LA-13633-ENV
Approved for public release;
distribution is unlimited

s

Environmental Surveillance
at Los Alamos during 1998

866T BuLnp sowe|y SO Je 39ue||IaAINS [eIUSWUOIIAUT

L. os Alamos | os Alamos

NATIONAL LABORATORY NATIONAL LABORATORY

Los Alamos, New Mexico 87545 Los Alamos National Laboratory is operated by the University of California

A US Department of Energy Laboratory for the United States Department of Energy under contract W-7405-ENG-36



The following four Los Alamos National Laboratory groups in the Environmental,
Safety, and Health (ESH) Division perform environmental surveillance, ensure
environmental compliance, and provide environmental data for this report:

Air Quality Group, ESH-17 (Jean Dewart, Coordinator)

Water Quality and Hydrology Group, ESH-18 (David B. Rogers and
Robert Beers, Coordinators)

Hazardous and Solid Waste Group, ESH-19 (Karen Lyncoln, Coordinator)

Ecology Group, ESH-20 (Phillip Fresquez, Coordinator)

The beginning of each chapter credits the primary authors.

Previous reports in this series are LA-13047-ENV, LA-13210-ENV,
LA-13343-ENV, and LA-13487-ENV

Compiled by Julie Johnston, Group ESH-20, and Robert Prommel, Group ESH-20
Edited by Nikki Goldman, Group CIC-1
Cover Design by Susan Carlson, Group CIC-1
Photocomposition by Belinda J. Gutierrez, Group ESH-20, Kathy E. Valdez,

Group CIC-1, Carolyn Hedrick, Group ESH-20, and Julie Medina, Group CIC-1
Cover photo by Teralene S. Foxx, Group ESH-20

An Affirmative Action/Equal Opportunity Employer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither The Regents of the University of California, 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
usefulness of any information, apparatus, product, or process disclosed, or represents that its
use would not infringe privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by The Regents
of the University of California, 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 Regents of the University of California, the United States Government, or any agency
thereof. Los Alamos National Laboratory strongly supports academic freedom and a
researcher’s right to publish; as an institution, however, the Laboratory does not endorse the
viewpoint of a publication or guarantee its technical correctness.



LA-13633-ENV

Issued: September 1999

Environmental Surveillance at Los Alamos during 1998

Environmental Surveillance Program:
Air Quality (Group ESH-17)
505-665-8855

Water Quality and Hydrology (Group ESH-18)
505-665-0453

Hazardous and Solid Waste (Group ESH-19)
505-665-9527

Ecology (Group ESH-20)
505-665-8961

Los Alamos

NATIONAL LABORATORY

Los Alamos, New Mexico 87545



9

In Memoriam

©

Two people, both key players in the development of environmental reports, died this year. Bill Purtymun was
instrumental in developing the science of environmental monitoring and initiating this series of environmental reports.
Louisa Lujan-Pacheco served for several years as the report’s editor and helped transform it into the widely distributed and
easily read publication that it is today. These two Los Alamos National Laboratory staff members touched the lives of all
who knew them. The Laboratory honors their contributions to our environmental monitoring program.

William D. (Bill) Purtymun
February 26, 1927-May 19, 1999

Bill Purtymun’s career spanned over 40 years as a
geologist and hydrologist associated with the Los Alamo
National Laboratory—15 years as a US Geological Surve
(USGS) employee assigned to the Laboratory and from
1969 on as a University of California employee. Bill
authored and contributed to over 100 Laboratory publica
tions and to over 50 USGS special reports and studies.
Bill established water quality monitoring as a Laboratory
activity and was a founding author of the Laboratory’s
annual Environmental Surveillance Report, which now
goes back almost 30 years.

Bill was born in Clemenceau, a central Arizona smelte
town. Clemenceau later became a ghost town, which
caused Bill a good deal of grief during his “Q” clearance
recertifications.

The Laboratory recognized Bill's career achievements
in 1995 with the publication of his magnum opus “Geo-
logic and Hydrogeologic Records...in the Los Alamos
Area,” a compilation of 40 years of hydrologic data on
the Pajarito Plateau.

Besides his career achievements and contributions to
the understanding of the geology and hydrology of the
area, Bill was also known for his caring and supporting
attitude in mentoring his junior colleagues at the Labora-
tory. Bill always took the time to show aspiring geologist
and hydrologists “the ropes,” and he had a profound and
positive influence on many careers at the Laboratory and
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in the environmental surveillance field.

Louisa Lujan-Pacheco
May 29, 1968-July 25, 1999

Louisa Lujan-Pacheco, a writer-editor with Los Alamos
National Laboratory, died on July 25, 1999. She was a

by graduate of Santa Fe High School and held a bachelor's

degree in English Literature and a Master’s of English

in technical writing. Louisa received both state- and
national-level awards as a collaborator on environmental
publications.

Her career at the Laboratory began in 1993 in the Com-
munication Arts and Services Group; she served on assign-
ment to three other groups: Stakeholder Involvement,
Ecology, and Applied Theoretical and Computational Phys-
ics. While working with us here in the Ecology Group, her
main task was editing and overseeing the publication of the
last five issues of this annual repdefvironmental Sur-
veillance at Los AlamosShe authored several articles in
the award-winning-or the Seventh Generation—Environ-
ment, Safety, and Health at Los Alamos National Labora-
tory: A Report to Our Communities

As a working mother of two small children, she took
time to pursue two of her passions—women’s rights and
family rights.

At the Laboratory, she was greatly respected for organiz-
ing initiatives for the Women'’s Diversity Working Group,
especially in the area of dependent care for the children of
Laboratory workers. Louisa was a superb athlete who kept
proving there were no obstacles big enough to stop her.

We remember Louisa most for her vibrant personality,
enthusiasm, winning smile, and positive outlook.



Table of Contents

PrefaCe Xix
I 014 o Yo 1¥ o] £ o o S UPP RO PPPPPRPPRN 1
F N 153 1 - T AP RP PP PPPPPUPPRP 1
F N I oo = (0] VA @ Y= V= 1
1. Introduction to LosAlamos National Laboratory ..........cccceeeveverererecreesesseniesnnnns 1
N €1 oo |- o g T olS = 1] oo P 1
ICTN €7 o [o]s \VAF=aTo I 1 Y/o (o] 1o |V 20 3
4. Ecology and Cultural RESOUICES ........cccceruerueriirririerie e sieseeee e e e sre e 3
B. Environmental Management System of Environment, Safety, and Health ..................... 6
R 1 11 oo (0ot (o o IS USSR 6
2. Integrated Safety Management ..........ccocoeoerrrerienierie et 6
3. Environment, Safety, & Health DIVISION .......cccoceiiiiiiini e 6
A AN QUEIITY e et 7
b.  Water Quality and HydrolOogy ........ccccevereriereeieeerise e se e e eeeeeeenens 7
C. Hazardousand Solid WaSLE...........couveireineiree e 7
(o I oo oo 1V 7
4.  Environmental Management Program ........ccccceoeveveserieseseeseseesesssesseseesessessessensens 7
A Waste MaNaQEMENT ........ooviiiiierie ettt sr e re e e 7
D, POIULION PreVENTION ..ottt 8
c. Environmental Restoration PrOJECt ..........ccooiiirieieniereeieie e 8
5. Land Conveyance and Transfer Under Public Law 105-119 .......ccccceieinienencnnne 8
6. COMMUNILY INVOIVEMENT ..ot e 9
7. PUDIIC MEEIINGS.....coeiuertirieeiiste ettt st s e e e e e 9
8. Tribal INEraCLiONS .......couiiiiiiiiieie et et 9
9. A Report for Our COMMUNITIES ........ccueiereeieiereeieeree et s es 10
D.  ASSESSMENT PrOGIaMS ...cueeieeeieieeiesieeieseeeeseeeseeseeseeseestesseessesssessesssesseensesseensesseensnsnes 10
1. Overview of LosAlamos National Laboratory Environmental
Quality ASSUraNCe ProgramsS ........cceveveeriereeneeeeesesessesseseeseessesseseessesessesessenses 10
2. Overview of University of California/lDepartment of Energy Performance
ASSESSMENT PrOgIram ..o 10
3. Environment, Safety, & Health Panel of the University of Caifornia
President’s Council on the National Laboratory ..........c.ccoceveevenenencneiieieeceenne 1
4.  DivisSion ReVIEW COMMITIER ......coeiiiieeeerere e 11
5. Department of Energy Audits and ASSESSMENTS.......ccererererierereriese e es 1
6. Cooperative and Independent MONItOrNG ........cccceoererenenenenese e 1
7. Cooperative Resource Management ........c.cccvereeererenesiesee e 12
Figures
1-1. Regional location of LosAlamos National Laboratory. .......cc.cceeeveevevvrereereeseenne. 2
1-2. Technical areas of Los Alamos National Laboratory in relation
to surrounding 1andholdiNgS ........ccereeeereeeeeceeere e 4
1-3. MaJOr CaNYONS aNA MESES .....euvereererreeeeserseressessessesaessesseseessessessessessesesseesessessessessens 5
B, REFEIENCES... ..ottt st et st sttt eeas 13

2. Compliance Summary

Highlights from 1998 ... ... e 15
AL TNEFOOUCTION ..ttt e et n et r et e nn e 16
B.  COMPIIANCE SEALUS ....coueiuirierieiiesie ettt st e et e e e e e enea 16
1.  Resource Conservation and RECOVENY ACE ......c.coiverirereninie e 16

A INEFOTUCTION ...t 16

b. Resource Conservation and Recovery Act Permitting Activities ................. 16

Environmental Surveillance at Los Alamos during 1998 v



Table of Contents

c. Resource Conservation and Recovery Act Corrective Action Activities...... 20
d. Other Resource Conservation and Recovery Act ACtiVIties ........cccceeeeenene 20
e. Resource Conservation and Recovery Act Compliance Inspection.............. 20
f.  Mixed Waste Federal Facility Compliance Order ..........cooovereieneeneeieniennne 20
0. Underground Storage TanKS........cccoeieeererierenesiese e 21
h.  Solid Waste DIiSPOSal .......coeririiiiiiiiienie et 22
i. Waste Minimization and Pollution Prevention ...........c.cccveeveinennencnenenn 22
j.  Greening of the Government Executive Order ..........ccccevveeveevevsiennneseneenes 22
k. Resource Conservation and Recovery Act Training .......cccvevveevereereeresennenn 23
|.  Hazardous and Solid Waste Amendments Compliance Activities................ 23
2. Comprehensive Environmental Response, Compensation, and
=0T Y/ o PR 23
3. Emergency Planning and Community Right-to-Know Act..........ccccoceveniienienene 23
= T 1 011 (T LU 1 o o F SRR 23
b, ComplianCeACLIVITIES ......couiiiriere e 23
C. EMergency Planning ...t e 24
4. Toxic SUDSIANCES CONIOL ACE ... e 24
5. Federal Insecticide, Fungicide, and Rodenticide Act .........cccoveieienenciecenincnne 25
6. Federal Clean AT ACE ... s 25
a  Federal REQUIGLIONS ......ccccveeeeeiecceese st 25
b.  ComplianCEACHIVITIES ......eoeeeecere e 25
7. New Mexico Air Quality CONtrol ACt .....cceceveeeeeereeeeeee e 26
A StAE REQUIALTIONS ....ocveeeeeeceeeeeee et 26
b.  ComplianCe SUMMEIY .......ccecvriiiiirese e neens 26
8. ClEANWELEN ACL.....eiieeeieeeiee ettt bbb e e e e e 29
a.  Nationa Pollutant Discharge Elimination System
OULfall PrOgram ........ooeieiee e e 29
b. National Pollutant Discharge Elimination System Sanitary
Sewage Sludge Management Program ...........coceeveveneneneeseenesee s e 31
c. Nationa Pollutant Discharge Elimination System Permit
Compliance Evaluation INSPECLION .......ccccvveveverenesesese e 32
d. National Pollutant Discharge Elimination System Waste Stream
Characterization Program and Corrections Project ..........ccocevvverereeeennne. 32
e. Nationa Pollutant Discharge Elimination System
StOrM Water PrOgram.......cccvieeve e eee e ee et e e s sne e s snees 32
f. Nationa Pollutant Discharge Elimination System
Storm Waste Program INSPECHioN ...........coerueruererieneeieeieseeeeese e 32
0. Spill Prevention Control and Countermeasures Program. ........c.ccoceeeeveveene. 32
h. Dredge and Fill Permit Program .........cccccoeronininienenese e 33
9. Safe DrinKing WaLer ACE ..ottt 33
= T 1 011 (T LU 1 o o F SRR P U 33
b. Radiochemical Analytical RESUILS ........ccoveiieiiiiieieeerereee e 34
c. Nonradiological Analytical RESUILS .......cccceveveviiriere e 34
d. Microbiological Analyses of Drinking Water .........cccccovevevievinvenenesesennns 35
L o) oo e = = 1 35
f. Drinking Water INSPECLION .......ccvvveiiiire e 35
10, GFrOUNGWRELEY ......ceouieeeirieiirieiisie sttt bbb 37
a.  Groundwater Protection ComplianCe ISSUES.........covvvevreriereereeiereee e 37
b, ComplianCEACLIVITIES ......couiieiiire e 38
11.  Nationa Environmental POIICY ACE ......c.oiuiiiiieeeeeeeeeneere e 39
= T 1 011 (T LU 1 o o F SRR P U 39

vi Environmental Surveillance at Los Alamos during 1998



Table of Contents

b, CompliaNCeACLIVITIES ......coiiiriireieee et 39
c. Environmental Impact StAEMENES .......ooeiiriirieiereeeeee e 39
d. Environmental Assessments Completed during 1998 ..........ccccoevvenencnennns 40
e. Environmental Assessmentsin Progressduring 1998 ...........ccccooevevenieniene. 40
f. Mitigation ACtION PIanS ........coooiiiiiiie e 40
12, CUITUral RESOUICES .....ooviiiereeieiieiereeneeee e eesesaes e saesbesbesaesbesbesbeseebesbesee e enee e eneeneas 41
A INEFOTUCTION ...t 41
b.  ComplianCe OVEIVIEW ......cocueveiiecieee et 41
13. Biologica Resourcesincluding Floodplain and Wetland Protection..................... 41
A INEFOTUCTION ...t 41
b.  ComplianCEACHIVITIES .....coueeeeeere e 42
c. Biological Resource Compliance DOCUMENES .......coveeeeeererereesieseserseeneens 42
d. Floodplain and Wetland ASSESSMENT .........ccrirererinene e 42
e. Endangered Species Special SIUIES.........ccoerirereiiniinese e 42
C.  Current 1SSUES aNA ACHIONS .....coueivirierieiierieie ettt sttt se e e e e e eneenes 43
1. CompliaNCeAQrEEIMENLS .......ooieieerereeieetere sttt sttt se e e e e e e e e e e enesne s ene 43
a. Federal Facility Compliance Agreement on Storage
of Polychlorinated Biphenyls...........ccoiiin e, 43
b. National Pollutant Discharge Elimination System, Federal Facility
Compliance Agreement and Administrative Order ..........ccoovvvverereereennnne. 43
¢. New Mexico Hazardous Waste Management Regulations
(00001 o] =g (ot X @ o L= S 43
2. Environmental Oversight and Monitoring Agreement ..........ccocvveveveerereereeseeennes 43
D.  LAWSUITS c.ecteeeteiieterieteree sttt sttt st s st sttt ettt b et e se et et ne b e neene e 44
1. CleanAir Act Consent Decree/Settlement AQreement .........ccoeveverereereeseeneeiennens 44
2. Stockpile Stewardship Management Programmatic
Environmental Impact SEAtemMENt ..........coooeieieeiireeeeee e 45
E.  Significant ACCOMPlISNMENLS .......ccooiiiiiiiiiie e e 45
1. Completion of Legacy Materials Cleanup .......cccccceererieneniene i 45
2. POlHULION PreVENLION .....c.couiiiiiirieie et s 46
3. New Mexico Water Quality Control Commission 1998 Triennial Review........... 46
4. Threatened and Endangered Species Habitat Management Plan ............ccccccu...... 46
Fo AWEIAS oo bbb bbbt re e 47
L WAL QUAITLY oottt et st s e e e e e e e enenneenens 47
2 AN | @ 1 1 47
3. Solid and HazardOUS WASEE .........coereriirieiirecieniee ettt 47
N oo [ e | USRS 47
Tables
2-1. Environmental Permits or Approvals under which the
Laboratory Operated during 1998 .........cooieiereieereeeeeeer e 17
2-2. Environmental Inspections and Audits Conducted
at the Laboratory during 1998 ..........coe e iirieeeeeeereee e s 21
2-3. Compliance with Emergency Planning and Community Right-to-Know
N ox o 014 a0 S 24
2-4. Calculated Actual Emissions for Criteria Pollutants (ToNS) ........ccoceveveeneveeneeeene 28
2-5. Calculated Actual Emissions for Volatile Organic Compounds (Tons) ............... 29

2-6. National Pollutant Discharge Elimination System Permit Monitoring
of Effluent Quality and Water Quality Parameters at Industrial and

Sanitary Outfalls: Exceedances during 1998 .........ccccooiiririeneniene s 31
2-7. Radioactivity in Drinking Water during 1998 .........c.cooirineienenene e 34
2-8. Radon in Drinking Water during 1998 .........cccoiiiininine e 35

Environmental Surveillance at Los Alamos during 1998 vii



Table of Contents

2-9. Tota Trihalomethanesin Drinking Water during 1998 ...........cccccoovinienerenecniene 35
2-10. Inorganic Constituentsin Drinking Water during 1998...........ccccvoeveneneieseennene 36
2-11. Bacteriain Drinking Water at Distribution System Taps during 1998 ................. 37
G, REFEIENCES. ...ttt bbb 48

3. Environmental Radiological Dose Assessment

Highlights from 1998 ... 51
A. Overview of Radiological DOSe EQUIVAIENLS........ccceveiereeriereiceeesese e 51
B.  Public DOSE CAlCUIALIONS .....c.oeeviieiirieiirieiriee ettt 52
S 0 o 52
AN €= oT= = I/ T= i ToTo (o] oo 1Y/ 53
C. Dose Calculations and RESUILS..........uoririeirieirieeriecseese et 53
1. Doseto the Population Within 80 KIM .........cccceoiiiiiiininiiiiere e 54
2. Doseto Maximally Exposed Individua not on LosAlamos National
Laboratory Property (Off-SItE MEI) .....ccoiiiriiiiinee e 55
3. Doseto Maximally Exposed Individual on LosAlamos National
Laboratory Property (On-Site MEI) ..o 56
4. Dosesto Average Residents of Los Alamos and White ROCK ...........ccceeeieeiennene. 60
A LOSAIBMOS DOSE .....ccveiiiiiiirieisie ettt 60
D, WHhIte ROCK DOSE ..ot 61
5. Ingestion Doses for Various Locations in Northern New Mexico .........cccccvveuee. 61
a. Ingestion of Produce (Fruits and Vegetables) .......ccccvovvvvvvevvnenereceeeee, 62
o N 1o =S 1o g T = 3o o 62
C. Ingestion of GOE'S MilK .....ceeeeeeeiciiececece e 62
d.  INgestion Of NaVa 0 TEA .....cevuereeieieieeeeereee et 62
€. Ingestion Of ChiCKEN EQQOS ......cccoereririireriirienene et 62
f. Ingestion of Steer Meat and BONE........c.ccoeveririnereniene e 63
0. Ingestion of Deer Meat and BONE ........c.ooeiieiieiiririereenee e 63
h. Ingestion of EIk Meat and BONE .........ccooeoiiiriereninenesese e 63
I, INQESLION Of FISN ... e 63
j.  Ingestion Doses for the Pueblo of San [1defonso.........cccceevevevievecceccccne, 64
k.  Summary of Food Product INgestion DOSES .......cccvvvevvneviereeneneeneeeeenens 64
S o= o - o= = o = 65
a. Ingestion of Radioactive Effluent from the Technical Area 50 Outfall ........ 65
b. Exposureto Soilsin the Vicinity of LosAlamos and White Rock ............... 65
D. Estimation of Radiation Dose Equivalents for Naturally Occurring Radiation............. 65
E. RisktoanIndividua from Laboratory Operations...........ccecereeirerereeniesieseesesesiesiennens 66
Tables
3-1. Estimated Population within 80 km of Los Alamos
NE= ol gt I I oo = o] VAU 54
3-2. Compiled D0SeS dUring 1998 .........ccccririirienerere e 56
3-3. Ingestion Doses from Foods Gathered or Grown in the Area during 1998 .......... 57
3-4. RESRAD Input Parameters for Mortandad Canyon Sediments
CollECted IN 1998 .......ccuiieeiireeerie e 59
3-5. Dose from Foodstuff Grown or Gathered Near Pueblo of
SaN HAEfONSO LANAS ..o 64
3-6. Dosefrom Ingestion of Two Liters of Water per Day from Wells
Near San HAEFONS0 ......cevveiirieirieee e 64
Figures
3-1. Contributionsto the 0.8 person-rem air-pathway population dose............cccc..... 55
3-2. Contributionsto total 1.1 mrem dose at East Gate ........c.ccoererereenieneneeneeeeeeen 60

viii Environmental Surveillance at Los Alamos during 1998



Table of Contents

3-3. Significant contributions to the 1998 radiation dose for the Laboratory’s

maximumally exposed iINdiVidUal ... 60

3-4. Laboratory contributions of the dose (0.07 mrem) to an average
LOSAIAMOS FESIUENT ...ttt 61
Fo REFEIENCES.....coiieeeeete et b e bbbt nn e 67

4. Air Surveillance

Highlights from 1998 ... e 69
A, AmbIENt Air SAMPLING «.oveeeeeeeee e 70
I 1o 11 o (1o i o PO PSURSTPSPN 70
2. Air Monitoring NEIWOIK .......ccceveieirerereereeseeseeesesese e et seesaees e enessesseens 70
3. Sampling Procedures, Data Management, and Quality Assurance...........cc.ceeuenee. 70
A SaMPling PrOCEAUIES .......cccoiiiiieieeeeee et e 70
D, DataManagement ........cooiiiirereiesese et e 70
C. ANalytical ChEMISIIY ..o e 70
d. Laboratory Quality Control Samples .........ccccerieriiiiiniene e 71
4. Radiochemical Analytical RESUILS........ccooiiririiierenee e 71
a. Explanation of Reported Doses including Negative Values ............ccco.c...... 71
b. GrossAlphaand Beta RadiOaCtiVity ........cccccveeeeeierievcniese e 71
Lo 1110 OSSO 72
0. PIULONIUM oot st s s 72
€ AMENTCIUM Lot bbbt 73
Fo UFANIUM et 73
g. Gamma Spectroscopy MeasUreMENTS .......cceevvreeriereereeieseeeesee e sreesee e 74
5. Investigation of Elevated Air CONCENLrations ..........ccooeverereresiesiesieseeseses e 75
a. Fourth Quarter Investigation of Increased Tritium Concentrations at
TeChNICal ATBA 2L ... et 75
b. Evauation and Investigation of Increased Tritium Concentrations at
Technical Areas 16 and 49 ... 75
c. Investigation of Airborne Tritium at Technical Area 54, AreaG.................. 76
d. First Quarter 1998 Investigation of Increased Tritium
Concentration at Technical Area 21 ........cccveveireeneereireereeseeeseeeeas 76
e. Elevated Plutonium-239 and Americium-241 Concentrations at
Technical Area b4, Ar€A G .....coiveireereee e e 76
f. Investigation of Elevated Plutonium and Americium at Technical
ATEA2L .. e e 76
O W0 o o = 1 4 T I = 00 SO U PSS R 76
B. Stack Air Sampling for RadionUCTIAES .........ccceiririiirer e 77
I 1 011 (T L8 o1 o o IO P OSSR 77
2. Sampling MethOdOIOgY .......ccccceeereriririnese e e 77
3. Sampling Procedure and Data Management ............ccoererereneneeneeneesesiesesesennens 78
a  Sampling @nd ANAIYSIS........cooiririiie e s 78
O AN o o= L= U 79
LS o 0o B =4 0 T I =010 SRS 79
C. Cosmic, Gamma, and Neutron Radiation Monitoring Program..........c.cceceeeevereereeeennn. 79
IO 1o 11 o (1o o o PSPPSR 79
2. MONItONTNG NEWOTK ..ot e e e sresaesaesne e eennens 80
a.  Laboratory and Regional ATEaS .......ccccveeeveresenieseseeneseseeseeeeee e 80
b, Technical Areab3 ... 80
c. Low-Level Radioactive Waste Management Areas .........ccoeeeeeeeeeerceecncnnenn 80
d. Technical Area18 Albedo DOSIMELENS.......cccoeiieirieeirirere e 80

Environmental Surveillance at Los Alamos during 1998 ix



Table of Contents

3. Sampling Procedures, Data Management, and Quality ASsSurance.............c.ceeee... 81
4. ANAIYLICA RESUILS ....oviieiiiieieiee et e 81
a.  On-Laboratory and Regional ATEBS ........ccccvereriinierierieniesie e 81
b, Technical Areab3 ... e 81
c. Low-Level Radioactive Waste Management Areas ........cccoeeeeeeeeeeecencnenenn 81
d. Technical Area18 Albedo DOSIMELENS.......cccoeieeirieeirirere e 82
D. Nonradioactive EmMiSSIONS MONITOINNG ....ccvevveriereeieeieeeieeesesesiese e seesee e seeneeseeseseenens 82
I 1 11 o (1o i o PSPPSR 82
2. Particulate Matter SAMPliNG ......cocevrieierenese e seere et sre e seseens 82
3. Detonation and Burning of EXPIOSIVES .......ccccceveereieirieeeeesese e e e 83
A TOtal QUANITITES .....ccueieeiriciectecee ettt st besre e beeaeenbe e 83
b.  Beryllium QUantitieS.......ccccevvreierirerereceeee e 83
E.  MeteorologiCal MONITOING .......ccouiiiiiririerierieie ettt st eneas 84
I 1 011 L8 o1 o o USSR 84
2 O 11 47 (o (o] | TSR 84
3. MONItoring NEIWOIK .......c.coiiiiiiiiiee e 84
4.  Sampling Procedures, Data Management, and Quality Assurance............cceeeene. 85
5. ANAYHICA RESUITS ..ot e 85
F. Quality Assurance Program in the Air Quality Group ....ccccoveveeeeeeieeiesese e e see e 86
1. Quality Assurance Program DeveElopmENt ........cccvverereeeeerere e e 86
2. Analytical Laboratory ASSESSMENLS .....cccvveierririerereereeeeseeseeesessessessessessessesseseens 86
G.  UNPIaNNEd REIEASES .......eceeeecierii e steste e e sttt s sr et e e e e eneens 86
H.  SPECIAl STUAIES ......eve ettt e r s ene e e e nrenn 87
1. Neighborhood Environmental Watch Network Community
MONITONTNG SEALTONS......eeieeeieie et e ene 87
. Tables
4-1. Average Background Concentrations of Radioactivity in the
Regional AtMOSPRENe ........oouiee s 87
4-2.  Airborne Long-Lived Gross Alpha Concentrations for 1998...........ccccoeeeeenene 88
4-3.  Airborne Long-Lived Gross Beta Concentrations for 1998...........cccccevecenennene 90
4-4.  Airborne Tritium as Tritiated Water Concentrationsfor 1998 ...........cccceveenne. 92
4-5.  Airborne Plutonium-238 Concentrations for 1998..........coccoveeriininninncnnnns 94
4-6.  Airborne Plutonium-239 Concentrationsfor 1998..........cocccvveviininninncnnnes 96
4-7.  Airborne Americium-241 Concentrations for 1998 ..........ccevverniennienniennenens 98
4-8.  Airborne Uranium-234 Concentrations for 1998 .........c.ccocevvniennienniennienenens 100
4-9.  Airborne Uranium-235 Concentrations for 1998 .........c.ccocevvvnienniennienieienenens 102
4-10. Airborne Uranium-238 Concentrations for 1998 ..........cccceererenienieneneneseenens 104
4-11. Airborne Gamma-Emitting Radionuclides that are Potentially
Released by LANL OPErations .........coeoerereeneeieeeeieecnesese s seens 106
4-12. Airborne Concentrations of Gamma-Emitting Radionuclides that
Naturally Occur in Measurable QUantities............cccoeeeeeririenenene e 106
4-13. Airborne Radioactive Emissions from Laboratory Buildings
with Sampled StackSin 1998 .......cccoerirererere e enens 107
4-14. Detailed Listing of Activation Products Released from Sampled
Laboratory Stacksin 1998.........cccveverieierenerieseeeeeeseeesese e see e snens 108
4-15. Radionuclide: Half-Life Information ...........ccccvirninninninniense s 108
4-16. Thermoluminescent Dosimeter (TLD) Measurements of
External Radiation 1997—1998 ..........ccccveirererieirieeneneseses e 109
4-17. Thermoluminescent Dosimeter (TLD) Measurements of External
Radiation at Waste Disposal Areas during 1997—1998 .........c.ccocvvvieniennnnens 112
4-18. Technical Area 18 Albedo Dosimeter NEtWOrK ..........ccoceverenereneeieieeeeeee 115

X Environmental Surveillance at Los Alamos during 1998



K.

Table of Contents

4-19. DX Division Firing Sites Expenditures for Calendar

YEGN 1998.....ceeecieieteieie ettt sttt ne s enes 115
4-20. Airborne Beryllium ConCentrations ..........c.cooererenenenesiesesie e see e s 116
4-21. 1998 PreCipitalion .....ccccceveererieieieeiesieesieeseeseseeesteseste e e seeteseetesestesessesansesnesens 117
Figures
4-1. Off-site perimeter and on-site Laboratory AIRNET locations...........cccccceeunee. 118
4-2.  Technical Area54, Area G, map of AIRNET locations .........ccccevvvereereeennnnne. 119
4-3. Technical Area21 map of AIRNET l0CaHONS.......ccccvvveeeeieeeeirere e 120
4-4.  Uranium-234 and uranium-238 concentrationsfor 1998 ............cccvvevvienenens 121
4-5.  Annua tritium CONCENLIELIONS ......c.erveuireeierieerieesieeste sttt 121
4-6.  Annua off-site tritium coNCENrations ..........cccoceveevnineense e 122
4-7. Biweekly off-site tritium concentrations (1997—1998) ........ccccocevereererreererenne 122
4-8.  Plutonium emissions from sampled Laboratory stacks since 1986.................. 123
4-9.  Uranium emissions from sampled Laboratory stacks since 1986 .................... 123
4-10. Tritium emissions from sampled Laboratory stacks since 1986 ...................... 123
4-11. G/MAP emissions from sampled Laboratory stackssince 1986...............c....... 124
4-12. Percent of total emissions resulting from plutonium, uranium,

TrAtIUM, @NA G/MAP ... e 124
4-13. Off-site perimeter and on-site Laboratory TLD locations.........cccoevvevvvvevrennnn. 125
4-14. Quarterly beryllium and uranium-234 concentrations for 1998...........cccco...... 126
4-15. Daytime WING FOSES ......cceiuereereeeeeeeeeeesesesrestessesrestesteseessessesaesesnsesssseseesenses 127
4-16. NighttimeWINA FOSES ...c.veeeeeereeeee e en 128
4-17. 1997 weather summary for LOSAIEMOS ......cccevveveereereeeeeeerie s seesee e s 129
4-18. TOtAl WINA FOSES.....cue ittt sttt sttt bene 130
REFEIENCES ...ttt ettt e b e bbb e be st see e e eeeans 131

5. Surface Water, Groundwater, and Sediments

Highlights from 1998 ... ... 133
A. Description of Monitoring Program ... s 134
1. Acid Canyon, Pueblo Canyon, and Lower LosAlamos Canyon ............cccceeuee.e. 134

2. DPCanyon and LOSAIAMOS CanYON .......c.cceveeeeereseneeseseseeseseeseesseseesesseesenns 135

G TS 010 L= W = 1Yo o S 135

4, Mortandad CanyOn .........ccceeeeerieieseseseseeseese e e s se et sre e e e seesrenen 135

Lo == =1 (0 J O Yo o [P 136

6. Caladadel BUEY ..o s 136

B. Surface Water SAmMPliNG ...cccooveeeereeesirese et s e e s sre e neens 136
I 1 01T L8 o1 o o ISP 136

2. MONIONTNG NEWOTK ...ttt 137

3. Radiochemical Analytical RESUILS.........ccoiiriiiiiieiceeieeeee e 137

a. Radiochemical Analytical Results for Surface Water ..........cccocvvveeienenne. 138

b. Radiochemica Analytical Resultsfor RUNOFf ... 138

c. Technical Area 50 DiSCharges.......ccoceererieriirieniereeneeeees st 139

4.  Nonradiochemical Analytical RESUILS .......ccecueeeeeirere e 139

a.  Magor Chemical CONSLLUENLS .......cccevvrerierirere e 139

D, TraCe MEEIS. ... 140

¢. Organic Constituents in Surface Water and Runoff ...........ccccoeeeveveceennnne. 141

LS o 0o R =4 0 T I =00 P 141

C.  Sediment SAMPIING ...cccoeieeeeirere et sre et seeneenen 141
I 1 01T I8 o1 o o ISP ORPR 141

2. MONIONTNG NEWOTK ...ttt s 141

3. Radiochemical Analytical Resultsfor Sediments ..........ccceeverenienienevenenenene 142

Environmental Surveillance at Los Alamos during 1998

Xi



Table of Contents

4. Nonradiochemical Analytical RESUILS ........c.coueiiiieririrereeee e 143
A TraCEMELAIS. ..c.eiee e e 143
D, OrganiC ANAYSES ....coeoiiiiieeeere e b 143
LT o 0o B 1= 1 0 T I = 010 USSR 144
D.  Groundwater SAMPIING ......ccooeeeriririeiene et sae bbb s e see b seens 144
I 1 01T L8 o1 o o ISP 144
P22 \Y Lo 11 (o T o T NN =: T P 145
3. Radiochemical Analytical Results for Groundwater ...........cceeeeeeevereerenenennnnnns 146
a. Radiochemical Constituentsin the Regional Aquifer ........ccocvevvivvieviviennn. 147
b. Radiochemical Constituentsin Alluvial Groundwaters...........ccceveevreennen. 148
¢. Radiochemical Constituentsin Intermediate-Depth
Perched GroUNAWELES ............coueiriririiireee e 148
4. Nonradiochemical Analytical RESUILS ........c.couiiiiiririreeceere e 149
a.  Nonradiochemical Congtituentsin the Regional Aquifer ..........cccocevvreenee. 149
b. Nonradiochemical ConstituentsinAlluvial Groundwater .............c.cceoeuee. 150
¢. Nonradiochemical Constituentsin Intermediate-Depth
Perched GroUNAWAELES ...........ccoiieriiieniere e 150
d. Organic Constituentsin GroUNAWELES .........ccccoeieererierienierienene e 151
LS o 0o R =4 g T I =010 P 151
A RegioNal AQUITEN ..ot 151
b. Surface Water and Alluvia Groundwater in DPand
LOSAIGMOS CANYON ....c.veveiesiiieieseeseee e seeee s e ssessesessesressesssseessesseseens 152
c. Alluvia Perched Groundwater in Mortandad Canyon ..........ccccceevveevvnennnn. 152
E. Groundwater and Sediment Sampling at the Pueblo of San lldefonso........................ 153
L. GFOUNOWELEN .....ccuiitiiiieiteie ettt sttt se e e et ae bt e sesbesbe e seeeas 153
2 < o (10 11 g1 £ USRS 154
F. Sampling Procedures, Analytical Procedures, Data Management,
AN QUEIITY ASSUFBINCE ......eeueiirieeieeierie sttt sttt sttt et s be b b e beseeseenean 155
= 0110 1T o SRR 155
2. ANAlYLiCal PrOCEAUIES ........coiiiiiiiiiese et s s 155
a. Metalsand Major Chemical CoNSHItUENtS........cccevvereeeeeeeeerere e 155
D, RAdIONUCIIAES.......coeeirieie e 155
Lo © 0T 1 o= 156
3. DataManagement and Quality ASSUIANCE ......c.evvereereeeeieeeneresesreseeseeseeseeseeseens 156
A  DalaManagement ........cccoecireeiireere e e s 156
D, QUAILY ASSUIANCE ....cueceeeeeeeeceeeie ettt 156
4. Determination of Radiochemical DeteCtions ..........cccoceieneneiinieneneeee e 157
G, UNPIaNNEd REIEESES .......coieiiriiieiie sttt b e be bbb e e 158
1. Radioactive Liquid MaterialS........cooooriririiieneiere e 158
2. Nonradioactive Liquid MaterialS ........ccoeoeieieieiireeeeeee e 158
H.  SPECIAl STUIES ..ottt et sbesae e 158
1. Regional Aquifer Hydrologic Properties Study: Water Production Records ..... 158
2. Regiona Aquifer Hydrologic Properties Study: Measurement of
WALEN LEVEIS ...ttt 159
3. Surface Water Data at Los Alamos National Laboratory:
TOOB WELES YEBI ...ttt sr et r e e 159
. Tables
5-1. Radiochemical Analysis of Surface Waters and Runoff Samples for 1998 ..... 160
5-2. Detections of Radionuclides and Comparison to Derived Concentration
Guidesin in Surface Water and Runoff Samplesfor 1998 ...........cccoceveneene 163

Xii Environmental Surveillance at Los Alamos during 1998



Table of Contents

5-3. Detections of Above-Background Radionuclides in Suspended Sediments

from Runoff Samplesfor 1998...........coiieieieerereeee e 167
5-4.  Summary of TA-50 Radionuclide and Nitrate Discharges..........ccoceeeeeereercennene 168
5-5.  Chemical Quality of Surface Waters and Runoff Samples

FOP 1998 ...ttt ens 169
5-6. Trace Metalsin Surface Waters and Runoff Samplesfor 1998...........cccccceee. 172
5-7.  Number of Samples Collected for Each Suite of Organic Compounds

in Surface Water and Runoff Samplesin 1998 .........cccccooeevivievceveencnveveenen, 178
5-8. Radiochemical Analysisof Sedimentsfor 1998 ..........cccccoovivininiivnceninsesennens 179
5-9. Detections of Above-Background Radionuclidesin Sedimentsfor 1998......... 183
5-10. Total Recoverable Trace Metalsin Sedimentsfor 1998.........cccccoevrerrienenen. 188
5-11. Number of Samples Collected for Each Suite of Organic Compounds

iN Sediment fOr 1998 .......cooiiiiiie e e 190
5-12. Radiochemical Analyses of Groundwater for 1998 ...........cooiienerrieieneeiennns 191
5-13. Detections of Radionuclides and Comparison to Derived

Concentration Guides in Groundwater for 1998 .........cccooeierereneneneeieeenne 195
5-14. Chemical Quality of Groundwater for 1998 ..........ccccrvririnieninienenese e 197
5-15. Trace Metalsin Groundwater for 1998 ..........cocooiiiiniiniene e 202
5-16. Number of Samples Collected for Each Suite of Organic Compounds

iN Groundwater fOr 1998 .........ooiirrireirieere e 210
5-17. Quality Assurance Sample Results for Radiochemical Analysis

of Water Samplesin 1998.........cccoveveiererececere e 211
5-18. Quality Assurance Sample Results for Metals Analysis of

Water SampleSin 1998 ........ccccevereiereeereeeeee e 212

J.  Figures

5-1. Regional surface water and sediment sampling locations............c.cceoeveeverienne. 214
5-2.  Surface water sampling locations in the vicinity of Los Alamos

National LabOIaLOrY ........ccoeeeeeierieeinienene st 215
5-3.  Sediment and runoff sampling stations at Technical Area54, MDA G .......... 216
5-4.  Sediment sampling stations on the Pgjarito Plateau near Los Alamos

NP o) g 7= I I= oo = 0] Y/ 217
5-5.  Sediment sampling stations at Technical Area49, MDA AB........ccccvcvvvreenen. 218
5-6. Sediment radioactivity histories for stationsin Pueblo and

LOSAIGMOS CANYONS.......ccveieeeeeeeeeeeeresteseseestesteseeste e seeseesesseseeeesensesseenens 219
5-7.  Sediment radioactivity histories for stations located on Laboratory

lands in Mortandad Canyon ..........ccccveeeeeierereneseseeee e 220
5-8.  Sediment radioactivity histories for stations located on Pueblo of

San Ildefonso lands in Mortandad Canyon ...........cccoeeeenenenenene e 221
5-9.  Springs and deep and intermediate wells used for groundwater sampling. ..... 222
5-10. Observation wells and springs used for alluvial groundwater sampling .......... 223
5-11. Annua average surface water and groundwater strontium-90 activity

in DPand LOSAIAMOS CanYONS.......c.coererieriiniesie e see e see e 224
5-12. Annua average radioactivity in surface water and groundwater

from Mortandad Canyon .........cccceeereeeeereeerere e 225
5-13. Sediment and surface water stations on or adjacent to Pueblo of

San HAEfONSO 18N ........oeiiiirieeerc e 227

Ko REFEIEINCES ...ttt bttt b et ettt 228

6. Soil, Foodstuffs, and Associated Biota
Highlights from 1997 ... 231
YIS o ] I\ [ 11 (o 1o o TP 231

Environmental Surveillance at Los Alamos during 1998

Xiii



Table of Contents

I 1 01T 18 o1 o o ISP OR PR 231

2. MONIONTNG NEWOTK ...ttt 232

3. Sampling Procedures, Data Management, and Quality ASSUrance.............c.c...... 232

4. Radiochemical Analytical RESUITS........ccooiiiiiiiieeer e s 232

5. Nonradiochemical Analytical RESUILS .........ccceiiiiiriiiiiiireecer e 233

L W0 o o e 1= 1 4 T I = 010 USSR 233

B. Foodstuffsand Associated Biota MONItOriNG ........cccceveverierereereeeeeeeeeese e see e 233

I 1o 11 (o [F o i o USRS 233

P22 . 0o (0ot TSRS 234

A MONItOrNG NEIWOTK ....eeeeeeieeceeeeeees e 234

b. Sampling Procedures, Data Management, and Quality Assurance............. 234

c. Radiochemical Analytical RESUILS ........ccccevirenereerceeceeese e 234

d. Nonradiochemical Analytical RESUILS.........ccoooviiiiiriirr e 234

Be HONBY e bbb ae b e nas 234
a.  Monitoring Network, Sampling Procedures, Data M anagement,

Quality Assurance, and Radiochemica Analytical Results.................... 234

o W0 o R 1= 1 4 T = 00 SRR 234

O o o TR U URTPRURURORPI 235

A MONItOrNG NEIWOTK ....eeeeieeeeeeeeeeees e 235

b. Sampling Procedures, Data Management, and Quality Assurance............. 235

c. Radiochemical Analytical RESUILS .........ccevirererieieeeceeese e 235

B MK bbbt 235

A MONItOrNG NEIWOTK ....veeeeeieeceeeece e 235

b. Sampling Procedures, Data Management, and Quality Assurance............. 235

c. Radiochemical Analytical RESUILS .........ccoeiiieieriiee e 235

ST = o TSRS 235

A MONItOrNG NEIWOIK .....ceoeiieieeeeiee e 235

b. Sampling Procedures, Data Management, and Quality Assurance............. 236

c. Radiochemical Analytical RESUILS .........ccoeiirierieieeiee e 236

0. LONG-TEM TIENAS ...coueiiriiitirieiie sttt st sen 236

e. Nonradiological Analytical RESUILS .......ccccevervvvrern e 236

7.  Game Animals (EIK and DEEN) ...ccccvcvieiirere et 236

A MONItOrNG NEWOTK ....veeeeeieeeececcee e 236

b. Sampling Procedures, Data Management, and Quality Assurance............. 237

c. Radiochemical Analytical RESUILS ........cccccevvrenerereeeceeese e 237

(o I o 0o B = 4 0 T =0 T 237

8. DOMESHCANIMAS ...cueiuiitirieie ettt et e 237

A MONItOrNG NEIWOTK .....ooviiiieieeeeer e 237

b. Sampling Procedures, Data Management, and Quality Assurance............. 237

c. Radiochemical Analytical RESUILS .........ccoeiirieieieeeeee e 238

9. HEDTTER ..o e 238

A MONItOrNG NEIWOTK .....oviiiiiieeeeeeeee e e 238

b. Sampling Procedures, Data Management, and Quality Assurance............. 238

c. Radiochemical Analytical RESUILS ........ccccevvrenerereeeeeeese e 238

L0, PIRIOI coootiiticeiceccec ettt ettt ettt ettt et ernereens 238

A MONItOrNG NEWOIK ....eeeeeeieecececce et 238

b. Sampling Procedures, Data Management, and Quality Assurance............. 238

c. Radiochemical Analytical RESUILS ........cccevvrererereeeeecese e 238

11, Small GaMEANIMAIS. ..ottt be e e 238

A MONItOrNG NEIWOTK .....oviiieeeieeeeee e e 238

b. Sampling Procedures, Data Management, and Quality Assurance............. 238

Xiv Environmental Surveillance at Los Alamos during 1998



Table of Contents

c. Radiochemical Analytical RESUILS .........ccoeiirieierieee e
12, IMIUSHIOOIMIS ...ttt sttt sttt st be sttt e e se et e e e e e e se et eaeebeebesaesbesbesee e enta s
A MONItOrNG NEIWOIK .....ocooiiieiieeeeeee e
b. Sampling Procedures, Data Management, and Quality Assurance.............
c. Radiochemical Analytical RESUILS .........ccoeiireieieeee e
Other Environmental Surveillance Program Activities or Special Studies
around Los Alamos National Laboratory .........cccceeeererereereeseeieeeniesesesesee e
1. Radionuclide Concentrationsin Bed Sediment and Fish Tissue Within
the Rio Grande Drainage BaSiN.........cccccueeeeeeeneriene s seesee e
2. Moisture Conversion Ratio for the Foodstuffs and Biota
Environmental Survelllance Programs.........ccocveeeeereseseneseesesseeseesessessesenns
3. Radionuclides and Heavy Metals in Rainbow Trout from Tsichomo,
NanaKa, Wen Povi, and Pin De Lakesin Santa ClaraCanyon............ccc.c......
4.  Human Health Risk Assessment Related to the Consumption of Elk
and Deer that Forage Around the Perimeter of aLow-Level
Radioactive Waste DiSpoSal SIt€........coeiererierieieieeeeeeresestese e
5. Basdine Tritium Concentrations in Soils and VVegetation: The Tshirege
Woodland Site at Technical Area b4 ........ccoovviieieneeieeeeeee s
6. Baseline Concentrations of Radionuclides and Heavy Metalsin Soils
and Vegetation Around the DARHT Facility: Construction Phase (1997) .....
7. Radionuclide Concentrations in Soils and Vegetation at Radioactive-
Waste Disposal MDA G during the 1997 Growing Season .........cccceeevvreeneene
Sampling of Perimeter Surface Soils at Technical Area54, MDA G .................
9. Radionuclide Contaminant Analysis of Small Mammalsat MDA G .................
10. Honey Bees as Indicators of Radionuclide Contamination:
Comparative Studies of Contaminant Levelsin Forager and Nurse Bees........
11. Honey Bees as Indicators of Radionuclide Contamination:
Investigating Contaminant Redistribution using Concentrationsin
Water, Flowers, and HONEY BEES ........ccoviriiinierie e
12.  Contaminantsin Medium-Sized Mammals Around a Radioactive
Lo 0 AVAYZ'S (N I o o o] o
13. Relationship of Ecological Variablesto Sin Nombre Virus Antibody
Seroprevalence in Deer Mouse POPUIELIONS ........ccccvveervieneneseeneeesee e
14. Estimation of Observation Rates of Global Positioning Collars
D= o] o) V7= [ I
15. Development and Application of a Movement Predictive Model for Elk ..........
16. A Preliminary Survey of Terrestrial Plant Communitiesin
the Sierrade oS VallES ... ..o
17. Levesof Forest Fuels and Their Relationships to Vegetation Types
and Fire History at LosAlamos National Laboratory ............ccceceveerenencneenn.
18. AnAnaysisof Background Noise in Selected Canyons of
LOSAIGMOS COUNLY ...ttt st et e e
19. Annotated Checklist and Database of Vascular Plants of
the JEMEZ MOUNLAINS ......coveerieeeieese et st
20. Threatened and Endangered Species Habitat Management Plan Overview .......
21. Preliminary Risk Assessment of the Southwestern Willow Flycatcher ..............
22. Threatened and Endangered Bird Surveys. Mexican Spotted Owl ....................
23. Threatened and Endangered Bird Surveys at Los Alamos National
Laboratory: Southwestern Western Willow Flycatcher ..........ccocooveiiinnennn.
24. Bald Eagle Habitat Management and MONItOriNg .........cccoeeereerienenienesesenie s
25.  Peregrine Falcon Habitat Management and MONItoring .........c..ccoeeerereeienennenn.

©

Environmental Surveillance at Los Alamos during 1998

XV



Table of Contents

26, SONGDITA SUINVEY ..o e 245
27. Literature Review of the Site Nonspecific Habitat Use and Feeding
Habits of Threatened and Endangered Species Concerning the

LosAlamos National Laboratory ............coeoerererieneeieeienieeesiesese e 245
28. Annual and Seasonal Variationsin Four Species of Reptiles

ANd AMPRIDIANS ..o e e 246
29. Bat Populations at Los Alamos National Laboratory and Bandelier

National MONUMENE ........coviiriiiriiirie e 246
30. Continued Studies of Bat Species of Concern in the Jemez Mountains,

INEW MEXICO ..ttt st st sttt sttt 246
31l. Reptilesand AMphibians MONITOrNG ....ccccevevereereeieeeeeeeesese e e 246

D. Tables
6-1. Radionuclidesin Surface Soils Collected from Regional, Perimeter, and
On-Site Locations during 1998 .........cccooeiiriererieneeeeeseeeniese e 247

6-2. Total Recoverable Light, Heavy, and Nonmetal Trace Elements
in Surface Soils Collected from Regional Background, Perimeter,

and On-Site Locations during 1998 ..........ccoevirerenenieieeeeeeesese e 248
6-3. Radionuclides in Produce Collected from Regional Background,
Perimeter, and On-Site Locations during 1998 .........cccccoevrververieriesesennneens 249

6-4. Tota Recoverable Trace Elementsin Produce Collected from
Regional Background, Perimeter, and on-Site Locations during 1998.......... 251
6-5. Radionuclidesin Honey Collected from Regional Background and

Perimeter Locations during 1997 ........c.coceceeerienesesese e seesieseeseeeeeeseeeenens 253
6-6. Radionuclidesin Eggs Collected from Regional Background and

Perimeter Locations during 1998 .........cccoiirineninene e 254
6-7. Radionuclidesin Goat’'s Milk from Regional Background and

Perimeter Locations during 1998 .........cccoiirineninene e 254
6-8. Radionuclidesin Game and Nongame Fish Upstream and

Downstream of Los Alamos National Laboratory during 1998 .................... 255
6-9. Total Recoverable Mercury in Bottom-Feeding Fish Upstream and

Downstream of LosAlamos National Laboratory during 1998 .................... 257

6-10. Radionuclidesin Muscle and Bone Tissues of Elk Collected

from On-Site, Perimeter, and Regional Background Areas

during 1997 and 1998.........cccevererereireiereeeee s 258
6-11. Radionuclidesin Muscle and Bone Tissues of Deer Collected

from On-Site, Perimeter, and Regional Background Areas

during 1996 and 1997 .......c.coiiirierie et 259
6-12. Radionuclidesin Muscle and Bone of a Free-Range Steer Collected from

the Pueblo of Cochiti Lands and Regional Background during 1998........... 260
6-13. Radionuclidesin Navajo Tea Collected from Regional and

Perimeter Locations during 1998 .........cccoiirineninine e 261
6-14. Radionuclidesin Pifion Shoot Tips Collected from Regional Background

and Perimeter Areas during the 1998 Growing SEason.........cccecvveeeesierereens 262

6-15. Radionuclidesin Muscle and Bone of Squirrels Collected
from On-Site, Perimeter, and Regional Background L ocations

(o g1 o TS S 263
6-16. Radionuclidesin Mushrooms Collected from Regional Background,
Perimeter, and On-Site Locations during 1998 ..........cccceevrverieneriesinsennnenns 265
E. Figures
6-1. Off-site regional and perimeter and on-site Laboratory soil
SAMPLING IOCALTONS .....cviiverieiei ittt 266

XVi Environmental Surveillance at Los Alamos during 1998



6-2.

Table of Contents

Produce, fish, milk, eggs, tea, domestic and game animals,
and beehive sampling [0CAtIONS.........cccovviirirerereceee e

L < L= (< 010 =R

APPENDIXES

A. Standards for Environmental ContamiNantS.........ccccceeieeeieeeiercieeeses st esses s sresseeesreas

Tables
A-1.

A-2.

A-3.

A-4

A-5.

A-6.

A-T7.

A-8.

A-9.
A-10.
A-11.
A-12.
A-13.
A-14.

Tables

B-1.
B-2.
B-3.

Department of Energy Public Dose Limits for External and

INEErNEI EXPOSUIES ...ttt sttt e e
Department of Energy’s Derived Concentration Guides for Water

and Derived Air CONCENIIELIONS ........ccereriireriereereeee e
National and New Mexico Ambient Air Quality Standards ...........cccceeeveecerene.
Beryllium Limits during 1999 ..o
Limits Established by National Pollutant Discharge Elimination

System Permit No. NM 0028355 for Sanitary and Industrial

Outfall Dischargesfor 1998........ccccvviriireiereereereeeeeese st eneens
Annual Water Quality Parameters Established by National Pollutant

Discharge Elimination System Permit No. NM 0028355 for

Sanitary and Industrial Outfall Dischargesfor 1998 ..........ccccevvivievvsieninnnnns
Safe Drinking Water Act Maximum Contaminant Levelsin the

Water Supply for Radiochemicals, Inorganic Chemicals,

and Microbiological CONSLITUBNES..........coiererieriereeeeer s
Livestock Watering Standards ..........coccoeeereienieneneeeee e
Wildlife Habitat Stream Standards ..........ccooeeereieneneneseeee s

Prefixes Used with SI (MEric) UNitS .....ocovceveveeeeeceeceeeee e
Approximate Conversion Factors for Selected SI (Metric) Units ..........ccoeeeee.
Common Measurement Abbreviations and Measurement Symbols...................

REFEIENCE ...t e bbbt
C. Description of Technical Areas and Their Associated Programs.........ccoceeveevvevveenennn.

GLOSSARY OF TERMS ...
ACRONYMS AND ABBREVIATIONS ....ooiiiiiiiiiiiiiiie e

DISTRIBUTION.......

Environmental Surveillance at Los Alamos during 1998

Xvii



XViii Environmental Surveillance at Los Alamos during 1998



Preface

Environmental Surveillance at Los Alamos reports are prepared annually by the Los Alamos National Laboratory
(the Laboratory), Environment, Safety, and Health Division, as required by US Department of Energy Order
5400.1, General Environmental Protection Program, and US Department of Energy Order 231.1, Environment,
Safety, and Health Reporting.

These annual reports summarize environmental data that comply with applicable federal, state, and local environ-
mental laws and regulations, executive orders, and departmental policies. Additional data, beyond the minimum
reguired, are also gathered and reported as part of the Laboratory’s efforts to ensure public safety and to monitor
environmental quality at and near the Laboratory.

Chapter 1 provides an overview of the Laboratory’s major environmental programs. Chapter 2 reports the
Laboratory’s compliance status for 1998. Chapter 3 provides a summary of the maximum radiological dose a
member of the public could have potentially received from Laboratory operations. The environmental data are
organized by environmental media (Chapter 4, air; Chapter 5, water; and Chapter 6, soils, foodstuffs, and biota) in
aformat to meet the needs of a general and scientific audience. A glossary and alist of acronyms and abbrevia-
tions arein the back of the report. Appendix A explains the standards for environmental contaminants, Appendix
B explains the units of measurements used in this report, and Appendix C describes the Laboratory’s technical
areas and their associated programs.

We' ve aso enclosed a booklet, Overview of Environmental Surveillance during 1998 that briefly explains
important concepts, such as radiation, and provides a summary of the environmental programs, monitoring
results, and regul atory compliance.

Inquiries or comments regarding these annual reports may be directed to

US Department of Energy LosAlamos National Laboratory

Office of Environment and Projects Environment Safety and Health Division
528 35th Street or P.O. Box 1663, MS K491

LosAlamos, NM 87544 LosAlamos, NM 87545

To obtain copies of the report, contact

Robert Prommel
Ecology Group, LosAlamos National Laboratory
P.O. Box 1663, MSM 887
LosAlamos, NM 87545
Telephone: 505-665-3070
e-mail: bpromme @anl.gov

Thisreport isalso available on the World Wide Web at
http://lib-www.lanl.gov/pubs/la-13633.htm
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1. Introduction

Abstract

This report presents environmental data that characterize environmental
performance and addresses compliance with environmental standards and
requirementsat L osAlamosNational L aboratory (LANL or thelL aboratory) during
1998. The Laboratory routinely monitors for radiation and for radioactive and
nonradioactive materialsat L aboratory sites, aswell asat sitesin the surrounding
region. LANL uses the monitoring results to determine compliance with
appropriate standards and to identify potentially undesirable trends. This
information is then used for environmental impact analyses, site planning, and
annual operational improvements. Data wer e collected in 1998 to assess external
penetrating radiation and concentrations of chemicals and radionuclidesin stack
emissions, ambient air, surfacewater sand groundwaters, thedrinking water supply,
soilsand sediments, foodstuffs, and biota. Using comparisonswith standardsand
regulations, this report concludes that environmental effects from Laboratory
operationsaresmall and do not poseathreat to the public, L abor atory employees,

or the environment. Laboratory operations were in compliance with all

environmental regulations.

A. Laboratory Overview

1. Introduction to Los Alamos National
Laboratory

In March 1943, a small group of scientists cameto
LosAlamos for Project Y of the Manhattan Project.
Their goal was to develop the world’s first nuclear
weapon. Although planners originally expected that
the task would be completed by a hundred scientists,
by 1945, when the first nuclear bomb was tested at
Trinity Site in southern New Mexico, more than 3,000
civilian and military personnel were working at Los
Alamos Laboratory. 1n 1947, Las Alamos Laboratory
became L os Alamos Scientific Laboratory, which in
turn became Los Alamos National Laboratory (LANL
or the Laboratory) in 1981. The Laboratory is
managed by the Regents of the University of Califor-
nia (UC) under a contract that is administered through
the Department of Energy (DOE) LosAlamos Area
Office (LAAO) and the Albuquerque Operations
Office.

The Laboratory’s original mission to design,
develop, and test nuclear weapons has broadened and
evolved as technologies, US priorities, and the world
community have changed. LosAlamos National
Laboratory is a multiprogram facility with the central
mission of reducing the global nuclear danger,
including four major components:;
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» ensure that the national nuclear stockpileis
reliable and safe;

» manage the production and use of nuclear
materials,

 ensure that the environment is both restored from
past nuclear activities and minimally impacted
by future activities; and

» develop technology and processes to eliminate
the proliferation of nuclear materials and

weapons capability.

The Laboratory will continueitsrole in defense,
particularly in nuclear weapons technology, and will
increasingly use its multidisciplinary capabilities to
solve important civilian problems, including initia-
tivesin the areas of health, national infrastructure,
energy, education, and the environment (LANL 1998).

2. Geographic Setting

The Laboratory and the associated residential and
commercial areas of LosAlamos and White Rock are
located in Los Alamos County, in north-central New
Mexico, approximately 60 miles north-northeast of
Albuguergue and 25 miles northwest of Santa Fe
(Figure 1-1). The 43-square-mile Laboratory is
situated on the Pajarito Plateau, which consists of a
series of finger-like mesas separated by deep east-to-
west oriented canyons cut by intermittent streams.
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Mesa tops range in elevation from approximately
7,800 feet on the flanks of the Jemez Mountains to
about 6,200 feet above the Rio Grande Canyon.

Most Laboratory and community developments are
confined to mesatops. The surrounding land is
largely undeveloped, and large tracts of land north,
west, and south of the Laboratory site are held by the
Santa Fe National Forest, Bureau of Land Manage-
ment, Bandelier National Monument, General Ser-
vices Administration, and Los Alamos County. The
Pueblo of San Ildefonso borders the Laboratory to the
east.

The Laboratory is divided into technical areas
(TAs) that are used for building sites, experimental
areas, waste disposal locations, roads, and utility
rights-of-way (see Appendix C and Figure 1-2).
However, these uses account for only a small part of
the total land area; most land provides buffer areas for
security and safety and is held in reserve for future
use.

3. Geology and Hydrology

The Laboratory lies at the western boundary of the
Rio Grande rift, amajor North American tectonic
feature. Threelocal major faults constitute the mod-
ern rift boundary and each is potentially seismogenic.
Recent studies indicate that the seismic surface rup-
ture hazard associated with these faultsis localized
(Gardner et al., 1999). Most of the finger-like mesas
in the Los Alamos area (Figure 1-3) are formed from
Bandelier Tuff, which includes ash fall, ash fall pum-
ice, and rhyolite tuff. The tuff is more than 1,000 feet
thick in the western part of the plateau and thins to
about 260 feet eastward above the Rio Grande. It was
deposited as a result of major eruptions in the Jemez
Mountains' volcanic center about 1.2 to 1.6 million
years ago.

On the western part of the Pajarito Plateau, the
Bandelier Tuff overlaps onto the Tschicoma Forma-
tion, which consists of older volcanics that form the
Jemez Mountains. The tuff is underlain by the
conglomerate of the Puye Formation in the central
plateau and near the Rio Grande. Chino Mesa basalts
interfinger with the conglomerate along the river.
These formations overlie the sediments of the Santa
Fe Group, which extend across the Rio Grande Valley
and are more than 3,300 feet thick.

Surface water in the Los Alamos area occurs
primarily as short-lived or intermittent reaches of
streams. Perennia springs on the flanks of the Jemez

Environmental Surveillance at Los Alamos during 1998

Mountains supply base flow into upper reaches of
some canyons, but the volume is insufficient to
maintain surface flows across the Laboratory site
before they are depleted by evaporation, transpiration,
and infiltration.

Groundwater in the Los Alamos area occursin
three modes: (1) water in shallow aluviumin
canyons, (2) perched water (a body of groundwater
above aless permeable layer that is separated from the
underlying main body of groundwater by an unsatur-
ated zone), and (3) the main aquifer of the Los Alamos
area.

The main aquifer of the LosAlamos areaisthe
only aquifer in the area capable of serving asa
municipal water supply. Water in the main aquifer is
under artesian conditions under the eastern part of the
Pajarito Plateau near the Rio Grande (Purtymun and
Johansen 1974). The source of recharge to the aquifer
is presently uncertain. Isotopic and chemical compo-
sition of some waters from wells near the Rio Grande
suggest that the source of water underlying the eastern
part of the Pagjarito Plateau may be the Sangre de
Cristo Mountains (Blake et a., 1995). Groundwater
flow along the Rio Grande rift from the north is
another possible recharge source. The main aquifer
discharges into the Rio Grande through springsin
White Rock Canyon. The 11.5-mile reach of the river
in White Rock Canyon between Otowi Bridge and the
mouth of Rito de los Frijoles receives an estimated
4,300 to 5,500 acre-feet annually from the aquifer.

4. Ecology and Cultural Resources

The Pgjarito Plateau is a biologically diverse and
archaeologically rich area. The plants and animals
found on or near LANL property include approxi-
mately 500 plant species, 29 mammal species, 200
bird species, 19 reptile species, 8 amphibian species,
and hundreds of insect species. Roughly 20 plant and
animal species are designated as a threatened species,
an endangered species, or a species of concern at the
federal and/or state level.

Approximately 70% of DOE land in Los Alamos
County has been surveyed for prehistoric and historic
cultural resources, and about 1,470 sites have been
recorded. More than 85% of the ruins date from the
14th and 15th centuries. Most of the sitesare found in
the pifion-juniper vegetation zone, with 80% lying
between 5,800 and 7,100 feet in elevation. Almost
three-quarters of all ruins are found on mesa tops.
Approximately 500 buildings and structures are being
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evaluated for eligibility to be placed on the National
Historic Register.

B. Management of Environment, Safety, and
Health

1. Introduction

The protection of workers, the public, and the
environment is aresponsibility of every Laboratory
worker. Workers, and their line management through
the Laboratory Director, are responsible for conduct-
ing al of their activitiesin an environmentally sound
manner. Technical and administrative responsibility
and authority have been delegated to the Environment,
Safety, and Health (ESH) Division for environmental
monitoring and surveillance and to the Environmental
Management (EM) Program for environmental
restoration and centralized waste management
responsibilities.

2. Integrated Safety Management

In 1998, the Laboratory Director issued an
environmental, safety, and health (ES&H) policy that
stated that “safety isfirst at LANL” and listed
Laboratory goals as

e zeroinjuries and illnesses on the job,

e zeroinjuries and illnesses off the job,
 zero environmental incidents,

 zero ethicsincidents,

 zero people mistreatment incidents, and
 zero safeguards and security violations.

Integrated Safety Management is the Laboratory’s
management system for performing work safely and
for assuring protection of employees, the public, and
the environment. The term “integrated” indicates that
the safety management system is a normal and natural
element in performing the work; safety isn't awork-
place addition, it is how the Laboratory does business.

The Integrated Safety Management system
provides the framework for an environmental
management system with the following objectives:

» conduct Laboratory operationsin full compliance
with all environmental laws and regulations;

» prevent adverse environmental impacts and
enhance environmental protection; and

 adopt proactive approachesto achieve
environmental excellence. For example, itis
better to minimize waste generation, wastewater
discharges, air emissions, ecological impacts,
and cultural impacts than to have to clean up
problems.

3. Environment, Safety, & Health Division

The ESH Division isin charge of performing
environmental monitoring, surveillance, and compli-
ance activities to help ensure that Laboratory opera-
tions do not adversely affect human health and safety
or the environment. The Laboratory conforms to
applicable environmental regulatory reguirements and
reporting requirements of DOE Orders 5400.1 (DOE
1988), 5400.5 (DOE 1990), and 231.1 (DOE 1995).

The ESH Division provides line managers with
assistance in preparing and completing environmental
documentation such as reports required by the
National Environmental Policy Act (NEPA) of 1969
and the federal Resource Conservation and Recovery
Act (RCRA) and its state counterpart, the New
Mexico Hazardous Waste Act (HWA), as documented
in Chapter 2 of thisreport. With assistance from the
Laboratory Counsel, ESH Division helps to define and
recommend L aboratory policies with regard to
applicable federal and state environmental regulations
and laws and DOE orders and directives. ESH
Division is responsible for communicating environ-
mental policiesto Laboratory employees and for
ensuring that appropriate environmental training
programs are available. The environmental surveil-
lance program resides in four groups in ESH Divi-
sion—Air Quality (ESH-17), Water Quality and
Hydrology (ESH-18), Hazardous and Solid Waste
(ESH-19), and Ecology (ESH-20)—that initiate and
promote L aboratory programs for environmental
assessment and are responsible for environmental
surveillance and regulatory compliance.

Approximately 600 sampling locations are used for
routine environmental monitoring. The general
location of monitoring stationsis presented in maps in
thisreport. For 1998, over 250,000 analyses for
chemical and radiochemical constituents were
performed on more than 12,000 environmental
samples. Samples of air particles and gases, water,
soils, sediments, foodstuffs, and associated biota are
routinely collected at monitoring stations and then
analyzed. The results of these analyses help identify
impacts of LANL operations on the environment.

Environmental Surveillance at Los Alamos during 1998
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Additional samples are collected and analyzed to
obtain information about particular events, such as
major surface water runoff events, nonroutine re-
leases, or special studies. Methods and procedures for
acquiring, analyzing, and recording data are presented
later in this report in Chapters 2, 3, 4, 5, and 6.
Information about environmental standardsis pre-
sented in Appendix A.

a. Air Quality. ESH-17 personnel assist
Laboratory organizationsin their efforts to comply
with federal and state air quality regulations. ESH-17
personnel report on the Laboratory’s compliance with
the air quality standards and regulations discussed in
Chapter 2. Various environmental surveillance
programs are conducted to evaluate the potential
impact of Laboratory emissions on the local environ-
ment and public health. These programsinclude
measuring direct penetrating radiation, meteorol ogical
conditions, and stack emissions and sampling for
ambient air contaminants. Chapter 4 contains a
detailed exploration of the methodologies and results
of the ESH-17 air monitoring and surveillance
program for 1998. Personnel from ESH-17 monitor
meteorological conditions to assess the transport of
contaminants in airborne emissions to the environment
and to aid in forecasting local weather conditions.
Chapter 4 summarizes meteorological conditions
during 1998 and provides a climatological overview
of the Pgjarito Plateau.

Dose Assessment. ESH-17 personnel
calculate the radiation dose assessment that is pre-
sented in Chapter 3, including the methodology and
assessments for specific pathways to the public and
the environment.

b. Water Quality and Hydrology. Personnel
from ESH-18 are responsible for providing environ-
mental monitoring activities to demonstrate regulatory
compliance and to help ensure that Laboratory
operations do not adversely affect public health or the
environment.

ESH-18 provides technical and regulatory support
for the Laboratory to achieve compliance with the
following major state and federal regulations. Clean
Water Act, National Pollutant Discharge Elimination
System (NPDES), and Section 404/401 Dredge and
Fill Permitting; Safe Drinking Water Act; New
Mexico Drinking Water Regulations; New Mexico
Water Quality Control Commission Regulations;
Federal Insecticide, Fungicide, and Rodenticide Act;
and New Mexico Pesticide Control Act. Surveillance
programs and activities include groundwater, surface
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water, and sediments monitoring; water supply
reporting for Los Alamos County; and the Groundwa-
ter Protection Management Program. Chapter 2
contains documentation on the Laboratory’s compli-
ance status with water quality regulations and reports
on the closeout of the NPDES Federal Facilities
Compliance Agreement. Chapter 5 presents results of
the data collected and analyzed by ESH-18 personnel
from routine monitoring.

¢. Hazardous and Solid Waste. ESH-19
personnel provide services in developing and monitor-
ing permits under hazardous and solid waste rules,
RCRA/HWA, Solid Waste Act (SWA), and letters of
authorization for landfilling polychlorinated biphenyls
(PCB) solids contaminated with radionuclides under
the Toxic Substances Control Act (TSCA); providing
technical support, regulatory interpretation, and
Laboratory policy on hazardous, toxic, and solid waste
issues and underground storage tank regulations to
Laboratory customers; and documenting conditions at
past waste sites. The Laboratory’s compliance status
with hazardous and solid waste regulationsis pre-
sented in Chapter 2.

d. Ecology. Personnel in ESH-20 investigate
and document biological and cultural resources within
the Laboratory boundaries; prepare environmental
reports, including Environmental Assessments
reguired under NEPA; and monitor the environmental
impact of Laboratory operations on soil, foodstuffs,
and associated biota. Chapter 2 documents the 1998
work in the areas of NEPA reviews and biological and
archaeological reviews of proposed projects at the
Laboratory. Chapter 6 contains information on the
results and trends of the soil, foodstuff, and biota
monitoring programs and related research and
development activities at the Laboratory.

4. Environmental Management Program

a. Waste Management. Waste management
activities are focused on minimizing the adverse
effects of radioactive wastes on the environment,
maintaining compliance with regulations and permits,
and ensuring that wastes are managed safely. Wastes
generated at the Laboratory are divided into categories
based on the radioactive and chemical content. No
high-level radioactive wastes are generated at the
Laboratory. Major categories of waste managed at the
Laboratory are low-level radioactive waste, transu-
ranic (TRU) waste, mixed waste, hazardous waste,
and nonhazardous waste.
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In 1997, the Laboratory became the first DOE site
granted authority to certify TRU waste for shipment to
the Waste Isolation Pilot Plant (WI1PP). The EM-Waste
Management Program certified waste during 1998 and
shipped the first truckload of TRU waste to WIPP on
March 25, 1999.

b. Pollution Prevention. The Laboratory’s
Environmental Stewardship Office (EM-ESO)
coordinates the integrated L aboratory pollution
prevention program. Specific amounts of source
material reduction and recycling are provided in
Section 2.B.1.i. Descriptions of successful pollution
prevention projects are presented in Section 2.E.2.
Other waste management activities that reduce waste
generation include the following:

 continuing financial incentives for waste
reduction and innovative pollution prevention
idess,

 developing databases to track waste generation;
and

» providing pollution prevention expertise to
L aboratory organizations in source reduction,
material substitution, internal recycle/reuse,
lifetime extension, segregation, external recycle/
reuse, volume reduction, and treatment.

In 1998, the EM-ESO published The Los Alamos
National Laboratory 1998 Environmental Stewardship
Roadmap, in accordance with the Hazardous and Solid
Waste Amendments Module VI of the RCRA
Hazardous Waste Permit and 40 CFR 264.73. This
document is available at http://emeso.lanl.gov/
publications on the World Wide Web.

Two of the six Laboratory environmental excel-
lence goals have an environmental focus: zero
environmental incidences and zero RCRA violations.
The roadmap document describes the Laboratory’s
current operations and the improvements that will
eliminate the sources of environmental incidents.

The stewardship solution for zero incidents and
zero RCRA violationsisto eliminate their source.
This goal is being accomplished by continuously
improving operations to achieve

* zerowaste,
 zero pollutants released,
e zero natural resources wasted, and

» zero natural resources damaged.

c. Environmental Restoration Project. The
Environmental Restoration (EM/ER) Project at the
Laboratory augments the Laboratory’s environmental
surveillance program by identifying and characteriz-
ing potential threats to human health and the environ-
ment from past Laboratory operations and by mitigat-
ing those threats through corrective actions that
comply with applicable environmental regulations.
Corrective actions may include source containment to
prevent contaminant migration, controls on future land
use, and excavation and/or treatment of the source to
remove or, at a minimum, reduce chemical and/or
radiological hazards to acceptable human health and
environmental levels. The project, operating out of
the EM Program, also oversees decontamination and
decommissioning of surplus facilities at the Labora-
tory.

The EM/ER Project at the Laboratory responds to
two federal laws: RCRA, which is the statutory basis
for the EM/ER Project at the Laboratory; and the
Comprehensive Environmental Response, Compensa-
tion, and Liability Act, which offers a reference for
remediating sites at the Laboratory that contain certain
hazardous substances not covered by RCRA. The
Hazardous and Solid Waste Amendments to RCRA
mandate that certain facilities, including the Labora-
tory, that store, treat, and dispose of hazardous wastes
operate under aformal permit system. The corrective
action provisions of the RCRA permit are contained in
Module VI of the Laboratory’s Hazardous Waste
Permit. The Environmental Protection Agency (EPA)
and the New Mexico Environment Department
(NMED) regulate the Laboratory’s corrective action
program under RCRA. DOE has oversight for those
sites not subject to RCRA and for the decommission-
ing program. A summary of EM/ER Project activities
completed in 1998 is presented in Section 2.B.1.k of
thisreport. A description of the EM/ER Project is
presented at http://erproject.lanl.gov on the World
Wide Web.

5. Land Conveyance and Transfer Under Public
Law 105-119

On November 26, 1997, Congress passed Public
Law 105-119 that requires the Secretary of Energy to
identify parcels of land at or near the Laboratory that
would be considered for conveyance and transfer to
one of two entities: either Los Alamos County or the
Secretary of the Interior (held in trust for the Pueblo
of San Ildefonso). DOE identified 10 land parcels for
such conveyance and transfer in the “Land Transfer
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Report to Congress under Public Law 105-119, A
Preliminary Identification of Parcels of Land in Los
Alamos, New Mexico for Conveyance or Transfer”
(April 1998).

Public Law 105-119 also directs DOE to identify
any environmental restoration or remediation that
would be necessary within any of these tracts before
conveyance and transfer. NMED and DOE require
that the cleanup process provide long-term protection
to human and environmental health and be compatible
with local visions of appropriate land use.

Public Law 105-119 states that the conveyed or
transferred parcels of land shall be used for historical,
cultural, or environmental preservation purposes;
economic diversification purposes; or community self-
sufficiency. Both Los Alamos County and the Pueblo
of San Ildefonso submitted preliminary statements of
interest in some or all of the 10 parcelsto DOE in
June 1998, and both parties identified preliminary
potential land uses for the parcels. In general, both
the Pueblo of San Ildefonso and Los Alamos County
identified uses of some of the parcels for commercial
and industrial development, residential development,
or cultural or environmental preservation. The
potential uses by the identified recipients of each
parcel are not always the same.

6. Community I nvolvement

The Laboratory continues to encourage public
access to information about environmental conditions
and the environmental impact of operations at the
Laboratory. Although the Community Relations
Office, renamed in 1998 from the Community
Involvement and Outreach Office, has a responsibility
to help coordinate activities between the Laboratory
and northern New Mexico, many organizations at the
Laboratory are active in working with the public.
Frequently, the subject of these interactionsis related
to environmental issues because of concerns about the
Laboratory’s potential impact on local environment,
safety, and health.

Some examples of how the Laboratory distributes
and makes environmental information available to the
public are listed bel ow.

Outreach Centers

During 1998, the Community Relations Office
operated three outreach centers located in Los Alamos
(505-665-4400), Espariola (505-753-3682), and Santa
Fe (505-982-3771). Approximately 250 people visited
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the centers each year. Accessto environmental
information is available at all the outreach centers.

Bradbury Science Museum

Because many of the Laboratory’s facilities are
closed to the public, the Bradbury Science Museum
provides away for the public to learn about the kinds
of work the Laboratory does, whether it is showing
how lasers are used to assess air pollution or demon-
strating ecology concepts. In 1998, the museum
hosted approximately 101,000 visitors.

Inquiries

In 1998, the Community Relations Office—with
the assistance of awide variety of Laboratory organi-
zations—responded to hundreds of public inquiries,
many of which had an environmental theme. These
inquiries came to the Community Relations Office by
letter, phone, fax, e-mail, and personal visits.

To learn more about the Community Relations
Office and the Laboratory’s community involvement
efforts, you can read the Community Relations Office
Annual Report at http://ext.lanl.gov/orgs/cr/final .pdf
on the World Wide Web.

7. Public Meetings

The Laboratory holds public meetings to inform
surrounding communities about activities and opera-
tions at the Laboratory. During 1998, the Laboratory
held three public meetings as part of a continuing
series called the “ Community Environmental Meet-
ings.” The first one of these meetingstitled “Environ-
mental Monitoring” was held in February 1998. A
second meeting, “Wildland Fires—Are We Ready,”
took placein August 1998. The third meeting,
“Habitat Management Plan for Threatened and
Endangered Species,” was held in December 1998.

8. Tribal Interactions

During 1998, executive and staff meetings were
held with Cochiti Pueblo, Jemez Pueblo, the Pueblo of
San Ildefonso, and Santa Clara Pueblo along with
DOE and Laboratory personnel. Subjects for the
meetings included DOE-funded environmental
programs, environmental restoration, environmental
surveillance, cultural resource protection, emergency
response, and other environmental issues.

Additional personnel were added to the Commu-
nity Relations Office Tribal Relations Team, specifi-
cally to help with emergency response issues that are
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of concern because of the start of transporting TRU
waste containers from the Laboratory to WIPP on state
highways that cross tribal lands. Additional interac-
tions include a technical assessment of asbestos
contamination on Pueblo of San Ildefonso lands, a
workshop for the Navajo Nation on radiation effects,
and preparation of afeasibility study on the use of
wind power for Jemez Pueblo.

9. A Report for Our Communities

In September 1998, ESH Division published
20,000 copies of the annual report, “For The Seventh
Generation: Environment, Safety, and Health at Los
Alamos National Laboratory: A Report to Our
Communities 1997—-1998 Volume I1” (ESH 1998).
This report gives the Laboratory, its neighbors, and
other stakeholders a snapshot of some of the Labora-
tory programs and iSsues.

Volume | of thisreport (ESH 1997), published the
previous year, has received two prestigious awards.
One of these isthe “Excellence Award” in the Society
for Technical Communications International Competi-
tion. Thisreport was also submitted to The Commu-
nicator Awards, a national organization that recognizes
outstanding work in the communications field; this
report subsequently received the “Crystal Award of
Excellence” presented to those entrants whose ability
to communicate elevates them above the best in the
field and serves as a benchmark for the industry.

Both of these reports are available from the
Laboratory’s Community Reading Room and the
Outreach Offices. Volume I isalso at http://lib-
www.|anl.govpubs//la-pubs/00418582.pdf and Volume
| at http://lib-www.lanl.gov/pubs/la-pubs/
00326319.pdf on the World Wide Web.

D. Assessment Programs

1. Overview of LosAlamos National L aboratory
Environmental Quality Assurance Programs

Monitoring activities for each environmental
program performed by groupsin ESH Division have
been included in the LANL Environmental Monitor-
ing Plan for 1999-2001. Each monitoring activity
sponsored by the ESH Division hasits own Quality
Assurance Plan or operating procedure. These plans
and procedures are unique to activities but are guided
by the need to establish policies, requirements, and
guidelines for the effective implementation of regula-
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tory requirements and to meet the requirements of
DOE Orders 5400.1 (DOE 1988), 5400.5 (DOE
1990), and 5700.6C (DOE 1991). Each Quality
Assurance Plan must address the criteria for manage-
ment, performance, and assessments.

Quality is the extent to which an item or activity
meets or exceeds requirements. Quality assurance
includes al the planned and systematic actions and
activities necessary to provide adequate confidence
that afacility, structure, system, component, or
process will perform satisfactorily. The Quality
Assurance Support Group (ESH-14) provides support
for quality assurance functions at the Laboratory.
ESH-14 personnel perform quality assurance and
quality control audits and surveillance of Laboratory
and subcontractor activities in accordance with the
Quality Assurance Plan for the Laboratory and for
specific activities, as requested. The Laboratory’s
Internal Assessment Group (AA-2) manages an
independent environmental appraisal and auditing
program that verifies implementation of environmen-
tal requirements. The Quality and Planning Program
Office manages and coordinates the effort to become a
customer-focused, unified Laboratory.

2. Overview of University of California/
Department of Energy Perfor mance Assessment
Program

During 1998, UC and DOE evaluated the Labora-
tory based on mutually negotiated ES& H performance
measures. The performance measure rating periods
run from July to June. The performance measures are
linked to the principles and key functions of Inte-
grated Safety Management.

The environmental components of these
performance measures include the following
categories:

« radiation protection of workers,

* routine waste minimization,

* management walkarounds,

* hazard analysis and contral,

* maintenance of authorization basis, and
* injury/illness prevention.

Specific information on the categories and the
assessment scoring can be obtained at http://
drambuie.lanl.gov~eshiep/ on the World Wide Web.

Environmental Surveillance at Los Alamos during 1998
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3. Environment, Safety, & Health Panel of the
University of California President’s Council on the
National Laboratory

The UC-ES& H Panel met at the Laboratory July
27-29, 1998, and discussed the following topics:

« critica management focus on ES&H implemen-
tation,

* new beryllium facility,

 biosafety issues related to bioweapons nonprolif-
eration research,

» nonproliferation research,
e community/tribal/stakeholder meetings,

» areview of preparation for movement of TRU
wastes to WIPR,

» LANL specia provisions as part of the UC/DOE
contract, and

* LANL whistleblower procedures.

The UC-ES& H Panel has forwarded its observa-
tions and recommendations on these topics to the
Laboratory Director and the Chair of the UC
President’s Council on the National Laboratories.

4. Division Review Committee

The ES&H Division Review Committee reviewed
12 ESH Division research projectsin 1998. The
committee assigned an overall grade of outstanding/
excellent for these projects and noted the following
projects as truly outstanding:

 RADNET: aworking protocol for radiation
monitoring equipment;

 uptake of radionuclides by beans, squash, and
corn growing in contaminated aluvial soils at the
Laboratory (see Chapter 6.C);

» environmental alpha continuous air monitoring;

 areal-time beryllium monitor and the implica-
tionsfor its use;

» development and implementation of improved
dosimeters;

 study of organic vapor air purifying respirator
cartridges,

» development of a method to understand pressure
effects and deformation of waste containers;
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» human health risk assessment related to the
consumption of elk and deer that forage around
the Laboratory (see Chapter 6.C); and

» gpatially dynamic risk assessments of threatened
and endangered species at the Laboratory (see
Chapter 6.C).

5. Department of Energy Audits and
Assessments

The local DOE Office of Oversight, Environment,
Safety, and Health, published an updated “ Profile of
LosAlamos National Laboratory” in December 1998.
The profile documents how effectively DOE and
Laboratory line management have implemented safety
management and ES& H programs. Numerous aspects
of ES&H were evaluated, including portions of the
environmental programs. The environmental pro-
grams covered by external regulations were deter-
mined to be effective.

Additional information on DOE audits and
assessments of LANL ES&H programs is available
through the DOE home page on the World Wide Web.

6. Cooperative and Independent Monitoring

DOE, UC, and the Laboratory have signed
agreements with the State of New Mexico and four
surrounding Pueblos that enable independent
environmental monitoring at and near the Laboratory.
The main agreements are the following:

» Agreement-In-Principle between DOE and the
State of New Mexico (see Section 2.C.2 for more
information).

» Accords between DOE and the individual
Pueblos of San Ildefonso, Cochiti, Jemez, and
Santa Clara.

» Cooperative Agreements between UC and the
individual Pueblos of San Ildefonso, Cochiti,
Jemez, and Santa Clara

» Memorandum of Understanding with the
Pueblo of San Ildefonso for environmental
monitoring (see Chapter 5.C for more informa-
tion).

The main purposes of these agreements are to build
more open and participatory relationships, to improve
communications, and to cooperate on issues of mutual
concern. The agreements allow access to monitoring
locations and encourage cooperative sampling
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activities, improve data sharing, and enhance commu-
nications on technical subjects. The agreements also
provide frameworks for grant support that allow
development and implementation of independent
monitoring programs.

Environmental monitoring at and near the Labora-
tory involves other state and federal agencies such as
the Defense Nuclear Facilities Safety Board, the
Agency for Toxic Substances and Disease Registry,
the Bureau of Indian Affairs, the US Geological
Survey, the US Fish and Wildlife Service, the US
Forest Service, and the National Park Service.

7. Cooperative Resour ce M anagement

The Laboratory frequently collaborates with other
agencies when managing our land and resources.

Oso Complex Fire. The Oso Firewas an
arson-caused fire that burned more than 5,364 acres of
Santa Fe National Forest and Santa Clara Pueblo
lands. It waslocated approximately 8 miles north of
LosAlamos and 10 miles northwest of Espafiola. The
fire burned primarily in ponderosa pine and mixed
conifer at elevations between 7,900 and 10,600 feet in
Oso, Santa Clara, and Gallina Canyons in the Jemez
Mountains. The fire started on June 27 and was
controlled on July 9, 1998. Cooperating agencies
included LANL, Santa Clara Pueblo, US Forest
Service, Bureau of Indian Affairs, US Fish and
Wildlife Service, Bureau of Land Management, and
Johnson Controls Northern New Mexico.

I nteragency Wildfire Management Team.
The Interagency Wildfire Management Team contin-
uesto be avehicle for addressing wildfire issues of
mutual concern to the regional land management
agencies. In addition, the Interagency Wildfire
Management Team collaborates in public outreach
activities, agrees on lines of authority that would bein
place during awildfire, provides cross-disciplinary
training, and shares the expertise that is available from
agency to agency. The result of this collaboration has
been an increased coordination of management
activities between agencies and a heightened response
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capability in wildfire situations. In addition to the
Laboratory, regular participants of the Interagency
Wildfire Management Team include representatives of
the Los Alamos County Fire Department, US Forest
Service, Bandelier National Monument, the Pueblo of
San Ildefonso, NM State Forester’s Office, and NM
DOE Oversight Bureau.

During 1998, under a Memorandum of Understand-
ing between DOE/LAAO and the National Park
Service, DOE authorized Bandelier to construct a
2,500-square-foot building at TA-49. Bandelier is
using this building as a fire cache for storing fire tools
and equipment as well as for stationing of fire
personnel and Bandelier fire engines. LANL con-
structed a helipad close to the building for use as
helicopter support during afire or other emergency.
The helipad contains an area for the setup of a 5,000-
gallon-storage tank for fighting firesin the area.

East Jemez Resource Council. 1n 1998, the
East Jemez Resource Council was formed in an effort
to better communicate and cooperate in the manage-
ment of resources on aregional basis. The Council’s
main goal isto maintain and enhance the natural and
cultural resources of the East Jemez Mountains so that
they can be sustained and appreciated by current and
future generations. Charter members of the Council
include Bandelier National Monument, Santa Fe
National Forest, US Fish and Wildlife Service, NM
Fish and Game, the Pueblo of San Ildefonso, Santa
Clara Pueblo, Cochiti Pueblo, DOE/LAAO, and
LANL/ESH-20.

Cochiti Lake Ecological Resources Team.
In 1998, the Cochiti Lake Ecological Resources Team
finalized a Memorandum of Understanding between
the US Army Corps of Engineers, Bandelier National
Monument, DOE/LAAO, US Geological Survey, US
Fish and Wildlife Service, NM Game and Fish, Pueblo
de Cochiti, US Forest Service, and UC/LANL. ESH-
20 provides the Laboratory’s representative. The
Council serves as aforum for discussing issues
pertaining to the status or management of physical,
biological, and recreationa resourcesin the vicinity of
Cochiti Lake and White Rock Canyon.

Environmental Surveillance at Los Alamos during 1998



1. Introduction

References

Blake et al., 1995: W. D. Blake, F. Goff, A. Adams, and D. Counce, “Environmental Geochemistry for
Surface and Subsurface Waters in the Pgjarito Plateau and Outlying Areas, New Mexico,” LosAlamos
National Laboratory report LA-12912-MS (May 1995).

DOE 1988: US Department of Energy, “General Environmental Protection Program,” US Department of
Energy Order 5400.1 (November 1988).

DOE 1990: US Department of Energy, “ Radiation Protection of the Public and the Environment,” US
Department of Energy Order 5400.5 (February 1990).

DOE 1991: US Department of Energy, “Quality Assurance,” US Department of Energy Order 5700.6C
(August 1991).

DOE 1995: US Department of Energy, “Environmental Safety and Health Reporting,” US Department of
Energy Order 231.1 (September 1995).

ESH 1997: Environmental, Safety, and Health Division, “For the Seventh Generation: Environment,
Safety, and Health at Los Alamos National Laboratory: A Report to Our Communities,” Los Alamos
National Laboratory report LALP 97-147 (August 1997).

ESH 1998: Environmental, Safety, and Health Division, “For the Seventh Generation: Environment,
Safety, and Health at Los Alamos National Laboratory: A Report to Our Communities 1997-1998
Volume I1,” LosAlamos National Laboratory report LALP 98-101 (September 1998).

Gardner et al., 1999: J. N. Gardner, A. Lavine, G. WoldeGabriel, D. Krier, D. Vaniman, F. Caporuscio,
C. Lewis, P. Reneau, E. Kluk, and M. J. Snow, “ Structional Geology of the Northwestern Portion of
LosAlamos National Laboratory, Rio Grande Rift, New Mexico: Implications for Seismic Surface
Rupture Potential from TA-3 to TA-55,” Los Alamos National Laboratory report LA-13589-M S
(March 1999)

LANL 1998: “Ingtitutional Plan FY 1999-FY 2004,” Los Alamos National Laboratory report LALP 98-66
(October 1998).

Purtymun and Johansen 1974: W. D. Purtymun and S. Johansen, “ General Geohydrology of the Pgjarito
Plateau,” New Mexico Geological Society Guidebook, 25th Field Conference, Ghost Ranch, New
Mexico (1974).

Environmental Surveillance at Los Alamos during 1998 13



14

Environmental Surveillance at Los Alamos during 1998



2. Compliance Summary

contributing authors:

Mike Alexander, Kathy Armstrong, Gian Bacigalupa, Randy Balice, Carey Bare, Bob Beers, Debbie Finfrock,
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Aden Jackson, Julie Johnston, Tony Ladino, Sam Loftin, Karen Lyncoln, Geri Rodriguez, Sarah Salazar,
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Highlights from 1998

Los Alamos National Laboratory (LANL or the Laboratory) staff frequently interacted with regulatory
personnel during 1998 regarding Resource Conservation and Recovery Act and New Mexico Hazardous
Waste Act requirements and compliance activities. The Legacy Materials Cleanup Project was completed
on September 30, 1998. The New Mexico Environment Department (NMED) conducted its annual inspec-
tion intermittently from August through September 1998. Inspectors visited 544 sites and noted 35 appar-
ent findings of noncompliance; NMED has not yet issued formal Compliance Orders for either 1997 or
1998 annual inspections.

Laboratory operations were in compliance with all federal radiological and federal and state
nonradiological air quality requirements. Radioactive emissions generated at the Laboratory during 1998
were in compliance and well below the Environmental Protection Agency’s (EPA's) effective dose equiva-
lent (EDE) limitation of less than 10 mrem per year to members of the public from airborne emissions. For
1998, the LANL EDE is calculated to be 1.72 mrem using EPA-approved methods.

In 1998, the Laboratory was in compliance with its National Pollutant Discharge Elimination System
(NPDES) permit liquid discharge requirements in 99.4% of the samples from its sanitary effluent outfalls
and in 99.3% of the samples fromitsindustrial effluent outfalls. The Laboratory wasin compliance with
its NPDES permit liquid discharge requirements in 100% of the water quality parameter samples collected
in the period from August 1, 1997, through July 31, 1998, at sanitary and industrial outfalls. Concentra-
tions of chemical, microbiological, and radioactive constituents in the drinking water system remained
within federal and state drinking water standards. Sx groundwater samples collected at Monitoring Well
R-25, drilled at Technical Area 16 in accordance with the Hydrogeol ogic Workplan, contained high
explosives and chemicals associated with the breakdown of high explosives. Concentrations of these
chemicals were above EPA health advisories for drinking water. Wells that supply drinking water to the
Los Alamos water supply system were sampled, and no evidence of high explosives was found.

In 1998, Laboratory staff received approximately 430 proposed projects to review for compliance with
the National Environmental Policy Act (NEPA) and sent 102 NEPA Environmental Review Forms to the
Department of Energy (DOE). In addition, Laboratory archaeologists evaluated 846 proposed actions for
possible effects on cultural resources, which required 26 intensive field surveys. Laboratory biologists
reviewed approximately 400 proposed Laboratory projects for their impact on biological resources; 160 of
the actions required additional study. The Threatened and Endangered Species Habitat Management Plan
for the Laboratory was completed, and the implementation phase began in 1998.
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2. Compliance Summary

A. Introduction

Many activities and operations at Los Alamos
National Laboratory (LANL or the Laboratory)
involve or produce liquids, solids, and gases that may
contain nonradioactive hazardous and/or radioactive
materials. Laboratory policy implements Department
of Energy (DOE) requirements by directing its
employees to protect the environment and meet
compliance requirements of applicable federal and
state environmental protection regulations.

Federal and state environmental laws address
handling, transport, release, and disposal of contami-
nants, pollutants, and wastes, as well as protection of
ecological, archaeological, historic, atmospheric, soil,
and water resources. Regulations provide specific
reguirements and standards to ensure maintenance of
environmental qualities. The Environmental Protec-
tion Agency (EPA) and the New Mexico Environment
Department (NMED) are the principal administrative
authorities for these laws. DOE and its contractors are
also subject to DOE-administered requirements
regarding control of radionuclides. Table 2-1 presents
the environmental permits or approvals issued by these
organizations and the specific operations and/or sites
affected.

B. Compliance Status
1. Resource Conservation and Recovery Act

a. Introduction. The Laboratory produces a
wide variety of hazardous wastes, most of which are
produced in small quantities relative to industrial
facilities of comparable size. The Resource Conserva-
tion and Recovery Act (RCRA), as amended by the
Hazardous and Solid Waste Amendments (HSWA) of
1984, creates a comprehensive program to regulate
hazardous wastes, from generation to ultimate dis-
posal. The HSWA emphasize reducing the volume
and toxicity of hazardous waste. The applicable
federal regulation, 40 Code of Federal Regulations
(CFR) 268, requires treatment of hazardous waste
before land disposal.

EPA or an authorized state issues RCRA permits to
regul ate the storage, treatment, or disposal of hazard-
ous waste and the hazardous component of radioactive
mixed waste that is stored, treated, or disposed of on-
site. A RCRA Part A permit application identifies (1)
facility location, (2) owner and operator, (3) hazardous
or mixed wastes to be managed, and (4) hazardous
waste management methods and units (RCRA hazard-
ous waste management areas). A facility that has
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submitted a RCRA Part A permit application for an
existing unit is allowed to manage hazardous or mixed
wastes under transitional regulations known as the
Interim Status Requirements pending issuance (or
denial) of a RCRA Hazardous Waste Facility permit.
The RCRA Part B permit application consists of a
detailed narrative description of all facilities and
procedures related to hazardous or mixed waste
management, including contingency, training, and
inspection plans. The State of New Mexico issued
LANL's current Hazardous Waste Facility Permit to
DOE and the University of California (UC) in
November 1989.

In 1996, EPA adopted new standards, under the
authority of RCRA, as amended, commonly called
“Subpart CC" standards. These standards apply to air
emissions from certain tanks, containers, less-than-90-
day storage facilities, and surface impoundments that
manage hazardous waste capable of releasing volatile
organic compounds (VOCs) at levels that can harm
human health and the environment.

b. Resource Conservation and Recovery Act
Permitting Activities. The RCRA Hazardous Waste
Facility Permit for the waste management operations
at Technical Areas (TAs) 50, 54, and 16 is due for
renewal. The 10-year permit expiresin November
1999.

On February 5, 1998, LANL received approval
from the NMED for a new strategy regarding the
format and construction of the permit. The strategy
involved the submittal of aLANL General Part B
permit application that would be used as a comprehen-
sive resource document for Laboratory-wide hazard-
ous waste management procedures and the submittal
of independent TA-specific permit applications to
provide additional information for site-specific or
unique procedures. This approach was proposed to
consolidate previously submitted and new permit
renewal applications and to alleviate repetitive
reviews of plans and documents common to all or
most LANL waste management organizations. The
new permit renewal applications will facilitate NMED
issuing a general permit for common waste manage-
ment operations supported by specific chapters for
each waste management area. Extensive work on the
LANL Part B Permit Application and on site-specific
Part B permit applications for TA-50 and TA-54 began
in mid-1998.

The Hazardous and Solid Waste Group (ESH-19)
submitted arevised Part A permit application to
NMED in April 1998. The Part A incorporated both

Environmental Surveillance at Los Alamos during 1998
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Table 2-1. Environmental Permits or Approvalsunder which the Laboratory Operated during 1998

Administering
Category Approved Activity Issue Date Expiration Date Agency
RCRA Hazardous Waste Facility Hazardous and mixed waste storage, and November 1989 November 1999 NMED
treatment permit
RCRA mixed waste Revised Part A application submitted April 1998 - NMED
HSWA RCRA Corrective Activities March 1990 December 1999 NMED
TSCA? Disposal of PCBs at TA-54, Area G June 25, 1996 None EPA
CWA/NPDESP, LosAlamos Discharge of industrial and sanitary liquid August 1, 1994 October 31, 1998° EPA
effluents
Storm water associated with industrial activity December 23, 1998 October 1, 2000 EPA
Storm water associated with construction
DARHT Fecility October 2, 1998 July 7, 2003 EPA
TA-9 and 16 Steam System Upgrade September 1, 1998 October 1, 19984 EPA
RLW Cross Country Line July 25, 1996 October 1, 1998 EPA
Guaje Well Field Improvements October 2, 1998 July 7, 2003 EPA
Wildlands Fire Management September 5, 1996 October 1, 1998 EPA
Fire Protection Improvements October 2, 1998 July 7, 2003 EPA
CWA/NPDES, Fenton Hill Discharge of industrial liquid effluents October 15, 1979 December 29, 1997 EPA
CWA Sections 404/401 Permits F.U. 4 Stream Crossing Restoration July 24, 1997 July 24, 1999 COE®/NMED
Guaje Canyon/Utility Line Discharges September 9, 1997 September 9, 1999 COE/NMED
Guaje Canyon/Road Crossings September 9, 1997 September 9, 1999 COE/NMED
Guaje Canyon/Headwaters and | solated Water September 9, 1997 September 9, 1999 COE/NMED
Pueblo Canyon/Wetland/Riparian Activities September 8, 1997 September 8, 1999 COE/NMED
Pueblo Canyon/Headwaters and | solated Water September 18, 1997 September 18, 1999 COE/NMED
LA Canyon, Ancho Canyon, November 14, 1997 November 14, 1999 COE/NMED
DP Canyon/Fire Protection Improvement Project
Sandia Canyon/Survey Activities March 4, 1998 March 4, 2000 COE/NMED
Guaje Canyon/Bank Stabilization March 2, 1998 March 2, 2000 COE/NMED
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Table 2-1. Environmental Permits or Approvals under which the Laboratory Operated during 1998 (Cont.)

Administering
Category Approved Activity Issue Date Expiration Date Agency
CWA Sections 404/401 Three Mile Canyon/Headwaters and July 14, 1998 January 28, 1999 COE/NMED
Permits (Cont.) Isolated Waters
Lab-wide Gaging Stations/Sci. Meas. Devices August 28, 1998 August 28, 2000
Groundwater Discharge Plan, Discharge to groundwater June 5, 1995 June 5, 2000 NMOCDf
Fenton Hill
Groundwater Discharge Plan, TA-46 Discharge to groundwater January 7, 1998 January 7, 2003 NMED
SWS Facility9
Groundwater Discharge Plan, Land application of dry sanitary sewage sludge June 30, 1995 June 30, 2000 NMED
Sanitary Sewage Sludge Land
Application
Groundwater Discharge Plan, Discharge to groundwater submitted August 20, 1996 NMED
TA-50, Radioactive Liquid approval pending
Waste Treatment Facility
Air Quality Operating Permit LANL air emissions submitted December 1995 NMED
(20 NMACh 2.70)
Air Quality (NESHAP)! Beryllium machining at TA-3-39 March 19, 1986 None NMED
Beryllium machining at TA-3-102 March 19, 1986 None NMED
Beryllium machining at TA-3-141 October 30, 1998 None NMED
Beryllium machining at TA-35-213 December 26, 1985 None NMED
Beryllium machining at TA-55-4 March 11, 1998 None NMED
Open Burning (20 NMAC 2.60) Burning of jet fuel and wood for ordnance testing, August 18, 1997 December 31, 2002 NMED

Operational Burning

TA-11
Burning of HE-contaminated materials, TA-14
Burning of HE-contaminated materials, TA-16
Burning of scrap wood from experiments, TA-36
Fuel Fire Burn of wood or propane TA-16,

Site 1409
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Table 2-1. Environmental Permits or Approvalsunder which the Laboratory Operated during 1998 (Cont.)

Administering
Category Approved Activity Issue Date Expiration Date Agency
Open Burning (20 NMAC 2.60) West Jemez Fuel Break Maintenance January 8, 1998 December 31, 1998 NMED

Prescribed Burning

aToxic Substances Control Act.

PNational Pollutant Discharge Elimination System.
CAdministratively extended by EPA.

dPermit discontinued by EPA.

€Corps of Engineers.

fNew Mexico Oil Conservation Division.

9Sanitary Wastewater Systems (SWS) Facility.

hNew Mexico Administrative Code.

i National Emission Standards for Hazardous Air Pollutants.
I High-explosive.
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hazardous and mixed waste management units as a
consolidation of all active waste management treat-
ment or storage units. This document was a precursor
to developing the permit applications described above
and aresult of an NMED request.

One active waste management unit was closed in
1998. Thefinal report and certification for closure of
the controlled air incinerator at TA-50, Building 37,
was submitted to NMED on April 22, 1998. NMED
approved the closure on July 2, 1998. Decontamina-
tion activities for the container storage areainside
Building 61 at TA-21 continued. ESH-19 also submit-
ted closure plans for Material Disposal Areas (MDAS)
H and L at TA-54 to NMED in April.

Other permitting activitiesin 1998 included ap-
proval of arequest for a Temporary Authorization for
equipment upgrades at TA-16-388 and the withdrawal
of previously submitted applications for research,
development, and demonstration permits. An authori-
zation for conditional storage at TA-50, Building 37,
was obtained on April 21, 1998, for mixed transuranic
(TRU) waste characterization activities supporting the
Transuranic Waste I nspectable Storage Project
(TWISP) at TA-54. In addition, LANL participated in
review meetings with NMED and other regulated
facilities for the new fee regulation (New Mexico
Administrative Code [NMAC], Title 20, Chapter 4,
Part 2, “Hazardous Waste Fees’) approved by the New
Mexico Environmental Improvement Board in No-
vember 1998.

¢. Resource Conservation and Recovery Act
Corrective Action Activities. Severa solid waste
management units (SWMUSs) are subject to both the
HSWA Module V111 corrective action requirements
and the closure provisions of RCRA. The corrective
action process occurs concurrently with the closure
process, thereby satisfying both sets of regulations.
The history of RCRA closuresis presented in previous
LANL environmental reports (ESP 1998, ESP 1997,
ESP 1996).

» TA-35 surface impoundments—NMED ap-
proved an amended closure plan in September
1996. The Laboratory completed Phase V1
verification sampling at TA-35, TSL-85, during
July 1996. In 1998, NMED approved the
amended closure certification report.

» TA-16, landfill at MDA P—Implementation of
clean closure of the TA-16 MDA P landfill began
in 1998. Thefirst activity was digging test pitsin
the landfill to characterize waste types and
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volumes. High explosives (HE) that could be
detonated were detected in some of the pits,
requiring extensive modification of the Site-
Specific Health and Safety Plan and the Closure
Implementation Plan.

» TA-53 surface impoundments—In July 1997,
NMED notified DOE and the Laboratory that the
change in status of the three surface impound-
ments at TA-53 from treatment, storage, and
disposal (TSD) unitsto corrective action units
under HSWA had been approved. A closure plan
for the impoundmentsis no longer necessary. A
RCRA Facility Investigation work plan for the
impoundments was submitted on January 21,
1998, and the fieldwork is planned to begin in
mid-1999.

d. Other Resource Conservation and Recov-
ery Act Activities. In 1998, ESH-19 completed 645
quarterly self-assessments. In 1995, ESH-19 began
the self-assessment program in cooperation with waste
management coordinators to assess the Laboratory’s
performance in the proper storage and handling of
hazardous and mixed waste to meet federal and state
regulations, DOE orders, and Laboratory policy.
Findings from individual self-assessments are commu-
nicated to waste generators, waste management
coordinators, and management to help line managers
implement appropriate corrective actions to ensure
continual improvement in LANL’s hazardous waste
program.

e. Resource Conservation and Recovery Act
Compliance I nspection. NMED conducted its
annual hazardous waste compliance inspection from
August through September 1998 (Table 2-2). The
inspection team visited approximately 544 sites at the
Laboratory. Inspectors noted 35 apparent violations of
RCRA including exceeding storage time limits, failing
to label awaste container, and failing to document
required RCRA training. Forma Compliance Orders
have not been issued by the end of 1998 for either the
1998 or 1997 NMED RCRA inspections.

f. Mixed Waste Federal Facility Compliance
Order. The Laboratory met all 1998 Site Treatment
Plan deadlines and milestones. In October 1995, the
State of New Mexico issued a Federal Facility
Compliance Order to both DOE and UC requiring
compliance with the Site Treatment Plan. That plan
describes the development of treatment capacities and
technologies or use of off-site facilities for treating
mixed waste generated at LANL being stored beyond
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Table 2-2. Environmental I nspections and Audits Conducted at the Laboratory during 1998

Date Purpose Performing Agency
January—May 1998 Continuation of FFCA Compliance Audit RAC?2
January 27, 1998 Visual Verification of Beryllium Permit NMED
January 31, 1998 Open Burn Permit Inspection NMED
March 31, 1998 DOE Audit DOE/IG Office
April 10, 1998 Beryllium Inspection NMED
May 14-15, 1998 NPDES Storm Water Program | nspection EPA
June 1, 1998 Asbestos NMED
June 23, 1998 FFCA Compliance Audit RAC?2
June 24, 1998 Asbestos Inspection NMED
July 9, 1998 Open Burn Permit Inspection NMED
August—September 1998 Hazardous Waste Facility Inspection NMED
October 6, 1998 TA-54 Area J Commercial/Special NMED/SWQBP
October 9, 1998 Asbestos Incident Investigation NMED

Waste Landfill

November 12, 1998 Asbestos Inspection NMED
March 1998 FIFRA Inspection NMDAC®

@ Radiological Assessments Corporation.

b New Mexico Environment Department/Surface Water Quality Bureau.

¢ New Mexico Department of Agriculture.

the one-year time frame (Section 3004[j] of RCRA
and 40 CFR Section 268.50). Over 500 cubic meters
of mixed waste were treated and disposed of through
FY98.

g. Underground Storage Tanks. In August
1998, the EPA confirmed that all underground storage
tanks (USTs) that had been installed before December
22,1988, and that had not already been protected
against corrosion, spills, and overfills would have to
be upgraded, replaced, or properly closed by Decem-
ber 22, 1998. During 1998, the Laboratory closed five
of its remaining seven USTS, including tanks regis-
tered as TA-2-1, TA-3-73, TA-21-155, TA-35-197, and
TA-41-W2. Asaresult of closing these five tanks, the
Laboratory has reduced its total number of USTs from
39in 1988 to 2 in 1998, the largest reduction of USTs
at any registered facility in the state.

Closures of USTs TA-21-155 and TA-41-W2 were
listed as clean closures where no contamination was
detected at the location. Suspect releases were
reported to NMED for sites associated with TA-2-1,
TA-3-73, and TA-35-197. By the end of 1998, the only
confirmed release occurred at TA-35-197, where
leaking pipes exiting a pump pit associated with the
UST created localized pockets of contamination. The
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majority of this contamination was eliminated through
the removal of contaminated soil, and the site was
closed under awork plan approved by the NMED.

The suspected contamination at TA-3-73 was found
to be associated with past disposal practices involving
materials containing asphalt at the TA-3 Asphalt Batch
Plant and did not result from releases from the UST.
The Laboratory’s Environmental Restoration (ER)
Project will investigate the contamination pursuant to
Module VI of the RCRA/HSWA permit.

The site at TA-2-1 is still under investigation;
necessary sampling could not be completed because of
weather conditions. We believe that any contamination
at this site will be confined to one location along the
UST “fill line,” where concentrations of total petro-
leum hydrocarbons were slightly above the 100 ppm
standard of the NM UST Regulations. Previous
samples taken from the site indicate no leakage from
the UST itself or from other segments of thefill line.

The two remaining USTs, TA-16-197 and TA-15-
R312-DAHRT, meet all of the upgrade requirements
in state (20 NMAC 5) and federal (40 CFR 280)
regulations. Additionally, the DAHRT UST is solely
for secondary containment and does not routinely
store petroleum products, further reducing any
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possibility of an accidental release. The NMED UST
Bureau will inspect these tanks on atriennial basis,
beginning in 1999, to ensure that they continue to
meet the new release detection, corrosion control, and
spill containment requirements of RCRA, Subpart I,
and the NM UST Regulations.

h. Solid Waste Disposal. The Laboratory has
acommercial/special waste landfill located at TA-54,
AreaJ, that is subject to NM Solid Waste Manage-
ment Regulations (NMSWMR). In December 1998,
the NMED Solid Waste Bureau requested a permit for
the facility, which has been operating under a Notice
of Intent since the NMSWMR wereissued in 1995.
AreaJisclosing in 1999 because the L aboratory
decided not to retrofit Area Jwith aliner and other
equipment needed to meet the regul ations. Personnel
from the NM Solid Waste Bureau inspected Area J on
October 6, 1998; there were no apparent violations of
the NMSWMR.

In 1998, the TA-54, Area Jlandfill received and
disposed of 55.5 yd® of solid waste in its pits and
shafts. The asbestos transfer station at Area J staged
262 yd?3 of asbestos to both in- and out-of-state
special-waste landfills. In 1998, LANL completed the
reguired Solid Waste Facility annual report for the
calendar year 1997.

LANL also disposes of sanitary solid waste (trash),
concrete/rubble, and construction and demolition
debris at the Los Alamos County landfill on East
Jemez Road. DOE owns the property; it isleased to
Los Alamos County under a specia use permit. Los
Alamos County owns and operates this landfill and is
responsible for obtaining all related permits for this
activity from the state. The landfill is registered with
NMED Solid Waste Bureau. The Laboratory contrib-
uted 17% (7,452 tons) of the total volume of trash
landfilled at this site during 1998, with the 83%
remainder contributed by residents of Los Alamos
County and the City of Espariola. Laboratory trash
landfilled included 2,345 tons of trash, 4,467 tons of
concrete/rubble, and 640 tons of construction and
demolition debris. During 1998, the Laboratory also
sent to the county landfill 343 tons of brush for
composting and 53 tons of metal for recycling.

i. Waste Minimization and Pollution
Prevention. To comply with the HSWA Module of
the RCRA, RCRA Subtitle A, DOE Order 5400.1,
Executive Order (EO) 12856, Federal Compliance
with Right-to-Know Laws and Pollution Prevention
Requirements, and other regulations, the Laboratory
must have a waste minimization and pollution
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prevention program. A copy of that Laboratory
program, the 1998 Environmental Stewardship
Roadmap, islocated at http://emeso.lanl.gov/
publications/default.asp on the World Wide Web.

Section 1003 of the Waste Disposal Act cites the
minimization of the generation and land disposal of
hazardous wastes as a national objective and policy.
All hazardous waste must be handled in ways that
minimize the present and future threat to human health
and the environment. The Waste Disposal Act
promotes process substitution; materials recovery,
recycling, and reuse; and treatment as alternatives to
land disposal of hazardous waste.

The 1998 Annual Report on Waste Generation and
Waste Minimization Progress as Required by DOE
Order 5400.1 provides the amounts of routine,
nonroutine, and total RCRA-hazardous, low-level, and
mixed low-level wastes generated by L aboratory
operations during 1998. A copy of this report and
additional information concerning waste minimization
can be found at http://twilight.saic.com/\WasteMin on
the World Wide Web.

Routine/normal waste generation at LANL is
defined as waste produced from any type of produc-
tion, operation, analytical, and/or research and
development (R& D) laboratory operations; TSD
operations; work for others; or any other periodic and
recurring work that is considered ongoing in nature.

Nonroutine/off-normal waste generation is defined
as one-time operations waste such as wastes produced
from ER Project activities, including primary and
secondary wastes associated with removal and
remediation operations; wastes associated with the
legacy waste program cleanup, and decontamination
and decommissioning (D& D) operations.

In 1998, source reduction and recycling activities
reduced the following amounts of wastes:

1324 m3
1,469.51 m3

TRU waste
Low-level radioactive waste
Mixed low-level radioactive
waste 700.04 m3
RCRA-hazardous waste 339.31m3
Sanitary solid waste 7,958.45 metric tons
State-regulated waste 123.09 metric tons
Toxic Substances Control

Act (TSCA) waste 2.92 metric tons

j. Greening of the Government Executive
Order. The Laboratory purchases products made with
recovered materials in support of Executive Order
13101, “Greening the Government Through Waste
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Prevention, Recycling, and Federal Acquisition,”
signed by President Clinton on September 14, 1998,
and to comply with RCRA. EPA designates the
categories of these items, referred to as Affirmative
Procurement. Based on past reports, the Laboratory
purchases the largest number of itemsin three
categories. paper, toner cartridges, and plastic desktop
accessories whenever available. The Laboratory
submits a summary report to DOE after each fiscal
year end.

k. Resource Conservation and Recovery Act
Training. The RCRA training program is arequired
component of and is described in the RCRA Hazard-
ous Waste Facility Permit. This Laboratory training
program is complete and only experienced minor
modifications and revisionsin 1998 to reflect regula-
tory, organizational, and/or programmatic changes.

During 1998, 147 workers completed RCRA
Personnel Training, 420 workers completed RCRA
Refresher Training, and 548 workers completed Waste
Generation Overview. Of the 420 workers who
required RCRA Refresher Training during 1998, 323
met this requirement through completing the com-
bined course.

The following RCRA courses were upgraded and/
or revised by the Environment, Safety, and Health
Training Group (ESH-13) during 1998:

RCRA Refresher Training

HAZWOPER: Refresher for Environmental
Restoration Workers

HAZWOPER: Refresher for Treatment, Storage,
and Disposal Workers

Waste Documentation Forms
Waste Generator Overview
Waste Management Coordinator Refresher

The following RCRA self-study courses were
developed in 1998:

Environmental Regulation Overview
Waste Management Overview
Waste Characterization Overview
Temporary Waste Storage Overview

|. Hazardous and Solid Waste Amendments
ComplianceActivities. In 1998, the ER Project
remained in compliance with Module V111 of the
RCRA permit. The Laboratory’s ER Project originaly
involved approximately 2,100 potential release sites.
At the end of FY 98, approximately 1,200 potential
release sites remained that require investigation and/or
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remediation and 109 buildings awaited D&D. The ER
Project continues to reevaluate previously submitted
proposals for No Further Action for additional
requirements that must be achieved before NMED
approves them as a No Further Action. Of those
submitted, 266 proposals were found to be valid. The
remainder of the proposals will continue to be
evaluated to determine if additional work is necessary
to support No Further Action. The Laboratory’s ER
Project has targeted 2006 for completion of its
corrective action work.

In 1998, the LANL ER Project activities included
remedial site assessments, site remediations, and the
decommissioning of surplusfacilities. The assess-
ment portion of the ER Project included submission of
six RCRA facility investigation (RFI) reportsto
NMED and RFI fieldwork on numerous sites. Reme-
dial activities conducted included cleanup of seven
sites including surface disposal areas, septic systems,
and firing sites. In addition, during the evaluation of
other potential remedial sites, 35 sites were deter-
mined by human health risk assessments not to require
remedial action. Five contaminated facilities at TA-16
and TA-61 were demolished.

2. Comprehensive Environmental Response,
Compensation, and Liability Act

The Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) of 1980,
as amended by the Superfund Amendments and
Reauthorization Act (SARA) of 1986, mandates
actions for certain releases of hazardous substances
into the environment. The Laboratory is not listed on
the EPA’s National Priority List but follows the
CERCLA guidelines for remediating ER Project sites
that contain certain hazardous substances not covered
by RCRA.

3. Emergency Planning and Community Right-
to-Know Act

a. Introduction. The Laboratory isrequired to
comply with the Emergency Planning and Community
Right-to-Know Act (EPCRA) of 1986 and EO 12856.

b. ComplianceActivities. 1n 1998, the
Laboratory submitted two annual reports to fulfill its
reguirements under EPCRA, as shown on Table 2-3
and described below.

Emergency Planning Notification. Titlelll,
Sections 302-303, of EPCRA, requires the preparation
of emergency plans for more than 360 extremely
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Table 2-3. Compliance with Emergency Planning and Community Right-to-Know Act during 1998

Reporting Reporting Reporting
required and  required and not
Statute reported not reported required
EPCRA 302-303: Emergency Planning Notification X
EPCRA 304: Emergency Release Notification X
EPCRA 311-312: Material Safety Data Sheet/ x
Chemical Inventory Reporting
EPCRA 313: Toxic Release Inventory Reporting X

hazardous substances when they are stored in amounts
above threshold limits. The Laboratory is required to
notify state and local emergency planning committees
of any changes at the Laboratory that might affect the
local emergency plan or if the Laboratory’s emergency
planning coordinator changes. During 1998, no
changes at the Laboratory required notification to the
state and local emergency planning committees.

Emergency Release Notification. Titlelll,
Section 304 of EPCRA, requires facilitiesto provide
emergency release notification of leaks, spills, and
other releases of specified chemicals over a specified
reporting quantity into the environment. Releases are
to be reported immediately to the state and local
emergency planning committees and to the National
Response Center. There were no leaks, spills, or other
releases of specific chemicals into the environment
that required EPCRA reporting during 1998.

Material Safety Data Sheet/Chemical
I nventory Reporting. Title I, Sections 311-312, of
EPCRA requires facilities to provide an annual
inventory of the quantity and location of hazardous
chemicals present at the facility above specified
thresholds; the inventory includes the material safety
data sheet (MSDS) for each chemical. The Laboratory
submitted a report to the state emergency response
commission, the local emergency planning committee,
and the Los Alamos County Fire Department listing
47 chemicals and explosives that were at the Labora-
tory during 1998 in quantities exceeding threshold
limits.

Toxic Release I nventory Reporting. Titlelll,
Section 313, of EPCRA, as modified by EO 12856,
requires all federal facilities to report total annual
releases of listed toxic chemicals. Nitric acid was the
only Section 313 listed toxic chemical that was used
in quantities above the reportable threshold of 10,000
Ibin 1997. Approximately 29,400 Ib of nitric acid
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were used for plutonium processing. LANL submitted
aToxic Release Inventory Form (Form R) to EPA and
the state emergency response commission in June
1998. The Form R reported the release of 720 Ib of
nitric acid emissions. There were no other Section 313
reportable releases in 1997 to the environment. In
1998, LANL used no listed toxic chemicasin
guantities exceeding thresholds. Therefore, no

Form R will be submitted in 1999.

c. Emergency Planning. The Laboratory’s
Emergency Management Plan is a document that
describes the entire process of planning, responding
to, and mitigating the potential consegquences of an
emergency. The most recent revision of the plan,
incorporating DOE Order 151.1, was published in July
1998. In accordance with DOE Order 151.1, it isthe
Laboratory’s policy to develop and maintain an
emergency management system that includes emer-
gency planning, emergency preparedness, and
effective response capabilities for responding to and
mitigating the consequences of an emergency. In
1998, 518 employees received training as aresult of
Emergency Management Plan requirements and the
Emergency Management & Response organization’s
internal training program.

4. Toxic Substances Control Act

Because the Laboratory’s activities are in the realm
of research and development and do not involve
introducing chemicals into commerce, the polychlori-
nated biphenyls (PCB) regulations (40 CFR 761) have
been the Laboratory’s main concern under the TSCA.
The PCB regulations govern substances including but
not limited to dielectric fluids, contaminated solvents,
oils, waste ails, heat transfer fluids, hydraulic fluids,
dlurries, soils, sanitary treatment solids from the
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Sanitary Wastewater Systems (SWS) Facility, and
materials contaminated as a result of spills. Most of
the provisions of the regulations apply to transform-
ers, capacitors, and other PCB items at a concentration
above 50 ppm.

In 1998, the Laboratory had 31 off-site shipments
of PCB waste. The quantities of waste disposed
include 11 55-gal. drums of capacitors; 23 55-gal.
drums of light ballast; 10 55-gal. drums of water;
7,288 kg of PCB-contaminated soil; 33 55-gal. drums
of PCB-contaminated debris; 10 55-gal. drums of
sludge, grit, and screening with PCB; 13 55-gal.
drums of various pieces of PCB electrical equipment;
and 8,549 kg of PCB oil. All wastes are managed in
accordance with 40 CFR 761 manifesting, record
keeping, and disposal requirements. PCB wastes are
sent to EPA-permitted disposal and treatment facili-
ties. Light ballast is sent off-site for recycling.
Section 2.B.8.b describes the status of sanitary sewer
sludge from the TA-46 SWS Facility in which low-
level PCB have been detected.

In 1998, the Laboratory generated radioactively
contaminated PCBs in two forms, resulting in atotal
of 22 kg of liquids and less than 1 kg of solids.
Nonliquid wastes containing greater than 50 ppm PCB
and PCB contaminated with radioactive constituents
are disposed of at the Laboratory’s EPA-authorized
TSCA landfill located at TA-54, AreaG. No
nonliquid nonradioactive or radioactive PCB wastes
were disposed of on-sitein 1998. Radioactively-
contaminated PCB liquid wastes are stored at the
TA-54, Area L, TSCA-authorized storage facility.
Many of these items have exceeded TSCA's one-year
storage limitation and are covered under the Final
Rule for the Disposal of PCB, dated August 28, 1998.

The primary compliance document related to 40
CFR 761.180 is the annual PCB report submitted to
EPA, Region 6. EPA did not conduct an audit of the
Laboratory’s PCB management program during 1998.

5. Federal Insecticide, Fungicide, and
Rodenticide Act

The Federal Insecticide, Fungicide, and Rodenti-
cide Act (FIFRA) regulates the manufacturing of
pesticides, with requirements for registration, labeling,
packaging, record keeping, distribution, worker
protection, certification, experimental use, and
tolerancesin foods and feeds. Sections of this act that
are applicable to the Laboratory include requirements
for certification of workers who apply pesticides. The
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Laboratory is also regulated by the New Mexico
Pesticide Control Act, administered by the New
Mexico Department of Agriculture (NMDA). NMDA
conducted an inspection of the Laboratory’s pesticide
application program during March 1998; no deficien-
cies were noted.

6. Federal Clean Air Act

a. Federal Regulations. The Laboratory is
subject to anumber of federal air quality regulations.
These include the following:

» National Emission Standards for Hazardous Air
Pollutants (NESHAP),

» National Ambient Air Quality Standards
(NAAQS),

» New Source Performance Standards (NSPS),
» Stratospheric Ozone Protection (SOP), and
» Operating Permit Program.

All of these requirements, except the NESHAP for
radionuclides and provisions relating to SOP, have
been adopted by the State of New Mexico as part of
its State Implementation Plan. The requirements
adopted by the State of New Mexico are discussed in
Section 2.B.7, New Mexico Air Quality Control Act.

The 1990 amendments to the Clean Air Act (CAA)
mandated new programs that may affect the Labora-
tory. The new requirements include control technol-
ogy for hazardous air pollutants, compliance assur-
ance monitoring, prevention of accidental releases,
and chlorofluorocarbon replacement. The Laboratory
will continue to track new regulations written to
implement the act, determine their effects on Labora-
tory operations, and develop programs as needed.

b. ComplianceActivities

Radionuclide NESHAP. Under 40 CFR 61,
Subpart H, EPA limits the effective dose equivalent
(EDE) to any member of the public from radioactive
airborne releases from a DOE facility, including
LANL, to 10 mrem per year. The 1998 EDE (as
calculated using EPA-approved methods) was 1.72
mrem, primarily from the Los Alamos Neutron
Science Center (LANSCE) operations.

EPA must approve any new construction or
modifications undertaken at LANL that will increase
airborne radioactive emissions causing a potential
increase in the EDE of 0.1 mrem per year or greater.
In 1998, the Air Quality Group (ESH-17) reviewed
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more than 100 projects for regulatory requirements;
none required EPA preconstruction approval.
Stratospheric Ozone Protection. The CAA
contains specific sections establishing regulations and
reguirements for ozone-depleting substances (ODS).
The sections applicable to the Laboratory include

» Section 608, National Recycling and Emission
Reduction Program, implemented by 40 CFR 82
Subpart F, which prohibits individuals from
knowingly venting ODS into the atmosphere
during maintenance, repair, service, or disposal
of air conditioning or refrigeration equipment
and requires technician certification and the use
of certified recovery equipment;

» Section 609, Servicing of Motor Vehicle Air
Conditioners, implemented by 40 CFR 82
Subpart B, which includes standards and
requirements for recycling equipment that
services motor vehicle air conditioners and for
training and certification of maintenance and
repair technicians; and

e Section 611, Labeling of Products Using ODS,
implemented by 40 CFR 82 Subpart E, which
establishes requirements to attach warning labels
to products containing or manufactured with
Class| or Il ODS.

LANL complies by using certified personnel and
equipment for maintaining, servicing, repairing, and
disposing of air conditioning and refrigeration
equipment; by contracting automotive repair work to
qualified local automotive repair shops and Johnson
Controls Northern New Mexico (JCNNM); and by
ensuring that products containing ODS and ODS-
containing waste that are shipped off-site are properly
labeled.

7. New Mexico Air Quality Control Act

a. State Regulations. The New Mexico Air
Quality Bureau, as provided by the New Mexico Air
Quality Control Act, regulates air quality through a
series of air quality control regulationsin the NMAC.
NMED administers these regulations. The air quality
regulations relevant to L aboratory operations are
discussed below.

b. Compliance Summary.

20 NMAC 2.3—Ambient Air Quality
Standards. Provisions of 20 NMAC 2.3 establish
ambient air quality standards intended to protect the
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quality of the air in New Mexico. The regulation
specifies maximum allowable concentrations for
certain pollutants that are not to be exceeded in the
ambient air. Additionally, EPA has established
NAAQS under 40 CFR 50. Los Alamos County meets
al NMAAQS and NAAQS. NMAAQS are more
stringent than the federal standards (see Table A-3).
The Laboratory must demonstrate that emissions from
new or modified permitted sources do not exceed the
federal or state ambient standards.

20 NMAC 2.7—Excess Emissions during
Malfunction, Start-up, Shutdown, or Scheduled
Maintenance. This provision allows for excess
emissions from process equipment during malfunc-
tion, start-up, shutdown, or scheduled maintenance,
provided the operator verbally notifies NMED either
before or within 24 hours of the occurrence, followed
by written notification within 10 days of the occur-
rence. No excess emissions were reported for 1998,

20 NMAC 2.11—Asphalt Process Equip-
ment. Provisions of 20 NMAC 2.11 set emission
standards according to process rate and require the
control of fugitive dust emissions from asphalt-
processing equipment. The asphalt plant that JCNNM
operates at LANL is subject to thisregulation. The
plant isin compliance with an emission limit of 34 b
of particulate matter (PM) per hour.

20 NMAC 2.33—Gas Burning Equipment,
Nitrogen Dioxide. Provisions of 20 NMAC 2.33
reguire gas burning equipment built before February
17, 1972, to meet an emission standard of 0.3 Ib of
nitrogen dioxide per million Btu when natural gas
consumption exceeds 1 x 102 Btu per year per unit.
The TA-3 steam plant has the capacity to operate at
thislevel, although it never has. The operating permit
application proposes compliance by setting voluntary
limits for the operation of the boiler unitsto less than
1 x 1012 Btu per year per unit.

20 NMAC 2.34—0Qil Burning Equipment,
Nitrogen Dioxide. This regulation requires oil
burning equipment to meet an emission standard of
0.3 Ib of nitrogen dioxide per million Btu when the
units operate at a heat input of greater than 1 x 1012
Btu per year. The TA-3 steam plant has the capacity
to operate at thislevel, although it never has. The
operating permit application proposes voluntary limits
for the operation of these unitsto less than 1 x 1012
Btu per year per unit.

20 NMAC 2.60—Open Burning. This
regulation controls the open burning of materials.
Open burning of explosive materialsis allowed when
transport of these materials to other facilities may be
dangerous. Research projects often require open burn
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permits. In August 1997, the Laboratory consolidated
open burn permits into a single permit for operational
burns aslisted in Table 2-1. The Laboratory also had
aburn permit for prescribed burns as a preventive
measure against wildfires for 1998; however, no
prescribed burning was conducted in 1998.

20 NMAC 2.61—Smoke and Visible Emis-
sions. Thisregulation limits visible emissions from
various combustion sources, including the Laboratory
boilers, to less than 20% opacity. Opacity isthe
degree to which emissions reduce the transmission of
light and obscure the view of a background object.
Because the Laboratory boilers are fueled by clean-
burning natural gas, exceeding this standard is
unlikely. However, oil isused as a backup fuel for the
boilers. To ensure that the backup system is working
properly, the boilers must be periodically switched to
oil. The Laboratory boilers may exceed the opacity
standard while switching from gasto oil. An NMED-
certified opacity observer reads the opacity while the
switches are being made, at the start-up of cold
bailers, or during periods of malfunction. If the
Laboratory exceeds the opacity standard during
designated activities, 20 NMAC 2.7 notification
procedures are then followed. There were no opacity
exceedances during 1998.

20 NMAC 2.70—Operating Permits. This
regulation requires major sources of regulated air
pollutants to obtain an operating permit from NMED.
Because of LANL’s large potential to emit regul ated
air pollutants (primarily nitrogen oxides from the
steam plants), LANL isamajor source. The permit
application specifies the operational terms and
limitations required to meet all federal and state air
quality regulations. The Laboratory submitted its
permit application to NMED in December 1995 and
does not expect to receive afinal permit for several
years.

20 NMAC 2.71—Operating Permit Emission
Fees. As part of the new operating permit program,
the State of New Mexico collects fees from emission
sources that are required to obtain an operating permit.
Fees depend on the allowable emission rates or the
potential to emit. Laboratory feesfor 1997, paidin
1998, totaled $14,165.50. Laboratory feesfor 1998
totaled $13,017.50.

20 NMAC 2.72—Construction Permits. Pro-
visions of 20 NMAC 2.72 require construction permits
for new or modified sources of air pollutants. The
Laboratory reviews plans for each new and modified
source and makes conservative estimates of maximum
hourly chemical usage and emissions. These esti-
mates are compared with the applicable 20 NMAC

Environmental Surveillance at Los Alamos during 1998

2.72 limits to determine if construction permits or
notifications are required. During 1998, over 200
source reviews were conducted. The Laboratory oper-
ates under five construction permits for beryllium
machining operations. Beryllium emission limits for
these permits are presented in Table A-4. A construc-
tion permit application was submitted to NMED in
November 1998 for arock crusher.

20 NMAC 2.73—Notice of Intent and
Emissions Inventory Requirements. Provisions of 20
NMAC 2.73 require that notices of intent be filed with
NMED for new or modified stationary sources with a
potential emission rate greater than 10 tons of any
regulated air contaminant per year or one ton of lead
per year. In addition, the provisions of 20 NMAC
2.73 specify requirements for submittal of annual
emission inventories for regulated air pollutants. The
Laboratory 1998 inventory was submitted to NMED.

Table 2-4 shows the 1998 cal cul ated actual
emissions for the criteria pollutants from industrial-
type sources. Following is an explanation of the
different industrial-type sources at LANL. The steam
plants produce steam for heat and electricity when
sufficient power from outside sourcesis not available.
The water pump pumps water from underground
wells. Small amounts of asphalt are produced for road
repairsat LANL. Boilers provide comfort and process
heat. These industrial-type sources are primarily
operated on natural gas. The TA-3 steam plant can
use fuel oil as a backup.

We used various methods and resources to estimate
source emissions. Emissions from the asphalt plant
are based on the 1,761 tons of asphalt produced in
1998. The PM emissions from the asphalt plant were
calculated using an emission factor obtained from a
stack test. Emissions from fuel combustion equipment
are based on the actual or estimated fuel consumption.
The nitrogen oxide (NO, ) emissions from the TA-3
steam plant were cal culated using an emission factor
obtained from a stack test. The NO, and carbon
monoxide (CO) emission factors for the TA-16 boilers
and the water pump were calculated using data
provided by the manufacturers. We estimated all other
criteria pollutant emissions using EPA guidance
documents.

In addition, the emissions inventory was updated
for 1998 to include new sources of emissions. a paper
shredder and arock crusher. The paper shredder
destroys classified documents. Estimates of actual
PM emissions are based on an averaged monthly
shredding rate for the fiscal year and engineering
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Table 2-4. Calculated Actual Emissionsfor Criteria Pollutants (Tons)

Source PM (6{0) NO, SO,
Asphalt Plant 0.062 0.30 0.022 0.0044
TA-3 Steam Plant 17 13 54 0.20
TA-16 Steam Plant 0.33 1.0 1.0 0.017
TA-21 Steam Plant 0.33 0.8 3.3 0.014
Water Pump 0.0024 13 4.0 0.0016
Large Boilers 0.67 1.2 5.6 0.033

(TA-48, -53, and -55)
Paper Shredder 0.0003 NA NA NA
Rock Crusher 0.029 0.053 0.25 0.016
Total 3.1 18 68 0.28

judgment for control efficiency. The PM emissions
are controlled by a cyclone and a baghouse. The rock
crusher crushes concrete and rock removed from
buildings as part of LANL's D&D efforts. The
crusher is equipped with a 200-horsepower diesel-
fired engine. Air emissions from the rock crusher
include PM from the crushing activities and combus-
tion products from the diesel-fired engine. Emission
estimates are based on the actual hours of operation
and EPA emission factors.

There are additional criteria pollutant emissions
from small, nonregulated boilers, emergency genera-
tors, space heaters, etc. These sources are located
across the Laboratory and are not required to be
included in the 20 NMAC 2.73 emissions inventory.
Total Laboratory criteria pollutant emissions are
estimated to be an additional 25% higher than the
values listed in Table 2-4 if these smaller sources are
included.

An assessment of the ambient impacts of criteria
pollutant emissions, presented in the Site-Wide
Environmental Impact Statement for Los Alamos
(DOE 1999), indicates that no adverse air quality
impacts result from the Laboratory’s combustion and
industrial sources. The actual amounts of criteria
pollutant emissions during 1998 are less than the
amounts for which impacts are analyzed in the
Environmental Impact Statement.

In addition to the criteria pollutants, VOC emis-
sions are reported to NMED under 20 NMAC 2.73.
The 1998 calculated actual emissions of VOCs are
shown in Table 2-5. VOCs are any carbon com-
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pounds, with the exception of specific compounds
listed in the regulation, that participate in atmospheric
photochemical reactions. VOCs include commonly
used chemicals such as ethanol, methanol, and
isopropyl alcohol. 1n 1998, an estimated 12.5 tons of
VOCs were emitted from research and development
activities based on chemical procurement records. For
this estimate, we conservatively assumed that air
releases were equivalent to the quantity purchased. In
September 1998, the Laboratory began using a

hal ogenated solvent cleaning machine (degreaser) that
was installed at TA-55, Building PF-4. The VOC-
producing solvent trichloroethylene is used to clean
parts. The VOC emissions were calculated based on
monthly measurements of solvent loss for September
through December 1998. LANL operates another
parts cleaner; however, it uses a solvent (1,1,1-
trichloroethane) that is not aVOC. Therefore, the
1998 emissions of 1,1,1-trichloroethane of 690 Ib do
not appear in the table. The industrial-type sources
and the rock crusher also generate small amounts of
VOC emissions. The manufacturer of the water pump
provided the VOC emission factor. Otherwise, the
VOC emission estimates are based on the actual hours
of operation and EPA emission factors.

20 NMAC 2.74—Permits, Prevention of
Significant Deterioration. This regulation has strin-
gent requirements that must be addressed before the
construction of any new, large stationary emission
source can begin. Class| areas, such as wilderness
areas, national parks, and national monuments, receive
specia protection under this regulation. Prevention of
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Table 2-5. Calculated Actual Emissions for Volatile
Organic Compounds (Tons)

Source Emissions
Asphalt Plant 0.015
TA-3 Steam Plant 0.46
TA-16 Steam Plant 0.15
TA-21 Steam Plant 0.066
Water Pump 0.080
Large Boilers? 0.29
Rock Crusher 0.020
Degreaser 0.024
Research and Development Activities 125
Total 13.6

2Boilers located at TA-48, -53, and -55.

Significant Deterioration could affect the Laboratory
because of the proximity of Bandelier National
Monument’s Wilderness Area. Each new or modified
source at the Laboratory is reviewed for applicability
under this regulation and compared to overall emis-
sions from the Laboratory. None of the new or
modified sourcesin 1998 have resulted in emission
increases that would cause the Laboratory to exceed
the Prevention of Significant Deterioration emission
threshold limits.

20 NMAC 2.77—New Source Performance
Standards. This regulation adopts the federal NSPS
for new construction or modifications to stationary
sources. Sources subject to this regulation may also
be subject to the monitoring requirementsin 40 CFR
60. Theonly sources at LANL that have NSPS
reguirements are storage tanks affected by 40 CFR 60,
Subpart Kb - Standards of Performance for Volatile
Organic Liquid Storage Vessels. The tanks at the
Laboratory, because of size and low volatility of the
materials stored, are exempt from monitoring require-
ments specified in 40 CFR 60, Subpart Kb.

20 NMAC 2.78—Emission Standards for
Hazardous Air Pollutants. This regulation adopts, by
reference, all of the federal NESHAP, except those for
radionuclides and residential wood heaters. Theim-
pact of each applicable NESHAP s discussed below.

Asbestos NESHAP. Under the NESHAP for
asbestos (40 CFR 61, Subpart M), the Laboratory
must ensure that asbestos removal operations produce
no visible asbestos emissions to the atmosphere.
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During 1998, no Laboratory operation produced
visible asbestos emissions. However, an externa
contractor received a violation while working on a
LANL project. The Laboratory is aso required to
notify NMED of asbestos removal activities and
disposal quantities. Such activities involving less than
15m?3 or 80 linear meters or 1 m3 of asbestos waste
are covered by an annual small-job notification to
NMED. For projectsinvolving greater than these
amounts of ashestos, separate notification to NMED is
required in advance of each project. NMED is
notified of asbestos waste disposal (both small and
large jobs) on a quarterly basis, which includes any
material contaminated with radionuclides. Radioac-
tively contaminated material is disposed of on-sitein a
designated radioactive asbestos burial area at TA-54,
Area G. Nonradioactive asbestos is transported off-
site to designated asbestos disposal areas.

During 1998, small-job activity accounted for
93 m?3 of asbestos waste. Several large demolition
jobs accounted for 68 m3 of asbestos waste. From the
large and small jobs combined, 14 md of radioactively
contaminated asbestos waste were disposed of on-site.

Beryllium NESHAP. The beryllium NESHAP (40
CFR 61, Subpart C) includes requirements for notifi-
cation, emission limits, and stack performance testing
for beryllium sources. The Laboratory currently oper-
ates under five beryllium permits issued by NMED
(Table 2-1) and has registered several additional facili-
ties. The registered facilities do not require permits
under the regul ations because they existed before the
adoption of the federal NESHAP. Exhaust air from
each of the beryllium operations passes through air
pollution control equipment before exiting from a
stack. All beryllium operations meet the permitted
emission limits (Table A-4) set by NMED.

Halogenated Solvent Cleaning NESHAP. The
solvent cleaning NESHAP (40 CFR 63, Subpart T)
reguires that all solvent cleaning machines containing
any of six listed halogenated solvents be registered.
In addition, annual emissions for some types of
cleaning machines must be reported on a three-month
rolling average. In 1998, the Laboratory operated two
hal ogenated solvent cleaning machines and reported
three-month rolling average emissions as required.

8. Clean Water Act

a. National Pollutant Discharge Elimination
System Outfall Program. The primary goal of the
Clean Water Act (CWA) (33 U.S.C. 1251 et seq.) isto
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restore and maintain the chemical, physical, and
biological integrity of the nation’s waters. The act
established the requirements for National Pollutant
Discharge Elimination System (NPDES) permits for
point-source effluent discharges to the nation’s waters.
The NPDES outfall permit establishes specific
chemical, physical, and biological criteriathat an
effluent must meet before it is discharged. Although
most of the Laboratory’s effluent is discharged to
normally dry arroyos, the Laboratory is required to
meet effluent limitations under the NPDES permit
program.

UC and DOE are co-permittees of the NPDES
permit covering Laboratory operations. EPA Region 6
in Dallas, Texas, issues and enforces the permit.
However, NMED certifies the EPA-issued permit and
performs some compliance eval uation inspections and
monitoring for EPA through a Section 106 water
quality grant.

The current Laboratory NPDES Permit, No.

NM 0028355, expired October 31, 1998, but has been
administratively continued by EPA until anew permit
isissued. Asrequired by the NPDES regulations, the
Laboratory submitted an application for renewal of
the NPDES permit on May 4, 1998.

Each year, the number of permitted outfalls at the
Laboratory is decreasing in response to the success of
the Waste Stream Characterization Program and
Corrections Project and the NPDES Outfall Reduction
Program. Before initiating the Waste Stream Charac-
terization Program and Corrections Project and the
NPDES Outfall Reduction Program, the Laboratory’s
NPDES outfall permit for Los Alamos included 2
sanitary outfalls and 86 industrial outfalls. By
January 1998, 22 of the industrial outfalls had been
eliminated. By the end of 1998, the Laboratory had
eliminated the sanitary outfall at TA-21 and another
29 permitted industrial outfalls from the NPDES
permit. The goal of the NPDES Outfall Reduction
Program is 20 permitted outfalls, 1 sanitary wastewa-
ter treatment facility and 19 industrial outfalls. This
goal will be achieved by completion of the transfer of
the drinking water system to Los Alamos County by
DOE and by encouraging new construction design and
existing plant modifications at the Laboratory that
provide for reduced or no-flow effluent discharge
systems.

Under the Laboratory’s NPDES outfall permit,
samples for effluent quality limits are collected for
analysis weekly, monthly, and quarterly depending on
the outfall category. Water quality parameters are
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collected for analysis annually at al outfalls. Results
are reported to EPA and NMED at the end of the
monitoring period for each respective outfall category.
During 1998, effluent limits were exceeded oncein
the 161 samples collected from the sanitary outfalls
and 7 timesin the 1,003 samples collected from the
industrial outfalls (see Table 2-6). A summary of
these outfalls and alisting of the permit’s monitoring
limits are presented in Table A-5. The annual water
quality parameters for sanitary and industrial outfalls
are presented in Table A-6.

The following is a summary of the corrective
actions the Laboratory took during 1998 to address
permit noncompliances.

TA-53, Cooling Towers 293, 365, 1032
(NPDES Outfall 03A113). Two chlorine exceedances
(daily average/daily maximum) occurred at NPDES
Ouitfall 03A113 on February 11, 1998. When the
operating group discovered the elevated chlorine
levels, it immediately shut off and locked out the
blowdown valves. The cooling tower basin (tower
293) that was overchlorinated was treated with a
chlorine neutralizing agent. An interim written
procedure for disinfection and neutralization at
cooling towers 1032, 365, and 293 was devel oped and
implemented pending the design and installation of
automated control systems to regulate the addition of
water treatment chemicals for towers 293 and 1032
and neutralize chlorine during cooling tower
blowdown. A review of the operating procedures and
equipment for all cooling towers at TA-53 was
performed. Thereview revealed that equipment and
operating procedures were not consistent and that an
update was required. Cooling towers were inspected
for mechanical deficiencies that could lead to a
NPDES exceedance. All deficiencies were repaired.

TA-21, Cooling Tower 209 (NPDES Outfall
03A158). One pH exceedance (daily maximum)
occurred at NPDES Outfall 03A158 on May 28, 1998.
The source of the elevated pH was aleaking chiller
evaporator pan. Facility representatives have devel-
oped preventative maintenance procedures for the
inspection of the chiller evaporator pans. Addition-
ally, the site operators devel oped a schedule to bleed
the chiller pans to prevent concentration of minerals.

TA-3, Building 127 (NPDES Outfall
03A022). On July 6, 1998, two total suspended solid
(TSS) exceedances (daily maximum/daily average)
occurred at NPDES Outfall 03A022. Upon discovery
of the noncompliant condition, the discharge was
stopped. The estimated duration of the noncompliant
discharge was 15 minutes. Facility maintenance

Environmental Surveillance at Los Alamos during 1998
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Table 2-6. National Pollutant Discharge Elimination System Permit Monitoring of Effluent Quality and
Water Quality Parameters at Industrial and Sanitary Outfalls: Exceedances during 19982

Outfall Technical

EPAID Type Area Date Parameter Resultg/Limits
February

03A113 Industrial TA-53-293 02/11/98 CI2IO (daily max) 4.1/0.5 mg/L

03A113 Industrial TA-53-293 02/01/98-04/30/98 Cl,  (daly avg) 2.1/0.2 mg/L
May

03A158 Industrial TA-21-209 05/28/98 pH (daily max) 9.1/9.0 S. u.
July

03A022 Industrial TA-03-127 07/06/98 TSS® (daily max) 219.3/100 mg/L

03A022 Industrial TA-03-127 05/01/98-07/31/98 TSS (daily avg) 75/30 mg/L
December

051 Industrial  TA-50-1 12/14/98 TSS (daily max) 106.2/62.6 Ib/day

051 Industrial  TA-50-1 12/01/98-12/31/98 TSS (daily avg) 32.3/18.8 Ib/day

13S Sanitary  TA-46 SWS 12/15/98 BODY (daily max) 48.2/45  mg/L

Note: During January, March, April, June, August, September, October, and November, there were no exceedances.

agffluent quality limits are presented in Table A-5; water quality parameters are presented in Table A-6.

bChlorine.
CTotal Suspended Solids.
dBiochemical oxygen demand.

crews were conducting corrective maintenance of
cooling tower 2274 at TA-3-127. This maintenance
involved the acid wash of piping within the cooling
tower basin. Draining excessive solids from the
cooling tower basin caused the high total suspended
value. A 5-micron bag filter filtered out solids from
the cleaning operations. Following the incident, a
review of the operation and maintenance (O& M)
procedures for the cooling tower was performed. The
review revealed that both maintenance of the cooling
tower system equipment and O& M procedures were
inconsi stent with the Laboratory’s engineering
standard for operating and maintaining cooling
towers. The O&M procedures have been revised and
implemented at this facility.

TA-50, Building 1 (NPDES Outfall 051). On
December 14, 1998, there were two TSS exceedances
(daily maximum/daily average) at NPDES Ouitfall
051. The Laboratory Environmental Management’s
Radioactive Liquid Waste Group is in the process of
reconfiguring the wastewater treatment units at the
TA-50 Radioactive Liquid Wastewater Treatment
Facility (RLWTF). The treatment reconfiguration
includes the installation of amodular ultrafiltration
unit and reverse osmosis equipment to improve efflu-
ent quality. On December 10, 1998, operators at the
RLWTF flushed and cleaned the new ultrafiltration
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unit, causing a TSS exceedance. TA-50 RLWTF per-
sonnel have revised their testing procedures.

TA-46, Sanitary Wastewater Systems Facil-
ity (NPDES Qutfall 13S). There was one biochemical
oxygen demand (BOD) exceedance (daily maximum)
at the TA-46 SWS Facility on December 15, 1998. An
investigation into the BOD exceedance was con-
ducted. Aninitial investigation into the occurrence
did not identify any unusual conditions at the facility.
At the request of the Laboratory, personnel from the
New Mexico State University’s Water Utility Techni-
cal Assistance Program conducted a follow-up investi-
gation on February 9-10, 1999; they reviewed the TA-
46 SWS Facility operations, compliance sampling
procedures, and analytical methods. Corrective ac-
tions include recommendations to improve BOD
analysis and increase operational sampling.

b. National Pollutant Discharge Elimination
System Sanitary Sewage Sludge M anagement
Program. In July 1997, the Laboratory requested
approval from the EPA Region 6 to make aformal
change in its sewage sludge disposal practices from
land application under 40 CFR Part 503 regulationsto
landfill disposal as a 50499 ppm PCB-contaminated
waste. This change was necessary because of the
repeated detection of low-level PCB (less than 5 ppm)
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in the SWS Facility’s sewage sludge. The EPA
approved the Laboratory’s request in September 1997.
In November 1997, the Laboratory formally adopted
the following interim management practice: all sewage
sludge generated at the SWS Facility will, until further
notice, be handled, sampled, and disposed of in
accordance with TSCA regulations for 50-499 ppm
PCB-contaminated waste.

During 1998, the SWS Facility generated approxi-
mately 29.2 dry tons (58,387 dry Ib) of sewage sludge.
All of this sludge was, or will be, disposed of as

50-499 ppm PCB-contaminated waste at a TSCA-
permitted landfill.

c. National Pollutant Discharge Elimination
System Permit Compliance Evaluation | nspection.
In May 1997, the NMED Surface Water Quality
Bureau conducted a Compliance Evaluation Inspection
at the SWS Facility (NPDES Outfall 13S). Asa
follow-up to the inspection, the Laboratory submitted
additional information to NMED in June 1998. NMED
submitted the Compliance Evaluation Inspection report
to the EPA and the Laboratory on January 23, 1998.

On March 30, 1998, the Laboratory responded in
writing to the concerns NMED noted in the Compli-
ance Evaluation Inspection. Additionally, the Labora-
tory met with EPA on January 30, 1998, to discuss
NMED Compliance Evaluation Inspection concerns.
The Laboratory has since completed all necessary
corrective actions. The NMED did not conduct a
NPDES Outfall Compliance Evaluation Inspection
during 1998.

d. National Pollutant Discharge Elimination
System: Waste Stream Char acterization Program
and Corrections Project. InApril 1997, the Labora-
tory submitted the final Quarterly Progress Report
(January 1, 1997, through March 31, 1997) to EPA
certifying completion of the Waste Stream Corrections
Project in compliance with Administrative Order (AQO)
Docket No. VI1-96-1236. EPA closed out the AO and
Federal Facilities Compliance Agreement (FFCA) for
the Waste Stream Characterization Program and High-
Explosives Wastewater Treatment Facility (HEWTF)
onAugust 5, 1998,

e. National Pollutant Discharge Elimination
System Storm Water Program. NPDES permits are
also required for storm water discharges. During 1998,
the Laboratory had four NPDES permits for its storm
water discharges (see Table 2-1). The existing NPDES
Baseline General Permit for construction activities was
reissued in July 6, 1998. The Laboratory applied for
coverage under the new NPDES Storm Water Con-
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struction permit for three existing projects: the Dual
Axis Radiographic Hydrodynamic Test Facility
(DARHT), Guaje Well Improvements Project, and the
Fire Protection Improvements Project.

UC and DOE applied for and received coverage
under the new NPDES Multisector General Permit for
the Laboratory sitein December 1998. The Multi-
sector General Permit includes the following industrial
activities: hazardous waste treatment, storage, and
disposal facilities operating under interim status or a
permit under Subtitle C of RCRA (this category
includes SWMUSs); landfills, land application sites,
and open dumps including those that are subject to
regulation under Subtitle D of RCRA; steam and
electric power generating facilities; metal fabrication
activities; vehicle maintenance activities; primary
metal activities; and chemical manufacturing
activities.

The NPDES permit requires the development and
implementation of a Storm Water Pollution Prevention
Plan. During 1998, the Laboratory developed and
implemented Storm Water Pollution Prevention Plans
for itsindustrial activities.

Under the NPDES Baseline General Storm Water
Permit, monitoring activities are required at landfills
and EPCRA Section 313 facilities. 1n 1998, monitor-
ing was conducted at TA-54, Areas G and J, and at
TA-55. The monitoring data were submitted to EPA in
the form of a Discharge Monitoring Report (DMR).
The Laboratory submitted DMRsto EPA on October
28, 1998, for landfills and on January 27, 1999, for
EPCRA Section 313 facilities.

As part of the NPDES Storm Water Program, the
Laboratory is operating stream monitoring stations on
the canyons entering and leaving the Laboratory. In
1998, there were 19 stations on watercourses at the
Laboratory. The discharge information for 1998 is
reported in “ Surface Water Data at Los Alamos
National Laboratory: 1998 Water Year” (Shaull et al.,
1999).

f. National Pollutant Discharge Elimination
System Storm Waste Program Inspection. On May
14-15, 1998, EPA Region 6 and NMED conducted a
compliance inspection of the Laboratory’s Storm
Water Program. The Laboratory had not received a
final inspection report by the end of 1998.

g. Spill Prevention Control and Counter mea-
sures Program. The Laboratory’s Spill Prevention
Control and Countermeasures (SPCC) Plans, as
required by the CWA in accordance with 40 CFR 112,
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are comprehensive plans devel oped to meet the
regquirements of EPA and NMED that regul ate water
pollution from oil spills. The Laboratory has SPCC
Plans for the 26 aboveground oil storage tanks that
operated during 1998.

h. Dredge and Fill Permit Program. Under
Section 404 of the CWA, the Laboratory is required to
obtain permits from the Army Corps of Engineers (the
Corps) to perform work within perennial or intermittent
watercourses. Projectsinvolving excavation or fill
below the normal high-water mark must be performed
with attention to the water quality and riparian habitat
preservation requirements of the Act. The Corps has
issued a number of nationwide permits that cover spe-
cific activities. Each nationwide permit contains condi-
tionsto protect water quality. Section 401 of the CWA
requires states to certify that 404 permits issued by the
Corpswill not prevent attainment of state-mandated
stream standards. The NMED reviews Section 404
permit applications and issues separate Section 401
certification letters, which include additional permit
reguirements to meet state stream standards for indi-
vidual projects at the Laboratory.

As shown on Table 2-1, the Laboratory had 11
nationwide permits under the Sections 404/401 pro-
gram during 1998. Discharge activities permitted
include utility lines, road crossings, headwaters and
isolated waters, and wetland/riparian areas.

9. Safe Drinking Water Act

a. Introduction. This program includes sam-
pling from various points in the Laboratory’s, L os
Alamos County’s, and Bandelier National Monument’s
water distribution systems and from the water supply
wellheads to ensure compliance with the Safe Drinking
Water Act (SDWA) (40 CFR 141). The EPA has
established maximum contaminant levels (MCL ) for
microbiological organisms, organic and inorganic
constituents, and radioactivity in drinking water. The
state has adopted these standards, and they have been
included in the New Mexico Drinking Water Regula-
tions (NMEIB 1995). The EPA has authorized the
NMED to administer and enforce federal drinking
water regulations and standards in New Mexico.

On September 8, 1998, operation of the Los Alamos
Water Supply System was transferred from LANL to
Los Alamos County under alease agreement. The
Laboratory retained responsibility for operation of the
distribution system within the Laboratory’s boundaries,
whereas the county assumed responsibility for compli-
ance monitoring under the SDWA and the New Mexico
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Drinking Water Regulations. To ensure a smooth
transition, the Laboratory continued to collect SDWA
compliance samples throughout the remainder of
calendar year 1998. The Laboratory will continue to
be responsible for maintaining quality drinking water
within the Laboratory’s distribution system.

The particular locations within the water system for
collecting SDWA compliance samples are specified in
the regulations for each contaminant or group of
contaminants. In 1998, the monitoring network for
SDWA compliance sampling consisted of the
following four location groups:

(1) wellhead sampling from the water supply wells
in operation at the time of sampling (Guaje wells
G-1A, G-6; Pgarito Mesawells PM-1, PM-2,
PM-3, PM-4, PM-5; and Otowi wells O-4, O-1);

(2) theb5 entry pointsinto the distribution system
(Pajarito Booster station #2, Guaje Booster
station #2, PM-1 and PM-3 wellheads, and
Otowi Booster station #2 [formerly Los Alamos
Booster station #4]);

(3) the6tota trihalomethane (TTHM) sampling
locations within the distribution system; and

(4) the4l microbiological sampling sites located
throughout the Laboratory, Los Alamos County,
and Bandelier National Monument.

The sampling program for drinking water quality is
designed to meet or exceed regulatory requirements
under the federal SDWA (see Table A-7) and the New
Mexico Environmental Improvement Act. Sampling
locations, frequencies, preservation, handling, and
analyses follow the regquirements specified in federal
and state regulations. Laboratory staff performed
chemical and radiological sampling and submitted the
samples for analysis to the New Mexico Health
Department’s Scientific Laboratory Division (SLD) in
Albuqguerque. Triangle Laboratories, Inc., of Durham,
NC, performs dioxin analyses. The JCNNM Health
and Environmental (HENV) laboratory performs
microbiological sampling and analysis. NMED has
certified the HENV laboratory for micrabiological
compliance analysis. Certification requirements
include proficiency samples, maintenance of an
approved quality assurance/quality control program,
and periodic NMED audits. NMED certifies Labora-
tory and HENV personnel to perform drinking water
compliance sampling.

All data collected from SDWA compliance testing
are submitted to the NMED’s Drinking Water and

33



2. Compliance Summary

Community Services Bureau for review and filing.
The SLD and HENV laboratory report their analytical
results directly to NMED. The Water Quality and
Hydrology Group (ESH-18) maintains both electronic
and hard copy files of all data collected from SDWA
compliance testing.

b. Radiochemical Analytical Results. In 1998,
the Laboratory collected drinking water samples at the
five entry pointsinto the distribution system to
determine the radiological quality of the drinking
water. Asshown in Table 2-7, the concentrations of
gross apha and gross beta activity were less than the
EPA screening levels. When gross alpha and beta
activity measurements are below the screening levels,
the Laboratory does not need to perform further
isotopic analyses or perform dose cal cul ations under
the SDWA program. However, it should be noted that
ESH-18 conducts comprehensive monitoring of the
water supply wells for radiochemical constituents (see
Table 5-12).

In 1997 and 1998, the Laboratory conducted
baseline sampling on the new Otowi well O-1. The
SWDA requires four consecutive quarters of baseline
sampling for all new sources of water in adrinking
water supply system. The three quarters of baseline
sampling conducted in 1997 and the one quarter
conducted in 1998 at the Otowi well O-1 werein

compliance with the SWDA screening levels for gross
alpha and gross beta activities.

Radon is a naturally occurring radionuclide pro-
duced during the decay of geological sources of ura-
nium. 1n 1998, staff performed radon sampling at the
nine operating water supply wellheads and the five
entry points into the distribution system. This sam-
pling collected information before the EPA issued
final regulations governing radon in drinking water.
As shown in Table 2-8, the concentrations ranged
from 238 to 636 pCi of radon per liter of water. On
July 30, 1997, EPA withdrew the proposed MCL of
300 pCi of radon per liter of water. Congress has
directed EPA to propose anew MCL for radon by
August 1999 and promulgate a final rule by August
2000.

c. Nonradiological Analytical Results. In
1998, TTHM samples were collected during each
quarter from six locations in the Laboratory and Los
Alamos County water distribution systems. As shown
in Table 2-9, the annual average for samplesin 1998
was 6.2 ug of TTHM per liter of water, less than the
SDWA MCL of 100 ug of TTHM per liter of water.

In 1998, inorganic constituentsin drinking water
(except nitrates) were sampled at the five entry points
into the distribution system. Nitrates (NOS3, as N)
were sampled at the nine operating water supply

Table 2-7. Radioactivity in Drinking Water (pCi/L) during 1998

GrossAlpha Gross Beta
Sample Location Calibration Std. Value (Uncertainty) Calibration Std. Value (Uncertainty)
Wellheads:
Otowi Well-O1 AN 1.2 (0.5) 137cs 1.2 (0.8)
(1st Qtr 1998) Natural U 1.3 (0.5) 0gy, Vy 1.2 (0.8)
Entry Points:
Pajarito Booster #2 AN 0.4 (0.4) 137cs 33 (0.9)
Natural U 0.5 (0.4) 0gy, Vy 33 (0.9)
Guaje Booster #2 AN 1.0 (0.5) 137cs 31 (0.9)
Natural U 1.1 (0.6) 0gy, Vy 31 (0.8)
Pajarito Well-PM 1 AN 1.7 (0.5) 137cs 33 (1.0)
Natural U 1.9 (0.6) 0gy, Vy 3.2 (1.0)
Pajarito Well-PM3 AN 0.9 (0.5) 137cs 35 (0.9)
Natural U 1.1 (0.6) 0gy, Vy 34 (0.9)
Otowi Booster #2 AN 1.5 (0.5) 137cs 2.3 (1.0)
Natural U 1.6 (0.6) 0gy, Vy 2.3 (0.9)
EPA Maximum
Contaminant Level 15 none
EPA Screening Level 5 50
34 Environmental Surveillance at Los Alamos during 1998
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Table 2-8. Radon in Drinking Water (pCi/L) during
1998

Sample L ocation Value  (Uncertainty)

Entry Points:
Pajarito Booster #2 501 (29)
Guaje Booster #2 238 17
Pagjarito Well-PM 1 283 (18)
Pagjarito Well-PM3 340 (21
Otowi Booster #2 350 (21)

Wellheads:
Pagjarito Well-PM 1 283 (18)
Pajarito Well-PM2 636 (35)
Pagjarito Well-PM3 340 (21
Pagjarito Well-PM4 453 (26)
Pagjarito Well-PM5 471 (27)
Guaje Well-G1A 380 (29)
Guaje Well-G6 466 (27)
Otowi Well-O4 524 (30)
Otowi Well-O1 285 (29)

wellheads. Asshown in Table 2-10, all inorganic
constituents at all locations were less than the SDWA
MCLs.

In 1998, VOC samples were collected at the five
entry points into the distribution system. No VOCs
were detected at any of the sampling locations.

Baseline sampling at Otowi well O-1 for synthetic
organic compounds (SOCs) was conducted during the

last three quarters of 1997 and the first quarter of 1998.
No SOCs were detected during the baseline sampling.
The SDWA did not require sampling for the pres-
ence of lead and copper from residential tapsin 1998.
Sampling for lead and copper will resume in 1999.

d. Microbiological Analyses of Drinking
Water. Each month during 1998, the L aboratory
collected an average of 47 samples from the
Laboratory’s, Los Alamos County’s, and Bandelier
National Monument’s water distribution systemsto
determine the free chlorine residual available for
disinfection and the microbiological quality of the
drinking water. Of the 559 samples analyzed during
1998, one indicated the presence of total coliforms.
None of the samples indicated the presence of fecal
coliforms. Noncoliform bacteria were present in 33 of
the microbiological samples. Noncoliform bacteria are
not regulated, but their repeated presence in samples
may serve as an indicator of stagnation and biofilm
growth in water pipes. Table 2-11 presents a summary
of the monthly analytical data.

e. Long-Term Trends. The LosAlamos water
system has never incurred a violation for a SDWA-
regulated chemical or radiological contaminant. The
water supply wells have, on occasion, exceeded the
proposed SDWA MCL for radon because of its natural
occurrence in the main aquifer.

f. Drinking Water Inspection. The District Il
Field Office of the NMED did not conduct an inspec-
tion of the drinking water system during 1998.

Table 2-9. Total Trihalomethanesin Drinking Water (ug/L) during 1998

1998 Quarters
Sample L ocation First Second Third Fourth
Distribution Sites:
LosAlamos Airport 34 4.9 20.9 125
White Rock Fire Station <05 <05 14 11
North Community Fire Station 3.0 1.2 9.1 4.4
S-Site Fire Station 2.3 2.6 79 34
Barranca Mesa School 2.8 17 9.7 52
TA-39, Bldg. 02 11.7 6.5 195 12.3
1998 Aver age of 6.2 ug/L
EPA Maximum Contaminant Level 100.0
Sample Detection Limit 0.5

Environmental Surveillance at Los Alamos during 1998
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Table 2-10. Inorganic Constituentsin Drinking Water (mg/L) during 1998

NO
Sample L ocation As Ba Be Cd Cr F CN Hg Ni (as l\?) Se Sb Tl
Entry Points:
Pajarito Booster #2 0.001 <01 <0.001 <0.001 0.004 <0.1 NA  <0.0002 <0.01 <0.005 <0.001 <0.001
Guaje Booster #2 0.008 <0.1 <0.001 <0.001 0.004 044 NA  <0.0002 <0.01 <0.005 <0.001 <0.001
Pajarito Well-PM 1 0.002 <0.1 <0.001 <0.001 0.003 <0.1 NA  <0.0002 <0.01 <0.005 <0.001 <0.001
Pajarito Well-PM3 0.002 <01 <0.001 <0.001 0.003 <0.1 NA  <0.0002 <0.01 <0.005 <0.001 <0.001
Otowi Booster #2 0.003 <0.1 <0.001 <0.001 0.004 <0.1 NA  <0.0002 <0.01 <0.005 <0.001 <0.001
Wellheads:
Pajarito Well-PM 1 0.49
Pajarito Well-PM2 0.34
Pajarito Well-PM3 0.47
Pajarito Well-PM4 0.35
Pajarito Well-PM5 0.32
Guaje Well-G1A 0.43
Guaje Well-G6 0.50
Otowi Well-O4 0.42
Otowi Well-O1 (2/12/98) 0.39
Otowi Well-O1 (5/19/98) 1.45
EPA Maximum Contaminant Levels  0.052 20 0.004 0005 0.1 4.0 0.2 0.002 01 100 0.05 0.006  0.002

aProposed SDWA Primary Drinking Water Standard.
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Table 2-11. Bacteriain Drinking Water at Distribution System Taps during 1998

No. of Positive Tests

No. of Samples
Month Collected Coliform  Fecal Coliform  Noncoliform
January 45 0 0 1
February 45 0 0 1
March 46 0 0 1
April 49 0 0 3
May 45 0 0 4
June 46 0 0 3
July 48 0 0 5
August 47 0 0 3
September 47 0 0 2
October 49 1 0 3
November 47 0 0 5
December 45 0 0 2
Total 1998 559 1 0 33
a b c

Maximum Contaminant Level (MCL)

8The MCL for coliformsis positive samples not to exceed 5% of the monthly total.
bThe MCL for fecal coliforms s no coliform positive repeat samples following afecal coliform

positive sample.
¢Thereisno MCL for noncoliforms.

10. Groundwater

a. Groundwater Protection Compliance
Issues. Groundwater monitoring and protection efforts
at the Laboratory have evolved from the early pro-
gramsinitiated by the US Geological Survey to present
efforts. The major regulations, orders, and policies
pertaining to groundwater are as follows.

DOE Order 5400.1 requires the Laboratory to
prepare a Groundwater Protection Management Pro-
gram Plan that focuses on protection of groundwater
resources in and around the L os Alamos area and
ensures that all groundwater-related activities comply
with the applicable federal and state regulations.

Module VI of the RCRA Hazardous Waste Facility
Permit, i.e., HSWA Module, Task |11, requires the
Laboratory to collect information to supplement and
verify existing information on the environmental
setting at the facility and collect analytical data on
groundwater contamination. Task I11, SectionA.1,
reguires the Laboratory to conduct a program to
evaluate hydrogeologic conditions. Task 111, Section
C.1, requires the Laboratory to conduct a groundwater
investigation to characterize any plumes of contamina-
tion at the facility.
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In March 1997, NMED approved a comprehensive
hydrogeol ogic characterization work plan for the
Laboratory. The Hydrogeologic Work Plan was
developed partially in response to NMED’s denial of
the Laboratory’s RCRA groundwater monitoring
waiver demonstrations. The plan proposes a major
long-term drilling and hydrogeologic analysis pro-
gram to characterize broadly the hydrogeology of the
Pajarito Plateau and to assess in detail the potential for
groundwater contamination to occur from individual
waste disposal operations. The goal of the project is
to develop greater understanding of the geology,
groundwater flow, and geochemistry beneath the 43-
square-mile Laboratory area and to assess any impacts
that Laboratory activities may have had on groundwa-
ter quality.

New Mexico Water Quality Control Commission
regulations control liquid discharges onto or below the
ground surface to protect al groundwater in the State
of New Mexico. Under the regulations, when required
by NMED, a groundwater discharge plan must be
submitted by the facility and approved by NMED or
the Qil Conservation Division for energy/mineral
extraction activities. Subsequent discharges must be
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consistent with the terms and conditions of the
discharge plan.

The Laboratory has three approved groundwater
discharge plans to meet NM Water Quality Control
Commission regulations (Table 2-1): one for TA-57
(Fenton Hill); one for the SWS Facility; and one for
the land application of dried sanitary sewage sludge
from the SWS Facility. On January 7, 1998, the
NMED approved afive-year renewal of the SWS
Facility’s groundwater discharge plan. On August 20,
1996, the Laboratory submitted a groundwater
discharge plan application for the Radioactive Liquid
Waste Treatment Facility at TA-50. As of December
31, 1998, NMED approval of the plan was still
pending.

b. ComplianceActivities. The Laboratory
continued an ongoing study of the hydrogeology and
stratigraphy of the region, as required by the HSWA
Module of the RCRA Hazardous Waste Facility
Permit, DOE Order 5400.1, and the Hydrogeologic
Work Plan. The Groundwater Protection Management
Program Plan that ESH-18 administers integrates
studies by various Laboratory programs. The
Laboratory’s Groundwater Annual Status Summary
Report (Nylander et a., 1999) provides a location map
and more detailed information on newly collected
groundwater

In August and September 1998, EPA conducted a
groundwater sampling inspection of the Laboratory.
Approximately 40 water samples were collected from
wells, effluent sources, and springs located on DOE
and Pueblo of San Ildefonso lands. The Laboratory
and the NMED caollected split samples at many of the
sampling sites for comparison with the EPA resullts.

Since September 1997, three deep characterization
monitoring wells have been drilled to almost their
final target depths, as required by the Hydrogeologic
Work Plan. All the monitoring wells were drilled
using air rotary/dual-wall casing advance methods.
Geologic core and water samples collected during the
drilling operations were analyzed for the presence of
natural and man-made chemical constituents at
defined intervals. Geologic core was also being
collected to understand how water moves through the
rocks. The monitoring wells have provided very
detailed descriptions of the stratigraphy and water
quality of the zone between the land surface and the
regional aquifer. When completed with well casings
and sampling pumps, they will be the first regional
aquifer test wells drilled at the Laboratory since 1961.
The final well completion depths and design will be
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decided upon in concert with NMED. A brief
description of the monitoring well locations and key
initial findings follows.

» Monitoring Well R-9 islocated at the
Laboratory’s eastern boundary in Los Alamos
Canyon. Five perched water zones were encoun-
tered during the drilling of the monitoring well to
the regional aquifer, to adepth of 710 feet.
Contaminant levels were generally consistent
with other test wells located nearby in lower
Pueblo Canyon. Tritium levels were highest in
the uppermost perched zone (347 pCi/L) and
lowest in the regional aquifer (14 pCi/L). While
far below levels of health concern (20,000 pCi/
L), thetritium levels have significant hydrologic
implications as they indicate the movement of
some water from the land surface to the ground-
water zones within the past 40 years or so.

» Monitoring Well R-12 islocated at the
Laboratory’s eastern boundary in Sandia Canyon.
R-12 is primarily designed to provide water qual-
ity and water-level datafor potential intermedi-
ate-depth perched zones and for the regional
aquifer. It wasdrilled to adepth of 874 feet. A
75-ft-thick perched zone was contacted at a depth
of 424 feet; it is one of the thickest intermediate-
depth perched groundwater bodies identified yet
on the Pgjarito Plateau. Contaminant levelsin
the regional aquifer were below SDWA MCLs.
Tritium levelsin the regional aquifer (47 pCi/L)
indicate the presence of some recent recharge
water.

» Monitoring Well R-25 islocated near the
Laboratory’s western boundary with TA-16 on
the south rim of Cafion de Valle. TA-16 opera-
tions include high-explosives R& D, testing, and
manufacturing activities. The monitoring well is
designed to provide information about hydrologic
and geol ogic conditions beneath the relatively
unstudied southwest part of the Laboratory.
When completed, this monitoring well will be the
first test well to penetrate the regional aquifer in
this area. Drilling activities began in late July
1998 and should be completed in 1999. The
planned depth for this monitoring well is approxi-
mately 1,700 feet. In 1998, six groundwater
samples were collected at depths ranging from
747 10 1,286 feet. High explosives and chemicals
associated with their breakdown were present in
all but the deepest of the six samples. Five water
samples contained at |east one high-explosive
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constituent at concentrations above the guidance
values published in the EPA Health Advisories for
drinking water. Water from deep wells supplying
drinking water to county residents and to the
Laboratory was also tested and contained no high
explosives; the closest drinking water supply well
isthree milesto the east. The Laboratory is
collaborating with regulatory agencies to define
the extent of the contamination and to ensure that
drinking water supplies are adequately protected.

The Laboratory believes that discharges from past
high-explosive manufacturing activities at TA-16
are the source of the constituents found in the
groundwater samples taken from Monitoring Well
R-25. The Laboratory has already taken stepsto
reduce the amount of high-explosives processing
water being discharged in the TA-16 area. The
installation of the HEWTF and the elimination of
the wastewater outfalls have reduced discharges
to 1% of the previous annua amount (120,000
gal. per year). Additional investigationsin the
TA-16 areawill improve understanding of the
nature and extent of groundwater contamination
identified by the Monitoring Well R-25 drilling
effort.

11. National Environmental Policy Act

a. Introduction. The Nationa Environmental
Policy Act (NEPA) of 1969 (42 U.S.C. 4331 et seq.)
requires federal agencies to analyze the environmental
impacts of proposed actions before making decisions.
NEPA also requires that the decision-making process
be open to public scrutiny. All activities proposed by
DOE or the Laboratory are subject to NEPA review.
DOE is the sponsoring agency for most LANL
activities. DOE must comply with the regulations for
implementing NEPA published by the Council on
Environmental Quality at 40 CFR Parts 1500-1508 and
its own NEPA Implementing Procedures as published
at 10 CFR Part 1021. Under these regulations and
DOE Order 451.A, DOE reviews proposed LANL
activities and determines whether the activity qualifies
for a categorical exclusion from the need to prepare
further NEPA documentation based on previous agency
experience and analysis or whether to prepare one or
both of the following:

» An Environmental Assessment (EA), which
should briefly provide sufficient evidence and
analysis for determining whether to prepare an
Environmental Impact Statement (EIS) or a
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Finding of No Significant Impact (FONSI) for
the proposed action or

* AnEIS, whichisadetailed written statement of
impacts with a subsequent Record of Decision
(ROD).

If an EA or an EISisrequired, DOE isresponsible
for its preparation. In some situations, a LANL
project may require an EA or EIS, but because the
project is connected to another larger action that
requires an EIS, the LANL Site-Wide EIS (SWEIS) or
aprogrammatic EIS done at the nationwide level, the
LANL project may be included in the larger EIS. The
LANL project isthen analyzed in the larger action or
may later tier off the final programmatic EIS after a
ROD isissued.

LANL project personnel initiate NEPA reviews by
completing environment, safety, and health identifica-
tion documents. These documents create the basis of a
DOE NEPA Environmental Review Form, formerly
known as a DOE Environmental Checklist. The
LANL Ecology Group (ESH-20) prepares these
documents using the streamlined format known as a
NEPA Environmental Review Form, as specified by
the DOE/Los Alamos Area Office (LAAO).

b. ComplianceActivities. 1n 1998, LANL sent
102 NEPA Environmental Review Forms to DOE for
review. DOE categorically excluded 107 actions and
amended the categorical exclusion for 49 actions.
DOE made other determinations on 12 actions,
including 2 EA determinations, both of which resulted
in FONSIs. One action was unresolved in 1998.
Pursuant to authority delegated by DOE, LANL
applied “umbrella’ categorical exclusion determina-
tions for 191 actions.

c. Environmental Impact Statements. The
status of two of the DOE EIS-level NEPA documenta-
tion and project descriptions follows.

Site-Wide Environmental | mpact Statement.
Under DOE’s compliance strategy for NEPA, a
SWEIS s prepared to examine the environmental
impacts of operations at a multiprogram site. An
earlier SWEIS for LANL operations was prepared in
1979; that document and subsequent NEPA reviews
for specific project or program activities have served
as the NEPA basis for operations at LANL until now.
DOE is now preparing an updated SWEIS, and NEPA
documents at LANL will be tiered from or reference
this SWEIS for the next 10 years. DOE is the lead
agency, and Los Alamos County is a cooperating
agency (because of the interdependence of county and
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DOE planning) in the preparation of this SWEIS.
The draft SWEIS was released on May 15, 1998,

for review and comment by the state, tribal, and local
governments; other federal agencies; and the general
public. The formal public comment period lasted 60
days, ending on July 15, 1998. Comments received
after close of the comment period were considered in
the preparation of the final SWEIS to the extent
practical. Work on the final SWEIS continued
through the rest of 1998.

Conveyance and Transfer of Certain Land
Tracts Located within Los Alamos and Santa Fe
Counties and Los Alamos National Laboratory.
DOE is preparing an EIS to assess the environmental
impacts of conveying or transferring certain land
tracts under the administrative control of DOE within
LosAlamos and Santa Fe Counties. The EISis
evaluating the congressionally mandated action
required under PL 105-119 to convey certain land
tracts to the County of LosAlamos and to the Secre-
tary of the Interior in trust for the Pueblo of San
I1defonso.

d. Environmental Assessments Completed
during 1998. The status of the Laboratory’s EA-level
NEPA documentation and project descriptions
follows.

Pit Disassembly and Conversion Demon-
stration. The environmental impacts of a proposed
development and demonstration project of an inte-
grated pit disassembly and conversion process for
fissile material disposition were examined. The dem-
onstration involves the disassembly of up to 250
weapons components (pits) over four years and con-
version of the recovered plutonium to plutonium ox-
ide. The proposed work would be conducted at
LANL's Plutonium Facility at TA-55. It isnot neces-
sary to construct new facilities to support the demon-
stration, although internal modifications to the facility
would be required. All work would be performed in a
series of interconnected gloveboxes, using remote
handling and computerized control systems. DOE
determined that this proposed action would not sig-
nificantly affect the quality of the human environment,
completed the EA for this proposed action, and issued
aFONSI in August 1998. ThisEA isat http://
nepa.eh.doe.gov/ea/eal207/ea_1207.pdf on the World
Wide Web.

Strategic Computing Complex. The proposed
action isto construct and operate a Strategic Comput-
ing Complex at TA-3. The facility will house and
operate an integrated system of computer processors
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capable of performing approximately 50 trillion
floating point operations per second as part of the
Accelerated Strategic Computing Initiative in support
of the Stockpile Stewardship and Management
Program. LANL isthe only site under consideration
for the facility. The major impacts of the operations of
the project will be on water consumption and use of
electric power. Based on the EA, DOE determined that
the proposed action would not significantly affect the
quality of the human environment and issued a FONSI
in December 1998. This EA isat http://
nepa.eh.doe.gov/ea/eal250/eal250.htm on the World
Wide Web.

e. Environmental Assessmentsin Progress
during 1998.

Electric Power System Upgrade. The
proposed action consists of constructing and operating
a19.5-mi electric power transmission line from the
Norton Station west across the Rio Grande to loca-
tions within TA-3 and TA-5. The project includes the
construction of associated electric substations at the
Laboratory, as well as the construction of two short
line segments that would allow a portion of two
existing power lines to be uncrossed. Additionally, a
fiber optics communications lineisincluded as part of
the required grounding conductor for the power line.
Work on the EA continued through 1998.

Decontamination and Volume Reduction System.
The proposed action isto begin a decontamination and
volume reduction system within an existing structure
at TA-54, preferably at Dome 226. The process would
reduce the volume of oversized metallic Laboratory-
generated TRU wastes with a decontamination and
compaction process before transporting the wastes to
the Waste I solation Pilot Plant. Work on the EA
continued through 1998.

National Health Security Center. The
proposed action isto remodel two buildingsinside an
existing fenced area at TA-54 for use as offices and
laboratories for the National Health Security Center
that DOE would operate. In 1998, work began to
prepare an EA to cover the potential upgrade of an
existing research laboratory from biosafety level 2 to
the required biosafety level 3.

f. Mitigation Action Plans. As part of the
implementation requirements under NEPA, DOE
prepares and is responsible for implementing Mitiga-
tion Action Plans (MAPs) (10 CFR 1021, Section 331
[a] July 9, 1996). MAPs are generally project specific
and are designed to (1) document potentially adverse
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environmental impacts of a proposed action, (2)
identify impact mitigation commitments made in the
final NEPA documents (FONSIs or RODs), and (3)
establish action plans to carry out each commitment.

The implementation status of each MAP is reported
to the public in aMAP Annual Report (MAPAR).
ESH-20 coordinates the implementation of the
following DOE MAPs at the Laboratory.

Dual Axis Radiographic Hydrodynamic Test
Facility Mitigation Action Plan. DOE issued this
MAP in 1995. On January 15, 1998, the DARHT
MAPAR was released to the public for review and
comment. All mitigation action commitments for
protecting workers, soils, water, biotic resources, and
cultural resources in and around the DARHT facility
are being implemented and are on schedule.

Low-Energy Demonstration Accelerator
Mitigation Action Plan. DOE issued thisMAPIn
1996. On January 15, 1998, the L ow-Energy Demon-
stration Accelerator (LEDA) MAPAR was released to
the public for review and comment. All MAP commit-
ments for preventing soil erosion and monitoring
industrial NPDES outfalls and potential wetlands
formation in and around the LEDA facility are being
implemented and are on schedule.

Lease of Land for the Development of a
Research Park at LANL Mitigation Action Plan.
DOE issued this MAP in October 1997. Implementa-
tion of the MAP is contingent on the completion and
approval of the formal lease agreement between DOE
and the lessee. The lease agreement is being prepared
and is expected to be completed and approved in early
1999.

12. Cultural Resources

a. Introduction. The ESH-20 Cultural Re-
sources Team is responsible for maintaining a data-
base of al cultural resources found on DOE land,
supporting DOE’s compliance requirements with
appropriate cultural resource legislation as listed
below, and providing appropriate information to the
public on cultural resource management issues.
Cultural resources are defined as archaeol ogical sites,
prehistoric or historic districts, sites, buildings,
structures, traditional use areas, or objectsincluded in,
or eligible for inclusion in, the National Register of
Historic Places. Artifacts, records, and remains
related to and located within such properties are
considered cultural resources.

b. Compliance Overview. Section 106 of the
National Historic Preservation Act Public Law 89-665

Environmental Surveillance at Los Alamos during 1998

(implemented by 36 CFR 800) requires federal
agencies to evaluate the impact of all proposed actions
on cultural resources. Federal agencies must also
consult with the State Historic Preservation Officer
(SHPO) and/or National Advisory Council on Historic
Preservation concerning possible effects on identified
resources.

During 1998, Laboratory archaeol ogists evaluated
846 Laboratory proposed actions and conducted 26
new field surveysto identify cultural resources. DOE
sent 13 survey results to the SHPO for concurrence in
findings of effects and determinations of eligibility for
National Register inclusion of cultural resources
located during the survey. Copieswere also sent to
the governors of the Pueblos of San Ildefonso, Santa
Clara, Cochiti, and Jemez and to the President of the
Mescalero Apache Tribe for comment and identifica-
tion of any traditional cultural properties that may be
affected by a proposed action. No adverse effects to
prehistoric cultural resources were identified in 1998.

The American Indian Religious Freedom Act of
1978 (Public Law 95-341) stipulatesthat it is federal
policy to protect and preserve the right of American
Indians to practice their traditional religions. Notifi-
cation must be given to tribal groups of possible
alteration of traditional and sacred places. The Native
American Grave Protection and Repatriation Act of
1990 (Public Law 101-601) states that if burials or
cultural objects are inadvertently disturbed by federal
activities, work must stop in that location for 30 days,
and the closest lineal descendent must be consulted
for disposition of the remains. Laboratory archaeolo-
gists made one inadvertent discovery of burials or
cultural objects during 1998.

The Archeological Resources Protection Act of
1979 (implemented by 43 CFR 7, Public Law 96-95,
16 USC 470) provides protection of cultural resources
and sets penalties for their damage or removal from
federal land without a permit. Oneillicit pot-hunting
incident was discovered on DOE land in 1998.

13. Biological Resourcesincluding Floodplain
and Wetland Protection

a. Introduction. The DOE and the Laboratory
comply with the Endangered Species Act; the Migra-
tory Bird Treaty Act; the Bald Eagle Protection Act;
Presidential Executive Order 11988, Floodplain
Management; Presidential Executive Order 11990,
Protection of Wetlands (Corps 1989); and Section 404
of the Clean Water Act. The Laboratory also consid-
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ers plant and animal species protected by the New
Mexico Conservation Act and the New Mexico
Endangered SpeciesAct.

b. ComplianceActivities. During 1998, the
ESH-20 Biology Team reviewed approximately 400
proposed L aboratory activities and projects for poten-
tial impact on biological resourcesincluding federally
listed threatened and endangered species. These re-
views are designed to evaluate the amount of previous
development or disturbance at the site, to determine the
presence of wetlands or floodplainsin the project area,
and to determine whether habitat evaluations or spe-
cies-specific surveys are needed. Of the 400 reviews,
the Biology Team identified 133 projects that required
habitat evaluation surveys to assess whether the appro-
priate habitat types and parameters were present to
support any threatened or endangered species. Of the
400 reviews, the Biology Team identified 27 projects
that required a species-specific survey designed to
determine the presence or absence of athreatened or
endangered species at the project site. The Laboratory
adhered to protocols set by the US Fish and Wildlife
Service and to permit requirements of the New Mexico
State Game and Fish Department.

c. Biological Resource Compliance Docu-
ments. The Biology Team prepared humerous biol ogi-
cal resource documents (biological assessments,
biological evaluations, and other compliance docu-
ments) in 1998. The team received findings of concur-
rence on the potential for impact to threatened and
endangered species from the US Fish and Wildlife
Service in 1998 for those documents submitted under
the Endangered Species Act as indicated below in the
summaries of the pertinent documents.

The Biology Team contributed to the completion of
athree-year study culminating in the development of a
threatened and endangered species habitat management
plan (HMP) (LANL 1998a) on behalf of the DOE as
part of the DARHT Mitigation Action Plan commit-
ments by DOE. The HMP received concurrence by the
US Fish and Wildlife Service. Site plans were com-
pleted and will be used to further evaluate and manage
the threatened and endangered species occupying DOE/
Laboratory property (see Sections 2.E.4 and 6.C.20).

Hydrodynamic Test Operations Center. This
biological assessment documents the potential impacts
to seven federally listed threatened and endangered
species (six bird and one mammal) from the construc-
tion of DARHT (Keller 1997). The facility will con-
solidate operations at TA-15 and provide working
space for visiting scientists. The assessment also con-
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tains site-specific mitigating actions. DOE received
concurrence on this biological assessment from the US
Fish and Wildlife Service on February 11, 1998.

Applied Research Optics and Electronics
Laboratory. Thisbiological assessment evaluates
potential impacts to seven federally listed species (six
birds and one mammal) from the construction of the
Applied Research Optics and Electronic Laboratory
facility (Keller 1998a). The facility, located at TA-15,
will consolidate computing operations. The assessment
also includes site-specific mitigation actions. DOE
received concurrence on this biological assessment
from the US Fish and Wildlife Service on August 20,
1998.

Monitoring Wells. This assessment evaluates
and documents the potential impacts to four bird spe-
cies from the proposed construction of 84 new ground-
water monitoring wells on DOE property (Keller
1998b). DOE received concurrence on this biological
assessment from the US Fish and Wildlife Service on
May 8, 1998.

Conveyance and Transfer Biological Evalua-
tion. Thisbiological evaluation documents the poten-
tial impacts to State of New Mexico protected species
from the potential conveyance and transfer of 10 tracts
of DOE-owned land (Haarmann and L oftin 1998a).

Conveyance and Transfer Biological Assess-
ment. This biological assessment documents the
potential impacts to seven federally listed threatened
and endangered species (six bird and one mammal)
from the potential conveyance and transfer of 10 tracts
of DOE-owned land (Haarmann and L oftin 1998b).

Conveyance and Transfer Environmentally
Sensitive Natural Resources. This document de-
scribes the application of six environmental laws,
regulations, and requirements to the potential convey-
ance and transfer of 10 tracts of DOE-owned land
(LANL 1998b).

d. Floodplain and Wetland Assessment. The
Floodplain and Wetland Assessment addressed poten-
tial impacts to floodplains and wetlands associated
with the proposed conveyance and transfer of 10 tracts
of DOE-owned tracts of land (Sigler et a., 1998). This
report documents the potential impacts to floodplains
and wetlands from possible urbani zation associated
with the potential conveyance and transfer of 10 tracts
of land. Floodplains and wetlands exist on six of the 10
tracts.

e. Endangered Species Special Studies. In
1998, the Biology Team completed numerous contami-
nant studies and, in collaboration with the Environ-
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mental Science Group (EES-15), completed prelimi-
nary risk assessments of the Mexican spotted owl,
American peregrine falcon, bald eagle, and southwest-
ern willow flycatcher (Gonzales et a., 1997; Gonzales
et al., 1998a, 1998b, and 1998c; and Gallegos et .,
1997aand 1997b).

C. Current Issuesand Actions
1. Compliance Agreements

a. Federal Facility Compliance Agreement on
Storage of Polychlorinated Biphenyls. On August
28, 1998, the EPA released its Final Rule for the
Disposal of PCB, thereby superseding and voiding the
PCB FFCA that pertained specifically to radioactive
PCB and PCB waste containing RCRA wastes.

b. National Pollutant Discharge Elimination
System Federal Facility Compliance Agreement
and Administrative Order. Asaresult of the
completion of the Waste Stream Characterization
Program and Corrections Project and the High-
Explosives Wastewater Treatment Facility Project, on
August 5, 1998, EPA closed out the Laboratory’s
Administrative Order and Federal Facilities Compli-
ance Agreement.

c. New Mexico Hazardous Waste M anage-
ment Regulations Compliance Order. The Labora-
tory received Compliance Order (CO) 98-01 on June
8, 1998, which alleged noncompliance with the NM
Hazardous Waste Management Regulations at the DP
Tank Farm, PRS 21-029. As part of the ordered
actions, the Laboratory submitted a Sampling and
Analysis Plan to NMED to address the alleged
deficiencies in October 1998. Upon approval by
NMED, the Laboratory will begin remedial activities.

On June 25, 1998, the Laboratory received CO-98-
02 that alleged two violations of the NM Hazardous
Waste Management Regulations at TA-21 concerning
the storage of gas cylinders. NMED proposed civil
penalties of over $950,000. The Laboratory filed its
answer to the CO on August 10, 1998, meeting the
Schedule of Compliance by demonstrating that all gas
cylinders had been disposed of properly. This CO was
not resolved by the end of 1998.

On June 26, 1998, the Laboratory received CO-98-
03 alleging four violations of the NM Hazardous
Waste Management Regulations concerning the waste
determination and disposal status of asphalt and soil
removed from TA-54 during construction activities.
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The CO proposed penalties totaling $588,000. In its
answer, the Laboratory denied that the materials
constituted a hazardous waste and disagreed on the
need for a corrective action. The CO has been settled;
there were no findings of fact and conclusions of law.
NMED dismissed the CO, and the Laboratory agreed
to pay acivil penalty of $35,000 in full settlement.
The Laboratory will review if additional administra-
tive or physical controls are needed to preclude
recurrence.

2. Environmental Oversight and Monitoring
Agreement

The Environmental Oversight and Monitoring
Agreement—known as the Agreement in Principle
(AlP)—between DOE and the State of New Mexico
provides technical and financial support by DOE for
state activitiesin environmental oversight, environ-
mental surveys and sampling, site visits, and docu-
ment review. The current AlP s effective through
September 30, 2000. This independent monitoring
program allows the Laboratory’s data to be verified.
NMED regularly holds public meetings and publishes
reports on its independent assessments of quality at
the Laboratory. Highlights of these activities are
presented below.

Air particulate and water vapor monitoring:
The DOE Oversight Bureau of the NMED maintains
five air particulate samplers co-located with ESH-17's
Air Monitoring Network (AIRNET) samplers; these
samplers are generally located at the perimeter of
Laboratory boundaries to monitor any releases that
might move off-site. In 1998, the Bureau published a
report comparing data collected by NMED and
AIRNET in 1996 and concluding that this ESH-17
program is adequate and that the data quality is good.

Surface water and groundwater: In 1998,
the Bureau continued split-sampling with ESH-18 at
on-site and off-site monitoring stations. Bureau
personnel collected groundwater split samples with
EPA during an independent sampling event that
focused on Mortandad and Los Alamos Canyons and
collected samples of storm water and water from
springs.

The Bureau worked with ESH-18 to identify and
prioritize the Laboratory’s original 44 stream gaging
stations as part of the Watershed Management Plan.
Activities related to the Hydrogeologic Work Plan
included collecting groundwater split samples during
the drilling of regional aguifer monitoring wells R-9,
R-12, and R-25. Samples taken by Bureau personnel
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confirmed ESH-18's findings that high-explosive
constituents found in R-25 are above health advisory
levels.

During 1998, Bureau staff conducted 23 informal
inspections at the Laboratory for liquid release
notifications, the NPDES outfall reduction program,
and construction activities.

Sediments, soils, vegetation, and foodstuffs:
Comparisons of the analysis of split samples from
selected | ocations indicate ESH-20 data are consistent
with the Bureau’'s data. Bureau personnel proposed an
alternative method of uranium analysis, which ESH-
20 isreviewing.

Environmental Restoration Project: Bureau
personnel continued to participate in the NMED
working group to integrate the regulatory and techni-
cal requirements of the regulations governing the ER
Project at the Laboratory. The DOE Oversight Bureau
staff actively participated with all ER Project Focus
Groups and were particularly active in sampling and
document review at stations relevant to the hydro-
logic/hydrochemical characterization at TA-16.

NEPA: The DOE Oversight Bureau submit-
ted an in-depth review of the LANL SWEIS.

D. Lawsuits

1. Clean Air Act Consent Decree/Settlement
Agreement

During 1997, the DOE and the Laboratory Director
entered into a Consent Decree and a Settlement
Agreement to resolve alawsuit filed by Concerned
Citizens for Nuclear Safety (CCNS) in 1994 that
alleged that LANL was not in full compliance with the
Clean Air Act Radionuclide NESHAP, 40 CFR 61
Subpart H. Many of the provisions of the decree and
the agreement were completed or continued in 1998
and are asfollows:

* Independent technical audits of the Laboratory’s
Radionuclide NESHAP program. Per the
provisions of the decree and agreement, the first
independent audit, conducted by Risk Assess-
ment Corporation (RAC), continued during
1998. A draft interim report was published in
May, reporting that the Laboratory had been out
of compliance during 1996 with some technical
provisions of the radionuclide NESHAP regula-
tion. In addition, the audit reported that the
Laboratory was in compliance with the 10-mrem
NESHAP standard. Although the Laboratory
agrees that technical improvements can and are

44

being made in the radionuclide program, we do
not agree that these findings demonstrate
noncompliance with the NESHAP regulation
during 1996. The Laboratory formally notified
the EPA of the contents of the RAC draft report
aswell asthe Laboratory’s position regarding its
compliance status. Because of the comments
received by RAC on the final report, EPA was
asked to clarify severa regulatory interpretations
that were the basis of some of RAC's findings.
EPA responded to this request, and their reply
will beincluded in the final RAC report. The
RAC final audit report is expected during the
summer of 1999. Thefinal report will be
submitted to DOE, which will provide copiesto
EPA, Region 6, CCNS, and to the Laboratory’s
Community Reading room. Additional audits
will be performed in future years as required. On
December 2, 1998, CCNSfiled amotionin US
District Court to increase the funding for the first
independent audit by $124,000. This motion was
denied on February 2, 1999.

AIRNET stations. AIRNET stations continue to
operate in accordance with the Consent Decree,
and quarterly data are provided to the
Laboratory’s Community Reading Room and to
CCNS.

Thermoluminescent dosimeters (TLDs). TLDs
continue to be operated in accordance with the
Consent Decree and quarterly data are provided
to the Laboratory’s Community Reading Room
and to CCNS.

NEWNET. The Laboratory continues to operate
the northern New Mexico NEWNET stationsin
accordance with the Consent Decree. CCNSfiled
amotion in US District Court on December 2,
1998, indicating that portions of the northern
New Mexico NEWNET program were not being
operated in accordance with the Consent Decree.
The court denied these claims on February 2,
1999.

Quarterly meetings on environmental, safety, and
health issues. Per the Consent Decree, these
meetings were initiated in 1997. The Laboratory,
apart from the Consent Decree, has continued to
hold public meetings on environment, safety, and
health topics on a quarterly basis.

Payment to the University of New Mexico
(UNM) School of Medicine. Per the Settlement
Agreement, in March 1998, DOE allocated
$150,000 to the UNM School of Medicine to
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fund development of a curriculum in the Masters
of Public Health degree program on environmen-
tal health issues.

 Radiation detection equipment loan program.
Per the Settlement Agreement, radiation monitor-
ing equipment is available for use by individuals
who attended training. The equipment was used
at four different locations during 1998, and it
detected no radiation above background levels.
Additional equipment was purchased for this
program, and a special training course was
offered.

2. Stockpile Stewardship Management
Programmatic Environmental Impact Statement

In May 1997, 39 organizations challenged the
adequacy of the Stockpile Stewardship and Manage-
ment Programmatic EIS (SSM PEIS) by filing a
complaint in US District Court for the District of
Columbia. The complaint cited atotal of 13 claimsto
support this alegation. In January 1998, these
organi zations amended the complaint, replacing the
original 13 claims with two new claimsthat alleged
that DOE isrequired to prepare a Supplemental PEIS
because of new information made available since the
SSM PEIS was issued. One of the two new claims
involved information concerning pit manufacturing at
LANL. Pursuant to its regulations implementing
NEPA, DOE prepared a Supplement Analysis of the
pit manufacturing information contained in the
amended complaint. Based on this Supplement
Analysis, DOE determined that a Supplemental PEIS
was not required.

In an opinion and order issued on August 19, 1998,
the federal court agreed that a Supplemental PEIS was
not required at this time and dismissed that part of the
lawsuit. DOE agreed to prepare an additional Supple-
ment Analysis of pit production based on (1) the
results of several pending peer-reviewed seismic
reports to be issued by March 1999 and (2) technical
analysis of the plausibility of a building-wide fire at
TA-55 from a glovebox fire, seismic event, or sabo-
tage initiation.

E. Significant Accomplishments

1. Completion of Legacy Materials Cleanup

The Legacy Materials Cleanup project was com-
pleted on September 30, 1998. ESH-19, at the
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direction of the Laboratory Director, designed this
project as an expedited plan to address the
Laboratory’s historical legacy materials problem
within a nine-month period. The remedial phase of
the project required that all line organizations system-
atically survey all their sitesto identify, inventory, and
stage all materials for which an owner or program-
matic purpose could not be identified. A legacy
materials work-off team was chartered to visit al sites
in the Laboratory and collect the materials identified
by the organizations, properly characterize them, and
determine a disposition path.

The team collected and appropriately managed
more than 22,500 items during this project. The
Laboratory can now confidently state that it has
addressed all legacy materials that could be identified
as waste products. In addition, amajor environmental
liability for the Laboratory has been resolved. For
example, during the 1997 and 1998 NMED RCRA
annual inspections, a significant number of the
apparent violations NMED cited were for alleged
failures to characterize waste or for not having
knowledge of the contents of materials aleged to be
waste. A key requirement of the project plan was the
certification by Division Directors that all legacy
materials were removed from Laboratory facilities and
that all current and future materials and chemical
purchases will be appropriately handled and managed
in compliance with all applicable regulations. All 41
Division Directors submitted the certification. The
strategic benefit resulting from the legacy materials
cleanup effort is that the Laboratory is now better
positioned to implement its work on the preventative
aspects of chemical and hazardous waste manage-
ment, while continuing its efforts to reach the goal of
zero RCRA violations.

The Laboratory also incorporated some new
procedures. Occupying and Vacating Workspaces was
a procedure written to eliminate creation of legacy
materials when vacating workspaces and has been
fully implemented. A new chemical management
system is under development to allow tracking and
identification of ownership of chemicals from initial
purchase to final use or disposal. In addition, the ESH-
19 self-assessment program included inspection of
chemical storage areas (see Section 2.B.1.d) to
provide institutional assurance that line organizations
are maintaining effective control of their chemicals
and waste-generating processes.
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2. Pollution Prevention

A day-long Green Day open house highlighted
technol ogies developed by the Laboratory and DOE
sites to address waste management, environmental
remediation, and decontamination problemsin
September 1998. Principal investigators for several
projects talked about their research, technology
development, and deployment. Technologies have
been developed to assist DOE in areas such as waste
management, D& D, pollution prevention, decision
analysis, and waste characterization.

The following are specific Laboratory R& D
projects of pollution prevention technologies
completed in 1998:

» LosAlamos Neutron Science Center conducted a
cleanup of TA-53. Lead material used for
shielding was surveyed, decontaminated if
needed, and then recycled. This effort prevented
approximately 690 m3 of mixed low-level waste,
resulting in asavings of over $50 millionin
disposal costs.

» The Facilities Engineering Division recycled
asphalt for aroad upgrading project. Approxi-
mately 3,640 metric tons of solid sanitary waste
was reused as fill material rather than being
disposed.

* AnER Project cleanup at TA-33 used a seg-
mented gate system in conjunction with contain-
erized vat leaching to segregate contaminated
soils during the cleanup process. In a segmented
gate system, soils move along a conveyor belt
and are scanned and segregated into clean or
contaminated categories. The project avoided
generating 420 m? of low-level waste with this
technology.

» Waste Acceptance for Nonradioactive Disposal.
An ultralow radiation detection system based on
phoswich detectors has been developed that will
allow operators to survey low-density wastes
before such wastes are free-released to a sanitary
landfill.

» Supercritical Carbon Dioxide for Solvent
Replacement. Cleaning of partsin both industry
and the DOE complex utilizes various organic
solvents that are toxic, carcinogenic, and
implicated in ozone depletion. The inherent
properties of supercritical carbon dioxide and its
demonstrated use experimentally and industrially
for extraction and fractionation of many organic
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compounds prove it to be an attractive alternative
solvent. Supercritical carbon dioxide is recy-
clable, nontoxic, and environmentally benign.

3. New Mexico Water Quality Control
Commission 1998 Triennial Review

On September 21-30, 1998, the Laboratory
provided testimony as an interested party in a hearing
conducted by the NMWQCC as part of the 1998
triennial review of water quality standards for the
State of New Mexico. The amendments that will result
from this hearing will affect the effluent limitations
that apply to Laboratory discharges regulated by the
NPDES permit. Representatives from ESH-18,
Laboratory Counsel, an independent law firm, water
resource experts, and an aguatic biologist prepared
and presented the Laboratory’s testimony.

In its testimony the Laboratory proposed new
wildlife habitat standards and development of a more
detailed implementation plan for water quality
standards through the state’s continuing planning
process. The Laboratory suggested changesto the
proposed water quality standards that protected the
environment and that were technically feasible and
achievable. The New Mexico Municipa League, San
Juan Water Commission, Middle Rio Grande Conser-
vancy District, Elephant Butte Irrigation District,
Carlsbad Irrigation District, New Mexico Cattle
Growers Association, and New Mexico Dairy Asso-
ciation supported the Laboratory’s proposal .

4. Threatened and Endangered Species Habitat
Management Plan

In 1998, DOE and ESH-20 completed athree-year
effort to develop a habitat management plan (HMP)
for the threatened and endangered species at the
Laboratory. The plan wasinitiated as part of the MAP
commitments for the DARHT facility. The four
threatened or endangered species that could poten-
tially reside on LANL property include the bald eagle,
American peregrine falcon, Mexican spotted owl, and
Southwestern willow flycatcher. The HMP identifies
the location of habitat for these speciesat LANL. It
also provides guidelines to protect these species and
their habitats from disturbance or adverse habitat
alteration caused by LANL operations. The HMP will
be amended to address new species as changes occur
in the status of species over time.

The HMP consists of two components: Area of
Environmental Interest Site Plans and Monitoring
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Plans. TheAreaof Environmental Interest Site Plans
establish species-specific restrictions and criteria for
planning and implementing projects and activities at
the Laboratory. The Monitoring Plans provide the
technical basis for conducting the species-specific
research and activities necessary for maintaining the
HMP'stechnical viability. The Monitoring Plans also
provide the technical basis and justification for future
studies associated with the HMP. These components
are tightly integrated to ensure that the short- and
long-term implementation of the plan is functional,
effective, and accurate.

F. Awards

1. Water Quality

Members of the ESH-18 SDWA/Engineering,
NPDES Outfall, and Storm Water/SPCC Teams
received awards during 1998: the 1998 Pollution
Prevention Success Award (EM Division) for NPDES
Outfall Reduction and the 1998 Los Alamos Achieve-
ment Award (ESH Division) for the NPDES Permit
Re-application Project.

2. Air Quality

ESH-17 received a Los Alamos Achievement
Award for improvements made in atmospheric tritium
measurements. These improvements provide for more
accurate estimates of public health impacts from
Laboratory operations.

3. Solid and Hazardous Waste

Members of ESH-19 received a 1998 L os Alamos
Achievement Award for their work developing the
HAZCAT program that resulted in significant dollar
savings to the Laboratory. ESH-19 staff received a
Pollution Prevention Award for providing RCRA
regulatory support to a project that allowed printed
circuit boards to be recycled after determining that the
boards did not contain radioactive constituents.

4. Ecology

ESH-20 staff received a L os Alamos National
Laboratory Distinguished Performance Award for
contributions to the LANL Pit Manufacturing Inte-
grated Plan Team. The award recognized the efforts
that ESH-20 staff made to facilitate NEPA compliance
planning in support of future pit manufacturing
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operationsat LANL. In addition, ESH-20 staff
received a DOE Achievement Award and plague for
preparation of Appendix Il, Enhancement of Pluto-
nium Pit Manufacturing, and for technical support and
review in completion of the final LANL SWEIS.

ESH-20 nominated the Habitat Management Plan
Reports Compilation Compact Disk for three separate
pollution prevention awards. The Office of the Federa
Environmental Executive's “ Closing the Circle,” the
Department of Energy’s Nationwide Pollution
Prevention Program, and our Laboratory’s Pollution
Prevention Program. We received certificates of
appreciation from the first two nominations and an
award from the third.

ESH-20 nominated the “ Threatened and Endan-
gered Species Habitat Management Plan First Annual
Review” notebook for an award at the Society for
Technical Communication New Mexico Kachina
Chapter Annual Conference (1998) where it received
an Award of Achievement in Technical Publications.
The STC awards were given in 1998 for work done in
1997.

ESH-20 staff received a Los Alamos Achievement
Award for “significant accomplishments in compiling
the administrative records for three NEPA environ-
mental assessments.”

Other ESH-20 Awards

» Several Laboratory staff members received a L os
Alamos Achievement Award for Volume One of
“For the Seventh Generation: Environment,
Safety, and Health at Los Alamos National
Laboratory-A Report to Our Communities.” This
publication was the first of its kind to be pro-
duced by ESH Division. (Note: Refer to Chapter
1.B.9., which provides details of other notewor-
thy awards for that same publication.)

» The Laboratory nominated VVolume One of “For
the Seventh Generation: Environment, Safety,
and Health at L os Alamos National Laboratory-A
Report to Our Communities’ for awards in two
separate categories at the Society for Technical
Communication New Mexico Kachina Chapter
Annual Conference (1998). We received the
Award of Merit in Technical Art and the Award
of Distinguished Technical Communication in
Technical Publication, which made the document
eligible for an international award for the na-
tional annual conference (1998) where it re-
ceived an Award of Excellence for Informational
Materials.
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» The Interagency Wildfire Management Team,

chaired by ESH-20, received an Innovative Pol-
[ution Prevention Award from the City of Albu-
guerque-Industry and Government Partnership.

US Forest Service Award for “outstanding
contributions to wildfire prevention and mitiga-
tion.”

LosAlamos Achievement Award for organizing
and implementing a seminar series graduate
course at New Mexico State University for the
Waste-Management Education Research Consor-
tium.
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3. Environmental Radiological Dose Assessment

primary author:
David Kraig

Highlights from 1998

We calculate potential radiological dosesto members of the public who may be exposed to Los Alamos
National Laboratory (LANL or the Laboratory) operations. To fully understand potential radiological
impacts, we cal culate the doses to the population nearby, to potentially maximally exposed individuals
on- and off-site, to “ average” members of Los Alamos and White Rock, and from ingesting food products
grown or gathered in the area. The population and individual doses include consideration of all potential
exposure pathways (primarily inhalation, ingestion, and direct exposure). Our calculations indicate the
population within 80 km of LANL received a dose of 0.8 person-rem, smaller than last year’s 0.9 person-
rem. The calculated maximum off-site radiation dose to a member of the public from Laboratory sources
isnear East Gate, north of the Los Alamos Neutron Science Center. This all-pathway annual dose of 1.1
mremis well below the Department of Energy (DOE) dose limit of 100 mrem and is about the same as last
year’s reported dose of 1.2 mrem. Thisdose is calculated using all exposure pathways to satisfy DOE
requirements and is different from the dose presented in Chapter 2, which is calculated for compliance
with National Emission Standards for Hazardous Air Pollutants, and considers only the dose from the air
pathway. The calculated maximum on-site individual exposure to a member of the public is 3.1 mrem,
which comparesto 6.1 mremin 1997. This member of the public is a hypothetical individual who passes
along Pajarito Road near the Technical Area 18 Criticality Facility during several small experiments.
Most of this dose would be from direct radiation for which the applicable dose limit is 100 mrem, the
allowed dose from all pathways. Ingestion doses were calculated for produce, fish, eggs, chicken, deer,
elk, and other locally grown or gathered foods. Among these, there were no significant net doses cal cu-
lated.

Health effects from radiation exposure have been observed in humans only at doses in excess of 10
rem. The doses calculated here, which are, in the mrem (one one-thousandth of a rem) or lower range are
not expected to cause any harmful effects. They are also much smaller than typical variationsin the
background radiation dose. The total dose from background radiation, greater than 99% of which is from

natural sources, is about 350 mremin this area and can easily vary by 10 mrem from year to year.
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A. Overview of Radiological Dose Equivalents

Radiological dose equivalents are calculated doses
received by individuals exposed to radioactivity. Ra-
diation can damage living cells because of its ability
to deposit energy as it passes through living matter.
Energy deposited in the cell can result in cell damage,
cell death, and, rarely, cell mutations that survive and
can cause cancer. Because energy deposition isthe
mechanism that causes cell damage, radiation doses
are measured in the quantity of radiation energy de-
posited per unit massin the body. Different types of
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radiation carry different amounts of energy and are
multiplied by adjustment factors for the type of radia-
tion absorbed. Radiation affects different parts of the
body with different degrees of effectiveness, but we
need to report the “effective” dose the whole body has
received. Theterm “effective dose equivalent”

(EDE), referred to here as dose, is the “effective” dose
calculated to have been received by the whole body,
generally from an external radiation source. This dose
is calculated by summing the doses to individual or-
gans or tissues.
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Long-lived radionuclides that are taken into the
body by inhalation or ingestion continue to deposit
energy in the body and give doses for along time after
their intake. To account for this extended dose period,
a“committed effective dose equivalent” (CEDE), also
referred to in this report as “dose,” is calculated. The
CEDE givesthe total dose, integrated over 50 years,
that would result from the intake of radionuclides
taken into the body from short-term exposures. In this
report, CEDESs are calculated for radionuclides taken
into the body during 1998. The doses reported below
include the contributions from internally deposited
radionuclides (CEDE) and from radiation exposures
received from sources outside the body (EDE) all
under the general term “dose.”

Federal government standards limit the dose that
the public may receive from Laboratory operations.
The Department of Energy (DOE 1990) public dose
limit is 100 mrem per year received from all pathways
(i.e., all waysin which people can be exposed to
radiation, such as inhalation, ingestion, and direct
exposure). The dose received from airborne emissions
of radionuclidesis further restricted by the Environ-
mental Protection Agency’s (EPA’'s) dose standard of
10 mrem per year, which is codified in the Code of
Federal Regulations (40 CFR 61), (see Appendix A).
These limitations are in addition to exposures from
normal background, consumer products, and medical
sources. Dose calculations performed to show
compliance with 40 CFR 61 (EPA 1986b) are pre-
sented in Chapter 2 and are based on different path-
ways and use different modeling programs than those
for DOE requirements, which are presented herein
Chapter 3.

The purpose of this chapter isto report environ-
mental data and potential impacts to members of the
public. Therefore, we don’t present worker dosesin
thisreport. Information on LANL worker radiation
doses is published quarterly in the report “L os Alamos
National Laboratory, Radiological Protection Pro-
gram, Performance Indicators for Radiation Protec-
tion,” which can be found in the Community Reading
Room.

B. Public Dose Calculations

1. Scope

Annual radiation doses to the public are evaluated
for three principal exposure pathways. inhalation,
ingestion, and external (also referred to as direct)
exposure. Evaluations focus on calculating doses that
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the population as a whole within 80 km may have
received and also on calculating doses to specific
hypothetical individuals within that population. We
calculate doses for the following hypothetical people:

(1) The entire population within 80 km of the Labora-
tory. This modeled dose is based on al sources of
radioactive air emissionsat LANL. The modeling
includes direct exposure to the radioactive mate-
rial asit passes, direct inhalation of radioactive
material, and ingestion of material that is depos-
ited on or incorporated into vegetation and food
from animal products such as poultry, eggs, and
beef.

(2) The maximally exposed individual (MEI) whois
not on LANL/DOE property (referred to asthe
off-site MEI). For this calculation, the definition
of location is taken from 40 CFR 61, which de-
fines the receptor as someone who lives or works
at the off-site location. Any school, residence,
place of worship, or non-LANL workplace would
be considered a potential location for the off-site
MEI. Please note that although the definition for
the location of this hypothetical individual is taken
from 40 CFR 61, the dose cal culation performed
here is more comprehensive than the one required
for compliance with 40 CFR 61 (presented in
Chapter 2). The calculated dose to the off-site
MEI includes contributions from air emissions
from al stack and diffuse sources at LANL, inges-
tion of food gathered locally, drinking water from
local wells, and exposure to soils in the vicinity.

(3) The MEI whoisin transit through LANL/DOE
property but not necessarily employed by LANL.
DOE-owned roads are generally open to public
travel. Doses are calculated for a hypothetical
member of the public traveling these roads fre-
quently.

(4 An“average” resident of LosAlamos and White
Rock. These doses are calculated based on aver-
age air concentrations (from LANL'sAir Monitor-
ing Network [AIRNET]) in LosAlamos and White
Rock. To these calculated doses, we add the con-
tributions from the Los Alamos Neutron Science
Center (LANSCE) and Technical Area (TA) 18
(LANSCE and TA-18 emissions are not captured
by AIRNET), from ingestion of local food prod-
ucts and water, and from exposure to radionuclides
inlocal soils.

(5) Ingestion doses for various population locationsin
northern New Mexico from ingestion of food
grown (fruits and vegetables) or harvested (deer,
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elk, beef, and fish) locally. Because not all food
products are available everywhere within the
80-km radius, we do not have a uniform set of
ingestion data on which to calculate doses. We
report doses for al locations from which food was
gathered.

(6) Specia Scenarios

Each year, we look at a number of special situa-
tions that could result in the exposure of a member
of the public. Thisyear, we report doses calcu-
lated for

 Ingestion of Radioactive Effluent from the TA-
50 Outfall (Mortandad Canyon) and

» Exposureto Sailsin the Vicinity of LosAlamos
and White Rock.

Other scenarios, which were analyzed and reported
inlast year's report (ESP 1998), have not changed
since that time and, therefore, were not reanalyzed.
For example, in previous reports (ESP 1996, 1997),
we modeled potential doses from contaminated sedi-
ments in Mortandad Canyon. Sediment sampling
from 1998 indicates no significant changes from past
years, so new dose calculations were not performed
for this exposure pathway. The best estimate of poten-
tial doses from exposure to contaminated sedimentsin
Mortandad or Los Alamos Canyon can be found in
last year’s report (ESP 1998). And, finally, because
wild fruits and vegetables were collected in
Mortandad Canyon during 1997 but not 1998, the best
assessment of the dose from ingestion of fruits and
vegetablesisin Chapter 3 of last year’s report (ESP
1998).

2. General Methodology

Our radiological dose calculations follow method-
ol ogies recommended by federal agencies to deter-
mine radiation doses (DOE 1991, NRC 1977) where
possible. However, where our calculations do not
lend themselves easily to standard methodologies, we
have developed appropriate methods described below.
The general process for calculating doses from inges-
tion or inhalation is to multiply the concentration of
each radionuclide in the food product, water, or air by
the amount of food or water ingested or air inhaled to
calculate the amount of radioactivity taken into the
body. Then, we multiply this amount by factors spe-
cific for each radionuclide (DOE 1988b) to calculate
the dose from each radionuclide. These amounts are
summed to give the total dose from ingestion and
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from inhalation throughout the year. Where local
concentrations are not known but source amounts
(amounts released from stacks or from diffuse emis-
sion sources) are known, we can cal culate the doses at
receptor locations using amodel. The model com-
bines source term information with meteorological
data to estimate where the radioactive material went.
By determining air concentrationsin all directions
around the source, the model can then cal cul ate doses
at any location. The models are also capable of calcu-
lating how much of the airborne radioactive material
finds its way into nearby vegetation and animal mate-
rial. Direct doses from radiation sources external to
the body are calculated by multiplying the concentra-
tion of the radionuclide by the appropriate exposure
factors (DOE 1988a). We use the Generation Il (GE-
NIT) model for all dispersion evaluations (Napier et
al., 1988) because thisis the model DOE has accepted
for dose calculation. Some of the specifics of the
modeling are provided in following sections.

C. Dose Calculations and Results

Explanation of Reported Negative Doses. Be-
cause the concentrations of radionuclides are ex-
tremely low in most environmental samples, it is com-
mon that some of these concentrations will be re-
ported as negative values by the analytical laboratory
that performsthe analysis. This result should be ex-
pected when very small concentrations are being ana-
lyzed. Infact, if all of our samplestruly contained
zero radioactivity, about half of our analyses would
show positive numbers, about half would show nega-
tive results, and afew would actually show zero.

In Environmental Surveillance at LosAlamos re-
ports before 1997, we carried these negative concen-
trations through al calculations, but then, if the calcu-
lated dose was less than zero, it was reported as zero.
Starting last year and continuing with this report, we
report doses exactly as calculated based on analytical
results. Therefore, you will see that some of the re-
ported doses are less than zero. Obviously, a person
could not receive a negative dose, and it may seem
incorrect to report these numbers. However, many of
the positive numbers we report are also not meaning-
fully positive. By reporting all of the calculated doses
here whether negative or positive and using all these
data over aperiod of years, it is possible to accurately
evaluate doses to individuals.

The average or maximum dose reported also
includes a number in parentheses. This number istwo
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standard deviations of the dose. It meansthat ap-
proximately 96% of the dose values lie within the
dose plus or minus the two standard deviations. A
large standard deviation means there is much uncer-
tainty in the reported dose, most likely because it is
very near zero. As doses get larger and more mean-
ingful, the standard deviation generally decreases
dramatically, relative to the size of the dose, and we
can have more confidence that a dose really occurred.

1. Dosetothe Population Within 80 km

We used the local population distribution to
calculate the dose from 1998 L aboratory operations to
the population within 80 km (50 miles) of LANL. For
1998, the population estimate we used to calculate
population doses for Los Alamos County (Figure 1-1)
was approximately 18,300 people (BBER 1998). Itis
estimated that approximately 234,000 persons lived
within an 80-km radius of the Laboratory.

The collective EDE (or dose) from Laboratory
operations is the sum of the estimated dose received
by each member of the population within an 80-km

radius of LANL. Because 99% of this dose results
from airborne radioactive emissions, the collective
dose was estimated by modeling the transport of
radioactive air emissions. We used the population
distribution given in Table 3-1 in the dose calculation.

We calculated the collective dose with the GENI|I
collection of computer programs (Napier et al., 1988).
The analysis included airborne radioactive emissions
from all types of releases. Stack emissions were
modeled from all monitored stack sources. Diffuse
emissions from LANSCE and Area G were al'so
included in the modeling. Air concentration data from
the nine AIRNET stations at Area G were used to
calculate the diffuse emission source term from
Area G. The exposure pathways included inhalation
of radioactive materias; external radiation from
materials present in the atmosphere and deposited on
the ground; and ingestion of radionuclides in meat,
produce, and dairy products.

The 1998 collective population dose attributable to
Laboratory operations to persons living within 80 km
of the Laboratory was calculated to be 0.8 person-rem,

Table 3-1. Estimated Population within 80 km of L osAlamos National L aboratory?

Distance from TA-53 (km)

Direction 0-1 1-2 24 4-8 8-15 1520 20-30 3040 4060 60-80
S 3 3 0 0 21 0 15 127 381 2,962
SSW 3 3 0 0 31 1 711 1,244 6,463 49,597
SW 3 1 0 0 4 1 0 0 2,037 164
WSW 1 16 29 0 7 0 26 355 2,340 4
W 0 3 83 216 0 6 61 267 57 68
WNW 2 15 969 6,155 0 0 24 28 58 2,427
NW 5 31 887 1,407 0 2 23 47 418 553
NNW 7 63 639 288 0 5 19 253 154 284
N 7 68 240 129 0 13 87 917 786 566
NNE 7 61 83 16 2 10 2311 386 646 296
NE 4 7 0 0 1 1185 14,165 2436 2,363 3,483
ENE 0 0 0 0 540 1456 4,282 3426 1,369 1,493
E 0 0 0 1 313 1,291 3,852 362 21 401
ESE 0 0 0 0 7 11 652 7,408 679 2,108
SE 0 1 0 4552 496 0 947 69,214 7,129 640
SSE 2 3 0 604 354 0 2890 5397 2,444 101
Totals 44 285 2930 13368 1,776 3,981 27,464 91,867 27,345 65,147

@Total population within 80 km of Los Alamos National Laboratory is 234,207.
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3. Environmental Radiological Dose Assessment

which is comparable to the population dose of 0.9
person-rem reported for 1997 (ESP 1998). Figure 3-1
shows the different contributors to the population
dose. Short-lived air activation products such as car-
bon-11, nitrogen-13, and oxygen-15 that are created
by the accelerator at LANSCE contribute about 50%
to the calculated population dose. Diffuse emissions
of uranium, plutonium, and tritium from Area G are
about 5% of the dose, and tritium from stack sources
is about 44% of the dose. Plutonium, uranium, and
americium from stack sources contribute slightly more
than 1% of the dose.

2. Doseto Maximally Exposed Individual not on
LosAlamos National Laboratory Property (Off-
Site MEI)

The location of the off-site MEI, the hypothetical
highest exposure to a member of the public for the off-
site MEI, is at East Gate along State Road (SR) 502
entering the east side of LosAlamos County, which
has traditionally been the site because of its proximity
to LANSCE. During experimentation at LANSCE,
short-lived positron emitters are released from the
stacks and diffuse from the buildings. These emitters
rel ease photon radiation as they decay, producing a
potential external radiation dose. Most of the emitters
decay very quickly, and within a few kilometers from
LANSCE the dose is negligible. However, the dose at
East Gate (the Laboratory boundary north-northeast of
LANSCE) is elevated by these L aboratory emissions.
The Laboratory’s contribution to the penetrating
radiation dose at East Gate is derived by modeling.

We calculated the dose for the off-site MEI by
modeling the releases from LANSCE using the GENI|I
computer code, which was developed by DOE for use

Diffuse Emissions
from Area G (5%)

Tritium from
Stacks (44%)

in modeling doses from its facilities. To this modeled
dose, we add the dose calculated using air concentra-
tion data from the AIRNET station (#10). We also add
the contribution from ingesting food grown or gath-
ered locally, from drinking water from local supply
wells, and from living on contaminated soilsin the
vicinity (even though nobody actually lives at the
location of these soils). The 1998 MEI air pathway
dose calculated using GENII for all LANSCE sources
is 1.0 mrem (Table 3-2).

Annual average air concentrations of tritium;
plutonium-238; plutonium-239, -240; uranium-234;
uranium-235; uranium-238; and americium-241 are
calculated from annual air concentration data from
AIRNET station #10. The total dose calculated from
the AIRNET datais 0.071 mrem. Thisisagross dose;
we did not subtract background concentrations.
Airborne tritium, which gave a dose of 0.026 mrem,
was the largest dose contributor.

We calculated the dose contribution from food
grown or gathered locally for all food products that
were gathered around Los Alamos. These studies
indicate contributions from produce (fruits and
vegetables), pifion, milk, Navajo tea, eggs, deer, fish,
and elk (Table 3-3). Thetotal calculated dose is
-0.097 mrem. (Section 3.C explains how we obtain
negative values for some calculations.)

For 1998, no radionuclides other than uranium
were detected in Los Alamos water supply wells.
Because uranium is a natural constituent in subsurface
waters, no dose was calculated from uranium in
groundwater.

Soils were collected from a number of sites near or
within Los Alamos (Table 6-1). Using the datafrom
sitesin or near Los Alamos and parameters shown in

Activation
Products from
LANSCE (50%)

Plutonium, Americium, and
Uranium from Stacks (1%)

Figure 3-1. Contributionsto the 0.8 person-rem air-pathway population dose.
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Table 3-2. Compiled Doses during 19982

Receptors
Off-Site MEI On-Site MEI LA Average WR Average
Eastgate Pajarito Road Resident Resident
Sources (mrem) (mrem) (mrem) (mrem)

LANSCEP 1.0 0.04 0.006 0.01
TA-18 0.00001 3 0.0000023 0.000015
AIRNET® 0.071 0.062 0.062 0.051
Food Stuffs Ingestiond  -0.097 -0.097 -0.097 0.014
Well Water Ingestion® 0 0 0 0
Soils Exposuref 0.1 0.1 0.1 0.1
Total 11 31 0.07 0.18

aThe DOE permissible annual dose for all pathwaysis 100 mrem for a member of the public.

bThese doses are modeled using GENII.

“These doses are calculated based on data from AIRNET stations in these areas. The cal culations do not
include background subtraction. The dose at Pajarito Road assumes the receptor is an average

Los Alamos resident.

dCalculated from ingestion of foods grown or gathered locally.

€There were no radionuclides above detection limits other than presumably naturally occurring uranium.

f These doses are modeled with the RESRAD Code 5.82 using radionuclide data from local soil
concentrations and include subtraction of dose from background soils.

Table 3-4 asinput to the RESRAD computer code
(Version 5.82), the net dose from living on these soils
was calculated to be 0.10 (0.47) mrem for 1998. The
dose calculation includes subtraction of the dose from
living on “background” soils away from the Los
Alamos area and considers direct exposure to soil and
inhalation and ingestion of the soil.

Figure 3-2 shows that the combination of the
AIRNET calculated dose of 0.071 mrem, the GENI|I
modeled dose of 1.0 mrem, the food ingestion dose of
-0.097 mrem, the water ingestion dose of O mrem, and
the soils dose of 0.10 mrem gives atotal off-site MEI
dose of 1.1 mrem (Table 3-2). Thislevel isfar below
the applicable 100 mrem standard and no adverse
effects are expected.

This doseis not comparable directly to the 1.72
mrem dose reported in Chapter 2, which is calculated
for compliance with 40 CFR 61. The Chapter 2 dose
includes only the air pathway and is modeled using a
different computer model, CAP88, as required by 40

56

CFR 61. The dose presented hereisfor al pathways
and uses the DOE GENII computer code. We believe
the main difference in the Chapter 2 and 3 calculated
air pathway doses is caused by differences in the two
codes that model the doses. In this case, CAP88 gives
amore conservative but probably lessrealistic
calculation.

3. Doseto Maximally Exposed I ndividual on
LosAlamos National L aboratory/Department of
Energy Property (On-Site MEI)

The Laboratory’s largest contributor to the on-site
MEI isthe Criticality Facility at TA-18. Criticality
experiments produce neutrons and photons, both of
which contribute to the external penetrating radiation
dose. During experiments, neutrons and photons from
the experiments reach Pgjarito Road, alocal, LANL/
DOE-owned road that is open to the public most of the
time. During experiments that have the potential to
produce a dose in excess of 1 mrem per operation,

Environmental Surveillance at Los Alamos during 1998
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Table 3-3. Ingestion Doses from Foods Gathered or Grown in the Area during 1998

Dose per Unit

Average Consumption?

Maximum Consumption?

Consumed in 1998 Dose? Dose?
(mrem) (mrem) (mrem)
Produce
Regional Background (see text) 0.0016/Ib 0.21 (0.33) 0.57 (0.89)
LANL On-Site Stations —0.00051/Ib¢ —-0.066 (0.40) -0.18 (1.3)
Los Alamos Townsite —0.00079/1b -0.10 (0.36) -0.28 (0.97)
White Rock & Pajarito Acres 0.00027/1b 0.035 (0.56) 0.095 (1.52)
San lldefonso Pueblo —0.00052/Ib —-0.068 (0.35) -0.18 (0.94)
Cochiti Pueblo —0.00038/Ib —-0.049 (0.39) -0.13 (1.1)
Pifion
Regiona Background (see text) 0.0088/1b 0.026 (0.011) 0.088 (0.036)
LosAlamos —0.0030/Ib -0.0084  (0.014) —0.0830 (0.047)
White Rock —-0.0027/Ib -0.0082  (0.015) -0.027 (0.049)
San Illdefonso Pueblo —-0.0014/Ib 0.0043  (0.015) -0.014 (0.050)
Mushrooms
Regiona Background 0.0029/1b
LosAlamos 0.0014/Ib
White Rock 0.012/1b
San Ildefonso Pueblo —0.0038/Ib
TA-49 —0.00032/Ib
Goat's Milk
Regiona Background (Albuquerque) 0.0102/gal. 0.32 (0.39) 0.80 (0.97)
LosAlamos —0.0051/gal. -0.16 (0.41) -0.40 (2.0
White Rock —-0.0025/gal. -0.078 (0.46) -0.20 (@0
Navajo Tea (Cota)
Regiona Background (Espariol a) 0.00097/L 0.39 (0.79) 0.53 (1.1
LosAlamos —0.000040/L -0.016 (0.80) -0.022 1y
White Rock —0.000047/L -0.019 (1.12) -0.026 (2.3
San Ildefonso Pueblo 0.000034/L -0.014 1.1 -0.019 (1.5
Eggs
Regional Background (Espafiola) 0.000095/2 eggs 0.0021  (0.029) 0.035 (0.048)
LosAlamos 0.000049/2 eggs 0.011 (0.038) 0.018 (0.062)
White Rock/Pajarito Acres —0.000039/2 eggs -0.0088  (0.030) -0.014 (0.049)
San Ildefonso Pueblo —0.0000053/2 eggs -0.0012 (0.037) -0.019 (0.059)
Steer
Regional Background (see text) -0.017/lb muscle 29 (1.6)d 34 (1.8)d
0.056/1b bone
Cochiti 0.0070/Ib muscle -0.79 (2.7)d -0.92 (8.1
—0.015/1b bone
Squirrel
Regional Background 0.00098/1b muscle
0.0086/Ib bone
LosAlamos —0.00089/Ib muscle
0.014/Ib bone
TA-53 —0.024/Ib muscle
0.10/1b bone

Environmental Surveillance at Los Alamos during 1998
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Table 3-3. Ingestion Doses from Foods Gathered or Grown in theArea during 1998 (Cont.)
Dose per Unit

Average Consumption® Maximum Consumption?

Consumed in 1998 Dose? Dose?
(mrem) (mrem) (mrem)
Deer
Regional Background (Dulce, NM) 0.0028/Ib muscle 0.18 (0.040)¢ 0.43 (0.096)¢
0.038/Ib bone
Los Alamos Area Roads 0.0026/Ib muscle 0.39 (0.71)® 0.94 1.7)®
0.076/1b bone
Elk
Regional Background (Coyote, NM) 0.00060/1b muscle 0.35 (0.46)d 0.81 (1.0)d
0.062/1b bone
LosAlamos Area Roads 0.00072/lb muscle 0.21 (0.52)d 0.47 (1.2)d
0.035/lb bone
Game Fish
Regiona Background (upstream) 0.00035/Ib 0.0044  (0.0050) 0.016 (0.018)
Cochiti (downstream) 0.00086/1b 0.011 (0.021) 0.040 (0.079)
Nongame Fish
Regional Background (upstream) 0.00043/Ib 0.0054  (0.0070) 0.020 (0.026)
Cochiti (downstream) 0.00041/1b 0.0051 (0.062) 0.019 (0.23)

aAverage and maximum consumption values used in calculations are reported in text for specific food product.

bThe mean dose is reported with two standard deviations (2s) given in parentheses. Because most of the means are very
close to zero, the 2s range usually includes zero, small positive, and small negative values. If the mean is greater than 2s,
itismore likely that the mean is significant. Numberswherethe mean isgreater than or equal to the2svalueare

bolded in thetable.
CSee Section 3.C for an explanation of negative numbers.

dConsumption of 0.25 Ib of bone included for every pound of muscle.

€Consumption of 0.21 Ib of bone included for every pound of muscle.

Note—doses presented in this table are based on foodstuffs and biota dataincluded in Chapter 6.

Note—Background doses (indicated in the table as “ Regional Background”) are calculated based on food products from areas
distant from LANL. Net doses are calculated by subtracting background doses from those at a sampled location near LANL.

public accessis restricted by closing Pajarito Road
between White Rock and TA-51. Exposureto a mem-
ber of the public would be negligible during road
closures. However, we evaluated doses that might be
received by an individual who passes by the facility
frequently and received very small exposures from
operations during which the road remained open.
After reviewing a number of exposure scenarios, we
determined that the scenario with the greatest realistic
potential exposure to amember of the publicisaslow
jogger who passes the facility twice each day (one trip
out and back), 250 round trips per year, at a speed of
3 miles per hour. Probabilistic statistics were used to
calculate the chance an exposure would occur while
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the jogger was within the 0.5-mile stretch of roadway
passing by TA-18.

The calculations predicted that the jogger would
receive a dose of 3 mrem. These are conservative
calculations; they assume that, if an exposure oc-
curred, it would be at the maximum possible level.
Furthermore, fractional probabilities of exposure are
rounded up; for example, if the calculated probability
of exposure were 1.3, it is assumed that 2 exposures
would occur.

Assuming that the jogger was aresident of Los
Alamos during 1998, the dose from food and water
ingestion, from LANSCE operation, and from
exposure to contaminated soils and air would add to

Environmental Surveillance at Los Alamos during 1998
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Table 3-4. RESRAD Input Parametersfor Mortandad Canyon Sediments Collected in 1998

Parameter Value Comments

Areaof contaminated zone 100 m?2 RESRAD default value; alarger area maximizes
exposure via external gamma, inhalation, and
ingestion pathways

Thickness of contaminated zone 3m Based on mesa top conditions (Fresguez et al., 1996)

Time since placement of material Oyr Assumes current year (i.e., no radioactive
decay) and minimal weathering

Cover depth Om Assumption of no cover maximizes dose

Density of contaminated zone 1.6 g/cmd Based on previous models [Buhl 1989] and
mesa top conditions (Fresquez et al ., 1996)

Contaminated zone erosion rate 0.001 m/yr  RESRAD default value

Contaminated zone total porosity 0.5 Average from several samplesin Mortandad
Canyon [Stoker et al., 1991]

Contaminated zone effective porosity 0.3 Table 3.2 in data handbook [Yu et al., 1993]

Contaminated zone hydraulic conductivity 440 m/yr An average value for soil (not tuff) [Nyhan et al.,
1978)

Contaminated zone b parameter 4.05 Mortandad Canyon consists of two units, the topmost
unit being sand (Purtyman et al., 1983) and
Table 13.1 in the data handbook (Yu et a., 1993)

Humidity in air 4.8 g/lem?3 Average value from Los Alamos Climatol ogy
(Bowen 1990)

Evapotranspirations coefficient 0.85 Based on tritium oxide tracers in Mortandad
Canyon (Penrose et al., 1990)

Wind Speed 2m/s RESRAD default value

Precipitation 0.48 mlyr Average value from Los Alamos Climatol ogy
(Bowen 1990)

Irrigation rate 0 m/yr Water in Mortandad Canyon is not used

Runoff coefficient 0.52 Based on mesa top conditions (Fresgquez et al., 1996)

Inhalation rate 8400 m3/yr  RESRAD default value

Mass loading for inhalation 9x10° Phermex (OU 1086) Risk Assessment for
respirable particles

Exposure duration 1year Assumes current year exposure only

Dilution length for airborne dust 3m RESRAD default value

Shielding factor, inhalation 04 RESRAD default value

Shielding factor, external gamma 0.7 RESRAD default value

Fraction of time spent indoors each year 0.7

Fraction of time spent outdoors 0.01
Shape factor 1
Depth of soil mixing layer 0.15m
Soil ingestion rate 44 glyr

Based on 18 h/d (Fresquez et al., 1996)

Assumes an industrial scenario where accessto

site is somewhat limited (Robinson and Thomas 1991)
Corresponds to a contaminated area larger than a
circular area of 1200 m?

RESRAD default value

Calculated based on 100 mg/d for 24 yr (adult)

and 200 mg/d for 6 yr (child) [Fresquez et al., 1996]

Environmental Surveillance at Los Alamos during 1998
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LANSCE Activation
Products (~86%)

Soils Exposure /

Foodstuffs

(~8%)

TA-18
(<<1%)

Ambient Air
(~6%)
(<<1%)

Figure 3-2. Contributionsto total 1.1 mrem dose at East Gate.

the dose from TA-18. These additional doses are
shown in Table 3-2 and in Figure 3-3. Thetotal
calculated dose to this hypothetical resident of Los
Alamos would be 3.1 mrem. Thisdoseis 3% of the
DOE public dose limit of 100 mrem.

4. Dosesto Average Residents of Los Alamos
and White Rock

We cal cul ated doses to the average residents of Los
Alamos and White Rock based on average air concen-
trations (as determined from AIRNET data) in these
areas. To these calculated doses, we add the contribu-
tions from LANSCE and TA-18 (emissions from
LANSCE and TA-18 are not captured by AIRNET),
from ingestion of local food products and water, and
from exposure to radionuclidesin soil. Inyears
previous to 1997, the Laboratory’s annual environ-
mental surveillance report did not include doses other
than those from LANSCE and those calculated from

Radon 200 mrem

AIRNET datain estimating average dosesto Los
Alamos and White Rock residents. Therefore, the
doses reported below are higher than, and not directly
comparable to, earlier estimates of average dosesin
Los Alamos and White Rock.

a. LosAlamos Dose. Thetotal LANL contri-
bution of the dose to an average member of Los
Alamos during 1998 was 0.07 mrem from all path-
ways (Table 3-2). Figure 3-4 shows the various
Laboratory contributionsto this dose. The remainder
of this section explains what contributed to this 0.07
mrem calculated dose.

We compiled air concentration data for uranium,
plutonium, americium, and tritium from stations #4
(Barranca School), #5 (Urban Park), #6 (48th Street),
#7 (Shell Station), #8 (McDonalds), #9 (Los Alamos
Airport), #10 (East Gate), #12 (Royal Crest Trailer
Court), #60 (Los Alamos Canyon), #61 (Los Alamos
Hospital), and #62 (Trinity Bible Church). The

Cosmic and
Terrestrial 120 mrem

LANL 3 mrem

Consumer Products
10 mrem

Medical/Dental

Self-Irradiation
40 mrem

53 mrem

Figure 3-3. Significant contributions to the 1998 radiation dose for the Laboratory’s maximally exposed individual.
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Well Water
Ingestion (0%)

Foodstuffs
Ingestion (0%)

Ambient
Air (37%)

LANSCE (4%)

Soils
Exposure (60%)

Figure 3-4. Laboratory contributions of the dose (0.07 mrem) to an average Los Alamos resident.

modeling to calculate doses from the AIRNET data
includes the dose a person would receive from air
inhalation, food ingestion, and exposure to soil from
theimmediate area. The total dose calculated from the
LosAlamos AIRNET datais 0.062 mrem and does not
incorporate a subtraction for background air concentra-
tions. Not including a background subtraction is
conservative because much of the dose received is
from naturally occurring uranium isotopes.

Because most of the radioactive emissions from
LANSCE and TA-18 are not captured by AIRNET, we
modeled the dose from these emissions to a central
point in Los Alamos using the GENII computer code.
Exposure to the radioactive plume as it passesisthe
only significant pathway. The doseto atypical Los
Alamos resident was calculated to be 0.006 mrem from
LANSCE and 0.0000023 mrem from TA-18 (Table
3-2).

Asdiscussed earlier, the dose calculated from
exposure to contaminated soil in Los Alamosis0.10
mrem. The net doseis statistically indistinguishable
from zero.

Ingestion of locally grown or gathered food could
provide additional dose. Ingestion of food gathered or
grown in the Los Alamos area, including consumption
of fish caught in Cochiti Reservair, is calculated to
give adose of -0.097 mrem (Table 3-2).

Ingestion of water from local wells could be another
exposure source for residents of Los Alamos. For
1998, none of the Los Alamos water supply wells
showed any radionuclides above the detection limit
except uranium. Uranium is considered to be a natural
component of subsurface waters.

b. White Rock Dose. The total dose from all
pathways to an average member of White Rock from

Environmental Surveillance at Los Alamos during 1998

Laboratory operations was 0.18 mremin 1998. The
methodology for calculating the White Rock dose was
identical to that used for LosAlamos. We used the
following AIRNET stationsto calculate average White
Rock air concentrations: #13 (Rocket Park Tennis
Courts), #14 (Pajarito Acres), #15 (White Rock Fire
Station), #16 (White Rock Church of the Nazarene),
and #63 (Monte Rey South). The gross dose (no
background subtraction) calculated from these datais
0.051 mrem. The dose contribution from LANSCE
operations in 1998 was 0.01 mrem, and the contribu-
tion from TA-18 was 0.000015 mrem (Table 3-2).

Because none of the water supply wells for White
Rock showed detectabl e radionuclides other than
presumably naturally occurring uranium, there is no
calculated water ingestion dose for White Rock.
Living on local soils provides the same dose potential
asto amember of LosAlamos (because all sitesin the
Los Alamos/White Rock area were grouped together
for the soil exposure evaluation); the dose would be
0.10 mrem from exposure to soils. Ingestion of locally
grown or gathered food products would provide a dose
of 0.014 mrem (Table 3-2).

5. Ingestion Doses for Various L ocationsin
Northern New Mexico

We collected and analyzed many different types of
food products for their radionuclide content. The
following section presents the details of calculating
food ingestion doses for various locations and food
typesin northern New Mexico. The food ingestion
doses described here are included in the total doses
reported above for average and maximally exposed
residents of Los Alamos and White Rock. These doses
aretabulated in Table 3-3.
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The following sections describe the doses calcu-
lated for each type of food. Doses are calculated
(Table 3-3) for regional background concentrations
(foods that were grown or gathered distant from
LANL and which are presumed to reflect concentra-
tions not affected by LANL operations) and for net
concentrations at al other locations. Net concentra-
tions are calculated by subtracting background con-
centrations from those at the location of interest.

We performed three calculations for foodstuffs
whose average and maximum consumptions values
are documented: one assuming average consumption
rates, one assuming maximum hypothetical consump-
tion rates, and one for dose-per-unit of food con-
sumed. The consumption rates we used in these cal-
culations are reported in the subsections below. We
report the dose-per-unit of food consumed so that
individuals may calculate their own hypothetical doses
based on their knowledge of their actual consumption
rates. Consumption doses are calculated for all food-
stuffs for which we had acceptable data.

a. Ingestion of Produce (Fruitsand Veg-
etables). Fruitsand vegetables were collected at a
number of locations throughout northern New
Mexico. Because the plant types collected differed
according to site, it was not possible to compare
produce ingestion doses from location to location.
Although the specific food types differed at various
locations, the values for fruits and vegetables col-
lected are shown in Table 6-3. For this report we used
consumption rates assuming an average of 130 Ib per
year and a maximum of 352 |b per year of fruits and
vegetables (NRC 1977). The contributions from
cesium-137, strontium-90, uranium, plutonium-238,
uranium-239, -240, and americium-241 were included
in thisingestion calculation (Table 3-3). The highest
doses were calculated to have occurred from ingestion
of food productsin regional background locations.
The average consumption net dose at LANL on-site
locations was -0.0005 (0.003) mrem.

b. Ingestion of Pifion. Doses for ingestion of
pifion tree nuts are cal culated and presented separately
from other produce because of the traditional impor-
tance of pifion in the native diet. Pifion nuts are
produced irregularly in non-annual cycles about every
seven to 10 years. Although there was a crop in 1998,
analytical results from the nuts were not available in
time for inclusion in this report. Because results from
pifion nuts were not available, pifion shoot tips were
collected and analyzed, and Table 6-14 reports those
results. Most literature suggests that the nonedible
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portions of plants tend to have higher concentrations
of radionuclides than the edible portions of plants
(Fresquez et al., 19984). Therefore, the use of pifion
tree foliage to estimate doses for the ingestion of pine
nutsis probably an overestimation (conservative) of
risk. All radionuclides shown in Table 6-14 were
included in the dose calculation. The highest (and
only positive) unit dose of 0.0088 mrem per pound of
pifion was cal culated for the background station
average. We assumed that the average annual con-
sumption was about 3 Ib and that the maximum annual
consumption was 10 Ib. The dose from average
consumption of pifions at the Pueblo of San Ildefonso
for 1998 was calculated to be -0.0014 (0.0050) mrem.

C. Ingestion of Goat’s Milk. Goat’'s milk was
collected from Los Alamos, White Rock/Pajarito
Acres, and Albuguerque (the background location)
and analyzed (Table 6-7). We calculated the dose
(Table 3-3) from cesium-137, iodine-131, strontium-
90, uranium, and plutonium-239, -240. The only
positive doses were calculated for the Albugquerque
milk. Net dosesin LosAlamos and White Rock/
Pajarito Acres were negative but were smaller than
their associated uncertainty. The ingestion rates for
goat’s milk were assumed to be the same as those used
for cow’s whole milk (EPA 1984).

d. Ingestion of Navajo Tea. Navgjo tea (Cota)
stems were collected from Los Alamos, White Rock/
Pajarito Acres, the Pueblo of San Ildefonso, and
background locations. Strontium, cesium, uranium,
plutonium isotopes, and americium were included in
the dose calculation. The largest, and only positive,
dose was calculated for the background location and
was 0.00097 (0.0020) mrem per liter of tea consumed
(Table 3-3). The net dose we calculated for the
Pueblo of San Ildefonso for annual consumption of
402 L (considered an average consumption rate) was
-0.014 (1.1) mrem. A maximum annual consumption
of 548 L would have given adose of -0.019 (1.5)
mrem.

e. Ingestion of Chicken Eggs. We collected
and analyzed chicken eggs from Los Alamos, White
Rock/Pajarito Acres, the Pueblo of San Ildefonso, and
from Espariola (the background location). All of the
doses we calculated from egg consumption were
extremely small; none were statistically different from
zero. The only positive doses were calculated for the
background location in Espafiola, where the unit dose
from eating two eggs was 0.000095 mrem (Table 3-3).
An annual dose from an average consumption of about
1.25 eggs per day (EPA 1984) from the background
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location would be 0.021 (0.029) mrem, and a maxi-
mum consumption of about 2 eggs per day would give
adose of 0.035 (0.048) mrem. The dose calculations
included hydrogen-3, strontium-90, cesium-137,
uranium, plutonium-239, and americium-241.

f. Ingestion of Steer Meat and Bone. A free-
range steer was collected from Pueblo of Cochiti lands
and we compared the results of the analysisto
regional background averages (Table 6-12). Doses for
consumption of meat and bone from the average
background steer and for consumption of the steer
from the Pueblo of Cochiti are presented in Table 3-3.
(Note: Pieces of bone sometimes end up in foodstuffs
we consume.) The background dose from consuming
209 Ib of muscle and about 53 Ib of boneis 2.9 (1.6)
mrem. At maximum consumption rates of 242 Ib of
muscle and 61 |b of bone, the dose would be 3.4 (1.8)
mrem. The net dose from average consumption at the
Pueblo of Cochiti is-0.79 (2.7) mrem, and the dose
from maximum consumption is-0.92 (3.1) mrem.
Consuming muscle or bone from the Cochiti sample
would give doses 0.007 and -0.015 per pound,
respectively. For the calculation of dose from bone
ingestion, tritium, strontium-90, cesium-137, uranium
isotopes, and americium-241 were used. For the
muscle ingestion calculation, all radionuclides were
used (tritium, strontium, cesium, uranium, plutonium
isotopes, and americium).

g. Ingestion of Deer Meat and Bone. We
collected deer killed along roadways within and
around Los Alamos, analyzed their meat and bone
tissue, and compared the results to regional back-
ground samples. We calculated the dose from the
background deer to be 0.0026 mrem per pound of
muscle consumed and 0.076 mrem per pound of bone
consumed. At an average consumption rate of 20.9 Ib
of muscle and 4.4 |b of bone, the 1998 background
dose was 0.18 (0.040) mrem. Maximum consumption
of 50 Ib of muscle and 11 |b of bone would have given
adose of 0.43 (0.096) mrem. For average consump-
tion, the calculated net dose was 0.39 (0.71) mrem.
All data were used in the calculation except the
plutonium-238 value for bone from a buck collected
from Diamond Drive, which was rejected because it
was significantly negative.

h. Ingestion of EIk Meat and Bone. We
collected elk around Los Alamos, analyzed their meat
and bone tissues, and compared the results to regional
background elk samples. We cal culated the dose from
the background elk to be 0.00060 mrem per pound of
muscle consumed and 0.062 mrem per pound of bone
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consumed. At an annual average consumption rate of
20.9 Ib of muscle and 5.3 Ib of bone in 1998, the
background dose would have been 0.35 (0.46) mrem.
The maximum consumption of 50 Ib of muscle and

13 Ib of bone would have given a dose of 0.81 (1.0)
mrem. Calculated net dose for consumption of the
LosAlamos elk was 0.00072 mrem per pound of
muscle and 0.035 mrem per pound of bone consumed.
At an average consumption rate, the calculated doseis
0.21 (0.52) mrem, and at maximum consumption rate,
the dose would be 0.47 (1.2) mrem (Table 3-3). There
were no values for americium-241 in bone for LANL
elk, so americium-241 was not included in any of the
bone dose calculations. For muscle and bone, the
radionuclides included in the calculation were tritium,
strontium-90, cesium-137, uranium isotopes, and
americium-241 (for muscle only).

Note on Deer and Elk Analyses:

A two-year elk tracking study concluded that elk
that spent an average of 50% of their time on LANL
lands contained radionuclide concentrations in muscle
and bone similar to those in elk that have been col-
lected asroad kill as part of the Laboratory’s environ-
mental surveillance program (Fresquez et al., 1998b).
Therefore, it is our conclusion that these road-kill deer
and elk provide a reasonabl e representation of the
contamination levelsin deer and elk populations that
frequent LANL properties.

i. Ingestion of Fish. We compared surface-
feeding fish (referred to as game fish), including trout,
walleye, and bass, collected from reservoirs upstream
of LANL (Abiquiu, Heron, and El Vado) with game
fish collected from Cochiti Reservoir, downstream of
LANL. The calculated net dose (assuming average
consumption) from downstream game fish was
dlightly higher than the 0.0044 (0.0050) mrem dose
for upstream fish although, the uncertaintiesindicate
the doses are not statistically different from each other
(Table 3-3). At an average annual consumption of
12 Ib of fish, the net downstream dose would be 0.011
(0.021) mrem, and it would be 0.040 (0.079) at
maximum consumption of 46 Ib of fish.

We collected bottom-feeding fish (referred to as
nongame fish), including carp, catfish, and sucker,
from the same reservoirs as game fish. For nongame
fish, the background dose was dlightly higher than the
net downstream dose although, as for the game fish,
the differences were not statistically meaningful
(Table 3-3). The assumed average and maximum
consumption rates were the same for nongame fish as
were those for game fish.
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The dose calculations included cesium-137,
uranium isotopes, plutonium isotopes, and americium-
241.

j- Ingestion Dosesfor the Pueblo of San
IIdefonso. Residents of the Pueblo of San Ildefonso
may receive doses from ingestion of food products
grown or gathered locally and from drinking water
from local supply wells.

Food products were analyzed for radionuclide
content (see Chapter 6), and we used these analyses to
calculate doses from ingestion. The doses from
ingestion of all foods grown or gathered locally are
tabulated in Table 3-3. The foods that were grown or
gathered on or near Pueblo of San lldefonso lands are
summarized in Table 3-5. Thetotal dose from
consumption at average rates (as defined in the text of
Section 3.C.5) was calculated to be 0.54 (1.5) mrem.
The large uncertainty indicates that the actual dose
may be zero. The largest contributor to this dose was
consumption of deer killed in the Los Alamos area.
We included the potential dose from consuming these
deer here because San lldefonso lands abut the Los
Alamos area, and deer migrate freely across the
boundaries.

Sampling from wells in and around the Puebl o of
San Ildefonso revealed one case where uranium in the
groundwater exceeded the EPA-proposed drinking
water maximum contaminant level (MCL) of 20 ug
per liter of water. The dose from ingesting groundwa-

Table 3-5. Dose from Foodstuff Grown or
Gathered Near Pueblo of San Ildefonso Lands

ter pumped from wells near San Ildefonso was
calculated assuming 2 liters per day were consumed of
thiswater (EPA 1989). Theratio of the uranium
isotopes was assumed to be the same as natural
isotopic ratios. The doses from drinking these well
waters are shown in Table 3-6. The highest calculated
dose was from the New Community Well with a dose
of 3.0 (0.55) mrem, which was essentially all from the
uranium in the water. The valley area, including the
Pueblo of San Ildefonso, is known to contain high
concentrations of natural uranium in subsurface
deposits and groundwater. The uranium in the
groundwater below the Pueblo of San lldefonsois
natural in origin.

k. Summary of Food Product Ingestion
Doses. Statistically significant doses were seen for
consumption of pifion, steer, and deer from back-
ground locations. By significant, we mean that the
uncertainty in the measurements (which is shownin

Table 3-6. Dose from I ngestion of Two Liters of
Water per Day from Wells Near San |ldefonso

Committed Dose?

Well Name (mrem)

Pajarito Well 1.3 (0.38)
Don Juan Playhouse Well 21 (0.40)
New Community Well 3.0 (0.55)
Sanchez House Well 21 (0.43)
Eastside Artesian Well -0.017(0.26)
Otowi House Well 0.64 (0.35)

aTwo standard deviation values are reported in parentheses.

Dose?
Food Product (mrem)
Produce -0.068° (0.35)
Pifion —0.00043(0.033)
Navagjo Tea -0.014 (1.1)
Eggs -0.012 (0.037)
Mushrooms 0.038 (0.0041)
Deer 039 (0.71)
Elk 021 (0.52)
Total Annual 0.54 (15

aDose assumes average consumption rates as defined in the
text. Mushroom dose assumes consumption of 10 Ibs. Two
standard deviation values are shown in parentheses.

PSee Section 3.C for an explanation of negative numbers.
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parentheses) is smaller than the measured number.
When the uncertainty range includes zero (i.e., when
the reported number minus the uncertainty is less than
zero), then the number itself is not different from zero
in astatistically significant sense.

The largest statistically significant dose would be
from ingestion of steer collected in El Rito, NM. This
dose totaled 2.9 (1.6) mrem for average consumption
rates. We don't report doses from the El Rito steer for
LosAlamos or other hypothetical receptors near the
Laboratory because this was our background steer and
does not represent Laboratory contributions to the
environment. Consumption of an average quantity of
deer from the Los Alamos area would give a dose of
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0.18 (0.040) mrem. The net dose of 0.18 mrem from
consuming deer in this areais about two one-thou-
sandths of the applicable al-pathway limit of 100
mrem. At such low doses, no health or other effects
are expected.

6. Special Scenarios

a. Ingestion of Radioactive Effluent from the
Technical Area 50 Outfall. TA-50 discharges
residual radioactive effluent to Mortandad Canyon.
During 1998, the effluent included tritium; strontium-
89; strontium-90; cesium-137; uranium-234; uranium-
235; plutonium-238; plutonium-239, -240; and
americium-241. No water is derived from Mortandad
Canyon for drinking, industrial, or agricultural
purposes, and comparisons with drinking water
standards are not appropriate. However, because no
physical barriers prevent public access, it is possible,
though unlikely, that an ingestion of the effluent could
occur. The most likely scenario involves avery thirsty
jogger or hiker who hears the water trickling and, in
desperation, drinks from the end of the pipe. Rather
than attempt to estimate a “reasonable” amount that
someone might consume, the dose per liter consumed
is presented here so that others may draw conclusions
about the radiological dose and relative hazard that
this effluent represents. The dose from effluent
consumed is calculated to be 0.99 mrem per liter. Last
year, the dose was reported as 1.2 mrem per liter (ESP
1998). The plutonium isotopes (238, 239, and 240)
and americium-241 contribute the majority of this
calculated dose.

b. Exposureto Soilsin the Vicinity of Los
Alamos and White Rock. We used asimplified
version of the residential scenario originally devel-
oped by Fresquez and others (1996) in a computer
model, RESRAD Version 5.82, to estimate the EDE
from external radiation and the CEDE from internally
deposited radiation (Yu et al., 1993). The primary
simplification was that the modeling performed here
did not consider horizons other than the surface zone
from which the soil samples were taken. We decided
not to include the plant or drinking water ingestion
pathways because they are evaluated through direct
measurement of these media. We have included direct
exposure to, inhalation of, and ingestion of contami-
nated soil in this assessment. Inclusion of zones other
than where the sampling occurred is not important.
The radon pathway is not included because these soil
measurements of uranium (the parent material for
radium-226, which generates radon-222) are of recent,
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shallow soils. Because of the 4.5-billion-year half-life
of uranium-238 and the 1,600-year half-life of radium-
226, no appreciable radon would be generated in the
short time since deposition of these shallow soils. The
dose is compared to that from exposure to background
soils from Embudo, Cochiti Pueblo, and Jemez
Pueblo.

We combined analyses from all soil samples from
the entire areain or near Los Alamos and White Rock
to estimate average soil concentrationsin the Los
Alamos/White Rock area. These average soil concen-
trations (Table 6-1) were the RESRAD input concen-
trations used to cal culate the dose from gross (no
background subtraction) soil concentrations. We
calculated the net dose by subtracting the dose from
background soil concentrations from the dose from
gross concentrations. The net dose and two standard
deviations for Los Alamos/White Rock area were
found to be 0.10 (0.47) mrem. The background dose
was 0.54 (0.08) mrem. The LosAlamos/White Rock
doses are included in the dose summary table (Table
3-2). They are added to the dose to an average
member of Los Alamos or White Rock from other
pathways or sources. These doses are very similar to
the doses reported last year, as would be expected in
the absence of any large-scal e ground-contaminating
event.

D. Estimation of Radiation Dose Equivalentsfor
Naturally Occurring Radiation

Operations at LANL contribute radiation and
radioactive materials to the environment. To put the
Laboratory’simpact into perspective, it isimportant to
understand its contribution relative to existing natural
and man-made radiation and radioactive materialsin
the environment.

External radiation, which affects the body by
exposure to sources external to the body (not from
inhalation or ingestion), comes from two sources that
are approximately equal: cosmic radiation from space
and terrestrial gamma radiation from radionuclides
naturally in the terrestrial environment. Estimates of
dose rates from natural radiation are based on a
comprehensive report by the National Council on
Radiation Protection and Measurements (NCRP
1987b) and assume the dose from cosmic radiation
doseis reduced 20% because of time spent indoors
and the dose from terrestrial radiation sourcesis
reduced by 30% because our bodies provide some
shielding for our internal organs from terrestrial
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photons. In general, doses from direct radiation from
cosmic sources are higher in Los Alamos than White
Rock because White Rock is at alower elevation and
less cosmic radiation reaches the earth’s surface.
Actual annual external background radiation expo-
sures vary depending on factors such as snow cover
and fluctuations of solar radiation (NCRP 1975).

The largest component of our annual dose is from
the decay of natural uranium. Uranium products
occur naturally in soil and are commonly incorporated
into building construction materials. Radon-222 is
produced by decay of radium-226, which is a member
of the uranium decay series. Inhalation of radon-222
resultsin a dose to the lung, which is the largest
component of natural background radiation dose. The
dose from radon-222 decay products to local residents
is assumed to be equal to the national average of 200
mrem per year. We may revise this estimate if a
nationwide study of background levels of radon-222
in homesis undertaken or if we obtain reliable data on
average radon concentrations in homes in northern
New Mexico. A national survey has been recom-
mended by the NCRP (NCRP 1984, 1987a).

Another naturally occurring source of dose to the
body isfrom natural radioactive materials incorpo-
rated into the body. Most importantly, a small per-
centage of all potassium is radioactive potassium-40.
Because our bodies require potassium, we have a
certain amount of radioactive potassium within us,
and the decay of this potassium-40 gives us a dose of
about 18 mrem per year. Natural uranium and carbon-
11 contribute another 21 mrem or so to give atotal
dose from internal radionuclides of about 40 mrem
each year. Global fallout doses resulting from atmo-
spheric testing of nuclear weapons are only a small
fraction, less than 0.3%, of total environmental doses.

Members of the US population receive an average
dose of 53 mrem per year from medical and dental
uses of radiation (NCRP 1987a). The various con-
tributors to radiation dose to the maximally exposed
individual in the Los Alamos area are shown graphi-
cally in Figure 3-3. Inthe LosAlamos area, we
receive roughly 120 mrem from terrestrial and cosmic
externa sources, 200 mrem from radon, 40 mrem
from internal sources, 53 mrem from medical and
dental procedures, and perhaps 1 mrem from global
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fallout to give atotal “background” dose of about 413
mrem.

E. Risk toan Individual from Laboratory
Operations

In the 1995 Environmental Surveillance Report, we
discontinued our practice of calculating and reporting
cancer risks associated with doses received as a result
of LANL operations. We did this because health
effects from radiation exposure have been observed in
humans only at doses in excess of 10 rem delivered at
high dose rates (HPS 1996). Doses resulting from
LANL operations are typically in the low mrem or
fractional mrem range, and our conclusion isthat there
would be no adverse health effects, including cancer,
from these doses.

If areader believes that thereisadirect relation-
ship between low radiation dose and cancer, she/he
could calculate that risk by multiplying the doses
reported in this report by the cancer risk factor (which
should be given in terms of excess cancer death risk
per mrem of exposure). |f one chooses to use the
BEIR or EPA risk estimates (factors) to calculate the
potential excess cancer rates from asmall radiation
dose, a sizable body of research indicates that the
calculation will overestimate the actual risk.

The risks calculated from natural background
radiation and medical and dental radiation can be
compared with the incremental risk caused by radia-
tion from Laboratory operations. The average doses
to individualsin Los Alamos and White Rock from
1998 L aboratory activities were 0.07 and 0.2 mrem,
respectively. The exposure to Los Alamos County
residents from Laboratory operationsiswell within
variations in exposure of these people to natural
cosmic and terrestrial sources and global fallout. For
example, variation in the amount of snow cover and in
the solar sunspot cycle can cause a 10-mrem differ-
ence from year to year (NCRP 1975).

For Americans, the average lifetimerisk isa 1-in-4
chance of contracting cancer and a 1-in-5 chance of
dying of cancer (EPA 1979). Assuming one accepts
the most conservative risk estimates (BEIR V 1990
and EPA 1994), the incremental risk from exposure to
Laboratory operationsis negligible.

Environmental Surveillance at Los Alamos during 1998



3. Environmental Radiological Dose Assessment

F. References

BBER 1998: University of New Mexico Bureau of Business and Economic Research, New Mexico, projected
population data for New Mexico counties, from: www.unm.edu/~bber/demo/nmco9095.htm (May 1998).

BEIR V 1990: National Research Council, Committee on the Biological Effects of lonizing Radiations,
Health Effects of Exposures to Low Levels of lonizing Radiation, National Academy Press, Washington,
DC (1990).

Bowen 1990: B. M. Bowen, “LosAlamos Climatology,” Los Alamos National Laboratory report LA-11735-
MS (May 1990).

Buhl 1989: T. E. Buhl, Memorandum to Mr. E. A. Jennrich, Rogers and Associates Engineering Corporation
(February 24, 1989).

DOE 1988a: US Department of Energy, “External Dose Conversion Factors for Calculating Dose to the
Public,” US Department of Energy report DOE/EP-0070 (July 1988).

DOE 1988b: US Department of Energy, “Internal Dose Conversion Factors for Calculating Dose to the
Public,” US Department of Energy report DOE/EP-0071 (July 1988).

DOE 1990: US Department of Energy, “Radiation Protection of the Public and the Environment,” US
Department of Energy Order 5400.5 (February 1990).

DOE 1991: US Department of Energy, “ Environmental Regulatory Guide for Radiological Effluent Monitor-
ing and Environmental Surveillance,” US Department of Energy report DOE/EH-0173T (January 1991).

EPA 1979: US Environmental Protection Agency, “National Emission Standards for Identifying, Assessing,
and Regulating Airborne Substances Posing a Risk of Cancer,” Federal Register 44, 197 58643 (October
1979).

EPA 1984: Environmental Protection Agency, “An Estimation of Daily Average Food Intake by Age and Sex
for Use in Assessing the Radionuclide Intake of Individualsin the General Population,” EPA 520/1-83-
021 (October 1984).

EPA 1989: Environmental Protection Agency, “ Exposure Factors Handbook,” EPA 600/8-89-043, (July 1989).

EPA 1994: Environmental Protection Agency, “Federal Radiation Protection Guidance for Exposure of the
General Public; Notice Federal Register,” (December 23, 1994).

ESP1996: Environmenta Surveillance Program, “Environmental Surveillance at Los Alamos during 1995,”
LosAlamos National Laboratory report LA-13210-M S (October 1996).

ESP 1997: Environmental Surveillance Program, “ Environmental Surveillance and Compliance at Los
Alamos during 1996,” LosAlamos National Laboratory report LA-13343-M S (September 1997).

ESP 1998: Environmental Surveillance Program, “ Environmental Surveillance and Compliance at Los
Alamos during 1997,” Los Alamos National Laboratory report LA-13487-M S (September 1998).

Fresquez et al., 1996: P. R. Fresquez, M. A. Mullen, J. K. Ferenbaugh, R. A. Perona, “Radionuclides and
Radioactivity in Soilswithin and around Los Alamos National Laboratory, 1974 through 1994: Concen-
trations, Trends, and Dose Comparisons,” LosAlamos National Laboratory report LA-13149-MS (April
1996).

Fresquez et al., 1998a: P. R. Fresquez, D. R. Armstrong, M. A. Mullen, and L. Naranjo, Jr., “The Uptake of
Radionuclides by Beans, Squash, and Corn Growing in Contaminated Alluvial Soils at Los Alamos
National Laboratory,” Journal of Environmental Science Health, B33(1), 99-122 (1998).

Fresquez et a., 1998b: P. R. Fresquez, J. R. Biggs, K. D. Bennett, D. H. Kraig, M. A. Mullen, J. K.
Ferenbaugh, “ Radionuclide Concentrationsin Deer and Elk from Los Alamos National Laboratory:
19911998, “ LosAlamos National Laboratory report LA-13553-M S (December 1998).

Environmental Surveillance at Los Alamos during 1998 67



3. Environmental Radiological Dose Assessment

HPS 1996: Health Physics Society, “Radiation Risk in Perspective,” Health Physics Society Position State-
ment, HPS Newsdletter (March 1996).

Napier et a., 1988: B. A. Napier, R. A. Peloquin, D. L. Strenge, and J. V. Ramsdell, “Hanford Environmental
Dosimetry Upgrade Project. GENII - The Hanford Environmental Radiation Dosimetry Software
System,” Pacific Northwest Laboratories, PNL-6584, Richland, WA (1988).

NCRP 1975: National Council on Radiation Protection and Measurements, “Natural Background Radiation in
the United States,” National Council on Radiation Protection and Measurements report 45 (November
1975).

NCRP 1984: National Council on Radiation Protection and M easurements, “ Exposures from the Uranium
Series with Emphasis on Radon and Its Daughters,” National Council on Radiation Protection and
Measurements report 77 (March 15, 1984).

NCRP 1987a: Nationa Council on Radiation Protection and Measurements, “lonizing Radiation Exposure of
the Population of the United States,” National Council on Radiation Protection and M easurements report
93 (September 1987).

NCRP 1987b: National Council on Radiation Protection and Measurements, “ Exposure of the Population in
the United States and Canada from Natural Background Radiation,” National Council on Radiation
Protection and Measurements report 94 (December 1987).

NRC 1977: Nuclear Regulatory Commission, “Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR 50, Appendix I,” Nuclear
Regulatory Commission Report, Regulatory Guide 1.109 (October 1977).

Nyhan et a., 1978: J. W. Nyhan, L. W. Hacker, T. E. Calhoun, and D. L. Young, “Soil Survey of LosAlamos
County, New Mexico,” LosAlamos Scientific Laboratory report LA-6779-MS (June 1978).

Penrose et al., 1990: W. R. Penrose, L. Wilfred, E. H. Essington, D. M. Nelson, and K. A. Orlandini, “Mobility
of Plutonium and Americium through a Shallow Aquifer in a Semiarid Region,” Environmental Science
and Technology, Vol 24, No. 2, 1990, pp. 228-234.

Purtymun et a., 1983: W. D. Purtymun, W. R. Hansen, and R. J. Peters, “ Radiochemical Quality of Water in
the Shallow Aquifer in Mortandad Canyon 1967—-1978,” LosAlamos National Laboratory report LA-
11134-MS (March 1983).

Robinson and Thomas 1991: J. P. Robinson and J. Thomas, “ Time Spent in Activities, Locations, and Mi-
croenvironments: A California-National Comparison Project Report,” U.S. Environmental Protection
Agency, Environmental Monitoring Systems Laboratory, Las Vegas, Nevada (1991).

Stoker et al., 1991: A. K. Stoker, W. D. Purtymun, S. G. McLin, and M. N. Maes, “Extent of Saturation in
Mortandad Canyon,” Los Alamos National Laboratory document LA-UR-91-1660 (May 1991).

Yu 1993: C.Yu, C. Loureiro, J. J. Cheng, L. G. Jones, U. U. Wang, Y. P. Chia, and E. Faillace, “Data Collec-
tion Handbook to Support Modeling the Impacts of Radioactive Material in Soil,” Argonne National
Laboratory report ANL/EAIS-8 (April 1993).

68 Environmental Surveillance at Los Alamos during 1998



4. Air Surveillance

primary authors:
Jeffrey A. Baars, Jean Dewart, Craig F. Eberhart, Scott A. Miller, Terry Morgan, Allen Treadaway

Highlights from 1998

Los Alamos National Laboratory (LANL or the Laboratory) operations emit radioactive and nonradio-
active air pollutants and direct penetrating radiation into the atmosphere. Air surveillance at Los Alamos
includes monitoring emissions, ambient air quality, direct penetrating radiation, and meteorological
parameters to determine the air quality impacts of Laboratory operations.

The ambient air quality in and around the Laboratory meets all Environmental Protection Agency
(EPA) and Department of Energy (DOE) standards for protecting the public and workers.

During 1998, radioactive air emissions were much less than during 1997 because of a shorter run
cycle at Los Alamos Neutron Science Center (LANSCE). Criteria pollutant emissions fromindustrial
sources for 1998 were similar to 1997 emissions. Temperatures were somewhat above normal for 1998.
Total precipitation for the year was near average: the result of 2 wet months offsetting 10 dry to near-
normal months. Snowfall was less than 20% of 30-year average values.

Radioactive ambient air quality was very similar to 1997. Highest air concentrations caused by
Laboratory operations were measured at on-site locations: Technical Area (TA) 54, Area G; TA-21; and
TA-16. Several instances of elevated air concentrations were investigated in 1998. These elevated air
concentrations were produced by routine Laboratory operations, and in one case, by elevated tritium
emissions that resulted from an equipment failure. None of these elevated air concentrations exceeded
DOE or EPA protection standards for workers or the public.

During 1998, measurements of direct penetrating radiation were similar to 1997 values. Highest doses
are measured at locations on-site at Mortandad Canyon; the LANSCE lagoons; Area A at LANSCE;
TA-54, Area G; and TA-21, Area T. An evaluation of alternate direct penetrating radiation measurement
systems supports the conclusion that our thermoluminescent dosimeters (TLDs) overrespond by about
50% to low-energy gamma radiation; therefore, actual doses at many TA-54, Area G, locations are much
smaller than reported here. We report one full year of albedo dosimeter (neutron) measurements, taken
on-site in the vicinity of TA-18. The highest dose, 7.4 mrem, was measured at the entrance to TA-36.
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4. Air Surveillance

A. Ambient Air Sampling (Craig Eberhart)

1. Introduction

Theradiological air sampling network, referred to
asAIRNET, at Los Alamos National Laboratory
(LANL or the Laboratory) measures environmental
levels of airborne radionuclides that may be released
from Laboratory operations. Laboratory emissions
include plutonium, americium, uranium, tritium, and
activation products. Each AIRNET station collects
two types of samples for analysis. atotal particulate
matter sample and a water vapor sample.

Natural atmospheric and fallout radioactivity levels
fluctuate and affect measurements made by the
Laboratory’s air sampling program. Regional airborne
radioactivity islargely composed of fallout from past
atmospheric nuclear weapons tests by several coun-
tries, natural radioactive constituents from the decay
of thorium and uranium attached to dust particles,
terrestrial radon diffusing out of the earth, and
materials resulting from interactions with cosmic
radiation (for example, natural tritiated water vapor
produced by interactions of cosmic radiation and
stable water). Table 4-1 summarizes regional levels of
radioactivity in the atmosphere, which are useful in
interpreting air sampling data.

Particulate matter in the atmosphere is primarily
caused by the resuspension of soil, which is dependent
on meteorological conditions. Windy, dry days can
increase the soil resuspension, but precipitation (rain
or snow) can wash particul ate matter out of the air.
Consequently, changing meteorological conditions
often cause large daily and seasonal fluctuationsin
airborne radioactivity concentrations.

The summed dose, as calculated from the measured
airborne concentrations, excluding lead-210, which is
anaturally occurring radon decay product, is less than
the Environmental Protection Agency (EPA) annual
dose limit of 10 mrem (see Section 2.B.6.b).

2. Air Monitoring Network

During 1998, the L aboratory operated more than 50
environmental air samplers to sample radionuclides by
collecting water vapor and particul ate matter.
AIRNET sampling locations (Figures 4-1 through 4-3)
are categorized as regional, pueblo, perimeter, quality
assurance (QA), Technical Area (TA) 21, TA-15 and
TA-36, TA-54 (Area G), or other on-site locations.
Four regional sampling stations determine regional
background and fallout levels of atmospheric radioac-
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tivity. These regional stations are located in Espafiola
and El Rancho and at two locationsin Santa Fe. The
pueblo monitoring stations are located at the Pueblos
of San Ildefonso and Jemez. In 1998, more than 20
perimeter stations were located within 4 km of the
Laboratory boundary.

Because maximum concentrations of airborne
releases of radionuclides would most likely occur on-
site, more than 30 stations are within the Laboratory
boundary. For QA purposes, two samplers are co-
located as duplicate samplers, one at TA-54 and one at
TA-49. |n addition, a backup station is located at East
Gate. Stations can also be classified as being inside or
outside a controlled area. A controlled areais a posted
areathat potentially has radioactive materials or
elevated radiation fields (DOE 1988). The active
waste disposal site at TA-54, Area G, is an example of
acontrolled area.

3. Sampling Procedures, Data Management,
and Quality Assurance

a. Sampling Procedures. Each sampler hasa
filter that collects a particul ate matter sample for
counting and radiochemical determinations and a
silicagel cartridge that collects water vapor for tritium
analysis. Thefilter and the gel cartridge are typically
collected and analyzed biweekly. After collection, the
particulate matter filters are cut in half, and one-half is
promptly sent to an analytical laboratory for alpha,
beta, and gamma analyses. The other half is retained
and composited quarterly for isotopic analysisto
increase our ability to detect specific radionuclides.
Details about the sample collection, sample manage-
ment, chemical analysis, and data management
activities are provided in the AIRNET project plan
(ESH-17 1999) and in the numerous procedures
through which the plan is implemented.

b. Data Management. The 1998 field data,
including timer readings, volumetric airflow rates at
the start and stop of the sampling period, and com-
ments pertaining to these data, were recorded elec-
tronically in the field on a palm-top microcomputer.
We later transferred these data to an electronic table
format within the Air Quality Group (ESH-17)
AIRNET Microsoft Access database. The analytical
data described in the next section were also delivered
in electronic form and loaded into the database.

c. Analytical Chemistry. A commercial
laboratory analyzed one-half of each 1998 particulate
matter filter biweekly for gross alpha and gross beta.
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These half filters were also grouped across sites,
designated “clumps,” and analyzed for potential
gamma-emitting radionuclides. For 1998, clumps
ranged from three to nine half filters. A composite for
isotopic analyses and gamma spectroscopy was
prepared quarterly for each Federal Facilities Compli-
ance Agreement station by combining the remaining
half filters from the six or seven sampling periods
during the quarter. Every two weeks, ESH-17 staff
distilled the water from the silica gel cartridges and
submitted the distillate to a commercia laboratory for
tritium determination using liquid scintillation
spectrometry. All analytical procedures meet the
reguirements of 40 Code of Federal Regulations
(CFR) 61, Appendix B, Method 114. A summary of
the target minimum detectable amounts (MDA) for the
biweekly and quarterly samplesis provided in the
AIRNET project plan.

d. Laboratory Quality Control Samples. For
1998, ESH-17 and the contractor analytical laborato-
ries maintained a program of blank, spike, duplicate,
and replicate analyses. This program provided
information on the quality of the data received from
analytical chemistry laboratories. The chemistry met
the QA requirements for the AIRNET program.

4. Radiochemical Analytical Results

a. Explanation of Reported Dosesincluding
Negative Values. All datain thisAIRNET section,
whether in the tables or the text, that are expressed as
avalue plus or minus () another value represent a
95% confidence interval. Because these confidence
intervals are calculated with data from multiple sites
and throughout the year, they include not only random
measurement and analytical errors, but also seasonal
and spatia variations aswell. As such, the calculated
95% confidence intervals are overestimated (wider)
for the average concentrations and probably represent
confidence intervals that are essentially 100%. In
addition, the air concentration standard deviationsin
the tables represent one standard deviation as calcu-
lated from the sample data. Finally, all AIRNET
concentrations and doses are total measurements
without any type of regional background subtractions
or corrections unless otherwise stated.

Some values in the tables indicate that we mea-
sured negative concentrations of radionuclidesin the
ambient air, which, of course, isimpossible. How-
ever, it is possible for the measured concentration to
be negative because the measured concentration is a
sum of the true value and al random errors. Asthe
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true value approaches zero, the measured value
approaches the total random errors, which can be
negative or positive and overwhelm the true value.
Arbitrarily discarding negative values when the true
valueis near zero will result in overestimated ambient
concentrations.

b. GrossAlpha and Beta Radioactivity. We
use gross apha and gross beta analyses primarily to
evaluate general radiological air quality and to
identify potential trends. If gross activity in a sample
is consistent with past observations and background,
immediate special analyses for specific radionuclides
are not necessary. If the gross analytical results
appear to be elevated, then immediate analyses for
specific radionuclides may be performed to investigate
whether there has been a problem, such as an un-
planned release. Gross alpha and beta activity in air
exhibits considerable environmental variability and,
for apha measurements, analytical variability. These
naturally occurring sources of variability generally
overwhelm any L aboratory contributions.

The National Council on Radiation Protection and
M easurements (NCRP) estimated the average concen-
tration of long-lived gross alpha activity in air to be 2
fCi per cubic meter. The primary alpha activity is due
to polonium-210 (a decay product of radon) and other
naturally occurring radionuclides (NCRP 1975, NCRP
1987). The NCRP also estimated average concentra-
tion levels of long-lived gross beta activity in air to be
20 fCi per cubic meter. Thisactivity is primarily
because of the presence of lead-210 and bismuth-210
(also decay products of radon) and other naturally
occurring radionuclides.

More than 1,000 air samples were collected in 1998
and analyzed for gross alpha and gross beta activity.
As shown in Table 4-2, the annual mean for al of the
stations is less than the NCRP's estimated average (2
fCi per cubic meter) for gross apha concentrations.
Gross alpha activity is almost entirely from the decay
of natural radionuclides, primarily radon, and is
dependent on variations in natural conditions such as
atmospheric pressure, temperature, and soil moisture.
The differences among the groups are most likely
attributabl e to these factors (NCRP 1975, NCRP
1987).

Table 4-3 shows gross beta concentrations within
and around the Laboratory. These data show variabil-
ity similar to the gross alpha concentrations. All of
the annual averages are below 20 fCi per cubic meter,
the NCRP estimated national average for gross beta
concentrations.
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c. Tritium. Tritiumis present in the environ-
ment primarily as the result of nuclear weapons tests
and natural production by cosmogenic processes
(Eisenbud and Gesell 1997). Tritium isreleased by
the Laboratory in curie amounts; in 1998, Laboratory
operations released approximately 825 Ci of tritium.

Two factors are needed to estimate ambient levels
of tritium as an oxide (water): water vapor concentra-
tionsin the air and tritium concentrations in the water
vapor. Both of these need to be representative of the
true concentrations to obtain an accurate estimate of
the ambient tritium concentrations. In early 1998, it
was found that the silica gel collection medium was
not capabl e of removing all of the moisture from the
atmosphere (Eberhart 1999). Collection efficiencies
were as low as 10% to 20% in the middle of the
summer when the ambient concentrations of water
vapor were the highest. Because 100% of the water
was not collected on the silica gel and this water was
used to measure water vapor concentrations, the
atmospheric water vapor, and therefore tritiated water,
has been underestimated. However, data from the
meteorological monitoring network provide accurate
measurements of atmospheric water vapor concentra-
tions and have been combined with the analytical
results to calculate all ambient tritium concentrations
in this report. The EPA approved use of this method
for compliance calculations of atmospheric tritium
concentrations in March 1999.

The sampling results for tritiated water concentra-
tions are presented in Table 4-4. Average annual
concentrations for 1998 at all of the on-site stations
and perimeter stations were higher than all of the
regional and pueblo stations. In addition, every on-
site station in technical areas with tritium sources
(TA-16, TA-21, and TA-54) was higher than any of the
perimeter stations. These data indicate that the
Laboratory is a measurable source of tritium based on
ambient concentrations. However, all annual mean
concentrations at all sampling sites were well below
the applicable EPA and the Department of Energy
(DOE) guidelines.

The highest off-site annual concentration, 4.2 pCi
per cubic meter, was at station 9 in Los Alamos. This
represents only 0.3% of the EPA public dose limit.
Elevated concentrations were observed at a number of
on-site stations, with the highest maximum and annual
mean concentrations at station 35 within TA-54,

Area G. Thissampler islocated in aradiological
control area, near shafts containing tritium-contami-
nated waste. The annual mean concentration, 864 pCi
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per cubic meter, isonly 0.004% of the DOE derived
air concentration (DAC) for worker exposure.
Elevated mean air concentrations were also seen at
other Area G stations, at TA-21 stations, and a station
located at TA-16 (25). Station 25 islocated near a
tritium facility, but the source of the higher tritium
levels appears to be off-gassing from some used
tritium processing equipment that is stored nearby.

d. Plutonium. While plutonium occurs
naturally at extremely low concentrations from cosmic
radiation and spontaneous fission (Eisenbud and
Gesell 1997), it is not naturally present in measurable
guantities in the ambient air. All measurable sources
are from plutonium research and development
activities, nuclear weapons production and testing, the
nuclear fuel cycle, and other related activities. With
few exceptions, worldwide fallout from atmospheric
testing of nuclear explosivesis the primary source of
plutonium in ambient air. Four isotopes of concern
can be present in the atmosphere: plutonium-238,
plutonium-239, plutonium-240, and plutonium-241.
Plutonium-241 is not measured because it is alow-
energy beta emitter that decays to americium-241,
which is measured. This beta decay is not only hard
to measure, but the dose is small when compared to
americium-241. Plutonium-239 and plutonium-240
are indistinguishable by alpha spectroscopy and are
grouped together for analytical purposes.

Sampling results for plutonium-238 are presented
in Table 4-5. Most of the analytical results, including
the on-site stations, were below the MDA. The highest
group summary mean was for the TA-21 stations, with
an annual mean of 2.4 aCi per cubic meter. Thisresult
corresponds to 0.1% of the EPA public dose limit.

The highest annual mean for an individual station was
72 at TA-21 with an annual mean activity of 8.6 aCi
per cubic meter, which corresponds to 0.4% of the
EPA public dose limit, or 0.04 mrem.

Sampling results for plutonium-239 appear in Table
4-6. Aswith the plutonium-238 analyses, most of the
analytical results were below the MDA. The off-site
stations (regional, pueblo, and perimeter stations) all
indicate annual means near zero. The highest annual
mean at any off-site station occurred at a perimeter
sampler in the Los Alamos townsite (07) with an
annual concentration of 4.1 aCi/m?3 of plutonium-239,
-240. Thisannua mean concentration corresponds to
0.2% of the EPA’s public dose limit, or 0.02 mrem.
The stations at TA-21 have an annual group mean
concentration of 24 aCi/m3 with the maximum annual
concentration at station 72. This group and site have
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the highest averages, yet the maximum concentration
isonly 4% of the EPA public dose limit. The elevated
concentrations at TA-21 may have resulted from
decontamination and decommissioning (D& D)
materials handling and/or increased ground-level
emissions associated with resuspension of soil
containing elevated plutonium concentrations.

The TA-54, Area G stations were the only other
group of sitesthat had elevated ambient concentra-
tions with an annual average of about 15 aCi/mS3. The
annual average for the highest Area G station (27)
dropped from 679 aCi/m3in 1997 to 73 aCi/m3in
1998 indicating that the mitigation activities, covering
the surface contamination with gravel and sand, are
still working (for further discussion see 4.A.5.€).

e. Americium. Americium-241, adecay
product of plutonium-241, is the primary source of
radiation from thisisotope of plutonium. Plutonium-
241 is released to the environment from nuclear
explosions, the nuclear fuel cycle, and other process-
ing of plutonium.

Americium results are presented in Table 4-7. As
with plutonium-238 and -239, americium is present in
very low concentrations in the environment; this result
isindicated by the low annual mean concentrations
seen at the regional, pueblo, and perimeter station
summaries. All of these off-site measurements are
below the MDA. Several elevated measurements at
the TA-21 sites may be due to increased ground-level
emissions caused by resuspension of dust. The
highest concentrations of americium-241 were
measured at the TA-54, Area G stations, especially at
site 27 where the annual concentration was nearly 4
times higher than the next highest annual concentra-
tion. However, the concentration dropped an order of
magnitude (469 aCi/m3 to 48 aCi/md3) from 1997 to
1998 because of mitigation efforts. The concentration
at thisArea G site, which is a controlled-access area,
is equivalent to adose of 0.25 mrem or only 0.002%
of the applicable DOE DAC.

f. Uranium. Three isotopes of uranium are
normally found in nature: uranium-234, uranium-235,
and uranium-238. The natural sources of uranium are
crustal rocks and soils. Therefore, the ambient con-
centrations are dependent upon the mass of suspended
particulate matter, the uranium concentrationsin the
parent material, and any local sources. Typical ura-
nium crustal concentrations range from 0.5 ppmto 5
ppm, but local concentrations can be well above this
range (Eisenbud and Gesell 1997). Relative isotopic
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abundances are constant and well characterized. In
addition, uranium-238 and uranium-234 are essen-
tially in radioactive equilibrium, with a measured
uranium-238 to uranium-234 isotopic activity ratio of
0.993 (as calculated from Walker et al., 1989). Be-
cause the uranium normally used at LANL is enriched
or depleted, significant changesin thisratio are a good
indicator of possible Laboratory impacts. Excess
uranium-238 indicates an impact resulting from de-
pleted uranium, whereas excess uranium-234 indicates
enriched uranium. Tables 4-8 through 4-10 give ura-
nium results. The quarterly uranium-234 and -238
measurements that are above the MDA for both iso-
topes are plotted in Figure 4-4 along with aline repre-
senting the natural abundance of the two isotopes.

All annual mean concentrations of the three
uranium isotopes were well below the applicable EPA
and DOE guidelines. The maximum annual concentra-
tionswere all measured at site 38, the QA station in
Area G. The concentrations at the adjacent station,
site 27, were comparable, but slightly lower. The
maximum annual uranium-234 concentration was 61
aCi/m3, which is equivalent to a dose of about 0.08
mrem. The uranium-235 concentration was 4.4
aCi/m3, equivalent to a dose of less than 0.01 mrem,
but three of the four quarterly concentrations were
below the MDA, and the remaining value was only
equal to the MDA. The uranium-238 concentration
was 62 aCi/m3, which is equivalent to a dose of about
0.07 mrem. Most of the uranium-235 measurements
(89%), both on- and off-site, were below the MDA,
whereas only about 17% of the uranium-234 and
uranium-238 concentrations were below the MDA.
Consequently, the uranium-235 data should not be
considered quantitative measurements.

Both the regional and pueblo groupings had higher
average concentrations of uranium-234 than all of the
other groupings except for the TA-54, Area G stations.
The higher concentrations for the regional and pueblo
groups are caused by increased particul ate matter
concentrations associated with unpaved roads,
unpaved parking lots, other soil disturbances such as
construction activities, and even grazing but not any
known “man-made” sources of uranium. Dry weather
or adrier climate can also increase ambient concentra-
tions of particulate matter and therefore uranium. The
regional and pueblo groups were aso higher than the
perimeter group for uranium-238 but comparable to or
lower than on-site concentrations possibly because of
various Laboratory sources of uranium-238. Annual
mean concentrations for both uranium-234 and
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uranium-238 were above 50 aCi/m? at four sites for
1998. Three of these sites are located at Area G (27,
38, and 45), and one is located at the Los Alamos
County landfill (32).

Figure 4-4 also shows that most of the quarterly
uranium measurements above 40 aCi/m3 were
measured at Area G or at the Los Alamos County
Landfill. TheArea G sites also typically have
plutonium and americium concentrations that are
above background levels. However, the relative
abundance of uranium-238 and uranium-234 indicate
that the higher uranium concentrations at Area G and
at the County Landfill sites are attributable to natural
uranium. Therefore, these higher uranium concentra-
tions are apparently caused by the natural uranium
associated with higher levels of resuspended particu-
late matter from unpaved roads and surface soil
disturbances.

Three quarterly samples (Figure 4-4) had uranium-
238 to -234 ratios greater than 2.0, indicating excess
uranium-238 concentrations. All three of these
quarterly samples were collected from site 77 at TA-
36. The other quarterly sample from site 77 also had a
ratio greater that 2, but the uranium-234 concentration
was not above the MDA.. The two TA-15 sites nearby,
76 and 78, did not show elevated uranium-238 levels.
The average ratio of the four samples from sites 76
and 78 with concentrations above the MDA is 0.998,
which isvirtually identical to the natural abundance of
0.993. [It should be noted that previous Laboratory
publications have listed site 77 as an AIRNET sampler
at |Jsitein TA-15. Thisidentification is not com-
pletely correct. The AIRNET sampler isat |J site but
within the TA-36 boundaries and close to TA-15.]

TA-15 and TA-36 are the primary technical areas
for high-explosive testing. Depleted uranium, consist-
ing primarily of uranium-238, has been dispersed for
many years by these high-explosive experiments. The
1998 experiments used about 121 kg of depleted
uranium, containing approximately 45 millicuries of
radioactivity. More than 95% of the 1998 usage
occurred at the “Minie” firing site near TA-36-8.

Most of the debris from these experiments was depos-
ited on the ground in the vicinity of the firing sites.
Limited experimental data show that no more than
about 10% of the uranium becomes aerosolized in a
high-explosive test (Dahl and Johnson 1977).

Site 77 isthe closest AIRNET sampler to “Minie,”
but the TA-15 sites are not much further away, and
they are in the same basic direction from “Minie.” If
the consistently high uranium-238 at site 77 was due
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to the 1998 experiments, the other two sites should
also show some elevated ratios. The absence of excess
uranium-238 at the TA-15 sites and its consistent
presence at site 77 indicate that the source is nearby
and the impact islocalized. Resuspension of the
depleted uranium from historical testing at |J siteis
the most likely cause.

The 1998 uranium-238 concentration at site 77 was
36 aCi/md. If we presume that all of the measured
uranium-234 at this site is natural, then about one
third or 12 aCi/m3 of the uranium-238 would also be
natural, leaving an estimated LANL contribution of
24 aCi/m3, which is equivalent to an on-site dose of
about 0.03 mrem.

g. Gamma Spectroscopy Measurements. In
1998, gamma spectroscopy measurements were made
on groups of filtersincluding analyses of “clumps”
(biweekly filters grouped across sites for asingle
sampling period) and quarterly composites (biweekly
filters grouped acrosstime for asingle site). Even
though there are no action levels per se for these
gamma emitters, we would investigate any measure-
ment above the MDA, other than beryllium-7 and
lead-210, because the existing data indicate that such a
measurement is highly unlikely unlessthereisan
accidental release. Instead of action levels, thereisa
list of minimum detection levelsin the AIRNET
Sampling and Analysis Plan (ESH-17 1999) for 16
gamma emitters that could either be released from
Laboratory operations or occur naturally in measur-
able amounts (beryllium-7 and lead-210). The
minimum levels are equivalent to a dose of 0.5 mrem.
The beryllium-7 and lead-210 measurements were the
only isotopes above their minimum detectable
activities.

Table 4-11 summarizes the “less than” concentra-
tions. The average annual MDA for every radionu-
clide in this table meets the required minimum
detection levels. Because every value used to calcu-
late the average annual MDA was a“less than” value
for the 14 radionuclides listed in the table, it islikely
that the actual concentrations are three or more
standard deviations away from the average MDA. As
such, the ambient concentrations, which were calcu-
lated from the MDA values, are expressed as “much
less’ (<<) values.

Table 4-12 summarizes the beryllium-7 and lead-
210 data. Both beryllium-7 and lead-210 occur natu-
rally in the atmosphere. Beryllium-7is
cosmogenically produced, whereas lead-210 isa
decay product of radon-222. Even though some lead-
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210 isrelated to suspension of terrestrial particulate
matter, the primary source is atmospheric decay of
radon-222. Because gases produce both radionu-
clides, they will quickly coalesce into fine particles
and also deposit on the surfaces of other suspended
particles. The effective sourceis cosmic for beryl-
lium-7 and terrestrial for lead-210, so the ratio of the
two concentrations will vary, but they should be
relatively constant for a given sampling period. Be-
cause al of the other radionuclides measured by
gamma spectroscopy are “less than” values, measure-
ments of these two radionuclides provide verification
that the sample analysis process is working properly.
In addition, the lead-210 measurements cal cul ate the
contribution (38 mrem) to the total dose from radon.

5. Investigation of Elevated Air Concentrations

In 1998, a number of air sampling values exceeded
all ESH-17 investigation levels. See the discussion of
how we determined investigation levelsin the
AIRNET sampling and analysis plan (ESH-17 1999).
When ameasured air concentration exceeds an
investigation level, ESH-17 verifies that the calcula-
tions were done correctly and that the sampled air
concentrations are likely to be representative, i.e., that
Nno cross contamination has taken place. Next, we
work with personnel from the appropriate operations
to assess potential sources and possible mitigation for
the elevated concentrations.

Numerous tritium measurements exceeded action
levels because tritium concentrations are now calcu-
lated using absolute humidity from meteorol ogical
measurements. With this change, more values will be
above the action level s because the action levels were
set based on the old method that used the mass of
water collected on the silica gel. This old method had
anegative bias (Eberhart, 1999), so the action levels
may be too low when applied to tritium concentrations
calculated using absolute humidity. We are revising
the action levels with tritium concentrations cal cul ated
using absolute humidity.

The following sections identify six incidents of
elevated air concentrations that warrant further
discussion.

a. Fourth Quarter Investigation of I ncreased
Tritium Concentrations at Technical Area 21. We
observed elevated tritium air concentrations at four
AIRNET stations surrounding TA-21 and the AIRNET
station at Trinity Bible Church during the sampling
period beginning September 28 and ending October

Environmental Surveillance at Los Alamos during 1998

12, 1998. The concentrations measured at Station 71
and 72 were approximately 250 pCi/m3, well below
any federal regulations or DOE standards. The maxi-
mum annual air concentration measured at any of the
TA-21 siteswas 15 pCi/m3, which is equivaent to a
dose of 0.1 mrem. The EPA allowable dose limit to a
member of the public is 10 mrem per year. Atmo-
spheric dispersion calculations indicate that routine
operational releases of tritium from TA-21-209 are the
most probable cause of these air concentrations. While
the total quantity released during this two-week period
was typical of normal operations (19 Ci), the majority
of the release occurred during the morning hours

(8 am—noon) of two specific days. The meteorological
conditions on each of these mornings were similar:
light east-southeast winds with an unstable atmo-
sphere. Thus, the winds carried the release toward the
west-northwest of the facility and produced the higher
than average air concentrations at the monitoring
stations. During the next two-week sampling period,
air concentrations of tritium at these stations returned
to typical values.

b. Evaluation and Investigation of I ncreased
Tritium Concentrations at Technical Areas 16 and
49. Site 25 at TA-16 consistently exceeded historical
levels beginning with the sampling period starting
May 25, 1998, through the end of the year. These
values are higher than any measured since early 1995,
with a peak value of 1528 pCi/m?3 and an annual
average of 247 pCi/m3, which is equivalent to a dose
of 1.6 mrem. Measurements at the paired TA-49 sites
have exceeded investigation levels with a maximum
two-week concentration of 32 pCi/m3. These paired
TA-49 sites have also shown increased concentrations
since the early summer of 1998. The source or sources
of these higher concentrations at the TA-16 and TA-49
samplers have not been positively identified. How-
ever, the most likely source is the tritium processing
equipment stored near Station 25 or a combination of
the equipment and higher emissions from the Weapons
Engineering Tritium Facility (WETF) (TA-16-450) for
August and September (99 Ci of tritium as tritiated
water). One of the dryer beds that removes tritiated
water from the WETF exhaust was replaced to reduce
emissions. Environmental restoration activities at TA-
49 were also considered as potential tritium sources
for these high values, but the concentrations from the
AIRNET samplers (57 and 58) specifically installed to
measure the impact of these activities are lower than
the paired TA-49 samplers and much lower than the
TA-16 sampler.
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c. Investigation of Airborne Tritium at
Technical Area 54, Area G. I1n 1998, tritium air
concentrations increased for three stations at the far
western end of Area G. Station 36, which islocated at
the entrance gate to Area G, has shown the largest
increase while Stations 50 and 51 have increased
dlightly. Annual concentrations at site 36 have
increased from 5 pCi/m3 in 1996 to 33 pCi/m? in 1997
and finally to 107 pCi/m3in 1998. These increases
appear to be limited to this area and apparently began
in the summer of 1997. Area G personnel believe that
these increases are due to disposal of additional
tritium-contaminated material. Concentrations at site
36 are well below any federal regulations or DOE
standards.

d. First Quarter 1998 | nvestigation of
Increased Tritium Concentrations at Technical
Area 21. A number of sites exceeded action levelsfor
tritium. Sites4, 8, 9, 10, 11, 20, 23, 62, 72, and 73 al
exceeded the “ Investigate” level, and sites 74 and 75
exceeded the “Alert” level. The two-week concentra-
tions for sites 74 and 75 were 59 and 62 pCi/md.
These results were due to an unplanned release from
TA-21 tritium operations. The release came from the
Tritium Science and Fabrication Facility (TSFF),
Building 209. The approximate period of release was
from January 30, 1998, through February 2, 1998.
The facility has reported an estimated release of 59 Ci.
This number was determined from the integrating ion
chamber stack monitor. Predicted ambient concentra-
tions based on these releases are comparabl e to the
measured concentrations.

e. Elevated Plutonium-239 and Americium-
241 Concentrations at Technical Area 54, Area G.
The 1998 elevated plutonium-239 and americium-241
concentrations at Area G (sites 27 and 38) are consis-
tent with previous quarterly data that have shown
dramatic decreases in ambient concentrations since the
middle of 1997. The source of these elevated levels,
resuspension of contaminated particulate matter from
material unearthed during a trenching operation, was
mitigated in 1997 (Kraig and Conrad 1997; ESP
1998). Nevertheless, concentrations have not dropped
to pre-1995 levels. Concentrations of uranium-234
and uranium-238 are also typically elevated at these
two sites, but the ratio of the two isotopes indicates
that the high levels are due to high dust loading and
the natural uranium associated with this dust.

f. Investigation of Elevated Plutonium and
Americium at Technical Area 21. Two AIRNET
sites, 72 and 73, at TA-21 exceeded “Investigate’
levels for plutonium and/or americium during the
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second and third quarters of 1998. The maximum
quarterly plutonium-238, plutonium-239, and ameri-
cium concentrations were 18, 196, and 23 aCi/m3
respectively. Air concentrations at other TA-21
stations (71 and 74) were elevated dlightly to moder-
ately, compared with historical levels, but did not
exceed “Investigate” levels. Our general conclusion is
that concentrations of americium and plutonium were
somewhat elevated at several stations at TA-21 during
the second and third quarters of 1998, but concentra-
tions had dropped by the fourth quarter. Other TA-21
stations farther from the sources didn’t show increases
in these radionuclides during this time frame. Investi-
gation into activities in the vicinity of these stations
indicated that various material sorting, transporting,
and crushing activities commenced during May and
were finished in August. The crushing of the materi-
alswas not alikely source for increased air contami-
nants because the operations were enclosed and the air
was filtered before release. We concluded that related
activities such as material segregation or increased
truck traffic over contaminated debris caused the
increase in airborne concentrations of the radionu-
clideslisted above. These increased levels are well
below any federal regulations or DOE standards.

6. Long-Term Trends

As noted in the discussion of the 1998 tritium
measurements earlier in this chapter, we are now using
absolute humidity measurements and tritium analyses
of collected water vapor samples to calculate atmo-
spheric tritium concentrations. This change has
generally increased estimates of ambient concentra-
tions two to three times. This new calculation has aso
been used to recalculate historical concentrations. We
averaged individual AIRNET sample concentrations
from 1989 to 1998 to calculate annual concentrations
for on-site, perimeter, pueblo, and regional stations as
shown in Figure 4-5 and Figure 4-6. Four sample
periods (931018, 940620, 950213, and 950814) were
eliminated from these cal cul ations because it appeared
that one or more samples from these periods were
either contaminated or accidentally switched between
sites.

Figure 4-5, which includes on-site and off-site
averages, shows that on-site measurements are oneto
two orders of magnitude higher than off-site measure-
ments. However, the on-site averages should not be
considered an unbiased estimate that represents an
average Laboratory-wide concentration because many
of the samplers are located near known sources of
tritium, such as TA-54 and TA-21, to measure their
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maximum impact on local ground-level concentra-
tions. Theinstallation or removal of an on-site
AIRNET sampler at alocation with high concentra-
tions can have arelatively large influence on the
overall average. For example, if site 35 next to the
tritium waste disposal shafts had been removed at the
beginning of 1998, the L aboratory-wide concentra-
tions would have been 23 pCi/m3 instead of the

53 pCi/m?3 actually measured.

Figure 4-6, which is a graph of the three off-site
group averages for 1989-1998, shows that perimeter
sites consistently have higher concentrations of tritium
than regional or pueblo sites. A similar patternis
apparent when comparing the biweekly concentrations
for 1997 and 1998 (Figure 4-7). If the regional and
pueblo measurements represent background levels of
tritium, the difference between the perimeter stations
and these stations represents L aboratory impact. This
impact has dropped from about 8 pCi/m3 to about 2
pCi/m3 in the last ten years. Because the perimeter
samplers are more distant from the tritium sources
than the on-site samplers, the impact of adding or
removing a single sampler should be smaller. Re-
moval of the highest site for 1998 (site 09) would only
have dropped the 1998 perimeter average about 5%.
Even though the perimeter average would increase or
decrease by adding or removing samplers downwind
from the Laboratory, the ten-year off-site concentra-
tions, as shown in Figure 4-6, were probably represen-
tative of the off-site concentrations close to the
Laboratory.

Many of the regional and pueblo biweekly mea-
surements and all of the annual averages are below the
typical MDA for tritium, which is about 2 pCi/m3.
Some of the biweekly measurements are even nega-
tive, also demonstrating that the analytical variability
is comparable to or larger than the true concentrations.
Over the long term, this analytical variability is
minimized, and the averages should be good estimates
of the ambient tritium concentrations. Consistently
positive values for the regional and pueblo averages
confirm that these are good estimates of the true
concentrations.

B. Stack Air Sampling for Radionuclides (Scott
Miller)

1. Introduction

Radioactive materials are an integral part of many
activities at the Laboratory. Some operations involv-
ing these materials may vent emissions to the environ-
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ment through a stack. We evaluate these operations to
determine impacts on the public and the environment.
If this evaluation shows that emissions from a stack
may potentially result in a member of the public
receiving 0.1 mrem or more in ayear, this stack must
be sampled in accordance with 40 CFR 61, Subpart H,
“National Emission Standards for Emissions of
Radionuclides Other than Radon from Department of
Energy Facilities” (EPA 1989). As of the end of 1998,
we have identified 28 stacks as meeting this criterion.
An additional three sampling systems were in place to
meet DOE requirements for nuclear facilities. Where
sampling is not required, emissions are estimated using
engineering calculations and radionuclide materials
usage information.

2. Sampling M ethodology

As of the end of 1998, LANL was continuously
sampling 31 stacks (28 of which are required as noted
above) for the emission of radioactive material to the
ambient air. LANL has categorized its radioactive
stack emissionsinto four areas. (1) particulate matter,
(2) vaporous activation products (VAP), (3) tritium, and
(4) gaseous/mixed air activation products (G/IMAP).
For each of these emission types, the Laboratory
employs an appropriate sampling method, as described
bel ow.

We sample emissions of radioactive particulate
matter, generated by operations at facilities such as the
Chemistry and Metallurgy Research Building (CMR)
and TA-55, using a glass-fiber filter. A continuous
sample of stack air is pulled through the filter, where
small particles of radioactive material are captured.
These samples are analyzed weekly using gross al pha/
beta counting and gamma spectroscopy to identify any
increase in emissions and to identify short-lived
radioactive materials. Every six months, ESH-17
composites these samples for analysis at an off-site
laboratory. These composited samples are analyzed to
determine the total activity of materials such as
uranium-234, -235, -238; plutonium-238, -239, -240;
and americium-241. We then use these data to cal cu-
late emissions.

VAP emissions, generated by L ANSCE operations
and by hot-cell activitiesat CMR and TA-48, are
sampled using a charcoal filter or canister. A continu-
ous sample of stack air is pulled through a charcoal
filter where vaporous emissions of radionuclides are
adsorbed. Gamma spectroscopy determines the amount
and identity of the radionuclide(s) present on the filter.
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We measure tritium emissions from the
Laboratory’s tritium facilities using a collection device
known as a bubbler. This device enablesthe Labora-
tory to determine not only the total amount of tritium
released but also whether it isin the elementa (i.e.,
HT) or oxide (i.e., HTO) form. The bubbler operates
by pulling a continuous sample of air from the stack,
which isthen “bubbled” through three sequential vials
containing ethylene glycol. The ethylene glycoal col-
lects the water vapor from the sample of air, including
any tritium that may be part of awater molecule
(HTO). “Bubbling” through these three vials essen-
tially removes all HTO from the air, leaving only el-
emental tritium. The sample containing the elemental
tritium is then passed through a palladium catalyst,
which converts the elemental tritium to HTO. The
sampleisthen pulled through three additional vials
containing ethylene glycol, which collects the newly
formed HTO. The amounts of HTO and HT are deter-
mined by analyzing the ethylene glycol for the pres-
ence of tritium using liquid scintillation counting
(LSC).

Tritium emissions from LANSCE are determined
using asilicagel sampler. A sample of stack air is
pulled through a cartridge containing silicagel. The
silicagel collects the water vapor from the air, includ-
ing any HTO. The water isdistilled from the sample,
and the amount of HTO is determined by analyzing the
water using LSC. Because the primary source for
tritium is activated water, sampling for only HTO is
appropriate.

G/MAP emissions resulting from activities at
LANSCE are measured using real-time monitoring
data. A sample of stack air is pulled through an
ionization chamber, which measures the total amount
of radioactivity in the sample. Gamma spectroscopy
and decay curves identify specific radioisotopes.

3. Sampling Procedure and Data M anagement

a. Sampling and Analysis. We chose analytical
methods for compliance with EPA requirements (40
CFR 61, Appendix B, [EPA 19] Method 114). These
methods were selected during 1995, as part of the
development of quality assurance project plans for
tritium, particulate, and vapor sampling. General
discussions on the sampling and analysis methods for
each of LANL’s emissions follow.

Particulate Matter Emissions. Glass-fiber
filters that sample facilities with significant potential
for radioactive particul ate emissions were generally
removed and replaced weekly and transported to the
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Health Physics Analysis Laboratory (HPAL). Before
screening the samples for the presence of apha and beta
activity, the HPAL allowed approximately 72 hours for
the short-lived progeny of radon to decay. Theseinitial
screening analyses ensured that potential emissions
were within normal values. Final analyses were
performed after the sample had been allowed to decay
for approximately one week. In addition to alphaand
beta analyses, the HPAL, using gamma spectroscopy,
identified gamma-emitting isotopes in the samples by
determining the energy of the gamma photon(s) emitted
during radioactive decay. Because the energy of decay
is specific to a given radioactive isotope, the HPAL
could determine the identity of any isotopes gamma
spectroscopy detected. The amount, or activity, of an
isotope could then be found by noting the number of
photons detected during analysis. Glass-fiber filters
from LANSCE were analyzed using only gamma
Spectroscopy.

Because gross al pha/beta counting cannot identify
specific radionuclides, the glass-fiber filters were
periodically composited for radiochemical analysisat a
commercial laboratory. This program was added in
1995. During 1998, we continued with changes to our
composite analyses that were implemented in 1997.
Specifically, rather than using isotopic data only to
identify radionuclides as was done in the past, these
data also quantified these emissions. We consider this
method an improvement in sample analysisand in
emissions determination. To ensure that the analyses
reguested (e.g., uranium-234, -235, -238, plutonium-
238 and -239, etc.) identify any significant activity in
the composites, ESH-17 compares the results of the
isotopic analysis to gross activity measurements.

VAP Emissions. Charcoa canisters that
sampled facilities with the potential for significant VAP
emissions were generally removed and replaced weekly.
These samples were transported to the HPAL where
gamma spectroscopy, as described above, identified and
quantified the presence of vaporous radioactive iso-
topes.

Tritium Emissions. Tritium bubbler samples
that sampled facilities with the potential for significant
elemental and oxide tritium emissions were generally
collected and transported to the HPAL on aweekly
basis. The HPAL added an aliquot of each sample to
the appropriate amount of liquid scintillation cocktail
and determined the amount of tritium in each vial by
LSC.

Silicagel samples sampled facilities with the
potential for significant tritium emissionsin the oxide
form only. These samples were transported to the
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Inorganic Trace Analysis Group (CST-9), where the
water was distilled from the silica gel, and the amount
of tritium in the sample was determined using L SC.

G/MAP Emissions. We used continuous
monitoring to record and report G/IMAP emissions for
two reasons. First, the nature of the emissionsis such
that standard filter paper and charcoal filters will not
collect the radionuclides of interest. Second, the half-
lives of these radionuclides are so short that the
activity would decay away before any sample could be
analyzed off line. The G/IMAP monitoring system
includes a flow-through ionization chamber in series
with a gamma spectroscopy system. Total G/IMAP
emissions were measured with the ionization chamber.
The real-time current measured by thisionization
chamber was recorded on a strip chart, and the total
amount of charge collected in the chamber over the
entire beam operating cycle was integrated on adaily
basis. The gamma spectroscopy system analyzed the
composition of these GIMAP emissions. Using decay
curves and energy spectrato identify the various
radionuclides, LANSCE personnel determined the
relative composition of the emissions. Decay curves
were typically taken one to three times per week based
on accelerator operational parameters. When major
ventilation configuration changes were made at
LANSCE, new decay curves and energy spectrawere
recorded.

4. Analytical Results

M easurements of Laboratory stack emissions
during 1998 totaled 8690 Ci. Of thistotal, tritium
emissions composed 825 Ci, and air activation
products from LANSCE contributed 7860 Ci. Com-
bined airborne emissions of materials such as pluto-
nium, uranium, americium, and particul ate/vapor
activation products were 3.5 Ci. Detailed emissions
data for Laboratory buildings with sampled stacks are
provided in Table 4-13. Table 4-14 provides a detailed
listing of the constituent radionuclidesin G/MAP and
particulate/vapor activation products (P/VAP) group-
ings. Table 4-15 presents the half-lives of the radionu-
clides emitted by the Laboratory. During 1998,
nonpoint source emissions of activated air from the
LANSCE facility (TA-53) comprised 410 Ci carbon-
11 and 17 Ci argon-41, whereas TA-18 contributed 0.2
Ci argon-41.

5. Long-Term Trends

Radioactive emissions from sampled Laboratory
stacks are presented in Figures 4-8 through 4-12.

Environmental Surveillance at Los Alamos during 1998

These figures illustrate trends in measured emissions
for plutonium, uranium, tritium, and G/MAP emis-
sions, respectively. Asthe figures demonstrate,
emissions of these radioactive materials remained
relatively constant from 1997 to 1998, with G/MAP
emissions showing a slight decrease from previous
years.

Figure 4-12 shows the total contribution of each of
these emission types to the total Laboratory emissions.
It clearly showsthat GIMAP emissions and tritium
emissions make up the vast majority of radioactive
stack emissions.

Because G/MAP emissions account for most of the
airborne radioactivity and the FE-3 stack at LANSCE
isthe primary source of G/IMAP isotopes, LANSCE
operating personnel have developed and implemented
adelay line to reduce these emissions. The delay line
operates by removing alarge part of the concentrated
activated air from the production point at the
LANSCE beam stop. Thisair passes through a 1,200-
m tube, allowing approximately 100 minutes of
additional decay time (Fuehne 1996). The half-lives
of the G/IMAP isotopes are quite short, (carbon-10
[19.5 5], carbon-11 [20 min], nitrogen-13 [10 min],
nitrogen-16 [7 s], oxygen-14[71 s], oxygen-15[123
s], and argon-41 [1.8 h]), so this delay is sufficient to
significantly reduce the total activity before returning
the air to the stack. A recent study shows that, with
the delay line operating, G/MAP emissions were
reduced by 28.8%, as compared with similar opera-
tions without the benefit of the delay line (Fuehne
1996). Through such efforts, emissions of airborne
radioactivity can be reduced while limiting the impact
on the operating schedule.

C. Cosmic, Gamma, and Neutron Radiation
Monitoring Program (Allen Treadaway and Jean
Dewart)

1. Introduction

Naturally occurring external penetrating radiation
originates from terrestrial and cosmic sourcesin the
form of gamma rays, neutral particles, charged par-
ticles, and heavy nuclei. Man-made radiation consists
of the same types of radioactive materials. To evalu-
ate natural and man-made direct penetrating radiation,
the Laboratory’s environmental monitoring program
uses thermoluminescent dosimeters (TLDs). Because
the natural background radiation doses from terrestrial
and cosmic sources are much larger than those from
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man-made sources, it is extremely difficult to distin-
guish man-made sources from the natural background.
Several environmental mechanisms contribute to this
difficulty.

The terrestrial component results primarily from
naturally occurring potassium-40, radionuclidesin the
thorium and uranium decay chains, and radionuclides
deposited as a result of nuclear atmospheric testing
(strontium-90, cesium-137, and small amounts of
plutonium). Terrestrial radiation varies diurnally,
seasonally, and geographically. External penetrating
radiation levels can vary from 15% to 25% at a given
location because of changesin soil moisture and snow
cover that reduce or block the radiation from terres-
trial sources (NCRP 1975). Spatial variations result
from the soil type and the placement of the dosim-
eters. For example, those dosimeters that are placed
in anarrow canyon will receive radiation from the
sidewalls and the floor of the canyon as well as from
the cosmic sources (NCRP 1975).

Naturally occurring ionizing radiation from cosmic
sources increases with elevation because of reduced
atmospheric shielding. At sealevel, cosmic sources
yield between 25 and 30 mrem/yr. LosAlamos, with a
mean elevation of about 7,000 ft, receives about 75
mrem/yr from cosmic sources. However, different
locations in the region range in elevation from about
5,800 ft at Espariola to 9,000 ft at the Pajarito Ski Hill,
resulting in a corresponding range of 45 to 90 mrem/
yr from cosmic sources. This component can also
vary +10% because of solar modulations (NCRP
1987). These fluctuations along with those from
terrestrial sources make it difficult to detect an in-
crease in radiation levels from man-made sources,
especially when the increase is small relative to the
magnitude of natural fluctuations.

2. Monitoring Network

a. Laboratory and Regional Areas. Inan
attempt to be able to distinguish any impact from
Laboratory operations, we place 95 TLD stations
around the Laboratory and in the surrounding commu-
nities. Thisnetwork of dosimetersis divided into
three groups. (1) The off-site regional group has five
locations ranging from approximately 4 to 38 mi from
the Laboratory boundary. These regional stations are
located in the neighboring communities of Espafiola,
El Rancho, Santa Fe, San Ildefonso Pueblo, and Santa
ClaraPueblo. (2) The off-site perimeter group has 28
locations within 2.5 mi of the Laboratory boundary
(see Figure 4-13). These stations are placed in resi-
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dential areas surrounding the Laboratory and in loca-
tions where people work. (3) In 1997, the number of
on-site monitoring stations was significantly expanded
from 27 to 62. The on-site locations are within Labo-
ratory boundaries, generally around operations that
may produce ionizing radiation. Most of the addi-
tional stations are located near the LANSCE lagoons,
TA-50 locations and Mortandad Canyon, and TA-15-
Phermex. Other locationsinclude TA-16, TA-36
Kappa Site, TA-33, and TA-8.

b. Technical Area 53. To monitor externa
penetrating radiation from airborne gases, particles,
and vapors resulting from LANSCE operations at
TA-53, we use a network of 24 TLD stations. Twelve
of these monitoring locations are approximately 0.5
mi north of and downwind from the LANSCE stack.
The other 12 TLD stations are located about 5.5 mi
from LANSCE, near the southern boundary of the
Laboratory, and provide background measurements.
Both sets of 12 monitoring locations are placed at
approximately the same elevations to help eliminate
elevation effects from the cosmic component of the
natural radiation.

c. Low-L evel Radioactive Waste M anagement
Areas. The Laboratory has 10 inactive and one active
(TA-54, Area G) low-level radioactive waste manage-
ment areas. To monitor external penetrating radiation
from these areas, we placed 97 dosimeters around the
perimeter of these waste management areas. All waste
management areas are controlled-access areas and are
not accessible to the general public.

d. Technical Area 18 Albedo Dosimeters. To
monitor potential neutron doses from criticality ex-
periments at TA-18, we maintained seven albedo TLD
stations on the north, south, and east sides of TA-18.
Albedo dosimeters are sensitive to neutrons and use a
polyethylene phantom to simulate the human body,
which causes neutron backscatter. Because the human
body is primarily composed of water, of which hydro-
gen atoms are a principal component, a significant
fraction of intermediate energy and fast neutrons can
be slowed down to epithermal energies and back-
scattered. These backscattered neutrons interact with
the neutron-sensitive thermoluminescent material in
the albedo dosimeters.

The albedo dosimeters were sited early in the
second quarter of 1997 at locations where public
accessis possible. Two albedo TLDs were placed at
each monitoring station. When Pgjarito Road closed
during TA-18 experiments, the second of the dosim-
eters was removed and stored at a control location

Environmental Surveillance at Los Alamos during 1998



4. Air Surveillance

until the road was reopened. With this procedure, we
can compare the total annual dose measured at these
stations with the total annual dose that a member of
the public could receive at these stations. Two
background stations were located at Santa Fe and
TA-49. Neutron background is essentially zero.

3. Sampling Procedures, Data M anagement,
and Quality Assurance.

Environmental TLDs used at the Laboratory are
composed of natural lithium fluoride (LiF:Mg,Ti)
crystals containing 7.5% lithium-6 and 92.5% lithium-
7 in the form of 3.2-mm by 3.2-mm by 0.9-mm-thick
chips, referred to by their trade name of TLD-100.
After exposure to radiation, the TLD chips are
collected, then heated in alaboratory to measure the
energy stored in the crystal. This stored energy is
released in the form of light that is proportional to the
amount of radiation the TLD has absorbed. The TLD-
100 overrespondsto and is extremely sensitive to
thermal neutrons but isinsensitive to fast or high-
energy neutrons. These neutrons must be moderated
before TLD-100 chips can measure them. Procedures
that outline the QA/QC (quality assurance/quality
control) protocols; placement and retrieval of the
dosimeters; reading of the dosimeters; data handling,
validation, and tabulation can be found in ESH-17's
operating procedures (ESH-17 1997).

The Health Physics Measurements Group, ESH-4,
provides albedo dosimeters and performs the analysis
to measure the neutron dose produced by TA-18
criticality experiments. The dose the albedo dosim-
eters has measured is multiplied by a neutron correc-
tion factor, determined from Bonner sphere measure-
ments made at TA-18, to obtain the actual neutron
dose. The DOE Laboratory Accreditation Program for
personnel dosimetry has accredited the ESH-4
dosimeter laboratory and the dosimeters.

4. Analytical Results

a. On-Laboratory and Regional Areas. Table

4-16 presents results from these locations. One or
more quarters of data are not available for some
stations as a result of dosimeter loss, animal damage,
processing error, removal requests by the public, as
well as new station installation after the beginning of
the monitoring year.

The dose equivalent ranges we observed in 1998
are consistent with natural background radiation or the
1997 measurements. We discontinued the regional
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station at the old Santa Fe armory beginning the
second quarter of 1998 because of the continued loss
of the sample by theft. Another station for Santa Fe
was established at the Buckman Booster Well on
Buckman Mesa at that time. The approximate annual
dose equivalents at the off-site regional stations
ranged from 95 to 140 mrem. The annual measure-
ments at off-site perimeter stations having complete
data sets ranged from 100 to 185 mrem.

Annual measurements at on-site stations reporting
100% data completeness ranged from 130 to 450
mrem. Two of the on-site stations recorded much
higher dosesin 1998 than 1997. In Mortandad
Canyon, maximum annual doses rose from 170 mrem
for 1997 to 447 mrem for 1998. The maximum annual
dose for 1998 is higher because the Mortandad
Canyon stations were established as new locations
mid-1997, and so the 1997 data represent only two
quarters. The monitoring locations near the LANSCE
lagoons and stacks indicated doses ranging from 225
to 875 mrem for the monitoring period. These results
in Mortandad Canyon and at LANSCE are not
representative of potential doses to a member of the
public, because these stations are located in areas
where public access was restricted.

b. Technical Area53. The TLD measurements
collected at the 12 stations located directly to the north
of LANSCE were statistically compared to the 12
background stations located at TA-49. Thereis no
significant difference (p>.05) between the site and
background TLD measurements. The average dose at
the 12 LANSCE stations was 167 + 10 mrem; the
background was 173 + 10 mrem.

c. Low-Level Radioactive Waste M anage-
ment Areas. Table 4-17 presents results from
monitoring the waste management areas. Among the
sites with a compl ete data set, the annual doses at all
inactive waste management areas during 1998 ranged
from 135 to 295 mrem. The 1998 annual doses for
three stations at TA-21, Area B, and one station at
TA35, Area W, are incompl ete because of lost dosim-
eters. One of the monitoring sites at TA-21, AreaT,
had an elevated reading of 295 + 17 mrem in 1998.
This value is consistent with values observed at this
location in the past and is attributed to cesium-137 on
the ground at that location.

The 32 environmental surveillance TLDs, at
TA-54, Area G, are located within the waste site and
along the perimeter fence. The doses measured at this
site are representative of storage and disposal opera-
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tions that occur at the facility. Evaluation of these data
isuseful in minimizing occupational doses. However,
thisis a controlled-access area, and these measure-
ments are not representative of a potential public dose.

The highest waste management area annual
average dose for 1998 (213 mrem) was measured at
TA-54, Area G, LANL's only active low-level radioac-
tive waste area. During the second half of 1998,
several TLD stations at TA-54, Area G in the vicinity
of the TWISP (Transuranic Waste Inspectable Storage
Project) were higher than the 10-year historical means
(1985-1995). The TWISP project entails bringing
transuranic (TRU) waste out of below-ground storage
for further characterization and ultimate shipment to
the Waste Isolation Pilot Plant (WIPP). The radiologi-
cal constituents of these drums vary greatly, and the
drum inventory near the TLDs is changing constantly.
Asthe TWISP project progresses, external penetrating
radiation doses near the project are expected to vary.
These TLD locations are on-site and not in an area
capable of being routinely accessed by members of the
public.

During 1998, we had two systems deployed at
Area G for monitoring the direct penetrating radiation:
TLDs and E-Perms (also known as EICs or electrets).
Because of large differences between the two systems
at locations near certain TWISP operations, we per-
formed tests to assess TLD and E-Perm response to
gamma energy levels similar to those in TRU waste.
We found that our TLD dosimeters overrespond by
about 50% to low-energy gamma radiation (Kraig et
al., 1999). Therefore, some of the resultsin Table
4-17 reflect this overresponse. Actual doses at many
Area G locations are much smaller than reported. We
are considering changing the monitoring system at
Area G to more accurately monitor the environment.

d. Technical Area 18 Albedo Dosimeters.
Table 4-18 presents the monitoring results from the
TA-18 albedo dosimeter monitoring network. In all
cases except the Santa Fe background result, the doses
are presented for all four quarters of 1998. Because of
loss or theft, only two quarters of data are available
for the Santa Fe background station. We moved this
dosimeter to the Santa Fe Buckman Booster well
location to improve this situation for the fourth quarter
1998. Neutron doses are presented both for albedo
dosimeters that were continuously present and for
those removed during road closure. TA-18 operations
closed Pgjarito Road only oncein 1998. Members of
the general public could only be exposed at times
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when Pgjarito Road, in front of TA-18, was open. The
average neutron dose at the seven stations was 3.4
mrem during 1998 during road open conditions. The
maximum dose of 7.2 mrem occurred at the TA-36
Entrance station. Initial studies give a detection limit
of approximately 2 mrem for neutron dose measure-
ment. For some stations, the dose during the Pgjarito
Road open period is greater than the dose during the
road closed period. The higher analytical uncertainty
of the measurement technique when the doseis near
or less than the detection limit causes this apparent
anomaly.

D. Nonradioactive Emissions Monitoring (Jean
Dewart and Craig Eberhart)

1. Introduction

The Laboratory, in comparison to industrial sources
such as power plants, semiconductor manufacturing
plants, and refineries, is arelatively small source of
nonradioactive air pollutants. Thus, opacity monitor-
ing was the only nonradioactive air emissions moni-
toring performed as required by state or federal air
quality regulations during 1998.

Emissions from industrial-type sources are cal cu-
lated annually as required. These sources are respon-
sible for the majority of all the nonradiological air
pollutant emissions at the Laboratory. See Chapter 2
for these data. Research sources vary continuously
and have very low emissions. As such, they are not
calculated annually; instead, each new or modified
research source is addressed in the new source review
process.

Because L aboratory nonradioactive air emissions
are small, the ambient monitoring programis limited
in scope. We conduct particulate matter monitoring
during wildland fires in the vicinity of the Laboratory.
Ambient sampling is also performed for beryllium to
determine the impact of Laboratory beryllium emis-
sions. NMED permits for prescribed burns for forest
fire management require particul ate matter monitor-
ing; however, the Laboratory conducted no prescribed
burns during 1998.

2. Particulate Matter Sampling

We took particulate matter (PM-10) samples
(particles less than 10 pm in aerodynamic diameter) in
White Rock during the Oso Complex fire in June
1998. The measured values on June 29 and 30 were
19.5 ug/m?3 and 16.2 ug/m? respectively. These values
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are well below the 24-hour National Ambient Air
Quality Standard for PM-10 of 150 ug/m?.

3. Detonation and Burning of Explosives

a. Total Quantities. The Laboratory tests
explosives by detonating them at firing sites operated
by the Dynamic Testing Division. The Laboratory
maintains monthly shot records that include the type
of explosives used as well as other material expended
at each site. Table 4-19 summarizes the amounts of
expended materials. The Laboratory also burns scrap
and waste explosives because of treatment require-
ments and safety concerns. In 1998, the Laboratory
burned 3.6 tons of high explosives.

An assessment of the ambient impacts of high-
explosives testing, presented in the Site-Wide Envi-
ronmental Impact Statement for Los Alamos (DOE
1999), indicates that high-explosives testing produces
no adverse air quality impacts. The actual quantities
of materials detonated during 1998 were less than the
amounts for which impacts are analyzed in the Site-
Wide Environmental Impact Statement.

b. Beryllium Quantities. Inthe early 1990s,
we analyzed a limited number of AIRNET samples for
beryllium in an attempt to detect potential impact
from regulated sources and rel eases from explosive
testing. All values were well below the New Mexico
30-day ambient air quality standard of 10 nanograms
per cubic meter. With the recent heightened interest in
the health effects of beryllium, AIRNET samples are
again being analyzed for this contaminant.

However, thereis no longer a New Mexico ambient
air quality standard for beryllium for comparison with
AIRNET measurements. Therefore, we selected
another air quality standard to use for comparison
purposes. The National Emission Standards for
Hazardous Air Pollutants (NESHAP) standard of
10 ng/m3 (40 CFR, Part 61, Subpart C, National
Emission Standard for Beryllium) can be used, with
EPA approval, as an alternative to meeting the
emission standard for beryllium. LANL is not
reguired to use this alternative standard because the
permitted sources meet the emission standards. In this
case, however, we will use it for comparative pur-
pOses.

We analyzed quarterly composited samples from 19
sites for beryllium in 1998. These 19 siteswere
generally selected because they were located near
potential beryllium sources or in nearby communities.
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AsTable 4-20 shows, all quarterly concentrations
were below 0.04 ng/m? except for site 32, the Los
Alamos County landfill site, where the average
concentration was 0.10 ng/m3 with a high value of
0.11 ng/m3. These highest measured values are about
one percent of the NESHAP standard. These quarterly
concentrations have not been corrected for the small
amounts of beryllium present in the filter material.

The highest measured concentrations at the landfill
are most likely caused by naturally occurring beryl-
lium in the soils being resuspended by vehicles on dirt
roads and earth-moving operations. Based on visual
comparisons of the AIRNET filters, the highest
concentrations of particulate matter at all AIRNET
sampling sites occur at the County landfill. 1f we
presume that the dust being resuspended has elemental
concentrations comparabl e to background concentra-
tions measured at Sigma Mesain 1979 (Ferenbaugh et
al., 1990), the dust would have an average concentra-
tion of about 2 ppm beryllium. This beryllium
concentration in the dust at the landfill would repre-
sent about 55 pg/m3 of particulate matter, which is
comparable to some of the higher concentrations
measured in New Mexico (NMED 1997). However, it
should be noted that the NMED measurements are
from PM-10 samplers that do not collect particles as
large as those collected on AIRNET filters.

Earlier in this chapter, we used the ratio of ura-
nium-238 to uranium-234 to detect impacts from
LANL because these isotopes are naturally present at
aconstant ratio. No comparable situation exists for
beryllium isotopes, but the ratio of beryllium to other
elements or radionuclides will be relatively constant if
the local sources of particulate matter are similar.
Because most of our sites are located on the Pgjarito
Plateau, it islikely that there is a direct relationship
between the ambient concentrations of uranium-234
and beryllium unless there are naturally-occurring
local variations or releases to the environment. The
direct correlation of beryllium to uranium-234 for al
1998 samples, as shown in Figure 4-14, indicates not
unexpectedly high beryllium concentrations at any of
the 19 sampling locations including the TA-15 sites
where beryllium has been used in explosives testing.

Itisstill possible that the high beryllium concentra-
tions at the landfill may be caused by the materials
that are being handled, recycled, or buried. Therefore,
we plan to collect additional beryllium data at other
sites with high dust levelsin 1999.
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E. Meteorological Monitoring (Jeff Baars)

1. Introduction

Meteorological data obtained from the meteoro-
logical monitoring network support many Laboratory
activities, including emergency management and
response, regulatory compliance, safety analysis, and
engineering studies. To accommodate the broad
demands for weather data at the Laboratory, awide
variety of meteorological variables are measured
across the network, including wind, temperature,
pressure, relative humidity and dew point, and solar
and terrestrial radiation. Details of the meteorological
monitoring program are discussed in the Meteorologi-
cal Monitoring Plan (Baars et a., 1998).

2. Climatology

Los Alamos has atemperate, semiarid mountain
climate. However, its climate is strongly influenced
by elevation, and large temperature and precipitation
differences are observed in the area because of the
1,000-ft change in elevation across the site.

Four distinct seasons occur in Los Alamos. Win-
ters are generally mild, but occasionally winter storms
dump large snows and cause frigid temperatures.
Spring is the windiest season of the year. Summer is
the rainy season, when afternoon convective-type
thunderstorms and associated hail and lightning are
common. Fall marksthe end of the rainy season and a
return to drier, cooler, and calmer weather. The cli-
mate statistics given below summarize analyses given
in Bowen (1990 and 1992).

Several factors influence the temperaturein Los
Alamos. An elevation of 7,400 ft helps to counter its
southerly location, making for cooler summers than
those in nearby locations at lower elevations. The
sloping nature of the Pajarito Plateau causes cooled air
to drain off the plateau at night; thus, nighttime tem-
peratures on the plateau are often warmer than those at
lower elevations. Also, the Sangre De Cristo Moun-
tainsto the east act as a barrier to arctic air masses
affecting the central United States, although the tem-
perature does occasionally drop below O°F. Another
factor affecting the temperature is the lack of moisture
in the atmosphere. With less moisture, thereisless
cloud cover, which alows a significant amount of
solar heating during the daytime and radiative cooling
during the nighttime. This heating and cooling pattern
often causes awide range of daily temperature (the
average diurnal temperature range is 23°F).
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Winter temperatures range from 30°F to 50°F
during the daytime to -15°F to 25°F during the
nighttime. The record low temperature recorded is
-18°F. Winter is usually not particularly windy, so
extreme wind chills are uncommon.

Summer temperatures range from 70°F to 88°F
during the daytime to 50°F to 59°F during the night-
time. Temperatures occasionally will break 90°F. The
highest temperature ever recorded was 95°F.

The average annual precipitation (including both
rain and water equivalent of frozen precipitation) is
18.73 in. The average snowfall for ayear is58.9in.
Freezing rain and sleet are rare.

Winter precipitation in LosAlamos is often caused
by storms entering the US from the Pacific Ocean or
by cyclones forming or intensifying in the lee of the
Rockies. When these storms cause upslope flow over
Los Alamos, large snowfalls can occur. The record
snowfall for one day is 22 in., and the record snowfall
inone season is 153 in. The snow isusually adry,
fluffy powder, with an average equivalent water to
snowfall ratio of 1:20.

The summer rainy season accounts for 37% of the
annual precipitation. During the July to August
period, afternoon thunderstorms form as aresult of the
flow of moist air from the Gulf of Mexico and from
the Pacific Ocean and because of convection and the
orographic uplift as air flows up the sides of the Jemez
Mountains. These thunderstorms can bring large
downpours, but sometimes they only cause strong
winds and dangerous lightning. Hail frequently
occurs from these rainy season thunderstorms.

The complex topography also affectswindsin Los
Alamos, particularly in the absence of alarge-scale
disturbance affecting the area. Often adistinct daily
cycle of the winds can be seen. During the daytime,
upslope flow sometimes exists on the Pajarito Plateau,
causing an southeasterly component to the winds on
the plateau (Figure 4-15). During the nighttime, as the
mountain slopes and plateau cool, the flow becomes
downslope, causing light westerly and northwesterly
flow (see Figure 4-16). Cyclones moving through the
area disturb and override the cycle. Flow within the
canyons of the Pgjarito Plateau is quite complex and
very different from flow over the plateau itself.

3. Monitoring Network

A meteorological network of six towers gathers
data at the Laboratory (see Fig. 13.1 in the Meteoro-
logical Monitoring Plan [Baars et a., 1998]). Four of
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the towers are located on mesatops, oneisin a
canyon, and one is on top of alocal mountain summit.
The mesa top towers are at TA-6 (the official measure-
ment site of the Laboratory), TA-49, TA-53, and
TA-54, and the canyon tower islocated at TA-41. The
mountain tower, which was added in late 1997, ison
top of Pajarito Mountain. A sodar (sonic detection
and ranging) and three precipitation measurement sites
also supplement the data collected. The sodar is
located at TA-6, and the precipitation measurement
sites are located at TA-74, North Community in the
LosAlamos townsite, and at TA-16.

4. Sampling Procedures, Data M anagement,
and Quality Assurance

Instruments in the meteorological network are
located in areas with adequate exposure to the
elements being measured and in open fields to avoid
wake effects from trees and buildings on measure-
ments of wind and precipitation. The open fields also
provide an unobstructed view of the sky for the
upward-directed radiometers that measure long-wave
radiation and solar radiation.

Temperature and wind are measured at multiple
levels on open-lattice towers, with instruments
positioned on west-pointing booms having a length of
two times the tower width. The length of the boom
helps to decrease wake effects from the tower, as does
the west-pointing direction of the booms, because
winds from the east are uncommon. The multiple
levels give duplicate measurements for QA. Tempera-
ture sensors are shielded and aspirated with small fans
to minimize radiative heating effects.

Data loggers store meteorological data located at
the tower sites and then feed them to a Hewlett
Packard workstation through telephone lines. The
workstation performs automatic range checking on the
data and performs automatic data edits on variables
falling outside of preset ranges. Next, electronic time-
series plots are constructed. A meteorol ogist used
these plotsto perform quality checking on the data.
Daily statistical quantities are also included on the
time-series plots (such as daily maximum and mini-
mum temperature, total solar radiation, maximum
wind gust, etc.) and are also checked for quality.

All meteorological instruments undergo an internal
calibration inspection each year. An external audit is
performed every two to three yearsin addition to the
annual internal calibration inspection. All instrument
calibrations are traceable to the National Institute of
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Standards and Technology. In 1998, no external
calibration inspection was conducted, but the internal
calibration inspection found no significant problems.

5. Analytical Results

A graphical summary of the weather at Los Alamos
(TA-6) for 1998 is presented in Figure 4-17. This
figure shows the average temperature range and
precipitation by month, compared with the normals,
which are averages based on a 30-year record (1961—
1990). Significant departures from normal include
above normal temperatures in January, May, and
September and below normal temperaturesin April.
For the year, temperatures were above normal. On
June 28 and on June 29, the all-time record high of
95°F was tied. Since 1910, this all-time high has only
been observed in Los Alamos on two other occasions
(June 22, 1981, and July 11, 1935).

Precipitation was below normal monthly totalsin
all but three months of the year. Still, much greater
than normal precipitation in July and October caused
near normal precipitation for the year. A total of 17.30
in. precipitation was recorded, which is 92% of
normal. Snowfall was well below normal for the year.
Only 11.5in. of snow was recorded, which is 19% of
normal. Thetotal isthe second lowest annua snow-
fall total on record. The lowest snowfall total oc-
curred in 1950 when 8.9 in. of snow was recorded.
Precipitation datafor 1998 for all recording sites are
listed in Table 4-21.

Wind statistics based on 15-min average wind
observations at the four towers on the Pajarito Plateau
are shown in the form of wind rosesin Figures 4-15,
4-16, and 4-18. Wind roses show the percentage of
the time the wind blows from each of 16 different
wind directions. Also shown in the wind roses are the
distributions of wind speed for each of the 16 direc-
tions; these are displayed by the shading of the wind
rose barbs, as shown inthelegend. For example, at
TA-49 (Figure 4-15), the most frequent wind direction
is southerly, which occurs over 20% of thetime. The
wind speed for that direction is most often in the 2.5
to 5.0 m/s category, followed by the 5.0 to 7.5 m/s
category, the 0.5 to 2.5 m/s category, and the 7.5+m/s
category. Winds were calm 0.5% of the time at TA-49
during the daytime in 1998.

During the daytime (Figure 4-15), winds were
predominately southerly at all four towers. The
nighttime wind roses (Figure 4-16) show that the
winds were more westerly and northwesterly, and that
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the winds are generally weaker. Figure 4-18 gives
wind roses for all times.

F. Quality Assurance Program in the Air Quality
Group (Terry Morgan)

1. Quality Assurance Program Development

During 1998, ESH-17 revised three quality plans
that affect collection and use of air quality compliance
data: the group quality management plan, the project
plan for the AIRNET system, and the project plan for
the Rad-NESHAP project. The revisions reflect a new
safety review process, revised methods for filter
sample analysis and tritium concentration calculation,
and updates and improvements in the stack monitoring
and sampling project, respectively. We also revised
numerous implementing procedures. QA plansfor
sampling systems follow the EPA QA-R/5 data quality
objective process and incorporate required elements of
DOE QA programs. Together, these plans and
procedures describe or prescribe all the planned and
systematic activities believed necessary to provide
adequate confidence that ESH-17 processes perform
satisfactorily.

2. Analytical Laboratory Assessments

During 1998, the Wastren-Grand Junction anal yti-
cal laboratory associated with the DOE’s Grand
Junction Project Office provided biweekly gross
alpha, gross beta, and isotopic gamma analytical
services. Biweekly tritium analytical services were
provided by Paragon Analytics, Inc., Fort Collins, CO.
Analytical chemistry services for alpha-emitting
isotopes (americium, plutonium, and uranium) on
quarterly composite samples were also provided by
Wastren-Grand Junction. Application of the data
quality objectives (DQO) process led to definition of
analytical chemistry requirements. These require-
ments were summarized in statements of work used to
procure chemical analyses from the commercial
laboratories. Before awarding the purchases, ESH-17
evaluated the lab procedures, quality plans, and
national performance evaluation program results of
these suppliers and found that they met purchase
requirements. ESH-17 also performed formal on-site
assessments at the Grand Junction and Paragon
laboratories during 1998.

Both Paragon and the Grand Junction analytical
laboratories participated in national performance
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evaluation studies during 1998. Two federal agencies,
EPA and DOE, sponsor intercomparison studies: the
EPA Environmental Monitoring Systems L aboratory
in Las Vegas, NV, and the DOE Environmental Mea-
surements Laboratory in New York, NY. The DOE
laboratory sends spiked air filters twice a year to the
participating |aboratories; the EPA laboratory sends
spiked filters and water from one to three times a year.

G. Unplanned Releases (Scott Miller)

During 1998, there were several instances of
emissions of radioactive material exceeding routine
levels. Interms of doses, the impacts from these
releases were small (<0.1 mrem) and well within the
regulatory limits. For 1998, no instances of increased
emissions of radioactive particles qualified as un-
planned releases. However, two unplanned rel eases of
tritium exceeded expected emission rates as a result of
equipment malfunction or nonroutine operations; they
are described in more detail below.

An increased release of tritium from TA-21
occurred during the week of January 27, 1998. The
total amount of tritium released during the event was
approximately 60 Ci, almost 100% HTO. A leaking
gasket seal in some process equipment caused this
release. Thisamount of tritium was approximately
twice the maximum expected value and was readily
detected on our ambient monitoring system around
TA-21. A second release occurred from this facility
during the week of October 6, 1998, when approxi-
mately 30 Ci, approximately 2/3 HTO, was exhausted.
This value was barely above the maximum expected
value and was aresult of some nonroutine tritium
handling operations, as opposed to an equipment
malfunction.

Occasionally, emissions may increase because of
planned operations or maintenance. In general, these
increases are small and are considered part of normal
operations and are not included as unplanned rel eases.
As an example, emissions of radioactive particles
from a stack could be temporarily increased as a result
of modifications to a ventilation system such as
maintaining afan motor. Stopping and starting afan
can cause ducting to compress and release. This
action can result in materials held up in the ducting
being resuspended. Therefore, emissions may be
dlightly increased for a short period of time.
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H. Special Studies

1. Neighborhood Environmental Watch
Network Community Monitoring Stations

Neighborhood Environmental Watch Network
(NEWNET) isaLANL Dynamic Experiment Division
program for radiological monitoring inlocal commu-
nities. It establishes meteorological and external
penetrating radiation monitoring stationsin local
communities and around radiological sources. These
stations are the responsibility of a station manager
from the local community. The stations have alocal
readout, and the data can be downloaded onto a
personal computer at the station if this processis
coordinated with the station manager.

Station measurements include wind speed and wind
direction, ambient temperature, relative humidity, and

|. Tables

barometric pressure. Also, the station measures gross
gamma radiation using a pressurized ion chamber; the
radiation sensors are sampled at 5-second intervals
and averaged every 15 min.

The data from these stations are transmitted via
satellite communications to a downlink station at
LANL. The data are converted to engineering units,
checked and annotated for transmission errors or
station problems, stored in a public access database,
and presented on the World Wide Web. The datafrom
all the stations are available to the public with, at
most, a 24-hour delay. The NEWNET web page also
includes a Spanish language version.

More information about NEWNET and the datais
available at http://newnet.jdola.lanl.gov/ on the World
Wide Web.

Table 4-1. Aver age Background Concentrations of Radioactivity in

the Regional Atmosphere

Northern New Mexico

(LANL)2 EPA Concentration

Units 1998 LimitP
GrossAlpha fCi/m3 0.8 NAC
GrossBeta  fCi/m3 12.3 NA
234y aCi/m3 15.1 7,700
235y aCi/m3 1.8 7,100
238y aCi/m3 14.0 8,300
238py aCi/m3 0.1 2,100
239,240py aCi/m3 0.9 2,000
Tritium pCi/m3 0.4 1,500
241Am aCi/m3 2.7 1,900

8Data from regional air sampling stations operated by LANL at Santa Fe

(2 sites), El Rancho, and Espafiola.
PEach EPA limit equals 10 mrem/yr.
CNot available.
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Table 4-2. Airborne Long-Lived GrossAlpha Concentrations for 1998

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA  (fCi/m3)  (fCi/m3)  (fCi/m3) Deviation
Regional Stations
01 Espafiola 25 1 1.46 0.00 0.84 0.35
03 SantaFe 25 2 171 0.05 0.88 0.41
55 Santa Fe West 25 1 1.77 0.22 0.74 0.38
(Buckman Booster #4)
56 El Rancho 24 1 2.05 0.17 0.94 0.44
Pueblo Stations
41 Pueblo of San Ildefonso 25 1 152 0.13 0.87 0.39
42 Jemez Pueblo-tribal office 3 0 0.77 0.47 0.66 0.17
59 Jemez Pueblo-Visitor's Center 16 0 2.68 0.41 1.40 0.57
Perimeter Stations
04 Barranca School 24 0 1.88 0.25 0.75 0.35
05 Urban Park 25 2 1.56 0.16 0.69 0.34
06 48th Street 25 2 124 0.07 0.59 0.29
07 Gulf/Exxon/Shell Station 25 2 1.38 0.11 0.69 0.33
08 McDonalds Restaurant 25 3 1.13 0.07 0.63 0.29
09 LosAlamosAirport 25 3 1.89 0.10 0.62 0.38
10 East Gate 24 3 1.33 0.18 0.61 0.30
11 Well PM-1 (E. Jemez Road) 25 3 1.27 0.09 0.62 0.29
12 Royal Crest Trailer Court 25 4 1.73 -0.052 0.59 0.36
13 Pifion School 25 2 1.09 0.16 0.69 0.27
14 PgaritoAcres 25 2 1.20 0.13 0.66 0.30
15 White Rock Fire Station 25 3 1.20 0.08 0.63 0.32
16 White Rock Nazarene Church 25 1 152 0.21 0.67 0.29
17 Bandelier Entrance 25 1 1.45 0.07 0.65 0.37
(Lookout) (Rim)
60 LA Canyon 25 2 231 -0.01 0.70 0.43
61 LA Hospital 25 0 1.44 0.34 0.84 0.29
62 Trinity Bible Church 24 2 137 0.14 0.67 0.31
63 Monte Rey South 25 2 1.18 0.13 0.66 0.30
90 East Gate-Backup 1 0 0.25 0.25 0.25
TA-15 and TA-36 Stations
76 TA-15-61 24 4 3.27 0.03 0.78 0.74
77 TA-36-1J Site 25 2 1.27 0.13 0.62 0.29
78 TA-15-N 25 4 1.59 0.07 0.54 0.32
TA-21 Stations
20 TA-21AreaB 25 2 1.30 0.20 0.74 0.32
71 TA-21.01 (NW Bldg 344) 23 1 1.24 0.00 0.75 0.34
72 TA-21.02 (N Bldg 344) 25 0 3.63 0.27 0.93 0.89
73 TA-21.03 (NE Bldg 344) 25 1 1.96 0.11 0.81 0.40
74 TA-21.04 (SE Bldg 344) 25 0 1.60 0.23 0.71 0.33
75 TA-21.05 (S Bldg 344) 25 2 1.29 0.16 0.68 0.30
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Table 4-2. Airborne Long-Lived GrossAlpha Concentrations for 1998 (Cont.)

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA  (fCi/m3) (fCi/m3)  (fCi/m3) Deviation
TA-54 Area G Stations
27 AreaG (by QA) 25 0 2.48 0.66 1.27 0.51
34 AreaG-1 (behind trailer) 25 1 1.84 0.25 0.95 0.42
35 AreaG-2 (back fence) 25 0 2.06 0.21 0.76 0.44
36 AreaG-3 (by office) 25 1 1.37 0.25 0.71 0.24
45 Area G/South East Perimeter 25 0 1.68 0.53 1.10 0.35
47 Area G/North Perimeter 25 1 1.35 0.20 0.81 0.29
50 Area G-expansion 25 0 1.96 0.43 1.08 0.41
51 Area G-expansion pit 25 0 2.10 0.32 0.99 0.41
Other On-Site Stations
23 TA-52 Beta Site 25 1 1.25 0.22 0.71 0.29
25 TA-16-450 25 0 1.33 0.34 0.77 0.25
26 TA-49 25 1 1.18 0.08 0.67 0.28
30 Pgjarito Booster 2 (P-2) 25 0 1.36 0.36 0.67 0.24
31 TA-3 25 0 1.06 0.25 0.65 0.22
32 County Landfill (aias TA-48) 25 0 1.97 0.56 1.08 0.42
33 TA-49AreaAB 9 0 1.15 0.37 0.89 0.25
49 Pgjarito Road (TA-36) 25 0 1.14 0.23 0.68 0.26
54 TA-33 East 25 1 121 0.20 0.60 0.23
57 TA-49 AreaAB 2A North 9 0 127 0.31 0.78 0.31
58 TA-49 AreaAB Test Well 5A 9 0 152 0.41 0.84 0.33
QA Stations
38 TA-54AreaG 22 0 247 0.58 1.26 0.43
(adjacent to station 27)
39 TA-49 (adjacent to station 26) 25 3 1.58 0.07 0.58 0.34
Group Summaries
95% Sample
Number of Number of Maximum Minimum Mean Confidence Standard
Station Location  Results ~ Results<MDA  (fCi/m3) (fCi/m3)  (fCi/m3) Interval® Deviation
Regional 99 5 2.05 0.00 0.85 +0.08 0.40
Pueblo 44 1 2.68 0.13 1.05 +0.16 0.52
Perimeter 448 37 231 -0.05 0.66 +0.03 0.32
TA-15 and TA-36 74 10 3.27 0.03 0.65 +0.11 0.49
TA-21 148 6 3.63 0.00 0.77 +0.04 0.48
TA-54Area G 200 3 2.48 0.20 0.96 +0.06 0.42
Other On-Site 227 3 1.97 0.08 0.74 +0.04 0.31

Concentration guidelines are not available for gross alpha concentrations.

8See Appendix B for an explanation of negative numbers.
b95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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Table 4-3. Airborne Long-Lived Gross Beta Concentrations for 1998

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA  (fCi/m3)  (fCi/m3  (fCi/m3 Deviation
Regional Stations
01 Espafiola 25 0 21.2 8.5 12.3 3.2
03 SantaFe 25 0 18.8 5.1 11.0 3.6
55 Santa Fe West 25 0 22.4 9.2 12.7 3.3
(Buckman Booster #4)
56 El Rancho 24 0 23.2 9.0 13.3 3.7
Pueblo Stations
41 Pueblo of San Ildefonso 25 0 16.6 8.2 11.4 25
53 Jemez Pueblo-tribal office 3 0 12.0 6.6 9.1 2.7
59 Jemez Pueblo-Visitor’'s Center 16 0 17.6 5.7 10.6 34
Perimeter Stations
04 Barranca School 24 0 19.7 7.4 11.9 3.0
05 Urban Park 25 0 17.9 7.8 10.7 24
06 48th Street 25 0 16.1 6.9 10.0 2.3
07 Gulf/Exxon/Shell Station 25 0 16.2 8.5 11.3 2.2
08 McDonalds Restaurant 25 0 16.3 6.7 11.2 25
09 LosAlamosAirport 25 0 16.9 8.4 11.5 2.3
10 East Gate 24 0 17.8 7.6 11.5 2.6
11 Well PM-1 (E. Jemez Road) 25 0 16.7 84 11.7 2.2
12 Royal Crest Trailer Court 25 0 17.2 8.8 12.9 24
13 Pifion School 25 0 20.6 7.5 11.9 3.0
14 Pgjarito Acres 25 0 19.0 7.4 11.3 3.0
15 White Rock Fire Station 25 0 17.6 7.2 11.2 2.7
16 White Rock Nazarene Church 25 0 16.4 7.9 11.5 2.3
17 Bandelier Entrance 25 0 20.4 7.7 12.2 32
(Lookout) (Rim)
60 LA Canyon 25 0 18.7 8.2 11.3 25
61 LA Hospita 25 0 20.2 7.7 11.4 2.6
62 Trinity Bible Church 24 0 194 8.8 125 3.0
63 Monte Rey South 25 0 19.3 6.4 11.7 2.7
90 East Gate-Backup 1 0 115 11.5 11.5
TA-15 and TA-36 Stations
76 TA-15-61 24 0 19.4 7.9 10.8 2.8
77 TA-36-1]Site 25 0 19.7 8.1 11.8 2.8
78 TA-15-N 25 0 16.9 7.6 11.7 2.7
TA-21 Stations
20 TA-21AreaB 25 0 16.4 7.9 11.5 2.3
71 TA-21.01 (NW Bldg 344) 23 0 17.7 9.3 11.7 2.7
72 TA-21.02 (N Bldg 344) 25 0 325 85 13.0 5.1
73 TA-21.03 (NE Bldg 344) 25 0 195 8.1 11.8 2.6
74 TA-21.04 (SE Bldg 344) 25 0 17.7 8.2 116 2.3
75 TA-21.05 (S Bldg 344) 25 0 19.6 9.2 125 25
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4. Air Surveillance

Table 4-3. Airborne Long-Lived Gross Beta Concentrations for 1998 (Cont.)

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (fCi/m3) (fCi/m3)  (fCi/m3) Deviation
TA-54 Area G Stations
27 AreaG (by QA) 25 0 19.7 33 104 4.1
34 AreaG-1 (behind trailer) 25 0 22.1 75 12.1 33
35 AreaG-2 (back fence) 25 0 21.9 8.1 11.7 34
36 AreaG-3 (by office) 25 0 18.1 8.0 11.8 2.8
45 Area G/South East Perimeter 25 0 24.7 6.6 11.8 3.7
47 Area G/North Perimeter 25 0 20.9 9.1 13.3 2.8
50 Area G-expansion 25 0 24.2 6.5 12.6 4.1
51 Area G-expansion pit 25 0 185 85 124 3.0
Other On-Site Stations
23 TA-52 Beta Site 25 0 185 8.8 11.8 2.0
25 TA-16-450 25 0 191 7.6 11.2 2.6
26 TA-49 25 0 15.4 8.5 11.0 1.9
30 Pagjarito Booster 2 (P-2) 25 0 19.0 7.6 115 27
31 TA-3 25 0 191 7.0 111 28
32 County Landfill (alias TA-48) 25 0 17.8 4.2 9.7 3.9
33 TA-49AreaAB 9 0 20.3 111 14.3 29
49 Pajarito Road (TA-36) 25 0 21.3 7.2 125 3.2
54 TA-33 East 25 0 23.6 8.4 12.9 3.6
57 TA-49 AreaAB 2A North 9 0 18.2 9.8 13.8 2.9
58 TA-49 AreaAB Test Well 5A 9 0 19.6 9.6 13.0 31
QA Stations
38 TA-54AreaG 22 0 18.6 35 10.8 3.7
(adjacent to station 27)
39 TA-49 (adjacent to station 26) 25 0 154 6.8 9.8 24
Group Summaries
95% Sample
Number of Number of Maximum  Minimum Mean Confidence Standard
Station Location  Results  Results<MDA  (fCi/md) (fCi/m3)  (fCi/m3) Interval® Deviation
Regional 99 0 23.2 5.1 12.3 +0.7 35
Pueblo 44 0 17.6 5.7 10.9 +0.9 29
Perimeter 448 0 20.6 6.4 115 0.2 2.6
TA-15 and TA-36 74 0 19.7 7.6 115 +0.6 27
TA-21 148 0 325 7.9 12.0 0.2 31
TA-54 Area G 200 0 24.7 33 12.0 +0.5 3.4
Other On-Site 227 0 23.6 4.2 11.7 +0.4 31
Concentration guidelines are not available for gross beta concentrations.
295% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-4. Airborne Tritium as Tritiated Water Concentrationsfor 1998

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA  (pCi/m3)  (pCi/m3) (pCi/m3) Deviation
Regional Stations
01 Espafiola 25 23 15 -1.32 0.2 0.6
03 SantaFe 25 19 3.0 -1.0 0.5 1.0
55 Santa Fe West 25 21 2.0 -05 0.4 0.6
(Buckman Booster #4)
56 El Rancho 24 22 29 -1.2 0.3 0.9
Pueblo Stations
41 Pueblo of San Ildefonso 25 22 21 -12 0.6 0.8
53 Jemez Pueblo-tribal office 3 3 0.3 -04 0.0 0.4
59 Jemez Pueblo-Visitor's Center 16 13 24 -16 05 1.0
Perimeter Stations
04 Barranca School 28 13 9.3 0.1 1.7 1.9
05 Urban Park 25 20 7.3 -0.6 0.9 14
06 48th Street 25 22 3.2 -0.9 0.8 1.0
07 Gulf/Exxon/Shell Station 25 12 4.0 -0.6 1.7 1.0
08 McDonalds Restaurant 25 2 115 0.0 3.6 25
09 LosAlamosAirport 25 1 21.8 13 4.2 4.1
10 East Gate 22 3 14.3 0.6 39 31
11 Well PM-1 (E. Jemez Road) 25 13 9.2 0.5 19 19
12 Royal Crest Trailer Court 25 8 3.8 0.5 2.0 11
13 Pifion School 25 5 9.2 0.4 29 2.3
14 PgjaritoAcres 25 16 45 -0.8 13 12
15 White Rock Fire Station 25 10 55 0.0 2.0 15
16 White Rock Nazarene Church 25 8 124 0.2 33 29
17 Bandelier Entrance 25 15 4.4 -0.3 13 1.0
(Lookout) (Rim)
60 LA Canyon 25 9 8.0 -05 24 18
61 LA Hospita 25 13 31 -0.3 14 0.9
62 Trinity Bible Church 25 7 49.8 0.5 4.1 9.6
63 Monte Rey South 25 14 4.2 -05 15 13
90 East Gate-Backup 3 0 6.3 2.7 5.1 2.0
TA-15 and TA-36 Stations
76 TA-15-61 24 7 5.0 0.0 21 15
77 TA-36-1] Site 25 11 4.2 -0.3 1.7 13
78 TA-15-N 25 11 7.1 -0.1 2.0 19
TA-21 Stations
20 TA-21AreaB 25 0 99.7 12 8.6 19.5
71 TA-21.01 (NW Bldg 344) 24 1 256.2 0.9 13.9 51.6
72 TA-21.02 (N Bldg 344) 25 0 247.4 2.0 14.7 48.6
73 TA-21.03 (NE Bldg 344) 25 0 77.6 36 135 15.0
74 TA-21.04 (SE Bldg 344) 25 0 58.7 24 8.0 10.9
75 TA-21.05 (S Bldg 344) 25 0 62.4 2.8 8.9 115
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4. Air Surveillance

Table 4-4. Airborne Tritium as Tritiated Water Concentrationsfor 1998 (Cont.)

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA  (pCi/m3)  (pCi/m3) (pCi/m3) Deviation
TA-54 Area G Stations
27 AreaG (by QA) 25 0 106.0 2.6 314 30.8
34 AreaG-1 (behind trailer) 25 1 64.2 -0.4 22.3 179
35 AreaG-2 (back fence) 25 0 3368.2 184 864.3 1041.9
36 AreaG-3 (by office) 25 0 247.8 17.5 110.8 82.6
45 Area G/South East Perimeter 25 0 474 17 17.2 14.5
47 Area G/North Perimeter 25 0 89.3 33 26.3 254
50 Area G-expansion 25 0 55.3 2.6 14.3 134
51 Area G-expansion pit 25 0 37.6 22 15.6 109
Other On-Site Stations
23 TA-52 Beta Site 25 7 215 -0.3 33 4.3
25 TA-16-450 25 0 1528.7 38.3 246.6 349.0
26 TA-49 25 1 25.5 0.8 7.5 7.1
30 Pagjarito Booster 2 (P-2) 25 11 7.3 -0.2 2.0 17
31 TA-3 25 5 5.7 0.2 2.7 15
32 County Landfill (alias TA-48) 25 11 45 0.0 1.7 11
33 TA-49AreaAB 9 0 17.7 2.3 6.6 4.9
49 Psjarito Road (TA-36) 25 9 5.2 -0.1 1.9 1.4
54 TA-33 East 25 15 4.1 -0.7 13 13
57 TA-49 AreaAB 2A North 9 0 15.1 19 6.1 3.9
58 TA-49 AreaAB Test Well 5A 9 1 15.1 14 5.8 4.1
QA Stations
38 TA-54AreaG 22 0 117.4 34 32.7 32.1
(adjacent to station 27)
39 TA-49 (adjacent to station 26) 25 1 32.3 0.5 7.7 75
Group Summaries
95% Sample
Number of Number of Maximum Minimum Mean Confidence Standard
Station Location  Results  Results<MDA  (pCi/m3)  (pCi/m3)  (pCi/m3) Interval® Deviation
Regional 99 85 3.0 -1.3 0.4 +0.2 0.8
Pueblo 44 38 24 -1.6 0.5 +0.3 0.9
Perimeter 450 191 49.8 -0.9 2.3 +0.2 31
TA-15 and TA-36 75 29 7.1 -0.3 19 +0.4 1.6
TA-21 149 1 256.2 0.9 11.2 +5.0 30.7
TA-54Area G 200 1 3368.2 -0.4 137.8 +63.3 456.8
Other On-Site 227 60 1528.7 -0.7 30.1 +17.8 137.0

Concentration Guidelines
DOE Derived Air Concentation (DAC) Guide for workplace exposure is 20,000,000 pCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 1,500 pCi/m3.

2 See Appendix B for an explanation of negative numbers.
b 95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-5. Airbor ne Plutonium-238 Concentr ations for 1998

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3)  (aCi/m3) (aCi/m3) Deviation
Regional Stations
01 Espafiola 4 2 0.8 -0.22 0.1 0.5
03 SantaFe 4 3 0.4 -0.3 0.1 0.3
55 Santa Fe West 4 1 0.3 -0.3 -0.1 0.2
(Buckman Booster #4)
56 El Rancho 4 3 0.5 -0.6 0.2 0.6
Pueblo Stations
41 Pueblo of San Ildefonso 4 1 0.3 -05 -0.2 0.3
59 Jemez Pueblo-Visitor’'s Center 3 0 -01 -0.6 -04 0.3
Perimeter Stations
04 Barranca School 4 3 0.6 -0.1 0.2 0.3
05 Urban Park 4 3 0.2 -0.1 0.1 0.2
06 48th Street 4 1 0.0 -0.4 -0.2 0.2
07 Gulf/Exxon/Shell Station 4 2 0.8 0.4 0.2 0.6
08 McDonalds Restaurant 4 2 0.3 -04 -01 0.3
09 LosAlamosAirport 4 4 0.9 0.0 04 04
10 East Gate 4 1 0.2 -0.1 0.0 0.2
11 Well PM-1 (E. Jemez Road) 4 2 12 -05 0.2 0.7
12 Royal Crest Trailer Court 4 4 0.8 0.0 0.3 0.3
13 Pifion School 4 4 0.6 0.0 0.3 0.3
14 Pgjarito Acres 4 3 0.3 -0.1 0.1 0.2
15 White Rock Fire Station 4 1 1.0 -0.6 0.0 0.7
16 White Rock Nazarene Church 4 4 0.7 0.0 0.4 0.3
17 Bandelier Entrance 4 4 15 0.1 0.7 0.6
(Lookout) (Rim)
60 LA Canyon 4 1 0.0 -0.6 -0.4 0.3
61 LA Hospital 4 3 0.4 -0.3 0.0 0.3
62 Trinity Bible Church 4 1 0.1 -0.3 -01 0.2
63 Monte Rey South 4 3 0.3 -0.3 0.0 0.2
TA-15 and TA-36 Stations
76 TA-15-61 4 1 0.6 -05 -0.2 0.5
77 TA-36-1] Site 4 2 0.5 -0.1 0.1 0.3
78 TA-15-N 4 4 19 0.0 0.5 0.9
TA-21 Stations
20 TA-21AreaB 4 3 0.9 -0.6 0.1 0.6
71 TA-21.01 (NW Bldg 344) 4 3 2.8 -04 1.0 1.4
72 TA-21.02 (N Bldg 344) 4 2 17.6 1.0 8.6 8.8
73 TA-21.03 (NE Bldg 344) 4 2 8.1 0.3 35 3.8
74 TA-21.04 (SE Bldg 344) 4 4 1.7 0.0 0.8 0.8
75 TA-21.05 (S Bldg 344) 4 4 0.6 0.0 0.3 0.3
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4. Air Surveillance

Table 4-5. Airbor ne Plutonium-238 Concentrations for 1998 (Cont.)

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3) (aCi/m3)  (aCi/m3) Deviation
TA-54 Area G Stations
27 AreaG (by QA) 4 4 5.0 1.8 2.7 15
34 AreaG-1 (behind trailer) 4 4 17 0.2 0.9 0.7
35 AreaG-2 (back fence) 4 2 0.4 -04 0.0 04
36 AreaG-3 (by office) 4 4 0.6 0.1 0.3 0.2
45 Area G/South East Perimeter 4 4 14 0.3 0.8 0.6
47 Area G/North Perimeter 4 3 1.0 -0.3 05 0.6
50 AreaG-expansion 4 3 19 -0.1 0.6 0.9
51 Area G-expansion pit 4 4 0.9 0.0 0.4 0.5
Other On-Site Stations
23 TA-52 Beta Site 4 2 0.1 -0.6 -0.2 0.3
25 TA-16-450 4 4 0.1 0.0 0.0 0.1
26 TA-49 4 3 0.7 -0.1 0.3 0.4
30 Pagjarito Booster 2 (P-2) 4 4 1.0 0.0 0.3 0.5
31 TA-3 4 3 1.0 -1.3 0.1 1.0
32 County Landfill (alias TA-48) 4 2 0.2 -0.1 0.0 0.1
33 TA-49AreaAB 2 1 0.8 -0.1 0.3 0.7
49 Pgjarito Road (TA-36) 4 1 0.3 04 -0.2 0.3
54 TA-33 East 4 2 0.1 -05 -0.1 0.3
57 TA-49 AreaAB 2A North 2 2 0.6 0.3 04 0.2
58 TA-49 AreaAB Test Well 5A 2 2 13 1.0 12 0.2
QA Stations
38 TA-54AreaG 4 4 51 15 3.7 1.7
(adjacent to station 27)
39 TA-49 (adjacent to station 26) 4 2 0.5 -04 0.1 0.5
Group Summaries
95% Sample
Number of Number of Maximum  Minimum Mean Confidence Standard
Station Location  Results  Results<MDA  (aCi/m3)  (aCi/m3) (aCi/m3) Interval® Deviation
Regional 16 9 0.8 -0.6 0.1 0.2 0.4
Pueblo 7 1 0.3 -0.6 -0.3 0.3 0.3
Perimeter 72 46 15 -0.6 0.1 0.1 04
TA-15 and TA-36 12 7 19 -0.5 0.2 04 0.7
TA-21 24 18 17.6 -0.6 24 2.0 4.7
TA-54Area G 32 28 5.0 04 0.8 04 1.0
Other On-Site 38 26 13 -13 0.1 0.2 0.5

Concentration Guidelines
DOE Derived Air Concentation (DAC) Guide for workplace exposure is 3,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 2,100 aCi/m3.

@ See Appendix B for an explanation of negative numbers.
b 95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-6. Airbor ne Plutonium-239 Concentr ations for 1998

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3)  (aCi/m3) (aCi/m3) Deviation
Regional Stations
01 Espafiola 4 3 13 -0.52 0.7 0.8
03 SantaFe 4 3 3.6 -0.1 11 18
55 Santa Fe West 4 3 16 0.0 1.0 0.7
(Buckman Booster #4)
56 El Rancho 4 3 13 05 0.9 0.4
Pueblo Stations
41 Pueblo of San Ildefonso 4 4 21 0.1 0.8 0.8
59 Jemez Pueblo-Visitor's Center 3 3 13 0.0 0.5 0.7
Perimeter Stations
04 Barranca School 4 4 13 0.4 0.7 0.4
05 Urban Park 4 4 19 0.0 0.6 0.8
06 48th Street 4 3 20 -0.1 0.8 0.9
07 Gulf/Exxon/Shell Station 4 3 9.2 0.7 4.1 3.7
08 McDonalds Restaurant 4 4 14 0.4 0.7 0.5
09 LosAlamosAirport 4 4 38 0.7 3.0 15
10 East Gate 4 3 15 -04 0.7 0.8
11 Well PM-1 (E. Jemez Road) 4 3 2.8 -04 0.9 14
12 Royal Crest Trailer Court 4 3 25 -0.8 0.8 14
13 Pifion School 4 4 0.3 0.1 0.2 0.1
14 Pagjarito Acres 4 3 17 -0.1 11 0.9
15 White Rock Fire Station 4 4 2.9 0.6 14 1.0
16 White Rock Nazarene Church 4 3 17 -0.1 0.7 0.8
17 Bandelier Entrance 4 4 13 0.3 0.9 0.5
(Lookout) (Rim)
60 LA Canyon 4 3 15 -04 0.7 0.8
61 LA Hospital 4 4 22 0.8 17 0.6
62 Trinity Bible Church 4 4 17 04 12 0.6
63 Monte Rey South 4 4 13 0.1 0.8 0.6
TA-15 and TA-36 Stations
76 TA-15-61 4 3 2.0 -0.3 0.5 1.0
77 TA-36-1] Site 4 4 0.7 0.0 0.4 0.4
78 TA-15-N 4 3 16 -0.3 0.7 0.8
TA-21 Stations
20 TA-21AreaB 4 4 16 0.0 0.8 0.8
71 TA-21.01 (NW Bldg 344) 4 2 20.7 19 2.9 9.0
72 TA-21.02 (N Bldg 344) 4 1 196.4 51 78.2 89.3
73 TA-21.03 (NE Bldg 344) 4 2 84.4 41 35.4 38.2
74 TA-21.04 (SE Bldg 344) 4 1 21.4 43 14.8 75
75 TA-21.05 (S BIdg 344) 4 4 45 1.0 21 16
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4. Air Surveillance

Table 4-6. Airbor ne Plutonium-239 Concentr ations for 1998 (Cont.)

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3)  (aCi/m3) (aCi/m3) Deviation
TA-54 Area G Stations
27 AreaG (by QA) 4 0 116.9 273 72.6 36.8
34 AreaG-1 (behind trailer) 4 3 8.1 17 3.8 29
35 AreaG-2 (back fence) 4 4 0.8 0.0 0.5 0.3
36 AreaG-3 (by office) 4 4 45 0.7 21 17
45 Area G/South East Perimeter 4 1 76.8 5.9 26.6 33.6
47 Area G/North Perimeter 4 2 174 1.0 7.9 6.9
50 AreaG-expansion 4 2 7.9 14 4.6 34
51 Area G-expansion pit 4 2 9.1 20 5.3 32
Other On-Site Stations
23 TA-52 Beta Site 4 4 2.2 0.3 1.0 0.8
25 TA-16-450 4 4 1.6 0.1 0.9 0.6
26 TA-49 4 4 11 0.3 0.6 0.3
30 Pagjarito Booster 2 (P-2) 4 3 0.7 -0.6 0.3 0.6
31 TA-3 4 3 0.6 -0.2 0.3 04
32 County Landfill (alias TA-48) 4 3 12.8 11 5.3 5.2
33 TA-49AreaAB 2 2 2.0 11 1.6 0.7
49 Pgjarito Road (TA-36) 4 3 0.3 -0.2 0.1 0.2
54 TA-33 East 4 4 2.2 0.2 14 0.9
57 TA-49 AreaAB 2A North 2 1 0.4 -0.8 0.4 1.7
58 TA-49 AreaAB Test Well 5A 2 1 0.4 -0.3 0.1 0.5
QA Stations
38 TA-54AreaG 4 0 111.3 29.5 72.9 335
(adjacent to station 27)
39 TA-49 (adjacent to station 26) 4 4 17 0.7 13 0.4
Group Summaries
95% Sample
Number of Number of Maximum Minimum Mean Confidence Standard
Station Location  Results  Results<MDA  (aCi/m3)  (aCi/m3) (aCi/m3) Interval® Deviation
Regional 16 13 3.6 -05 0.9 +0.5 1.0
Pueblo 7 7 21 0.0 0.7 +0.7 0.7
Perimeter 72 64 9.2 -0.8 12 +0.3 14
TA-15 and TA-36 12 10 2.0 -0.3 0.5 +0.4 0.7
TA-21 24 14 196.4 0.0 23.6 +18.9 44.8
TA-54Area G 32 18 116.9 0.0 154 +10.1 28.1
Other On-Site 38 32 12.8 -0.8 11 +0.7 2.2

Concentration Guidelines
DOE Derived Air Concentation (DAC) Guide for workplace exposure is 2,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 1,900 aCi/m3.

aSee Appendix B for an explanation of negative numbers.

b 95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-7. Airborne Americium-241 Concentr ations for 1998

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3)  (aCi/m3 (aCi/m3) Deviation
Regional Stations
01 Espafiola 4 4 4.4 0.7 2.3 1.6
03 SantaFe 4 4 3.8 2.6 3.1 0.5
55 Santa Fe West 4 4 3.2 2.6 2.8 0.3
(Buckman Booster #4)
56 El Rancho 4 4 35 2.0 2.8 0.7
Pueblo Stations
41 Pueblo of San lldefonso 4 4 3.0 0.8 21 11
59 Jemez Pueblo-Visitor's Center 3 3 75 18 37 32
Perimeter Stations
04 Barranca School 4 4 29 1.0 21 0.9
05 Urban Park 4 4 31 13 24 0.9
06 48th Street 4 4 3.1 0.7 2.0 11
07 Gulf/Exxon/Shell Station 4 4 34 13 24 1.1
08 McDonalds Restaurant 4 4 4.6 1.7 2.8 14
09 LosAlamosAirport 4 4 29 12 2.3 0.8
10 East Gate 4 4 3.7 0.6 25 13
11 Well PM-1 (E. Jemez Road) 4 4 3.0 16 2.3 0.6
12 Royal Crest Trailer Court 4 4 3.6 1.8 24 0.8
13 Pifion School 4 4 35 1.7 2.3 0.6
14 PgjaritoAcres 4 4 4.9 16 2.7 15
15 White Rock Fire Station 4 4 23 12 18 0.5
16 White Rock Nazarene Church 4 4 4.4 21 33 1.0
17 Bandelier Entrance
(Lookout) (Rim) 4 4 32 0.6 2.0 11
60 LA Canyon 4 4 4.6 2.7 3.3 0.9
61 LA Hospita 4 4 4.8 13 2.9 15
62 Trinity Bible Church 4 4 3.6 18 2.8 0.9
63 Monte Rey South 4 4 37 21 29 0.7
TA-15 and TA-36 Stations
76 TA-15-61 4 4 3.6 0.9 2.0 12
77 TA-36-1JSite 4 4 3.9 2.0 2.7 0.8
78 TA-15-N 4 4 31 14 2.3 0.7
TA-21 Stations
20 TA-21AreaB 4 4 3.2 16 25 0.7
71 TA-21.01 (NW Bldg 344) 4 4 6.0 1.8 39 1.8
72 TA-21.02 (N Bldg 344) 4 2 23.0 2.6 114 10.1
73 TA-21.03 (NE Bldg 344) 4 2 21.0 34 9.4 7.9
74 TA-21.04 (SE Bldg 344) 4 3 115 15 4.7 4.6
75 TA-21.05 (S Bldg 344) 4 4 25 13 1.9 0.6
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4. Air Surveillance

Table 4-7. Airborne Americium-241 Concentrations for 1998 (Cont.)

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3)  (aCi/m3) (aCi/m3) Deviation
TA-54 Area G Stations
27 AreaG (by QA) 4 0 7.7 25.2 47.9 22.0
34 AreaG-1 (behind trailer) 4 4 4.2 1.8 3.3 1.0
35 AreaG-2 (back fence) 4 4 5.0 16 3.0 14
36 AreaG-3 (by office) 4 4 2.7 18 22 0.5
45 Area G/South East Perimeter 4 3 25.6 35 9.6 10.6
47 Area G/North Perimeter 4 3 9.6 3.2 5.7 2.8
50 Area G-expansion 4 4 49 2.2 3.6 11
51 Area G-expansion pit 4 4 4.2 2.6 3.6 0.7
Other On-Site Stations
23 TA-52 Beta Site 4 4 2.5 1.6 2.0 0.4
25 TA-16-450 4 4 2.9 2.1 2.6 0.4
26 TA-49 4 4 4.0 1.2 2.7 1.3
30 Pgjarito Booster 2 (P-2) 4 4 29 0.6 21 11
31 TA-3 4 4 55 1.6 35 17
32 County Landfill (alias TA-48) 4 4 5.1 0.9 26 18
33 TA-49AreaAB 2 2 4.4 3.2 3.8 0.9
49 Pgjarito Road (TA-36) 4 4 23 0.9 15 0.7
54 TA-33 East 4 4 35 14 2.4 0.9
57 TA-49 AreaAB 2A North 2 2 2.2 0.6 14 11
58 TA-49 AreaAB Test Well 5A 2 2 10.5 2.4 6.4 5.8
QA Stations
38 TA-54AreaG 4 0 66.1 26.7 46.2 16.4
(adjacent to station 27)
39 TA-49 (adjacent to station 26) 4 4 2.4 0.7 15 0.7
Group Summaries
95% Sample
Number of Number of Maximum  Minimum Mean Confidence Standard
Station Location  Results  Results<MDA  (aCi/m3)  (aCi/m3) (aCi/m3) Interval® Deviation
Regional 16 16 4.4 0.7 2.7 +0.5 0.9
Pueblo 7 7 75 0.8 2.8 +2.0 2.2
Perimeter 72 72 49 0.6 25 +0.2 1.0
TA-15and TA-36 12 12 39 0.9 2.3 +0.6 0.9
TA-21 24 19 23.0 13 5.6 +2.6 6.1
TA-54 Area G 32 26 7.7 1.6 9.9 +6.0 16.6
Other On-Site 38 38 10.5 0.6 2.7 +0.6 1.7

Concentration Guidelines
DOE Derived Air Concentation (DAC) Guide for workplace exposure is 2,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 1,900 aCi/m3,

295% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-8. Airborne Uranium-234 Concentrations for 1998

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3)  (aCi/m3) (aCi/m3) Deviation
Regional Stations
01 Espafiola 4 0 231 9.7 16.0 55
03 SantaFe 4 0 28.7 115 18.1 7.4
55 Santa Fe West 4 1 221 5.6 114 7.4
(Buckman Booster #4)
56 El Rancho 4 0 26.8 6.3 14.9 8.6
Pueblo Stations
41 Pueblo of San lldefonso 4 0 23.2 16.8 195 2.8
59 Jemez Pueblo-Visitor's Center 3 0 32.9 20.1 27.9 6.8
Perimeter Stations
04 Barranca School 4 0 21.2 75 13.6 5.9
05 Urban Park 4 2 16.4 23 7.4 6.2
06 48th Street 4 1 8.0 2.7 5.3 22
07 Gulf/Exxon/Shell Station 4 1 233 5.7 116 8.0
08 McDonalds Restaurant 4 2 15.1 4.2 7.9 4.9
09 LosAlamosAirport 4 0 15.0 53 84 44
10 East Gate 4 0 184 6.6 10.9 5.2
11 Well PM-1 (E. Jemez Road) 4 0 9.6 43 6.1 24
12 Royal Crest Trailer Court 4 2 121 29 75 4.0
13 Pifion School 4 1 11.2 4.4 7.7 32
14 Pagjarito Acres 4 2 8.4 16 4.8 2.8
15 White Rock Fire Station 4 1 111 4.5 8.6 3.2
16 White Rock Nazarene Church 4 3 8.4 4.1 5.7 2.0
17 Bandelier Entrance 4 2 10.9 4.5 6.2 3.2
(Lookout) (Rim)
60 LA Canyon 4 0 18.0 6.3 10.6 51
61 LA Hospital 4 0 225 9.7 15.3 5.3
62 Trinity Bible Church 4 1 120 53 75 31
63 Monte Rey South 4 2 105 2.2 55 3.6
TA-15 and TA-36 Stations
76 TA-15-61 4 1 135 4.6 7.6 4.2
77 TA-15-1)Site 4 1 24.6 51 121 8.6
78 TA-15-N 4 1 9.0 4.0 5.9 24
TA-21 Stations
20 TA-21AreaB 4 1 13.2 35 7.0 43
71 TA-21.01 (NW Bldg 344) 4 1 105 5.0 77 25
72 TA-21.02 (N Bldg 344) 4 0 18.3 6.1 118 5.6
73 TA-21.03 (NE Bldg 344) 4 2 15.8 42 8.6 5.4
74 TA-21.04 (SE Bldg 344) 4 0 9.4 6.3 75 14
75 TA-21.05 (S BIdg 344) 4 3 11.2 25 5.9 37
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4. Air Surveillance

Table 4-8. Airbor ne Uranium-234 Concentrations for 1998 (Cont.)

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3)  (aCi/m3) (aCi/m3) Deviation
27 AreaG (by QA) 4 0 67.4 52.8 58.5 6.8
34 AreaG-1 (behind trailer) 4 0 58.6 133 27.6 20.9
35 AreaG-2 (back fence) 4 0 14.2 7.3 9.9 3.0
36 AreaG-3 (by office) 4 0 24.5 8.3 145 7.0
45 Area G/South East Perimeter 4 0 88.1 32.3 56.2 23.3
47 Area G/North Perimeter 4 0 29.7 131 175 8.2
50 Area G-expansion 4 0 72.0 385 48.1 15.9
51 AreaG-expansion pit 4 0 61.1 239 34.8 17.6
Other On-Site Stations
23 TA-52 Beta Site 4 0 17.5 6.7 104 4.8
25 TA-16-450 4 0 289 7.2 14.2 10.1
26 TA-49 4 2 8.7 34 5.0 25
30 Pgjarito Booster 2 (P-2) 4 1 139 4.8 8.1 4.0
31 TA-3 4 1 9.9 4.1 6.2 2.6
32 County Landfill (alias TA-48) 4 0 62.3 444 52.2 8.0
33 TA-49AreaAB 2 1 20.3 10.8 15.6 6.7
49 Pgjarito Road (TA-36) 4 0 14.1 48 85 40
54 TA-33 East 4 2 13.9 4.6 7.7 4.3
57 TA-49 AreaAB 2A North 2 0 13.9 9.4 11.6 3.2
58 TA-49 AreaAB Test Well 5A 2 2 6.1 4.3 5.2 12
QA Stations
38 TA-54AreaG 4 0 65.6 56.3 60.7 3.8
(adjacent to station 27)
39 TA-49 (adjacent to station 26) 4 3 10.2 25 5.4 34
Group Summaries
95% Sample
Number of Number of Maximum  Minimum Mean Confidence Standard
Station Location  Results  Results<MDA  (aCi/m3)  (aCi/m3) (aCi/m3) Interval® Deviation
Regional 16 1 28.7 5.6 15.1 +3.7 7.0
Pueblo 7 0 329 16.8 23.1 15.6 6.3
Perimeter 72 20 23.3 16 8.4 1.1 4.8
TA-15 and TA-36 12 3 24.6 4.0 8.5 +3.7 5.8
TA-21 24 7 18.3 25 8.1 +1.7 4.1
TA-54 Area G 32 0 88.1 7.3 334 8.0 22.3
Other On-Site 38 9 62.3 34 135 +4.8 14.6
Concentration Guidelines
DOE Derived Air Concentation (DAC) Guide for workplace exposure is 20,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 7,700 aCi/m3.
a95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-9. Airbor ne Uranium-235 Concentr ations for 1998

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3)  (aCi/m3) (aCi/m3) Deviation
Regional Stations
01 Espaiola 4 4 2.6 11 2.0 0.7
03 SantaFe 4 3 5.2 0.3 2.8 2.0
55 Santa Fe West 4 4 15 0.6 11 0.5
(Buckman Booster #4)
56 El Rancho 4 4 15 1.0 13 0.2
Pueblo Stations
41 Pueblo of San lldefonso 4 4 3.9 12 2.3 11
59 Jemez Pueblo-Visitor's Center 3 3 4.5 18 2.7 16
Perimeter Stations
04 Barranca School 4 4 2.2 0.1 13 0.9
05 Urban Park 4 4 2.6 0.7 15 0.8
06 48th Street 4 3 25 0.0 14 1.0
07 Gulf/Exxon/Shell Station 4 4 3.1 0.2 15 12
08 McDonalds Restaurant 4 4 12 0.6 0.9 0.3
09 LosAlamosAirport 4 4 2.8 0.6 12 10
10 East Gate 4 4 24 0.6 15 0.8
11 Well PM-1 (E. Jemez Road) 4 4 0.9 0.0 0.6 0.4
12 Royal Crest Trailer Court 4 4 18 0.3 1.0 0.7
13 Pifion School 4 3 41 0.8 2.3 15
14 Pgjarito Acres 4 4 11 0.0 0.7 05
15 White Rock Fire Station 4 4 4.3 0.1 16 19
16 White Rock Nazarene Church 4 4 14 0.1 0.6 0.6
17 Bandelier Entrance 4 3 17 -0.12 11 0.9
(Lookout) (Rim)
60 LA Canyon 4 3 23 -0.2 0.8 11
61 LA Hospital 4 3 12 -0.1 0.5 0.6
62 Trinity Bible Church 4 3 27 -0.3 15 13
63 Monte Rey South 4 4 19 0.1 1.0 0.7
TA-15 and TA-36 Stations
76 TA-15-61 4 4 15 0.9 11 0.3
77 TA-36-1]Site 4 4 12 0.7 0.9 0.2
78 TA-15-N 4 4 17 0.4 1.0 0.5
TA-21 Stations
20 TA-21AreaB 4 4 16 0.1 0.6 0.7
71 TA-21.01 (NW Bldg 344) 4 3 2.2 -0.1 0.6 13
72 TA-21.02 (N Bldg 344) 4 4 2.0 0.0 0.6 0.9
73 TA-21.03 (NE Bldg 344) 4 4 15 0.3 0.8 0.6
74 TA-21.04 (SE Bldg 344) 4 2 2.0 -0.3 0.4 11
75 TA-21.05 (S Bldg 344) 4 4 16 0.7 12 0.4
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4. Air Surveillance

Table 4-9. Airborne Uranium-235 Concentrations for 1998 (Cont.)

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3  (aCi/m3) (aCi/m3) Deviation
TA-54 Area G Stations
27 AreaG (by QA) 4 3 31 1.8 25 0.7
34 AreaG-1 (behind trailer) 4 4 24 0.9 18 0.7
35 AreaG-2 (back fence) 4 4 1.7 0.6 1.0 05
36 AreaG-3 (by office) 4 4 35 0.7 18 13
45 Area G/South East Perimeter 4 4 4.3 18 2.8 1.2
47 Area G/North Perimeter 4 3 2.9 -0.7 13 18
50 AreaG-expansion 4 2 55 20 39 16
51 Area G-expansion pit 4 3 4.9 20 29 13
Other On-Site Stations
23 TA-52 Beta Site 4 4 3.9 04 19 15
25 TA-16-450 4 4 31 0.4 15 1.1
26 TA-49 4 4 1.9 0.0 0.9 0.8
30 Pagjarito Booster 2 (P-2) 4 4 11 0.3 0.8 0.4
31 TA-3 4 2 1.6 0.5 0.5 1.0
32 County Landfill (alias TA-48) 4 4 4.6 33 39 0.5
33 TA-49AreaAB 2 1 4.6 1.7 3.2 2.1
49 Psjarito Road (TA-36) 4 0 5.6 -0.3 25 31
54 TA-33 East 4 4 1.6 0.1 0.8 0.6
57 TA-49, AreaAB 2A North 2 2 3.6 10 2.3 18
58 TA-49, AreaAB Test Well 5A 2 2 13 0.3 0.8 0.7
QA Stations
38 TA-54AreaG 4 3 7.0 31 4.4 18
(adjacent to station 27)
39 TA-49 (adjacent to station 26) 4 4 12 0.0 0.8 0.6
Group Summaries
95% Sample
Number of Number of Maximum Minimum Mean Confidence Standard
Station Location  Results  Results<MDA  (aCi/m3)  (aCi/m3) (aCi/m3) Interval® Deviation
Regional 16 15 5.2 0.3 1.8 +0.6 12
Pueblo 7 7 4.5 12 25 +1.1 12
Perimeter 72 66 4.3 -0.3 12 +0.2 1.0
TA-15 and TA-36 12 12 1.7 0.4 1.0 +0.2 0.3
TA-21 24 21 2.2 -1.0 0.7 +0.4 0.8
TA-54Area G 32 27 55 -0.7 2.2 +0.5 14
Other On-Site 38 31 5.6 -05 17 +0.5 1.6

Concentration Guidelines
DOE Derived Air Concentation (DAC) Guide for workplace exposure is 20,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 7,100 aCi/m3.

2 See Appendix B for an explanation of negative numbers.
b 95% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-10. Airbor ne Uranium-238 Concentrations for 1998

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m3)  (aCi/m3) (aCi/m3) Deviation
01 Espafiola 4 0 19.7 10.8 15.4 3.7
03 SantaFe 4 0 275 10.6 16.6 7.5
55 Santa Fe West 4 0 18.1 6.7 10.0 55
(Buckman Booster #4)
56 El Rancho 4 0 24.5 8.1 14.0 7.2
Pueblo Stations
41 Pueblo of San Ildefonso 4 0 224 16.0 194 2.6
59 Jemez Pueblo-Visitor's Center 3 0 29.2 17.9 25.3 6.4
Perimeter Stations
04 Barranca School 4 0 21.8 8.0 14.7 6.4
05 Urban Park 4 1 13.0 3.8 7.4 3.9
06 48th Street 4 3 4.5 1.7 31 12
07 Gulf/Exxon/Shell Station 4 0 23.0 47 12.1 7.9
08 McDonalds Restaurant 4 2 14.2 3.8 7.5 4.8
09 LosAlamosAirport 4 1 141 3.8 7.9 4.4
10 East Gate 4 0 16.5 6.4 10.1 4.6
11 Well PM-1 (E. Jemez Road) 4 0 11.2 4.9 6.8 3.0
12 Royal Crest Trailer Court 4 2 11.3 3.9 6.4 33
13 Pifion School 4 1 11.7 35 7.7 34
14 PgjaritoAcres 4 1 6.8 2.9 4.9 16
15 White Rock Fire Station 4 0 11.4 5.8 7.8 24
16 White Rock Nazarene Church 4 2 8.6 32 5.7 22
17 Bandelier Entrance 4 1 8.7 35 4.9 25
(Lookout) (Rim)
60 LA Canyon 4 0 20.9 5.6 104 7.1
61 LA Hospita 4 0 24.4 5.9 15.1 7.6
62 Trinity Bible Church 4 0 12.8 55 7.4 3.6
63 Monte Rey South 4 1 104 31 6.0 32
TA-15 and TA-36 Stations
76 TA-15-61 4 1 9.3 4.0 6.3 2.3
77 TA-36-1J Site 4 0 68.5 139 36.4 23.3
78 TA-15-N 4 0 11.2 5.0 6.9 2.9
TA-21 Stations
20 TA-21AreaB 4 1 8.6 4.5 6.3 21
71 TA-21.01 (NW Bldg 344) 4 1 10.0 2.7 5.7 32
72 TA-21.02 (N Bldg 344) 4 0 134 5.7 8.1 36
73 TA-21.03 (NE Bldg 344) 4 0 11.3 6.1 7.7 24
74 TA-21.04 (SE Bldg 344) 4 1 9.1 46 6.9 24
75 TA-21.05 (S Bldg 344) 4 1 17.4 0.6 8.2 7.0
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4. Air Surveillance

Table 4-10. Airborne Uranium-238 Concentrations for 1998 (Cont.)

Sample
Number of  Number of Maximum Minimum Mean Standard
Station L ocation Results Results<MDA (aCi/m?3) (aCi/m3)  (aCi/m3) Deviation
27 AreaG (by QA) 4 0 66.5 41.2 56.9 11.3
34 AreaG-1 (behind trailer) 4 0 58.0 14.6 29.5 19.6
35 AreaG-2 (back fence) 4 0 13.0 79 9.8 2.4
36 AreaG-3 (by office) 4 0 27.9 8.8 15.3 8.7
45 Area G/South East Perimeter 4 0 92.7 338 58.0 24.8
47 Area G/North Perimeter 4 0 26.8 9.6 16.0 75
50 Area G-expansion 4 0 70.1 415 49.1 14.0
51 Area G-expansion pit 4 0 75.5 23.6 391 245
Other On-Site Stations
23 TA-52 Beta Site 4 0 12.8 9.8 11.3 14
25 TA-16-450 4 0 29.7 55 13.6 11.2
26 TA-49 4 2 7.7 31 4.5 2.1
30 Pgjarito Booster 2 (P-2) 4 1 9.7 44 73 26
31 TA-3 4 1 12.3 3.7 8.2 4.2
32 County Landfill (alias TA-48) 4 0 66.7 477 55.5 9.0
33 TA-49AreaAB 2 0 16.1 10.8 13.5 3.7
49 Pgjarito Road (TA-36) 4 1 17.0 35 9.3 58
54 TA-33 East 4 1 12.2 38 6.8 38
57 TA-49, AreaAB 2A North 2 0 13.1 10.1 11.6 2.1
58 TA-49, AreaAB Test Well 5A 2 2 4.1 35 3.8 0.5
QA Stations
38 TA-54AreaG 4 0 65.6 50.9 62.0 25
(adjacent to station 27)
39 TA-49 (adjacent to station 26) 4 3 8.1 2.3 4.4 25
Group Summaries
95% Sample
Number of Number of Maximum  Minimum Mean Confidence Standard
Station Location  Results  Results<MDA  (aCi/m?3) (aCi/m3)  (aCi/m3) Interval® Deviation
Regional 16 0 275 6.7 14.0 +3.2 6.1
Pueblo 7 0 29.2 16.0 21.9 +4.6 52
Perimeter 72 15 24.4 1.7 8.1 +1.2 51
TA-15and TA-36 12 1 68.5 4.0 16.5 +12.1 19.2
TA-21 24 4 17.4 0.6 7.2 +15 35
TA-54 Area G 32 0 92.7 7.9 34.2 +8.4 23.2
Other On-Site 38 8 66.7 31 13.8 +5.1 15.6
Concentration Guidelines
DOE Derived Air Concentation (DAC) Guide for workplace exposure is 20,000,000 aCi/m3. See Appendix A.
EPA 40 CFR 61 Concentration Guide 8,300 aCi/m3,
295% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-11. Airbor ne Gamma-Emitting Radionuclides that are Potentially Released
by LANL Operations

Gamma-Emitting Number of Number of Mean  Measured Average MDA asa

Radionuclide Results Results<SMDA  (fCi/m3) Percent of the Required MDA
BAs 329 329 <<1.18 0.2
7ps 329 329 <<1.26 1.1
109¢cqd 329 329 <<0.05 0.2
5Co 329 329 <<0.20 0.3
60Co 329 329 <<0.46 53.7
134cs 329 329 <<0.44 327
B7cs 329 329 <<0.39 41.2
54Mn 329 329 <<0.44 31
2Na 329 329 <<0.46 35.4
83Rb 329 329 <<0.79 4.7
86Rb 329 329 <<9.31 333
103Ry 329 329 <<0.46 0.4
75Se 329 329 <<0.33 3.9
65Zn 329 329 <<0.97 21.4

Table 4-12. Airbor ne Concentrations of Gamma-Emitting Radionuclides that Naturally
Occur in Measurable Quantities

Gamma-Emitting Number of Number of Mean Estimated Dose
Radionuclide Results Results <M DA (fCi/m3) (mrem)
"Be 327 0 86 0.04
210pp 328 0 1 38
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Table 4-13. Airbor ne Radioactive Emissions from Laboratory Buildings with Sampled Stacksin 1998 (Ci)

TA-Building 3Ha 241Am PuP uc Th P/VAPA G/MAP®
TA-03-029 1.6x 106 1.1x10° 1.3x10° 41 %107 6.7x10°%

TA-03-035 1.4 x 1077

TA-03-102 1.0x1010 18x10° 1.1x 108

TA-16-205 2.4 x 102

TA-21-155 8.2 x 101

TA-21-209 3.8 x 102

TA-33-086 6.5 x 101

TA-41-004 3.6x 10!

TA-48-001 3.7x1010 1.4 x 1077 1.1x10%

TA-50-001 6.5x 1070 1.4x 108 1.8x 1077 7.7x10°8

TA-50-037 1.1x108

TA-50-069 1.3x 1079 42x1010  31x10710

TA-53-003 35 33 7.7 x 103
TA-53-007 2.7x101 6.0 x 103 1.3 x 102
TA-55-004 1.2 x 10! 3.8x10°° 6.2x 1078 3.0x108

@ ncludes both gaseous and oxide forms of tritium.
bIncludes 238pu, 239py, and 240pu.

CIncludes 234U, 235U, and 238U.

dParticulate/vapor activation products.
€Gaseous/mixed activation products.
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4. Air Surveillance

Table 4-14. Detailed Listing of Activation Products Table 4-15. Radionuclide: Half-Life Information

Released from Sampled Laboratory Stacksin 1998 Nuclide Half-L ife
(C1) 3H 12.3yr
TA-Building Radionuclide Emission Be 53.4d
TA-03-029 Sse 6.7 x 1076 1oc 19.3s
TA-48-001 T4ps 9.5 x 107 iC 20.5 min
TA-48-001 TBr 8.7 x10°° mm 1(;.c1)3n:n
TA-48-001 75Se 54x10% 140 70.6 S
TA-48-001 55e 1.9x 105 150 12225
TA-53-003 “Ar 1.5 x 102 2Na 2.6yr
TA-53-003 1oc 1.9 x 102 24Na 14.96 h
TA-53-003 e 3.3x 103 iéP 14.3d
TA-53-003 13N 13 % 10% A 1,277,000,000 yr
r 1.83h
TA-53-003 =\ 1.5 x 102 54 n 3127 d
TA-53-003 140 5.8 x 10 56Co 7884
TA-53-003 150 2.7 %103 57Co 270.9d
TA-53-003 Be 1.2 x 107 8Co 70.8d
TA-53-003 78Ry 3.6 x 102 >Co 5.3yr
TA-53-003 I 36x10°2 o 26h
s 80.3d
TA-53-003 82Br 6.8 x 1073 T4ps 1778 d
TA-53-003 ¥cl 33 6By 16 h
TA-53-003 197Hg 1.7x1073 By By
TA-53-003 24Na 1.8 x 107 82Br 1.47d
TA-53-003 44mge 5.8 x 10~7 Sse 119.8d
TA-53-003 48y 5.3 x 10°6 s 64.8d
89gy 50.6d
TA-53-007 AAr 41 %05 286 yr
TA-53-007 1oc 5.0 x 102 131 8d
TA-53-007 uc 1.1 x 102 134cs 2.06 yr
TA-53-007 B3N 7.2 137cs 30.2yr
TA-53-007 1o 12 1830s 13h
TA-53-007 150 1.4 x 10! 1850s 93.6d
Blos 15.4d
TA-53-007 Bps 1.3x10% EN 3.8 hr
TA-53-007 6Br 3.9x107* 195 95 hr
TA-53-007 7By 7.4 %1076 195mHg 1.67 d
TA-53-007 82By 9.6 x 104 197Hg 2.67d
TA-53-007 197Hg 44x103 197mHg 23.8 hr
TA-53-007 40K 7.6x 105 U 244,500 yr
235y 703,800,000 yr
238 4,468,000,000 yr
238py 87.7yr
239py 24,131 yr
240py, 6,569 yr
241py 14.4yr
241Am 432 yr
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4. Air Surveillance

Table 4-16. Thermoluminescent Dosimeter (TL D) M easurements of External Radiation 1997-1998

TLD Station 1998 Annual 1998 Quarters 1997 Annual
ID # L ocation Dose (mrem)®?  Monitored®  Dose (mrem)
Regional 01 Espafiola 96 + 7 2,34 30+ 5d
03 Santa Fe 71+5 1,2 98 + 64
53 Pueblo of San Ildefonso 121+7 14 109+6
95 El Rancho 101+8 2-4 71+ 7d
101 Santa Fe West Buckman Mesa® 138+ 8 14
Perimeter 05 Barranca School, Los Alamos 148+ 8 14 139+ 9
07 Cumbres School, LosAlamos 140+ 8 14 136+ 8
08 48th Street, LosAlamos 159+ 9 14 138+ 8
09 LosAlamosAirport 140+ 9 14 130+8
10 Bayo Canyon, LosAlamos 182 + 10 14 174+ 8
11 Shell Station, Los Alamos 161+9 14 109+ 8
12 Royal Crest Trailer Court, Los Alamos 148+ 8 14 143+ 8
13 White Rock 149+ 9 14 141+8
14 Pgjarito Acres, White Rock 141 +8 14 138+ 8
15 Bandelier National Monument 160+ 9 14 152+9
Lookout Station
16 Pajarito Ski Area 98+5 1-3 139+ 9
41 McDonald's Restaurant, Los Alamos 162 +9 1-4 126 + 8¢
42 LosAlamosAirport-South 162 £ 10 14 154 £ 10
43 East Gate Business Park, Los Alamos 155+ 9 14 141 +8
44 Big Rock Loop, LosAlamos 186 + 11 14 137+ 11
45 Cheyenne Street, Los Alamos 176 £ 10 14 156+ 9
46 Los Pueblos Street, Los Alamos 174 £ 10 14 157+9
47 Urban Park, Los Alamos 154+ 9 14 152+9
49 Pifion School, White Rock 1057 14 129+ 8
50 White Rock Church of the Nazarene 100+ 6 14 107 +7
51 Bayo Canyon Well, Los Alamos 177 £ 10 14 164 £ 10
55 Monte Rey South, White Rock 136 £7 14 136+ 8
56 East Gate (mid station) 175+ 10 14 159 + 10
60 Piedra Drive, White Rock 135+8 14 138+ 8
67 Los Alamos Hospital 114 +8 2-4 75+ 7d
68 Trinity Church 169 + 10 1-4 83+ 7d
80 TA-16 SR4 Back Gate 152+ 9 2-4 111 + &4
8l TA-16 SR4 Ponderosa Camp 143 + 20 24 149 + 119
On-Site 17 TA-21 (DP West) 172+ 10 14 166 + 10
18 TA-6 (Two Mile Mesa) 154+9 14 148+ 9
19 TA-53 (LANSCE) 190+ 11 14 173+ 10
20 Well PM-1 (SR4 and Truck Rt.) 179+ 10 14 163+9
21 TA-16 (S-Site) 146 + 10 14 151+9
22 Booster P-2 155+9 14 147 £+ 10
23 TA-3 East Gate of SM 43 104+ 8 1,24 135+ 8
24 State Highway 4 194+ 11 14 178 + 11
25 TA-49 (Frijoles Mesa) 150+ 8 14 148 + 10
26 TA-2 (Omega Stack) 156+ 9 14 154+ 9
27 TA-2 (Omega Canyon)® 37 +4d
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4. Air Surveillance

Table 4-16. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation 1997-1998 (Cont.)

TLD Station 1998 Annual 1998 Quarters 1997 Annual
ID# L ocation Dose (mrem)2P  Monitored Dose (mrem)
On-Site 28 TA-18 (Pgjarito Site) 153+ 11 1,34 166 + 10
(Cont.) 29 TA-35 (Ten Site A) 137+8 14 145+9
30 TA-35 (Ten Site B) 133+8 14 137+8
31 TA-59 (Occupational Health Lab) 119+ 10 2-4 146 + 9
32 TA-3-16 (Van de Graaff) 158+ 9 14 148+ 9
33 TA-3-316 (lon Beam Bldg.) 156+ 9 14 150+ 9
34 TA-3-440 (CAS) 174+ 10 14 147 +9
35 TA-3-420 (CMR Bldg. West Fence) 146 + 8 14 136+ 8
36 TA-3-102 (Shop) 149+ 9 14 146 + 9
37 TA-72 (Pistol Range) 168 + 10 14 172+ 11
38 TA-55 (Plutonium Facility South) 164+ 8 14 153+ 10
39 TA-55 (Plutonium Facility West) 183+ 10 14 165+ 10
40 TA-55 (Plutonium Facility North) 142+ 8 14 148+ 9
48 LosAlamos County Landfill 148+ 9 14 136 £ 8
56 East Gate Mid Station 175+ 10 14 159 + 10
57 TA-54 West (TLD Lab) 182 + 10 14 157 +9
58 TA-54 Lagoon 170+ 10 14 159+9
59 LosAlamos Canyon 119+ 8 1,34 167 + 10
61 S. LANSCE Lagoons 514 + 41 2,4 934 + 754
62 N. LANSCE Lagoons 414 + 23 2-4 332 + 244
63 E. LANSCE Lagoons 874 £ 61 1,24 741 + 574
64 NE LANSCE AreaA Stack 336+ 24 2-4 369 + 274
65 NW LANSCE AreaA Stack 226 + 14 2-4 222 + 164
69 TA-50 Old Quitfall 189+ 10 14 82 + 7d
70 TA-50 Dirt Road to Ouitfall 163+9 14 96 + 9d
71 TA-50 Dirt Road Turnoff 159+9 14 123 + 109
72 TA-50 East Fence 157+9 14 116 + 84
73 TA-50 South Corner 142+ 8 14 113 + 8d
74 TA-50 Pecos Drive 146 + 8 14 107 + &d
75 TA-50-37 West 155+9 14 118 + 84
76 TA-16 WETF 159+9 14 111 + gd
77 TA-16 Guard Station 159+9 14 82 + gd
78 Fitness Trail SW TA-8-24 154 + 14 14 116 + 84
79 Fitness Trail SE TA-8-24 162+9 14 115 + 8d
82 TA-15 Phermex N TA-15-185 169 + 10 14 111 + gd
83 TA-15 Phermex Entrance 144 + 10 1-4 100 + 7d
84 TA-15 Phermex NNE Entrance 151+9 1-4 105 + gd
85 TA-15 Phermex N DAHRT 149+ 10 14 100 + 7d
86 TA-15-312 DAHRT Entrance 155+9 14 96 + 8d
87 TA-15-183 Access Control 174+ 10 14 114 + 9d
88 TA-15 R-Site Road 163 + 10 14 107 + &d
89 TA-15-45 SW 169 + 10 14 110 + 8d
20 TA-15-306 North 126 +9 1,24 105 + gd
91 TA-15, IJFiring Pit 164+9 14 63 + 5d
92 TA-36 Kappa Site 127 + 10 2-4 111 + gd
93 TA-15 Ridge Road Gate 141+8 14 25 + 3d
94 TA-33VLBA Dish 129+ 8 14 60 + 5¢
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4. Air Surveillance

Table 4-16. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation 1997-1998 (Cont.)

TLD Station 1998 Annual 1998 Quarters 1997 Annual
ID # L ocation Dose (mrem)2P  Monitored Dose (mrem)
On-Site 97 TA-50, GS-1-1, Mortandad Canyon 182+ 11 14 74 + 64
(Cont.) 98 TA-50, GS-1-2, Mortandad Canyon 426 + 22 14 160 + 149
99 Mortandad Canyon, MCO-5 447 + 24 1-4 170 + 1494
100 Mortandad Canyon, MCO-13 175+ 8 1-4 63 + 54

3Dose is the sum of all quarterly data accepted upon quality assurance review.

PThe uncertainty of each measurement is the propagated error of the quarterly measurements.

®New stations placed into operation in 1998.

dOne or more quartersis less than 4; data have not been reported because of loss of TLDs, analytical problems, or new
stations.

€Station ceased operation in 1997.
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4. Air Surveillance

Table 4-17. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation at
Waste Disposal Areas during 1997-1998

TLD Station 1998 Annual 1998 Quarters 1997 Quarters
ID# Location Dose (mrem)®P  Monitored® Dose (mrem)aP
AreaA 201 TA-21 AreaA-1 141+£9 14 143+ 12
202 TA-21 AreaA-2 159+9 14 145+ 11
203 TA-21 AreaA-3 155+ 8 14 146 £ 12
204 TA-21 AreaA-4 154+ 9 14 144+ 11
205 TA-21 AreaA-5 150+ 9 14 142+ 11
AreaAB 221 TA-49 AB-1 142+ 9 14 145+ 11
222 TA-49 AB-2 149+ 9 14 146+ 11
223 TA-49 AB-3 151+£9 14 146+ 11
224 TA-49 AB-4 143+9 14 143+ 12
225 TA-49 AB-5 142+ 9 14 149+ 11
226 TA-49 AB-6 146 £ 8 14 149+ 11
227 TA-49 AB-7 141 +8 14 145+ 11
228 TA-49 AB-8 66+5 1-2 145+ 11
229 TA-49 AB-9 141 +8 14 140+ 12
230 TA-49 AB-10 142+ 8 14 148+ 12
AreaB 241 TA-21 AreaB-1 158 £ 15 14 100 + 9°
242 TA-21 AreaB-2 161+£9 14 141+ 11
243 TA-21 AreaB-3 158+ 9 14 116 + 9°
244 TA-21 AreaB-4 98+ 6 1,34 138+ 10
245 TA-21 AreaB-5 111+£5 1,23 126 £ 10
246 TA-21 AreaB-6 152+ 8 14 149+ 10
247 TA-21 AreaB-7 115+ 8 1,24 155+ 11
248 TA-21 AreaB-8 161+£9 14 163+ 10
249 TA-21 AreaB-9 157+9 14 146 £ 10
250 TA-21 AreaB-10 157+8 14 158+ 11
251 TA-21 AreaB-11 163+ 8 14 155+ 11
252 TA-21 AreaB-12 167+9 14 163+ 11
253 TA-21 AreaB-13 164+ 9 14 159+ 10
254 TA-21 AreaB-14 171+£9 14 153+ 11
AreaC 261 TA-50 N Area C-1 150+ 8 14 141+ 11
262 TA-50 N Area C-2 162+ 9 14 162 £ 12
263 TA-50 AreaC-3 160 £ 10 14 44 + 5¢
264 TA-50AreaC-4 165+ 9 14 172+ 12
265 TA-50 SE AreaC-5 163+ 10 14 161+ 12
266 TA-50 AreaC-6 164+ 9 14 161+ 12
267 TA-50 AreaC-7 151+8 14 150+ 11
268 TA-50 SAreaC-8 147 +9 14 150+ 11
269 TA-50 Area C-9 159+9 14 118+ 11
270 TA-50 W Area C-10 157+8 14 152+ 11
AreaE 281 TA-33AreaE-1 155+ 9 14 115+ 11°
282 TA-33AreaE-2 162+ 9 14 159+ 12
283 TA-33 AreaE-3 168 £ 10 14 162 + 12
284 TA-33 AreaE-4 169 £ 10 14 157+ 13
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4. Air Surveillance

Table 4-17. Thermoluminescent Dosimeter (TLD) Measurements of External Radiation at
Waste Disposal Areas during 1997-1998 (Cont.)

TLD Station 1998 Annual 1998 Quarters 1997 Quarters
ID# Location Dose (mrem)®P  Monitored® Dose (mrem)ab
AreaF 301 TA-6 AreaF-1 135+ 8 14 153+ 11
302 TA-6 Area F-2 142+ 9 14 150+ 11
303 TA-6 Area F-3 143+ 8 14 146+ 11
304 TA-6 AreaF-4 159+9 14 150+ 11
AreaG 601 TA-54 AreaG, 1 179+ 10 14 169 + 10
602 TA-54 AreaG, 2 289+ 16 14 219+ 13
603 TA-54 AreaG, 3 178 £ 12 14 152+ 9
604 TA-54 AreaG, 4 163+ 9 14 158+ 9
605 TA-54 AreaG, 5 190+ 13 14 165+ 10
606 TA-54 AreaG, 6 175+ 10 14 160+ 9
607 TA-54 Area G, 7 224+ 15 14 207+ 12
608 TA-54 AreaG, 8 261+ 16 14 195+ 11
610 TA-54 AreaG, 10 224+ 12 14 179+ 11
611 TA-54 Area G, 11 355+21 14 160 + 11°
613 TA-54 Area G, 13 297 + 17 14 220+ 13
614 TA-54 AreaG, 14 252+ 14 14 205+ 13
615 TA-54 Area G, 15 186 £ 10 14 175+ 11
616 TA-54 Area G, 16 177+ 13 14 166 £ 9
617 TA-54 Area G, 17 189+ 18 14 168 + 10
618 TA-54 Area G, 18 189+ 12 14 187+ 11
619 TA-54 Area G, 19 241+ 14 14 209+ 12
620 TA-54 Area G, 20 168 £ 11 14 172+ 10
622 TA-54 Area G, 22 245+ 14 14 223+13
623 TA-54 Area G, 23 168 £ 12 14 278+ 16
624 TA-54 AreaG, 24 172+ 9 14 174+ 10
625 TA-54 Area G, 25 207+ 11 14 189+ 11
626 TA-54 Area G, 26 178 £ 10 14 166 + 10
628 TA-54 Area G, 28 208+ 12 14 201+ 11
629 TA-54 Area G, 29 197 £ 12 14 250+ 16
630 TA-54 Area G, 30 190+ 11 14 117+ 9
631 TA-54 Area G, 31 204 + 13 14 183+ 11
634 TA-54 Area G, 34 289+ 16 14 166 + 11
635 TA-54 Area G, 35 251+ 15 14 158+ 11
636 TA-54 Area G, 36 176 £ 10 14 83+ 7°
637 TA-54 Area G, 37 184 £ 10 14 117+8
638 TA-54 Area G, 38 219+ 11 14 211+ 12
AreaT 321 TA-21 AreaT-1 162+ 9 14 161+ 12
322 TA-21 AreaT-2 154+ 8 14 157+ 12
323 TA-21 AreaT-3 295+ 17 14 307+ 17
324 TA-21 AreaT-4 158 + 11 14 151+ 11
325 TA-21 AreaT-5 131+7 14 143+ 11
326 TA-21 AreaT-6 153+9 14 148+ 11
327 TA-21 AreaT-7 165+ 9 14 152+ 11
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4. Air Surveillance

Table 4-17. Thermoluminescent Dosimeter (TL D) Measurements of External Radiation at
Waste Disposal Areas during 1997-1998 (Cont.)

TLD Station 1998 Annual 1998 Quarters 1997 Quarters
ID# Location Dose (mrem)®?  Monitored® Dose (mrem)aP
AreaU 341 TA-21 Area U-1 152+ 8 14 142 + 11
342 TA-21 Area U-2 169+ 9 14 149+ 11
343 TA-21 Area U-3 147+ 9 14 157 + 13
344 TA-21 Area U-4 154+ 9 14 145+ 11
AreaV 361 TA-21 Area V-1 143+ 9 14 141+ 11
362 TA-21 Area V-2 152+ 8 14 156 + 16
363 TA-21 Area V-3 156+ 9 14 159+ 12
364 TA-21 Area V-4 154+ 8 14 145 + 12
AreaW 381 TA-35AreaW-1 141 +8 14 156 + 10
382 TA-35Area W-2 117 +8 1-3 153 + 10°¢
383 TA-35Area X 139+ 8 14 132 + 10

aDose is the sum of all quarterly data accepted upon quality assurance review.

bThe uncertainty of each measurement is the propagated error of the quarterly measurements.

C1f number of quartersisless than 4, data have not been reported because of loss of TLDs, analytical
problems, or new stations.
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4. Air Surveillance

Table 4-18. TA-18 Albedo Dosimeter Networ k

L ocation Dosimeter Reading Dosimeter Reading

ID # L ocation (mrem) Continuous  (mrem) Road Open
1 NEWNET Kappa Site 2.0 2.6
2 TA-36 Entrance 7.4 7.2
3 TA-18 Personnel Gate at Parking Lot 55 51
4 P2 Booster Station at TA-54 Entrance 55 21
5 TA-51 Entrance 1.6 21
6 Pajarito Hill West of TA-18 Entrance 25 31
7 TA-18 Entrance at Pgjarito Road 21 1.9
8 Santa Fe Background 4.1 NA?2
8 TA-49 Background 0.4° NA2
9 Vault Control -0.2 NA2

aNot Applicable—background or control location with continuous exposure.
PThis dose represents only 2 quarters of data.

Table 4-19. DX Division Firing Sites Expenditures
for Calendar Year 1998

(All units are in kilograms unless otherwise noted)

CY 1998
Materials Expended Material Totals

He 2263
Aluminum 662
Beryllium 1
Brass 89
Copper 93
D-38 121
Lead 2
PMMA 2
Polycarbonate 7
Polyethylene 2
Stainless Steel 339
Steel 61
Tantalum
Teflon 1
Tin <1
Transformer Oil 70 gd
Water 2473 gd
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4. Air Surveillance

Table 4-20. Airborne Beryllium Concentrations

Sample
Number of Maximum Minimum Mean Standard
Station L ocation Results (ng/m3) (ng/m?) (ng/m3) Deviation
Off-Site Stations
01 Espafiola 4 0.028 0.015 0.020 0.006
03 SantaFe 4 0.032 0.011 0.022 0.009
04 Barranca School 4 0.022 0.007 0.016 0.007
07 Gulf/Exxon/Shell Station 4 0.034 0.010 0.020 0.010
09 LosAlamosAirport 4 0.013 0.004 0.008 0.004
12 Royal Crest Trailer Court 4 0.015 0.004 0.009 0.005
16 White Rock Nazarene Church 4 0.010 0.003 0.007 0.003
41 Pueblo of San lldefonso 4 0.028 0.019 0.023 0.004
56 El Rancho 4 0.022 0.006 0.014 0.007
61 LA Hospita 4 0.036 0.012 0.025 0.010
County Landfill
32 County Landfill (TA-48) 4 0.111 0.086 0.098 0.011
On-Site Stations
23 TA-52 Beta Site 4 0.013 0.006 0.010 0.003
31 TA-3 4 0.010 0.004 0.008 0.003
33 TA-49,AreaAB 2 0.025 0.019 0.022 0.005
57 TA-49, AreaAB 2 A North 2 0.030 0.015 0.022 0.011
58 TA-49, AreaAB Test Well 5A 2 0.009 0.003 0.006 0.005
76 TA-15-61 4 0.011 0.003 0.007 0.004
77 TA-15-1Jsite 4 0.015 0.004 0.008 0.005
78 TA-15-N 4 0.009 0.002 0.005 0.003
Group Summaries
95% Sample
Number of Maximum Minimum Mean Confidence Standard
Station L ocation Results (ng/m3) (ng/m3) (ng/m?3) Interval® Deviation
Off-Site Stations 40 0.036 0.003 0.016 +0.003 0.009
County Landfill 4 0.111 0.086 0.098 +0.015 0.011
On-Site Stations 26 0.030 0.002 0.010 +0.003 0.007

295% confidence intervals are calculated using all calculated sample concentrations from every site within the group.
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4. Air Surveillance

Table 4-21. 1998 Precipitation (in.)

North Community TA-16 TA-6 TA-49 TA-53 TA-54 TA-74
January 0.13 0.15 0.12 0.05 0.07 0.03 0.05
February 0.48 0.57 0.39 031 0.18 0.20 011
March 181 1.86 159 147 1.33 1.46 1.24
April 0.70 0.77 0.61 0.66 0.34 0.61 0.42
May 0.00 0.02 0.00 0.01 0.03 0.01 0.03
June 0.28 0.51 0.44 043 0.51 0.45 0.48
July 6.93 6.11 529 4.99 5.20 3.35 2.92
August 4.38 3.57 3.32 2.84 2.18 1.66 1.98
September 144 0.87 0.80 0.81 0.73 1.25 0.94
October 4.52 4.85 4.16 3.12 3.07 3.35 1.48
November 0.58 0.80 0.52 041 0.30 0.30 0.00
December 0.03 0.07 0.06 0.05 0.01 0.02 0.00
Total 21.28 2015 1730 1515 1395 12.69 9.65
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Figure 4-1. Off-site perimeter and on-site Laboratory AIRNET locations.
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4. Air Surveillance
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4. Air Surveillance

2.5E-04

2.0E-04

1.5E-04

1.0E-04 \,
" w
0.0E+00 \‘\0/‘

1986 1988 1990 1992 1994 199 1998

Emissions (Ci)

A 4

Figure 4-8. Plutonium emissions from sampled Laboratory stacks since 1986.

1.2E-03

1.0E-03

A
8.0E-04 ‘/ \
6.0E-04 \

4.0E-04

Emissions (Ci)

2.0E-04

0.0E+00
1986 1988 1990 1992 1994 1996 1998

Figure 4-9. Uranium emissions from sampled Laboratory stacks since 1986.

1.6E+04

1.4E+04

1.2E+04
1.0E+04 ¢

R
soos |\ /\
soesa |\ / »
4.0E+03 \¥/ \
20E+03 \ Py
0.0E+00 \./'W’

1986 1988 1990 1992 1994 1996 1998

Emissions (Ci)
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5. Surface Water, Groundwater, and Sediments

primary authors:
David B. Rogers, Billy R. J. R. Turney

Highlights from 1998

The 1998 surface water and runoff analysis results are consistent with past findings. Runoff samples
are collected using automated samplers; the samplers are actuated when a significant precipitation event
causes flow in a drainage crossing Los Alamos National Laboratory's (LANL's or the Laboratory’s)
boundaries. Seven gross alpha measurements and one plutonium-238 measurement exceeded the Depart-
ment of Energy (DOE) dose concentration guidelines (DCG) for public dose values in surface water or
runoff samplesin 1998. These samples came from Mortandad Canyon and from around Material
Disposal Area (MDA) G, the Laboratory’s low-level radioactive waste disposal facility. The gross alpha
value in runoff at Cafiada del Buey at White Rock exceeded the DOE public dose DCG. The DOE DCGs
for public dose are determined assuming that two liters per day of water are consumed each year. This
assumption will not be met for runoff, which is present only a few days each year.

Drilling characterization well R-25 at TA-16 in the southwest portion of the Laboratory revealed the
presence of high-explosives constituentsin the regional aquifer at concentrations that are above the
Environment Protection Agency Health Advisory guidance values for drinking water. Testing of water
supply wells showed that these compounds are not present in drinking water. Other groundwater samples
from the regional aquifer were consistent with previous results. Trace levels of tritium are present in the
regional aquifer in a few areas where liquid waste discharges occurred, notably beneath Los Alamos,
Pueblo, and Mortandad Canyons. The highest tritium level found in a regional aquifer test well is about
2% of the drinking water standard and poses no health risk according to the US Public Health Service.

In recent years, apparent strontium-90 detections (near the detection limit) occurred in samples from two
regional aquifer test wells and two water supply wells. However, continued testing shows no detections,
suggesting that these values were due to variations in laboratory analyses. Nitrate concentrationsin a
test well beneath Pueblo Canyon remain elevated, but in 1998 they were only about half the drinking
water standard. In 1998, we detected no radionuclides other than naturally occurring uraniumin Pueblo
of San |ldefonso water supply wells.

Analytical results for alluvial and intermediate depth groundwater are similar to those of past years.
Waters near former or present effluent discharge points show the effects of these discharges. Only one
gross alpha value, from Cafada del Buey, exceeded DOE DCGs for public exposure. Alluvial groundwa-
ter samplesin Los Alamos and Mortandad Canyons exceeded DOE DCGs for a DOE-operated drinking
water system. The constituents exceeding drinking water DCGs were gross beta and strontium-90.

The 1998 sediment sampling analysisis generally consistent with historical data. \We detected
strontium-90 at levels above background in several sediment samples collected on the Pajarito Plateau
and at background stations. The strontium-90 measurements result from a high analytical biasin the
strontium-90 technique. Plutonium occurs above fallout levelsin Pueblo and Los Alamos Canyons and
extends off-site from the Laboratory. Within Mortandad Canyon, the greatest radionuclide levelsin
sediments are found between the point where Radioactive Liquid Waste Treatment Facility effluent enters
the drainage and the sediment traps, approximately a 3-km distance. Radionuclide levels near or slightly
exceeding background levels are found downstream of the sediment traps, extending to the Laboratory/
San Ildefonso Pueblo boundary. A number of sediment samples near and downstream of the Technical
Area (TA)-54 Solid Waste Operations at MDA G contained plutonium-238 at activities greater than
background. We also found above background levels of plutonium and americium in sediments down-
stream of MDA AB. Sample results from Cochiti Reservoir showed radionuclides near background levels.
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A. Description of Monitoring Program

Studies related to development of groundwater
supplies began at Los Alamosin 1945 under the
direction of the US Geologica Survey (USGS).
Studies specifically aimed at environmental monitor-
ing and protecting groundwater quality were initiated
asjoint efforts between the Atomic Energy Commis-
sion, the Los Alamos Scientific Laboratory, and the
USGS in about 1949. These initial efforts were
focused on Pueblo and DP/L os Alamos Canyons,
which received radioactive industrial waste discharges
in the early days of the Laboratory.

The current network of annual sampling stations
for surface water and sediment surveillance includes a
set of regional (or background) stations and a group of
stations near or within the Los Alamos National
Laboratory (LANL or the Laboratory) boundary. The
regional stations are used to establish the background
quantities of radionuclides and radioactivity derived
from natural minerals and from fallout affecting
northern New Mexico and southern Colorado.

Groundwater samples are taken from wells and
springs within or adjacent to the Laboratory and from
the nearby Pueblo of San Ildefonso. The on-site sta-
tions are, for the most part, focused on areas of
present or former radioactive waste disposal opera-
tions, particularly canyons (Figure 1-3). To provide
context for discussion of monitoring results, the set-
ting and operational history of currently monitored
canyons that have received radioactive or other liquid
discharges are briefly summarized below.

For adiscussion of sampling procedures, analytical
procedures, data management, and quality assurance,
see Section F below.
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1. Acid Canyon, Pueblo Canyon, and Lower Los
Alamos Canyon

Acid Canyon, asmall tributary of Pueblo Canyon,
was the original disposal site for liquid wastes
generated by research on nuclear materials for the
World War |1 Manhattan Engineer District atomic
bomb project. Acid Canyon received untreated
radioactive industrial effluent from 1943 to 1951. The
Technical Area (TA) 45 treatment plant was completed
in 1951, and from 1951 to 1964 the plant discharged
treated effluents that contained residual radionuclides
into nearby Acid Canyon. Several decontamination
projects have removed contamination from the area,
but remaining residual radioactivity from these
releases is now associated with the sedimentsin
Pueblo Canyon (ESP 1981).

The inventory of radioactivity remaining in the
Pueblo Canyon system is only approximately known.
Several studies (ESP 1981, Ferenbaugh et al., 1994)
have concluded that the plutonium does not present a
health risk to the public. Based on analysis of
radiological sediment survey data, the estimated total
plutonium inventory in Acid Canyon, Pueblo Canyon,
and Lower Los Alamos Canyon ranges from 246 mCi
to 630 = 300 mCi (ESP 1981). The estimated pluto-
nium releases were about 177 mCi, in satisfactory
agreement with the measured inventory considering
uncertainties in sampling and rel ease estimates.
About two-thirds of thistotal isin the Department of
Energy (DOE)-owned portion of lower Pueblo
Canyon.

Pueblo Canyon currently receives treated sanitary
effluent from the Los Alamos County Bayo Sewage
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Treatment Plant in the middle reach of Pueblo
Canyon. Water occurs seasonally in the alluvium,
depending on the volume of surface flow from
snowmelt, thunderstorm runoff, and sanitary effluents.
Tritium, nitrate, and chloride, apparently derived from
these industrial and municipal disposal operations,
have infiltrated to the intermediate perched ground
water (at depths of 37 to 58 m [120 to 190 ft]) and to
the regional aquifer (at adepth of 180 m [590 ft])
beneath the lower reach of Pueblo Canyon. Except for
occasional nitrate values, levels of these constituents
are asmall fraction of the Environmental Protection
Agency (EPA) drinking water standards.

Starting in 1990, increased discharge of sanitary
effluent from the county treatment plant resulted in
nearly continual flow during most months except June
and July in the lower reach of Pueblo Canyon and
across DOE land into the lower reach of Los Alamos
Canyon on Pueblo of San Ildefonso land. From mid-
June through early August, higher evapotranspiration
and the diversion of sanitary effluent for golf course
irrigation eliminate flow from Pueblo Canyon into Los
Alamos Canyon. Hamilton Bend Spring, which in the
past discharged from alluvium in the lower reach of
Pueblo Canyon, has been dry since 1990, probably
because there was no upstream discharge from the
older, abandoned Los Alamos County Pueblo Sewage
Treatment Plant. Farther east, the alluvium is continu-
oudly saturated, mainly because of infiltration of
effluent from the Los Alamos County Bayo Sewage
Treatment Plant. Effluent flow from Pueblo Canyon
into Los Alamos Canyon generally extends to some-
where between the DOE/Pueblo of San Ildefonso
boundary and the confluence of Guaje and Los
Alamos Canyons.

2. DP Canyon and L osAlamos Canyon

In the past, Los Alamos Canyon received treated
and untreated industrial effluents containing some
radionuclides. In the upper reach of Los Alamos
Canyon, there were releases of treated and untreated
radioactive effluents during the earliest Manhattan
Project operations at TA-1 (1942—-1945) and some
release of water and radionuclides from the research
reactors at TA-2. Anindustria liquid waste treatment
plant that served the old plutonium processing facility
at TA-21 discharged effluent containing radionuclides
into DP Canyon, atributary to Los Alamos Canyon,
from 1952 to 1986. LosAlamos Canyon also received
discharges containing radionuclides from the sanitary
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sewage lagoon system at the Los Alamos Neutron
Science Center (LANSCE) at TA-53. The low-level
radioactive waste stream was separated from the
sanitary system at TA-53in 1989 and directed into a
total retention evaporation lagoon.

The reach of Los Alamos Canyon within the
Laboratory boundary presently carries flow from the
Los Alamos Reservoir (west of the Laboratory) as
well as National Pollutant Discharge Elimination
System (NPDES)-permitted effluents from TA-53 and
TA-21. Infiltration of effluents and natural runoff
from the stream channel maintain a shallow body of
groundwater in the alluvium of Los Alamos Canyon
within the Laboratory boundary west of State Road 4.
Groundwater levels are highest in late spring from
snowmelt runoff and in late summer from thunder-
showers. Water levels decline during the winter and
early summer when runoff isat a minimum. Ground-
water also occurs within alluvium in the lower portion
of Los Alamos Canyon on the Pueblo of San Ildefonso
lands.

3. Sandia Canyon

Sandia Canyon has a small drainage area that heads
at TA-3. The canyon receives water from the cooling
tower at the TA-3 power plant. Treated effluents from
the TA-46 Sanitary Wastewater Systems (SWS)
Facility are rerouted to Sandia Canyon. These
effluents support a continuous flow in a short reach of
the upper part of the canyon. Only during summer
thundershowers does stream flow approach the
Laboratory boundary at State Road 4, and only during
periods of heavy thunderstorms or snowmelt does
surface flow extend beyond the Laboratory boundary.

4. Mortandad Canyon

Mortandad Canyon has a small drainage area that
heads at TA-3. Its drainage areareceives inflow from
natural precipitation and a number of NPDES outfalls,
including one from the Radioactive Liquid Waste
Treatment Facility (RLWTF) at TA-50. The TA-50
facility began operationsin 1963. The effluentsinfil-
trate into the stream channel and maintain a saturated
zone in the alluvium extending about 3.5 km (2.2 mi)
downstream from the outfall. The easternmost extent
of saturation remains on-site, ending about 1.6 km
(1 mi) west of the Laboratory boundary with the
Pueblo of San Ildefonso. Over the period of operation,
the radionuclides in the RLWTF effluent have often
exceeded the DOE dose concentration guidelines
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(DCGs) for public dose. The effluent also contains
nitrate that causes alluvial groundwater concentrations
to exceed the New Mexico groundwater standard of
10 mg/L (nitrate as nitrogen). The groundwater stan-
dard applies because the TA-50 effluent is a source of
groundwater in the canyon alluvium. 1n 1999, the
new reverse osmosis and ultrafiltration system at the
RLWTF will begin operation. This system will re-
move additional radionuclides and nitrate from the
effluent, and discharges from the plant will meet the
DOE public dose DCGs and the New Mexico ground-
water standard for nitrate.

Continuous surface flow across the drainage has
not reached the Pueblo of San Ildefonso boundary
since observations began in the early 1960s (Stoker et
al., 1991). Three sediment traps are located about
3 km (2 mi) downstream from the effluent discharge
in Mortandad Canyon to dissipate the energy of major
thunderstorm runoff events and settle out transported
sediments. From the sediment traps, it is approxi-
mately 2.3 km (1.4 mi) downstream to the Laboratory
boundary with the Pueblo of San Ildefonso.

The aluviumislessthan 1.5 m thick in the upper
reach of Mortandad Canyon and thickens to about 23
m at the easternmost extent of saturation. The
saturated portion of the alluvium is perched on
weathered and unweathered tuff, and generally thereis
no more than 3 m of saturation. Thereis considerable
seasonal variation in saturated thickness, depending
on the amount of runoff experienced in any given year
(Stoker et al., 1991). Velocity of water movement in
the alluvium ranges from 18 m/day in the upper reach
to about 2 m/day in the lower reach of the canyon
(Purtymun 1974; Purtymun et a., 1983). The high
turnover rate for water in the alluvial groundwater
prevents accumulation of chemicals from the RLWTF
effluent (Purtymun et al., 1977). Thetop of the
regional aquifer is about 290 m below the aluvial
groundwater.

5. Pajarito Canyon

In Pgjarito Canyon, water in the alluvium is
perched on the underlying tuff and is recharged
mainly through snowmelt and thunderstorm runoff.
Saturated alluvium does not extend beyond the facility
boundary. Three shallow observation wells were
constructed in 1985 as part of a compliance agreement
with the State of New Mexico to determine whether
Technical Areasin the canyon or solid waste disposal
activities on the adjacent mesa were affecting the
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quality of shallow groundwater. No effects were
observed; the alluvial groundwater is contained in the
canyon bottom and does not extend under the mesa
(Devaurs 1985).

6. Cafada del Buey

Cafiada del Buey contains a shallow alluvial
groundwater system of limited extent. The thickness
of the alluvium ranges from 1.2 to 5 m, but the
underlying weathered tuff ranges in thickness from 3.7
to 12 m. In 1992, saturation was found within only a
0.8-km long segment, and only two observation wells
have ever contained water (ESP 1994). We previously
identified the source of the saturation as purge water
from nearby municipal water supply well PM-4,
because the alluvium is dry upstream of the purge
water entry point. However, while discharges from
PM-4 occurred twice in 1998, there was only one
discharge in the previous four years. Such limited
releases would be insufficient to maintain saturation
found annually at two alluvial observation wells.
Because treated effluent from the Laboratory’s SWS
Facility may at some time be discharged into the
Cafada del Buey drainage system, a network of five
shallow groundwater monitoring wells and two
moisture monitoring holes was installed during the
early summer of 1992 within the upper and middie
reaches of the drainage (ESP 1994). Construction of
the SWS Facility was completed in late 1992.

B. Surface Water Sampling

1. Introduction

The Laboratory monitors surface waters from re-
gional and Pajarito Plateau stations to evaluate the
environmental effects of its operations. No perennial
surface water flows extend completely across the
Laboratory in any canyon. Periodic natural surface
runoff occursin two modes: (1) spring snowmelt
runoff that occurs over days to weeks at alow dis-
charge rate and sediment load and (2) summer runoff
from thunderstorms that occurs over hours at a high
discharge rate and sediment load. The surface water
within the Laboratory is not a source of municipal,
industrial, or irrigation water, though the waters are
used by wildlife. Activities of radionuclides in surface
water samples may be compared to either the DOE
DCGs or the New Mexico Water Quality Control
Commission (NMWQCC) stream standards, which in
turn reference the New Mexico Environment
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Department’s New Mexico Radiation Protection
Regulations (Part 4, Appendix A). However, New
Mexico radiation protection activity levels arein gen-
eral two orders of magnitude greater than the DOE
DCGsfor public dose, so we will discuss only the
DCGs here. The concentrations of nonradioactive
constituents may be compared with the NMWQCC
General, Livestock Watering, and Wildlife Habitat
standards. The NMWQCC groundwater standards can
also be applied in cases where groundwater outflow
may affect stream water quality. Appendix A presents
information on these standards.

2. Monitoring Network

We collected surface water samples from Pgjarito
Plateau stations near the Laboratory and from regional
stations. Surface water grab samples are collected
annually from locations where effluent discharges or
natural runoff maintain stream flow. Runoff samples
have historically been collected as grab samples from
usually dry portions of drainages during or shortly
after runoff events. As of 1996, runoff samples are
collected using stream monitoring stations, some with
automated samplers (Shaull et al., 1996). Samples are
collected when a significant rainfall event causes flow
in amonitored portion of adrainage. Many runoff
stations are located where drainages cross the
Laboratory’s boundaries.

Regional surface water samples (Figure 5-1) are
collected from stations on the Rio Grande, Rio
Chama, and Jemez River. These waters provide
background data from areas beyond the Laboratory
boundary.

Surface water monitoring stations located on the
Pajarito Plateau are shown in Figures 5-2 and 5-3. We
use samples from the stations to monitor water quality
effects of past or potential contaminant sources, such
asindustrial outfalls and nonpoint sources, including
possible soil contamination sites.

3. Radiochemical Analytical Results

The results of radiochemical analyses for surface
water and runoff samples for 1998 are listed in Table
5-1. To emphasize values that are detections, Tables
5-2 and 5-3 contain lists of radionuclides detected in
surface water and runoff samples and in suspended
sediments in runoff samples. Detections are defined
as values exceeding both the analytical method detec-
tion limit and three times the individual measurement
uncertainty. For suspended sediments, valuesin the
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table are also greater than the range for background
levels attributed to fallout levels or (for uranium)
naturally occurring concentrations (Purtymun et al.,
1987; McLinin prep). Because uranium, gross a pha,
and gross beta are ubiquitous at detectable levels, we
report only occurrences of these measurements above
levels chosen to be below the EPA maximum contami-
nation levels (MCLSs) or screening levels. The spe-
cificlevelsare 5 ug/L for uranium, 5 pCi/L for gross
alpha, and 20 pCi/L for gross beta.

Radiochemical detectionsthat are greater than 1/25
of the DOE DCGs for Public Dose for Ingestion of
Environmental Water (1/25 of the DOE DCG for
Public Dose is the DOE drinking water system DCG)
areindicated in the righthand columns of Table 5-2.
The EPA drinking water limits for gross apha and
gross beta values are higher than 1/25 of the DOE
public dose DCG (that is, greater than the DOE
drinking water system DCGs), so we use the EPA
values to screen gross alpha and gross beta values.
The DOE public dose DCG value for gross betais
actually the strontium-90 DCG, and the DCG for
gross alphais the plutonium-239, -240 DCG. These
DCGs were chosen because the isotopes represented
had the lowest DCGs for apha and beta emitters.

Runoff samples have high turbidity and present
special interpretation problems. The DOE DCGs for
Public Dose are determined assuming that two liters
of water per day are consumed each year. This
assumption will not be met for runoff, which is
present only afew days each year. High levels of
suspended solids (up to 18,000 mg/L) are frequently
found in runoff samples. The analytical uncertainties
associated with measurement of gross alpha and beta
levels in samples with high suspended solids are
probably greater than reported on the accompanying
tables. This means that the high gross alpha and beta
values may have low precision. The higher than
reported uncertainties are results of the analytical
process. Gross alpha and beta counting uses a small
portion of the sample so the counted sample does not
shield alpha or beta emissions from reaching the
detector. In samples with high suspended solids, this
means that very little sample volumeis used. The
measured concentration is then extrapolated to a one-
liter volume. Because the sample is not homoge-
neous, it isunlikely that a small portion of a runoff
sample will represent the concentration of constituents
in the total sample.

Seven gross al pha measurements and one pluto-
nium-238 measurement exceeded the DOE public
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dose DCG values in surface water or runoff samples
in 1998. These samples were the surface water
sample from Mortandad Canyon at GS-1 and runoff
samples from MDA G stations G-SWMS-1,
G-SWMS-2, G-SWMS-3, and G-SWMS-6 and
Cafiada del Buey at White Rock. Plutonium-238
exceeded the DOE public dose DCG at Mortandad
Canyon at GS-1, while americium-241, pluto-
nium-239, -240, and gross beta were near or were
substantial fractions of the DCG at this station. These
three constituents exceeded the DCG in discharge
from the TA-50 RLWTF in 1998 and in the previous
several years. The sample from Rio Grande at Frijoles
had a gross alpha value just below the DCG.

Most of the measurements at or above detection
limits are from locations with previously known
contamination: the perimeter of MDA G, Acid/Pueblo
Canyon, DP/Los Alamos Canyon, and Mortandad
Canyon. Theremainder of the results are near or
below the detection limits of the analytical methods
used and are well below the DOE DCGs for drinking
water systems. A few of the measurements at or
above detection limits were from locations that do not
typically show detectable activity. Detections from
locations outside the known contaminated areas near
TA-54, MDA G, and in Pueblo, DP/Los Alamos, and
Mortandad Canyons are discussed bel ow.

a. Radiochemical Analytical Resultsfor
Surface Water. The Rio Grande at Otowi stationis
located upstream of the confluence with Los Alamos
Canyon and is intended to measure sediments unaf-
fected by possible contaminants from the Laboratory.
The 1995 bank sample from this station showed a
detection of americium-241, and the 1996 sample had
detections of plutonium-238 and gross beta. An
additional station (Rio Grande at Otowi Upper) was
located farther upstream in 1997, based on the
possibility that the original station was detecting
Laboratory-derived radionuclides present in flood
deposits upstream of the mouth of Los Alamos
Canyon. Neither of these stations had any radionu-
clide detectionsin 1997. In 1998, both Rio Grande at
Otowi and Rio Grande at Otowi Upper had gross beta
detections. These measurements may indicate an
upstream source for radiochemical detections at these
stations. The gross beta values of 21.0 and 29.9 pCi/L
at these stations compare to an average of 9.5 pCi/L
for 32 detections since 1967 at Rio Grande at Otowi,
with amaximum of 125 pCi/L occurring in 1996.

Several regional and perimeter stations had
detections of radiochemical parameters with no
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apparent source. The samples from the Rio Grande at
Frijoles had detections of gross alpha, plutonium-239,
-240, strontium-90, and uranium. While the Labora-
tory isalikely source for this radioactivity, we have
not been ableto tieit to a particular Laboratory
facility. The Frijoles at Rio Grande station had a gross
alpha detection at alower value. We collected
samples at these two stations on September 30 during
aperiod of high runoff following strong rains the
previous night. Suspended sediments are probably the
source of the high levels: the Rio Grande at Frijoles
sample had atotal suspended solids measurement of
9,312 mg/L, more than ten times that of other Rio
Grande samples. Two measurements of total sus-
pended solids at Frijoles at Rio Grande were 227 and
515 mg/L, high compared to most other surface water
values. The Jemez River station had gross beta and
strontium-90 detections. The strontium-90 values at
Jemez River and Rio Grande at Frijoles were near or
greater than the drinking water limit of 8 pCi/L.
These values were at the high end of the range found
at these stations over the last ten years. Rio Grande at
Cochiti and Rio Grande at Embudo had detections of
gross alpha and gross gamma.

b. Radiochemical Analytical Resultsfor
Runoff. Automated samplers collected runoff
samples whenever rainfall events caused significant
runoff at these stations. See Section 5.F.1 for a
description of the runoff samplers and sampling
protocols.

Aswith 1997 samples, comparison of results for
filtered and unfiltered samples collected at several
stations raised questions about whether samples were
filtered. The quantities of strontium-90, uranium,
plutonium, and americium-241 should be smaller in
filtered samples but in many cases are comparablein
both the filtered and unfiltered samples. In some
cases, filtered values are larger. These findings
suggest that samples were not filtered in the analytical
laboratory as instructed.

At station Los Alamos Canyon near Los Alamos
(LA), all radiochemical parameters measured except
tritium were detected in either the runoff samples or
associated suspended sediments. The sediment
screening action level was exceeded for cesium-137 in
one suspended sediment sample. Thisis consistent
with earlier findings for this station (see Table 5-3).

In the four runoff samples collected at Cafiada del
Buey at White Rock, al radiochemical parameters
measured, except tritium and cesium-137, were
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detected in at least one runoff sample or in the
associated suspended sediments. High suspended
sediment levelsin the samples are probably the source
of the radioactivity. These samples also contained
some metals in high amounts as described below. The
September 29 sample had gross alpha exceeding the
DOE public dose DCG by afactor of seven; this
sample also had gross beta values at about half the
DOE public dose DCG. Recall, that the DCG is based
on assumed consumption of two liters of water per
day on an annual basis, which isunlikely for runoff
that is seldom present in a drainage area.

The high gross alpha and gross beta readings from
these samples are not accounted for by radionuclides
measured in our analyses, suggesting that additional
radionuclides may be present. The runoff samples had
strontium-90 values ranging from half to twice the
drinking water MCL. The strontium-90 value in the
October 26 suspended sediment sample was about half
the sediment screening action level (SAL). In
suspended sediment samples, uranium and both
plutonium isotopes were above the range of sediment
background levels. Samples from this station had
high uranium levelsin 1996 and in 1997 had similar
gross beta and gross a pha values and detectable
plutonium-239, -240.

Sources for the radioactivity seen at station Cafiada
del Buey at White Rock may include MDA G at
TA-54 or other Laboratory facilities along Cafiada del
Buey. Runoff samplesfrom MDA G showed radioac-
tivity comparable to the Cafiada del Buey at White
Rock runoff samplesin 1998. The sample G-SWMS-
6 collected on September 29 had a gross alpha value
exceeding the DOE public dose DCG, and this gross
alphavalue was equal to that from the runoff sample
collected at Cafiada del Buey at White Rock on the
same day. While these samples were collected in the
same drainage on the same day, it does not mean that
continuous flow occurred in the drainage between the
two stations. Instead, local portions of the drainage
may have experienced runoff in response to intense
rainfall.

Levels of radioactivity similar to those in the 1998
Cafada del Buey at White Rock runoff samples have
not been seen in the past at the nearby sediment
station. Another surface water station and two alluvial
wells (CDBO-6 and CDBO-7) located upstream of
MDA G in Caflada del Buey have also not shown such
high levels of radioactivity. However, the wells have
had fairly large gross apha and gross beta values as
discussed below; the gross alpha value at CDBO-6
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also exceeded the DOE public dose DCG in 1998.
The Laboratory plans to conduct additional radiologi-
cal screening measurements on future samples
collected from this area to determine the source of
these readings. Because runoff from Cafiada del Buey
leaves the Laboratory boundary just downstream from
this station, Laboratory scientists plan to conduct
additional sediment surveysin the areato evaluate the
need for sediment containment or remediation
activities.

For runoff samples at TA-54, MDA G, all radio-
chemical parameters measured except tritium and
cesium-137 were detected in at least one runoff
sample. These radionuclides have previously been
detected in sediment and runoff samples collected
around MDA G and indicate that a small amount of
radioactivity |eaves the area because of surface ero-
sion and runoff. As noted above, the sample from G-
SWMS-6 collected on September 29 had a gross apha
value exceeding the DOE public dose DCG. Station
G-SWMS-6 is on the flank of Cafiada del Buey.

c. Technical Area 50 Discharges. The cumula
tive discharge of radionuclides from the RLWTF into
Mortandad Canyon between 1963 and 1977 and
yearly discharge data for 1996 through 1998 are given
in Table 5-4. In addition to total annual activity
released for 1996 through 1998, Table 5-4 also shows
mean annual activitiesin effluent for each radionu-
clide and the ratio of this activity to the DOE DCG for
public dose. In 1998, the DCG was again exceeded
for americium-241, plutonium-238, and plutonium-
239, -240. For 1998, the effluent nitrate concentration
(average value of 61.1 mg/L, nitrate as nitrogen)
exceeded the New Mexico groundwater standard of 10
mg/L. As mentioned above, the new reverse osmosis
and ultrafiltration system will begin operation at the
RLWTF in 1999. This system isdesigned to remove
additional radionuclides from the effluent, and the
discharges will meet the DOE public dose DCGs and
the New Mexico groundwater standard for nitrate.

4. Nonradiochemical Analytical Results

a. Major Chemical Constituents. The results
of analyses for major chemical constituentsin surface
water and runoff samplesfor 1998 are listed in Table
5-5. Theresults are generally consistent with those
observed in previous years, with some variability. The
measurements in waters from areas receiving effluents
show the effect of these effluents. None of the results
were outside the ranges for standards except for some
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pH measurements below 6.8 and above 8.5. The
fluoride value in the sample from the Jemez River was
60% of the NMWQCC Groundwater Standard. The
nitrate value for Mortandad at Rio Grande was about
60% of the NMWQCC Groundwater Standard.

b. Trace Metals. Theresults of trace metal
analyses on surface water and runoff samples for 1998
arelisted in Table 5-6. Samples collected for trace
metal analysis (with the exception of unfiltered runoff
samples) after May 30, 1997, were filtered so that they
could be compared to the NMWQCC standards that
apply to dissolved constituents. Samples collected for
mercury and selenium analysis were unfiltered, as the
NMWQCC standards for these analytes apply to total
metal content. The levels of trace metalsin samples
for 1998 are generally consistent with previous
observations.

Aswith 1997 runoff samples, comparison of results
for filtered and unfiltered samples collected at several
stations rai ses questions about whether samples were
filtered. The quantities of some metals should be
smaller in filtered samples but are comparable in both
the filtered and unfiltered samples. In some cases,
filtered values are larger. These findings suggest that
samples were not filtered in the analytical laboratory
asinstructed.

Several surface water and groundwater samples
showed apparent detection of seleniumin 1998. Typi-
cally, selenium has not been detected in surface water
or groundwater on the Pajarito Plateau. The analytical
detection limit for selenium in 1998 samples was 3
Mo/L, higher than in previous years and higher than
the New Mexico Wildlife Habitat Standard of 2 pg/L.
Numerous selenium results reported as 3 pg/L do not
appear to be detections (having three sigma uncertain-
ties equal to the reported value), raising the question
of whether these values indicate the presence of sele-
nium. Selenium was present in surface water samples
at Rio Grande at Frijoles and Rio Grande at Embudo
and a runoff sample at Caflada del Buey near White
Rock. Selenium was possibly present in surface water
samples at Rio Grande at Cochiti, Guaje Canyon,
Pajarito Canyon at Rio Grande, and Pueblo 1. In
1997, selenium values exceeded the New Mexico
Wildlife Habitat Stream Standard at Guaje Canyon
and Frijoles at Monument HQ.

The surface water sample from Rio Grande at
Frijoles was not filtered. The sample had unusually
high levels of arsenic, barium, beryllium, cobalt,
chromium, nickel, lead, selenium, and strontium. The
high values are related to high total suspended solids
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and collection of the sample following alarge rain-
storm. Many of these concentrations exceeded
regulatory standards (barium, beryllium, lead, and
selenium) and were above the range of values for the
past ten years at this station. A source for these
materials in the water is not known at present. Except
for mercury and selenium, the surface water standards
apply to dissolved rather than total metals content.
Some of these regulatory standards apply to groundwa-
ter or drinking water rather than expressly to surface
water and are used for purposes of comparison.

Asin prior years, the surface water sample from the
Jemez River had arsenic and boron values near or
exceeding drinking water or NMWQCC groundwater
limits. Boron, arsenic, and fluoride are common
constituents of water in volcanic areas or in thermal
springs (Hem 1989). The thermal waters from the
Valles Caldera have been shown to discharge through
the Jemez River drainage, and wells and springsin the
area have high boron, arsenic, and fluoride levels
(Goff et al., 1988).

Runoff samples we collected at Los Alamos Canyon
near Los Alamos again had lead levels exceeding NM
Groundwater and Livestock Watering standards and
showed the presence of beryllium. Thisstationis
upstream of State Road 4 in Los Alamos Canyon.
These results came from both filtered and unfiltered
samples.

The surface water sample at Pueblo 1 showed levels
of silver, antimony, and selenium near or exceeding
regulatory limits.

In addition to high levels of radioactivity as de-
scribed earlier, filtered and unfiltered runoff samples
from Caflada del Buey at White Rock contained levels
of barium, beryllium, cobalt, nickel, lead, and sele-
nium near or exceeding regulatory standards. Several
of these elements were present in three or four samples
taken on different dates. Note that some of these regu-
latory standards apply to groundwater or drinking
water rather than expressly to surface water and are
used for purposes of comparison. Farther upstream in
Cafiada del Buey, beryllium was detected in ground-
water in wells CDBO-6 and CDBO-7 at concentrations
above the drinking water MCL. Barium was found in
both wellsin 1998; in CDBO-7, the concentration was
over three times the New Mexico groundwater limit.
The groundwater results are discussed in more detail in
Section 5.D below.

The analytical detection limit for mercury
(0.2 ug/L) is not adequate to determine whether it is
present in excess of the New Mexico Wildlife Habitat

Environmental Surveillance at Los Alamos during 1998



5. Surface Water, Groundwater, and Sediments

stream standard of 0.012 pg/L. In 1998, mercury was
not detected at any location with the exception of a
runoff sample at Caflada del Buey at White Rock.
Aluminum, iron, and manganese concentrations
exceed EPA secondary drinking water standardsin
surface water and runoff samples at many locations.
These results reflect the presence of suspended solids
in the water samples. Some of these cases occur with
filtered samples. The results are due to naturally
occurring constituents (e.g., aluminum, iron, and
manganese) of minerals in the suspended solids.

¢. Organic Constituentsin Surface Water and
Runoff. The locations where organic samples were
collected in 1998 are summarized in Table 5-7. (See
Section 5.F.2.c. for analytical methods and analytes.)
Samples were analyzed for volatile organic compounds
(VOCs), semivolatile organic compounds (SVOCs),
and polychlorinated biphenyls (PCBs). Some samples
were also analyzed for high-explosive (HE) constitu-
ents. No HE or other organic compounds were
detected at any stationsin 1998.

5. Long-Term Trends

Long-term trends for surface water are discussed in
Section 5.D with groundwater trends.

C. Sediment Sampling

1. Introduction

Sediment transport associated with surface water
runoff is a significant mechanism for contaminant
movement. Contaminants originating from airborne
deposition, effluent discharges, or unplanned releases
can become attached to soils or sediments by adsorp-
tion or ion exchange.

No federal or state regulatory standards exist for soil
or sediment contaminants that can be used for compari-
son with the Laboratory’s environmental surveillance
data. Instead, contaminant levelsin sediments may be
interpreted in terms of toxicity as aresult of ingestion,
inhalation, or direct exposure. The Laboratory’s
Environmental Restoration Project uses SALsto
identify contaminants at concentrations or activities of
concern. SALs are screening levels selected to be less
than levels that would constitute a human health risk.
SAL values are derived from toxicity values and
exposure parameters using data from the EPA.

The data can also be compared with activities of
radionuclides resulting from atmospheric fallout or
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from naturally occurring radionuclides. Radionuclide
analyses of sediment samples collected from regional
stations for the period 1974 to 1986 were used to
establish background activities from atmospheric
fallout of selected radionuclides and to determine the
background concentrations of naturally occurring
uranium (Purtymun et al., 1987). McLinet al. (in
preparation) developed provisional background levels
for data from the period 1974 to 1996. The average
activity of each of the radionuclidesin the regional
station samples, plus twice its standard deviation,
approximates the background value. If the activity of
an individual sediment sample is greater than the
established background, the Laboratory is considered
as a possible source of contamination. Both back-
ground and SAL values for sediments are listed in
tables summarizing analytical results.

2. Monitoring Network

Sediments are sampled in all major canyons that
cross the Laboratory, including those with either
perennial or ephemeral flows. Sediments from
regional reservoirs and stream channels are al'so
sampled annually.

Regional sediment sampling stations (Figure 5-1)
are located within northern New Mexico and southern
Colorado at distances up to 200 km from the Labora-
tory. Samples from regional stations provide abasis
for estimating background activities of radionuclides
resulting from atmospheric fallout or from naturally
occurring radionuclides. We obtained regional
sediment samples from reservoirs on the Rio Grande
and the Rio Chama and at stations on the Rio Grande
and Jemez River.

Stations on the Pajarito Plateau (Figure 5-4) are
located within about 4 km of the Laboratory boundary,
with the mgjority located within the Laboratory
boundary. The information gathered from these
stations documents conditions in areas potentially
affected by Laboratory operations. Many of the
sediment sampling stations on the Pajarito Plateau are
located within canyons to monitor sediment transport
that is possibly related to past and/or present effluent
release sites. Three major canyons (Pueblo, Los
Alamos, and Mortandad Canyons) that have experi-
enced past or present liquid radioactive releases were
sampled from upstream of the Laboratory to their
confluence with the Rio Grande.

Sediments were also collected from drainages
downstream of two MDAs. MDA G at TA-54isan
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active waste storage and disposal area. Nine sampling
stations were established outside its perimeter fencein
1982 (Figure 5-3) to monitor possible transport of
radionuclides from the area. The surface drainage
changed, and two sampling stations were dropped in
1998 and four others added. Station G-4 was replaced
by G-4A and G-4B. G-6 was located in a channel that
received runoff that was not entirely from MDA G.
G-6A replaced G-6 and is located in a stream channel
that receives runoff only from MDA G. Station G-10
was added on the north side of MDA G in adrainage
that flowsto Caflada del Buey.

MDA AB at TA-49 was the site of underground
subcritical weapons testing from 1959 to 1961. The
site of the experimentsis designated MDA AB
(Purtymun and Stoker 1987, ESP 1988). We estab-
lished eleven stationsin 1972 to monitor surface
sediments in drainages adjacent to MDA AB (Figure
5-5). We added another station (AB-4A) in 1981 as
the surface drainage changed.

3. Radiochemical Analytical Resultsfor
Sediments

The results of radiochemical analysis of sediments
samples collected in 1998 are shown in Table 5-8.
The sample size for most sediment samplesis 100 g.
Reservoir sample sizes for plutonium-238 and
plutonium-239, -240 are 1,000 g, resulting in limits of
detection of 0.0001 pCi/g. Table 5-9 lists radiochemi-
cal detections for values that are higher than fallout or
background levels and also identifies values that are
near or above SALs. For tritium, thereis no estab-
lished background value for sediments, so al tritium
detections are shown in Table 5-9. Results from the
1998 sediment sample analysis are generally consis-
tent with historical data.

Strontium-90 was detected above fallout levelsin
twelve sediment samples collected on the Pgjarito
Plateau and at regional stationsin 1998. These high
values resulted from a high analytical biasin the
strontium-90 laboratory technique. Strontium-90 has
been detected infrequently at these stations previously.

Sediment samples from all three stationsin Rio
Grande Reservoir (Colorado) contained cesium-137 at
activities up to 70 percent above background. Ce-
sium-137 activity in sediments analyzed from that
reservoir in 1996 and 1997 was 20 to 30 percent
greater than background. Gross alpha activity was 50
percent greater than background at one of those three
stationsin 1998. The levels of tritium, strontium-90,
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plutonium-238, plutonium-239, -240, americium-241,
gross beta, and gross gamma.in all other reservoirs
were consistent with historical data.

A sediment sample collected from station Rio
Grande at Frijolesyielded a high tritium level. The
sample was obtained immediately following alarge
rainfall event in which the river rose about a meter in
height and transported a considerable amount of
sediment. A resample of the same station six weeks
later indicated atritium activity one tenth that of the
first sample. The high tritium sediment was evidently
deposited during the large rainfall event, and the
source of the tritium is not clear.

Many 1998 sediment samples from the known
radioactive effluent release areas in Acid/Pueblo, DP/
Los Alamos, and Mortandad Canyons exceeded
background levelsfor tritium, cesium-137, plutonium-
238, plutonium-239, -240, americium-241, gross
alpha, gross beta, and gross gamma activities. These
levels are consistent with historical data.

Within both Los Alamos and Pueblo Canyon
sediments, above-background levels of plutonium are
evident for distances greater than 16 km downstream
from the sourcesin Acid and DP Canyons. The
contamination extends off-site across San |ldefonso
Pueblo lands and reaches the Rio Grande near the
Otowi Bridge. Plutonium-238 and plutonium-239,
-240 activities downstream of historical release sites
in those canyons have remained relatively constant
during the past. These patterns have been documented
for several decadesin Laboratory reports (ESP 1981).

At station DPS-4 in DP Canyon, plutonium-239,
-240 activity was more than eight times background in
1998, consistent with historical data.

At Acid Weir (at the confluence of Acid Canyon
and Pueblo Canyon), plutonium-238 was seven times
background, and plutonium-239, -240 activity was
nearly 400 times background (and about one-half of
the SAL). Americium-241 was four times back-
ground. These values are all consistent with historical
data.

Plutonium-239, -240 was seven times background
at Pueblo 1 and was 41 times greater than background
at Pueblo State Road 502. Plutonium-239, -240 levels
have generally decreased with time at Pueblo 1.

A slight upward trend in plutonium-239, -240 is
observed at State Road 502 (see Section 5.C.5).

The Pueblo 3 station had a cesium-137 activity
nearly 50 times greater than background (and four
times greater than the SAL of 5.1 pCi/g). Records
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from the last 20 years show the 1998 cesium-137
activity at Pueblo 3 is40 times greater than the
highest previous value at Pueblo 3.

The activities of radionuclides at other sediment
stations in Acid/Pueblo Canyons and DP/Los Alamos
Canyonsin 1998 were near background.

Within Mortandad Canyon, the greatest radionu-
clide levelsin sediments are found between the point
where the TA-50 RLWTF effluent enters the drainage
(Station GS-1) and the sediment traps (MCO-7),
approximately a 3-km distance. Radionuclide levels
decrease rapidly in the downstream direction from
TA-50 to the sediment traps. Radionuclide levels
near, or slightly exceeding, background levels are
found downstream of the sediment traps, extending to
the Laboratory/Pueblo of San Ildefonso boundary
Station A-6. Based on mass spectrometry analysis,
Gallaher concluded that off-site plutonium contamina-
tion at levels near fallout values may extend two miles
beyond the Laboratory boundary (Gallaher et al.,
1997).

In 1998, sediment samples from GS-1, MCO-5,
and MCO-7 in Mortandad Canyon showed cesium-
137 concentrations that were up to four times greater
than the SAL value. Median values since 1980 for
cesium-137 at these stations range up to six times
greater than the SAL value. Cesium-137 levels at
these stations have declined by factors of 5 to 35 since
the early 1980s because of lower cesium-137 dis-
charges from the RLWTF. During 1998, no other
sediment samples in Mortandad Canyon showed any
values that exceeded SAL values.

In 1998, plutonium-238 activity in sediments
between the RLWTF and MCO-7 ranged from more
than 400 times to more than 1,000 times greater than
background, but only to a maximum of 20 percent of
the SAL (of 27 pCi/g). Plutonium-239, -240 activity
ranged from nearly 100 times background to more
than 300 times background (and 30 percent of the
SAL of 24 pCi/g). Americium-241 activity in those
sediments was as much as 117 times background (40
percent of the SAL). Strontium-90 activity in sedi-
ments between the RLWTF and the sediment traps
was 2.5 times greater than background and 40 percent
of the SAL.

On Laboratory lands in Mortandad Canyon,
plutonium-238, plutonium-239, -240, and cesium-137
activities, and uranium concentrations were near
background activities downstream of the sediment
traps at Stations MCO-9 and MCO-13. Thisresult is
consistent with data from the last fifteen years.
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A number of sediment samplesin the vicinity and
downstream of MDA-G contained plutonium-238 at
activities greater than background. Plutonium-238
was nearly 20 times background at G-7, three times
background at G-6, and slightly above background at
G-5and G-9. Those values are consistent with
plutonium-238 activity from sediments sampled in
1997. The Station Pgjarito at State Road 4, which is
located more than one kilometer downstream of
MDA G, had cesium-137 and plutonium-238 at levels
20 percent greater than background and strontium-90
at nearly three times background.

Plutonium-238 and plutonium-239, -240 were
found at activities greater than background in a
number of sediment samples collected at TA-49,
MDA AB. Station AB-3islocated immediately
downstream of a known surface-contamination area
dating to 1960 (Purtymun and Stoker, 1987). At
AB-3, plutonium-239, -240 was 50 times background,
and plutonium-238 and americium-241 were three
times background activity. These values are
consistent with past results.

The remainder of sediment samples collected at
locations at the Laboratory in 1998 were near back-
ground levels.

4. Nonradiochemical Analytical Results

a. Trace Metals. Beginning in 1992, we have
analyzed sediments for trace metals. Trace metal
results for the sediment samples collected in 1998 are
presented in Table 5-10.

Since 1990, trace metals analysis has indicated the
presence of mercury at near detection limit concentra-
tions (0.025 mg/kg) in nearly 200 sediment samples.
The largest numbers of those historic samples (from
1990-1998) were from Los Alamos Canyon (22
samples), followed by Mortandad Canyon (21
samples since 1992), MDA AB (19 samples), and
MDA G (15 samples since 1994).

Analysis of sediments from three stations at the
TA-54 solid waste operations area, G-4A, G-4B, and
G-5, located in adjacent drainages below MDA G,
indicated the presence of mercury at near detection
limit concentrationsin 1998. Mercury was previously
detected at G-5in 1996. No mercury was detected at
G-8in 1998, though it was found there at a concentra-
tion of 4.2 mg/kg in 1997.

b. Organic Analysis. Beginningin 1993, we
have analyzed sediments for PCBs and SVOCs.
Some sediment samples have been analyzed for HE
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constituents since 1995. Samples from only a portion
of the sediment stations are analyzed each year; in
1998, about one-seventh of the stations were sampled
for organics. Thesearelisted in Table 5-11. The
analytical results showed that there were no PCBs,
SVOCs, or HE constituents detected above the limit of
guantitation in any of the sediment samples collected
during 1998.

5. Long-Term Trends

For all plots discussed in this section, only detec-
tions of a particular radionuclide in sediments are
shown; samples without such detections are not
shown.

Plutonium-238 and plutonium-239, -240 activities
observed since the late 1970s in sediments at five
locationsin Acid, Pueblo, and lower Los Alamos
Canyons are shown in Figures 5-6a and 5-6b. Stations
Acid Weir and Pueblo at State Road 502 are located in
Pueblo Canyon. LAO-3islocated in LosAlamos
Canyon above the confluence of Los Alamos and
Pueblo Canyons. LosAlamos at Totavi and Los
Alamos at Otowi are located below the confluence of
the two canyons. The overall activities of the pluto-
nium-238 and plutonium-239, -240 in sediments from
Acid Weir, LosAlamos at Totavi, and Los Alamos at
Otowi have been relatively constant since 1980, with
some yearly variability. Plutonium-239, -240 levels
appear to be gradually increasing at Pueblo at State
Road 502 and gradually decreasing at LAO-3.
Plutonium-238 activities at these two stations typi-
cally range from one to two orders of magnitude less
than plutonium-239, -240, with plutonium-238 levels
gradually rising at LAO-3 but remaining relatively
stable at Pueblo at State Road 502.

Figure 5-6¢ shows cesium-137 in sediments at Acid
Weir, Pueblo 3, and Pueblo 502 since the late 1970s.
Before the 1990s, cesium-137 levels exceeded
background at Acid Weir. Cesium-137 levelsin the
1990s have been near background. Except for a
sample collected at station Pueblo at State Road 502
in 1992 that was near the SAL, cesium-137 has been
present at background levels. Cesium-137 at Pueblo 3
has been near background until 1998, when it was
detected at 50 times background and four times the
SAL.

Cesium-137 at LA O-3 has exceeded background
since the 1980s, on occasion exceeding the SAL, as
shown in Figure 5-6d. Cesium-137 at Los Alamos at
Totavi exceeded background and approached the SAL
in the 1980s but has been near background levelsin
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the 1990s. At LosAlamos at Otowi, cesium-137
levels exceeded background during four of the last 23
years but have typically been near background levels.

Figure 5-7a depicts plutonium-238 activities at five
stations in Mortandad Canyon from 1976 to 1998.
GS-1, MCO-5, and MCO-7 are located downstream of
the RLWTF discharge point and upstream of the
sediment traps. Plutonium-238 has decreased by a
factor of about ten during that time period and has not
exceeded the SAL since 1985. MCO-9 and MCO-13
are located downstream of the sediments traps.
Plutonium-238 is infrequently above background at
those stations and is not regularly detected. Figure
5-7b shows plutonium-239, -240 levels on Laboratory
lands in Mortandad Canyon. Plutonium-239, -240
levels upstream of the sediment traps have declined by
approximately afactor of ten since the 1980s, presum-
ably because of decreased radioactivity in the RLWTF
discharges and the dispersion of previously contami-
nated sediments. Downstream of the sediment traps,
plutonium activities have remained relatively con-
stant; the activities are two orders of magnitude less
than upstream of the sediment traps and are near
background activities.

Figure 5-8a shows that plutonium exists on San
Ildefonso Pueblo lands in Mortandad Canyon at
background levels. Figure 5-8b, however, shows that
plutonium-239, -240 has often been present at levels
above background on San lldefonso Pueblo land for
the last thirteen years.

Figure 5-7c shows that cesium-137 has been
present in Mortandad Canyon since the 1970s.
Between TA-50 and the sediment traps, cesium-137
levels have often exceeded the SAL. Cesium-137
levels below the sediment traps have gradually
declined to near background levels.

Figure 5-8c shows that cesium-137 levels on San
Ildefonso Pueblo lands in Mortandad Canyon have
ranged from six times background at Station A-6 to
near background at stations A-7, A-8, and A-9.

D. Groundwater Sampling

1. Introduction

Groundwater resource management and protection
efforts at the Laboratory are focused on the regional
(or main) aquifer underlying the region (see Section
1.A.3) but also consider groundwater found within
canyon alluvium and perched at intermediate depths
above the regional aquifer. The LosAlamos public
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water supply comes from supply wells drawing water
from the regional aquifer.

The early groundwater management efforts by the
USGS evolved through the growth of the Laboratory’s
current Groundwater Protection Management Pro-
gram, required by DOE Order 5400.1 (DOE 1988).
This program addresses environmental monitoring,
resource management, aquifer protection, and
hydrogeol ogic investigations. Formal documentation
for the program, the “ Groundwater Protection Man-
agement Program Plan,” wasissued in April 1990 and
revisedin 1995 (LANL 1996a). During 1996, the
Laboratory developed and submitted an extended
groundwater characterization plan, known as the
Hydrogeologic Workplan (LANL 1996b), to the New
Mexico Environment Department (NMED). NMED
approved the Hydrogeol ogic Workplan on March 25,
1998. Investigations under the Hydrogeologic
Workplan are described elsewhere in this document.

Concentrations of radionuclidesin environmental
water samples from the regional aquifer, the alluvial
groundwater in the canyons, and the intermediate-
depth perched systems may be evaluated by compari-
son with DCGs for ingested water calculated from
DOEFE’s public dose limit (see Appendix A for a
discussion of standards). The NMWQCC has also
established standards for groundwater quality
(NMWQCC 1993). Concentrations of radioactivity in
drinking water samples from the water supply wells,
which draw water from the regional aquifer, are
compared to New Mexico Environmental Improve-
ment Board (NMEIB) and EPA MCLs or to the DOE
DCGs applicable to radioactivity in DOE drinking
water systems, which are more restrictivein afew
Cases.

The concentrations of nonradioactive chemical
quality parameters may be evaluated by comparing
them to NMWQCC groundwater standards and to the
NMEIB and EPA drinking water standards, although
these latter standards are only directly applicableto
the public water supply. Although it is not a source of
municipal or industrial water, shallow alluvial ground-
water is asource of return flow to surface water and
springs used by livestock and wildlife and may be
compared to the Standards for Groundwater or the
Livestock Watering and Wildlife Habitat Stream Stan-
dards established by the NMWQCC (NMWQCC
1993, NMWQCC 1995). However, it should be noted
that these standards are for the most part based on
dissolved concentrations. Many of the results re-
ported here are total concentrations (that is, they in-
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clude both dissolved and suspended solids concentra-
tions), which may be higher than dissolved concentra-
tions alone.

2. Monitoring Network

Groundwater sampling locations are divided into
three principal groups, related to the three modes of
groundwater occurrence: the regional (or main)
aquifer, aluvial groundwater in the canyons, and
localized intermediate-depth perched groundwater
systems. The sampling locations for the regional
aquifer and the intermediate-depth perched groundwa-
ter systems are shown in Figure 5-9. The sampling
locations for the canyon alluvial groundwater systems
are shown in Figure 5-10. Purtymun (1995) describes
the springs and wells.

Sampling locations for the regional aquifer include
test wells, supply wells, and springs. New wells
constructed by the Hydrogeol ogic Workplan activities
are not yet part of the monitoring network.

Eight deep test wells, completed within the
regional aquifer, are routinely sampled. The test wells
were drilled by the USGS between 1949 and 1960
using the cable tool method. The Laboratory located
these test wells where they might detect infiltration of
contaminants from areas of effluent disposal opera-
tions. These wells penetrate only afew hundred feet
into the upper part of the regional aquifer, and the
casings are not cemented, which would seal off
surface infiltration along the boreholes.

Samples are collected from 13 deep water supply
wellsin three well fields that produce water for the
Laboratory and community. The well fields include
the off-site Guaje well field and the on-site Pajarito
and Otowi well fields. The Guaje well field, located
northeast of the Laboratory, contains seven wells, six
of which had significant production during 1998.
These wells will be retired after 1999 because of their
age. Four new wells, which will replace the existing
wells, were drilled in thisfield in 1998. Thefive
wells of the Pajarito well field are located in Sandia
and Pgjarito Canyons and on mesa tops between those
canyons. Two wells make up the Otowi well field,
located in Los Alamos and Pueblo Canyons. Addi-
tional regional aquifer samples were taken from wells
located on the Pueblo of San Ildefonso.

Numerous springs near the Rio Grande are sampled
because they represent natural discharge from the
regional aquifer (Purtymun et al., 1980). Assuch, the
springs serve to detect possible discharge of contami-
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nated groundwater from beneath the L aboratory into
the Rio Grande. Based on their chemistry, the springs
in White Rock Canyon are divided into four groups,
three of which have similar, regiona aquifer-related
chemical quality. The chemical quality of springsin a
fourth group reflectslocal conditions in the aquifer,
probably related to discharge through faults or from
volcanics. Two additional springs, Indian and Sacred
Springs are west of theriver in lower LosAlamos
Canyon. Indian Spring was last sampled in 1995; it
was later covered by highway construction.

Beginning in 1995, approximately half of the White
Rock Canyon springs were sampled in each year.
Larger springs and springs on Pueblo of San Ildefonso
lands are sampled annually, with the remainder
scheduled for alternate years.

We sample the alluvial groundwater in five
canyons (Pueblo, Los Alamos, Mortandad, and
Pajarito Canyons, and Cafiada del Buey) with shallow
observation wells to determine the impact of NPDES
discharges and past industrial discharges on water
quality. Inany given year, some of these alluvial
observation wells may be dry, and thus no water
samples can be obtained. Observation wells in Water,
Fence, and Sandia Canyons have been mostly dry
since their installation in 1989. All but two of the
wellsin Cafiada del Buey are generally dry.

Asacondition of Module 8, Section C, of the
Laboratory’s Hazardous and Solid Waste Amendments
(HSWA) permit, the Laboratory installed several
alluvia observation wells (or, in some cases,
boreholes). Thiswork was completed in 1990
according to EPA’s Resource Conservation and
Recovery Act (RCRA) guidelines (Purtymun and
Stoker 1990, Stoker 1990, ESP 1992). Some of the
wells were drilled near existing wells to compare
observations with older wells. Because these wells
are of more modern construction, during 1997 they
were substituted for the older wells in the monitoring
network. These RCRA wellsincluded

e Threewellsin LosAlamos Canyon (LAO-3A,
LAO-4.5C, and LAO-6A) and

e Threewellsin Mortandad Canyon (MCO-4B,
MCO-6B, and MCO-7A).

Intermediate-depth perched groundwater of limited
extent occurs in conglomerates and basalt at depths of
several hundred feet beneath the alluvium in portions
of Pueblo, Los Alamos, and Sandia Canyons. We
obtain samples from two test wells and one spring.
The well and spring locations were selected to
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monitor possibleinfiltration of effluents beneath
Pueblo and Los Alamos Canyons.

Some perched water occursin volcanics on the
flanks of the Jemez Mountains to the west of the
Laboratory. Thiswater discharges at several springs
(Armstead and American) and yields a significant
flow from a gallery in Water Canyon, where this
perched water is sampled. During the winter of 1996—
97, afalling tree broke the connecting pipe, and the
water now flows down Water Canyon. The galery is
now sampled at the point where the pipe broke. Addi-
tional perched water extends eastward from the Jemez
Mountains beneath TA-16 in the southwestern portion
of the Laboratory. The existence of this perched wa-
ter, at a depth of about 750 ft below the mesa top, was
confirmed in 1998 by drilling of Hydrogeologic
Workplan well R-25. The water was found to contain
high-expl osives compounds resulting from past L abo-
ratory discharges. Further work to characterize this
perched zone will occur in the near future.

3. Radiochemical Analytical Resultsfor
Groundwater

The results of radiochemical analyses of groundwa-
ter samples for 1998 are listed in Table 5-12. To
emphasize values that are detections, Table 5-13
contains lists of radionuclides where values exceed
both the analytical method detection limit and three
times the individual measurement uncertainty.
Because uranium, gross alpha, and gross beta are
ubiquitous at detectable levels, only occurrences of
these measurements above levels chosen to be below
the EPA MCLs or screening levels are reported. The
specific values are 5ug/L for uranium, 5 pCi/L for
gross alpha, and 20 pCi/L for gross beta.

Radiochemical detectionsthat are greater than 1/25
of the DOE DCGs for Public Dose for Ingestion of
Environmental Water (1/25 of the DOE DCG for
Public Dose is the DOE drinking water system DCG)
areindicated in the righthand columns of Table 5.13.
The EPA drinking water limits for gross apha and
gross beta values are higher than 1/25 of the DOE
public dose DCG (that is, greater than the DOE
drinking water system DCGS), so we use the EPA
values to screen gross alpha and gross beta values.
The DCG value for gross betais actually the stron-
tium-90 DCG, and the DCG for gross alphaisthe
plutonium-239, -240 DCG. These DCGs were chosen
because the i sotopes represented had the lowest DCGs
for alpha and beta emitters.
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Two gross al pha values exceeded half the DOE
public dose DCG values, at CDBO-6 (144% of the
DCG) and New Community Well on San Ildefonso
Pueblo (89% of the DCG). In 1997, CDBO-7 had a
large gross alpha value that was not a detection
because of the large uncertainty. The 1998 gross beta
results for DP Spring and several wellsin Mortandad
Canyon were about 10% of the DCG.

Discussion of the results will address the regional
aquifer, the canyon alluvial groundwater, and the
intermediate perched groundwater system.

a. Radiochemical Constituentsin the Re-
gional Aquifer. For samplesfrom wells or springsin
the regional aquifer, most of the results for tritium;
strontium-90; uranium; plutonium-238; plutonium-
239, -240; americium-241; and gross beta were below
the DOE drinking water DCGs or the EPA or New
Mexico standards applicable to a drinking water
system. In addition, most of the results were near or
below the detection limits of the analytical methods
used. The exceptions are discussed below. The main
exception was uranium found in springs and wells on
Pueblo of San Ildefonso land. Because dissolved
uranium is a common constituent of groundwater
(Hem 1989), only occurrences close to the proposed
EPA MCL of 20 pg/L are discussed here.

We detected uranium at 5.85 pug/L in well G-5.
This uranium concentration is below the proposed
EPA primary drinking water MCL of 20 pg/L. The
highest previous value for thiswell was 2.60 pg/L in
1989. The average of the 12 valuesfor G-5is 1.41
Ho/L; the average of 78 pre-1998 values from the
entire Gugje field is 1.20 pg/L with a maximum of
5.20 ug/L. This maximum value came from well G-1
in 1968.

LaMesita Spring has a significant uranium
concentration of 10.6 ug/L. Samplesfrom springsin
this area have always contained arelatively high
concentration of natural uranium (Purtymun et al.,
1980). However, the uranium concentration for La
Mesita Spring is below the proposed EPA primary
drinking water MCL of 20 pg/L. The spring also has
a high gross alpha value of about 10.2 pCi/L, near the
EPA primary drinking water standard of 15 pCi/L.
The EPA standard applies to gross alpha not arising
from radon and uranium, however.

No test wells were sampled for low-detection-limit
tritium in 1998.

Two water supply wellsin the Guaje Well Field,
G-1 and G-1A, have shown apparent strontium-90
detectionsin recent years (but not in 1998). Other

Environmental Surveillance at Los Alamos during 1998

samples from these wells have not shown the presence
of strontium-90. Regarding possible strontium-90
contamination of water in this area by past Laboratory
activities, consider the following:

 Strontium-90 was apparently detected in G-1A
on 6/12/95 at 3.9 + 0.7 pCi/L (aduplicate
showed 7.4 + 3.5 pCi/L, a nondetection) and in
G-10n12/8/97 at 5.2 + 1.4 pCi/L.

e The Guaje wells were sampled for strontium-90
in 1976, 1980, and 1995 through 1998 (39
samples). The four Gugje replacement wells
were each sampled at five depthsin 1998 (32
samples). Of these 71 values, only two were
detections. For G-1 and G-1A, six samplesfor
each well were analyzed (the latter had three
duplicates resulting in nine analyses).

» The strontium-90 analytical method is not very
precise near the detection limit (which is usually
about 3 pCi/L).

* Individual sample values should not be com-
pared to standards unless the sasmple valueis
near 10 times the uncertainty; thisisthe level of
quantification.

 Individual sample values can be affected by
sampling techniques, sample handling, sample
processing, measurement errors, cross-contami-
nation, and data recording errors.

 Solute transport theory (supported by examples
from Mortandad and L os Alamos Canyons,
discussed below) indicates that a dissolved
analyte like strontium-90 would be present over
alarge interval in space and time, thus the
analyte would be detected in more than one well
and more than one sample.

e These water supply wells draw water from a
large depth interval. Over a 1700-ft interval in
well G-1, 490 ft are slotted, and for a 1241-ft
interval in G-1A, 560 ft are dlotted. Water
supply wells are not designed to detect contami-
nation that may be present in the shallow
portions of their screened sections.

» The ages of the Guaje well field water indicated
by tritium and radiocarbon are old, suggesting
the water is for the most part isolated from
surface recharge. The minimum C-14 age for
G-5is6100 years.

» High-precision tritium values collected in recent
years for the Guaje wells average 0.99 pCi/L,
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ranging from 0.26 to 1.79 pCi/L. Two valuesfor
G-5are0.26 and 1.37 pCi/L; the values for G-1
and G-1A are 1.09 and 0.89 pCi/L respectively.
Groundwater with atritium activity below about
1.6 pCi/L is probably old and isolated from
surface recharge. The age of such groundwater is
more than 3,000 years, but small tritium activities
may be associated with large dating uncertainties
(Blake 1995).

» A possible source for strontium-90 is the former
TA-10, located in Bayo Canyon. Five other
Guaje wells and the four new replacement wells
are closer to the TA-10 site than are G-1 and
G-1A. None of these other wells have shown
strontium-90.

» The depth of the regional aquifer beneath the
former TA-10 is not exactly known, but it
probably lies between 600 and 700 ft deep.

» The generalized groundwater flow direction near
the Guaje well field and TA-10 istowards the
east-southeast. Groundwater flow directions near
the Guaje well field are not known in detail.
Capture zones for each well probably vary in size
with depth and are not known.

b. Radiochemical Constituentsin Alluvial
Groundwater. Except for adetection of gross alpha
activity in CDBO-6, none of the radionuclide activities
in alluvial groundwater are above the DOE DCGs for
Public Dose for Ingestion of Environmental Water.
Except for gross beta and strontium-90 values from
Mortandad, DP, and Los Alamos Canyons, none of the
radiochemical measurements exceed DOE DCGs
applicable to a drinking water system. Levels of
tritium; cesium-137; uranium; plutonium-238; pluto-
nium-239, -240; strontium-90; and gross alpha, beta,
and gamma are all within the range of values observed
in recent years.

In Pueblo Canyon, samples from APCO-1 showed
detections of americium-241 and plutonium-239, -240.
Thiswell had plutonium-239, -240 above the detection
limit from 1994 through 1996; none was detected in
thiswell in 1997. Similar values have been seenin
previous years in surface water and alluvial groundwa-
ter in Pueblo Canyon, as a consequence of past
Laboratory discharges.

The samples of alluvial groundwater in Los Alamos
and DP Canyons show residual contamination, aswe
have seen since the original installation of monitoring
wellsin the 1960s. In particular, for LAO-1, LAO-2,
DP Spring, and LAO-3A, the activity of strontium-90
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approaches or exceeds the EPA primary drinking
water MCL of 8 pCi/L. We also detected strontium-90
at LAO-4. Plutonium-239, -240 was detected in
LAO-0.7 (and has been every year since 1993). DP
Spring, LAO-2, and LAO-3A showed gross beta
activities approaching or exceeding the drinking water
screening level of 50 pCi/L. Further discussion of
strontium-90 in Los Alamos and DP Canyonsis given
below under Long-Term Trends (see Section 5.D.5.h).

The aluvia groundwater samples from Mortandad
Canyon showed activities of radionuclides within the
ranges observed previously. Further discussion of
radionuclidesin this canyon is given below under
Long-Term Trends (see Section 5.D.5.c). Tritium;
strontium-90; cesium-137; plutonium-238; pluto-
nium-239, -240; americium-241; and gross a pha,
beta, and gamma are detected in many of the wells.
The radionuclide levels are in general highest at well
MCO-3, which is nearest to the TA-50 RLWTF
outfall, and decrease down the canyon. The levels of
tritium, strontium-90, and gross beta exceed EPA
drinking water criteriain many of the wells. In some
years, the levels (except for tritium) exceed the DOE
drinking water system DCGs, but the levels do not
exceed the DOE DCGs for public dose for ingestion
of environmental water. EPA has no drinking water
criteriafor plutonium-238; plutonium-239, -240; or
americium-241. The DOE Drinking Water System
DCGsfor these latter radionuclides were not exceeded
in Mortandad Canyon alluvial groundwater in 1998
samples.

Two wells in Cafiada del Buey contain little water
and yield very turbid samples. Cafiada del Buey well
CDBO-6 had detections of gross alpha and gross beta
in 1998. The values of radioactivity detected in these
wells are of particular interest because of the high
gross apha values detected in runoff at station Cafada
del Buey at White Rock discussed earlier. High gross
alphavalues of about 25 pCi/L were detected in this
well in 1993 and 1994. Gross beta values above 20
pCi/L occurred in 1992 through 1994 and in 1997.
For CDBO-7, dlightly smaller gross alpha and gross
beta detections occurred over the same time period.
Aside from one tritium detection of 900 + 300 pCi/L
in CDBO-6 in 1992, the only other radionuclide
detected in these wells has been uranium at levels
averaging 2.4 pug/L in CDBO-6 and 2.9 ug/L in
CDBO-7.

c. Radiochemical Constituentsin Intermedi-
ate-Depth Perched Groundwater. Inthe 1950s,

Environmental Surveillance at Los Alamos during 1998



5. Surface Water, Groundwater, and Sediments

based on measurements of water levels and major
inorganic ions, the USGS established that contami-
nated surface water and alluvial groundwater in Pueblo
Canyon recharge the intermediate-depth perched zone
water that underlies the canyon floor (Weir et al.,
1963; Abrahams 1966). Taken over time, the radionu-
clide activity measurements in samples from TW-1A,
TW-2A, and Basalt Spring in Pueblo and L os Alamos
Canyons confirm this connection. TW-2A, furthest
upstream and closest to the historical discharge areain
Acid Canyon, has shown the highest levels. We de-
tected tritium in TW-2A at 3301 + 920 pCi/L in 1998;
it was not detected in 1997, for the first year since
1991. Tritium levelsin that well averaged at about
2,590 pCi/L from 1992 through 1996. We found no
detectable plutonium-239, -240 in Basalt Spring,
TW-1A, or TW-2A, in contrast to earlier years. In
1997, Basalt Spring showed detectabl e plutonium-239,
-240, aswell as gross beta. Because the sample at
Basalt Spring is collected in contact with the canyon
soils, the source of the plutonium could be surface
sediments rather than groundwater. The sample from
the Water Canyon Gallery, which lies southwest of the
Laboratory, was consistent with previous results,
showing no evidence of radionuclides from Los
Alamos operations.

4. Nonradiochemical Analytical Results

The results of general chemical analyses of ground-
water samples for 1998 are listed in Table 5-14, and
results of trace metal analyses appear in Table 5-15.

a. Nonradiochemical Constituentsin the
Regional Aquifer. With the exceptions discussed
here, values for al parameters measured in the water
supply wells are within drinking water limits. Sepa-
rate samples were collected to determine regulatory
compliance for the public water supply system, and
these samples were all in compliance for 1998.

The pH valuesin wells G-1A and Otowi-1 were
above the EPA secondary standard limit of 8.5. For
well G-2, the arsenic level was dlightly above the
standard of 50 ug/L and was similar to previous
measurements. The vanadium value in well G-2 was
above the EPA health advisory range of 80 to
110 pg/L.

Thetest wellsin the regional aquifer showed levels
of several constituents that approach or exceed
standards for drinking water distribution systems.
However, it should be noted that the test wells are for
monitoring purposes only and are not part of the water
supply system. TW-1 had a nitrate value of 5.3 mg/L
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(nitrate as nitrogen), again below the EPA primary
drinking water standard of 10 mg/L. Thistest well
has shown nitrate levelsin the range of about 5 to 20
mg/L (nitrate as nitrogen) since the early 1980s. The
source of the nitrate might be infiltration from sewage
treatment effluent released into Pueblo Canyon or
residual nitrates from the now decommissioned TA-45
radioactive liquid waste treatment plant that dis-
charged effluents into upper Pueblo Canyon until
1964. Nitrogen isotope analyses the ER Project made
during 1998 indicate that the nitrate is from a sewage
source (Nylander et al., 1999). The pH in TW-3 was
below the EPA secondary drinking water standard
range of 6.8-8.5.

Six groundwater samples showed an apparent
detection of seleniumin 1998. Typically, selenium
has not been detected in groundwater on the Pgjarito
Plateau. We also saw unusual selenium valuesin
surface water samples as described above. The
analytical detection limit for selenium in 1998
samples was 3 ug/L, higher than in previous years and
higher than the New Mexico Wildlife Habitat Stan-
dard of 2 ug/L. The EPA drinking water and New
Mexico groundwater standards for selenium are
50 pg/L. Numerous selenium results reported as
3 pg/L have three sigma uncertainties equal to the
reported value, raising the question of whether these
values indicate the presence of selenium. Three of the
samples with selenium were in Los Alamos Canyon
aluvia groundwater (discussed below). Selenium
was also detected in each of the three DT series test
wellsat TA-49 at 3+ 2 ug/L. As selenium has not
been seen before at these wells, asthe values are near
the detection limit, and as they were all analyzed in
the same batches, it is likely that the values reflect
analytical variation rather than presence of selenium.
We will continue to monitor these wells for trace
metalsin the future.

Levels of trace metals that approach water quality
standards in some of the test wells are believed to be
associated with turbidity of samples and with the more
than 40-year-old steel casings and pump columns. In
the last few years, iron, manganese, cadmium, nickel,
antimony, and zinc have been high in several of the
regional aquifer test wells. These trace metal values
represent total, rather than dissolved concentrations, in
that they include the composition of any suspended
sediment contained in the water samples. 1n 1998,
Test Wells 1 and 4 had lead levels above the 15 pg/L
EPA action level. Test Wells 1 and 4 had antimony
values at or above the 6 pg/L EPA drinking water
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standard. The lead levels appear to result from flaking
from piping installed in the test wells and do not
represent lead in solution in the water (ESP 1996a).
There are no known sources of lead near these wells,
and dissolved lead levelsin natural waters of near
neutral pH (pH ~7) are usually extremely low (Hem
1989).

Samples collected for metals analysis from most of
the White Rock Canyon springs were filtered in 1998.
Many of the springs have very low flow rates, and
samples are collected in small poolsin contact with
the surrounding soils. Spring 2 had an arsenic value
of 28 pg/L, in line with the average of 27 pug/L for
nine samples over the past 12 years. This spring had a
fluoride value of 1.11 mg/L, near the average of 1.14
mg/L for 22 samples.

b. Nonradiochemical Constituentsin Alluvial
Groundwater. The canyon bottom alluvial ground-
water in Pueblo, Los Alamos, and Mortandad Canyons
receives effluents. The groundwater shows the effects
of those effluents in that values of some constituents
are elevated above natural levels. Mortandad Canyon
groundwater samples exceeded or approached the
NMWQCC Groundwater Standards for fluoride and
nitrate. The nitrate source is nitric acid from pluto-
nium processing at TA-55 that enters the TA-50 waste
stream.

The pH in LAO-2 and PCO-1 was below the EPA
secondary drinking water range of 6.8-8.5. The pH of
MCO-7A was reported as 1.6, with a conductance
reported as 11,140 uS/cm. Neither of these valuesis
realistic; both probably represent analytical laboratory
aberrations. Usual values are pH of 7.3 and conduc-
tance of 600 uS/cm.

PCO-3 had unusually high values of chloride,
sodium, and total dissolved solids (TDS). The
average chloride concentration for 13 previous
samples was 108 mg/L, compared to the 1998 value of
382 mg/L. Thisaverageisraised by three values over
200 mg/L, which occurred in 1991, 1993, and 1998;
the other values are below 100 mg/L. Similarly, for
sodium, the average is 60 mg/L, with most values
below 40 mg/L and three over 100 mg/L. The reason
for this variability in water quality is unknown; the
two upstream wells PCO-1 and PCO-2 do not show
these higher values.

Three of the groundwater samples with apparent
selenium detections were in Los Alamos Canyon
aluvia groundwater (LAO-C, LAO-0.7, and LAO-1)
at 3+ 3 ug/L. Herethethree-sigma uncertainty is 3
po/L. Asnoted earlier, it islikely that the values

150

reflect analytical variation rather than presence of
selenium. We will continue to monitor these wells for
trace metals in the future.

In 1998, we detected beryllium in Cafiada del Buey
wells CDBO-6 and CDBO-7 at 4 pg/L and 18 pg/L,
compared to the drinking water MCL of 4 pg/L. For a
total of 11 samples collected for these wells from 1992
through 1997, beryllium was detected 6 times.

Barium was found in both wellsin 1998; in CDBO-7,
the concentration was 3123 ug/L, or over 3 timesthe
New Mexico groundwater limit. For atotal of 11
samples collected for these wells from 1992 through
1997, the average barium concentration was 573 pg/L,
with high values of 1500 pg/L in 1993 for CDBO-6
and 1600 pg/L in 1994 for CDBO-7. We also found
lead at high levelsin these wellsin 1998: the value of
107 pg/L in CDBO-7 was over 7 times the EPA
drinking water action level. For atotal of 9 samples
analyzed for lead from these wells from 1992 through
1997, lead was detected 8 times. The average for the
eight detections was 60 ug/L, with high values of 242
Mg/L in 1993 for CDBO-6 and 62 pg/L in 1995 for
CDBO-7. Samples are often quite turbid when
collected from the wells. For 1998, lead and beryl-
lium were only detected in the unfiltered samples.
Barium was found at lower concentrations in the
filtered samples than the unfiltered samples. Signifi-
cant concentrations of arsenic, chromium, and
vanadium were also found in CDBO-7. Some of these
constituents are of particular interest because of
radioactivity and metals found in runoff samples
farther down the canyon. Runoff samples from
Cafiada del Buey at White Rock, in addition to high
levels of radioactivity as described earlier, contained
levels of barium, beryllium, cobalt, nickel, lead, and
selenium near or exceeding regulatory standards.

Several of the aluvial groundwater samples
showed levels of aluminum, iron, and manganese that
would exceed standards for drinking water systems.
These metal concentrations reflect the presence of
suspended sediment that had entered the well casings.
The concentrations are generally much lower in
samples that are filtered than in those not filtered.
Lead wasfound in LAO-3A at upto 61 ug/L (ina
filtered sample, compared to 16 pug/L in an unfiltered
sample), about six times the average of eleven previ-
ous lead analyses and at the upper end of the range of
results for the past ten years.

c. Nonradiochemical Constituentsin Inter-
mediate-Depth Perched Groundwater. In 1998, the
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nitrate values for TW-1A, TW-2A, and Basalt Spring
were well below NMWQCC Groundwater and EPA
Drinking Water Standards. These sample locations
have occasionally shown higher nitrate valuesin
recent years. The source of the nitrate isinfiltration of
contaminated surface water and shallow groundwater
from Pueblo Canyon.

TW-1A and TW-2A had levels of iron, lead,
manganese, and zinc approaching or exceeding water
quality standards. Again, the detection of metalsin
these test wells probably reflects either suspended
sediments or the flaking of metals from pump hard-
ware and the well casing rather than the existence of
dissolved metals in the groundwater. The pH of 5.7 in
TW-2A was below the EPA secondary drinking water
range of 6.8-8.5. Otherwise, the intermediate-perched
groundwater samples from these stations and the
Water Canyon gallery did not show any concentrations
of nonradiochemical constituents that are of concern.

d. Organic Constituentsin Groundwater. We
performed analyses for organic constituents on
selected springs and test wellsin 1998. The stations
sampled appear in Table 5-16. Some samples were
analyzed for VOCs, SVOCs, and PCBs. Water supply
wells, test wells at TA-49, and most springs were
analyzed for HE constituents. With two exceptions at
Basalt Spring discussed below, no organic or high-
explosive constituents were detected in the groundwa-
ter samples listed in Table 5-16 at Los Alamos during
1998. Most of the possible organic detections the
Organic Analysis Group reported were rejected
because the compounds were either detected in
method blanks (introduced during laboratory analysis)
or detected in trip blanks. Trip blanks are sent along
during sampling to determine if organic constituents
come from sample preparation.

In 1998, drilling of characterization well R-25 at
TA-16 in the southwest portion of the Laboratory
revealed the presence of high-explosive constituents at
concentrations above the EPA Health Advisory
guidance values for drinking water. Asaresult, the
Laboratory tested all nearby water supply wells for
these compounds. In November, we collected samples
from PM-1, PM-2, PM-3, PM-5, Otowi-1, and
Otowi-4. We submitted samples for each well to three
separate analytical laboratories for analysis. PM-4
was out of service at the time but was sampled in
March 1999. None of the analytical laboratories
detected any high explosives or their degradation
productsin any of the water samples from any of the
supply wells sampled.
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HE constituents were detected in Ancho Spring
during 1995 sampling but not in 1996, 1997, or 1998.
This spring isfairly far downstream from the explo-
sives testing sites in the southern portion of the
Laboratory.

The only organic detections in groundwater were
methylene chloride (19 + 5.7 pg/L) and methyl-2-
pentanone [4-] (55 + 16.5 ug/L) in Basalt Spring.
This sample exceeded the analytical holding time, and
no method blank was run with the sample, so these
compounds could be the result of analytical laboratory
contamination. A number of organic compounds were
detected in Basalt Spring in 1995: most were tenta-
tively identified compounds (compounds not specifi-
cally measured by the analysis) except for
chloroethane. No organic compounds were found in
1997 samples from Basalt Spring.

5. Long-Term Trends

a. Regional Aquifer. Thelong-term trends of
the water quality in the regional agquifer have shown
limited impact resulting from Laboratory operations.
In 1998, drilling characterization well R-25 at TA-16
in the southwest portion of the Laboratory revealed
the presence of high-explosive constituents. No high-
explosives constituents have been found in water
supply wells. The extent of high explosivesin the
regional aquifer is presently unknown. The Labora-
tory will take action in cooperation with regulatory
agencies to define the extent of the contamination and
ensure that drinking water supplies are adequately
protected. Drilling schedules for several characteriza-
tion wells have been altered so that additional wells
will soon be drilled in the area of TA-16.

Aside from naturally occurring uranium, the only
radionuclide consistently detected in water samples
from production wells or test wells within the regional
aquifer istritium, which isfound at trace levels. The
tritium contamination is found at four locationsin Los
Alamos and Pueblo Canyons and one location in
Mortandad Canyon. Measurements of tritium by low-
detection-limit analytical methods (ESP 1995; ESP
1996a) show the presence of some recent recharge
(meaning within the last four decades) in water
samples from six Environmental Surveillance Pro-
gram wells penetrating the regional aquifer at Los
Alamos. Recent drilling of additional characterization
wellsin Los Alamos and Sandia Canyons has con-
firmed the results. The tritium levels measured range
from less than 2% to less than 0.01% of current
drinking water standards, and all are below levels
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detectable by the EPA-specified analytical methods
normally used to determine compliance with drinking
water regulations.

Other measurements of radionuclides above
detection limitsin the regional aquifer reflect occa-
sional analytical outliers not confirmed by analysis of
subsequent samples. The apparent detection of
strontium-90 in TW-3 in 1994 (ESP 1996a) appears to
result from analytical error because the gross beta
measurement does not support the strontium-90 result.
Previous or subsequent measurements have not
substantiated the apparent detection of strontium-90 in
TW-41in 1994 (ESP 1996a). The same conclusion
applies to apparent detections of strontium-90 in
Guaje well field water supply wells G-1 and G-1A in
1997 and 1995 (see Section 5.D.3.3).

Detection of lead in some regional aquifer test
wells appears to have resulted from contamination by
well casings, pumps, and monitoring devices (ESP
1995). Nitrate concentrations in TW-1 have been near
the EPA MCL since 1980. The source of the nitrate
might be infiltration of sewage-effluent-contaminated
shallow groundwater and surface water in Pueblo
Canyon or residual nitrates from the now decommis-
sioned TA-45 radioactive liquid waste treatment plant
that discharged effluents into upper Pueblo Canyon
until 1964. Nitrogen isotope analyses the ER Project
made during 1998 indicate that the nitrate is from a
sewage source (Nylander et al., 1999).

The long-term trends of water levelsin the water
supply and test wellsin the regional aquifer indicate
that thereis little depletion of the resource as a result
of pumping for the Los Alamos water supply (McLin
et a., 1998).

b. Surface Water and Alluvial Groundwater
in DP and L os Alamos Canyon. Because of moder-
ate adsorption, strontium-90 is persistent in soils and
groundwater. Strontium-90 activity remains highin
surface water and shallow alluvial groundwater within
much of LosAlamos Canyon and its tributary DP
Canyon despite a cessation of discharges by the
Laboratory. While strontium-90 dissolves in water, it
is also adsorbed onto mineral surfaces and solid
organic matter and could form mineral precipitates.
The formation and breakdown of these chemical
attachments slow its movement along a flow path.
The reservoir of adsorbed strontium-90 provides a
continual (though decreasing) supply of this radionu-
clideto passing water. The activitiesremainin the
range of the EPA drinking water standard (8 pCi/L)
and the DOE DCG for a DOE-maintained drinking
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water system (40 pCi/L).

Long-term trends of strontium-90 activity in
surface water and alluvial groundwater in DP and Los
Alamos are shown in Figure 5-11. The samples are
from observation wells in Los Alamos Canyon (except
LAO-2, which isin the mouth of DP Canyon) and
surface water stationsin DP Canyon. Only strontium-
90 detections are plotted in the figure. |If more than
one sample was collected in ayear, the average value
for the year is plotted. No other regularly monitored
surveillance stations in this area (such as downstream
stations) had strontium-90 detections during this
period.

The strontium-90 level in LAO-1, which is located
downstream of the former reactors at TA-2, was high
in the late 1970s when monitoring began and has
declined since then. In the late 1960s, strontium-90 in
DP Canyon surface water exceeded the DOE public
dose DCG (1000 pCi/L) as aresult of discharges from
the TA-21 industrial liquid waste treatment plant.
These strontium-90 |evels have subsequently de-
creased, beginning before discharges ceased in 1986.
The impact of strontium-90 from DP Canyon is seen
in downstream wells LAO-2 and LAO-3 (LAO-3is
combined with LAO-3A). The activitiesin these
wells are higher than in LAO-1, which is farther
upstream in Los Alamos Canyon. The strontium-90
history in wells LAO-3 and LAO-4 suggests that the
crest of a slowly moving front of the radionuclide
passed these locations during the early 1990s.

c. Surface Water and Alluvial Groundwater
in Mortandad Canyon. Long-term trends of radionu-
clide concentrations in surface water and shallow
alluvia groundwater in Mortandad Canyon down-
stream from the outfall for the RLWTF at TA-50 are
depicted in Figure 5-12. Because of strong adsorption
to sediments, cesium-137 is not detected in groundwa-
ter samples. The figure only shows radionuclide
detections. If more than one sample was collected in a
year, the average value for the year is plotted. The
surface water samples are from the station Mortandad
at GS-1, ashort distance downstream of the TA-50
effluent discharge. Radioactivity levels at this station
vary daily depending on whether individual samples
are collected shortly after arelease from the RLWTF.
These samples also vary in response to changesin
amount of runoff from other sourcesin the drainage.
The groundwater samples are from observation well
MCO-5 in the middle reach of the canyon. Ground-
water radioactivity at MCO-5 is more stable than at
Mortandad at GS-1 as groundwater responds more
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slowly to variations in runoff water quality.

Chemical reactions such as adsorption do not delay
tritium transport, and high tritium activities are found
throughout the groundwater within the Mortandad
Canyon aluvium. All of the tritium levelsin
Mortandad Canyon alluvial groundwater in 1998 were
dlightly below the EPA MCL of 20,000 pCi/L. The
surface water tritium activity at Mortandad at GS-1
reflects diluted values of effluent from TA-50 as the
effluent mixes with other stream water. The tritium
activity at MCO-5 has fluctuated almost in direct
response (with atime lag of about one year) to the
average annual activity of tritium in the TA-50 outfall
effluent. Tritium values at both stations have de-
creased since the mid-1980s because of decreased
tritium content of the TA-50 effluent.

The americium-241 activity of RLWTF discharges
has exceeded the DOE DCG for public dose of 30
pCi/L for al but four years since 1973. Americium-
241 activity has not been measured regularly at
monitoring stations in Mortandad Canyon. Under
many environmental conditions americium isless
strongly adsorbed than cesium or strontium and moves
more readily in groundwater. Americium-241 was
detected in every Mortandad Canyon alluvial ground-
water well in 1998, suggesting that it has migrated
farther and in larger amounts than has plutonium or
strontium-90. The americium-241 activity in the
observation wells was below the DOE drinking water
DCG of 1.2 pCi/L. Datafor the last four years at
Mortandad at GS-1 show an increase in americium-
241 activity to near the DOE DCG for public dose. At
MCO-5, the americium-241 activity shows only a
dlight increase over the past few years.

We detected strontium-90 in surface water at
Mortandad at GS-1 and in al aluvial observation
wells upstream of and including MCO-6B in 1998.
The activities remain at values in the range of the EPA
drinking water standard (8 pCi/L) and the DOE DCG
for a DOE-maintained drinking water system
(40 pCi/L) and range up to over 100 pCi/L. Stron-
tium-90 has been detected only once downstream of
MCO-6B, in MCO-8 in 1976. Adsorption or mineral
precipitation appears to have retained strontium-90
within the upstream portion of the alluvium. The level
of strontium-90 has risen gradually at downstream
wells MCO-5 and MCO-6 over the last 20 years
suggesting that the mass of the radionuclide is moving
slowly downstream.

We detected plutonium isotopes at Mortandad at
GS-1 and MCO-3in 1998 but at no other alluvial
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observation wells. Both isotopes have been detected
at these stations at levels near the DOE public dose
DCGs (30 pCi/L for plutonium-239, -240 and 40
pCi/L for plutonium-238) over the past few years.
Values at other alluvial observation wells except for
MCO-4 have been near the detection limit in the
1990s. Plutonium hasin general been detected in all
alluvia observation wellsin Mortandad Canyon but
appears to be decreasing in activity at downstream
locations. Plutonium-238 was last detected in MCO-8
in 1976 and in MCO-7 and MCO-7.5 in 1985.
Plutonium-239, -240 was last detected in MCO-8in
1969, MCO-7.51n 1987, and MCO-7 and MCO-7A in
1995,

E. Groundwater and Sediment Sampling at the
Pueblo of San Ildefonso

To document the potential impact of Laboratory
operations on lands belonging to the Pueblo of San
I1defonso, DOE entered into a Memorandum of
Understanding (MOU) with the Pueblo and the
Bureau of Indian Affairsin 1987 to conduct environ-
mental sampling on pueblo land. This section deals
with hydrologic and sediment sampling. The ground-
water, surface water, and sediment stations sampled
on the Pueblo of San Ildefonso are shown in Figures
5-13 and 5-14. Aside from stations shown on those
figures, the MOU also specifies collection and
analysis of additional water and sediment samples
from sites that have long been included in the
Laboratory’s Environmental Surveillance Program, as
well as special sampling of storm runoff in Los
Alamos Canyon. These locations appear in Figures
5-1, 5-2, 5-4, and 5-9, and the results of analyses are
discussed in previous sections.

1. Groundwater

Table 5-12 lists the results of radiochemical
analyses of groundwater samples for 1998. Table 5-13
contains lists of radionuclides detected where values
exceed both the method detection limit and three times
the individual measurement uncertainty. Because
uranium, gross alpha, and gross beta are ubiquitous at
detectable levels, we report occurrences of these
measurements above levels chosen to be below the
EPA MCLs or screening levels. The specific values
are 5ug/L for uranium, 5 pCi/L for gross apha, and 20
pCi/L for gross beta.

Radiochemical detections that are greater than 1/25
of the DOE DCGs for Public Dose for Ingestion of
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Environmental Water (that is, greater than the DOE
drinking water system DCGs) are indicated in the
righthand columns of Table 5-13. Gross apha and
gross beta values noted in the extra columns are also
greater than their respective EPA drinking water
limits, which in turn are higher than 1/25 of the DOE
public dose DCG. The DCG value for gross betais
actually the strontium-90 DCG, and the DCG for
gross alphais the plutonium-239, -240 DCG. These
DCGs were chosen because the isotopes represented
had the lowest DCGs for apha and beta emitters.

See Section 5.D for a discussion of most of the
groundwater stations (wells and springs) listed in the
MOU. The present section focuses on the Pueblo of
San Ildefonso water supply wells.

Asin previous years, the groundwater data for the
Pueblo of San Ildefonso indicate the widespread
presence of naturally occurring uranium at levels
approaching or in excess of proposed EPA drinking
water limits. Naturally occurring uranium concentra-
tions near or even much greater than the proposed
MCL of 20 pug/L are prevalent in well water through-
out the Pojoaque area and the Pueblo of San
Ildefonso. The high gross alpha readings for these
wells are related to uranium occurrence.

In 1998, there were no detections of radionuclides
other than uranium in Pueblo of San Ildefonso water
supply wells. In previous years, the Pueblo of San
Ildefonso water supply well data have suggested the
occasional detection of trace levels of plutonium and
americium. In most cases, these values are near the
detection limit of the analytical method so that it is
uncertain whether detection has occurred. At such
measurement levels, precise quantification of the
amount detected is not possible.

New Community Well had a uranium concentration
exceeding the proposed EPA primary drinking water
standard of 20 pg/L. Uranium concentrations at the
Pajarito Pump 1, Don Juan Playhouse, and Sanchez
House wells were more than half of the proposed EPA
standard. These measurements are consistent with the
levelsin previous samples and with the relatively high
levels of naturally occurring uranium in other wells
and springsin the area.

The gross alphalevelsin these wells are attribut-
able to the presence of uranium. The gross alphalevel
in the sample from the New Community Well was
26.6 pCi/L, above the EPA primary drinking water
standard of 15 pCi/L. The gross aphalevel in
samples from the Don Juan Playhouse, Sanchez
House, and Pgjarito Pump 1 wells was below the
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drinking water standard. This standard appliesto gross
alpha from radionuclides other than radon and
uranium.

The chemical quality of the groundwater, shown in
Table 5-14, is consistent with previous observations.
The sample from the Pgjarito Pump 1 Well exceeded
the drinking water standard for total dissolved solids;
thislevel is similar to those previously measured. This
well a'so has a chloride concentration at 80% of the
EPA secondary drinking water standard and 40% of the
primary drinking water standard.

The fluoride values for some wells (Eastside
Artesian and Sanchez House) are near the NMWQCC
Groundwater Standard of 1.6 mg/L, similar to previous
values. Severa of the wells (Eastside Artesian, New
Community, and Don Juan Playhouse) have alkaline
pH values, above the EPA secondary standard range of
6.8 to 8.5; these values do not represent a change from
those previously observed in the area.

Many of the wells have sodium values significantly
above the EPA health advisory limit of 20 mg/L. The
values from Pgjarito Pump 1, Sanchez House, and
Eastside Artesian wells are especialy high.

Table 5-15 shows trace metal analyses. The boron
valuein Pgjarito Pump 1 was nearly twice the
NMWQCC groundwater limit of 750 pg/L. Thisvalue
was similar to those of past years.

2. Sediments

We collected sediments from Pueblo of San
Ildefonso lands in Mortandad Canyon in 1998 from
five permanent sampling stations. The results of these
and other sediment analyses are shown in Tables 5-8,
5-9, and 5-10. Section 5.C presents related informa-
tion. Results are comparable to sediment data col-
lected from these same stations in previous years,
exceptions are discussed below.

Analyses of sediments collected at station
Mortandad A-6 in 1998 showed cesium-137 and
plutonium-239, -240 at activities slightly greater than
background. Since 1987, cesium-137 activity in
sediments at station A-6 has ranged from near back-
ground to more than five times background. Sedi-
ments collected at station A-7 had atotal uranium
concentration 20 percent greater than background. All
other sediment stations downstream of Mortandad A-7
showed only background activities of radionuclides.

Sediments from the sampling station located on San
I1defonso Pueblo lands at Los Alamos at Otowi showed
the activity of plutonium-239, -240 as twice back-
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ground. Thisactivity is dlightly less than typical
sediment samples previously collected at that station.

F. Sampling Procedures, Analytical Procedures,
Data Management, and Quality Assurance

1. Sampling

The Draft Quality Assurance Project Plan (ESH-18
1996) is the basic document covering sampling
procedures and quality assurance (QA). The formal
procedures developed to address sampling for each
sample matrix (Mullen and Naranjo 1996, 1997)
provide more focused guidance. All samplingis
conducted using strict chain-of-custody procedures, as
described in Gallaher (1993). The completed chain-
of-custody form serves as an analytical request form
and includes the requester or owner, sample barcode
number, program code, date and time of sample
collection, total number of bottles, the list of analytes
to be measured, and the bottle sizes and preservatives
for each analysis required. We send the samplesto the
Chemical Science and Technology (CST) Division or
to other analytical laboratories. Detailed analytical
methods are published in Gautier (1995). We submit
samples using blind sample numbers to prevent
possible bias that might occur if the analyst knows the
sampled location.

We filtered in the field samples collected for
radionuclide and metals analysis at the White Rock
Canyon Springs to minimize the effects of surface
soils and to represent groundwater surfacing at the
springs. The“F/UF” column on the tables of analyti-
cal results shows a“UF” for unfiltered samples and an
“F" for sasmplesfiltered through a 0.45-micron filter.

We filtered in the field surface water samples
collected for metals analysis. This procedure allows
for comparison of analytical results with the
NMWQCC standards. These standards are mainly for
dissolved concentrations, except mercury and sele-
nium, for which standards are based on total concen-
trations. Mercury and selenium were not filtered in
the field and were analyzed to determine total concen-
tration.

Automated samplers located at recently installed
gaging stations (Shaull et al., 1998) collected runoff.
The contents of bottles collected by the automated
sampler were first transferred to a churn splitter,
which agitates the samples to ensure that they are well
mixed and that the sediments are suspended. If the
automated sampler collected adequate water, two sets
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of samples were submitted to the analytical laboratory.
One set was unfiltered and preserved for total concen-
tration analysis, whereas the other set was submitted
unfiltered and unpreserved. The analytical laboratory
filtered the latter samples, preserved them, and routed
them to the appropriate analyst. If insufficient water
was available, only unfiltered samples were analyzed
to determine total concentrations.

2. Analytical Procedures

a. Metalsand Major Chemical Constituents.
Metals and major chemical constituents are analyzed
using EPA SW-846 methods. Filtering in the analyti-
cal laboratory and digestion methods have changed
over time. Before 1993, water samples were pre-
served in the field and filtered in the laboratory before
digestion. From 1993 forward, the analytical |abora-
tory has not filtered water samples submitted for
metal s analyses, with the exception of runoff samples
as mentioned above.

b. Radionuclides. Radiochemical anaysisis
performed using the methods as updated in Gautier
(1995). Sediment samples are screened through a
number 12 US standard testing sieve before digestion.
The sieve meets ASTM E-11 specifications and
screens out materials larger than 1.7 mm. Ten-gram
samples are analyzed from stream channels; larger
1,000-g samples are analyzed from reservoirs for
plutonium-238 and plutonium-239, 240. Larger
1,000-g samples give a 10-fold improvement in
detection limits of plutonium-238 and plutonium-239,
-240 for reservoir samples.

Water samples for radiochemical analyses are pre-
served with nitric acid in the field to apH of 2 or less.
Before 1996, the analytical laboratory filtered water
samples before digesting. Samples collected in 1996
and after are preserved in the field as before but not
filtered by the analytical laboratory. At the analytical
laboratory, both water and sediment samples are com-
pletely digested in a mixture of nitric and hydrofluoric
acids. A separate, unpreserved sampleis collected for
tritium analysis.

When especially precise trace level tritium analyses
are required, samples are shipped to the University of
Miami Tritium Laboratory. These samples are
collected and analyzed according to procedures
described in Tritium Laboratory (1996).

Negative values are reported for some radiological
measurements. Negative numbers occur because
measurements of radiochemical samples require that
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analytical or instrumental backgrounds be subtracted
to obtain net values. Consequently, individual
measurement values can result in positive or negative
numbers. Although negative values do not represent a
physical reality, they are reported as they are received
from the analytical laboratory. Valid long-term
averages can be obtained only if negative values are
included in the analytical results.

¢. Organics. Organics are analyzed using SW-
846 methods as shown on Table A-10. Thistable
shows the number of analytesincluded in each
analytical suite. The specific compounds that are
analyzed in each suite are listed in TablesA-11
through A-14. All organic samples are collected in
brown glass bottles, and the VOC samples are
preserved with hydrochloric acid. A trip blank, or
field blank, always accompanies the VOC sample. A
trip blank is a sample of de-ionized water that accom-
panies the field samples and is submitted for analysis
like any other sample. Method blanks are prepared by
the analytical laboratory and are also analyzed with
samples. If trip or method blanks contain organic
compounds, they were introduced during sampling or
analytical procedures. Certain organic compounds
used in analytical |aboratories are frequently detected
in the method blanks. These compounds include
acetone, methylene chloride, toluene, 2-butanone, di-
n-butyl phthalate, di-n-octyl phthalate, and bis (2-
ethylhexyl) phthalate (Fetter 1993).

3. Data Management and Quality Assurance

a. Data Management. CST transfers analytical
results to the Water Quality and Hydrology Group
(ESH-18) both electronically and as a hard copy.
Samples submitted to CST go through the SQL
Laboratory Information Management System. A data
retrieval query generates atable of ESH-18 data every
week. The data set is downloaded to ESH-18 comput-
ers every week. The sample location name, the
sample number, and the field data are stored in a
separate table, providing the link for associating a
blind sample number with alocation name.

b. Quality Assurance. Each analytical batch of
water samples (20 samples or less) contains at least
one blank, one matrix spike, and a duplicate as
dictated by SW-846 protocols. These quality control
samples are provided by CST and submitted along
with environmental surveillance samples. ESH-18
also submits blanks, spikes, and duplicate water
samples. The analytical results of the blanks and
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spikes are presented in Tables 5-17 and 5-18. The
analytical results for the duplicates are presented on
the analytical result tables. No quality control
samples were submitted for sediment analysis.

ESH-18 submits de-ionized water (DI) trip blanks
and spiked samples as regular samples, without any
indication that they are QC samples. They go through
the same analytical process as the regular field
samples. The DI blanks and spiked samples are
measured with the same background contributions
from reagents and biases as the regular samples and
give an estimate of background and systematic
analytical errors. Trip blanks are also submitted to
detect if any organics are inadvertently introduced
during the sampling or analytical laboratory proce-
dures. Using DI blank sample values, we correct the
radiochemical sample analyses results by subtracting
the average of the blanks from each of the reported
sample values. The original analytical value for
radiochemical results may be recovered by adding the
average blank value found in Table 5-17 to the values
reported in the analytical result tables.

Ideally, the values for al analytesin the blanks
should be zero. Resultsin Table 5-17 show that the
average concentration of americium-241 in the DI
blanks was equal to the detection limit. Thelikely
causes for these concentrations of americium-241 are
the plutonium-242 and americium-243 tracers that are
added to each sample during analysis. Both of those
tracers contain americium-241.

A high analytical biasisindicated for several other
analytes. A high bias of about one-fourth of the
detection limit is apparent in the cesium-137 and
plutonium-238 in the DI blank results, and a high bias
on the order of one-half of the detection limit is
apparent in the uranium, plutonium-239,-240 and
gross gamma DI blank results. The high biasin
uranium is the result of asingle sample.

The concentrations reported in Table 5-17 for the
spiked samples are the concentrations after subtraction
of the average blank values. For tritium; stronium-90;
cesium-137; uranium,; plutonium-239, -240; and
americium-241, there is good agreement, relative to
their respective detection limits, between the anal yti-
cal results and the spiked concentrations after blank
correction. Plutonium-238 was not as close with the
result more than 35 percent less than the actual spiked
concentration.

Taylor (1987) suggests a method for evaluating
detection limits based on the analytical results for
spiked samples. The standard deviation of the average
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spiked sample result can be used as a measure of the
one sigma analytical uncertainty. Table 5-17 presents
the results of thisanalysisinitslast two lines. Detec-
tion limits cal culated using this method are as much as
four times higher than the values that the analytical
laboratory reports.

Analytical concentrations for DI blanks submitted
for trace metals were generally reported as less-than-
detection limits. Spiked samples for metals analyses
contained four metals; silver, barium, mercury, and
lead. Therewas generally good agreement between
spike concentrations and the analytical results.
Standard deviations associated with the average values
of barium and lead for the DI blanks and spiked
samples were significantly less than the reported
concentrations, suggesting relatively precise measure-
ments for those analytes.

Asnoted in the 1997 ESR, we had observed low
mercury values for our spiked samples. We attribute
thisto loss of mercury through the walls of the plastic
sample bottles. To avoid this loss we started submit-
ting mercury samplesin amber glass bottlesin
September of 1998. This change appears to have
significantly improved the accuracy of our mercury
analysis. It isunclear why the spiked sample submit-
ted on November 11 was reported as below detection
limits.

The lead results for the spiked samples were
generally in good agreement with the spiked values.
The results for two samples submitted on November
28 are shown on Table 5-18 as <10 pug/L. The actual
lab results for these samples were 8.0 + 10 pg/L.
(Please note that, for metals analyses, the lab reports a
three-sigma uncertainty. In this case, the three-sigma
uncertainty is 10 ug/L.) For metals, if the sample
value reported by the lab is less than the three-sigma
uncertainty, we report the sample value as less than
the three-sigma uncertainty to make our metals results
consistent with those reported by other labs. The
reported value of 8.0 pg/l isin good agreement with
the known concentration of 7.5 pg/L.

CST observed silver contamination in some sample
submissionsin early 1998. The preparation blanks
showed silver over the detection limits, and the
control samples and samples spikes were also high.
Later in 1998, the contamination problem was
identified and remedied.

In the past, soils were dried and then sieved before
the sample analysis process was undertaken. Starting
in 1998, samples were dried and then ball milled for a
more complete homogenization of the sample. Alsoin
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1998, CST reported a high bias of about 1 cpm in the
determination of stronium-90 in soils using liquid
scintillation counting. That high bias resulted in a
method detection limit of 2 pCi/g.

CST performed areview of its analytical methods
following 1998 to verify that new methods used
during the year were consistent with earlier methods.
The review indicated that 1998 analyses were typi-
cally consistent with the methods used in 1997.

4. Determination of Radiochemical Detections

CST has determined detection limits for each
analytical method. Radiological detection limits are
based on Currie's formula (Currie 1968). Detection
limits are reported at the bottom of the tables summa-
rizing the radiochemical analytical results. In deriving
the detection limits, CST included the average
uncertai nties associated with the entire analytical
method. Sources of error considered include average
counting uncertainties, sample preparation effects,
digestion, dilutions, gravimetric and pipetting uncer-
tainties, and spike recoveries.

While these method detection limits determined by
CST or other analytical laboratories give an idea of
the average limit of detection for a particular measure-
ment technique, the detection limits do not apply to
each individual sample measurement. Instead, the
guestion of whether or not an individual measurement
isadetection is evaluated in light of itsindividual
measurement uncertainty. For radiochemical analyti-
cal results, the analytical uncertainties are reported in
the tables. These uncertainties represent a one
standard deviation (one sigma) propagated uncer-
tainty. “It isvirtualy unanimously accepted that an
analyte should be reported as present when it is
measured at a concentration three-sigma or more
above the corresponding method blank” (Keith 1991).
Our reported values are corrected by blank subtraction
to eliminate the effects of positive or negative analyti-
cal laboratory biases. Therefore, we report radio-
chemical detections as values greater than three times
the reported uncertainty. For sediments, the values
reported as detections in the table are also above
background levels determined for fallout, or natural
background levels in the case of uranium.

The limit of quantification or LOQ isthe level
where the concentration of an analyte can be quanti-
fied with confidence. “When the analyte signal is 10
or more times larger than the standard deviation of the
measurements, there is a 99% probability that the true
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concentration of the analyte is (30% of the calculated
concentration” (Keith 1991). Thus, measured values
near the detection limit or less than 10 times the ana-
Iytical uncertainty do not provide areliable indication
of the amount present. The importance of this number
is demonstrated when analytical results are compared
against standards; the analytical result should be
greater than 10 times the analytical uncertainty for the
comparison to be meaningful.

G. Unplanned Releases

ESH-18 investigated all unplanned rel eases of
nonradioactive liquid. Upon cleanup, personnel from
NMED-DOE/OB (Oversight Bureau) inspected the
unplanned release site to ensure adequate cleanup.
NMED-DOE/OB recommended administratively
closing seven of the 12 unplanned rel eases that
occurred in 1998. It is anticipated that the remainder
of the unplanned release investigations will be closed
when NMED-DOE/OB personnel become available
for inspections.

1. Radioactive Liquid Materials

No unplanned radioactive liquid releases occurred
in 1998.

2. Nonradioactive Liquid Materials

There were 12 unplanned rel eases of
nonradioactive liquid in 1998. The following isa
summary of these discharges.

» Two releases of treated cooling water.

» Two releases of sanitary sewage from the
Laboratory’s TA-46 SWS Facility’s collection
system.

» Threereleases of diesel, gasoline, or hydraulic
oil from vehicles or equipment.

» Two releases of potable water that impacted ER
Project solid waste management unit (SWMU)
sites.

» Two releases of drilling water/mud to a water-
course.

» Onerelease of potentially contaminated rainwa-
ter from the overflow of a high-explosives
wastewater collection sump.
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H. Special Studies

1. Regional Aquifer Hydrologic Properties Study:
Water Production Records

On September 8, 1998, DOE began leasing the Los
Alamos municipal water production and distribution
system to the County Department of Public Utilities
(the County). Thisthree-year |ease authorizes the
County to routinely operate and maintain all produc-
tion wells, storage tanks, water transmission lines,
booster stations, chlorination units, and other related
equipment. In addition, routine system discharges
into the environment will continue under the
Laboratory’s NPDES permit during the lease period.
However, Safe Drinking Water Act (SDWA) compli-
ance sampling will become the responsibility of the
County. The State of New Mexico's Water Conserva-
tion Program will collect a fee of $0.03 per 1,000
gallons from the County. These funds will support
water sample collection and analyses for SDWA com-
pliance by the New Mexico Drinking Water Bureau.
The County has also assumed all other responsibilities
associated with system operation. The system will
likely be permanently transferred from the DOE to
Los Alamos County during the lease period, perhaps
by the end of 1999. DOE will retain a 30% ownership
of existing system water rights, while the County will
permanently acquire ownership of 70% of these rights.
The County will then lease DOE's remaining water
rights and sell water to the Laboratory under a special
contract.

In October 1998, Los Alamos County began
reporting monthly water production records for the
municipal water supply system directly to the State
Engineer Office; the Laboratory was responsible for
these reports between January and September. During
1998, total water production from 14 wellsin the
Guaje, Pgjarito, and Otowi municipal well fields, the
Water Canyon Gallery, and Los Alamos and Guaje
Reservoirs was 4.95 million cubic meters (1,307
million gallons or 4,011.3 ac-ft). Thistotal production
amounts to 72.4% of the total water right of 6.84
million cubic meters (5,541.3 ac-ft) available to the
County under the State Engineer Office water rights
permit. In addition, the drilling of four new Guaje
replacement wells that began during 1997 was
completed in 1998. Details of the performance of the
water supply wells, including their operation and a
water quality summary, are published in a series of
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separate reports. The most recent report is entitled
“Water Supply at LosAlamos during 1997” (McLin et
al., 1998).

2. Regional Aquifer Hydraulic Properties
Study: M easurement of Water Levels

In October 1992, the L aboratory began measuring
and recording water level fluctuationsin test wells
completed into the regional aquifer below Pgjarito
Plateau and in various other monitoring wells com-
pleted within intermediate and alluvial groundwater
located throughout the facility. These dataare
automatically recorded at hourly intervals using
calibrated pressure transducers. Water level data are
presented in the Laboratory report entitled “ Water
Supply at Los Alamos during 1997” (McLin et al.,
1998), which summarizes the locations, start and end
dates for data collection, and final water levels
recorded during 1997.
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3. Surface Water Data at L os Alamos National
Laboratory: 1998 Water Year

Surface water discharge data were collected from
19 stream-gaging stations that cover most of the
Laboratory. The data, published in the report “ Surface
Water Data at Los Alamos National Laboratory: 1998
Water Year” (Shaull et al., 1999), show less runoff
than do data for the 1997 water year. Water chemistry
data from larger storm events occurring at some
stations are also published in this report.

The annual surface water data report from LANL
contains flow data. The data collection focused on the
Laboratory’s downstream boundary, closeto State
Road 4; the upstream boundary is approximated by
State Road 501. Some of the gaging stations are
within Laboratory boundaries and were originally
installed to assist groups other than ESH-18 that also
conduct site-specific earth science research.
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Table 5-1. Radiochemical Analysis of Surface Water and Runoff Samplesfor 1998
Water Samples (pCi/L3)

U Gross Gross Gross

Station Name Date  Code® F/UFP 3H 90y 137Cs (ug/L) 238py 239, 240py 241Am Alpha Beta Gamma
Regional Stations

Rio Chama at Chamita 06/05 SW UF 61640 00 12 093 040 0.84 0.09 -0.011 0.002 -0.002 0.009  0.003 0.018 17 11 33 04 1948

Rio Grande at Embudo 10/28 sSw UF -179650 0.1 06 118 325 251 0.26 -0.002 0.008 0.011 0.011  0.038 0.044 77 22 6.5 06 187 50

Rio Grande at Otowi Upper (bank) 08/05 SW UF 219650 12 04 0.90 2.83 3.61037 0.001 0.009 0.006 0.011 -0.025 0.015 155 85 299 26 -148

Rio Grande at Otowi (bank) 08/05 SW UF 81670 04 03 0.69 037 336034 -0.011 0.006 0.007 0.013 0.074 0.035 123 47 210 20 3048

Rio Grande at Frijoles (bank) 09/30 SW UF 61650 9.2 09 0.27 030 6.66 0.67 -0.021 0.008 0.150 0.032  0.030 0.023 276 87 212156 -348

Rio Grande at Cochiti 11/11  Sw UF -109670 00 05 101 3.00 4.75048 -0.016 0.007 -0.005 0.018 -0.009 0.025 55 1.8 48 0.8 364 51

Jemez River 07/20 SW UF -149630 53 12 0.12 167 106 011 -0.006 0.009 -0.003 0.009 -0.010 0.011 83 56 584 42 4649
Pajarito Plateau

Guaje Canyon:

Gugje Canyon 11/11  sSw UF -289650 0.2 03 -0.32 1.00 0.97 010 -0.008 0.013 0.011 0.014 -0.009 0.017 07 04 19 03 3449

Acid/Pueblo Canyon:

Acid Weir 11/07  SW UF -39670 65 08 145 367 026003 00020011 0.711 0.051 0.028 0.050 16 48 173 13 4349

Pueblo 1 11/07  SwW UF -79670 -0.6 0.6 -1.43 0.80 0.19 0.03 0.003 0.013 0.032 0.015 -0.005 0.012 06 27 169 11 18 49

Pueblo 3 11712 SwW UF -19670 0.1 12 023 1.83 0.34 004 -0.0030.011 0.104 0.028 0.080 0.090 05 19 117 11 -2948

Pueblo at SR-502 09/03 SW UF 701780 05 04 133 048 0.250.03 -0.006 0.010 0.153 0.025 0.093 0.025 -09 13 93 11 101 49

DP/L os Alamos Canyon:

Los Alamos Canyon Reservoir 07/07  SW UF 331680 0.8 0.8 011 1.70 0.08 0.01 -0.009 0.005 -0.003 0.007 0.006 0.014 03 03 21 03 1549

DPS-1 07/07 SW UF 301680 131 1.8 871 1.30 0.39 0.05 -0.008 0.006 0.204 0.025 0.288 0.037 27 71 417 28 -3848

DPS-4 07/07  SW UF 301680 233 23 041 030 145015 0.005 0008 0.083 0.018 0.128 0.026 -0.1 142 585 39 7249

Sandia Canyon:

SCS-1 06/08 SW UF 361660 06 0.8 -0.10 1.33 0.330.04 0.003 0.009 0.004 0.012 -0.014 0.012 -12 10 20 15 1247

SCS-2 06/08 SW UF 29630 08 08 -029 1.06 041005 0.001 0.011 -0.002 0.009 0.031 0.019 18 26 94 09 7248

SCS-3 06/08 SW UF 151640 06 08 091 041 044 0.05 0.004 0.009 0.022 0.012 0.013 0.015 10 25 89 09 1248

SCS-3 06/08 SW UF -19630 01 1.0 122 045 033004 -0.0120.006 0.002 0.010 0.020 0.015 03 17 89 11 59148

Mortandad Canyon:

Mortandad at GS-1 08/28 SW UF 3501930 11.0 1.0 4731 540 185019 52020 1.431 16.910 0509 24.901 0.641 2004 47.3 2943171 37851

Mortandad at Rio Grande (A-11) 09/28 SW UF 61650 0.1 04 -1.28 036 045005 0006 0009 0.007 0.012 0.007 0.019 16 21 137 15 67 49

Caflada del Buey:

Cafiada del Buey 07/24  SW UF 239630 11 09 041032 0.720.08 0.034 0021 0.037 0.021 0.004 0.016 37 12 49 04 1050

Pajarito Canyon:

Pajarito 04/08 SW UF 231670 0.6 09 -0.72 040 0.1 002 00150011 0.001 0.011 0.010 0.015 15 1.0 07 03 7550

Pajarito at Rio Grande 09/28 SW UF 111650 04 03 -0.09 023 1.03 0.11 -0.008 0.009 0.003 0.011  0.003 0.014 0.7 0.6 29 03 49 49

Pajarito at Rio Grande 09/29 SwW UF —-69640 0.1 03 -1.38 0.36 094 010 -0.021 0.006 -0.003 0.007 -0.009 0.015 0.2 06 27 03 3849

Water Canyon:

Water Canyon at Beta 11/13  sw UF 151680 -0.1 05 -0.88 0.17 0.20 0.03 -0.036 0.006 -0.002 0.015 0.150 0.090 12 09 52 04 -20 49

Ancho Canyon:

Ancho at Rio Grande 0929 SwW UF 91650 0.1 04 079 267 0.130.02 -0.019 0.008 -0.003 0.010 0.002 0.018 -02 04 28 03 4049

solqel
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Table 5-1. Radiochemical Analysis of Surface Water and Runoff Samplesfor 1998 (Cont.)

Water Samples (pCi/L?)

U Gross Gross Gross
Station Name Date  Code® F/UFP 3H 90gy 137Cs (ng/L) 238py 239, 240p, 241Am Alpha Beta Gamma
Pajarito Plateau (Cont.)
Frijoles Canyon:
Frijoles at Monument HQ 06/05 SW UF 441660 0.6 0.7 123 333 0.69 0.08 -0.014 0.010 -0.003 0.010 -0.019 0.010 05 03 17 03 69 48
Frijoles at Rio Grande 09/30 SW UF 161650 1.1 04 -0.86 020 0.47 0.05 0.004 0.010 0.000 0.015 0.030 0.022 141 36 142 14 -3048
Frijoles at Rio Grande 09/30 SW UF 51650 0.8 0.3 -0.06 024 0.30 0.04 -0.026 0.022 -0.008 0.025 -0.025 0.009 55 16 72 09 -948
Runoff Stations
LA Canyon near LA 07/28 RO/D F 78 09 045 217 0.050.01 -0.007 0.004 0.026 0.013 0.140 0.060 01 01 0.1 02 -3748
LA Canyon near LA 07/28 RO/D UF 281 700
LA Canyon near LA 10/31 RO/D F 112 09 -1.07 036 282029 0.028 0.015 0.126 0.025 3.509 0.133 112 50
LA Canyon near LA 10/31 RO/TOT UF 91660 13.1 25 369 0.78 391040 0.045 0.029 0.498 0.064 1.940 0.095 213 100 751 47 119 50
Cafiada del Buey at WR 07/23 ROIT UF 261 650
Cafiada del Buey at WR 07/28 ROI/D F 08 04 011 030 052 0.06 -0.0050.005 0.001 0.009 -0.001 0.016 04 10 49 04 -20 48
Cafiada del Buey at WR 07/28 ROIT UF 11.3 1.0 101 043 3700.38 0.070 0.019 0.639 0.055 0.742 0.107 128 4.0 126 09 14150
Cafiada del Buey at WR 08/13 RO/D F 06 04 043 032 0.20 003 -0.014 0.007 -0.007 0.010 0.014 0.023 01 0.6 35 04 6649
Cafiada del Buey at WR 08/13 RO/D UF 91 690
Cafiada del Buey at WR 0929 RO/D F 53 06 245 517 568 0.57 0.063 0.023 0.424 0.051 0.194 0.047 200.0 47.5 354.325.0 160 50
Cafiada del Buey at WR 09/29 RO/TOT UF  -149640 54 07 157 383 494050 0.090 0.080 0.733 0.180 0.406 0.045 229.0 68.8 499.367.4 168 50
Cafiada del Buey at WR 10/26 RO/D F 159 1.3 201 450 3.01031 -0.018 0.021 0.011 0.023 0.003 0.015 53 50
Cafiada del Buey at WR 10/26 RO/D UF  -169 650
Area G:
G-SWMS-1 10/31 RO/TOT UF 51660 0.7 0.6 -0.28 1.07 116 012 0.070 0.028 0.106 0.034 0.019 0.021 927 19.0 854 87 146 50
G-SWMS-2 07/27 RO/TOT UF 61670 25 05 063039 148015 0.0530.017 0.189 0029 0.186 0.039 0.0 0.0 03 00 6249
G-SWMS-2 08/13 RO/TOT UF 551720 47 05 0.89 0.39 301031 0.104 0.028 0.449 0.054 0.841 0.089 127.0 275 737 50 24 49
G-SWMS-3 07/28° RO/TOT UF 61670 84 0.7 040 031 305031 0.076 0.018 4.357 0.146 1.072 0.100 01 00 04 0.0 111 49
G-SWMS-3 08/13 RO/TOT UF 291700 9.7 08 115042 649 0.66 0.804 0.075 3184 0.160 1.815 0.140 109.0 283 780 54 118 49
G-SWMS-4 06/11 RO/TOT UF 141 15 09 0.03 1.53 137014 0.095 0.026 2.313 0.118 0.592 0.054 161 42 223 16 47 49
G-SWMS-6 07/28° RO/TOT UF 471690 56 05 101 043 388039 0.3350036 1936 0.093 1.144 0.098 01 0.0 0.4 0.0 159 49
G-SWMS-6 08/13 RO/TOT UF 861740 66 06 072 037 433044 0314 0041 2537 0126 1374 0140 1100 347 612 44 107 49
G-SWMS-6 09/29 RO/TOT UF 641690 36 0.7 168 400 331034 0.0300.023 0190 0.041 0.170 0.090 218.0 642 2813185 107 50
Detection Limits 700 3 4 0.1 0.04 0.04 0.04 3 3 120
Water Quality Standards®
DOE DCG for Public Dose 2,000,000 1,000 3,000 800 40 30 30 30 1,000
DOE Drinking Water System DCG 80,000 40 120 30 1.6 12 12 12 40
EPA Primary Drinking Water Standard 20,000 8 20 15
EPA Screening Level 50
NMWQCC Groundwater Limit 5,000
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Table 5-1. Radiochemical Analysis of Surface Water and Runoff Samplesfor 1998 (Cont.)

Suspended Sedimentsin Runoff Samples (pCi/g?)

U Gross Gross Gross
Station Name Date  Code® 3H (pCi/L) 90gr 137Cs (ug/g) 238py 239, 240py 241Am Alpha Beta  Gamma
LA Canyon near LA 07/28 ROISS 1.260.38 596 055 2.78 0.28 0.082 0.004 3.588 0.087  1.050 0.050 275 56 188 13 15916
Caflada del Buey at WR 08/13 ROISS 147031 0.29 0.04 2.69 0.27 0.007 0.001 0.028 0.002  0.012 0.002 156 32 114 10 14014
Cafada del Buey at WR 10/26  RO/SS 3.060.45 0.25 0.04 5.04 0.50 0.003 0.001 0.008 0.001  0.005 0.001 6.0 18 51 04 3604
Caflada del Buey at WR 10/26 RO/SS 331 650
Detection Limits 700 2.00 0.05 0.25 0.005 0.005 0.005 15 15 0.8
Sediment Comparisons®
Background (x + 2s)d 0.9 0.44 4.40 0.006 0.023 0.090¢ 14.8° 12.0¢ 8.2¢
SALf 5.9 4.0 95 20 18 17

8Except where noted. Two columns are listed: the first is the analytical result; the second is the radioactive counting uncertainty
(1 std dev). Radioactivity counting uncertainties may be less than the analytical method uncertainties.
bCodes: SW-surface water; RO-runoff; D-dissolved (not for radiochemical analysis); TOT-total; SS-suspended sediments; UF-unfiltered; F-filtered.
CStandards given here for comparison only, see Appendix A.
dpurtymun, 1987a; upper limit for background.
®Preliminary background value for channel sediments from 1974-1996 (McLin in prep).
fScreeni ng Action Level; Environmental Restoration, 1997; see text for details.
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Table 5-2. Detections of Radionuclides® and Comparison to Derived Concentration Guides? in Surface Water and
Runoff Samplesfor 1998

Ratio of Minimum
Detection DOE Value Minimum Standard
Station Name Date  Code® FIUF®  Analyte Value Uncertaintyd Units Limit DCG toDCG Standard Type
Acid Weir 11/07  SW UF 239,240py 0.711 0.051 pCi/L 0.04
Acid Weir 11/07  SW UF 90gy 6.5 0.8 pCi/L 3
DPS-1 07/07 SW UF 241Am 0.288 0.037 pCi/L 0.04
DPS-1 07/07 SW UF Beta 41.7 2.8 pCi/L 3
DPS-1 07/07 SW UF 37cs 8.71 13 pCi/L 4
DPS-1 07/07  SW UF 239,.240py 0.204 0.025 pCi/L 0.04
DPS-1 07/07 SW UF 90gy 13.1 1.8 pCi/L 3
DPS-4 07/07 SW UF 240Am 0.128 0.026 pCi/L 0.04
DPS-4 07/07 SW UF Beta 58.5 39 pCi/L 3 1,000 0.06 50 EPA Screening Level
DPS-4 07/07 SW UF 239,240py 0.083 0.018 pCi/L 0.04
DPS-4 07/07 SW UF 90gy 23.3 23 pCi/L 3
Frijoles at Rio Grande 09/30 SwW UF Alpha 14.1 36 pCi/L 3
Frijoles at Rio Grande 09/30 SW UF Alpha 55 16 pCi/L 3
Jemez River 07/20 SW UF Beta 58.4 42 pCi/L 3 1,000 0.06 50 EPA Screening level
Jemez River 07/20 SW UF 90gy 5.3 1.2 pCi/L 3
Mortandad at GS-1 08/28 SW UF Alpha 200.4 47.3 pCi/L 3 30 6.68 15 EPA Primary Drinking
Water Standard
Mortandad at GS-1 08/28 SW UF 241Am 24.901 0.641 pCi/L 0.04 30 0.83 1.2 DOE Drinking Water DCG
Mortandad at GS-1 08/28 SW UF Beta 294.3 17.1 pCi/L 3 1,000 0.29 50 EPA Screening Level
Mortandad at GS-1 08/28 SW UF 137cs 47.31 5.4 pCi/L 4
Mortandad at GS-1 08/28 SwW UF Gamma 378 51 pCi/L 120
Mortandad at GS-1 08/28 SW UF 3H 3,501 930 pCi/L 700
Mortandad at GS-1 08/28 SW UF 238py 52.020 1.431 pCi/L 0.04 40 1.30 16 DOE Drinking Water DCG
Mortandad at GS-1 08/28 SW UF 239,.240py 16.910 0.509 pCi/L 0.04 30 0.56 1.2 DOE Drinking Water DCG
Mortandad at GS-1 08/28 SW UF 90gy 11.0 1.0 pCi/L 3
Pueblo 3 11/12  SwW UF 239,240 0.104 0.028 pCi/L 0.04
Pueblo at SR-502 09/03 SW UF 241Am 0.093 0.026 pCi/L 0.04
Pueblo at SR-502 09/03 SW UF 239,240py 0.153 0.025 pCi/L 0.04
Rio Grande at Cochiti 11/11  sSw UF Alpha 55 18 pCi/L 3
Rio Grande at Cochiti 111 Sw UF Gamma 384 51 pCi/L 120
Rio Grandeat Embudo  10/28 SW UF Alpha 7.7 2.2 pCi/L 3
Rio Grandeat Embudo  10/28 SW UF Gamma 187 50 pCi/L 120
Rio Grande at Frijoles 09/30 SwW UF Alpha 27.6 8.7 pCi/L 3 30 0.92 15 EPA Primary Drinking
(bank) Water Standard
Rio Grande at Frijoles ~ 09/30 SW UF 239,.240p 0.150 0.032 pCi/L 0.04
(bank)
Rio Grande at Frijoles ~ 09/30 SW UF 90gy 9.2 0.9 pCi/L 3
(bank)
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Table5-2. Detections of Radionuclides? and Comparison to Derived Concentration Guides® in Surface Water and
Runoff Samplesfor 1998 (Cont.)

Ratio of Minimum
Detection DOE Value Minimum Standard
Station Name Date  Code® FIUF¢  Analyte Value Uncertaintyd Units Limit DCG toDCG Standard Type
Rio Grande at Frijoles 09/30 SwW UF U 6.66 0.67 pg/L 0.1
(bank)
Rio Grande at Otowi 08/05 SwW UF Beta 21.0 2.0 pCi/L 3
(bank)
Rio Grande at Otowi 08/05 SW UF Beta 29.9 2.6 pCi/L 3
Upper (bank)
Cafiadadel Buey at WR  07/28° RO/TOT UF Alpha 12.8 4.0 pCi/L 3
Cafiadadel Buey at WR ~ 07/28 RO/TOT UF 240Am 0.742 0.107 pCi/L 0.04
Cafiada del Buey at WR  07/28 RO/TOT UF 238py 0.070 0.019 pCi/L 0.04
Cafiada del Buey at WR  07/28 RO/TOT UF 239,240py 0.639 0.055 pCi/L 0.04
Cafiadadel Buey at WR  07/28 RO/TOT UF 90gy 11.3 1.0 pCi/L 3
Cafiadadel Buey at WR  09/29 RO/TOT UF Alpha 229.0 68.8 pCi/L 3 30 7.63 15 EPA Primary Drinking
Water Standard
Cafladadel Buey at WR  09/29 RO/D F Alpha 200.0 475 pCi/L 3 30 6.67 15 EPA Primary Drinking
Water Standard
Cafiada del Buey at WR  09/29 RO/TOT UF 241Am 0.406 0.045 pCi/L 0.04
Cafiadadel Buey aa WR  09/29 RO/D F 240Am 0.194 0.047 pCi/L 0.04
Cafiadadel Buey at WR  09/29 RO/TOT UF Beta 499.3 67.4 pCi/L 3 1,000 0.50 50 EPA Screening Level
Cafiadadel Buey at WR  09/29 RO/D F Beta 354.3 25.0 pCi/L 3 1,000 0.35 50 EPA Screening Level
Cafiadadel Buey aa WR  09/29 RO/TOT UF Gamma 168 50 pCi/L 120
Cafiadadel Buey at WR  09/29 RO/D F Gamma 160 50 pCi/L 120
Cafiada del Buey at WR  09/29 RO/TOT UF 239,240py 0.733 0.180 pCi/L 0.04
Cafiadadel Buey aa WR  09/29 RO/D F 239,240py 0.424 0.051 pCi/L 0.04
Cafiada del Buey at WR  09/29 RO/TOT UF 90gy 5.4 0.7 pCi/L 3
Caflada del Buey at WR  09/29 RO/D F 90gy 5.3 0.6 pCi/L 3
Cafiadadel Buey aa WR  09/29 RO/D F U 5.68 0.57 ug/L 01
Cafladadel Buey at WR  10/26 RO/D F 90gy 15.9 13 pCi/L 3
G-SWMS-1 10/31 RO/TOT UF Alpha 92.7 19.0 pCi/L 3 30 3.09 15 EPA Primary Drinking
Water Standard
G-SWMS-1 10/31 RO/TOT UF Beta 85.4 8.7 pCi/L 3 1,000 0.09 50 EPA Screening Level
G-SWMS-1 10/31  RO/TOT UF 239,240py 0.106 0.034 pCi/L 0.04
G-SWMS-2 07/27 ROITOT UF 240Am 0.186 0.039 pCi/L 0.04
G-SWMS-2 07/27 ROITOT UF 238py 0.053 0.017 pCi/L 0.04
G-SWMS-2 07/27 ROITOT UF 239,240py 0.189 0.029 pCi/L 0.04
G-SWMS-2 08/13 RO/TOT UF Alpha 127.0 275 pCi/L 3 30 4.23 15 EPA Primary Drinking
Water Standard
G-SWMS-2 08/13 RO/TOT UF 240Am 0.841 0.089 pCi/L 0.04
G-SWMS-2 08/13 RO/TOT UF Beta 73.7 5.0 pCi/L 3 1,000 0.07 50 EPA Screening Level
G-SWMS-2 08/13 RO/TOT UF 238py 0.104 0.028 pCi/L 0.04
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Table 5-2. Detections of Radionuclides? and Comparison to Derived Concentration Guides® in Surface Water and

Runoff Samplesfor 1998 (Cont.)

Ratio of Minimum
Detection DOE Value Minimum Standard
Station Name Date  Code® F/IUF®  Analyte Value Uncertaintyd Units Limit DCG toDCG Standard Type
G-SWMS-2 08/13 RO/TOT UF 239,240y 0.449 0.054 pCi/L 0.04
G-SWMS-2 08/13 RO/TOT UF 90gy 47 0.5 pCi/L 3
G-SWMS-3 07/28 RO/TOT UF 241Am 1.072 0.100 pCi/L 0.04
G-SWMS-3 07/28 RO/TOT UF 238py 0.076 0.018 pCi/L 0.04
G-SWMS-3 07/28 RO/TOT UF 239,.240py 4.357 0.146 pCi/L 0.04 30 0.15 1.2 DOE Drinking Water DCG
G-SWMS-3 07/28 RO/TOT UF 90gy 8.4 0.7 pCi/L 3
G-SWMS-3 08/13 RO/TOT UF Alpha 109.0 28.3 pCi/L 3 30 3.63 15 EPA Primary Drinking
Water Standard
G-SWMS-3 08/13 RO/TOT UF 241Am 1.815 0.140 pCi/L 0.04 30 0.06 1.2 DOE Drinking Water DCG
G-SWMS-3 08/13 RO/TOT UF Beta 78.0 5.4 pCi/L 3 1,000 0.08 50 EPA Screening Level
G-SWMS-3 08/13 RO/TOT UF 238py 0.804 0.075 pCi/L 0.04
G-SWMS-3 08/13 RO/TOT UF 239,240py 3.184 0.160 pCi/L 0.04 30 0.11 1.2 DOE Drinking Water DCG
G-SWMS-3 08/13 RO/TOT UF 90gy 9.7 0.8 pCi/L 3
G-SWMS-3 08/13 RO/TOT UF u 6.49 0.66 ug/L 0.1
G-SWMS-4 06/11 ROITOT UF Alpha 16.1 42 pCi/L 3 30 0.54 15 EPA Primary Drinking
Water Standard
G-SWMS-4 06/11 RO/TOT UF 241Am 0.592 0.054 pCi/L 0.04
G-SWMS-4 06/11 RO/TOT UF Beta 223 16 pCi/L 3
G-SWMS-4 06/11 RO/TOT UF 238py 0.095 0.026 pCi/L 0.04
G-SWMS-4 06/11 RO/TOT UF 239,240py 2.313 0.118 pCi/L 0.04 30 0.08 1.2 DOE Drinking Water DCG
G-SWMS-6 07/28 ROITOT UF 240Am 1.144 0.098 pCi/L 0.04
G-SWMS-6 07/28 RO/TOT UF Gamma 159 49 pCi/L 120
G-SWMS-6 07/28 RO/TOT UF 238py 0.335 0.037 pCi/L 0.04
G-SWMS-6 07/28 RO/TOT UF 239,240py 1.936 0.093 pCi/L 0.04 30 0.06 1.2 DOE Drinking Water DCG
G-SWMS-6 07/28 RO/TOT UF 90gy 5.6 05 pCi/L 3
G-SWMS-6 08/13 RO/TOT UF 241Am 1.374 0.140 pCi/L 0.04 30 0.05 1.2 DOE Drinking Water DCG
G-SWMS-6 08/13 RO/TOT UF Beta 61.2 4.4 pCi/L 3 1,000 0.06 50 EPA Screening Level
G-SWMS-6 08/13 RO/TOT UF 238py 0.314 0.041 pCi/L 0.04
G-SWMS-6 08/13 RO/TOT UF 239,.240py 2.537 0.126 pCi/L 0.04 30 0.08 1.2 DOE Drinking Water DCG
G-SWMS-6 08/13 RO/TOT UF 90gr 6.6 0.6 pCi/L 3
G-SWMS-6 09/29 RO/TOT UF Alpha 218.0 64.2 pCi/L 3 30 7.27 15 EPA Primary Drinking
Water Standard
G-SWMS-6 09/29 RO/TOT UF Beta 281.3 185 pCi/L 3 1,000 0.28 50 EPA Screening Level
G-SWMS-6 09/29 RO/TOT UF 239,240py 0.190 0.041 pCi/L 0.04
G-SWMS-6 09/29 RO/TOT UF 90gy 36 0.7 pCi/L 3
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Table 5-2. Detections of Radionuclides? and Comparison to Derived Concentration Guides® in Surface Water and
Runoff Samplesfor 1998 (Cont.)

Ratio of Minimum
Detection DOE Value Minimum Standard
Station Name Date  Code® F/IUF®  Analyte Value Uncertaintyd Units Limit DCG toDCG Standard Type
LA Canyon near LA 07/28 RO/D F 90gy 7.8 0.9 pCi/L 3
LA Canyon near LA 10/31 RO/TOT UF 241Am 1.940 0.095 pCi/L 0.04 30 0.06 12 DOE Drinking Water DCG
LA Canyon near LA 10/31 RO/D F 241Am 3.509 0.134 pCi/L 0.04 30 0.12 12 DOE Drinking Water DCG
LA Canyon near LA 10/31 RO/TOT UF Beta 75.1 4.7 pCi/L 3 1,000 0.08 50 EPA Screening Level
LA Canyon near LA 10/31 RO/TOT UF 239,240py 0.498 0.064 pCi/L 0.04
LA Canyon near LA 10/31 RO/D F 239,240py 0.126 0.025 pCi/L 0.04
LA Canyon near LA 10/31  RO/TOT UF 90gr 13.1 25 pCi/L 3
LA Canyon near LA 10/31 RO/D F 90gy 11.2 0.9 pCi/L 3

aDetection defined as value > 3x uncertainty and > detection limit, except values shown for uranium = 5 pg/L, for gross alpha= 5 pCi/L, and for gross beta> 20 pCi/L.

bvalues indicated by entries in right-hand columns are greater than 1/25 of the DOE public dose DCG and greater than the minimum standard shown. The minimum
standard is either a DOE DCG for DOE-administered drinking water systems or an EPA drinking water standard.

CCodes: SW-surface water; RO—runoff; D—dissolved; TOT—total; UF-unfiltered; Ffiltered.

d0ne standard deviation radioactivity counting uncertainty.
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Table 5-3. Detections of Above-Background Radionuclidesin Suspended Sediments from Runoff Samples for 19982

Detection Ratio of Value
Station Name Date  Analyte Value Uncer tainty Units Limit Background? to Background
Pajarito Plateau Stations
Cafada del Buey at WR 08/13 Alpha 15.6 3.2 pCi/g 15 14.8 1.05
Cafada del Buey at WR 08/13 Gamma 14 14 pCi/g 0.8 8.2 171
Cafiadadel Buey at WR  08/13 238py 0.0066 0.0011 pCi/g 0.005 0.006 1.10
Cafladadel Buey at WR ~ 08/13 239240py  0.0278 0.0023 pCi/g 0.005 0.023 121
Cafladadel Buey at WR ~ 10/26 905y 3.06 0.45 pCilg 2 .87 3.52
Cafiada del Buey at WR 10/26 U 5.04 05 mg/kg 0.25 4.4 1.15
LA Canyon near LA 07/28 Alpha 275 5.6 pCi/g 15 14.8 1.86
LA Canyon near LA 07/28 2*1Am 1.05 0.05 pCi/g 0.005 0.09 11.67
LA Canyon near LA 07/28 Beta 18.8 13 pCi/g 15 12 157
LA Canyon near LA 07/28 137Cs 5.96 0.55 pCi/g 0.05 0.44 13.55
LA Canyon near LA 07/28 Gamma 15.9 16 pCi/g 0.8 8.2 194
LA Canyon near LA 07/28 238py 0.0816 0.0038 pCi/g 0.005 0.006 13.60
LA Canyon near LA 07/28 239240py 35876 0.0869 pCi/g 0.005 0.023 155.98

2Detection defined as value = 3x uncertainty and > detection limit and = background.
bSee sediment for discussion of background values.
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Table 5-4. Summary of TA-50 Radionuclide and Nitrate Dischar ges?

19631977 1996 1997 1998
Total Total Total Total
Activity  Annual Mean Ratio of Annual Mean Ratio of Annual Mean Ratio of
Released  Activity Activity Activity Activity Activity Activity Activity Activity Activity
Radionuclide  (mCi)P (mCi) (pCilL) to DCG°® (mCi) (pCilL) to DCG°® (mCi) (pCilL) to DCG°®
3H 25,150 1,020 61,700 0.03 1,330 76,300 0.04 1,228 52,840 0.03
241am 7 1.99 120 4.00 2.56 147 4.90 2 90.1 3.30
137cs 848 2.20 133 0.04 2.48 142 0.05 1 434 0.01
238py 51 2.25 136 3.40 1.34 76.7 1.92 2 97.9 2.45
239,240py 39 0.39 238 0.79 0.80 45.9 1.53 0.91 39 1.30
89gr <1 0.66 40.2 0.002 0.83 47.7 0.002 2 86.8 0.004
90gy 295 0.60 36.1 0.04 0.50 28.5 0.03 0.82 353 0.04
234y NA 0.19 11.7 0.02 0.08 4.88 0.01 0.12 5.1 0.01
235y 2 0.003 0.18 0.0003 0.007 0.44 0.0007 0.053 2.3 0.004
Total Total Total
Annual M ean Ratio of Annual M ean Ratio of Annual M ean Ratio of
Mass Concentration Concentration Mass Concentration Concentration Mass Concentration Concentration
Constituent (kg) (mg/L) toMCL (kg) (mg/L) toMCL (kg) (mg/L) toMCL
NO;-N 1,260 76.4 7.6 1,220 69.6 7.0 1,420 61.1 6.1
Total effluent volume 1.65 1.75 2.32

(x107 liters)

2Compiled from Radioactive Liquid Waste Group (EM-RLW) Annual Reports. Data for 1998 are preliminary.
PDOE 1979; decay corrected through 12/77.
CPublic dose limit.
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Table 5-5. Chemical Quality of Surface Waters and Runoff Samples for 1998 (mg/L 3)

COg4 Total Har dness Conductance
Station Name Date Code® F/UF® SO, Ca Mg K Na CI SO, Alkalinity Alkalinity F PO,P NOyN CN TDS® TSs! asCaCO, pH®  (uS/cm)
Regional Stations
Rio Chama at Chamita 06/05 SW F 17 304 59 <18 107 30 51 <5 82 013 032 0.08 168 100 8.0 270
Rio Chamaat Chamita 06/05 SW UF <0.01 25
Rio Grande at Embudo 10/28 SW F 23 355 7.0 31 194 75 37 <5 123 0.44 0.02 0.30 216 118 8.2 322
Rio Grande at Embudo 10/28 SW UF <0.01 107
Rio Grande at Otowi Upper (bank) 08/05 SW F 19 314 49 <37 156 63 38 <5 105 029 0.02 011 197 99 8.1 290
Rio Grande at Otowi Upper (bank) 08/05 SW UF <0.01 613
Rio Grande at Otowi (bank) 08/05 SwW F 19 352 55 15 179 62 38 <5 104 035 0.02 0.25 205 111 8.1 296
Rio Grande at Otowi (bank) 08/05 Sw UF <0.01 655
Rio Grande at Frijoles (bank) 09/30 SwW UF 21 2054 454 175 268 100 40 <5 126 028 392 034 13,600 700 7.8 321
Rio Grande at Frijoles (bank) 09/30 sSw UF <0.01 9,312
Rio Grande at Cochiti 11/11 sw F 21 47.7 9.4 27 316 158 73 <5 155 0.28 0.02 0.86 214 158 7.9 464
Rio Grande at Cochiti 1111 SW UF <0.01 56
Cochiti Upper 09/24 Sw F 16 361 6.3 24 146 49 48 <5 95 0.22 <0.02 0.07 184 116 7.9 297
Cochiti Upper 09/24 SwW UF <0.01 15
Cochiti Middle 09/24 SW F 16 362 6.3 22 147 48 49 <5 91 021 <0.02 0.08 190 116 8.1 295
Cochiti Middle 09/24 sw UF <0.01 13
Cochiti Lower 09/24 SW F 17 354 6.1 25 144 48 48 <5 92 0.22 <0.02 0.14 200 114 8.0 294
Cochiti Lower 09/24 Sw UF <0.01 6
Jemez River 07/20 SwW F 44 410 45 110 650 830 1.1 21 156 097 0.03 0.07 370 121 8.6 585
Jemez River 07/20 SW UF <0.01 26
Pajarito Plateau
Guaje Canyon:
Guaje Canyon 11/11 SW F 63 16.0 3.6 20 105 48 5 <5 75 0.25 <0.02 0.70 180 55 8.1 171
Guaje Canyon 1111 sw UF <0.01 <1
Acid/Pueblo Canyon:
Acid Weir 11/07 SW F 22 136 14 31 349 429 6 <5 59 022 029 0.89 180 40 7.0 270
Acid Weir 11/07 SW UF <0.01 7
Pueblo 1 11/07 SW F 114 2.2 30 275 37
Pueblo 1 11/07 SW UF 3
Pueblo 3 11/12 SW F 81 172 41 122 580 410 23 <5 178 038 525 111 384 60 7.2 553
Pueblo 3 11/12 SW UF <0.01 3,144
Pueblo at SR-502 09/03 Sw F 79 18.0 4.8 129 680 410 20 <5 141 0.58 487 111 352 65 7.1 453
Pueblo at SR-502 09/03 SwW UF <0.01 <1
DP/L os Alamos Canyon:
Los Alamos Canyon Reservoir 07/07 SW F 33 6.8 24 11 6.6 6.0 4 <5 31 0.08 <0.02 0.10 69 27 51 88
Los Alamos Canyon Reservoir 07/07 SW UF <0.01 1
DPS-1 07/07 SW F 24.3 16 40 427 67
DPS-1 07/07 SwW UF 8
DPS-4 07/07 SwW F 11 3.9 1.0 131 44
DPS-4 07/07 SwW UF 31
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Table 5-5. Chemical Quality of Surface Waters and Runoff Samplesfor 1998 (mg/L#) (Cont.)

CO4 Total Hardness Conductance

Station Name Date Code® F/UF® SO, Ca Mg K Na ClI SO, Alkalinity Alkalinity F PO,P NOysN CN TDS® TSS! asCaCO; pH®  (uS/cm)
Pajarito Plateau (Cont.)

Sandia Canyon:

SCS-1 06/08 SW F 101 175 51 126 794 620 18 <5 128 053 333 243 410 65 83 546
SCS-1 06/08 SW UF <0.01 6

SCS-2 06/08 SW F 89 18.0 45 127 979 680 45 <5 147 068 331 1.68 464 64 8.7 632
SCSs-2 06/08 SW UF <0.01 17

SCS-3 06/08 SW F 90 172 42 119 956 65.0 47 15 147 071 348 157 486 60 8.9 636
SCS-3 06/08 SW F 89 16.3 40 113 90.0 66.0 47 15 145 071 346 154 468 57 8.9 634
SCS-3 06/08 SW UF <0.01 18

SCS-3 06/08 SW UF <0.01 22

Mortandad Canyon:

Mortandad at GS-1 08/28 SwW F 58.2 15 44 56.6 152

Mortandad at GS-1 08/28 SwW UF 37

Mortandad at Rio Grande (A-11) 09/28 SW F 92 242 72 158 745 56.0 33 <5 130 079 492 6.06 434 90 84 584
Mortandad at Rio Grande (A-11) 09/28 SW UF <0.01 2

Cafiada del Buey:

Cafiada del Buey 07/24 SW F 34 9.6 21 25 120 73 2 <5 47 033 0.03 0.16 130 33 57 122
Cafada del Buey 07/24 SW UF <0.01 8

Pajarito Canyon:

Pajarito 04/08 SW F 28 16.3 4.7 16 198 350 9 <5 50 0.09 <002 0.11 132 60 7.4 241
Pajarito 04/08 SW UF <0.01 28

P&jarito at Rio Grande 09/28 SW F 70 199 43 25 134 60 6 <5 84 0.37 <0.02 0.71 174 67 8.1 196
Pgjarito at Rio Grande 09/28 SW UF <0.01 24

Pajarito at Rio Grande 09/29 Sw F 71 195 4.2 24 129 59 6 <5 81 0.37 <0.02 0.70 176 66 8.1 195
Water Canyon:

Water Canyon at Beta 11/13 sSw F 38 9.6 35 41 133 109 6 <5 58 0.14 0.10 <0.02 312 38 7.4 146
Water Canyon at Beta 11/13 SwW UF <0.01 <1

Ancho Canyon:

Ancho at Rio Grande 09/29 SW F 72 125 31 31 105 54 4 <5 63 0.32 <0.02 0.02 144 44 8.8 142
Ancho at Rio Grande 09/29 SW UF <0.01 <1

Frijoles Canyon:

Frijoles at Monument HQ 06/05 SW F 63 8.7 2.8 27 113 50 3 <5 50 014 0.04 0.06 90 33 7.6 114
Frijoles at Monument HQ 06/05 SW UF <0.01 13

Frijoles at Rio Grande 09/30 SW F 63 8.6 25 17 98 43 3 <5 48 0.16  0.04 <0.02 122 32 8.1 114
Frijoles at Rio Grande 09/30 SW F 63 8.9 2.6 1.8 101 44 3 <5 53 0.16 0.05 0.03 128 33 8.2 112
Frijoles at Rio Grande 09/30 SW UF <0.01 515

Frijoles at Rio Grande 09/30 SW UF <0.01 227
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Table 5-5. Chemical Quality of Surface Watersand Runoff Samples for 1998 (mg/L#) (Cont.)

CO4 Total Hardness Conductance

Station Name Date Code® F/UFP SO, Ca Mg K Na ClI SO, Alkalinity Alkalinity F PO,-P NO;N CN TDS® TSS? asCaCO; pH®  (uS/cm)
Runoff Stations

LA Canyon near LA 07/28 RO/D F 15.8 5.8 8.6 7.2

LA Canyon near LA 07/28 RO/D UF 5,217

LA Canyon near LA 10/31 RO/D F 21.2 2.8 3.6 7.7

LA Canyon near LA 10/31 RO/TOT UF 22.2 3.0 43 7.7 3,016

Cafiada del Buey at WR 07/28 RO/D F 24.0 42 49 18 24

Cafiada del Buey at WR 07/28 ROIT UF 1405 165 133 2.2 18,464 419

Cafiada del Buey at WR 08/13 RO/D F 29.0 2.6 3.8 2.2 83

Cafiada del Buey at WR 08/13 RO/D UF 14,760

Cafiada del Buey at WR 09/29 RO/TOT UF 13,732

Cafiada del Buey at WR 10/26 RO/D F 1278 134 102 12

Cafiada del Buey at WR 10/26 RO/D UF 12,276

Area G:

G-SWMS-1 10/31 RO/TOT UF 1,256

G-SWMS-2 07/27 RO/TOT UF 1,403

G-SWMS-2 08/13 RO/TOT UF 4,753

G-SWMS-3 07/28 RO/TOT UF 7,120

G-SWMS-3 08/13 RO/TOT UF 5,433

G-SWMS-4 06/11 RO/TOT UF 321 49 5.9 8.8 490 100
G-SWMS-6 07/28 RO/TOT UF 7,720

G-SWMS-6 08/13 RO/TOT UF 6,313

G-SWMS-6 09/29 RO/TOT UF 2,424
Water Quality Standards®

EPA Primary Drinking Water Standard 500 4 10 0.2

EPA Secondary Drinking Water Standard 250 250 500 6.8-8.5
EPA Health Advisory 20

NMWQCC Groundwater Limit 250 600 16 10 0.2 1,000 6.9
Suspended Sedimentsin Runoff Samples (mg/kg)
Station Name Date Code? Ca Mg K Na

LA Canyon near LA 07/28 RO/SS 1,069.3 7830 815.2 159.6
Cafiada del Buey at WR 08/13 RO/SS 3,800.0 2,500.0 2,900.0 290.0
Cafiada del Buey at WR 10/16 RO/SS 2776 8475 851.6 127.2

2Except where noted.

bCodes: SW-surface water; RO—runoff; D—dissolved; TOT—total; SS-suspended sediments; UF-unfiltered; Ffiltered.

CTotal dissolved solids.
dTotal suspended solids.
€Standard units.

f LLess than symbol (<) means measurement was below the specified limit of detection of the analytical method.

9Standards given here for comparison only, see Appendix A.
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Table 5-6. Trace Metalsin Surface Waters and Runoff Samplesfor 1998 (ug/L)

Station Name Date Code?  F/UF2 Ag Al As B Ba Be Cd Co Cr Cu Fe Hg

Regional Stations
Rio Chama at Chamita 06/05 SwW F 14 <50P <2 21 45 <3 <7 <8 <7 <10 <40
Rio Chamaat Chamita 06/05 SwW UF <0.2
Rio Grande at Embudo 10/28 SW F <10 <89 <2 54 74 <3 <7 <8 <7 <10 <40
Rio Grande at Embudo 10/28 SW UF <0.2
Rio Grande at Otowi Upper (bank)  08/05 SW F <10 <50 2 36 68 <3 <7 <8 <7 <10 <40
Rio Grande at Otowi Upper (bank)  08/05 SW UF <0.2
Rio Grande at Otowi (bank) 08/05 SwW F <10 <50 3 45 90 <3 <7 <8 <7 <10 87
Rio Grande at Otowi (bank) 08/05 Sw UF <0.2
Rio Grande at Frijoles (bank) 09/30 SW UF <10 76,231 26 66 1,774 10 <7 42 32 39 40411
Rio Grande at Frijoles (bank) 09/30 Sw UF <0.2
Rio Grande at Cochiti 11/11  sSw F <10 79 5 38 102 <3 <7 <8 <7 <10 <40
Rio Grande at Cochiti 1711 sw UF <0.2
Cochiti Upper 09/24 SW F <10 50 3 22 75 <3 <7 <8 <7 <10 <40
Cochiti Upper 09/24 SW UF <0.2
Cochiti Middle 09/24 SW F <10 <50 3 25 76 <3 <7 <8 <7 <10 <40
Cochiti Middle 09/24 SwW UF <0.2
Cochiti Lower 09/24 SW F <10 <50 2 25 74 <3 <7 <8 <7 <10 <40
Cochiti Lower 09/24 Sw UF <0.2
Jemez River 07/20 Sw F <10 77 69 690 72 <3 <7 <8 <7 <10 <40
Jemez River 07/20 SW UF <0.2

Pajarito Plateau
Guaje Canyon:

Guagje Canyon 11711 SwW F <10 <50 2 <20 14 <3 <7 <8 <7 13 <40

Guaje Canyon 1711 sw UF <0.2
Acid/Pueblo Canyon:

Acid Weir 11/07 SW F <10 283 2 45 31 <3 <7 <8 <7 <10 172

Acid Weir 11/07 SW UF <0.2
Pueblo 1 11/07 SW F 37 3,550 2 47 34 <3 <7 <8 <7 <10 1,925

Pueblo 1 11/07 SW UF <0.2
Pueblo 3 11712 SW F <10 128 7 249 10 <3 <7 <8 <7 13 <40

Pueblo 3 1712 SW UF <0.2
Pueblo at SR-502 09/03 SW F <10 <50 8 303 20 <3 <7 <8 <7 <10 593

Pueblo at SR-502 09/03 SW UF <0.2
DP/L osAlamos Canyon:

Los Alamos Canyon Reservoir 07/07 SW F <10 <50 <2 22 18 <3 <7 <8 <7 <10 51

Los Alamos Canyon Reservoir 07/07 SW UF <0.2
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Table 5-6. Trace Metalsin Surface Waters and Runoff Samplesfor 1998 (ug/L) (Cont.)

Station Name Date Code?  F/UF2 Ag Al As B Ba Be Cd Co Cr Cu Fe Hg

Pajarito Plateau (Cont.)
DPS-1 07/07 SwW F <10 <50 <2 36 66 <3 <7 <8 <7 <10 <40
DPS-1 07/07 SW UF <0.2
DPS-4 07/07 SwW F <10 <50 <2 21 29 <3 <7 <8 <7 <10 43
DPS-4 07/07 SW UF <0.2
Sandia Canyon:
SCS-1 06/08 SwW F <10 99 2 81 20 <3 <7 <8 <7 <10 151
SCS-1 06/08 SwW UF <0.2
SCS-2 06/08 SW F <10 <50 3 75 21 <3 <7 <8 <7 <10 111
SCS-2 06/08 SwW UF <0.2
SCS-3 06/08 SW F <10 <50 3 7 20 <3 <7 <8 <7 <10 123
SCS-3 06/08 SW F <10 <50 3 81 19 <3 <7 <8 <7 <10 106
SCS-3 06/08 SwW UF <0.2
SCS-3 06/08 SwW UF <0.2
Mortandad Canyon:
Mortandad at GS-1 08/28 Sw F <10 194 <2 66 30 <3 <7 <8 <7 101 <40
Mortandad at GS-1 08/28 Sw UF <0.2
Mortandad at Rio Grande (A-11) 09/28 SW F <10 <50 <2 424 38 <3 <7 <8 <7 27 47
Mortandad at Rio Grande (A-11) 09/28 SwW UF <0.2
Cafada del Buey:
Cafada del Buey 07/24 SW F <10 130 <2 45 56 <6 <7 <8 <7 11 180
Cafada del Buey 07/24 SW UF <0.2
Pajarito Canyon:
Pajarito at Rio Grande 09/28 SW F <10 <50 <2 29 40 <3 <7 <8 <7 <10 <40
Pgjarito at Rio Grande 09/28 SwW UF <0.2
Pgjarito at Rio Grande 09/29 Sw F <10 <50 <2 28 39 <3 <7 <8 <7 <10 <40
Pajarito at Rio Grande 09/29 Sw UF <0.2
Water Canyon:
Water Canyon at Beta 1713 SW F <10 6,079 2 <20 226 <3 <7 <8 <7 <10 3,203
Water Canyon at Beta 1113  sSwW UF <0.2
Ancho Canyon:
Ancho at Rio Grande 09/29 Sw F <10 <50 <2 <20 30 <3 <7 <8 <7 <10 92
Ancho at Rio Grande 09/29 Sw UF <0.2
Frijoles Canyon:
Frijoles at Monument HQ 06/05 SwW F 14 214 <2 <20 17 <3 <7 <8 <7 <10 148
Frijoles at Monument HQ 06/05 SwW UF <0.2
Frijoles at Rio Grande 09/30 Sw F <10 <50 <2 33 22 <3 <7 <8 <7 <10 <40
Frijoles at Rio Grande 09/30 Sw F <10 <50 <2 34 21 <3 <7 <8 <7 <10 82
Frijoles at Rio Grande 09/30 Sw UF <0.2
Frijoles at Rio Grande 09/30 Sw UF <0.2
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Table 5-6. Trace Metalsin Surface Waters and Runoff Samplesfor 1998 (ug/L) (Cont.)

Station Name Date Code?  F/UF2 Ag Al As B Ba Be Cd Co Cr Cu Fe Hg
Runoff Stations
LA Canyon near LA 07/28 ROID F <10 37,529 7 50 226 <3 <7 <8 25 <10 19,329
LA Canyon near LA 07/28 ROID UF <0.2
LA Canyon near LA 10/31 RO/D F <10 3,344 2 37 355 3 <7 8 <7 28 1,998
LA Canyon near LA 10/31 RO/TOT UF <10 3,554 <2 45 386 3 <7 11 <7 29 2,075 <0.2
Cafada del Buey at WR 07/28 RO/D F <10 14,972 4 22 192 <3 <7 <8 9 <10 7,830
Cafada del Buey at WR 07/28 ROIT UF <10 26,286 <2 21 3,486 18 <7 74 <7 32 1,506 0.2
Cafada del Buey at WR 08/13 RO/D F <10 510 5 <20 120 <3 <7 <14 <7 <10 44
Cafada del Buey at WR 08/13 RO/D UF <0.2
Cafada del Buey at WR 09/29 RO/TOT UF <10 85,965 11 35 3,487 22 <7 89 35 59 47,646 <0.2
Cafada del Buey at WR 10/26 RO/D F <10 19,931 <2 41 3,172 16 <7 71 <7 14 912
Cafada del Buey at WR 10/26 RO/D UF <0.2
Area G:
G-SWMS-4 06/11 RO/TOT UF <10 12,000 7 41 201 <3 <7 <8 10 18 6,970 <0.2
Water Quality Standards®
EPA Primary Drinking Water Standard 50 2,000 4 5 100 2
EPA Secondary Drinking Water Standard 50-200 300
EPA Action Level 1,300
EPA Health Advisory
NMWQCC Livestock Watering Standard 5,000 200 5,000 50 1,000 1,000 500 10
NMWQCC Groundwater Limit 50 5,000 100 750 1,000 10 50 50 1,000 1,000 2
NMWQCC Wildlife Habitat Standard 0.012
Suspended Sedimentsin Runoff Samples (mg/kg)
Station Name Date Code?  F/UF2 Ag Al As B Ba Be Cd Co Cr Cu Fe Hg
LA Canyon near LA 07/28 ROISS <2 4,986 0.8 <3 49 0.5 <0.9 1.4 4.0 6.4 5,133
Cafada del Buey at WR 08/13 RO/SS <2 17,000 2.9 5 160 1.1 <0.9 47 13.0 7.9 12,000
Cafada del Buey at WR 10/26 RO/SS <2 6,216 0.7 <3 26 0.3 <09 <1.0 3.6 1.2 4,200
Sediment Comparisons®
sALd 380 78,000 5,900 5,300 38 4,600 30 2,800 23
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Table 5-6. Trace Metalsin Surface Waters and Runoff Samplesfor 1998 (ug/L) (Cont.)

Station Name Date Code?  F/UF2 Mn Mo Ni Pb Sh Se Sn Sr Ti vV Zn
Regional Stations
Rio Chama at Chamita 06/05 SwW F 4 <30 <20 <3 <3 <30 214 <3 <8 <50
Rio Chamaat Chamita 06/05 SwW UF <2
Rio Grande at Embudo 10/28 SW F 19 <30 <20 <3 <3 <30 267 <3 <8 <50
Rio Grande at Embudo 10/28 SW UF 3
Rio Grande at Otowi Upper (bank)  08/05 SW F <3 <30 <20 <3 <3 <30 274 <3 <13 <50
Rio Grande at Otowi Upper (bank)  08/05 SW UF <4
Rio Grande at Otowi (bank) 08/05 SwW F <3 <30 <20 <3 <3 <30 318 <3 <8 <50
Rio Grande at Otowi (bank) 08/05 Sw UF <4
Rio Grande at Frijoles (bank) 09/30 Sw UF 3,255 <30 73 60 <3 <30 1,455 <3 94 159
Rio Grande at Frijoles (bank) 09/30 Sw UF 7
Rio Grande at Cochiti 11 sw F 9 <30 <20 <3 <3 <30 424 <3 <8 <50
Rio Grande at Cochiti 111 SwW UF 3
Cochiti Upper 09/24 SwW F 5 <30 <20 <3 <3 <30 293 <3 <8 <50
Cochiti Upper 09/24 SW UF 2
Cochiti Middle 09/24 SW F <2 <30 <20 <3 <3 <30 298 <3 <8 <50
Cochiti Middle 09/24 SwW UF <2
Cochiti Lower 09/24 SwW F <2 <30 <20 <3 <3 <30 291 <3 <8 <50
Cochiti Lower 09/24 SwW UF 2
Jemez River 07/20 Sw F 14 <30 <20 <3 <3 <30 17 <3 <8 <50
Jemez River 07/20 Sw UF <2
Pajarito Plateau
Guaje Canyon:
Guaje Canyon 111 SwW F <2 <30 <20 <3 <3 <30 79 <3 14 <50
Guaje Canyon 11711 sSwW UF 3
Acid/Pueblo Canyon:
Acid Weir 11/07 SW F 4 <30 <20 <3 <4 <30 73 <3 <8 <50
Acid Weir 11/07 SW UF 2
Pueblo 1 11/07 SW F 32 <30 <20 3 9 <30 65 <3 <8 <50
Pueblo 1 11/07 SW UF 3
Pueblo 3 11712 SW F 143 <30 <20 <3 <3 <30 69 <3 11 <50
Pueblo 3 11712 SW UF <3
Pueblo at SR-502 09/03 Sw F 299 <30 20 3 <3 <163 87 <3 <8 <50
Pueblo at SR-502 09/03 Sw UF <2
DP/L osAlamos Canyon:
LosAlamos Canyon Reservoir 07/07 SW F 6 <30 <20 <3 <3 <30 52 <3 <8 <50
LosAlamos Canyon Reservoir 07/07 SW UF <2
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Table 5-6. Trace Metalsin Surface Waters and Runoff Samplesfor 1998 (ug/L) (Cont.)

Station Name Date Code®?  F/UF2 Mn Mo Ni Pb Sh Se Sn Sr Ti \Y Zn
Pajarito Plateau (Cont.)
DPS-1 07/07 SW F 64 <30 <20 <3 <3 <30 112 <3 <8 <50
DPS-1 07/07 SW UF <2
DPS-4 07/07 SW F <2 <30 <20 <3 <3 <30 53 <3 13 <50
DPS-4 07/07 SW UF <2
Sandia Canyon:
SCS-1 06/08 SW F 9 84 <20 <3 <3 <30 7 <3 <8 67
SCS-1 06/08 SW UF <2
SCS-2 06/08 SW F 4 58 <20 <3 <3 <30 81 <3 <8 <50
SCS-2 06/08 SW UF <2
SCS-3 06/08 SW F 4 62 <20 <3 <3 <30 e <3 <8 <50
SCS-3 06/08 SW F 4 58 <20 <3 <3 <30 74 <3 <8 <50
SCS-3 06/08 SW UF <2
SCS-3 06/08 SW UF <2
Mortandad Canyon:
Mortandad at GS-1 08/28 SW F 8 145 41 4 <3 <30 75 <3 <8 <50
Mortandad at GS-1 08/28 SwW UF 2
Mortandad at Rio Grande (A-11) 09/28 SwW F 8 <30 <20 <10 <3 <30 109 <3 9 69
Mortandad at Rio Grande (A-11) 09/28 SwW UF <2
Cafada del Buey:
Cafada del Buey 07/24 SW F 300 220 <20 <3 <3 <30 59 <3 <8 <50
Cafiada del Buey 07/24 SW UF <2
Pajarito Canyon:
Pgjarito at Rio Grande 09/28 SwW F <2 <30 <20 <10 <3 <30 122 <3 9 <50
Pajarito at Rio Grande 09/28 SwW UF 3
Pgjarito at Rio Grande 09/29 Sw F <2 <30 <20 <10 <3 <30 121 <3 10 <50
Pgjarito at Rio Grande 09/29 Sw UF 2
Water Canyon:
Water Canyon at Beta 11/13 SW F 9 <30 <20 3 <3 <30 68 <3 9 <50
Water Canyon at Beta 11/13  SW UF <3
Ancho Canyon:
Ancho at Rio Grande 09/29 Sw F <2 <30 <20 <10 <3 <30 64 <3 8 <50
Ancho at Rio Grande 09/29 Sw UF <2
Frijoles Canyon:
Frijoles at Monument HQ 06/05 SwW F 5 <30 <20 <3 <3 <30 52 <3 <8 <50
Frijoles at Monument HQ 06/05 SwW UF <2
Frijoles at Rio Grande 09/30 Sw F 17 <30 <20 <10 <3 <30 61 <3 <8 <50
Frijoles at Rio Grande 09/30 Sw F 15 <30 <20 <10 <3 <30 62 <3 <8 <50
Frijoles at Rio Grande 09/30 Sw UF 2
Frijoles at Rio Grande 09/30 Sw UF 2
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Table 5-6. Trace Metalsin Surface Waters and Runoff Samplesfor 1998 (ug/L) (Cont.)

Station Name Date Code?  F/UF2 Mn Mo Ni Pb Sh Se Sn Sr Ti \% Zn
Runoff Stations
LA Canyon near LA 07/28 RO/D F 359 <30 <20 34 3 <30 97 <3 45 125
LA Canyon near LA 07/28 RO/D UF <2
LA Canyon near LA 10/31 RO/D F 1,370 <30 <20 115 <3 <30 114 <3 19 299
LA Canyon near LA 10/31 RO/TOT UF 1,437 <30 <20 133 <3 2 <30 120 <3 20 282
Cafiada del Buey at WR 07/28 RO/D F 604 <30 <20 7 <3 <30 117 <3 16 <50
Cafiada del Buey at WR 07/28 ROIT UF 7,145 <30 77 42 <3 2 <30 704 <3 59 69
Cafiada del Buey at WR 08/13 RO/D F 100 <30 <20 9 <3 <30 120 <3 10 <50
Cafiada del Buey at WR 08/13 RO/D UF 5
Cafiada del Buey at WR 09/29 RO/TOT UF 7,231 <30 111 210 <3 6 <30 654 <3 134 210
Cafiada del Buey at WR 10/26 RO/D F 6,973 <30 72 33 <3 <30 612 <3 37 50
Cafiada del Buey at WR 10/26 RO/D UF 3
Area G:
G-SWMS-4 06/11 RO/TOT UF 423 <30 <20 16 <3 <2 <49 125 <3 21 156

Water Quality Standar ds®

EPA Primary Drinking Water Standard 100 6 50 2

EPA Secondary Drinking Water Standard 50 5,000
EPA Action Level 15

EPA Health Advisory 25,000-90,000 80-110
NMWQCC Livestock Watering Standard 100 50 100 25,000
NMWQCC Groundwater Limit 200 1,000 200 50 50 10,000
NMWQCC Wildlife Habitat Standard 2

Suspended Sedimentsin Runoff Samples (mg/kg)

Station Name Date Code?  F/UF2 Mn Mo Ni Pb Sh Se Sn Sr Ti Y Zn

LA Canyon near LA 07/28 RO/SS 143 <5 <4 15.7 <0.3 <5 9.3 <0.3 6.7 35.7
Cafada del Buey at WR 08/13 RO/SS 350 <5 11 12.2 <0.3 <5 28.0 <0.3 18.0 41.0
Cafada del Buey at WR 10/26 RO/SS 55 <5 <4 5.0 0.5 <5 51 <0.3 54 141

Sediment Comparisons®
sALd 390 380 1,500 400 31 380 46,000 6.4 540 23,000

2Codes: SW-surface water; RO-runoff; D—disssolved; TOT-total; SS-suspended sediments; UF—unfiltered, F-filtered.

b|_ess than symbol (<) means measurement was below the specified limit of detection of the analytical method.

¢ Standards given here for comparison only, see Appendix A. Note that New Mexico Livestock Watering and Groundwater limits are based on dissolved concentrations, while many of
these analyses are of unfiltered samples, thus concentrations may include suspended sediment quantities.

dScreening Action Level; Environmental Restoration, 1997; see text for details.

€SAL value for hexavalent chromium islisted; SAL value for trivalent or total chromium is 210 mg/kg.
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Table 5-7. Number of Samples Collected for Each Suite of Organic Compoundsin
Surface Water and Runoff Samplesin 1998

Organic Suite?

Station Name Date Code? HE PCB Semivolatile Volatile
Cafada del Buey at WR 10/26 RO 1 1 1 2
Acid Weir 11/07 SW 1 1 2
Ancho at Rio Grande 09/29 SW 1 1 1 1
Cafada del Buey 07/24 SW 1 3 3 2
DPS-1 07/07 SW 3 3 2
Frijoles at Monument HQ 06/05 SW 1 3 3 2
Frijoles at Rio Grande 09/30 SW 2 2 2 4
LosAlamos Canyon Reservior 07/07 SW 1 1 2
Pgjarito at Rio Grande 09/28 SW 1 1 1 2
Pgjarito at Rio Grande 09/29 SW 1 1 1 2
Pajarito Canyon 04/08 SW 1

Pueblo 3 1112 SW 3 3 2
Pueblo at SR-502 09/03 SW 3 3 2
SCS-2 06/08 SW 3 3 2
Water Canyon at Beta 11/13 SW 1 3 3 2

2High explosives, polychlorinated biphenyls, semivolatiles, and volatiles.

bCodes: RO—runoff; SW-surface water.

Environmental Surveillance at Los Alamos during 1998
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Table 5-8. Radiochemical Analysis of Sedimentsfor 1998 (pCi/g)?

3H u Gross Gross Gross

Station Name Date (pCi/L) 90gr 137Cs (mg/kg) 238py 239,240p 241Am Alpha Beta Gamma
Reservoirs on Rio Grande (Colorado)

Rio Grande Upper 06/24 201 680 143065 0.64008 335034 0.00080.0001 0.0194 0.0005 0.0100 0.0050 15.104.32 7.300.52 3.40.3

Rio Grande Middle 06/24 31 670 147075 075009 339034 0.0009 0.0001 0.0237 0.0011 0.0101 0.0017 16.60 458 7.89 0.55 3.50.4

Rio Grande Lower 06/24 591 700 198073 072009 337034 0.0018 0.0003 0.0187 0.0013 0.0115 0.0022 21.506.39 10.400.73 3.6 0.4

Rio Grande Lower 06/24 391 690 171071 053007 335034 0.0009 0.0001 0.0209 0.0005 0.0114 0.0021 20.206.02 8.830.63 3.20.3
Reservoirson Rio Grande (New Mexico)

Cochiti Upper 09/24 331 670 094033 029004 2590.26 0.00050.0000 0.0091 0.0002 0.0020 0.0030 7.06 2.14 442042 2603

Cochiti Middle 09/24 101 650 0.67 0.32 043005 2600.26 0.0008 0.0000 0.0129 0.0003 0.0060 0.0040 16.50 424 8130.68 3704

Cochiti Lower 09/24 41 650 081030 0.400.05 2700.27 0.0008 0.0002 0.0126 0.0004 0.0100 0.0050 12.203.20 10.000.76 4.004
Reservoirs on Rio Chama (New M exico)

Heron Upper 06/23 251 680 126 065 0.300.04 3.300.33 0.0003 0.0000 0.00550.0002 0.0040 0.0020 9.682.52 591050 3.40.3

Heron Middle 06/23 1,191 740 186 0.74 0.300.04 4.30043 0.0002 0.0002 0.0058 0.0002 0.0043 0.0012 12.703.37 719058 4404

Heron Lower 06/23 1,881 780 141068 0.360.05 0.01001 0.0004 0.0000 0.0049 0.0002 0.0032 0.0012 11.203.06 6.550.52 4.00.4

Abiquiu Upper 06/22 1660 075090 017003 291029 0.00010.0000 0.0011 0.0001 0.0017 0.0009 491162 224030 2002

Abiquiu Middle 06/22 1,921 790 1480.82 0.380.05 315032 0.00050.0001 0.0097 0.0004 0.0055 0.0012 15.303.75 8.670.65 3.30.3
Regional Stations

Rio Chama at Chamita 10/28 169" 650 200043 045005 312031 0.0010 0.0006 0.0129 0.0018 0.0047 0.0016 6.091.59 494050 290.3

Rio Grande at Embudo 10/28 201 670 159042 030004 305031 0.00050.0005 0.0048 0.0011 0.0065 0.0013 3.65110 339036 290.3

Rio Grande at Otowi (bank) 08/05 61 670 039024 015002 2670.27 0.0002 0.0005 0.0010 0.0006 0.0131 0.0018 2.270.65 178027 230.2

Rio Grande at Frijoles (bank) 09/30 10,411 1,200 1.330.36 0.220.03 2060.21 0.0001 0.0002 0.0048 0.0009 0.0044 0.0013 4.361.19 266030 3804

Rio Grande at Frijoles (bank) 12/15 951 700

Rio Grande at Cochiti Spillway 11/10 141 660 0.69 020 0.09 002 249025 0.0002 0.0004 0.0020 0.0008 0.0029 0.0016 2.06 0.62 1.380.21 210.2

Rio Grande at Bernalillo 10/28 741 710 200044 027004 2780.28 0.0000 0.0000 0.0037 0.0012 0.0033 0.0012 325095 310036 280.3

Jemez River 11/20 1,351 740 365048 019003 39804 0.0002 0.0002 0.0031 0.0008 0.0041 0.0012 8.07 1.99 4.980.53 4104
Pajarito Plateau Stations

Guaje Canyon:

Gugje at SR-502 08/05 381 690 0.670.22 0.080.02 2630.26 0.00010.0002 0.0018 0.0006 0.0150 0.0023 1.340.29 096 0.14 240.2

Bayo Canyon:

Bayo at SR-502 11/10 -129 650 121037 007001 219022 0.00110.0008 0.0014 0.0007 0.0030 0.0016 1.490.31 0.790.13 250.3

Acid/Pueblo Canyons:

Acid Weir 11/05 201 720 071044 031004 3260.33 0.0410 0.0050 8.9000 0.4000 0.4000 0.0300 15.102.73 281023 3804

Pueblo 1 11/05 91 770 1.01 044 0.090.02 264026 0.0018 0.0007 0.1704 0.0076 0.0058 0.0013 239046 132015 290.3

Pueblo 2 11/05 -59 710 158044 0.100.02 313031 0.0006 0.0004 0.0050 0.0010 0.0030 0.0030 3.680.71 228020 3904

Hamilton Bend Spring 05/05 -89 690 107053 0.03001 153015 0.0007 0.0005 0.0034 0.0008 0.0021 0.0010 1.240.24 0500.09 2.60.3

Pueblo 3 05/05 -529 660 102052 2154163 124012 0.0003 0.0005 0.00650.0012 0.0030 0.0040 1.840.34 0.800.10 220.2

Pueblo at SR-502 08/05 251 690 057026 0.090.02 246025 0.00600.0010 0.9446 0.0219 0.04250.0033 1.280.26 0.670.12 220.2
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Table 5-8. Radiochemical Analysis of Sedimentsfor 1998 (pCi/g)2 (Cont.)

3H u Gross Gross Gross
Station Name Date (pCi/L) 90gr 137Cs (mg/kg) 238py 239,240p 241Am Alpha Beta Gamma
Pajarito Plateau Stations (Cont.)
DP/L os Alamos Canyons:
LosAlamos at Bridge 07/21 391 710 1580.28 0.130.02 1.990.2 0.0016 0.0008 0.0045 0.0012 0.0033 0.0014 274054 195018 3103
LosAlamos at LAO-1 07/21 501 720 139035 0.100.02 1.080.11 0.0024 0.0008 0.1832 0.0076 0.0037 0.0011 223043 122015 2102
LosAlamos at LAO-1 07/21 501 720 149032 0110.02 1.680.17 0.00110.0006 0.3419 0.0104 0.0065 0.0015 239046 1170.14 2002
LosAlamos at GS-1 07/21 -129 680 0.84021 0.860.09 149015 0.01300.0017 0.11550.0051 0.1056 0.0076  1.630.34 245020 3.003
LosAlamos at GS-1 07/21 -139 680 119033 0.770.08 127013 0.0158 0.0019 0.0827 0.0045 0.0916 0.0064 159034 227019 3103
DPS-1 07/21 771 740 134035 021003 111011 0.00310.0011 0.0109 0.0015 0.0280 0.0026 151031 141015 3203
DPS-4 07/22 811 740 0.72019 012002 1.700.17 0.0026 0.0009 0.1866 0.0069 0.0087 0.0016 1.330.27 066012 3503
LosAlamos at Upper GS 07/21 621 730 131031 014002 212021 0.0034 0.0011 0.2293 0.0081 0.0080 0.0030 253 0.50 1.700.17 260.3
LosAlamos at Upper GS 07/21 -9 690 150032 014002 149015 0.00310.0009 0.21350.0076 0.0065 0.0013 2.04040 115014 2402
LosAlamos at LAO-3 11/13 -379 630 151043 006002 253025 -0.00040.0003 0.00010.0006 0.0040 0.0020 144 0.33 182017 1902
LosAlamos at LAO-3 07/21 621 730 150032 0.930.09 1.870.19 0.01850.0022 0.1139 0.0058 0.0867 0.0053 299 0.58 3.710.27 3.704
LosAlamos at LAO-4.5 07/21 321 710 0900.28 0.880.09 1570.16 0.0199 0.0021 0.0961 0.0047 0.0760 0.0045 1.620.35 333025 2703
LosAlamos at SR-4 07/21 271 710 1.000.26 0.810.08 3.720.37 0.0100 0.0015 0.0776 0.0042 0.0589 0.0043 0.930.20 0.720.12 280.3
LosAlamos at Totavi 11/10 141 660 0.84 033 020003 151015 0.0011 0.0006 0.0009 0.0006 0.0025 0.0010 136029 101014 1702
LosAlamos at Otowi 11/10 361 680 120043 0.130.02 1.870.19 0.0008 0.0014 0.0516 0.0060 0.0110 0.0330 1.340.28 0.610.12 2.00.2
Sandia Canyon:
Sandia at SR-4 08/05 361 690 0.580.24 0120.02 2120.21 0.0008 0.0005 0.0000 0.0001 0.0122 0.0017 154031 1.020.14 2202
Mortandad Canyon:
Mortandad near CMR Building 07/22 1,011 750 1.01023 0.09002 1300.13 0.0108 0.0017 0.0043 0.0011 0.0056 0.0013 2.720.59 2.06 0.19 2.60.3
Mortandad west of GS-1 07/21 461 720 1.070.26 0.190.03 129013 0.0146 0.0016 0.0129 0.0015 0.0070 0.0030 2.880.55 2.050.18 240.2
Mortandad at GS-1 07/22 3,491 890 142024 17.801.37 167017 6.4507 0.1292 7.1932 0.1435 10.5815 0.2991 33.10 6.07 24.00 1.37 18.81.9
Mortandad at MCO-5 07/22 8,611 1,100 2.17 0.29 2038155 1.510.15 25097 0.0539 6.3023 0.1279  7.3926 0.1866 17.40 3.20 19.00 1.09 24.12.4
Mortandad at MCO-7 07/22 761 740 057020 3.640.31 0.880.09 0.6544 0.0169 2.0410 0.0439 1.5568 0.0460 6.801.30 7.69 048 5.6 0.6
Mortandad at MCO-9 07/22 701 730 286039 0.260.04 3560.36 0.0023 0.0008 0.00950.0014 0.0108 0.0026 437 0.90 3.77027 3704
Mortandad at MCO-13 (A-5) 08/05 441 700 085022 0.180.03 217022 0.00050.0004 0.0035 0.0013 0.0120 0.0040 264051 213019 3203
Mortandad A-6 08/05 341 690 121024 046005 3290.33 0.0010 0.0004 0.0283 0.0023 0.0120 0.0040 538 1.06 4.56 0.31 3.7 0.4
Mortandad A-7 08/05 571 710 049021 025003 5190.52 0.0044 0.0010 0.0080 0.0013 0.0150 0.0040 3.66 0.68 2.320.19 280.3
Mortandad at SR-4 (A-9) 08/05 171 680 0.63021 0.180.03 287029 0.0009 0.0005 0.0037 0.0010 0.0120 0.0040 4.61090 342025 3303
Mortandad at Rio Grande (A-11) 09/30 81 680 0.870.27 0100.02 1.250.13 0.0002 0.0002 0.0009 0.0005 0.00350.0012 2.05044 1580.16 1.80.2
Mortandad at Rio Grande (A-11) 09/30 -369 650 0.81024 0.120.02 1.080.11 0.0013 0.0006 0.0020 0.0008 0.0020 0.0020 1.740.38 122015 2903
Caflada del Buey:
Cafiada del Buey at SR-4 05/04 511 730 129051 005001 151015 0.0013 0.0006 0.0019 0.0008 0.0024 0.0008 2.69 050 153013 2803
Cafiada del Buey at SR-4 05/04 281 720 112053 0.040.01 1590.16 0.0007 0.0005 0.0017 0.0007 0.0024 0.0008 2.280.42 1320.12 230.2
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Table 5-8. Radiochemical Analysis of Sedimentsfor 1998 (pCi/g)2 (Cont.)

SH U Gross Gross Gross

Station Name Date (pCilL) 90gr 137cs (mg/kg) 238py 239,240p 241Am Alpha Beta Gamma
Pajarito Plateau Stations (Cont.)

Pajarito Canyon:

Two Mile at SR-501 05/05 -169 690 1.02 057 0.050.07 1.780.18 0.0007 0.0006 0.0070 0.0012 0.0020 0.0070 214 0.39 117011 2302

Pajarito at SR-501 05/05 -89 690 1300.64 0.060.01 157016 0.00010.0002 0.0030 0.0008 0.0019 0.0008 1.920.36 1480.13 2102

Pajarito at SR-4 05/04 281 720 239074 0510.06 327033 0.0074 0.0013 0.0198 0.0020 0.0072 0.0014 721182 534035 3103

Potrillo Canyon:

Potrillo at SR-4 05/04 -409 670 132050 0.030.01 144014 0.00020.0004 0.0050 0.0011 0.0028 0.0008 220041 113011 2002

Fence Canyon:

Fence at SR-4 05/04 351 720 1.750.61 0100.02 193019 0.0028 0.0017 0.0019 0.0014 0.0038 0.0010 177033 120114 2202

Fence at SR-4 05/04 611 740 207059 0.080.02 2.060.21 0.0008 0.0006 0.0043 0.0009 0.0032 0.0010 258 0.47 204015 230.2

Cafion de Valle:

Canon de Valle at SR-501 05/04 171 710 0940.60 0.070.11 1.870.19 0.0008 0.0006 0.0064 0.0011 0.0039 0.0011 256 048 1430.13 2503

Water Canyon:

Water at SR-501 11/12 —29 650 133034 0100.02 273027 0.00030.0009 0.00100.0010 0.00330.0014 1460.30 0.770.13 2503

Water at SR-501 11/13 161 670 187 047 0100.02 281028 0.0027 0.0033 -0.0004 0.0025 0.0024 0.0014 184036 107014 2803

Water at SR-4 05/04 461 730 172049 0420.07 266027 0.00010.0003 0.00520.0009 0.00430.0010 270050 1.680.14 2402

Indio Canyon:

Indio at SR-4 05/04 -139 690 150 0.52 0.040.01 206021 0.0009 0.0006 0.00250.0008 0.00300.0040 1.890.36 1450.13 2202

Ancho Canyon:

Ancho at SR-4 05/04 -389 670 150 0.53 0.070.02 323032 0.0007 0.0018 0.00010.0018 0.0028 0.0010 250046 1.780.14 2703

Above Ancho Spring 09/29 221 690 127026 0120.02 124012 0.00010.0003 0.00310.0008 0.00250.0014 173035 107014 1102

Ancho at Rio Grande 09/29 -129 670 220038 0.13002 1.720.17 0.0007 0.0005 0.0021 0.0008 0.0050 0.0040 1.880.41 189017 260.3

Chaquehui Canyon:

Chaquehui at Rio Grande 09/30 —269 660 237034 051006 3430.34 0.0019 0.0007 0.0124 0.0014 0.0050 0.0030 5.881.45 4.64034 2903

Frijoles Canyon:

Frijoles at Monument HQ 05/05 981 760 113050 0.070.01 231023 -0.00070.0005 0.0014 0.0008 0.0026 0.0009 1520.28 0.930.10 250.2

Frijoles at Rio Grande 09/30 -89 670 332073 0.27041 2670.27 0.0014 0.0005 0.0097 0.0013 0.0050 0.0014 811235 413039 2002
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Table 5-8. Radiochemical Analysis of Sedimentsfor 1998 (pCi/g)2 (Cont.)

3H u Gross Gross Gross
Station Name Date (pCilL) 90gr 137cs (mg/kg) 238py 239,240py 241Am Alpha Beta Gamma
Pajarito Plateau Stations (Cont.)
TA-54 Area G:
G-1 03/20 861 750 152081 0230.03 231023 0.00150.0008 0.0136 0.0017 0.0070 0.0016 354 0.68 2.74 0.19 3103
G-2 03/20 831 750 1.890.85 0.370.04 2650.27 0.0054 0.0011  0.0238 0.0022  0.0106 0.0018 4.00 0.77  3.36 0.22 3503
G-3 03/20 1 700 239085 0110.02 2670.27 0.0007 0.0005 0.0119 0.0017 0.0065 0.0015 3.39 0.64 3.250.22 3403
G-4 03/20 401 730 1.230.72 0.240.03 2.890.29 0.0012 0.0006  0.0153 0.0019  0.0049 0.0012 529095 3.360.22 3503
G-5 03/20 521 730 1.06 0.56 0.08 0.01 2.050.21 0.0072 0.0017 0.0246 0.0029  0.0069 0.0017 337061 2030.15 2803
G-6 03/20 1,881 810 297083 0.120.02 3.900.39 0.0183 0.0020  0.2522 0.0085 0.0758 0.0049  4.83 0.95 3.430.23 4004
G-7 03/20 511 730 151085 021003 1.720.17 0.1113 0.0054  0.0749 0.0043 0.01350.0021 419078 3110.21 3403
G-8 03/20 161 710 255068 0.050.01 235024 0.0058 0.0012 0.0083 0.0013 0.0013 0.0011 391073 2870.20 3604
G-9 03/20 21 700 1.00 0.64 0.08 0.02 1.700.17 0.0088 0.0016  0.0091 0.0016  0.0058 0.0019 197036 122012 2302
TA-49, Area AB:
AB-1 07/14 -19 690 196086 0.390.05 2670.27 0.0013 0.0006  0.0277 0.0023  0.0303 0.0032 741204 576041 3203
AB-1 07/14 71 690 1.06 0.88 049 0.05 4.78 0.48 0.0026 0.0009 0.0298 0.0025 0.0097 0.0013 5.401.35 4.220.31 3303
AB-2 07/14 141 700 199088 043005 269 0.27 0.0013 0.0007 0.0432 0.0031 0.0391 0.0039 659162 4.780.34 3303
AB-3 07/14 -9 690 226100 0350.04 338034 0.0166 0.0019 1.0809 0.0253 0.2400 0.0200 4.54 1.09  3.49 0.27 3704
AB-4 07/14 -309 670 239110 0490.06 3.180.32 0.0022 0.0009 0.0129 0.0019 0.0322 0.0030 4.64 1.13 4.100.30 4204
AB-4A 07/14 61 690 261109 0460.06 2.770.28 0.0007 0.0005 0.0127 0.0016 0.0080 0.0014 5.451.26 5.47 0.37 4104
AB-5 07/14 -59 680 234097 0960.10 3180.32 0.0037 0.0009 0.03250.0026 0.03350.0034 568130 557038 4104
AB-6 07/14 -119 680 115065 031004 2670.27 0.0008 0.0006  0.0072 0.0012 0.0326 0.0036  3.42 0.7/  2.83 0.23 3303
AB-7 07/14 81 690 168094 021003 1.720.17 0.0011 0.0005 0.0030 0.0008 0.0203 0.0024  3.220.66 258 0.21 3403
AB-8 07/14 —229 670 0.350.76 020 0.03 224 0.22 0.0013 0.0005 0.0054 0.0010 0.0057 0.0013  4.191.00 3.350.27 3403
AB-9 07/14 51 690 1.06 208 0.26 0.04 1.66 0.17 0.0004 0.0004 0.0039 0.0010 0.0035 0.0008 3.350.80 2400.21 3403
AB-10 07/14 141 700 165121 019003 149015 0.00250.0009 0.0030 0.0010 0.0020 0.0020 2.820.71 2310.21 2603
AB-11 07/14 —49 680 164094 027004 138014 0.0003 0.0003 0.0066 0.0012 0.0090 0.0030 3.290.75 2.16 0.20 2803
Standar dized Comparisons
Average Detection Limits 700 2.00 0.05 0.25 0.0050¢ 0.0050¢ 0.0050 1.50 1.50 0.8
Background 0.87d 0.44d 4.4d 0.0064 0.023 0.09® 14.8¢ 128 8.2¢
SALf 20,000 5.9 4.4 29 27 24 22

2Except where noted. Two columns are listed; the first is the value, the second is the counting uncertainty (1 std dev).

bSee Appendix B for an explanation of negative numbers.
¢Sample sizes for plutonium 238pu and 239.240py analysis: stream channels 100 g; reservoirs 1,000 g. Limits of detection for plutonium 238pPu and 239.240py in reservoir samples are 0.0001 pCi/g.

dpurtymun et al. (1987a), upper limit for background for sediment samples from 1974-1986.
€Preliminary upper limit for background values for channel sediments from 1974-1996 (McLin et al., in preparation).
f Screening Action Level, LANL Environmental Restoration Project, 1998, see text for details.
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Table 5-9. Detections of Greater-Than-Background Radionuclidesin Sediments for 19982

Ratio of Ratio of
Detection Valueto Valueto

Station Name Date Analyte Value Uncertainty? Limit Background SALC Units Backgroundd Sal
Reservoirson Rio Grande (Colorado)

Rio Grande Upper 06/24 137Cs 0.64 0.08 0.05 0.44 pCilg 15

Rio Grande Upper 06/24 GrossAlpha 15.1 4.3 15 14.8 pCi/g 1.0

Rio Grande Middle 06/24 137Cs 0.75 0.09 0.05 0.44 pCilg 1.7

Rio Grande Middle 06/24 239.240py 0.024 0.001 0.005 0.023 pCilg 1.0

Rio Grande Middle 06/24 GrossAlpha 16.6 4.6 15 14.8 pCi/g 1.1

Rio Grande Lower 06/24 137Cs 0.53 0.07 0.05 0.44 pCilg 1.2

Rio Grande Lower 06/24 137Cs 0.72 0.09 0.05 0.44 pCilg 1.6

Rio Grande Lower 06/24 GrossAlpha 215 6.4 15 14.8 pCi/g 15

Rio Grande Lower 06/24 GrossAlpha 20.2 6.0 15 14.8 pCi/g 14
Reservoirson Rio Chama (New M exico)

Abiquiu Middle 06/22 GrossAlpha 15.3 38 15 14.8 pCi/g 1.0
Reservoirson Rio Grande (New M exico)

Cochiti Middle 09/24 GrossAlpha 16.5 4.2 15 14.8 pCi/g 11
Regional Stations

Rio Chama at Chamita 10/28 137Cs 0.45 0.05 0.05 0.44 pCilg 1.0

Rio Chama at Chamita 10/28 9Osr 2.00 0.43 2.00 0.87 pCi/g 23

Rio Grande at Frijoles (bank) 09/30 3H 10,411 1,200 700 pCi/L

Rio Grande at Bernalillo 10/28 9Osr 2.00 0.44 2.00 0.87 pCilg 2.3

Jemez River 11/20 9Ogr 3.65 0.48 2.00 0.87 pCilg 4.2
Acid/Pueblo Canyons

Acid Weir 11/05 241Am 0.400 0.030 0.005 0.090 pCilg 4.4

Acid Weir 11/05 238py 0.041 0.005 0.005 0.006 pCilg 6.8

Acid Weir 11/05 239.240py 8.900 0.400 0.005 0.023 18  pCilg 387.0 05

Acid Weir 11/05 GrossAlpha 151 2.7 15 14.8 pCi/g 1.0

Pueblo 1 11/05 239.240py 0.170 0.008 0.005 0.023 pCilg 7.4

Pueblo 3 05/05 137Cs 21.54 1.63 0.05 0.44 5.1 pCilg 49.0 4.2

Pueblo at SR-502 08/05 239.240py 0.945 0.022 0.005 0.023 pCilg 41.1
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Table 5-9. Detections of Greater-Than-Background Radionuclidesin Sediments for 19982 (Cont.)

Ratio of Ratio of
Detection Valueto Valueto

Station Name Date Analyte Value Uncertainty? Limit Background SALC Units Backgroundd Sal
DP/L os Alamos Canyons

DPS-4 07/22 239.240py 0.187 0.007 0.005 0.023 pCilg 8.1

LosAlamos at Upper GS 07/21 239:240py 0.229 0.008 0.005 0.023 pCi/g 10.0

LosAlamos at Upper GS 07/21 239.240py 0.214 0.008 0.005 0.023 pCilg 9.3

LosAlamos at GS-1 07/21 2%1Am 0.106 0.008 0.005 0.090 pCilg 1.2

LosAlamos at GS-1 07/21 2*1Am 0.092 0.006 0.005 0.090 pCi/g 1.0

LosAlamos at GS-1 07/21 137Cs 0.77 0.08 0.05 0.44 pCilg 1.8

LosAlamos at GS-1 07/21 137Cs 0.86 0.09 0.05 0.44 pCi/g 2.0

LosAlamos at GS-1 07/21 238py 0.016 0.002 0.005 0.006 pCi/g 2.6

LosAlamos at GS-1 07/21 238py 0.013 0.002 0.005 0.006 pCilg 2.2

LosAlamos at GS-1 07/21 239.240py 0.116 0.005 0.005 0.023 pCilg 5.0

LosAlamos at GS-1 07/21 239.240p, 0.083 0.005 0.005 0.023 pCi/g 3.6

LosAlamosat LAO-1 07/21 239.240py 0.342 0.010 0.005 0.023 pCilg 14.9

LosAlamos at LAO-1 07/21 239.240py 0.183 0.008 0.005 0.023 pCilg 8.0

LosAlamos at LAO-3 07/21 137Cs 0.93 0.09 0.05 0.44 pCilg 2.1

LosAlamosat LAO-3 07/21 238py 0.019 0.002 0.005 0.006 pCilg 3.1

LosAlamos at LAO-3 07/21 239.240py 0.114 0.006 0.005 0.023 pCilg 5.0

LosAlamosat LAO-4.5 07/21 137Cs 0.88 0.09 0.05 0.44 pCilg 2.0

LosAlamos at LAO-4.5 07/21 238py 0.020 0.002 0.005 0.006 pCilg 33

LosAlamos at LAO-4.5 07/21 239.240py 0.096 0.005 0.005 0.023 pCi/g 42

LosAlamos at SR-4 07/21 137cs 0.81 0.08 0.05 0.44 pCilg 1.8

LosAlamos at SR-4 07/21 238py 0.010 0.002 0.005 0.006 pCilg 17

LosAlamos at SR-4 07/21 239.240py 0.078 0.004 0.005 0.023 pCilg 34

LosAlamos at Otowi 11/10 239.240py 0.052 0.006 0.005 0.023 pCilg 2.2
Mortandad Canyon

Mortandad near CMR Building 07/22 238py 0.011 0.002 0.005 0.006 pCilg 1.8

Mortandad west of GS-1 07/21 238py 0.015 0.002 0.005 0.006 pCilg 2.4

Mortandad at GS-1 07/22 2%1Am 10.582 0.299 0.005 0.090 24 pCilg 117.6 0.4

Mortandad at GS-1 07/22 3H 3,491 890 700. pCi/L

Mortandad at GS-1 07/22 137Cs 17.8 1.37 0.05 0.44 51 pCilg 40.5 35

Mortandad at GS-1 07/22 238py 6.451 0.129 0.005 0.006 27  pCilg 1075.1 0.2

Mortandad at GS-1 07/22 239.240p, 7.193 0.144 0.005 0.023 24 pCilg 312.7 0.3
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Table 5-9. Detections of Greater-Than-Background Radionuclidesin Sedimentsfor 19982 (Cont.)

Ratio of Ratio of
Detection Valueto Valueto

Station Name Date Analyte Value Uncertainty? Limit Background SALC® Units Backgroundd Sal
Mortandad Canyon (Cont.)

Mortandad at GS-1 07/22 GrossAlpha 33.1 6.1 15 14.8 pCi/g 2.2

Mortandad at GS-1 07/22 Gross Beta 24.0 1.4 15 12.0 pCilg 2.0

Mortandad at GS-1 07/22 GrossGamma  18.8 1.9 0.2 8.2 pCi/g 2.3

Mortandad at MCO-5 07/22 2%1Am 7.393 0.187 0.005 0.090 22 pCilg 82.1 0.3

Mortandad at MCO-5 07/22 °H 8,611 1,100 700 20,000 pCi/L 0.4

Mortandad at MCO-5 07/22 137Cs 20.38 1.55 0.05 0.44 51 pCilg 46.3 4.0

Mortandad at MCO-5 07/22 gy 2.17 0.29 2.00 0.87 5.1 pCilg 25 0.4

Mortandad at MCO-5 07/22 238py 2.510 0.054 0.005 0.006 pCilg 418.3

Mortandad at MCO-5 07/22 239.240py 6.302 0.128 0.005 0.023 pCilg 274.0

Mortandad at MCO-5 07/22 GrossAlpha 174 3.2 15 14.8 pCi/g 12

Mortandad at MCO-5 07/22 Gross Beta 19.0 11 15 12.0 pCi/g 1.6

Mortandad at MCO-5 07/22 GrossGamma  24.1 24 0.2 8.2 pCil/g 29

Mortandad at MCO-7 07/22 241Am 1.557 0.046 0.005 0.090 pCilg 17.3

Mortandad at MCO-7 07/22 137Cs 3.64 0.31 0.05 0.44 pCi/g 8.3

Mortandad at MCO-7 07/22 238py 0.654 0.017 0.005 0.006 pCilg 109.1

Mortandad at MCO-7 07/22 239.240py 2.041 0.044 0.005 0.023 pCilg 88.7

Mortandad at MCO-9 07/22 Ogr 2.86 0.39 2.00 0.87 pCilg 33

Mortandad A-6 08/05 137Cs 0.46 0.05 0.05 0.44 pCilg 1.0

Mortandad A-6 08/05 239.240py 0.028 0.002 0.005 0.023 pCi/g 1.2

Mortandad A-7 08/05 U 5.19 0.52 0.25 4.4 mg/kg 1.2
Pajarito Canyon

Pajarito at SR-4 05/04 137Cs 0.51 0.06 0.05 0.44 pCilg 1.2

Pajarito at SR-4 05/04 905y 2.39 0.74 2.00 0.87 pCilg 2.7

Pajarito at SR-4 05/04 238py 0.007 0.001 0.005 0.006 pCilg 1.2
Fence Canyon

Fence at SR-4 05/04 905y 2.07 0.59 2.00 0.87 pCilg 2.4
Ancho Canyon

Ancho at Rio Grande 09/29 Vgr 2.20 0.38 2.00 0.87 pCilg 25
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Table 5-9. Detections of Greater-Than-Background Radionuclidesin Sedimentsfor 19982 (Cont.)

Ratio of Ratio of

Detection Valueto Valueto
Station Name Date Analyte Value Uncertainty? Limit Background SAL® Units Backgroundd Sal
Chaquehui Canyon
Chagquehui at Rio Grande 09/30 137Cs 0.51 0.06 0.05 0.44 pCilg 1.2
Chaquehui at Rio Grande 09/30 90sy 2.37 0.34 2.00 0.87 pCilg 2.7
Frijoles Canyon
Frijoles at Rio Grande 09/30 90gr 3.32 0.73 2.00 0.87 pCilg 3.8
TA-54 Area G
G2 03/20 239.240py 0.024 0.002 0.005 0.023 pCilg 1.0
G5 03/20 238py 0.007 0.002 0.005 0.006 pCilg 1.2
G5 03/20 239.240py 0.025 0.003 0.005 0.023 pCilg 1.1
G-6 03/20 Vsr 2.97 0.83 2.00 0.87 pCilg 34
G-6 03/20 238py 0.018 0.002 0.005 0.006 pCilg 31
G-6 03/20 239.240py 0.252 0.009 0.005 0.023 pCilg 11.0
G7 03/20 238py 0.111 0.005 0.005 0.006 pCilg 18.6
G-7 03/20 239.240py 0.075 0.004 0.005 0.023 pCi/g 33
G-8 03/20 90sy 2.55 0.68 2.00 0.87 pCilg 2.9
G9 03/20 238py 0.009 0.002 0.005 0.006 pCi/g 15
TA-49, Area AB
AB-1 07/14 137Cs 0.49 0.05 0.05 0.44 pCilg 1.1
AB-1 07/14 U 4.78 0.48 0.25 4.40 ma/kg 1.1
AB-1 07/14 239.240py 0.030 0.003 0.005 0.023 pCilg 1.3
AB-1 07/14 239.240py 0.028 0.002 0.005 0.023 pCi/g 1.2
AB-2 07/14 239.240py 0.043 0.003 0.005 0.023 pCilg 1.9
AB-3 07/14 239.240py 1.081 0.025 0.005 0.023 pCi/g 47.0
AB-3 07/14 21Am 0.240 0.020 0.005 0.090 pCilg 2.7
AB-3 07/14 238py 0.017 0.002 0.005 0.006 pCilg 2.8
AB-4 07/14 137Cs 0.49 0.06 0.05 0.44 pCilg 1.1
AB-4A 07/14 137Cs 0.46 0.06 0.05 0.44 pCi/g 1.0
AB-5 07/14 137Cs 0.96 0.10 0.05 0.44 pCilg 2.2
AB-5 07/14 239.240py 0.033 0.003 0.005 0.023 pCilg 1.4
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Table 5-9. Detections of Greater-Than-Background Radionuclidesin Sediments for 19982 (Cont.)

Ratio of Ratio of
Detection Valueto  Valueto
Station Name Date Analyte Value Uncer tainty® Limit Background SALC Units Background?  Sal

2Above background detection defined as > 3x uncertainty and > detection limit and > background. Valuesindicated by entriesin SAL column are greater than 20 percent of the SAL.

bRadioactivity counting uncertainty (1 std dev).

CScreening Action Level, LANL Environmental Restoration Project, 1998, see text for details.

dpurtymun et al. (1987a), upper limit for background for sediment samples from 1974-1986. Preliminary upper limit for background values for channel sediments from 1974-1996
(McLinet al., in preparation).
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Table 5-10. Total Recoverable Trace Metalsin Sedimentsfor 1998 (mg/kg)

Station Name Date Ag Al As B Ba Be Cd Co Cr Cu Fe Hg
Pajarito Plateau Stations
DP/L os Alamos Canyons:
LosAlamos at Upper GS 07/21 7 3140 06 <32 243 03 <0.9 12 51 32 7,426 0.043
LosAlamos at Upper GS 07/21 <2 30 <0.2 <3 0.7 <0.2 <0.9 <10 <09 13 32 <0.030
Mortandad Canyon:
Mortandad A-6 08/05 <2 6,068 23 <3 480 04 <0.9 21 52 44 5581 0.037
Mortandad A-7 08/05 <2 3,090 05 <3 219 02 <0.9 <10 21 23 4,137 <0.030
TA-54 Area G:
G-1 11/09 <0.025
G-2 11/09 <0.025
G-3 11/09 <0.025
G-4A 11/09 0.034
G-4B 11/09 0.033
G-5 11/09 0.027
G-6R 11/09 <0.025
G-7 11/09 <0.025
G-8 11/09 <0.025
G-9 11/09 <0.025
G-10 11/09 <0.025
Standardized Comparisons
Detection Limits 2 7 02 3 02 02 0.9 10 09 1.0 1 0.050
SALP 380 78,000 19 5900 270 38 4,600 30° 28,000 23
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Table 5-10. Total Recoverable Trace Metalsin Sedimentsfor 1998 (mg/kg) (Cont.)

Station Name Date Mn Mo Ni Pb Sb Se Sn Sr TI vV Zn
Pajarito Plateau Stations
DP/L os Alamos Canyons:
LosAlamos at Upper GS 07/21 1873 <5 <4 112 <03 <1 <5 6.2 <03 6.5 424
LosAlamos at Upper GS 07/21 05 <5 <4 0.3 <03 <0.2 <5 04 <03 <13 59
M ortandad Canyon:
Mortandad A-6 08/05 191.2 <5 <4 186 <03 03 <5 98 <03 72 427
Mortandad A-7 08/05 1512 <5 <4 70 <0.3 <0.2 <5 40 <03 38 251
TA-54Area G:
G-1 11/09 1.0
G2 11/09 0.7
G-3 11/09 0.6
G-4A 11/09 0.4
G-4B 11/09 0.4
G-5 11/09 0.5
G6R 11/09 0.8
G-7 11/09 0.5
G-8 11/09 0.4
G-9 11/09 0.5
G-10 11/09 1.0
Standar dized Comparisons
Average Detection Limits 0.3 5 4 0.3 0.30 0.2 5 0.2 0.3 13 0.8
SALP 390 380 1,500 400 31 380 46,000 6 540 23,000

2L ess than symbol (<) means measurement was below the specified limit of detection of the analytical method.
bScreening Action Level, Environmental Restoration Project, 1997, see text for details.
CSAL value for hexavalent chromium islisted; SAL value for trivalent or total chromium is 210 mg/kg.
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5. Surface Water, Groundwater, and Sediments

Table 5-11. Number of Samples Collected for Each Suite of Organic
Compoundsin Sedimentsfor 1998

Organic Suite?

Station Name Date HE PCB  Semivolatile
Above Ancho Spring 09/29 1

Ancho at Rio Grande 09/29 1

Ancho at SR-4 05/04 1

Cafiada del Buey at SR-4 05/04 2

Fence at SR-4 05/04 2

Frijoles at Monument HQ 05/05 1

Frijoles at Rio Grande 09/30 1

Indio at SR-4 05/04 1

Pgjarito at SR-4 05/04 1

Potrillo at SR-4 05/04 1

Rio Grande at Frijoles (wdthintgrt)  09/30 1 1
Rio Grande at Otowi Upper (bank)  08/05 1 1
Sandiaat SR-4 08/05 1

Water at SR-4 05/04 1

2High explosives, polychlorinated biphenyls, and semivolatiles.

190 Environmental Surveillance at Los Alamos during 1998



866T BuLINP SOWe[Y SO Je 82UR|[ISAINS [EJUSWLOIIAUT

16T

Table 5-12. Radiochemical Analyses of Groundwater for 1998 (pCi/L &)

U Gross Gross Gross
Station Name Date Code? 3H 90gy 137cs (ng/L) 238py 239,240p, 241Am Alpha Beta Gamma
Regional Aquifer Wells
Test Wells:
Test Well 1 05/28 UF 11 670 0007 -012130 1680.17 -0.0020.011 -0.0010.010 -0.001 0.016 20 22 43 22 3748
Test Well 3 09/01 UF 441 770 0504 -024029 044005 -0.0140.015 -0.018 0.010 -0.014 0.017 01 04 21 03 46 49
Test Well 4 09/01 UF 231 750 0105 -0.08137 030004 0.0010.008 0.0000.008 0.024 0.021 03 04 20 03 16 48
Test Well 8 09/02 UF 311 760 0.604 -037023 0.530.06 -0.0290.011 -0.0060.011 0.022 0.024 06 04 17 0.8 63 49
Test Well 8 09/02 UF 201 750 0104 -012034 0410.05 -0.0020.016 -0.0140.010 0.001 0.024 00 14 51 05 -1248
Test Well DT-5A 11/05 UF -39 670 0303 112317 042005 -0.0130.004 -0.0180.006 -0.0230.011 -0.1 0.2 12 03 -2849
Test Well DT-9 11/05 UF -89 670 0103 190433 043005 -0.0110.005 -0.0100.008 0.029 0.050 04 03 12 03 2249
Test Well DT-10 11/06 UF -79 670 0403 -191090 061007 0.0120010 0.0120.011 0.0240.019 -0.1 0.2 12 03 -1349
Water Supply Wells:
O-1 06/08 UF 121 640 050.7 212467 197020 -0.0090.020 0.010 0.020 -0.008 0.015 1.7 08 1.8 03 —748
O-1 11/12 UF 141 680 -0.104 100041 140015 -0.006 0.012 0.001 0.014 0.056 0.080 15 08 34 04 2049
04 11/12 UF 51 680 -0.409 010164 0510.06 -0.0080.007 0.017 0.015 0.010 0.019 01 07 33 05 -1649
PM-1 06/08 UF 291 650 03038 213467 1.750.18 0.006 0.010 0.012 0.010 -0.018 0.015 0.8 0.8 29 04 44 48
PM-2 06/08 UF —-69 630 0208 0.79 267 -0.060.01 -0.014 0.007 0.009 0.012 -0.015 0.013 01 03 18 0.3 16 48
PM-3 06/08 UF 81 640 0.108 034200 0410.05 -0.0180.005 -0.0130.011 -0.015 0.013 0.7 08 33 04 -1947
PM-4 07/27 UF -139 630 03038 092043 0.320.04 -0.0100.000 0.0480.017 0.024 0.015 01 03 18 0.3 78 49
PM-5 06/08 UF -109 630 0406 -041087 -0.06001 -0.0070.013 -0.0230.011 0.007 0.018 01 03 1.7 03 548
G-1 1v11 UF -289 650 0204 063046 0.840.09 -0.0220.008 -0.0050.009 0.015 0.018 09 05 20 03 -1249
G-1A 06/08 UF —-69 630 0408 0.051.57 -0.060.01 -0.0210.006 -0.016 0.010 0.0120.020 -0.1 0.5 25 03 14 48
G-1A 06/08 UF -29 630 0.207 057233 -0.060.01 0.0100.011 0.004 0.012 -0.0310.012 -02 04 20 03 -1048
G-2 06/08 UF 41 640 0308 -012130 0480.05 -0.0110.009 0.0040.011 0.000 0.032 06 0.6 19 03 1548
G-5 1v11 UF -359 650 0303 -050073 585059 0.0040011 -0.011 0.011 -0.006 0.016 6.0 2.0 36 1.0 -3948
G-6 06/08 UF 41 640 0306 -0.980.72 -0.060.01 -0.0060.010 -0.0050.009 0.006 0.016 -0.1 04 16 0.3 3048
Regional Aquifer Springs
White Rock Canyon Group I:
Sandia Spring 09/28 F 0304 -143081 053006 0.006 0.011 -0.006 0.012 0.046 0.022 00 06 26 0.6 27 49
Sandia Spring 09/28 UF 31 650
Spring 3A 09/28 F 0704 057233 114012 -0.0080.009 0.0010.011 0.004 0.022 02 06 28 03 14 49
Spring 3A 09/28 UF 41 650
Spring 4 09/28 F 0304 -115036 087009 -0.0030.011 -0.0050.011 0.018 0.019 04 0.7 41 04 -1348
Spring 4 09/28 UF —49 640
Spring 4A 09/29 F 0304 -141036 103011 -0.0030.005 -0.0010.008 0.125 0.050 05 06 28 03 29 49
Spring 4A 09/29 UF 81 650
Ancho Spring 09/29 F 0403 -100036 024003 -0.0040.009 0.0010.011 -0.005 0.040 01 03 20 03 89 49
Ancho Spring 09/29 UF 171 660
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Table 5-12. Radiochemical Analyses of Groundwater for 1998 (pCi/L &) (Cont.)

U Gross Gross Gross
Station Name Date  Code? 3H 90gr 137Cs (ng/L) 238py 239.240p 241Am Alpha Beta Gamma
Regional Aquifer Springs (Cont.)
White Rock Canyon Group I1:
Spring 5A 09/29 F 0.3 0.3 152 0.49 162 0.17 -0.006 0.005 -0.001 0.009 0.048 0.022 0.7 09 3.0 04 55 49
Spring 5A 09/29 UF 241 660
Spring 6 09/29 F 0404 -013023 0.330.04 -0.0080.005 0.0200.012 0.057 0.026 0.1 0.2 19 03 20 49
Spring 6 09/29 UF 51 650
Spring 6 09/29 F 0504 051226 113012 -0.0100.000 -0.002 0.008 -0.019 0.014 11 06 27 03 36 49
Spring 6 0929  UF 79 640
Spring 8A 09/29 F 0603 -0.62054 0.170.02 -0.0010.010 -0.011 0.007 -0.001 0.016 0.1 0.3 19 03 87 49
Spring 8A 09/29 UF 181 660
Spring 9A 09/30 F 0305 -037093 0.160.02 0.006 0.009 0.0050.010 -0.023 0.017 -0.2 0.3 20 03 20 49
Spring 9A 09/30 UF —79 640
Spring 9B 09/30 F -0605 -0.03026 013002 -0.0080.005 -0.0020.007 -0.020 0.017 0.0 03 15 03 748
Spring 9B 09/30 UF -129 630
Doe Spring 09/30 F 0004 -137036 0.260.03 0.009 0010 0.0070.011 0.0150.019 -0.3 0.3 14 03 149
Doe Spring 09/30 UF 101 650
Spring 10 09/30 F 0403 -0.80029 0.710.08 -0.0110.009 -0.0120.010 -0.020 0.010 08 04 15 03 6 49
Spring 10 09/30 UF 131 650
White Rock Canyon Group I11:
Spring 1 09/28 F -0304 0.93 0.40 217 0.22 -0.0050.014 0.019 0.012 0.004 0.017 23 11 32 04 -1948
Spring 1 09/28 UF 61 650
Spring 2 09/28 F -0605 -197036 156016 -0.006 0.004 0.003 0.008 0.030 0.020 13 08 22 07 -1648
Spring 2 09/28 UF -29 640
White Rock Canyon Group |V:
LaMesita Spring 09/08 F 0504 -0.980.02 10561.06 0.016 0.009 0.011 0.010 0.005 0.017 10.2 2.6 6.1 07 3249
LaMesita Spring 09/08 UF 21 640
Other Springs:
Sacred Spring 09/08 F 0304 -027029 176018 -0.011 0.001 -0.0100.006 0.034 0.020 18 1.0 28 03 19 49
Sacred Spring 09/08 UF -99 630
Canyon Alluvial Groundwater Systems
Acid/Pueblo Canyons:
APCO-1 09/03 UF 521 770 0104 -092010 050006 -0.0110.006 0.083 0.018 0.141 0.026 07 14 90 13 39 49
Cafada del Buey:
CDBO-6 05/26 UF 61 670 0911 057233 084009 0.0190.023 0.004 0019 -0.0020.020 431118 455 3.7 -2048
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Table 5-12. Radiochemical Analyses of Groundwater for 1998 (pCi/L?) (Cont.)

U Gross Gross Gross
Station Name Date CodeP 3H 90gr 37cs (/L) 238py 239,240p 241Am Alpha Beta Gamma
Canyon Alluvial Groundwater Systems (Cont.)
DP/L os Alamos Canyons:
LAO-C 11/09 UF 1 670 0405 112317 004001 0.0100.021 0.002 0.018 0.081 0.037 03 03 20 03 17 49
LAO-0.7 11/09 UF 1 670 0704 0.02 1.51 0.13 0.02 0.014 0.021  0.148 0.032 -0.027 0.025 23 10 42 53 -2 49
LAO-1 11/09 UF -209 660 5407 -0.67048 0.09 0.02 -0.007 0.016 0.0130.015 -0.044 0.023 -30.0 33 129 0.9 58 49
DP Spring 09/02 F 68840 032100 032004 0.0070011 0.0080.014 00430.023 22320 1133 7.7 10349
DP Spring 09/02 UF 361 760
LAO-2 08/31 UF 461 770 13611 -025112 010002 -0.0040.010 0.0200.015 0.0110.020 -03 32 305 20 18 48
LAO-3A 08/31 UF 351 760 33922 029033 0.120.02 -0.0050.008 0.011 0.013 0.004 0.017 -0.7 80 725 44 27 48
LAO-4 11/09 UF -149 660 3.6 0.6 057233 0.06001 -0.0170.006 0.0010.011 -0.017 0.025 02 24 110 08 98 49
LAO-4.5C 05/14 UF 221 670 2009 -151072 0.680.07 -0.0180.011 0.0420.019 0.002 0.012 06 13 58 05 -1648
LAO-6A 05/14 UF 171 670 2009 -1210.72 0.22 0.03 0.010 0.012  0.025 0.013  0.001 0.013 11 0.7 42 04 —4 48
LAO-6A 05/14 UF 291 680 2008 -1280.72 0.160.02 -0.0110.008 0.007 0.015 -0.0030.012 -0.2 1.0 50 04 -948
Otowi Spring 09/08 F 0.105 0.08 1.60 1540.16 -0.008 0.005 0.001 0.009 0.018 0.018 05 11 35 0.6 14 49
Otowi Spring 09/08 UF 311 660
Mortandad Canyon:
MCO-3 08/20 UF 19,211 1,600 459 2.7 297067 5990.61 0848 0.049 0.2050.024  0.498 0.050 81 88 894 6.1 19 49
MCO-4B 05/27 UF 12,711 1,300 48.4 3.6 057233 099011 0.0140.016 0037 0.015 1.0380.074 -50526 2643171 -3548
MCO-5 05/27 UF 14,011 1,400 36.0 3.0 0.09 1.61 0.85 0.09 0.023 0.013 0.017 0.013 0.907 0.068 -1.619.3 162.310.3 -1348
MCO-5 05/27 UF 16,111 1,400 31.2 2.7 043038 0.850.09 0.0250.013 0011 0.013 0.896 0.066 —-3.827.8 1914121 4348
MCO-6B 05/27 UF 18,011 1,500 11114 -0.211.17 2.54 0.26 0.021 0.014 0.039 0.019 0.727 0.061 6.917.7 1073 7.3 748
MCO-7A 05/28 UF 18,311 1,500 1809 -0.61057 201021 0.008 0015 -0.0050.013 05170061 20131 631 47 -1348
MCO-7.5 05/28 UF 17,211 1,500 0708 -0510.71 155016 0.0050.012 -0.0050.012 0.280 0.040 31118 599 44 3848
MT-3 09/04 UF 18,511 1,600 0504 -092010 192020 0.0050.014 -0.0010.012 0.482 0.050 15 35 272 21 448
MT-4 05/14 UF 17,811 1,500 0408 -1160.72 281029 0.002 0.014 0.009 0.012 0.2900.034 -0.7 57 256 20 -3148
Pajarito Canyon:
PCO-1 04/30 F 0.70.7 025112 0.06 0.01 -0.009 0.013 -0.003 0.013 -0.0250.009 -05 0.6 34 03 3048
PCO-1 04/30 UF 341 710
PCO-3 05/13 UF 331 680 1912 -1160.72 455046 0.0130.016 0.012 0.015 -0.016 0.010 0.7 1.2 -17 13 3948
Intermediate Perched Groundwater Systems
Pueblo/L os Alamos/Sandia Canyon Area Perched System in Conglomer ates and Basalt:
Test Well 1A 05/29 UF -119 660 04038 0.310.29 0.05 0.01 0.014 0.012 0.001 0.010 -0.008 0.014 12 32 123 19 4348
Test Well 2A 09/01 UF 3301 920 0304 -025026 -0.06001 -0.0340.024 -0.0100.020 0.0430.031 -08 05 13 06 4248
Basalt Spring 06/04 F 0109 -0910.12 0.26 0.03 -0.002 0.013 0.038 0.015  0.015 0.020 0.0 18 6.2 0.6 748
Basalt Spring 06/04 UF 21 630
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Table 5-12. Radiochemical Analyses of Groundwater for 1998 (pCi/L?) (Cont.)

u Gross Gross Gross
Station Name Date Code? 3H 90gr 137Cs (ug/L) 238py 239.240p 241Am Alpha Beta Gamma
I ntermediate Perched Groundwater Systems (Cont.)
Perched Groundwater System in Volcanics:
Water Canyon Gallery 07/27 UF -249 630 0807 -012130 0340.04 00000.011 0.0030.013 -0.0120.012 02 03 17 03 28 49
San |ldefonso Pueblo:
LA-5 08/05 UF —209 650 0203 034200 105011 -0.009 0.004 0.013 0.017 -0.003 0.018 12 08 24 03 1348
Eastside Artesian Well 08/05 UF -29 660 -0304 023183 -0.060.01 -0.0020.008 -0.0060.007 0.0110.021 -0.6 0.6 10 04 948
Pajarito Well (Pump 1) 06/04 UF 71 640 0111 -0.750.72 10.051.01 -0.0110.008 -0.0050.013 0.0150019 -03 08 -09 08 -948
Don Juan 08/05 UF 121 670 0206 057034 1631164 0.0050.010 -0.0080.007 0.017 0.018 121 3.3 6.8 0.7 3248
Playhouse Well
Otowi House Well 08/05 UF 231 680 0203 112317 370038 -0.001 0.005 0.000 0.008 0.032 0.023 18 1.3 31 11 -2348
New Community Well 06/04 UF 41 640 0107 -095006 2299231 0.028 0.014 -0.008 0.007 0.026 0.024 266 74 124 11 -148
Sanchez House Well ~ 08/05 UF -119 650 0.6 0.3 0.34 200 14.76 1.48 0.007 0.013 0.006 0.013 0.024 0.026 13.0 3.7 6.5 13 2148
Limits of Detection 700 3.0 4 0.1 0.04 0.04 0.04 3 3 120
Water Quality Standards®
DOE DCG for Public Dose 2,000,000 1,000 3,000 800 40 30 30 30 1,000
DOE Drinking Water System DCG 80,000 40 120 30 1.6 12 12 12 40
EPA Primary Drinking Water Standard 20,000 8 20 15
EPA Screening Level 50
NMWQCC Groundwater Limit 5,000

aExcept where noted. Two columns are listed: the first is the analytical result; the second is the radioactive counting uncertainty (1 std dev)

less than analytical method uncertainties.
bCodes: UF—unfiltered; F-filtered.

CStandards given here for comparison only, see Appendix A.

. Radioactivity couning uncertainties may be
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Table 5-13. Detections of Radionuclides? and Comparison to Derived Concentration Guides® in Groundwater for 1998

Ratio of Minimum
Detection DOE  Value Minimum Standard
Station Name Date Code® Analyte Value Uncertaintyd  Units Limit DCG toDCG Standard Type
APCO-1 09/03 UF  24Am 0.141 0.026 pCi/L 0.04
APCO-1 09/03 UF  239.240py 0.083 0.018 pCi/L 0.04
CDBO-6 05/26 UF Alpha 431 11.8 pCi/L 3 30 1.44 15 EPA Primary Drinking
Water Standard
CDBO-6 05/26 UF  Beta 45.5 37 pCi/L 3
Don Juan Playhouse Well ~ 08/05 UF Alpha 12.1 3.3 pCi/L 3
Don Juan Playhouse Well ~ 08/05 UF U 16.31 1.64 pa/L 0.1
DP Spring 09/02 F Beta 113.3 7.7 pCi/L 3 1,000 0.11 50 EPA Screening Level
DP Spring 09/02 F 90gy 68.8 4.0 pCi/L 3 1,000  0.07 8 EPA Primary Drinking
Water Standard
LaMesita Spring 09/08 F Alpha 10.2 2.6 pCi/L 3
LaMesita Spring 09/08 F u 10.56 1.06 ug/L 0.1
LAO-0.7 11/09  UF  239.240py 0.148 0.032 pCi/L 0.04
LAO-1 11/09 UF  9gr 5.4 0.7 pCi/L 3
LAO-2 08/31 UF  Beta 30.5 2.0 pCi/L 3
LAO-2 08/31 UF  9g 13.6 1.1 pCi/L 3
LAO-3A 08/31 UF  Beta 72,5 4.4 pCi/L 3 1,000  0.07 50 EPA Screening Level
LAO-3A 08/31 UF  9g 33.9 22 pCi/L 3
LAO-4 11/09 UF g 3.6 0.6 pCi/L 3
MCO-3 0820 UF  21Am 0.498 0.050 pCi/L 0.04
MCO-3 08/20 UF  Beta 89.4 6.1 pCi/L 3 1,000  0.09 50 EPA Screening Level
MCO-3 08/20 UF  3H 19,211 1,600 pCi/L 700
MCO-3 0820 UF  23py 0.848 0.049 pCi/L 0.04
MCO-3 08/20 UF  239.240py 0.205 0.024 pCi/L 0.04
MCO-3 0820 UF  9g 45.9 27 pCi/L 3 1,000 0.05 8 EPA Primary Drinking
Water Standard
MCO-3 0820 UF U 5.99 0.61 ug/L 0.1
MCO-4B 0527 UF  24aAm 1.038 0.074 pCi/L 0.04
MCO-4B 05/27 UF Beta 264.3 17.1 pCi/L 3 1,000 0.26 50 EPA Screening Level
MCO-4B 0527 UF  3H 12,711 1,300 pCi/L 700
MCO-4B 0527 UF  9g 48.4 36 pCi/L 3 1,000  0.05 8 EPA Primary Drinking
Water Standard
MCO-5 0527 UF  24aAm 0.907 0.068 pCi/L 0.04
MCO-5 0527 UF  241Am 0.896 0.066 pCi/L 0.04
MCO-5 0527 UF  Beta 162.3 10.3 pCi/L 3 1,000 0.16 50 EPA Screening Level
MCO-5 0527 UF  Beta 191.4 12.1 pCi/L 3 1,000 0.9 50 EPA Screening Level
MCO-5 0527 UF  3H 16,111 1,400 pCi/L 700
MCO-5 05/27 UF  3H 14,011 1,400 pCi/L 700
MCO-5 0527 UF  9g 36.0 3.0 pCi/L 3
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Table 5-13. Detections of Radionuclides? and Comparison to Derived Concentration Guides® in Groundwater for 1998 (Cont.)

Ratio of Minimum
Detection DOE Value Minimum Standard
Station Name Date Code® Analyte Value Uncertaintyd  Units Limit DCG toDCG Standard Type
MCO-5 05/27 UF g 31.2 2.7 pCi/L 3
MCO-6B 05/27 UF  24Am 0.727 0.061 pCi/L 0.04
MCO-6B 0527 UF  Beta 107.3 7.3 pCi/L 3 1,000 0.11 50 EPA Screening Level
MCO-6B 0527 UF  3H 18,011 1,500 pCi/L 700
MCO-6B 05/27 UF 90gr 11.1 14 pCi/L 3
MCO-7.5 05/28 UF  24Am 0.280 0.040 pCi/L 0.04
MCO-7.5 05/28 UF  Beta 59.9 4.4 pCi/L 3 1,000 0.06 50 EPA Screening Level
MCO-7.5 0528 UF  3H 17,211 1,500 pCi/L 700
MCO-7A 05/28 UF  24Am 0.517 0.061 pCi/L 0.04
MCO-7A 05/28 UF  Beta 63.1 4.7 pCi/L 3 1,000 0.06 50 EPA Screening Level
MCO-7A 0528 UF  3H 18,311 1,500 pCi/L 700
MT-3 09/04 UF  24Am 0.482 0.050 pCi/L 0.04
MT-3 09/04 UF  Beta 27.2 21 pCi/L 3
MT-3 09/04 UF  3H 18,511 1,600 pCi/L 700
MT-4 05/14 UF  24Am 0.290 0.034 pCi/L 0.04
MT-4 05/14 UF  Beta 25.6 2.0 pCi/L 3
MT-4 05114 UF  3H 17,811 1,500 pCi/L 700
New Community Well 06/04 UF Alpha 26.6 75 pCi/L 3 30 0.89 15 EPA Primary Drinking
Water Standard
New Community Well 06/04 UF U 22.99 231 pa/L 0.1
Pajarito Well (Pump 1) 06/04 UF U 10.05 1.01 ug/L 0.1
Sanchez House Well 08/05 UF Alpha 13.0 3.7 pCi/L 3
Sanchez House Well 08/05 UF U 14.76 1.48 ug/L 0.1
Test Well 2A 09/01 UF  3H 3,301 920 pCi/L 700
G-5 /11 UF U 5.85 0.59 ug/L 0.1

aDetection defined as value = 3x uncertainty and = detection limit, except values shown for uranium = 5 pg/L, for gross alpha= 5 pCi/L, and for gross beta > 20 pCi/L.

bvalues indicated by entries in right-hand columns are greater than 1/25 of the DOE public dose DCG and greater than the minimum standard shown. The minimum
standard is either a DOE DCG for DOE-administered drinking water systems or an EPA drinking water standard.

¢Codes: UF-unfiltered; Ffiltered.

dOne standard deviation radioactivity counting uncertainty.
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Table 5-14. Chemical Quality of Groundwater for 1998 (mg/L )

CO4 Total Hardness Conductance

Station Name Date Code? Sio, Ca Mg K Na CI SO, Alkalinity Alkalinity F PO,P NOyN CN TDS® Tssd asCaCO; pH® (uS/cm)
Regional Aquifer Wells

Test Wells:

Test Well 1 05/28 UF 44 47.4 9.2 22 162 340 22 <5 109 0.42 <0.02 5.27 304 150 156.4 7.7 406

Test Well 1 05/29 UF 0.01

Test Well 3 09/01 UF 82 16.9 5.2 19 119 39 4 <5 80 036 0.02 0.65 <0.01 238 <1 63.5 6.1 175

Test Well 4 09/01 UF 65 10.5 5.6 2.0 99 31 3 <5 64 0.18 0.02 032 <0.01 202 5 49.4 7.6 141

Test Well 8 09/02 UF 71 116 3.9 15 106 36 3 <5 65 0.15 <0.02 028 <0.01 144 <1 45.2 7.4 132

Test Well 8 09/02 UF 70 10.7 37 <10 102 35 3 <5 61 015 0.02 026 <0.01 140 <1 41.9 75 132

Test Well DT-5A 11/05 UF 70 8.2 2.2 <1.0 101 36 3 <5 50 020 0.03 031 <0.01 120 <1 29.6 7.8 111

Test Well DT-9 11/05 UF 69 9.0 24 <10 94 37 3 <5 57 024 0.02 033 <0.01 140 <1 32.6 7.9 116

Test Well DT-10 11/06 UF 64 11.3 33 <10 103 36 3 <5 73 021 0.02 023 <0.01 138 <1 42.0 8.0 131

Water Supply Wells:

O-1 06/08 UF 62 10.9 15 <11 385 6.0 7 <5 108 030 0.03 112 <001 221 <1 33.6 8.7 240

O-1 11/12 UF 69 16.1 23 29 217 67 7 <5 97 0.33 <0.02 111 <001 194 <1 49.8 8.3 211

o4 1112 UF 95 189 6.7 30 158 9.1 6 <5 126 0.27 0.02 033 <0.01 224 1 74.6 7.7 260

PM-1 06/08 UF 83 259 7.0 27 201 60 6 <5 108 021 0.03 049 <0.01 228 <1 93.3 8.3 252

PM-2 06/08 UF 92 9.9 34 15 111 30 3 <5 65 025 0.03 033 <0.01 167 <1 38.8 8.1 126

PM-3 06/08 UF 95 234 7.7 26 173 70 6 <5 109 025 0.03 047 <0.01 234 <1 90.1 7.9 254

PM-4 07/27 UF 90 8.3 29 <10 96 39 3 <5 65 026  0.05 035 <0.01 150 <1 10.3 7.8 140

PM-5 06/08 UF 91 12.6 52 1.3 121 3.0 3 <5 72 0.24 0.03 030 <0.01 176 <1 52.8 8.0 148

G-1 11/11 UF 63 16.3 35 22 103 47 5 <5 80 0.22 <0.02 0.67 <0.01 120 <1 55.2 8.1 169

G-1A 06/08 UF 76 3.0 5 <5 79 047 0.03 044 <0.01 191 <1 8.6 168

G-1A 06/08 UF 7 1.1 11 19 250 30 5 <5 75 046 0.03 043 <0.01 229 <1 324 8.6 168

G-1A 06/08 UF 11.0 14 19 238 331

G-2 06/08 UF 60 13.0 0.9 23 340 30 6 <5 96 091 0.03 043 <0.01 201 <1 36.3 8.3 222

G-5 11/11 UF 63 16.2 35 25 105 438 5 <5 75 0.22 <0.02 0.68 <0.01 126 <1 54.9 8.1 169

G-6 06/08 UF 59 13.7 2.2 14 165 30 4 <5 72 0.27 0.03 044 <0.01 148 <1 433 85 158
Regional Aquifer Springs

White Rock Canyon Group |:

Sandia Spring 09/28 F 50 35.2 22 21 153 51 5 <5 130 0.45 <0.02 0.04 200 97.2 7.7 264

Sandia Spring 09/28 U <0.01

Spring 3A 09/28 F 53 16.6 14 27 127 46 5 <5 66 0.34 <0.02 0.84 142 47.1 7.9 182

Spring 3A 09/28 UF <0.01

Spring 4 09/28 F 69 19.4 4.2 29 127 74 6 <5 87 036  0.03 0.74 192 65.6 7.9 202

Spring 4 09/28 UF <0.01

Spring 4A 09/29 F 70 19.8 43 <20 130 60 6 <5 86 0.38 0.06 0.72 198 67.3 7.8 190

Spring 4A 09/29 UF <0.01 <1

Ancho Spring 09/29 F 7 0.9 02 <10 08 37 3 <5 54 029 003 0.38 162 3.0 75 125
Ancho Spring 09/29 UF <0.01 2
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Table 5-14. Chemical Quality of Groundwater for 1998 (mg/L?) (Cont.)

CO,4 Total Hardness Conductance

Station Name Date Code® SO, Ca Mg K Na ClI SO, Alkalinity Alkalinity F PO,P NOyN CN TDS® TSS! asCaCO; pH®  (uS/cm)
Regional Aquifer Springs (Cont.)

White Rock Canyon Group I1:

Spring 5A 09/29 F 56 229 24 25 247 55 8 <5 110 031 002 030 188 67.3 75 234
Spring 5A 09/29 UF <0.01 44

Spring 6 09/29 F 74 11.9 34 15 100 38 4 <5 63 029 003 037 170 438 7.2 135
Spring 6 09/29 F 54 20.2 2.6 20 135 4.8 6 <5 83 0.31 <0.02 0.48 170 60.9 7.7 182
Spring 6 09/29 UF <0.01 9

Spring 6 09/29 UF <0.01 1,180

Spring 8A 09/29 F 81 8.3 25 <16 109 36 3 <5 53 030 004 024 146 31.0 7.4 112
Spring 8A 09/29 UF <0.01 <1

Spring 9A 09/30 F 75 10.6 3.0 17 109 44 3 <5 59 040 003 011 150 38.6 7.7 127
Spring 9A 09/30 UF <0.01 110

Spring 9B 09/30 F 74 1.0 02 <10 10 40 3 <5 58 039 004 014 164 35 7.2 125
Spring 9B 09/30 UF <0.01 97

Doe Spring 09/30 F 74 10.6 29 <13 107 39 3 <5 57 0.39 <0.02 0.04 144 38.7 8.0 125
Doe Spring 09/30 UF <0.01 4

Spring 10 09/30 F 72 14.0 2.7 1.3 104 37 3 <5 68 039 005 043 166 45.9 7.9 152
Spring 10 09/30 UF <0.01 86

White Rock Canyon Group I11:

Spring 1 09/28 F 34 16.4 1.0 18 295 4.8 7 <5 102 0.45 <0.02 0.39 166 45.1 7.8 219
Spring 1 09/28 UF <0.01 191

Spring 2 09/28 F 35 185 0.9 12 487 46 6 <5 148 111 <0.02 0.04 226 49.8 8.2 289
Spring 2 09/28 UF <0.01 8

White Rock Canyon Group 1V:

LaMesita Spring 09/08 F 30 317 09 <47 261 74 13 <5 125 0.21 <0.02 2.22 198 82.9 8.1 297
LaMesita Spring 09/08 UF <0.01 49

Other Springs:

Sacred Spring 09/08 F 46 26.4 14 24 194 39 7 <5 107 0.38 <0.02 0.28 178 715 7.9 236
Sacred Spring 09/08 UF <0.01 5
Canyon Alluvial Groundwater Systems

Acid/Pueblo Canyons:

APCO-1 09/03 F 81 19.5 52 11.7 684 390 13 <5 155 043 6.32 0.69 354 70.4 6.9 474
APCO-1 09/03 UF 20.0 5.4 120 717 <0.01 2

Cafiada del Buey:

CDBO-6 03/02 UF 0.05

CDBO-6 05/26 F 56 151 33 <10 196 160 8 <5 72 022 018 017 224 51.3 7.3 198
CDBO-6 05/26 UF 0.01 361

CDBO-7 03/02 UF 0.08

CDBO-7 05/26 F 17.8 3.7 21 199 59.8
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Table 5-14. Chemical Quality of Groundwater for 1998 (mg/L#) (Cont.)

CO, Total Hardness Conductance

Station Name Date  CodeP Sio, Ca Mg K Na ClI SO, Alkalinity Alkalinity F PO,&-P NOgyN CN TDS° Tssd asCaCO; pH® (uS/lcm)
Canyon Alluvial Groundwater Systems (Cont.)

DP/L os Alamos Canyons:

LAO-C 11/09 F 39 10.9 2.7 32 257 360 6 <5 51 012 0.04 0.03 140 73 227

LAO-C 11/09 UF 10.8 2.7 33 251 <0.01 5

LAO-0.7 11/09 F 36 12.6 2.7 3.0 340 540 6 <5 45 0.16  0.09 0.10 204 7.4 279

LAO-0.7 11/09 UF 125 25 34 320 <0.01 22

LAO-1 11/09 F 39 121 29 41 257 36.0 6 <5 62 019 006 <0.02 166

LAO-1 11/09 UF 11.9 2.6 32 287 <0.01 <1

DP Spring 09/02 F 18 14.6 1.7 94 334 280 7 <5 74 1.04 0.12 0.34 160 43.3 7.9 260

DP Spring 09/02 UF <0.01 <1

LAO-2 08/31 F 44 18.1 48 58 301 19.0 8 <5 91 051 012 0.65 360 65.0 6.6 278

LAO-2 08/31 UF 184 5.0 6.4 305 <0.01 <1

LAO-3A 08/31 F 57 17.9 3.8 59 274 190 9 <5 82 062 0.15 0.63 318 60.5 7.0 265

LAO-3A 08/31 UF <0.01 <1

LAO-4 11/09 F 44 12.1 29 39 253 207 10 <5 65 049 006 <0.02 168 7.2 223

LAO-4 11/09 UF 12.7 34 48 228 <0.01 <1

LAO-4.5C 05/14 F 43 11.0 31 20 26.0 350 7 <5 46 0.67 <0.02 <0.02 128 40.2 6.9 230

LAO-4.5C 05/14 UF <0.01 9

LAO-6A 05/14 F 44 10.0 3.2 13 270 310 8 <5 45 050 <0.02 0.04 136 381 7.0 222

LAO-6A 05/14 F 44 10.0 3.2 13 270 310 7 <5 51 045 004 <0.02 144 38.1 7.1 218

LAO-6A 05/14 UF <0.01 2

LAO-6A 05/14 UF <0.01 1

Otowi Spring 09/08 F 58 49.4 4.6 26 331 329 21 <5 167 0.41 0.08 115 310 142.6 7.3 471

Otowi Spring 09/08 UF <0.01 5

Mortandad Canyon:

MCO-3 08/20 F 51 64.6 3.2 11.8 101.8 229 25 <5 218 1.08 0.13 35.00 962 176.0 7.4 815

MCO-3 08/20 UF <0.01 <1

MCO-4B 05/27 F 40 29.7 24 133 682 190 16 <5 152 140 0.06 16.20 410 84.1 75 528

MCO-4B 05/27 UF 0.01 8

MCO-5 05/27 F 40 253 2.6 157 687 180 15 <5 159 147 0.08 15.50 418 74.1 7.4 513

MCO-5 05/27 F 43 253 2.7 155 692 180 15 <5 148 149 0.08 1550 368 74.0 7.1 510

MCO-5 05/27 UF 0.01 1

MCO-5 05/27 UF 0.01 1

MCO-6B 05/27 F 38 235 3.9 174 814 180 16 <5 176 1.64 0.13 18.20 366 74.9 7.3 574

MCO-6B 05/27 UF 0.01 14

MCO-7A 05/28 F 41 211 5.1 159 788 140 17 <5 <5 140 033 19.30 514 73.7 16 11,140

MCO-7A 05/28 UF 0.01 19

MCO-7.5 05/28 F 40 20.8 5.0 72 877 180 16 <5 164 152 0.05 1870 450 72.7 6.9 555

MCO-7.5 05/25 UF 0.01
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Table 5-14. Chemical Quality of Groundwater for 1998 (mg/L#) (Cont.)

COg4 Total Hardness Conductance

Station Name Date Code? Sio, Ca Mg K Na ClI SO, Alkalinity Alkalinity F PO,&P NOgN CN TDS® TSs? as CaCO; pH® (uS/cm)
Canyon Alluvial Groundwater Systems (Cont.)

Mortandad Canyon: (Cont.)

MT-3 09/04 F 37 20.5 5.1 81 911 180 16 <5 169 166 0.10 20.00 404 72.2 75 561
MT-3 09/04 UF 21.0 5.2 87 944 <0.01

MT-4 05/14 F 43 18.0 42 26 980 180 16 <5 160 095 009 19.30 202 62.2 7.2 565
MT-4 05/14 UF <0.01 4

Pajarito Canyon:

PCO-1 04/30 F 35 13.0 3.8 31 170 240 8 <5 58 009 004 0.08 130 48.1 6.7 216
PCO-1 04/30 UF <0.01 2

PCO-3 05/13 F 43 2100 440 2.0 2100 3820 11 11 640 0.38 <0.02 0.03 1,450 705.6 7.4 2,250
PCO-3 05/13 UF <0.01 6

Intermediate Perched Groundwater Systems

Pueblo/L os Alamos/Sandia Canyon Area Perched System in Conglomer ates and Basalt:

Test Well 1A 05/29 UF 4 15.9 5.2 38 488 530 7 <5 91 063 046 <0.02 0.01 170 9 60.9 8.0 372
Test Well 2A 09/01 UF 27 31.8 5.7 23 169 600 7 <5 57 020 0.08 0.40 <0.01 740 45 102.8 5.7 341
Basalt Spring 06/04 F 61 237 5.8 74 522 460 30 <5 121 040 267 4.78 312 83.0 7.2 450
Basalt Spring 06/04 UF <0.01 9

Perched Groundwater System in Volcanics:

Water Canyon Gallery 07/27 UF 90 2.6 09 <13 29 39 3 <5 64 025 0.03 033 <0.01 160 <1 32.6 7.6 138
San Ildefonso Pueblo:

LA-5 08/05 F 43 19.3 08 <22 152 40 6 <5 71 044  0.02 0.60 139 51.0 7.3 170
LA-5 08/05 UF <0.01 <1

Eastside Artesian Well 08/05 F 1 2.8 02 <10 899 47 14 35 194 082 002 0.02 221 7.8 9.1 386
Eastside Artesian Well 08/05 UF <0.01 <1

Pajarito Well (Pump 1) 06/04 F 42 53.9 52 4.1 3038 1990 49 <5 544 041 <0.02 0.43 984 156.2 7.7 1,690
Pajarito Well (Pump 1) 06/04 UF <0.01 17

Don Juan Playhouse Well 08/05 F 26 232 23 18 496 68 18 <5 149 051 0.02 1.16 228 67.0 8.6 339
Don Juan Playhouse Well 08/05 UF <0.01 1

Otowi House Well 08/05 F 58 72.0 55 <41 463 534 32 <5 212 034 003 1.95 409 202.0 7.3 608
Otowi House Well 08/05 UF <0.01 <1

New Community Well 06/04 F 30 15.9 09 <80 792 100 41 <5 181 0.74  0.03 3.07 286 43.6 8.7 446
New Community Well 06/04 UF <0.01 3

Sanchez House Well 08/05 F 42 37.9 2.6 22 1099 590 61 <5 206 1.08 0.03 112 1,275 105.0 8.0 695
Sanchez House Well 08/05 UF <0.01 <1
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Table 5-14. Chemical Quality of Groundwater for 1998 (mg/L ) (Cont.)

CO,4 Total Hardness Conductance
Station Name Date Codé® SO, Ca Mg K Na ClI SO, Alkalinity Alkalinity F PO,P NOyN CN TDS® TSS! asCaCO, pH®  (uS/cm)
Water Quality Standards®
EPA Primary Drinking Water Standard 500 4 10 0.2
EPA Secondary Drinking Water Standard 250 250 500 6.8-8.5
EPA Health Advisory 20
NMWQCC Groundwater Limit 250 600 1.6 10 0.2 1,000 6-9

aExcept where noted.

bCodes: UF-unfiltered; F-filtered.
CTotal dissolved solids.

dTotal suspended solids.
€Standard units.

f Less than symbol (<) means measurement was below the specified limit of detection of the analytical method.

9Standards given here for comparison only, see Appendix A.
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Table 5-15. Trace Metalsin Groundwater for 1998 (ug/L)

Station Name Date F/UF2 Ag Al As B Ba Be Cd Co Cr Cu Fe Hg
Regional Aquifer Wells
Test Wells:
Test Well 1 05/28 UF <10P 612 <2 62 87 <3 <7 <8 <7 <10 1902 <02
Test Well 3 09/01 UF <10 <50 2 a7 26 <3 <7 <8 <7 <10 384 <02
Test Well 4 09/01 UF <10 85 <2 <20 63 <3 <7 <8 <7 31 1,520 <0.2
Test Well 8 09/02 UF <10 <50 <2 33 8 <3 <7 <8 <7 <10 117 <0.2
Test Well 8 09/02 UF <10 <50 <2 25 8 <3 <7 <8 <7 <10 135  <0.2
Test Well DT-5A 11/05 UF <10 <50 2 29 22 <3 <7 <8 <7 <10 <40 <0.2
Test Well DT-9 11/05 UF <10 <50 <2 <20 15 <3 <7 <8 <7 <10 <40 <0.2
Test Well DT-10 11/06 UF 25 <50 <2 20 7 <3 <7 <8 <7 <10 <40 <0.2
Water Supply Wells:
0-1 06/08 UF <10 <50 <2 42 20 <3 <7 <8 7 <10 55 <02
O-1 11/12 UF <10 <50 <20 34 <3 <7 <8 <7 27 <40
04 11/12 UF <10 <50 <20 38 <3 <7 <8 <7 144 63
PM-1 06/08 UF <10 54 <2 42 79 <3 <7 <8 <7 <10 <40 <0.2
PM-2 06/08 UF <10 74 <2 <20 32 <3 <7 <8 7 <10 <40 <0.2
PM-3 06/08 UF <10 <50 <2 49 50 <3 <7 <8 <7 <10 <40 <0.2
PM-4 07/27 UF <10 <50 <20 21 <3 <7 <8 <7 <10 <40
PM-5 06/08 UF <10 <50 <2 20 31 <3 <7 <8 <7 <10 <40 <0.2
G-1 1111 UF <10 <50 <20 13 <3 <7 <8 <7 <10 <40
G-1A 06/08 UF <10 <50 8 29 37 <3 <7 <8 8 <10 <40 <0.2
G-1A 06/08 UF <10 <50 8 28 36 <3 <7 <8 9 <10 <40 <0.2
G-2 06/08 UF <10 <50 52 44 28 <3 <7 <8 16 <10 <40 <0.2
G-5 1111 UF <10 <50 <20 14 <3 <3 <30 <7 <10 <40
G-6 06/08 UF <10 <50 3 <20 10 <3 <7 <8 <7 <10 <40 <0.2
Regional Aquifer Springs
White Rock Canyon Group I:
Sandia Spring 09/28 F <10 <50 41 126 <3 <7 <8 <7 <10 <40
Spring 3A 09/28 F <10 <50 <2 33 30 <3 <7 <8 <7 <10 102
Spring 3A 09/28 UF <0.2
Spring 4 09/28 F <10 <50 <2 28 45 <3 <7 <8 <7 <10 <40
Spring 4 09/28 UF <0.2
Spring 4A 09/29 F <10 <50 28 40 <3 <7 <8 <7 <10 <40
Ancho Spring 09/29 F <10 <50 <20 1 <3 <7 <8 <7 <10 <40
White Rock Canyon Group I1:
Spring 5A 09/29 F <10 <50 39 35 <3 <7 <8 <7 <10 <40
Spring 6 09/29 F <10 <50 21 25 <3 <7 <8 <7 <10 <40
Spring 6 09/29 F <10 <50 22 41 <3 <7 <8 <7 <10 <40
Spring 8A 09/29 F <10 <50 22 17 <3 <7 <8 <7 <10 <40
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Table 5-15. Trace Metalsin Groundwater for 1998 (ug/L) (Cont.)

Station Name Date F/UF& Ag Al As B Ba Be Cd Co Cr Cu Fe Hg
Regional Aquifer Springs (Cont.)
White Rock Canyon Group I: (Cont.)
Spring 9A 09/30 F <10 <50 27 12 <3 <7 <8 <7 <10 <40
Spring 9B 09/30 F <10 <50 <20 <1 <3 <7 <8 <7 <10 <40
Doe Spring 09/30 F <10 <50 23 12 <3 <7 <8 <7 <10 <40
Spring 10 09/30 F <10 <50 28 17 <3 <7 <8 <7 <10 <40
White Rock Canyon Group I11:
Spring 1 09/28 F <10 <50 41 32 <8 <7 <8 <7 <10 <40
Spring 2 09/28 F <10 79 28 66 32 <3 <7 <8 <7 <10 53
Spring 2 09/28 UF <0.2
White Rock Canyon Group | V:
LaMesita Spring 09/08 F
Other Springs:
Sacred Spring 09/08 F
Canyon Alluvial Groundwater Systems
Acid/Pueblo Canyons:
APCO-1 09/03 F <10 <50 7 273 45 <3 <7 <8 <7 <10 455
APCO-1 09/03 UF <10 <50 7 290 57 <8 <7 <8 <7 <10 735  <0.2
Cafiada del Buey:
CDBO-6 05/26 F <10 1,201 <2 48 89 <3 <7 <8 <7 <10 677
CDBO-6 05/26 UF <10 24,145 6 47 208 4 <7 <8 12 <10 11,483 <0.2
CDBO-7 05/26 F <10 76 <2 50 123 <3 <7 <8 <7 <10 1,465
CDBO-7 05/26 UF <10 93,840 28 55 3132 18 <7 21 39 24 62970 <02
DP/L osAlamos Canyons:
LAO-C 11/09 F <10 1,906 <2 <20 44 <3 <7 <8 <7 <10 557
LAO-C 11/09 UF <10 2,308 2 <20 45 <3 <7 <8 <7 <10 783 <02
LAO-0.7 11/09 F <10 1,627 2 <20 49 <3 <7 <8 <7 13 318
LAO-0.7 11/09 UF <10 <50 2 <20 31 <8 <7 <8 <7 <10 <40 <02
LAO-1 11/09 F <10 1,346 <2 <20 39 <3 <7 <8 8 <10 223
LAO-1 11/09 UF <10 1,630 <2 <20 34 <3 <7 <8 12 <10 303 <02
DP Spring 09/02 F <10 272 2 43 41 <3 <7 <8 <7 <10 177
DP Spring 09/02 UF <0.2
LAO-2 08/31 F <10 495 <2 59 53 <3 <7 <8 <7 <10 250
LAO-2 08/31 UF <10 423 2 58 56 <3 <7 <8 <7 <10 282 <0.2
LAO-3A 08/31 F <10 250 2 60 49 <3 <7 <8 <7 <10 112
LAO-3A 08/31 UF <10 394 2 47 54 <3 <7 <8 <7 <10 187 <0.2
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Table 5-15. Trace Metalsin Groundwater for 1998 (ug/L) (Cont.)

Station Name Date F/UF2 Ag Al As B Ba Be Cd Co Cr Cu Fe Hg

Canyon Alluvial Groundwater Systems (Cont.)
DP/LosAlamos Canyons: (Cont.)
LAO-4 11/09 F <10 1,276 2 <20 41 <3 <7 <8 8 <10 181
LAO-4 11/09 UF <10 600 <2 <20 41 <3 <7 <8 <7 <10 <40 <0.2
LAO-4.5C 05/14 F <10 270 <2 <20 35 <3 <7 <8 8 <10 54
LAO-4.5C 05/14 UF <10 1,200 <2 <20 39 <3 <7 <8 12 <10 420 <0.2
LAO-6A 05/14 F <10 1,400 <2 35 31 <3 <7 <8 7 <10 530
LAO-6A 05/14 F <10 1,400 <2 35 31 <3 <7 <8 7 <10 530
LAO-6A 05/14 UF <10 1,800 <2 24 33 <3 <7 <8 9 <10 690 <0.2
LAO-6A 05/14 UF <10 1,900 <2 30 32 <3 <7 <8 9 <10 710 <0.2
Otowi Spring 09/08 F <10 <50 3 57 144 <3 <7 <8 <7 <10 <40
Otowi Spring 09/08 UF <0.2
Mortandad Canyon:
MCO-3 08/20 F <10 387 <2 170 65 <3 <7 <8 <7 15 <40
MCO-3 08/20 UF <10 359 <2 173 65 <3 <7 <8 <7 18 <40 <0.2
MCO-4B 05/27 F <10 <50 <2 64 87 <3 <7 <8 <7 <10 <40
MCO-4B 05/27 UF <10 305 <2 69 88 <3 <7 <8 <7 <10 176 <0.2
MCO-5 05/27 F <10 61 <2 7 87 <3 <7 <8 <7 <10 <40
MCO-5 05/27 F <10 56 <2 66 88 <3 <7 <8 <