) 1,800 (166) 0 NFA
DEER)

Refer to footnotes at end of table.

AL/12-95/WP/SNL:R3878A1.DOC A'28 03/21/96 3:.41 PM




Table A-2 (Continued)
Estimated Volumes Potential Range of Treatments for Environmental Restoration Sites
at Sandia National Laboratories/New Mexico

DOE/EA-1140

These data are preliminary and were used only to determine bounding conditions. Uncentainties associated with
these numbers make other uses inappropriate.

ER
Site Depth-Assumed fest Q Treatable Volume Assumed Corrective

No. | No. Description (meters)” Areal Extent #* {m’) #(m’y Measure

23 | 23 |Disposal Trenches (Near 1(0.3) 700,000 (65,166) <35 (<1) C
Tijeras Arroyo)

24 | 25 |Burial Site (South of 1(0.3) NA 0 NFA
TA-1)

25 | 26 |Burial Site (West of 1(0.3) 1,800,000 (168,087) 0 NFA
TA-H))

26 | 27 |Bidg. 982034Animal 1(0.3) 5,700 (528) 0 NFA
Disposal Pit

27 | 28 {Mine Shafts 1(0.3) 7,000 {653) 0 NFA

28 | 30 [PCB Spill (Reclamation 5(1.5) 240,000 (21,861) | 1,200,000 (33,980) A
Yard)

29 | 31 |Electricai Transformer 1(0.3) 1,400 (128) 0 NFA
Oil Spill (TA-111)

30 | 32 |Steam Plant Oil Spill 1(0.3) 9,600 (894) 0 NFA
(TA-l)

3 33 |Motor Pool Qil Spill 1(0.3) 81,000 (7,544) 40 (1.1) B
(TA-1) .

32 | 34 |Centrifuge Oil Spill 1(0.3) 7,000 (649) <35 (<1) B
(TA-ID

33 | 35 |Vibration Facility Qil Spill 1(0.3) 1,000 {(97) 0 NFA
(TA-II)

34 | 36 {Oii SpilllkHERMES NA 2,000 (186) 160,000 (4,53())'3 A
(TA-V)

35 | 37 {PROTO Oil Spill (TA-V) 1(0.3) 990 (92) 0 NFA

36 | 38 |Oil Spills (Bldg 9920) NA 600 (56) 7,200 (204) e B

37 | 39 |[Oil Spill-Solar Facility 1(0.3) 700 (65) o] NFA

38 | 40 |Oil Spill (6000 Igloo 1{0.3) 700 (65) 0 NFA
Area) :

39 | 41 |[Building 838 Mercury 1(0.3) 6,100 (569) 0 NFA
Spill (TA-1)

40 | 42 |]Acid Spill Water NA 20,200 (1,877) 530 (15) e c
Treatment Facility (TA-1)

41 Radioactive Material NA 4,900 (453) 1.700 e DandC
Storage Yard (TA-1l) /700 (48)

42 Decontamination NA 29,000 (2,669) 1,400 (40) e C
Site/Uranium Calibration '
Pit (TA-H)

43 | 45 |Liquid Discharge (Behind 0.1 (0.03) 78,000 (7,257) 7,800 (221) Dand A
TA-IV) .
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Table A-2 (Continued)
Estimated Volumes Potential Range of Treatments for Environmental Restoration Sites
at Sandia National Laboratories/New Mexico

DOE/EA-1140

These data are preliminary and were used only to determine bounding conditions. Uncertainties associated with
these numbers make other uses inappropriate.

ER : .
Site . Depth Assumaed feet e . Treatable Volume Assumed Corrdective

Ne. | No. Description (moeters)’ Areal Extent 2 (m’) 1 (m’y Measure

44 | 46 |Old Acid Waste Line 1(0.3) 48,000 (4,482) 48,000 (1,359) A
Outfall (Tijeras Arroyo)

45 | 47 |Unmanned Seismic 1(0.3) 2,100 (196) 0 NFA
Observatory

46 | 48 |Bidg. 904 Septic System 1(0.3) 20,000 (1,892) 0 NFA
(TA-Il)

47 | 49 |Bldg. 9820 Drains 1(0.3) 8,700 (801) 0 NFA

48 | 50 |Old Centrifuge Site 1(0.3) 17,000 (1,570) 0 NFA
(Tijeras Arroyo)

43 | 51 |Bidg. 6924 Pad, Tank, NA 6,700 (624) 9,100 (258) ° A
Pit ]

50 | 52 |LWDS Holding Tanks 1(0.3) 25,000 (2,344) 0 NFA
(TA-V)

51 53 |Bldg. 9923 Storage lgloo 1(0.3) 1,500 (137) 0 NFA

52 | 54 |Pickax Site (Thunder 0.1 (0.03) 18,000,000 1,800,000 (50,471) C
Range) (1,715,139)

53 | 55 }Red Towers Site 0.1 (0.03) 73,000 (6,768) 7,300 (207) DandC
(Thunder Range)

54 | 56 [OId Thunderwells 1(0.3) 1,800 (165) 0 NFA
(Thunder Range)

55 | 57 |Workman Site 0.1 (0.03) 430,000 (40,105) 43,000 (1,218) D

56 58 [Coyote Canyon Biast 0.1 (0.03) 1,700,000 (153,629) 170,000 (4,814) Dand A
Area

57 | 59 {Pendulum Site 1(0.3) 8,800 (817) 0 NFA

58 | 60 {[Bunker Area (N. of 0.1 (0.03) 10,000 (924) 990 (28) DandC
Pendulum Site})

59 | 61 {Schoolhouse Mesa Test 1(0.3) 4,200,000 (393,438) 0 NFA
Site

60 | 62 |Graystone Manor 1(0.3) 50,000 (4,607) 0 NFA
(Coyote Springs)

61 | 63 |Balloon Test Area 0.1 (0.08) 540,000 (49,779) 54,000 (1,529) DandC

62 | 64 |Gun Site (Madera 1(0.3) 110,000 (10,645) 0 NFA
Canyon)

63 | 65 |Lurance Canyon 0.1 (0.03) 2,900,000 (273,879) | 290,000 (8,212) DandC
Explosive Test Site

64 | 66 |Boxcar Site 1(0.3) 280,000 (26,001) 0 NFA

65 | 67 |Frustration Site NA 700 (65) <35 (<1) DandC

66 | 68 |[Oid Burn Site NA 280,000 (26,228) 1,700 (48) - Dand A

67 | 69 |{Old Borrow Pit 1(0.3) 42,000 (3,924) 0 NFA

68 | 70 |Explosives Test Pit -1(0.3) 17,000 (1,547) 0 NFA
(Water Towers)
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Table A-2 (Continued)
Estimated Volumes Potential Range of Treatments for Environmental Restoration Sites
at Sandia National Laboratories/New Mexico

These data are preliminary and were used only to determine bounding conditions. Uncertainties associated with
these numbers make other uses inappropriate.

ER
Site Depthr Assumed feet - , 5 Treatable Vglume .~ Assumed Corrdective

No. | No. ... Description (moters)’ Areal Extent f (m®) #> (m) Measure

69 | 71 |Mooniight Shot Area 1(0.3) 3,600,000 (336,328) 0 NFA

70 | 72 |Operation Beaver Site 1{0.3) 31,000 (2,904) 0 NFA

71 | 73 |Hazardous Waste 1(0.3) 16,000 (1,449) 0 NFA
Repackaging/Storage
(Bldg. 895)

72 | 74 |Chemical Waste Landfil 20 (6.1) 83,000 (7,686) 934,000 Dand A E

‘ (26,459)

73 | 76 |Mixed Waste Landfill 15 (4.6) 110,000 (9,948) 1,650,000 (46,717) E
{TA-N)

74 | 77 |Oil Surface 1(0.3) 7,600 (704) 0 NFA
impoundment (Tijeras
Arroyo)

75 | 78 |Gas Cylinder Disposal 3(0.9) 20,000 (1,862) 60,000 (1,698) DandC
Pit (TA-11)

76 | 81 }New Aerial Cable 0.1 (0.03) 1,100,000 (104,505) | 110,000 (3,115) DandC
Site/Buriai
Site/Dump/Test Area

77 | 82. |Old Aerial Cable Site 0.1(0.03) 1,300,000 (118,696) | 130,000 (3,681) DandC
Scrap

78 | 83 |Long Sled Track (TA-IIl) NA 10,200,000 (944,318)| 5,000 (142) Dand A

79 | 84 |Gun Facilities (TA-ill) 0.1 (0.03) 62,000 (5,715) 6,200 (176) DandC

80 | 85 |Firing Site (Bldg. 9920) 0.1 (0.03) 580,000 (54,084) 58,000 (1,642) Dand A

81 | 86 |Firing Site (Bldg. 9927) NA 8,000 (743) <35 e(<1) DandC

82 | 87 |Building 9990 (Firing 35(10.7) 7,100 (656) 250,000 (7,059) DandC
Site)

83 | 88 |Firing Site (SW of Coyote 1(0.3) 680,000 (62,849) 0 NFA
Springs)

84 | 89 |Shock Tube Site 1(0.3) 124,000 (11,534) 0 NFA
(Thunder Range)

85 | 90 |Beryllium Firing Site 1{0.3) 6,900 (638) 6,900 (195) DandC
(Thunder Range)

86 | 91 [Lead Firing Site (Thunder| . 0.1 (0.03) 43,000 (3,958) 4,300 (122) DandC
Range)

87 | 92 |Pressure Vessel Test 1(0.3) 50,000 (4,690) 0 NFA
Site (Coyote Canyon
Blast Area)

88 | 93 jMadera Canyon Rocket 1{0.3) 66,000 (6,135) 0 NFA
Launcher Pads

89 | 94 |Lurance Canyon Bumn 0.1 (0.03) 750,000 (69,221) 75,000 (2,124) Dand A
Site ’
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Table A-2 (Continued)
Estimated Volumes Potential Range of Treatments for Environmental Restoration Sites
at Sandia National Laboratories/New Mexico

DOE/EA-1140

These data are preliminary and were used only to determine bounding conditions. Uncertainties associated with
these numbers make.other uses inappropriate.

ER
Site Depih Assumed feet . Treatable Volume Assumed Corrective

No. | Ne. | Description {meters)’ - Areal Extent f (m’) #2(m’)’ Measure’

90 96 |Storm Drain System 1(0.3) 27,000 (2,508) 27,000 (765) A

91 | 98 |Bldg. 863 TCA, 0.1 (0.03) 16,000 (1,486) 1,600 (45) A
Photochem. Releases:

92 | 100 |Building 6620 HE 1(0.3) 1,600 (148) 0 NFA
Sump/Drain (TA-Ill)

93 | 101 |Explosive Contaminated 1(0.3) 1,700 (158) 0 NFA
Sumps, Drains (Bidg.
9926)

94 | 102 |Radioactive Disposal 1(0.3) 6,900,000 (636,693) 0 NFA
(East of TA-Ill)

95 | 103 |Scrap Yard (Bldg. 9939) 10 (3.0) 1,300 (122) 13,200 (373) DandA

96 | 104 |PCB spill, Computer 1(0.3) NA 0 NFA
Facility

97 | 105 |Mercury (Bidg. 6536) 1(0.3) NA 0 NFA
(TA-1)

98 | 107 |Explosive Test Area (SE 1{0.3) 1,100,000 (105,578) 0 NFA
of TA-H)

99 | 108 |Firing Site (Bldg. 994) 0.1 (0.03) 76,000 (7,045) 7,600 (215) DandC

100 | 109 |Firing Site (Bldg. 9956) 10 (3.0) 2,300 (218) 23,000 (651) DandC

101 | 111 |Bidg. 6715 Sump/Drains 1(0.3) 450 (42) 0 NFA
{Area ill)

102 | 112 |Explosive Contaminated 1(0.3) 9,100 (846) 0 NFA
Sump (Bldg. 9956)

103 | 113 |Area |l Firing Sites 1(0.3) 17,000 (1,574) 0 NFA

104 | 114 |Explosive Burn Pit (Area 1(0.3) 12,000 (1,114) 0 NFA
)

105 | 115 |Firing Site {Bldg. 9930) 1(0.3) 7,400 (687) 7,400 (210) DandC

106 | 116 |Bldg. 9990 Septic NA 2,700 (249) <35 (<1) v A
System

107 | 117 |Trenches (Blidg. 9939) NA 22,000 (2,068) 12,000 (340) v DandC

108 | 135 |Bldg. 906 Septic System 1(0.3) 1,300 (124) 0 NFA

109 | 136 |Bldg. 907 Septic System 1(0.3) 32,000 (2,991) 0 NFA

110 | 137 |Bldg. 6540/6542 Septic 1(0.3) 53,000 (4,969) 0 NFA
System

111 | 138 |Bldg. 6630 Septic 1(0.3) 11,000 (1,025) 0 NFA
System

112 | 139 {Bidg. 9964 Septic 1(0.3) 3,400 (314) 0 NFA
System
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Table A-2 (Continued)

DOE/EA-1140

Estimated Volumes Potential Range of Treatments for Environmental Restoration Sites
at Sandia National Laboratories/New Mexico

These data are preliminary and were used only to determine bounding conditions. Uncertainties associated with
these numbers make other uses inappropriate.

ER
Site Deapth Assumed feet b Treatable Volume* ] Assumed Corrdective
No. | No. Description (meters)” Areal Extent & (i) # (m’y° - Measure
e

113} 140 |Bldg. 9965 Septic NA 3,300 (308) <35 (<1) C
System

114 | 141 |Bldg. 9967 Septic NA 4,000 (369) <35(<1)” B
System

115 | 142 |Bldg. 9970 Septic 1 (0.3) 2,800 (258) 0 -NFA
System )

116 | 143 |Bldg. 9972 Septic 1(0.3) 21,000 (1,906) 0 NFA
System

117 | 144 |Bldg. 9980 Septic 1(0.3) 18,000 (1,660) 0 NFA
System

118 | 145 |Bidg. 9981/9982 Septic 1(0.3) 28,000 (2,605) 0 NFA
System

119 | 146 |Bldg. 9920 Drain System 1(0.3) 2,000 (184) 0 NFA

120 | 147 {Bidg. 9925 Septic NA 35,000 (3,221) <35(<1)" A
System

121 | 148 |Bldg. 9927 Septic NA 2,000 (184) <35 (<1) " A
System

122 | 149 |Bldg. 9930 Septic 1(0.3) 11,000 (1,028) 0 NFA
System

123 | 150 |Bldg. 9939/9939A Septic NA 7,500 (693) <35 (<1) A
System

124 | 151 |Bidg. 9940 Septic NA 4,800 (447) <35 (<1)" A
System

125 | 152 |Bldg. 9950 Septic 1(0.3) 4,300 (400) 0 NFA
System

126 | 153 |Bldg. 9956 Septic NA 18,000 (1,654) <35 (<1)" A
System

127 | 154 |Bldg. 9920 Septic 1(0.3) 19,000 (1,758) 0 NFA
System

128 | 159 |Bldg. 935 Septic System 1(0.3) 1,500 (141) 0 NFA

129 | 160 |Bldg. 9832 Septic 1{0.3) 7,100 (664) 0 NFA
System

130 | 161 |Bldg. 6636 Septic 1(0.3) 11,000 (1,020) 0 NFA
System

131 | 165 |Bldg. 901 Septic System 1(0.3) 26,000 (2,415) 0 NFA

132 | 166 |Bldg. 919 Septic System 1(0.3) 5,000 (472) 0 NFA

133 | 167 |Bldg. 940 Septic System 1(0.3) 3,200 (301) 0 NFA
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Table A-2 (Continued)
Estimated Volumes Potential Range of Treatments for Environmental Restoration Sites
at Sandia National Laboratories/New Mexico

DOE/EA-1140

These data are preliminary and were used only to determine bounding conditions. Uncertainties associated with
these numbers make other uses inappropriate.

ER
Site Depth:Assumed feet - Treatable Volume |  Assumed Corractive

No. | No. | Description (meters)” Areal Extent % (m?)" #(md)” Measure’

134 | 186 |Bldg. 859 TCE Disposal 0.1 (0.03) 11,000 (890) 1,100 (31) B

135 | 187 | TA-l Sanitary Sewer 1(0.3) NA 270,000 (7,646) C
Lines

136 | 188 |Bldg. 6597 Aboveground 1(0.3) NA 0 NFA
Containment Spill Tank

137 | 190 |Steam Plant Tank Farm 1(0.3) 130,000 (11,630) 130,000 (3,681) B

138 | 191 [Equus Red 0.1 (0.03) 93,000 (8,598) 9,300 (263) Dand C

139 | 192 |TA-l Waste Oil Tank 1(0.3) 9,400 (875) 9,400 (266) B

140 | 193 |Sabotage Test Area 1(0.3) 2,200 (203) 2,200 (62) DandC

141 | 194 |General Purpose Heat 1(0.3) 18,000 (1,709) 0 NFA
Source Test Area

142 | 196 |Bidg. 6597 Cistern NA 1,700 (155) 9,800 (278)° B
(TA-V) .

143 | 211 |Bidg. 840 Former UST 1(0.3) NA 0 NFA
(TA-1)

144 | 226 |Old Acid Waste Line 1{0.3) NA 27,000 (765) C
(TA-))

145 | 227 | Bunker 904 Outfall 1(0.3) 9,000 (839) 9,000 (255) Dand A
(Tijeras Arroyo)

146 | 228 | Centrifuge Dump Site NA 310,000 (29,020) 5,000 (142) © C

147 | 229 |Storm Drain System 1(0.3) 4,800 (445) 4,800 (136) A
Quitfall

148 | 230 |Storm Drain System 1(0.3) 4,400 (412) 4,400 (125) A
Quifall

149 | 231 | Storm Drain System 1(0.3) 1,900 (172) 1,900 (54) A
Qutfall

150 | 232 |{Storm Drain System 1(0.3) 1,600 (144) 1,600 (45) A
QOutfall

151 | 233 |Storm Drain System 1(0.3) 900 (84) 900 (25) A
Qutfall

152 | 234 |Storm Drain System 1(0.3) 3,300 (311) 3,300 (93) A
Qutfall

153 | 235 |Storm Drain Systems 1(0.3) 62,000 (5,736) 62,000 (1,756) A
Qutfall

154 | 240 |Short Sled Track NA 890,000 (82,878) 5,000 (142) ° DandCorE

155 | 241 |Storage Yard 0.1 (0.03) 40,000 (3,684) 4,000 (113) C

156 | 275 | TA-V Seepage Pits 1(0.3). 1,200 (34) NA Unknown
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. Table A-2 (Concluded)
Estimated Volumes Potential Range of Treatments for Environmental Restoration Sites
at Sandia National Laboratories/New Mexico

These data are preliminary and were used only to determine bounding conditions. Uncertainties associated with
these numbers make other uses inappropriate.

ER

Site Depth'Assumed feet | ' : Treatable Volume . ~Assumed Corgéc’tive
No. | No.: ‘Description (meters)” - | Areal Extent? (m) | - ¥ (mY) " Measure
157 | 276 |Building 829X Sump ‘ 1(0.3) Not available Not available Unknown

*Site descriptions were used to estimate contaminant depth if possible. Sites without sufficient information were assumed to have
contaminants evenly distributed in the soil to a depth of 1 foot (ft). If specific information on contaminant distribution allowed a different
E:-stimate depth to be made, that depth is noted here.

Areal extent estimates in square feet (ff') extracted from unpublished interim reports in the SNLUNM ER Project files, 1994 are
rounded to two significant figures. Rounding may introduce apparent inconsistencies in unit conversions.
:Treatable volume estimates in cubic feet (f°) based on assumed average 1-ft depth unless otherwise indicated in column 3.

All sites considered are potential candidates for no further action (NFA) designation depending on site characterization results. Other
letters represent treatment options assumed to be used for this EA analysis. Actual selected site corrective measures may differ.
Treatment options are:

A = Excavation and thermal desorption D = Removal and Decontamination

B = Bioremediation at ER Site . E = Closure in place (Capping/Institutional Controls)

C = Soil washing and stabilization

*Treatable volume was conservatively estimated for this site by SNL/NM Environmental Restoration task leader responsible for site at
the time this EA was prepared. Actual treatable volumes may differ as new information is obtained on the sites.

"The Chemical Waste Lanfill is expected to be only partially excavated. The treatable volume is estimated to be about 934,000 f
rather than the 10,800,000 fuli volume of the site shown in Table A-1 (Fish, 1995).

DEER =

HE = high explosives

LWDS = Liquid Waste Disposal System
NA = not available

NFA = no further action

PCB = polychlorinated biphenyl

TA = Technical Area

TCA = trichloroethane

TCE = trichloroethene

TRUPAK = transuranic package transporter
usT = Underground Storage Tank
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DOE/EA-1140

Major Assumptions

Numerous assumptions have been made in preparing this document. This appendix identifies
the major assumptions on which the impact analysis has been based. Assumptions have also
been made where relevant data are currently unavailable or for the purpose of generating
models. More detailed assumptions relating to treatment facility design, modeling, and risk
assessment are found in appendices and supplemental volumes relating to those sections.

1.

For this assessment, as shown in Appendix A, Table A-1, an original estimate of
73 Environmental Restoration (ER) Project sites were assumed to qualify for no
further action (NFA) status. As of December 1995, 64 of the currently estimated
157 Sandia National Laboratories/New Mexico (SNL/NM) ER Project sites are
expected to be designated as NFA sites and, therefore, would not require further
corrective measures. NFA sites were not assumed to contribute to human health
risks because they would have to meet U.S. Environmental Protection Agency
(EPA) criteria to protect public health in order to be designated NFA sites.

More definitive information on the extent of contaminants of concern (CoCs) at
the ER Project sites would become available over the next four years as the
Resource Conservation and Recovery Act facility investigations are completed.

Treatment technologies with potential impacts equal to or less than those
technologies analyzed in this Environmental Assessment (EA) would be covered
by the risk analysis although they may not be specifically discussed in the EA.

At least 80 percent of the soil volumes subject to treatment consist of
contaminated soils.

Any potential contaminants of concern (CoCs) identified in historical documents
could be present at a given site.

Thermal desorption and off-gas treatment would accomplish complete thermal
destruction of hazardous organics. High efficiency particulate air (HEPA)
filtration on treatment units would remove 99.99% of the particulate contaminants
from exhaust air.

Soil washing would result in a waste volume reduction of 25 percent.

For risk evaluation, data collected from example sites are used to represent
comparable sites for which data are not available.

The entire ER Project would be completed in 10 years. On the average, ER
Project activities at any given site will take one year.
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10. In order to qualify for NFA designation, ER Project sites would carry a long-term
lifetime excess cancer risk to members of the public acceptable to ESPA. This
assessment assumes that EPA would accept risks less than 1 x 107,

11. Risks to workers at voluntary corrective measures (VCMs) and corrective action
sites would be controlled by Occupational Safety and Health Administration,
Department of Energy, and SNL/NM safety criteria.

12. Land use would continue as it is currently for the next 100 years. SNL/NM sites
would continue to be designated for industrial use and their present recreational
use.

13. Receptors would be those members of the public and workers who are currently
exposed.

14. Current operations on lands occupied by SNL/NM and Kirtland Air Force Base
would not change significantly over the next 100 years.

AL/12-95/WP/SNL:R3878BC.DOC B‘2 © 03/21/96 3:55PM
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Correspondence with Federal and State Agencies

The U.S. Department of Energy has corresponded with the following agencies regarding
corrective action activities at Sandia National Laboratories/New Mexico Environmental
Restoration Project sites:

¢ Kirtland Air Force Base, 377th ABW/EM.
e Kirtland Air Force Base, AAMESH.
e New Mexico Department of Game and Fish.

¢ New Mexico Energy, Minerals and Natural Resources Department, Forestry and
Resource Conservation Division.

e U.S. Fish and Wildlife Service, Ecological Services.
e State of New Mexico Office of Cultural Affairs, Historic Preservation Division.

Correspondence on cultural resources and sensitive/endangered species is provided in this
appendix in chronological order.

AL/12-9S/WP/SNL:R3878BC.DOC C'1 03/2196 3:55PM
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United Statés Government

Department of Energy

Albuquerque Operations Office

memO ran d U m Kirtland Area Office

REPLY TO
ATTN OF:

SUBJECT:

TO:

AUG 138 1554
KAQ:ESH:SDL

Cultural Resource Surveys and Sensitive Species Surveys for Two Geophysical
Study Sites at Sandia National Laboratories, New Mexico

T. A. Wolff, SNL 7258, MS 1037

This memorandum is to inform you that the Department of Energy has consulted
with the U. S. Forest Service on the subject surveys. We have been informed
by Mr. John Hayden that the subject activities do not constitute an undertaking
as defined in Section 106 of the National Historic Preservation Act. If you have

any questions regarding this information, please contact Susan Lacy of my staff

at 845-5542.
/
% P
George K. Laskar
Assistant Area Manager
Environment, Safety and Health
cc:
J. M. Harris, SNL 7258, MS 1037 o NG
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Sandia National Laboratories

P.O. Box 5800
Albugquerque, New Mexico 87185-1037

August 29, 1994

George Laskar

Assistant Area Manager, Environment, Safety and Health
US Department of Energy, Kirtland Area Office

PO Box 5400, MS 0184

Albuquerque, NM 87185-0184

Dear Mr. Laskar:

Subject: Transmittal of "Cultural Resource Surveys of 6.84 Acres for Sandia National Laboratories,
Environmental Restoration, Sitewide Drill Locations Number 1 and 2, Kirtland Air Force
Base, New Mexico"

The attached cultural resources survey report, "Cultural Resource Surveys of 6.84 Acres for Sandia
National Laboratories, Environmental Restoration, Sitewide Drill I .ocations Number 1 and 2,
Kirtland Air Force Base, New Mexico," was prepared by Steven R. Hoagland. The report discusses
site surveys for two out of six drilling locations as described in the accompanying National
Environmental Policy Act (NEPA) environmental checklist/action description memorandum
(ECL/ADM) SNA-92-034-006 "Site-Wide Hydrogeologic Characterization 1994 Drilling Project."
As noted in the memo dated Aug. 22, 1994, John Weckerle of the SNL NEPA team reviewed the
ECL/ADM and considered the proposed action to be within the scope of the existing categorical
exclusion determination based upon ECL/ADM SNA-92-034 for site characterization.

The enclosed cultural resources survey report encompasses only sites one and two. Sites three
through six will be surveyed separately prior to any drilling activities. Based upon the survey results,
the archaeologist indicates that there are no significant intact cultural resources located in the area of
potential effect (sites one and two). As noted in the ECL/ADM, the proposed drilling sites are on
US Air Force owned property.

The Department of Energy (DOE) may wish to consult with the Air Force and/or the State Historic
Preservation Officer (SHPO) regarding compliance with the National Historic Preservation Act.

Exceptional Service in the National Interest







George Laskar 2 August 29, 1994

Please inform me of the results of any consultations between the DOE and other federal agencies or
the State Historic Preservation Officer (SHPO) under the National Historic Preservation Act
regarding the proposed drilling at sites one and two.

Sincerely,

M. Harris
A Specialist
sk Management and NEPA

JMH:7258:jmh

enc.:
(1) (Five copies) LA Project/Activity Record

(2) (Five copies) "Cultural Resource Surveys of 6.84 Acres for Sandia National Laboratories,
Environmental Restoration, Sitewide Drill Locations Number 1 and 2, Kirtland Air Force Base, New
Mexico," by Steven R. Hoagland, dated June 1994

(3) (Two copies) Memo dated August 22, 1994 from John E. Weckerle to Sue Collins and Clifford
Jarman regarding ECL/ADM SNA-92-034-006

(4) (Two copies) ECL/ADM SNA-92-034-006

Copy to (w/o enc.):

Susan Lacy, Chemical Engineer

Environment, Safety and Health

US Department of Energy, Kirtland Area Office
PO Box 5400, Mail Stop 0184

Albuquerque, NM 87185-0184

Deborah A. Garcia

US Department of Energy, Kirtland Area Office
PO Box 5400, Mail Stop 0184

Albuquerque, NM 87185-0184







George Laskar

cc with one copy of enc. (1) and (2) only:

"MS 1037 Ted A. Wolff, 7258
NEPA Records (SNA-92-034-006)

cc (w/o enc.):

MS 0876 Nettie L. Jones, 7312
MS 0876 Linda A. Campbell, 7312
MS 1348 Clifford Jarman, 7585
MS 1348 Dick Fate, 7585

MS 1350 Caroline Byrd, 7584
MS 1350 Sue Collins, 7584

MS 1350 John McCord, 7584
MS 1350 Michael Mitchell, 7584
MS 1037 Joan M. Harris, 7258
Cultural Resources Records

Day File, Harris

August 29, 1994







Department of Energy
Field Office, Albuquerque -
~ Kirtland Area Office
P.O. Box 5400
Albuquerque, New Mexico 87115

ROV ¢4 1934

Ms. Chris Tuttle
377 ABW/EM
Kirtland Air Force Base, NM 87117

Ms. Tuttle:

Enclosed for your review and transmittal to the State Historic Preservation
Officer are the following Cultural Resource Surveys:

Cultural Resource Surveys of 7.34 Acres for Sandia National Laboratories,
Environmental Restoration, Sitewide Drill Locations Number 3 and 4.

Five copies of the document are enclosed. If you have any questions regarding
this information, please contact Susan Lacy of my staff at 845-5542. Thank

you for your assistance.

Sincerely,

€

George K. LaSkar
Assistant Area Manager
Environment, Safety and Health

Enclosure

cc w/o enclosure:
T. A. Wolff, SNL 7258, MS 1037
- J. M. Harris, 7258, MS 1037







.Department of Energy
Field Office, Albuguerque
Kirtland Area Office
P.O. Box 5400
Albuquerque, New Mexico 87115

NOV 1 ¢ 1934

Ms. Chris Tuttle
377 ABW/EM
Kirtland Air Force Base, NM 87117

Ms. Tuttle:

Enclosed for your review and transmittal to the State Historic Preservation
Officer, the U. S. Forest Service, and other agencies as appropriate, are the
following Cultural Resources and Sensitive Species Survey:

Report on the Sensitive Species Survey at ER Site 87 (Building 9930).

Cultural Resource Survey of 148 Acres for Sandia National Laboratories,
Environmental Restoration Site 87 North, Kirtland Air Force Base, New Mexico.

Five copies of the document are enclosed, each of which includes an addendum
containing a biological survey. If you have any questions regarding this
information, please contact Susan Lacy, NEPA Compliance Officer, at 845-5542.

Thank you for your assistance.

Sincerely,

~eo«7€ . Zn

George K. Laskar
Assistant Area Manager
Environment, Safety and Health

Enclosure

cc w/o enclosure:

T. A. Wolff, SNL 7258, MS 1037
J. M. Harris, SNL 7258, MS 1037
D. Nargelovic, SNL 7258, MS 1037







Sandia National Laboratories

Albuquerque, New Mexico 87185-1037
date: Feb. 2, 1995

to: Ted Wolff, 7258, MS 1037

& //—\/
/77 7/%
from: Joan' M. Harris, 7258, MS 1037
/
subject: Cly ral Resources Consultation Received for ER ADS 1309, Site 23

As required by Section 106 of the National Historic Preservation Act, the US Air Force has
consulted with the New Mexico State Historic Preservation Officer (SHPO) concerning the
“Voluntary Corrective Measure: Environmental Restoration Project - Tijeras Arroyo ADS
1309, Site 23.” The SHPO has concurred that the proposed undertaking will have no effect
upon historic properties. A copy of the SHPO’s letter is attached.

Please note that the SHPO has requested that all future requests for consultation should
include completed New Mexico Cultural Resource Information System (NMCRIS)
project/activity forms and site recording forms.

Copy to:

MS 1347 Fran Nimick, 7582

MS 1347 Jim Brinkman, 7582

MS 1348 R E. Fate, 7582

MS 1348 D. R. Bleakly, 7583

MS 1037 Joan M. Harris, 7258

MS 1037 Tim Sanchez-Brown, 7258

MS 1037 Ted Wolff, 7258

NEPA Records (SNA-94-089, and CRA-94-003)
Day File, Harris '

Exceptional Service in the National Interest
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STATE OF NEW MEXICO
OFFICE OF CULTURAL AFFAIRS -
HISTORIC PRESERVATION DIVISION

VILLA RIVERA BUILDING
228 EAST PALACE AVENUE
SANTA FE, NEW MEXICO 87503
(505) 827-6320

January 27, 1995

Major Scott E. Streifert, USAF
Director )
Environmental Management Division
‘Headquarters 377th Air Base Wing (AFMC)
377 ABW/EM
2000 Wyoming Boulevard, SE
- Kirtland Air Force Base, New Mexico 87117-5659

Re:  Environmental Restoration Project - Tijeras Arroyo ADS 1309, Site 23

Attn: Ms. Christine Tuttle

Dear Major Streifert:

At your request, the Historic Preservation Division has reviewed the results of a cultural
resources survey of the arca to be affected by the Department of Energy’s Voluntary
Corrective Measure: Environmental Restoration Project - Tijeras Arroyo ADS 1309, Site
23 on Kirtland Air Force Base. The results of this survey are described in a2 March 23,
1994 preliminary report prepared by Mr. Steven R. Hoagland, Butler Service Group, Inc.

The preliminary report describes a single isolated hearth feature of unknown cultural or
temporal affiliation located within the survey area. We concur with you determination
that this feature does not meet any of the criteria of eligibility for inclusion in the
National Register of Historic Places (36 CFR 60.4). It is our opinion that any
information potential of this feature will be (or has been) exhausted by formal recording.
Since no other properties entered in or determined eligible for inclusion in the National
Register are located in the vicinity, it is our opinion that this undertaking will have no
effect on any historic properties.

Changes in the scope or location of the proposed environmental restoration project will
require further review by this office. It is also possible that buried archaeological
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Major Scott E. Streifert, USAF
January 27, 1995
Page 2

manifestations will be uncovered by construction activities. If any such discaveries are
made, artifacts and features should be protected in place and this office notified
immediately of the find. Cultural resources discovered during construction will be
evaluated and treated in accordance with the provisions of 36 CFR Part 800.11.

To ensure proper recording of sitc and survey data from Kirtland Air Force Base, future
requests for State Historic Preservation Officer consultations. should include complcied
New Mexico Cultural Resource Information System (NMCRIS) project/activity forms
and site recording forms. This information should be submitted for this project as soon

as possible. Copies of these forms and the NMCRIS Users Guide may be obtained from

the Historic Preservation Division’s Archaeological Records Management Section.

Thank you for the opportunity to consult with you on the described undertaking.
Provided that you havc no further questions regarding our comments, this determination
of no effect should conclude our consultation on this matter.

W
- / -
k Y2

/. ichael Romerb
— tate Historfc Preservatiof Offiker

MRT:DER:slv/Log 45969

cc:  Susan Lacy

P. 003
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GRW -9 ~00]

Department of Energy
Albuquerque Operations Office
Kirtland Area Office
P. O. Box 5400
Albuquerque, New Mexico 87185-5400

April 25, 1995

Mr. Michael Romero Taylor
State Historic Preservation Officer
Office of Cultural Affairs

La Villa Rivera, Room 101

224 E. Palace Ave.

Santa Fe, NM 87501

Dear Mr. Taylor:

A cultural resource investigation has been conducted for the Sandia National
Laboratories/New Mexico (SNL/NM) Environmental Restoration (ER) Program. This
project involved a cultural resources survey and records review for approximately 2,445.4
acres of property situated throughout Kirtland Air Force Base (KAFB), New Mexico, and
included the survey or resurvey of 1635.8 acres of property and the reporting of previous
surveys for 809.6 acres of property. Lands surveyed for this project are owned by the
Department of Energy (DOE); Department of Defense (DOD); and the United States Forest
Service (USFS), Cibola National Forest withdrawn properties. The survey areas, methods,
site descriptions, results, and recommendations are contained in the enclosed report "Cultural
Resource Investisation for Sandia National Laboratories/New Mexico Environmental
Restoration Program, Kirtland Air Force Base, New Mexico."

The survey and records review resulted in the docurmentation of 31 new sites, 39 previously
documented sites inciuding, one potential historic district, and 128 isolated occurrences from
the SNL ER locales. One prehistoric site, eight historic, three prehistoric/historic and all of
the isolated occurrences are no longer thought to be significant as their research potential has
been mitigated through recordation. Twenty-nine of the prehistoric sites, including the three
sites which have been included into LA 107488, fifteen of the historic sites, thirteen of the
historic/prehistoric sites, and one site of unknown temporal affiliation are thought to be
eligible or potentally eligible to the National Register of Historic Places (NRHP).

Although the likelihood for significant remains is thought to be fairly limited for LA 47900,
and LA 107497, it is unclear whether the research potential has been exhausted; thus, they
are still considered potentially eligible to the NRHP. The vast majority of the cultural
resources sites are considered eligible under criterion (d), "likely to yield information
important in prehistory or history.” Four sites, however, are potentially eligible under
criterion (a), "associaton with an event that has made a significant contribution to the broad
patterns of our history™ (LA 105324 and Tech Area II), and/or criterion (c), "distinctive
characteristics of types, periods, and methods of construction” (LA 64556, LA 105324, LA
107498, and Tech Area II). LA 64556 is also thought to be eligible under criterion (d).
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Mr. Michacl Romero-Taylor 2 April 25, 1995

Tech Area I 1s also potentially eligible as a historic district under criterion (g), "properties
that have achieved significance within the last fifty years."

The Environmental Restoration Program is considering “undertakings” under Section 106 of
the National Historic Preservation Act to be activities carried out by the ER Program that
concern particular ER Sites. For instance, soil sampling and other characterization activities
within the boundaries of a particular ER Site would be considered an undertaking in the
discussion below.

Please note that all ER Sites discussed in this letter are sites located at the SNL/NM site.
The ER Site numbers discussed in this letter and the enclosed report are not continuous.
Three ER Sites at SNL/NM were not surveyed as part of this project. These are ER Sites
20, 61b, 225, and 275.

1. Environmental Restoration Sites Located in Areas Believed to Contain No Historic
Properties:

No historic properties were located within the boundanes of the foliowing environmental

restoration (ER) sites:
Sites: 4, 5,6, 7,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 22, 25, 26,
27, 28-S, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 45, 46, 47,
49, 50, 51, 52, 53, 54, 53, 56, 59, 64, 66, 68, 69, 70, 71, 72, 73, 74,
76, 77, 78, 81, 82, 83, 84, 85, 86, 89, 90, 51, 94, 96, 98, 100, 101,
103, 104, 103, 107, 108, 109, 111, 112, 114, 115, 116, 117, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152,
153, 154, 160, 161, 186, 187, 188, 190, 191, 192, 193, 194, 196, 211,
226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 240, 241,
and 242.

Note that ER Sites 21, 28-2, 28-6, 28-7, and 92, contain cultural resource sites, but these
cultural resources sites are no longer thought to be eligible to the NRHP.

The Department of Energy (DOE) has determined that environmental restoration activities of
the ER Sites listed above would have no effect upon historic properties because there are no
properties present in these areas that are considered eligible to the NRHP.

The DOE is requesting concurrence with this determination.

2. Environmental Restoration Sites Located in the Vicinity of Historic Properties:

Some ER Sites were found to contain properties that are considered eligible or potentially
eligible to the NRHP. (A table summarizing the historic properties in the vicinity of these
ER Sites is attached to this letter.) Although the enclosed report indicates that ER Site 102
does not contain any historic properties, on April 11, 1995, the Sandia Environmental
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Mr. Michael Romero-Taylor 3 ' Aprl 25, 1995

Restoration Program was informed that Steven Hoagland had discovered an historic drainage
ditch 1n the vicinity of ER Site 102. Because of this discovery, an addendum to the enclosed
report is in preparation.

2.1 Eaviroomental Restoration Sites in the Vicinity of Historic Properties Proposed for
“No Further Action:”
The following ER Sites are proposed for “no further action:”

Sites: 21, 23, 28-2, 28-3, 284, 28-6, 28-7, 28-8, 28-9, 28-10, 43, 44,

48, 62, 63-A, 63-B, 67, 88B, 92, 93¢, 113, 135, 136, 159, 165, 166, and

167.

Note that ER Sites 21, 28-2, 28-6, 28-7, and 92, were also discussed under Item 1, above, as
containing cultural resource sites, but these cultural resources sites are no longer thought to
be eligible to the NRHP,

“No further action” means that these sites are not proposed for ciean-up activities.
However, it will be necessary to take a small number of soil samples from each of these ER
Sites. Soil sampling will consist of a series of shallow, hand-dug, excavations ranging from
3 to 12 inches in diameter and from 1 to 12 inches in depth. None of the soil sampling will
be conducted within any of the associated cultural resource sites. The avoidance of historic
properties will be ensured by either (1) having an archeologist present at the ER Site during
the identification and marking of locations for soil sampling activities or (2) by consulting
with an archaeologist on the basis of existing maps showing ER Sites and Historic Properties
when identifying locations proposed for soil sampling.

The DOE has determined that although these ER Sites are located in the vicinity of historic
properties, the undertakings associated with soil sampling are expected to have no effect
upon historic properties because the properties will be avoided.

The DOE is requesting concurrence with this determination.

2.2 Environmental Restoration Sites in the Vicinity of Historic Properties Proposed for
Further Investigation and Possible Remediation:

Several ER Sites and potential ER Sites are located in the vicinity of historic properties and
also require further investigation and possible remediation. Proposals for remedial activities
do not exist now, but would be developed based on further geophysical and radiological
studies of these ER Sites. Specific impacts to the historic properties in the vicinity of these
ER Sites resulting from cleanup activities would have to be assessed on a site-by-site basis.

ER Sites requiring further investigation and possible remediation are:
Sites: 1, 2, 8, 57, 38, 60, 61, 65, 87, and 83A.

Potential ER Sites requiring further review and investigation are:
Sites: 238 and 239.

P. 004
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Mr. Michael Romero-Taylor 4 April 25, 1995

The Department of Energy has determined that site characterization work, such as
geophysical and radiological swudies, and soil sampling, would not affect historic properties
located in the vicinity of these ER Sites and potential ER Sites because the historic properties
would be avoided during sampling and characterization work. The avoidance of historic
properties will be ensured by either (1) having an archeologist present at the ER Site during
the identification and marking of locations for soil sampling or characterization activities or
(2) by consulting with an archaeologist on the basis of existing maps showing ER Sites and
Historic Properties when identifying locations proposed for soil sampling or characterization
activities.

If proposals for remedial activities are developed for any of the ER Sites listed in 2.1 or 2.2,
above, the DOE would evaluate the potential for effects to historic properties from the
proposed activities. No environmental restoration work, other than sampling and site
characterization, would be conducted in the vicinity of these historic properties until the DOE
has completed further consultations with your office.

The DOE is requesting your concurrence with the determination that soil sampling and
characterization activities would have no effect upon historic properties.

2.3 Environmental Restoration Sites within the Boundary of Technical Area II:

The following ER Sites are located within the boundaries of Technical Area II:
Sites: 1, 2, 43, 44, 48, 113, 135, 136, 159, 165, 166, and 167.

Of these, ER Sites 43, 44, 48, 113, 135, 136, 139, 165, 166, and 167 are proposed for no
further action (as discussed in 2.1, above). ER sites 1 and 2 require further investigation and
possible remediation (as discussed in 2.2, above).

If only Buildings 904 and 907 within Area II are considered to be eligible to the NRHP the
discussion above under 2.1 and 2.2 applies. If, however, Area II is considered to be eligible
to the NRHP as a district, then activities in these ER Sites can not be considered to have no
effect upon historic properties.

Assuming that SNL/NM Technical Area II is considered to eligible 1o the NRHP as a
district, the DOE has determined that the proposed ER activities, namely sampling and
characterization, carried out within the boundaries of Area IT have no adverse effect upon
historic properties. The ER activities of sampling and characterization are not expected to
have an adverse effect upon the characteristics or atiributes that may contribute to the historic
value of Area II.

If proposals for remedial activities are developed for any of the ER Sites within Area II, the
DOE would evaluate the potential for effects to historic propertes from the proposed
activities. No environmental restoration work, other than sampling and site characterization,







Mr. Michael Romero-Taylor 5 April 25, 1995

would be conducted in Area II untl the DOE has completed further consultations with your
office.

The DOE is requesting your concurrence with the determination that ER program activities
associated with ER Sites located within SNL/NM Technical Area II would have no adverse

effect upon historic properties.
3. Summary

In summary:
ER Sites listed in Section 1.0, above, are not considered to contain properties eligible
to the NRHP, therefore the DOE has determined that environmental restoration

activities at these sites should have no effect upon historic properties.

ER Sites listed in 2.1 are proposed for “no further action” under the ER program.
The DOE has determined that the site sampling activities proposed for the ER Sites
listed under 2.1 should have no effect upon historic properties because such properties
would be avoided. .

ER Sites listed under 2.2 require further sampling and characterization. The DOE
has determined that site sampling and characterization activities would have no effect
on historic properties because such properties would be avoided.

ER Sites listed under 2.3 are within the boundaries of SNL/NM Technical Area II. If
only Buildings 904 and 907 are considered to be eligible to the NRHP, the discussion
under 2.1 and 2.2 pertains to these ER Sites. If, however, Area II is considered to be
eligible as a district, the DOE has determined that ER sampling and characterization
activities at these ER Sites would have no adverse effect on historic properties. The
DOE believes that there woild be no adverse effect on historic properties because
these activities are not expected to affect the attributes or characteristics which may
contribute to the historic character of Area I

The DOE is requesting your concurrence with these determinations.

ER Sites listed in 2.2 require further environmental restoration characterization and sampling
before it can be determined what remedial actions, if any, may be required. It is not
possible to make a determinaiion of effect at this time for future remediarion or “clean up”™
activities that may be proposed for the ER Sites listed under 2.2. The DOE will consider
future undertakings at these ER Sites when such actions are proposed. The DOE will contact
your office for further consultation if activities other than sampling and/or characterization
are proposed for any SNL/NM ER Sites listed in section 2.2 of this letter.
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Mr. Michael Romero-Taylor 6 April 25, 1995

Thank you for your assistance. If you have any questions regarding this information/request,
please contact Susan Lacy of my staff at 845-3542.

Sincerely,
s ¢,
George K. Laskar

Assistant Area Manager
Environment, Safety and Health

Enclosure

cc w/enclosure:

C. Tuttle, 377 ABW/EM

U.S. Air Force, KAFB

F. Thompson, Cibola National Forest
U. S. Forest Service

P. 006







Department of Energy
Albuquergue Operations Office
Kirtland Area Office
P. 0. Box 5400
Albuguergue, New Mexico 87185-5400

JUN 2 2 155

Ms. Chris Tuttle
377 ABW/EM
Kirtland Air Force Base, NM 87117

Dear Ms. Tuttle:

Enclosed for consultation with the State Histnric Freservation QOfficer is a
package containing a description of a proposed undertaking at Environmental
Restoration Site 88B on Kirtland Air Force Base, New Mexico. We are
requesting a Determination of Effect and Consultation under Section 106 of the
National Historic Preservation Act. If you have any questions regarding this
information, please contact Susan Lacy of my staff at 845-5542. Thank you for
your assistance.

Sincerely,

WM,Q F AL

_ George K. Laskar
Assistant Area Manager
Environment, Safety and Health

Enclosure

cc w/o enclosure:
T. A. Wolff, 7258, MS 1037
J. M. Harris, 7258, MS 1037







377 ABW/EMC 3Jul9s
2000 Wyoming Blvd SE
Kirtland AFB NM 87117-5659

Mr. Michael Romero Taylor

State Historic Preservation Officer
Villa Rivera

228 East Palace Avenue

Santa Fe NM 87503

Dear Mr. Romero Taylor

Attached is a cultural resource survey of the Department of Energy (DOE)
Environmental Restoration Site §8B, which is located on Kirtland Air Force Base.
The attached report from Mr. Steven R. Hoagland recommends a determination of “no
adverse effect” upon historic properties. Although the potential exists to affect
cultural resources, the area of disturbance is expected to be small, and he
recommended that an archeologist monitor and observe the sampling.

My point of contact for questions on this proposed action i1s Ms. Christine Tuttle,
846-2808/5007. Ms. Susan Lacy, 845-5542, is the DOE point of contact.

Thank you for your prompt review of this project.

Respectfully

TERRY W. COOPER
Acting Chief, Compliance
Environmental Management Division

Attachment:
6 Jun 95 Ltr Sandia National Laboratories







Department of Energy
Albuguergue Operations Clfice
Kirtland Area Ofiice
P. O. Box 5409
Albuguergue, New Mexico 87185-5400
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Ms. Chris Tuttle
377 ABW/EM
Kirtland Air Force Base, NM 87117

Dear Ms. Tuttle:

Enclosed for consultation with the State Historic Preservation Officer (SHPO) is
the report "Cultural Resource Survey of nine Drill Locations for Sandia National
Laboratories/New Mexico, Sitewide Environmental Restoration Program, Kirtland
Air Force Base, New Mexico.” We believe the proposed undertaking would have
"no effect" upon historic properties. Six copies are enclosed, please forward
copies to the U.S. Forest Service, and to the SHPO.

If you have any questions regarding this information, please contact Susan Lacy
of my staff at 845-5542. Thank you for your assistance.

(aad W\M\

Assistant Area Manager
Environment, Safety and Health

Sinceﬁely,

Enclosure

cc w/o enclosure:
T. A. Wolff, 7258, MS 1037
J. M. Harris, 7258, MS 1037







Department of Energy
Albuquerque Operations Office
Kirtland Area Office
P. O. Box 5400
Albuguerque, New Mexico 87185-5400

L e

Ms. Chris Tuttle
377 ABW/EM
Kirtland Air Force Base, NM 87117

Dear Ms. Tuttle:

Enclosed for consultation with the State Historic Preservation Officer (SHPO) is
the report "Cultural Resource Survey of Twelve Borehole Drill Sites for Sandia
National Laboratories/New Mexico, Sitewide Environmental Restoration Program,
Kirtland Air Force Base, New Mexico." We believe the proposed undertaking
would have "no effect” upon historic properties. Four copies are enclosed,
please forward copies to SHPO.

If you have any questions regarding this information, please contact Susan Lacy
of my staff at 845-5542. Thank you for your assistance.

Sincerely,

eonge % ﬂ%«
/ [

George K. Laskar
Assistant Area Manager
Environment, Safety and Health

Enclosure
cc w/o enclosure:

T. A. Wolff, 7258, MS 1037
J. M. Harris, 7258, MS 1037
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Department of Energy
Alcuguerque Operations Office
P. O. Box 5400
Albuquergue, New Mexico 87185-5400
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Ms. Chris Tuttle
377 ABW/EM
Kirtland Air Force Base, NM 87117

Dear Ms. Tuttle:

Enclosed for consultation with the State Historic Preservation Officer (SHPOQO) is
the report "Cultural Resource Survey of Four Well and Five Borehole Drill Sites
for Sandia National Laboratories/New Mexico, Sitewide Environmental
Restoration Program, Kirtland Air Force Base, New Mexico." We believe the
proposed undertaking would have "no effect” upon historic properties. Six
copies are enclosed, please forward copies to the SHPO.

if you have any questions regarding this information, please contact Susan Lacy
of my staff at 845-5542. Thank you for your assistance.

Sincerely,

VAL

George K. Laskar
Assistant Area Manager
Environment, Safety and Health

Enclosure

cc w/o enclosure:
T. A. Wolff, 7258, MS 1037
J. M. Harris, 7258, MS 1037







Depariment of Energy
Albuguzrgque Operations Otiice
Kirtland Area Ottice
P. O. Box 5400
Aibuquerque, New Mexico 87185-5400

soP 16 19998

Ms. Chris Tuttle

377 ABW/EM

Kirtland Air Force Base, NM 87117

Dear Ms. Tuttle:

Enclosed for consultation with the State of New Mexico, State Historic
Preservation Officer (SHPQO), are six copies of the Cultural Resource Survey for
the proposed Sampling at Environmental Restoration Sites 63A and 63B. Please
transmit two copies to the SHPO, and two to the Forest Service. If you have

any questions regarding this information, please contact Susan Lacy of my staff

at 845-5542. Thank you for your assistance.

Sincerely,

i

George K. Laskar
Assistant Area Manager
Environment, Safety, and Health

Enclosure

cc w/o enclosure:
R. Erdman, KAQ, PPMB







United States Government Department of Energy

Alb erque Operations Office
memorandum e e Aoos Offics

JAN 39 w5
REPLY TO
ATTNOE: KAQO:ESHCB:SDL
SUBJECT: State Historic Preservation Officer Consultation on the Proposed
T0: Environmental Restoration Project at Sandia National Laboratories, New

Mexico
T. A. Wolff, 7315, MS 1037

Attached is the consultation letter from the State of New Mexico Historic
Preservation Officer on the Environmental Restoration Project for Sandia
National Laboratories, New Mexico. Please note that the Section 106
consultation process under the National Historic Preservation Act for this
undertaking is not complete. Please continue to provide the required
information to this office as directed in the attached letter to ensure
eventual closure of this consultation.

If you have any questions regarding this information, please contact
Susan Lacy of my staff at 845-5542.

e

George K. Laskar
Assistant Area Manager
Environment, Safety, and Health

Attachment

cc w/attachment:
J. Harris, 7315, MS 1037

cc w/o attachment:
J. Andrews, KAQ, MS 1037
M. Jackson, KAQ, MS 0184







STATE OF NEW MEXICO
OFFICE OF CULTURAL AFFAIRS
HISTORIC PRESERVATION DIVISION

GARY E. JOHNSON VILLA RIVERA BUILDING MICHAEL ROMERO TAYLOR
GOVERNOR 228 EAST PALACE AVENUE DIRECTOR

SANTA FE, NEW MEXICO 87503
(505) 827-6320

January 18, 1996

Mr. George Laskar

Assistant Area Manager
Environment, Safety and Health
Department of Energy
Albuquerque Operations Office
Kirtland Area Office

P.O. Box 5400

Albuquerque, NM 87185-5400

Dear Mr. Laskar:

We are writing in response to your request for consultation on the
proposed Sandia National Laboratories/New Mexico Environmental
Restoration (ER) project. We received your request last April; -
however, It appears that because of the oversized nature of the
archaeological survey report we misplaced it in our office. " We only
discovered this error on our part in November. - Since then, David~
Cushman of our staff has spoken to Mr. John Andrews of the DOE about
this project. It is our understanding that we can still provide
comments of the proposed undertaking. Therefore, we are submitting
our response with our apologies for being so late.

Approximately 2445.4 acres of land located throughout Kirtland Air
Forces Base was surveyed for cultural resources by Butler Service
Group, Inc. In the process, 31 new archaeological sites and 39
previously documented sites were recorded along with 128 isolated
occurrences. Our determinations of site eligibility and our comments
on effect are presented below.

Determinations of Eligibility

Sties LA 2334, 47889-47892-47893-47894, 64557, 87431, 103178, 107472,
107473, 107474, 107477, 107482, 107486, 107488, 107489, 107490,
107491, 107492, 107493, 107494, 107499, are eligible to the National
Register of Historic Places under 36 CFR 60.4 (4).

Sites LA 47900, 107476, 107485, 107497, 107498, are potentially
eligible to the National Register of Historic Places under 36 CFR 60.4
(d), although additional testing/information would be mneeded to make
an actual determination. We agree that site LA 105324 is potentially
eligible under 36 CFR 60.4 (a) and (d). It is our opinion that sites
LA 64558, 107471, 107479, 107483, 107484, 107487, and 107496, are also
potentially eligible rather than being eligible as recommended by
Butler Service Group.







Sites LA 107475, 107478, 107480, 107481, 107485, 107500 are not
eligible to the National Register. None of the 128 Isolated
Occurrences is National Register; in-field recordation has exhausted
their information potential.

The remaining previously recorded sites have already been evaluated;
we accept the contractor’s reporting of site eligibility for these
sites as presented in table 11-1 of the report.

Tech Area II is noted in the report as being a potential Historic
District because of its association with the first atomic weapons. We
agree that buildings 904 and 907 are National Register eligible;
however, a formal nomination would have to be prepared to create a
Historic District for the Tech II area. This is not necessary for
this undertaking, but we would be interested in working with the
Department of Energy on this at some time in the future.

Comments on Effect

It is our understanding from the survey report and your cover letter
that of the 166 ER sites examined during the survey, 128 ER sites do
not contain eligible or potentially eligible sites. Since there are
no historic properties in these areas, there are no additional
preservation requirements.

No further action is being proposed for ER sites 21, 23, 28-2, 28-3,
28-4, 28-6, 28-7, 28-8, 28-9, 28-10, 43, 44, 48, 62, 63-A, 63-B, &7,
88B, 92, 93¢, 113, 135, 136, 159, 165, 166, and 167, which do contain
eligible or potentially eligible sites. Some soil sampling may be
necessary within these areas; however, the DOE proposes to avoid all
historic properties. This is appropriate and is sufficient to prevent
effect in our view. We recommend that a standardized buffer zone of
100 feet be established around the limits of each site to ensure
avoidance.

Further sampling and possible remediation may be needed for ER sites,
1, 2, 8, 57, 58, 60, 61, 65, 87, 87A and possibly ER sites 238 and
239. However, the DOE has made no decision yet on which ER sites will
be effected or how. The DOE will take steps to avoid any eligible or
potentially eligible properties within these areas in the same manner
as above. Our recommendation on buffer zones to ensure avoidance
apply here as well.

Lastly, you state that only ER sites 1 and 2 within Tech Area II wmay
require further investigation and possible remediation. The DOE plans
to avoid buildings 904 and 907 within Tech Area II and therefore there
will be no effect.

It is apparent that decisions about what actions may occur within ER
sites 1, 2, 8, 57, 58, 60, 61, 65, 87, 87A, 238 and 239 have not yet
been made, and so, the potential effect of the undertaking as a whole
on National Register eligible sites cannot be evaluated at this time.
We recommended that the DOE conduct the testing and sampling needed to
determine which ER sties will require clean up, provided that all
eligible or potentially eligible sites are avoided by at least 100
feet. Then, as soon as the ER sites that will be remediated are
identified, the DOE consult with our office on effect and any
treatment of effect that may be necessary.







Depending on the results of the ER sites selection process and the
projected effects of remediation on historic properties, A simple MOA
between all affected agencies (DOE, DOD, USFS) may suffice to guide
treatment of effect. A data recovery plan would be required to direct
site specific mitigation and this plan would have to be developed as
part of the consultation on effect. Once we have the all the
information that we need on which historic properties will be affected
and how, then we can take the next step in assisting you in concluding
the Section 106 consultation process for this undertaking.

One last issue: the contractors reference ER site 102 as having been
surveyed and that archaeological sites were found within the area.
Please send us a copy of their survey documentation on ER 102 as an
addendum to the main survey report, and we will comment on eligibility
and effect.

Thank you for your patience. Please consult with us on effect once
the ER sites have been selected for remediation.

If you have any questions, please contact David Cushman of our staff.

Sincerely,

ﬂv M(C:/Jb [//1,'.'.' et

Michael Romero Taylor
State Historic Preservation Officer

MRT/DWC: 47045







United States Government Department of Energy

Albuquerque Operations Offi
memorandum K irtland Ares Offic

REPLY TO
ATTN OF:

SUBJECT:

TO:

ROV 2 8 1995
KAO:AAMESH

Concurrence from the State of New Mexico Department of Game & Fish on the
Threatened or Endangered Species Survey for the Sandia National Laboratories,
New Mexico (SNL/NM) Environmental Restoration Project

A. O. Bendure, SNL 7315, MS 1037

Enclosed is the letter of concurrence from the State of New Mexico Department
of Game & Fish indicating that the SNL/NM Environmental Restoration Project
will have no adverse effect on state listed threatened or endangered species.
Since our records indicate that this memo has not been transmitted to your
office, it is being transmitted now for your files.

If you have any questions regarding this information, contact Susan Lacy of my
staff at 845-5542.

Environment, Safety and Health

cc w/ enclosure:

J. Andrews, DOE/KAOQO

T. A. Wolff, SNL 7315, MS 1037
J. V. Guerrero, SNL 7315, MS 1037
D. Nargelovic, SNL 7315, MS 1037
J. Weckerle, PAI

DOE/KAQ NEPA File







Department of Energy
Field Office, Albuguergue
Kirtland Area Office
P.0O. Box 5400
Albuquerque, New Mexico 87115

JAN 18 93

Director

New Mexico Department of Game and Fish
Villagra Buildling

Santa Fe, New Mexico 87503

State Endangered Wildlife Species Survey Information for the

Sandia National Laboratories/New Mexico Environmental
Restoration Project at Kirtland Air Force Base

Dear Sir:

This letter seeks comment and concurrence from the New Mexico Department of
Game and Fish with respect to Group 1 and Group 2 endangered wildlife species
that may be affected by the planned implementation of the Environmental
Restoration (ER) Project by Sandia Naticnal Laboratories/New Mexico (SNL/NM)
under contract with the U.S. Department of Energy/Albuquerque Operations Office.
The purpose of the ER Project is to identify, investigate, and remediate hazardous
waste sites that have resulted from the history of SNL/NM activities on Kirtland Air
Force Base (KAFB), Bernalillo County, New Mexico.

At this time, 241 potentially contaminated sites have been identified and
investigated, of which 89 are now proposed for corrective action. Eleven of these
sites are proposed for in situ bioremediation. The remaining 78 sites are proposed
for soil excavation, treatment, and backfilling, followed by reclamation to restore
vegetative cover at sites where vegetation is removed. One site consists of eleven
abandoned mine shafts and adits, several of which are collapsed. If found to be
contaminated, the remaining mines may be sealed rather than excavated. The 78
sites comprise a total of about 1,300 acres, ranging in size from less than 1 acre
to about 420 acres and are distributed throughout an area approximately contained
by the following townships: T.9N, R.4E; T.9N, R.4}:E; and T.9N, R.5E.

Biological surveys for sensitive species have been conducted at all SNL/NM ER
Project sites. The habitats at the sites proposed for corrective action include
grassland, pinon-juniper woodland, and small areas of riparian scrubland and
woodland. None of these sites contain wetland habitat. No state listed endangered
wildlife species was found during these surveys. In September, 1993, two canyons
in the Manzanita Mountains that contain SNL/NM ER Project sites (Sol se Mete and
Lurance Canyons) were visited by Roger W. Skaggs to assess the habitat for the
potential occurrence of the Mexican spotted owl (Strix occidentalis lucida).
Favorable habitat conditions for this species were not found in either canyon.
Based on discussions with Dr. Scott Altenbach ¢f the University of New Mexico,







Director 2

the spotted bat (Euderma maculatum) is a potential user of mine shafts and adits
in this area; however, due to the unsafe nature of these mines, surveys for this

species were not made.

Please advise us of any concerns that your agency may have regarding impacts to
state listed endangered wildlife species that may result from the proposed action
or of your concurrence that this action does not pose additional threats to these
species. A copy of the sensitive species survey report for the SNL/NM ER Project
is available upon request. A draft Environmental Assessment for this project is
currently being completed and will be available in early 1995.

If your require additional information on this matter, please contact Susan Lacy of
my staff at {505) 845-5542. Thank you for your ascistance in this matter.

eorge K. Laskar

Assistant Area Manager
Environment, Safety, and Health

cc:
T. A. Wolff, SNL 7258, MS 1037







Department of Energy

AN g u

Field Supervisor

Ecological Services

U.S. Fish and Wildlife Service

3530 Pan American Highway N.E., Suite D
Albuquerque, New Mexico 87107

Threatened and Endangered Species Survey Information for the
Sandia Nationa! Laboratories/New Mexicc Environmental
Restoration Project at Kirtiand Air Force Base

Dear Sir:

This letter seeks comment and concurrence from the U.S. Fish and Wildlife Service
with respect to federally listed and proposed threatened and endangered species
that may be affected by the planned implementation of the Environmental
Restoration (ER) Project by Sandia National Laboratories/New Mexico (SNL/NM)
under contract with the U.S. Department of Energy/Albuquerque Operations Office.
The purpose of the ER Project is to identify, investigate, and remediate hazardous
waste sites that have resulted from the history of SNL/NM activities on Kirtland Air
Force Base (KAFB), Bernalillo County, New Mexico.

At this time, 241 potentially contaminated sites have been identified and
investigated, of which 89 are now proposed for corrective action. Eleven of these
sites are proposed for in situ bioremediation. The remaining 78 sites are proposed
for soil excavation, treatment, and backfilling, followed by reclamation to restore
vegetative cover at sites where vegetation is removed. One site consists of eleven
abandoned mine shafts and adits, several of which are collapsed. If found to be
contaminated, the remaining mines may be sealed rather than excavated. The 78
sites comprise a total of about 1,300 acres, ranging in size from less than 1 acre
to about 420 acres and are distributed throughout an area approximately contained
by the following townships: T.9N, R.4E; T.9N, R.4%:E; and T.9N, R.5E.

Biological surveys for sensitive species have been conducted at all SNL/NM ER
Project sites. The habitats at the sites proposed for corrective action include
grassland, pinon-juniper woodland, and small areas of riparian scrubland and
woodland. None of these sites contain wetland habitat. No federally listed or
proposed threatened or endangered species were found during these surveys. In
September, 1993, two canyons in the Manzanita Mountains that contain SNL/NM
ER Project sites (Sol se Mete and Lurance Canyons) were visited by Roger W.
Skaggs to assess the habitat for the potential occurrence of the Mexican spotted
owl (Strix occidentalis lucida). Favorable habitat conditions for this species were
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Field Supervisor 2

not found in either canyon. Based on discussions with Dr. Scott Altenbach of the
University of New Mexico, the spotted bat (Euderma maculatum) and the occult
little brown bat (Myotis lucifugus occultus;, both C2 candidate species, are
potential users of mine shafts and adits in this area; however, due to the unsafe
nature of these mines, surveys for these species were not made. Individuals and
popuiations of tihe grama grass cacius (Pediccactus papyracantiius), another C2
candidate species, have been found at nine of the ER Project sites. Efforts will be
made in the ER Project to protect vigorous populations of this species where they -
are known to occur and to mitigate the loss of scattered individuals by

transplanting.

Please advise us of any concerns that your agency may have regarding impacts to
federally listed and proposed threatened and endangered species that may result
from the proposed action or your concurrence that this action does not pose-
additional threats to these species. A copy of the sensitive species survey report
for the SNL/NM ER Project is available upon request. A draft Environmental
Assessment for this project is currently being completed and will be available in

early 1995.

If your require additional information on this matter, please contact Susan Lacy of
my staff at (505) 845-5542. Thank you for your assistance in this matter.

o K ki

George K. Laskar
Assistant Area Manager
Environment, Safety, and Health

CC:
T. A. Wolff, SNL 7258, MS 1037
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Gary E. Johnson

STATE OF NEW MEXICO
DEPARTMENT OF GAME & FISH
Villagra Building
PO Bax 25112
Santa Fe, NM. 37504
IRECTOR AND SECRETARY

TO THE COMMISSION
Gerald A. Maracchini

February 1, 1995

Re: State threatened or endangered
species for the Sandia National
Laboratories/New Mexico
Environmental Restoration Project
at Kirtland Air Force Base

Mr. George K. Laskar, Asst. Area Manager
Environment, Safety and Health
Department of Energy

Field Office, Albuquerque

Kirtland Area Office

P.O. Box 5400

Albuquerque, NM 87115

Dear Mr. Laskar:

The Department of Game and Fish (Department) has reviewed your
letter concerning environmental restoration at Kirtland Air Force
Base by Sandia National Laboratories/New Mexico and the
Department of Energy. It is the Department's understanding that
the environmental restoration would entail identification,
investigation and remediation of 241 potentially contaminated
sites located on the Base, of which 89 are now proposed for
corrective action. Eleven of these sites are proposed for in
situ remediation, while the remaining sites will be excavated,
treated and reclaimed. These activities would occur in
grassland, pinon-juniper, and small areas of riparian scrubland
and woodland. Furthermore, it is our understanding that none of
these activities will occur in wetlands and that your survey
found no state listed endangered species.

Based on this information, the Department foresees no adverse
effects to state listed threatened or endangered species. Your
letter mentioned possible concern for the Spotted Bat, Euderma
maculatum. While the Spotted Bat does use caves for hibernacula,







Mr. George K. Laskar -2- February 2, 1995

it does not appear that this species winters in Bernalillo
County. Furthermore, it appears the Spotted Bat prefers crevices
in cliffs near water during active months. We suggest contacting
Homer Milford of the Abandoned Mine Land Bureau for information
on gating mine shafts or adits in order to preserve potential bat
habitat. His address is:

Mr. Homer Milford

Environmental Coordinator

Abandoned Mine Land Bureau

Energy, Minerals and Natural Resources Dept.
2040 South Pacheco St.

Santa Fe, NM 87505

(505)827-5970

We also suggest contacting Robert Sivinski or Karen Lightfoot of
the Forestry and Resources Conservation Division concerning
information on state listed threatened or endangered plants. The
address is:

Forestry and Resources Conservation Division
Energy, Minerals and Natural Resources Dept.
P.O. Box 1948 -

Santa Fe, NM 87504-1948

(505)827-7865

Finally, we recommend the use of native species during
revegetation in order to enhance wildlife habitat. We have
enclosed a listing of state listed threatened or endangered
species for your information.

Thank you for the opportunity to comment on this environmental
restoration project. Please send a copy of the sensitive species
survey report to John McKay at the Conservation Services
Division. If you have any further questions, please contact John
McKay at 827-1210.

Sincerely,

Yoy Moty

Jerry A. Maracchini “-
Director

JaM/cjm

Enclosure







Mr. George K. Laskar -3- February 1, 1995

xCc: Andrew Sandoval (Conservation Services Division Chief, NMGF)
Jim Bailey (Conservation Services Asst. Div. Chief, NMGF)
Dan Pursley (Northwest Area Operations, NMGF)
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ON NAYE . oo eernenneiinooccannesacaas SCIENTIFIC NAKE........ cetensessssassrcccsasesesss FEDERAL FED.... FED.. FED... STATE STATE..
) EXD.  THREAT. PROP. CAND. END. THREAT.
Grande Silvery Ninnow Hybognathus amsruys X - - - - H
8s Horned Lizard Phrynososs cornutum - - - I - -
e-faced Ibis Plegadis chihi - - - H - -
5 Eagle Haligeetus leucacephalus alascanus X - - - -
hera Goshavk Accipiter geatilis (2 ss5p.) - - - X -
uginous Hawk Buteo regalis - - - X - -
ican Peregrine Falcon Falco peregrinus anatue ¢ - - - X -
bping Crane Grus asericam X - - - X -
era Snowy Plover Charadrius alexandrinus nivosys - - - I - -
tiin Plover Charadrius sontanus - - X - -
ican Spotted Owl Strix occidentalis lucida - - - - -
hern Beardless-tyrannulet Casptostosa imberbe ridgwayi - - X
hwestern ¥illow Flycatcher Eapidonax traillii extisus - - - -
gerhead Shrike Lanius ludovicisnus (3 ssp.) - - X - -
1t Little Brown Bat; Myotis Myotis lucifugus occultus - - - 1 - -
ted Bat Euderaa maculstus - - - H - X
ow Jueping Nouse lapus hudsonius luteus - - - H - X
prt Bighorn Sheep Ovis canadensis mexicana - - - - -
oagon Kame (millipede) Toltecus chihuanus - - - X - -
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December 12, 1995

Department of Energy

Kirtland Area Office

P.0. Box 5400

Albuquerque, New Mexico 87115

Attention: Mr. Laskar

Thank you for the opportunity to comment on the New Mexico
Environment Restoration Project at Kirtland Air Force Base. Upon
review of the materials you sent, we see no need for further
comment from our office at this time.

If you have any questions, please do not hesitate to call Karen
Lightfoot, Endangered Species Botanist for the State of New Mexico.

Sincerely,
Karen S. Lightfoot

KSL/ajc

OFFICE OF THE SECRETARY - P.0. BOX 6429 - SANTA b, NM 87303-6429 - (50%) 827-3950
ADMINISTRATIVE SERVICES DIVISION - P. O. SOX 6429 - SANTA £, NM 8730354419 - (50%) 827-9925
ENERCY CONSERVATION AND MANACEMENT DIVISION - P.O. BOX 6429 - SANTA FE, NM 87503-6429 - (503) 827-5900
FORESTRY AND RESOURCES CONSERVATION DIVISION - P.O. BOX 1948 - SANTA FE, NM §7304-1948 - (GO9) 827-3830
MIRING AND MINIRALS DIVISION - P.O. BOX 4429 - SANTA I, NM 873034429 - OO7) 827-3970
OIL CONSERVATION DIVISION - £.0. BOX 6429 - SANTA FL, NM ET503-4429 - GO%) 027-73t
PARK AND RECREATION DIVISION - 2.0, BOX 1147 - SANTA Fi, NM 87504-1147 - SO% 627-7465
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Risk Assessment

This appendix presents the risk assessment methodology that has been used for assessing
potential human health and environmental risks resulting from releases of hazardous
chemicals and radionuclides associated with the Sandia National Laboratories/New Mexico
(SNL/NM) Environmental Restoration (ER) Project. Appendix D1 presents an overview of the
underlying assumptions regarding the approach taken to estimate risks as early as possible in
the decision-making process, as required by Council on Environmental Quality regulations
(40 Code of Federal Regulations [CFR] 1502.2). Appendix D2 focuses on specific risk
assessment methods, models, and results. Uncertainty has not been quantified at this time,
because site characterizations are still being performed. However, best technical judgment
was used to provide an adequate margin of conservatism in the assumptions, so that the risk
assessments provide an upper limit of impacts.
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Risk Assessment Overview

The following sections discuss assumptions made regarding the specific elements of the
proposed action and no action alternative human health risk assessment.

D1.1 RISK ASSESSMENT OVERVIEW FOR PROPOSED ACTION

For the purpose of this environmental assessment (EA), risks were assessed using the general
methodologies described in U.S. Environmental Protection Agency (EPA) guidance (EPA,
1989a) for assessing risk from releases of toxic wastes. This guidance provides approaches
and conservative risk estimates for assessing risks in situations for which only limited data are
available. Although these methods were designed for use in baseline risk assessments
required for Resource Conservation and Recovery Act facility investigation and corrective
measures study activities, they are also relevant and applicable to National Environmental
Policy Act-type risk assessments. EPA guidance does not address risks of accidental injuries
or fatalities. These risks were assessed using U.S. Department of Labor (DolL) statistics on
similar industrial operations.

A number of specific assumptions were made in performing the risk assessment. They are
discussed in the following sections.

D1.1.1 Contaminant Concentrations

Those sites with the most extensive data on contaminant concentrations at the time of the EA
analyses were examined. These sites are identified as "example" sites. They include two
landfills, a burn site, a former explosive test area, a disposal facility, and a septic system. The
example sites are:

Chemical Waste Landfill (ER Site 74).

Radioactive Waste Landfill (ER Site 1).

Explosive Burn Pits (ER Site 114).

Former Explosive Test Area (ER Site 107).

Liquid Waste Disposal Facility (ER Site 4).

Building 901 Septic System (Technical Area Il) (ER Site 165).

Since the time of the analyses, more recent data available on indicator contaminants at the
example sites has been evaluated. New information indicates that the risks estimated in this
EA are in fact conservative. Measured contaminant concentrations at these example sites are
provided in Appendix D2, Tables D2-1 through D2-5. Reported concentrations have been
rounded to two significant figures in these tables. The Chemical Waste Landfill (ER Site 74)
has the most diverse collection of contaminants.
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Where available, data on volatile organic compound (VOC) concentrations at example sites,
except the Chemical Waste Landfill, do not indicate that VOCs were present, based on
historical information and process knowledge. VOCs are known or suspected to be present at
many sites. It is considered likely that VOCs that may have been present were not detected
because they had already volatilized. In order to estimate the upper end of potential impacts
for the purpose of the EA, VOCs were conservatively assumed (overestimated) to be present
at a concentration of 1 part per million (ppm). For sites not considered comparable to exampie
sites, each indicator contaminant (see Section D1.1.2) was assigned an average unit risk
concentration of 1 ppm, consistent with EPA guidance for performing unit risk assessments for
sites at which data are incomplete (EPA, 1989a).

D1.1.2 Indicator Contaminants

Based on the sampling data available for these sites, a set of chemical and radionuclide
contaminants was selected to represent all contaminants present at the ER Project sites. The
“indicator" contaminants were selected based on two factors: 1) historical knowledge of their
origin and abundance, 2) they pose a potential hazard to human health or the environment at
least as high as other contaminants in the contaminant category, based on their toxicity or
mobility. For example, carbon tetrachloride was used to represent a toxic contaminant,
trichloroethylene an abundant contaminant, and polychiorinated biphenyls, a persistent
contaminant. Indicator contaminants and their basis for selection are specified in

Appendix D2, Section D2.2.2. They include:

o Radionuclides—tritium, uranium-235, and cesium-137.
e Petroleum hydrocarbons—benzene, toluene, and xylenes.

e Chlorinated hydrocarbons—carbon tetrachloride, trichloroethene, and
polychlorinated biphenyls.

¢ Inorganic anions—nitrate and nitrite.
e Hazardous metals—beryllium, cadmium, chromium, lead, mercury, and arsenic.
e Explosive compounds and residues—homo-cyclonite (HMX), cyclonite (RDX),
and trinitrotoluene (TNT).
D1.1.3 Comparable Sites
Wherever possible, ER Project sites with known historical use and types of contaminants
similar to one of the six example sites were grouped with an example site. These site groups
are referred to as "comparable” sites. Risks were assessed for each group of comparabie

sites by using contaminant concentrations at the example sites multiplied by the total waste
volume of the site group.
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Other sites requiring remediation may have different concentrations of contaminants or even
different contaminants. However, because data are incomplete for these other sites, there is
no basis for using any other assumptions about concentrations or appropriate indicator
contaminants in assessing total health risks projected for the ER Project.

For routine activity releases (i.e., excavation and treatment), characterization data for one of
the example sites were used to represent all other comparable sites. For accidental releases,
the highest concentration of a contaminant at any of the six sites was used to represent all

sites.

Comparable site classifications are detailed in Appendix D2, Tables D2-6 through D2-10.
Examples of comparable sites groups are:

o Landfill sites: the Radioactive Waste Landfill (ER Site 1) and the Chemical
Waste Landfill (ER Site 74).

e Waste disposal sites: an open dump (ER Site 8), a burial site (ER Site 9), and
burial mounds (ER Site 10).

e Explosive test sites: the Building 6924 pad, tank and pit high-explosives residue
(ER Site 51), and Pickax Site explosive residues (ER Site 54).

e Burn sites: the acid spill at the Water Treatment Facility (ER Site 42) and the
Explosive Burn Pit (ER Site 114).

e Septic systems and drainfields: the storm drain system (ER Site 96) and the
Building 9965 septic system (ER Site 140).

Sites that could not be represented by example sites were ER Sites 7, 30, 38, 81, 98, and 240.
Consistent with EPA guidance for performing unit risk assessments for sites from which data
are incomplete (EPA, 1989a), contaminant concentrations at these sites were assumed to be

1 ppm of each indicator contaminant.

D1.1.4 Soil Volume

The contaminant concentration and soil volumes were multiplied to obtain an exposure source
term. For the purpose of this analysis, treatment options were assumed consistent with
containment types likely to be present (Treatment options and assumed soil volumes are
shown in Appendix A, Table A-2). The following assumptions were made:

* All sites designated for treatment options A, C, or D (see Appendix A, Table A-2)
would be excavated, except the Chemical Waste Landfill (ER Site 74), which
would be only partially excavated.
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¢ Sites designated for in situ bioremediation (treatment option B), for capping
(treatment option E), or for no further action (NFA) would not be excs :ated (see
Appendix A, Table A-2).

o Health risks from excavation were evaluated for each site group by multiplying
representative contaminant concentrations times the total volume of soil to be
excavated from comparable sites.

¢ Despite mitigation measures employed to reduce fugitive dust emissions,
excavation would mobiiize contaminants at measured concentrations (see
Section D2.2.1) in an equal dlstrlbutlon on soil particles at a rate of 1.2 tons of
soil per acre per month (1.0 107" grams per square meter per second) for
10 years (EPA, 1988).

e For the purpose of evaluating air emissions from excavation activities, based on
experience, gaseous VOC and semivolatile organic compounds (SVOCs)
contaminants in soils were assumed to be attached to soil particles. By contrast,
in situ vapor extraction would have no gaseous releases because it would occur
in a closed system where gases would be captured and treated. The only
gaseous contaminant release from excavation might be tritium gas, which has
been detected near the Radioactive Waste Landfill (ER Site 1). No other
gaseous radioactive contaminants or decay products were considered to be a
potential source of exposure.

s The waste volume excavated for treatment was assumed to total about
7,300,000 cubic feet (about 120,000 cubic meters). The treatment facility was
assumed to have a nominal daily throughput capacity of 2,200 pounds (or
1,000 kg) of waste per day. Particulate emissions from the treatment facility
would be reduced by 99.99 percent by emissions controls. VOC emissions
would be completely mitigated through engineering design of an off-gas recovery
system. No tritium emissions would be associated with treatment because
tritium-contaminated waste from the Radioactive Waste Landfill (ER Site 1) would
be stored on site rather than treated prior to disposal.

o The industrial accident rate associated with waste-handling activities remains
constant in relation to volume.

D1.1.5 Exposure Period

Human-health and ecological effects associated with contaminant releases from excavation
and treatment were modeled assuming that, on the average, each site would require one year
to remediate. Some siies would require much longer than one year to remediate, while other
sites may require less than one year. It was assumed that the entire ER Project would be
completed within 10 years. All human health and environmental exposures were assumed to
occur at a constant rate during the 10-year life o1 the project. Thus, the total human health risk
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assessment does not depend on the number of sites being remediated simultaneously in any
one year.

D1.1.6 Reporting Exposure Consequences

Risks of exposures to carcinogenic chemicals and radionuclides are reported in this EA in
terms of the potential additional risk of cancer incidence (fatal and non-fatal) during the lifetime
of an exposed individual. These risks are calculated as an increased probability of contracting
a cancer over and above the existing risks facing any individual during his or her lifetime. This
is defined as the excess cancer risk.

The currently reported individual lifetime risk for contracting a cancer in the United States is
reported as about 1 in 5 (DOC, 1989).

Risks associated with exposures to hazardous chemicals that are not cancer-causing agents
are reported in terms of a hazard index. A threshold exposure to a chemical that results in
adverse physical symptoms or long-term effects was established by EPA as having a hazard
index of 1. Thus, hazard indices that are less than 1 indicate that there would be no known
adverse effects resulting from exposure.

D1.1.7 Exposed Populations

The analysis predicts potential human health effects for potentially exposed individuals in the
following three population groups:

o Workers involved in constructing and implementing corrective measures at ER
Project sites (assumed to be wearing appropriate personnel protective clothing
and respiratory protection during ER Project activities).

» Workers present on site but not involved with corrective measure operations (no
respiratory protection).

e Members of the general public residing or present outside the Kirtland Air Force
Base (KAFB) boundary (no respiratory protection).

D1.1.8 Exposure Pathways

Health and environmental effects were projected for both routine operations and accidental
exposure scenarios. The following routes of exposure were considered for both hazardous
chemicals and radionuclides:

e Inhalation.
e Ingestion.

AL/2-96/WP/SNL:R3878-D1.DOC D 1 ‘5 03/21/96 4:01PM




DOE/EA-1140

¢ Dermal contact.
¢ Direct radiation exposure.

D1.1.9 Dispersion Modeling for Routine Releases

Excavation and waste-treatment activities could result in some exposures due to dispersal of
contaminants into the air. Contributions from both direct inhalation and ingestion of deposited
contaminants were included in the risk assessment. The risk for excavation of each type of
representative site was calculated. The risk from each comparable site was considered to be
the same as the risk estimated for the example site. Risks were assessed using the following
assumptions or protocols:

¢ Average annual meteorological data from the Albuquerque International Airpont,
which is adjacent to KAFB site, were used to represent dispersion characteristics
of the site.

o Despite fugitive dust mitigation measures, an estimated 1.2 tons of soil per acre

per month (1.0 x 10" grams per square meter per second) would be dispersed by
excavation activities (EPA, 1988).

o The EPA Industrial Source Code 2 (ISC2) was used to estimate dispersed
contaminant concentrations.

o Dispersion from diffuse sources (excavation activities at ER Project sites) was
assumed to occur at a height of 20 feet (6 meters). The size of the diffuse area
source varied with the example site used.

o Dispersion from the treatment facility was moedeled as a point source release
from a stack height of 30 feet (9 meters).

D1.1.10 Accident Scenarios

Credible scenarios were postulated for the analysis of potential accidents (see Appendix D2,

Section D2.5.2). Potential accidents during construction, operations, and transportation were
evaluated. Scenarios of accidents caused by natural catastrophic events (e.g., tornados and
seismic events) and human error were also included, as was an aircraft crash scenario. This
captures impacts of catastrophic events having low probabilities of occurrence.

Occupational risks in many comparable industries were obtained from statistics of Dol. and
other sources (DoL, 1990). These risks result from physical accidents, not from releases of
hazardous wastes. Cumulative nonrelease accident risks were estimated by applying
accident/injury statistics to the total work force involved in remediating the total soil volume
assumed to be excavated and treated.
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The following types of accidents were considered:

¢ Occupational (not related to hazardous nature of waste or to contaminant
releases).

— Traffic accidents from waste transport within SNL/NM.
— Waste handling and heavy equipment operation.

—  Treatment plant operation (construction, maintenance, decontamination,
decommissioning, closure).

¢ Accidental exposures (resulting from unintentional contaminant releases).

— Waste handling accident (container drop and release of treated or untreated
waste).

— Transportation accident with breach of containers for treated or untreated
waste.

e Abnormal event.

— Aircraft crash. Risks were assessed for an aircraft crashing directly into a
central waste treatment facility or crashing and sliding into the facility,
causing the release of contamination and impact and burn injuries to
workers in the plant. For this scenario, it was assumed that the facility would
contain an amount of waste equal to a one-day treatment capacity
(2,200 pounds [1,000 kg]). However, the probability of this event would be

very low—1 in 10 million (107) to 1 in 100 million (10°®).

—  Seismic or high-wind events. Releases resulting from seismic or high-wind
events would be very similar to those caused by an aircraft crash. The total
inventory equal to a one-day treatment capacity would also be released by
these events. The probability of occurrence would be likely to be smaller
because of the low seismic event and tornado frequencies at the SNL/NM
facility location.

D1.1.11 Dispersion Modeling for Accidental Releases

Short-duration releases were modeled as a passing plume of contaminants with a Gaussian
concentration distribution. Both stable air conditions (low winds, which would tend to
concentrate contaminants near the source of the accidental release) and average wind
conditions (which would tend to spread the contaminants over a larger area without strong
dilution) were used to estimate exposure to nearby workers and to members of the public,
respectively.
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D1.1.12 Populations impacted by Accidents
The following populations were considered in assessing accident risks:

¢ Occupational workers. The maximum number of people identified in staffing
estimates for proposed actions (see Section D2.5.2.2) was 60. All were
assumed to be subject to occupational accident statistics and as receptors for
accidental releases associated with identified accidents.

Nearby workers (SNL/NM staff not directly involved in ER Project activities) were
considered to be the workers at a central waste treatment facility for the
purposes of this analysis. This staff was estimated to be 60 workers.

The number of members of the public who would be exposed to accidental
releases would depend on the accident location and prevailing wind speed and
direction at the time of the event. For this analysis, 1,000 people were assumed
to be downwind of the accidental release.

D1.1.13 Disposal Risks

Human-health and environmental risks for disposal activities were based on the assumption
that mixed and hazardous wastes were treated for disposal. It was assumed that the level of
risk for disposal would be consistent with EPA goals and would not exceed the 1 in 100,000
(10”°) excess cancer risk for carcinogens or would not be above a hazard threshold associated

with adverse health effects for other contaminants.

D1.2 RISK ASSESSMENT OVERVIEW FOR THE NO ACTION ALTERNATIVE

The human health risk from the proposed action may be compared to a baseline of 0.00047

(4.7 x 10"4) incremental cancer risk to both SNL/NM workers and the public from general levels
of contaminants existing on site and in the Albuquerque metropolitan area. These estimates
were based on levels of soil contaminants on and near KAFB and locations in the greater
Albuquerque metropolitan area (Culp et al., 1994).

Risk estimates based on on-site sample data reflect potential exposures of workers at the
technical areas. Estimates based on perimeter or off-site measurements were used to
represent potential health risks from contaminant exposure to residents in the surrounding
community or the general public. There have been no known incidents of accidental releases
from undisturbed ER Project sites. The analysis in this EA was based on the assumption that
current practices would continue and that such accidental releases were neither reasonable
nor foreseeable.
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Because of a lack of necessary site-specific characterization information and an inability to
project specific air and groundwater migration pathways to long-term future receptors,
long-term risks associated with the no action alternative were not evaluated.
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Risk Assessment Details

This appendix describes specific risk assessment methods, assumptions, models, and results.
The analysis does not discuss uncertainty in the risk evaluations. Because site
characterization is still being performed, contaminant concentrations and waste volumes used
in risk calculations were based on data available at the time of this analysis. Intentional
overestimates of the contaminated waste volume and the number of sites requiring excavation
and treatment were used to compensate for uncertainties in estimating impacts.

D2.1 DEFINITIONS

The following terms are used frequently in this risk assessment discussion:

e Accident Scenario is any scenario, other than an exposure or routine scenario,
that leads to a release of contaminants from a source, ranging from a dropped
container of waste to an aircraft crash at a waste site.

e Carcinogenic risk is the probability that a potential exposure of an individual to
a chemical will result in cancer.

¢ Indicator contaminants are contaminants known or suspected to be present at
an ER Project site. Because a relatively large variety of chemicals, as well as
common explosives and limited radionuclide contaminants, are expected to be
encountered at ER Project sites, 19 chemicals and radionuclides have been
selected as indicator contaminants.

o Exposure pathway is the course (e.g., air, water, or soil) a chemical or physical
contaminant takes from its source to an exposed person or organism.

o Exposure scenario is a sequence of events that leads to a release of
contaminants from a source, wind dispersion of the contaminant, and intake by
an exposed person or organism.

¢ Hazard is a measure of potential health impact resulting from exposure to a
noncarcinogenic chemical that may have a damaging effect on the body (e.g.,
kidney failure, central nervous system effects, nausea, headache, liver damage,
etc.).

¢ Intake is a measure of exposure expressed as the mass of a substance in
contact with the person per unit body weight per unit time (e.g., milligrams of
chemical per kilogram of body weight per day).
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¢ Risk is the probability that an adverse health effect will occur as a result of a
routine or accidental exposure scenario, including both the probability that a
scenario will result in an exposure of a person or organism and the probability
that the exposure will cause adverse health or environmental (ecological) effects.

¢ Routine scenario is a release that is incidental to normal operations and that
takes place according to an approved health and safety plan. Because of
safeguards integral to the proposed action, routine releases are expected to be
below regulatory limits.

e Source term describes the characteristics of a contaminated site, including the
nature of the contaminants and their concentrations in environmental media.

D2.2 SOURCE TERM CHARACTERIZATION

This section describes how known or suspected contaminants at ER Project sites have been
used to estimate human health and environmental exposure risks resulting from potential
releases during ER Project activities. This section also summarizes the risks associated with
exposure to these contaminants.

D2.2.1 ER Project Sites With Characterization Data (Example Sites)

As previously noted, analytical measurements of contaminant concentrations in soil are
available for the following ER Project sites:

The Radioactive Waste Landfill (ER Site 1).

The Chemical Waste Landfill (ER Site 74).

The Liquid Waste Disposal System (ER Site 4).

The Former Explosive Test Area (ER Site 107).

The Explosive Burn Pits (ER Site 114).

The Building 901 Septic System (Technical Area Il) (ER Site 165).

The only radioactive waste landfill (ER Site 1) contaminant of concern (CoC) is tritium.
Historical information on wastes disposed of at this site does not suggest that uncontained
tritium would be found in the landfill (Aas, 1995). However, it was conservatively assumed to
be present at the same concentrations measured in the vicinity of the landfill. The highest
tritium concentrations, measured near the Radioactive Waste Landfill, is 0.358 picocuries per
gram. Tables D2-1 through D2-5 present the indicator contaminant (see Section D2.2.2) data
available from other example ER Project sites. Data available from the example ER Project
sites were evaluated statistically to determine reasonable maximum soil concentrations for the
indicator contaminants identified in Section D2.2.2. These evaluations considered the
following factors:
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Table D2-1

Concentrations of Indicator Contaminants gt the
ER Site 74—Chemical Waste Landfill

DOE/EA-1140

. Contaminant (units) | Madmum | Minimum
Arsenic {ppm) 4.1 93 0.43
Benzene (ppm) 0.03 0.05 0.01
Beryllium (ppm}) 0.44 2.0 0.21
Cadmium (ppm) 2.0 87 0.10
Carbon tetrachloride (ppm) 118.9 352 16.9
Chromium VI (ppm) 60 930 0.037
Cesium-137 (pCi/g) Not Reported
Homo-cyclonite (HMX) (ppm) Not Reported
Lead (ppm) 310 45,000 1.0
Mercury (ppm) 1 20 0.05
Nitrate/nitrite (ppm) 1.94/0.75 6.10/2.90 0.90/0.08
Polychlorinated biphenyl (ppm) 2,100 8,200 0.043
Cyclonite (RDX) (ppm) Not Reported
Toluene (ppm) 60 700 0.009
Trichloroethene (ppm) 700 10,000 0.007
Trinitrotoluene (TNT) (ppm) Not Reported
Tritium Not Reported
Xylenes (ppm) 100 800 0.007
Uranium-235 (pCi/g) 0.00004 0.00007 0.00002

nData extracted from analytical data stored in the SNL/NM Environmental Restoration Data Base Management
System (ERDBMS). Current December 1995 data was used to update analysis to include possible landfill

excavation.

Mean of detected concentrations; many samples showed no detections, but due to historical time frame for data

collection, minimum detectable levels vary, and 95 percent confidence level cannot be calculated.

ppm = part(s) per million
pCi/g = picocurie(s) per gram
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Table D2-2
Concentrations of Indicator Chemicals at ER Site 4—Liquid Waste Disposal System*®

| .| Upper95%"

L . E e ‘Standard | Confidence -
.. Contaminant (units £ . Maximum_ | ‘Minimum’ | Deviation:'} .= :‘Limit
Arsenic (ppm) 48 6.3 1.0 1.1 3.0
Benzene » Not Reported

Beryllium (ppm) 48 48 0.78 5.5 0.24 1.1 0.83
Cadmium (ppm) 48 18 b 29 0.55 b 29"
Carbon Tetrachloride Not Reported

Chromium VI (ppm) 48 48 1 97.7 3.70 15.1 12.2
Cesium-137 (pCi/g) 48 48 0.46 9.2 0.02 1.4 0.44
Homo-cyclonite .

Data Not Available

(HMX) (ppm)

Lead (ppm) 48 48 10.9 71.6 4.30 11.9 11.7
Mercury (ppm) 48 6 b 0.35 0.10 b 0.35
Nitrate/Nitrite (ppm) Not Reported

Polychlorinated

biphenyl (ppm) . Not Reported

Cyclonite (RDX) Not Reported

(ppm)

Toluene Not Reported

Trichloroethene Not Reported

Trinitrotoluene (TNT) Not Reported

(ppm)

Tritium Not Reported

Uranium-235 (pCi/g) 48 | 48 { o017 ] o078 | o011t [ o010 | 0.9
Xylenes Not Reported

;Extracted from unpublisher :=terim reports in the Environmental Rzstoration Program Files, 1994.
Majority of samples had nc <stected concentration; maximum value used.

ppm = part(s) per million
pCi/g = picocurie(s) per gram
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Table D2-3
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Concentrations of Indicator Chemicals at ER Site 107—Former Explosive Test Area®

age ,’-i‘;fopper 95%
_ Standard . |- Confidence
v aminar .} Me - Deviation |- Limit
Arsenic (ppm) l 1.9 0.49 2.2
Benzene Not Reported
Beryllium (ppm) Not Reported
Cadmium (ppm) Not Reported
Carbon Tetrachloride Not Reported
Chromium VI (ppm) 14 14 8.0 13 5.3 1.9 8.8
Cesium-137 (pCi/g) 14 14 0.11 0.24 0.019 0.065 0.18
Homo-cyclonite (HMX) Not Reported
(ppm)
Lead (ppm) 14 14 9.60 15.4 7.65 2.10 10.6
Mercury (ppm) Not Reported
Nitrate/Nitrite (ppm) 14 14 1.9 6.0 0.79 1.3 2.5
Polychlorinated bipheny! Not Reported
(ppm)
Cyclonite (RDX) (ppm) Not Reported
Toluene Not Reported
Trichloroethene Not Reported
Trinitrotoluene (TNT) Not Reported
(ppm)
Tritium Not Reported
Uranium-235 (pCi/g) Not Reported
Xylenes Not Reported
*Extracted from unpublished interim reports in the Environmental Restoration Program Files, 1994.
ppm = part(s) per million
pCi/lg = picocurie(s) per gram
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Table D2-4
Concentrations of Indicator Chemicals at ER Site 114—Former Explosive Test Area®

DOE/EA-1140

b | Upper95%
. Number of {1 Standard | Confidence-
- Contaminant (units). Detections | Mean | aximum: | Minimum }:"Deviation |~ Limit
Arsenic (ppm) 369 2.0 6.4 0.52 0.84 2.1
Benzene Not Reported
Beryllium (ppm) Not Reported
Cadmium (ppm) Not Reported
Carbon Tetrachloride Not Reported
Chromium VI (ppm) 369 369 5.1 13 1.0 1.8 5.3
Cesium-137 (pCi/g) Not Reported
Homo-cyclonite Not Reported
(HMX) (ppm)
Lead (ppm) 369 127 b 110 3.7 b 10b
Mercury (ppm) Not Reported
Nitrate/Nitrite (ppm) Not Reported
Polychlorinated Not Reported
biphenyl (ppm)
Cyclonite (RDX) Not Reported
(ppm)
Toluene Not Reported
Trichloroethene Not Reported
Trinitrotoluene (TNT) Not Reported
(ppm)
Tritium Not Reported
Uranium-235 (pCi/g) Not Reported
Xylenes Not Reported
tExtracted from unpublished interim reports in the Environmental Restoration Program Files, 1994.
Majority of samples had no detected concentration; maximum value used.
ppm = pari(s) per million
pCi/g = picocurie(s) per gram
ALR2-96/WP/SNL:3878-D2.DOC D2-6 03/21/96 4:06 PM




Table D2-5

Concentrations of Indicator Chemicals at
ER Site 165—Septic System for Tech Area II*

DOE/EA-1140

M%év):kih‘wum :iﬁeécrted Mean Value ‘: .
btained at Depth Less Than 20 Feet

Arsenic (ppm) 29
Benzene Not Reported
Beryllium (ppm) Not Reported
Cadmium (ppm) Not Reported
Carbon Tetrachioride Not Reported
Chromium VI (ppm) 27.6

Cesium-137 (pCi/g)

Not Reported

Homo-cyclonite (HMX) (ppm)

Not Reported

Lead (ppm)

Not Reported

Mercury (ppm)

0.32

Nitrate/Nitrite (ppm)

Not Reported

Polychlorinated biphenyl (ppm)

Not Reported

Cyclonite (RDX) (ppm)

Not Reported

Toluene Not Reported
Trichloroethene Not Reported
Trinitrotoluene (TNT) (ppm) Not Reported
Tritium Not Reported
Uranium-235 (pCi/g) Not Reported
Xylenes Not Reported

*Extracted from unpublished interim reports in the Environmental Restoration Program Files, 1994.

ppm = pari(s) per million
pCi/g = picocurie(s) per gram
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e The number of soil samples in the data set for each site.
e The number of samples with detected indicator contaminant concentrations.

e The maximum and minimum concentration of each detected indicator
contaminant.

e The arithmetic mean concentration of each detected indicator contaminant.

e The standard deviation of the concentration of each detected indicator
contaminant.

e The upper 95-percent confidence limit calculated using the student's t distribution
(meaning there is a 95-percent level of confidence that these contaminant
concentrations are below that number).

The above factors were not considered when data for the Chemical Waste Landfill (ER Site 74)
were evaluated. Because the analytical data have been collected for many years, data do not
readily lend themselves to evaluation of 95-percent confidence level, which requires availability
of constant minimum detectable levels (MDL) and MDLs vary over time (i.e., as analytical
techniques are improved). Therefore, chemical waste landfill contaminant concentrations were
assumed to be the maximum detected level. This is a very conservative assumption because
the total number of nondetects is not factored in, resulting in a higher apparent level of
contaminant concentrations.

VOCs were not reported at sites other than the Chemical Waste Landfill (ER Site 74) but VOCs
were considered to be potentially present. Consistent with EPA guidance for performing unit
risk assessments at sites with incomplete data (EPA, 1989a), concentrations of VOC indicator
contaminants (see Section D2.2.2) were assumed to be 1 ppm by volume.

D2.2.2 Indicator Contaminants

Indicator contaminants have been designated for the purpose of this EA risk assessment
because the historical information on chemicals used at the sites is more complete than the
analytical data. Although many organic and inorganic chemicals and some radionuclides are
suspected to be present at the ER Project sites subject to proposed corrective measures, a
limited number of indicator contaminants has been selected for risk evaluation. The
contaminants were selected based on historical knowledge of their origin and abundance or
because they represented a greater potential hazard to human health or the environment
because of their toxicity or mobility. These are defined as indicator contaminants because
they are used to indicate a level of risk at least as high as any other contaminants present.

Selected contaminants and the reasons for their selection as indicators of potential risks are as
follows:
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¢ Radionuclides—uranium-235 and cesium-137. These two radionuclides have
been measured at one or more of the sites selected for this risk assessment and,
based on knowledge of SNL/NM operations, are expected to occur at other sites
as well. Uranium-235 is a radioactive component of depleted uranium, which is
known to be present at some ER Project sites. To provide a conservative
overestimation of risks, all uranium was assumed to be uranium-235. This
isotope emits alpha radiation, which cannot penetrate the skin but is of concern if
ingested or inhaled. Cesium-137 is used to represent exposure to radioactive
fission products because it emits penetrating gamma radiation primarily. This is
of concern regardless of whether the cesium-137 is externally located or
incorporated into the body. Additionally, cesium-137 is easier to mobilize in the
environment than other radionuclides that could be present.

o Tritium. This is the only gaseous radionuclide whose presence is indicated by
historical information. It can be absorbed through the skin and, because it is an
isotope of hydrogen, can become incorporated in the body as tritiated water. |t
has a relatively short (12-year) half-life and is a beta emitter.

e Petroleum hydrocarbons—benzene, toluene, and xylenes. Petroleum
hydrocarbons are commonly associated with fuel spills. They have also been
measured at some of the ER Project sites selected for risk assessment. All three
compounds are volatile and readily mobilized in soil. Because they can adsorb
onto dust particles, they can present inhalation risks. Risks from ingestion and
dermal contact are also possible.

¢ Chlorinated hydrocarbons—carbon tetrachloride, trichloroethene, and
polychiorinated biphenyls. Carbon tetrachloride and trichloroethene are
commonly associated with waste solvents. Carbon tetrachloride is relatively
more toxic than other solvents expected to be present at the ER Project sites.
Trichloroethene is a less toxic, commonly used solvent that is considered likely to
be present in ER Project site wastes. Both compounds are volatile and readily
mobilized in soil. Polychlorinated biphenyl compounds are not as volatile as the
other chlorinated compounds. Based on experience at the Chemical Waste
Landfill, organic vapors are not likely to be present during excavation activities.
Instead, these organic compounds are likely to adsorb onto dust particles.
Inhalation exposure risks are evaluated based on inhalation of soil particles
contaminated with these chlorinated hydrocarbons. Soil particles are assumed to
contain concentrations of VOCs measured in soil samples. Risks from ingestion
and dermal contact are also possible. All three compounds have been measured
at some of the sites selected for this risk assessment and are expected to also
occur at some other ER Project sites.

¢ Inorganic anions—nitrate and nitrite. Nitrates and nitrites are by-products of
burning and detonation activities and are the inorganic components
representative of SNL/NM operations at burn sites and firing sites. Inhalation of
windblown dust containing nitrates and nitrites is the exposure route of primary
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concern, although ingestion exposures are also considered in this risk
assessment.

s Metals—arsenic, beryllium, cadmium, chromium, lead, and mercury.  These
metals have been measured at one or more of the sites selected for this risk
assessment and are expected to occur at other sites as well. All of the selected
metals are common laboratory chemicals. In addition, mercury and arsenic were
used in previous decades in fungicides and herbicides. All of the metals can be
present in powder form or can adsorb onto dust particles and can represent
inhalation risks. Other exposure routes, such as ingestion and direct contact with
the skin, were also evaluated.

o Explosive compounds and residues—homo-cyclonite, cyclonite, trinitrotoluene.
and nitrates/nitrites. Explosive compounds and residues are known to be
present at SNL/NM firing sites. Although explosive compounds and residue
concentrations greater than 12 percent in soil represent a risk of detonation,
these risks are not addressed in this risk assessment. It is expected that firing
sites where explosive compounds and residues or unexploded ordnance are
present will not be considered for NFA designation.

Because ER Project sites contain a variety of contaminants, exposures to a mixture of
chemicals are expected. The responses to such mixed exposures -.ould be additive,
synergistic, or antagonistic or could depend on the order of exposure (potentiated response).
Such changes in the incidence of response to mixed exposures have been demonstrated in
laboratory animals exposed to high doses. However, there are not sufficient multiple-risk data
on human responses to assess multiple risk and hazards at this time. The methodology used
in this risk assessment is consistent with EPA guidance and assumes that the risks are
additive (EPA, 1989a). For example, the risk from inhalation of chromium dust mixed with
arsenic dust is assumed to equal the chromium risk plus the arsenic risk.

D2.2.3 Comparabile Sites

The ER Project example sites for which quantitative characterization data were available for
this analysis are assumed to represent other, comparable ER Project sites to be remediated.
Although other sites to be remediated may have different concentrations of contaminants or
even different contaminants, currently, there are no site-specific data available and,
consequently, no basis for using any other assumptions about concentrations or appropriate
indicator contaminants in assessing risks projected for the ER Project. Therefore, to the extent
possible, ER Project sites were categorized as comparable to example sites for which
contaminant data were available based on their previous uses and/or CoCs.

Using information from the SNL/NM ER Site Information Sheets (SNL/NM, 1993), ER Project
sites were identified and grouped into five comparable site categories: landfills, burn sites,
explosive test sites, waste disposal sites, and septic systems and drainfields. To estimate
health and environmental impacts, the concentrations of indicator contaminants measured in
the example sites were assumed for all comparable sites. The total volume of soil to be
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remediated at all site types was used to assess risks for both carcinogens and
noncarcinogens. Example sites and their comparable sites are shown in Tables D2-6 through
D2-10. The volumes used in risk calculations are shown in these tables.

Landfill sites were treated a little differently from other comparable site groups because each is
unique. It was assumed that the Radioactive Waste Landfill (ER Site 1) would be excavated
and waste from there would be containerized. It was also assumed that the Classified Waste
Landfill (ER Site 2) would be excavated. Slightly elevated tritium levels have been detected in
soils near the Radioactive Waste Landfill. To conservatively estimate risks from a tritium
release, the tritium inventory in the landfill was assumed to be uniformly distributed in the soil
and released as a gaseous emission during excavation. No emissions of other contaminants
present in solid components were deemed credible. However, based on historical information
on the nature of the waste and careful ("archeological-like") hand excavation methods that
have been proposed, no releases of contaminants are expected. Consistent with current ER
Project plans, it was assumed that the Mixed Waste Landfill (ER Site 76) would be closed in
place. It was assumed that the Chemical Waste Landfill (ER Site 74) would be patrtially
excavated to the extent required for contaminant source removal (Fish, 1995). Data from
chemical waste landfill characterization were used to calculate indicator contaminant
concentrations. Thus, the only contaminant releases from landfills would be chemicals from
the Chemical Waste Landfill (ER Site 74) and tritium from the Radioactive Waste Landfill

(ER Site 1).

D2.2.4 ER Project Sites Without Characterization Data

A few sites could not be grouped as comparable. For these sites, a unit concentration of

1 ppm (1 milligram per kg) by weight of all indicator contaminants was conservatively assumed
to be present in soils. Table D2-11 lists ER Project sites without characterization data. This
approach is consistent with EPA guidance for assessing risks at sites with incomplete data
(EPA, 1989a). The unit concentrations of indicator contaminants were used to evaluate
potential relative or unit risks that can be readily multiplied by actual concentrations of
contaminants. When characterization is more complete, contaminant concentration data can
be used to determine whether risks fall within the "envelope" of impacts evaluated in this
assessment.

D2.3 HUMAN EXPOSURE PATHWAYS ASSOCIATED WITH THE
PROPOSED ACTION

This section addresses factors that were considered in assessing potential human exposures
to the contaminants described in Section D2.2.
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Table D2-6
Sandia National Laboratories/New Mexico Environmental Restoration Landfill Sites

| | Volume of Waste Assumed
o i : . S e Excavated-and Treated
~Past Site Use/Waste Type ..~~~ = L. . “cubicfeet) {cubic meters)
1 Landfill/radioactive waste 12,000 340
2 Landfill/classified waste * No release or treatment
74 Landfill’chemical waste® 934,000 26,459
75 Landfill/mixed waste No excavation proposed

*This volume is expected to be excavated without release because waste remains enclosed in containers (Aas,
1995). Wastes will not require treatment prior to disposal.

®This is the volume of waste at ER Site 74, the Chemical Waste Landfill, expected to be excavated (Fish, 1995).
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Table D2-7
Sandia National Laboratories/New Mexico Environmental Restoration Project Sites

Comparable to ER Site 4—Liquid Waste Disposal System*

‘| Volume of Waste Assumed
.- Excavated:and Treated -
_ Site Use/Waste Type | (cubicfeet) | (cubic meters) :

8 Open dump/mixed waste 57,944 1,641

9 Burial site/open dump/radioactive waste 4,696 133
10 Burial mounds/mixed waste 309,951 8,778
11 Radioactive, explosive/burial mounds, mixed waste 6,815 193
12 Burial site, open dump/mixed waste 57,979 1,642
14 Burial site/mixed waste 499,919 14,158
16 Open dumps/mixed waste 85,980 2,435
18 Concrete pad/radioactive waste 5,014 142
19 TRUPAK boneyard storage/mixed waste 5,014 142
23 Disposal trenches/mixed waste <35 <1
43 Radioactive material storage yard, mixed waste 1,695 48
44 Decontamination site and uranium calibration pits, mixed waste 1,412 40
45 Liquid discharge, not specified _ 7,804 221
55 Red Towers Site, mixed waste 7,309 207
58 Coyote Canyon Blast Area, mixed waste 169,982 4,814
60 Bunker area (north of Pendulum Site), mixed waste 989 28
63 Balloon Test Area, mixed waste 53,989 1,529
65 Lurance Canyon Explosive Test Site, mixed waste 289,966 8,212
68 Old Burn Site, mixed waste 1,695 48
82 Old Aerial Cable Site, mixed waste 129,976 3,681
83 Long Sled Track, mixed waste 5,014 142
84 Gun Facilities, radioactive waste 6,215 176
85 Bldg. 9920 firing site, mixed waste 57,979 1,642
86 Bldg. 9927 firing site, mixed waste <35 <1
87 Bldg. 9990 firing site, mixed waste 249,253 7,059
Q0 Beryllium firing site, mixed waste 6,885 195
94 Lurance Canyon burn site, mixed waste 74,998 2,124
103 Bldg. 9939 scrap yard, mixed waste 13,171 373
108 Bldg. 9940 firing site, mixed waste 7,592 215
109 Bldg. 9956 firing site, mixed waste 22,987 651
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Table D2-7 (Concluded)
Sandia National Laboratories/New Mexico Environmental Restoration Project Sites
Comparable to ER Site 4—Liquid Waste Disposal System

- | Volume of Waste Assumed
| Excavated and Treated
Past Site {:{cubic feet) | (cubic meters) -

Bldg. 9930 firing site, mixed waste 7,415 210
116 Bidg. 9990 septic system, radioactive waste <35 <1
117 Bldg. 9939 trenches, mixed waste 12,005 340
147 Bldg. 9925 septic system, radioactive waste <35 <1
148 Bidg. 9927 septic system, radioactive waste <35 <1
150 Bldg. 9939/9939A septic system, radioactive waste <35 <1
151 Bldg. 9940 septic system, radioactive waste <35 <1
1563 Bidg. 9956 septic system, radioactive waste <35 <1
191 Equus Red, mixed waste 9,287 263
193 Sabotage Test Area, mixed waste 2,189 62
225 AEC Storage Facility Kirtland Air Force Base, radioactive waste 5,014 142
228 Acid Waste Line, metals 27,012 765
241 Storage yard, not specified 3,990 113

®ER Site 4 was used in the analysis based on information provided by SNL/NM Environmental Restoration task
leaders at the time this EA was prepared. The site has subsequently been designated as an NFA candidate.
®Excavation of this site was assumed at the time analysis was performed. The site has since been eliminated from

the ER Project because it was found not to be a candidate for cleanup. Inclusion of this site in the risk estimate is
conservative.
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Table D2-8
Sandia National Laboratories/New Mexico Environmental Restoration Project Sites
Comparable to ER Site 107—Former Explosive Test Area

::Volximeg of Waste Aséuméd :
- Excavated and Treated -
7 be o - PastUse, Waste Tyr o | {cubic feet) | (cubic meters)
51 Building 6924 pad, tank, and pit, high-explosive residues 9,110 258
54 Pickax Site, explosive residues 1,782,131 50,471
57 Workman Site, unexploded ordnance 43,008 1,218
67 Frustration Site, unexploded ordnance/explosive residues <35 <1
91 Lead Firing Site, metals/explosive residues 4,308 122
107° Explosives Test Area, radioactive waste 319,803 9,057

*Treatable volume was conservatively estimated by SNL/NM Environmental Restoration task leaders at the time
this EA was prepared. Some sites were subsequently designated as NFA candidates and the volume will not
actually be excavated. The assumption made on this EA that wastes will be excavated and risks will be incurred
from contaminant releases is conservative.
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Table D2-9
Sandia National Laboratories/New Mexico Environmental Restoration
Project Sites Comparable to ER Site 114—Explosives Burn Pit

Volume of Waste Assumed
“+. Excavated and Treated
umber , \ 3 ~ |1 {cubicfest) ' {cubic meters) -
42 Acid Spill Water Treatment Facility, acids 530 15
46 Old Acid Waste L= Qutfall, acids, plating solutions 47,986 1,358
114 Burn Pit, explosives/metals 3,708 105
227 Bunker 804 outfall, explosives, metals, chemicals 9,004 255
228 Centrifuge Dump Site, not specified 5,014 142
242" Sabotage Test Box, explosives, metals <35 <1

®Excavation of this site was assumed at the time analysis was performed. The site has since been eliminated from:
the ER Project because it was found not to be a candidate for cleanup. Inclusion of this site in the risk estimate is
conservative.
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Table D2-10
Sandia National Laboratories/New Mexico Environmental Restoration
Project Sites Comparable to ER Site 165—Septic System for Technical Area |l

- Volume of Waste Assumed
o -~ Excavated and Treated
te Numb Past Use, Waste Typ +{cubicfeet) | (cubic meters)
96 Storm Drain System, Not Specified 27012 765
140 Bldg. 9965 Septic System, Photographic Chemicals <35 <1
165" Bldg. 901 Septic System, Explosives, Chemicals, Metals 37,287 1,056
187 Septic Tank Piping for publicly owned treatment works, 269,980 7,646
Chemicals

196 Bldg. 6597 Cistern, Nonhazardous Waste 9,816 278
229 Storm Drain Systems Outfall, Metals, Oils 4,802 136
230 Storm Drain Systems Outfall, Metals, Oils 4,414 125
231 Storm Drain Systems Outfall, Metals, Oils 1,907 54
232 Storm Drain Systems Outfall, Metals, Oils 1,589 45
233 Storm Drain Systems OQutfall, Metals, Oils 883 25
234 Storm Drain Systems Outfall, Metals, Qils 3,284 93
235 Storm Drain Systems Outfall, Metals, OQils 62,004 1,756

*Treatable volume was conservatively estimated by SNL/NM Environmental Restoration task leaders at the time

this EA was prepared. Some sites were subsequently designated as NFA candidates and the volume will not
actually be excavated. The assumption made on this EA that wastes will be excavated and risks will be incurred
from contaminant releases is conservative.
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Table D2-11
Sandia National Laboratories/New Mexico
Environmental Restoration Project Sites That Were Assessed by the
Unit Risk Approach

o Volume ¢~ Waste Treated

- ER Site Number PastiUse,iWath Type .2 (cubicfeet} | {cubic mefers) v

7 Disposal Pit, ‘ 309,951 8,778
Gas Cylinders, Explosives, unexploded ordnance,
Chemicals
30 Polychlorinated Biphenyl! Spill, 1,199,834 33,980
polychlorinated biphenyls
38 Building 9920 Oil Spills 7,203 204
Fuels/Qils
81 New Aerial Cable Site/Burial Site/Dump/Test Area, 109,991 3,115
Mixed Waste
98 Bidg. 863 Canyons Test Area—Photo. Lab, 1,589 45
Trichloromethane/Photographic Chemicals
239" Impact Area 155-millimeter and Rockets, 209,989 5,947
Not Specified
240 Short Sled Track, 5,014 142
Not Specified

®Excavation of this site was assumed at the time analysis was performed. The site has since been eliminated from
the ER Project because it was found not to be a candidate for cleanup. Inclusion of this site in the risk estimate is
conservative.
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D2.3.1 Exposure Pathway Elements

For exposure and potential risks to occur, exposure pathways must be complete, which
requires all of the following elements (EPA, 1989a):

¢ A mechanism for release of contamination from its source (e.g., suspension of soil
by excavation).

e A transport medium (e.g., windblown dust).

¢ A contaminant concentration at the point of human contact (the exposure point
concentration).

e A route of intake by the person (e.g., inhalation).
e The presence of the person at the exposure location.

Thus, the exposure pathway describes the course a contaminant takes from its source through
its intake by an exposed individual. If any one of these elements is missing, the pathway is not
considered complete and no exposure occurs (EPA, 1989a).

Release mechanisms are assumed to result from physical or physicochemical processes,
fugitive dust generation, leaching by water, and direct contact with the skin. External radiation
emitted from the contaminant is also considered a release mechanism.

In the exposure assessment for this EA, source contaminants are assumed to be in or
adsorbed onto soil particles and transported on windblown dusts. Exposure pathways from
groundwater and surface water were not considered credible. Exposure points are locations of
human contact with contaminated media. Human contact could occur at an ER Project site as
part of normal operations or remediation activities. Human contact at locations far removed
from the site would be at lower concentrations due to dispersion or other physical removal or
reduction processes. '

An exposure route is a way in which a contaminant comes into contact with or enters the body.
For this assessment, the exposure routes are considered to be the following:

¢ [nhalation: Inhalation is one of the most common routes of exposure to
contaminants. The lungs have a large surface area through which chemicals can
be absorbed and are permeable to many compounds. Toxic inhalations frequently
result in acute and chronic exposure. [If a contaminant of potential concern is not
able to become airborne as a mist, fume, vapor, or dust, exposure through the
pulmonary system is unlikely.

e Ingestion: Ingestion can be a route of absorption of a toxic agent into the body and
can occur through eating, drinking, or incidental soil ingestion. Children are more
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likely to ingest soil than are adults. Inhalation exposures to dust also involve
incidental ingestion of particles deposited in the upper respiratory tract.

e Dermal Contact: Dermal contact with chemicals in contaminated soil is usually of
lesser concern than inhalation exposures. The interior surface area of the lung is
much greater than the external skin surface area. Unbroken, healthy skin provides
an effective barrier against many toxic agents. Although lipophilic substances (such
as chlorinated organic solvents) absorb through the skin, these chemicals are also
readily absorbed through lung tissue. Industrial chemicals can cause dermatitis
when encountered at relatively high concentrations. Dermal exposure to strong
acids and bases or prolonged or repeated exposures at high concentrations to
other chemicals can cause acute effects at the skin surface as well as systemic
effects.

e External Irradiation: External radiation exposure can result from close proximity to a
radioactive source. Direct contact with the radionuclide is not required. Alpha
radiation does not pose an external radiation risk because it cannot penetrate the
skin. The major source of external radiation exposure is penetrating gamma
radiation. Beta radiation is also somewhat penetrating but less so than gamma
radiation.

D2.3.2 Identification of Potential Exposure Groups and Pathways

The analysis predicts potential human health effects for exposed individuals in three population
groups: (1) workers involved in constructing and implementing corrective measures at ER
Project sites, (2) other SNL/NM workers present on site but not involved with corrective
measure operations, and (3) members of the general public residing or present outside the
KAFB boundary. The potential risks associated with exposures to carcinogens and hazards
from noncarcinogens were estimated. These health and environmental effects were projected
for both routine operations and accidental exposure scenarios.

For the purpose of this analysis, it was assumed that an individual in one of the three
evaluated population groups (ER Project site workers, other SNL/NM workers, and members of
the public) did not also belong to another group. This assumption was based on the fact that
due to dispersion, exposure decreases dramatically with distance. For example, a person
working at an ER Project site who also resides outside the KAFB boundary would incur the
greater risk at the ER Project site. As a result, this person was considered to be an ER Project
site worker rather than a member of the general public. This is conservative because ER
Project site workers were assumed to be exposed for 8 hours a day.

Human health and ecological impacts resulting from soil disturbances and airborne releases of
contaminants were modeled assuming that, on the average, each site would require one year
to remediate. However, some sites will require much longer than one year to remediate, while
other sites may require less than one year. It was assumed that the entire ER Project will be
completed within ten years and that all human health and environmental exposures are chronic
for routine operations and are not time dependent. Thus, the total human-health risk
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assessment does not depend on the number of sites being remediated simultaneously in any
one year. Under this assumption, the risks evaluated represent the annual remediation risk.
In other words, the risk can be interpreted as "risk per year." It can be increased or decreased
according to the actual time required for remediation at different ER Project sites. The
following pathways were considered for each population group:

Ingestion of soil contaminated by dust from an ER Project site.

inhalation of contaminated dust from an ER Project site.

Dermal contact with soil contaminated by nonradioactive ER Project site dust.
External irradiation from soil contaminated by radioactive ER Project site dust.

The pathways selected for evaluation constitute all major complete exposure pathways, based
on knowledge of ER Project site conditions and assumed remediation activities. Potentially
exposed populations were selected according to the appropriate activity. For example,
potential ingestion of contaminated soil by children residing in the surrounding community was
included as a likely pathway. However, because children would not be involved in remediation
work, potential ingestion of contaminated soil by children at a remediation site was not
considered as a credible pathway. Ingestion, dermal contact, and inhalation exposures to ER
Project site workers were not considered credible for routine activities because they would be
subject to appropriate requirements for personal protective equipment by a site-specific health
and safety plan. Similarly, based on general facility safety training, SNL/NM workers not
involved in ER Project site remediation activities would be only routinely exposed through the
inhalation pathway. Both ER Project site workers and other SNL/NM facility workers were
assumed to be potentially exposed to accidental releases through all four of the above
pathways. Public exposure was evaluated assuming exposure through all the above pathways
for routine and accidental releases.

D2.4 ESTIMATION OF HUMAN EXPOSURE

A quantitative estimation of potential human exposures to contaminants involves:
¢ A determination of duration of emissions (see Section D2.4.1).

e A combination of exposure concentrations and factors used to estimate intake
(see Section D2.4.2).

e A description of applicable human exposure parameters such as breathing rate
(see Section D2.4.2).

* A determination of the contaminant concentrations at the point of exposure (see
Section D2.4.3).

e A determination of how the contaminants (source terms) are released (see
Section D2.5).
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D2.4.1 Emission Source Terms

For the purpose of determining emissions, the treatment options described in Chapter 2.0 of
the EA were assumed to be operational in processing remediation wastes for ten years.
Emissions from routine operations were calculated for the entire volume of soil to be excavated
and treated (see Appendix A, Tables A-2 and A-3). Soil volumes for sites for which in situ
bioremediation is proposed are not included because they would remain in place and would
not be evacuated. For routine operations, contaminant concentrations for example sites were
assumed available for release at all comparable sites.

Human health risks for routine emissions from treatment operations were evaluated using the
assumption that an engineered system was capable of removing 99.99 percent of all
contaminants present in soils, except tritium. The particulate thermal desorption treatment
option and its off-gas treatment system were assumed to result in full destruction of hazardous
VOC and SVOC compounds.

Contaminant releases from accidents were evaluated separately and are described in
Section D2.5.2.

Because ER Project activities would involve excavation and other dust-generating activities, it
was necessary to estimate the potential impact of windblown contamination on human health.
Meteorological data were used in calculating the concentration of a contaminant in the air and
deposition on the ground at various user-spec:iied locations. Estimated contaminant
concentrations at the location of a receptor were obtained from the EPA 1SC2 air-quality model
and the above-mentioned meteorological data. The EPA ISC2 models were used for this
analysis because they are specifically designed to support EPA's regulatory modeling
programs (EPA, 1992).

D2.4.2 Intake and Exposure Parameters

Estimates of contaminant concentration in the air were used to estimate exposure by the
inhalation pathway. Similarly, estimates of contaminant deposition on the ground were used to
estimate exposure by the ingestion, dermal contact, and external radiation pathways.
Exposure consequences were projected using EPA's Risk Assessment Guidance for
Superfund (EPA, 1989a) values for typical human receptors and the Exposure Factors
Handbook (EPA, 1989b).

D2.4.3 Dispersion Modeling

Executing the EPA ISC2 models requires information that describes the physical
characteristics of the emission site, the contaminants and their emission rates, meteorological
data, and locations of potential exposure points. Based on EPA emission factors for
unmitigated fugitive dust releases during construction activities, it was estimated that 1.2 tons

of soil per acre per month (1.0 x 107" gram per square meter per second) would be excavated
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during excavation activities (EPA, 1988) despite fugitive dust mitigation measures planned for
ER Project site excavation activities. This value was used as the areal emission rate for all
sites and was multiplied by their estimated areas. The measured indicator contaminant
concentrations for each of the sites were used to represent the contaminant concentrations in
the dust releases. The total period of release for each site was conservatively estimated to be
one year, the assumed average remediation time for ER Project sites. Meteorological data for
calculating the air dispersion of contaminants were obtained from the Technology Transfer
Network (EPA, 1992) and averaged for the year 1991.

The size of the diffuse area source varied with the example site used. Area source sizes were
conservatively assigned to their respective example sites based on information available when
the analysis was performed. These areas have proven to be equal to or larger than later
revised area source estimates shown in Appendix A, Table A-2.

¢ Radioactive Waste Landfill (ER Site 1): 11,944 square feet (1,110 square
meters). Tritium releases at this site were not related to the area but were
considered proportional to the total volume available for release.

¢ Liquid Waste Disposal System (ER Site 4) and comparable sites: 35,565 square
feet (3,304 square meters) for each of 43 sites.

e Chemical Waste Landfill (ER Site 74): 82,737 square feet (7,686 square
meters).

e Former Explosive Test Area (ER Site 107) comparable sites: 4,769,856 square
feet (443,119 square meters).

e Explosives Burn Pit (ER Site 114) comparable sites: 1,852,321 square
feet (172,081 square meters).

s Septic System for Tech Area Il (ER Site 165) comparable sites:
4,769,856 square feet (443,119 square meters).

The EPA 1SC2 model was used to estimate contaminant dispersion over a 13.7- by 13.7-mile
(22.0- by 22.0-kilometer) area. Estimated contaminant concentration contours for each of the
example sites were generated by the model to identify the outer contours of significant
contamination. This area was found to include all of the potentially exposed population
groups.

Results of dispersion modeling were expressed graphically as contours of constant
contaminant concentration around the center of an ER Project site. These lines represent
contours of constant exposure point concentrations where individuals might be exposed and
were converted to lines of constant risk for the three exposure groups.
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D2.5 CONTAMINANT RELEASES

This section addresses emissions incidental to normal operations. Routine operations would
be conducted according to an approved health and safety plan designed to minimize the
possibility of releases, accidents, and injuries.

D2.5.1 Contaminant Releases Resulting from Routine Operations
The only routine releases associated with remediation activities were found to result from
excavation. Releases from waste treatment operations were not considered to be credible on
a routine basis due to engineered controls for waste treatment processes. Although there are
no controls for tritium releases at the proposed thermal treatment facility, tritium releases are
not of concern because treatment of tritium-contaminated soil or debris from the Radioactive
Waste Landfill (ER Site 1) is not proposed.
D2.5.1.1  Release During Corrective Measures
Routine releases of contamination from corrective measures operations are expected to be
dominated by airborne releases during excavation. Releases of indicator contaminants from
excavations at ER Project sites were assessed according to the site groupings described in
Section D2.2.3. These are:

¢ The Radioactive Waste Landfill (ER Site 1).

e The Chemical Waste Landfill (ER Site 74).

* The waste disposal facilities comparable to the Liquid Waste Disposal System
(ER Site 4).

¢ The firing sites comparable to the Former Explosives Test Site (ER Site 107).
e The burn pit sites comparable to the Explosives Burn Pit (ER Site 114).

e The septic system sites comparable to the Septic System for Tech Area Il (ER
Site 165).

Airborne Dust Emissions from Excavation

Contaminants are assumed to be released in the concentrations in which they were measured
in the soil at the example ER Project sites for which data exist. The release rate for all sites,
as dlscussed in Section D2.4.3, was assumed to be 1.2 tons of soil per acre per month

(1.0x 107 grams of soil per square meter per second) despite fugitive dust emission controls,
such as applying water at excavation sites. For sitzs not considered comparable, a unit
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concentration is assumed to be released. This concentration is conservatively assumed to be
1 ppm by weight for each indicator contaminant. This was based on EPA emission factors for
fugitive dust emissions during construction projects (EPA, 1988).

Airborne Emissions from Waste Treatment Facility

Releases from the proposed corrective action management unit (CAMU) waste treatment
facility option, assumed to be located near the Chemical Waste Landfill (ER Site 74), would
depend on specific design and operating parameters. Because ER Project sites have not yet
been characterized, there is currently insufficient information on which to base a specific
treatment facility design. Therefore, routine airborne releases are assumed to result from a
treatment facility with a nominal daily throughput of 2,200 pounds (1,000 kg) (consistent with
typical thermal desorber design [Feizollahi and Shropshire, 1994]) and work-off rate of ten
years for treating assumed ER Project site waste volumes) of waste per day from a point
source (stack) with a height of 30 feet (9.1 meters). The waste treatment facility is assumed to
have a minimum contaminant removal efficiency that would allow particulate contaminant
concentrations to be reduced in the air exhaust waste stream by 99.99 percent and would be
capable of complete destruction of VOCs, consistent with the proposed off-gas treatment and
emission controls system.

D2.5.2 Contaminant Releases and Concentrations Resulting from Accidents
and Abnormal Events

The accident analyses considers accidents that could typically be expected during proposed
ER Project activities related to implementing corrective measures. Accidental releases for the
no action alternative are not addressed because no accidental release scenarios were
identified.

D2.5.2.1  Accidents Resulting from Implementation of Corrective Measures

Contaminant Concentrations

To conservatively estimate accidental releases associated with waste transportation, handling,
and treatment, it was assumed that wastes encountered would reflect waste generated at any
of the ER Project sites. Therefore, a general waste composition was assumed throughout the
assessment of accidental releases. The waste composition was developed from concentration
data for the chemical components among the indicator contaminants and the maximum values
for radionuclides among the example sites. Table D2-12 shows the contaminant
concentrations used to model accidental releases along with the adverse health effects
typically associated with the contaminant. The contaminant concentrations available at the
time this analysis was performed are not identical to those used for routine releases from
example sites. However, the assumptions made in the analyses are conservative and newer
information on contaminant concentrations does not change the conclusions for this analysis.
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Concentrations of Indicator Chemicals Evaluated for Accidental Releases®

- Estimated - b - -Data Source .

Concentration - - HealthEffect = - | {ER Site Number)
Arsenic 32 Cancer b Chemical Waste Landfill
{ppm) Systemic toxicity (ER Site 74)
Beryllium 24 Cancer Chemical Waste Landfil
(ppm) Systemic toxicity (ER Site 74)
Cadmium 0.98 Cancer b Chemical Waste Landfill
(ppm) Systemic toxicity (ER Site 74)
Chromium Vi 290 Cancer b Chemical Waste Landfill
(ppm) Systemic toxicity (ER Site 74)
Cesium-137 9.2 Cancer Liquid waste Disposal System
(pCi/g) (ER Site 4)
Homo-cyclonite (HMX) Data not available
(ppm)
Lead 310 Systemic toxicity Chemical Waste Landfill
(ppm) (ER Site 74)
Mercury 5.8 Systemic toxicityb Chemical Waste Landfill
(ppm) (ER site 74)
Nitrate/nitrite 1.9 Systemic toxicityb Chemical Waste Landfill
(ppm) (ER Site 74)
Polychlorinated biphenyl 8,200 Cancer Chemical Waste Landfill
(ppm) (ER site 74)
Cyclonite (RDX) Data not available
(ppm)
Tritium (pCi/g) 0.36 Cancer Radioactive Waste Landfill

(ER Site 1)
Trinitrotoluene (TNT) Data not available
(ppm)
Uranium-235 0.78 Cancer Liquid Waste
(pCif/g) Disposal System
(ER Site 4)

aExtracted from unpublished interim reports in the Environmental Restoration Program Files, 1994.
bSysto:emic toxicity consists of non-cancer-related health effects, including but not limited to, nausea, headache, liver
damage, kidney failure, and central nervous system disorders. (EPA, 1989b)

ppm = part(s) per million
pCi/lg = picocurie(s) per gram
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Volume Available for Release

Waste excavation, handling, storage, transportation, and treatment accidents were assessed
for the ER Project sites identified in Appendix A, Table A-3. This table shows the sites where
contaminated soil is assumed to be excavated for treatment, as well as the associated soil
volumes assumed to be contaminated. These estimates are very conservatively derived and
are intended to overestimate the total contaminated soil volumes.

The information provided in Appendix A, Table A-3, was summarized to provide the waste
volume and ER Project site location information necessary to assess risks. Total mileages
theoretically required for waste transportation from each ER Project site to storage and
treatment facilities were based on an assumed CAMU location near the Chemical Waste
Landfill (ER Site 74). Transportation accident frequency per mile for a route through an area
90 percent rural, 5 percent suburban, and 5 percent urban (Madsen et al., 1986) were then
applied to the mileage traveled. Accident frequency information was obtained from data
compiled by (DoL, 1990) and the National Safety Council (NSC, 1993).

In addition, ER Project site workers would be expected to incur risks of occupational injuries or
fatalities from waste handling, vehicular traffic, treatment facility construction, and demoilition
and waste treatment accidents. Potential risks from abnormal events ranging from container
punctures to an aircraft crash at a storage facility were also assessed. The total daily capacity
of a central treatment facility was assumed available for release (2,200 pounds [1,000 kg]).

Populations Exposed

The number of people estimated for each of the three population groups identified in

Section D2.3.2 was based on several assumptions. The number of workers assumed to be
involved in ER Project site corrective measures activities was based on the assumed treatment
facility throughput capacity of 2,200 pounds (1,000 kg) of waste per day assumed for the
treatment plant design. Based on this assumption, it was anticipated that the operations would
require 60 full-time workers. The number of full-time SNL/NM workers associated with the
treatment, handling, and disposal facility, but not involved in corrective measures operations,
was estimated to be 60. Because the number of people in the general public who would be
affected by an accident is difficult to estimate for the entire SNL/NM facility, risks were
estimated based on the potential exposure of 1,000 people. These risks to the general public
from accidental releases can be interpreted as representing "risk per 1,000 people per year."

Accident Types

Specific types of accidents that were assumed to result in releases or injuries and fatalities not
associated with a release are summarized below:
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o Waste-Handling Accidents. Risks were assessed for waste-handling accidents
involving dropping a container of untreated contaminated soil and inhaling
suspended aerosols. Health effects were estimated for potential exposures of
nearby ER Project workers, workers not involved in the accident, and the general
public. The equations used to assess risks from handling treated waste are
identical to those for untreated waste, except for the smaller aerosol suspension
factor used for treated waste. Therefore, risks from handling treated waste are
proportionately lower as well. However, these risks were not calculated
whenever risks calculated for untreated waste were tolerable or negligible.

¢ Transportation Accidents. Risks were assessed for transportation accidents
involving a one- or two-vehicle accident in which waste containment was
breached, followed by inhalation of aerosols by people nearby. As above, risks
from transportation accidents involving treated waste were not calculated
whenever calculated risks for untreated waste were tolerable or negligible.

e Treatment Accidents. Risks were assessed for a small-scale explosion or fire
during the desorption of flammable compounds in the thermal desorption unit.
Other accidents associated with waste treatment are assumed to include the
same waste-handling accidents described above.

Risks from accidents during in situ bioremediation are assumed to be negligible because soil
moving activities are anticipated to be minimal. Also, bioremediation generates explosive
gases so slowly that explosive accidents were not considered credible. Accidents from
treatment of unexploded ordnance are assumed to be minimized by procedures defined in a
health and safety plan. Accidents from carbon dioxide sandblasting, soil washing, and waste
solidification are assumed to be included in occupational injury and fatality risks calculated
below.

D2.5.2.2 Releases Resulting from Abnormal Events

The following types of scenarios were considered in determining risks from releases occi:rring
as a result of abnormal events:

» Aircraft Crash. Risks were assessed for an aircraft crashing directly into the
treatment plant or crashing and sliding into the plant, causing the release of
contamination as well as impact and burn injuries to wcri<ers in the plant. ltis
assumed that the plant would contain an amount of wz .2 equal to a one-day
treatment capacity. This accident scenario is also assumed to apply to an
aircraft crash into a storage facility. However, the probability of this event is very
low—1 in 10 million (107) to 1 in 100 million (10°).

¢ Seismic or High-Wind Events. Releases resulting from seismic or high-wind
events would be very similar to those occurring during an aircraft crash. The
total inventory equal to a one-day treatment capacity would also be released by
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these events. The probability of occurrence would probably be smaller than the
aircraft-crash scenario because of the low seismic event and tornado frequencies
at the SNL/NM facility location (see Section 3.1).

D2.6 NO ACTION ALTERNATIVE

The human health risk from the proposed action may be compared to a baseline risk incurred
by both SNL/NM workers and the public from general levels of contaminants measured on site
and within the Albuquerque metropolitan area as part of the ongoing environmental monitoring
program at SNL/NM (Culp et al., 1994). Levels of soil contaminants on and near KAFB and
locations in the greater metropolitan Albuquerque area were used to establish baseline risk for
the no action alternative. Contamination from ongoing operations and existing ER Project sites
contributes to this risk, but their relative contributions are unknown. Therefore, the baseline
provides an upper limit estimate of the risk associated with no action.

Table D2-13 summarizes these soil data used to estimate the baseline no action risk. No air-
monitoring data were reported in 1983. Therefore, the risk assessment for the no action
alternative was based on soil-monitoring data. Soil concentrations for the indicator
contaminants were divided into four groups:

e Group 1, samples collected from Tech Areas |, Ii, and IV.
e Group 2, samples collected from Tech Areas lll and V.
o Perimeter samples collected at seven locations on the SNL/NM boundary.

e Off-site samples collected at 12 locations within a 50-mile (80-kilometer) radius of
SNL/NM.

Risk estimates based on Groups 1 and 2 sample data reflect potential exposures of workers at
the technical area in question. Estimates based on perimeter or off-site measurements reflect
potential risks to residents in the surrounding community or to the general public.

No action means that no action would be taken at the ER Project sites and that the risks would
be the same as those currently incurred. To assess the risks associated with the no action
alternative, it was assumed that current waste management practices would continue without
modification and that existing environmental monitoring measurements would reflect future
contaminant concentrations. This is a conservative assumption because ongoing SNL/NM
operations are a primary contributor to measured contaminant concentrations.

There are no known incidents of accidental releases from undisturbed ER Project sites. The
analysis in this EA assumes that current practices would continue and that such accidental
releases would not be reasonable or foreseeable.

AL/2-96/WP/SNL:3878-D2.DOC D2“29 03/21/96 4:06 PM




DOE/EA-1140

Table D2-13
Concentrations of Indicatcr Chemicals in Soil Reported in the
Environmental Monitoring Report, 1993
Sandia National Laboratories/New Mexico

A . a
| Perimeter

{ppm)

- Off Site”

{ppm)

Arsenic

Not Detected

Benzene

Not Detected

Beryliium

0.5

Cadmium

0.72

Carbon tetrachloride

Not Detected

Chromium VI

19.4

Cesium-137 and daughters

0.3

Homo-cycionite (HMX)

Not Detected

Lead

8.75

Mercury

Not Detected

Nitrate

Not Detected

Nitrite

Not Detected

Polychlorinated biphenyl

Not Detected

Cyclonite (RDX)

Not Detected

Trinitrotoluene (TNT)

Not Detected

Toluene

Not Detected

Trichloroethene

Not Detected

Uranium-235 and daughters

Not Detected

Xylene

Not Detected

aSampIes collected at the SNL/NM perimeter.

b
Samples collected at 12 locations within a 50-mi (80 km) radius of SNI/NM.
ppm = parts per million

Reference:

Culp, T., C. Cheng, W. Cox, N. Durand, M. Irwin, A. Jones, F. Lauffer, M. Lincoln, Y. McClellan, K. Molley, and T.
Wolff, 1994. "1993 Environmental Monitoring Report, Sandia National Laboratories, Albuquerque, New Mexico,"
SAND94-1293-UC-630, Sandia National Laboratories, Albuquerque, New Mexico.
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D2.7 HUMAN HEALTH CONSEQUENCES

D2.7.1 Human Health Consequences of Radionuclide and Hazardous
Chemical Releases During Routine Corrective Measures

This section briefly describes the estimated potential human health risks associated with
routine operations at ER Project sites. Such estimations are based on regulatory guidance
that provides a bias contained in EPA risk assessment methodology to protect human health
by overestimating risks (EPA, 1989a).

D2.7.1.1 Human Health Risk Characterization

A brief discussion of cancer risks and health hazards is included in this section to aid the
reader in understanding the estimated risks and interpreting risk assessment resuits.

Human health risk assessment characterizes two general kinds of effects separately:

1) potential cancer risks as described by the incremental cancer risk, and 2) potential effects of
exposure to hazardous noncarcinogens as described by the hazard index. These two kinds of
health effects are evaluated in fundamentally different ways (EPA, 1989a). For example, the
health hazards associated with exposure to noncarcinogens such as toluene are considered to
have a threshold dose below which there is no adverse effect. Increased doses above the
threshold dose lead to increased severity of the effect. Carcinogens such as radiation are
considered to have no threshold dose. Thus, any increase in dose leads to increased
probability of cancer induction but not to increased cancer severity. Furthermore, cancer risks
are considered to be additive. Effects of exposure to hazardous chemicals are also
considered to be additive for the same type of human health effect such as kidney damage.
However, because cancer risks and systemic toxicity hazards together are not considered to
be additive, they are evaluated separately (EPA, 1989b).

Some carcinogens such as carbon tetrachloride also pose a noncarcinogenic hazard, usually
at higher doses than are required for cancer induction. These potential hazards are
characterized in the same manner as other noncarcinogens. To evaluate the significance of
carcinogenic risk, EPA relates calculated incremental cancer risk values to a risk of one excess
cancer in a potentially exposed population of one million people. This risk standard is often
described as the "one-in-one-million risk," the "ten-to-the-minus-6 risk," or the “10°° risk."
Because quantitative nsk assessment is one of many factors considered in making remediation
decisions, a risk of 10°® does not define the highest risk that can be considered acceptable
EPA specifies that a risk range of "one in one million" up to "one in ten thousand" (10 to 10° )
can be considered for selection of remediation alternatives (55 Federal Register [FR] 30796).

In evaluating worker exposures to radioactive contaminants, it is appropriate to compare
exposures with existing occupational health and safety exposure protection limits. Worker
exposures to radiation under normal operations would be controlled under established DOE
Orders and SNL/NM standard operating procedures to limit exposures to 5 rems per year and,
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further, to be at levels that are as low as reasonably achievable (ALARA). Workers whose
exposures do not exceed these limits would not be expected to incur any harmful health
effects from radiation exposures received during normal operations.

D2.7.1.2 Routine Risk Estimates From ER Project Sites With Characterization Data

Risk estimates for exposure to routine excavation releases were made for the example sites
having contaminant concentration data and were projected as similar for comparable sites.
Total risks to human health from exposure to contaminants potentially released during
excavation of comparable sites were estimated using the risks calculated for the example sites.
The estimated incremental cancer risks and hazard indices for each of the example sites were
multiplied by the ratio of the total comparable sites' waste volume to that of the example site.

Risks from any individual site were very small (<2 x 10'7) for ER Project workers. Because ER
Project site workers would have worn appropriate personal protective equipment, the risk was
entirely from direct irradiation. Risks to non-ER Project site workers at other SNL/NM facilities
were many thousands of times higher than were risks to members of the population.

The highest estimated risk (to a non-ER Project worker) for each example site plus comparable
sites was used to represent the human health risk from routine releases for this EA analysis.
Table D2-14 summarizes the total estimated risks to human health from routine releases.

Table D2-14
Total Estimated Risks to Human Health from Routine F{eleasgs of Contaminants
from Example Sites and Comparable Sites

Radioactive Waste Landfill

Chemical Waste Landfill 0.000012
Waste Disposal Sites Analogous to ER Site 4 (the Liquid 0.002
Waste Disposal System)

Firing Sites Analogous to ER Site 107 (the Former 17x10° 0.12
Explosives Test Area) :

Burn Pits Analogous to ER Site 114 (the Explosives Burn 2.4x10° 0.17
Pit)

Septic Systems Analogous to ER Site 165 (the Septic 2.8x107 0.002
System for Technical Area 2)

TOTAL 42x107 0.30

a

Risk estimates were made based on data available at the time of the analysis (IT Corporation, 1994). Use of more
recent information does not change conclusions in this analysis.
°All of these hazard indices are less than 1.0, meaning there would be no adverse impact.
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D2.7.1.3 Risk Estimates from ER Project Sites Without Example Sites

Because no analytical data are available for human health risk evaluation at certain sites that
were not considered comparable to one of the example sites, a unit risk estimate was
performed to obtain an estimate of potential maximum health impacts from any such site. The
sites not considered comparable, termed “orphan sites" for the purpose of this discussion,
were ER Sites 7, 30, 38, 81, 98, and 240. Air concentrations of indicator contaminants were
assumed to be 1 microgram per cubic meter. Concentrations of contaminated soils were
assumed to be 1 milligram (mg)/kg for each of the indicator contaminants.

For an orphan site, the inhalation exposure pathway is the dominant contributor to risk.. The
total incremental cancer risk and hazard index valges for non-ER Project site workers without
respiratory protection were estimated to be 2 x 10 “ and 2.28, respectively. These risks are
hypothetical and presented only to demonstrate the magnitude of potential risk. At the time of
excavation of any ER site, actual measurements of airborne contaminants would be taken and
appropriate measures taken to assure the health and safety of all workers potentially exposed.
It is intended that the unit risk approach results in an overestimation of potential risks. Risks to
members of the public at off-site locations would be expected to be much lower due to wind
dispersion of contaminants. Risks from an "orphan” site are not added to total risks to human
health from routine releases because risks are hypothetical.

D2.7.1.4 Incident Free Transportation

On-site transport of untreated waste from excavated sites to a TU and/or CAMU or other
treatment facilities and transport of clean waste back to ER Project sites for backfill would
result in some environmental and human health impacts. These impacts have been factored
into the estimates of air quality and human health impacts discussed in Sections 4.1.4 and
4.1.10, respectively. The total on-site transport distance estimated in Table A-3, Appendix A,
to be traveled by waste-hauling trucks directly engaged in ER Project activities is about
79,000 miles (130,000 km).

Additionally, some waste generated by the ER Project may require shipment to permitted
disposal areas off site. The exact amounts of waste to be shipped and the disposal sites have
not been determined, but for the purpose of evaluating potential environmental impacts,
sufficient information is available to put a realistic upper bound on this aspect of the analysis.
Parameters important to the analysis of transportation impacts, such as source term
information (type and form of hazardous material, concentration, total amount), mix of roadway
types, population exposed and total mileage are compared between the SNL/NM ER Project
and other similar actions analyzed recently by DOE. Since analyses of transportation impacts
typically show very small risks, this comparative approach can readily be used to illustrate the
relative magnitude of impacts for this aspect of the program.

For purposes of this comparison, all sites in SNL's ER Project, except the mixed waste landfill,
were assumed to be excavated and all of the waste thereby generated was assumed to be
shipped off site. Given these conservative assumptions, the ER Project was projected to
generate a maximum of 2.2 million cubic feet of LLW and LLMW (this is a subset of the total

AL/296/WP/SNL:3878-D2.DOC D2-33 0312296 227 PM




DOE/EA-1140

volume of ER waste shown in Appendix A, Table A-3). The maximum estimate of the shipping
distance for this waste was 4.4 million miles.

The Waste Isolation Pilot Plant Supplemental Environmental Impact Statement (WIPP/SEIS)
(DOE, 1990) described a shipping campaign to be conducted over 20 years and
encompassing about 5.5 million cubic feet of waste, which is at least twice the maximum
volumes of low level and mixed waste expected from the ER Project. In the WIPP/SEIS, the
shipping campaign with the longest transportation distance was from the Savannah River Site
(SRS) to New Mexico, with a prospective 3000 shipments (approximately 4.5 million miles)
over twenty years. This campaign resulted in an expected occurrence of 0.01 latent cancer
fatalities (LCFs) over the entire campaign. In another example, the Draft Nevada Test Site
Environmental Impact Statement (NTS/EIS) (DOE, 1996a) predicted a similar LCF occurrence
for the shipping campaign from SRS to the Nevada Test Site (NTS) (approximately

16.5 million miles), of 0.02 LCFs over 10 years.

The Draft Waste Management Programmatic Environmental Impact Statement (WM/PEIS)
(DOE, 1996b) also analyzed transportation of LLW and LLMW projected for the entire DOE
complex for the next 20 years (a waste volume at least 10 times higher than expected from the
ER Project) over 500 million miles. A maximum 9.3 LCF occurrence for the public was
predicted. The WM/PEIS (DOE, 1996b) analysis found that the risk from transportation is
largely linear, based on a per mile basis (i.e., transportation risk is a function of travel
distance).

The programmatic documents discussed above considered low level waste from all sources,
including process wastes, which generally contain higher concentrations of radioactive material
than ER wastes. For example, the average drum shipped to WIPP was expected to contain
0.5x10* Ci/per drum of radioactive material compared to 8.6x10° Ci/per drum projected for

ER wastes (Brown, 1996).

An additional comparison was made of the LLW generated by the environmental restoration
projects at the Fernald Operating Units (OU) 3 and 5. These shipments originated at Fernald,
Ohio, and were transported by highway to Envirocare in Clive, Utah. The analyses used for
comparison were the Fernald Feasibility Studies (DOE, 1995b and DOE, 995c) and are
considered more directly analogous, except larger in scope, to the SNL/NM ER Project than
the DOE programmatic documents. The incident-free impacts and accident risks were
estimated using the RADTRAN 4 code. The maximum projected impact from the
transportation of OU 3 and 5 wastes was 4.5x10° LCFs per year.

The risk from transporting LLMW include risk from exposure to the chemical component of the
wastes. The health hazards of concern in assessing risk from transportation of chemicals do
not include cancer because the only plausible mechanism for exposure of the public is a one-
time exposure due to accidents. whereby acute health effects would predominate.
Noncarcinogenic health effects are considesed to have a threshold dose below which there is
no adverse effect. This threshold for evidence of systemic toxicity is assigned a hazard index
(HI) of one. An analysis yielding an HI of less than one indicates no significant health effects.
In the analyses for LLMW performed in the WIPP/SEIS (DOE, 1990), the assumed
concentrations of volatile chemicals were at least as high or higher than the 1 ppm
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concentrations assumed for the ER LLMW. A high concentration of lead (2.2 gm per drum)
was assumed for the WIPP analysis. The analyses of all considered shipping campaigns in
the WIPP/SEIS (DOE, 1990) yielded an HI from chemical exposure at least one hundred times
less than one.

The impacts from a proposed SNL/NM ER Project shipping campaign would be well below the
impacts determined by analyses in the WIPP/SEIS (DOE, 1990), the NTS/EIS (DOE, 1996a),
and the WM/PEIS (DOE, 1996b) documents because the volumes proposed to be shipped are
smaller, the source term is smaller, and the distances to be shipped are shorter. Therefore,
transportation of relatively small volumes of waste expected from SNL/NM ER Project are
projected to have negligible LCF and other health impacts based on the comparison with
analyses of transport of the LLW and LLMW generated by the entire DOE complex over
several decades.

D2.7.2 Human Health Consequences of Radionuclide and Hazardous
Chemical Releases from Accidents and Abnormal Events

This section briefly describes the estimated potential health risks associated with accidents
and abnormal events at ER Project sites. As with risk assessments of routine operations, the
estimations follow regulatory guidance that employs a health-protective bias leading to an
overestimation of the risks (EPA, 1989a).

Accident analysis addresses events that might not occur but are "reasonably foreseeable."
Under the Council on Environmental Quality regulations in 40 CFR 1502.22, "reasonably
foreseeable” includes "impacts which have catastrophic consequences, even if their probability
of occurrence is low, provided that the analysis . . . is supported by credible scientific evidence,
is not based on pure conjecture, and is within the rule of reason."

A spectrum of potential accident and abnormal event scenarios could occur during
construction, operation, or transportation activities anticipated for the proposed corrective
actions. The accident scenarios chosen are limited to those that can reasonably be analyzed
by scientifically credible methods. An accident with a potentially major impact on one group
(e.g., ER Project workers) but with relatively minor or inconsequential effects on another group
(e.g., the general public) was considered using the sliding-scale approach. Aninjury to a
forklift operator is an example of such an accident.

D2.7.2.1 Waste Handling and Treatment Operations Spills

Table D2-15 summarizes the cancer risks estimated for contaminants released from waste-
handling accidents involving dropping a container of untreated waste or spills during
storage/treatment operations. Non-ER Project workers encounter the maximum cancer risk
from waste-handling operations. This is true even though the estimated risk to the individual
ER Project worker involved in waste handling is larger than the risk to the individual non-ER
Project worker. However, the number of ER Project workers (6) assumed to be directly
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involved in the accident is smaller than the number of non-ER Project workers (60) potentially
exposed. Therefore, the total risks estimated for the two groups are similar. Likewise, the risk
to 1,000 members of the general public is similar to the risks to the other potentially exposed
groups, although the risk to an individual member of the public is much lower than that for
other groups. These estimated cancer risks are dominated by potential exposure to
hexavalent chromium and were overestimated under the assumption that all chromium present
is in the carcinogenic hexavalent state. Nevertheless, the overall cancer risk to the three
population groups including contribution from direct radiation exposure and contaminant
inhalation from waste-handling accidents is less than 1 x 10°,

As shown in Table D2-16, exposure to non-carcinogens during waste-handling and
treatment/storage operations spills are all very much less than unity, indicating no systemic
toxicity risks.

D2.7.2.2 Transportation

Tables D2-15 and D2-16 summarize the estimated cancer risks from contaminants released
during transportation accidents involving a one- or two-vehicle accident in which untreated
waste is released. The risk of cancer from accidental exposure involving untreated waste
transportation accidents is somewhat similar for all three potential exposure groups. The
number of ER Project workers potentially affected in waste transportation accidents was
assumed to be two, and the number of other workers at SNL/NM potentially involved was
assumed to be 20. The risk to the general public was calculated per 1,000 people. As above,
these risks were overestimated according to the assumption that all chromium present is in the
carcinogenic hexavalent state. The overall cancer risk to the three population groups from
transportation accidents inclx_:fs:ling contribution from direct radiation exposure and contaminant
inhalation is less than 2 x 10 7, and there is no systemic toxicity risk.

D2.7.2.3 Treatment Explosion/Fire

Cancer risks were estimated for exposure to contaminants released from a small-scaie
explosion or fire in the treatment plant. Tables D2-15 and D2-16 summarize these risks. As
shown in Table D2-15, the estimated risks to all of the potentially exposed groups are
dominated by risks from transportation accidents. As can be seen from the tables, cancer risk
to the three population groups including contribution from direct radiation exposure and
contaminant inhalation from accidents during treatment is less than 1 x 10 and there is no
systemic toxicity risk.

D2.7.2.4 Abnormal Events

Cancer risks were estimated for exposure to contaminants released from an aircraft's crashing
directly into the treatment plant or from a natural catastrophic event that similarly releases the
entire daily inventory of waste to be treated. For ER Project workers at the treatment plant,
estimated cancer risks were compared to a risk of injury or a fatality directly resulting from an
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accident rather than a release. For non-ER Project workers, the estimated cancer risks for
exposure resulting from an aircraft crash were less than the risks associated with routine
excavation or waste treatment operations. These risks were reduced by the low probability of
an aircraft crashing directly into the treatment plant, approximately 1 x 107 to 1 x 10°. Risks
estimated for this accident scenario were also assumed to apply to an aircraft crashing into a
storage facility. Because risks associated with releases following an aircraft crash are very
small compared to the risks from routine operations, these accidental releases risks were not
considered further, consistent with the "sliding-scale" approach (DOE, 1993).

The total hazard index for releases associated with all accident scenarios was estimated at
less than 1 x 10°, well below the hazard index of 1.0 associated with systemic toxicity.
Because the estimated hazard index is inconsequential compared to the risk of accidental
injury or fatality, the risk of systemic toxicity from exposure to contaminants in an accident is
also very small compared to a nonrelease-related risk of injury or a fatality in the same
accident. Therefore, systemic toxicity from accidental exposure is not discussed further.

D2.7.3 Occupational Fatalities and Injuries from Accidents and Abnormal
Events Not Involving Contaminant Releases

Certain types of accidents associated with corrective measures undertaken at ER Project sites
are expected to cause injuries to workers but not to involve contaminant releases. Although
these risks do not reflect exposure to contamination, they are, nevertheless, associated with
the decision to perform corrective measures. These occupational risks include:

o Traffic accidents associated with ER Project activities, including ER Project
workers and other workers at SNL/NM.

¢ Occupational accidents associated with general waste-handling operations
(e.g., forklift accidents) but not including heavy equipment operations.

e Occupational accidents associated with heavy equipment operations during
excavation.

¢ - Occupational accidents associated with construction, maintenance,
decontamination and demolition, and closure at a CAMU and the treatment plant.

Estimated risks of accidental fatalities and injures associated with corrective measures
operations are summarized in Table D2-17. Risks of transportation accident injuries dominate
the total risk of corrective measures injuries, followed by risks of heavy equipment and waste-
handling injuries. Risk of injuries from construction and aircraft crashes were smaller, although
they were still larger than risks of exposure to contaminants released by the accidents. These
accident risks are comparable to risks estimated for routine excavation operations (see

Table D2-14) or risks from taking no action at ER Project sites (see Table D2-18).
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‘General Public’

: per 1,000 people) -
Transportation 49x 10’7
Waste handiing or treatment 9.4x10 23 x 10-8
operations spills

8 T
Explosion/fire 2.0x10 50x10"°
during treatment

Airplane crash

Very small relative injury or
fatality risk (Table D2-17)

Very small relative to routine
releases (Table D2-14)

Very small relative to routine
releases (Table D2-14)

o 6 -
Total cancer risk from all events 75x10 * 9.6x10 5.1x10 7
Cumulative risk to all exposure 5

groups from all events 18x10

®Risk estimates were made based on data available at the time of the analysis (IT Corporation, 1994). Use of more
recent information does not change conclusions in this analysis.

Ta

ble D2-16

Total Hazards to Human Health from Accidental Releases of Noncarcinogens®

;Hazard index:

during treatment

General Public

{per 1,000 'people) -~
Heavy Equipment Very small relative to routine | Very small relative to routine | Very smali relative to
{excavation) releases (Table 4-3) releases (Table 4-3) routine releases (Table 4-3)
Transportation 49x10° 7.4x10" 7.4x10"°
Treatment/waste 1.3x10" 1.8x10" 20x10"
handling
Explosion/fire 1.7x107 25x 10" 42x10°

Airplane crash

Very small relative to injury
or fatality risk (Table D2-17)

Very small relative to routine
releases (Table D2-14)

Very small relative to
routine releases (Table D2-
14)

for all exposure
groups from all
events

Total hazard index 6.4x10° 9.9x 10" 51x10°
from all events
Total hazard index 7.4x10°

aRisk estimates were made based on data available at the time of the analysis (IT Corporation, 1994). Use of more
recent information does not change conclusions in this analysis.
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Estimated risks of transportation accident fatalities also dominate the total risk of corrective
measures fatalities, followed by waste-handling and heavy-equipment accident fatalities (see
Table D2-17). Estimated risk of fatalities from construction and aircraft crashes were smaller
but were still larger than risks of exposure to contaminants released by the accidents. The
latter risks are also comparable to risks estimated for routine excavation operations (see
Table D2-14) or risks from taking no action at ER Project sites (see Table D2-18).

D2.7.4 Human Health Consequences from the No Action Alternative

To assess the short-term risks associated with the no action alternative, it was assumed that
current waste management practices would continue without modification and that existing
environmental monitoring measurements would reflect future contaminant levels. Although the
baseline risk includes other sources of contaminants, "No action” means that no ER Project
would be undertaken and that the risks would be the same as those currently incurred. Data
on contaminants in soil reported in the SNL/NM Environmental Monitoring Report were used to
assess potential baseline risks. These data are summarized in Table D2-18.

Soil concentrations for the indicator contaminants were reported for four groups of sites. The
first two were on-site locations in the tech areas. The second two were at perimeter and
off-site locations.

Risk estimates based on on-site sample data reflect potential exposures of workers at the tech
areas. Estimates based on perimeter or off-site measurements were used to represent
potential health risks from contaminant exposure from various sources to residents in the
surrounding community or to the general public. There are no known incidents of accidental
releases from undisturbed ER Project sites. The analysis in this EA assumes that current
practices would continue and that such accidental releases would not be reasonable or
foreseeable.

Long-term risks specifically associated with the no action alternative were not evaluated due to
the lack of necessary site-specific characterization information and the inability to project
specific air and ground-water migration pathways to long-term future receptors.

Table D2-18 summarizes the estimated baseline risks associated with taking no action at ER
Project sites. Risks were estimated for workers at SNL/NM Tech Areas | through V, for
residents at the SNL/NM perimeter, and for residents outside the SNL/NM site. These risks,
estimated for exposure to indicator contaminants from continued current operations (i.e., the
no action alternative) and other metropolitan contaminant sources, are comparable to or
greater than risks associated with corrective measures at the ER Project sites. However, the
risks from taking no action are substantially lower than the risks of injury or fatality from
corrective measures (see Table D2-19). No industrial accidents were considered for ER
Project sites associated with the no action alternative. Other site workers and members of the
public could be exposed through inhalation of dispersed contaminants.
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Table D2-17

Total Accidents Probable from Environmental Restoration Projects®Site Worker Injuries and
Fatalities Not Associated with Contaminant Releases

” ‘l Statistically Probable Accidents During 10-Year ER-Project

; e - 0. ' puration
Hea;y equipment fatalia— 1.6x10"

Heavy equipment injury 7.9x 10"

Transportation fatality 6.2x10"

Transportation injury 6.2

Waste handling fatality 32x10"

Waste handling injury 14

Construction fatality 1.6x10°

Construction injury 7.0x10"

Explosion/fire fatality during waste treatment | Assumed similar to or less than fatality from airplane crash
Explosionf/fire injury during waste treatment Assumed similar to or less than injury from airplane crash
Aircraft crash fatality 6.0x10*

Aircraft crash injury 12x10"

Total fatality risk from all events 1.1

Total injury risk from all events 8.4

®Risk estimates were made based on data available at the time of the analysis (IT Corporation, 1994). Use of more
recent information does not change conclusions in this analysis.
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Risks to Human Health Associated with Environmental Restoration Project Site, Current
Sandia National Laboratories/New Mexico Operations Releases, and Other

Metropolitan Contaminant Sources Under the No Action Alternative”

' HealthEffect:

Incremental Cancer Risk | HazardIndex

Tech Area |, Il, IV Workers” 8.99 x 10° 2.94x10°
Tech Area Ili, V Workers® 9.65x10° 3.16x10°
General public at the perimeter (aduits) 2.25x10° 7.51x10°
General public at the perimeter (children) 1.71x10" 5.88x 10°
Genera) public off site (adults) 3.02x10° 9.99x 10°
General public off site (children) 2.31x10"* 7.82x 107
TOTAL (adults) 7.13x10° 2.36x 10°
TOTAL (children) 4.02x 10" 1.37x 10"
Grand Total (rounded) 4.7x10™ 1.6x10"

®Based on contaminant concentration measurements reported (Culp et al. 1994).
®These data were reported for these Tech Areas separately (Culp et al. 1994).

Reference:

Cuip, T., C. Cheng, W. Cox, N. Durand, M. irwin, A. Jones, F. Lauffer, M. Lincoln, Y. McClellan, K. Molley, and

T. Wolif, 1994. “1993 Environmental Monitoring Report, Sandia National Laboratories, Albuquerque, New Mexico,

SAND94-1293-UC-630, Sandia National Laboratories, Albuquerque, New Mexico.
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D2.8 ECOLOGICAL EFFECTS OF RADIOLOGICAL AND
HAZARDOUS CHEMICAL RELEASES

Airborne releases of contaminants during routine corrective measure operations and
subsequent deposition would result in exposures to plant and animal receptors. This section
discusses the potential for other adverse impacts from such exposures to natural populations
of plants and wildlife at and around KAFB. The impacts considered are based primarily on
toxic effects to individual organisms, although the potential for broader effects at the
population, community, and ecosystem levels are discussed. Of particular significance are the
potential effects on sensitive species of plants that have been identified in the areas of the ER
Project sites. It is recognized that the proposed action might also entail the physical
disturbance of habitat that could result in adverse effects to populations of plants and wildlife.
These impacts are not included in this assessment of contaminant reieases.

The general approach used in this assessment was to derive benchmarks for soil
concentrations of indicator contaminants in the natural environment at KAFB that are
estimated to be protective of biotic resources. These benchmarks were then compared to
predicted soil concentrations in excess of the background level that would derive from the
yearly deposition of the contaminants for each of the site groups. Potential impacts to natural
populations adjacent to the point of release were assessed based on this comparison.

Many of the assumptions used in modeling human health risk were maintained in this
assessment. For example, it was assumed that the site types can be used to evaluate all ER
Project sites of those types, regardless of their actual location. It was also assumed that each
operation would be conducted over a period of one year and that the effects of that operation
would not be influenced by other operations that might be occurring simultaneously. Finally,
the contaminants evaluated in this assessment are the same indicator contaminants as are
used in the human-health risk assessment.

D2.8.1 Relating Releases to Ecological Effects
D2.8.1.1  Plant and Wildlife Benchmarks for Soil Concentrations

~ Plant toxicity benchmarks for chemical concentrations in soil were primarily taken from

Suter et al. (1993). These were based on a threshold of a 20-percent reduction in growth of a
variety of test species (mostly agricuitural). Because very little information is available on the
toxicity of the indicator contaminants to wild plants, it is assumed that these benchmarks are
applicable to all plant species on KAFB. The dominance of grasses, legumes, and composites
in the vegetation of KAFB support this assumption, because these families of plants are
commonly used as test plants. Essentially, no information is available on the toxic responses
of members of the cactus family to the indicator contaminants. It is assumed that cacti and
(therefore) the three species of state-protected cacti known to occur at KAFB are also
protected under these benchmark concentrations, despite their differences in morphology and

physiology.
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Table D2-19
Summary of Risks to Human Health from
the Sandia National Laboratories/New Mexico
Environmental Restoration Project for Proposed Action and No Action Alternative®

| “‘Appendix D2, |

. i : d ~ Table
Corrective measures, routine 42x10°¢ 3.0x10" . _ D2-14
operations releases
Corrective measures, accidental 1.8x10° 7.4x10° . _ D2-15, D2-16
releases
Corrective measures, accidents Not applicable Not 1.1 8.4 D2-17

applicable

No action

®Risk estimates were made based on data available at the time of the analysis (IT Corporation, 1994). Use
of more recent information does not change conclusions in this analysis.

®U.S. Environmental Protection Agency acceptable range 10* to 10°® (55 FR 30796).
:U.S. Environmental Protection Agency acceptable threshold hazard index <1.

If the assumed volatile organic compounds contribution is eliminated, the incremental cancer risk would be
7.5x10".
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Wildlife toxicity benchmarks were based on the no observed adverse effect level (NOAEL) for
chronic oral intake of the contaminant by a small rodent. The species of rodent was not
specified because the species exposed will vary between affected habitats. The assumed
weight of the rodent (16 grams) was selected to fit the ranges of several common species at
KAFB, including the rock pocket mouse (Perognathus intermedius), the deer mouse
(Peromyscus maniculatus), and the western harvest mouse (Reithrodontomys megalotis). It
was assumed that the rodent receives its exposure to the contaminant by the ingestion of plant
material in a uniformly contaminated home range. A small rodent was used to represent all
other classes of wildlife for the following reasons:

e Rodents are year-round residents in relatively small areas that can be assumed
to be uniformly contaminated. Larger animals and those capable of flight are
more likely to move between areas of different contamination levels.

Rodents have a higher metabolic rate per unit of body weight than larger species
and poikilothermic ("cold-blooded") species and will have a greater exposure due
to their higher food requirement.

¢ The use of mice and rats as laboratory test species has resulted in a large data
base of toxicity information for this order of mammals.

NOAEL values for chronic oral exposure of a small mammal to the indicator contaminants were
based on toxicity information gleaned from electronic databases and the open literature.
Because this information is often available only for other species or is reported as toxicity
endpoints other than NOAELSs, the reported values were converted to the desired NOAELs for
the desired species.

D2.8.1.2 Conversion of Deposition Amounts to Soil Concentrations

The principal releases of contaminants from- ER Project site operations are expected to be
through the airborne dispersal of dust and vapors and their ultimate deposition in the
surrounding environment. For assessing the potential impacts of this deposition to
surrounding plants and wildlife, the deposition amount, summed over a year, was converted to
soil concentration units. This was done by making the following assumptions:

¢ Contaminants deposited on other surfaces (e.g., leaves, litter, stones, etc.) would
be washed to the soil surface by rainfall.

o Contaminants deposited on the surface of the soil would migrate or be leached to
a depth not exceeding 4 inches (10 cm) in a year.

s The density of the soil is 93 pounds per cubic foot (1.5 grams per cubic cm).

Based on these assumptions, a square meter of soil surface represents 3.5 cubic feet
(99,000 cubic cm) of potentially contaminated soil volume, or 330 pounds (150 kg) of
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potentially contaminated soil. Therefore, the aerial deposition of 1 mg/m2 of a contaminant
over a year is equal to 1 mg per 150 kg, or 0.007 mg/kg of the contaminant averaged at the
top 4 inches (10 cm) of soil. Table D2-20 shows the benchmark concentrations used in this
risk assessment.

D2.8.1.3 Comparisons of Benchmarks to Modeled Contaminant Releases

The potential yearly deposition of contaminated dust from excavations at the specific ER
Project sites of operations was modeled as for human exposure assessment. In all cases, the
nearest modeled concentration contour to the site was generally within a 1-mile (1.6 kilometer)
- radius of the site. Soil concentrations resulting from the depositions at this nearest contour
around the four sites were calculated. The highest modeled contaminant concentrations on
this contour at each of the four site groups are as follows:

¢ Surface impoundment analogies (EF{ Site 4)—5.6 x 10" mg/kg cadmium.
¢ Firing site analogies (ER Site 107)—5.3 x 10" mg/kg lead.

e Burn pit analogies (ER Site 114)—3.3 x 10™ mQ/kg lead.

e Septic system analogies (ER Site 165)—9.2 x 10™ mg/kg chromium.

After comparing these values to the benchmark toxicity values, it is evident that the addition of
contaminants at these levels would have no effect on the plants and wildiife beyond the effect
from background levels. The fact that these modeled concentrations are more than ten billion
times below their respective benchmark values leads to the conclusion that the radius of
potential adverse ecological effects around the site of operations is much less than 1.6 km. It
is unlikely that these benchmark values would be exceeded beyond the area of physical
habitat disturbance (see Section 4.1.5) surrounding the site of operations.

With regard to gamma-emitting radionuclides (e.g., cesium-137), concentrations resulting from
the aerial dispersal of contaminated dust at the modeled rates are unlikely to result in dose
rates exceeding 0.1 rad per day to surrounding plant and wildlife communities. In other words,
the NOAELs would be achieved.

D2.8.2 Potential Effects of Airborne Releases to Plants and Wildlife

Based on the magnitude of the difference between the maximum modeled soil concentrations
and the benchmark toxicity values for plants and wildlife, it was concluded that no ecological
effects are expected to occur from airborne releases beyond a short distance from the
operation, if at all. This conclusion is further supported by the fact that the benchmark values
were conservatively estimated to be protective of individual organisms. Exceeding these
benchmark values indicates that some individual organisms might be adversely affected by the
contaminant. This would be of concern if the area contained populations of sensitive species.
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Table D2-20
Ecological Benchmark Toxicity Values for Sandia National Laboratories/New Mexico

. .Wildljfe-:B:enchmakk:;Screeﬁing Value -
’_';;'mg/kg insoil .~
(dyweighty’

Organic Contaminants

Benzene 1.69
Carbon tetrachloride 0.122
Polychlorinated biphenyl 8.93
Toluene 31.8
Trichloroethene NA 63.0
Xylene NA 1,320
Inorganic Contaminants
Arsenic 10 1.62

Beryilium 10 83.5

Cadmium 2 0.580
Chromium 2 493

Lead 50 26.8

Mercury 0.3 0.0413
Explosives and Residues
Homo-cyclonite (HMX) NA NA

Cyclonite (RDX) NA 0.0371
Trinitrotoluene (TNT) NA 0.131
Radionuclides

Cesium-137° 0.1 rad/day 0.1 rad/day
Uranium-235 NA ‘ NA

®Values obtained from Suter et al., 1993. (Twenty-percent reduction in growth or yield was used as the threshoid
for significant effects.)
“Wildlife benchmark toxicity values are based on an herbivorous mouse (ppm equals mg/kg).

*Benchmark value for cesium-137 is based on a total dose rate that is protective of terrestrial communities.
NA = Not applicable
mg/kg = milligram per kilogram

Reference:

Suter, G.W., I, M.E. Will, and C. Evans, 1993. "Toxicological Benchmarks for Screening Potential Contaminants of
Concem for Effects on Terrestrial Plants," ES/ER/TM-85, Oak Ridge National Laboratories, Oak Ridge, Tennessee.
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Typically, however, soil concentrations greater than individual-based benchmarks are required
to produce observable effects at the population, community, and higher levels of organization.

D2.9 SUMMARY OF HUMAN HEALTH AND ENVIRONMENTAL RISKS
FOR THE ER PROJECT

D2.9.1 Human Health Impacts of the ER Project

Except for the Chemical Waste Landfill (ER Site 74), data available for the example sites do
not indicate that VOCs were present. Based on historical information and process knowledge,
however, VOCs were known or suspected to be present at many sites. It is likely that VOCs
that may have been present were not detected because they had already volatilized. For the
purpose of the EA analysis, VOCs were conservatively assumed to be present in order to
estimate the upper end of potential cumulative impacts. Each indicator was assigned an
average unit risk concentration of one part per billion. If this risk contribution from assumed
concentrations of VOCs were not considered, the cumulative routine release incremental
cancer risk risks would be lower by a factor of about 200, or in the range of 7.5 x 10”.

The greatest contributor to the human health impacts of alternative ER Project measures was
estimated to be accidental injuries and fatalities associated with corrective measures
operations (see Table D2-19). The incremental cancer risk for adults and children associated
with the no action alternative was estimated to be somewhat greater than the incremental
cancer risk for routine corrective measures operations. However, it should be noted that this
risk estimate is actually a baseline risk because it is based on measured environmental
concentrations that include contributions from operational releases, contaminants at ER
Project sites, and contaminants from other metropolitan sources. When risks from corrective
measures accidents were included, however, both the cancer risks from taking no action and
from implementing routine corrective measures were far less than the total risk of at least one
fatality and nine lost-time accidents occurring during corrective measures.

The total estimated hazard index to all potential exposure groups was less than 1.0. As a

result, no systemic toxicity is expected for either the no action alternative or the proposed
corrective measure.

D2.9.2 Ecological Impacts of ER Project Alternatives

There would be no anticipated ecological impact from contaminants released from ER Project
corrective measures (see Section D2.8).
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