Buckman Direct Diversion Project

Preliminary Draft Report

October 15, 2010

Prepared for the
Buckman Direct Diversion Project Board
by ChemRisk, LLC
with AMEC Earth and Environmental

nRisk amec”



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

This material is based upon work supported by the Department of Energy under Award Number
Award Number: 52-09NA2959.

Disclaimer: This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or 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 United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

TABLE OF CONTENTS

1.0 INTRODUGCTION ... oottt ettt ettt ettt et e et eteeaeesteseeseensesseensessesstensasseensenseensensenneensas 1-1
1.1 The Buckman Direct Diversion PIOJECt .......cceeciiiiiiiniiiniieiieiniecsiee sttt e st sseeeesereesbeessiee e 1-1
1.2 The Setting of Santa Fe and the Buckman Diversion SyStem .........ccccceercieeirieeniieeniieenseesnieesieessieeens 1-1
1.3 Initiation of the Independent Peer REVIEW ......cccvivviiiiiiiniier ittt sttt sve e s 1-1
1.4 The Goals of the Independent PEer REVIEW ........ccoviiiiiiiiiiiiiiiiiiieeniee sttt siee s 1-3
1.5 The Independent Peer REVIEW TEAM.....c..ccuerieiiiriirieriinieeieeiesie ettt et s s 1-4
1.5.1  CHEemRISK, LLC ...oiiiiiieeeieeee ettt ettt e e e e e et e e e e e s e sseanaaaeeeeeessssnnanaeeeeeas 1-4
1.5.2  AMEC Earth and Environmental............cccccoeiiiiiiiiiinieiienieeeeie et 1-6

1.6 Tasks Assigned to the IPR TeaM......ccceiiiiiiiiiiieeeeeeeeee ettt 1-6
1.6.1 Interactions with the BDD Board, Project Manager, and Project Staff..............c...ccccoeee. 1-6
1.6.2 Review of BDD Public Communication Materials ..........cccccooeeeerinirienenieenenceeseeene 1-7
1.6.3  Identification and Gathering of Relevant Information...........c..coceecevinienininiininiencnennns 1-8
1.6.4  Analysis and Synthesis of Relevant Information............ccccceeeeiiiiiiiiniee e 1-8
1.6.5 Analysis of Human Exposures and Health RiSKS ..........ccecvviiiiiviiinienieieieceece e, 1-9
1.6.6  Preparation and Refinement of Project Deliverables............coccovireereninienininieeeenee, 1-10
1.6.7  Public Meeting Planning, Conduct, and FOIlow-Up.......c.cccceevieniniinininiiininieicneneeee 1-11

2.0 IDENTIFICATION AND GATHERING OF RELEVANT INFORMATION .......ccccoocvvieieieinienene 2-1
2.1 Identification of Relevant INformation SOUICES ........ceeuerviriiiriiiriiieieeseeneesiee e seeste e eeeeneeens 2-1
2.1.1  Reports ISSUed DY LANL .....ccciioiieiieiiecieeie ettt ettt s sere e ese e eseessaessaessnesnneas 2-1
2.1.2  The RACER NM Database.........cccceerieeriieriieniieeieeieeieeieeieesieesteesieesieesnsesseeseeseenseesseessnens 2-2
2.1.3  The LANL Water Quality Database ...........ccccueeriieiiieiciiieiieeeieeeiee et ereeeieeeseveeeveeeene e 2-3
2.1.4  Reports Issued by NMED — Surface Water Quality Bureau............ccoceevvvervencrincieenieeieennen, 2-3
2.1.5 Reports Issued by NMED — Department of Energy Oversight Bureau...............cccceeeeennen. 2-4
2.1.6  Reports of Sampling Conducted by the Santa Fe — Sangre De Cristo Water Division ........ 2-4
2.1.7  Information from Concerned Citizens for Nuclear Safety and Other Activist Groups......... 2-4

2.2 Review, Evaluation and Cross-Checking of Data SOUICES.........ccocererieiireeiieninieieneseeie e 2-6
2.2.1 Data Sets Used in the Independent Peer REVIEW ..........ccceeiieiiiiiieniiniiiieecee e, 2-6
2.2.2  Comparison of Available Data Between LANL WQDB and RACER.............ccceeeviinnnnnn. 2-8

3.0 IDENTIFICATION AND CHARACTERIZATION OF THE CONSTITUENTS OF INTEREST...3-1
3.1 Identification of the Constituents Of INTEIEST .......ccevverieriiriierienie et 3-1
3.1.1  RadionuClide COIS.....coouiiuiiiiiiiieiesi ettt sttt sttt ettt nbe e 3-1
3.1.2  Chemical COIS. ..ottt ettt sttt ettt e sbee st e st eenbe e bt ebe e st e sseessnesnnesnseens 3-3
3.1.3  Pharmaceuticals and Personal Care Products ............ccccoeeeoieiiiieninieieeceee e 3-6
3.1.4  Endocrine Disrupting COmMPOUNAS..........ccveriirreerieeriireiieeieeseesteeseesresseeseesseesseessesssnesssenns 3-6
3.1.5 How Prevalent are Pharmaceuticals in the Rio Grande? .............ccccoeeeevieiieninniininnieeenns 3-7
3.1.6  Should Water Users be Concerned about PPCPs in the Rio Grande? .............ccocceveiriinins 3-7
3.1.7  COls that are Classified as Endocrine Disrupting Compounds...........cccceeeveeveereenvenneanens 3-8

3.2 Characterization of Concentrations of the Contaminants of Interest in Santa Fe Tap Water.............. 3-8
3.2.1 Recent Measurements in the Rio Grande ............ccooceeviieniinienieniecieeeeeeeeee e 3-8
3.2.2 Recent Measurements in the Rio Grande, Taking into Account Postulated Removal of Some
Contaminants by the BDD Water Treatment SYSteM..........cccvevvervvereerrenvenvenveasneaneens 3-14

3.2.3  Recent Measurements in Water from the Buckman Well Field ...........c.cccccooininninnne. 3-15

3.3 Drinking Water Regulations and Other GUIdelines..........cccceereeriiiiiniiiiienieeie e 3-25
3.3.1 USEPA Drinking Water Standards............cccceeevireriiieeiieeiiiecieeecieeesveeeiee e esreeevveesevee s 3-25
3.3.2  New Mexico Drinking Water Standards............cccccveeveriieecrieriienieneesee e e ene e eseee s 3-26
3.3.3  Other Drinking Water Criteria.........ccerevereirerieerieerieeriesiesreereeseesseesseesseesssessessseessesssessses 3-26



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

3.4 Comparison of COIs to Drinking Water CrIteria .......ccceervuerrrveeriieeriieeerieeenieesreessieeeseneesseessseesneees 3-29
3.5 New Mexico Surface Water QUALILY ......ceevvieiiriiiiiiieiiiieiiieesieesitesiteesire s sveessieeesaaeesreesbeessareesavee s 3-32
3.6 Characterization of SOurces of the COIS ......c..civiiiiiiiiiiiiieeeee e 3-33
3.6.1 Sources of COIs in the Rio Grande ..........c.ccooeeieriiiiiiiiniiieee e 3-33
3.6.1.1 Naturally Occurring MaterialS ..........cceeveerienienieeieeieesieeeeeesee st 3-33
3.6.1.2 Fallout from Above-Ground Nuclear Testing..........ccccceveeeeereriienieeecieeerreeenne 3-33
3.6.13 COI Sources at LANL .....coooiiiiiiieeeitenteec ettt 3-38
3.6.14 COI Sources from Urban Area and FOTests ..........coceviririininienenieenencee 3-39
3.6.2 Comparisons of Upriver versus Downriver COI concentrations...........ccceeeveeerveeenveesnnennn 3-39
3.6.2.1 Data EValuation........ccooeeieiieiieeieeee ettt 3-39
3.6.2.2. Statistical MeEthodS ......ccuiiuieiiiiiieieee ettt 3-44
3.6.2.3 RESUILS. ..ttt et et ettt st et e as 3-44
3.6.3  Analyses of COI Compositions or ISOtopic Ratios.........ccccuveeviiiiiieeciiienieecieeeee e 3-48
4.0 REVIEW OF PLUTONIUM DISCHARGE TO AND LOSS FROM LANL CANYONS: 1943 TO
PRESENT ...ttt ettt ettt ettt et b e et et e s st esbesseessanseessensesseensesseessanseeseessensenssaneas 4-1
4.1 Plutonium Inventory in SEAIMENLS ........cccueriuiriiiiiiieeereeseeseese ettt esbeesbeesaeesaeeeas 4-1
4.2 Select History Of INVEStIZAtIONS. ...cccueirtiiiiiiiiiiiete ettt st st st sttt b e et e see e 4-1
4.3 Significant Assumptions in Early WOrK.........ccooiiiiiiiiiiiiii ettt 4-2
4.3.1  Only Sediments Smaller than 0.0625 mm are Rapidly Transported as Suspended Flow.....4-3
4.3.2 Canyon Bedload Sediments are Coarse Sediment Particles Greater than 0.0625 mm that
Merge with the Slowly Transportable Rio Grande Bedload. ...........cccoovieiiiniiniinirene 4-5
4.3.3 The Highest Plutonium Concentrations are Found in Fine Sediments, But Coarse Sediments
Hold the Majority of the Inventory of PIUutonium............cccceevvievierciinciieiieieneesee e 4-6
4.3.4 A Few Large Storms are Responsible for Most of the Sediment Transport in the Los Alamos
Canyon WaterSREd..........cooiiiiiiiiiie ettt be e s e e tr e e eae e e beeeseaeeenreas 4-6
4.3.5 All Sediment Contributions to Suspended and Bedload Sediment Transport Come from
Within the Canyon Channels. ...........ccecierieriinieiieieereesee et ee e seesaessaeeneens 4-7
4.4 SUIMIMATY ..eveiiieiieet ettt ettt et et s aee s aeesaa e san e s an e e ar e e n e e r e e e e e ss e e s b e esseesseesmeesseesmeesan sreenneesneens 4-7
5.0 HUMAN HEALTH RISK ASSESSMENT .....coooieiiriiiieienieeteteeteeeie et sae e s sseesaesseenneneas 5-1
5.1 EXPOSUIE ASSESSITENL ....eeurierriieiitieriie ittt ettt esietesreessbeeesseeesabeesareeesseeessseesaseesaseeesareesareesareeesneeesaneesanes 5-1
5.1.1  Identification of Relevant Exposure Pathways- Chemicals...........ccccoeevierieneeneenrenneanens 5-1
5.1.2  Identification of Relevant Exposure Pathways- Radionuclides........cccceeeeeriininienienenieenenenens 5-4
5.1.3  Identification of Relevant Exposure Populations for Chemicals..........cccccocervienineenenencnne 5-5
5.1.4  Exposure Populations for Radionuclides..........cccocueriiiriiieniiiieniiiiecieeeeeee et 5-5
5.1.5 Estimation of Exposure Point Concentrations (EPCS).........cccccveveiiieciiiniiieiiieeieeciee e 5-6
5.1.6  Equations and Factors for Quantification of EXpOSUIES ..........cccceceruirrienencrienenceieseeene 5-7
5.1.6.1 Ingestion Exposure Pathways-- Ingestion of Tap Water .........ccccceveevviercrennnne 5-11
5.1.6.2 Ingestion of Home or Locally-Grown Produce ..........cccceecvvieviieniienieeeieeenee. 5-12
5.1.6.3 Dermal Exposure Pathways-- Dermal Absorption While Hand Washing........ 5-14
5.1.6.4 Dermal Absorption While Bathing ...........cccoocieviieniiiiiiiecieieeeeesee e 5-16
5.1.6.5 Dermal Absorption While Swimming or Using a Hot Tub ..........c.cccvvvenneennee. 5-17
5.1.6.6 Inhalation Exposure Pathways-- Inhalation While Bathing................ccccevvnnnn. 5-18
5.1.6.7 Inhalation While Swimming or Using a Hot Tub..........cccecovvvvenienienieniees 5-19
5.2 Risk Characterization for ChemiCalS...........ceiiiiiiiiiiiiiiie ettt ettt st s 5-20
5.2.1 Non-Carcinogenic Hazard Evaluation .............ccocoverviiiiiiinininiininieseececseeeeeee 5-20
5.2.2  Carcinogenic RiSk EVAlUAtION .......c.cccviiiiiiiiiiciicic ettt 5-21
5.3 Lead EVAlUALION...c..ciiiiiiiiiiiieeie ettt ettt ettt s st st st st et e et e et e e s beesbeesbeesaeesatesntesarenaren oo 5-22
5.3.1  Lead EXPOSUIE ASSESSIMENL ....c.eevierirereieriieeieeieeieesseesssesseaseesseesseesseesssesssessessseessesssesnsns 5-22
5.3.2  TOXICILY ASSESSIMENL ..c.ueieueietiestiertierteeetteeteeteesteesteesseesnseanseeseeseesseesseesnseenseeseesseesseesneenses 5-24
5.3.3  RiSk CharacteriZation........ceceereereerienienie ettt ettt ettt st e sbeesae e st e satesabesbeebeesbeenbeeseeen 5-25

il



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

5.4 Characterization of Human Health Risks from Radionuclide EXposures .........c.ccoocveeviiincieencernnnenn 5-27
5.4.1 Direct Ingestion of Tap Water or Food Prepared with Tap Water..........cccceceevvevienvennnnnn. 5-28
5.4.2 Ingestion of Vegetables Grown Using Tap Water.........ccoeevveerveriierienienieeieenieesee e 5-28
5.4.3 Estimation of Committed Dose from Intake of Radionuclides in Tap Water..................... 5-34
5.4.4 Inhalation of Radionuclides from Tap Water ..........ccceeevereriecrieriienierie e 5-35
5.4.5 Direct Exposure to Radiation from Swimming or Bathing in Tap Water ...............c.......... 5-35

5.5 The State of Knowledge Regarding Potential Effects of Exposure to Multiple Contaminants......... 5-37

5.6 Susceptible SUDPOPUIALIONS........ceeeriirireeieiirieeeere ettt ee e s nesre b enenre s 5-38

5.7 Duration and Frequency of EXPOSUIE........cccciiiiiiiiiiiiii ettt 5-39

5.8 Results of the Human Health RiSk ASSESSMENL.........cccveiieieriiiieiieeciee e esee e e e e e e 5-40
5.8.1 Health Risk Assessment Results for Chemicals ..........coccoevieiieriiniiniiiieeecece 5-41
5.8.2  Health Risk Assessment Results for Radionuclides .........ccccooeeiiiinienininieiieeceee, 5-42
5.8.3  Combined Risks for Chemicals and Radionuclides..........cc.cccceeeieninienininneniiieenceenee, 5-49

6.0 POTENTIAL FUTURE IMPACTS ON THE RIO GRANDE FROM CHEMICALS AND

RADIONUCLIDES IN LANL SEDIMENTS AND GROUND WATER .........ccceevvivienieenns 6-50

LT B O X s 1= SRS 6-50

6.2 Contaminant Migration Vectors at LANL ......c.ccocceviiiiieiininieierenee e 6-51
6.2.1  SUITACE WALET VECIOT ...veiuiiiiiiieieitietete ettt ettt et sttt e ee et nbe s 6-51
6.2.3  GroUNAWatEr VECIOT .....occviiiiiieiiiieciieectie et e et e et e e e te e e e e e e beeeteeeseseeenseeesseesareeesseesavenas 6-53

6.3 Contaminant Locations at LANL ........cociiiiiiiiiiiiiiiieee ettt s 6-56
6.3.1  Surface Water Contamination.........c..ceveerieriernieeniieneente et siee sttt e b e sbee e 6-56
6.3.2  Groundwater CONtAMINATION. ...c..cerutrteeteteeiteteeteete st et stesteete sttt eeesbeebesbeeseebesseeneenaeenees 6-60

6.4 Contaminant Transport to the Rio Grande - Sediment Transport VEctor........c.ccoververereneenreneeeenn 6-63
6.4.1 Surface Water Contaminants and CONCEeNtrations .............ceeeeveeerveeecreeeseeenireeesreeenveesneeas 6-66
6.4.2 LANL Storm Flow Sampling at E110 .........cccooviiiiiiiiieiecieseece e 6-67
6.4.3  NMED Plutonium FIux Measurements .............cccceveereererienienieienienceniesieeeesie e sneenees 6-68
6.4.4  Contaminant Discharge Calculation - Surface Water...........cccceceevinievininenincnicncnenee, 6-74

6.5 Contaminant Transport to the Rio Grande - Groundwater Transport Vector........c.ccovvveevvenrireenenn. 6-76
6.5.1 Rio Grande Base Flow and Groundwater Discharge Estimates .........c.cccccceeeveevieeecneennnnn. 6-77
6.5.2  Contaminants and CONCENITAIONS ......cc.eeueruirtirieriirtieierteetete ettt este st eeesbe e eesaeenees 6-78
6.5.3 Travel-Time for Contaminated GroundwWater .............ccceeevviieiieeiieeeeiieeeie e 6-78
6.5.4 Contaminant Discharge Calculation— Groundwater.............c.cceevveercrieerieenieenreeeeveeenens 6-79

7.0 DISCUSSION AND CONCLUSIONS ...ttt sttt ettt sttt st e e s eneeneeseeeneas 7-1

7.1 Identification and Gathering of Relevant Information ...........cccceeeveriienininienininiesc e 7-1

7.2 Identification and Characterization 0f the COIS........cccuevviiriiiriiiiiinieeieeie e 7-1

7.3 Comparison of COlIs at the Buckman Locations to Drinking Water Criteria...........ccccevvereeverieneennens 7-2

7.4 Characterization of SOUrces 0f the COILS ......ccceiiiiiiiiiiieie e 7-3

7.5 Review of Plutonium Discharge to and Loss from LANL Canyons: 1943 to Present...........c.cceeueuee 7-5

7.6 Human Health RiSk ASSESSIMENT .....cocuiiiiiiiiiiiiiieie ettt sttt st sttt e be b 7-6
7.6.1 Theoretical Cancer Risks Associated with COI Levels Recently Measured in Untreated and

Unfiltered Water in the Grande ............coocoveereriiienieieee s 7-6

7.6.2  Non-Cancer Risk from Chemical COIs Using Recent Measurements in the Rio Grande..7-10
7.6.3  Theoretical Cancer Risks Following 95% Removal of the Plutonium, Americium, Uranium,

and Gross Alpha-emitting RadioactiVity .........cccvuieriiiiiiiiriieciee et 7-11
7.6.4  Theoretical Radionuclide Cancer Risks Based On Recent Measurements Of Gross Alpha

Activity And Dissolved Uranium In Buckman Well Water.............c.ccoeeveiiiiiencenennnen. 7-12
7.6.5 Comparison of Theoretical COI Risks to Risks of Everyday Activities..........cccceeeveennennn 7-13
7.6.6  Comparison of Radionuclide COI “Effective Doses” to Radiation Doses from Everyday

ALCTIVIEIES vttt ettt ettt e h et s bt e e st e e bt et ebe e st e bt eae et e e bt et e sbeententens 7-14
7.6.7  Pharmaceuticals, Personal Care Products, and Endocrine Disrupting Compounds............ 7-16

il



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

7.8 Potential Future Impacts on Santa Fe Tap Water Quality from Contaminants Associated with LANL

Sediments and GroUnd WAl ..........ceeeiiiiiiieiiiee e ecteeeieeesteeestreesreeebeeetaeessbeesteesbaeessseesaseean 7-17

7.8.1  Contaminated Sediment Transport Pathways..........cccceecuveeiieiienienienie e 7-17
7.8.2  Contaminated Groundwater Transport Pathways ........c.ccccceeeeiiieciienciieiciecceecee e 7-17

7.9 Overall Conclusions of the BDD IPR ......ccccoooiiiiiiiiiiiiieeeeeeeesee ettt 7-18
8.0 REFERENCES ...ttt ettt ettt et e e st e et et e e et et e s st e ntensesneentesseeneenseeneenes 8-19

iv



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

1.0 INTRODUCTION
1.1 THE BUCKMAN DIRECT DIVERSION PROJECT

The Buckman Direct Diversion (BDD) is a regional water supply project co-owned by the City
of Santa Fe and Santa Fe County, and is one of the largest and most complex non-federal
infrastructure projects ever built in Santa Fe County, New Mexico.'". It diverts water from the
Rio Grande to an advanced drinking water treatment plant located southwest of Santa Fe. The
water treatment plant will provide up to 60 percent of the annual water supply for more than
100,000 residents of Santa Fe County, and deliver as much as 15 million gallons per day of
treated drinking water. Components of the BDD system include a diversion structure on the Rio
Grande, a sand removal facility, two raw water booster stations, two treated water pump stations,
and 25 miles of pipelines for raw and finished water.

1.2 THE SETTING OF SANTA FE AND THE BUCKMAN DIVERSION SYSTEM

Santa Fe, the capital of New Mexico and the seat of Santa Fe County, is located about 55 miles
northeast of Albuquerque in the north central portion of the state. The setting of the BDD system
is depicted in Figure 1-1. Water for the BDD system is taken from the Rio Grande at a point on
the river’s left descending (eastern) bank about 11 miles northwest of the Santa Fe city limits and
about 3.5 miles downstream from where New Mexico Route 502 crosses the river at Otowi
Bridge. The BDD diversion structure is located about 3 miles east of Los Alamos National
Laboratory (LANL), which occupies about 36 square miles of property on the Pajarito Plateau,
on the western side of the river, and has operated (under various names) since 1943.

1.3 INITIATION OF THE INDEPENDENT PEER REVIEW

In February of 2002, a formal agreement became effective between the U.S. Forestry Service
(USFS), the U.S. Bureau of Land Management (BLM), the U.S. Bureau of Reclamation, and
three applicants proposing to build the BDD.” The applicants were the City of Santa Fe, Santa
Fe County, and Las Campanas — an unincorporated, master-planned community located between
Santa Fe and the BDD diversion point (see Figure 1). Three years later, in 2007, the Final
Environmental Impact Statement (FEIS) for the BDD Project was issued. In February of 2008,
the U.S. Forest Service and the U.S. Bureau of Land Management approved the BDD as the
selected alternative by way of publishing a Record of Decision (ROD).®)  After the ROD was
announced, individuals and groups were given 30 to 45 days to appeal the decision to the various
federal agencies.

1-1



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

Figure 1-1: The setting of the BDD project
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The New Mexico Environmental Law Center filed appeals on behalf of Concerned Citizens for
Nuclear Safety (CCNS) and Amigos Bravos. The appeals argued that CCNS and Amigos
Bravos had commented on the draft FEIS, stating that the BLM and USFS "failed to adequately
evaluate or even consider any of the adverse environmental impacts that could foreseeably result
if radionuclides or other water and soil contaminants emanating from the Los Alamos National
Laboratory (LANL) were to migrate into the Rio Grande and enter the Buckman Diversion
Project."™ BLM and the USFS had reportedly responded to those comments "with minimal
discussion," stating that the impact of such contaminant migration on water quality was
"considered speculative." In early May of 2008, the U.S. Forest Service affirmed its ROD for
the FEIS on the BDD project.” This action signaled that the Forest Service had reviewed all

issues raised in the appeals and had determined that the ROD and FEIS had already sufficiently
addressed those issues.

The BDD Board voted unanimously during their October 4, 2007 meeting to request that DOE
and LANL fund and implement a number of actions or specific programs to protect public water

supplies. In a November 1, 2007 letter to DOE and LANL environmental officials, the Chair of
the BDD Board presented the following six requests of LANL:©

1-2
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1. Stop migration of LANL contaminants to the Rio Grande and to groundwater.

2. Properly monitor the transport of legacy contaminants (contaminants from the 1940s-
1960s) in both the surface water and groundwater flow systems.

3. Measure the radioactive and toxic contamination of buried sediments containing higher
concentrations of post World War II LANL legacy contaminants now buried in the
slough (side channel) upstream of the BDD diversion site.

4. Provide an early notification system so the BDD can temporarily stop diversions of any
water from the Rio Grande when the Rio Grande is expected to contain elevated levels of
contaminants of LANL origin.

5. Monitor the mass of any LANL-origin contaminants diverted with BDD raw water
supplies and account for that mass in water treatment plant residuals and treated drinking
water.

6. Provide funding for the BDD Board to retain independent peer review by qualified
persons with regard to matters of LANL-origin contamination of the public drinking
water resources of Santa Fe County and the City of Santa Fe.

Following the identification of those requests to LANL, and at the request of Water Quality
Town Hall participants in 2008, the BDD sought funding from the DOE for an independent
peer reviewer. A $200,000 federal grant was received from the DOE in the fall of 2009. A
request for proposals was published on July 17, 2009 and responses were due on September 16,
2009. Responses were reviewed by a panel that included one public member and was appointed
by the BDD Project Board. On November, Sth, 2009, the BDD Board approved a $200,000
contract with ChemRisk, LLC (ChemRisk) to perform the IPR, and the work was funded by a
DOE grant.

ChemRisk, a leader in human health risk assessment and historical operations at U.S. nuclear
weapons plants, subcontracted AMEC Earth and Environmental for their expertise with the
hydrology, hydrogeology and geochemistry of New Mexico. Together, ChemRisk and AMEC
make up the IPR team.

1.4  THE GOALS OF THE INDEPENDENT PEER REVIEW

The BDD Board’s stated main objective for the IPR was to obtain an independent, overarching
analysis and synthesis of existing studies and bodies of information that would support a
description (both conceptual and quantitative) of potential tap water health risks and be

accompanied by public risk communication deliverables.®

More specifically, the independent peer reviewer’s work as outlined in the RFP was to include
“preparation and presentation of deliverable products that describe, for technical and non-

1-3
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technical audiences, a critiqued synthesis of existing data, information, studies, and published
risk assessment analyses regarding exposure and risk to residents of the Santa Fe region from
environmental radionuclide, toxic, and hazardous contaminants known to be of LANL-origin and
other origins of these contaminants. The work will emphasize the tap water pathway, including
the contaminants in Rio Grande water diverted into the BDD and removed by water treatment
processes, as previously addressed by Kerry Howe for the BDD Board. The peer reviewer’s
work includes illustrating the tap water pathway risk by comparison to other pathways and risks.
The peer review will quantify, from existing data, information, and studies, and compare, the tap
water pathway exposure risk to other pathways of public exposure to LANL-origin contaminants
and other natural and man-made radiation exposures. It is the peer reviewer’s job to identify and
obtain the information that the peer reviewer will analyze, critique, and utilize to prepare the
meta-level synthesis described in this RFP.” ®

A peer review can be defined as in-depth critique of assumptions, calculations, extrapolations,
alternate interpretations, methodology, and acceptance criteria employed, and of conclusions
drawn in the original work.”) Peer review can confirm or possibly call into question the
adequacy of work that has been performed in the past. An effective peer review is expert,
independent, external, and technical.

1.5 THE INDEPENDENT PEER REVIEW TEAM
1.5.1 ChemRisk, LLC

ChemRisk, LLC was selected to perform the IPR. ChemRisk is a scientific consulting firm
providing state-of-the-art toxicology, industrial hygiene, radiological health, epidemiology and
human-health risk assessment services to a wide variety of organizations that confront public
health, occupational health, and environmental challenges. ChemRisk scientists have been
leaders in the independent investigation of historical operations at U.S. nuclear weapons plants.
These investigations included the Rocky Flats Toxicological Review and Dose Reconstruction
prepared for the Colorado Department of Public Health and Environment and the Oak Ridge
Dose Reconstruction prepared for the Tennessee Department of Health. Since 1999, ChemRisk
has been conducting the Los Alamos Historical Document Retrieval and Assessment
(LAHDRA) project for the U.S. Centers for Disease Control and Prevention. On that project, the
study team reviewed millions of historical documents at LANL in search of information that is
relevant to estimating off-site releases of chemicals and radionuclides and assessing the potential
for public health effects from those releases.

Resumes for the IPR team members, many of whom are shown in Figure 1-2, are presented in
Appendix 1A.
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Tom Widner served as the initial Principal Investigator for the IPR project. Partially through the
IPR process, Mr. Widner passed away suddenly. Dr. Brent Finley served as Principal
Investigator for the reamainder of the IPR process. Dr. Finley is a board-certified toxicologist
with 20 years of experience conducting and managing studies involving chemical exposures and
human health risk assessment. Throughout his career, he has been involved in the preparation of
more than 400 risk assessments. The project team from ChemRisk also included health physicist
and health risk assessor Matthew Le, environmental statistician and health risk assessor Paul
Scott, environmental scientist and health risk assessor Erin Shay, and toxicologists Dr. James
Keenan and Dr. Kerry Thuett. David Galbraith, M.D., served as an advisor to the project team
for this assignment. Dr. Galbraith is a licensed physician who also has 12 years of life sciences
consulting experience. Also serving as a senior advisor to the project team was Dr. Dennis
Paustenbach, the founder and president of ChemRisk. Dennis is a board-certified toxicologist
and industrial hygienist with over 25 years of experience in risk assessment, environmental
engineering, ecotoxicology, and occupational health.

, A S U 0K 0 18 ;
Figure 1-1: IPR team members at the BDD diversion structure construction site, January 2010. Front: Kerry
Thuett, Greg Miller, David Galbraith; Back: Matt Le, Erin Shay, Dawn Kaback, Paul Scott, Tom Widner, and Jim
McCord. Not shown: Jim Keenan.
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1.5.2 AMEC Earth and Environmental

ChemRisk was assisted in performance of the IPR by scientists with AMEC Earth and
Environmental (AMEC). AMEC provided the services of a small group of local scientists with
the requisite educational backgrounds and close familiarity with the surface water and ground
water hydrology characteristics of a wide variety of settings in New Mexico.

Dr. Jim McCord has more than 28 years of experience in hydrology and water resource
investigations. Dr. Greg Miller is a hydrogeologist with 21 years of experience in aqueous
geochemistry, geostatistics, surface water and ground water testing and modeling, and quality
assurance. Dr. Dawn Kaback is a geochemist/geological scientist with more than 30 years of
experience providing technical and management services for complex environmental and energy
issues. Dr. Sorab Panday served as a senior advisor to the IPR team. Dr. Panday has 20 years of
experience in water resource modeling, and has developed and applied a variety of models used
in that field.

1.6 TASKS ASSIGNED TO THE IPR TEAM

The work performed on the IPR included the following components:
e Interactions with the BDD Board, Project Manager, and project staff
e Review of BDD public communication materials
e Identification and gathering of relevant information
e Analysis and synthesis of information relevant to contamination in the tap water of the
Santa Fe region
e Analysis of human exposures and health risks
e Preparation and refinement of project deliverables
¢ Public meeting planning, conduct, and follow-up

1.6.1 Interactions with the BDD Board, Project Manager, and Project Staff

IPR team members worked with the BDD project management, consultants, and public
communications staff initially and at appropriate intervals during the IPR so that the BDD Board
would be able to accurately and effectively describe and publicize the team’s engagement, work
processes, work products, and conclusions.

The team was also asked to make several presentations to the BDD Board at scheduled public
meetings of the Board. Scheduled appearances before the BDD Board included:

e Presentation of the proposed professional services agreement,

e Presentation of the public review draft set of deliverables, and

e Presentation of the response to public comments and the final deliverables.
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The IPR team will also provide a letter response to any remaining questions from the BDD
Board regarding the final set of deliverables.

1.6.2 Review of BDD Public Communication Materials

One of the initial tasks taken on by IPR team was to review and comment on selected public
communication materials that had been prepared and distributed by BDD Staff and contractors.
The materials that were reviewed included the following:

News Releases/Opinions/Letters-to-Editors (2008-2009)

Direct Technical Testimony of Rick R. Carpenter on behalf of the Buckman Direct
Diversion Board before the New Mexico Water Quality Control Commission in the 2009
Triennial Review of Water Quality Standards, August 28, 2009.

DRAFT Questions and Answers regarding Buckman Direct Diversion and LANL Legacy
Contaminants in the Rio Grande, March 26, 2009.

Howe, K.J. 2008. “Final Report— Effectiveness of the Proposed Santa Fe City/County
Water Treatment Plant for Removing Radiological and Other Specific Contaminants.”
Prepared for the City of Santa Fe and the Buckman Direct Diversion Board. April 15.
Carpenter, R.R. 2008. “Factual Statement of the Applicants Regarding the New Mexico
Environmental Law Center Appeal of the Buckman Direct Diversion FEIS and ROD.”
Letter from Rick Carpenter to Appeal Deciding Officer, Deputy Regional Forester,
Southwestern Region. April 21.

Montoya, H. 2007. “LANL Contamination of Water Resources in Santa Fe County.”
“Six Action Steps” letter from the Chair of the Buckman Direct Diversion Board to
George Rael of the National Nuclear Security Administration and Susan Stiger of Los
Alamos National Laboratory. November 1.

Gaume, N. 2007. “Buckman Direct Diversion Project— Response to US Fish and
Wildlife Service concerns regarding transuranic contaminants and additional potential
contaminants of LANL origin at the Buckman Direct Diversion river diversion location.”
Letter to Sandy Hurlocker, Espafiola District Ranger and BDD EIS Manager. April 23.
“Town Hall on Water Quality, August 26, 2008.” Microsoft PowerPoint presentation
supplied as “2008 08 26 BDD PP v2”

BDD Website Water Quality Sections: “BDD Water Will be Excellent Quality,” “LANL
Effects on Rio Grande Water Quality,” “Surface Water Quality,” “BDD Asks LANL to
Ensure Water Quality,” “Independent Peer Reviewer,” “Who Regulates LANL,” “Water
Quality— Core Sampling Study,” and “FAQs.”

The IPR team reviewed the supplied materials, found them to generally be accurate and
appropriate, and identified some recommendations for improvement. Items for consideration in
those reviews included technical accuracy, timeliness of the included information, suitability of
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terminology and concepts to the intended audience(s), avoidance of unnecessary complexities,
appropriateness of any risk comparisons that are presented, degree of referencing of external
sources of information that are utilized, effectiveness of use of graphical presentations of
information, and the extent to which relevant but potentially opposing viewpoints are recognized
and reflected. The methods and findings of that review were documented in a letter to the BDD
staff.

1.6.3 Identification and Gathering of Relevant Information

A comprehensive review of the existing data, reports, and published scientific literature
regarding quantification of chemical and radiological contaminants was performed. The major
sources of data considered included environmental reports issued by LANL, the RACER
database, the LANL water quality database, environmental reports issued by the New Mexico
Environment Department (NMED), reports of sampling conducted by the Santa Fe Public
Utilities Department, environmental monitoring conducted by Concerned Citizens of Nuclear
Safety (CCNS) and other activist groups, the NMED Drinking Water Watch system, and the
USGS National Water Information System. These major sources of data are summarized later in
this report, along with a discussion of their strengths and weaknesses.

1.6.4 Analysis and Synthesis of Relevant Information

The constituents of interest (COIs) for the IPR were identified and quantified based on review of
all surface water and storm water analysis results for chemicals and radionunclides in the Rio
Grande from 2000 to 2010 from the available databases. The COIs were selected based on
examination of which analytes had been found present above the analytical limit of detection
(LOD) for the method in use for samples collected at locations on the Rio Grande that are
relevant to releases from Los Alamos Canyon being conveyed to the BDD diversion point.
While all radionuclides positively detected in the relevant reach of the river were considered in
the risk characterization, only those chemicals positively detected and known to have toxic
properties were included in the risk characterization.

To characterize the exposure point concentrations for the COIs for this assessment, the United
State Environmental Protection Agency (U.S. EPA) software package ProUCL was used.
ProUCL is a program developed by the U.S. EPA to assist with the estimation of exposure point
concentrations and is capable of testing the distribution of the data, applying various statistical
methods for handling measurements that are below the limit of detection, and estimating mean
and 95% UCL concentrations based on the method that is appropriate for the data distribution,
sample size, and variance of the data set."”

1-8



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

To characterize the most likely sources of COls that might affect the quality of Rio Grande
surface water near the BDD, statistical comparisons were performed of the concentrations
measured near the Buckman area to those measured upstream of Otowi Bridge. The analyses of
available information and data included an evaluation of past studies of the amounts of COlIs of
LANL-origin that were released to the LANL canyons and then into the Rio Grande, the
distribution of those contributions over time, comparisons to applicable exposure standards, and
comparisons to pathways of public exposure in the Santa Fe region other than tap water
ingestion.

Based largely on the work of others, the IPR team also performed analyses of the COls that have
been determined to be present in association with sediments in the canyons on LANL property
and in the groundwater below LANL. Based on previous work, the IPR team offers some
relatively simple analyses of levels of COlIs that could be present in the Rio Grande in the future
from a major stormflow event and from the discharge of contaminated groundwater to the river
near the BDD diversion point.

1.6.5 Analysis of Human Exposures and Health Risks

Several hypothetical exposure scenarios were evaluated. The scenarios differ only in the levels
of COlIs estimated to be present in the residential tapwater at the point of exposure (i.e., the
home). The scenarios are as follows:

e (COIs are present at levels recently measured in unfiltered and untreated water
samples from the Rio Grande.

e Radionuclide COls are present at levels recently measured in the Rio Grande, except
for plutonium, americium, uranium, and gross alpha-emitting radioactivity, which are
assumed to be 95% removed by the water treatment processes.

e Radionuclide COls are present at levels recently measured in the Rio Grande, except
for gross alpha-emitting radioactivity and dissolved uranium, which are assumed to
be present at levels produced by the Buckman well field as measured by the City of
Santa Fe.

The IPR team also assessed the theoretical risk under the assumption that all COIs were present
in the Rio Grande at their respective USEPA Maximum Contaminant Levels (or other drinking

water standard if no MCL exists).

The exposure assessment focused on one primary population of interest: a residential user of
publicly-supplied drinking water (that is, tap water users). Exposures were evaluated for
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residents in a variety of age groups. Because chemicals with known mutagenic modes of action
may pose higher risks during early life stages, children’s age groupings were determined after
the COIs were established and a toxicity assessment had been performed. !''?

Exposures and health risks were quantified for central tendency scenarios that generally
represent typical exposures and upper bound (“reasonable maximum exposure”) scenarios in
order to provide useful ranges of potential exposure estimates. For each age group, central
tendency and upper bound exposure parameters were determined for factors including body
weight, duration of residence, tap water ingestion rates, shower duration and frequency,
swimming duration and frequency, and home grown produce ingestion rates. The Exposure
Factors Handbook !* and Children’s Exposure Factors Handbook "> were used as the primary
sources of exposure parameters, and peer-reviewed literature was also be utilized, as appropriate.

Standard U.S. EPA equations were used to estimate the doses [masses of COIs taken in or
contacted per mass of body weight per day] for all chemicals and pathways of exposure
determined to be of potential concern. Consistent with USEPA’s Risk Assessment Guidance for
Superfund, lifetime average daily doses (LADDs) were calculated for carcinogenic chemicals,
and average daily doses (ADDs) were calculated for non-carcinogenic chemicals, by integrating
the exposure parameters and exposure concentrations. '®

The calculated exposures and health risk estimates were compared to applicable limits and
toxicologic benchmarks and compared to exposures that occur from other sources of the same
COIs in the environment (including natural background and fallout from atmospheric weapon
testing) and via exposure pathways other than tap water ingestion.

1.6.6 Preparation and Refinement of Project Deliverables

During the course of the IPR, the team will prepare, present, and revise written and graphic risk
communication deliverables that will meet potential readers’ needs and interests at four levels:

1. Summary for a lay audience,

2. Spanish translation of the summary,

3. Description for the BDD Board, and

4. Documentation for the Board and a technical audience.
This report represents element number 4 of the project deliverables, the detailed documentation.
The IPR team will provide preliminary draft and public review draft sets of risk communication
deliverables; elicit, consider, and respond to comments; and produce the final set of deliverables
before the end of calendar year 2010. When this report is finalized, a summary of the comments
and reponses will be provided in Appendix 1B.
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1.6.7 Public Meeting Planning, Conduct, and Follow-Up

The IPR team will conduct three public meetings. The first meeting, held on January 14, 2010,
was designed to introduce this professional services effort to the Santa Fe community in order to
elicit, understand, and respond to public questions and concerns regarding LANL-origin
environmental contamination and the Buckman tap water pathway.

The presentation upon which the initial public meeting was centered can be viewed and down-
loaded at http://www.bddproject.org/pdf/01-14-10-BDD-IPR-Public-Meeting-PowerPoint.pdf.

A summary of the initial public meeting, including a summary of the questions and comments
that were offered by attendees, can be viewed and downloaded at
http://bddproject.org/pdf/2010-04-22-BDD-IPR-Meeting-1-Summary.pdf.

The second meeting, held on September 30, 2010, provided an overview of peer reviewer’s work
and draft reports. The third public meeting, scheduled to be held in early December 2010, will
focus on presentation of the final project deliverables and discussion of responses to comments
received on the drafts.


http://www.bddproject.org/pdf/01-14-10-BDD-IPR-Public-Meeting-PowerPoint.pdf�
http://bddproject.org/pdf/2010-04-22-BDD-IPR-Meeting-1-Summary.pdf�

PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

2.0 IDENTIFICATION AND GATHERING OF RELEVANT INFORMATION

The IPR team conducted a comprehensive review of existing data, reports, and published
scientific literature in order to identify the most useful sources from which to conduct that IPR,
as explained in the sections that follow.

2.1 IDENTIFICATION OF RELEVANT INFORMATION SOURCES

2.1.1 Reports Issued by LANL

LANL has performed environmental monitoring on Lab property and on a regional basis since
the 1940s."'” Those efforts expanded significantly around 1970, when publication of
environmental surveillance reports began. Published on a semiannual basis for 1971, these
reports have been published annually since then, with the quantity of data and analysis presented
increasing with each decade.

In addition to the annual surveillance reports, LANL has also published many special reports
dealing with ambient monitoring, source emissions, and compliance topics. These include many
investigation reports for areas of known or suspected contamination of soils, sediments, surface
water, ground water, as well as plants and animals.

In recent decades, most environmental samples have been sent to DOE approved commercial
analytical laboratories for analysis. Some have been analyzed on site. Samples are routinely
analyzed for radionuclides, metals, general inorganic compounds, volatile organic compounds,
semi-volatile organic compounds, and total suspended sediment. Most of the analyses are
performed using methods specified by the U.S. Environmental Protection Agency. Commercial
laboratories typically analyze the samples in accordance with the "Los Alamos National
Laboratory Sample Management Office Statement of Work for Analytical Services and the ESH-
18 Addendum."

To identify documents that were relevant to the IPR work, the team utilized:
e DocSleuth, the project information database developed as part of CDC’s LAHDRA
projectm)
e LANL’s Online Catalog (available at http://catalog.lanl.gov/F)
e Documents available via LANL’s Environmental programs Web site
(http://www.lanl.gov/environment/?4)

e Reference lists provided in relevant documents from the above sources
e Peer reviewed literature identified via searches of PubMed and other online information
providers
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e Documentation identified by and/or provided by the DOE and LANL points of contact
for the IPR

2.1.2 The RACER NM Database

A large portion of the sampling data considered and used in the IPR was obtained from the Risk
Analysis, Communication, Evaluation, and Reduction (RACER) database managed by the New
Mexico Community Foundation (NMCF) located in Santa Fe, NM. The Internet-based RACER
database was a product of the RACER Project, which began in 2003 with the goal of providing a
process to inform LANL, state regulators, and the community about chemical and radioactive
materials that may be present in the environment as a result of LANL operations.""® RACER
personnel created a Data Analysis Tool (DAT) that provides the public with Web-based access to
environmental measurement data collected in and around the LANL site."” The DAT allows the
user to select data by analysis type, location, data provider (LANL or NMED), analytes, and
comparison values (regulatory limits or guidelines). The DAT also allows the user to perform
temporal and special analyses and displays of the available data. RACER’s DAT tool and its
associated Web site were completed in 2009."”

The RACER database itself contains over seven million analytical results from environmental
monitoring samples collected by LANL and the New Mexico Environment Department (NMED)
Oversight Bureau."® As previously noted, the database is managed by the NMCF, which has
subsequently contracted technical work regarding the database quality assurance and quality
control (QA/QC) to the Risk Assessment Corporation (RAC).

NMCEF staff have worked with members of the community, tribal governments, and others
within NMED and LANL to create and share a tool that could provide information to state and
federal regulators, LANL, and the community about the potential sources of public health risk
and ecological impacts from LANL operations."'”

Of most relevance to the BDD IPR, RACER contained 585 surface water or storm water samples
collected by LANL and NMED at various locations on the Rio Grande between 1956 and 2010.
These samples were analyzed for 578 different chemicals, radionuclides, and contamination
indicators (turbidity, pH, etc.) for a total of 33,855 sample contaminant results.

While RACER makes data available that have been provided by LANL or NMED, it also
contains results for some samples collected by the U.S. Geological Survey (USGS) and
submitted to RACER by LANL. These records have LANL identified as their provider.

Data made available via RACER are classified as to the level of validation that they have
received. Due to the limitations of past data collection techniques and analytical methods, older

2-2



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

data are typically associated with higher detection limits and greater measurement uncertainties,
and may be accompanied by less complete original documentation than newer data. A “Fully
Validated” field is provided for each record in RACER, with possible values of Y or N. That
field indicates whether or not a result should be considered fully validated or qualified for all
uses. A “Y” indicates the data have been validated according to professional standards and
federally accepted validation criteria or are otherwise qualified for all uses.?” An “N” indicates
that the data are possibly of lower quality and should be used with caution because the data may
be compromised by quality issues (measurement problems, incomplete documentation, etc.).

For example, ground water, sediment, storm water, and surface water samples collected after
January 1, 2000 are judged by LANL to generally be of uniform quality, have validation and
analytical laboratory quality codes assigned, and have lower detection limits than most earlier
data. Data prior to 2000 generally have higher detection limits and less uniform quality and
application of qualifiers.

If data are marked as not fully validated, that does not necessarily mean that they are invalid.
They might simply have been collected and analyzed before modern techniques had developed,
or resources might not yet have been made available to assemble and review the documentation
that needs to be considered to validate the data for all uses.

2.1.3 The LANL Water Quality Database

Starting in the fall of 2000, LANL maintained a publically available Water Quality Database
(WQDB) that has received relevant environmental measurement data. Until November of 2008,
the WQDB was made available to the public via the Internet. On November 6th, 2008, when
RACER became available, public access to the WQDB was discontinued.

LANL automatically sends data from the WQDB to RACER Weekly.(zl) All results for
environmental samples that have gone through secondary, independent validation are sent to
RACER. Results for samples collected on San Ildefonso Pueblo land, for the City of Santa Fe,
or for Los Alamos County are withheld from RACER for an agreed-upon period of time so the
owner has an opportunity to review their data; the data are uploaded to RACER after that review
period.?" LANL excludes all field quality assurance/quality control (QA/QC) data from
RACER other than field duplicates.

2.1.4 Reports Issued by NMED — Surface Water Quality Bureau
The NMED Surface Water Quality Bureau (SWQB) Monitoring and Assessment Section is
responsible for the continual collection, integration, and assessment of water quality data for all

lakes and streams in New Mexico. The section collects data and uses them to determine if state
surface water quality standards are being met and to ensure that designated uses are supported.®?

2-3



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

2.1.5 Reports Issued by NMED — Department of Energy Oversight Bureau

The NMED Department of Energy (DOE) Oversight Bureau is charged with ensuring that
activities at DOE facilities in New Mexico are managed and controlled in a manner that is
protective of public health and safety and the environment.*® As part of their mission, the
Bureau develops and implements an independent monitoring and oversight program to provide
independent evaluations for environmental and public health protection of all media, including
air, soils and sediments, groundwater, and surface water.®® Results of environmental
monitoring conducted by NMED are contained within the RACER database.

2.1.6 Reports of Sampling Conducted by the Santa Fe — Sangre De Cristo Water Division

The City of Santa Fe's Sangre de Cristo Water Division (SDCW) publishes an annual water
quality report that addresses the source of supply, source water assessment and availability,
water quality monitoring results, and drinking water definitions. The annual reports also provide
a water quality table that presents a summary of the results of water quality samples taken within
that year. Water quality results include data on levels of radiological contaminants, microbial
contaminants, organic/inorganic contaminants, and pesticides and herbicides?.

The Water Division also provided the IPR team with results of ground water sample analyses for
the Buckman wells and the associated 10-million gallon tank between 2003 and 2009.

2.1.7 Information from Concerned Citizens for Nuclear Safety and Other Activist Groups

Data available from applicable reports prepared by various activists groups were considered in
this analysis. These reports included:

o Early Warning: A Radioactive Rio Grande — A report by The RadioActivist Campaign
supported by a Grant from the Citizens’ Monitoring and Technical Assessment Fund. The
report was prepared as a collaborative effort between The RadioActivist Campaign
(TRAC) and the public-interest group Concerned Citizens for Nuclear Safety (CCNS).
The study included the collection of samples from along the Rio Grande from the
Buckman Wellfield to the Cochiti Dam to determine whether radioactive waste had
migrated from LANL via to the Rio Grande via groundwater pathways.*> 26)

e Historic and Current Discharges from Lost Alamos National Laboratory: Analysis and
Recommendations — A report prepared by CCNS along with Amigos Bravos that
analyzed historic and current discharges to ephemeral and intermittent streams emanating
from the Pajarito Plateau, and assessed their potential impacts on human and wildlife
health.®”

o New Mexico’s Right to Know: The Potential for Groundwater Contaminants from LANL
to Reach the Rio Grande — A Report prepared by George Rice on Behalf of CCNS that
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analyzed the potential groundwater contamination from LANL reaching the Rio
Grande.®”

e Comments to the National Academies of Science, “Plans and Practices for Groundwater
Protection at the Los Alamos National Laboratory,” June 2007 prepublication copy”—
Prepared by CCNS and Registered Geologist R. H. Gilkeson.*”

The NMED Drinking Water Watch System

NMED Drinking Water Bureau provides a publically available, Internet-based application that
allows the user to search for water quality information for any of New Mexico's Public Water
Systems. The search engine allows the user to search for water quality data by public water
supply systems parameters including principal county served, water system type, and by primary
source water type, as well as by sample type parameters including sample class and sample data
collection date.

The USGS National Water Information System

Additional data considered in this analysis were pulled from the U.S. Geological Survey (USGS)
National Water Information System. The USGS has collected water-resources data for
approximately 1.5 million sites within the U.S, with most data collected from surface water and
groundwater sites. Specific to BDD risk analysis, the IPR team considered surface water quality
sample analyses available from locations on the Rio Grande upstream and downstream of both
LANL and the BDD.

While records in RACER are identified as having been provided by either LANL or NMED,
comparison of those USGS data to data in RACER led the IPR team to recognize that practically
identical data points were already contained in RACER. After discussions with LANL staff, it
was ascertained that surface water samples collected by the USGS from the Rio Grande after the
Cerro Grande Fire are indeed contained in RACER with labels that identify LANL as the data
provider. Thus, the USGS data used by the IPR were taken from the RACER database as well.

Other Technical Reports and Publications

The IPR team reviewed relevant documents published by other organizations, including:

e The National Academy of Science’s 2007 report, "Plans and Practices for Groundwater
Protection at the Los Alamos National Laboratory: Final Report" prepared by the
Committee for the Technical Assessment of Environmental Programs at the Los Alamos
National Laboratory, National Research Council.*”
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e Summaries of the testimonies (and associated affidavits and exhibits) of George Rice and
Michael Barcelona from the spring 2010 hearing that dealt with DOE and LANL’s
application for a hazardous waste permit.®"-*?

e Relevant documents published by the Institute for Energy and Environmental
Research.®**%

2.2 REVIEW, EVALUATION AND CROSS-CHECKING OF DATA SOURCES

2.2.1 Data Sets Used in the Independent Peer Review

Several different data sets of surface water, storm water, and ground water data were used in the
IPR for different purposes such as risk characterization, comparison of concentration at
Buckman to upriver locations, and evaluation of potential impacts from Los Alamos Canyon.

Data Used in the Risk Characterization

For the risk characterization, surface water data from the RACER database from sampling
locations along the Rio Grande, groundwater data from the Buckman Well Field Mixing Tank,
and groundwater data from the Buckman well field were used to identify the constituents of
interest (COIs) and to evaluate the human health risks due to those COlIs for different scenarios.
Because the focus of the risk characterization is on long-term health risks, storm water data
collected at the Buckman Landing and the Otowi Bridge locations that were collected for
temporary storm flow events were not included as data representative for a chronic human health
risk assessment.®>

The specific data sets used for the risk characterization are described below:

Surface water from the Rio Grande near BDD: Unfiltered data collected between
January 1, 2000 and February 1, 2010 from the LANL and NMED Buckman and Otowi
Bridge sampling locations were used to characterize exposure point concentrations
(EPCs) for the risk characterization. If a constituent was detected at the Buckman

sampling locations, only the data for the Buckman sampling locations were used, but if a
constituent was not detected at the Buckman locations and was detected upstream at
Otowi Bridge, data from sampling locations at both locations were used to estimate
EPCs. In addition the unfiltered surface water data from several downriver locations
(Mortandad, White Rock, Ancho, and Frijoles) were used in the COI selection process to
evaluate chemicals that were only detected at Buckman once during the ten year time
period. Table 2-1 summarizes the locations and the time period for which data were
available for these locations and Figure 2-1 shows the their locations along the Rio
Grande in relation to the BDD intake facility.
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Also, the unfiltered surface water for all time periods from the Buckman, Otowi Bridge,
Espanola, Chamita, and Embudo sampling locations were used to compare chemical and
radionuclide levels between Buckman, Otowi Bridge, and the other upriver locations
(Espanola, Chamita, and Embudo) to determine if concentrations at Buckman were
significantly higher than those from upriver locations.

Groundwater data from the Buckman Well Fields: To address the use of water from the
Buckman Well Field based on current levels of gross alpha radioactivity and dissolved
uranium, water samples from the 10 Million-Gallon (MG) tank that is used to collect and
store water from the Buckman wells were used. Seven composited water samples that
were collected from 8/12/2002 to 5/29/2009 and analyzed for gross alpha radioactivity
and uranium concentration were used. In addition, groundwater data from Buckman
wells 1 — 8 collected from 8/16/2001 to 11/24/2009 were used to estimate the radium-
226, radium-228, uranium-234, uranium-235/236, and uranium-238 concentrations from
the gross alpha concentrations.

Data used for the Upriver/Downriver Comparison

Unfiltered surface water samples collected at 14 sampling locations along the Rio Grande
including Buckman (2 locations), Otowi Bridge (6 locations), Espanola (2 locations), and
Embudo (2 locations) and along the Rio Chama at Chamita (2 locations) were used. Depending
on the location, data collected from 1956 to February 1, 2010 were used.

Data used to Evaluate Future Impacts from LANL Sediments

Unfiltered storm water sampling data from the Los Alamos Canyon sampling location E110
were used to evaluate the future impacts of radionuclides and chemicals to the Rio Grande.
Location E110 is the Los Alamos Canyon storm water sampling location closest to the Rio
Grande and data from samples collected at that location on 14 different dates from 8/23/2003 to
1/13/2010 were evaluated for the IPR.
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Figure 2-1. Rio Grande sampling locations included in the Peer Review Report. (Sample locations are in blue
and BDD intake is a white circle).

2.2.2 Comparison of Available Data Between LANL WQDB and RACER

The RACER database contains over seven million analytical results from environmental
monitoring samples collected by LANL and the New Mexico Environment Department (NMED)
Oversight Bureau."® A part of the scope of the review and analysis of available sampling data,
the IPR team compared data housed within the RACER database against the LANL WQDB for
the locations where sample results were used as part of the human health risk assessment. The
rationale for this review was to ensure the accuracy and completeness between the two water
quality databases.

All samples denoted within RACER as being from LANL origin were crosschecked between a
spreadsheet containing relevant samples from LANL WQDB results received from LANL staff
on 3 May 2010. Upon close inspection of the initial Excel file received from LANL, the IPR
team identified sample records with collection dates up to four years in the future. For example,
the ground water sample collected from Buckman Well #1 on 12 July 2006 that was associated
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with a reported detection of plutonium-238 was described in the file of data extracted from the
WQDB as having been collected on 13 July 2010. Upon further inspection between members of
the IPR and LANL, the initial Excel spreadsheet was determined to be corrupted and was not
used for further analysis.

Upon receiving a replacement data file from LANL, samples for the Buckman and Otowi Bridge
locations were compared between the RACER and LANL databases. The comparison was
performed using the unique record identification (URI) field that contains a value that is unique
to both entries in RACER, and the WQDB. Upon initial review, it was not apparent whether
quality assurance (QA/QC) and sample blank results were missing from the RACER database;
however, upon further review of both datasets and conversations between the IRP and LANL
staff, it was determined that LANL excludes all types of field QA/QC other than field sample
blanks from RACER. The reasoning was that currently, the RACER software does not
distinguish environmental samples from QA/QC samples, so a decision was made to provide
only environmental samples to RACER.
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Table 2-1: Summary of Rio Grande Sampling Locations Included in Peer Review Report

Data Available for this Sampling Period
Data Purpose 1990 - 1980 - 1970 - Before
Sampling Location Name X (UTM) | Y (UTM) | Data Provider Category | After 2000 1999 1989 1979 1970

Rio Grande at Frijoles 386690.33 | 3957341.6 LANL COI Selection Downriver X
Rio Grande at Frijoles (bank) 386691.1 | 3957337.7 | NMED-OB COI Selection Downriver X
Rio Grande at Frijoles (bank) 386691.1 | 3957337.7 LANL COI Selection Downriver X X
Rio Grande at Frijoles (wdth intgrt) 386718.1 | 3957327.9 LANL COI Selection Downriver X
Rio Grande at Mortandad 394225.03 | 3965469 LANL COI Selection Downriver X
Rio Grande below Frijoles 386539.37 | 3957127.6 | NMED-OB COI Selection Downriver X
Rio Grande near White Rock 390966.13 | 3960314.3 LANL COI Selection Downriver X

Risk Characterization,
Rio Grande at Buckman 395083.03 | 3966408.5 NMED-OB Upriver Comparison Buckman X

Risk Characterization,
Buckman Diversion SW 395178.7 | 3966419.3 LANL Upriver Comparison Buckman X

Risk Characterization,
RIO GRANDE AT OTOWI BRIDGE, NM | 396887.3 | 3970658.6 | LANL/USGS Upriver Comparison Otowi X

Risk Characterization,
Rio Grande at Otowi (bank) 396900.27 | 3970662.4 LANL Upriver Comparison Otowi X X X X X
Rio Grande at Otowi (wdth intgrt) 396908.49 | 3970661.9 LANL Upriver Comparison Otowi X

Risk Characterization,
Rio Grande at Otowi Upper (bank) 396962.63 | 3970714.7 LANL Upriver Comparison Otowi X X

Risk Characterization,
Rio Grande at Otowi Bridge 396962.63 | 3970714.7 LANL Upriver Comparison Otowi X
Rio Grande at Otowi NA NA LANL Upriver Comparison Otowi X
Rio Chama at Chamita 399877.66 | 3992635.8 LANL Upriver Comparison Upriver X X X X X
Rio Chama at Chamita (bank) 399877.69 | 3992635.7 LANL Upriver Comparison Upriver X
Rio Grande below Espanola 403271.05 | 3983460.4 LANL Upriver Comparison Upriver X
Rio Grande at Espanola 403274.51 | 3985398.1 NMED-OB Upriver Comparison Upriver X
Rio Grande at Embudo (bank) 413361.06 | 4007154 LANL Upriver Comparison Upriver X
Rio Grande at Embudo 413361.1 | 4007154.1 LANL Upriver Comparison Upriver X X X X
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In addition to field QA/QC samples, data entries corresponding to samples collected on two
dates from an Otowi Bridge sampling location were identified in the LANL WQDB but not in
the RACER database. These samples were from a location labeled as “Rio Grande at Otowi
Bridge” and were collected on 8/25/2003 and 9/6/2003. Further discussion with RACER staff
indicated that these samples were included in RACER as stormwater samples; however, it was
unclear as to whether these samples were collected from a stormwater outfall or were Rio
Grande surface water samples collected during a storm event. Because of this uncertainty, these
samples were conservatively included in the data set used for this evaluation.

An additional 58 URIs were found within the WQDB, but not in the spreadsheet generated from
the RACER database. These 58 entries correspond to Sample IDs CC00081WBOR, and
CCO00081WUOR. Both sample IDs and their respective entries were located within the RACER
database; however, the unique record ID (URI) did not match the URI appearing in the WQDB
entries. LANL staff indicated that the accuracy of these URIs may stem from consolidation of
the environmental databases into one integrated system, which is underway to better coordinate
and serve RACER and other external customers. It was reported that part of this work involves
the cleaning up of data issues in the old "legacy" databases like the LANL WQDB that were
maintained by separate organizations over the years. Further discussions with LANL indicated
that the URI’s for these 58 samples corresponded to duplicated entries within the WQDB and it
was suspected that these 58 samples were duplicates identified in RACER and subsequently
removed from the database.

Comparison of surface water sample entries taken at the Buckman location was completed last,
as the file that was initially received from LANL included no results for surface water samples
collected near the Buckman area. After several discussions with LANL staff, it was ascertained
that the WQDB query that led to creation of the file sent to the IPR team had only captured
surface water sampling locations with "Rio Grande" in their names. Records associated with
names such as “Buckman Diversion SW” had not been captured. A replacement data file was
provided that included samples collected near Buckman.

Upon review of the Buckman Well data housed within RACER and the WQDB, the IPR team
requested detailed data packages for the ground water sample collected from Buckman Well #1
on 12 July 2006. That ground water sample was associated with a reported detection of
plutonium-238. A data package was received that included 2,608 pages.

On Sept 24, 2007, there were four samples taken at Buckman and analyzed for Pu-239/240. One
sample was filtered in the field, another was not, and a field duplicate was taken of each. For the
unfiltered samples, the “less than” value for one analysis is a factor of 40 million higher than the
“less than” value for the associated field duplicate. Values obtained from contracted laboratories
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are not altered before entry into RACER, and it is not apparent that an investigation was
conducted into the reason for the “less than” values being so drastically different.
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3.0 IDENTIFICATION AND CHARACTERIZATION OF THE CONSTITUENTS OF
INTEREST

3.1 IDENTIFICATION OF THE CONSTITUENTS OF INTEREST

The potential constituents of interest (COIs) for the IPR human health risk evaluation were first
considerd to be all radionuclides and chemicals that were positively detected in the relevant areas
of the Rio Grande since the year 2000. This initial list included 287 chemicals and 77
radionuclides. However, the majority of the chemicals detected are either general water quality
parameters (pH, dissolved oxygen, total suspended solids, etc.) or elements that lack generally
accepted human health toxicity criteria (calcium, potassium, etc.). Such chemicals cannot be
evaluated in a human health risk assessment because they do not possess toxicity criteria such as
a USEPA reference dose (RfD) or a cancer potency slope factor or were not a general water
quality parameter. In addition, to ensure that the analysis focuses on those COls that are related
to existing sources along the Rio Grande that could impact the BDD, chemicals that were only
detected once at the Buckman or Otowi Bridge locations and not detected either upriver or
downriver between 2000 and 2010 were not considered to be COls. Using these guidelines, 15
radionuclide COIs and 35 chemical COIs were identified.

The detection frequencies for each radionuclide and chemical that was analyzed in Rio Grande
surface water samples collected at upriver, Otowi Bridge, Buckman, and downriver sampling
locations are presented in Appendix 3A. Table 2-1 identified the specific sampling locations that
were included in each grouping.

3.1.1 Radionuclide COIs

Table 3-1 identifies all of the radionuclides detected at either the Buckman or Otowi Bridge
sampling locations along the Rio Grande. Radionuclide COlIs detected at the Buckman sampling
locations include:

e Radium-226 and radium-228;

e Thorium-228, thorium-230, and thorium-232;

e Tritium;

e Uranium-234, uranium-235/236, and uranium-238.

Radionuclide COls not detected at the Buckman sampling locations that were detected at the
Otowi Bridge sampling locations include:

e Americium-241;

e Lead-214;

e Plutonium-238 and plutonium-239/240;
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e Potassium-40;
e Strontium-90.

Table 3-1. Radionuclides Detected in Rio Grande Surface Water

Detection Frequencies by
Analyte Location*
Otowi Bridge Buckman
Americium-241 9/32 0/14
Gross alpha 18/30 25/27
Gross beta 21/22 14/16
Gross gamma 2/18 0/13
Lead-214 2/8 0/1
Plutonium-238 7/24 0/13
Plutonium-239/240 7/24 0/13
Potassium-40 3/21 0/14
Radium-226 3/20 1/11
Radium-228 2/17 3/11
Strontium-90 5/23 0/13
Thorium-228 12/15 6/9
Thorium-230 11/15 4/9
Thorium-232 13/15 7/9
Tritium 14/21 11/11
Uranium-234 24/24 14/14
Uranium-235/236 10/30 7/15
Uranium-238 24/30 14/14

* Detection frequencies include duplicate samples

All of these radionuclides were included as COlIs in the subsequent risk characterization. For the
radionuclide COIs detected at the Buckman sampling locations, exposure point concentrations
were calculated using only samples from the Buckman locations; while for the radionuclide
COIs detected at Otowi Bridge locations but not at the Buckman locations, exposure point
concentrations were calculated using samples from both the Buckman and Otowi Bridge
locations. This was done to ensure that no radionuclides that could potentially impact the BDD
were missed because they were not detected during one of the ten sampling events at the
Buckman location even though they were detected at the next sampling location upriver. For the
radionuclides detected upriver but not at the Buckman locations, the samples below the limit of
detection at the Buckman locations were included in order to account for the impact of their low
concentrations at Buckman on the exposure point concentration.
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3.1.2 Chemical COIs

Table 3-2 presents all of the chemicals that were detected at either the Buckman or Otowi Bridge
locations, as well as flags indicating whether the chemical was not a general water quality
parameter or did not have a toxicity criterion. Chemicals that are considered to be general water
quality parameters and were not included as chemical COIs included:

e Alkalinity as COs and Alkalinity as CO; and HCOs3;

¢ Dissolved oxygen;

° pH;

e Silicon dioxide;

e Specific conductance;

e Suspended sediment concentration;

e Temperature;

e Total dissolved solids;

e Total Kjeldahl Nitrogen,;

e Total organic carbon, and;

e Turbidity.
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Table 3-2. Chemicals Detected in Rio Grande Surface Water

Detection Fre.quencies by COI Criteria
Location*
Analyte Not a General Has Toxicity
Otowi Bidge Buckman Water Quality o
Criteria
Parameter

Acetone 7/19 4/13 Yes Yes
Alkalinity-CO3 1/11 3/11 No No
Alkalinity-CO3+HCO3 11/11 11/11 No No
Aluminum 17/17 15/16 Yes Yes
Ammonia as Nitrogen 3/11 4/11 Yes No
Antimony 4/16 0/16 Yes Yes
Arsenic 11/17 9/16 Yes Yes
Barium 17/17 16/16 Yes Yes
Benzo[a]pyrene 0/22 1/14 Yes Yes
Benzo[g,h,i]perylene 0/22 1/14 Yes Yes
Beryllium 2/17 1/16 Yes Yes
Bis(2-ethylhexyl)phthalate 2/22 0/14 Yes Yes
Boron 16/17 13/14 Yes Yes
Cadmium 7/16 3/16 Yes Yes
Calcium 17/17 16/16 Yes Yes
Carbon Disulfide 0/19 0/13 Yes No
Chloromethane 0/21 1/13 Yes Yes
Chromium 11/17 10/16 Yes Yes
Cobalt 7/17 5/16 Yes Yes
Copper 10/17 6/16 Yes Yes
Cyanide, Total 6/23 0/13 Yes Yes
DDE 0/17 1/13 Yes Yes
Dibenz[a,h]anthracene 0/22 2/14 Yes Yes
Endrin Aldehyde 1/17 0/13 Yes Yes
Fluoride 11/11 11/11 Yes Yes
Hexachlorocyclohexane, Delta- 1/17 0/13 Yes Yes
Indeno[1,2,3-cd]pyrene 0/22 2/14 Yes Yes
Iron 17/17 15/16 Yes Yes
Lead 15/16 16/16 Yes Yes
Magnesium 17/17 16/16 Yes No
Manganese 17/17 15/16 Yes Yes
Mercury 2/24 0/16 Yes Yes
Molybdenum 14/17 14/14 Yes Yes
Nickel 16/17 15/16 Yes Yes
Nitrate-Nitrite as Nitrogen 11/15 6/11 Yes Yes
OCDD 1/4 0/0 Yes Yes
Perchlorate 12/22 11/11 Yes Yes
Potassium 16/17 16/16 Yes No
Selenium 4/24 0/16 Yes Yes
Silicon Dioxide 13/13 11/11 No Yes
Silver 0/17 1/16 Yes Yes
Sodium 17/17 16/16 Yes No
Strontium 17/17 14/14 Yes Yes
Sulfate 11/11 11/11 Yes No
Thallium 5/16 1/16 Yes Yes
Tin 0/17 0/14 Yes Yes
Total Kjeldahl Nitrogen 10/15 7/13 No No
Total Organic Carbon 11/11 13/13 No No
Total Phosphate as Phosphorus 7/11 7/11 Yes No
Total polychlorinated biphenyls (PCBs) 4/10 1/10 Yes Yes
Uranium 16/16 15/15 Yes Yes
Vanadium 17/17 16/16 Yes Yes
Zinc 15/17 11/16 Yes Yes

* Detection frequencies include duplicate samples
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Chemicals that were not general water quality parameters but were not included as COIs because
they did not have toxicity criteria included:

e Ammonia as nitrogen;

e Calcium;

e Chloride;

e Magnesium;

e Phosphorus;

e Potassium;

e Sodium;

e Sulfate, and;

e Total Phosphate as Phosphorus.

The following chemicals were detected only once at either the Buckman or Otowi Bridge
sampling locations and were not detected at any upriver or downriver locations from 2000 to
2010 and were not included as COls:

e Benzo(a)pyrene;

e Benzo(g,h,i)perylene;

e Dibenz(a,h)anthracene;

¢ Endrin aldehyde;

e Indeno(1,2,3,c,d)pyrene, and,

e Methyl ethyl ketone.

After applying these criteria, the chemical COIs that were detected at the Buckman locations
include:

e Acetone e Chromium e Nickel

¢ Aluminum o Cobalt e Nitrate-nitrite as nitrogen
e Ammonia e Copper e Perchlorate

e Arsenic e DDE e Polychlorinated biphenyls
e Barium e Fluoride e Silver

e Beryllium e Iron e Strontium

e Boron e Lead e Uranium

e (Cadmium e Manganese e Vanadium

e Chloromethane e Molybdenum e Zinc

Because polychlorinated biphenyls (PCBs) are a class of 209 organic compounds with 1 to 10
chlorine atoms attached to biphenyl, which is a molecule composed of two benzene rings, they
are typically evaluated as a mixture of chemicals for risk assessment. Because PCBs can be
evaluated as an Aroclor mixture, PCBs were characterized as total PCBs. The total PCB
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concentration for each sample was estimated as the sum of PCB homologue group
concentrations (total monochlorobiphenyl, total dichlorobiphenyl, ..., total decachlorobiphenyl).

The chemical COlIs that were not detected at Buckman but were detected at the Otowi Bridge
locations include:

e Antimony e Mercury

e Bis(2-ethylhexyl)phthalate e Octachlorodibenzo-p-dioxin (OCDD)
e Cyanide e Selenium

e o-Hexachlorocyclohexane e Thallium

All of these chemicals were included as COls in the subsequent risk characterization. For the
chemical COlIs detected at the Buckman sampling locations, exposure point concentrations were
calculated using only samples from the Buckman locations while for the chemical COIs detected
at Otowi Bridge locations but not at the Buckman locations, exposure point concentrations were
calculated using samples from both the Buckman and Otowi Bridge locations. This was done to
insure that no chemicals that could potentially impact the BDD were missed because they were
not detected during one of the ten sampling events at the Buckman location even though they
were detected at the next sampling location upriver. For the radionuclides detected upriver but
not at the Buckman locations, the samples below the limit of detection at the Buckman locations
were included in order to account for the impact of their low concentrations at Buckman on the
exposure point concentration.

3.1.3 Pharmaceuticals and Personal Care Products

Pharmaceuticals and Personal Care Products (PPCPs) include a wide variety of personal health
and hygiene products such as medicines, insect repellents, sunscreens, perfumes, soaps,
fragrances, and lotions. Their uses include preventing and combating disease, alleviating
symptoms from illness and injury, personal comfort, grooming, and cosmetic purposes. These
products can be found at almost any drug or convenience store, are used by millions of
individuals on a daily basis, and have the potential to enter the environment through domestic
sewage and other sources. Other PPCPs are pharmaceuticals including painkillers, lipid
(cholesterol) regulators, antiseptics, chemotherapy agents, antibiotics, and hormones.

3.1.4 Endocrine Disrupting Compounds

Some environmental contaminants are considered to be endocrine disrupting compounds
(EDCs), which means that they have the potential to affect the production of hormones in the
body. EDCs are not produced by the body but mimic or antagonize natural hormones produced
within the body. Antagonism means that they can interfere in the actions of chemical substances
in the body that have similar structures. The endocrine system is a complex network of glands
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and hormones that regulate many essential biological functions including growth, development,
reproduction, and metabolism. These compounds have the potential to alter normal endocrine
function within the organism. The most commonly known EDCs are “estrogenic” compounds
(such as DDT).

3.1.5 How Prevalent are Pharmaceuticals in the Rio Grande?

Pharmaceuticals and EDCs have been detected in surface water throughout the United States.
Kolpin et al. (2002) measured concentrations of various pharmaceuticals, hormones, and other
organic wastewater contaminants in streams across the US. The authors concluded that
“measured concentrations are generally low and rarely exceed drinking water guidelines,

drinking-water health advisories, or aquatic-life criteria”.®”

Between 2000 and 2003, the State of New Mexico tested sewage effluent and surface water
throughout the state for pharmaceuticals; they tested for the presence of 38 of the most
commonly prescribed medications in the U.S.. Regarding the Rio Grande specifically, samples
were collected upstream at Espanola (sewage sludge) and the Pilar and the Buckman Crossing
locations (surface water). Almost all of the pharmaceuticals were not detected: the authors
reported the presence of the anti-epileptic drug phenytoin (Dilantin) at a concentration of 300
ng/L in the sewage effluent in Espanola, and amitriptyline (Elavil, Endep) at a concentration of
30 ng/L at Buckman Crossing. These values are similar to or lower than the measured
concentrations in treated water from other parts of the U.S. ¢7%

These are not surprising. One would not expect the waters of the Rio Grande upstream of Santa
Fe to be particularly contaminated with pharmaceuticals, personal care products, or endocrine
disrupters because there are no metropolitan areas near the upper Rio Grande. It is the largely
populated communities and the associated commerce and industry that contribute to the majority
of such contaminants in water supplies.

3.1.6 Should Water Users be Concerned about PPCPs in the Rio Grande?

Dr. Kerry Howe discussed the presence of amitriptyline in Rio Grande water in his report on the
effectiveness of the Santa Fe city/county water treatment facility.®® Howe explained that “[a]t a
rate of ingestion of drinking water of 2 L/day for 70 years, this concentration corresponds to a
lifetime intake of 1.5 mg”, which he then compared to the typical amitriptyline adult dose
ranging from 40 to 150 mg daily.®%*”" This means that if the treatment facility were unable to
remove amitriptyline, the intake by a resident of Santa Fe over an entire lifetime would be 100
times less than one day’s-worth of a therapeutic dose for this drug.“”

The most susceptible populations to toxicity in general are embryos, fetuses, and developing
young. Research indicates that teratogenic effects (birth defects) have been shown in mice, rats,
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and rabbits at doses of amitriptyline equal to or greater than 28 mg/kg/day “'**). This dose is
equivalent to nine times the maximum recommended human dose of 150 mg/day, or 3
mg/kg/day for a 50 kg patient. Based on Dr. Howe’s calculation of a lifetime intake of 1.5 mg
total, we conclude that the concentrations of amitriptyline measured in the Rio Grande near
Santa Fe are in no way high enough to warrant concern, even for the most sensitive populations.

3.1.7 COls that are Classified as Endocrine Disrupting Compounds

Of the analytes detected in surface water from the Rio Grande near the BDD, those considered to
be potential EDCs include:

e DDE,

e perchlorate, and

e PCBs, as well as

e heavy metals such as lead, cadmium, and mercury.

The potential EDC risks associated with these particular compounds, as they relate to
consumption of tapwater from the BDD, are discussed in Section 5.

3.2 CHARACTERIZATION OF CONCENTRATIONS OF THE CONTAMINANTS OF INTEREST IN
SANTA FE TAP WATER

3.2.1 Recent Measurements in the Rio Grande

The data set used for this evaluation included data from the RACER database collected after
January 1, 2000 to February 1, 2010 for sampling locations along the Rio Grande at Buckman
and in some cases from the nearest upstream stations at Otowi Bridge. For both the radionuclide
and chemical COls, there were two types of data sets used: one data set for those COIs that were
detected at the Buckman locations and one for those COIs that were not detected at the Buckman
locations but were detected at the Otowi Bridge locations. The first data set included only data
collected from the Buckman locations while the second included data collected from both the
Buckman and Otowi Bridge locations. Figure 3-1 shows the Buckman and Otowi Bridge
sampling locations along with the locations of the BDD intake facility and Los Alamos Canyon.
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Figure 3-1. Buckman and Otowi Bridge sampling locations used to estimate EPCs.

Data Processing

Several steps had to be taken in order to get the data into an appropriate format for the estimation
of EPCs. First, many of the sampling locations and sampling dates included field duplicate
samples collected for quality control purposes that have to be accounted for in the EPC
calculation. Second, for some chemicals, the limits of detection are much higher than the highest
detection and the data sets for these chemicals had to be adjusted to account for this bias.

Finally, due to the correction for background, some of the radionuclide concentrations had
negative values that had to be adjusted before EPCs were calculated.

For sample locations and dates that included duplicate samples, the original analysis and the
duplicate analyses were combined using the following procedure:
e If the concentration for the original and duplicate analyses were all above the limit of
detection (LOD), the sample value was set equal to the average across all of the samples;
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e If the concentrations for the original and all of duplicate analyses are below the limit of
detection, the sample value was then set equal to the lowest LOD;

e [fthe concentration for either the original or one of the duplicate analyses was above the
limit of detection and the other values were below the limit of detection, the sample value
was set equal to the average of the detected values and treated as a detection in ProUCL.

Because some analytes had samples with limits of detection much greater than the maximum
detected concentration, the data sets for these radionuclides and chemicals were adjusted by
deleting the samples with LODs greater than the maximum detected value. This was done for
two reasons. First, samples with LODs greater than the maximum detection do not provide any
additional information about surface water concentrations because actual chemical concentration
for a sample below the LOD can be any value between the LOD and zero. If the actual detected
concentrations in other samples are less than the LOD for that sample, that sample confirms what
is known based on the detected concentrations, that is, the concentrations are below the LOD.
Second, including samples with a LOD greater than the maximum detected concentration will
unnecessarily bias the EPCs high, and, depending on the difference between the maximum
detection and the LOD, this could be extremely high.

Due to the random nature of radioactive decay and the common practice of subtracting
background count rates for radiometric analyses, the sample values for some of the radionuclides
were less than one. Because negative values for radionuclide concentration can lead to the
calculation of negative average and upper confidence limit (UCL) surface water concentrations,
the negative sample values were replaced with the minimum detectable activity (MDA) for that
particular radionuclide and sample and treated as a value below the limit of detection. For some
radionuclides measured in some samples, no MDA was listed in the RACER database. In this
case, the average MDA for those samples with listed MDAs was used. Table 3-3 lists the
radionuclides that had negative values for at least one sample, the number of negative values
with no listed MDA, and the average MDA estimated from those negative samples with MDAs.

Table 3-3: Radionuclides With At Least One Negative Sample Value

Radionuclide Number of Negative . Average MDA for Samples with
Samples with No MDA MDAs Listed (pC/L)
Americium-241 3 8.5
Plutonium-238 19 0.034
Plutonium-239/240 15 0.037
Potassium-40 2 70
Radium-226 0 All negative samples had an MDA
Strontium-40 1 0.4
Uranium-235 0 All negative samples had an MDA

* These samples could include duplicate samples as well as original measurements.
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Estimates of Recent Concentrations

To estimate the central tendency (CT) and reasonable maximum exposures (RME) EPCs for the
radionuclides and chemical COls for this assessment, the USEPA software package ProUCL was
used. ProUCL is a program developed by the USEPA to assist with the estimation of exposure
point concentrations. It is capable of testing the distribution of the data, applying various
statistical methods for handling measurements that are below the limit of detection, and
estimating mean and 95% UCL concentrations based on the method that is appropriate for the
data distribution, sample size, and variance of the data set.1”

For the CT EPC, the data distribution was determined (normal, gamma, lognormal, or unknown)
and the distribution-appropriate average concentration was estimated. For the calculation of the
average concentration, the distribution-appropriate regression on order statistics (ROS)
method"'? for the handling of values below the LOD was used. For the ROS method, ProUCL
fits a linear regression model of the detected vales of the dataset to the assumed distribution and
replaces the values below the LOD with values extrapolated from the linear regression. This
method is recommended over the more typical substitution methods (i.e., using one-half of the
detection limit) for handling data below the LOD.

For the RME EPC, ProUCL was used to estimate a distribution and data set appropriate upper
confidence limit of the mean concentration (UCL) for each radionuclide and chemical COL.
Many of the methods used by ProUCL to estimate UCLs include their own robust methods for
the handling of values below the LOD, such as the Kaplan-Meier (KM) method, and these were
used to estimate the UCLs. If ProUCL could not estimate a UCL due to an insufficient number
of detected samples or total number samples, the maximum detected concentration was used for
the RME EPC. In addition, if the UCL exceeded the maximum detected concentration, the
maximum concentration was used as the RME EPC.

Tables 3-4 and 3-5 present the CT and RME EPCs for the radionuclide and chemical COls
estimated using ProUCL.
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Table 3-4 : Summary of Radionuclide Exposure Point Concentrations (pCi/L) for Rio Grande near Buckman®

Exposure Point Concentration

Arithmetic
Number of Number of Arithmetic Standard
Analyte Samples Detections Minimum Maximum Mean Deviation Distribution UCL Type UCL CT RME
Americium-241° 31 6 1.75E-04 6.94 0.296 1.294 Not Normal 95% KM (t) UCL 0.725 0.296 0.725
Lead-214° 5 3 2.15 5.18 4.524 0.328 Not Normal 95% KM (t) UCL 4.966 4.524 4.966
Plutonium-238° 19 6 0 0.0106 0.0022 0.00247 Not Normal 95% KM (t) UCL 0.00264 0.0022 0.00264
Plutonium-239/240° 23 5 0.0013 0.009 0.0025 0.0023 Not Normal 95% KM (t) UCL 0.00323 0.0025 0.00323
Potassium-40° 8 2 2.98 19.8 7.1 7.4 Not Normal 95% KM (t) UCL 18.6 7.1 18.6
Radium-226 9 1 0.144 1.2 0.598 0.307 Not Normal Not Calculated NC 0.598 1.2
Radium-228 9 2 0.237 1.41 0.805 0.214 Lognormal 95% KM (t) UCL 0.991 0.805 0.991
Strontium-90° 31 5 0.003 2.23 0.11 0.401 Not Normal 95% KM (t) UCL 0.277 0.11 0.277
Thorium-228 7 4 0.0678 0.301 0.156 0.085 Lognormal 95% KM (t) UCL 0.239 0.156 0.239
Thorium-230 7 3 0.0738 0.466 0.135 0.158 Lognormal 95% KM (t) UCL 0.297 0.135 0.297
Thorium-232 7 5 0.0394 0.22 0.118 0.066 Lognormal 95% KM (t) UCL 0.171 0.118 0.171
Tritium 8 8 13.92 22.29 17.38 2.581 Lognormal 95% KM (Percentile Bootstrap) UCL 19 17.38 19
Uranium-234 11 11 0.567 2.11 1.272 0.491 Lognormal 95% Student's-t UCL 1.54 1.272 1.54
Uranium-235/236 9 5 0.0189 0.0907 0.0491 0.0189 Lognormal 95% KM (t) UCL 0.0583 0.0491 0.0583
Uranium-238 11 11 0.379 1.6 0.849 0.344 Lognormal 95% Student's-t UCL 1.037 0.849 1.037

 Data set includes samples from Buckman locations only unless otherwise noted.

® Data set includes samples from Buckman and Otowi Bridge locations due to lack of detections at Buckman and detections upstream at Otowi Bridge.

NC or Not Calculated: UCL is not calculated because there are too few detections. The maximum is used instead of the UCL for the RME.
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Table 3-5 Summary of Chemical Exposure Point Concentrations (ug/L) for Rio Grande near Buckman®

Concer
Arithme tic
Number of Number of Arithme tic Standard
Analyte Samples Detections Minimum Maximum Mean Deviation Distribution UCL Type UCL CT
Acetone 3 3 1.3 4.2 2.5 1.1 Not Determined Not calculated NC 2.5
95% KM (Percentile Bootstrap)
Aluminum 11 10 443 6100 2474 2001 Lognormal UCL 3497 2474
Ammonia 9 5 11.48 182 46.06 46.92 Lognormal 95% KM (BCA) UCL 86 46
95% KM (Percentile Bootstrap)
Antimonyb 8 4 0.26 0.6 0.378 0.11 Lognormal UCL 0.50 0.38
Arsenic 11 6 1.5 6.8 3.0 1.5 Lognormal 95% KM (t) UCL 4.0 3.0
Barium 11 11 49 213 93 47 Gamma 95% Approximate Gamma UCL 120 93
Beryllium 2 1 1.0 1.0 1.0 N/A Not Determined Not calculated NC 1.0
Bis(2-ethy1hexyl)phthalateb 4 2 0.99 4.5 2.5 1.8 Not Determined Not calculated NC 2.5
95% KM (Percentile Bootstrap)
Boron 10 9 15 46 31 8.6 Lognormal UCL 36 31
Cadmium 2 2 0.0938 2.189 0.67 0.64 Not Determined Not calculated NC 0.67
Chloromethane 1 1 0.43 0.43 0.43 N/A Not Determined Not calculated NC 0.43
95% KM (Percentile Bootstrap)
Chromium 11 7 1.793 15 4.8 3.9 Lognormal UCL 7.1 4.8
Cobalt 4 4 0.811 5.8 2.6 1.6 Not Determined Not calculated NC 2.6
Copper 11 4 1.576 13 4.4 3.1 Lognormal 95% KM (t) UCL 6.5 4.4
Cyanideb 29 4 1.5 10 1.8 2.5 Lognormal 95% KM (t) UCL 4.0 1.8
DDE 1 1 0.0076 0.0076 0.0076 N/A Not Determined Not calculated NC 0.0076
95% KM (Percentile Bootstrap)
Fluoride 9 9 189 509 354 82 Lognormal UCL 399 354
Hexachlorocyclohexane, Delta-’ 1 1 0.0086 0.0086 0.0086 N/A Not Determined Not calculated NC 0.0086
Iron 11 11 332 8050 2280 2341 Gamma 95% Approximate Gamma UCL 4175 2280
Lead 11 11 0.55 16 4.1 53 Gamma 95% Approximate Gamma UCL 8.4 4.1
Manganese 11 11 35 395 133 132 Gamma 95% Approximate Gamma UCL 228 133
Mercuryb 32 2 0.02 0.28 0.09 0.034 Not Determined 95% KM (t) UCL 0.11 0.090
95% KM (Percentile Bootstrap)
Molybdenum 10 10 2.0 6.9 45 1.5 Lognormal UCL 5.3 4.5
Nickel 11 11 1.7 16 4.8 42 Gamma 95% Approximate Gamma UCL 7.5 4.8
Nitrate-Nitrite as Nitrogen 9 5 12 227 79 77 Lognormal 95% KM (t) UCL 142 79
ocpD® 4 1 4.20E-06 1.40E-04 4.05E-05 6.64E-05 Not Determined Not calculated NC 4.0E-05
Perchlorate 9 9 0.057 0.11 0.070 0.014 Lognormal 95% KM (BCA) UCL 0.078 0.070
Total PCBs 9 2 1.18E-04 6.85E-04 2.26E-04 1.85E-04 Lognormal 95% KM (t) UCL 5.5E-04 2.3E-04
Selenium’ 11 4 0.82 3.1 1.6 1.09 Lognormal 95% KM (t) UCL 2.7E+00 1.6
Silver 1 1 0.11 0.11 0.11 N/A Not Determined Not calculated NC 0.11
95% KM (Percentile Bootstrap)
Strontium 10 10 188 432 280 61 Lognormal UCL 314 280
Thallium” 25 6 0.030 2.2 0.30 0.50 Lognormal 95% KM (t) UCL 0.53 0.30
Uranium 11 11 1.4 4.0 2.5 0.92 Lognormal 95% Student's-t UCL 3.0 2.5
Vanadium 11 11 3.9 16 8.9 4.1 Lognormal 95% Student's-t UCL 11 8.9
Zinc 11 9 4.3 51 12 13 Lognormal 95% KM (BCA) UCL 20 12

* Data set includes samples from Buckman locations only unless otherwise noted.

"Data set includes samples from Buckman and Otowi Bridge locations due to lack of detections at Buckman and detections upstream at Otowi Bridge.
Not Determined: Distribution was not determined because there was an insufficient number of detected values to test for the distribution.
NC or Not Calculated: UCL is not calculated because there are too few detections. The maximum is used instead of the UCL for the RME.

N/A: Standard deviation is not calculated because the number of distinct samples is less than 3.
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3.2.2 Recent Measurements in the Rio Grande, Taking into Account Postulated Removal
of Some Contaminants by the BDD Water Treatment System

The IPR team was instructed to include in its assessment a scenario that reflects consumption of
drinking water containing levels of contaminants recently measured in the Rio Grande, but
reflecting 95% removal of plutonium, americium, uranium, and gross alpha radioactivity by the
water treatment plant.

The BDD water treatment system includes a series of conventional and advanced water filtration
and treatment, which is noted to be a system with a efficiently beyond those that are commonly
used across the nation.*® Conventional water treatment utilized includes coagulation,
flocculation, and sedimentation. Advanced water treatment includes passing water through a
series of membrane filters, as well as through ozone reactors and granular activated carbon
contactors. The BDD project staff has prepared various graphics and descriptions of the

proposed water treatment system.*®

Background Information about Removal of Radionuclides

A study by Gafvert, et al. “” reported results of concentration of radionuclides before and after
filtration via conventional coagulation-flocculation and sand filtration. Salts of trivalent
aluminum and iron were used as coagulants, which form the precipitates AI(OH); and Fe(OH);.
These precipitates capture suspended particles, colloids, and dissolved molecular compounds
making them suitable for water purification. Activity concentrations for thorium (except  Th-
228) uranium, plutonium, and polonium decreased after passing through the filtration systems
@D 1t was suspected that co-precipitation of thorium, uranium, plutonium, and polonium with
Fe(OH); could explain the decrease in their activity after passing through the filtration process. It
was noted that for uranium, a pre-filter sample indicated that ~50% of the uranium activity was
associated with particles larger than 1 pm.*” Later, it was reported that a general trend for
uranium and thorium is that Fe(OH); precipitate has a slightly lower removal efficiency that
AI(OH)3 precipitate.*”

Cesium only exists in the Cs(I) oxidation states. Moreover, it is reported that over 99% of cesium
in solution is present as the Cs* cation.®® Several studies reported that coagulation/flocculation
was found to be completely ineffective at removing Cs-137, regardless of pH.®>*+*® Tt was
noted that this is due to the strong tendency of cesium to be in an aqueous phase.*® In terms of
its sorption into sediment, it has been reported that the evidence indicates that sorption is
dependent on the sediment type.®® Due to this variable behavior, coagulation/flocculation may
not be an efficient mode for removal of cesium.

In a report regarding the proposed filtration efficiencies of the proposed BDD treatment plant,
Dr. Kerry Howe®® reported that uranium, plutonium, and americium have similar chemistry
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with respect to aqueous speciation and water treatment. He further noted that each exists in three
or four oxidation states:

e Uranium — U(IV), U(V), U(VI)

e Plutonium — Pu(IIl), Pu(IV), Pu(V), Pu(VI)

e Americium — Am(III), Am(IV), Am(V), A m(VI)

Uranium reportedly exists in U(VI) oxidation state under oxidation conditions such as those
present in the Rio Grande. Am(III) is the only oxidation state that occurs in nature. Pu(V) and
Pu(VI) oxidation states exists in nature.

Dr. Howe notes that based on modeling of the aqueous chemistry or the Rio Grande, it was
apparent that uranium was entirely complexed, “with over 99 percent of U(IV) present as
CaU0O,(CO3)3(aq) and CaUOz(C03)3'2, and the remaining less than one percent present as
UO,(CO3),% and UO2(CO3)5™*.”

Dr. Howe described that there is substantial evidence that indicates that uranium, plutonium, and
americium bind strongly to soil. He noted that the book by William Graf “* reported that the
concentration of uranium in sediments in the Rio Grande were 1000 times greater than that in the
aqueous phase. Howe stated that “because actinides attached preferentially to sediments, any
treatment process that removes particles will be an effective treatment process for uranium,
plutonium, and americium.”

Estimated Concentrations in Treated BDD Tap Water

To account for the 95% decrease in concentration for selected radionuclides due to the water
treatment technology that will be in use, the previously calculated CT and RME EPCs for
americium-241, plutonium-238, plutonium-239/240, uranium-234, uranium-235/236, and
uranium-238 were adjusted by a multiplicative factor of 0.05 (that is, reduced by 95%). All
other radionuclide and chemical COIs were not adjusted for water treatment. Table 3-6 presents
the EPCs for all the radionuclide COlIs including the adjustment for water treatment for the
americium, plutonium, and uranium isotopes.

3.2.3 Recent Measurements in Water from the Buckman Well Field

Until the BDD is completed, the three sources of water available to the City and County of Santa
Fe area are the City well field, the Buckman well field, and the Canyon Road water treatment
plant that treats water from the Santa Fe River reservoirs.®” Over pumping of the groundwater
wells is resulting in damage to the underground aquifer. Even in the best of years, the Santa Fe
River reservoirs can only supply about half of the water needs of the region.*”
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The Buckman well field is a system of wells located northwest of the city along the eastern side
of the Rio Grande, as shown in Figure 3-2.
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Table 3-6: Summary of Radionuclide Exposure Point Concentrations (pCi/L) for Rio Grande near Buckman® Adjusted for Impact of Water Treatment on Select Radionuclides

Exposure Point Concentration

Arithmetic
Number of Arithmetic Standard

Analyte Number of Samples Detections Minimum Maximum Mean Deviation Distribution UCL Type UCL CT RME
Americium-241>¢ 31 6 8.75E-06 0.347 0.0148 0.0647 Not Normal 95% KM (t) UCL 0.036 0.0148 0.036
Lead-214° 5 3 2.15 5.18 4.524 0.328 Not Normal 95% KM (t) UCL 5.0 4.524 4.966
Plutonium-238"° 19 6 0 0.00053 0.00011 0.00012 Not Normal 95% KM (t) UCL 0.000132 0.00011 0.000132
Plutonium-239/240"° 23 5 6.50E-05 0.000 0.0001 0.000115 Not Normal 95% KM (t) UCL 0.0001615 0.000125 0.0001615
Potassium-40° 8 2 2.98 19.8 7 7 Not Normal 95% KM (t) UCL 18.6 7.1 18.6
Radium-226 9 1 0.14 1.2 0.60 0.31 Not Normal Not Calculated NC 0.598 1.2
Radium-228 9 2 0.24 1.41 0.81 0.21 Lognormal 95% KM (t) UCL 0.991 0.805 0.991
Strontium-90° 31 5 0.0030 2.23 0.11 0.40 Not Normal 95% KM (t) UCL 0.277 0.11 0.277
Thorium-228 7 4 0.068 0.301 0.16 0.085 Lognormal 95% KM (t) UCL 0.239 0.156 0.239
Thorium-230 7 3 0.074 0.466 0.14 0.158 Lognormal 95% KM (t) UCL 0.297 0.135 0.297
Thorium-232 7 5 0.039 0.22 0.12 0.066 Lognormal 95% KM (t) UCL 0.171 0.118 0.171
Tritium 8 8 14 22.29 17 2.6 Lognormal 95% KM (Percentile Bootstrap) UCL 19 17.38 19
Uranium-234° 11 11 0.028 0.1055 0.064 0.025 Lognormal 95% Student's-t UCL 0.077 0.0636 0.077
Uranium-235/236° 9 5 0.0009 0.004535 0.0025 0.000945 Lognormal 95% KM (t) UCL 0.002915 0.002455 0.002915
Uranium-238° 11 11 0.0190 0.08 0.042 0.0172 Lognormal 95% Student's-t UCL 0.05185 0.04245 0.05185

* Data set includes samples from Buckman locations only unless otherwise
noted.

®Data set includes samples from Buckman and Otowi Bridge locations due to lack of detections at Buckman and detections upstream at Otowi Bridge.

“Concentrations for this radionuclide are assumed to be decreased by 95% after water treatment.

NC or Not Calculated: UCL is not calculated because there are too few detections. The maximum is used instead of the UCL for the RME.
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Figure 3-2: Locations of Water Sources for the Santa Fe Region

Drinking water quality compliance for radionuclides under the Safe Drinking Water Act is
measured for each set of water sources that share a common "point-of-entry" to the distribution
system. The Buckman Well 10 Million-Gallon (10 MG) tank outlet is the point of entry for
water from the Buckman wells to the Santa Fe water distribution system, as the outlet of the 4
MG finished water tank will be the point-of-entry for water from the BDD system. The location
of the Buckman Well tank is shown in Figure 3-3.

The IPR team was instructed to include in their health risk assessments a scenario that addresses
the use of water that contains mean values of gross alpha radioactivity and dissolved uranium
produced by the Buckman well field as measured by the City at the point-of-entry to the public
water distribution system and reported for federal Safe Drinking Water Act compliance.

The USEPA’s Radionuclides Rule was promulgated on December 7, 2000. The Rule required
that water suppliers collect and analyze four quarterly samples from each compliance point
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during the period between 2004 and 2007. This was accomplished for the Buckman Tank

compliance point as follows:*"

e The sample collected and submitted on December 1, 2004 is a composite of 4 samples
collected in 2004. This satisfied the initial compliance monitoring.

e For reasons unclear to IPR team, NMED on September 21, 2007 collected the final of
another set of quarterly composite samples from the Buckman tank.

e Between 2004 and 2008, eight samples were collected and composited into two and
analyzed satisfying the initial compliance monitoring.

onE
,{‘ﬁ‘ éﬁﬁ“
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Figure 3-3: Locations of components of the Santa Fe water supply system, including the Buckman Well 10
MG tank

The Rule specifies a sequential analysis scheme to determine compliance:
e The samples had to be analyzed for gross alpha radioactivity and radium-228.
e If gross alpha exceeded 5 pCi/L, the sample had to be analyzed for radium-226.
e [f gross alpha exceeded 15 pCi/L, the sample had to be analyzed for uranium.

Because health risk assessment for radionuclides requires knowledge of the identity of the
specific radionuclides that are present in the environmental media, the IPR team used
measurements from the Buckman Well tank to quantify the magnitudes of the radioactivity
present and attributed them to specific radionuclides based on nuclide-specific analyses
performed on samples taken from the Buckman Well tank and from the Buckman wells.
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Attribution of Gross-Alpha and Total Uranium Concentrations to Specific Radionuclides

As part of the routine monitoring required for the Safe Drinking Water Act, seven samples have
been collected since 2002 from the tank and consistently analyzed for gross alpha concentration
[with uranium-natural reference and with americium-241 reference (pCi/L)], gross beta
concentration (pCi/L), radium-226 activity (pCi/L), and uranium mass concentration (pg/L). In
addition, some of these samples were also analyzed for their radium-228, uranium-234, and
uranium-238 content. However, because the radium and uranium isotopes have not been
consistently analyzed, the concentrations of radium-226, radium-228, uranium-234, uranium-
235/236, and uranium-238 were estimated for the IPR analysis based on the gross alpha
concentrations and the total uranium mass contribution.

As a first step, the uranium mass concentrations were converted from pg/L to pCi/L by
multiplying by a specific activity value of 0.67 pCi/ug. This estimated uranium activity was then
subtracted from the corresponding gross alpha concentration with natural uranium reference to
estimate the activity for alpha emitters other than uranium. For this evaluation, it was assumed
that radium was the only other alpha emitter.

To estimate the concentrations for the two radium isotopes, radium-226 and radium-228 and the
three uranium isotopes, uranium-234, uranium 235/236, and uranium-238, the proportion of each
isotope’s activity relative to the total activity of the element is needed. While the water in the
tank was not consistently analyzed for all of the isotopes of radium and uranium that are of
interest, the groundwater samples from the individual Buckman field wells have been analyzed
for the radium and uranium isotopes of interest on a consistent basis from 2001 to the present.
The data for these wells was taken from the RACER database and duplicate samples were
processed the same way as the Rio Grande surface water data. The groundwater data from the
Buckman wells for the radium and uranium isotopes are presented in Appendix 3A (Tables 3A-3
and 3A-4, respectively).

For each sample in which both radium isotopes were detected or all three uranium isotopes were
detected, the percent contribution of each isotope to the total concentration was calculated. Only
detected values were used because of the large range of uncertainty associated with estimating
percent contributions when one sample is less than the LOD, especially if the LOD for one
isotope is greater than the detected value for the other isotope. The arithmetic mean percent
contributions were then used to determine the individual isotope activities for radium and
uranium.

Only one sample from the Buckman wells had detections of both radium-226 and radium-228, a

sample collected from Buckman well 6 on 4 March 2009. Based on the data from this sample,
the percent contributions used for radium-226 and radium-228 were 37% and 63%, respectively.
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The average percent contributions based on the 42 samples that had detections for all three
uranium isotopes for uranium-234, uranium-235/236, and uranium-238 are 61%, 3%, and 36%,
respectively.

Table 3-7 presents the estimated concentrations for the radium and uranium isotopes for the
Buckman tank estimated from the gross alpha and uranium mass concentrations.

Because radium-226, radium-228, uranium-234 and uranium-238 were measured in some of the
tank water samples, the estimated concentrations were compared to the measured to determine
how well the estimation procedure did. The estimated radium and uranium concentrations are
compared to the measured data in Table 3-8. For the radium isotopes, the estimation method is
not that accurate based on a comparison of radium-226 concentrations to the estimated values for
the same samples. For radium-226, the estimated concentrations are a factor of 7 to 11 times
greater than the measured data. For uranium-234 and uranium-238, the estimated concentrations
are much closer to the measured values for the three samples for which these isotopes were
analyzed, with the uranium-234 estimates being between a factor of 0.76 to 1.3 of the measured
and with the uranium-238 estimates being between factors of 1.1 to 1.3 times greater than
measured. In general, the estimation method tends to provide fairly accurate estimates of the
uranium isotope concentrations but large overestimates of the radium isotope concentrations.

The estimated values from Table 3-7 were used in ProUCL to calculate CT and RME EPCs
using the same methods as the Rio Grande surface water discussed previously. Table 3-9
summarizes the CT and RME EPCs for radium-226, radium-228, uranium-234, uranium-
235/236, and uranium-238.
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Table 3-7. Estimated Ra-226, Ra-228, U-234, U-235, and U-238 concentrations for the Buckman Well Field Mixing Tank.

Page No. Estimated
from "Tank Gross Alpha Estimated
Entry Point" |Gross Alpha| Gross Alpha without Uranium Gross Alpha Ra-226 Ra-228 U-234 U-235 U-238
Date PDF (Am ref) (Upa ref) Uranium (mass conc) | for Uranium | (Estimated) |(Estimated)| (Estimated) | (Estimated) | (Estimated)
pCi/L pCi/L pCi/L ng/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L
8/12/2002° 1 22 30 0.0 54 36 0.00 0.00 33 1.6 19
1/30/2003 2 23 33 1.9 47 31 0.71 1.2 29 1.4 17
3/17/2003 3 7.6 10 4.1 9.0 6.0 1.5 2.6 5.5 0.27 32
4/7/2003 4 7.5 9.6 3.6 9.0 6.0 1.3 2.2 5.5 0.27 32
12/1/2004 7 9.1 4.0 7.5 5.0 1.5 2.5 4.6 0.23 2.7
9/21/2007 15 7.1 9.3 3.3 9 6.0 1.2 2.1 5.5 0.27 32
5/29/2009 17 7.4 7.4 0.97 9.6 6.4 0.36 0.61 5.9 0.29 3.5

Gross alpha (U, reference) includes uranium.

Per USEPA, to estimate the uranium component, multiply the U mass conc by 0.67

That conversion factor is based on the 1:1 activity ratio of U-234 and U-238 that is characteristic of naturally occurring uranium.

“ Estimated Gross Alpha without Uranium set equal to zero because difference between estimated uranium activity and gross alpha activity is less than zero.
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Table 3-8. Estimated Ra-226, Ra-228, U-234, U-235, and U-238 concentrations for the Buckman Well Field Mixing Tank.

Page No. from

Estimated Gross

Estimated Gross

"Tank Entry Gross Alpha Gross Alpha Alpha without Uranium (mass Alpha for Ra-226 Ra-228 U-234 U-235 U-238
Date Point" PDF (Am ref) (Upacref) Uranium conc) Uranium (Estimated) (Estimated) (Estimated) (Estimated) (Estimated)

pCi/L pCi/L pCi/L pg/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L
8/12/2002" 1 22 30 0.0 54 36 0.00 0.00 33 1.6 19
1/30/2003 2 23 33 1.9 47 31 0.71 1.2 29 1.4 17
3/17/2003 3 7.6 10 4.1 9.0 6.0 1.5 2.6 5.5 0.27 32
4/7/2003 4 7.5 9.6 3.6 9.0 6.0 1.3 22 5.5 0.27 32
12/1/2004 7 9.1 4.0 7.5 5.0 1.5 2.5 4.6 0.23 2.7
9/21/2007 15 7.1 9.3 3.3 9 6.0 1.2 2.1 5.5 0.27 32
5/29/2009 17 7.4 7.4 0.97 9.6 6.4 0.36 0.61 5.9 0.29 35

Gross alpha (U, reference) includes uranium.

Per USEPA, to estimate the uranium component, multiply the U mass conc by 0.67

That conversion factor is based on the 1:1 activity ratio of U-234 and U-238 that is characteristic of naturally occurring uranium.

* Estimated Gross Alpha without Uranium set equal to zero because difference between estimated uranium activity and gross alpha activity is less than zero.
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Table 3-9. Summary of Estimated Radionuclide Exposure Point Concentrations (pCi/L) for Buckman Well Field

Exposure Point Concentration

Arithmetic
Number of Arithmetic Standard
Analyte Samples Minimum Maximum Mean Deviation Distribution UCL Type UCL CT RME
Radium-226 7 0 1.5 0.94 0.60 Not Normal 95% Student's-t UCL 1.4 0.9 1.4
Radium-228 7 0 2.6 1.6 1.0 Not Normal 95% Student's-t UCL 2.3 1.6 23
Uranium-234 7 4.6 33 13 12 Unknown 95% Chebyshev (Mean, Sd) UCL 33 13 33
Uranium-235/236 7 0.23 1.6 0.62 0.61 Unknown 95% Chebyshev (Mean, Sd) UCL 1.6 0.62 1.6
Uranium-238* 7 2.7 19 7.5 7.4 Unknown 95% Chebyshev (Mean, Sd) UCL 20 7.5 19

a Estimated UCL exceeded the maximum detected concentration so RME was set equal to the max.
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3.3 DRINKING WATER REGULATIONS AND OTHER GUIDELINES

The COIs were compared to drinking water criteria, which exist in the form of both enforceable
regulations and guidelines. The primary criteria considered for this comparison were the USEPA
Maximum Contaminant Levels (MCLs), which are legally enforceable drinking water standards
for public drinking water systems. For COlIs that do not have MCLs, other drinking water
guidelines were used for comparison purposes.

3.3.1 USEPA Drinking Water Standards

Public drinking water quality in the U.S. is regulated by the USEPA under the Safe Drinking
Water Act (SDWA). As a result of this program, the USEPA established the National Primary
Drinking Water Regulations (NPDWR), which are drinking water standards for over 70
contaminants that are of potential concern in drinking water. The NPDWRs include both
enforceable (Maximum Contaminant Levels; MCLs) and non-enforceable health goals
(Maximum Contaminant Level Goals; MCLGs). MCLs are mandatory levels defined as “the
highest level of a contaminant that is allowed in drinking water.”®® Non-enforceable levels are
called maximum contaminant level goals (MCLGs), which are defined as concentrations of
chemicals at which “no known or anticipated adverse effect on the health of persons occurs and
which allows an adequate margin of safety.”® In additional, the USEPA has established
National Secondary Drinking Water Regulations, which are non-enforceable, recommended
guidelines for chemicals that may cause cosmetic effects (such as skin or tooth discoloration) or
aesthetic effects (such as taste, odor, or color) in drinking water.

A reference dose (RfD) is an estimate of the amount of a chemical that a person can be exposed
to on a daily basis that is not anticipated to cause adverse health effects over a person's lifetime.
For non-carcinogenic chemicals, the MCLGs are calculated using a simple equation that
incorporates the chemical-specific the oral RfD, the body weight and drinking water ingestion
rate for an adult (70 kg; 2 L/day), and a relative source contribution factor of 20% (which
assumes that only 20% of an adult’s total daily intake of a chemical is from drinking water).®>)
For chemicals that are known or probable human carcinogens, the MCLG is set equal to zero,
and the MCL is set at the lowest concentration that can be measured on a routine basis (that is, a
Practical Quantitation Limit). MCLGs for chemicals determined to be possible human
carcinogens, are calculated according to the method used for non-carcinogens (that is, based on
an RfD, if one is available), and then a factor of 10 is incorporated to provide additional
margin.®® Subsequent to the MCLG calculation, MCLs are set equal to or as close to the
MCLG as is feasible, considering best available treatment technology and taking cost into
consideration.
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To assure compliance with the MCLs, public water suppliers (PWS) must collect and analyze
drinking water samples in accordance with analytical methods and sampling schedules set by the
EPA. Depending upon the chemical class and the drinking water source (that is, groundwater
and/or surface water), samples are typically collected from a PWS between one and four times
per year.®” While an MCL is referred to as a “maximum level,” compliance for more frequently
monitored chemicals is determined by comparing annual average concentrations to the MCL
(that is, not the maximum concentration).

In addition to the regulated contaminants that are part of the NPDWRs, the US EPA has also
developed a list of unregulated contaminants (Contaminant Candidate List 3; CCL3) that are
known or anticipated to occur in public water systems and may require future regulation.®?

This list consists of 104 chemicals or chemical groups that the EPA will further evaluate and
determine which have sufficient information for the US EPA to make a regulatory determination.
The EPA will encourage research for chemicals that lack sufficient information.

3.3.2 New Mexico Drinking Water Standards

The SDWA allows individual states to set and enforce their own drinking water standards, as
long as they are not less stringent than national standards. In New Mexico, the NMED Drinking
Water Bureau was granted primacy authority by the USEPA to directly oversee its PWSs, and
relies upon the MCLs as their drinking water standards ©”.

3.3.3 Other Drinking Water Criteria

Various other sources of health-based drinking water criteria are readily available, which have
been developed by the USEPA and state environmental organizations. As such, the sources
listed below were used to identify drinking water criteria for those COIs for which MCLs have
not been developed.

e NMED Tap Water Screening Levels were developed for residential exposures based on
an adult who is exposed to household water via ingestion and inhalation of volatiles.
They are based on a target risk of 1 in 100,000 for carcinogens and a hazard quotient of 1
for non-carcinogens.(56)

o USEPA Regional Tap Water Screening Levels (RSLs) were developed similarly to
NMED’s Tap Water Screening Levels, but use a target risk of 1 in 1 million for
carcinogens (USEPA, 2010).

¢ Preliminary Remediation Goals for Radionuclides (PRGs) for tap water are calculated
in the same manner as the RSLs, however, they consider both children and adult
residents.”
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e Drinking Water Equivalent Levels (DWELSs) are set by the USEPA. They are lifetime
exposure concentrations considered protective of adverse, non-cancer health effects,
assuming that all of the exposure to a contaminant is from drinking water. The RfD set
by USEPA for a contaminant is multiplied by body weight and divided by daily water
consumption to obtain the compound’s DWEL.®”

o Lifetime Health Advisories (Lifetime HAs) are concentrations of chemicals in drinking
water that are not expected to cause any adverse non-carcinogenic effects for a lifetime of
exposure. The Lifetime HA is based on exposure of a 70-kg adult consuming 2 liters of
water per day.®®

e Secondary Drinking Water Regulations (SMCLs) are non-enforceable Federal
guidelines regarding cosmetic effects (such as tooth or skin discoloration) or aesthetic

effects (such as taste, odor, or color) of drinking water.®®

The MCLs and other drinking water criteria for the radionuclide and chemical COIs were
compiled and are presented in Tables 3-10 and 3-11, respectively. These tables present the
process used to select the relevant drinking water criateria for each COI. This process entailed
using the MCLs as the selected drinking water criteria, and the lowest available health-based
criteria for COIs without MCLs.
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Table 3-10. Selection of Relevant Drinking Water Criteria for Radionuclides *
(All concentrations in uCi/L)

USEPA Drinking Water Criteria
National Primary Selected Drinking
Drinking Water ] Superfund Water Criteria®
Regulations” RAIS PRGs PRG:s*

Detected Analyte MCL Value Source
Americium-241 -- 5.09E-07 4.6E-07 5.1E-07 b
Lead-214 - 1.54E-04 1.4E-04 1.5E-04 b
Plutonium-238 - 4.04E-07 3.6E-07 4.0E-07 b
Plutonium-239 - 3.92E-07 3.5E-07 3.9E-07 b
Potassium-40 - 2.14E-06 1.9E-06 2.1E-06 b
Radium-226 5.0E-06 9.14E-10 5.0E-06 5.0E-06 a
Radium-228 (Ra-226+Ra-228) 5.09E-08 4.6E-08 5.0E-06 a
Strontium-90 9.47E-07 8.5E-07 9.5E-07 b
Thorium-228 - 4.94E-07 4.6E-08 4.9E-07 b
Thorium-230 - 5.81E-07 5.2E-07 5.8E-07 b
Thorium-232 - 5.24E-07 4.7E-07 5.2E-07 b
Tritium - - 1.4E-04 1.4E-04 c
Uranium-234 - 7.48E-07 6.7E-07 7.5E-07 b
Uranium-235 - 7.60E-07 6.8E-07 7.6E-07 b
Uranium-238 - 8.27E-07 74E-07 8.3E-07 b

*Drinking water criteria were obtained for all COIs in the Santa Fe River. When availble, EPA MCLs were
utilized as the drinking water criteria. When MCLs were unavailable, the lowest value from other health-
based criteria was selected, as indicated.

“USEPA 2009 (http://www.epa.gov/waterscience/criteria/drinking/dwstandards2009.pdf).

PRAIS Preliminary Remediation Goals (PRGs) Calculator (accessed May, 2010); http://rais.oml.gov/cgi-
‘Superfund PRGs (accessed May, 2010); http://epa-prgs.omlgov/radionuclides/. (Consider residential
YRAIS PRGs were selected as the primary drinking water criteria, when available.

“Exludes uranium and radon isotopes.

"USEPA Radionuclides Rule (http://www.epa.gov/ogwdw000/radionuclides/basicinformation.html)

-- Not available.
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Table 3-11. Selection of Relevant Drinking Water Criteria for Chemicals”
(All concentrations in ug/L)

USEPA Drinking Water Standards and Health Advisories USEPA Regional | Selected Drinking Water
Regulations” Health Advisories (HAs)c NMED Tap Water | Screening Levels Criteria"
Analyte MCL MCLG SMCL DWEL Lifetime HA | Screening Level® (RSLs)® Value Source
Acetone - - - - - 5,480 21,800 5,480 NMED
Aluminum - - 50 to 200 - - 36,500 36,500 36,500 RSI/NMED
Ammonia - - - 30,000 - - - 30,000 DWEL
Antimony 6 6 - 10 6 15 15 6 MCL
Arsenic 10 0 - 10 - 0.44 0.045 10 MCL
Barium 2,000 2,000 - 7,000 - 7,300 7,300 2,000 MCL
Beryllium 4 4 - 70 - 73 73 4 MCL
Bis(2-ethylhexyl)phthalate 6 0 - 700 - 47 48 6 MCL
Boron - - - 7,000 6,000 7,300 7,300 6,000 Lifetime HA
Cadmium 5 5 - 20 5 18 18 5 MCL
Chloromethane - - - 100 30 15 188 15 NMED
Total Chromium 100 100 - 100 - - - 100 MCL
Cobalt - - - - - 730.00 11 11 RSL
Copper 1,300 1,300 1,000 - - 1,460 1,460 1,300 MCL
Cyanide 200 200 - 800 200 730 730 200 MCL
DDE - - - - - 1.95 0.20 0.20 RSL
Fluoride 4,000 4,000 2,000 - - 2,190 1,460 4,000 MCL
Delta HCH - - - - - - 0.037 0.037 RSL
Iron - - 300 - - 11,000 25,600 11,000 NMED
Lead 15 0 - - - - - 15 MCL
Manganese - - 50 1,600 300 1,720 876 50 SMCL
Mercury 2 2 - 10 2 - 0.57 20 MCL
Molybdenum - - - 200 40 183 183 40 Lifetime HA
Nickel - - - 700 1,000 730 730 700 DWEL
Nitrite 1,000 1,000 - - - 3,650 1,000 MCL
OCDD - - - - - - - 0.00068 RAIS
Perchlorate 15 - - 25 15 - 26 15 MCL
Total PCBs 0.5 0 - - - - - 0.50 MCL
Selenium 50 50 - 200 50 183 183 50 MCL
Silver - - 100 200 100 183 183 100 Lifetime HA
Strontium - - - 20,000 4,000 21,900 21,900 4,000 Lifetime HA
Thallium 2 0.5 - - - 24 - 2 MCL
Uranium 30 0 - 20 - - 110 30 MCL
Vanadium - - - - - 37 184 37 NMED
Zinc - - 5,000 10,000 2,000 11,000 11,000 2,000 Lifetime HA

aDrinking water criteria were obtained for all COls in the Santa Fe River. When availble, EPA MCLs were utilized as the drinking water criteria. When MCLs were unavailable, the
lowest value fromother health-based criteria was selected, as indicated.

"National Primary Drinking Water Regulations are legally enforceable standards that apply to public water systens.(%)

“Health Advisories (HA) An estimate of acceptable drinking water levels for a chemical substance based on health effects information; a Health Advisory is not a legally enforceable
The NMED SSLs are based ona 1 x10” target risk for carcinogens, or a hazard quotient of 1 for noncarcinogens}gg)
‘USEPA Regional Screening Levels for tap water (RSLS)A(M(’)

analytical and treatment technologies and t;aking cost into consideration. MCLs are enforceable standards.

taste, odor, or color) ofdriﬁking water. 7 7 7

which allows an adequate margin of safety. . .
is from drinkjngiwaten 7

RAIS: Risk Assessment Information System; Department of Energy's (DOE's) Oak Ridge Operations Office (ORO).

-- No associated value.

34 COMPARISON OF COIS TO DRINKING WATER CRITERIA

The average concentrations of the COI were compared to the selected drinking water criteria;
this is presented in Tables 3-12 and 3-13. These tables show that for all of the 50 COIs with the
exception of U-234, the untreated and unfiltered water river are below the MCLs and other
drinking water criteria. In the case of U-234, this radionuclide is associated with regional
background levels, which is discussed later in this report.

3-29




PRELIMINARY DRAFT REPORT

Buckman Direct Diversion Project Independent Peer Review

Table 3-12. Comparision of Radionuclide COIs to Drinking Water Criteria
(All concentrations in uCi/L)

Exposure Point Concentrations (uCi/L)
Radionuclide . Se'l ected Central Tendency | Is CT > Drinking
Drlnku‘lg Water (cT)? Water Criteria?
Criteria
Americium-241 5E-07 3E-07 No
Lead-214 2E-04 5E-06 No
Plutonium-238 4E-07 2E-09 No
Plutonium-239 4E-07 3E-09 No
Potassium-40 2E-06 7E-06 Yes®
Radium-226 5E-06 6E-07 No
Radium-228 5E-06 8E-07 No
Strontium-90 9E-07 1E-07 No
Thorium-228 5E-07 2E-07 No
Thorium-230 6E-07 1E-07 No
Thorium-232 S5E-07 1E-07 No
Tritium 1E-04 2E-05 No
Uranium-234 7E-07 1E-06 Yes
Uranium-235 8E-07 5E-08 No
Uranium-238 8E-07 8E-07 No

*Average concentration: CT Central Tendency exposure parameter (i.e. average,

or typical exposure).

®Although the EPC for this COI is greater than the drinking water criteria, it was

not detected at the Buckman sampling location.
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Table 3-13. Comparision of Chemical COIs to Drinking Water Criteria

Exposure Point Concentrations
BDD Analyte Selected Drinking Water| Central Tendency Is CT > Drinking
Criteria (cT) Water Criteria?
Acetone 5,480 2.5 No
Aluminum 36,500 2474 No
Ammonia 30,000 46.06 No
Antimony 6.0 0.378 No
Arsenic 10 2.966 No
Barium 2,000 93.04 No
Beryllium 4.0 1 No
Bis(2-ethylhexyl)phthalate 6.0 2.5 No
Boron 6,000 30.69 No
Cadmium 5.0 0.669 No
Chloromethane 15 0.425 No
Total Chromium 100 4.761 No
Cobalt 11 2.608 No
Copper 1,300 4.442 No
Cyanide 200 1.8 No
DDE 0.20 0.00758 No
Fluoride 4,000 3539 No
Delta HCH 0.037 0.00859 No
Iron 11,000 2280 No
Lead 15 4.144 No
Manganese 50 133.1 No*
Mercury 2.0 0.09 No
Molybdenum 40 4.503 No
Nickel 700 4.804 No
Nitrite 1,000 79.36 No
OCDD 0.00068 0.000040475 No
Perchlorate 15 0.0701 No
Total PCBs 0.50 0.00022582 No
Selenium 50 1.56 No
Silver 100 0.11 No
Strontium 4,000 280 No
Thallium 2.0 0.296 No
Uranium 30 2.544 No
Vanadium 37 8.885 No
Zinc 2,000 12.3 No

*The lowest of the drinking water criteria available for manganese is identified here, however, this is a secondary
MCL and is not a health-based criterion The next lowest drinking water criterion for manganese is 876 ug/L,
which is a USEPA RSL.
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3.5 NEW MEXICO SURFACE WATER QUALITY

New Mexico has established water quality standards for surface water that are used to designate
surface water uses and to set criteria for attainment of those uses (Standards for Interstate and
Intrastate Surface Waters - 20.6.4 NMAC). These standards are developed by the NMED and
approved by the USEPA under the Clean Water Act, which is an act that establishes the structure
for regulating the discharge of pollutants into U.S. surface waters and the associated water
quality standards. The currently promulgated NMED water quality standards are dated August
2007. However, NMED is in the process of revising these standards as part of their triennial
review; they are not yet final and must be submitted to the USEPA for approval.

Nonetheless, included in the proposed standards are newly developed water quality criteria for
five radionuclides of LANL-origin: americium-241, cesium-137, plutonium-239/240, strontium-
90, and tritium. These new criteria are specific to the reach of the Rio Grande that includes the
BDD water intake structure. They are applicable to the public water supply use for monitoring
and public disclosure purposes and are not enforceable standards. These standards are health-
based, and were developed using Federal Guidance Report 13, which is the current USEPA
methodology for estimating theoretical cancer risks from low-level exposure to radionuclides.
They are based on a 70-kg adult who consumes two liters of water per day, and a target risk of 1
in100,000. Similar to the EPA and NMED drinking water regulations, these criteria are for
comparison to an average yearly drinking water concentration.

While not to be confused with drinking water standards, it is worth noting that the NMED
surface water criteria for these five radionuclides are greater than the drinking water criteria
utilized by the IPR team. A comparison is provided in the table below.

IPR Drinking Water NMED Surface Water
Criteria® Criteria
Radionuclide (uCi/L) (uCi/L)
Americium-241 0.509 1.9
Plutonium-239/240 0.404 1.5
Strontium-90 0.947 3.5
Tritium 144 4,000
Cesium-137% 0.589 6.5

'The PRGs were used as the drinking water criteria by the IPR team for these radionudlices.
Although cesium-137 was not a not a COI in this assessment, it is included here for comparison

purposes.
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3.6 CHARACTERIZATION OF SOURCES OF THE COISs
3.6.1 Sources of COIs in the Rio Grande

COls in the Rio Grande have originated from a number of sources, including forms of the
material that occur in nature; human activities conducted at Los Alamos, LANL, or other urban
and industrial areas in the watershed; and above-ground testing of nuclear devices that occurred
widely between 1945 and 1980. Some COls appear to be dominantly of natural origin, others
were generated by or enhanced by human activities, and others appear from a mixture of natural
and anthropogenic sources.

3.6.1.1 Naturally Occurring Materials

Many of the analytes measured in the Rio Grande are elements that occur naturally in the earth’s
crust. These include the COIs aluminum, antimony, arsenic, barium, beryllium, boron,
cadmium, chromium, cobalt, copper, iron, led, manganese, mercury, molybdenum, nickel,
selenium, silver, strontium, thallium, tin, uranium, vanadium, and zinc. Occurrences of these
elements in surface waters can result from leaching and/or erosion of natural deposits, but their
presence in environmental media can also be enhanced by human uses of the elements and
compounds of these elements for industrial or urban uses. Examples would include the use of
chromium compounds as corrosion inhibitors in cooling water systems and the use of mercury to
extract gold and silver from mined ores.

Radioactive material has existed in air, rocks, water, and plants since the Earth’s formation. Over
the last century, naturally occurring radioactive materials have been mined and processed for use
in medicine, power generation, weapons, consumer products, and industry. These naturally
occurring radioactive materials, often referred to as NORM, include those radionuclides present
or produced naturally within the environment. Naturally occurring radionuclides can either
occur singly within the environment (such as potassium-40) or within the uranium, thorium, and
actinium decay series or chains.®” Each of these decay series starts with a “primordial”
radionuclide that was formed when the earth was formed (the U-238, U-235, and Th-232 for
which the series are named), passes through a series of disintegrations in which isotopes of
various elements are formed, and ends with stable isotopes that decay no further (lead-206, -207,
and -208). Isotopes occurring in these decay chains, along with potassium-40, account for most
of the background radiation dose to which humans are exposed.”

(60)

As shown in Figures 3-4 through 3-6,"" radioactive isotopes of uranium, thorium, radium,

polonium, and lead that are COIs occur in the uranium and thorium decay series.®"

3.6.1.2 Fallout from Above-Ground Nuclear Testing

3-33



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

Between 1945 and 1980, the United States and other countries conducted over 500 tests of
nuclear weapons in the atmosphere.®® From these tests, radioactive fission and activation
products in the form of particles and gases were dispersed throughout the atmosphere.
Radioactive fallout resulted across the earth’s surface from these tests, and some of that
contamination is still present today in soils, surface waters, plants, and animals. While roughly
200 radionuclides are produced during fission, many decay away quite quickly, and a few
dominate the potential residual health risk to exposed populations. These include strontium-90,
cesium-137, and plutonium-239/240. Radioactive iodine, specifically I-131, has been found to
be the radionuclide of greatest concern in terms of public health risks after a nuclear test,®> but
that nuclide has an 8 day half-life and does not remain present after several months have passed.
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3.6.1.3 COI Sources at LANL

“Project Y was born as part of the Manhattan Project to create the first atomic weapons.
LANL’s activities expanded after the war to include diverse areas including thermonuclear
weapon design, high explosives development and testing, weapons safety, nuclear reactor
research, waste disposal and incineration, chemistry, criticality experimentation, tritium
handling, biophysics, and radiobiology."” Operations at Los Alamos have taken place in land
divisions called Technical Areas, or TAs, that are located across 36 square miles of Lab property.
In terms of contribution of contamination to local canyons and into the Rio Grande, there are a
number of historical operations or facilities that environmental investigations have identified as
most significant:

e Untreated waterborne radioactive wastes released to the South Fork of Acid Canyon from
1944 to 1951 and from the TA-45 treatment plant from 1951 to 1964. These are thought
by LANL to be the primary sources of radionuclide contamination in Acid and Pueblo
Canyons (primarily Pu-239/240). Average concentrations of Am-241, Pu-239/240, Sr-
90, and U-234 are highest in reach ACS in the South Fork of Acid Canyon, and Cs-137 is
also present there above background concentrations.

e A TA-21 outfall into DP Canyon that received waste from industrial waste treatment
plants from 1952 to 1986 (Cs-137 and Sr-90). This is viewed by LANL as the most
important source of contaminants in upper Los Alamos Canyon. Average concentrations
of Cs-137 are highest in DP Canyon down-canyon from the 21-011(k) outfall, and Am-
241, Pu-239/240, Sr-90, and possibly U-234, are also above background concentrations
down-canyon from this outfall.®

e A septic tank outfall on the south rim of Acid Canyon in the 1940s (Pu-239/240, PCBs).
The SWMU 0-030(g) outfall into Acid Canyon is a recognized source for Am-241 and
Pu-239/240 contamination of sediments.

e The former Pueblo Canyon waste water treatment plant on the south rim of Graduation
Canyon above Pueblo Canyon (mercury and DDT).

e (Contaminated hillsides in the Original Technical Area along Los Alamos Canyon
(radionuclides and metals, including mercury). Hillside 137 in upper Los Alamos
Canyon below TA-1 is a recognized source for Pu-239/240 in canyon sediments.

e The Omega West Reactor in TA-2, which operated from 1956 to 1993 and leaked tritium
to the alluvial groundwater.

e Leach fields at TA-2 (Cs-137 and Sr-90)

e Absorption beds within Material Disposal Area (MDA) V on DP Mesa that received
liquid waste effluent from laundry operation and sometimes overflowed into Los Alamos
Canyon (plutonium).

e Impoundments at TA-53 (inorganic chemicals, organic chemicals, radionuclides).

e A solid waste management unit (SWMU) at TA-61 (PCBs)
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e A septic tank outfall from TA-31’s east receiving yard (PCBs)
e An ash pile from a former incinerator at TA-73 (inorganic and organic chemicals)

3.6.1.4 COI Sources from Urban Area and Forests

Some COls are often found in urban areas, including compounds that are found in motor oil,
gasoline, diesel fuel, asphalt, road salt, PCBs, heavy metals, and pesticides.(64'68) PAHs are
frequently associated with motor vehicle usage and asphalt, and runoff from roads often contains
metals including cadmium, chromium, copper, lead, nickel, and zinc. (4%

Arsenic, cadmium, chromium, cobalt, manganese, and mercury have been measured in relatively
high concentrations in some or all of the reaches of upper Acid and DP Canyons and have also
been reported in urban runoff.®”

It is documented that the insecticide DDT was used in aerial spraying in the Sante Fe National
Forest in 1963, most likely in the upper parts of the Los Alamos and Pueblo Canyon
watershed.® DDT was likely also used by Laboratory grounds crews and Los Alamos residents
until it was banned in 1972.”

Various naturally occurring inorganic chemicals (such as barium, cobalt, and manganese) and
anthropogenically created fallout radionuclides (including cesium-137, plutonium-239,240, and
strontium-90) were concentrated in ash created in the May 2000 Cerro Grande Fire at levels
exceeding that of background sediments before the fire, and the transport of ash has resulted in
elevated levels of these materials in post-fire sediment deposits in the canyons.® Arsenic,
chromium, selenium, and zinc are also higher in post-fire sediment than in pre-fire sediment in
some reaches of Los Alamos and Pueblo Canyons, but not in all.®®

3.6.2 Comparisons of Upriver versus Downriver COI concentrations

To evaluate the impact of LANL-related constituents on the water quality of the Rio Grande near
the Buckman Diversion, the COI concentrations detected near Buckman sampling locations were
compared to those from sampling locations further upriver on the Rio Grande or on the Rio
Chama. Because sampling methods and data sources have changed over time, the comparisons
between sampling locations were done differently for different time periods.

3.6.2.1 Data Evaluation

Data from samples collected at 14 sampling locations along the Rio Grande including Buckman
(2 sampling locations), Otowi Bridge (6 locations), Espanola (2 locations), and Embudo (2
locations) and along the Rio Chama at Chamita (2 locations). Rio Chama at Chamita is the
closest sampling location to the confluence of the Rio Chama and Rio Grande. Table 2-1 lists all
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of the sampling locations included in this analysis along with their Universal Transvers Mercator
(UTM) coordinates and the data provider associated with each location. For the comparisons,
these locations were grouped into three sampling location categories: Buckman, Otowi Bridge,
and Upriver. The Upriver grouping included the Espanola, Chamita, and Embudo sampling
locations.

All of the historical sample analysis results for the locations listed in Table 2-1 were included in
this analysis. Because of changes in sampling and analysis methods over time, the sampling
locations were evaluated for five different time periods that include: samples collected after
2000; between 1990 and 1999; between 1980 and 1989; between 1970 and 1979; and before
1970. Because samples were collected from the Buckman locations only after 2000, all
comparisons performed for the other four time periods were only between the Otowi Bridge and
Upriver locations.

For this comparison, the COls that were included in the comparisons for each time period were
selected based on the following criteria:
e The constituent had to have been measured in at least 3 samples, as defined by location
and sampling date in all of the categories included in the comparisons.
e For the after 2000 sampling time period, a constituent was included if it was detected in
at least one sample collected from the Upriver Category and from either the Buckman or
Otowi Bridge categories.
e For the other four sampling time periods, a constituent was included if it was detected in
at least one sample from the Otowi Bridge and the Upriver categories.

Table 3-14 lists the radionuclides and Table 3-15 lists the chemicals that were included. Overall,
the highest number of contaminants included was for the time period after 2000, and the number
included in each time period decreased over time. Gross alpha, gross beta, plutonium-238,
plutonium-239/240, and tritium were the most consistently included radionuclides, and uranium
was the only chemical that was included in more than two time periods.

In general, duplicate samples, samples with LODs greater than the maximum concentration, and
negative values for the radionuclides were handled in the same way as the data used to estimate
the exposure point concentrations. However, because there were no data available on the MDA
for samples included in RACER after 1980, radionuclide samples from the 1970 to 1979 and
before 1970 time periods that had negative results were excluded from the comparisons for those
time periods.

For this analysis, the data distribution was determined (normal, gamma, lognormal, or unknown)

for each data set, the distributions appropriate regression on order statistics (ROS) method ' for
the handling of values below the LOD was used. For the ROS method, ProUCL fits a linear
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regression model of the detected values of the dataset to the assumed distribution and replaces
the values below the LOD with values extrapolated from the linear regression. This method is
recommended over the more typical substitution methods (i.e., using one-half of the detection
limit) for handling data below the LOD. Because the majority of constituent data sets across
time periods had lognormal distributions and the other data sets did not fit either a normal,
gamma, or lognormal distribution, the lognormal ROS method used for samples with values
below the LOD.
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Table 3-14. Results of Kruskal-Wallis Or Wilcoxon Rank Sum tests for significant differences in radionuclide concentration between Buckman, Otowi Bridge, and
Upriver locations®

Kruskal-Wallis or Wilcoxon Rank Sum Test p Value by Time Period
Radionuclide After 2000 1990 - 1999° 1980-1989" 1970-1979" Before 1970"
Americium-241 0.356" 0.457 NA NA NA
Cesium-137 NA NA 0.509 0.41 NA
Gross Alpha 0.019 0.167 0.191 0.224 0.145
Gross Beta 0.029 0.489 0.527 0.973 0.137
Plutonium-238 0.914° 0.075 0.682 0.548 NA
Plutonium-239/240 0.817° 0.479 0.463 0.617 0.569
Radium-226 0.121 NA NA NA NA
Radium-228 0.146 NA NA NA NA
Strontium-90 0.078° 0.445 NA NA NA
Thorium-228 0.005 NA NA NA NA
Thorium-230 0.242 NA NA NA NA
Thorium-232 0.073 NA NA NA NA
Tritium 0.134 0.469 0.764 0.958 NA
Uranium-234 0.167 NA NA NA NA
Uranium-235/236 0.479 NA NA NA NA
Uranium-238 0.102 NA NA NA NA

P values in bold indicate a significant difference between at least two of the sampling locations at a 95% confidencel level.
NA: Not analyzed because radionuclide was either not detected or analyzed for at either the Buckman or Otowi Bridge locations during that time period.

a Upriver locations include the Rio Grande at Embudo, Rio Grande at Espanola, and Rio Chama at Chamita.

b Data from the Buckman locations were not available for these radionuclides or for these time periods, thus comparisons are only between Otowi Bridge and
Upriver locations using the Wilcoxon Rank Sum test.
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Table 3-15. Results of Kruskal-Wallis test for significant differences in chemical concentration between Buckman, Otowi Bridge, and Upriver
locations”

Kruskal-Wallis Test p Value by Time Period
Chemical After 2000 1990 - 1999" 1980-1989" 1970-1979" Before 1970"
Acetone 0.001°¢ NA NA NA NA
Aluminum 0.277 0.165 NA NA NA
Arsenic 0.518 NA NA NA NA
Barium 0.575 0.053 NA NA NA
Boron 0.313 0.068 NA NA NA
Cadmium 0.208 NA NA NA NA
Chromium 0.601 0.468 NA NA NA
Copper 0.038 NA NA NA NA
Lead 0.423 0.394 NA NA NA
Total PCBs 0.187¢ NA NA NA NA
Strontium 0.167 0.199 NA NA NA
Uranium 0.04 2.04E-04 0.337 0.453 0.012
Vanadium 0.664 0.915 NA NA NA
Zinc 0.154 0.668 NA NA NA

P values in bold indicate a significant difference between at least two of the sampling locations at a 95% confidencel level.

NA: Not analyzed because radionuclide was either not detected or analyzed for at either the Buckman or Otowi Bridge locations during that time period.
a Upriver locations include the Rio Grande at Embudo, Rio Grande at Espanola, and Rio Chama at Chamita.

b Data from the Buckman locations were not available for these time periods, thus comparisons are only between Otowi Bridge and Upriver locations.

¢ Data form the Upriver locations were not available for this chemical, thus comparisons are only between Buckman and Otowi Bridge locations.
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3.6.2.2. Statistical Methods

To evaluate any differences between the three sample locations categories (Buckman, Otowi
Bridge, and Upriver) for each of the five time periods, the data for each constituent and sampling
location by sampling time period were evaluated graphically using box plots. The box plots for
each constituent by sampling time period are presented in Appendix 3B. A box plot is a way of
graphically depicting groups of numerical data by displaying the following characteristics: the
5th percentile which forms bottom whisker, the 25™ percentile which forms the bottom of the
box, median which is the line shown in the middle of the box, the 751 percentile which forms the
top of the box, and the 95™ percentile which defined the top whisker.”’” Any samples with
concentrations less than the 5th percentile or greater than the 95™ percentile are shown as
asterisks outside the whiskers and concentrations less than the 2™ percentile or greater than the
98™ percentile are show as circles. Because the majority of these data have lognormal
distributions, the y axis of the box plots is in a logarithmic scale.

To determine if there were any statistical differences among the three sampling locations,
nonparametric statistical methods for determining differences in the medians between the
sampling locations were used. Nonparametric methods were used because several of the data
sets had undefined distributions and the majority of contaminants had detection frequencies for
some of the sampling locations that were below 50%. The methods used included the Kruskal
Wallis test, which is a nonparametric version of a one way analysis of variance and the Wilcoxon
Rank Sum test, which is the two sample comparison equivalent of the Kruskal Wallis test % 7",
The use of rank sum nonparametric methods will help minimize any biases due to differences in
the LOD between sampling locations. All testing was performed at a 95% confidence level.

For the data sets in the after 2000 time period that had data for all three sampling locations, the
Kruskal-Wallis test was performed. If the Kruskal-Wallis test indicated that at least one pair of
sampling locations had medians that were significantly different at a 95% confidence level, the
pairwise differences between the three sampling locations were evaluated using the Wilcoxon
Rank Sum test with Holm — Bonferroni correction to account for the multiple comparisons.’* ">
For the data sets in the after 2000 time period that did not have data for all three sampling
locations and for the data sets in the other four time periods, the Wilcoxon Rank Sum test was
performed.

3.6.2.3 Results
The results of the Kruskal-Wallis and Wilcoxon Rank Sum tests by time period and radionuclide
are presented in Table 3-14 and the results for the chemicals are presented in Table 3-15. Only

three radionuclides, gross alpha, gross beta, and thorium-228, had at least one significant
difference in medians among the three sampling locations (p<0.05) and then only for the after
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2000 time period. There were no significant differences in the radionuclide concentrations
measured at Otowi Bridge compared to the upriver locations for the data collected before 2000.
Three chemicals — acetone, copper, and uranium — had at least one significant difference among
the three sampling locations for the after 2000 time period. Uranium concentrations were also
significantly different for the 1990 -1999 and before 1970 time periods.

Table 3-16 presents the results of the pairwise comparisons for each of these contaminants for
the time periods when significant differences occurred. Table 3-17 presents the number of
samples, detection frequency, median, 5™ percentile, and 95™ percentile of the constituent data
by sampling location and time. For gross alpha in the after 2000 time period, the only significant
pairwise difference is between the Buckman and upriver locations. However, based on the box
plot for gross alpha, the concentrations of gross alpha appear to be increasing downstream of the
upriver location with a median at the upriver locations of 2.5, at the Otowi Bridge location of
4.0, and at the Buckman location of 4.8 pCi/L. While not significant, the p value for the
comparison between the Otowi Bridge and upriver locations is 0.073, which is fairly close to
0.05.

For gross beta, the only significant pairwise difference is between the Otowi Bridge and the
upriver locations (p=0.021). Based on the box plots for this constituent in the after 2000 time
period, the Otowi Bridge gross beta concentrations appear higher than those at Buckman and at
the other upriver locations. Thorium-228 shows a pattern similar to gross beta but with a higher
median concentration for the Otowi Bridge location than either the Buckman or upriver
locations. For thorium-228, the significant differences are between Buckman and the upriver
locations (p=0.04); and between Otowi Bridge and upriver locations (p=0.002).

For acetone, there were no detections of acetone at the upriver locations in the after 2000 time
period so there was only one comparison between the Buckman and the Otowi Bridge locations.
Based on the Wilcoxon Rank Sum test, acetone concentrations are significantly different
between the Buckman and Otowi Bridge locations (p=0.001). Based on the box plot, the median
acetone concentration at the Otowi Bridge location (3.7 pg/L) is higher than that at Buckman
(1.8 ng/L). However, the detection frequencies for these two locations for acetone are fairly low,
30% for Buckman and 41% for Otowi Bridge.

For copper, the only significant difference is between the Buckman and Otowi Bridge locations

(p=0.01). Based on the box plots, the median copper concentration at Otowi Bridge (5.5 pg/L) is
higher than the median at Buckman (2.7 pg/L).
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Table 3-16. Results of pairwise comparisons of radionuclide and chemical concentrations
between Buckman, Otowi Bridge, and Upriver locations” for radionuclides and chemicals
that had significnat differences based on the Kruskal Wallis Test.

Holm-Bonferroni Corrected Wilcoxon Rank Sum p value by
Pairwise Comparison
Buckman versus Buckman versus Otowi Bridge
Radionuclide/Chemical Otowi Bridge Upriver versus Upriver
Gross Alpha 0.156 0.021 0.073
Gross Beta 0.456 0.156 0.021
Thorium-228 0.242 0.04 0.002
Copper 0.01 0.484 0.467
Uranium 0.697 0.013 0.024

P values in bold indicate a significant difference between at least two of the sampling locations at a 95% confidence
level.

a Upriver locations include the Rio Grande at Embudo, Rio Grande at Espanola, and Rio Chama at Chamita.
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Table 3-17. Summary of radionuclide and chemical concentrations between Buckman, Otowi Bridge, and Upriver locations for radionuclides and chemicals that had significant differences based on the statistical tests.

Buckman Otowi Bridge Upriver
Radionuclide/ Sampling Detection Sth 95th Detection Sth 95th Detection Sth 95th
Chemical Period N Frequency Median Percentile | Percentile N Frequency | Median Percentile Percentile N Frequency | Median | Percentile | Percentile

Gross Alpha After 2000 12 92% 4.8 1.6 26 19 79% 4.0 0.80 56 13 69% 2.5 0.80 8.9
Gross Beta After 2000 11 91% 5.5 0.87 24 22 96% 6.7 0.92 281 13 92% 43 0.70 13
Th-228 After 2000 7 57% 0.05 0.006 0.28 16 81% 0.19 0.006 30 6 17% 0.006 0.006 0.059
Acetone After 2000 10 30% 1.8 1.1 3.4 17 41% 3.7 1.6 10 NA NA NA NA NA
Copper After 2000 11 36% 2.7 0.76 8.8 16 63% 5.5 1.1 161 3 67% 2.3 1.3 12
Uranium After 2000 11 100% 2.4 1.4 3.8 15 100% 2.2 1.0 13 3 67% 0.77 0.53 1.3
Uranium 1990 - 1999 NA NA NA NA NA 16 100% 2.5 1.0 34 21 95% 1.2 0.70 2.5
Uranium Before 1970 NA NA NA NA NA 16 76% 2.6 0.55 4.7 21 68% 1.4 0.30 6.4

NA: Data were not included for this sampling location and period due to either lack of samples or lack of detected
concentrations.
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For uranium, there are significant differences between the Buckman and upriver locations
(p=0.013) and the Otowi Bridge and upriver locations (p=0.024) for the after 2000 time period,
but no significant differences between the Buckman and Otowi Bridge locations (p=0.697). The
median uranium concentrations for Buckman (2.4 pg/L) and Otowi Bridge (2.2 pg/L) are similar
compared to the median concentration for the upriver locations (1.2 pg/L). This trend continues
for the 1990 — 1999 time period for which the median concentration at Otowi Bridge (2.5 pg/L)
is significantly different than that at the upriver locations (1.2 pg/L) at a 95% confidence level
(p=0.0002). For the 1980 — 1989 and 1970 — 1979 time periods, there were no significant
differences in median uranium concentration between Otowi Bridge and the upriver locations.
The differences in concentration between the two locations appear again in the before 1970 time
period (p=0.012) with the median concentration at Otowi Bridge of 2.6 pg/L and at the upriver
locations of 1.4 ng/L.

In general, the majority of COIs measured at the Buckman locations are present at concentrations
that are not significantly different than regional background levels measured upriver at the
Espanola, Embudo, and Chamita sampling locations. The radionuclide COIs that are due to
background sources based on this comparison include: americium-241, plutonium-238,
plutonium-239/240, radium-226, radium-228, strontium-90, thorium-230, thorium-232, tritium,
uranium-234, uranium-235/236, and uranium-238. The chemical COlIs that are present at the
Buckman or Otowi Bridge locations at concentrations not significantly different than the upriver
locations include: aluminum, arsenic, barium, boron, cadmium, chromium, lead, total PCBs,
strontium, vanadium, and zinc.

In addition, several COIs with significant differences between the Buckman, Otowi Bridge, and
upriver locations show a significant decrease in concentration at Buckman or Otowi Bridge
relative to the upriver samples. These COls include: gross beta, thorium-228, acetone, and
copper. This indicates that these COlIs are present below regional background levels.

Only gross alpha concentration in samples collected after 2000 at the Buckman and Otowi
Bridge locations and the uranium concentrations at Buckman and Otowi Bridge for several time
periods including samples collected after 2000 are significantly higher than those found at the
upriver locations. However, gross alpha and uranium concentrations are at Buckman are not
significantly different than those at Otowi Bridge. This comparison indicates that, under
baseflow conditions, there are no COlIs that are above regional background levels.

3.6.3 Analyses of COI Compositions or Isotopic Ratios
The process of Thermal Ionization Mass Spectroscopy (TIMS) allows for the quantification of

the isotopic composition of the plutonium present in environmental samples by measuring the
relative abundance of atoms for the isotopes plutonium 240 and plutonium 239. The plutonium
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240:239 atom ratio can be used to distinguish the components of global fallout and plutonium of
LANL origin by comparing the ratios to the one for global fallout of 0.18 and the range for
weapons production of 0.01 — 0.07.”" The procedures for TIMS analysis of plutonium were
developed by the Los Alamos Clean Chemistry and Mass Spectroscopy Laboratory, and has been
applied by NMED in their characterization of distribution of radionuclides in sediments in the
northern Rio Grande.””

Table 3-18: Results of TIMS Analyses of Rio Grande Sediments

9 Pu:*® Pu Atom

Station Description Ratio LANL Component (%)
Santa Clara

5-31 cm (hand augured) 0.16 5
Canada Ancha

0 - 31 cm (hand augured) 0.21 0

101 -110 cm (hand augured) 0.09 39

162 - 186 cm (hand augured) 0.09 38

213 - 229 cm (hand augured) 0.02 99
Pajarito

31 - 46 cm (hand augured) 0.12 24
Water

0 - 31 cm (outcrop A) 0.11 29

91 - 101 cm (outcrop A) 0.15 8
Frijoles

31 - 61 cm (hand augured) 0.08 47

122 - 152 (hand augured) 0.13 18

These results indicate that directly downstream of Los Alamos Canyon at Canada Ancha near the
BDD the impact of the transport of LANL-contaminated sediment from Los Alamos Canyon is
minimal in the surface sediments but the contribution from LANL does increase with depth.
Based on these data, the main source of Pu-239/240 near the BDD under current conditions is
most likely from global fallout rather than from LANL while the contributions from LANL in
past were much higher than they are currently.
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4.0 REVIEW OF PLUTONIUM DISCHARGE TO AND LOSS FROM LANL
CANYONS: 1943 TO PRESENT

The IPR team was tasked with examining publications that have estimated the history, inventory,
and movement of plutonium released to the LANL canyons, and the fate of that plutonium in the
Rio Grande. Plutonium released to the canyons is bound to sediments by chemical and physical
processes. Little plutonium is transported as material dissolved in water; it is transported by
flowing water moving contaminated sediments from the canyons to the Rio Grande. Research
has been conducted to answer questions regarding the concentration, inventory, and ultimate fate
of plutonium on sediments in the LACW, and the Rio Grande, for several decades. This section
reviews that work with the objective of summarizing the body of work and identifying
uncertainties in the two key components of LANL plutonium fate, sediment plutonium inventory
and sediment transport.

4.1 PLUTONIUM INVENTORY IN SEDIMENTS

The concentration of plutonium (plutonium-239/240) in sediments is very important, but only
part of the picture of plutonium at LANL and in the Rio Grande. The plutonium inventory,
which includes the total mass of plutonium bound to sediments and its location, is critical to
understanding the risk from plutonium;. Inventory, when combined with hydrologic and erosion
analysis tools and appropriate field data can be used to predict past and future discharges of
plutonium to the Rio Grande.

The amount of plutonium released in the past to Los Alamos and Pueblo canyons is not well
known. One starting point for estimating inventory could be the amount of plutonium released to
the canyons in the period 1945 through the mid 1980’s, but the value is highly uncertain.”> The
greatest plutonium release to Pueblo Canyon is known to have taken place from TA-45 as
untreated liquid discharge over the period 1943 through 1950.7°  This initial period of TA-45
operation also has the greatest uncertainty in the amount of plutonium discharged because
discharge volumes and radioisotope concentrations were not measured. From 1951 through
1964, TA-45 discharge was gauged and treated and plutonium concentration measured,
decreasing uncertainty for that time period. Discharge from TA-45 was ended in 1964.

In Upper Los Alamos Canyon, TA-1 and TA-21 were responsible for the additional plutonium
discharges.(76) TA-1 discharged an unknown amount of plutonium from the mid 1940’s to the
mid 1950’s to Upper Los Alamos Canyon. TA-21 discharged treated effluent containing
plutonium from 1965 to 1985 to DP Canyon, flowing to Los Alamos Canyon. Sediment
sampling indicates that TA-1 is responsible for most of the plutonium contamination in Upper
Los Alamos Canyon. Overall, TA-45 was the source for most all of the plutonium-239/240
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discharged to the Los Alamos-Pueblo Canyon watershed and Lower Los Alamos Canyon. TA-1
and TA-21 made lesser, but significant, contributions solely to Los Alamos Canyon.

The current inventory of plutonium in Los Alamos sediments depends on how much plutonium
was released to the sediments in wastewater discharge, and the quantity and timing of sediment
transport out of the canyons by snowmelt and storm flow. The storm-driven discharge of
contaminated sediment to the Rio Grande has been measured on only a few occasions in the 65
years of laboratory operations. Discharge events that reach the Rio Grande are infrequent on an
annual basis, but are not known completely due to infrequent historical monitoring. The loss rate
for contaminated sediments from the canyons is known imprecisely; quoting Reneau (1998)(76)
“The largest uncertainty concerning the transport of contaminated sediments in the Los Alamos
Canyon watershed is the actual sediment transport rate...” Estimates of plutonium release or
inventory rely on assumptions with varying degrees of empirical support. Investigations made
by Reneau and others since that time"”’”” have extended the understanding of sediment
transport at LANL, greatly reducing the uncertainty in contaminated sediment transport. New
observations tend to conflict with older assumptions.

Estimates of plutonium inventory have been made by two methods. The first method maps
location and volumes of river geomorphological components, and samples the sediment for
plutonium concentration to calculate an inventory. The second method uses various sediment
transport models to predict the transport of plutonium based on estimated releases and compares
the modeled concentrations to observed sediment plutonium concentrations. If the match
between observed and predicted concentrations is good, the model may be suitable for inventory
estimation. Sediment transport models generally include a way to estimate transported sediment
mass, or inflow and outflow, over a selected reach. The product of modeled sediment mass, and
the modeled or the observed plutonium concentration is the modeled plutonium inventory. Table
4-1 summarizes the published inventories for plutonium in Los Alamos sediments and the
method of determination. If an estimate of input concentration was used to estimate inventory, it
is included in Table 4-1. Without considering the influence of global fallout on concentration or
inventory of plutonium, the amount of plutonium transported to the Rio Grande is obtained by
subtracting the current inventory from the total amount of plutonium discharged to the Los
Alamos Canyon watershed.

The variation in calculated sediment inventories is high when the oldest estimates are compared
to the most recent inventories. As investigations have progressed, sampling out-of-the-active
channel sediments has increased. With more extensive sampling, the inventory has also
increased. Given the detail of the most recent post-Cerro Grande investigations, it is unlikely
that these latest estimates are low. Additionally, the full inventory of contaminants at depth in
the sediments has yet to be determined.”””’
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4-1: Plutonium-239/240 Inventories in Los Alamos Watershed Sediments (mCi)

Invento Upper Los Pueblo Canyon Lower Los Alamos Total Inventory - Plutonium in
Author(s) Date Y| Alamos Reaches Inventory Reaches Canyon Reaches Los Alamos Wastewater
LA-1, LA-2, LA-3 | P-1, P-2, P-3, P-4 LA-4,LA-5 Canyon Watershed | Release Estimate
NE 595.2° 35.8° 631 +298° 170
(80)
Stoker et al. 1981 1975 NE 23590 9.83° 246°
Lane et al. 1985 1980 1.24-1.24 85.78-439.19 19.15-183.47 106.17-624.24 150-3000
Graf 1993, 19948!-82) NA NE NE NE NE 196.2-4546.2
Graf 1996 1993 2 818 180 1000 1000
Reneau et al. 1998450 1998 21.94 407.9 27.73 429.84
Reneau et al. 2004®” 2000 NE 1075 NE 1075+ NE

* Arithmatic mean

® Geometric mean
NE - Not Estimated
NA - Not Applicable
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The most likely inventory in Pueblo Canyon appears to be greater than 1000 mCi. The inventory
in Upper and Lower Los Alamos Canyon is probably two orders of magnitude lower. Lane’s
model'” shows a loss to the Rio Grande of 20-80% of the estimated values for total LANL
plutonium input to the system, highest losses occurring with highest inputs (Table 4-1). Graf’s
1996 best-fit model of Pueblo Canyon streambed sediment concentrations is matched to a
plutonium input of 100 Mg of sediment at a concentration of 10,000 fCi/g, indicating a total
input of 1000 mCi of plutonium. Graf’s 1996 estimates of total inventory based on field
measurements match his suggested total input to the system, 1000 mCi, implying no loss to the
Rio Grande. Given the closeness of Graf’s 1996 inventory estimate to that of Reneau for 2000,
this indicates that Graf’s Riverine Accounting and Transport (RAT) model is probably not a
reliable predictor of sediment transport in the ephemeral LANL canyons.

4.2 SELECT HISTORY OF INVESTIGATIONS

The transport of plutonium contaminated sediment at LANL was first noted in 1946 over 11 km.,
the full length of Pueblo Canyon.”” Within a few years of the initiation of plutonium discharge
to Acid Canyon, sediment transport processes began to move plutonium to the Rio Grande. The
rapid transport of contaminated sediments away from discharge locations was cited as the reason
that radiologic hot spots did not develop in the canyons.®*® The importance of sediment transport
processes in the distribution of plutonium was cited through the 1970s and 80s, particularly the
importance of clays and clay-sized particles to retain more plutonium by weight than larger,
coarser-grained stream sediments.®*®" Because plutonium is strongly associated with soil and
sediment, and degrades little on a human time-scale, detailed understanding of the nature of
erosion, deposition, and sediment transport in streams, rivers and reservoirs in Northern New
Mexico is critical to understanding where the LANL plutonium has gone, and where it remains.
Because of that interest, detailed evaluation of the climatic, hydrologic, and geomorphic controls
on sediment-bound plutonium transport from the discharges to the Rio Grande began at LANL.

There is history of scientific examination and publication regarding sediment transport processes
in the sporadically-flowing canyons of Los Alamos that spans over forty years. The study of
storm flow in ephemeral canyons is difficult, because by definition they do not flow constantly,
and they have wide ranges in characteristics for individual flood events. Ephemerally flowing
canyons are the source of the flash floods of southwestern and cowboy lore. LANL canyons are
the subject of much study because of the plutonium, and much of the sediment science effort is
possible, because of the presence of the plutonium itself. Plutonium-contaminated sediments act
as a tracer for stream sediment movement, and measurement of dilution by uncontaminated
sediments. The tracer is not perfect, plutonium inputs to the system from global fallout
complicate interpretation, and recently developed specialized methods are needed to sort out
fallout plutonium from LANL plutonium.
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It is a principle of science to use simplifying assumptions when there are insufficient data,
understanding, or no need to robustly support a complex evaluation. It is also a principle that
science builds on previous work, refining, refuting, and adding detail to topics that are the
subject of continuing study. Forty years of sediment transport evaluation in Los Alamos canyon
reflects both of those scientific processes. Often in science there is a political or social trigger
event that focuses resources and talent on solving a particular problem. It was such a trigger
event that brought about the heightened interest in sediment transport at Los Alamos, the Cerro
Grande Fire of 2000.°? The fire greatly altered the hydrology of the Los Alamos Canyon
watershed, with post fire erosion, flooding, and increased contaminant transport expected.
Physical modifications to the watershed such as dams and siltation basins were undertaken in
2000-2003 with some efforts continuing to this day. The watershed was instrumented with flow
gauging, meteorology, and automated streamflow samplers. Special studies regarding sediment
transport were undertaken by LANL, NMED, and the USGS. The detailed and extensive data
collection effort post-Cerro Grande filled data gaps and resolved some of the assumptions made,
and questions rose, by earlier researchers.

Early quantitative evaluations from field-based studies of radioisotopes in stream sediments and
storm flow are represented by:
e Select publications by William D. Purtymun with others from 1966 through 1990;
e A plutonium in sediment inventory resulting from sampling and grain-size analysis;*"
e A general modeling approach for contaminated sediment transport advanced by Leonard
J. Lane with others in 1985; and,
e Integration of historic, geomorphologic, hydrologic, and climatic factors (among others)
into a unified understanding of plutonium transport in the LANL canyons, and the Rio

Grande by William L. Graf.®*-?*-°9

Following Graf’s series of publications, LANL continued more detailed investigations of
plutonium in sediments in the Los Alamos and Pueblo Canyons, as the early publications
revealed uncertainties as well as they resolved problems. The geomorphic approach to
classifying sediments and channel features demonstrated by Graf to locate LANL contaminated
sediments in the Rio Grande was extended to Pueblo and Los Alamos canyons by Reneau with
others”® > and new contaminated sediment inventories were calculated. These were the last
major detailed publications on sediment transport and inventory in Los Alamos and Pueblo
canyons (exclusive of annual LANL-wide Environmental Surveillance Reports) prior to the
Cerro Grande fire.

4.3 SIGNIFICANT ASSUMPTIONS IN EARLY WORK

All scientific work relies on assumptions to some degree. The early work on sediment transport
at Los Alamos and in the Rio Grande had to make numerous assumptions in order to accomplish
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meaningful studies. The objective here is not to explore all of the assumptions used in the early
work. We examine certain key assumptions that are common to the work of early investigators
in light of contemporaneous and later publications, present the differences, and draw inferences
from the differences. The selected key assumptions common to early work are:
¢ Only sediments smaller than 0.0625 mm are rapidly transported as suspended flow.
e Canyon bedload sediments are coarse sediment particles greater than 0.0625 mm that
merge with the slowly transportable Rio Grande bedload.
e The highest plutonium concentrations are found in fine-grained sediments, but coarse
sediments hold the majority of the inventory of plutonium.
e A few large storms are responsible for most of the sediment transport in the Los Alamos
Canyon watershed.
e All sediment contributions to suspended and bed load sediment transport come from
within the canyon channels.

Each of these assumptions is addressed individually below.

4.3.1 Only Sediments Smaller than 0.0625 mm are Rapidly Transported as Suspended
Flow

It is generally understood that the smallest particles of sediment are transported the farthest and
easiest by water. This is reflected in the grade-school experiment where dirt is shaken with
water in a jar, the observation being that large particles settle quickly and the finest particles of
clay remain suspended in the water for hours to days. Earth scientists have classified sediments
into fractions based on size (Table 4-2). The observation that plutonium concentrations in silt
and clay size fractions were markedly higher, and the knowledge that they were easily
transportable, resulted in many investigators relying on the assumption that the suspended
sediment was composed only of silt and clay sized particles.

4-2: Grain Size Classification under the Udden-Wentworth System

Name Size Range (mm)
Granules- Fine Gravel 2-4
Very Coarse Sand 1-2
Coarse Sand 0.5-1
Medium Sand 0.25-0.5
Fine Sand 0.125-0.250
Very Fine Sand 0.0625-0.125
Silt and Clay 0.0625

In 1971 it is stated with respect to size analysis of 63 samples of stream channel alluvium that
“The silt and clay size fraction makes up about 5% of the channel alluvium and is subject to
suspended transport by storm runoff, which leaves the coarse materials behind to move at a
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©9) in that the suspended sediments

slower rate as bed material”.® Purtymun noted a quandary
are composed “mostly of the silt- and clay-sized fractions” even though there are “only small
amounts of silt and clay” in the channel sediments. Table I from this report reveals that the
average of 5 suspended sediment samples had 65% of the particles larger than 0.062 mm with
6% of the suspended sediment being very coarse sand (1-2 mm). This conflicting information
was presented without explanation. The 1981 study by Stoker suggests that the transportable
“fine” sediments are composed of clay, silt, very fine and fine sand sizes. Stoker uses a different
sediment classification scheme than the one in Table 4-2 with slightly larger grain sizes in each
class, i.e. very coarse sand is 1.17-2.36 mm for Stoker vs. the 1-2 mm in the Udden-Wentworth

system.

Currently, sediment transport fractions are commonly divided into suspended load, and bed load
components. Bedload is the material which is moved along a river bed by rolling and pushing
(traction load), and saltation, usually at a velocity much less than that of the river. Bedload is
usually composed of sands and pebbles but when the water level is high and the current strong,
boulders may be moved. Suspended load is where fluid forces that tend to keep particles in
solution are strong enough to overcome gravitational forces that are trying to settle the particle
out of water. There is a transitional zone where material that is moving between suspended and
bed load. In reality, there are not sharp divisions between suspended load and bed load, and
materials that are suspended can rapidly become part of the bed load as stream conditions
change. Wash load is material that is washed into the stream channel by runoff.

The need for sharp divisions between bed load and suspended load is largely for conceptual
reasons, but aids in reducing the complexity of sediment transport calculations. As such, the
1985 sediment transport modeling effort’> made a sharp division at 0.063 mm between
suspended lad and bed load. Graf uses the same numerical cut-off value when describing
suspended and bed load in the canyons and the Rio Grande.“”°” In Graf’s RAT model
conceptualization of plutonium transport®” °” suspended load sediments are also <0.063 mm, are
not considered by the model in calculating plutonium transport, and all sediments >0.063 mm are
solely bedload.

More recent work in the LANL canyons has recognized that sediment fractions to 0.5 mm are
commonly transported as suspended load. 77 %>°9 Early observations in DP canyon found
coarse sands transported as suspended sediments®” at flows lower than 4.2 cfs, a very moderate
discharge rate for an ephemeral stream in stormflow. Later studies of snowmelt driven runoff
found that very fine sand was common at moderate flows from 0.5 to 6.2 cfs.”® The use of a
0.063 mm size cut off for suspended sediments in Los Alamos canyons is not well supported.
The result is that rapid transport of coarse sediments is not considered, and that early sediment
transport models are based on the assumption that coarse sediment inventories are not depleted
by channel scour and suspended transport.
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4.3.2 Canyon Bedload Sediments are Coarse Sediment Particles Greater than 0.0625 mm
that Merge with the Slowly Transportable Rio Grande Bedload.

It follows from the discussion above that “coarse” sediments defined as bedload for the Los
Alamos watershed in early studies have been, and continue to be, transportable as suspended
sediments.”® " This means that some coarse grained sediments can be transported to the Rio
Grande from the Los Alamos watershed as suspended sediments in addition to bedload. There
have been questions as to the fate of coarse sediments in the Rio Grande. Graf is the only early
pre-Cerro Grande investigator to address sediment transport in the Rio Grande at Otowi. In his
1993 and 1994 works he states: “Bedload sediments are sand and gravel in the Rio Grande (sand
with particle diameters between 63 microns and 2 mm, gravel greater than 2 mm). They bounce,
roll, and creep along the bed at the base of the flow. At flood discharges, the larger amounts of
energy available permit the transport of sand in suspension.” Much of Graf’s discussion of
transport in the Rio Grande is based on this assumed condition: that only flood flow will
transport sediments with a particle size greater than 0.063 mm in the suspended load.

The USGS conducted extensive studies on sediment transport in the 1950°s and 1960’s.
Publications in their professional paper series included work on the Rio Grande. From 1958
through 1962, the USGS collected suspended sediment samples from the Otowi Gage on the Rio
Grande.®” The work determined that substantial amounts of sand size fractions are transported
at moderate flows at Otowi. The 53-year flow record at Otowi indicates that the 50% occurrence
rate flow (one half of flows are higher than this number, one half are less) is about 900 cfs.
Grain-size analysis of suspended sediment at 1000 cfs discharge was near 25% coarse sand.
These findings by the USGS indicate that moderate discharge in the Otowi reach has transported
significant volumes of sand in the suspended load, in the time period where the greatest flux and
concentration of plutonium was moving to the Rio Grande.

Another USGS study in the same series looked at vertical distribution of suspended sediment in
the Rio Grande at Bernalillo, Bernardo, and Socorro'’? and found that medium sand was
suspended in flow at a range of flow rates and channel geometries. These studies far to the south
are important, because they demonstrate that a decade before the closure of Cochiti Reservoir
slowly transportable bedload sediments as defined by Graf, are in reality rapidly transportable
suspended sediments as confirmed by observation. It is probable that Graf’s analysis of
contaminated sediment transport in the Rio Grande has underestimated the mobility of “coarse”
sediments. Coarse sediment mobility is also an explanation as to why surveillance sampling
rarely detected a LANL signature in Rio Grande bedload samples. Sediments to 1.0 mm are
rapidly transported by moderate flows in the Rio Grande, bedload contamination in the Rio
Grande was not detected because Los Alamos ‘bedload’ is suspended and transported away on
introduction to the river, or by the next moderate increase in flow.
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4.3.3 The Highest Plutonium Concentrations are Found in Fine Sediments, But Coarse
Sediments Hold the Majority of the Inventory of Plutonium.

This assumption has been a central theme for all but the most recent investigations into
contaminated sediment transport and contaminant inventory. As sampling activities in Pueblo
Canyon have expanded, more and more flood plain samples have been obtained. Floodplains
contain more silt and clay than channel deposits and all post-1942 floodplains downstream of
outfalls are contaminated with plutonium. Additional investigation has resulted in more accurate
assessment of contaminant distributions, greatly increasing the inventory in upper Pueblo
Canyon over previous investigations.”® Contaminated coarse sediments still dominate the lower
reaches of Pueblo Canyon, but overall, 61% of the plutonium is in the fine sediments.”
Revision in sediment distribution and transport characteristics may require a revision in risk
perception. Early models indicated that risk was low, because most of the plutonium mass was
in coarse sediments which transport more slowly. The current model is that coarse sediments
transport more rapidly than previously assumed, and more of the mass of plutonium is in easily
transportable fine sediments than was previously believed.

4.3.4 A Few Large Storms are Responsible for Most of the Sediment Transport in the Los
Alamos Canyon Watershed.

As first principles, the amount of sediment discharge for a stream increases non-linearly with
discharge - equal increases in discharge produce ever larger amounts of sediment, and, large
storms happen less often than small ones. A more accurate estimate of sediment load as
proportional to discharge measures these parameters and determines what storms are most
efficient at transporting sediment. Early sediment transport calculations assume the first
principles are true, testing of these assumptions could not realistically be undertaken without the
presence of the post-Cerro Grande watershed instrumentation and data processing. Recent
workers using measurements have determined that on the scale of decades, events that occur at
least once a year are responsible for 70% of the sediment transport and that events with a
reoccurrence period of 10 years or more are responsible for less than 5% of the sediment
transport.(78)

The approach taken by Graf with respect to sediment transport during the period of greatest
release of plutonium to the canyons was based on the timing of large flood events on the plateau.
New information on the importance of less extreme events to sediment transport suggest that
plutonium transport in the canyons and to the Rio Grande in the mid 1940’s through the early
1960’s would be greater than estimated using only “floods.” Removal of much larger amounts
of contaminated sediments from LANL during this period would mean that total releases would
need to be on the high end of the range found in Table 4-1 to accommodate known inventory and
post-Cerro Grande measured sediment and plutonium transport rates.”* '+ 12
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4.3.5 All Sediment Contributions to Suspended and Bedload Sediment Transport Come
from Within the Canyon Channels.

Prior to post-Cerro Grande research activities the source of all of the fine sediment found in
canyon storm flow and runoff was believed to be derived from erosion and weathering of the
canyon materials themselves. Observations following the fire noted substantial components of
fine sediments brought into the canyons by overland flow, the wash load.”® Prior work had
made no allowances for wash load contributions to suspended sediments from mesa and highland
erosion. It is uncertain if this neglect of the wash load would have measurable impacts on
plutonium transport calculations prior to the fire, but it is probably quite important to account for
this portion of the sediment budget moving forward.

4.4 SUMMARY

There have been investigations into plutonium transport on sediments contaminated by
wastewater discharge at LANL ongoing since 1946. In the 1960s through the 1990s evaluation
of sediment-bound plutonium transport on and off LANL property relied on a number of
assumptions that were necessarily employed because available data limited the methods that
could be employed and uncertainty was high. Because of the intensity and breadth of sediment
transport and contaminant inventory investigations conducted after the Cerro Grande fire, many
of the assumptions used in the past have been replaced with more precise, less uncertain,
methods and knowledge. Evaluation of the assumptions used in the past indicates that pre-Cerro
Grande investigations:

e Underestimated the contaminant inventory remaining on site;

e Underestimated the amount of contaminated sediment transported to the Rio Grande; and,

e Underestimated the amount and rate of contaminated sediment transport down the Rio
Grande.
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5.0 HUMAN HEALTH RISK ASSESSMENT
5.1 EXPOSURE ASSESSMENT

Exposure assessment is the process of estimating the magnitude, frequency, and duration of
human exposure to a chemical or radionuclides in the environment. This process considers the
nature and size of potential ‘receptor populations’ (that is, persons of interest who may come into
contact with an agent), and the uncertainties associated with each variable."®” Accordingly, this
section describes the ways in which a Santa Fe resident may utilize tap water, and the plausible
pathways by which they may be exposed to chemicals and radionuclides present in their tap
water. It is important to point out that while the exposures evaluated here hypothetical (that is,
the EPCs are not actual water concentrations measured at the tap), they represent reasonable
estimates of exposure in the absence of true tap water data.

The exposure assessment has been conducted in accordance with USEPA exposure and risk
assessment guidance.' 1% 191 Additionally, consideration was given for site-specific
residential concerns, as they were applicable to USEPA risk assessment (public meetings).
While there are fundamental differences in the way that chemical and radionuclide exposures are
expressed, the general exposure assessment approach below is used for both chemicals and

radionuclides:'®

1. Characterize Potential Exposures
a. Identify Potential Exposure Pathways
b. Identify Potential Exposure Populations
2. Estimate Exposure Concentrations
3. Quantify Exposures

5.1.1 Identification of Relevant Exposure Pathways- Chemicals

The USEPA defines chemical exposure as “contact between an agent and the visible exterior of a
person (e.g. skin and openings into the body).”'”’ Although several potential pathways may
exist, usually not all are complete. In order for a chemical exposure pathway to be complete, the
following conditions must exist:

e There must be a source and a mechanism of chemical release to the environment;

e There must be an environmental transport medium (such as air or water);

e There must be a point of human contact with the medium; and

e There must be an exposure route at the contact point (such as inhalation, ingestion, or

absorption).

5-1



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

In accordance with USEPA guidance, exposure estimates were quantified for central tendency
(CT) and reasonable maximum exposures (RME) in order to provide a range of potential
exposure estimates.!''"

Exposure pathways can be determined by environmental conditions (such as location of media),
by the potential for an agent to transfer from one environmental medium to another (such as from
tap water to homegrown vegetables), and by the general activities of the potentially exposed
population (such as amount of water ingested and frequency of an activity). Each pathway
describes a unique mechanism by which a population or an individual may be exposed.

Various potentially complete exposure pathways were considered for this evaluation; however,
the focus is on those pathways that are expected to be both complete and relevant with respect to
potential tap water-related human exposures. Primary residential exposures are those involving
direct contact with tap water. Such pathways include tap water ingestion and dermal contact via
hand washing, bathing or swimming.

Additionally, secondary exposures may occur when contaminants are transported from tap water
to a second exposure medium. There are two physical processes by which the COlIs could be
transported from tap water to other relevant exposure media: 1) uptake into locally grown
produce, and 2) volatilization or aerosolization into air. As such, secondary exposures to
chemicals from tap water can occur via consumption of homegrown (or locally grown) produce
if agents are transferred to plants that are watered with tap water. If an agent volatilizes from tap
water or if it is aerosolized to a significant degree, then inhalation can also be a plausible
exposure pathway.

Table 5-1 below summarizes the complete and relevant exposure pathways for the chemical
COlIs considered in this analysis. Regardless of whether a pathway is considered primary or
secondary, each of these exposure pathways constitute a complete exposure pathway that is
evaluated in the chemical risk evaluation.

The following exposure pathways are most likely to be associated with infrequent or minimal
levels of human exposure, and were therefore not quantified in this analysis:

e [Irrigation/sprinklers

e Household washing

e Washing bicycle or car

¢ Bathing children outside of a bathtub

e Firefighting
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Table 5-1: Exposure Pathways Evaluated for Chemicals

Complete Exposure Pathway?

Residential Tap Water Uses Potential Exposure Relevant age
Considered Pathway Volatile Non-Volatile Groups
Chemicals® Chemicals
Tap water as drinking water
(includes cooking with tap Ingestion v v All
water)
Watering home- or locally- .
Ingestion v v > 1 year
grown produce
] Inhalation v --
Taking a bath All
Dermal uptake v v
) Inhalation v v b
Showering All™
Dermal uptake v v
Hand washing Dermal uptake v v > 1 year
o Inhalation v --
Swimming and/or hot tub use All°
Dermal uptake v v

*Five of the 42 COIs are considered volatile: acetone, chloromethane, cyanide, mercury and methyl ethyl ketone.

® Children under the age of six typically take baths rather than shower; therefore only the RME shower scenario
is evaluated for this age group.

¢ Although children under the age of one are not expected to swim frequently, they were conservatively
evaluated in this assessment.

v Pathway is complete.

-- Pathway is not complete.

In utero or early postnatal exposure scenarios are not explicitly quantified in this assessment.
However, for those COlIs for which the sensitive non-carcinogenic health endpoint is based on
reproductive or developmental effects, an in utero exposure scenario is intrinsically evaluated
within the residential risk assessment. While in utero exposure scenarios are not explicitly
quantified in this assessment, because there are various layers of safety built into the risk
assessment process, the IPR team believes that this evaluation is inherently protective of any
potential health effects that may be associated with in utero exposures. The USEPA aims to
develop non-carcinogenic toxicity criteria (RfDs and RfCs) that are not expected to cause any
adverse effect, even in the most susceptible sub-populations. Therefore, USEPA toxicity criteria
typically represent health-protective exposure levels which are much lower than the levels at
which an adverse health effect was first observed in an animal study, or lower than the levels that
caused no adverse effect at all.

In utero exposures are most often evaluated for reproductive and/or developmental effects.
While not all chemicals are known to cause reproductive or developmental effects, for those
COlIs for which the sensitive non-carcinogenic health endpoint is based on reproductive or
developmental effects, an in utero exposure scenario is intrinsically evaluated within the
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residential risk assessment. For chemicals associated with potential reproductive or
developmental effects, but for which a different health endpoint was determined to be more
sensitive, the resultant toxicity criteria are inherently protective of effects associated with in
utero exposures.

5.1.2 IDENTIFICATION OF RELEVANT EXPOSURE PATHWAYS- RADIONUCLIDES

While potential exposures to radionuclides are generally similar to those for chemicals,
differences in exposure between the two agents exist due to physical-chemical behavior
differences.

One may be exposed to radiation via “internal exposure,” which involves the intake of a
radionuclide via ingestion or inhalation. However, dermal absorption is generally not a
significant exposure pathway for radionuclides, and is typically not considered in radiological
risk assessments.'® Dissimilar to chemical exposures, however, exposure to radiation may also
occur from being immersed in a medium containing radioactive materials (such as immersion in
water) or from being in the proximity of a medium that contains a radionuclide. Exposure
pathways evaluated for radionuclides are identified in Table 5-2.

Table 5-2: Exposure Pathways Evaluated for Radionuclides

Residential Tap Water Uses Potential Exposure Complete Exposure Relevant age
Considered (Type/Pathway) Pathway? Groups
T t drinki t
. ap watet a.s rln' g water Internal/Ingestion v All
(includes cooking with tap water)
Watering home-
ateriig flome- o Internal/Ingestion v > 1 year
locally- grown produce
. Internal/ Inhalation v?
Taking a bath All
External Exposure v
) Internal/ Inhalation v b
Showering All
External Exposure v
Hand washing -- - --
) ) Internal/ Inhalation v?
Swimming and/or hot tub use > 1 year
External Exposure v

* Of the 17 radionuclides of interest, only tritium is considered to be volatile and is evaluated as such.

® Children under the age of six typically take baths rather than shower; therefore only the RME shower
scenario is evaluated for this age group.

v Pathway is complete.

--Although this pathway was evaluated for chemical exposures, it is insignificant for radionuclides.
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Each of the potentially relevant exposure pathways is described in more detail in the following
sections, along with the associated exposure parameters and equations used to calculate intake
and external exposure.

5.1.3 Identification of Relevant Exposure Populations for Chemicals

As has been discussed, this assessment has been specifically conducted to evaluate potential tap
water exposures for a resident living in Santa Fe. As such, a resident is the sole exposure
population for this analysis. In a chemical risk assessment, residential exposures are evaluated
separately for adults and children and the estimates are summed to determine lifetime exposures.

Recent USEPA guidance recommends that children are evaluated by age groupings that best
reflect how their behavioral and physiological factors are expected to change with age. %31
') The USEPA defines a child or youth as being under the age of 21, expressed as “0 to <21
years”. ¥ Age groupings are expressed using the “<” symbol to mean “up until”."> "'V In
other words, exposures for a child/youth range from birth up until the child’s 21st birthday (that
is, 0 to <21 years, for a total of 21 years). As another example, the infant age group of 0 to <1
year includes exposures from birth up until the 1% birthday."* """ The breakdown of children’s
age groups used in this evaluation is also harmonious with USEPA guidance for evaluating
children’s risks to carcinogens.(“’ 1% Chemicals that are carcinogenic via a mutagenic mode of
action necessitate the application of additional safety factors for children <2 years old, and for
children between the ages of 2 and 15 years old (that is, 2 to < 16 years).

Accordingly, seven different age groups are evaluated for the chemical risk assessment. These
age groups correspond to behavioral differences in tap water-related exposures, account for
differences in physiological factors, and account for the necessary adjustments for mutagenic
carcinogens. While there is no prescribed age group for an adult, a residential adult is generally
considered to be between the ages of 21 and < 70 years old."'" A summary of the age groups
identified for the chemical risk assessment is included in Table 5-3 below.

In accordance with USEPA guidance for chemical risk assessments, residential exposures were
estimated according to age group, wherein both males and females in a particular age group are
evaluated together as one population."® 19"V Therefore, the exposure parameters (such as
body weight, ingestion rates, etc.) utilized to quantify exposures represent average values that
correspond to the male and female population combined.

5.1.4 Exposure Populations for Radionuclides

The age groups considered for radiological risk evaluations are different than those for
chemicals. The FGR 13 risk coefficients, which are discussed in the Toxicity Assessment
section, correspond to six basic ages at intake: birth, 1 year of age, 5 years of age, 10 years of
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age, 15 years of age and adults."'? For this analysis, age groups were identified that correlate
with both the risk coefficients in FGR 13, as well as the age groups used for chemical risk
assessment. Similar to USEPA chemical risk assessment guidance, ICRP-103 recommends the
use of a 70-year lifetime for the general public (i.e. residents). !'* A summary of the age groups
evaluated in the assessment of exposure (and risk) for both chemicals and radionuclides is
presented in Table 5-3 below.

Table 5-3: Exposure Groupings: Residential Age Groups Evaluated for the Chemical and
Radionuclide Risk Assessments

General Age Group Chemical Risk Radionuclide Risk
Classification Evaluation (years of age) Evaluation (years of age)
Infant <1
Toddler 1-2 0-4
3-5
Child 6-10 514
11-15
Teen/young adult 16 - 20 15-24
Adult 21-170 25-170
Lifetime 0to 70 0 to 70*

*The lifetime exposure group represents a lifespan of birth until 70 years of age. The risk coefficients used to
evaluate this age group are based on a lifespan of birth to 110 years of age, as is discussed above.

In accordance with FGR 13, the radiological risk assessment involves the quantification of
exposures for each age group using gender-specific exposures factors when available. %
Therefore, exposure factors were developed for males and females separately, for each age
group. This is done in order to coincide with the risk coefficients developed for radionuclides,
which account for the variation in the usage differences that may be associated with age and
gender, as well as characterize the differences in radiological cancer rates between men and

women.
5.1.5 Estimation of Exposure Point Concentrations (EPCs)

An exposure point concentration (EPC) is a concentration of a chemical or radionuclide in a
medium of interest (e.g. tap water, vegetables) to which a receptor is estimated to be exposed.
The EPC is the primary variable that distinguishes CT from RME exposures in this evaluation.

For this evaluation, EPCs were determined for the four tap water exposure scenarios that were
previously defined in Section 3. The tap water concentrations established for each scenario were
used as the EPCs for the primary exposure pathways (that is, ingestion of tap water and dermal
contact with tap water via hand washing, bathing, and swimming), and used to determine the
EPCs for secondary exposure pathways (such as concentrations in produce and concentrations in
air while bathing and swimming).
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For the evaluation that assumed that each COI was present at the concentration corresponding to
its MCL, the tap water EPCs for both chemicals and radionuclides were set equal to USEPA
MCL or other relevant drinking water criteria when MCLs were not available. The drinking
water criterion selected for each radionuclide and chemical of interest were identified in Tables
3-10 and 3-11, respectively.

5.1.6 Equations and Factors for Quantification of Exposures

Potential health hazards associated with exposure to chemicals and radionuclides are related to
the degree of uptake or “dose” that is received upon exposure. Dose estimates are based on
concentrations of chemicals or radionuclides in tap water, and exposure assumptions that
describe the rate and frequency to which an individual might directly (such as in primary
pathways) or indirectly (secondary pathways) come into contact with them. This section
presents the equations used to estimate the potential doses for each complete exposure pathway,
as well as describes the relevant exposure parameters and the estimated exposure concentrations.

Conservatisms Inherent in this Assessment

All of the exposure scenarios evaluated in this assessment represent chronic exposures, as
exposures were assumed to occur over a lifetime. Because activity patterns vary over a person’s
lifetime, it is unlikely that an individual would consistently be exposed to each of the pathways
evaluated in this assessment, every day of the year, throughout his or her lifetime. For example,
it is common for people to travel outside of their hometown for at least two weeks per year,
during which time they would not be exposed. Additionally, the CT and RME estimates for
current residence time range from 8 to 12 years and 26 to 32 years, respectively.''" Activity
factors such as vacations and residential tenure in Santa Fe have not been factored into this
evaluation.

Also, many of the exposure factors used to describe the scenarios evaluated in this assessment
(such as consumption rates for water, homegrown produce) represent “doers”, not general
population averages, or per capita values. There are other conservatisms incorporated into the
risk assessment that are specific to each pathway, and which are discussed in the sections that
follow. For these reasons, this evaluation is defined as conservative.

Exposure Factors

While there are differences in the methodologies used to conduct radiological and chemical risk
(and exposure) evaluations, the same sources were used to determine the relevant exposure
parameters for each assessment. The primary source of exposure parameters for this assessment
is USEPA’s Exposure Factors Handbook (EFH); however, other sources were also consulted as
relevant."'" The exposure parameters provided in EFH reflect revisions that were made to the
Child-Specific Exposure Factors Handbook, which was updated and published in 2008 (from
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2002). As such, EFH provides the most updated information regarding both adult and childhood
exposure parameters.

Age- and gender-specific exposure factors were determined according to the age groupings
presented in Table 5-3 (above). Some of the data presented in EFH were collected prior to the
issuance of USEPA’s Guidance on Selecting Age Groups for Monitoring and Assessing
Childhood Exposures to Environmental Contaminants and as such, the age groups (and exposure
parameters) are not entirely consistent with recent guidelines.(lz) When exposure parameters
were not available for a specific age grouping, they were averaged (time-weighted) across the
relevant ages in order to determine a point value for that age group. The development of the
exposure parameters (for all scenarios) is presented withn the Section 5 Appendices and
summarized in the sections that follow.

Although the EPC is the primary distinguishing variable between CT and RME exposures, for
certain exposure pathways, it was also deemed relevant to include CT and RME exposure
parameters. For example, both CT and RME ingestion rates were established for the tap water
ingestion pathway as it was expected to be the most significant exposure pathway for this risk
evaluation. The exposure parameters utilized for each exposure pathway evaluated in this risk
evaluation are discussed in more detail below.

It should be noted that the USEPA warns against using all upper bound exposure parameters, to
avoid the estimation of unrealistic over-estimates of exposure."'"" """ USEPA guidance
additionally recommends that care is taken when estimating body weights for an exposure
population such that they are consistent with the population parameters used in the exposure
analysis. Body weights are directly correlated with other physiological factors (such as water
consumption rates, skin surface area), and while use of a body weight that is “high” might seem
appropriate for upper bound estimates, it is actually less conservative as the intake parameters
are averaged over a larger number, leading to a smaller dose estimate.

Exposure Factors that are Common to All Scenarios

Fraction Placeholders (F; unitless) - For each exposure pathway, a fraction placeholder was
incorporated into the dose equation, however it was assumed to be 1(unity). This placeholder
could be used to account for 1) a “fraction from contaminated source” and/or 2) a chemical- and
exposure route-specific “bioavailability fraction.”'® By assuming a fraction of 1, it has been
assumed that for the intake being evaluated, 100% originates from the Santa Fe tap water. It has
also been assumed that all chemicals are 100% bioavailable once taken into the body (this
concept is further discussed in the Toxicity Assessment section).

Body weight (BW; kg) — The body weights shown in Table 5-4, which are averages over each
age group, were obtained from Exposure Factors Handbook.'* '
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Table 5-4: Body Weights by Age Group

Age Group (years of age) Body Weight (kg)

<1 7.8
1-2 12.6
3-5 18.6
6-10 31.8

11-15 56.8

16-20 71.6

21-70 80

Exposure Duration (ED; years) - The Exposure Duration is the number of years over which an
exposure occurs. For a residential risk assessment, the exposure duration is equal to the number
of years included in each age grouping. The ED values used are shown in Table 5-5.

Table 5-5: Exposure Durations by Age Group

Age Group (years of age) Exposure Duration (years)

<1 1

1-2 2

3-5 3

6-10 5

11-15 5

16-20 5
21-70 49
Lifetime 70

Averaging time (ATnc or c; days) - The Averaging Time is equal to the number of days in the
Exposure Duration for non-carcinogens, and the total number of days in a 70-year lifetime for
carcinogens. The values used are shown in Table 5-6.

Table 5-6: Averaging Times

Age Group (years) Ingestion and Dermal (days) Inhalation (hours)

<1 365 8,760

1-2 730 17,520

3-5 1,095 26,280

6-10 “ADD” 1,825 43,800

11-15 1,825 43,800

16-20 1,825 43,800

21-70 17,885 429,240

Lifetime “LADD” 25,550 613,200
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Calculating Doses for Ingestion and Dermal Contact (ADDs and LADDs)

In accordance with USEPA guidance, standard equations were used to calculate doses for the
ingestion and dermal pathways."> 1195197 11D Bor non-carcinogenic chemicals, doses are
calculated as average daily doses (ADDs), and for carcinogenic chemicals, doses are calculated
as lifetime average daily doses (LADDs)."'® The primary difference between the calculation of
ADDs and LADDS is the “averaging time” over which exposure is assumed to occur; for non-
carcinogens, the averaging time and exposure duration are one in the same, while for
carcinogens, the averaging time is assumed to be a lifetime of 70 years, regardless of the
exposure duration.

The dose equations used in this evaluation are based on the following basic exposure equations:
(111, 114)

(1) Potential Dose = EPC x IR x ED
Where:
Potential Dose = The potential dose for intake
EPC = COI concentration in medium (such as tap water, food)
IR = Intake rate (such as rate of ingestion, dermal contact)
ED = Exposure duration

@) Dose = (Potential Dose)
(BW x aT)

Where:
Dose = Average Daily Dose (ADD) for non-cancer effects or Lifetime Average

Daily Dose (LADD) for carcinogenic effects
BW = Body Weight
IR = Averaging Time

From the dose equation above, various exposure route-specific dose equations can be derived by
substituting the potential dose with specific assumptions.

Exposure Concentrations for Inhalation (ECnc and ECc)

Historically, inhalation doses have been quantified in the same manner as dermal and oral doses
(that is, as ADDs/LADDs). This required the conversion of inhalation toxicity criteria into
reference doses and slope factors for the risk quantification step. However, this methodology is
no longer recommended for the evaluation of inhaled contaminants. As such, this inhalation risk
evaluation was conducted according to the updated inhalation dosimetry methodology presented
in RAGS F, wherein Exposure Concentrations are calculated for non-carcinogens (ECnc) and
carcinogens (ECc).""” ECs are time-weighted average concentrations derived from a measured
or modeled EPC in air, which has been adjusted based on the characteristics of the exposure
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scenario being evaluated.""” A “dose” is not calculated, per se, rather the EC represents the
deposited/delivered dose and physiochemical characteristics of the inhaled contaminant."*”
This methodology conservatively assumes that 100 percent of the deposited dose remains in the
respiratory tract; respiratory clearance mechanisms are not considered.

5.1.6.1 Ingestion Exposure Pathways-- Ingestion of Tap Water

The primary use exposure of Santa Fe tap water is for potable water consumption. For this
analysis, drinking water exposures were quantified for a tap water consumer. A “consumer”
population essentially represents a population whose sole source of intake is from the source
under consideration; in this case, a tap water consumer utilizes Santa Fe tap water as their sole
source of potable water. Consumer tap water ingestion rates are inherently higher than “per
capita” rates, as per capita rates represent an average intake for all persons in population,
including those who do not use tap water as a drinking source.

The following equation was used to estimate ingestion doses:

ADD or LADD _ (EPC,,, x CF1x IR,,, x F,,, x EDx EF,,)

(BW x ATNCorC )
where:
ADD = Average Daily Dose (mg/kg-day)
LADD = Lifetime Average Daily Dose (mg/kg-day)
EPCrw = Exposure point concentration— tap water (pg/L)
CF1 = Conversion factor 1 (0.001 mg/pg)
IRtw = Tap water ingestion rate (L/d)
Frw = Fraction placeholder for tap water
EFrw = Exposure frequency for tap water (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
ATnc = Averaging time (days)
ATc = Averaging time (days)

Both CT and RME exposure values were determined for tap water ingestion rate, using the
values presented in Exposure Factors Handbook."'"  These values are presented in Table 5-7.

Table 5-7: Tap Water Ingestion Rates for CT and RME Exposure Scenarios
Age Group  Tap Water Ingestion Rates (L/day)
(age in years) CT RME
<1 0.50 1.11
1-2 0.33 0.90
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3-5 0.42 1.1
6-10 0.48 1.3
11-15 0.65 1.7
16-20 0.84 23
21-70 1.2 2.7

These ingestion rates include water ingested directly from the tap as drinking water, as well as
water ingested indirectly as part of food and beverage preparation (such as infant formula,
coffee, tea, frozen juices, soups, gelatin, etc.). The exposure frequency for drinking tap water
was assumed to be every day of the year (that is, 365 days/year).

5.1.6.2 Ingestion of Home or Locally-Grown Produce

The potential exists for a Santa Fe resident to ingest COIs in home- or locally grown produce
that has been watered with Santa Fe tap water. Intake of home/locally grown produce varies
according to factors such as region, age, urbanization and race. As such, for this exposure
pathway, consideration was given to intakes for home/locally grown produce that best represents
the Santa Fe area, based on available information.

According to the Santa Fe Master Gardener Association and the Santa Fe Farmers Market and
Santa Fe Farmers Market Institute,"''> ''® some of the more common types of produce grown in
the Santa Fe area include the following:

e Various greens and leafy vegetables (such as lettuce, spinach, arugula, sprouts etc.)
e Potatoes

e (Carrots
e Onions
e Qarlic

e Mushrooms
e Peppers (such as chili, bell, shishito)
e Tomatoes

e Beets
e Beans
e Turnips

e Squash (such as summer, winter, zucchini)

In addition to these vegetables, apples are also common to the area and are available year-round.
Of the types of produce common to the Santa Fe area, the IPR team estimated that roughly 65%
are grown above ground, and 35% are grown below ground (such as root produce). This
information was used to determine the EPCs for the vegetables.
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The equation used to quantify exposures for ingestion of home/locally grown produce is
provided below. The produce intake rates provided in EFH are in units of g/kg-day, thus use of
these data to calculate potential dose does not require the body weight factor to be included in
the denominator of the ADD equation.

(EPC,, xCF2x IR, xF,, xEDxEF,,)

ADD or LADD =
(A T NCorC )
where:
ADD = Average Daily Dose (mg/kg-day)
LADD = Lifetime Average Daily Dose (mg/kg-day)
EPC,eq = Exposure point concentration—homegrown produce (mg/kg)
CF2 = Conversion factor 1 (0.000001 kg/mg)
IR eq = Ingestion rate for homegrown produce (mg/kg-day)
Fleg = Fraction placeholder for homegrown produce
EF,eq = Exposure frequency for tap water (days/year)
ED = Exposure duration (years)
ATyc = Averaging time (days)
ATc = Averaging time (days)

Ingestion rates for “home-produced” foods were derived using information and guidance from
Exposure Factors Handbook."'" First, the recommended total vegetable ingestion rates were
identified for per capita intakes (average intakes across the U.S. population) and consumer
(average intakes for persons consuming only), and used to represent the CT and RME scenarios,
respectively. Because these values represent ingestion of vegetables from all sources (i.e. both
home- and commercially-produced), they were then multiplied by a ‘fraction of vegetable intake
that is home-produced.”™" For the CT estimate, a fraction of 0.057 was used, which represents
the fraction of vegetable intake that is home-produced for persons living in the West region of
the United States (including New Mexico, Arizona, California, Colorado, Idaho, Montana,
Nevada, Oregon, Utah, Washington, and Wyoming). For the RME scenario, a fraction of 0.173
was used, which represents the fraction of vegetable intake that is home-produced for persons in
the U.S. who have produce gardens. The resultant ingestion rates are provided in Table 5-8
below.

Table 5-8: Ingestion Rates for Home/Locally Grown Produce (mg/kg-day)

Age Group (age in years)
<1l 12 3-5  6-10 11-15 16-20 21-70
CT - 393 336 254 180 165 170
RME - 1,194 1,021 709 502 502 516
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These ingestion rates do not explicitly represent intake of locally grown apples. However, this is
thought to be offset by the use of vegetable ingestion rates for fotal vegetables consumed by
individuals; such that the ingestion rates are overestimates for the amount of home/locally grown
vegetables ingested that are specific to the Santa Fe area. Furthermore, information regarding

fraction of intake that is home-produced is not available specific to apples.> '

This exposure pathway was not evaluated for children under the age of one year. Consumption
rates for consumers of home grown produce are not provided for this age group in Exposure
Factors Handbook, which reports that their diets differ markedly from other household members
and that they are not assumed to consume any portion of home-produced food brought into the
home. (15 11D

The exposure frequency for ingestion of home/locally-grown produce was assumed to be every
day of the year (that is, 365 days/year).

5.1.6.3 Dermal Exposure Pathways-- Dermal Absorption While Hand Washing

While this pathway represents a small portion of the total potential exposures, it was considered
because it is expected to have a high potential frequency of occurrence within a residential
population. The doses associated with dermal uptake due to hand washing were calculated as
follows:

ADD or LADD =
(EPC,y, xCF1xCF3xF,, , xSS4,,. xKpx EDx EF,, xET, . )
(BW x ATyc,.c)
where:
ADD = Average Daily Dose (mg/kg-day)
LADD = Lifetime Average Daily Dose (mg/kg-day)
EPCrw = Exposure point concentration for tap water (ug/L)
CF1 = Conversion factor 1 (0.001mg/pg)
CF3 = Conversion factor 3 (0.001 L/cm’)
Fhands = Fraction placeholder for hand washing
SSAhands = Skin surface area of hands (sz)
K, = Permeability coefficient (cm/h)
ED = Exposure duration (years)
EFtw = Exposure frequency for tap water (events/year)
ETandwash = Hand washing exposure time (hours/event)
BW = Body weight (kg)
ATyc = Averaging time (days)
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ATc = Averaging time (days)

Hand washing frequency was estimated from information provided in EFH."'? Children
between the ages of 0 and 1 year were not evaluated for this scenario as the frequency with
which they wash their hands is extremely low."'" Exposure frequencies were estimated for CT
and RME exposures, and are summarized in Table 5-9 below. Best estimates were derived for
central tendency hand washing based upon the ranges presented in EHF for “doers”, and were
multiplied by a factor of 2 in order to derive the RME exposure frequencies. Similar to the
“consumer” described above, a “doer” is a person who regularly washes his or her hands (that is,
the values do not incorporate information for those persons who do not wash their hands).

Table 5-9: Exposure Times for Hand Washing

Age Group (age in years)
) <l 12 3-5  6-10 11-15 16-20 21-70
Events/day -- 4 4 4 4 4 7.5
Days of exposure: -- 350 350 350 350 350 350
Events/year- CT -- 1,400 1,400 1,400 1,400 1,400 2,625
Events/year- RME -- 2,800 2,800 2,800 2,800 2,800 5,250

Mean values for skin surface area of the hand were obtained from EFH and are presented in
Table 5-10.

Table 5-10: Skin Surface Areas for the Hands (cm?)
Age Group (age in years)
<1 1-2 3-5 6-10 11-15 16-20  21-70
211 300 450 540 840 990 980

Lastly, determining the dose of a chemical received via the skin requires knowing the rate at
which the chemical will pass the skin barrier, or the ‘dermal permeability coefficient’ of the
compound in water. RAGS Part E was used as the primary source for obtaining permeability
coefficients; when values were unavailable, they were obtained from the RAIS database.
Depending on their physical-chemical properties, certain organic chemicals have limited
permeability in water (i.e. they are hydrophobic). Such chemicals are poorly absorbed by the
skin and are unlikely to constitute a dermal risk via skin absorption. Hydrophobic chemicals can
be identified by their log octanol-water partition coefficients (logKows); it is generally accepted
that chemicals with logKow values of greater than 5 are hydrophobic."'” The following four
COlIs have logKow values greater than 5, and were therefore not evaluated for the dermal
exposure routes in this risk assessment: bis(2-ethylhexyl)phthalate, DDE, OCDD and total PCBs.
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A summary of the chemical-specific permeability coefficients utilized is provided within the
Section 5 Appendices.

5.1.6.4 Dermal Absorption While Bathing

For reasons of simplicity and in order to be conservative, a single equation was used to estimate
dermal uptake due to showering or taking a bath.

ADD or LADD =
(EPC,,, x CF1xCF3x F,, x SAbody xK,xEDxEF, , xET, ,)
(BWx AT\, )
where:
ADD = Average Daily Dose (mg/kg-day)
LADD = Lifetime Average Daily Dose (mg/kg-day)
EPCry = Exposure point concentration for tap water (ug/L)
CFl = Conversion factor 1 (0.001mg/ug)
CF3 = Conversion factor 3 (0.001 L/cm’)
Frw = Fraction placeholder for bathing
SApody = Total body skin surface area (sz)
K, = Permeability coefficient (cm/h)
ED = Exposure duration (years)
EFp e = Bathing frequency (days/year)
ETpuine = Time spent bathing (hours/day)
BW = Body weight (kg)
ATyc = Averaging time (days)
ATc = Averaging time (days)

It was assumed that an individual will take either a bath or a shower. In order to represent both
potential bathing options, the mean recommended exposure times for taking a bath were used, as
they are longer than the recommended times for taking a shower."'" These values are presented
in Table 5-11 below.

Table 5-11: Exposure Frequency for Bathing- Dermal (hours per day)

Age Group (years of age)
<1 1-2 3-5 6-10 11-15 16-20 21-70
0.32 0.38 0.40 0.40 0.42 0.55 0.28

An exposure frequency of 365 days per year was used for this assessment.
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The total body surface area was assumed to be in contact with the water, and the age-specific
default values for mean skin surface area shown in Table 5-12 were used in the dose
calculations.
Table 5-12: Skin Surface Areas for the Whole Body (cm?)
Age Group (years of age)
<1 -2 3-5 6-10 11-15 16-20 21-70

3,992 5,300 7,600 10,800 15,900 18,400 19,450

As noted above, the chemical-specific permeability coefficients are provided within the Section
5 Appendices.

5.1.6.5 Dermal Absorption While Swimming or Using a Hot Tub
For reasons of simplicity and in order to be conservative, a single equation was used to estimate

dermal uptake due to swimming in a pool or hot tub that has been filled with Santa Fe tap water.
This equation is as follows:

ADD or LADD =
(EPC,, xCF1xCF3x F,, xSAbody xK,xEDxEF, . xET, .
(BWx AT \c,c)
where:
ADD = Average Daily Dose (mg/kg-day)
LADD = Lifetime Average Daily Dose (mg/kg-day)
EPCrw = Exposure point concentration for tap water (ug/L)
CF1 = Conversion factor 1 (mg/pg)
CF2 = Conversion factor 2 (L/cm’)
Frw = Fraction placeholder for tap water
SApody = Total body skin surface area (sz)
K, = Permeability coefficient (cm/h)
ED = Exposure duration (years)
EFswim = Exposure frequency for swimming (months/year)
ETswim = Time spent in swimming pools (hrs/months)
BW = Body weight (kg)
ATnc = Averaging time (days)
ATc = Averaging time (days)

The total body surface areas presented above were used for this equation. Also, the chemical-
specific permeability coefficients are provided within the Section 5 Appendices. Based on
meteorological data, it was conservatively estimated that individuals may swim in outdoor pools
for 5 months out of the year, when the average maximum temperature is greater than 70 degrees
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F (from May through September); as such, 5 months/year was used as the CT exposure
frequency).!"® Because it is possible for residents to swim in indoor pools year-round, an
exposure frequency of 12 months/year was used for the RME scenario. Swimming exposure
times were obtained from EFH, and represent the mean recommended swimming exposure

times.!'”

Table 5-13: Exposure Times and Frequencies: Swimming

Age Group (years of age)
11to 16 to
Parameter Units <1 1to2 3to5 6tol0 15 20 21 to 69
ETswim (hours/month) 1.6 1.8 2.5 2.5 2.4 2.4 0.74
EFswim - CT (months/year) 6 6 6 6 6 6 6
EFswim — RME (months/year) 12 12 12 12 12 12 12

5.1.6.6 Inhalation Exposure Pathways-- Inhalation While Bathing

For reasons of simplicity and in order to be conservative, a single equation was used to estimate
inhalation exposures to COIs while showering or taking a bath:

(EPCa X CFl X F‘bathe X ED X EF‘bathe X ETZ')athe)

ir—bathe
ECNC or ECC (A TNCWC)
where:
ECnc = Exposure concentration (mg/m’)
ECc = Exposure concentration (mg/m°)
EPCirpathe = Exposure point concentration for air (ug/m3)
CF1 = Conversion factor 1 (0.001 mg/ug)
Fair = Fraction placeholder for air
ED = Exposure duration (years)
EFpathe = Exposure frequency for inhalation (days/year)
ETpathe = Showering or bathing time (hours/day)
ATnc = Exposure concentration (number of hours in exposure duration)
ATc = Averaging time for carcinogens (number of hours in 70 years)

Individuals may inhale COlIs that are volatile while showering or taking a bath. Additionally,
they may inhale non-volatile COIs, which may become aerosolized while taking a shower.

As noted in Table 5-1, children under the age of six typically take baths rather than showers;
therefore this age group was only evaluated for the RME shower inhalation scenario. As such,
for the CT scenario, children under six were assumed to only be exposed to volatile chemicals
while taking a bath (that is, they were not exposed to non-volatile COIs via shower
aerosolization).
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The exposure times for the inhalation while bathing scenario represent the entire time that a
person remains in the bathroom as it relates to bathing; in other words, their exposure times
include the time during which they are bathing, as well as the time they remain in the bathroom
subsequent to bathing. The exposure times are presented below, and represent the mean
inhalation exposure times.''?

Table 5-14: Exposure Frequencies: Bathing- Inhalation (hours/day)
Age Group (age in years)
<l 1to2 3to5 6tol0 11tol5 16to20 21 to 69
037 043 047 047 0.55 0.75 0.28

5.1.6.7 Inhalation While Swimming or Using a Hot Tub

For reasons of simplicity and in order to be conservative, a single equation was used to estimate
inhalation of COIs while swimming in a pool or hot tub that has been filled with Santa Fe tap
water. The equation is as follows:

(EPC, .. xCFIxF,_ _ xEDxEF, xET )
ECNC or ECC = s s S S
(AT \corc)
where:
ECnc = Exposure concentration (mg/m’)
ECc = Exposure concentration (mg/m’)
EPCirswim = Exposure point concentration for air (ug/m3)
CF1 = Conversion factor 1 (0.001 mg/pg)
Fair-swim = Fraction placeholder for air-swim
ED = Exposure duration (years)
EFswim = Exposure frequency for inhalation (days/year)
ETswim = Showering or bathing time (hours/day)
ATnc = Exposure concentration (number of hours in exposure duration)
ATc = Averaging time for carcinogens (number of hours in 70 years)

Because water in a swimming pool is not aerosolized in the manner of a shower, it was only
relevant to quantify exposures to volatile COls for this scenario. Although children under the
age of one are not expected to swim frequently, they were conservatively evaluated in this
assessment. The exposure times and frequencies used for the dermal contact with COIs while
swimming scenario were also used for the inhalation scenario.
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5.2 RISK CHARACTERIZATION FOR CHEMICALS

The risk characterization provides a quantitative and qualitative discussion of the potential health
hazards associated with exposures to the COIs. Both non-carcinogenic and carcinogenic health
effects are addressed. Non-carcinogenic health effects are characterized by comparing estimated
exposures to the maximally “acceptable” exposures, and carcinogenic health risks are
characterized with respect to theoretical excess cancer risks that may trigger a regulatory
concern.

5.2.1 Non-Carcinogenic Hazard Evaluation

Non-Carcinogenic Hazard Quotients- Ingestion and Dermal Contact

Non-carcinogenic hazards are characterized using the hazard quotient (HQ) approach."® For
ingestion and dermal contact exposures, the HQ is the ratio of the calculated average daily dose
(ADD) to the maximally acceptable “safe” dose (that is, the USEPA's reference dose, or RfD):

110~ APD
RfD
Where:
HQO = Hazard quotient (unitless)
ADD = average daily dose (mg/kg-day)
RID = Reference dose (mg/kg-day)

For inhalation exposures, the non-carcinogenic HQs are characterized as the ratio of the
calculated exposure concentration (ECyc) to the maximally acceptable concentration (i.e. the
USEPA's reference concentration, or RfC):

HO - EC,,
RfC
Where:
HO = Hazard quotient (unitless)
ECne = Exposure concentration (mg/m’)
RfC = Reference concentration (mg/m’)

Because different chemicals may cause similar adverse health effects, it is often appropriate to
combine HQs associated with different substances. The most precise manner in which to
characterize non-carcinogenic health risks is via a hazard index (HI). The HI is the sum of
hazard quotients for substances that affect the same target organ or organ system (e.g. lung,
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kidney, liver, etc.) or result in the same health endpoint (e.g. respiratory irritant)."?*'* HIs
were calculated for each target organ or organ system as follows:

HI=HQ+HQ +..+HQ,

Where:
HI = Hazard Quotient (unitless)

Information regarding the target organ effects of chemicals has been summarized by various
sources; this information was reviewed to determine the target organs/systems relevant to the
COIs for this assessment and presented within the Section 5 Appendices.®” 24?9 An HI of 1.0
or less will not likely result in adverse non-cancer health effects over a lifetime of exposure.

5.2.2 Carcinogenic Risk Evaluation

Carcinogenic health risks are defined in terms of the probability of an individual developing
cancer as the result of exposure to a given chemical at a given concentration."'® The incremental
probability of developing cancer (that is, the theoretical excess cancer risk) is the additional risk
above and beyond the cancer risk an individual would face in the absence of the exposures
characterized in this risk assessment.

For ingestion and dermal contact exposure pathways, the theoretical excess cancer risk (CR) are
based on lifetime average daily doses and are calculated as follows:

CR=LADDxSF
where:
CR = Theoretical excess cancer risk
LADD = Lifetime average daily dose (mg/kg-day)
SF = Cancer slope factor (mg/kg-day)™

For inhalation exposures, the theoretical excess cancer risks are calculated as follows:

CR=IURXEC
where:
CR = Theoretical excess cancer risk
IUR = Inhalation unit risk (ng/m’)”
ECc = Exposure concentration for carcinogens (pug/m’)
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The risks due to exposure to carcinogens are summed for each chemical and pathway, regardless
of the carcinogenic mode of action. Typically, cancer risks in the range of 1 x 10° to 1 x 10 are
considered acceptable.'** 127

5.3 LEAD EVALUATION

Lead risk assessments are conducted using a different methodology than what is used for a
typical chemical risk assessment. For lead, biokinetic models developed by USEPA are used to
predict blood lead (PbB) levels based on anticipated exposures, which are then compared to EPA
default PbB levels of concern."** '** A lead risk assessment is also different from a chemical
risk assessment in that it is focused solely on the evaluation of children under the age of seven,
as they are considered the most sensitive and relevant age group with respect to residential lead

128-1
GXpOSllI'GS.( 8-130)

In accordance with USEPA guidelines, the Integrated Exposure Uptake Biokinetic Model for
Lead in Children (IEUBK) was used to predict exposure-related PbB levels for children under
the age of seven."***”) This is the recommended model evaluating chronic residential
exposures, such as those being evaluated in this assessment."*" It is worth noting that there are
additional USEPA-advocated methods for evaluating lead exposures. The Adult Lead Model
(ALM) can be used for adults in non-residential exposure scenarios (such as occupational). The
ALM is similar to the IEUBK model, however it is more limited in function, as it considers adult
exposures to lead in soil and dust only."?* '#%1*)) USEPA guidance is also available for
addressing intermittent and variable exposures to lead.*”

The “IEUBKwin” software package for PCs was utilized in this risk assessment. As stated in the
User’s Guide, “[the IEUBKwin software] utilizes four interrelated modules (exposure, uptake,
biokinetic, and probability distribution) to estimate blood lead (PbB) levels in children exposed
to lead (Pb)-contaminated media. IEUBKwin allows the user to estimate, for a hypothetical child
or population of children, a plausible distribution of PbB concentrations centered on a geometric
mean PbB concentration. The geometric mean PbB is predicted from available information about
the child’s or children’s exposure to lead. From this distribution, the model estimates the risk
(that is, probability) that a child’s or a population of children’s PbB concentration will exceed a
certain level of concern (typically 10 pg/dL).” (%%

5.3.1 Lead Exposure Assessment

The same exposure pathways evaluated for the chemical risk assessment (as previously
discussed) were also evaluated for the lead risk assessment, with the exception of dermal
exposures. Exposure to lead via dermal absorption is not considered a significant pathway for
the general population, and the IEUBK model does not incorporate a dermal exposure
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component. As such, this lead assessment incorporates exposure estimates for the following
pathways:

e Ingestion of drinking water,

e Ingestion of home/locally-grown produce, and

e Inhalation while bathing.

As lead is not a volatile chemical, it was evaluated for the inhalation during swimming exposure
pathway.

The development of exposure parameters was conducted using information from Exposure
Factors Handbook in the same manner as previously described for the chemical risk assessment,
although as mentioned, the age groups considered for the lead evaluation are different. "' For
the dietary intake pathway (that is, ingestion of home/locally grown produce), the IEUBK model
requires inputs in terms of amount of lead ingested (ug) per day. Therefore, for each relevant
age group, dietary lead intake (png/day) was calculated as the product of the exposure point
concentration of lead in home-grown vegetables (EPC,..; mg/kg), the vegetable ingestion rate
(IRyee; mg/kg-day), the body weight (kg), and a conversion factor (1 x 10° kg/mg). As
previously discussed, this exposure pathway was not considered for children under the age of
one year.

For all other pathways, exposure parameters and exposure point concentrations were entered as
separate values. For inhalation exposures, IEUBKwin requires that inhalation rates are entered
in units of m*/day. Therefore, bathing inhalation rates were determined by multiplying the
inhalation rates for light intensity activities (IR; m’/minute) by the bathing exposure times (ET;
minutes/day). As previously discussed, children under the age of six are more likely to take a
bath than a shower; therefore, for the CT exposure scenario, it was assumed that all children take
baths only. While children aged 6 or older may be more likely to take showers, [IEUBK model
limitations do not allow for this age group to be evaluated differently for inhalation exposures.
Therefore, all age groups for the CT evaluation were assumed to take baths only. As lead is not
volatile, it was not evaluated for CT inhalation exposures while taking a bath. For the RME
exposure scenario, children of all ages were assumed to take showers and were evaluated for
potential inhalation exposures via aerosolized shower water.

Input exposure parameters used in the [IEUBKwin modeling are shown in Tables 5-15 and 5-16
below.
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Table 5-15: Exposure Parameters used for the Lead Evaluation, Recent Measured
Concentrations Scenario

Dietary Lead Intake
Water Ingestion Rate Home-Grown Produce Bathing Inhalation Rate
Age Group (L/day) (ng/day) (m*/day)

(age in years) CT RME CT RME CT RME
<1 0.47 1.1 - - - 0.17

1 0.31 0.89 0.035 0.11 - 0.31

2 0.36 0.91 0.043 0.13 - 0.31

3 0.42 1.1 0.049 0.15 - 0.31

4 0.42 1.1 0.049 0.15 - 0.31

5 0.42 1.1 0.049 0.15 - 0.31

6 0.48 1.3 0.063 0.18 0.31 0.31

Table 5-16: Exposure Parameters used for the Lead Evaluation, MCLs Scenario

Dietary Lead Intake
Water Ingestion Rate Home-Grown Produce Bathing Inhalation Rate
Age Group (L/day) (ng/day) (m*/day)

(age in years) CT RME CT RME CT RME
<1 0.47 1.1 - -- - 0.17

1 0.31 0.89 0.87 2.63 - 0.31

2 0.36 0.91 1.1 3.20 - 0.31

3 0.4 1.1 1.2 3.67 - 0.31

4 0.4 1.1 1.2 3.67 - 0.31

5 0.4 1.1 1.2 3.67 - 0.31

6 0.5 1.3 1.6 4.38 0.31 0.31

In addition to these exposure parameters, the EPCs for lead in tap water and air (while bathing),
were input into [IEUBKwin.

5.3.2 Toxicity Assessment

EPA's risk assessment for lead is unique because a reference dose for lead is not available. The
toxicokinetics (i.e. the behavior of lead in the body including absorption, distribution,
metabolism and excretion) of lead have been well studied, however, and the concentration of
lead in human blood is most often used as the typical descriptor for the assessment of lead
exposure.

Lead exposure is particularly relevant for children under the age of seven, as they are thought to
be the most sensitive age group for potential adverse health effects from lead."** '*” The target
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health endpoint for lead exposure is the central nervous system. Studies have associated subtle
neurobehavioral effects with PbB levels of approximately10 pg/dL in children, with population
effects becoming clearer and more definite in the range of 30 to 40 pg/dL."** "> Based on a
review of the relevant studies, the USEPA has established a PbB level of 10 pg/dL as the level at
or above which health effects might occur in children.!'2* 2% 136- 137)

Only a fraction of lead that enters the body through the respiratory or gastrointestinal (GI)
systems is actually absorbed into the systemic circulation. Accounting for this, the [IEUBK
model incorporates an uptake component which considers the process by which lead is
transferred to the blood. Uptake is described as “the quantity of lead absorbed per unit time from
portals of entry (gut, lung) into the systemic circulation of blood.” 1%

In order for inhalation absorption to occur, lead must be “bioaccessible”; specifically, the lead
must be deposited on the alveolar surface of the lung. While airborne particles and aerosols may
be inhalable, only particles less than 2.5 um in size are small enough to penetrate the alveolar
region for subsequent absorption into the bloodstream.*® Particles larger than 2.5 pm are
deposited onto cilia in the tracheobronchial and nasopharyngeal regions of the respiratory system
prior to reaching the lungs. Considering this, the [IEUBK model uses a default lung
bioaccessibility factor of 32%, and assumes that 100% of this fraction is absorbed. This default
inhalation bioaccessibility factor is conservative for the purposes of this assessment, as alveolar

deposition of aerosolized water droplets generated during a hot-water shower has been found to
be 10% or less."*®

For both tap water and diet-related exposures (that is, vegetable ingestion), [EUBKwin uses a
default bioavailability factor of 50%. The absorption of lead in food by infants is considered to
be high, ranging from approximately 42 to 53%."*” While GI absorption is thought to decrease
after infancy, a default value of 50% is nonetheless assumed for all children under the age of
seven. For absorption via water ingestion, a default bioavailability factor of 50% is used and
considered to be a plausible value. It is based on the assumption that the maximum retention of
lead in children likely exceeds 60%, and that absorption is likely to be only somewhat smaller

than retention.*>”

5.3.3 RISK CHARACTERIZATION

The IEUBKwin model was used to relate the lead exposure concentrations (that is, lead in tap
water, home/locally grown produce, and air while showering) to estimated PbB levels. Using a
series of computations, this model combines site-specific estimates of lead intake, accounts the
absorption, distribution and elimination of lead from a child’s body, and predicts a plausible
distribution of PbB levels for residential children 0 to 7 years of age.'*®
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IEUBK has several exposure modules containing default parameters for air, diet, drinking water,
soil/dust, absorption/bioavailability and maternal exposures; however, the use of site-specific
data is encouraged when it is available. Information regarding alternative exposure sources can
also be included in a separate exposure module; however, it was not relevant to utilize this for

the purposes of this evaluation. The following methods were used in conducting the IEUBKwin
modeling:

Vegetable ingestion rates were converted to pg/day and entered as “dietary intake”.
Bathing inhalation was evaluated using the outdoor inhalation component of the model.
Inhalation rates were entered as m’/day, and the exposure time (“outdoors™) was set to 24
hours/day.

The soil/dust ingestion component was “zeroed out” by entering 0 for the EPC.

For the infant, the default maternal blood concentration default of 1.0 pg/dL was used,
which accounts for lead that may have transferred from the mother to the fetus in
utero.*?
Model defaults for absorption and bioaccessibility were utilized.

The default geometric standard deviation (GSD) of 1.6 (unitless) was used; the GSD is a
measure of the relative variability in PbB levels of children within a given population.

The EPA has set a specific goal for lead risk assessment that there should be no more than a 5%
chance that any child will have a PbB concentration greater than 10 pg/dL (2#13% 140 The
results of the IEUBK modeling are as follows:

Recent Measured Concentrations Scenario:

CT Exposures: The geometric mean PbB concentration was predicted to be 0.340 ng/dL
and was associated with a 0% chance that PbB levels will exceed the US EPA’s level of
concern of 10 pg/dL.

RME Exposures: The geometric mean PbB concentration was predicted to be 1.627
pg/dL and was associated with a 0.006 % chance that PbB levels will exceed the US
EPA’s level of concern of 10 pg/dL.

MCLs Scenario:

CT Exposures: The geometric mean PbB concentration was predicted to be 1.292 ug/dL
and was associated with a 0.001% chance that PbB levels will exceed the US EPA’s level
of concern of 10 pg/dL.

RME Exposures: The geometric mean PbB concentration was predicted to be 3.206
png/dL and was associated with a 1.6 % chance that PbB levels will exceed the US EPA’s
level of concern of 10 pg/dL.

In conclusion, the tap water-related exposures to lead are not of concern for residents. These

results are not surprising, given that lead levels in the Rio Grande are no greater than regional
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background levels (as described in Section 3). The input and output files for the IEUBK
modeling are presented within the Section 5 Appendices.

54 CHARACTERIZATION OF HUMAN HEALTH RISKS FROM RADIONUCLIDE EXPOSURES

Analysis of potential health risk to the public from ingestion and inhalation of radionuclides in
tap water was determined using USEPA’s Federal Guidance Report 13 — Cancer Risk
Coefficients for Environmental Exposure to Radionuclides (FGR 13). First published in 1999, the
intention of FGR 13 is to provide numerical factors that can be used to estimate the risk of cancer
from low-level exposure to radionuclides."''” These numerical factors, defined as risk
coefficients, estimate the probability of radiogenic cancer mortality or morbidity per unit activity
inhaled or ingested (internal exposure), as well as the probability or radiogenic cancer mortality
or morbidity per unit time-integrated activity concentration in air or soil (external exposure).!'?
Only risk of developing cancer (cancer morbidity) was calculated for this assessment.

FGR 13 provides cancer mortality and morbidity risk coefficients for each radionuclide detected
in the Rio Grande for three modes of exposure: direct ingestion of tap water, ingestion of fruits
and vegetables grown using tap water, and inhalation of tap water particulates or vapors. Risk
coefficients for these internal exposure modes include the contribution to dose from the
production of decay chain members in the body after intake of the parent radionuclide, regardless
of the Y4-lives of the decay chain members.!'? Moreover, for internal exposure modes, a risk
coefficient for a given radionuclide is based on the assumption that this radionuclide is the only
radionuclide present in the environmental medium. However, for the ingestion and inhalation
pathways, for each radionuclide addressed, a separate risk coefficient is provided for each
subsequent member of the chain that is of potential dosimetric significance."'? It is important to
note that the guidance report assumes that the concentration of the radionuclide in the
environmental medium remains constant.

The health risk assessment portion of the IPR assessments relied upon a supplemental electronic
database that was published by USEPA in 2002, which provides access to detailed numerical
data generated in the course of computing the cancer risk coefficients that appear in FGR 13.!")
Each risk coefficient [r] is specific to the radionuclide, environmental medium, and the mode of
exposure through that medium. Computing a lifetime cancer risk [R] associated with the intake
of or external exposure to a given radionuclide:

R =1y X Iy
Where:
R = Lifetime cancer risk [unitless]
r/R) = Total cancer morbidity risk coefficient specific to the radionuclide and mode of
exposure [nCi']
Iz = Calculated intake of radionuclide [Ci]
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FGR 13 stresses that analyses involving the risk coefficients should be limited to estimation of
prospective risks in hypothetical or large existing populations, or retrospective analyses or risks
to large actual populations."''?

5.4.1 Direct Ingestion of Tap Water or Food Prepared with Tap Water

As previously mentioned, risk coefficients available in FGR 13 were used to calculate risk of
developing cancer from direct ingestion (that is, drinking) of water containing radionuclides. To
compute the lifetime intake associated with direct ingestion of tap water for a given radionuclide,
the following equation was used:

I =Cr xUXED

Where:

Ir = Calculated intake of radionuclide [Ci]

Cr = Concentration or radionuclide in tap water [uCi/L]

U = Age- and gender-specific drinking water usage rate [L/day] (Usage rate includes
both water drank directly and from food prepared using tap water)

ED = Exposure duration [day]

5.4.2 Ingestion of Vegetables Grown Using Tap Water

Ip = CVegetable X IR X ED
Where:
IR = Age- and gender-specific ingestion rate [mg/day]

The radionuclide concentration in homegrown fruits and vegetables due to the watering of a
garden using residential tap water were estimated using the following equation (ORNL, 2010):

C[Vegetable] = C[Radionuclide] X [Irrrup + Irrres + Irrdep]

Where:

Clregetabiey =  Exposure point concentration in homegrown fruits and vegetables (pCi/kg);
Cradionuciide) = EXposure point concentration in tap water (pCi/L);

Irryy= Root uptake from irrigation multiplier [L/kg];

Irryes = Re-suspension from irrigation multiplier [L/kg], and

117 gep = Aerial deposition from irrigation multiplier {L/kg]

The root uptake multiplier represents the transfer of radionuclides from irrigation water to the
homegrown fruit or vegetable via root uptake. This multiplier is calculated using the following
equation:
Ir X F X BU,,o; X [1 —exp(—Ap X tg)]

P X g

Iy =

Where:
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Ir = Irrigation rate (L/m’-day);

F = Fraction of year when irrigation is occurring (unitless);
Bvye = Soil-to-plant wet uptake coefficient (unitless);

Ap = Effective removal rate (1/day);

tp = Time period of deposition (days), and;

P = Area density for the root zone (kg/m?).

Default values were used for Ir, F, and P and are presented in Table 5-17.*” The values for
Bvyet are radionuclide specific and are presented in Table 5-18. The time period of deposition
for this assessment was set equal to 90 days, the default growing season length assumed for this
assessment.
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Table 5-17: Nonchemical-Specific Parameter Values Used to Estimate Chemical and Radionuclide Concentrations in Homegrown Fruits

and Vegetables
Parameter Units Value Reference

Irrigation rate, I, L/m*-d 3.62 RAIS default value'"*?; Equal to watering 1 inch/week
Irrigation period, F unitless 0.25 RAIS default value""*?; 3- month growing season
Soil leaching rate, Ay 1/day 2.70E-05 RAIS default value"*?
Decay rate for chemicals for nonradionuclides, A 1/day 0 RAIS default value!"*?
Effective removal rate for nonradionuclides, Ag 1/day 2.70E-05 RAIS default value!"*?
Long:term depositon buildup. 1 s |90 e or depostion during erouing sason
Area density of root zone, P kg/m’ 240 RAIS default value!*?
Produce plant mass loading rate factor, MLF proquce unitless 0.26 RAIS default value"*?
Intrception fraction, I witess | 00075 Dervedusing methods fom USEPA C009) T or
Translocation factor, T unitless 1 RAIS default value"*?
Weathering half-life, T,, days 14 RAIS default value"*?
Decay for removal on produce for chemicals, Ag 1/day 0.0495 RAIS default value"*?
Plant yield (wet), Y, kg/m’ 2 RAIS default value!'*?
Above ground exposure time, t, days 60 RAIS default value!**?
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Table 5-18: Estimation of Fruit and Vegetable Exposure Point Concentrations for Radionuclides (pCi/kg)

Aerial
Resuspension  deposition
Effective soil-to - Root from from
Decay Removal wet Uptake Irrigation Irrigation Overall
Exposure Point rate Rate Removal from plant Multiplier Multiplier Multiplier = Multiplier ~ Fruit/Vegetable EPC
Concentration (pCi/L) (1/days) (1/day) Produce (1/day) uptake (L/kg) (L/kg) (L/kg) (L/kg) (pCi/kg)
Analyte CT RME CT RME

Americium-241 0.296 0.725 4.39E-06 3.14E-05 0.050 0.001 3.39E-04 0.088 0.85 0.93 2.76E-01  6.77E-01
Lead-214 4.524 4.966 3.73E+01 3.73E+01 373 0.01 1.01E-06 0.000026 0.0012 0.0012 5.47E-03  6.01E-03
Plutonium-238 0.0022 0.00264 2.17E-05 4.87E-05 0.050 0.001 3.39E-04 0.088 0.85 0.93 2.05E-03  2.46E-03
Plutonium-239/240 0.0025 0.00323 7.89E-08 2.71E-05 0.050 0.001 3.39E-04 0.088 0.85 0.93 2.34E-03  3.02E-03
Potassium-40 7.1 18.6 1.48E-12 2.70E-05 0.050 0.300 1.02E-01 0.088 0.85 1.0 7.35E+00  1.93E+01
Radium-226 0.598 1.2 1.19E-06 2.82E-05 0.050 0.04 1.36E-02 0.088 0.85 0.95 5.66E-01  1.14E+00
Radium-228 0.805 0.991 3.30E-04 3.57E-04 0.050 0.04 1.34E-02 0.087 0.84 0.94 7.58E-01  9.33E-01
Strontium-90 0.11 0.277 6.54E-05 9.24E-05 0.050 0.3 1.01E-01 0.088 0.84 1.0 1.14E-01  2.86E-01
Thorium-228 0.156 0.239 9.93E-04 1.02E-03 0.050 0.001 3.24E-04 0.084 0.83 0.92 1.43E-01  2.19E-01
Thorium-230 0.135 0.297 2.47E-08 2.70E-05 0.050 0.001 3.39E-04 0.088 0.85 0.93 1.26E-01  2.77E-01
Thorium-232 0.118 0.171 1.35E-13 2.70E-05 0.050 0.001 3.39E-04 0.088 0.85 0.93 1.10E-01  1.60E-01
Tritium 17.38 19 1.54E-04 1.81E-04 0.050 4.8 1.62E+00 0.088 0.84 25 4.43E+01  4.84E+01
Uranium-234 1.272 1.54 7.77E-09 2.70E-05 0.050 0.003 8.47E-04 0.088 0.85 0.93 1.19E+00  1.44E+00
Uranium-235/236 0.0491 0.0583 2.70E-12 2.70E-05 0.050 0.003 8.47E-04 0.088 0.85 0.93 4.59E-02  5.45E-02
Uranium-238 0.849 1.037 4.25E-13 2.70E-05 0.050 0.003 8.47E-04 0.088 0.85 0.93 7.93E-01  9.69E-01

*Values from ORNL (2010).

® Values from ANL (1993) and NCRP (1989).
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Table 5-19. Estimation of Fruit and Vegetable Exposure Point Concentrations for Chemicals (mg/kg).

Exposure Point Root Uptake Resuspension from Aerial deposition Overall
Concentration Soil-to-wet  Multiplier Irrigation Multiplier  from Irrigation Multiplier Fruit/Vegetable
(ug/L) plant uptake (L/kg) (L/kg) Multiplier (L/kg) (L/kg) EPC (mg/kg)
Analyte CT RME CT RME

Acetone 2.5 4.2 1.06E+01 3.6 0.088 0.85 4.5 1.13E-02 1.88E-02
Aluminum 2474 3497 1.00E-03 0.00034 0.088 0.85 0.93 2.31E+00 3.27E+00
Ammonia 46.06 86.27 7.70E+00 2.6 0.088 0.85 35 1.63E-01 3.06E-01
Antimony 0.38  0.50 1.00E-02 0.0034 0.088 0.85 0.94 3.54E-04 4.65E-04
Arsenic 3.0 4.0 1.00E-02 0.0034 0.088 0.85 0.94 2.78E-03 3.70E-03
Barium 93 120 3.00E-03 0.0010 0.088 0.85 0.93 8.70E-02 1.13E-01
Beryllium 1.0 1.0 2.50E-03 0.00085 0.088 0.85 0.93 9.35E-04 9.35E-04
Boron 31 36 1.00E+00 0.34 0.088 0.85 13 3.91E-02 4.54E-02
Cadmium 067 219 1.38E-01 0.047 0.088 0.85 1.0 6.56E-04 2.15E-03
Chromium 4.8 7.1 1.00E-04 0.000034 0.088 0.85 0.93 4.45E-03 6.63E-03
Cobalt 2.6 5.8 2.30E-02 0.0078 0.088 0.85 0.94 2.46E-03 5.44E-03
Copper 4.4 6.5 8.00E-02 0.027 0.088 0.85 0.96 4.27E-03 6.28E-03
Cyanide 1.8 4.0 1.77E+00 0.60 0.088 0.85 1.5 2.76E-03 6.09E-03
DDE 0.0076 0.0076  1.29t-03 0.00044 0.088 0.85 0.93 7.08E-06 7.08E-06
Fluoride 354 399 0.088 0.85 0.93 3.30E-01 3.72E-01
Iron 2280 4175 4.00E-04 0.00014 0.088 0.85 0.93 2.13E+00 3.90E+00
Lead 4.1 8.4 7.60E-04 0.00026 0.088 0.85 0.93 3.87E-03 7.83E-03
Manganese 133 228 6.88E-02 0.02 0.088 0.85 1.0 1.27E-01 2.18E-01
Mercury 009 0.11 3.00E-01 0.10 0.088 0.85 1.0 9.32E-05 1.10E-04
Molybdenum 45 5.3 8.00E-02 0.027 0.088 0.85 1.0 4.33E-03 5.06E-03
Nickel 4.8 7.5 5.00E-02 0.017 0.088 0.85 1.0 4.57E-03 7.12E-03
Nitrate-Nitrite as Nitrogen 79 142 0.088 0.85 0.93 7.41E-02 1.32E-01
0oCDD 4.0E-05 1.4E-04  1.35E-04 0.000046 0.088 0.85 0.93 3.78E-08 1.31E-07
Perchlorate 0.070 0.078 0.088 0.85 0.93 6.55E-05 7.31E-05
Total PCBs 2.3E-04 5.5E-04  6.43E-03 0.0022 0.088 0.85 0.94 2.11E-07 5.18E-07
Selenium® 1.6 2.7 1.00E-01 0.034 0.088 0.85 1.0 1.51E-03 2.58E-03
Silver 0.11 0.11 2.16E-05 0.0000073 0.088 0.85 0.93 1.03E-04 1.03E-04
Strontium 280 314 2.05E-01 0.069 0.088 0.85 1.0 2.81E-01 3.15E-01
Thallium® 030 0.53 1.00E-03 0.00034 0.088 0.85 0.93 2.76E-04 4.93E-04
Uranium 2.5 3.0 6.31E-04 0.00021 0.088 0.85 0.93 2.38E-03 2.85E-03
Vanadium 8.9 11 1.38E-03 0.00047 0.088 0.85 0.93 8.30E-03 1.04E-02
Zinc 12 20 2.64E-01 0.089 0.088 0.85 1.0 1.26E-02 2.00E-02

?Concentrations for this radionuclide are assumed to be decreased by 95% after water treatment.
®Values from ORNL (2010).
Values from ANL (1993) and NCRP (1989).
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The effective removal rate is the sum of the radionuclide-specific decay constant (A;) and the soil
leaching rate (Ayr). The default soil leaching rate of 0.000027 1/days was used along with decay
constants (1/days) presented in Table 5-18. This soil leaching rate is equivalent to a half-life of
70 years.

The resuspension from irrigation multiplier represents the transfer of radionuclides from the
resuspension of soil previously impacted by irrigation water to the surfaces of the homegrown
fruits and vegetables during the watering. This multiplier is calculated using the following
equation:
Ir X F X MLF X [1 — exp(—1p X tg)]

P X Ag

IT7yes =

Where:
MLF = Produce plant mass loading factor (unitless).

The default value for MLF of 0.26 was used and this parameter is the mass of soil resuspended
per mass of vegetation.

The aerial deposition from irrigation multiplier represents the transfer of radionuclides from
irrigation water to the surfaces of homegrown fruits and vegetables. This multiplier is calculated
using the following equation:

Ir x F x Ir X T X [1 — exp(—=Ag X t,,)]

ITTgep = Y, %X A,
Where:
Iy = Interception fraction (unitless);
T = Translocation factor (unitless);
Ap = Decay for removal of produce (1/day);
t, = Above ground exposure time (day), and;
Y, = Plant yield in terms of wet weight (kg/m?)

The default values were used for 7, Ag, t,, and Y, and are presented in Table 5-17.1%? Because

the default value for I includes consideration for silage (i.e., grass and other feed for livestock),

the value for I was adjusted to only include homegrown fruits and vegetables. Based on the

method in USEPA (2005), the interception fraction was estimated using the following equation:
I[r=1— e V%

Where:

y = empirical coefficient specific to the type of plant.

A consumption weighted average empirical coefficient of 0.0515 was used that accounted for the

differences in coefficient between homegrown fruits (y of 0.0324) and vegetables (y of 0.0846).
The estimated Ir for only homegrown fruits and vegetables is 0.0975.
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The estimated values for all three multipliers and the central tendency and RME fruit and
vegetable concentrations are presented in Table 5-18 for untreated drinking water and Table 5-19
for drinking water that has been treated.

5.4.3 Estimation of Committed Dose from Intake of Radionuclides in Tap Water

FGR 13 risk coefficients for internal and external exposure modes estimate cancer morbidity or
mortality directly from intake, therefore bypassing an estimation of committed dose to organs
and tissue or committed effective dose to the whole body. To further characterize exposures to
radionuclides from the tap water ingestion pathway and to enable the IPR team to evaluate
exposure from unfiltered and untreated surface water in comparison to exposure to ubiquitous
background radiation, the annual whole body effective dose to an adult who ingests tap water,
which is the route of greatest exposure, was calculated.

Effective dose is a quantity created by the International Commission on Radiological Protection
(ICRP) to represent the dose to which the total body could receive uniformly, that would give the
same cancer risk from individual organs or tissues receiving the same absorbed dose, accounting
for differences in radiosensitivities. '**'* Effective dose is the sum of the absorbed doses in
tissue and organs multiplied by their respective quality factors to account for the potential for a
biological effect (i.e cancer) resulting from the absorbed dose: 4

HE = Z DT X Wt
Where:

Hg = Whole body effective dose [rem]
Dt = absorbed dose to tissue/organ [Sv]
wr= tissue/organ weighing factor based on radiosensitivity [unitless]

Along with providing risk coefficients, the 2002 CD supplement of FGR 13 provides dose
coefficients that allow for the calculation of an absorbed dose to a specific type of organ or tissue
(equivalent dose) or the sum of the equivalent dose that would result in the same risk from the
individual organs or tissues receiving the absorbed dose (effective dose)."*" As with risk
coefficients, each dose coefficient [d;] is specific to the radionuclide, environmental medium,
and the mode of exposure through that medium. Computing an annual whole-body effective dose
[Hr] associated with the direct ingestion to a given radionuclide in tap water or food prepared
with tap water is given by the relationship:

Hp = dgg X Ig
Where:
Hg = Whole body effective dose [rem]
dgr = Effective dose coefficient specific to each radionuclide and mode of exposure [rem/Ci]
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Iz = Calculated intake of radionuclide [Ci]

5.4.4 Inhalation of Radionuclides from Tap Water

FGR 13 provides risk coefficients for inhalation in air expressed as the cancer risk per unit
activity intake. Risk coefficients are provided for three categories that represent the form on the
inhaled materials. The form of the inhaled materials is classified in terms of the rate of
absorption from the lungs to the blood using the classification scheme presented in ICRP Report
66. Type F, M, and S represent fast, medium, and slow rates of absorption of material inhaled in
particulate form, respectively."'¥ However, the intake rate of air is assumed to depend on age
and gender.""'? For this analysis and in accordance with FGR 13 recommendations (as based on
the ICRP Report 66), inhalation risk coefficients were based on a moderate rate of absorption
(Type M) for all radionuclides except thorium (i.e. thorium-228, -230, and 232), for which a
slow rate of absorption (Type S) was used as recommended.

Lifetime intakes during showering and bathing associated with inhalation of tap water for a given
non-volatile radionuclide were calculated using the following equation:

IRadionuclide = CRadionuclide X SFp X IR X ED
Where:
IR = Age- and gender-specific inhalation rate [m’/day]
SF pariicutare = Particulate slope factor [(ng/m3)/(mg/L)] 4"

One of the radionuclides, tritium, was considered to be volatile in this assessment. Radionuclide
intakes during showering and bathing associated with inhalation of tap water for tritium were
calculated using the following equation:

Iragionuciide = Cradgionuciidze X VF X IR X E
Where:
VF = Volatization constant [L/m’

5.4.5 Direct Exposure to Radiation from Swimming or Bathing in Tap Water

A different approach was necessary to calculate excess cancer risk through direct exposure to
radiation from swimming or bathing in tap water. As previously mentioned, FGR 13 provides
risk coefficients for external exposure from submersion in air, external exposure from the ground
surface, and external exposure from soil contaminated to an infinite depth; however, the
guidance does not provide risk coefficients for external exposure from immersion in
contaminated water. To calculate risk via this route, the IPR team relied upon Federal Guidance
Report 12 External Exposure to Radionuclides in Air, Water, and Soil (FGR 12), which tabulates
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dose coefficients for external exposure to photons and electrons emitted by radionuclides
distributed in air, water, and soil (148) These dose coefficients allow for the calculation of an
absorbed dose rate to a specific type of organ or tissue (equivalent dose) or the sum of the
equivalent dose rates that would result in the same risk from the individual organs or tissues
receiving the absorbed dose (effective dose). These dose coefficients assume that the
concentrations of the radionuclides are uniform throughout the source region "**'*). Specific to
the dose coefficients for immersion in contaminated water, the source region is assumed to be
infinite in extent relative to the paths of associated radiations."** 14

To calculate a equivalent dose for a specific organ or tissue, or to calculate the effective
equivalent dose, FGR 12 provides the following relationship where the equivalent dose or
effective equivalent dose is equal to the dose coefficient, which is specific to the radionuclide
and exposure medium, multiplied by the time-integrated concentration of the radionuclide in the
exposure medium:

Where:

H, = Equivalent dose or Effective equivalent dose [Sv]
h, = Dose coefficient [Sv per Bq s m™]

C = Concentration of radionuclide [Bq or Ci]

The EPC considered in this assessment assume that the concentration of the contaminant
(chemicals and radionuclides) stay constant over the duration of an individual’s exposure, thus,
the relationship for calculating absorbed dose becomes:

Ht = ht X C X ED
ED = Lifetime exposure duration [s]

ICRP Publication 60 Recommendations of the International Commission on Radiological
Protection (ICRP 60) provides nominal probability coefficients for stochastic effects of low level
exposures to radiation (Table 3, pg. 22). The report provided both probability coefficients for
fatal cancers and non-fatal cancers for the adult worker population and whole population.(wo)
ICRP 60 provided a total risk of cancer (fatal and non-fatal) for the whole population as
0.06 Sv™'. In 2007, ICRP 60 was superseded by ICRP Publication 103, The 2007
Recommendations of the International Commission on Radiological Protection."’¥ ICRP 103
provided an updated table for probability coefficients (Table 1, pg. 53), now referred to as risk
coefficients, for stochastic effects at low level exposure."'® Total risk of cancer for the whole

population was updated to 0.055 Sv™.!"?
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Using the effective equivalent dose calculated for each radionuclide using FGR 12, excess cancer
risk can be calculated using the following relationship:

R = Ht Xr
Where:
R = Risk of generating cancer (cancer morbidity)
ro= ICRP 103 nominal risk coefficient for stochastic effects (.055 Sv™')

5.5 THE STATE OF KNOWLEDGE REGARDING POTENTIAL EFFECTS OF EXPOSURE TO
MULTIPLE CONTAMINANTS

A mixture is defined by the USEPA as any combination of two or more chemical substances,
regardless of source or of spatial or temporal proximity that can influence the risk of chemical
toxicity in the target population."”" Humans are rarely, if ever, exposed to just one chemical;
however, in toxicology, studies with mixtures are scarce, and an important question for risk
assessors is whether the response from a combined exposure can be predicted from the dose-
response information available for the individual compounds.

The main public health concerns with mixtures are that interactions of mixture components may
lead to toxicities not seen with individual components and that a mixture may be synergistic, i.e.,
that its potency may be much greater than expected based on knowledge of the components. In
these situations the mechanism underlying the toxicity of concern includes one or more
interactions of mixture components. It should be noted that it is equally as likely that a mixture
will have the opposite effect, and the potency of a combination of chemicals will be less than one
would expect looking only at single components (antagonistic).

Examples of synergistic mixtures include carbon tetrachloride and ethanol (ethyl alcohol) which
are individually toxic to the liver, but together they produce much more liver injury than the sum
of their individual effects. Another example includes that mixture of insecticidal pyrethroids with
piperonyl butoxide. The insecticide activity of pyrethroids increases tenfold when one part
piperonyl butoxide is mixed with nine parts pyrethroids."*? To the knowledge of the IPR team,
none of the potential COI combinations in this risk assessment have known synergistic effects in
humans.

Standard regulatory default approaches to mixture risk assessment consider doses and responses
of the mixture components to be additive.">" The assumption of additivity is expected to yield
generally neutral risk estimates (i.e., neither conservative nor lenient) and are plausible for
component compounds that induce similar types of effects at the same sites of action. This
assumption underlies the toxic equivalency factor (TEF) or relative potency factor (RPF)
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approach, e.g., used to assess the cumulative risk of dioxins and dioxin-like polychlorinated
biphenyls (PCBs), organophosphorus pesticides, N-methyl carbamates, or endocrine-disrupting
chemicals.

Non-cancer hazards in this assessment were characterized using the hazard quotient
approach.."*® The hazard quotient (HQ) is the ratio of the calculated average daily dose (ADD)
to the maximally acceptable “safe” dose (that is, the reference dose, or RfD). When assessing
mixtures, the sum of HQs for substances that affect the same target organ or organ systems is
termed the hazard index (HI)."** An HI less than 1 indicates that it is unlikely for even sensitive
populations to experience adverse health effects from the mixture. The key major categories of
effects usually considered in risk assessments of mixtures include neurotoxicity, developmental
toxicity, reproductive toxicity, immunotoxicity and target organ effects (such as hepatic, renal,
respiratory, cardiovascular, gastrointestinal, hematological, musculoskeletal, and dermal/ocular
effects). Although higher exposure levels may be required to produce adverse health effects other
than the critical effect, the RfD can be used as the toxicity value for each effect category as a
conservative and simplifying step.

Carcinogenic health risks are defined in terms of the probability of an individual developing
cancer as the result of exposure to a given chemical at a given concentration.”> The
incremental probability of developing cancer (that is, the theoretical excess cancer risk) is the
additional risk above and beyond the cancer risk that an individual would face in the absence of
the exposures characterized in this assessment. When assessing mixtures that contain multiple
suspected or known carcinogens, the risks for each chemical are summed together to determine
the total excess cancer risk. In general, the USEPA considers excess cancer risks that are below
about 1 chance in 1,000,000 (1x10°) to be so small as to be negligible. Excess cancer risks that
range between 1310 and 1x10™ are generally considered to be acceptable.>

5.6 SUSCEPTIBLE SUBPOPULATIONS

Age, developmental stage, and health status can make a difference in exposure and risk posed by
exposure to a material, either because one is more or less exposed or one has a greater or lesser
biological response to exposures (susceptibility). For example, risk posed by environmental
agents can be greater for various life stages such as the very young and adults over 65 years. Life
stage is an important factor determining susceptibility for several reasons. Children may be
particularly vulnerable because of differences in exposure arising from their behavior (such as
crawling on the floor and putting things into their mouths), absorption, or metabolism. Aging
may also render individuals more susceptible to adverse effects from a pollutant because as
individuals age, their bodies' ability to defend against and respond to injury may diminish. Other
sensitive subpopulations could include pregnant women, immunocompromised persons, and
people with chronic illnesses. Regulatory agencies have made the protection of sensitive
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subpopulations law. For example, the Food Quality Protection Act and the 1996 amendments to
the Safe Drinking Water Act both call for protection of susceptible subpopulations.

As stated above, this risk assessment utilizes RfDs to assess the risk of the individual chemicals
and to calculate HQs and HIs. Reference doses, as defined by the USEPA, take into account
sensitive subpopulations in several ways. RfD are based on the most sensitive toxic effect found
in the most sensitive subpopulations. As an example, for mercury, the RfD is based on
reproductive effects in pregnant women. However, often, little is known about the toxic effects
of a substance at very low chronic doses such as those addressed in this risk assessment. Because
of this, uncertainty factors (UFs) are used for extrapolations. If there are no appropriate human
data, an interspecies UF of 1, 3, or 10 is used. The factors considered when deciding on a
specific value include (1) the species tested (type, appropriateness, and range), (2) the
toxicological endpoint observed and the likely mechanism of action, (3) the range of response in
the species tested, (4) the variability of response among the species tested, and (5)
pharmacokinetic differences among the species tested. An intra-species UF of 1, 3, or 10 is also
used to address variability among humans. The factors considered when assigning a specific
value include (1) the toxicological endpoint observed and the likely mechanism of action, (2) the
range of response among humans and subpopulations, and (3) pharmacokinetic differences
among individuals."* Because the RfD is defined to be applicable to “susceptible subgroups,”
the use of UF accounts for uncertainty due to limited information.

5.7 DURATION AND FREQUENCY OF EXPOSURE

For many agents, the toxic effects that follow a single exposure (acute) are very different than
those associated with repeated exposure (chronic). For example, one of the primary acute effects
of hexavalent chromium exposure is ulceration and perforation of the nasal septum, while
chronic inhalation of hexavalent chromium is a known cause of lung cancer. One of the
principal tenets of toxicology is that acute toxicological responses are associated with thresholds;
that is, there is some dose below which the probability of an individual responding is zero. The
existence of thresholds for chronic effects is less well defined, especially in relation to
carcinogenesis. Chronic exposure to a toxic agent may produce some immediate (acute) effects
after each administration (if the threshold dose is exceeded) in addition to the long-term, low
level, or chronic effects of the toxic substance. Therefore, for chronic toxic effects, the most
important factor is usually the total dose of the chemical, unless an acute threshold is exceeded.

Another important factor that must be considered when evaluating the potential toxicity of a
chemical exposure is the frequency of exposure; specifically, the relationship between the
elimination rate, the frequency of exposure, and the threshold of the toxic effects. For example,
if the time it takes to eliminate the chemical from the body is shorter than the exposure interval,
the toxic threshold dose may never be reached. Conversely, if the exposure interval is longer
than the frequency of exposure, the toxic chemical may increase in the body until the toxic
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threshold is reached. Chronic toxic effects may occur if the chemical accumulates in the body
(that is, absorption exceeds biotransformation and/or excretion), if the chemical causes
irreversible toxic effects, or if there is insufficient time for the system to recover from the toxic
damage within the exposure frequency interval.

As discussed above, when considering chronic health effects (including cancer), the total dose of
the COI would be considered the most important variable. Additionally, episodic exposure to the
COI such as those predicted due to runoff because of snowmelt or storms could lead to acute
health effects if toxic thresholds are exceeded. However, in the case of COI in the tap water of
Santa Fe, it is unlikely that any acute thresholds would be reached due to episodic runoff events.

5.8 RESULTS OF THE HUMAN HEALTH RISK ASSESSMENT

As described earlier, several hypothetical exposure scenarios were evaluated. The scenarios
differed only in the levels of COIs estimated to be present in the residential tapwater at the point
of exposure (i.e., the home). These scenarios included 1) concentrations of COIs based on recent
measurements in the Rio Grande, 2) concentrations of COIs based on recent measurements in the
Rio Grande modified by accounting for 95% removal of certain radionuclides by the BDD
treatment system, and 3) concentrations of COIs based on recent measurements of gross alpha
radioactivity and uranium in water from the Buckman well field (as measured at the associated
10 MG tank).

The primary purpose of evaluating these various scenarios is to provide a basis of comparison for
the estimated health risks associated with untreated Rio Grande water (Scenario #1 above) to
other scenarios that involve either some level of water treatment (Scenario #2 above) or use of
existing, alternative sources of tapwater (Scenario #3). Additonnally he IPR team also assessed
the theoretical risk under the assumption that all COIs were present in the Rio Grande at their
respective USEPA Maximum Contaminant Levels or other drinking water criteria if no MCL
exists (this is termed the “MCLs” scenario). The purpose of that analysis was simply to provide
a benchmark measure of the potential risks associated with consumption of maximally
acceptable levels of the various contaminants.

The most meaningful results of the health risk assessment are those for the central tendency
evaluations, as they are most representative of typical exposures that would be expected from
using local tap water, while still being conservative (e.g. assume a lifetime of daily exposure).
We presnt the results for both CT and RME risk estimates in the tables, however, our discussion
of the results is focused on the CT risk estimates. Nonethless, it is important to note that in
general, the RME risk estimates are only marginally higher than the CT estimates, due to the
many conservative assumptions used to derive the CT estimates.
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5.8.1 Health Risk Assessment Results for Chemicals

The health risk assessment results for chemicals are summarized in Tables 5-20 through 5-23.
The results are broken down by chemical, and are presented based on the Central Tendency and
Reasonable Maximum Exposure assessments that were performed. Tables 5-20 and 5-21 present
cancer risk estimates for chemicals, for the “Recent Measurements” and “MCLs” scenarios,
respectively. Tables 5-22 and 5-23 present non-cancer risk estimates for chemicals, for the
“Recent Measurements” and “MCLs” scenarios, respectively. Those results are broken down by
the relevant non-cancer health endpoints, and are presented based on the Central Tendency and
Reasonable Maximum Exposure assessments that were performed.

As previously mentioned, cancer risks in the range of 1 x 10 to 1 x 10™* are considered
acceptable.'** '*” The figure below graphically depicts the results of the chemical cancer risk
assessment, and shows that for each individual chemical, the risks fall within the acceptable
range.
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DDE
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Total PCBs

Total Chromium
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Beryllium
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Figure 5-1. Theoretical cancer risks for the chemical COls.
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Additional details of the risk assessment results for chemicals can be found in Appendices SA
and 5B. The tables in those appendices include breakdowns by chemical, exposure pathway, and
health endpoint for the CT and RME assessments that were performed.

5.8.2 Health Risk Assessment Results for Radionuclides

The health risk assessment results for radionuclides are summarized in Tables 5-24 through 5-30.
Tables 5-24 through 5-26 present cancer risk estimates for radionuclides for the “Recent
Measurements” scenario. Table 5-24 presents the cancer risks broken down by age group and
gender, for both the CT and RME assessments that were performed. Tables 5-25 and 5-26 show
the cancer risk estimates for the “Recent Measurements™ scenario in more detail, with
breakdowns by radionuclide, gender, age group and exposure pathway.

Tables 5-27 presents cancer risk estimates for radionuclides for the “MCLs” scenario, broken
down by age group and gender for the CT and RME assessments that were performed.

Tables 5-28 presents cancer risk estimates for radionuclides for the “Water Treatment” scenario,
broken down by age group and gender for the CT and RME assessments that were performed.

Tables 5-29 present cancer risk estimates for radionuclides for the “10 MG Tank” scenario,
broken down by age group and gender for the CT and RME assessments that were performed.

Table 5-30 presents the annual whole body effective dose estimates for the adult ingestion CT
and RME assessments under the “Recent Measurements” scenario.

Those results are broken down by chemical, and are presented based on the Central Tendency
and Reasonable Maximum Exposure assessments that were performed.

Additional details of the health risk assessment results for radionuclides can be found within the
Seection 5 Appendices for the “Recent Measurements,” “MCLs,” “Water Treatment,” and “10
MG Tank” scenarios, respectively. The tables in those appendices include breakdowns by
gender, age group, radionuclide, and exposure pathway for the CT and RME assessments that
were performed.

As previously mentioned, cancer risks in the range of 1 x 10° to 1 x 10 are considered
acceptable.** '*”) The figure below graphically depicts the results of the radionuclide cancer
risk assessment, and shows that for each individual chemical, the risks fall within the acceptable
range.
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Figure 5-2. Theoretical cancer risks for the chemical COls.
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Table 5-21: Total Risk Summary — MCL

Risk

Analyte CT RME

Acetone - --

Aluminum -- -

Ammonia - -

Antimony -

Arsenic 2.31E-04 5.37E-04

Barium _

Beryllium 6.91E-12 3.85E-12

Bis(2-ethylhexyl)phthalate 1.94E-05 1.28E-05

Boron

Cadmium 6.47E-12 3.61E-12

Chloromethane

Total Chromium 1.25E-09 9.39E-10

Cobalt 7.12E-11 3.97E-11

Copper -- --

Cyanide

DDE 8.04E-06 6.18E-06

Fluoride

Hexachlorocyclohexane, Delta- 1.29E-06 2.55E-06

Iron -- --

Lead* - -

Manganese -- --

Mercury -- --

Molybdenum -- --

Nickel - -

Nitrite

OCDD 2.09E-06 1.37E-06

Perchlorate -

Total PCBs 1.19E-04 9.18E-05

Selenium - -

Silver — .

Strontium - -

Thallium - -

Uranium - —

Vanadium - -

Zinc -

Total 3.82E-04 6.52E-04
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Table 5-22: Noncancer Risk Summary for Chemicals, Infant Age Group, '""Recent Concentrations' Scenario

Hazard Index
Reasonable Maximum Exposure
Health Endpoint Central Tendency (CT) (RME)
Kidney Effects 0.18 0.87
Respiratory Effects 0.27 1.16
Decreased Body/Organ Weights 0.18 0.58
Circulatory/Cardiovascular System Effects 1.31 5.09
Immune System/Thyroid Effects 0.61 2.88
Skin Effects 0.66 1.95
Gastrointestinal Effects 0.26 0.96
Bone/Teeth Effects 0.41 1.02
Hair Loss 0.44 1.55
Liver Effects 0.30 1.17
Gout 0.06 0.15
Reproductive Effects 1.21 4.64
Central Nervous System Effects 1.00 4.34
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Table 5-23: Noncancer Risk Summary for Chemicals, Infant Age Group, "MCLs" Scenario

Hazard Index

Reasonable Maximum
Endpoint Central Tendency (CT) Exposure (RME)
Kidney Effects 2.39 5.20
Respiratory Effects 7.46 16.06
Decreased Body/Organ Weights 5.29 11.62
Circulatory/Cardiovascular System Effects 6.76 15.93
Immune System/Thyroid Effects 5.20 11.46
Skin Effects 4.14 9.06
Gastrointestinal Effects 3.29 7.20
Bone/Teeth Effects 4.74 10.43
Hair Loss 3.12 6.82
Liver Effects 2.37 5.22
Gout 0.52 1.14
Reproductive Effects 6.46 14.22
Central Nervous System Effects 5.00 11.01
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Table 5-24: Cancer Risk Summary for Radionuclides EPC

Male Female
Age
CT RME CT RME
0 -5 Years 8.44E-06 3.43E-05 8.44E-06 3.43E-05
5-15 Years 1.23E-05 5.02E-05 1.23E-05 5.02E-05
15-25 Years 1.18E-05 4.62E-05 1.18E-05 4.61E-05
25-70 Years 1.11E-05 4.24E-05 1.10E-05 4.29E-05
Lifetime (0-70 years) 3.80E-05 1.46E-04 3.79E-05 1.46E-04
Table 5-25: Cancer Risk Summary MCL
Male Female
Age CT RME CT RME
0> 5 years 5.75E-06 1.51E-05 5.73E-06 1.50E-05
5> 15 years 7.36E-06 1.96E-05 7.33E-06 1.95E-05
15> 25 years 5.96E-06 1.55E-05 5.79E-06 1.52E-05
25> 70 years 1.03E-05 2.60E-05 9.99E-06 2.50E-05
Lifetime (0-70 years) 2.66E-05 6.83E-05 2.58E-05 6.58E-05
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Table 5-26: Cancer Risk Summary - 95% Removal

Male Female
Age CT RME CcT RME
0> 5 years 7.39E-06 3.05E-05 7.38E-06 3.05E-05
5> 15 years 1.10E-05 4.55E-05 1.10E-05 4.55E-05
15> 25 years 1.09E-05 4.26E-05 1.08E-05 4.25E-05
25> 70 years 9.29E-06 3.62E-05 9.27E-06 3.66E-05
Lifetime (0-70 years) 3.36E-05 1.31E-04 3.35E-05 1.30E-04
Table 5:27 Cancer Risk Summary Buckman Wells
Male Female
Age CcT RME CT RME
0> 5 years 1.97E-05 9.96E-05 1.97E-05 9.96E-05
5> 15 years 2.81E-05 1.42E-04 2.81E-05 1.42E-04
15> 25 years 2.63E-05 1.23E-04 2.62E-05 1.23E-04
25 >70 years 2.72E-05 1.33E-04 2.72E-05 1.34E-04
Lifetime (0-70 years) 8.76E-05 4.16E-04 8.76E-05 4.16E-04
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5.8.3 Combined Risks for Chemicals and Radionuclides

The total risk from all chemical and radionuclide COIs combined is 1 x 10'4, which is at the
upper end of the acceptable risk range.
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6.0 POTENTIAL FUTURE IMPACTS ON THE RIO GRANDE FROM CHEMICALS
AND RADIONUCLIDES IN LANL SEDIMENTS AND GROUND WATER

6.1 OVERVIEW

Environmental contamination at LANL can impact water used by the BDD project if transported
to the reach of the Rio Grande above the BDD intake. There are contaminated sediments,
surface water, and groundwater present at LANL. Surface water contamination includes
suspended sediment discharged with canyon storm-flow. There are known groundwater and
surface water pathways for contamination to move from LANL and discharge to the Rio Grande.
The location of surface water and groundwater discharge areas pertinent to BDD risk
determination is along that reach of the Rio Grande from the confluence of Lower Los Alamos
Canyon downstream to the Buckman Direct Diversion intake. From aerial photography, the
length of this reach of the Rio Grande is about 5.3 kilometers (3.3 miles) as shown in Figure 6-1.

Figure 6-1: The relevant reach of the Rio Grande between the entry of Los Alamos Canyon and the area of the
BDD diversion.
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The report describes the hydrologic pathways for transport of LANL-associated contaminants to
the relevant reach of the Rio Grande as well as historical and current observations of
contamination within the watersheds that discharge to this reach. This information on pathways
and observed contamination is based entirely on reports and data published by LANL and
NMED. This data and information is reviewed and synthesized to develop conservative
estimates of potential contaminant discharges to the Rio Grande upstream of the BDD project
intakes, Section 4 describes our review and synthesis related to the surface water pathway, and
Section 5 covers the groundwater pathway.

6.2 CONTAMINANT MIGRATION VECTORS AT LANL

For on-site contamination at LANL to pose a risk to the BDD, those contaminants must be
transported off site to the cited reach of the Rio Grande. Two principal hydrologic vectors, or
pathways, exist: surface water and groundwater. The following two subsections describe each of
these pathways.

6.2.1 Surface Water Vector

The surface water pathway includes two components: contaminants sorbed to suspended
sediments and contaminants dissolved in streamflows. The majority of the surface water
discharge to the Rio Grande over the river reach of interest is confined to the Los Alamos -
Pueblo Canyon drainage (Figure 6-2). This watershed also includes Acid, DP, Barrancas, Bayo,
Guaje, and Rendija Canyons; the latter four canyons are often described in the LANL literature
as the North Canyons. Storm discharge to the Rio Grande from overland flow and small
unnamed canyons along the 5.3 km reach is assumed to be a small contribution to total flow in
the river and is not considered here.

Surface water contamination at LANL which could move to the Rio Grande and impact BDD is
confined to the Los Alamos Canyon watershed (LACW). The flow in the stream channels of the
canyons is ephemeral (storm or snowmelt driven) with exception of groundwater discharge to
springs, and near-perennial base flow in the lowest elevation stream reaches near the Rio Grande.
During storms, dissolved contamination concentrations and mass are significantly less than the
amount associated with suspended sediments. Storms and runoff mobilize and suspend
sediments in the LACW. Surface water contaminant transport from LANL is dominantly
associated with metals and radionuclides that are sorbed to sediments suspended in the stream
flow; stream flow that is highly variable.
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Figure 6-2: Watersheds on LANL property (from Figure 6-1 in LA-14407-ENV)

The concentration and total mass of contaminants on sediments at LANL is decreasing over time
due to curtailed waste discharge and disposal, remedial actions, radioactive decay,
biodegradation, and off-site transport of sediments that removes them from inventory. Mixing
with, and dilution by, uncontaminated sediments may be increasing the total volume of
contaminated sediments in some stream reaches. While there have been measurable reductions
in contaminated sediment inventory in the LACW for the reasons noted above, off-site transport
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of chemicals and radionuclides in suspended sediment is quantifiable, as illustrated by the results
of investigations by NMED and LANL.?7- 6374101130 g61 example, NMED has indicated that
off-site transport results in exceedances of expected background values for plutonium-239/240 in
water upstream of the BDD intake."°" Other compounds are also present in suspended
sediments based on previous work by LANL (metals, PCBs, pesticides), but were not quantified
at the time of the NMED study. Significant inventories of contaminated sediments remain in the
Los Alamos watershed canyons. LANL is making efforts to further quantify off-site transport in
the LACW and is currently undertaking remedial actions to reduce sediment migration.!*”

The sediment-bound contaminants present are variable in type and concentration depending on
the stream reach in which they are located. Details are found in the LANL publications on the
canyon investigations,® '*® and are not reproduced here. The contaminated sediment inventory
is large enough that contaminated sediment discharge from LANL to the Rio Grande is noted
today, and is expected to continue for decades to come.®”

6.2.3 Groundwater Vector

There are three potential LANL-sourced groundwater contributions to the contaminant load in
surface water upstream of the BDD intake. These potential groundwater contaminant sources are
from discharge to the Rio Grande by the Alluvial Aquifer (AA) and associated stream channel
base flow, the Intermediate Perched Aquifer (IPA) and, the upper portions of the Regional
Aquifer (RA). The shallow alluvial aquifer found predominantly in canyon bottoms is strongly
coupled to canyon surface water flow."®” Springs that discharge in the tributary canyons and the
key reach of the Rio Grande are associated with the IPA and the RA."* The RA is the major
water yielding aquifer in the area.”” The degree of connection between the AA, IPA, and RA is
much more variable under LANL than close to the Rio Grande. Acknowledging this complexity
of the flow system, the waters in these aquifers ultimately merge before discharging to the

river.®”

As described earlier, all three aquifers at LANL (AA, IPA, and RA) contain contaminated
groundwater. Much of the groundwater in the AA in the LACW watershed moves downstream
to discharge to the Rio Grande.®*'>® Farther up the canyons, the interaction between the AA
and the IPA becomes more complex,'®” allowing breakthrough of mobile contaminants to the
regional aquifer."®” LANL acknowledges 22 of these “breakthrough locations” related to Los
Alamos and Pueblo Canyon as depicted in Figure 6-3 (reproduced from Figure 2.0-3 found in
LA-UR-08-1105). Similar pathways for contaminant breakthrough to the RA also exist in
Mortandad canyons,"'®? and it is not unreasonable to assume that they would also be present in
Sandia Canyon."'®

As depicted in Figure 6-3, the measured gradient and flow directions in the RA indicate that the

RA under the LACW, Sandia Canyon, and Mortandad Canyon flow to the Rio Grande reach
above the BDD."®"Y Alternate interpretations of the RA water table surface'®" (see Appendix D

6-53



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

in that reference) also depict potential transport of contaminated RA groundwater from the
LACW, Sandia Canyon, and Mortandad Canyon to the Rio Grande reach above BDD.

The RA under the LACW, Sandia Canyon, and Mortandad Canyon has broad areas of low
hydraulic gradient, consistent with groundwater recharge, as evidenced by the widely spaced
lines of equal head depicted in Figure 6-3. Recharge potential is relatively higher in this area,®”
and discharge from treatment facilities has the highest density and volume in this area of the
plateau. The combination of breakthrough zones, recharge indicators and measurements,
contaminant sources in aquifers overlying the RA, and contamination of the RA by the most
mobile constituents found at LANL, indicates that contamination of the RA by LANL has the

potential to migrate to the Rio Grande.

Based on review and synthesis of recent groundwater monitoring data, LANL has recently
asserted that much of the contaminated groundwater in the Regional Aquifer is hydraulically and
hydrogeologically isolated from the Buckman Well Field."®? These recent interpretations differ
from the 2005 hydrologic synthesis report,"*® which conservatively assumed a strong
hydrologic connection between the contaminated areas under LANL to the Buckman well
field">” (see Figure 4-33 in that reference). This one example of several evolutions of LANL
hydrogeologic models, and the numerical simulations used to test those models. Given the
overall complexity of the system and continuing acquisition of new data and information, such
an evolution in hydrogeologic conceptual models is not unexpected. Similarly, the recent
identification of “breakthrough areas” where quasi-vertical contaminant transport to the RA has
occurred, or is occurring through preferential flow paths, has the appearance of being novel, but
in reality is the net result of gradually improving hydrogeologic understanding."®"

The hydrogeology of the Pajarito Plateau is complex in its own right, without having to consider
historic contaminant transport or changes in the hydrologic budget from groundwater withdrawal
and waste water treatment plant discharges to canyons. The fact that the groundwater system
connection to the Rio Grande through the AA, IPA and RA is only partially understood
contributes to uncertainty, and rationally results in heightened public concern.
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Figure 6-3: Monitoring wells and other features within Los Alamos and Pueblo Canyons (Figure 2.0-3 from LA-UR-08-1105)
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6.3 CONTAMINANT LOCATIONS AT LANL

The following two subsections describe and tabulate findings and observations of contaminated
surface water (including suspended sediments) and groundwater associated with LANL sources
and which can be transported to the relevant reach of the Rio Grande via the pathways described
earlier in this report.

6.3.1 Surface Water Contamination

Contaminated bed load sediments with a LANL origin are found in abandoned channels of the
Rio Grande between LACW and the BDD intake.” Most investigations on contaminated
sediments in this reach of the Rio Grande are focused on radionuclide concentrations and
PCBs.('%5 1% Using plutonium-239/240 as a metric for LANL sourced contamination, there is
little contaminated sediment present at shallow depths (<30 cm.) in river-bed sediments or
abandoned channels in this reach of the river.”¥ Modern characteristics of flow in the Rio
Grande are not expected to erode or expose these sediments.*” Potential impacts at the BDD
intake from contaminated suspended sediments will most likely be related to flow and transport
from LACW, rather than from erosion of the in-place contaminated Rio Grande bed and channel
deposits. It is generally agreed that the greatest concentration of contaminants is found in easily
transportable fine-grained sediments, % %2 166167

Sediment contamination in the Los Alamos and Pueblo watershed includes 30 inorganic
chemicals, 72 organic chemicals, and 15 radionuclides. Surface water and sometimes interrelated
AA groundwater contamination includes 46 inorganic chemicals, 51 organic chemicals, and 11
radionuclides.® Sediment contamination in the North Canyons includes 21 inorganic
chemicals, 33 organic chemicals, and 6 radionuclides""*®; arsenic is the only groundwater
contaminant noted to date in the North Canyons, and is probably of natural origin.
Contaminated sediments at LANL in the LACW have been mapped and the contamination
characterized in three dimensions. Estimates of the distribution, volume, and mass of
contaminants have been made.® Contaminated sediment stream reaches in the LACW are
assumed to be as mapped by LANL and represented in Figure 6-4 (published as Figure 3.1-1 in
LA-UR-04-2714®); and the contaminated and background stream reaches for the North

Canyons depicted in Figure 6-5 (excerpted from Draft LANL Figure 10-0010-01.pdf).
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The storm timing and intensity, the canyons affected by storms, the location, contaminant
concentration and susceptibility to erosion of sediments are just a few of the controlling factors
that regulate the flow of contaminated sediments and surface water from LANL to the Rio
Grande. Each sediment transport event is unique, being the product of unique antecedent
conditions and unique storms. Storm events effect canyons unequally, with many events
resulting in no sediment transport or water flow to the Rio Grande at all. Infrequent large events
cause significant discharge of contaminated water and sediments to the Rio Grande from the
LACW. One effect of the Cerro Grande fire was to increase the frequency, duration, and
magnitude of streamflow in response to precipitation (due to decreased vegetation), an effect that
has diminished since the fire but still persists a decade later. One result of all storm events at
LANL is a modification of the sediment-bound contaminant inventory with respect to
contaminant concentration and post-storm locations.

With the complex hydrology described above, and scope of the IPR effort, a simplified path to
calculating impacts at the BDD is needed. Certain observations and limitations are recognized:

e The highest risk at the BDD intake will occur when large amounts of contaminated
sediments from LACW are transported to the Rio Grande and river is at its low-flow
condition (minimum dilution).

e Significant changes in surface water flow, suspended sediment concentration, and
contaminant concentration take place between the LANL site boundary and the Rio
Grande over approximately 6 km (3.7 mi.).

e Monitoring results from surface water storm flow sampling within the LANL boundaries
cannot be reliably extended to predictions of surface water discharge at the Rio Grande.

e (Contaminant concentrations and distribution of in-place LACW contaminated sediments
are not useful to calculate potential in-stream concentrations in the Rio Grande because
of the difficulty in predicting their transport.

¢ In the absence of direct measurement, correlations between concentration of individual
contaminants in in-place and suspended sediments may be useful for predicting in-stream
concentrations of undetermined contaminants in the Rio Grande.

e Surface water sampling within contaminated LANL canyons is biased towards higher
contaminant concentrations than would be expected in the sediments of the lower reaches
of LACW.

[ ]

Given the constraints above, it would be highly uncertain to use sediment contaminant data from
any point other than the confluence of LACW with the Rio Grande to project Rio Grande
contaminant concentrations at the BDD intake.. By necessity, the IPR relies on data from the
E110 surface water monitoring station. Storm flow and contaminant data from this station is
very limited.
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6.3.2 Groundwater Contamination

Contaminated RA groundwater is found under the LACW, as well as under Sandia Canyon and
Mortandad Canyon. As described earlier, there are potential groundwater pathways that can
convey contaminated water to the BDD reach of the Rio Grande and/or the capture zone of the
Buckman well field. The following paragraphs describe some of the contaminated groundwater
observations, and the locations of those observations relative to the BDD. We also describe how
the LANL’s defined groundwater monitoring objectives limit the scope of their characterization
efforts, leading to increased uncertainty on the nature and extent of existing groundwater
contamination beneath LANL.

When contaminants are introduced to groundwater, they flow with groundwater. Groundwater
flows from areas of higher potential energy (uphill, or up-gradient), to areas of lower potential
energy (downhill or down-gradient). In order for a contaminant to be detected in groundwater,
detection monitoring wells need to be located down-gradient of the contaminant source.
Contaminant plumes in groundwater spread longitudinally (down-gradient) and laterally (cross-
gradient). Taking into account plume spreading, if a monitoring well is located in such a manner
as to be unable to detect a contaminant from a particular source, that monitoring well is “off-
gradient” for that specific source.

The uncontaminated collocated RA monitoring wells R-10 and R-10A (Sandia Canyon) are a
minimum of 4.2 km (2.6 miles) from the Rio Grande reach of interest, and based on current
water table elevation maps are off-gradient (will not detect contamination) from Mortandad and
Sandia Canyons (Figure 6-3). The uncontaminated RA monitoring well R-16 (Mortandad
Canyon) is much closer to the river at ~0.7 km (0.4 mile), but lies downstream of the river reach
of interest and is again off-gradient. Contaminated wells are found in the IPA and the RA (TW-
1, R-5, and R-9) as close as 5.55 km (3.45 miles) to the Rio Grande; Sandia and Mortandad
Canyon contaminated IPA and RA wells are about 11.3 to 12.9 km (7 to 8 miles) from the
closest reach of the river. Contaminated AA wells are found as close as 160 meters (525 feet) to
the Rio Grande in Lower Los Alamos Canyon, and contaminated base-flow surface water is
found at the discharge of Lower Los Alamos Canyon to the Rio Grande.

LANL has not reported groundwater contamination in the RA monitoring wells closest to the Rio
Grande over the river reach of interest, however, RA monitoring wells in the RA along this reach

are scarce and/or off-gradient to the BDD reach, with most a large distance from the Rio Grande.

The intent of the LANL groundwater monitoring program under the Consent Order has been
described by reviewers and LANL. The descriptions differ.
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From the 2007 National Research Council (NRC) report:°?
“Under the Consent Order, LANL is to conduct investigations of groundwater
in accordance with NMED-approved workplans to fully characterize the
nature, vertical and lateral extent, fate, and transport of groundwater
contamination originating from the Laboratory to determine the need for, and
scope of, corrective action.”
From the 2009 Los Alamos and Pueblo Canyons Well Network Evaluation, Revision 1,(161)
“Monitoring Objectives”
“l.  To confidently detect contaminants before their arrival at water-supply wells...
2. To confidently detect contaminants before their arrival at a Laboratory
boundary...
3. To support an understanding of the nature and extent of contamination sufficient
to support the evaluation of potential corrective measures.
This objective evaluates the contribution of the groundwater-monitoring network
to the understanding of the nature and extent of contaminant migration within
the regional aquifer. This objective does not have a quantitative metric because
the degree to which the nature and extent of contamination must be understood
is a function of which remedial alternative, if any, will be employed, and the
remedial decision will not come until the CME phase of work.”

There are significant differences in the NRC and LANL descriptions of the intent of LANL
groundwater monitoring under the Consent Order. When referring to the nature and extent of
plume characterization NRC states “...fully characterize...” as compared to the less certain “...to
support an understanding...” From the perspective of evaluation of LANL groundwater risk to
the BDD intake, the NRC approach is more definitive and preferable. Other than for chromium
in Sandia and Mortandad Canyons, LANL is deferring defining the nature and extent of
groundwater contamination with certainty and detail to a later undefined date when Corrective
Measures Evaluation (CME) is initiated.

The current approach to evaluation of groundwater contamination at LANL is limited to
detection monitoring to identify contaminated groundwater before it leaves the LANL site.
As such, one of the features generally common to groundwater contamination investigations,
defining the nature and extent of groundwater contamination, is completely absent from LANL
reporting.

(30, 161)

The importance of LANL’s programmatic decision to not create plume maps, or conduct plume
characterization activities at this time, to the BDD IPR task is easily discernable from inspection
of Figure 6-3. At the eastern end of Los Alamos Canyon are three contaminated RA wells,
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TW-1, R-5, and R-9. These three wells define an area of contamination that is approximately
0.4 miles wide by 0.6 miles long, that has been known to exist for over a decade. The closest RA
monitoring well between this area and the Rio Grande is miles away and off-gradient. Despite
the proximity of this contamination (and other similar areas) to off-site receptors and drinking
water supply wells, LANL has yet to define the nature and extent of groundwater contamination
(that is, to define the plume center and edges, and the range of concentrations within the plume).

While it is certain that contamination has migrated towards the Rio Grande from the TW-1, R-5,
and R-9 area, under the LANL monitoring program it is currently impossible to say if
contamination in this area has already migrated to the RA under San Ildefonso Pueblo, to the Rio
Grande, or some intermediate distance. Similarly, it is impossible for LANL to definitively state
that the TW-1, R-5, and R-9 contaminant detections represent all the contaminants that are
present between TW-1, R-5, and R-9 area and the Rio Grande, or if the levels of contamination
that have been detected at the wells represent the worst, or best, case for contamination of the
RA to the east of Los Alamos and Pueblo Canyons.

The lack of data points between contaminated wells and the Rio Grande and the Buckman well
field is recognized by LANL and new wells are proposed,'®" partly in response to public and
state criticism of the LANL monitoring plan. The lack of data points does not allow a definitive
statement to be made regarding the presence or absence of RA contamination between the
easternmost contaminated wells (closest to the river) in the RA and the Rio Grande at this time.

LANL is to complete construction of the “Buckman Sentinel” well in the RA by the end of
September 2010.1%®) The planned location of the well was unknown to the IPR at the time of
this report. This well will be located in a manner to serve as an early warning for RA
contamination migrating to the Buckman Wells; by necessity between contamination and the Rio
Grande above BDD. The degree that this well will reduce the existing uncertainties regarding
groundwater contaminant transport to the Rio Grande above BDD is unknown.

As LANL expands its detection monitoring program, it has encountered previously unknown
contamination. As an example, the chromium concentrations in R-42, first sampled in October
2008, have exceeded the concentrations found in proximal RA wells. LANL best estimates'”
of the concentration that would be found at the R-42 location ranged from 0.0 to 140 ug/L. The
concentration in this well was reported to have reached 10 times the MCL of 0.10 mg/L in
August 2009"7” (1000 ug/L). This is about 8 times the maximum predicted and over 3 times the
highest concentration predicted for the plume. This example shows that LANL numerical
methods of estimating the nature and extent of contaminant plumes can be unreliable. This
example also demonstrates of how a detection monitoring program does not provide information
on the limits and extent of contamination, and to the level of uncertainty that it creates. The
nearest chromium contaminated RA well, R-28 at approximately 0.25 miles distant, has
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chromium levels that are half of that found in R-42. Using the chromium values from R-28
results in underestimation of risk by a factor of two as compared to using values from R-42.
Again, because plume characterization has not been conducted, it is impossible to say whether
the chromium levels in R-42 represents the best or worst case situation with respect to that
contaminant in the RA below Mortandad Canyon.

The contaminants found in groundwater samples are listed in Table 6-1 by canyon area, aquifer,
and data source. The source of the data for LACW’s LA-UR-04-2714.Y) The sources of the
data for LACW’s IPA and RA are LA-UR-08-1105"" and LA-UR-10-1772."7"  The sources
for the Sandia Canyon IPA and RA are LA-UR-08-4702,"%” LA-UR-08-0456,""® and LA-UR-
10-0939."7” The source for the Mortandad Canyon IPA and RA is LA-UR-08-0455""> and LA-
UR-09-4934,"™ and LA-UR-10-0939.""" Groundwater in the Sandia and Mortandad AA is not
considered because the water does not flow to the Rio Grande reach above BDD, and the IPA is
a better indicator of contaminants that will eventually migrate to the RA under these areas than
the AA. Filtered and unfiltered samples are used. Contaminants that exceed screening criteria
(numerical standard) are listed separately from contaminants with background exceedances that
are below screening criteria.

6.4 CONTAMINANT TRANSPORT TO THE R1I0 GRANDE - SEDIMENT TRANSPORT VECTOR

To determine the concentration of sediment-associated contamination at the BDD withdrawal
point, information is needed on:
1. The concentration of sediment-bound contaminants in water discharging from LACW to
the Rio Grande.
2. The rate and duration of the sediment-bearing flow from LACW.
The amount of flow in the Rio Grande above the mixing point with LACW discharges.
4. The concentration of sediment-bound contaminants in the Rio Grande upstream of the

[98)

mixing point.

Once concentrations in discharges from the LACW are estimated, calculation of the mixing that
takes place when Los Alamos Canyon flows allows estimation of a resultant contaminant
concentration at the confluence with the Rio Grande. Very little dilution or mixing is expected
to occur between the confluence and the BDD intake, and therefore the concentrations estimated
at the confluence represent reasonable maximal estimate for the BDD intake. Items 3 and 4
above are better known than items 1 and 2.
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Table 6-1: Contaminants Found in Groundwater Samples by Canyon and Aquifer

Contaminants that Exceed

Canyon Aquifer Contaminants that Exceed Background Screening Criteria as described in Data Sources
LANL documents
Los Alamos Alluvial Radionuclides: americium-241, gross beta, Radionuclides: gross beta, LA-UR-04-2714, Appendix C;
Aquifer plutonium-239/240, radium-226, radium-228, strontium-90, plutonium-239/240 Tables C-1.0-13 through C-1.0-15

Los Alamos

Los Alamos

and springs

Intermediate
Perched
Aquifer

Regional
Aquifer

strontium-90, trititum

Organics: acetone, 2-butanone, chloroform,
chloromethane, heptachlorodibenzodioxins,
methylene chloride

Metals: arsenic, iron, manganese
Inorganics: chloride, nitrate, perchlorate

Radionuclides: tritium, plutonium-238, uranium-
235, uranium-238

Organics: bis(2-ethylhexyl)phthalate, phenol
Metals: antimony, arsenic, barium, boron,
cadmium, chromium, cobalt, copper, iron, lead,
manganese, mercury, molybdenum, nickel,
selenium, strontium, thallium, tin, uranium,
vanadium, zinc

Inorganics: alkalinity, ammonia, bromide,
calcium, chloride, fluoride, magnesium, nitrate,
nitrite, phosphorous, potassium, silica, perchlorate

Radionuclides: tritium, gross alpha, gross
gamma, plutonium-238

Organics: acrolein, benzo(a)pyrene, arochlor-
1260 (PCB), phenol

Metals: aluminum, antimony, barium, boron,
cadmium, chromium, cobalt, copper, iron, lead,
lithium, manganese, molybdenum, nickel,
selenium, thallium, titanium, uranium, vanadium,
zinc

Inorganics: ammonia, bromide, calcium, chloride,
fluoride, magnesium, molybdenum, nitrate, nitrite,

Metals: iron, manganese
Inorganics: perchlorate

Organics:
bis(2-ethylhexyl)phthalate, phenol

Metals: iron, lead, manganese, nickel
Inorganics: perchlorate’,
phosphorous

Organics: acrolein, benzo(a)pyrene,
arochlor-1260 (PCB), phenol
Metals: iron, lead, manganese,
nickel, thallium.

Inorganics: ammonia, perchlorate?,
phosphorous

LA-UR-09-7415;
Tables D-1 through D-10
LA-UR-09-3071;
Tables D-1and E-1 through E-16
LA-UR-10-1772;
Table 1
LA-UR-08-1105;
Tables E-1.0-1a through E-1.0-1g
LA-UR-09-7415;
Tables D-5 through D-10
LA-UR-09-3071;
Tables D-1, E-3 through E-7,
and E-12 through E-16
LA-UR-10-1772; Table 1

LA-UR-08-1105;

Table E-1.0-2a through E-1.0-2¢g
LA-UR-09-7415;

Table D-5 through D-10
LA-UR-09-3071;

Tables D-1, E-3 through E7, and

E-12 through E-16
LA-UR-10-1772; Table 1
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Contaminants that Exceed

Canyon Aquifer Contaminants that Exceed Background Screening Criteria as described in Data Sources
LANL documents
phosphorous, potassium, sulfate, total nitrogen,
perchlorate
Sandia Intermediate | Radionuclides: gross alpha, radium-226, radium- | Metals: chromium LA-UR-08-0456
Perched 228, tritium Tables E-5 through E-9
Aquifer Organics: Chloroform, chloromethane, 1-4 LA-UR-09-4932
dioxane, hexachlorodibenzodioxins Tables E-4 through E-9
Metals: Chromium, manganese LA-UR-10-0939
Inorganics: Perchlorate Tables D-12 and D-16 through D-21
LA-UR-10-1772; Table 1
Sandia Regional Radionuclides: tritium, radium-226, radium- | Metals: chromium LA-UR-08-0456
Aquifer 228 Tables E-5 through E-9
Organics: acetone, bis(2-ethylhexyl)phthalate, 2- LA-UR-09-4932
butanone, carbon disulfide, chloromethane, 2- Tables E-4 through E-9
hexanone, toluene LA-UR-10-0939
Metals: arsenic, chromium Tables D-12 and D-16 through D-21
Inorganics: nitrate, perchlorate LA-UR-10-1772; Table 1
Mortandad Intermediate | Radionuclides: trittum Inorganics: nitrate, perchlorate® LA-UR-08-0455
Perched Organics: acetone, 1-4 dioxane, Tables E-3 through E-8
Aquifer bis(2-ethylhexyl)phthalate LA-UR-4934
Metals: chromium Tables E-3 through E-8
Inorganics: fluoride, nitrate, nitrite, perchlorate LA-UR-10-0939
Tables D-6 through D-11
LA-UR-10-1772; Table 1
Mortandad Regional Radionuclides: tritium, radium-226, radium- Organics: benzene LA-UR-08-0455
Aquifer 228, thorium-230 Metals: chromium Tables E-3 through E-8

Organics: acetone, 2-butanone, benzene,
chloromethane, 1-4 dioxane, 1-4 dichlorobenzene,
heptachlorodibenzofurans, toluene

Metals: antimony, chromium

Inorganics: nitrate, perchlorate

Inorganics: nitrate, perchlorate®

LA-UR-4934

Tables E-3 through E-8
LA-UR-10-0939

Tables D-6 through D-11
LA-UR-10-1772; Table 1

*With reference to the NMED Consent Order value of 4 ug/L.

6-65




PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

6.4.1 Surface Water Contaminants and Concentrations

As described earlier, contaminated sediment inventories exist for the LACW, and these
contaminated sediments could impact the BDD when transported by storms. While it is possible
to use numerical models of sediment transport to predict the concentration, rate and duration of
contaminant flux from LANL for various scenarios using the available data, it is beyond the
scope of this effort to use sediment concentration data and models to predict fluxes from LANL.
For reasons previously presented we focus on contaminated storm waters discharging to the Rio
Grande from LACW. Sampling data considered is limited to unfiltered samples taken from
storm flow at the confluence of LACW and the Rio Grande, LANL surface water gauge E110.
Two sources of data from this station, LANL and NMED, are used to estimate an upper and
lower limit to contaminants associated with suspended sediments at the BDD. It is generally
agreed that the presence of chemicals and radionuclides in unfiltered samples at this location is
due mainly to their sorption to suspended sediment particles.** > 1167 (a5 opposed to
constituents “dissolved” in the water column itself).

The changes in contaminant transport from LANL as a result of the fire was a subject of great
public concern and activity at LANL over 2000 through 2004. The effect of the fire, at least on
increased stormflow from the canyons, has persisted to this day. While there has been extensive
monitoring of the sediments present on-site at LANL, and on-site stormflow, measurement and
reporting of storm and contaminant discharge to the Rio Grande, at the Rio Grande (E110) is
sporadic and limited.

NMED collected unfiltered “grab” water samples at the E110 gage during a storm event (which
began at 2:10 pm) on August 8, 2006, and reported that total plutonium-239/240 concentrations
ranged from 270 pCi/L an hour after the storm began (3:30 pm) to 50 pCi/L 5 hours later (at 8:30
pm). NMED estimated that the total plutonium-239/240 concentrations could have approached
400 pCi/L before the first sample was collected. These values are orders of magnitude higher
than the plutonium-239/240 concentration of 1.73 pCi/L determined by LANL for the same
storm at the same station reported in RACER. This difference is related to the the difference in
location where the water was sampled. The LANL sample was a grab sample fro an automated
sampler at a fixed depth while the NMED sample was a manually collected grab sample.

NMED calculated the result of mixing this plutonium flow in the Rio Grande; the results (which
represent estimates of unfiltered concentrations at the confluence point) ranged from 192-287
pCi/L. While this estimate is orders of magnitude higher than the DOE drinking water screening
level of 1.2 pCi/L."%, plutonium has not been detected downstream of the LACW confluence
(at the Buckman location) during baseflow conditions, at a limit of detection of 5.4 x 10™'° PCi/L.
Surface water samples have been collected in the Rio Grande near Buckman during storm events
when the LACW was not discharging (NMED, 2010) and plutonium 239/240 concentrations
ranged from <0.0015 to 0.015 pCi/L for 4 storm events in the summer of 2009. Samples were
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also collected during a flow event on October 13, 2010 while the LACW was discharging;
however the results were not available at the time of the report. It is important to note that the
DOE drinking water screening level applies to measurements of filtered samples, i.e.,
measurements of “dissolved” chemicals in water samples that have had the suspended particles
removed. Hence, comparing unfiltered samples that are known to have elevated concentrations
of particles (where a vast majority of the chemical is found) to the DOE “dissolved” screening
criteria is of limited utility.

The NMED storm sampling effort only analyzed plutonium-239/240 levels, while the LANL
sampling event included numerous chemicals and radionuclides. To calculate a maximum
probable “mixed” concentration of those constituents at the Rio Grande confluence point, the
multi-analyte LANL flow weighted composite results are normalized to plutonium-239/240 and
multiplied by the plutonium flux determined by NMED to determine a range for multi-analyte
constituent levels at the confluence with the Rio Grande.

6.4.2 LANL Storm Flow Sampling at E110

The changes in contaminant transport from LANL as a result of the fire was a subject of great
public concern and activity at LANL over the years 2000 through 2004. The effect of the fire, at
least on increased stormflow from the canyons, has persisted to this day. While there has been
extensive monitoring of the sediments and on-site stormflow at LANL, pre and post fire,
measurement and reporting of storm and contaminant discharge to the Rio Grande is lacking.
During the four years of monitoring of storm flow post-Cerro Grande, LANL sampling of
LACW at the Rio Grande (E110) was conducted on one day in 2003.°% 7> 170

The RACER database was queried on June 8, 2010 for all surface water flow and analytical data
for E110 from January 1, 2004 to the present. Surface water flow data for E110 is not
maintained on RACER. Two sampling events were identified in this period that resulted in
validated analysis of unfiltered samples of “Storm Runoff” at E110, 6 July 2006 and 8 August
2008 (Table 6-2). Samples from these two events were analyzed for the Radionuclide,
Pesticide/PCB, Metals and General Inorganics analytical groups. Information was not available
from RACER regarding the timing or discharge volumes of these storm events, the number of
samples composited or nature of compositing. It is assumed that these samples represent a flow
weighted average for the storm events they were sampled from, as previously described by
LANL.“? The IPR team believes that a flow weighed average contaminant concentration from
LACW discharge is a reasonable lower bound of contaminant concentrations expected in storm
flow from LACW.

Flow weighted composites are also useful to determine correlations between the concentrations

of individual contaminants. This assumes that the relationships are not overly confounded by the
differences in contaminant distributions among and in the canyons and the unique nature of the
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storm event(s) that produced the flow that was sampled. In this manner a single contaminant can
be measured and the unmeasured contaminant concentrations estimated.

The data presented in Table 6-2 were reduced to data with confirmed quantification and no
quality assurance flags. The common, relatively non-toxic, analytes aluminum, calcium,
hardness, magnesium, sodium, and silica are not used further. No differentiation is made as to
the type and proportion of contaminants that are attributable to LANL activities, the Cerro
Grande Fire, natural background, or non-LANL activities. This reduced data set is normalized to
the flow weighted average plutonium-239/240 concentration. The relative percent difference
between the plutonium-normalized elemental ratios and averages of those values are calculated
where possible. The reduced flow-weighted storm flow contaminant data set and calculations are
presented in Table 6-3. The plutonium normalized ratios are used later to make estimates of
peak contaminant concentrations

6.4.3 NMED Plutonium Flux Measurements

NMED documentation was reviewed to help determine if there were sediment risk or
concentration calculations that could be used directly in this effort, or could be used to estimate
sediment contaminant concentrations at the diversion point. As with the LANL efforts, there
was not a comprehensive evaluation of organic, inorganic, and radionuclide contamination
leaving LACW available, but there is work in progress to improve the estimation of flux.
NMED also has published a contaminant flux for plutonium-239/240. Differing from the flow
weighted composites flux calculation presented by LANL, NMED made flux determinations
from direct measurements of concentration and flow, and developed an equation relating stream

flow and plutonium concentration.'*"
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Table 6-2: Analytical Results for all Stormwater Samples Taken by LANL at E110 - January 2004 through May 2010

Sample Collection Date Analyte Name Symbol Result Units Lab Qualifier Field Prep Sample Description Comparison Value Comparison Units | Comparison Type Comparison Detail
GU060700E11001 7/9/2006 Aroclor 1262 < 0.1 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Aroclor 1260 < 0.1 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Aroclor 1254 < 0.1 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Aroclor 1248 < 0.1 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Aroclor 1242 < 0.1 ug/L U UF Storm Runoff ug/L No comparison available -
GU060700E11001 7/9/2006 Aroclor 1232 < 0.1 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Aroclor 1221 < 0.1 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Aroclor 1016 < 0.1 ug/L U UF Storm Runoff ug/L No comparison available -
GU060700E11001 7/9/2006 Uranium-238 = 57.8 pCi/L No_Flag UF Storm Runoff 0.547 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Uranium-235/236 = 3.39 pCi/L No Flag UF Storm Runoff pCi/L No comparison available -
GU060700E11001 7/9/2006 Uranium-234 = 57.1 pCi/L No_Flag UF Storm Runoff 0.674 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Tritium < -23.6 pCi/L U UF Storm Runoff 144 pCi/L PRG EPA Superfund Tap water
GU060700E11001 7/9/2006 Thorium-232 = 19 pCi/L No_Flag UF Storm Runoff 0.471 pCi/L PRG EPA Superfund Tap water
GU060700E11001 7/9/2006 Thorium-230 = 17 pCi/L No_Flag UF Storm Runoff 0.523 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Thorium-228 = 20.4 pCi/L No Flag UF Storm Runoff 0.159 pCi/L PRG EPA Superfund Tap water
GU060700E11001 7/9/2006 Strontium-90 = 1.05 pCi/L No_Flag UF Storm Runoff 0.644 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Sodium-22 < -1.41 pCi/L U UF Storm Runoff 4.95 pCi/L PRG EPA Superfund Tap water
GU060700E11001 7/9/2006 Radium-226 < 39.2 pCi/L No_Flag UF Storm Runoff 0.000816 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Potassium-40 = 113 pCi/L No_Flag UF Storm Runoff 1.93 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Plutonium-239/240 = 2.12 pCi/L No_ Flag UF Storm Runoff 0.353 pCi/L PRG EPA Superfund Tap water
GU060700E11001 7/9/2006 Plutonium-238 = 0.211 pCi/L No_Flag UF Storm Runoff 0.364 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Neptunium-237 < 13 pCi/L U UF Storm Runoff 0.707 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Cobalt-60 < -0.284 pCi/L u UF Storm Runoff 3.03 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Cesium-137 < 2 pCi/L U UF Storm Runoff 1.57 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Gross beta = 192 pCi/L No_Flag UF Storm Runoff pCi/L No comparison available -
GUO060700E11001 7/9/2006 Americium-241 < 0.352 pCi/L U UF Storm Runoff 0.458 pCi/L PRG EPA Superfund Tap water
GUO060700E11001 7/9/2006 Gross alpha = 74.8 pCi/L No_Flag UF Storm Runoff pCi/L No comparison available -
GU060700E11001 7/9/2006 Suspended Sediment Concentration = 41900000 ug/L H UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Cyanide, Amenable to Chlorination < 1.5 ug/L U UF Storm Runoff ug/L No comparison available -
GU060700E11001 7/9/2006 Cyanide, Total < 1.5 ug/L UH UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Hardness = 2260000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Zinc = 2140 ug/L No_ Flag UF Storm Runoff ug/L No comparison available -
GU060700E11001 7/9/2006 Vanadium = 671 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GU060700E11001 7/9/2006 Thallium = 10.5 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Sodium = 26000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Silver = 2.4 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GU060700E11001 7/9/2006 Selenium < 12.5 ug/L UN UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Potassium = 132000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
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GU060700E11001 7/9/2006 Nickel = 676 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Molybdenum < 2 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Mercury < 0.6 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Manganese = 25200 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Magnesium = 229000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Lead = 735 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Iron = 573000 ug/L No_ Flag UF Storm Runoff ug/L No comparison available -
GU060700E11001 7/9/2006 Copper = 595 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Cobalt = 311 ug/L No Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Chromium = 497 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Calcium = 526000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Cadmium = 12 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GU060700E11001 7/9/2006 Beryllium = 67.8 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Barium = 10800 ug/L No Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Arsenic = 105 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Antimony < 2.5 ug/L UN UF Storm Runoff ug/L No comparison available -
GUO060700E11001 7/9/2006 Aluminum = 758000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Aroclor 1262 < 0.105 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Aroclor 1260 = 0.3 ug/L No Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Aroclor 1254 < 0.105 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Aroclor 1248 < 0.105 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Aroclor 1242 < 0.105 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Aroclor 1232 < 0.105 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Aroclor 1221 < 0.105 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Aroclor 1016 < 0.105 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Uranium-238 = 427 pCi/L No_Flag UF Storm Runoff 0.547 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Uranium-235/236 = 2.58 pCi/L No_Flag UF Storm Runoff pCi/L No comparison available -
GUO060800E11001 8/8/2006 Uranium-234 = 38 pCi/L No_Flag UF Storm Runoff 0.674 pCi/L PRG EPA Superfund Tap water
GUO60800E11001 8/8/2006 Tritium < 34.6 pCi/L 0] UF Storm Runoff 144 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Thorium-232 = 18.8 pCi/L No_Flag UF Storm Runoff 0.471 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Thorium-230 = 15.7 pCi/L No Flag UF Storm Runoff 0.523 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Thorium-228 = 213 pCi/L No_Flag UF Storm Runoff 0.159 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Strontium-90 = 9.61 pCi/L No_Flag UF Storm Runoff 0.644 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Sodium-22 < 2.29 pCi/L u UF Storm Runoff 4.95 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Radium-226 = 83.4 pCi/L No_Flag UF Storm Runoff 0.000816 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Potassium-40 = 1140 pCi/L No_Flag UF Storm Runoff 1.93 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Plutonium-239/240 = 1.73 pCi/L No_Flag UF Storm Runoff 0.353 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Plutonium-238 = 0.54 pCi/L No_ Flag UF Storm Runoff 0.364 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Neptunium-237 < 479 pCi/L Ul UF Storm Runoff 0.707 pCi/L PRG EPA Superfund Tap water
GUO60800E11001 8/8/2006 Cobalt-60 < -0.241 pCi/L U UF Storm Runoff 3.03 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Cesium-137 = 25.2 pCi/L No_Flag UF Storm Runoff 1.57 pCi/L PRG EPA Superfund Tap water
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GUO060800E11001 8/8/2006 Gross beta < 4150 pCi/L No_Flag UF Storm Runoff pCi/L No comparison available -
GUO060800E11001 8/8/2006 Americium-241 = 0.478 pCi/L No Flag UF Storm Runoff 0.458 pCi/L PRG EPA Superfund Tap water
GUO060800E11001 8/8/2006 Gross alpha = 2290 pCi/L No_Flag UF Storm Runoff pCi/L No comparison available -
GUO060800E11001 8/8/2006 Cyanide, Amenable to Chlorination < 1.5 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Cyanide, Total = 7.62 ug/L No Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Suspended Sediment Concentration = 30700000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Hardness = 873000 ug/L No Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Zinc = 921 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Vanadium = 252 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Thallium = 0.88 ug/L J UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Sodium = 11800 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Silver < 0.2 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Selenium < 2.5 ug/L UN UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Potassium = 36200 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Nickel = 227 ug/L EN* UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Molybdenum < 2 ug/L U UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Mercury = 2.1 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Manganese = 28300 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Magnesium = 47100 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Lead = 434 ug/L E* UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Iron = 56200 ug/L No_ Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Copper = 97.4 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Cobalt = 207 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Chromium = 413 ug/L N* UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Calcium = 272000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Cadmium = 9.3 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Beryllium = 49.1 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Barium = 6290 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Arsenic < 15.9 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Antimony < 0.9 ug/L IN UF Storm Runoff ug/L No comparison available -
GUO060800E11001 8/8/2006 Aluminum = 122000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Total Suspended Solids = 89300000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Perchlorate < 4 ug/L U UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Cadmium = 20.6 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO3080E11001 8/23/2003 Lead = 1370 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Antimony < 0.793 ug/L B UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Thallium = 10.4 ug/L E UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Uranium = 102 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Arsenic = 159 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO3080E11001 8/23/2003 Boron = 187 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Beryllium = 118 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
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GUO03080E11001 8/23/2003 Molybdenum < 1.02 ug/L B UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Tin < 1.55 ug/L UN UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Strontium = 4000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO3080E11001 8/23/2003 Silver < 8.19 ug/L U UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Aluminum = 886000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO3080E11001 8/23/2003 Barium = 16000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Cobalt = 549 ug/L No Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Chromium = 528 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Copper = 714 ug/L No Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Iron = 572000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO3080E11001 8/23/2003 Manganese = 76400 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Nickel = 817 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Selenium < 229 ug/L 18] UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Silicon Dioxide = 142000 ug/L No Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Vanadium = 551 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO3080E11001 8/23/2003 Zinc = 3300 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO03080E11001 8/23/2003 Total Suspended Solids = 99400000 ug/L No_Flag UF Storm Runoff ug/L No comparison available -
GUO3080E11001 8/23/2003 Total Suspended Solids = 128000000 | ug/L No_Flag UF Storm Runoff ug/L No comparison available -
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Table 6-3: Analytical Detections and Ratio to Plutonium-239/240 at Gage E110

7/9/2006 8/8/2006 Relative Average
7/9/2006 | 8/8/2006 Ratio to Ratio to percent Ratio to
Analyte Name Results Results | Units 29240py 29240py difference 29240py
Aroclor 1260 (PCB) 0.0003 mg/L 0.00017 0.00017
Silver 0.0024 mg/L 0.00113 0.00113
Arsenic 0.105 mg/L 0.04953 0.04953
Barium 10.8 6.29 mg/L 5.09434 3.63584 33% 4.36509
Beryllium 0.0678 0.0491 mg/L 0.03198 0.02838 12% 0.03018
Cadmium 0.012 0.0093 mg/L 0.00566 0.00538 5% 0.00552
Cobalt 0.311 0.207 mg/L 0.14670 0.11965 20% 0.13318
Chromium 0.497 0.0413 mg/L 0.23443 0.02387 163% 0.12915
Copper 0.595 0.0974 | mg/L 0.28066 0.05630 133% 0.16848
Cyanide, Total 0.00762 | mg/L 0.00440 0.00440
Iron 573 0.0974 | mg/L | 270.28302 0.05630 135.16966
Manganese 25.2 28.3 mg/L 11.88679 16.35838 32% 14.12259
Mercury 0.0021 mg/L 0.00121 0.00121
Nickel 0.676 mg/L 0.31887 0.31887
Lead 0.735 mg/L 0.34670 0.34670
Thallium 0.0105 mg/L 0.00495 0.00495
Vanadium 0.671 0.252 mg/L 0.31651 0.14566 74% 0.23109
Zinc 2.14 0.921 mg/L 1.00943 0.53237 62% 0.77090
Gross alpha 74.8 56.2 pCi/L | 35.28302 32.48555 8% 33.88428
Gross beta 192 2290 pCi/L | 90.56604 1323.69942 174% 707.13273
Americium-241 0.478 pCi/L 0.27630 0.27630
Cesium-137 25.2 pCi/L 14.56647 14.56647
Plutonium-238 0.211 0.54 pCi/L 0.09953 0.31214 103% 0.20583
Plutonium-239/240 2.12 1.73 pCi/L 1 1 0% 1
Radium-226 83.4 pCi/L 48.20809 48.20809
Strontium-90 1.05 9.61 pCi/L 0.49528 5.55491 167% 3.02510
Thorium-228 20.4 21.3 pCi/L 9.62264 12.31214 25% 10.96739
Thorium-230 17 15.7 pCi/L 8.01887 9.07514 12% 8.54701
Thorium-232 19 18.8 pCi/L 8.96226 10.86705 19% 9.91466
Uranium-234 57.1 38 pCi/L | 26.93396 21.96532 20% 24.44964
Uranium-235/236 3.39 2.58 pCi/L 1.59906 1.49133 7% 1.54519
Uranium-238 57.8 42.7 pCi/L | 27.26415 24.68208 10% 2597312
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Using the discharge/concentration/sediment load relationships developed by NMED, and the IPR

team’s own assumptions regarding correlation between LANL’s plutonium-239/240

concentrations and the concentration of other contaminants of potential concern, the sediment-
bound contaminant mass loading into the Rio Grande can be estimated. From Table 6-4

below,"V it is clear that measured flows and sediment transport estimates are highly variable.
Table 6-4: NMED Estimates of Storm Flows and Contaminant Transport for 2000 through
2006
Total
Number of Storm Median Plutonium Total Suspended
Year Flows events > 10 Maximum Flow Mean Flow Sediment
Flow 239/240
cfs Transport Transport
cfs cfs cfs mCi tons (metric)
2000 6 147 64 50 8.4 1,933
2001 17 1440 145 25 54.3 12,652
2002 17 583 65 16 24.4 5,453
2003 9 749 142 59 28.2 6,606
2004 15 504 71 21 23.6 5,428
2005 4 129 93 101 81 1,863
2006 6 1926 387 79 511 11,701

6.4.4 Contaminant Discharge Calculation - Surface Water

NMED estimated that a storm in 2006 caused plutonium concentrations in the Rio Grande below

the confluence with Los Alamos Canyon to rise to 192 pCi/L; possibly as high as 287 pCi/L.

(74,

10138 The concentration of other contaminants in the LACW stormwater was not measured by
NMED. Empirical relationships between plutonium-239/240 and other sediment-bound
contaminants were created from LANL E110 data obtained from RACER for unfiltered samples.
The purpose is to establish proportionality between plutonium-239/240 and other measured
contaminant concentrations of suspended sediments at E110 that can be applied to the NMED
estimated in-stream concentrations of plutonium-239/240 to estimate suspended concentrations
of other constituents .LACW storm flow is assumed to mix instantaneously with Rio Grande
base flow. Corrections for sediment dilution or loss in the distance along the reach above the
BDD intake are not used. Using the relationships developed here, the NMED estimate of 192
pCi/L maximum for sediment-bound plutonium-239/240 in the Rio Grande on 8 August 2006,
the following in-stream sediment-bound contaminant concentrations are calculated (Table 6-5).

For the purpose of this calculation, it is assumed that dissolved contaminant concentrations are

negligible as compared to sediment-bound concentrations
concentrations are zero values.
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Table 6-5: Estimated Unfiltered Contaminant Concentrations in the Rio Grande (at the
LACW discharge point) as a Result of LACW Storm Flow

Estimated Range of Concentrations from
Concentration _ Rio Grande at Buckman in Comparison

Analyte Name . Units .

Corresponding to Surface Water Samples Units

192 pCi/L #¥**py Collected after 2000
Aroclor 1260 (PCB) 0.033 mg/L <0.0001 mg/L
Silver 0.217 mg/L 0.00011 mg/L
Arsenic 9.509 mg/L 0.0015 - 0.0071 mg/L
Barium 838.1 mg/L 0.049-0.214 mg/L
Beryllium 5.795 mg/L 0.001 mg/L
Cadmium 1.059 mg/L 0.00024-0.00079 mg/L
Cobalt 25.57 mg/L 0.001 —0.0045 mg/L
Chromium 24.80 mg/L 0.0021 -0.016 mg/L
Copper 32.35 mg/L <0.003 - 0.013 mg/L
Cyanide, Total 0.846 mg/L <0.0015 mg/L
Iron 25953 mg/L 0.1 -8.8 mg/L
Manganese 2712 mg/L <0.01-04 mg/L
Mercury 0.233 mg/L <0.000062 mg/L
Nickel 61.22 mg/L 0.0017 - 0.0167 mg/L
Lead 66.57 mg/L 0.00055 - 0.0166 mg/L
Thallium 0.951 mg/L <0.0002 — 0.00067 mg/L
Vanadium 44.369 mg/L 0.00358 - 0.017 mg/L
Zinc 148 mg/L 0.00435 - 0.053 mg/L
Gross alpha 6506 pCi/L 1.9-30.4 pCi/L
Gross beta 135769 pCi/L <2.22-32.8 pCi/L
Americium-241 53 pCi/L <0.00243 pCi/L
Cesium-137 2797 pCi/L <0.165 pCi/L
Plutonium-238 40 pCi/L <2.1x 107 pCi/L
Plutonium-239/240 192 pCi/L <5.4x10" pCi/L
Radium-226 9256 pCi/L <0.146-1.2 pCi/L
Strontium-90 581 pCi/L <0.0245 pCi/L
Thorium-228 2106 pCi/L 0.0384 —0.305 pCi/L
Thorium-230 1641 pCi/L <0.00934 — 0.237 pCi/L
Thorium-232 1904 pCi/L <0.0171 - 0.022 pCi/L
Uranium-234 4694 pCi/L 0.567 -2.12 pCi/L
Uranium-235/236 297 pCi/L <0.00947 — 0.0957 pCi/L
Uranium-238 4987 pCi/L 0.375-1.64 pCi/L
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The estimated values in Table 6-5 suggest that, during significant storm events, maximum
concentrations of suspended chemicals and radionuclides (constituents sorbed to sediment
particles) would exceed the levels previously measured in unfiltered samples downstream in the
Rio Grande, in all cases by several orders of magnitude. The estimated constituent
concentrations (Table 6-5) are conservative because they are based on the maximum
concentration of plutonium-239/240 measured at E-110 during a significant storm event. As
described in Section 3 of this report, measured levels of chemicals and radionuclides in the Rio
Grande (above and below the LACW confluence) are consistent with regional “background”
levels. However, it must also be noted that unfiltered samples from the Rio Grande during storm
events are lacking.

Nonetheless, the results of the NMED evaluation (1on
storm flow from LACW can result in suspended sediment contaminant concentrations that are
much higher than the levels normally present in the Rio Grande. In applying this information to

and the results presented here, indicate that

evaluate potential water quality impacts from storm flow events in the future, it is important to
keep in mind that:

e An early warning system is being put in place that will allow BDD personnel to cease
diversion of water when there is indication of storm flow coming down Loa Alamos
Canyon. Monitoring data from past episodic releases indicate that elevated
concentrations typically flow to the Rio Grande for several hours at the most.

e If any of the storm water contamination were to by some mechanism make it into the
BDD system, it would encounter a treatment system that is rated to be highly effective in
removing particle-bound contaminants.

6.5 CONTAMINANT TRANSPORT TO THE R10 GRANDE - GROUNDWATER TRANSPORT
VECTOR

A portion of the contamination present in the Rio Grande at the Buckman Diversion is from
groundwater discharge to the Rio Grande. Some contamination may be present from LANL
activities. To determine the concentration of groundwater-associated contamination at the BDD
withdrawal point, information is needed on:

1. The concentration of contaminants in groundwater discharging from LANL to Rio

Grande reaches upstream of the Buckman Diversion.

2. The rate and duration of the groundwater discharge to the Rio Grande.
The amount of flow in the Rio Grande above the mixing point with LANL discharges.
4. The concentration of contaminants in the Rio Grande upstream of the mixing point.

(98]

By calculation of the mixing ratio between groundwater and the Rio Grande flow the resultant
contaminant concentration at the BDD intake is determined, and the potential impacts from
contaminated groundwater can be calculated.
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The uncertainty in plume dimensions and concentrations in part guides the approach taken here.
Alluding to our previous illustration using RA monitoring wells near the east end of Los Alamos
Canyon, without direct and supportable knowledge that contaminants from the TW-1, R-5, and
R-9 area are not currently reaching the Rio Grande, we lean toward conservative assumptions.
For the purposes of our risk evaluation, we assume that contaminants are reaching the Rio
Grande at the highest concentrations greater than screening levels detected in the RA wells
closest to the Rio Grande under Los Alamos watershed, or along groundwater flow paths from
Sandia Canyon and Mortandad Canyon to the Rio Grande. Even with this significant level of
hydrogeochemical conservatism, the authors simply do not have the data to say if this is the
worst, or best, possible case.

As described earlier the three aquifers merge as they approach the Rio Grande channel and
floodplain. Mixing of the AA and RA is observed close to the Lower Los Alamos Canyon
confluence with the Rio Grande.""”” The size of the AA and IPA discharge area to the Rio
Grande is much smaller than the RA discharge area, but the relative contributions and degree of
mixing between the aquifers are generally unknown over the river reach of interest. This greatly
increases the uncertainty in estimating the contaminant flux to the Rio Grande for this mixed
groundwater. Current hydrogeological uncertainty, and public perception, suggests that a highly
conservative approach is appropriate for assessing risk at the BDD for the groundwater vector.

6.5.1 Rio Grande Base Flow and Groundwater Discharge Estimates

The 2005 LANL hydrologic synthesis report’> indicates that January base flow at the Otowi
gauge for the period 1983 through 1986 varies from about 11.33 to 50.97 m’/s (400 to 1800 cfs).
This range of base flows is used to calculate the dilution of groundwater discharging to the Rio
Grande. The January baseflow gain in discharge over the entire Otowi to Cochiti reach of 41.8
km (25.97 miles) is estimated at 0.368 + 0.249 m’/s (13.0 + 8.8 cfs). Kwicklis et al., estimate the
gain over a 30.6 km reach adjacent to LANL to be 8.6 cfs (0.2435 m’/s or 0.00796 m*/s/km)."*>
The average total groundwater flux to the Rio Grande by all aquifers from the LANL 2005
analysis is 0.0088 m*/s/km (0.050 ft*/s/mi), and values by others presented by LANL ranging
from 0.009 to 0.023 m*/s/km are included for comparison.

From above, the total west side of the river groundwater contribution to Rio Grande flow above
the BDD at low base flow (11.33 m?/s) and high groundwater discharge (0.0023 m’/s/km) is
about 0.5 percent of the total flow. The width of the mouth of the Lower Los Alamos Canyon
along the Rio Grande is about 220 meters (722 feet) and by length represents about 4.2 percent
of the 5.3 km river reach of interest. Assuming that a canyons alluvial discharge occurs along its
entire width helps bound its outflow to the river. The current understanding of groundwater
discharge to the Rio Grande is insufficient to split the discharges estimates into components
lying east and west of the Rio Grande. For the purpose of this study, it is assumed that one-half
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(50%) of all groundwater discharge to the Rio Grande over the 3.3 km reach is from the west
(LANL) side of the river."'®? )

6.5.2 Contaminants and Concentrations

As previously discussed, the known contaminated RA and IPA groundwater is some distance
removed from the Rio Grande, but there are large uncharacterized areas of the RA between
known contaminated groundwater, the Rio Grande, and the Buckman Wells. In order to make a
estimation of risk at the BDD intake, the contaminant characteristics the RA water discharging to
the Rio Grande are assumed to have the same as the closest known areas of RA contamination in
the LACW, Sandia Canyon, and Mortandad Canyon. (LA-UR—09-7415,(177) LA-14263-MS,(159)
and LA-UR-04-2714Y).

The highest LANL reported values for contaminants in the IPA and RA closest to the Rio
Grande under the LACW, Sandia Canyon, and Mortandad Canyon are used as representative of
RA discharge concentrations. This is a very conservative assumption. It mimics the effect of a
very rapid non-reactive groundwater flow path to the Rio Grande from LANL. When these
concentrations are applied to all of the estimated contaminated RA discharge to the Rio Grande,
an additional conservative assumption is applied.

The AA in Lower Los Alamos Canyon near the Rio Grande has been characterized by sampling
of the springs, surface water and AA wells (LLAO-4 and LLAO-5). The highest reported LANL
values for contaminants in the AA and base flow surface water'® are used as representative of
the discharge concentrations from these groundwater sources; again, highly conservative.

6.5.3 Travel-Time for Contaminated Groundwater

As demonstrated by LANL"* and George Rice for Concerned Citizens for Nuclear Safety,"”®

travel times for groundwater contaminants at LANL are highly variable. Contaminant travel-time
is variable because the hydrogeology of the Pajarito Plateau is complex and there are a wide
range of contaminants. Travel times are dependent on the three-dimensional relationship of the
release and receptor point, the contaminant of interest, and climate variability in that influences
travel-times in near-surface hydrologic systems. Additionally, the hydrogeologic controls on
travel time at LANL are highly variable over short distances due to the differences in water
transmitting capacity of individual geologic units, and variation within the units themselves.
Over longer distances, such as between contaminated groundwater in the canyons and the Rio
Grande reach above the BDD, uncertainty increases again. In general, the location of the leading
edge, or center of mass, of groundwater contaminant plumes at LANL is known imprecisely,
lending little certainty in selection of a physical starting point for a travel-time calculation.

Given these constraints, it is not possible to generalize or calculate reasonably well supported
travel-times for LANL contaminated groundwater to reach the Rio Grande above the BDD.
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6.5.4 Contaminant Discharge Calculation— Groundwater

A calculation spreadsheet was developed for use in determining mixing ratios (dilution factors)
along the reach of interest under varying Rio Grande base flows and aquifer discharges. The
contaminant concentrations used are derived from the tables referred to in Table 1. For the
purpose of this calculation, only contaminants that exceeded screening levels were used.
Contaminant values for the RA are the highest detected in the aquifer of interest, regardless of
the canyon it is located by. Springs, surface water, AA and IPA values are used interchangeably,
with the highest values detected from any of those sources used in the calculations. No dilution
or attenuation of any contaminant on any flow path is applied to reduce contaminant
concentrations at the discharge to the Rio Grande.

To vary the contribution of the sum of the AA and IPR, alluvial base flow, and springs to total
base flow of the Rio Grande, the length of the AA discharge zone, and the length of a plume
from the RA along the river can be adjusted by the user. The base flow at the Otowi gauge can
be varied through its range. For the purpose of the example presented, the combined AA and
IPA discharge zone length is set to 10 percent of the total reach, the RA plume length along the
river is set to 50 percent of the remaining reach and base flow is set to its low value of 400 cfs.
When the flow calculations are linked to contaminant concentrations in groundwater, the
concentration at BDD can be determined in a conservative manner.

The results of the calculation of Rio Grande contaminant concentrations are presented in Table

6-6. By examination it is clear that, under very conservative assumptions, all analyzed
contaminants of groundwater origin would be diluted to below levels of regulatory concern.
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Table 6-6: Estimated Concentrations of Contaminants of Groundwater Origin
Discharging into the Rio Grande above the BDD

Rio Grande Groundwater-Source Contaminants Concentration at BDD

Inorganics Concentration (mg/L)
Arsenic 0.000006
Chromium 0.002409
Iron 0.043728
Lead 0.000287
Manganese 0.009243
Mercury 0.000001
Nickel 0.000581
Nitrate 0.036369
Perchlorate 0.000224
Phosphorus 0.000030
Thallium 0.000009
Zinc 0.011133

Radionuclides Concentration (pCi/L)
Americium-241 0.000032
Plutonium-239,240 0.000642
Strontium-90 0.000803
Gross beta 0.054058

Organics Concentration (pg/L)
Benzo(a)pyrene 0.0011
Aroclor-1260 0.0024
Acroline 0.0024
Benzo(a)pyrene 0.0024
Bis(2-ethylhexyl)phthalate 0.0952
Phenol 0.0029
Benzene 0.0573
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7.0 DISCUSSION AND CONCLUSIONS
7.1 IDENTIFICATION AND GATHERING OF RELEVANT INFORMATION

After a comprehensive review of existing data, reports, and published scientific literature, the
IPR team identified the information that was considered to be the most useful for the purposes of
the BDD IPR. Specifically, information obtained from LANL and NMED technical reports, and
data obtained from the RACER database comprise the basis for this IPR evaluation.

7.2 IDENTIFICATION AND CHARACTERIZATION OF THE COIS

As per the purpose of this evaluation, surface water measurements in the Rio Grande at locations
closest to the BDD intake are of primary interest. Detetions of constituents at locations upstream
and downstream of the Buckman locations were compared to the Buckman dataset, in order to
ensure that the COIs selection process identified those COls that are most likely to be present in
Rio Grande, at the BDD intake, on a typical, daily basis.

For all analytes, there is sufficient data to conduct statistical analyses and health risk assessment
calculations. For some analytes, the data are relatively sparse (4 samples or less) but still
sufficient for conservatively estimating risk. The majority of COIs had data for most of the
eleven total sampling events at either of the two Buckman locations and 22 total sampling events
at any of the four Otowi Bridge locations. Ten of the 35 chemical COIs had exposure point
concentrations (EPCs) that were estimated from four samples or less [acetone, beryllium, bis(2-
ethylhexyl) phthalate, cadmium, chloromethane, cobalt, DDE, delta-hexachlorocyclohexane,
OCDD, and silver]; four of these COIs had EPCs that were based on only one sample
(chloromethane, DDE, delta-hexachlorocyclohexane, and silver). The lack of robust sampling
data for these chemicals was due to their infrequent detection in baseflow surface water.
Additionally, the reported concentrations were often estimated or “J” flagged values that were
measured below their respective limits of detection. Because the reasonable maximum exposure
(RME) EPCs and, in some cases, the central tendency (CT) EPCs, were set equal to the
maximum detected concentration for these chemicals, their risk estimates will be uncertain and
most likely will be overestimates of their actual contribution to human health risks.

The primary data utilized in the human health risk assessment for tapwater sources represent
recent (i.e. within the last ten years) unfiltered, untreated surface water samples obtained during
normal, baseflow conditions in the Rio Grande. Therefore, any risk estimates made on these data
have not factored in the removal effects of water treatment, and in effect, represent the potential
risks from drinking water straight from the Rio Grande.

7-1



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

7.3 COMPARISON OF COIS AT THE BUCKMAN LOCATIONS TO DRINKING WATER CRITERIA

The average concentrations of all 50 radionuclide and chemical COlIs at the Buckman sampling
locations were below drinking water criteria, with the exception of Uranium-234 (U-234).
However, U-234 also exceeds the drinking water guideline used in this evaluation at numerous
locations far upstream on the Rio Grande (>12 miles) which indicates that regional background
levels of U-234 typically exceed the drinking water guideline.

This comparison is very conservative because drinking water criteria apply to finished, treated
water suitable for consumption while the samples taken from the Rio Grande were untreated and
unfiltered. Figures 7-1 and 7-2 show comparisons of the average concentrations for some COls
measured at the Buckman location to the associated drinking water criteria for radionuclides and
chemicals, respectively.

Figure 7-1. Comparison of average surface water concentrations for select radionuclide
COIs to drinking water criteria.
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Figure 7-2. Comparison of average surface water concentrations for select chemical COIs
to drinking water criteria.
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7.4 CHARACTERIZATION OF SOURCES OF THE COISs

COls in the Rio Grande have originated from a number of sources. These sources include
naturally occurring material; human activities conducted at Los Alamos, LANL:,human activities
associated with other urban and industrial areas in the watershed; and above-ground testing of
nuclear devices that occurred widely between 1945 and 1980. Some COls appear to be
predominantly of natural origin, others were generated by or enhanced by human activities, and
others appear from a mixture of natural and anthropogenic sources. For the purposes of this
evaluation, sources other than LANL were considered “regional background.”

While sediments in some areas of LANL’s watersheds and in and near the Rio Grande have
accumulated and retain some legacy contamination, measurements of waterborne constituents
that have been detected in the Rio Grande in recent years are largely representative of a mixture
of chemicals and radionuclides from a variety of natural and anthropogenic sources. To help
explore the relative contributions of LANL sources and upriver sources, statistical tests were
performed to evaluate the differences in concentrations measured near Buckman, near Otowi
Bridge, and at upriver locations on the Rio Grande and the Rio Chama. While the Otowi Bridge
is located up-river from where Los Alamos Canyon enters the Rio Grande, comparisons of data
from those locations to upriver locations were performed because sample collection near the
Buckman only began in 2000. In every case, for each COI, the concentrations downstream of
LANL were no greater than those upstream of LANL.
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Figures 7-3 and 7-4 present concentration comparisons for some COls at the Buckman and
Otowi Bridge sampling locations.

Figure 7-3. Comparison of average concentrations for select radionuclides at the Buckman
and Otowi Bridge locations.
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Figure 7-4. Comparison of average concentrations for select chemicals at Buckman and
Otowi Bridge.
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These graphics indicate that LANL does not contribute to the presence of COlIs in the Rio
Grande during base-flow conditions. They also indicate that the COI levels measured in the Rio
Grande are representative of regional background. The regional background levels of all the
COls appear to be due primarily to naturally occurring sources, as opposed to man-made sources
or LANL.

The Thermal Ionization Mass Spectroscopy (TIMS) measurements that have been performed by
LANL and NMED* have provided useful indication of the relative contributions of LANL
sources and weapons testing fallout to levels of Pu-239/240, Am-241, Cs-137, and Sr-90
recently measured in channel and bank sediments along various areas of the Northern Rio
Grande. Based on these measurements, plutonium has been associated with three types of
sources: those that predominantly represent weapons testing fallout, those that represent LANL
influence, and those for which LANL influence is possible. The largest concentration of
contamination of LANL origin in sediments was identified at Canhada Ancha near the Buckman
site. While TIMS measurements of sediments provide useful information in understanding the
distribution of legacy contamination along the Rio Grande, the lower concentrations of
radionuclides that routinely exist in the flowing water of the Rio Grande preclude use of the
method for surface water samples that would be directly useful for addressing relative
contribution of contaminants to water that could be provided through the BDD system.

7.5 REVIEW OF PLUTONIUM DISCHARGE TO AND LOSS FROM LANL CANYONS: 1943 TO
PRESENT

The IPR team was tasked with examining work by others that have estimated the history,
inventory, and movement of plutonium released to the LANL canyons and the fate of that
plutonium in the Rio Grande. Research has addressed the concentrations, inventories, and fates
of plutonium on sediments in the Los Alamos Canyon watershed and the Rio Grande for several
decades. The IPR summarized that body of work and identified uncertainties in the two key
components of LANL plutonium fate— sediment plutonium inventory and sediment transport.

Estimates of plutonium inventory have been made by mapping locations and volumes of riverbed
sediment components and measuring plutonium concentrations to calculate inventories. A
second method has used sediment transport models to predict the transport of plutonium based
on estimated releases and then compares the modeled concentrations to observed concentrations.

The early work on sediment transport at Los Alamos and in the Rio Grande had to make
numerous assumptions in order to accomplish meaningful studies. The IPR team examined
certain key assumptions that were common to the work of early investigators in light of
contemporaneous and later publications. Based on that analysis and the body of information
now available, the IPR team concludes that pre-Cerro Grande Fire investigations:

7-5



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

e Underestimated the contaminant inventory remaining on site;
e Underestimated the amount of contaminated sediment transported to the Rio Grande; and,
e Underestimated the amount and rate of contaminated sediment transport down the Rio Grande.

The degree of underestimation is difficult to quantify. Historical inventory estimates have varied
by more than an order of magnitude. Based primarily on the history of revisions in inventory
and transport, the past underestimation of plutonium inventory in Los Alamos Canyon watershed
was at least a factor of 2 and approached a factor of 10. The transport underestimation depends
on the time period, the works being compared, and the underestimation in inventory. Past
researchers did not specifically estimate the amount of plutonium transported to, and within, the
Rio Grande except as related to the highly uncertain inventory of the past. Past qualitative
approximations of transport to and within the Rio Grande are underestimates, but cannot be
assessed quantitatively.

7.6 HUMAN HEALTH RISK ASSESSMENT

The most meaningful results of this health risk assessment are those for the central tendency
evaluations, as they are most representative of typical exposures that would be expected from use
of BDD tap water. Hence, the discussion below focuses on the risk estimated for the central
tendency (CT). However, it is important to note that in general, the upper-bound, “reasonable
maximal exposure” (RME) risk estimate is only marginally higher than the CT estimate, due to
the many conservative assumptions used to derive the CT estimates.

Four different hypothetical exposure scenarios were evaluated in order to provide to provide a
basis of comparison for the estimated health risks associated with untreated Rio Grande water;
they are discussed below.

7.6.1 Theoretical Cancer Risks Associated with COI Levels Recently Measured in
Untreated and Unfiltered Water in the Grande

As defined by the USEPA and other agencies, acceptable increased cancer risk ranges from 1 x
10° to 1 x 10™*; risks in this range are not of regulatory concern.

Radionuclides - For the 15 radionuclides evaluated, lifetime cancer risks were estimated for
males and females based on recent surface water concentrations measured in the Rio Grande.
Estimated cancer risk for each radionuclide range from 2.16 x 10” (for Ra-228) to 7.43 x 10
(for Pu-238) (Table 5C-2). The total, central tendency, lifetime cancer risk for males and
females summed across those 15 radionuclides is 3.80 x 10 , which is within the US EPA’s
generally acceptable range of 1 x 10 to 1.0 x 10™ cancer risk. Only four of the 15 radionuclides
demonstrate a slight excess cancer risk above 1.0 x 10, K-40 (4.54 x 10°), Ra-226 (5.93 x 10),
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Ra-228 (2.16 x 107), and U-234 (2.32 x 10). Cancer risks to females vary only slightly from
those estimated for males, with the total, lifetime, central tendency cancer risk for females being
0.2% lower than that for males (Table 5C-4). This is due to slightly lower risks from ingestion of
produce and inhalation while bathing and swimming.

Figure 7-5 below summarizes the theoretical cancer risks radionuclides. It shows that four COIs

fall within the USEPA acceptable health risk range: potassium-40 (K-40), radium-226 (Ra-226),
radium-228 (Ra-228) and U-234.

Figure 7-5. Theoretical Risks - Radionuclides
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Chemicals — Ten of the 35 chemical COls are potentially carcinogenic. Carcinogenic risks were
summed across all relevant exposure pathways for each of the ten carcinogenic COIs. These risk
estimates range from 4 x 107" (for cadmium) to 7 x 107 (for arsenic) (Table 7-1). The total
lifetime cancer risk for all ten COIs is 7 x 10, indicating that arsenic is the predominant
contributor to total risk. Figure 7-6 below summarizes the theoretical cancer risks chemicals,
and shows that only arsenic falls with acceptable health risk range, and that theoretical risks from
the remaining chemicals are negligible.
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Figure 7-6. Theoretical Risks - Chemicals

Arsenic

Bis(2-ethylhexyl)phthalate

Delta HCH

DDE

OCDD

Total PCBs

Total Chromium

Cobalt UL T
Acceptable
Risk Range
Beryllium 1E-06 to 1E-04
Cadmium
5 & & & & & & & & = = = = =
= & ® & 3 @ @ t ¢ ¢ ¢ L T ¢f
= o ~ — S S & S S S S <] =) Y
) = 1S ° =3 ~ N » = hd > - <

Combined Risks for Chemicals and Radionuclides - The total risk from all chemical and
radionuclide COIs combined is 1 in 10,000, (i.e., increased 0.0001% above the background
cancer rate) which is at the upper end of the acceptable risk range. Hence, this analysis indicates
that consumption of unfiltered and untreated Rio Grande water does not pose an unacceptable
cancer risk. Figure 7-7 summarizes the contributions of the different COIs to the total risk.
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Figure 7-7. Theoretical Risks — Radionuclides and Chemicals
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The primary pathway of exposure for each COI is tapwater ingestion; none of the other exposure
pathways contribute significantly to the estimated risk.

Arsenic is the primary contributor (65%) to the theoretical risk. It is therefore important to
remember that arsenic levels in untreated Rio Grande water are below drinking water criteria and
are similar to levels measured regionally and throughout the U.S. Specifically, arsenic is
naturally-occurring in soil and rocks, and is released to groundwater and surface water through
erosion, dissolution, and weathering. Arsenic is widely distributed in public water systems
throughout the U.S., with typical concentrations ranging from 1 to 5 pg/L; this range is similar to
the concentrations measured in untreated Rio Grande surface water. Furthermore, these
theoretical risks are based on untreated and unfiltered water samples; in reality the BDD water
treatment plant is expected to be effective in removing arsenic.

Similarly, concentrations of Ra-226, and Ra-228 (which comprise 25% of the theoretical risk) at
the Buckman sampling locations were always lower than their respective drinking water criteria
and are similar to levels measured elsewhere in the U.S. Ra-226 occurs within the natural decay
series for U-238, and Ra-228 occurs within the natural decay series for Th-232. Radium isotopes
can reach surface water from a variety of environmental sources essentially by leaching from
soil, rocks, and sediment into precipitation and finally into surface water.
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7.6.2 Non-Cancer Risk from Chemical COIs Using Recent Measurements in the Rio
Grande

The non-cancer risks for the infant age group are summarized for non-cancer risk, as this group
resulted in the highest non-cancer risk estimates. The noncancer hazards for individual
chemicals are summarized in Figure 7-8. The graph below summarizes the estimated noncancer
hazards for individual chemicals.

Figure 7-8  Hazard Indices - Chemicals
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None of these values exceeded 1.0, indicating there is no noncancer hazard associated with the
consumption of untreated and unfiltered water from the Rio Grande.

For this the target organ evaluation, the infant age group was the only age group evaluated for
which hazard indices exceeded 1.0. The CT hazard indices for chemicals that cause health
effects other than cancer range from 0.058 for gout (an acute, inflammatory arthritis) to 1.3 for
circulatory/cardiovascular system effects. As expected, the exposure from tap water ingestion
dominates the estimated non-carcinogenic health risk estimates. The breakdown of risk
contributions for hazard indices greater than 1.0 for infants is as follows:
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e Circulatory/Cardiovascular System Effects (Hazard index = 1.3)

Arsenic 48.9%
Cobalt 42.9%
Antimony 4.7%
Nitrite 0.92%
Barium 2.4%
Zinc 0.21%

e Reproductive Effects (Hazard index = 1.2)

Arsenic 52.8%
Cobalt 46.4%
Boron 0.82%

Neither of these hazard index values are indicative of a significant noncancer hazard associated
with consumption of untreated surface water from the Rio Grande. Furthermore, these estimates
are associated with the consumption of untreated and unfiltered water from the Rio Grande.
Given the expected removal of a substantial portion of these COIs by the BDD water treatment
plant, the IPR team believes that there are no noncancer hazards are not associated with the use
of tap water provided by the BDD system.

Lastly, none of the COlIs are known to have synergistic effects with respect to cancer or
noncancer health endpoints.

7.6.3 Theoretical Cancer Risks Following 95% Removal of the Plutonium, Americium,
Uranium, and Gross Alpha-emitting Radioactivity

When 95% removal for these isotopes was applied to recent concentrations measured in the Rio
Grande, the estimated cancer risks for those isotopes decreased by 95%, as would be expected.
However, because other radionuclides that are naturally occurring contribute to the total
theoretical cancer risk (K-40, Ra-226, and Ra-228, as discussed above) the radionuclide risk
decreases by only approximately 12% in this treatment scenario. In reality, it is expected that the
BDD water treatment plant will be effective in removing COls other than just plutonium, americium, and
uranium; thus the overall risk from the radionuclide COls will likely decrease by much more than 12%
(from the untreated scenario above) as a result of water treatment.
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7.6.4 Theoretical Radionuclide Cancer Risks Based On Recent Measurements Of Gross
Alpha Activity And Dissolved Uranium In Buckman Well Water

The estimated radionuclide cancer risk increased about 3-fold under this assumption [from 3 x
107 (3 in 100,000) under “current levels” to 9 x 10” (9 in 100,000) for the Buckman well water
assumption], due to the fact that the gross alpha and uranium levels measured in the Buckman
well field are higher than in the Rio Grande. Figure 7-9 below compares the total radionuclide
risk for each of the three scenarios:

Figure 7-9. Radionuclide Risk Comparison for Untreated Water, 95% Removal for
Specific Radionuclides, and Buckman Well Water
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The total theoretical cancer risk under this assumption is 3 x 10™. As before, arsenic ingestion is
the primary contributor to the total risk. This scenario is a “worst case” scenario that is highly
unlikely to occur and is included simply for comparison purposes. Figure 7-10 below compares
the total risk from “COls are present at current levels in the Rio Grande” to “COls are present at
drinking water criteria.”
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Figure 7-10. Comparison of total risk from COIs are present at current levels in the Rio

Grande to COIs are present at drinking water criteria.
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7.6.5 Comparison of Theoretical COI Risks to Risks of Everyday Activities

The theoretical cancer risk estimates described above are the probability of getting cancer as a
result of exposure to COIs in the Rio Grande (under the assumptions defined in each scenario).
The theoretical risks can be put into perspective by comparing them to risks of everyday

activities, and is illustrated in the Figure 7-11.
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Figure 7-11. Theoretical Risks from Use of BDD Water Compared to Everyday Activities
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As an example, the theoretical risks associated with consumption of untreated and unfiltered Rio
Grande water are less than those associated with radon exposure in the typical Santa Fe
residence. A more detailed comparison to “everyday risk” is presented below.

7.6.6 Comparison of Radionuclide COI “Effective Doses” to Radiation Doses from
Everyday Activities

The IPR team also calculated an annual “effective” radionuclide COI dose for the tap water
ingestion pathway. The effective dose can be directly compared to the ubiquitous radionuclide
exposures that take place due to naturally occurring radiation or via various diagnostic and
therapeutic medical procedures.

In 2009, the National Council on Radiation Protection and Measurements published a report
entitled lonizing Radiation Exposure of the Population of the United States (NCRP Report 160).
In this report, NCRP estimated that the effective dose per individual in the United States for
2006 was 610 mrem. The two largest contributions of dose are attributable to natural
background radiation and radiation exposure are from diagnostic and therapeutic medical
procedures; each contributing to approximately 50% of the total effective dose for the average
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U.S. citizen. Much smaller contributions (< 1%) are attributable to occupational, industrial, and
consumer exposure to radiation.

With respect to exposure to ubiquitous background radiation, the NCRP calculated an arithmetic
mean of 310 mrem per individual in the United States, and identified that the largest
contributions of background radiation come from internal dose from inhalation of radon and
thoron gas (228 mrem; 73%), and that smaller contributions come from cosmic radiation (33
mrem; 11%), internal dose from ingestion of naturally occurring radionuclides (29 mrem; 9%),
and external exposure to naturally occurring radiation (21 mrem; 7%). To put these findings into
perspective, the annual effective dose for an adult ingesting untreated water from the Rio Grande
was calculated to be 1.6 mrem, over 150 times smaller than the effective dose attributable to
natural background for individual in the United States.

Figure 7-12 compares the effective annual dose from drinking unfiltered Rio Grande water to
those associated with various background sources:

Figure 7-12. Annual Effective Dose: Comparison of Drinking Unfiltered Rio Grande
Water to Background Sources
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Exposure to patients during medical procedures is the other major contributor to the annual
effective dose. The annual effective dose from medical procedures was estimated by the NCRP
to be 300 mrem, with the largest contributions from computed tomography (CT) scans (147
mrem; 49%), nuclear medicine (77 mrem; 26%), interventional fluoroscopy (43 mrem; 14%),
and conventional radiography and fluoroscopy (33 mrem; 11%). Again the average effective

7-15



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

dose to patients from practical diagnostic and therapeutic procedures involving radiation are
much greater than the annual effective dose for an adult ingesting untreated water from the Rio
Grande.

Figure 7-13 compares the effective annual dose from drinking unfiltered Rio Grande water to
those associated with various medical sources:

Figure 7-13. Annual Effective Dose: Comparison of Drinking Unfiltered Rio Grande
Water to Medical Sources
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7.6.7 Pharmaceuticals, Personal Care Products, and Endocrine Disrupting Compounds

Because there are no major metropolitan areas in the watershed of the upper Rio Grande,
pharmaceuticals have rarely been detected in the Rio Grande, and the detected levels measured
to date are too low to be a health concern.

Analyses for personal care products (perfumes, detergents, etc) have not been conducted in the
Rio Grande but, due to the aforementioned lack of residential development in the upstream
watershed, are not expected to be present in the Rio Grande, and certainly not at levels that
warrant a health concern.

Some of the COIs considered in this analysis are thought to be potential endocrine disrupting
compounds (DDE, perchlorate, PCBs, lead, cadmium, and mercury). Mean levels of these COls
did not exceed their respective drinking water criteria. The risk evaluations performed by the
IPR team considered non-carcinogenic health effects, including 13 potential health endpoints
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ranging from hair loss to central nervous system effects. These included effects that can be
associated with endocrine disruptors, such as developmental effects and immune system/thyroid
effects. In no case did the hazard indices for central tendency exposures to infants based on
levels recently measured in the Rio Grande exceed 1.0 for health endpoints attributed to those
endocrine disrupting compounds. That being the case for infants, the most sensitive age group, it
is unlikely that levels of endocrine disrupting compounds recently measured in the Rio Grande
would lead to any health effects from use of BDD tap water, particularly when one considers the
fact that the BDD water treatment plant is expected to be effective in removing many of those
compounds.

7.8 POTENTIAL FUTURE IMPACTS ON SANTA FE TAP WATER QUALITY FROM
CONTAMINANTS ASSOCIATED WITH LANL SEDIMENTS AND GROUND WATER

7.8.1 Contaminated Sediment Transport Pathways

Surface sediments in the Rio Grande downstream of the Los Alamos Canyon discharge point do
not contain elevated levels of COls; this suggests that 1) previous Los Alamos Canyon
discharges have not resulted in accumulation of contaminated sediments in the Rio Grande, and
2) any contaminated sediments that reach the BDD intake are far more likely to be due to storm-
related discharges from LANL rather than suspension of Rio Grande bed sediments.

The IPR team developed estimates of COI concentrations that could exist in the Rio Grande at
the Los Alamos Canyon confluence during storm events that result in significant sediment
discharge. It is estimated that storm events will discharge contaminated sediments into the Rio
Grande such that resulting COI levels in the Rio Grande will exceed normal base-flow levels by
several orders of magnitude, for several hours at the most.

An early notification system is being put in place that will allow BDD personnel to cease
diversion of water when there is indication of storm flow coming down Los Alamos Canyon. If
any of the storm water contamination were to by some mechanism make it into the BDD system,
it would encounter a treatment system that is rated to be highly effective in removing particle-
bound contaminants and some dissolved contaminants, such as arsenic and uranium and
chromium. Plans for systems are currently being established for monitoring once the BDD
system is operational. The IPR team understands that additional stations will be in place that
will perform automatic collection of stormflow samples in series following recognition of each
runoff event in Los Alamos Canyon. In addition, both NMED and BDD will collect samples
from the Rio Grande at Buckman when Los Alamos Canyon stormwater is flowing to the Rio
Grande.

7.8.2 Contaminated Groundwater Transport Pathways
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Contaminated Regional Aquifer (RA) groundwater is found under the Los Alamos Canyon
watershed as well as under Sandia Canyon and Mortandad Canyon. There are potential
groundwater transport pathways that can convey contaminated water to the BDD reach of the
Rio Grande. LANL has not reported groundwater contamination in the RA monitoring wells
closest to the Rio Grande over the river reach of interest; however, RA monitoring wells in the
RA along this reach are scarce and/or off-gradient to the BDD reach, with most located a large
distance from the Rio Grande.

The IPR team developed a calculation spreadsheet for use in determining mixing ratios (dilution
factors) along the reach of interest under varying Rio Grande base flows and aquifer discharges.
The contaminant concentrations used were derived from those provided in LANL reports for
only those contaminants that exceeded screening level. When the flow calculations are linked to
contaminant concentrations in groundwater, the concentrations near the BDD system were
determined in a conservative manner.

The results indicate that, under very conservative assumptions based on data currently available
from LANL, all analyzed contaminants of groundwater origin would be diluted to below levels
of regulatory concern.

In summary, stormwater discharge from LANL is episodic and does not pose a health risk, and
contaminated groundwater at LANL does not impact the water quality at the BDD intake.

7.9 OVERALL CONCLUSIONS OF THE BDD IPR
The overall conclusions of the IPR team can be summarized as follows:

e There is no significant health risk for BDD water system consumers.

e Chemical and radionuclide levels in the Rio Grande are within acceptable drinking water
criterias and/or are naturally occurring.

e There is very little if any contribution from LANL to the Rio Grande during normal base-
flow conditions.

e Stormwater discharge from LANL does not pose a health risk.

e There are no contributions from LANL groundwater to the Buckman well field.

7-18



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

8.0

10.

1.

12.

13.

14.

15.

16.

REFERENCES

BDD Project Staff. About the BDD. 2010 [cited 2010 May 31]; Available from:
http://www.bddproject.org/what-it-is.htm.

BDD Project Staff, News Release- Buckman Direct Diversion Project Marks Milestone
with Publishing of Record of Decision. 2008.

USBLM, News Release- Buckman Water Diversion Project Final Decision. 2008, U.S.
Department of the Interior, Bureau of Land Management.

Matthews, K., Citizen Groups Appeal Forest Service and BLM Decision on Buckman in
La Jicarta News. 2008: Chamisal, NM.

BDD Project Staff, News Release- U.S. Forest Service Affirms Record of Decision on
Buckman Direct Diversion Project. 2008, Buckman Direct Diversion Project.

Montoya, H., LANL Contamination of water resources in Santa Fe County. November 1,
2007 letter from BDD Board Chair to George Rael of DOE and Susan Stigers of LANL.
2007: Santa Fe, New Mexico.

BDD Staff, Town Hall on Water Quality, August 26, 2008 [PowerPoint presentation].
2008: Santa Fe, New Mexico.

City of Santa Fe, Request for Proposals, Independent Peer Reviewer, Representing the
Buckman Direct Diversion Board Regarding DOE/LANL Contaminant Exposure and
Risk in Santa Fe Region Drinking Water [RFP #°10/01/P]. 2009: Santa Fe, New Mexico.
National Research Council, Peer Review in Environmental Technology Development
Programs, The Department of Energy's Office of Science and Technology. 1998, National
Research Council,Committee on the Department of Energy-Office of Science and
Technology's Peer Review Program, Board on Radioactive Waste Management,
Commission on Geosciences, Environment, and Resources: Washington, D.C.

U.S. EPA, ProUCL Version 4.00.04 2009, Office of Research and Development, U.S.
Environmental Protection Agency: Washington, DC.

U.S. EPA, Supplemental Guidance for Assessing Cancer Susceptibility from Early-Life
Exposure to Carcinogens. 2005, Risk Assessment Forum; U.S. Environmental Protection
Agency: Washington, DC.

U.S. EPA, Guidance on Selecting Age Groups for Monitoring and Assessing Childhood
Exposures to Environmental Contaminants. 2005, Risk Assessment Forum; U.S.
Environmental Protection Agency: Washington, DC.

U.S. EPA, 4 Framework for Assessing Health Risks of Environmental Exposures to
Children. 2006, National Center for Environmental Assessment; U.S. Environmental
Protection Agency: Washington, DC.

U.S. EPA, Exposure Factors Handbook. 1997, National Center for Environmental
Assessment, Office of Research and Development, U.S. Environmental Protection
Agency: Washington, DC.

U.S. EPA, Child-Specific Exposure Factors Handbook. 2008, National Center for
Environmental Assessment, Office of Research and Development; U.S. Environmental
Protection Agency: Washington, DC.

U.S. EPA, Risk assessment guidance for Superfund. Volume I: Human health evaluation
manual (Part A). Interim Final. . 1989, Office of Emergency and Remedial Response;
U.S. Environmental Protection Agency.

8-19


http://www.bddproject.org/what-it-is.htm�

PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Widner, T., et al., Draft Final Report of CDC's Los Alamos Historical Document
Retrieval and Assessment (LAHDRA) Project, Prepared for the Centers for Disease
Control and Prevention (CDC), National Center for Environmental Health, Division of
Environmental Hazards and Health Effects, Radiation Studies Branch. 2009, ChemRisk,
LLC: San Francisco, California.

NMCF, RACER: Connecting Community, Science, and Environment. Undated, New
Mexico Community Foundation: Santa Fe, NM.

EchoHawk, J.C., et al., The RACER (Risk Analysis, Communication, Evaluation, and
Reduction) stakeholder environmental data transparency project for the Los Alamos
National Laboratory - 9499. Waste Management 2009 Conference, 2009.

NMCF. RACER WebDAT Data Quality Note. |[cited 2010 June 6]; Available from:
http://racerdat.com/support/Data%20Quality.pdf?ts=1275859708519.

Gomez, P.E. and J.C. EchoHawk, Responses to Questions from ChemRisk for the BDD
IPR, 5/21/2010. 2010: Los Alamos, New Mexico.

NMED Surface Water Quality Bureau. New Mexico Water Quality Burea Surface Water
Quality Bureau Monitoring and Assessment Section. Available from:
http://www.nmenv.state.nm.us/swqb/MAS/.

NMED, NMED DOE Oversight Bureau. 2008, Department of Energy Oversight Bureau;
New Mexico Environment Department: Santa Fe, NM.

New Mexico Public Utilities Department. The Sangre de Cristo Water Division
Available from: http://www.santafenm.gov/index.aspx?NID=1029.

Buske, N., Early Warning: A Radioactive Rio Grande. 2003, The RadioActivist
Campaign: Belfair, WA.

CCNS, New Mexico's Right to Know: The Potential fo Groundwater Contaminants from
the Los Alamos National Laboratory to Reach the Rio Grande. 2004, Concerned Citizens
for Nuclear Safety: Santa Fe, NM.

Amigos Bravos and CCNS, Historic and Current Discharged from Los Alamos National
Laboratory: Analysis and Recommendations. 2006, Amigos Bravos and the Conserned
Citizens for Nuclear Safety (CCNS): Santa Fe and Taos, NM.

Rice, G., New Mexico's Right to Know: The Potential for Groundwater Contaminants
from LANL to Reach teh Rio Grande. 2004, Concerned Citizens for Nuclear Safety: Santa
Fe, NM.

Gilkeson, R.H. and CCNS, Comments to the National Academies of Science, “Plans and
Practices for Groundwater Protection at the Los Alamos National Laboratory,” June
2007 prepublication copy. 2007, Concerned Citizens for Nuclear Safety: Santa Fe, New
Mexico.

NAS, Plans and Practices for Groundwater Protection at the Los Alamos National
Laboratory: Final Report. 2007, Committee for the Technical Assessment of
Environmental Programs at the Los Alamos National Laboratory, National Research
Council, National Academy of Science.

Barcelona, M.J., Technical Memorandum on the Los Alamos National Laboratory
(LANL) Ground Water Monitoring Program with an emphasis primarily on the Well
Screen Analysis Report - Revision 2 (WSAR-2) (LA-UR-07-2852, May 2007) AR 146584,
and the Ground Water Background Investigation Report - Revision 3, (GBIR-3) (LA-UR-
07-2853, May 2007) AR14685. [Testimony before the New Mexico Secretary of
Environment in the Matters of the Application of the United States Depatment of Energy

8-20


http://racerdat.com/support/Data Quality.pdf?ts=1275859708519�
http://www.nmenv.state.nm.us/swqb/MAS/�
http://www.santafenm.gov/index.aspx?NID=1029�

PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

and Los Alamos National Security LLC for a Hazardous Waste Facility Permit for Los
Alamos National Laboratory and the Notice of Intent to Deny a Permit for Open Burn
Units TA-16-388 and TA-16-399 for Los Alamos National Laboratory]. 2010: Santa Fe,
New Mexico.

Rice, G., Testimony of George Rice, March 18, 2010 [Testimony before the New Mexico
Secretary of Environment in the Matters of the Application of the United States
Depatment of Energy and Los Alamos National Security LLC for a Hazardous Waste
Facility Permit for Los Alamos National Laboratory and the Notice of Intent to Deny a
Permit for Open Burn Units TA-16-388 and TA-16-399 for Los Alamos National
Laboratory]. 2010: Santa Fe, New Mexico.

Makhijani, A., The Use of Reference Man in Radiation Protection Standards and
Guidance with Recommendations for Change, Revision 1 2009, Institute for Energy and
Environmental Research: Takoma Park, Maryland.

Makhijani, A., Bad to the Bone: Analysis of the Federal Maximum Contaminant Levels
for Plutonium-239 and Other Alpha-Emitting Transuranic Radionuclides in Drinking
Water. 2005, Institute for Energy and Environmental Research: Takoma Park, Maryland.
U.S. EPA, Guidance for Data Usability in Risk Assessment (Part A); EPA Publication
9285.7-094. 1992, U.S. Environmental Protection Agency: Washington, DC.

U.S. EPA, Guidance for Data Usability in Risk Assessment (Part B); EPA Publication
9285.7-09B. 1992, U.S. Environmental Protection Agency: Washington, DC.

Kolpin, D.W., et al., Pharmaceuticals, hormones, and other organic wastewater
contaminants in U.S. streams, 1999-2000: A national reconnaissance. Environ Sci
Technol, 2002. 36(6): p. 1202-1211.

Howe, K., Effectiveness of the Proposed Santa Fe City/County Water Treatment Plant for
Removing Radiological and Other Specific Contaminants. 2008: Santa Fe, NM.

Ayd, F.J., Jr., Amitriptyline (Elavil) therapy for depressive reactions. Psychosomatics,
1960. 1(6): p. 320-325.

Howe, K.J., Effectiveness of the Proposed Santa Fe City/County Water Treatment Plant
for Removing Radiolagical and other Specific Contaminants. Executive Summary. 2008.
p. 1-37.

Shepard, T.H., Catalog of Teratogenic Agents. 6th ed. 1989, Baltimore, MD: Johns
Hopkins University Press. 445.

Elia, J., L.R. Katz, and G.M. Simpson, Teratogenicity of psychotherapeutic medications.
Psychopharmacol Bull, 1987. 23(4): p. 531-586.

Shuey, D.L., T.W. Sadler, and J.M. Lauder, Serotonin as a regulator of craniofacial
morphogenesis: Site specific malformations following exposure to serotonin uptake
inhibitors. Teratology, 1992. 46(4): p. 367-378.

Beyer, B.K., M.S. Guram, and W.F. Geber, Incidence and potentiation of external and
internal fetal anomalies resulting from chlordiazepoxide and amitriptyline alone and in
combination. Teratology, 1984. 30(1): p. 39-45.

AstraZeneca, Elavil Product Information. 2000.

BDD, BDD Water Treatment Processes. 2009, Buckman Direct Diversion Project: Santa
Fe, NM.

Gafvert, T., C. Ellmark, and E. Holm, Removal of radionuclides at a waterworks. Journal
of Environmental Radioactivity, 2002. 63: p. 105-115.

8-21



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Baeza, A., et al., Elimination of man-made radionuclides from natural waters by
applying a standard coagulation-flocculation process. Journal of Radioanalytical and
Nuclear Chemistry, 2004. 260(2): p. 321-326.

Graf, W.L., Plutonium and the Rio Grande: Environmental Change and Contamination
in the Nuclear Age. 1994, New York, NY: Oxford University Press.

BDD Staff. What It Does- The BDD Project provides a sustainable water supply for the
existing Santa Fe community. 2010 5/15/2010]; Available from:
http://www.bddproject.org/what-it-does.htm.

Gallegos, R.M., Buckman Wells and Buckman Tank Entry Point Data, T. Widner, Editor.
2010: Santa Fe, NM.

USEPA, Fact Sheet: Final Third Drinking Water Contaminant Candidate List (CCL 3).
EPA EPA 815F09001. 2009, United States Environmental Protection Agency:
Washington, DC.

USEPA, National Primary Drinking Water Regulations. 56 Fed. Reg. 3526. 1991.
USEPA, The Standardized Monitoring Framework: A Quick Reference Guide [EPA 816-
F-04-010]. 2004, United States Environmental Protection Agency: Washington, DC.
NDEP, Requirements for Monitoring Chemical Contaminants. 2010.

NMED, Technical Background Document for Development of Soil Screening Levels,
Revision 4.0, Volume 1, Tier 1: Soil Screening Guidance Technical Background
Document. 2009, New Mexico Environment Department: Santa Fe, New Mexico.

RAIS. Risk Assessment Information System Toxicity and Properties. Available from:
http://rais.ornl.gov/cgi-bin/tools/TOX search?select=chem.

USEPA, 2009 Edition of the Drinking Water Standards and Health Advisories 2009,
Office of Water; U.S. Environemtental Protection Agency: Washington, DC.

Eisenbud, M. and T. Gesell, Environmental Radioactivity: From Natural, Industrial, and
Military Sources. 4th Edition ed. 1997, San Diego: Academic Press.

ANL. Human Health Fact Sheet-- Natural Decay Series: Uranium, Radium, and
Thorium. 2005 [cited 2010 June 5]; Available from:
http://www.ead.anl.gov/pub/doc/natural-decay-series.pdf.

NCRP, lonizing Radiation Exposure of the Population of the United States. 2009, Report:
160: National Council of Radiation Protection and Measurements: Bethesda, MD.

CDC. Radioactive Fallout from Global Weapons Testing. 2007; Available from:
http://www.cdc.gov/nceh/radiation/fallout/RF-GWT _home.htm.

Katzman, D., LA-UR-04-2714 Los Alamos and Pueblo Canyons

Supplemental Investigation Report. 2005. p. 246.

64.

65.

66.

67.

Edwards, N.T., Polycyclic Aromatic Hydrocarbons (PAHs) in the Terrestrial
Environment—A Review. Journal of Environmental Quality, 1983. 12(4): p. 427-441.
Lopes, T.J. and S.G. Dionne, A Review of Semivolatile and Volatile Organic Compounds
in Highway Runoff and Urban Stormwater (U.S. Geological Survey Open-File Report 98-
409). 1998, United States Geological Survey.

Walker, W.J., R.P. McNutt, and C.A.K. Maslanka, The Potential Contribution of Urban
Runoff to Surface Sediments of the Passaic River: Sources and Chemical Characteristics.
Chemosphere. 38(2): p. 363-377.

Breault, R.F. and G.E. Granato, 4 Synopsis of Technical Issues of Concern for
Monitoring Trace Elements in Highway and Urban Runoff (U.S. Geological Survey
Open-File Report 00-422). 2000, United States Geological Survey.

8-22


http://www.bddproject.org/what-it-does.htm�
http://rais.ornl.gov/cgi-bin/tools/TOX_search?select=chem�
http://www.ead.anl.gov/pub/doc/natural-decay-series.pdf�
http://www.cdc.gov/nceh/radiation/fallout/RF-GWT_home.htm�

PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

68.

69.

70.
71.
72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

&3.

84.

85.

86.

van Metre, P.C., B.J. Mahler, and E.T. Furlong, Urban Sprawl Leaves Its PAH Signature.
Environmental Science and Technology, 2000. 34: p. 4064-4070.

Neter, J., W. Wasserman, and M. Kutner, Applied Linear Statistical Models,. 3rd ed.
1990, Burr Ridge MA: Irwin.

SYSTAT, SYSTAT 11 Graphics. 2004, SYSTAT Software, Inc.: Richmond, California.
Gibbons, J., Chapter 11, Nonparametric Statistics, in Handbook of Statistical Methods
for Engineers and Scientists, H. Wadworth, Editor. 1989, McGraw-Hill: New York.
Gibbons, J., Nonparametric Statistics, in Handbook of Statistical Methods for Engineers
and Scientists, H.M. Wadworth, Editor. 1989, McGraw-Hill: New York, New York. p.
11.6-11.8.

Holm, S., 4 Simple Sequentially Rejective Bonferroni Test Procedure. Scandinavian
Journal of Statistics, 1979. 6: p. 65-70.

Englert, D., et al., Distribution of Radionuclides in Northern Rio Grande Fluvial
Deposits near Los Alamos National Laboratory, New Mexico. 2007, Department of
Energy Oversight Bureau; New Mexico Environment Department: Santa Fe, NM.

LJ Lane, W. Purtymun, and N. Becker, New Estimating Procedures for Surface Runoff,
Sediment Yeild, and Cotaminant Transport in Los Alamos County, New Mexico. 1985,
Los Alamos National Laboratory: Los Alamos, NM.

Reneau, S.L., et al., Evaluation of Sediment Contamination in Upper Los Alamos
Canyon: Reaches LA-1, LA-2, and LA-3 [LA-UR-98-3974]. 1998, Los Alamos National
Laboratory: Los Alamos, New Mexico.

Reneau, S.L., et al., Geomorphic Controls on Contaminant Distribution along an
Ephemeral Stream. Earth Surf. Process. Landforms, 2004. 29: p. 1209-1223.

Malmon, D.V., S.L. Reneau, and T. Dunne, Sediment sorting and transport by flash
floods. Journal of Geophysical Research, 2004. 107.

Malmon, D.V., et al., Suspended sediment transport in an ephemeral stream following
wildfire. Journal of Geophysical Research, 2007. 112.

Stoker, A., et al., Radiological Survey of the Site of a Former Radioactive Liquid Waste
Treatment Plant (TA-45) and the Effluent Recieving Areas of Acid; Pueblo and Los
Alamos Canyons. 1981, Los Alamos National Laboratory: Los Alamos, NM.

Graf, W.L., Geomorphology of Plutonium in the Norther Rio Grande, prepared for the
Environmental Surveillance Group, Los Alamos National Laboratory. 1993, Department
of Geography; Arizona State University: Tempe, AZ.

Graf, W.L., Plutonium in the Rio Grande - Environmental Change and Contamination in
the Nuclear Age. 1994, New York: Oxford University Press.

Graf, W.L., Transport and deposition of plutonium-contaminated sediments by fluvial
processess, Los Alamos Canyon, Los Alamos. Geological Society of America Bulletin,
1996. 108: p. 1342-1355.

Reneau, S., et al., Evaluation of Sediment Contamination in Upper Los Alamos Canyon:
Reaches LA-1, LA-2, and LA-3. 1998, Los Alamos National Laboratory: Los Alamos,
NM.

Reneau, S., et al., Evaluation of Sediment Contamination in Pueblo Canyon Reaches P-1,
P-2, P-3, and P-4. 1998, Los Alamos National Laboratory: Los Alamos, NM.

Reneau, S., et al., Evaluation of Sediment Contamination in Pueblo Canyon Reaches LA-
4 and LA-5. 1998, Los Alamos National Laboratory: Los Alamos, NM.

8-23



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Reneau, S., et al., Geomorphic controls on contaminant distribution along an ephemeral
stram. Earth, Surface, Processes, and Landforms, 2004. 29: p. 1209-1223.

Purtymun, W.D., G.L. Johnson, and E.C. John, Distribution of Radioactivity in the
Alluvium of a Disposal Area at Los Alamos, New Mexico [Prof. Paper 550-D]. 1966,
U.S. Geological Survey. p. D250-D252.

Purtymun, W.D., Plutonium in the Stream Channel Alluvium in the Los Alamos Area,
New Mexico [LA-4561]. 1971, Los Alamos Scientific Laboratory: Los Alamos, New
Mexico.

Purtymun, W.D., Storm Runoff and Transport of Radionuclides in DP Canyon, Los
Alamos County, New Mexico [LA-5744]. 1974, Los Alamos National Laboratory: Los
Alamos, New Mexico.

Stoker, A., et al., Radiological Survey of the Site of a Former Radioactive Liquid Waste
Treatment Plant (TA-45) and the Effluent Receiving Areas of Acid, Pueblo, and Los
Alamos Canyons, Final Report [DOE/EV-0005/30, LA-8890-ENV]. 1981, Los Alamos
National Laboratory: Los Alamos, New Mexico.

Gallaher, B. and R.J. Koch, Cerro Grande Fire Impacts to Water Quality and Stram
Flow near Los Alamos National Laboratory: Results of Four Years of Monitoring. 2004,
Los Alamos National Laboratory: Los Alamos, NM.

Graf, W.L., Transport and deposition of plutonium-contaminated sediments by fluvial
processes, Los Alamos Canyon, New Mexico. Geological Society of America Bulletin,
1996. 108: p. 1342-1355.

Graft, W.L., Geomorphology of Plutonium in the Norther Rio Grande; prepared for the
Environmental Surveillance Group, Los Alamos National Laboratory [LA-UR-93-1963].
1993, Department of Geography; Arizona State University: Tempe, AZ.

Reneau, S.L., et al., Evaluation of Sediment Contamination in Pueblo Canyon Reaches P-
1, P-2, P-3, and P-4 [LA-UR-98-3324]. 1998, Los Alamos National Laboratory: Los
Alamos, New Mexico.

Reneau, S.L., et al., Evaluation of Sediment Contamination in Lower Los Alamos
Canyon: Reaches LA-4 and LA-5 [LA-UR-98-3975]. 1998, Los Alamos National
Laboratory: Los Alamos, New Mexico.

Graf, W.L., LA-UR-93-1963 Geomorphology of Plutonium in the Northern Rio Grande
1993, Department of Geopraphy, Arizona State University p. 389.

Purtymun, W.D., R. Peters, and W. Maes, Transport of Plutonium in Snowmelt Run-Off.
1990, Los Alamos National Laboratory: Los Alamos, New Mexico.

Nordin Jr., C.F. and J.P. Beverage, Sediment Transport in the Rio Grande New Mexico
[Prof. Paper 462-F]. 1965, U.S. Geological Survey. p. F1-B35.

Nordin Jr., C.F. and G.E. Dempster, Vertical Distribution of Velocity and Suspended
Sediment Middle Rio Grande New Mexico [Prof. Paper 462-B]. 1963, U.S. Geological
Survey. p. B1-B20.

Ford-Schmid, R. and D. Englert, Post Cerro Grande Fire Storm Water Transport of
Plutonium-239/240 in Suspended Sediments from Pueblo Canyon, Los Alamos County,
New Mexico. Abstract. . 2007, New Mexico Environment Department, Department of
Energy Oversight Bureau p. 5.

Englert, D., et al., Los Alamos National Laboratory Legacy Contaminant Study at the
Buckman Direct Diversion 2008, Department of Energy Oversight Bureau; New Mexico
Environment Department Santa Fe, NM.

8-24



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.
118.

119.

NAS, Risk Assessment in the Federal Government: Managing the Process. 1983,
National Academy of Sciences: Washington, DC.

U.S. EPA, Risk Assessment Guidance for Superfund: Volume I - Human Health
Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation
Goals). 1991, Office of Emergency and Remedial Response, U.S. Environmental
Protection Agency: Washington, DC.

U.S. EPA, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part E, Supplemental Guidance for Dermal Risk Assessment). 2004, Office of
Emergency and Remedial Response; U.S. Environmental Protection Agency:
Washington, DC.

U.S. EPA, Guidelines for Carcinogen Risk Assessment 2005, Risk Assessment Forum;
U.S. Environmental Protection Agency Washington, DC.

U.S. EPA, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment). 2009, Office of
Emergency and Remedial Response; U.S. Environmental Protection Agency:
Washington, DC.

U.S. EPA. Regional Screening Levels (RSLs). 2009 2010]; Available from:
http://www.epa.gov/reg3hwmd/risk/human/rb-
concentration_table/Generic_Tables/index.htm.

U.S. EPA IRIS. Integrated Risk Information System (IRIS). 2010 [cited 2010; Available
from: http://www.epa.gov/iris/.

USEPA. Step 3 - Exposure Assessment: To calculate a numerical estimate of exposure or
dose. 2010 [cited 2010 6/28/2010]; Available from:
http://www.epa.gov/risk/exposure.htm.

U.S. EPA, Exposure Factors Handbook 2009 Update (External Review Draft). 2009,
Office of Research and Development, U.S. Environmental Protection Agency:
Washington, DC.

U.S. EPA, Federal Guidance Report No. 13: Cancer Risk Coefficients for Environmental
Exposure to Radionuclides. 1999, Office of Radiation and Indoor Air, U.S.
Environmental Protection Agency: Washington, DC.

ICRP, The 2007 Recommendations of the International Commission on Radiological
Protection. 2007, ICRP Publication 103; International Commission on Radiological
Protection.

U.S. EPA, Guidelines for exposure assessment. 1992, Office of Research and
Development; Office of Health and Environmental Assessment: Washington, DC.
Dickerson, G.W., Home Vegetable Gardening in New Mexico. 2001, College of
Agriculture and Home Economics; New Mexico State University: Las Cruces, NM.
Dickerson, G.W., Growing zones, recommended crop varieties, and planting and
havesting information for home vegetable gardens in New Mexico. 2nd ed. New Mexico
Extension Master Gardener Manual. 2002: New Mexico Extension Master Gardener
Manual.

ECETOC, Targeted Risk Assessment: ECETOC Technical Report No. 93. 2005.

WRCC, Period of Record Monthly Climate Summary for Santa Fe, NM - Period of
Record: 4/ 1/1972 to 12/31/2005. 2010, Western Regional Climate Center.

U.S. EPA. National Primary Drinking Water Regulations. 2009; Available from:
http://www.epa.gov/safewater/consumer/pdf/mcl.pdf.

8-25


http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/index.htm�
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/index.htm�
http://www.epa.gov/iris/�
http://www.epa.gov/risk/exposure.htm�
http://www.epa.gov/safewater/consumer/pdf/mcl.pdf�

PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

USEPA. National-Scale Air Toxics Assessment (NATA) Glossary. 2010 [cited 2010
5/5/2010]; Available from: http://www.epa.gov/ttn/atw/nata/gloss.html.

USEPA, Supplementary Guidance for Conducting Health Risk Assessment of Chemical
Mixtures [EPA/630/R-00/002]. 2000, United States Environmental Protection Agency:
Washington, DC.

NMED, Technical Background Document for Development of Soil Screening Levels,
Revision 4.0. 2006, New Mexico Environment Department, Hazardous Waste Bureau and
Ground Water Quality Bureau; Voluntary Remediation Program: Santa Fe, New Mexico.
IEPA, Tiered Approach to Corrective Action Objectives Illinois EPA. 35 Ill. Adm. Code
742 (November). 2007, Illinois Environmental Protection Agency.

IEPA, Title 35: Environmental Protection, Subtitle G: Waste Disposal, Chapter I:
Pollution Control Board, Subchapter F: Risk Based Cleanup Objectives, Part 742:
Approach to Corrective Action Objectives. 2007, Illinois Department of Environmental
Protection: Springfield, Illinois.

FDEP, Technical Report: Development of Cleanup Target Levels (CTLs) For Chapter
62-777, F.A.C. 2005, Division of Waste Management; Florida Department of
Environmental Protection: Gainesville, FL.

USEPA, Health Effects Assessment Summary Tables (HEAST). 1997, U.S. Environmental
Protection Agency: Washington, DC.

USEPA, National Oil and Hazardous Substances Pollution Contingency Plan, in 40 CFR
300. 1990.

U.S. EPA, Short Sheet: Overview of the IEUBK Model for Lead in Children. 2002, U.S.
Environmental Protection Agency: Washington, DC.

U.S. EPA, Reference Manual: Documentation of Updates For The Integrated Exposure
Uptake Biokinetic Model for Lead in Children (IEUBK) Windows® Version - 32-Bit
Version. 2002, U.S. Environmental Protection Agency: Washington, DC.

U.S. EPA, Guidance Manual for the IEUBK Model for Lead in Children. 1994, Office of
Solid Waste and Emergency Response; U.S. Environmental Protection Agency
Washington, DC.

U.S. EPA, Assessing Intermittent or Variable Exposures at Lead Sites. 2003, U.S.
Environmental Protection Agency: Washington, DC.

U.S. EPA, Recommendations of the Technical Review Workgroup for Lead for an
Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil. 2003, U.S.
Environmental Protection Agency: Washington, DC.

USEPA, User’s Guide for the Integrated Exposure Uptake Biokinetic Model for Lead in
Children (IEUBK) Windows®. 2007, U.S. Environmental Protection Agency:
Washington, DC.

CDC, Preventing Lead Poisoning in Young Children. 1991, Centers of Disease Control
and Prevention: Atlanta, GA.

ATSDR, Toxicological Profile for Lead. 2007, Agency for Toxic Substances and Disease
Registry: Atlanta, Georgia.

USEPA, Guidance Manual for the IEUBK Model for Lead in Children. 1994, Office of
Solid Waste and Emergency Response; U.S. Environmental Protection Agency
Washington, DC.

8-26


http://www.epa.gov/ttn/atw/nata/gloss.html�

PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

I51.

152.

153.

154.

CDC. CDC Communication: Why not change the blood lead level of concern at this
time? Updated June 1, 2009. 2009; Available from:
http://www.cdc.gov/nceh/lead/policy/changeBLL .htm.

Zhou et al, Particle size distribution and inhalation dose of shower water under selected
operating conditions. Inhal Toxicol, 2007. 19(4): p. 333-342.

U.S. EPA, Review of the National Ambient Air Quality Standards for Lead: Exposure
Analysis Methodology and Validation. 1989, Office of Air Quality Planning and
Standards; U.S. Environmental Protection Agency.

CDC, Preventing Lead Poisoning in Young Children. 1999, Centers of Disease Control
and Prevention: Atlanta, GA.

U.S. EPA, Federal Guidance No. 13: Cancer Risk Coefficients for Environmental
Exposure to Radionuclides - Revised CD Supplement. 2002, Office of Radiation and
Indoor Air, U.S. Environmental Protection Agency: Washington, DC.

ORNL, RAIS Preliminary Remediation Goals (PRGs) for Radionuclides User's Guide.
2009, Oak Ridge National Laboratory; University of Tennessee Oak Ridge, TN.
USEPA, A Review of the Reference Dose and Reference Concentration Processes, Final
Report [EPA/630/P-02/002F]. 2002, United States Environmental Protection Agency,
Reference Dose/Reference Concentration (RfD/RfC) Technical Panel: Washington, DC.
ICRP, Age-Dependent Doses from Intake of Radionuclides: Part 2. 1993, International
Commission on Radiological Protection.

Stabin, M.G., Radiation Protection and Dosimetry: An Introduction to Health Physics.
2007, New York, NY: Springer.

NCRP, Report No. 160 lonizing Radiation Exposure of the Population of the United
States. 2009, National Council on Radiation Protection and Measurement.

Finley, B., et al., Assessment of airborne hexavalent chromium in the home following use
of contaminated tapwater. Journal of Exposure Analysis and Environmental
Epidemiology, 1996. 6(2): p. 229-245.

U.S. EPA, Federal Guidance Report No. 12: External Exposure to Radionuclides in Air,
Water, and Soil. 1993, Office of Radiation and Indoor Air, U.S. Environmental
Protection Agency: Washington, DC.

Kocher, D.C., External Dosimetry, in Radiological Risk Assessment and Environmental
Analysis. 2008, Oxford University Press: New York, NY.

ICRP, 1990 Recommendations of the International Commission on Radiological
Protection. 1990, ICRP Publication 60; International Commission on Radiological
Protection.

USEPA, Guidelines for the Health Risk Assessment of Chemical Mixtures [51 Federal
Register 34014]. 1986, United States Environmental Protection Agency: Washington,
DC.

Klaassen, C.D., Casarett and Doull's Toxicology - The Basic Science of Poisons. 6th ed.
2001, New York, New York: McGraw-Hill Professional.

U.S. EPA, Risk Assessment Guidance for Superfund,; Volume I: Human Health
Evaluation Manual (Part A). 1989, U.S. Environmental Protection Agency, Office of
Research and Development: Washington, DC.

U.S. EPA, 2002 National-Scale Air Toxics Assessment. 2002, U.S. Environmental
Protection Agency, Technology Transfer Network: Washington, DC.

8-27


http://www.cdc.gov/nceh/lead/policy/changeBLL.htm�

PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

155.

156.

157.

158.

159.

U.S. EPA, Role of the Baseline Risk Assessment in Superfund Remedy Selection
Decisions. 1991, U.S. Environmental Protection Agency, Office of Solid Waste and
Emergency Reponse Washington, DC.

Granzow, K., Known Chemical and Radiological Impacts to Environment at Los Alamos
National Laboratory. 2007, NMED DOE Oversight Bureau, White Rock, NM 87544.
LANL, Supplemental Interim Measures Work Plan to Mitigate Contaminated Sediment
Transport in Los Alamos and Pueblo Canyons [LA-UR-08-6588]. 2008.

LANL, North Canyons Investigation Report, Revision 1 [ LA-UR-09-6794; EP2009-
0561].2009, Los Alamos National Laboratory: Los Alamos, New Mexico.

Kay Birdsell, D.B., Kelly Collins, Bruce Gallaher,, E.K. Danny Katzman, Patrick
Longmire, Charles Nylander,, and D.R. Bruce Robinson, Ardyth Simmons, David
Vaniman, and Velimir Vesselinov, LA-14263-MS Hydrogeologic Studies of the Pajarito
Plateau:

A Synthesis of Hydrogeologic Workplan Activities (1998—-2004). 2005. p. 499.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Coel-Roback, B., LA-UR-09-3325 InvestigationReport for Upper Los Alamos Canyon
Aggregate Area 2009, Los Alamos National Laboratory p. 1022.

Katzman, D., LA-UR-08-1105 Lo Alamos and Pueblo Canyons Groundwater Monitoring
Well Evaluation and Recommendations, Revision 1. 2008. p. 404.

LANL, Mortandad Canyon Groundwater Monitoring Well Network Evaluation [LA-UR-
07-4343].2007, Los Alamos National Laboratory.

Kwicklis, E., et al., Development of an Infiltration Map for the Los Alamos Area, New
Mexico 2005, Soil Science Society of America Vadose Zone Journal. p. 22.
Vessellnov, V.V., Buckman Wellfield and Its Relation to Groundwater Beneath Los
Alamos National Laboratory, Earth and Environmental Sciences; Los Alamos National
Laboratory: Los Alamos, NM.

NMED, Storm Flow Monitoring along the Rio Grande and Chama River New Mexico
Conducted by NMED/DOE Oversight Bureau of FFY 2009 Q-4. 2010, Department of
Energy Oversight Bureau; New Mexico Environment Department: Los Alamos, NM.
LANL, Environmental surveillance at Los Alamos during 2008 [LA-14407-ENV]. 2009,
Los Alamos National Laboratory.

LANL, Evaluation of Sediment Contamination in Lower Los Alamos Canyon: Reaches
LA-4 and LA-5 [LA-UR-98-3975]. 1998, Los Alamos National Laboratory: Los Alamos,
NM.

LANL, Submittal of a Proposed Integrated Well-Installation Schedule [LA-UR-09-6259;
EP2009-0496]. 2009, Los Alamos National Laboratory: Los Alamos, New Mexico.
Katzman, D., LA-UR-08-4702 Fate and Transport Investigations Update for Chromium
Contamination from Sandia Canyon 2008, Los Alamos National Laboratory p. 276.
LANL, Periodic Monitoring Report for Mortandad and Sandia Watersheds, August 3—
August 19, 2009 [EP2010-0060; LA-UR-10-0939]. 2010, Los Alamos National
Laboratory.

LANL, Summary of New Los Alamos National Laboratory Groundwater Data Loaded In
March 2010 [EP2010-0179; LA-UR-10-1772]. 2010, Los Alamos National Laboratory.
LANL, Periodic Monitoring Report for Sandia Watershed, August 13—August 31, 2007
[EP2008-0043; LA-UR-08-0456]. 2008, Los Alamos National Laboratory.

LANL, Periodic Monitoring Report for Mortandad Watershed, August 13—August 31,
2007 [EP2008-0044; LA-UR-08-0455]. 2008, Los Alamos National Laboratory.

8-28



PRELIMINARY DRAFT REPORT
Buckman Direct Diversion Project Independent Peer Review

174. LANL, Periodic Monitoring Report for Mortandad Watershed, February 2—February 22,
2009 [EP2009-0364,; LA-UR-09-4934]. 2009, Los Alamos National Laboratory.

175. Kraig, D.e.a., LA-13914 Radiological and Nonradiological Effects afte the Cerro Grande
Fire 2002. p. 94

176. Kraig, D., et al., LA-UR-01-6868 Radiological and Nonradiological Effects

after the Cerro Grande Fire. 2001. p. 101.

177. LANL, Periodic Monitoring Report for Los Alamos Watershed, July 7-July 23, 2009
[EP2009-0613; LA-UR-09-7415] 2009, Los Alamops National Laboratory.

178.  Rice, G., New Mexico's Right to Know: The Potential fo Groundwater Contaminants
from the Los Alamos National Laboratory to Reach the Rio Grande. 2004, Concerned
Citizens for Nuclear Safety: Santa Fe, NM.

8-29



Buckman Direct Diversion Project

Preliminary Draft Report

Appendices



Table 3A-1. Detection Frequencies of Radionuclides Analyzed For in Rio Grande Surface Water

Analyte

Detection Frequencies by Location*

Upriver Otowi Bridge Buckman Downriver
Actinium-228 2/12 0/8 0/1 0/5
Aluminum-26 0/2 0/0 0/1 0/1
Americium-241 6/24 9/32 0/14 9/24
Antimony-124 0/10 0/6 0/1 0/5
Antimony-125 0/10 0/6 0/1 0/5
Barium-133 0/8 0/6 0/0 0/4
Beryllium-7 2/12 2/8 0/1 0/5
Bismuth-211 0/8 0/6 0/0 0/4
Bismuth-212 2/12 2/8 0/1 0/5
Bismuth-214 2/12 2/8 0/1 0/5
Cadmium-109 0/10 0/6 0/1 0/5
Cerium-139 0/10 0/6 0/1 0/5
Cerium-141 0/8 0/6 0/0 0/4
Cerium-144 0/10 0/6 0/1 0/5
Cesium-134 2/12 2/8 0/1 0/5
Cesium-137 2/14 2/20 0/14 0/12
Chromium-51 0/10 0/6 0/1 0/5
Cobalt-56 0/2 0/0 0/1 0/1
Cobalt-57 2/12 2/8 0/1 0/5
Cobalt-58 0/2 0/0 0/1 0/1
Cobalt-60 2/14 2/20 0/14 0/12
Deuterium Ratio 0/0 0/0 0/0 212
Europium-152 0/10 0/6 0/1 0/5
Europium-154 0/10 0/6 0/1 0/5
Europium-155 0/2 0/0 0/1 0/1
Gross alpha 9/14 13/19 15/16 10/12
Gross alpha/beta 0/0 5/11 10/11 212
Gross beta 12/14 21/22 14/16 16/18
Gross gamma 2/8 2/18 0/13 0/9
lodine-131 0/2 0/0 0/1 0/1
lodine-133 1/8 0/6 0/0 14
Iron-59 0/10 0/6 0/1 0/5
Lead-211 0/8 0/6 0/0 0/4
Lead-212 2/12 2/8 0/1 1/6
Lead-214 2/12 2/8 0/1 0/5
Manganese-54 2/12 2/8 0/1 0/5
Mercury-203 0/8 0/6 0/0 0/4
Neptunium-237 0/10 0/18 0/13 0/11
Neptunium-239 0/8 0/6 0/0 0/4
Niobium-94 0/2 0/0 0/1 0/1
Niobium-95 0/10 0/6 0/1 0/5
Plutonium-238 4/12 7124 0/13 9/19
Plutonium-239/240 4/12 7124 0/13 9/19
Potassium-40 2/14 3/21 0/14 1/13
Protactinium-231 0/8 0/6 0/0 0/4
Protactinium-233 0/8 0/6 0/0 0/4
Protactinium-234m 0/10 0/6 0/1 0/5
Radium-223 0/8 0/6 0/0 0/4
Radium-224 0/8 0/6 0/0 1/5
Radium-226 1/14 3/20 111 u7
Radium-228 0/8 217 3/11 0/4
Radon-219 0/8 0/6 0/0 0/4
Rhodium-106 0/8 0/6 0/0 0/4
Ruthenium-103 0/8 0/6 0/0 0/4
Ruthenium-106 0/10 0/6 0/1 0/5
Scandium-46 0/2 0/0 0/1 0/1
Selenium-75 0/8 0/6 0/0 0/4
Silver-110m 0/2 0/0 0/1 0/1
Sodium-22 2/14 2/20 0/14 0/12
Strontium-85 0/10 0/6 0/1 0/5
Strontium-90 2/13 5/23 0/13 8/19
Thallium-208 2/12 2/8 0/1 1/6
Thorium-227 0/10 0/6 0/1 0/5
Thorium-228 1/6 12/15 6/9 10/11
Thorium-230 1/6 11/15 4/9 9/11
Thorium-231 0/8 0/6 0/0 0/4
Thorium-232 1/6 13/15 719 10/11
Thorium-234 0/10 0/6 0/1 0/5
Tin-113 0/8 0/6 0/0 0/4
Tritium 2/13 14/21 11/11 2/10
Uranium-234 13/13 24124 14/14 19/19
Uranium-235 1/11 0/6 12 1/6
Uranium-235/236 6/10 10/24 6/13 14/18
Uranium-238 13/21 24/30 14/14 19/23
Yttrium-88 0/8 0/6 0/0 0/4
Zinc-65 0/10 0/6 0/1 0/5
Zirconium-95 0/8 0/6 0/0 0/4

* Detection frequencies include duplicate samples.
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Table 3A-2. Detection Frequencies of Chemicals Analyzed For in Rio Grande Surface Water

Detection Frequencies by Location*

Analyte Upriver Otowi Bidge Buckman Downriver
Acenaphthene 0/7 0/22 0/14 0/15
Acenaphthylene 0/7 0/22 0/14 0/15
Acetone 0/4 7/19 4/13 4/13
Acetonitrile 0/2 0/12 0/13 0/6
Acrolein 0/4 0/19 0/13 0/13
Acrylonitrile 0/4 0/19 0/13 0/13
Aldrin 0/4 0/17 0/13 0/8
Alkalinity-CO3 0/0 1/11 3/11 0/0
Alkalinity-CO3+HCO3 0/0 11/11 11/11 0/0
Allyl Chloride 0/2 0/12 0/13 0/6
Aluminum 4/4 17/17 15/16 15/17
Ammonia 0/0 4/4 0/0 6/7
Ammonia as Nitrogen 0/0 3/11 4/11 0/0
Aniline 0/7 0/17 0/14 0/8
Anthracene 1/7 0/22 0/14 0/15
Antimony 0/4 4/16 0/16 5/17
Aroclor 1016 0/6 0/21 0/13 0/11
Aroclor 1221 0/6 0/21 0/13 0/11
Aroclor 1232 0/6 0/21 0/13 0/11
Aroclor 1242 0/6 0/21 0/13 0/11
Aroclor 1248 0/6 0/21 0/13 0/11
Aroclor 1254 0/6 0/21 0/13 0/11
Aroclor 1260 0/6 0/21 0/13 0/11
Aroclor 1262 0/6 0/17 0/13 0/6
Arsenic 1/4 11/17 9/16 11/17
Atrazine 0/2 0/12 0/14 0/4
Azobenzene 0/4 0/14 0/14 0/6
Barium 4/4 17/17 16/16 17/17
Benz[a]anthracene 0/7 0/22 0/14 0/15
Benzene 0/6 0/21 0/13 0/14
Benzidine 0/7 0/22 0/14 0/15
Benzo[a]pyrene 0/7 0/22 1/14 0/15
Benzo[b]fluoranthene 0/7 0/22 0/14 0/15
Benzo[g,h,i]perylene 0/7 0/22 1/14 0/15
Benzo[k]fluoranthene 0/7 0/22 0/14 0/15
Benzoic Acid 0/7 0/17 0/14 0/8
Benzyl Alcohol 0/7 0/17 0/14 0/8
Beryllium 0/5 2117 1/16 2/15
Bis(2-chloro-1-methylethyl)ether 0/7 0/22 0/14 0/15
Bis(2-chloroethoxy)methane 0/7 0/22 0/14 0/15
Bis(2-chloroethyl)ether 0/7 0/22 0/14 0/15
Bis(2-ethylhexyl)phthalate 3/7 2122 0/14 2/15
Boron 212 16/17 13/14 12/14
Bromide 0/0 0/11 0/11 0/2
Bromobenzene 0/4 0/15 0/13 0/9
Bromochloromethane 0/4 0/15 0/13 0/9
Bromodichloromethane 0/6 0/21 0/13 0/14
Bromodiphenyl Ether, p- 0/7 1/22 0/14 0/15
Bromoform (tribromomethane) 0/6 0/21 0/13 0/14
Bromomethane (Methyl bromide) 0/6 0/21 0/13 1/14
Butanol, N- 0/0 0/11 0/11 0/4
Butyl benzyl phthalate 0/7 0/22 0/14 0/15
Butylbenzene, n- 0/4 0/15 0/13 0/9
Butylbenzene, sec- 0/4 0/15 0/13 0/9
Butylbenzene, tert- 0/4 0/15 0/13 0/9
Cadmium 214 7/16 3/16 4/16
Calcium 4/4 17/17 16/16 17/17
Carbon Disulfide 0/4 0/19 0/13 0/13
Carbon Tetrachloride 0/6 0/21 0/13 0/14
Chemical Oxygen Demand 0/0 2/4 0/0 3/6
Chlordane, alpha- 0/4 0/13 0/13 0/3
Chlordane, gamma- 0/4 0/13 0/13 0/3
Chloride 0/0 11/11 11/11 2/2
Chloro-1,3-butadiene, 2- 0/2 0/12 0/13 0/6
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Detection Frequencies by Location*

Analyte Upriver Otowi Bidge Buckman Downriver

Chloroaniline, p- 0/7 0/17 0/14 0/8
Chlorobenzene 0/6 0/21 0/13 0/14
Chloroethane (ethyl chloride) 0/6 0/21 0/13 0/14
Chloroethyl vinyl ether, 2- 0/4 0/9 0/0 0/8
Chloroform 0/6 0/21 0/13 0/14
Chloromethane 0/6 0/21 1/13 1/14
Chloronaphthalene, Beta- 0/7 0/22 0/14 0/15
Chlorophenol, 2- 0/7 0/22 0/14 0/15
Chlorophenyl-phenyl (4-) Ether 0/7 0/22 0/14 0/15
Chlorotoluene, o- 0/4 0/15 0/13 0/9
Chlorotoluene, p- 0/4 0/15 0/13 0/9
Chromium 3/5 11/17 10/16 13/16
Chrysene 0/7 0/22 0/14 0/15
Cobalt 2/5 7117 5/16 10/16

Copper 3/4 10/17 6/16 9/16

Cresol, o- 0/7 0/17 0/14 0/8

Cresol, p- 0/5 0/16 0/12 0/6

Cresol, p-chloro-m- 0/7 0/22 0/14 0/15
Cyanide, Total 3/14 6/23 0/13 4/14

D, 2,4- 0/0 0/4 0/0 0/5

Dalapon 0/0 0/4 0/0 0/5

DB, 2,4- 0/0 0/4 0/0 0/5

DDD 0/4 0/17 0/13 1/8

DDE 0/4 0/17 1/13 2/8

DDT 0/4 0/17 0/13 1/8
Diamino-4-nitrotoluene, 2,6- 0/2 0/1 0/2 0/2
Diamino-6-nitrotoluene, 2,4- 0/2 0/1 0/2 0/2
Dibenz[a,h]anthracene 0/7 0/22 2/14 0/15
Dibenzofuran 0/7 0/17 0/14 0/8
Dibromo-3-chloropropane, 1,2- 0/4 0/19 0/13 0/13
Dibromochloromethane 0/6 0/21 0/13 0/14
Dibromoethane, 1,2- 0/4 0/19 0/13 0/13
Dibromomethane (Methylene Bromide) 0/4 0/19 0/13 0/13
Dibutyl Phthalate 017 0/17 0/14 0/8
Dicamba 0/0 0/4 0/0 0/5
Dichlorobenzene, 1,2- 0/13 0/43 0/27 0/29
Dichlorobenzene, 1,3- 0/13 0/43 0/27 0/29
Dichlorobenzene, 1,4- 1/13 0/43 0/27 1/29
Dichlorobenzidine, 3,3'- 0/7 0/22 0/14 0/15
Dichlorodifluoromethane 0/4 0/19 0/13 0/13
Dichloroethane, 1,1- 0/6 0/21 0/13 0/14
Dichloroethane, 1,2- 0/6 0/21 0/13 0/14
Dichloroethylene, 1,1- 0/6 0/21 0/13 0/14
Dichloroethylene, 1,2-cis- 0/2 0/16 0/13 0/10
Dichloroethylene, 1,2-trans- 0/6 0/21 0/13 0/14
Dichlorophenol, 2,4- 0/7 0/22 0/14 0/15
Dichloropropane, 1,2- 0/6 0/21 0/13 0/14
Dichloropropane, 1,3- 0/4 0/15 0/13 0/9
Dichloropropane, 2,2- 0/4 0/15 0/13 0/9
Dichloropropene, 1,1- 0/4 0/15 0/13 0/9
Dichloropropene, cis-1,3- 0/6 0/21 0/13 0/14
Dichloropropene, trans-1,3- 0/6 0/21 0/13 0/14
Dichlorprop 0/0 0/4 0/0 0/5
Dieldrin 0/4 0/17 0/13 1/8

Diethyl Phthalate 0/7 0/22 0/14 0/15
Dimethylphenol, 2,4- 0/7 0/22 0/14 0/15
Dimethylphthalate o/7 0/22 0/14 0/15
Dinitroaniline, 3,5- 0/2 0/1 0/2 0/2
Dinitrobenzene, 1,3- 0/4 0/10 0/2 0/11
Dinitro-o-cresol, 4,6- 0/7 0/17 0/14 0/8
Dinitrophenol, 2,4- 0/7 0/22 0/14 0/15
Dinitrotoluene, 2,4- 0/11 0/32 0/16 0/26
Dinitrotoluene, 2,6- 0/11 0/32 0/16 0/26
Dinitrotoluene, 2-Amino-4,6- 0/4 0/10 0/2 0/11
Dinitrotoluene, 4-Amino-2,6- 0/4 0/10 0/2 0/11
Dinoseb 0/2 0/16 0/14 0/9
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Detection Frequencies by Location*

Analyte Upriver Otowi Bidge Buckman Downriver
Dioxane, 1,4- 0/2 0/15 0/18 or7
Diphenylamine 0/7 0/17 0/14 0/8
Diphenylhydrazine, 1,2- 0/3 0/3 0/0 0/2
Dissolved Oxygen 2/2 9/9 9/9 3/3
Endosulfan | 0/4 0/17 0/13 2/8
Endosulfan 11 0/4 0/17 0/13 1/8
Endosulfan Sulfate 0/4 0/17 0/13 1/8
Endrin 0/4 0/17 0/13 1/8
Endrin Aldehyde 0/4 1/17 0/13 0/8
Endrin Ketone 0/4 0/13 0/13 0/3
Ethyl Ether 0/0 0/11 0/11 0/4
Ethyl Methacrylate 0/2 0/12 0/13 0/6
Ethylbenzene 0/6 0/21 0/13 0/14
Fluoranthene 217 0/22 0/14 0/15
Fluorene 0/7 0/22 0/14 0/15
Fluoride 0/0 11/11 11/11 212
Hardness 2/2 16/16 14/14 12/12
Heptachlor 0/4 0/17 0/13 0/8
Heptachlor Epoxide 0/4 0/17 0/13 1/8
Heptachlorodibenzodioxin, 1,2,3,4,6,7,8- 0/0 0/4 0/0 0/5
Heptachlorodibenzofuran, 1,2,3,4,6,7,8- 0/0 0/4 0/0 0/5
Heptachlorodibenzofuran, 1,2,3,4,7,8,9- 0/0 0/4 0/0 0/5
Hexachlorobenzene 0/7 0/22 0/14 0/15
Hexachlorobutadiene 0/11 0/37 0/27 0/24
Hexachlorocyclohexane, Alpha- 0/4 0/17 0/13 1/8
Hexachlorocyclohexane, Beta- 0/4 0/17 0/13 1/8
Hexachlorocyclohexane, Delta- 0/4 1/17 0/13 1/8
Hexachlorocyclohexane, Gamma- 0/4 0/17 0/13 1/8
Hexachlorocyclopentadiene 0/7 0/22 0/14 0/15
Hexachlorodibenzodioxin, 1,2,3,4,7,8- 0/0 0/4 0/0 0/5
Hexachlorodibenzodioxin, 1,2,3,6,7,8- 0/0 0/4 0/0 0/5
Hexachlorodibenzofuran, 1,2,3,4,7,8- 0/0 0/4 0/0 0/5
Hexachlorodibenzofuran, 1,2,3,6,7,8- 0/0 0/4 0/0 0/5
Hexachlorodibenzofuran, 1,2,3,7,8,9- 0/0 0/4 0/0 0/5
Hexachlorodibenzofuran, 2,3,4,6,7,8- 0/0 0/4 0/0 0/5
Hexachloroethane 0/7 0/22 0/14 0/15
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 0/4 0/10 0/2 0/11
Hexahydro-1,3,5-trinitroso-1,3,5-triazine (TNX) 0/0 0/0 0/2 0/1
Hexahydro-1,3-d|n|tré);clil-5-n|tro-1,3,5-tr|a2|ne 0/0 0/0 0/2 0/1
Hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine
(MNX) 0/0 0/0 0/2 0/1
Hexanone, 2- 0/4 0/15 0/13 0/9
Indeno[1,2,3-cd]pyrene 0/7 0/22 2/14 0/15
lodomethane 0/4 0/15 0/13 0/9
Iron 4/4 17/17 15/16 15/17
Isobutanol 0/2 0/12 0/13 0/6
Isophorone 0/7 0/22 0/14 0/15
Isopropylbenzene (Cumene) 0/4 0/15 0/13 0/9
Isopropyltoluene, 4- 0/4 0/15 0/13 0/9
Lead 4/4 15/16 16/16 15/17
Magnesium 4/4 17/17 16/16 17/17
Manganese 4/4 17/17 15/16 16/17
MCPA 0/0 0/4 0/0 0/5
Mercury 0/14 2124 0/16 3/20
Methacrylonitrile 0/2 0/12 0/13 0/6
Methoxychlor 0/4 0/17 0/13 1/8
Methyl Ethyl Ketone 0/4 1/19 0/13 1/13
Methyl Isobutyl Ketone 0/4 0/15 0/13 0/9
Methyl Methacrylate 0/2 0/12 0/13 0/6
Methyl tertbutyl ether (MTBE) 0/0 0/11 0/11 0/4
Methylene Chloride 0/6 0/21 0/13 1/14
Methylphenol, 3-&4- 0/2 0/1 0/2 0/2
Methylpyridine, 2- 0/5 0/5 0/0 0/4

Page 4 of 8




Detection Frequencies by Location*

Analyte Upriver Otowi Bidge Buckman Downriver
Molybdenum 1/2 14/17 14/14 11/14
Naphthalene 0/11 0/37 0/27 0/24

Naphthalene, 1-Methyl 0/2 0/12 0/14 0/4
Naphthalene, 2-Methyl 0/7 0/17 0/14 0/8
Nickel 3/4 16/17 15/16 12/16
Nitrate-Nitrite as Nitrogen 0/0 11/15 6/11 4/6
Nitroaniline, 2- 0/7 0/17 0/14 0/8
Nitroaniline, 3- 0/7 0/17 0/14 0/8
Nitroaniline, 4- 0/7 0/17 0/14 0/8
Nitrobenzene 0/11 0/32 0/16 0/26
Nitrophenol, 2 - 0/7 0/22 0/14 0/15
Nitrophenol, 4- 0/7 0/22 0/14 0/15
Nitrosodiethylamine, N- 0/2 0/12 0/14 0/4
Nitrosodimethylamine, N- 0/7 0/22 0/14 0/15
Nitroso-di-N-butylamine, N- 0/2 0/12 0/14 0/4
Nitroso-di-N-propylamine, N- 0/7 0/22 0/14 0/15
Nitrosodiphenylamine, N- 0/0 0/5 0/0 0/7
Nitrosopyrrolidine, N- 0/2 0/12 0/14 0/4
Nitrotoluene, m- 0/4 0/10 0/2 0/11
Nitrotoluene, o- 0/4 0/10 0/2 0/11
Nitrotoluene, p- 0/4 0/10 0/2 0/11
OCDD 0/0 1/4 0/0 1/5
OCDF 0/0 0/4 0/0 0/5
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
(HMX) 0/4 0/10 0/2 0/11
Octyl Phthalate, di-N- 0/7 0/22 0/14 0/15
Pentachlorobenzene 0/2 0/12 0/14 0/4
Pentachlorodibenzodioxin, 1,2,3,7,8- 0/0 0/4 0/0 0/5
Pentachlorophenol 0/7 0/22 0/14 0/15
Perchlorate 1/12 12/22 11/11 2/11
PETN 0/2 0/2 0/2 0/2
pH 11/11 27127 20/20 9/9
Phenanthrene 17 0/22 0/14 0/15
Phenol o/7 0/22 0/14 0/15
Phosphorus 0/0 4/4 0/0 717

Potassium 4/4 16/17 16/16 17/17

Propionitrile 0/2 0/12 0/13 0/6
Propylbenzene, n- 0/4 0/15 0/13 0/9
Pyrene 217 0/22 0/14 0/15
Pyridine 0/5 0/16 0/14 o/7
Selenium 0/14 4/24 0/16 3/21
Silicon Dioxide 212 13/13 11/11 1/1
Silver 1/4 0/17 1/16 1/15

Sodium 4/4 17/17 16/16 17/17

Specific Conductance 10/10 25/25 20/20 8/8

Strontium 212 17/17 14/14 14/14

Styrene 0/4 0/19 0/13 0/13

Sulfate 0/0 11/11 11/11 2/2

Suspended Sediment Concentration 6/6 20/20 14/14 10/10

T,2,45- 0/0 0/4 0/0 0/5

TCDD, 2,3,7,8- (Dioxin) 0/0 0/4 0/0 0/5
TCDF, 2,3,7,8- 0/0 0/4 0/0 0/5
Temperature 10/10 14/14 9/9 8/8
Tetrachlorobenzene, 1,2,4,5- 0/2 0/12 0/14 0/4
Tetrachloroethane, 1,1,1,2- 0/4 0/19 0/13 0/13
Tetrachloroethane, 1,1,2,2- 0/6 0/21 0/13 0/14
Tetrachloroethylene (PCE) 0/6 0/21 0/13 0/14
Tetrachlorophenol, 2,3,4,6- 0/2 0/12 0/14 0/4
Thallium 0/4 5/16 1/16 7116
Tin 0/3 0/17 0/14 0/12
Titanium 0/0 0/1 0/0 0/0
Toluene 0/6 0/21 0/13 0/14
Total Dissolved Solids 0/0 11/11 11/11 1/1
Total Kjeldahl Nitrogen 0/0 10/15 7/13 10/12
Total Organic Carbon 0/0 11/11 13/13 5/5
Total Phosphate as Phosphorus 0/0 7/11 7/11 0/0
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Detection Frequencies by Location*

Analyte Upriver Otowi Bidge Buckman Downriver
Total polychlorinated biphenyls (PCBs) 2/2 4/10 1/10 1/1
Total Suspended Solids 10/10 11/11 0/0 11/11
Toxaphene 0/4 0/17 0/13 1/8
TP, 2,4,5- (Silvex) 0/0 0/4 0/0 0/5
Trichloro-1,2,2-trifluoroethane, 1,1,2- 0/4 0/15 0/13 0/9
Trichlorobenzene, 1,2,3- 0/2 0/12 0/13 0/6
Trichlorobenzene, 1,2,4- 0/9 0/34 0/27 0/21
Trichloroethane, 1,1,1- 0/6 0/21 0/13 0/14
Trichloroethane, 1,1,2- 0/6 0/21 0/13 0/14
Trichloroethylene (TCE) 0/6 0/21 0/13 0/14
Trichlorofluoromethane 0/6 0/21 0/13 0/14
Trichlorophenol, 2,4,5- 0/7 0/22 0/14 0/15
Trichlorophenol, 2,4,6- 0/7 0/22 0/14 0/15
Trichloropropane, 1,2,3- 0/4 0/19 0/13 0/13
Trimethylbenzene, 1,2,4- 0/4 0/15 0/13 0/9
Trimethylbenzene, 1,3,5- 0/4 0/15 0/13 0/9
Trinitrobenzene, 1,3,5- 0/4 0/10 0/2 0/11
Trinitrobenzene-1,3,5-triamine, 2,4,6- (TATB) 0/2 0/1 0/2 0/2
Trinitrophenylmethylnitramine 0/4 0/10 0/2 0/11
Trinitrotoluene, 2,4,6- 0/4 0/10 0/2 0/11
Tri-o-cresylphosphate 0/2 0/1 0/2 0/2
Turbidity 10/10 14/14 11/11 717
Uranium 2/3 16/16 15/15 15/15
Vanadium 3/4 17/17 16/16 15/17
Vinyl Acetate 0/2 0/12 0/13 0/6
Vinyl Chloride 0/6 0/21 0/13 0/14
Xylene, 1,3-+ Xylene, 1,4- 0/4 0/15 0/13 0/9
Xylene, Mixture 0/2 0/3 0/0 0/3
Xylene, o- 0/4 0/15 0/13 0/9
Zinc 3/4 15/17 11/16 14/16

* Detection frequencies include duplicate samples.
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Table 3A-3. Summary of Buckman Well Groundwater Data for Radium-226 and Radium-228

Concentration (pCi/L) Percent contribution
Well Sampling Date Radium-226 Radium-228 Radium-226 | Radium-228
10/10/2002 11 < 3.2 NC NC
10/22/2003 < 0.37 < 7.3 NC NC
5/25/2004 < 0.18 < 2.0 NC NC
Buckman 1
12/3/2008 0.61 < 0.32 NC NC
5/19/2009 < 0.063 0.96 NC NC
11/24/2009 1.2 < 0.34 NC NC
10/10/2002 14 < 6.3 NC NC
Buckman 2
10/22/2003 0.46 < 21.3 NC NC
3/4/2009 0.46 0.80 37% 63%
Buckman 6 5/19/2009 < 0 0.68 NC NC
11/24/2009 1.2 < 0.93 NC NC
10/10/2002 < 0.056 < 4.8 NC NC
10/22/2003 0.44 < 11 NC NC
5/25/2004 < 0.56 < 2.2 NC NC
Buckman 8
12/3/2008 < 0.15 0.54 NC NC
5/19/2009 < 0.43 < 0.60 NC NC
11/24/2009 2.2 < 0.46 NC NC

NC: Percent contribution for radium-226 and radium-228 were not calculated because one or both are reported to be
below the LOD.




Table 3A-4. Summary of Buckman Well Groundwater Data for Uranium-234, Uranium-235/236, and Uranium-238

Concentration (pCi/L) Percent Contribution
Uranium- Uranium- | Uranium-
Well Sampling Date Uranium-234 235/236 Uranium-238|Uranium-234| 235/236 238
8/16/2001 3.6 0.13 21 62% 2% 36%
10/31/2001 8.2 0.40 5.5 58% 3% 39%
10/10/2002 9.3 < 0.084 55 NC NC NC
10/22/2003 8.0 0.46 55 57% 3% 40%
5/25/2004 3.6 0.12 2.0 63% 2% 35%
6/8/2005 5.6 0.25 3.6 59% 3% 38%
Buckman 1
7/12/2006 6.4 0.43 4.0 59% 4% 37%
9/18/2007 6.4 0.45 4.6 56% 4% 40%
9/3/2008 7.8 0.36 53 58% 3% 40%
12/3/2008 7.5 0.31 5.1 58% 2% 40%
5/19/2009 8.0 0.30 5.6 57% 2% 40%
11/24/2009 9.0 0.31 6.0 59% 2% 39%
8/16/2001 91 4.2 74 54% 2% 44%
10/31/2001 13 11 6.5 62% 6% 32%
10/10/2002 96 42 144 39% 2% 59%
10/22/2003 47 5.6 37 52% 6% 41%
Buckman 2
10/26/2004 11 0.34 6.1 63% 2% 35%
6/8/2005 27 1.7 17 60% 4% 37%
7/12/2006 35 1.6 27 55% 2% 42%
9/18/2007 46 3.9 36 54% 5% 42%
Buckman 3 10/31/2001 7.5 0.54 2.6 70% 5% 24%
Buckman 4 10/31/2001 12 0.21 3.0 79% 1% 20%
10/31/2001 8.8 0.32 19 80% 3% 17%
9/24/2008 5.8 0.28 2.0 72% 4% 24%
Buckman 6 3/4/2009 3.7 0.058 14 72% 1% 27%
5/19/2009 3.8 0.13 17 68% 2% 30%
11/24/2009 6.8 0.067 1.6 81% 1% 19%
8/16/2001 5.1 0.13 17 73% 2% 25%
Buckman 7
10/31/2001 5.7 0.20 1.8 74% 3% 24%
10/31/2001 7.5 0.24 4.6 61% 2% 37%
10/10/2002 8.1 < 017 4.6 NC NC NC
10/22/2003 7.7 0.80 4.9 57% 6% 37%
5/25/2004 8.3 0.33 5.0 61% 2% 37%
6/8/2005 5.6 0.74 4.0 54% 7% 39%
Buckman 8 7/12/2006 9.4 0.34 6.0 59% 2% 38%
9/21/2007 8.2 0.74 5.0 59% 5% 36%
9/2/2008 10 0.36 5.8 62% 2% 36%
12/3/2008 10 0.34 6.0 62% 2% 36%
5/19/2009 9.8 0.34 6.0 61% 2% 37%
11/24/2009 9.4 0.31 5.8 61% 2% 38%
Buckman Well 2 New 2/13/2007 20 1.6 33 37% 3% 60%
Buckman Well 8 2/13/2007 8.7 0.20 5.1 62% 1% 37%
Average: 61% 3% 36%

NC: Percent contribution for uranium-234, uranium-235/23 or uranium-238 were not calculated because one or both are reported to be below the
LOD.



Appendix 3B. Box Plots for the Comparison of Buckman, Otowi Bridge, and Upriver Locations.

Samples collected after 2000 - Radionuclides
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Samples collected after 2000 - Chemicals
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Samples collected between 1990 — 1999 - Radionuclides
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Samples collected between 1990 — 1999 - Chemicals
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Samples collected between 1980 — 1989 — Radionuclides and Chemicals
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Samples collected between 1970 — 1979 — Radionuclides and Chemicals
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Samples collected before 1970 — Radionuclides and Chemicals
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Table 5A-1. Chemical Specific Parameters

Permeability Generic Volatilzation Particulate Slope
Coefficient (Kp)? Factor (VF) Factor®
BDD Analyte Volatile? (cm/hr) (L/m3) (ng/m3)/(mg/L)

Acetone Yes 5.12E-04 0.5 --

Aluminum -- 1.00E-03 -- 26.6
Ammonia -- 1.00E-03 -- 26.6
Antimony -- 1.00E-03 -- 26.6
Arsenic -- 1.00E-03 -- 26.6
Barium -- 1.00E-03 -- 26.6
Beryllium -- 1.00E-03 -- 26.6
Bis(2-ethylhexyl)phthalate -- 1.13* -- 26.6
Boron -- 1.00E-03 -- 26.6
Cadmium -- 1.00E-03 -- 26.6
Chloromethane Yes 3.28E-03 0.5 --

Total Chromium -- 1.00E-03 -- 26.6
Cobalt - 4.00E-04 - 26.6
Copper -- 1.00E-03 -- 26.6
Cyanide Yes 1.00E-03 0.5 --

DDE - 0.545* - 26.6
Fluoride -- 1.00E-03 -- 26.6
Delta HCH - 2.06E-02 - 26.6
Iron -- 1.00E-03 -- 26.6
Lead -- 1.00E-04 - 26.6
Manganese -- 1.00E-03 -- 26.6
Mercury Yes 1.00E-03 0.5 --

Molybdenum -- 1.00E-03 -- 26.6
Nickel - 2.00E-04 - 26.6
Nitrite - 1.00E-03 - 26.6
OCDD - 1.16* - 26.6
Perchlorate -- 1.00E-03 -- 26.6
Total PCBs -- 0.545* -- 26.6
Selenium -- 1.00E-03 - 26.6
Silver -- 6.00E-04 -- 26.6
Strontium -- 1.00E-03 - 26.6
Thallium -- 1.00E-03 - 26.6
Uranium -- 1.00E-03 -- 26.6
Vanadium -- 1.00E-03 - 26.6
Zinc - 6.00E-03 - 26.6

-- Not applicable.

*Values obtained from EPA 2004 and RAIS
®\/F Source: NMED, RSL; RAGs A, B

°PEF source, Finley et al.




Table 5A-2. Toxicty Criteria
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Mutagenic =~ EPA . £ g é g E 32 g §
SFo SFd” IUR  Carcinogen® Cancer|  RfDo RfDd" RfCi g3/t g 5 S50 & g2 3 =
(mglkg-day)’  (mg/kg-day)’  (ug/m’)’ ?  Class’| (mg/kg-day) (mgkkg-day) mom’) |8 5 Z & 2 & 8§ 3358 £ 8 8
BDD Analyte Notes®| GI Abs® Carcinogenic Toxicity Criteria® Noncarcinogenic Toxicity Criteria® Non-Carcinogenic Target Organs/Health Endpoints®
Acetone 100% -- - -- D 9.0E-01 I 9.0E-01 3.1E+01 A X
Aluminum 100% -- - -- -- D 1.0E+00 P 1.0E+00 5.0E-03 P X
Ammonia 100% -- - -- -- - - 1.0E-01 | X
Antimony 15% -- -- -- -- -- 4.0E-04 | 6.0E-05 -- X
Arsenic 100% 1.5E+00 | 1.5E+00 4.3E-03 | -- A 3.0E-04 | 3.0E-04 1.5E-05 C X X
Barium 7% - - - - D 2.0E-01 I 1.4E-02 5.0E-04 H| x
Beryllium 1% - - 24E-03 1 -- B1 2.0E-03 I 1.4E-05 2.0E-05 | X | X
Bis(2-
ethylhexyl)phthalate 100% 1.4E-02 | 1.4E-02 2.4E-06 C - c 2.0E-02 | 2.0E-02 - X
Boron 100% - - - - - 2.0E-01 I 2.0E-01 2.0E-02 H X | X
Cadmium 5% - - 1.8E-03 1 -- B1 5.0E-04 | 2.5E-05 1.0E-05 A x
Chloromethane 100% -- - -- -- D - 9.0E-02 | X
Total Chromium 2 3% -- - 12E-021 Yes A 3.0E-03 | 7.5E-05 1.0E-04 | X
Cobalt 100% - - 9.0E-03 P -- B1 3.0E-04 P 3.0E-04 6.0E-06 P X X X X
Copper 100% -- - -- -- D 4.0E-02 H 4.0E-02 - X
Cyanide 100% -- -- -- -- D 2.0E-02 1 2.0E-02 -- X | X | X
DDE 100% 3.4E-01 | 3.4E-01 9.7E-05 C - B2 - -
Fluoride 100% - - - - - 6.0E-02 | 6.0E-02 1.3E-02 X
Delta HCH 4 100% 1.8E+00 | 1.8E+00 5.1E-04 I - B2 - -
Iron 100% - - - -- - 7.0E-01 P 7.0E-01 - X
Lead 5 100% - - -- -- B2 - - X
Manganese 4% -- - -- -- D 24E-02 1 9.6E-04 5.0E-05 | X
Mercury 6 100% - - - - D 1.6E-04 C 1.6E-04 3.0E-04 | X
Molybdenum 100% -- -- -- -- -- 5.0E-03 | 5.0E-03 -- X
Nickel 4% - - - - - 2.0E-02 | 8.0E-04 9.0E-05 A X X
Nitrite 7 100% - - - - - 1.0E-01 1 1.0E-01 - X
OCDD 100% 1.3E+01 C 1.3E+01 3.8E-03 C B2 - -
Perchlorate 100% -- - -- -- - 7.0E-04 1 7.0E-04 - X
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SFo IUR Carcinogen® Cancer RfDo RfDd RfCi c3 c =532 8 5w S|EE 5
- — =1 7] [S]
(mg/kg-day)*  (mg/kg-day)’  (ug/m®)* ? Class’ | (mg/kg-day) (mg/kg-day) (mgm’) |€ 5 % £ ¢ & 8 35 8 E 8 8§
Total PCBs 100% 2.0E+00 | 2.0E+00 1.0E-04 | - B2 -- -
Selenium 100% - - - - D 5.0E-03 1 5.0E-03 2.0E-02 C X X
Silver 4% - -- - - D 5.0E-03 1 2.0E-04 -- X
Strontium 100% -- - -- -- - 6.0E-01 | 6.0E-01 - X
Thallium 8 100% -- - -- -- - 6.6E-05 | 6.6E-05 - X X
Uranium 100% - - - - - 3.0E-03 1 3.0E-03 3.0E-04 A| X
Vanadium 9 3% - - - - - 5.0E-03 1 1.3E-04 1.0E-03 A X
Zinc 100% - - - - D 3.0E-01 1 3.0E-01 - X
®Notes

1. Toxicity criteria are not available for benzo(g,h,i)perylene, therefore toxicity criteria for pyrene were used as surrogate criteria (i.e. toxicity values are assumed to have similar toxicological properties).

2. Toxicity criteria are not available for total chromium, which is considered to consist of both trivalent and hexavalent chromium. Therefore, total chromium was conservatively evaluated as hexavalent chromium.

3. Toxicity criteria are not available for endrin aldehyde, therefore toxicity criteria for endrin were used as surrogate criteria (i.e. toxicity values are assumed to have similar toxicological properties).
properties).
5. Toxicity criteria are not available for lead. Lead is separately, as disuss in the text.
6. Toxicity criteria for elemental mercury were used.
7. Chemical results for nitrate-nitrite as nitrogen were evaluated as nitrite; toxicity criteria for nitrite were used as they are is more conservative than those available for nitrate.
8. The toxicity criteria for thallium are based on information from IRIS prior to the 2009 update; IRIS does not currently provide thallium toxicity criteria.
Guide, 2010).
®Dermal Absorption (Abs) values obtained from RAGS Part E (US EPA, 2004); RfDd = RfDo x Gl Abs; CSFd = CSFo / GI Abs.
“Toxicity criteria for mutagenic carcinogens have not been adjusted by the ADAF in this table.
EPA Cancer Classifications:
A Human carcinogen
B Probable human carcinogen (B1 indicates limited human evidence, B2 indicates sufficient evidence in animals and inadequate or no evidence in humans)
C Possible human carcinogen
D Not classifiable as a carcinogen
*Toxicity criteria sources :

A= ATSDR P=PPRTV
C= CalEPA E=ECAO

H= HEAST N=NCEA

I=IRIS

-- Not applicable.




Table 5A-3, Toxicity criteria for mutagenic carcinogens that have not been adjusted
by the ADAF

Exposure Duration Age-Dependent Potency

Exposure Age Group Adjustment Factor
(years) (ADAF x SF/URF)

Birth to < 1 year 1 10x

1to < 3 years 2 10x

310 <6 years 3 3%

6 to < 11 years 5 3%

11 to < 16 years 5 3%

16 to < 21 years 5 1x (no adjustment)

21to<70yr

1x (no adjustment)




Table 5A-4: Central Tendency Exposure Hazard Indices - Target Health Endpoints for the Infant Age Group

CT Hazard Index:

Kidney Effects

Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Acetone 0.000 - - 0.000 0.000 0.000 0.000 0.000
Barium 0.030 - - 0.001 0.000 - - 0.031
Cadmium 0.086 - - 0.004 0.000 - - 0.091
Uranium 0.055 - - 0.000 0.000 - -- 0.055
TOTAL 0.171 - - 0.006 0.000 0.000 0.000 | 0.177 |
CT Hazard Index:  Respiratory Effects
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Ammonia - - - - - - - -
Beryllium 0.032 - - 0.012 0.001 - - 0.045
Boron 0.010 - - 0.000 0.000 - - 0.010
Cadmium 0.086 - - 0.004 0.000 - - 0.091
Total Chromium 0.102 - - 0.010 0.001 - - 0.113
Nickel 0.015 - - 0.000 0.000 - -- 0.016
TOTAL 0.246 - - 0.026 0.002 0.000 -- | 0.274 |
CT Hazard Index:  Decreased Body/Organ Weights
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Aluminum 0.159 - - 0.000 0.000 - - 0.160
Cyanide 0.006 - - 0.000 0.000 - - 0.006
Nickel 0.015 - - 0.000 0.000 - -- 0.016
TOTAL 0.181 - - 0.001 0.000 0.000 -- | 0.181 |
CT Hazard Index:  Circulatory/Cardiovascular System Effects
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Antimony 0.061 - - 0.001 0.000 - - 0.062
Arsenic 0.637 - - 0.002 0.000 - - 0.639
Barium 0.030 - - 0.001 0.000 - - 0.031
Cobalt 0.560 - - 0.001 0.000 - - 0.561
Nitrite 0.002 - - - - - - 0.002
Zinc 0.003 - - 0.000 0.000 - -- 0.003
TOTAL 1.292 - - 0.004 0.000 0.000 -- | 1.296 |
CT Hazard Index:  Immune System/Thyroid Effects
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Cobalt 0.560 - - 0.001 0.000 - - 0.561
Cyanide 0.006 - - 0.000 0.000 - - 0.006
Mercury 0.036 - - 0.000 0.000 0.002 0.000 0.039
Perchlorate 0.006 -- -- 0.000 0.000 -- - 0.006
TOTAL 0.608 - - 0.001 0.000 0.002 0.000 | 0.612 |




CT Hazard Index:  Skin Effects
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Arsenic 0.637 - - 0.002 0.000 - - 0.639
Selenium 0.020 - - 0.000 0.000 - - 0.020
Silver 0.001 - - 0.000 0.000 - -- 0.001
TOTAL 0.658 - - 0.002 0.000 0.000 -- | 0.660 |
CT Hazard Index: ~ Gastrointestinal Effects
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation  TOTAL
Beryllium 0.032 - - 0.012 0.001 - - 0.045
Copper 0.007 - - 0.000 0.000 - - 0.007
Iron 0.210 - - 0.001 0.000 - -- 0.210
TOTAL 0.249 - - 0.012 0.001 0.000 -- | 0.262 |
CT Hazard Index:  Bone/Teeth Effects
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Strontium 0.030 - - 0.000 0.000 - - 0.030
Fluoride 0.380 - - 0.001 0.000 - -- 0.381
TOTAL 0.410 - - 0.001 0.000 0.000 -- | 0.411 |
CT Hazard Index:  Hair Loss
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Selenium 0.020 - - 0.000 0.000 - - 0.020
Thallium 0.289 - - 0.001 0.000 - - 0.290
Vanadium 0.114 - - 0.011 0.001 - -- 0.126
TOTAL 0.423 - - 0.012 0.001 0.000 -- | 0.436 |
CT Hazard Index:  Liver Effects
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Acetone 0.000 - - 0.000 0.000 0.000 0.000 0.000
Bis(2-ethylhexyl)phthalate 0.008 -- -- -- - -- - 0.008
Thallium 0.289 - - 0.001 0.000 - -- 0.290
TOTAL 0.297 - - 0.001 0.000 0.000 0.000 | 0.298 |
CT Hazard Index: ~ Gout
Homegrown Handwashing:  Bathing: Swimming:
Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:
Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Molybdenum 0.058 - - 0.000 0.000 - -- 0.058
TOTAL 0.058 - - 0.000 0.000 - -- | 0.058 |




CT Hazard Index:

Reproductive Effects

Homegrown Handwashing:  Bathing: Swimming:

Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:

Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation ~ TOTAL
Arsenic 0.637 - - 0.002 0.000 - - 0.639
Boron 0.010 - - 0.000 0.000 - - 0.010
Cobalt 0.560 - - 0.001 0.000 - -- 0.561
TOTAL 1.207 - - 0.002 0.000 0.000 -- | 1.209 |
CT Hazard Index:  Central Nervous System Effects

Homegrown Handwashing:  Bathing: Swimming:

Tapwater: Produce: Dermal Dermal Dermal Bathing: Swimming:

Ingestion Ingestion Uptake Uptake Uptake Inhalation Inhalation  TOTAL
Acetone 0.000 - - 0.000 0.000 0.000 0.000 0.000
Chloromethane - - - - - 0.000 0.000 0.000
Cobalt 0.560 - - 0.001 0.000 - - 0.561
Cyanide 0.006 - - 0.000 0.000 - - 0.006
Lead* - - - - - - - -
Manganese 0.357 - - 0.022 0.002 - -- 0.381
Mercury 0.036 - - 0.000 0.000 0.002 0.000 0.039
Selenium 0.020 - - 0.000 0.000 - -- 0.020
TOTAL 0.980 - - 0.023 0.002 0.002 0.000 | 1.007 |




Table 5A-5: Reasonable Maximum Exposure Hazard Indices - Target Health Endpoints for the Infant Age Group

RME Hazard Index:  Nephrotoxicity Effects

Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Acetone 0.001 - - 0.000 0.000 0.000 0.000 0.001
Barium 0.086 - - 0.001 0.000 0.000 - 0.087
Cadmium 0.622 - - 0.014 0.002 0.000 - 0.638
Uranium 0.144 - - 0.000 0.000 0.000 - 0.144
TOTAL 0.852 - - 0.016 0.003 0.000 0.000 0.871
RME Hazard Index:  Respiratory Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Ammonia - - - - - 0.000 - -
Beryllium 0.071 - - 0.012 0.002 0.000 - 0.084
Boron 0.025 - - 0.000 0.000 0.000 - 0.025
Cadmium 0.622 - - 0.014 0.002 0.000 - 0.638
Total Chromium 0.336 - - 0.015 0.003 0.000 - 0.354
Nickel 0.053 - - 0.000 0.000 0.000 - 0.054
TOTAL 1.108 - - 0.041 0.007 0.000 - 1.156
RME Hazard Index:  Decreased Body/Organ Weights
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Aluminum 0.497 - - 0.001 0.000 0.000 - 0.498
Cyanide 0.028 - - 0.000 0.000 - - 0.028
Nickel 0.053 - - 0.000 0.000 0.000 - 0.054
TOTAL 0.578 - - 0.001 0.000 0.000 - 0.580
RME Hazard Index:  Circulatory/Cardiovascular System Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Antimony 0.176 - - 0.001 0.000 - - 0.178
Arsenic 1.871 - - 0.002 0.000 0.000 - 1.874
Barium 0.086 - - 0.001 0.000 0.000 - 0.087
Cobalt 2.738 - - 0.001 0.000 0.000 - 2.740
Nitrite 0.202 - - 0.000 0.000 - - 0.202
Zinc 0.009 - - 0.000 0.000 - - 0.009
TOTAL 4.905 - - 0.005 0.001 0.001 - 5.090
RME Hazard Index:  Immune System/Thyroid Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Cobalt 2.738 - - 0.001 0.000 0.000 - 2.740
Cyanide 0.028 - - 0.000 0.000 - - 0.028
Mercury 0.094 - - 0.000 0.000 0.003 0.000 0.097
Perchlorate 0.016 - - 0.000 0.000 - - 0.016
TOTAL 2.876 - - 0.001 0.000 0.003 0.000 2.881




RME Hazard Index:  Skin Effects

Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Arsenic 1.871 - - 0.002 0.000 0.000 - 1.874
Selenium 0.076 - - 0.000 0.000 0.000 - 0.076
Silver 0.003 - - 0.000 0.000 - - 0.003
TOTAL 1.950 - - 0.002 0.000 0.000 - 1.953

RME Hazard Index:  Gastrointestinal Effects

Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Beryllium 0.071 - - 0.012 0.002 0.000 - 0.084
Copper 0.023 - - 0.000 0.000 - - 0.023
Iron 0.847 - - 0.001 0.000 - - 0.848
TOTAL 0.941 - - 0.013 0.002 0.000 0.000 0.956

RME Hazard Index:  Bone/Teeth Effects

Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Strontium 0.074 - - 0.000 0.000 - - 0.074
Fluoride 0.944 - - 0.001 0.000 0.000 - 0.946
TOTAL 1.019 - - 0.001 0.000 0.000 - | 1.020
RME Hazard Index:  Hair Loss
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Selenium 0.076 - - 0.000 0.000 0.000 - 0.076
Thallium 1.136 - - 0.001 0.000 - - 1.138
Vanadium 0.316 - - 0.014 0.002 0.000 - 0.332
TOTAL 1.528 - - 0.015 0.003 0.000 - 1.546
RME Hazard Index:  Liver Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Acetone 0.001 - - 0.000 0.000 0.000 0.000 0.001
Bis(2-ethylhexyl)r 0.032 - - - - - - 0.032
Thallium 1.136 - - 0.001 0.000 - - 1.138

TOTAL 1.169 -- -- 0.001 0.000 0.000 -- 1.171




RME Hazard Index:  Gout
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Molybdenum 0.150 - - 0.000 0.000 - - 0.150
TOTAL 0.150 - - 0.000 0.000 - - | 0.150
RME Hazard Index:  Reproductive Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Arsenic 1.871 - - 0.002 0.000 0.000 - 1.874
Boron 0.025 - - 0.000 0.000 0.000 - 0.025
Cobalt 2.738 - - 0.001 0.000 0.000 - 2.740
TOTAL 4.634 - - 0.003 0.001 0.000 - 4.639
RME Hazard Index:  Central Nervous System Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Acetone 0.001 - - 0.000 0.000 0.000 0.000 0.001
Chloromethane - - - - - 0.000 0.000 0.000
Cobalt 2.738 - - 0.001 0.000 0.000 - 2.740
Cyanide 0.028 - - 0.000 0.000 - - 0.028
Lead* - - - - - - - -
Manganese 1.349 - - 0.038 0.006 0.002 - 1.395
Mercury 0.094 - - 0.000 0.000 0.003 0.000 0.097
Selenium 0.076 - - 0.000 0.000 0.000 - 0.076
TOTAL 1.519 - - 0.040 0.007 0.005 0.000 4.337




Table 5A-6 Carcinogenic Risk: Central Tendency

Chemical of Interest

Tapwater:
Ingestion

Homegrown
Produce:
Ingestion

Handwashing:
Dermal
Uptake

Bathing:
Dermal
Uptake

Swimming:
Dermal
Uptake

Bathing:
Inhalation

Swimming:
Inhalation

Total Risk:

Acetone

Aluminum

Ammonia

Antimony

Arsenic

Barium

Beryllium

Bis(2-ethylhexyl)phthalate

Boron

Cadmium

Chloromethane

Total Chromium

Cobalt

Copper

Cyanide

DDE

Fluoride

Delta HCH

Iron

Lead

Manganese

Mercury

Molybdenum

Nickel

Nitrite

OCDD

Perchlorate

Total PCBs

Selenium

Silver

Strontium

Thallium

Uranium

Vanadium

Zinc

Total

-- Not Applicable.




Table 5A-7 Carcinogenic Risk

: Reasonable Maximum Exposure

Chemical of Interest

Tapwater:
Ingestion

Homegrown
Produce:
Ingestion

Handwashing

Dermal
Uptake

Bathing:
Dermal
Uptake

Swimming:
Dermal
Uptake

Bathing:
Inhalation

Swimming:
Inhalation

Total Risk:

Acetone

Aluminum

Ammonia

Antimony

Arsenic

Barium

Beryllium

Bis(2-ethylhexyl)phthalate

Boron

Cadmium

Chloromethane

Total Chromium

Cobalt

Copper

Cyanide

DDE

Fluoride

Delta HCH

Iron

Lead

Manganese

Mercury

Molybdenum

Nickel

Nitrite

OCDD

Perchlorate

Total PCBs

Selenium

Silver

Strontium

Thallium

Uranium

Vanadium

Zinc

Total




5B-1: Central Tendency Exposure Hazard Indices - Target Health Endpoints

CT Hazard Index:

Kidney Effects

Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Acetone 0.392 - - 0.001 0.000 0.000 0.000 0.393
Barium 0.644 - - 0.023 0.002 - - 0.669
Cadmium 0.644 - - 0.032 0.002 - - 0.679
Uranium 0.644 -- -- 0.002 0.000 -- -- 0.646
TOTAL 2.325 -- -- 0.057 0.004 0.000 0.000 2.386
CT Hazard Index:  Respiratory Effects
Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Ammonia - - - - - - - -
Beryllium 0.129 - - 0.046 0.003 - - 0.178
Boron 1.933 - - 0.005 0.000 - - 1.938
Cadmium 0.644 - - 0.032 0.002 - - 0.679
Total Chromium 2.147 - - 0.215 0.015 - - 2.377
Nickel 2.255 -- -- 0.028 0.002 -- -- 2.285
TOTAL 7.107 -- -- 0.326 0.023 0.000 -- 7.456
CT Hazard Index:  Decreased Body/Organ Weights
Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Aluminum 2.351 - - 0.006 0.000 - - 2.358
Cyanide 0.644 - - 0.002 0.000 - - 0.646
Nickel 2.255 -- -- 0.028 0.002 -- -- 2.285
TOTAL 5.250 -- -- 0.036 0.002 0.000 -- 5.288
CT Hazard Index:  Circulatory/Cardiovascular System Effects
Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Antimony 0.966 - - 0.016 0.001 - - 0.983
Arsenic 2.147 - - 0.005 0.000 - - 2.153
Barium 0.644 - - 0.023 0.002 - - 0.669
Cobalt 2.362 - - 0.002 0.000 - - 2.364
Nitrite 0.121 - - - - - - 0.121
Zinc 0.429 -- -- 0.006 0.000 -- -- 0.436
TOTAL 6.670 -- -- 0.053 0.004 0.000 -- 6.727
CT Hazard Index:  Immune System/Thyroid Effects
Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Cobalt 2.362 - - 0.002 0.000 - - 2.364
Cyanide 0.644 - - 0.002 0.000 - - 0.646
Mercury 0.805 - - 0.002 0.000 0.001 0.000 0.808
Perchlorate 1.380 -- -- 0.003 0.000 -- -- 1.384
TOTAL 5.192 -- -- 0.009 0.001 0.001 0.000 5.202




CT Hazard Index:

Skin Effects

Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Arsenic 2.147 - - 0.005 0.000 - - 2.153
Selenium 0.644 - - 0.002 0.000 - - 0.646
Silver 1.288 -- -- 0.048 0.003 -- -- 1.340
TOTAL 4.080 -- -- 0.055 0.004 0.000 -- 4.139
CT Hazard Index:  Gastrointestinal Effects
Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Beryllium 0.129 - - 0.046 0.003 - - 0.178
Copper 2.094 - - 0.005 0.000 - - 2.099
Iron 1.012 -- -- 0.003 0.000 -- -- 1.015
TOTAL 3.235 -- -- 0.054 0.004 0.000 -- 3.292
CT Hazard Index:  Bone/Teeth Effects
Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Strontium 0.429 - - 0.001 0.000 - - 0.431
Fluoride 4.294 -- -- 0.011 0.001 -- -- 4.306
TOTAL 4.724 -- -- 0.012 0.001 0.000 -- 4.737
CT Hazard Index: ~ Hair Loss
Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Selenium 0.644 - - 0.002 0.000 - - 0.646
Thallium 1.952 - - 0.005 0.000 - - 1.957
Vanadium 0.470 -- -- 0.045 0.003 -- -- 0.519
TOTAL 3.066 -- -- 0.052 0.004 0.000 -- 3.122
CT Hazard Index:  Liver Effects
Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Acetone 0.392 - - 0.001 0.000 0.000 0.000 0.393
Bis(2-ethylhexyl)phthalate 0.019 - - - - - - 0.019
Thallium 1.952 -- -- 0.005 0.000 -- -- 1.957
TOTAL 2.364 -- -- 0.005 0.000 0.000 0.000 2.369
CT Hazard Index:  Gout
Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Molybdenum 0.515 -- -- 0.001 0.000 -- -- 0.517
TOTAL 0.515 -- -- 0.001 0.000 -- -- 0.517

CT Hazard Index:

Reproductive Effects




Homegrown Handwashing:
Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Arsenic 2.147 - - 0.005 0.000 - - 2.153
Boron 1.933 - - 0.005 0.000 - - 1.938
Cobalt 2.362 -- -- 0.002 0.000 -- -- 2.364
TOTAL 6.442 -- -- 0.013 0.001 0.000 -- 6.455
CT Hazard Index:  Central Nervous System Effects
Homegrown Handwashing:

Tapwater: Produce: Dermal Bathing: Swimming: Bathing: Swimming:

Ingestion Ingestion Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Acetone 0.392 - - 0.001 0.000 0.000 0.000 0.393
Chloromethane - - - - - 0.000 0.000 0.000
Cobalt 2.362 - - 0.002 0.000 - - 2.364
Cyanide 0.644 - - 0.002 0.000 - - 0.646
Lead* - - - - - - - -
Manganese 0.134 -- -- 0.008 0.001 -- -- 0.143
Mercury 0.805 - - 0.002 0.000 0.001 0.000 0.808
Selenium 0.644 -- -- 0.002 0.000 -- -- 0.646
TOTAL 4.982 -- -- 0.017 0.001 0.001 0.000 5.000




5B-2: Reasonable Maximum Exposure Hazard Indices - Target Health Endpoints

RME Hazard Index:  Nephrotoxicity Effects

Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Acetone 0.865 - - 0.001 0.000 0.000 0.000 0.866
Barium 1.421 - - 0.023 0.004 0.002 - 1.449
Cadmium 1421 - - 0.032 0.005 0.000 - 1.458
Uranium 1.421 -- -- 0.002 0.000 0.000 -- 1.422
TOTAL 5.126 - - 0.057 0.010 0.002 0.000 | 5.195 |
RME Hazard Index:  Respiratory Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Ammonia - - - - - 0.000 - -
Beryllium 0.284 - - 0.046 0.008 0.000 - 0.338
Boron 4.262 - - 0.005 0.001 0.000 - 4.267
Cadmium 1421 - - 0.032 0.005 0.000 - 1.458
Total Chromium 4.735 - - 0.215 0.036 0.000 - 4.986
Nickel 4.972 - - 0.028 0.005 0.003 - 5.008
TOTAL 15.673 - - 0.326 0.054 0.004 - | 16.058 |
RME Hazard Index:  Decreased Body/Organ Weights
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Aluminum 5.185 - - 0.006 0.001 0.003 - 5.195
Cyanide 1.421 - - 0.002 0.000 - - 1.422
Nickel 4.972 - - 0.028 0.005 0.003 - 5.008
TOTAL 11.577 - - 0.036 0.006 0.006 - | 11.625 |
RME Hazard Index:  Circulatory/Cardiovascular System Effect:
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Antimony 2131 - - 0.016 0.003 - - 2.150
Arsenic 4.735 - - 0.005 0.001 0.000 - 4.742
Barium 1421 - - 0.023 0.004 0.002 - 1.449
Cobalt 5.209 - - 0.002 0.000 0.001 - 5212
Nitrite 1421 - - 0.002 0.002 - - 1.424
Zinc 0.947 -- -- 0.006 0.001 -- -- 0.955
TOTAL 13.732 - - 0.039 0.008 0.003 - | 15.931 |
RME Hazard Index:  Immune System/Thyroid Effect:
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Cobalt 5.209 - - 0.002 0.000 0.001 - 5212
Cyanide 1421 - - 0.002 0.000 - - 1.422
Mercury 1.776 - - 0.002 0.000 0.001 0.000 1.779
Perchlorate 3.044 -- -- 0.003 0.001 -- -- 3.048
TOTAL 11.449 - - 0.009 0.002 0.001 0.000 | 11.461 |
RME Hazard Index:  Skin Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Arsenic 4.735 - - 0.005 0.001 0.000 - 4.742
Selenium 1421 - - 0.002 0.000 0.000 - 1.422
Silver 2.841 - - 0.048 0.008 - - 2.897
TOTAL 8.997 - - 0.055 0.009 0.000 - | 9.061 |
RME Hazard Index:  Gastrointestinal Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Beryllium 0.284 - - 0.046 0.008 0.000 - 0.338
Copper 4.617 - - 0.005 0.001 - - 4.623
Iron 2.232 - - 0.003 0.000 - - 2.235

TOTAL 7.133 - - 0.054 0.009 0.000 0.000 | 7.196 |




RME Hazard Index:

Bone/Teeth Effects

Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Strontium 0.947 - - 0.001 0.000 - - 0.948
Fluoride 9.470 -- -- 0.011 0.002 0.000 -- 9.483
TOTAL 10.417 - - 0.012 0.002 0.000 - 10.431
RME Hazard Index:  Hair Loss
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Selenium 1421 - - 0.002 0.000 0.000 - 1.422
Thallium 4.305 - - 0.005 0.001 - - 4.310
Vanadium 1.037 -- -- 0.045 0.008 0.000 -- 1.090
TOTAL 6.762 - - 0.052 0.009 0.000 - | 6.822 |
RME Hazard Index:  Liver Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Acetone 0.865 - - 0.001 0.000 0.000 0.000 0.866
Bis(2-ethylhexyl)phthalate 0.043 - - - - - - 0.043
Thallium 4.305 -- -- 0.005 0.001 -- -- 4.310
TOTAL 5.212 - - 0.005 0.001 0.000 - | 5218 |
RME Hazard Index:  Gout
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Molybdenum 1.136 -- -- 0.001 0.000 -- -- 1.138
TOTAL 1.136 - - 0.001 0.000 -- - | 1.138 |
RME Hazard Index:  Reproductive Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Arsenic 4.735 - - 0.005 0.001 0.000 - 4.742
Boron 4.262 - - 0.005 0.001 0.000 - 4.267
Cobalt 5.209 -- -- 0.002 0.000 0.001 -- 5.212
TOTAL 14.205 - - 0.013 0.002 0.001 - 14.221 |
RME Hazard Index:  Central Nervous System Effects
Homegrown
Tapwater: Produce: Handwashing: Bathing: Swimming: Bathing: Swimming:
Ingestion Ingestion Dermal Uptake Dermal Uptake Dermal Uptake Inhalation Inhalation TOTAL
Acetone 0.865 - - 0.001 0.000 0.000 0.000 0.866
Chloromethane - - - - - 0.000 0.000 0.000
Cobalt 5.209 - - 0.002 0.000 0.001 - 5212
Cyanide 1421 - - 0.002 0.000 - - 1.422
Lead* - - - - - - - -
Manganese 0.296 - - 0.008 0.001 0.000 - 0.306
Mercury 1.776 - - 0.002 0.000 0.001 0.000 1.779
Selenium 1421 - - 0.002 0.000 0.000 - 1.422
TOTAL 3.492 - - 0.017 0.003 0.002 0.000 | 11.007 |




5B-3: Carcinogenic Risk Central Tendency

Chemical of Interest

Tapwater:

Ingestion

Homegrown
Produce:
Ingestion

Handwashing

Dermal
Uptake

Bathing:
Dermal
Uptake

Swimming:
Dermal
Uptake

Bathing:
Inhalation

Swimming:
Inhalation

Total Risk:

Acetone

Aluminum

Ammonia

Antimony

Arsenic

Barium

Beryllium

Bis(2-ethylhexyl)phthalate

Boron

Cadmium

Chloromethane

Total Chromium

Cobalt

Copper

Cyanide

DDE

Fluoride

Delta HCH

Iron

Lead

Manganese

Mercury

Molybdenum

Nickel

Nitrite

OCDD

Perchlorate

Total PCBs

Selenium

Silver

Strontium

Thallium

Uranium

Vanadium

Zinc

Total

-- Not Applicable.




5B-4: Carcinogenic Risk: Reasonable Maximum Exposure

Chemical of Interest

Tapwater:
Ingestion

Homegrown
Produce:
Ingestion

Handwashing

Dermal
Uptake

Bathing:
Dermal
Uptake

Swimming:
Dermal
Uptake

Bathing:
Inhalation

Swimming:
Inhalation

Total Risk:

Acetone

Aluminum

Ammonia

Antimony

Arsenic

Barium

Beryllium

Bis(2-ethylhexyl)phthalate

Boron

Cadmium

Chloromethane

Total Chromium

Cobalt

Copper

Cyanide

DDE

Fluoride

Delta HCH

Iron

Lead

Manganese

Mercury

Molybdenum

Nickel

Nitrite

OCDD

Perchlorate

Total PCBs

Selenium

Silver

Strontium

Thallium

Uranium

Vanadium

Zinc

Total




5C-1: Exposure Parameters

Age-Specific Exposure Parameters for Male

Chronic Exposure

Tap Water Ingestion

Homegrown Produce

Bathing Inhalation Rate

Swimming Inhalation

Water Immersion Exposure Times

Age Cohort Total Years Duration (days) Rate (L/day) Ingestion Rate (kg/day) (m*/day) Rate (m*/day) Swimming Bathing

CT RME CT RME RME and CT RME and CT CT RME RME/CT

Birth to < 5 years old 5 1,825 0.40 1.0 0.0050 0.0151 0.28 0.032 1.8E+05 4.3E+05 2.8E+06
5to < 15 years old 10 3,650 0.54 14 0.0095 0.0269 0.37 0.047 4.3E+05 1.0E+06 6.6E+06
15 <25 years old 10 3,650 0.97 2.5 0.0131 0.0393 0.43 0.041 3.1E+05 7.5E+05 7.1E+06
25 < 70 years 45 16,425 1.18 2.8 0.0164 0.0497 0.24 0.019 6.0E+05 1.4E+06 1.7E+07
Birth to < 70 years old 70 25,550 0.99 2.4 0.0140 0.0421 0.29 0.029 1.5E+06 3.7E+06 3.3E+07

Age-Specific Exposure Parameters for Female

Chronic Exposure

Tap Water Ingestion

Homegrown Produce

Bathing Inhalation Rate

Swimming Inhalation

Water Immersion Exposure Times

Age Cohort Total Years Duration (days) Rate (L/day) Ingestion Rate (kg/day) (m*/day) Rate (m*/day) Swimming Bathing

CT RME CT RME RME and CT RME and CT CT RME RME/CT

Birth to < 5 years old 5 1,825 0.40 1.0 0.0049 0.0148 0.27 0.031 1.8E+05 4.3E+05 2.8E+06
5to < 15 years old 10 3,650 0.54 14 0.0093 0.0263 0.34 0.044 4.3E+05 1.0E+06 6.6E+06
15 <25 years old 10 3,650 0.97 2.5 0.0112 0.0338 0.36 0.033 3.1E+05 7.5E+05 7.1E+06
25 < 70 years 45 16,425 1.18 2.8 0.0141 0.0427 0.19 0.014 6.0E+05 1.4E+06 1.7E+07
Birth to < 70 years old 70 25,550 0.99 2.4 0.0122 0.0366 0.24 0.023 1.5E+06 3.7E+06 3.3E+07

CT Central Tendency exposure parameter (i.e. average, or typical exposure).
RME Reasonable Maximum Exposure parameter (i.e. upperbound exposure).
See Section X for parameter descriptions.




5C-2: Central Tendency Risk C: - Males - Ci ation Data
Tap Water Ingestion® | Home/Locally-Grown Bathing Swimming Swimming® Bathing” Total
Age Cohort Radionuclide Total Lifetime Total Lifetime Total Lifetime Total Dose Lifetime Total Dose Lifetime Total Dose Lifetime Cancer
Intal'<e Capcer Intal'<e Capcer Intal'<e Capcer V) Capcer [sv] Capcer [sv] Capcer Risk
(uCi) Risk (uCi) Risk (uCi) Risk Risk Risk Risk

Americium-241 2.2E-04 | 1.7E-07 | 2.5E-06 | 1.8E-09 | 4.0E-09 | 4.8E-10 - - 4.4E-12 | 24E-13 | 59E-11 | 3.2E-12 | 1.68E-07
Lead-214 3.3E-03 | 1.1E-08 | 5.0E-08 | 1.7E-13 | 6.2E-08 | 1.0E-11 - - 9.2E-10 | 5.1E-11 | 1.2E-08 | 6.8E-10 | 1.22E-08
Plutonium-238 1.6E-06 | 1.5E-09 | 1.98-08 | 1.7E-11 | 3.0E-11 | 4.2E-12 - - 2.0E-16 | 1.1E-17 | 2.6E-15 | 1.5E-16 | 1.55E-09
Plutonium-239 1.8E-06 | 1.7E-09 | 2.1E-08 | 1.9E-11 | 3.4E-11 | 4.7E-12 - - 1.9E-16 | 1.0E-17 | 2.5E-15 | 1.4E-16 | 1.76E-09
Potassium-40 5.2E-03 | 1.3E-06 | 6.7E-05 | 1.7E-08 | 9.7E-08 | 3.2E-11 - - 9.7E-10 | 5.3E-11 | 1.3E-08 | 7.2E-10 | 1.36E-06
Radium-226 4.4E-04 | 9.8E-07 | 5.1E-06 | 1.1E-08 | 8.2E-09 | 5.3E-10 - - 3.3E-12 | 1.8E-13 | 4.4E-11 | 2.4E-12 | 9.95E-07
Radium-228 5.9E-04 | 46E-06 | 6.9E-06 | 5.2E-08 | 1.1E-08 | 3.4E-10 - - - - - - 4.65E-06
0<5 years Slron'tiumfgo 8.0E-05 | 2.2E-08 | 1.0E-06 | 2.8E-10 | 1.5E-09 | 8.8E-13 - - 1.3E-14 | 7.0E-16 | 1.7E-13 | 9.3E-15 | 2.21E-08
Thorium-228 1.1E-04 | 1.4E-07 1.3E-06 | 1.5E-09 | 2.1E-09 | 1.6E-09 - - 2.5E-13 | 1.4E-14 | 3.4E-12 | 1.9E-13 | 1.42E-07
Thorium-230 9.9E-05 | 7.2E-08 | 1.1E-06 | 8.0E-10 | 1.8E-09 | 3.1E-10 - - 42E-14 | 2.3E-15 | 56E-13 | 3.1E-14 | 7.34E-08
Thorium-232 8.6E-05 | 7.3E-08 | 1.0E-06 | 8.0E-10 | 1.6E-09 | 3.9E-10 - - 1.8E-14 | 1.0E-15 | 2.5E-13 | 1.4E-14 | 7.42E-08
Tritium 1.3E-02 | 3.4E-09 | 4.0E-04 | 25E-10 | 4.5E-09 | 1.2E-15 | 5.1E-10 | 1.4E-16 - - - - 3.67E-09
Uranium-234 9.3E-04 | 5.6E-07 1.1E-05 | 6.5E-09 | 1.7E-08 | 1.1E-09 - - 1.8E-13 | 9.6E-15 | 2.3E-12 | 1.3E-13 | 5.72E-07
Uranium-235 3.6E-05 | 2.2E-08 | 4.2E-07 | 2.5E-10 | 6.7E-10 | 3.9E-11 - - 6.1E-12 | 3.4E-13 | 8.2E-11 | 4.5E-12 | 2.22E-08
Uranium-238 6.2E-04 | 3.4E-07 | 7.2E-06 | 3.9E-09 | 1.2E-08 | 6.2E-10 - - 5.3E-14 | 2.9E-15 | 7.1E-13 | 3.9E-14 | 3.46E-07
Total 2.4E-02 | 8.3E-06 | 5.1E-04 | 9.7E-08 | 2.2E-07 | 5.5E-09 | 5.1E-10 | 1.4E-16 | 1.9E-09 | 1.1E-10 | 2.6E-08 | 1.4E-09 | 8.44E-06
Americium-241 5.9E-04 | 19E-07 | 9.6E-06 | 3.1E-09 | 1.1E-08 | 7.2E-10 - - 1.1E-11 | 5.9E-13 | 1.4E-10 | 7.4E-12 | 1.91E-07
Lead-214 9.0E-03 | 1.3E-08 | 1.9E-07 | 2.8E-13 | 1.6E-07 | 1.7E-11 - - 2.3E-09 | 1.2E-10 | 2.8E-08 | 1.6E-09 | 1.49E-08
Plutonium-238 4.4E-06 | 1.7E-09 | 7.1E-08 | 2.8E-11 7.8E-11 | 6.3E-12 - - 48E-16 | 2.7E-17 | 6.1E-15 | 3.4E-16 | 1.73E-09
Plutonium-239 5.0E-06 | 2.0E-09 | 8.1E-08 | 3.2E-11 8.9E-11 | 7.0E-12 - - 46E-16 | 25E-17 | 5.8E-15 | 3.2E-16 | 2.00E-09
Potassium-40 1.4E-02 1.5E-06 | 2.6E-04 | 2.7E-08 | 2.5E-07 | 4.0E-11 - - 2.4E-09 | 1.3E-10 | 3.0E-08 | 1.7E-09 | 1.52E-06
Radium-226 1.2E-03 | 1.7E-06 | 2.0E-05 | 2.8E-08 | 2.1E-08 | 7.4E-10 - - 8.0E-12 | 4.4E-13 | 1.0E-10 | 5.6E-12 | 1.72E-06
Radium-228 1.6E-03 | 7.3E-06 | 2.6E-05 | 1.2E-07 2.9E-08 | 4.4E-10 - - - - - - 7.37E-06
10 <15 years Slron'tiumeO 2.2E-04 | 3.0E-08 | 3.9E-06 | 5.4E-10 | 3.9E-09 | 1.2E-12 - - 3.1E-14 | 1.7E-15 | 3.9E-13 | 2.1E-14 | 3.04E-08
Thorium-228 3.1E-04 | 1.4E-07 | 5.0E-06 | 2.2E-09 | 5.6E-09 | 2.3E-09 - - 6.2E-13 | 3.4E-14 | 7.8E-12 | 4.3E-13 | 1.40E-07
Thorium-230 2.7E-04 | 7.8E-08 | 4.4E-06 | 1.3E-09 | 4.8E-09 | 4.1E-10 - - 1.0E-13 | 5.6E-15 | 1.3E-12 | 7.1E-14 | 7.92E-08
Thorium-232 2.3E-04 | 7.7E-08 | 3.8E-06 | 1.3E-09 | 4.2E-09 | 4.8E-10 - - 45E-14 | 25E-15 | 5.7E-13 | 3.1E-14 | 7.86E-08
Tritium 3.4E-02 | 52E-09 | 15E-03 | 57E-10 | 1.2E-08 | 1.8E-15 | 15E-09 | 2.3E-16 - - - - 5.80E-09
Uranium-234 2.5E-03 | 6.9E-07 | 4.1E-05 | 1.1E-08 | 4.5E-08 | 1.6E-09 - - 4.3E-13 | 2.4E-14 | 5.4E-12 | 3.0E-13 | 7.03E-07
Uranium-235 9.7E-05 | 2.7E-08 | 1.6E-06 | 4.4E-10 | 1.7E-09 | 5.3E-11 - - 15E-11 | 8.3E-13 | 1.9E-10 | 1.0E-11 | 2.70E-08
Uranium-238 1.7E-03 | 4.2E-07 | 2.8E-05 | 6.9E-09 | 3.0E-08 | 8.6E-10 - - 1.3E-13 | 7.2E-15 | 1.6E-12 | 9.0E-14 | 4.25E-07
Total 6.6E-02 | 1.2E-05 | 1.9E-03 | 2.0E-07 | 5.8E-07 | 7.6E-09 | 1.5E-09 | 2.3E-16 | 4.7E-09 | 2.6E-10 | 5.9E-08 | 3.2E-09 | 1.23E-05
Americium-241 1.0E-03 | 1.7E-07 1.3E-05 | 2.2E-09 | 1.2E-08 | 4.9E-10 - - 7.7E-12 | 4.3E-13 | 1.5E-10 | 8.1E-12 | 1.74E-07
Lead-214 1.6E-02 1.0E-08 | 2.6E-07 1.7E-13 | 1.9E-07 | 9.9E-12 - - 1.6E-09 | 9.0E-11 | 3.1E-08 | 1.7E-09 | 1.21E-08
Plutonium-238 7.8E-06 | 1.6E-09 | 9.8E-08 | 2.1E-11 9.2E-11 | 4.5E-12 - - 3.5E-16 | 1.9E-17 | 6.6E-15 | 3.6E-16 | 1.67E-09
Plutonium-239 8.8E-06 | 2.0E-09 | 1.1E-07 | 2.5E-11 1.0E-10 | 5.1E-12 - - 3.3E-16 | 1.8E-17 | 6.3E-15 | 3.5E-16 | 1.99E-09
Potassium-40 2.5E-02 | 9.0E-07 | 3.5E-04 | 1.3E-08 | 3.0E-07 | 1.7E-11 - - 1.7E-09 | 9.4E-11 | 3.3E-08 | 1.8E-09 | 9.15E-07
Radium-226 2.1E-03 | 2.2E-06 | 2.7E-05 | 2.8E-08 | 2.5E-08 | 3.7E-10 - - 5.8E-12 | 3.2E-13 | 1.1E-10 | 6.0E-12 | 2.22E-06
Radium-228 2.8E-03 | 7.3E-06 | 3.6E-05 | 9.4E-08 | 3.4E-08 | 2.2E-10 - - - - - - 7.38E-06
15 < 25 years Slron'tiumeO 3.9E-04 | 4.0E-08 | 54E-06 | 57E-10 | 4.6E-09 | 6.0E-13 - - 2.2E-14 | 1.2E-15 | 4.2E-13 | 2.3E-14 | 4.09E-08
Thorium-228 55E-04 | 82E-08 | 6.8E-06 | 1.0E-09 | 6.5E-09 | 1.0E-09 - - 4.4E-13 | 2.4E-14 | 8.4E-12 | 4.6E-13 | 8.40E-08
Thorium-230 4.8E-04 | 7.0E-08 | 6.0E-06 | 8.9E-10 | 5.6E-09 | 1.7E-10 - - 7.4E-14 | 41E-15 | 1.4E-12 | 7.7E-14 | 7.15E-08
Thorium-232 4.2E-04 | 7.0E-08 | 5.3E-06 | 8.9E-10 | 4.9E-09 | 2.3E-10 - - 3.3E-14 | 1.8E-15 | 6.2E-13 | 3.4E-14 | 7.14E-08
Tritium 6.1E-02 | 55E-09 | 2.1E-03 | 4.2E-10 | 1.4E-08 | 1.2E-15 | 1.3E-09 | 1.2E-16 - - - - 5.95E-09
Uranium-234 45E-03 | 5.2E-07 | 5.7E-05 | 6.6E-09 5.3E-08 | 7.7E-10 - - 3.1E-13 | 1.7E-14 | 5.9E-12 | 3.2E-13 | 5.27E-07
Uranium-235 1.7E-04 | 2.0E-08 | 2.2E-06 | 2.5E-10 | 2.1E-09 | 2.6E-11 - - 1.1E-11 | 6.0E-13 | 2.1E-10 | 1.1E-11 | 1.98E-08
Uranium-238 3.0E-03 | 3.1E-07 | 3.8E-05 | 4.0E-09 | 3.6E-08 | 4.1E-10 - - 9.4E-14 | 5.2E-15 | 1.8E-12 | 9.8E-14 | 3.18E-07
Total 1.2E-01 | 1.2E-05 | 2.7E-03 | 1.5E-07 | 6.8E-07 | 3.7E-09 | 1.3E-09 | 12E-16 | 3.4E-09 | 19E-10 | 6.4E-08 | 3.5E-09 | 1.18E-05
Americium-241 5.8E-03 | 3.9E-07 | 7.4E-05 | 5.5E-09 | 3.1E-08 | 6.2E-10 - - 15E-11 | 8.1E-13 | 1.5E-11 | 1.9E-11 | 3.91E-07
Lead-214 8.8E-02 1.1E-08 | 1.5E-06 | 2.1E-13 | 4.7E-07 | 1.0E-11 - - 3.1E-09 | 1.7E-10 | 3.1E-09 | 4.0E-09 | 1.52E-08
Plutonium-238 43E-05 | 3.7E-09 | 5.5E-07 5.3E-11 2.3E-10 | 5.5E-12 - - 6.7E-16 | 3.7E-17 | 6.7E-16 | 8.6E-16 | 3.76E-09
Plutonium-239 49E-05 | 43E-09 | 6.3E-07 | 6.2E-11 2.6E-10 | 6.2E-12 - - 6.4E-16 | 3.5E-17 | 6.4E-16 | 8.2E-16 | 4.38E-09
Potassium-40 1.4E-01 1.4E-06 | 2.0E-03 | 2.2E-08 | 7.4E-07 | 2.0E-11 - - 3.3E-09 | 1.8E-10 | 3.3E-09 | 4.2E-09 | 1.43E-06
Radium-226 1.2E-02 1.8E-06 | 1.5E-04 | 2.6E-08 | 6.2E-08 | 4.2E-10 - - 1.1E-11 | 6.1E-13 | 1.1E-11 | 1.4E-11 | 1.85E-06
Radium-228 1.6E-02 | 5.3E-06 | 2.0E-04 | 7.5E-08 | 8.4E-08 | 2.6E-10 - - - - - - 5.38E-06
25 <70 years Slron'tiumeO 2.1E-03 | 85E-08 | 3.1E-05 | 1.3E-09 | 1.1E-08 | 7.5E-13 - - 43E-14 | 2.3E-15 | 4.3E-14 | 55E-14 | 8.68E-08
Thorium-228 3.0E-03 | 1.4E-07 | 3.8E-05 | 1.9E-09 1.6E-08 | 1.3E-09 - - 8.5E-13 | 4.7E-14 | 85E-13 | 1.1E-12 | 1.41E-07
Thorium-230 2.6E-03 | 14E-07 | 3.4E-05 | 2.1E-09 | 14E-08 | 2.5E-10 - - 14E-13 | 7.8E-15 | 1.4E-13 | 1.8E-13 | 1.47E-07
Thorium-232 2.3E-03 | 1.3E-07 | 3.0E-05 | 1.9E-09 1.2E-08 | 3.8E-10 - - 6.2E-14 | 3.4E-15 | 6.2E-14 | 8.0E-14 | 1.36E-07
Tritium 3.4E-01 1.1E-08 | 1.2E-02 | 9.0E-10 | 3.4E-08 | 1.1E-15 | 2.7E-09 | 8.8E-17 - - - - 1.20E-08
Uranium-234 2.5E-02 | 8.7E-07 | 3.2E-04 | 1.2E-08 | 1.3E-07 | 8.9E-10 - - 5.9E-13 | 3.3E-14 | 5.9E-13 | 7.6E-13 | 8.83E-07
Uranium-235 9.5E-04 | 3.2E-08 | 1.2E-05 | 4.6E-10 | 5.1E-09 | 8.0E-11 - - 2.1E-11 | 1.1E-12 | 2.1E-11 | 2.7E-11 | 3.27E-08
Uranium-238 1.6E-02 | 5.3E-07 | 2.1E-04 | 7.6E-09 | 8.8E-08 | 4.8E-10 - - 1.8E-13 | 9.9E-15 | 1.8E-13 | 2.3E-13 | 5.36E-07
Total 6.5E-01 | 1.1E-05 | 1.5E-02 | 1.6E-07 | 1.7E-06 | 4.7E-09 | 2.7E-09 | 8.8E-17 | 6.4E-09 | 3.5E-10 | 6.4E-09 | 8.3E-09 | 1.11E-05
Americium-241 75E-03 | 7.8E-07 | 9.9E-05 | 1.3E-08 | 5.9E-08 | 1.6E-09 - - 3.8E-11 | 2.1E-12 | 6.9E-10 | 3.8E-11 | 7.94E-07
Lead-214 1.1E-01 | 3.9E-08 | 2.0E-06 | 9.5E-13 | 9.0E-07 | 3.3E-11 - - 7.9E-09 | 4.4E-10 | 1.4E-07 | 7.9E-09 | 4.78E-08
Plutonium-238 5.6E-05 | 7.3E-09 | 7.4E-07 1.2E-10 | 4.4E-10 | 1.5E-11 - - 1.7E-15 | 9.3E-17 | 3.1E-14 | 1.7E-15 | 7.43E-09
Plutonium-239 6.3E-05 | 8.5E-09 | 8.4E-07 1.5E-10 | 5.0E-10 | 1.7E-11 - - 1.6E-15 | 8.9E-17 | 3.0E-14 | 1.6E-15 | 8.71E-09
Potassium-40 1.8E-01 | 4.4E-06 | 2.6E-03 | 9.1E-08 | 1.4E-06 | 7.0E-11 - - 8.4E-09 | 4.6E-10 | 1.5E-07 | 8.4E-09 | 4.54E-06
Radium-226 1.5E-02 | 5.8E-06 | 2.0E-04 | 1.0E-07 1.2E-07 | 1.4E-09 - - 2.8E-11 | 15E-12 | 5.1E-10 | 2.8E-11 | 5.93E-06
Radium-228 2.0E-02 | 2.1E-05 | 2.7E-04 | 3.9E-07 1.6E-07 | 8.3E-10 - - - - - - 2.16E-05
Lifetime Strontium-90 2.8E-03 | 16E-07 | 4.1E-05 | 2.8E-09 | 2.2E-08 | 2.3E-12 - - 1.1E-13 | 6.0E-15 | 2.0E-12 | 1.1E-13 | 1.58E-07
(0 < 70 years) Thorium-228 3.9E-03 | 4.2E-07 | 5.1E-05 | 7.6E-09 3.1E-08 | 4.1E-09 - - 2.2E-12 | 1.2E-13 | 3.9E-11 | 2.2E-12 | 4.34E-07
Thorium-230 3.4E-03 | 3.1E-07 | 4.5E-05 | 5.4E-09 2.7E-08 | 7.6E-10 - - 3.6E-13 | 2.0E-14 | 6.6E-12 | 3.6E-13 | 3.17E-07
Thorium-232 3.0E-03 | 3.0E-07 | 4.0E-05 | 5.3E-09 2.3E-08 | 1.0E-09 - - 1.6E-13 | 8.7E-15 | 2.9E-12 | 1.6E-13 | 3.08E-07
Tritium 44E-01 | 25E-08 | 1.6E-02 | 2.3E-09 | 6.5E-08 | 3.6E-15 | 6.4E-09 | 3.6E-16 - - - - 2.70E-08
Uranium-234 3.2E-02 | 2.3E-06 | 4.3E-04 | 4.1E-08 | 2.5E-07 | 2.9E-09 - - 15E-12 | 8.3E-14 | 2.7E-11 | 1.5E-12 | 2.32E-06
Uranium-235 1.2E-03 | 8.7E-08 | 1.6E-05 | 1.6E-09 9.7E-09 | 9.8E-11 - - 5.3E-11 | 2.9E-12 | 9.6E-10 | 5.3E-11 | 8.82E-08
Uranium-238 2.1E-02 1.4E-06 | 2.8E-04 | 2.5E-08 | 1.7E-07 | 1.6E-09 - - 46E-13 | 25E-14 | 8.3E-12 | 4.6E-13 | 1.40E-06
Total 8.5E-01 | 3.7E-05 | 2.0E-02 | 6.9E-07 | 3.2E-06 | 1.4E-08 | 6.4E-09 | 3.6E-16 | 1.6E-08 | 9.0E-10 | 3.0E-07 | 1.6E-08 |3.797E-05




5C-3: Reasonable Maximum Exposure Risk Calculations - Males - Concentration Data

Age Cohort

Radionuclide

Tap Water Ingestiona

Grown Produce

Inhalation While Bathing

Inhalation While Swimming

Water Immersion - Swimminga

Water Immersion - Bathinga

Total Intake

Lifetime

Total Intake

Lifetime

Total Intake

Lifetime

Total Dose

Lifetime

Lifetime

Lifetime

Total Cancer

(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Total Dose [Sv] Cancer Risk Total Dose [Sv] Cancer Risk Risk
Americium-241 1.4E-03 1.0E-06 1.9E-05 1.4E-08 9.9E-09 1.2E-09 - - 2.1E-11 1.2E-12 1.4E-10 7.9E-12 1.05E-06
Lead-214 9.3E-03 3.2E-08 1.7E-07 5.7E-13 6.8E-08 11E-11 - - 2.0E-09 1.1E-10 1.4E-08 7.5E-10 3.30E-08
Plutonium-238 4.9E-06 4.7E-09 6.8E-08 6.1E-11 3.6E-11 5.1E-12 - - 4.7E-16 2.6E-17 3.2E-15 1.7E-16 4.76E-09
Plutonium-239 6.0E-06 5.7E-09 8.3E-08 7.5E-11 4.4E-11 6.0E-12 - - 4.9E-16 2.7E-17 3.3E-15 1.8E-16 5.82E-09
Potassium-40 3.5E-02 9.0E-06 5.3E-04 1.4E-07 2.5E-07 8.5E-11 - - 5.1E-09 2.8E-10 3.4E-08 1.9E-09 9.14E-06
Radium-226 2.2E-03 5.0E-06 3.1E-05 6.9E-08 1.6E-08 1.1E-09 - - 1.3E-11 7.2E-13 8.8E-11 4.8E-12 5.11E-06
Radium-228 1.9E-03 1.4E-05 2.6E-05 1.9E-07 1.4E-08 4.2E-10 - - - - - - 1.46E-05
0<5years Strontium-90 5.2E-04 1.4E-07 7.9E-06 2.1E-09 3.8E-09 2.2E-12 - - 6.4E-14 3.5E-15 4.3E-13 2.3E-14 1.42E-07
Thorium-228 4.5E-04 5.4E-07 6.0E-06 7.1E-09 3.3E-09 2.5E-09 - - 7.7E-13 4.2E-14 5.2E-12 2.8E-13 5.54E-07
Thorium-230 5.5E-04 4.1E-07 7.6E-06 5.3E-09 4.1E-09 6.9E-10 - - 1.8E-13 1.0E-14 1.2E-12 6.8E-14 4.13E-07
Thorium-232 3.2E-04 2.7E-07 4.4E-06 3.5E-09 2.3E-09 5.7E-10 - - 5.4E-14 2.9E-15 3.6E-13 2.0E-14 2.75E-07
Tritium 3.5E-02 9.5E-09 1.3E-03 8.4E-10 4.9E-09 1.3E-15 5.1E-10 1.4E-16 - - - - 1.04E-08
Uranium-234 2.9E-03 1.7E-06 4.0E-05 2.4E-08 2.1E-08 1.4E-09 - - 4.2E-13 2.3E-14 2.8E-12 1.6E-13 1.77E-06
Uranium-235 1.1E-04 6.7E-08 1.5E-06 9.1E-10 8.0E-10 4.6E-11 - - 1.5E-11 8.0E-13 9.8E-11 5.4E-12 6.75E-08
Uranium-238 1.9E-03 1.1E-06 2.7E-05 1.5E-08 1.4E-08 7.6E-10 - - 1.3E-13 7.1E-15 8.7E-13 4.8E-14 1.08E-06
Total 9.2E-02 3.4E-05 2.0E-03 4.7E-07 4.2E-07 8.7E-09 5.1E-10 1.4E-16 7.2E-09 3.9E-10 4.8E-08 2.6E-09 3.43E-05
Americium-241 3.8E-03 1.2E-06 6.6E-05 2.1E-08 2.6E-08 1.8E-09 - - 5.3E-11 2.9E-12 3.3E-10 1.8E-11 1.23E-06
Lead-214 2.6E-02 3.8E-08 5.9E-07 8.7E-13 1.8E-07 1.9E-11 - - 5.0E-09 2.7E-10 3.1E-08 1.7E-09 4.02E-08
Plutonium-238 1.4E-05 5.4E-09 2.4E-07 9.4E-11 9.4E-11 7.5E-12 - - 1.2E-15 6.4E-17 7.3E-15 4.0E-16 5.47E-09
Plutonium-239 1.7E-05 6.7E-09 3.0E-07 1.2E-10 1.1E-10 9.1E-12 - - 1.2E-15 6.6E-17 7.5E-15 4.1E-16 6.82E-09
Potassium-40 9.7E-02 1.0E-05 1.9E-03 2.0E-07 6.6E-07 1.0E-10 - - 1.2E-08 6.9E-10 7.9E-08 4.3E-09 1.05E-05
Radium-226 6.3E-03 9.0E-06 1.1E-04 1.6E-07 4.3E-08 1.5E-09 - - 3.2E-11 1.8E-12 2.0E-10 1.1E-11 9.14E-06
Radium-228 5.2E-03 2.4E-05 9.1E-05 4.1E-07 3.5E-08 5.5E-10 - - - - - - 2.40E-05
10 < 15 years Strontium-90 1.4E-03 2.0E-07 2.8E-05 3.8E-09 9.9E-09 2.9E-12 - - 1.6E-13 8.6E-15 9.8E-13 5.4E-14 2.02E-07
Thorium-228 1.3E-03 5.5E-07 2.1E-05 9.5E-09 8.5E-09 3.5E-09 - - 1.9E-12 1.0E-13 1.2E-11 6.6E-13 5.63E-07
Thorium-230 1.6E-03 4.5E-07 2.7E-05 7.9E-09 1.1E-08 8.9E-10 - - 4.5E-13 2.5E-14 2.8E-12 1.6E-13 4.59E-07
Thorium-232 8.9E-04 2.9E-07 1.6E-05 5.2E-09 6.1E-09 7.0E-10 - - 1.3E-13 7.2E-15 8.3E-13 4.5E-14 3.00E-07
Tritium 9.9E-02 1.5E-08 4.7E-03 1.7E-09 1.3E-08 1.9E-15 1.5E-09 2.3E-16 - - - - 1.69E-08
Uranium-234 8.1E-03 2.2E-06 1.4E-04 3.9E-08 5.5E-08 1.9E-09 - - 1.0E-12 5.7E-14 6.6E-12 3.6E-13 2.25E-06
Uranium-235 3.0E-04 8.3E-08 5.3E-06 1.5E-09 2.1E-09 6.3E-11 - - 3.6E-11 2.0E-12 2.3E-10 1.2E-11 8.48E-08
Uranium-238 5.4E-03 1.3E-06 9.5E-05 2.4E-08 3.7E-08 1.0E-09 - - 3.2E-13 1.7E-14 2.0E-12 1.1E-13 1.37E-06
Total 2.6E-01 4.9E-05 7.2E-03 8.9E-07 1.1E-06 1.2E-08 1.5E-09 2.3E-16 1.8E-08 9.7E-10 1.1E-07 6.1E-09 5.02E-05
Americium-241 6.6E-03 1.1E-06 9.7E-05 1.6E-08 3.0E-08 1.2E-09 - - 3.8E-11 2.1E-12 3.6E-10 2.0E-11 1.09E-06
Lead-214 4.5E-02 2.9E-08 8.6E-07 5.6E-13 2.1E-07 1.1E-11 - - 3.6E-09 2.0E-10 3.4E-08 1.9E-09 3.11E-08
Plutonium-238 2.4E-05 5.1E-09 3.5E-07 7.5E-11 1.1E-10 5.4E-12 - - 8.4E-16 4.6E-17 8.0E-15 4.4E-16 5.15E-09
Plutonium-239 2.9E-05 6.5E-09 4.3E-07 9.7E-11 1.4E-10 6.6E-12 - - 8.6E-16 4.7E-17 8.2E-15 4.5E-16 6.63E-09
Potassium-40 1.7E-01 6.1E-06 2.8E-03 1.0E-07 7.8E-07 4.6E-11 - - 9.0E-09 5.0E-10 8.5E-08 4.7E-09 6.17E-06
Radium-226 1.1E-02 1.1E-05 1.6E-04 1.7E-07 5.0E-08 7.3E-10 - - 2.3E-11 1.3E-12 2.2E-10 1.2E-11 1.15E-05
Radium-228 9.0E-03 2.3E-05 1.3E-04 3.5E-07 4.1E-08 2.7E-10 - - - - - - 2.34E-05
15 < 25 years Strontium-90 2.5E-03 2.6E-07 4.1E-05 4.3E-09 1.2E-08 1.5E-12 - - 1.1E-13 6.2E-15 1.1E-12 5.9E-14 2.65E-07
Thorium-228 2.2E-03 3.2E-07 3.1E-05 4.7E-09 1.0E-08 1.6E-09 - - 1.4E-12 7.5E-14 1.3E-11 7.1E-13 3.29E-07
Thorium-230 2.7E-03 4.0E-07 4.0E-05 5.9E-09 1.2E-08 3.8E-10 - - 3.3E-13 1.8E-14 3.1E-12 1.7E-13 4.05E-07
Thorium-232 1.6E-03 2.6E-07 2.3E-05 3.9E-09 7.2E-09 3.3E-10 - - 9.5E-14 5.2E-15 9.0E-13 4.9E-14 2.66E-07
Tritium 1.7E-01 1.6E-08 6.9E-03 1.4E-09 1.5E-08 1.3E-15 1.3E-09 1.2E-16 - - - - 1.69E-08
Uranium-234 1.4E-02 1.6E-06 2.1E-04 2.4E-08 6.4E-08 9.3E-10 - - 7.5E-13 4.1E-14 7.1E-12 3.9E-13 1.64E-06
Uranium-235 5.3E-04 6.0E-08 7.8E-06 8.9E-10 2.4E-09 3.1E-11 - - 2.6E-11 1.4E-12 2.4E-10 1.3E-11 6.07E-08
Uranium-238 9.4E-03 9.9E-07 1.4E-04 1.5E-08 4.3E-08 5.0E-10 - - 2.3E-13 1.3E-14 2.2E-12 1.2E-13 1.00E-06
Total 4.5E-01 4.6E-05 1.1E-02 6.9E-07 1.3E-06 6.0E-09 1.3E-09 1.2E-16 1.3E-08 7.0E-10 1.2E-07 6.6E-09 4.62E-05
Americium-241 3.4E-02 2.3E-06 1.2E-04 9.0E-09 7.6E-08 1.5E-09 - - 7.2E-11 4.0E-12 8.4E-10 4.6E-11 2.28E-06
Lead-214 2.3E-01 2.9E-08 1.1E-06 1.6E-13 5.2E-07 1.1E-11 - - 6.8E-09 3.8E-10 8.0E-08 4.4E-09 3.38E-08
Plutonium-238 1.2E-04 1.1E-08 4.5E-07 4.3E-11 2.7E-10 6.6E-12 - - 1.6E-15 8.8E-17 1.9E-14 1.0E-15 1.07E-08
Plutonium-239 1.5E-04 1.3E-08 5.5E-07 5.4E-11 3.4E-10 8.0E-12 - - 1.6E-15 9.1E-17 1.9E-14 1.1E-15 1.35E-08
Potassium-40 8.7E-01 8.9E-06 3.5E-03 3.9E-08 1.9E-06 5.3E-11 - - 1.7E-08 9.5E-10 2.0E-07 1.1E-08 8.93E-06
Radium-226 5.6E-02 8.8E-06 2.1E-04 3.5E-08 1.2E-07 8.4E-10 - - 4.4E-11 2.4E-12 5.2E-10 2.8E-11 8.85E-06
Radium-228 4.6E-02 1.6E-05 1.7E-04 6.2E-08 1.0E-07 3.1E-10 - - - - - - 1.58E-05
25 <70 years Strontium-90 1.3E-02 5.2E-07 5.2E-05 2.2E-09 2.9E-08 1.9E-12 - - 2.1E-13 1.2E-14 2.5E-12 1.4E-13 5.21E-07
Thorium-228 1.1E-02 5.1E-07 4.0E-05 2.0E-09 2.5E-08 2.0E-09 - - 2.6E-12 1.4E-13 3.0E-11 1.7E-12 5.13E-07
Thorium-230 1.4E-02 7.7E-07 5.0E-05 3.1E-09 3.1E-08 5.6E-10 - - 6.2E-13 3.4E-14 7.3E-12 4.0E-13 7.69E-07
Thorium-232 8.0E-03 4.6E-07 2.9E-05 1.9E-09 1.8E-08 5.5E-10 - - 1.8E-13 9.9E-15 2.1E-12 1.2E-13 4.67E-07
Tritium 8.9E-01 2.9E-08 8.8E-03 6.7E-10 3.7E-08 1.2E-15 2.7E-09 8.8E-17 - - - - 3.00E-08
Uranium-234 7.2E-02 2.5E-06 2.6E-04 1.0E-08 1.6E-07 1.1E-09 - - 1.4E-12 7.9E-14 1.7E-11 9.2E-13 2.55E-06
Uranium-235 2.7E-03 9.2E-08 9.9E-06 3.7E-10 6.1E-09 9.5E-11 - - 4.9E-11 2.7E-12 5.7E-10 3.2E-11 9.24E-08
Uranium-238 4.9E-02 1.6E-06 1.8E-04 6.2E-09 1.1E-07 5.9E-10 - - 4.4E-13 2.4E-14 5.1E-12 2.8E-13 1.56E-06
Total 2.3E+00 4.2E-05 1.3E-02 1.7E-07 3.2E-06 7.6E-09 2.7E-09 8.8E-17 2.4E-08 1.3E-09 2.8E-07 1.6E-08 4.24E-05
Americium-241 4.5E-02 4.7E-06 7.3E-04 9.8E-08 1.4E-07 4.0E-09 - - 1.8E-10 1.0E-11 1.7E-09 9.2E-11 4.79E-06
Lead-214 3.1E-01 1.1E-07 6.5E-06 3.1E-12 9.8E-07 3.6E-11 - - 1.7E-08 9.6E-10 1.6E-07 8.7E-09 1.16E-07
Plutonium-238 1.6E-04 2.2E-08 2.6E-06 4.5E-10 5.2E-10 1.8E-11 - - 4.1E-15 2.2E-16 3.7E-14 2.0E-15 2.20E-08
Plutonium-239 2.0E-04 2.7E-08 3.2E-06 5.6E-10 6.4E-10 2.1E-11 - - 4.2E-15 2.3E-16 3.8E-14 2.1E-15 2.77E-08
Potassium-40 1.2E+00 2.9E-05 2.1E-02 7.1E-07 3.7E-06 1.8E-10 - - 4.4E-08 2.4E-09 4.0E-07 2.2E-08 2.93E-05
Radium-226 7.5E-02 2.9E-05 1.2E-03 6.3E-07 2.4E-07 2.7E-09 - - 1.1E-10 6.2E-12 1.0E-09 5.7E-11 2.94E-05
Radium-228 6.2E-02 6.4E-05 1.0E-03 1.4E-06 2.0E-07 1.0E-09 - - - - - - 6.55E-05
Lifetime Strontium-90 1.7E-02 9.6E-07 3.1E-04 2.1E-08 5.5E-08 5.8E-12 - - 5.5E-13 3.0E-14 5.0E-12 2.7E-13 9.84E-07
(0 <70 years) Thorium-228 1.5E-02 1.6E-06 2.4E-04 3.5E-08 4.7E-08 6.3E-09 - - 6.6E-12 3.6E-13 6.0E-11 3.3E-12 1.63E-06
Thorium-230 1.8E-02 1.7E-06 3.0E-04 3.5E-08 5.9E-08 1.7E-09 - - 1.6E-12 8.7E-14 1.4E-11 7.9E-13 1.72E-06
Thorium-232 1.1E-02 1.1E-06 1.7E-04 2.3E-08 3.4E-08 1.5E-09 - - 4.6E-13 2.5E-14 4.2E-12 2.3E-13 1.10E-06
Tritium 1.2E+00 6.6E-08 5.2E-02 7.5E-09 7.1E-08 4.0E-15 6.4E-09 3.6E-16 - - - - 7.39E-08
Uranium-234 9.6E-02 6.8E-06 1.5E-03 1.5E-07 3.1E-07 3.5E-09 - - 3.6E-12 2.0E-13 3.3E-11 1.8E-12 6.92E-06
Uranium-235 3.6E-03 2.5E-07 5.9E-05 5.5E-09 1.2E-08 1.2E-10 - - 1.3E-10 6.9E-12 1.1E-09 6.3E-11 2.58E-07
Uranium-238 6.4E-02 4.1E-06 1.0E-03 9.0E-08 2.1E-07 1.9E-09 - - 1.1E-12 6.1E-14 1.0E-11 5.6E-13 4.22E-06
Total 3.1E+00 1.4E-04 7.9E-02 3.2E-06 6.0E-06 2.3E-08 6.4E-09 3.6E-16 6.2E-08 3.4E-09 5.6E-07 3.1E-08 1.460E-04




5C-4: Central Tendency Risk C - Females - Ci Data
Tap Water Ingestiona Grown Produce Inhalation While Bathing Inhalation While Swimming |Water Immersion - Swimminga| Water Immersion - Bathinga Total Cancer
Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime Lifetime Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Total Dose [Sv] Cancer Risk Total Dose [Sv] Cancer Risk

Americium-241 2.2E-04 1.7E-07 2.5E-06 1.8E-09 3.9E-09 4.6E-10 - - 4.4E-12 2.4E-13 5.9E-11 3.2E-12 1.68E-07
Lead-214 3.3E-03 1.1E-08 4.9E-08 1.7E-13 6.0E-08 1.0E-11 - - 9.2E-10 5.1E-11 1.2E-08 6.8E-10 1.22E-08
Plutonium-238 1.6E-06 1.5E-09 1.8E-08 1.7E-11 2.9E-11 4.1E-12 - - 2.0E-16 11E-17 2.6E-15 1.5E-16 1.55E-09
Plutonium-239 1.8E-06 1.7E-09 2.1E-08 1.9E-11 3.3E-11 4.6E-12 - - 1.9E-16 1.0E-17 2.5E-15 1.4E-16 1.76E-09
Potassium-40 5.2E-03 1.3E-06 6.5E-05 1.7E-08 9.4E-08 3.2E-11 - - 9.7E-10 5.3E-11 1.3E-08 7.2E-10 1.36E-06
Radium-226 4.4E-04 9.8E-07 5.0E-06 1.1E-08 8.0E-09 5.2E-10 - - 3.3E-12 1.8E-13 4.4E-11 2.4E-12 9.95E-07
Radium-228 5.9E-04 4.6E-06 6.7E-06 5.1E-08 1.1E-08 3.3E-10 - - - - - - 4.64E-06
0 <5 years Strontium-90 8.0E-05 2.2E-08 1.0E-06 2.7E-10 1.5E-09 8.6E-13 - - 1.3E-14 7.0E-16 1.7E-13 9.3E-15 2.21E-08
Thorium-228 1.1E-04 1.4E-07 1.3E-06 1.5E-09 2.1E-09 1.6E-09 - - 2.5E-13 1.4E-14 3.4E-12 1.9E-13 1.42E-07
Thorium-230 9.9E-05 7.2E-08 1.1E-06 7.8E-10 1.8E-09 3.1E-10 - - 4.2E-14 2.3E-15 5.6E-13 3.1E-14 7.34E-08
Thorium-232 8.6E-05 7.3E-08 9.8E-07 7.8E-10 1.6E-09 3.8E-10 - - 1.8E-14 1.0E-15 2.5E-13 1.4E-14 7.42E-08
Tritium 1.3E-02 3.4E-09 3.9E-04 2.5E-10 4.3E-09 1.2E-15 4.9E-10 1.3E-16 - - - - 3.66E-09
Uranium-234 9.3E-04 5.6E-07 1.1E-05 6.4E-09 1.7E-08 1.1E-09 - - 1.8E-13 9.6E-15 2.3E-12 1.3E-13 5.72E-07
Uranium-235 3.6E-05 2.2E-08 4.1E-07 2.5E-10 6.5E-10 3.8E-11 - - 6.1E-12 3.4E-13 8.2E-11 4.5E-12 2.22E-08
Uranium-238 6.2E-04 3.4E-07 7.1E-06 3.9E-09 1.1E-08 6.1E-10 - - 5.3E-14 2.9E-15 7.1E-13 3.9E-14 3.46E-07
Total 2.4E-02 8.3E-06 5.0E-04 9.5E-08 2.2E-07 5.4E-09 4.9E-10 1.3E-16 1.9E-09 1.1E-10 2.6E-08 1.4E-09 8.44E-06
Americium-241 5.9E-04 1.9E-07 9.4E-06 3.0E-09 9.9E-09 6.7E-10 - - 1.1E-11 5.9E-13 1.4E-10 7.4E-12 1.91E-07
Lead-214 9.0E-03 1.3E-08 1.9E-07 2.7E-13 1.5E-07 1.6E-11 - - 2.3E-09 1.2E-10 2.8E-08 1.6E-09 1.49E-08
Plutonium-238 4.4E-06 1.7E-09 7.0E-08 2.7E-11 7.3E-11 5.9E-12 - - 4.8E-16 2.7E-17 6.1E-15 3.4E-16 1.73E-09
Plutonium-239 5.0E-06 2.0E-09 7.9E-08 3.2E-11 8.3E-11 6.6E-12 - - 4.6E-16 2.5E-17 5.8E-15 3.2E-16 2.00E-09
Potassium-40 1.4E-02 1.5E-06 2.5E-04 2.7E-08 2.4E-07 3.7E-11 - - 2.4E-09 1.3E-10 3.0E-08 1.7E-09 1.52E-06
Radium-226 1.2E-03 1.7E-06 1.9E-05 2.8E-08 2.0E-08 6.9E-10 - - 8.0E-12 4.4E-13 1.0E-10 5.6E-12 1.72E-06
Radium-228 1.6E-03 7.3E-06 2.6E-05 1.2E-07 2.7E-08 4.2E-10 - - - - - - 7.37E-06
10 < 15 years Strontium-90 2.2E-04 3.0E-08 3.9E-06 5.3E-10 3.7E-09 1.1E-12 - - 3.1E-14 1.7E-15 3.9E-13 2.1E-14 3.04E-08
Thorium-228 3.1E-04 1.4E-07 4.9E-06 2.2E-09 5.2E-09 2.1E-09 - - 6.2E-13 3.4E-14 7.8E-12 4.3E-13 1.40E-07
Thorium-230 2.7E-04 7.8E-08 4.3E-06 1.2E-09 4.5E-09 3.8E-10 - - 1.0E-13 5.6E-15 1.3E-12 7.1E-14 7.91E-08
Thorium-232 2.3E-04 7.7E-08 3.7E-06 1.2E-09 3.9E-09 4.5E-10 - - 4.5E-14 2.5E-15 5.7E-13 3.1E-14 7.86E-08
Tritium 3.4E-02 5.2E-09 1.5E-03 5.5E-10 1.1E-08 1.7E-15 1.4E-09 2.1E-16 - - - - 5.78E-09
Uranium-234 2.5E-03 6.9E-07 4.0E-05 1.1E-08 4.2E-08 1.5E-09 - - 4.3E-13 2.4E-14 5.4E-12 3.0E-13 7.03E-07
Uranium-235 9.7E-05 2.7E-08 1.6E-06 4.3E-10 1.6E-09 5.0E-11 - - 1.5E-11 8.3E-13 1.9E-10 1.0E-11 2.70E-08
Uranium-238 1.7E-03 4.2E-07 2.7E-05 6.7E-09 2.8E-08 8.0E-10 - - 1.3E-13 7.2E-15 1.6E-12 9.0E-14 4.24E-07
Total 6.6E-02 1.2E-05 1.9E-03 2.0E-07 5.4E-07 7.1E-09 1.4E-09 2.1E-16 4.7E-09 2.6E-10 5.9E-08 3.2E-09 1.23E-05
Americium-241 1.0E-03 1.7E-07 1.1E-05 1.9E-09 1.0E-08 4.1E-10 - - 7.7E-12 4.3E-13 1.5E-10 8.1E-12 1.73E-07
Lead-214 1.6E-02 1.0E-08 2.2E-07 1.5E-13 1.6E-07 8.3E-12 - - 1.6E-09 9.0E-11 3.1E-08 1.7E-09 1.21E-08
Plutonium-238 7.8E-06 1.6E-09 8.4E-08 1.8E-11 7.7E-11 3.7E-12 - - 3.5E-16 1.9E-17 6.6E-15 3.6E-16 1.66E-09
Plutonium-239 8.8E-06 2.0E-09 9.6E-08 2.1E-11 8.7E-11 4.3E-12 - - 3.3E-16 1.8E-17 6.3E-15 3.5E-16 1.99E-09
Potassium-40 2.5E-02 9.0E-07 3.0E-04 1.1E-08 2.5E-07 14E-11 - - 1.7E-09 9.4E-11 3.3E-08 1.8E-09 9.13E-07
Radium-226 2.1E-03 2.2E-06 2.3E-05 2.4E-08 2.1E-08 3.0E-10 - - 5.8E-12 3.2E-13 1.1E-10 6.0E-12 2.22E-06
Radium-228 2.8E-03 7.3E-06 3.1E-05 8.0E-08 2.8E-08 1.8E-10 - - - - - - 7.37E-06
15 < 25 years Strontium-90 3.9E-04 4.0E-08 4.7E-06 4.9E-10 3.8E-09 5.0E-13 - - 2.2E-14 1.2E-15 4.2E-13 2.3E-14 4.08E-08
Thorium-228 5.5E-04 8.2E-08 5.9E-06 8.8E-10 5.4E-09 8.6E-10 - - 4.4E-13 2.4E-14 8.4E-12 4.6E-13 8.36E-08
Thorium-230 4.8E-04 7.0E-08 5.2E-06 7.6E-10 4.7E-09 1.4E-10 - - 7.4E-14 4.1E-15 1.4E-12 7.7E-14 7.13E-08
Thorium-232 4.2E-04 7.0E-08 4.5E-06 7.6E-10 4.1E-09 1.9E-10 - - 3.3E-14 1.8E-15 6.2E-13 3.4E-14 7.12E-08
Tritium 6.1E-02 5.5E-09 1.8E-03 3.6E-10 1.1E-08 1.0E-15 1.0E-09 9.5E-17 - - - - 5.89E-09
Uranium-234 4.5E-03 5.2E-07 4.9E-05 5.6E-09 4.4E-08 6.4E-10 - - 3.1E-13 1.7E-14 5.9E-12 3.2E-13 5.26E-07
Uranium-235 1.7E-04 2.0E-08 1.9E-06 2.1E-10 1.7E-09 2.2E-11 - - 1.1E-11 6.0E-13 2.1E-10 11E-11 1.98E-08
Uranium-238 3.0E-03 3.1E-07 3.2E-05 3.4E-09 3.0E-08 3.4E-10 - - 9.4E-14 5.2E-15 1.8E-12 9.8E-14 3.18E-07
Total 1.2E-01 1.2E-05 2.3E-03 1.3E-07 5.7E-07 3.1E-09 1.0E-09 9.5E-17 3.4E-09 1.9E-10 6.4E-08 3.5E-09 1.18E-05
Americium-241 5.8E-03 3.9E-07 6.4E-05 4.7E-09 2.5E-08 5.0E-10 - - 1.5E-11 8.1E-13 1.5E-11 1.9E-11 3.91E-07
Lead-214 8.8E-02 1.1E-08 1.3E-06 1.8E-13 3.8E-07 8.3E-12 - - 3.1E-09 1.7E-10 3.1E-09 4.0E-09 1.52E-08
Plutonium-238 4.3E-05 3.7E-09 4.7E-07 4.6E-11 1.8E-10 4.4E-12 - - 6.7E-16 3.7E-17 6.7E-16 8.6E-16 3.75E-09
Plutonium-239 4.9E-05 4.3E-09 5.4E-07 5.4E-11 2.1E-10 5.0E-12 - - 6.4E-16 3.5E-17 6.4E-16 8.2E-16 4.37E-09
Potassium-40 1.4E-01 1.4E-06 1.7E-03 1.9E-08 6.0E-07 1.6E-11 - - 3.3E-09 1.8E-10 3.3E-09 4.2E-09 1.43E-06
Radium-226 1.2E-02 1.8E-06 1.3E-04 2.2E-08 5.0E-08 3.4E-10 - - 1.1E-11 6.1E-13 1.1E-11 14E-11 1.85E-06
Radium-228 1.6E-02 5.3E-06 1.8E-04 6.4E-08 6.8E-08 2.1E-10 - - - - - - 5.37E-06
25 <70 years Strontium-90 2.1E-03 8.5E-08 2.6E-05 1.1E-09 9.2E-09 6.1E-13 - - 4.3E-14 2.3E-15 4.3E-14 5.5E-14 8.66E-08
Thorium-228 3.0E-03 1.4E-07 3.3E-05 1.6E-09 1.3E-08 1.0E-09 - - 8.5E-13 4.7E-14 8.5E-13 1.1E-12 1.41E-07
Thorium-230 2.6E-03 1.4E-07 2.9E-05 1.8E-09 1.1E-08 2.0E-10 - - 1.4E-13 7.8E-15 1.4E-13 1.8E-13 1.47E-07
Thorium-232 2.3E-03 1.3E-07 2.5E-05 1.7E-09 9.9E-09 3.0E-10 - - 6.2E-14 3.4E-15 6.2E-14 8.0E-14 1.35E-07
Tritium 3.4E-01 1.1E-08 1.0E-02 7.8E-10 2.7E-08 9.1E-16 2.0E-09 6.7E-17 - - - - 1.19E-08
Uranium-234 2.5E-02 8.7E-07 2.7E-04 1.1E-08 1.1E-07 7.2E-10 - - 5.9E-13 3.3E-14 5.9E-13 7.6E-13 8.81E-07
Uranium-235 9.5E-04 3.2E-08 1.1E-05 4.0E-10 4.1E-09 6.5E-11 - - 2.1E-11 1.1E-12 2.1E-11 2.7E-11 3.26E-08
Uranium-238 1.6E-02 5.3E-07 1.8E-04 6.5E-09 7.1E-08 3.9E-10 - - 1.8E-13 9.9E-15 1.8E-13 2.3E-13 5.35E-07
Total 6.5E-01 1.1E-05 1.3E-02 1.3E-07 1.4E-06 3.8E-09 2.0E-09 6.7E-17 6.4E-09 3.5E-10 6.4E-09 8.3E-09 1.10E-05
Americium-241 7.5E-03 7.8E-07 8.6E-05 1.2E-08 4.9E-08 1.4E-09 - - 3.8E-11 2.1E-12 6.9E-10 3.8E-11 7.92E-07
Lead-214 1.1E-01 3.9E-08 1.7E-06 8.3E-13 7.5E-07 2.7E-11 - - 7.9E-09 4.4E-10 1.4E-07 7.9E-09 4.78E-08
Plutonium-238 5.6E-05 7.3E-09 6.4E-07 1.1E-10 3.6E-10 1.2E-11 - - 1.7E-15 9.3E-17 3.1E-14 1.7E-15 7.42E-09
Plutonium-239 6.3E-05 8.5E-09 7.3E-07 1.3E-10 4.1E-10 14E-11 - - 1.6E-15 8.9E-17 3.0E-14 1.6E-15 8.68E-09
Potassium-40 1.8E-01 4.4E-06 2.3E-03 7.9E-08 1.2E-06 5.9E-11 - - 8.4E-09 4.6E-10 1.5E-07 8.4E-09 4.53E-06
Radium-226 1.5E-02 5.8E-06 1.8E-04 9.1E-08 9.9E-08 1.1E-09 - - 2.8E-11 1.5E-12 5.1E-10 2.8E-11 5.92E-06
Radium-228 2.0E-02 2.1E-05 2.4E-04 3.4E-07 1.3E-07 6.9E-10 - - - - - - 2.15E-05
Lifetime Strontium-90 2.8E-03 1.6E-07 3.5E-05 2.4E-09 1.8E-08 1.9E-12 - - 1.1E-13 6.0E-15 2.0E-12 1.1E-13 1.58E-07
(0 <70 years) Thorium-228 3.9E-03 4.2E-07 4.5E-05 6.6E-09 2.6E-08 3.4E-09 - - 2.2E-12 1.2E-13 3.9E-11 2.2E-12 4.33E-07
Thorium-230 3.4E-03 3.1E-07 3.9E-05 4.7TE-09 2.2E-08 6.4E-10 - - 3.6E-13 2.0E-14 6.6E-12 3.6E-13 3.16E-07
Thorium-232 3.0E-03 3.0E-07 3.4E-05 4.6E-09 2.0E-08 8.5E-10 - - 1.6E-13 8.7E-15 2.9E-12 1.6E-13 3.07E-07
Tritium 4.4E-01 2.5E-08 1.4E-02 2.0E-09 5.4E-08 3.0E-15 5.0E-09 2.8E-16 - - - - 2.67E-08
Uranium-234 3.2E-02 2.3E-06 3.7E-04 3.5E-08 2.1E-07 2.4E-09 - - 1.5E-12 8.3E-14 2.7E-11 1.5E-12 2.31E-06
Uranium-235 1.2E-03 8.7E-08 1.4E-05 1.4E-09 8.1E-09 8.2E-11 - - 5.3E-11 2.9E-12 9.6E-10 5.3E-11 8.80E-08
Uranium-238 2.1E-02 1.4E-06 2.5E-04 2.1E-08 1.4E-07 1.3E-09 - - 4.6E-13 2.5E-14 8.3E-12 4.6E-13 1.40E-06
Total 8.5E-01 3.7E-05 1.7E-02 6.0E-07 2.7E-06 1.2E-08 5.0E-09 2.8E-16 1.6E-08 9.0E-10 3.0E-07 1.6E-08 3.788E-05




5C-5: P Risk C - Females - Ci Data
Tap Water Ingestiona Grown Produce Inhalation While Bathing Inhalation While Swimming |Water Immersion - Swimminga| Water Immersion - Bathinga Total Cancer
Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime Total Dose Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk [Sv] Cancer Risk

Americium-241 1.4E-03 1.0E-06 1.8E-05 1.3E-08 9.6E-09 1.1E-09 - - 2.1E-11 1.2E-12 1.4E-10 7.9E-12 1.05E-06
Lead-214 9.3E-03 3.2E-08 1.6E-07 5.6E-13 6.6E-08 1.1E-11 - - 2.0E-09 1.1E-10 1.4E-08 7.5E-10 3.30E-08
Plutonium-238 4.9E-06 4.7E-09 6.7E-08 6.0E-11 3.5E-11 5.0E-12 - - 4.7E-16 2.6E-17 3.2E-15 1.7E-16 4.75E-09
Plutonium-239 6.0E-06 5.7E-09 8.1E-08 7.4E-11 4.3E-11 5.9E-12 - - 4.9E-16 2.7E-17 3.3E-15 1.8E-16 5.82E-09
Potassium-40 3.5E-02 9.0E-06 5.2E-04 1.3E-07 2.5E-07 8.3E-11 - - 5.1E-09 2.8E-10 3.4E-08 1.9E-09 9.13E-06
Radium-226 2.2E-03 5.0E-06 3.1E-05 6.8E-08 1.6E-08 1.0E-09 - - 1.3E-11 7.2E-13 8.8E-11 4.8E-12 5.11E-06
Radium-228 1.9E-03 1.4E-05 2.5E-05 1.9E-07 1.3E-08 4.1E-10 - - - - - - 1.46E-05
0<5years Strontium-90 5.2E-04 1.4E-07 7.7E-06 2.1E-09 3.7E-09 2.2E-12 - - 6.4E-14 3.5E-15 4.3E-13 2.3E-14 1.42E-07
Thorium-228 4.5E-04 5.4E-07 5.9E-06 7.0E-09 3.2E-09 2.4E-09 - - 7.7E-13 4.2E-14 5.2E-12 2.8E-13 5.54E-07
Thorium-230 5.5E-04 4.1E-07 7.5E-06 5.2E-09 4.0E-09 6.8E-10 - - 1.8E-13 1.0E-14 1.2E-12 6.8E-14 4.12E-07
Thorium-232 3.2E-04 2.7E-07 4.3E-06 3.4E-09 2.3E-09 5.5E-10 - - 5.4E-14 2.9E-15 3.6E-13 2.0E-14 2.74E-07
Tritium 3.5E-02 9.5E-09 1.3E-03 8.3E-10 4.8E-09 1.3E-15 4.9E-10 1.3E-16 - - - - 1.04E-08
Uranium-234 2.9E-03 1.7E-06 3.9E-05 2.4E-08 2.0E-08 1.3E-09 - - 4.2E-13 2.3E-14 2.8E-12 1.6E-13 1.77E-06
Uranium-235 1.1E-04 6.7E-08 1.5E-06 8.9E-10 7.8E-10 4.5E-11 - - 15E-11 8.0E-13 9.8E-11 5.4E-12 6.75E-08
Uranium-238 1.9E-03 1.1E-06 2.6E-05 1.4E-08 1.4E-08 7.4E-10 - - 1.3E-13 7.1E-15 8.7E-13 4.8E-14 1.08E-06
Total 9.2E-02 3.4E-05 2.0E-03 4.6E-07 4.1E-07 8.5E-09 4.9E-10 1.3E-16 7.2E-09 3.9E-10 4.8E-08 2.6E-09 3.43E-05
Americium-241 3.8E-03 1.2E-06 6.5E-05 2.1E-08 2.4E-08 1.6E-09 - - 5.3E-11 2.9E-12 3.3E-10 1.8E-11 1.23E-06
Lead-214 2.6E-02 3.8E-08 5.8E-07 8.5E-13 1.7E-07 1.8E-11 - - 5.0E-09 2.7E-10 3.1E-08 1.7E-09 4.02E-08
Plutonium-238 1.4E-05 5.4E-09 2.4E-07 9.2E-11 8.8E-11 7.1E-12 - - 1.2E-15 6.4E-17 7.3E-15 4.0E-16 5.47E-09
Plutonium-239 1.7E-05 6.7E-09 2.9E-07 1.2E-10 1.1E-10 8.5E-12 - - 1.2E-15 6.6E-17 7.5E-15 4.1E-16 6.81E-09
Potassium-40 9.7E-02 1.0E-05 1.9E-03 2.0E-07 6.2E-07 9.7E-11 - - 1.2E-08 6.9E-10 7.9E-08 4.3E-09 1.05E-05
Radium-226 6.3E-03 9.0E-06 1.1E-04 1.6E-07 4.0E-08 1.4E-09 - - 3.2E-11 1.8E-12 2.0E-10 1.1E-11 9.13E-06
Radium-228 5.2E-03 2.4E-05 9.0E-05 4.0E-07 3.3E-08 5.1E-10 - - - - - - 2.40E-05
10 < 15 years Strontium-90 1.4E-03 2.0E-07 2.8E-05 3.8E-09 9.2E-09 2.7E-12 - - 1.6E-13 8.6E-15 9.8E-13 5.4E-14 2.02E-07
Thorium-228 1.3E-03 5.5E-07 2.1E-05 9.3E-09 8.0E-09 3.2E-09 - - 1.9E-12 1.0E-13 1.2E-11 6.6E-13 5.63E-07
Thorium-230 1.6E-03 4.5E-07 2.7E-05 7.7E-09 9.9E-09 8.4E-10 - - 4.5E-13 2.5E-14 2.8E-12 1.6E-13 4.59E-07
Thorium-232 8.9E-04 2.9E-07 1.5E-05 5.1E-09 5.7E-09 6.6E-10 - - 1.3E-13 7.2E-15 8.3E-13 4.5E-14 3.00E-07
Tritium 9.9E-02 1.5E-08 4.6E-03 1.7E-09 1.2E-08 1.8E-15 1.4E-09 2.1E-16 - - - - 1.68E-08
Uranium-234 8.1E-03 2.2E-06 1.4E-04 3.8E-08 5.1E-08 1.8E-09 - - 1.0E-12 5.7E-14 6.6E-12 3.6E-13 2.25E-06
Uranium-235 3.0E-04 8.3E-08 5.2E-06 1.4E-09 1.9E-09 5.9E-11 - - 3.6E-11 2.0E-12 2.3E-10 1.2E-11 8.48E-08
Uranium-238 5.4E-03 1.3E-06 9.3E-05 2.3E-08 3.5E-08 9.8E-10 - - 3.2E-13 1.7E-14 2.0E-12 1.1E-13 1.37E-06
Total 2.6E-01 4.9E-05 7.1E-03 8.7E-07 1.0E-06 1.1E-08 1.4E-09 2.1E-16 1.8E-08 9.7E-10 1.1E-07 6.1E-09 5.02E-05
Americium-241 6.6E-03 1.1E-06 8.3E-05 1.4E-08 2.5E-08 1.0E-09 - - 3.8E-11 2.1E-12 3.6E-10 2.0E-11 1.09E-06
Lead-214 4.5E-02 2.9E-08 7.4E-07 4.8E-13 1.7E-07 9.1E-12 - - 3.6E-09 2.0E-10 3.4E-08 1.9E-09 3.11E-08
Plutonium-238 2.4E-05 5.1E-09 3.0E-07 6.4E-11 9.2E-11 4.5E-12 - - 8.4E-16 4.6E-17 8.0E-15 4.4E-16 5.14E-09
Plutonium-239 2.9E-05 6.5E-09 3.7E-07 8.3E-11 1.1E-10 5.5E-12 - - 8.6E-16 4.7E-17 8.2E-15 4.5E-16 6.62E-09
Potassium-40 1.7E-01 6.1E-06 2.4E-03 8.6E-08 6.5E-07 3.8E-11 - - 9.0E-09 5.0E-10 8.5E-08 4.7E-09 6.16E-06
Radium-226 1.1E-02 1.1E-05 1.4E-04 1.5E-07 4.2E-08 6.1E-10 - - 2.3E-11 1.3E-12 2.2E-10 1.2E-11 1.15E-05
Radium-228 9.0E-03 2.3E-05 1.1E-04 3.0E-07 3.4E-08 2.2E-10 - - - - - - 2.34E-05
15 < 25 years Strontium-90 2.5E-03 2.6E-07 3.5E-05 3.7E-09 9.6E-09 1.3E-12 - - 1.1E-13 6.2E-15 1.1E-12 5.9E-14 2.65E-07
Thorium-228 2.2E-03 3.2E-07 2.7E-05 4.0E-09 8.3E-09 1.3E-09 - - 1.4E-12 7.5E-14 1.3E-11 7.1E-13 3.28E-07
Thorium-230 2.7E-03 4.0E-07 3.4E-05 5.1E-09 1.0E-08 3.2E-10 - - 3.3E-13 1.8E-14 3.1E-12 1.7E-13 4.04E-07
Thorium-232 1.6E-03 2.6E-07 2.0E-05 3.3E-09 5.9E-09 2.8E-10 - - 9.5E-14 5.2E-15 9.0E-13 4.9E-14 2.66E-07
Tritium 1.7E-01 1.6E-08 6.0E-03 1.2E-09 1.2E-08 1.1E-15 1.0E-09 9.5E-17 - - - - 1.68E-08
Uranium-234 1.4E-02 1.6E-06 1.8E-04 2.1E-08 5.4E-08 7.7E-10 - - 7.5E-13 4.1E-14 7.1E-12 3.9E-13 1.64E-06
Uranium-235 5.3E-04 6.0E-08 6.7E-06 7.7E-10 2.0E-09 2.6E-11 - - 2.6E-11 1.4E-12 2.4E-10 1.3E-11 6.05E-08
Uranium-238 9.4E-03 9.9E-07 1.2E-04 1.3E-08 3.6E-08 4.2E-10 - - 2.3E-13 1.3E-14 2.2E-12 1.2E-13 1.00E-06
Total 4.5E-01 4.6E-05 9.1E-03 6.0E-07 1.1E-06 5.0E-09 1.0E-09 9.5E-17 1.3E-08 7.0E-10 1.2E-07 6.6E-09 4.61E-05
Americium-241 3.4E-02 2.3E-06 4.7E-04 3.5E-08 6.1E-08 1.2E-09 - - 7.2E-11 4.0E-12 8.4E-10 4.6E-11 2.31E-06
Lead-214 2.3E-01 2.9E-08 4.2E-06 6.0E-13 4.2E-07 9.1E-12 - - 6.8E-09 3.8E-10 8.0E-08 4.4E-09 3.38E-08
Plutonium-238 1.2E-04 1.1E-08 1.7E-06 1.7E-10 2.2E-10 5.3E-12 - - 1.6E-15 8.8E-17 1.9E-14 1.0E-15 1.09E-08
Plutonium-239 1.5E-04 1.3E-08 2.1E-06 2.1E-10 2.7E-10 6.4E-12 - - 1.6E-15 9.1E-17 1.9E-14 1.1E-15 1.36E-08
Potassium-40 8.7E-01 8.9E-06 1.4E-02 1.5E-07 1.6E-06 4.3E-11 - - 1.7E-08 9.5E-10 2.0E-07 1.1E-08 9.04E-06
Radium-226 5.6E-02 8.8E-06 8.0E-04 1.4E-07 1.0E-07 6.8E-10 - - 4.4E-11 2.4E-12 5.2E-10 2.8E-11 8.95E-06
Radium-228 4.6E-02 1.6E-05 6.5E-04 2.4E-07 8.3E-08 2.5E-10 - - - - - - 1.60E-05
25 <70 years Strontium-90 1.3E-02 5.2E-07 2.0E-04 8.6E-09 2.3E-08 1.5E-12 - - 2.1E-13 1.2E-14 2.5E-12 1.4E-13 5.27E-07
Thorium-228 1.1E-02 5.1E-07 1.5E-04 7.6E-09 2.0E-08 1.6E-09 - - 2.6E-12 1.4E-13 3.0E-11 1.7E-12 5.18E-07
Thorium-230 1.4E-02 7.7E-07 1.9E-04 1.2E-08 2.5E-08 4.5E-10 - - 6.2E-13 3.4E-14 7.3E-12 4.0E-13 7.78E-07
Thorium-232 8.0E-03 4.6E-07 1.1E-04 7.3E-09 1.4E-08 4.4E-10 - - 1.8E-13 9.9E-15 2.1E-12 1.2E-13 4.72E-07
Tritium 8.9E-01 2.9E-08 3.4E-02 2.6E-09 3.0E-08 9.9E-16 2.0E-09 6.7E-17 - - - - 3.19E-08
Uranium-234 7.2E-02 2.5E-06 1.0E-03 3.9E-08 1.3E-07 8.7E-10 - - 1.4E-12 7.9E-14 1.7E-11 9.2E-13 2.58E-06
Uranium-235 2.7E-03 9.2E-08 3.8E-05 1.4E-09 4.9E-09 7.7TE-11 - - 4.9E-11 2.7E-12 5.7E-10 3.2E-11 9.34E-08
Uranium-238 4.9E-02 1.6E-06 6.8E-04 2.4E-08 8.7E-08 4.8E-10 - - 4.4E-13 2.4E-14 5.1E-12 2.8E-13 1.58E-06
Total 2.3E+00 4.2E-05 5.2E-02 6.6E-07 2.6E-06 6.1E-09 2.0E-09 6.7E-17 2.4E-08 1.3E-09 2.8E-07 1.6E-08 4.29E-05
Americium-241 4.5E-02 4.7E-06 6.3E-04 8.5E-08 1.2E-07 3.4E-09 - - 1.8E-10 1.0E-11 1.7E-09 9.2E-11 4.78E-06
Lead-214 3.1E-01 1.1E-07 5.6E-06 2.7E-12 8.2E-07 3.0E-11 - - 1.7E-08 9.6E-10 1.6E-07 8.7E-09 1.16E-07
Plutonium-238 1.6E-04 2.2E-08 2.3E-06 3.9E-10 4.4E-10 1.5E-11 - - 4.1E-15 2.2E-16 3.7E-14 2.0E-15 2.19E-08
Plutonium-239 2.0E-04 2.7E-08 2.8E-06 4.9E-10 5.4E-10 1.8E-11 - - 4.2E-15 2.3E-16 3.8E-14 2.1E-15 2.76E-08
Potassium-40 1.2E+00 2.9E-05 1.8E-02 6.2E-07 3.1E-06 1.5E-10 - - 4.4E-08 2.4E-09 4.0E-07 2.2E-08 2.92E-05
Radium-226 7.5E-02 2.9E-05 1.1E-03 5.5E-07 2.0E-07 2.3E-09 - - 1.1E-10 6.2E-12 1.0E-09 5.7E-11 2.93E-05
Radium-228 6.2E-02 6.4E-05 8.7E-04 1.2E-06 1.6E-07 8.5E-10 - - - - - - 6.53E-05
Lifetime Strontium-90 1.7E-02 9.6E-07 2.7E-04 1.8E-08 4.6E-08 4.8E-12 - - 5.5E-13 3.0E-14 5.0E-12 2.7E-13 9.81E-07
(0 <70 years) Thorium-228 1.5E-02 1.6E-06 2.0E-04 3.0E-08 4.0E-08 5.2E-09 - - 6.6E-12 3.6E-13 6.0E-11 3.3E-12 1.63E-06
Thorium-230 1.8E-02 1.7E-06 2.6E-04 3.1E-08 4.9E-08 1.4E-09 - - 1.6E-12 8.7E-14 1.4E-11 7.9E-13 1.71E-06
Thorium-232 1.1E-02 1.1E-06 1.5E-04 2.0E-08 2.8E-08 1.2E-09 - - 4.6E-13 2.5E-14 4.2E-12 2.3E-13 1.10E-06
Tritium 1.2E+00 6.6E-08 4.5E-02 6.5E-09 5.9E-08 3.3E-15 5.0E-09 2.8E-16 - - - - 7.29E-08
Uranium-234 9.6E-02 6.8E-06 1.3E-03 1.3E-07 2.6E-07 2.9E-09 - - 3.6E-12 2.0E-13 3.3E-11 1.8E-12 6.90E-06
Uranium-235 3.6E-03 2.5E-07 5.1E-05 4.8E-09 9.7E-09 9.8E-11 - - 1.3E-10 6.9E-12 1.1E-09 6.3E-11 2.57E-07
Uranium-238 6.4E-02 4.1E-06 9.1E-04 7.8E-08 1.7E-07 1.6E-09 - - 1.1E-12 6.1E-14 1.0E-11 5.6E-13 4.21E-06
Total 3.1E+00 1.4E-04 6.9E-02 2.8E-06 5.1E-06 1.9E-08 5.0E-09 2.8E-16 6.2E-08 3.4E-09 5.6E-07 3.1E-08 1.456E-04




Table 5D-1: Central Tendency Risk Calculations - Males - MCL Evaluation

Tap Water Ingestion®

Grown Produce

Inhalation While Bathing

Inhalation While

Water Immersion - Swimmii

0

Water Immersion - Bathing®

Total Cancer

Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime | bose s Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk

Americium-241 3.7E-04 2.8E-07 8.0E-05 5.9E-08 6.9E-09 8.2E-10 - - 6.3E-12 3.5E-13 1.0E-10 5.5E-12 3.45E-07
Lead-214 1.1E-01 3.9E-07 7.2E-06 2.5E-11 2.1E-06 3.5E-10 - - 2.6E-08 1.4E-09 4.2E-07 2.3E-08 4.15E-07
Plutonium-238 3.0E-04 2.8E-07 6.1E-05 5.5E-08 5.5E-09 7.8E-10 - - 3.0E-14 17E-15 4.9-13 2.7E-14 3.37E-07
Plutonium-239 2.9E-04 2.7E-07 6.2E-05 5.7E-08 5.3E-09 7.3E-10 - - 2.5E-14 1.4E-15 4.0E-13 2.2E-14 3.30E-07
Potassium-40 1.6E-03 4.0E-07 5.5E-04 1.4E-07 2.9E-08 9.8E-12 - - 2.4E-10 13E-11 3.9E-09 2.2E-10 5.47E-07
Radium-226 6.7E-07 1.5E-09 1.6E-07 3.5E-10 1.2E-11 8.1E-13 - - 4.2E-15 2.3E-16 6.7E-14 3.7E-15 1.85E-09
Radium-228 3.7E-05 2.9E-07 5.2E-06 3.9E-08 6.9E-10 2.1E-11 - - - - - - 3.30E-07
0<5years Slvon}ium-m} 6.9E-04 1.9E-07 2.0E-04 5.3E-08 1.3E-08 7.6E-12 - - 9.1E-14 5.0E-15 15E-12 8.0E-14 2.40E-07
Thorium-228 3.6E-04 4.4€-07 4.0E-05 4.7E-08 6.7E-09 5.2E-09 - - 6.6E-13 3.7E-14 11E-11 5.9E-13 4.93E-07
Thorium-230 4.2E-04 3.1E-07 9.2E-05 6.5E-08 7.9E-09 1.4E-09 - - 15E-13 8.3E-15 2.4E-12 1.3E-13 3.77E-07
Thorium-232 3.8E-04 3.2E-07 8.3E-05 6.7E-08 7.1E-09 1.7E-09 - - 6.8E-14 3.8E-15 11E-12 6.0E-14 3.93E-07
Tritium 1.1E-01 2.8E-08 1.3E-01 8.2E-08 3.7E-02 9.9E-09 4.2E-03 1.1E-09 - - - - 1.21E-07
Uranium-234 5.5E-04 3.3E-07 1.2E-04 7.2E-08 1.0E-08 6.6E-10 - - 8.6E-14 4.7E-15 14E-12 7.6E-14 4.05E-07
Uranium-235 5.6E-04 3.4E-07 1.2E-04 7.4E-08 1.0E-08 6.0E-10 - - 7.9E-11 4.4E-12 1.3E-09 7.0E-11 4.14E-07
Uranium-238 6.0E-04 3.3E-07 1.3E-04 7.2E-08 1.1E-08 6.1E-10 - - 4.3E-14 2.4E-15 6.9E-13 3.8E-14 4.06E-07
Total 2.2E-01 4.2E-06 1.3E-01 8.8E-07 3.7E-02 2.3E-08 4.2E-03 1.1E-09 2.6E-08 1.5E-09 4.3E-07 2.3E-08 5.15E-06
Americium-241 1.0E-03 3.2E-07 3.1E-04 9.8E-08 1.8E-08 1.2E-09 - - 15E-11 8.5E-13 2.3E-10 13E-11 4.21E-07
Lead-214 3.0E-01 4.5E-07 2.7E-05 4.0E-11 5.5E-06 5.9E-10 - - 6.4E-08 3.5E-09 9.7E-07 5.3E-08 5.06E-07
Plutonium-238 8.0E-04 3.1E-07 2.3E-04 9.0E-08 1.4E-08 1.2E-09 - - 7.4E-14 4.1E-15 11E-12 6.2E-14 4.03E-07
Plutonium-239 7.8E-04 3.1E-07 2.4E-04 9.6E-08 1.4E-08 1.1E-09 - - 6.0E-14 3.3E-15 9.1E-13 5.0E-14 4.04E-07
Potassium-40 4.2E-03 4.5E-07 2.1E-03 2.2E-07 7.6E-08 12E-11 - - 6.0E-10 3.3E-11 9.1E-09 5.0E-10 6.74E-07
Radium-226 1.8E-06 2.6E-09 6.0E-07 8.6E-10 3.3E-11 11E-12 - - 1.0E-14 5.6E-16 15E-13 8.5E-15 3.45E-09
Radium-228 1.0E-04 4.6E-07 2.0E-05 9.0E-08 1.8E-09 2.8E-11 - - - - - - 5.48E-07
5 <15 years Slvon}ium-QO 1.9E-03 2.6E-07 7.5E-04 1.0E-07 3.4E-08 1.0E-11 - - 2.2E-13 1.2E-14 3.4E-12 1.8E-13 3.59E-07
Thorium-228 9.8E-04 4.3E-07 1.5E-04 6.8E-08 1.8E-08 7.2E-09 - - 16E-12 9.0E-14 2.5E-11 14E-12 5.06E-07
Thorium-230 1.2E-03 3.3E-07 3.5E-04 1.0E-07 2.1E-08 1.7E-09 - - 3.7E-13 2.0E-14 5.6E-12 3.1E-13 4.38E-07
Thorium-232 1.0E-03 3.4E-07 3.2E-04 1.1E-07 19E-08 2.1E-09 - - 17E-13 9.2E-15 2.5E-12 14E-13 4.49E-07
Tritium 2.9E-01 4.3E-08 5.0E-01 1.8E-07 9.6E-02 1.5E-08 1.2E-02 1.9€-09 - - - - 2.42E-07
Uranium-234 15E-03 4.1E-07 4.6E-04 1.3E-07 2.7E-08 9.2E-10 - - 21E-13 12E-14 3.2E-12 18E-13 5.32E-07
Uranium-235 1.5E-03 4.1E-07 4.6E-04 1.3E-07 2.7E-08 8.3E-10 - - 1.9E-10 11E-11 2.9E-09 1.6E-10 5.39E-07
Uranium-238 1.6E-03 4.1E-07 5.1E-04 1.3E-07 2.9E-08 8.3E-10 - - 1.1E-13 5.8E-15 1.6E-12 8.8E-14 5.33E-07
Total 6.1E-01 4.9E-06 5.0E-01 1.5E-06 9.6E-02 3.2E-08 1.2E-02 1.9E-09 6.5E-08 3.6E-09 9.8E-07 5.4E-08 6.56E-06
Americium-241 1.8E-03 2.9E-07 4.2E-04 6.9E-08 2.1E-08 8.4E-10 - - 11E-11 6.1E-13 2.5E-10 14E-11 3.64E-07
Lead-214 5.4E-01 3.5E-07 3.8E-05 2.4E-11 6.4E-06 3.4E-10 - - 4.6E-08 2.5E-09 1.1E-06 5.8E-08 4.10E-07
Plutonium-238 1.4E-03 3.0E-07 3.2E-04 6.8E-08 17E-08 8.2E-10 - - 5.3E-14 2.9E-15 12E-12 6.7E-14 3.70E-07
Plutonium-239 1.4E-03 3.1E-07 3.3E-04 1.3E-07 1.6E-08 8.1E-10 - - 4.4E-14 2.4E-15 9.9E-13 5.5E-14 4.40E-07
Potassium-40 7.5E-03 2.7E-07 2.9E-03 1.0E-07 9.0E-08 5.2E-12 - - 4.3E-10 24E-11 9.8E-09 5.4E-10 3.76E-07
Radium-226 3.2E-06 3.3E-09 8.2E-07 8.6E-10 3.8E-11 5.6E-13 - - 7.4E-15 4.0E-16 1.7E-13 9.2E-15 4.21E-09
Radium-228 1.8E-04 4.6E-07 2.7E-05 7.1E-08 2.1E-09 14E-11 - - - - - - 5.32E-07
15< 25 years SUOn}ium-QO 3.3E-03 3.5E-07 1.0E-03 1.1E-07 4.0E-08 5.2E-12 - - 1.6E-13 8.8E-15 3.7E-12 2.0E-13 4.55E-07
Thorium-228 1.7E-03 2.6E-07 2.1E-04 3.2E-08 2.1E-08 3.3E-09 - - 12E-12 6.5E-14 27E-11 15E-12 2.94E-07
Thorium-230 2.0E-03 3.0E-07 4.9E-04 7.2E-08 2.4E-08 7.5E-10 - - 2.7E-13 15E-14 6.0E-12 3.3E-13 3.76E-07
Thorium-232 1.8E-03 3.1E-07 4.4E-04 7.4E-08 2.2E-08 1.0E-09 - - 12E-13 6.6E-15 2.8E-12 15E-13 3.87E-07
Tritium 5.1E-01 4.6E-08 6.8E-01 1.4E-07 1.1E-01 1.0E-08 1.1E-02 9.8E-10 - - - - 1.94E-07
Uranium-234 2.6E-03 3.1E-07 6.3E-04 7.3E-08 3.1E-08 4.5E-10 - - 15E-13 8.3E-15 3.5E-12 19E-13 3.79e-07
Uranium-235 2.7E-03 3.0E-07 6.4E-04 7.3E-08 3.2E-08 4.0E-10 - - 1.4E-10 7.7E-12 3.2E-09 1.8E-10 3.76E-07
Uranium-238 2.9E-03 3.1E-07 6.9E-04 7.3E-08 3.5E-08 4.0E-10 - - 7.6E-14 4.2E-15 1.7E-12 9.6E-14 3.79E-07
Total 1.1E+00 4.2E-06 6.9E-01 1.1E-06 1.1E-01 1.9E-08 1.1E-02 9.8E-10 4.7TE-08 2.6E-09 1.1E-06 5.9E-08 5.34E-06
Americium-241 9.9E-03 6.6E-07 2.4E-03 1.7E-07 5.3E-08 1.1E-09 - - 21E-11 12E-12 5.1E-11 3.3E-11 8.39E-07
Lead-214 3.0E+00 3.7E-07 2.1E-04 3.0E-11 1.6E-05 3.5E-10 - - 8.8E-08 4.9E-09 2.1E-07 1.4E-07 5.15E-07
Plutonium-238 7.9E-03 6.8E-07 1.8E-03 1.7E-07 4.2E-08 1.0E-09 - - 1.0E-13 5.6E-15 24E-13 16E-13 8.54E-07
Plutonium-239 7.6E-03 6.8E-07 1.9E-03 1.8E-07 4.1E-08 9.7E-10 - - 8.3E-14 4.6E-15 2.0E-13 1.3E-13 8.61E-07
Potassium-40 4.2E-02 4.2E-07 1.6E-02 1.8E-07 2.2E-07 6.1E-12 - - 8.2E-10 4.5E-11 2.0E-09 1.3E-09 6.08E-07
Radium-226 1.8E-05 2.8E-09 4.6E-06 7.9E-10 9.5E-11 6.4E-13 - - 14E-14 7.7E-16 3.4E-14 2.2E-14 3.58E-09
Radium-228 9.9E-04 3.4E-07 1.5E-04 5.7E-08 5.3E-09 16E-11 - - - - - - 3.92E-07
25< 70 years SUOn}ium-QO 1.8E-02 7.4E-07 5.8E-03 2.5E-07 9.9E-08 6.5E-12 - - 3.1E-13 17E-14 7.3E-13 4.7E-13 9.83E-07
Thorium-228 9.6E-03 4.4€-07 1.2E-03 5.9E-08 5.1E-08 4.0E-09 - - 2.2E-12 12E-13 5.4E-12 3.5E-12 5.00E-07
Thorium-230 1.1E-02 6.2E-07 2.7E-03 1.7E-07 6.1E-08 1.1E-09 - - 5.1E-13 2.8E-14 1.2E-12 7.8E-13 7.91E-07
Thorium-232 1.0E-02 5.9E-07 2.5E-03 1.6E-07 5.5E-08 1.7E-09 - - 2.3E-13 13E-14 5.5E-13 3.6E-13 7.54E-07
Tritium 2.8E+00 9.2E-08 3.8E+00 2.9E-07 2.8E-01 9.3E-09 2.2E-02 7.3E-10 - - - - 3.94E-07
Uranium-234 1.5E-02 5.1E-07 3.5E-03 1.4E-07 7.8E-08 5.2E-10 - - 2.9E-13 16E-14 7.0E-13 4.5E-13 6.50E-07
Uranium-235 1.5E-02 5.0E-07 3.6E-03 1.3E-07 7.9E-08 1.2E-09 - - 2.7E-10 15E-11 6.4E-10 4.1E-10 6.34E-07
Uranium-238 1.6E-02 5.1E-07 3.9E-03 1.4E-07 8.6E-08 4.7E-10 - - 1.5E-13 8.0E-15 3.5E-13 2.2E-13 6.53E-07
Total 6.0E+00 7.2E-06 3.9E+00 2.1E-06 2.8E-01 2.2E-08 2.2E-02 7.3E-10 8.9E-08 4.9E-09 2.1E-07 1.4E-07 9.43E-06
Americium-241 1.3E-02 1.3E-06 3.2E-03 4.2E-07 1.0E-07 2.8E-09 - - 5.4E-11 3.0E-12 12E-09 6.5E-11 1.77E-06
Lead-214 3.9E+00 1.3E-06 2.8E-04 1.4E-10 3.1E-05 1.1E-09 - - 2.2E-07 1.2E-08 4.9E-06 2.7E-07 1.63E-06
Plutonium-238 1.0E-02 1.3E-06 2.4E-03 4.1E-07 8.0E-08 2.7E-09 - - 2.6E-13 14E-14 5.7E-12 3.1E-13 1.75E-06
Plutonium-239 9.9E-03 1.3E-06 2.5E-03 4.3E-07 7.8E-08 2.6E-09 - - 2.1E-13 1.2E-14 4.6E-12 2.6E-13 1.77E-06
Potassium-40 5.4E-02 1.3E-06 2.2E-02 7.4E-07 4.2E-07 21E-11 - - 2.1E-09 12E-10 4.6E-08 2.5E-09 2.08E-06
Radium-226 2.3E-05 8.9E-09 6.2E-06 3.2E-09 1.8E-10 2.1E-12 - - 3.6E-14 2.0E-15 7.8E-13 4.3E-14 1.21E-08
Radium-228 1.3E-03 1.3E-06 2.1E-04 2.9E-07 1.0E-08 5.2E-11 - - - - - - 1.63E-06
Lifetime Strontium-90 2.4E-02 1.3E-06 7.7E-03 5.3E-07 1.9€e-07 2.0E-11 - - 7.8E-13 4.3E-14 17E-11 9.4E-13 1.87E-06
(0 <70 years) Thorium-228 1.3E-02 1.3E-06 1.6E-03 2.4E-07 9.8E-08 1.3E-08 - - 5.7E-12 3.1E-13 12E-10 6.9E-12 1.59E-06
Thorium-230 1.5E-02 1.3E-06 3.7E-03 4.4E-07 1.2E-07 3.3E-09 - - 1.3E-12 7.1E-14 2.8E-11 16E-12 1.78E-06
Thorium-232 1.3E-02 1.3E-06 3.3E-03 4.4€-07 1.0E-07 4.5E-09 - - 5.9-13 3.2E-14 13E-11 7.1E-13 1.78E-06
Tritium 3.6E+00 2.0E-07 5.1E+00 7.4E-07 5.4E-01 3.0E-08 5.3E-02 3.0E-09 - - - - 9.76E-07
Uranium-234 1.9E-02 1.3E-06 4.7E-03 4.5E-07 15E-07 1.7E-09 - - 7.4E-13 4.1E-14 16E-11 8.9E-13 1.79E-06
Uranium-235 1.9E-02 1.3E-06 4.8E-03 4.5E-07 1.5E-07 1.5E-09 - - 6.8E-10 3.7E-11 1.5E-08 8.2E-10 1.79E-06
Uranium-238 2.1E-02 1.3E-06 5.2E-03 4.5E-07 1.6E-07 1.5E-09 - - 3.7E-13 2.0E-14 8.1E-12 4.5E-13 1.79E-06
Total 7.8E+00 1.8E-05 5.2E+00 6.0E-06 5.4E-01 6.5E-08 5.3E-02 3.0E-09 2.3E-07 1.3E-08 5.0E-06 2.7TE-07 2.40E-05

*Risks are non-specific for gender.




Table 5D-2: Reasonable Maximum Exposure Risk Calculations - Males - MCL Evaluation

Tap Water Ingestion”

Grown Produce

Inhalation While Bathing

Inhalation While

Water Immersion - Swimmii

0

Water Immersion - Bathing®

Total Cancer

Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime | bose s Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk

Americium-241 9.5E-04 7.3E-07 2.4E-04 1.8E-07 6.9E-09 8.2E-10 - - 15E-11 8.3E-13 1.0E-10 5.5E-12 9.08E-07
Lead-214 2.9E-01 1.0E-06 2.2E-05 7.5E-11 2.1E-06 3.5E-10 - - 6.3E-08 3.5E-09 4.2E-07 2.3E-08 1.02E-06
Plutonium-238 7.5E-04 7.2E-07 1.8E-04 1.7E-07 5.5E-09 7.8E-10 - - 7.3E-14 4.0E-15 4.9-13 2.7E-14 8.85E-07
Plutonium-239 7.3E-04 7.0E-07 1.9E-04 1.7E-07 5.3E-09 7.3E-10 - - 5.9E-14 3.3E-15 4.0E-13 2.2E-14 8.69E-07
Potassium-40 4.0E-03 1.0E-06 1.7E-03 4.3E-07 2.9E-08 9.8E-12 - - 5.9-10 3.2E-11 3.9E-09 2.2E-10 1.47E-06
Radium-226 1.7E-06 3.8E-09 4.7E-07 1.1E-09 1.2E-11 8.1E-13 - - 1.0E-14 5.5E-16 6.7E-14 3.7E-15 4.90E-09
Radium-228 9.5E-05 7.4E-07 1.6E-05 1.2E-07 6.9E-10 2.1E-11 - - - - - - 8.61E-07
0<5years Slvon}ium-m} 1.8E-03 4.8E-07 5.9E-04 1.6E-07 1.3E-08 7.6E-12 - - 2.2E-13 1.2E-14 15E-12 8.0E-14 6.39E-07
Thorium-228 9.2E-04 1.1E-06 1.2E-04 1.4E-07 6.7E-09 5.2E-09 - - 16E-12 8.8E-14 11E-11 5.9E-13 1.27E-06
Thorium-230 1.1E-03 8.0E-07 2.8E-04 2.0E-07 7.9E-09 1.4E-09 - - 3.6E-13 2.0E-14 2.4E-12 1.3E-13 9.93E-07
Thorium-232 9.8E-04 8.3E-07 2.5E-04 2.0E-07 7.1E-09 1.7E-09 - - 16E-13 9.0E-15 11E-12 6.0E-14 1.03E-06
Tritium 2.7E-01 7.2E-08 3.9E-01 2.5E-07 3.7E-02 9.9E-09 4.2E-03 1.1E-09 - - - - 3.32E-07
Uranium-234 1.4E-03 8.5E-07 3.6E-04 2.2E-07 1.0E-08 6.6E-10 - - 21E-13 11E-14 14E-12 7.6E-14 1.07E-06
Uranium-235 1.4E-03 8.7E-07 3.7E-04 2.2E-07 1.0E-08 6.0E-10 - - 1.9E-10 1.0E-11 1.3E-09 7.0E-11 1.09E-06
Uranium-238 1.5E-03 8.5E-07 4.0E-04 2.2E-07 1.1E-08 6.1E-10 - - 1.0E-13 5.7E-15 6.9E-13 3.8E-14 1.07E-06
Total 5.7E-01 1.1E-05 4.0E-01 2.7E-06 3.7E-02 2.3E-08 4.2E-03 1.1E-09 6.4E-08 3.5E-09 4.3E-07 2.3E-08 1.35E-05
Americium-241 2.7E-03 8.5E-07 8.7E-04 2.8E-07 1.8E-08 1.2E-09 - - 3.7E-11 2.0E-12 2.3E-10 13E-11 1.13E-06
Lead-214 8.1E-01 1.2E-06 7.7E-05 1.1E-10 5.5E-06 5.9E-10 - - 1.5E-07 8.5E-09 9.7E-07 5.3E-08 1.25E-06
Plutonium-238 2.1E-03 8.2E-07 6.6E-04 2.6E-07 1.4E-08 1.2E-09 - - 18E-13 9.8E-15 11E-12 6.2E-14 1.08E-06
Plutonium-239 2.1E-03 8.1E-07 6.7E-04 2.7E-07 1.4E-08 1.1E-09 - - 15E-13 8.0E-15 9.1E-13 5.0E-14 1.08E-06
Potassium-40 1.1E-02 1.2E-06 5.9E-03 6.3E-07 7.6E-08 12E-11 - - 14E-09 7.9€-11 9.1E-09 5.0E-10 1.82E-06
Radium-226 4.8E-06 6.8E-09 1.7E-06 2.4E-09 3.3E-11 11E-12 - - 2.5E-14 1.3E-15 15E-13 8.5E-15 9.26E-09
Radium-228 2.7E-04 1.2E-06 5.6E-05 2.5E-07 1.8E-09 2.8E-11 - - - - - - 1.46E-06
5 <15 years Slvon}ium-QO 5.0E-03 6.8E-07 2.1E-03 2.9E-07 3.4E-08 1.0E-11 - - 5.3E-13 2.9E-14 3.4E-12 1.8E-13 9.68E-07
Thorium-228 2.6E-03 1.1E-06 4.3E-04 1.9E-07 1.8E-08 7.2E-09 - - 3.9E-12 21E-13 2.5E-11 14E-12 1.34E-06
Thorium-230 3.0E-03 8.8E-07 1.0E-03 2.9E-07 2.1E-08 1.7E-09 - - 8.8E-13 4.9E-14 5.6E-12 3.1E-13 1.17E-06
Thorium-232 2.7E-03 9.0E-07 9.0E-04 3.0E-07 19E-08 2.1E-09 - - 4.0E-13 2.2E-14 2.5E-12 14E-13 1.20E-06
Tritium 7.5E-01 1.1E-07 1.4E+00 5.2E-07 9.6E-02 1.5E-08 1.2E-02 1.9E-09 - - - - 6.47E-07
Uranium-234 3.9E-03 1.1E-06 1.3E-03 3.6E-07 2.7E-08 9.2E-10 - - 5.0E-13 2.8E-14 3.2E-12 18E-13 1.43E-06
Uranium-235 4.0E-03 1.1E-06 1.3E-03 3.6E-07 2.7E-08 8.3E-10 - - 4.7E-10 2.6E-11 2.9E-09 1.6E-10 1.45E-06
Uranium-238 4.3E-03 1.1E-06 1.4E-03 3.6E-07 2.9E-08 8.3E-10 - - 2.5E-13 1.4E-14 1.6E-12 8.8E-14 1.43E-06
Total 1.6E+00 1.3E-05 1.4E+00 4.3E-06 9.6E-02 3.2E-08 1.2E-02 1.9E-09 1.6E-07 8.6E-09 9.8E-07 5.4E-08 1.75E-05
Americium-241 4.6E-03 7.6E-07 1.3E-03 2.1E-07 2.1E-08 8.4E-10 - - 27E-11 15E-12 2.5E-10 14E-11 9.65E-07
Lead-214 1.4E+00 9.0E-07 1.1E-04 7.3E-11 6.4E-06 3.4E-10 - - 1.1E-07 6.1E-09 1.1E-06 5.8E-08 9.63E-07
Plutonium-238 3.7E-03 7.8E-07 9.6E-04 2.0E-07 17E-08 8.2E-10 - - 13E-13 7.0E-15 12E-12 6.7E-14 9.81E-07
Plutonium-239 3.6E-03 7.9E-07 9.9E-04 2.2E-07 1.6E-08 8.1E-10 - - 1.0E-13 5.8E-15 9.9E-13 5.5E-14 1.01E-06
Potassium-40 1.9E-02 7.0E-07 8.7E-03 3.1E-07 9.0E-08 5.2E-12 - - 1.0E-09 5.7E-11 9.8E-09 5.4E-10 1.01E-06
Radium-226 8.3E-06 8.6E-09 2.5E-06 2.6E-09 3.8E-11 5.6E-13 - - 1.8E-14 9.7E-16 1.7E-13 9.2E-15 1.12E-08
Radium-228 4.6E-04 1.2E-06 8.2E-05 2.1E-07 2.1E-09 14E-11 - - - - - - 1.40E-06
15 < 25 years SUOn}ium-QO 8.6E-03 8.9E-07 3.1E-03 3.2E-07 4.0E-08 5.2E-12 - - 3.8E-13 2.1E-14 3.7E-12 2.0E-13 1.22E-06
Thorium-228 4.5E-03 6.7E-07 6.4E-04 9.5E-08 2.1E-08 3.3E-09 - - 2.8E-12 15E-13 27E-11 15E-12 7.66E-07
Thorium-230 5.3E-03 7.8E-07 1.5E-03 2.2E-07 2.4E-08 7.5E-10 - - 6.4E-13 3.5E-14 6.0E-12 3.3E-13 9.97E-07
Thorium-232 4.7E-03 8.0E-07 1.3E-03 2.2E-07 2.2E-08 1.0E-09 - - 2.9E-13 16E-14 2.8E-12 15E-13 1.03E-06
Tritium 1.3E+00 1.2E-07 2.1E+00 4.1E-07 1.1E-01 1.0E-08 1.1E-02 9.8E-10 - - - - 5.41E-07
Uranium-234 6.8E-03 7.9€-07 1.9E-03 2.2E-07 3.1E-08 4.5E-10 - - 3.6E-13 2.0E-14 3.5E-12 19E-13 1.01E-06
Uranium-235 6.9E-03 7.8E-07 1.9E-03 2.2E-07 3.2E-08 4.0E-10 - - 3.4E-10 1.8E-11 3.2E-09 1.8E-10 9.98E-07
Uranium-238 7.5E-03 7.9E-07 2.1E-03 2.2E-07 3.5E-08 4.0E-10 - - 1.8E-13 1.0E-14 1.7E-12 9.6E-14 1.01E-06
Total 2.8E+00 1.1E-05 2.1E+00 3.1E-06 1.1E-01 1.9E-08 1.1E-02 9.8E-10 1.1E-07 6.2E-09 1.1E-06 5.9E-08 1.39E-05
Americium-241 2.4E-02 1.6E-06 7.2E-03 5.3E-07 5.3E-08 1.1E-09 - - 5.1E-11 2.8E-12 5.1E-11 3.3E-11 2.13E-06
Lead-214 7.2E+00 9.0E-07 6.5E-04 9.2E-11 1.6E-05 3.5E-10 - - 2.1E-07 1.2E-08 2.1E-07 1.4E-07 1.05E-06
Plutonium-238 1.9E-02 1.6E-06 5.5E-03 5.3E-07 4.2E-08 1.0E-09 - - 24E-13 13E-14 24E-13 16E-13 2.16E-06
Plutonium-239 1.8E-02 1.6E-06 5.6E-03 5.6E-07 4.1E-08 9.7E-10 - - 2.0E-13 11E-14 2.0E-13 1.3E-13 2.19E-06
Potassium-40 1.0E-01 1.0E-06 4.9E-02 5.5E-07 2.2E-07 6.1E-12 - - 2.0E-09 11E-10 2.0E-09 1.3E-09 1.58E-06
Radium-226 4.3E-05 6.7E-09 1.4E-05 2.4E-09 9.5E-11 6.4E-13 - - 3.4E-14 1.9E-15 3.4E-14 2.2E-14 9.11E-09
Radium-228 2.4E-03 8.1E-07 4.7E-04 1.7E-07 5.3E-09 16E-11 - - - - - - 9.79€-07
25< 70 years SUOn}ium-QO 4.4E-02 1.8E-06 1.8E-02 7.5E-07 9.9E-08 6.5E-12 - - 7.3E-13 4.0E-14 7.3E-13 4.7E-13 2.52E-06
Thorium-228 2.3E-02 1.1E-06 3.6E-03 1.8E-07 5.1E-08 4.0E-09 - - 5.4E-12 3.0E-13 5.4E-12 3.5E-12 1.23E-06
Thorium-230 2.7E-02 1.5E-06 8.3E-03 5.1E-07 6.1E-08 1.1E-09 - - 1.2E-12 6.7E-14 1.2E-12 7.8E-13 2.01E-06
Thorium-232 2.5E-02 1.4E-06 7.5E-03 4.98-07 5.5E-08 1.7E-09 - - 5.5E-13 3.0E-14 5.5E-13 3.6E-13 1.92E-06
Tritium 6.7E+00 2.2E-07 1.2E+01 8.9E-07 2.8E-01 9.3E-09 2.2E-02 7.3E-10 - - - - 1.12E-06
Uranium-234 3.5E-02 1.2E-06 1.1E-02 4.2E-07 7.8E-08 5.2E-10 - - 7.0E-13 3.8E-14 7.0E-13 4.5E-13 1.65E-06
Uranium-235 3.6E-02 1.2E-06 1.1E-02 4.1E-07 7.9E-08 1.2E-09 - - 6.4E-10 3.5E-11 6.4E-10 4.1E-10 1.61E-06
Uranium-238 3.9E-02 1.2E-06 1.2E-02 4.2E-07 8.6E-08 4.7E-10 - - 3.5E-13 1.9E-14 3.5E-13 2.2E-13 1.66E-06
Total 1.4E+01 1.7E-05 1.2E+01 6.4E-06 2.8E-01 2.2E-08 2.2E-02 7.3E-10 2.1E-07 1.2E-08 2.1E-07 1.4E-07 2.38E-05
Americium-241 3.2E-02 3.3E-06 9.5E-03 1.3E-06 1.0E-07 2.8E-09 - - 1.3E-10 7.1E-12 1.2E-09 6.5E-11 4.57E-06
Lead-214 9.6E+00 3.3E-06 8.5E-04 4.1E-10 3.1E-05 1.1E-09 - - 5.4E-07 3.0E-08 4.9E-06 2.7E-07 3.60E-06
Plutonium-238 2.5E-02 3.3E-06 7.2E-03 1.2E-06 8.0E-08 2.7E-09 - - 6.2E-13 3.4E-14 5.7E-12 3.1E-13 4.51E-06
Plutonium-239 2.4E-02 3.3E-06 7.4E-03 1.3E-06 7.8E-08 2.6E-09 - - 5.1E-13 2.8E-14 4.6E-12 2.6E-13 4.58E-06
Potassium-40 1.3E-01 3.3E-06 6.5E-02 2.2E-06 4.2E-07 2.1E-11 - - 5.0E-09 2.8E-10 4.6E-08 2.5E-09 5.52E-06
Radium-226 5.7E-05 2.2E-08 1.9E-05 9.5E-09 1.8E-10 2.1E-12 - - 8.6E-14 4.7E-15 7.8E-13 4.3E-14 3.14E-08
Radium-228 3.2E-03 3.3E-06 6.2E-04 8.8E-07 1.0E-08 5.2E-11 - - - - - - 4.17E-06
Lifetime Strontium-90 5.9E-02 3.3E-06 2.3E-02 1.6E-06 1.9€-07 2.0E-11 - - 19E-12 1.0E-13 17E-11 9.4E-13 4.89E-06
(0 <70 years) Thorium-228 3.1E-02 3.3E-06 4.8E-03 7.1E-07 9.8E-08 13E-08 - - 14E-11 7.5E-13 12E-10 6.9E-12 4.01E-06
Thorium-230 3.6E-02 3.3E-06 1.1E-02 1.3E-06 1.2E-07 3.3E-09 - - 3.1E-12 1.7E-13 2.8E-11 1.6E-12 4.60E-06
Thorium-232 3.3E-02 3.3E-06 9.9E-03 1.3E-06 1.0E-07 4.5E-09 - - 14E-12 7.8E-14 13E-11 7.1E-13 4.61E-06
Tritium 9.0E+00 5.0E-07 1.5E+01 2.2E-06 5.4E-01 3.0E-08 5.3E-02 3.0E-09 - - - - 2.75E-06
Uranium-234 4.7E-02 3.3E-06 1.4E-02 1.4E-06 15E-07 1.7E-09 - - 18E-12 9.7E-14 16E-11 8.9E-13 4.64E-06
Uranium-235 4.7E-02 3.3E-06 1.4E-02 1.4E-06 1.5E-07 1.5E-09 - - 1.6E-09 9.0E-11 1.5E-08 8.2E-10 4.65E-06
Uranium-238 5.1E-02 3.3E-06 1.6E-02 1.4E-06 1.6E-07 1.5E-09 - - 8.9E-13 4.9E-14 8.1E-12 4.5E-13 4.65E-06
Total 1.9E+01 4.3E-05 1.6E+01 1.8E-05 5.4E-01 6.5E-08 5.3E-02 3.0E-09 5.5E-07 3.0E-08 5.0E-06 2.7TE-07 6.18E-05

*These risks are non-specific for gender.




Table 5D-3: Central Tendency Risk Calculations - Females - MCL Evaluation

Tap Water Ingestion”

Grown Produce

Inhalation While Bathing

Inhalation While

Water Immersion - Swimmii

0

Water Immersion - Bathing®

Total Cancer

Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime | bose s Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk

Americium-241 3.7E-04 2.8E-07 7.8E-05 5.8E-08 6.8E-09 8.0E-10 - - 6.3E-12 3.5E-13 1.0E-10 5.5E-12 3.43E-07
Lead-214 1.1E-01 3.9E-07 7.0E-06 2.4E-11 2.0E-06 3.4E-10 - - 2.6E-08 1.4E-09 4.2E-07 2.3E-08 4.15E-07
Plutonium-238 3.0E-04 2.8E-07 6.0E-05 5.4E-08 5.4E-09 7.6E-10 - - 3.0E-14 17E-15 4.9-13 2.7E-14 3.35E-07
Plutonium-239 2.9E-04 2.7E-07 6.1E-05 5.5E-08 5.2E-09 7.1E-10 - - 2.5E-14 1.4E-15 4.0E-13 2.2E-14 3.29E-07
Potassium-40 1.6E-03 4.0E-07 5.4E-04 1.4E-07 2.8E-08 9.5E-12 - - 2.4E-10 13E-11 3.9E-09 2.2E-10 5.44E-07
Radium-226 6.7E-07 1.5E-09 1.5E-07 3.4E-10 1.2E-11 7.9E-13 - - 4.2E-15 2.3E-16 6.7E-14 3.7E-15 1.84E-09
Radium-228 3.7E-05 2.9E-07 5.1E-06 3.8E-08 6.8E-10 2.1E-11 - - - - - - 3.29€-07
0<5years Slvon}ium-m} 6.9E-04 1.9E-07 1.9E-04 5.2E-08 1.3E-08 7.4E-12 - - 9.1E-14 5.0E-15 15E-12 8.0E-14 2.39E-07
Thorium-228 3.6E-04 4.4€-07 3.9E-05 4.7E-08 6.6E-09 5.0E-09 - - 6.6E-13 3.7E-14 11E-11 5.9E-13 4.92E-07
Thorium-230 4.2E-04 3.1E-07 9.1E-05 6.3E-08 7.7E-09 1.3E-09 - - 15E-13 8.3E-15 2.4E-12 1.3E-13 3.76E-07
Thorium-232 3.8E-04 3.2E-07 8.2E-05 6.5E-08 7.0E-09 1.7E-09 - - 6.8E-14 3.8E-15 11E-12 6.0E-14 3.91E-07
Tritium 1.1E-01 2.8E-08 1.3E-01 8.0E-08 3.6E-02 9.7E-09 4.1E-03 1.1E-09 - - - - 1.19E-07
Uranium-234 5.5E-04 3.3E-07 1.2E-04 7.1E-08 1.0E-08 6.4E-10 - - 8.6E-14 4.7E-15 14E-12 7.6E-14 4.03E-07
Uranium-235 5.6E-04 3.4E-07 1.2E-04 7.2E-08 1.0E-08 5.8E-10 - - 7.9E-11 4.4E-12 1.3E-09 7.0E-11 4.12E-07
Uranium-238 6.0E-04 3.3E-07 1.3E-04 7.1E-08 1.1E-08 5.9E-10 - - 4.3E-14 2.4E-15 6.9E-13 3.8E-14 4.04E-07
Total 2.2E-01 4.2E-06 1.3E-01 8.7E-07 3.6E-02 2.2E-08 4.1E-03 1.1E-09 2.6E-08 1.5E-09 4.3E-07 2.3E-08 5.14E-06
Americium-241 1.0E-03 3.2E-07 3.0E-04 9.6E-08 17E-08 1.2E-09 - - 15E-11 8.5E-13 2.3E-10 13E-11 4.19E-07
Lead-214 3.0E-01 4.5E-07 2.7E-05 3.9E-11 5.1E-06 5.5E-10 - - 6.4E-08 3.5E-09 9.7E-07 5.3E-08 5.06E-07
Plutonium-238 8.0E-04 3.1E-07 2.3E-04 8.9E-08 13E-08 1.1E-09 - - 7.4E-14 4.1E-15 11E-12 6.2E-14 4.01E-07
Plutonium-239 7.8E-04 3.1E-07 2.3E-04 9.4E-08 1.3E-08 1.0E-09 - - 6.0E-14 3.3E-15 9.1E-13 5.0E-14 4.02E-07
Potassium-40 4.2E-03 4.5E-07 2.1E-03 2.2E-07 7.1E-08 11E-11 - - 6.0E-10 3.3E-11 9.1E-09 5.0E-10 6.70E-07
Radium-226 1.8E-06 2.6E-09 5.9E-07 8.4E-10 3.0E-11 11E-12 - - 1.0E-14 5.6E-16 15E-13 8.5E-15 3.43E-09
Radium-228 1.0E-04 4.6E-07 1.9E-05 8.8E-08 17E-09 2.6E-11 - - - - - - 5.46E-07
5 <15 years Slvon}ium-QO 1.9E-03 2.6E-07 7.3E-04 1.0E-07 3.2E-08 9.3E-12 - - 2.2E-13 1.2E-14 3.4E-12 1.8E-13 3.57E-07
Thorium-228 9.8E-04 4.3E-07 1.5E-04 6.7E-08 1.6E-08 6.7E-09 - - 16E-12 9.0E-14 2.5E-11 14E-12 5.04E-07
Thorium-230 1.2E-03 3.3E-07 3.5E-04 1.0E-07 1.9E-08 1.6E-09 - - 3.7E-13 2.0E-14 5.6E-12 3.1E-13 4.36E-07
Thorium-232 1.0E-03 3.4E-07 3.1E-04 1.0E-07 17E-08 2.0E-09 - - 17E-13 9.2E-15 2.5E-12 14E-13 4.47E-07
Tritium 2.9E-01 4.3E-08 4.9E-01 1.8E-07 9.0E-02 1.4E-08 1.1E-02 1.7E-09 - - - - 2.38E-07
Uranium-234 15E-03 4.1E-07 4.5E-04 1.2E-07 2.5E-08 8.6E-10 - - 21E-13 12E-14 3.2E-12 18E-13 5.30E-07
Uranium-235 1.5E-03 4.1E-07 4.6E-04 1.2E-07 2.5E-08 7.7E-10 - - 1.9E-10 11E-11 2.9E-09 1.6E-10 5.36E-07
Uranium-238 1.6E-03 4.1E-07 5.0E-04 1.2E-07 2.8E-08 7.8E-10 - - 1.1E-13 5.8E-15 1.6E-12 8.8E-14 5.30E-07
Total 6.1E-01 4.9E-06 4.9E-01 1.5E-06 9.0E-02 3.0E-08 1.1E-02 1.7E-09 6.5E-08 3.6E-09 9.8E-07 5.4E-08 6.52E-06
Americium-241 1.8E-03 2.9E-07 3.6E-04 5.9E-08 1.8E-08 7.0E-10 - - 11E-11 6.1E-13 2.5E-10 14E-11 3.54E-07
Lead-214 5.4E-01 3.5E-07 3.2E-05 2.1E-11 5.4E-06 2.8E-10 - - 4.6E-08 2.5E-09 1.1E-06 5.8E-08 4.10E-07
Plutonium-238 1.4E-03 3.0E-07 2.7E-04 5.8E-08 1.4E-08 6.8E-10 - - 5.3E-14 2.9E-15 12E-12 6.7E-14 3.61E-07
Plutonium-239 1.4E-03 3.1E-07 2.8E-04 1.1E-07 1.4E-08 6.7E-10 - - 4.4E-14 2.4E-15 9.9E-13 5.5E-14 4.21E-07
Potassium-40 7.5E-03 2.7E-07 2.5E-03 8.9E-08 7.4E-08 4.4E-12 - - 4.3E-10 24E-11 9.8E-09 5.4E-10 3.61E-07
Radium-226 3.2E-06 3.3E-09 7.1E-07 7.4E-10 3.2E-11 4.6E-13 - - 7.4E-15 4.0E-16 1.7E-13 9.2E-15 4.09E-09
Radium-228 1.8E-04 4.6E-07 2.3E-05 6.1E-08 1.8E-09 11E-11 - - - - - - 5.22E-07
15 < 25 years SUOn}ium-QO 3.3E-03 3.5E-07 8.8E-04 9.3E-08 3.3E-08 4.3E-12 - - 1.6E-13 8.8E-15 3.7E-12 2.0E-13 4.40E-07
Thorium-228 1.7E-03 2.6E-07 1.8E-04 2.7E-08 17E-08 2.7E-09 - - 12E-12 6.5E-14 27E-11 15E-12 2.89E-07
Thorium-230 2.0E-03 3.0E-07 4.2E-04 6.2E-08 2.0E-08 6.2E-10 - - 2.7E-13 15E-14 6.0E-12 3.3E-13 3.65E-07
Thorium-232 1.8E-03 3.1E-07 3.8E-04 6.4E-08 1.8E-08 8.4E-10 - - 12E-13 6.6E-15 2.8E-12 15E-13 3.77E-07
Tritium 5.1E-01 4.6E-08 5.9E-01 1.2E-07 9.4E-02 8.5E-09 8.7E-03 7.8E-10 - - - - 1.73E-07
Uranium-234 2.6E-03 3.1E-07 5.4E-04 6.3E-08 2.6E-08 3.7E-10 - - 15E-13 8.3E-15 3.5E-12 19E-13 3.69E-07
Uranium-235 2.7E-03 3.0E-07 5.5E-04 6.2E-08 2.6E-08 3.3E-10 - - 1.4E-10 7.7E-12 3.2E-09 1.8E-10 3.66E-07
Uranium-238 2.9E-03 3.1E-07 6.0E-04 6.3E-08 2.9E-08 3.3E-10 - - 7.6E-14 4.2E-15 1.7E-12 9.6E-14 3.69E-07
Total 1.1E+00 4.2E-06 5.9E-01 9.3E-07 9.4E-02 1.6E-08 8.7E-03 7.8E-10 4.7TE-08 2.6E-09 1.1E-06 5.9E-08 5.18E-06
Americium-241 9.9E-03 6.6E-07 2.0E-03 1.5E-07 4.3E-08 8.6E-10 - - 21E-11 12E-12 5.1E-11 3.3E-11 8.14E-07
Lead-214 3.0E+00 3.7E-07 1.8E-04 2.6E-11 1.3E-05 2.8E-10 - - 8.8E-08 4.9E-09 2.1E-07 1.4E-07 5.15E-07
Plutonium-238 7.9E-03 6.8E-07 1.5E-03 15E-07 3.4E-08 8.1E-10 - - 1.0E-13 5.6E-15 24E-13 16E-13 8.30E-07
Plutonium-239 7.6E-03 6.8E-07 1.6E-03 1.6E-07 3.3E-08 7.8E-10 - - 8.3E-14 4.6E-15 2.0E-13 1.3E-13 8.35E-07
Potassium-40 4.2E-02 4.2E-07 1.4E-02 1.6E-07 1.8E-07 4.9€-12 - - 8.2E-10 4.5E-11 2.0E-09 1.3E-09 5.82E-07
Radium-226 1.8E-05 2.8E-09 4.0E-06 6.8E-10 7.7E-11 5.1E-13 - - 14E-14 7.7E-16 3.4E-14 2.2E-14 3.47E-09
Radium-228 9.9E-04 3.4E-07 1.3E-04 4.9E-08 4.3E-09 13E-11 - - - - - - 3.84E-07
25< 70 years SUOn}ium-QO 1.8E-02 7.4E-07 5.0E-03 2.1E-07 8.0E-08 5.2E-12 - - 3.1E-13 17E-14 7.3E-13 4.7E-13 9.48E-07
Thorium-228 9.6E-03 4.4€-07 1.0E-03 5.0E-08 4.2E-08 3.3E-09 - - 2.2E-12 12E-13 5.4E-12 3.5E-12 4.90E-07
Thorium-230 1.1E-02 6.2E-07 2.4E-03 1.4E-07 4.9E-08 8.8E-10 - - 5.1E-13 2.8E-14 1.2E-12 7.8E-13 7.67E-07
Thorium-232 1.0E-02 5.9E-07 2.1E-03 1.4E-07 4.4E-08 1.4E-09 - - 2.3E-13 13E-14 5.5E-13 3.6E-13 7.31E-07
Tritium 2.8E+00 9.2E-08 3.3E+00 2.5E-07 2.3E-01 7.5E-09 1.7E-02 5.5E-10 - - - - 3.51E-07
Uranium-234 1.5E-02 5.1E-07 3.0E-03 1.2E-07 6.3E-08 4.2E-10 - - 2.9E-13 16E-14 7.0E-13 4.5E-13 6.30E-07
Uranium-235 1.5E-02 5.0E-07 3.1E-03 1.2E-07 6.4E-08 1.0E-09 - - 2.7E-10 15E-11 6.4E-10 4.1E-10 6.15E-07
Uranium-238 1.6E-02 5.1E-07 3.4E-03 1.2E-07 7.0E-08 3.8E-10 - - 1.5E-13 8.0E-15 3.5E-13 2.2E-13 6.34E-07
Total 6.0E+00 7.2E-06 3.3E+00 1.8E-06 2.3E-01 1.8E-08 1.7E-02 5.5E-10 8.9E-08 4.9E-09 2.1E-07 1.4E-07 9.13E-06
Americium-241 1.3E-02 1.3E-06 2.8E-03 3.7E-07 8.4E-08 2.4E-09 - - 5.4E-11 3.0E-12 12E-09 6.5E-11 1.71E-06
Lead-214 3.9E+00 1.3E-06 2.5E-04 1.2E-10 2.6E-05 9.3E-10 - - 2.2E-07 1.2E-08 4.9E-06 2.7E-07 1.62E-06
Plutonium-238 1.0E-02 1.3E-06 2.1E-03 3.5E-07 6.7E-08 2.3E-09 - - 2.6E-13 14E-14 5.7E-12 3.1E-13 1.70E-06
Plutonium-239 9.9E-03 1.3E-06 2.1E-03 3.7E-07 6.5E-08 2.2E-09 - - 2.1E-13 1.2E-14 4.6E-12 2.6E-13 1.72E-06
Potassium-40 5.4E-02 1.3E-06 1.9E-02 6.5E-07 3.6E-07 18E-11 - - 2.1E-09 12E-10 4.6E-08 2.5E-09 1.99E-06
Radium-226 2.3E-05 8.9E-09 5.4E-06 2.8E-09 1.5E-10 17E-12 - - 3.6E-14 2.0E-15 7.8E-13 4.3E-14 1.17E-08
Radium-228 1.3E-03 1.3E-06 1.8E-04 2.6E-07 8.4E-09 4.4E-11 - - - - - - 1.60E-06
Lifetime Strontium-90 2.4E-02 1.3E-06 6.7E-03 4.6E-07 1.6E-07 16E-11 - - 7.8E-13 4.3E-14 17E-11 9.4E-13 1.80E-06
(0 <70 years) Thorium-228 1.3E-02 1.3E-06 1.4E-03 2.0E-07 8.2E-08 1.1E-08 - - 5.7E-12 3.1E-13 12E-10 6.9E-12 1.55E-06
Thorium-230 1.5E-02 1.3E-06 3.2E-03 3.8E-07 9.6E-08 2.7E-09 - - 1.3E-12 7.1E-14 2.8E-11 16E-12 1.72E-06
Thorium-232 1.3E-02 1.3E-06 2.9E-03 3.8E-07 8.7E-08 3.8E-09 - - 5.9-13 3.2E-14 13E-11 7.1E-13 1.73E-06
Tritium 3.6E+00 2.0E-07 4.5E+00 6.4E-07 4.5E-01 2.5E-08 4.2E-02 2.3E-09 - - - - 8.75E-07
Uranium-234 1.9E-02 1.3E-06 4.1E-03 3.9E-07 1.2E-07 1.4E-09 - - 7.4E-13 4.1E-14 16E-11 8.9E-13 1.73E-06
Uranium-235 1.9E-02 1.3E-06 4.2E-03 3.9E-07 1.3E-07 1.3E-09 - - 6.8E-10 3.7E-11 1.5E-08 8.2E-10 1.74E-06
Uranium-238 2.1E-02 1.3E-06 4.5E-03 3.9E-07 1.4E-07 1.3E-09 - - 3.7E-13 2.0E-14 8.1E-12 4.5E-13 1.73E-06
Total 7.8E+00 1.8E-05 4.5E+00 5.3E-06 4.5E-01 5.4E-08 4.2E-02 2.3E-09 2.3E-07 1.3E-08 5.0E-06 2.7TE-07 2.32E-05

*Risks are non-specific for gender.




Table 5D-4: Reasonable Maximum Exposure Risk Calculations - Females - MCL Evaluation

Tap Water Ingestion”

Grown Produce

Inhalation While Bathing

Inhalation While

Water Immersion - Swimming®

Water Immersion - Bathing®

Total Cancer

Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime | bose s Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk

Americium-241 9.5E-04 7.3E-07 2.4E-04 1.8E-07 6.8E-09 8.0E-10 - - 15E-11 8.3E-13 1.0E-10 5.5E-12 9.04E-07
Lead-214 2.9E-01 1.0E-06 2.1E-05 7.3E-11 2.0E-06 3.4E-10 - - 6.3E-08 3.5E-09 4.2E-07 2.3E-08 1.02E-06
Plutonium-238 7.5E-04 7.2E-07 1.8E-04 1.6E-07 5.4E-09 7.6E-10 - - 7.3E-14 4.0E-15 4.9-13 2.7E-14 8.82E-07
Plutonium-239 7.3E-04 7.0E-07 1.9E-04 1.7E-07 5.2E-09 7.1E-10 - - 5.9E-14 3.3E-15 4.0E-13 2.2E-14 8.65E-07
Potassium-40 4.0E-03 1.0E-06 1.6E-03 4.2E-07 2.8E-08 9.5E-12 - - 5.9-10 3.2E-11 3.9E-09 2.2E-10 1.46E-06
Radium-226 1.7E-06 3.8E-09 4.7E-07 1.0E-09 1.2E-11 7.9E-13 - - 1.0E-14 5.5E-16 6.7E-14 3.7E-15 4.88E-09
Radium-228 9.5E-05 7.4E-07 15E-05 1.2E-07 6.8E-10 2.1E-11 - - - - - - 8.59E-07
0<5years Slvon}ium-m} 1.8E-03 4.8E-07 5.8E-04 1.6E-07 1.3E-08 7.4E-12 - - 2.2E-13 1.2E-14 15E-12 8.0E-14 6.36E-07
Thorium-228 9.2E-04 1.1E-06 1.2E-04 1.4E-07 6.6E-09 5.0E-09 - - 16E-12 8.8E-14 11E-11 5.9E-13 1.27E-06
Thorium-230 1.1E-03 8.0E-07 2.8E-04 1.9E-07 7.7E-09 1.3E-09 - - 3.6E-13 2.0E-14 2.4E-12 1.3E-13 9.89E-07
Thorium-232 9.8E-04 8.3E-07 2.5E-04 2.0E-07 7.0E-09 1.7E-09 - - 16E-13 9.0E-15 11E-12 6.0E-14 1.03E-06
Tritium 2.7E-01 7.2E-08 3.9E-01 2.4E-07 3.6E-02 9.7E-09 4.1E-03 1.1E-09 - - - - 3.27E-07
Uranium-234 1.4E-03 8.5E-07 3.6E-04 2.2E-07 1.0E-08 6.4E-10 - - 21E-13 11E-14 14E-12 7.6E-14 1.06E-06
Uranium-235 1.4E-03 8.7E-07 3.6E-04 2.2E-07 1.0E-08 5.8E-10 - - 1.9E-10 1.0E-11 1.3E-09 7.0E-11 1.09E-06
Uranium-238 1.5E-03 8.5E-07 3.9E-04 2.2E-07 1.1E-08 5.9E-10 - - 1.0E-13 5.7E-15 6.9E-13 3.8E-14 1.07E-06
Total 5.7E-01 1.1E-05 3.9E-01 2.6E-06 3.6E-02 2.2E-08 4.1E-03 1.1E-09 6.4E-08 3.5E-09 4.3E-07 2.3E-08 1.35E-05
Americium-241 2.7E-03 8.5E-07 8.5E-04 2.7E-07 17E-08 1.2E-09 - - 3.7E-11 2.0E-12 2.3E-10 13E-11 1.12E-06
Lead-214 8.1E-01 1.2E-06 7.6E-05 1.1E-10 5.1E-06 5.5E-10 - - 1.5E-07 8.5E-09 9.7E-07 5.3E-08 1.25E-06
Plutonium-238 2.1E-03 8.2E-07 6.4E-04 2.5E-07 13E-08 1.1E-09 - - 18E-13 9.8E-15 11E-12 6.2E-14 1.07E-06
Plutonium-239 2.1E-03 8.1E-07 6.6E-04 2.6E-07 1.3E-08 1.0E-09 - - 15E-13 8.0E-15 9.1E-13 5.0E-14 1.08E-06
Potassium-40 1.1E-02 1.2E-06 5.8E-03 6.2E-07 7.1E-08 11E-11 - - 14E-09 7.9€-11 9.1E-09 5.0E-10 1.81E-06
Radium-226 4.8E-06 6.8E-09 1.7E-06 2.4E-09 3.0E-11 11E-12 - - 2.5E-14 1.3E-15 15E-13 8.5E-15 9.21E-09
Radium-228 2.7E-04 1.2E-06 5.5E-05 2.5E-07 17E-09 2.6E-11 - - - - - - 1.46E-06
5 <15 years Slvon}ium-QO 5.0E-03 6.8E-07 2.1E-03 2.8E-07 3.2E-08 9.3E-12 - - 5.3E-13 2.9E-14 3.4E-12 1.8E-13 9.62E-07
Thorium-228 2.6E-03 1.1E-06 4.3E-04 1.9E-07 1.6E-08 6.7E-09 - - 3.9E-12 21E-13 2.5E-11 14E-12 1.33E-06
Thorium-230 3.0E-03 8.8E-07 9.8E-04 2.8E-07 1.9E-08 1.6E-09 - - 8.8E-13 4.9E-14 5.6E-12 3.1E-13 1.17E-06
Thorium-232 2.7E-03 9.0E-07 8.8E-04 2.9E-07 17E-08 2.0E-09 - - 4.0E-13 2.2E-14 2.5E-12 14E-13 1.20E-06
Tritium 7.5E-01 1.1E-07 1.4E+00 5.1E-07 9.0E-02 1.4E-08 1.1E-02 1.7E-09 - - - - 6.35E-07
Uranium-234 3.9E-03 1.1E-06 1.3E-03 3.5E-07 2.5E-08 8.6E-10 - - 5.0E-13 2.8E-14 3.2E-12 18E-13 1.42E-06
Uranium-235 4.0E-03 1.1E-06 1.3E-03 3.5E-07 2.5E-08 7.7E-10 - - 4.7E-10 2.6E-11 2.9E-09 1.6E-10 1.44E-06
Uranium-238 4.3E-03 1.1E-06 1.4E-03 3.5E-07 2.8E-08 7.8E-10 - - 2.5E-13 1.4E-14 1.6E-12 8.8E-14 1.42E-06
Total 1.6E+00 1.3E-05 1.4E+00 4.3E-06 9.0E-02 3.0E-08 1.1E-02 1.7E-09 1.6E-07 8.6E-09 9.8E-07 5.4E-08 1.74E-05
Americium-241 4.6E-03 7.6E-07 1.1E-03 1.8E-07 1.8E-08 7.0E-10 - - 27E-11 15E-12 2.5E-10 14E-11 9.36E-07
Lead-214 1.4E+00 9.0E-07 9.7E-05 6.3E-11 5.4E-06 2.8E-10 - - 1.1E-07 6.1E-09 1.1E-06 5.8E-08 9.63E-07
Plutonium-238 3.7E-03 7.8E-07 8.3E-04 1.7E-07 1.4E-08 6.8E-10 - - 13E-13 7.0E-15 12E-12 6.7E-14 9.52E-07
Plutonium-239 3.6E-03 7.9E-07 8.5E-04 3.4E-07 1.4E-08 6.7E-10 - - 1.0E-13 5.8E-15 9.9E-13 5.5E-14 1.13E-06
Potassium-40 1.9E-02 7.0E-07 7.4E-03 2.7E-07 7.4E-08 4.4E-12 - - 1.0E-09 5.7E-11 9.8E-09 5.4E-10 9.68E-07
Radium-226 8.3E-06 8.6E-09 2.1E-06 2.2E-09 3.2E-11 4.6E-13 - - 1.8E-14 9.7E-16 1.7E-13 9.2E-15 1.09E-08
Radium-228 4.6E-04 1.2E-06 7.1E-05 1.8E-07 1.8E-09 11E-11 - - - - - - 1.37E-06
15 < 25 years SUOn}ium-QO 8.6E-03 8.9E-07 2.7E-03 2.8E-07 3.3E-08 4.3E-12 - - 3.8E-13 2.1E-14 3.7E-12 2.0E-13 1.17E-06
Thorium-228 4.5E-03 6.7E-07 5.5E-04 8.2E-08 17E-08 2.7E-09 - - 2.8E-12 15E-13 27E-11 15E-12 7.52E-07
Thorium-230 5.3E-03 7.8E-07 1.3E-03 1.9E-07 2.0E-08 6.2E-10 - - 6.4E-13 3.5E-14 6.0E-12 3.3E-13 9.66E-07
Thorium-232 4.7E-03 8.0E-07 1.1E-03 1.9E-07 1.8E-08 8.4E-10 - - 2.9E-13 16E-14 2.8E-12 15E-13 9.95E-07
Tritium 1.3E+00 1.2E-07 1.8E+00 3.5E-07 9.4E-02 8.5E-09 8.7E-03 7.8E-10 - - - - 4.81E-07
Uranium-234 6.8E-03 7.9€-07 1.6E-03 1.9E-07 2.6E-08 3.7E-10 - - 3.6E-13 2.0E-14 3.5E-12 19E-13 9.75E-07
Uranium-235 6.9E-03 7.8E-07 1.6E-03 1.9E-07 2.6E-08 3.3E-10 - - 3.4E-10 1.8E-11 3.2E-09 1.8E-10 9.67E-07
Uranium-238 7.5E-03 7.9E-07 1.8E-03 1.9E-07 2.9E-08 3.3E-10 - - 1.8E-13 1.0E-14 1.7E-12 9.6E-14 9.76E-07
Total 2.8E+00 1.1E-05 1.8E+00 2.8E-06 9.4E-02 1.6E-08 8.7E-03 7.8E-10 1.1E-07 6.2E-09 1.1E-06 5.9E-08 1.36E-05
Americium-241 2.4E-02 1.6E-06 6.2E-03 4.6E-07 4.3E-08 8.6E-10 - - 5.1E-11 2.8E-12 5.1E-11 3.3E-11 2.05E-06
Lead-214 7.2E+00 9.0E-07 5.5E-04 7.9E-11 1.3E-05 2.8E-10 - - 2.1E-07 1.2E-08 2.1E-07 1.4E-07 1.05E-06
Plutonium-238 1.9E-02 1.6E-06 4.7E-03 4.5E-07 3.4E-08 8.1E-10 - - 24E-13 13E-14 24E-13 16E-13 2.09E-06
Plutonium-239 1.8E-02 1.6E-06 4.8E-03 4.8E-07 3.3E-08 7.8E-10 - - 2.0E-13 11E-14 2.0E-13 1.3E-13 2.11E-06
Potassium-40 1.0E-01 1.0E-06 4.2E-02 4.7E-07 1.8E-07 4.9€-12 - - 2.0E-09 11E-10 2.0E-09 1.3E-09 1.50E-06
Radium-226 4.3E-05 6.7E-09 1.2E-05 2.1E-09 7.7E-11 5.1E-13 - - 3.4E-14 1.9E-15 3.4E-14 2.2E-14 8.77E-09
Radium-228 2.4E-03 8.1E-07 4.0E-04 1.5E-07 4.3E-09 13E-11 - - - - - - 9.55E-07
25< 70 years SUOn}ium-QO 4.4E-02 1.8E-06 1.5E-02 6.4E-07 8.0E-08 5.2E-12 - - 7.3E-13 4.0E-14 7.3E-13 4.7E-13 2.42E-06
Thorium-228 2.3E-02 1.1E-06 3.1E-03 1.5E-07 4.2E-08 3.3E-09 - - 5.4E-12 3.0E-13 5.4E-12 3.5E-12 1.21E-06
Thorium-230 2.7E-02 1.5E-06 7.2E-03 4.4E-07 4.9E-08 8.8E-10 - - 1.2E-12 6.7E-14 1.2E-12 7.8E-13 1.94E-06
Thorium-232 2.5E-02 1.4E-06 6.5E-03 4.2E-07 4.4E-08 1.4E-09 - - 5.5E-13 3.0E-14 5.5E-13 3.6E-13 1.85E-06
Tritium 6.7E+00 2.2E-07 1.0E+01 7.6E-07 2.3E-01 7.5E-09 1.7E-02 5.5E-10 - - - - 9.91E-07
Uranium-234 3.5E-02 1.2E-06 9.2E-03 3.6E-07 6.3E-08 4.2E-10 - - 7.0E-13 3.8E-14 7.0E-13 4.5E-13 1.59E-06
Uranium-235 3.6E-02 1.2E-06 9.4E-03 3.5E-07 6.4E-08 1.0E-09 - - 6.4E-10 3.5E-11 6.4E-10 4.1E-10 1.55E-06
Uranium-238 3.9E-02 1.2E-06 1.0E-02 3.6E-07 7.0E-08 3.8E-10 - - 3.5E-13 1.9E-14 3.5E-13 2.2E-13 1.60E-06
Total 1.4E+01 1.7E-05 1.0E+01 5.5E-06 2.3E-01 1.8E-08 1.7E-02 5.5E-10 2.1E-07 1.2E-08 2.1E-07 1.4E-07 2.29E-05
Americium-241 3.2E-02 3.3E-06 8.3E-03 1.1E-06 8.4E-08 2.4E-09 - - 1.3E-10 7.1E-12 1.2E-09 6.5E-11 4.40E-06
Lead-214 9.6E+00 3.3E-06 7.4E-04 3.6E-10 2.6E-05 9.3E-10 - - 5.4E-07 3.0E-08 4.9E-06 2.7E-07 3.60E-06
Plutonium-238 2.5E-02 3.3E-06 6.3E-03 1.1E-06 6.7E-08 2.3E-09 - - 6.2E-13 3.4E-14 5.7E-12 3.1E-13 4.35E-06
Plutonium-239 2.4E-02 3.3E-06 6.4E-03 1.1E-06 6.5E-08 2.2E-09 - - 5.1E-13 2.8E-14 4.6E-12 2.6E-13 4.41E-06
Potassium-40 1.3E-01 3.3E-06 5.6E-02 1.9E-06 3.6E-07 18E-11 - - 5.0E-09 2.8E-10 4.6E-08 2.5E-09 5.23E-06
Radium-226 5.7E-05 2.2E-08 1.6E-05 8.3E-09 1.5E-10 17E-12 - - 8.6E-14 4.7E-15 7.8E-13 4.3E-14 3.02E-08
Radium-228 3.2E-03 3.3E-06 5.4E-04 7.7E-07 8.4E-09 4.4E-11 - - - - - - 4.06E-06
Lifetime Strontium-90 5.9E-02 3.3E-06 2.0E-02 1.4E-06 1.6E-07 16E-11 - - 19E-12 1.0E-13 17E-11 9.4E-13 4.68E-06
(0 <70 years) Thorium-228 3.1E-02 3.3E-06 4.1E-03 6.1E-07 8.2E-08 1.1E-08 - - 14E-11 7.5E-13 12E-10 6.9E-12 3.91E-06
Thorium-230 3.6E-02 3.3E-06 9.5E-03 1.1E-06 9.6E-08 2.7E-09 - - 3.1E-12 1.7E-13 2.8E-11 1.6E-12 4.43E-06
Thorium-232 3.3E-02 3.3E-06 8.6E-03 1.1E-06 8.7E-08 3.8E-09 - - 14E-12 7.8E-14 13E-11 7.1E-13 4.44E-06
Tritium 9.0E+00 5.0E-07 1.3E+01 1.9E-06 4.5E-01 2.5E-08 4.2E-02 2.3E-09 - - - - 2.45E-06
Uranium-234 4.7E-02 3.3E-06 1.2E-02 1.2E-06 1.2E-07 14E-09 - - 18E-12 9.7E-14 16E-11 8.9E-13 4.47E-06
Uranium-235 4.7E-02 3.3E-06 1.3E-02 1.2E-06 1.3E-07 1.3E-09 - - 1.6E-09 9.0E-11 1.5E-08 8.2E-10 4.47E-06
Uranium-238 5.1E-02 3.3E-06 1.4E-02 1.2E-06 1.4E-07 1.3E-09 - - 8.9E-13 4.9E-14 8.1E-12 4.5E-13 4.47E-06
Total 1.9E+01 4.3E-05 1.4E+01 1.6E-05 4.5E-01 5.4E-08 4.2E-02 2.3E-09 5.5E-07 3.0E-08 5.0E-06 2.7TE-07 5.94E-05

“These risks are non-specific for gender.




Table 5E-1: Central Tendency Risk Calculations - Males - Treated Water

) _ Tap Water Ingestiona Grown Produce Inhalation While Bathing Inhalation While Water Immersion - Water 1 - Bathinga Total Cancer
Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime Total Dose (Sv) Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk

Americium-241 1.1E-05 8.3E-09 1.3E-07 9.2E-11 2.0E-10 2.4E-11 - - 2.2E-13 1.2E-14 2.9E-12 1.6E-13 8.40E-09
Lead-214 3.3E-03 1.1E-08 5.0E-08 17E-13 6.2E-08 1.0E-11 - - 9.2E-10 5.1E-11 12E-08 6.8E-10 1.22E-08
Plutonium-238 8.0E-08 7.6E-11 9.3E-10 8.4E-13 15E-12 2.1E-13 - - 9.9E-18 5.4E-19 1.3E-16 7.3E-18 7.75E-11
Plutonium-239 9.1E-08 8.7E-11 1.1E-09 9.6E-13 17E-12 2.3E-13 - - 9.4E-18 5.2E-19 13E-16 7.0E-18 8.80E-11
Potassium-40 5.2E-03 1.3E-06 6.7E-05 1.7E-08 9.7E-08 3.2E-11 - - 9.7E-10 5.3E-11 1.3E-08 7.2E-10 1.36E-06
Radium-226 4.4E-04 9.8E-07 5.1E-06 1.1E-08 8.2E-09 5.3E-10 - - 3.3E-12 18E-13 4.4E-11 2.4E-12 9.95E-07
Radium-228 5.9E-04 4.6E-06 6.9E-06 5.2E-08 1.1E-08 3.4E-10 - - - - - - 4.65E-06
0<5years Stron‘tium—90 8.0E-05 2.2E-08 1.0E-06 2.8E-10 15E-09 8.8E-13 - - 13E-14 7.0E-16 17E-13 9.3E-15 2.21E-08
Thorium-228 1.1E-04 1.4E-07 1.3E-06 1.5E-09 2.1E-09 1.6E-09 - - 2.5E-13 14E-14 3.4E-12 1.9E-13 1.42E-07
Thorium-230 9.9E-05 7.2E-08 1.1E-06 8.0E-10 1.8E-09 3.1E-10 - - 4.2E-14 2.3E-15 5.6E-13 3.1E-14 7.34E-08
Thorium-232 8.6E-05 7.3E-08 1.0E-06 8.0E-10 1.6E-09 3.9E-10 - - 1.8E-14 1.0E-15 2.5E-13 14E-14 7.42E-08
Tritium 1.3E-02 3.4E-09 4.0E-04 0.0E+00 4.5E-09 12E-15 5.1E-10 14E-16 - - - - 3.42E-09
Uranium-234 4.6E-05 2.8E-08 5.4E-07 3.3E-10 8.7E-10 5.6E-11 - - 8.8E-15 4.8E-16 1.2E-13 6.4E-15 2.86E-08
Uranium-235 1.8E-06 1.1E-09 2.1E-08 13E-11 3.3E-11 19E-12 - - 3.1E-13 17E-14 4.1E-12 2.3E-13 1.11E-09
Uranium-238 3.1E-05 1.7E-08 3.6E-07 2.0E-10 5.8E-10 3.1E-11 - - 2.7E-15 15E-16 3.6E-14 2.0E-15 1.73E-08
Total 2.3E-02 7.3E-06 4.9E-04 8.5E-08 19E-07 3.4E-09 5.1E-10 14E-16 19E-09 10E-10 2.5E-08 14E-09 7.39E-06
Americium-241 2.9E-05 9.3E-09 4.8E-07 1.5E-10 5.3E-10 3.6E-11 - - 5.4E-13 3.0E-14 6.8E-12 3.7E-13 9.54E-09
Lead-214 9.0E-03 1.3E-08 1.9€-07 2.8E-13 1.6E-07 17E-11 - - 2.3E-09 12E-10 2.8E-08 1.6E-09 1.49E-08
Plutonium-238 2.2E-07 8.5E-11 3.6E-09 1.4E-12 3.9E-12 3.1E-13 - - 24E-17 1.3E-18 3.0E-16 17E-17 8.64E-11
Plutonium-239 2.5E-07 9.8E-11 4.1E-09 16E-12 4.4E-12 3.5E-13 - - 2.3E-17 13E-18 2.9E-16 16E-17 1.00E-10
Potassium-40 1.4E-02 1.5E-06 2.6E-04 2.7E-08 2.5E-07 4.0E-11 - - 2.4E-09 1.3E-10 3.0E-08 1.7E-09 1.52E-06
Radium-226 1.2E-03 1.7E-06 2.0E-05 2.8E-08 2.1E-08 7.4E-10 - - 8.0E-12 4.4E-13 1.0E-10 5.6E-12 1.72E-06
Radium-228 1.6E-03 7.3E-06 2.6E-05 1.2E-07 2.9E-08 4.4E-10 - - - - - - 7.37E-06
5 <15 years Stron‘tium—90 2.2E-04 3.0E-08 3.9E-06 5.4E-10 3.9E-09 12E-12 - - 3.1E-14 17E-15 3.9-13 2.1E-14 3.04E-08
Thorium-228 3.1E-04 1.4E-07 5.0E-06 2.2E-09 5.6E-09 2.3E-09 - - 6.2E-13 3.4E-14 7.8E-12 4.3E-13 1.40E-07
Thorium-230 2.7E-04 7.8E-08 4.4E-06 1.3E-09 4.8E-09 4.1E-10 - - 1.0E-13 5.6E-15 13E-12 7.1E-14 7.92E-08
Thorium-232 2.3E-04 7.7E-08 3.8E-06 1.3E-09 4.2E-09 4.8E-10 - - 4.5E-14 2.5E-15 5.7E-13 3.1E-14 7.86E-08
Tritium 3.4E-02 5.2E-09 1.5E-03 0.0E+00 12E-08 18E-15 15E-09 2.3E-16 - - - - 5.23E-09
Uranium-234 1.3E-04 3.5E-08 2.1E-06 5.7E-10 2.3E-09 7.8E-11 - - 2.1E-14 1.2E-15 2.7E-13 15E-14 3.52E-08
Uranium-235 4.9E-06 1.3E-09 8.0E-08 2.2E-11 8.7E-11 2.7E-12 - - 7.5E-13 4.1E-14 9.5E-12 5.2E-13 1.35E-09
Uranium-238 8.4E-05 2.1E-08 1.4E-06 3.4E-10 15E-09 4.3E-11 - - 6.5E-15 3.6E-16 8.2E-14 4.5E-15 2.12E-08
Total 6.1E-02 1.1E-05 19E-03 18E-07 5.0E-07 4.6E-09 15E-09 2.3E-16 4.7E-09 2.6E-10 5.9E-08 3.2E-09 1.10E-05
Americium-241 5.2E-05 8.6E-09 6.6E-07 1.1E-10 6.2E-10 2.5E-11 - - 3.9E-13 2.1E-14 7.3E-12 4.0E-13 8.68E-09
Lead-214 1.6E-02 1.0E-08 2.6E-07 17E-13 19E-07 9.9E-12 - - 1.6E-09 9.0E-11 3.1E-08 17E-09 1.21E-08
Plutonium-238 3.9E-07 8.2E-11 4.9-09 1.0E-12 4.6E-12 2.2E-13 - - 17E-17 9.6E-19 3.3E-16 1.8E-17 8.34E-11
Plutonium-239 4.4-07 9.8E-11 5.6E-09 12E-12 5.2E-12 2.6E-13 - - 17E-17 9.2E-19 3.2E-16 17E-17 9.97E-11
Potassium-40 2.5E-02 9.0E-07 3.5E-04 1.3E-08 3.0E-07 17E-11 - - 1.7E-09 9.4E-11 3.3E-08 1.8E-09 9.15E-07
Radium-226 2.1E-03 2.2E-06 2.7E-05 2.8E-08 2.5E-08 3.7E-10 - - 5.8E-12 3.2E-13 11E-10 6.0E-12 2.22E-06
Radium-228 2.8E-03 7.3E-06 3.6E-05 9.4E-08 3.4E-08 2.2E-10 - - - - - - 7.38E-06
15 < 25 years Stron.tium—90 3.9E-04 4.0E-08 5.4E-06 5.7E-10 4.6E-09 6.0E-13 - - 2.2E-14 12E-15 4.2E-13 2.3E-14 4.09E-08
Thorium-228 5.5E-04 8.2E-08 6.8E-06 1.0E-09 6.5E-09 1.0E-09 - - 4.4E-13 2.4E-14 8.4E-12 4.6E-13 8.40E-08
Thorium-230 4.8E-04 7.0E-08 6.0E-06 8.9E-10 5.6E-09 17E-10 - - 7.4E-14 4.1E-15 14E-12 7.7E-14 7.15E-08
Thorium-232 4.2E-04 7.0E-08 5.3E-06 8.9E-10 4.9E-09 2.3E-10 - - 3.3E-14 1.8E-15 6.2E-13 3.4E-14 7.14E-08
Tritium 6.1E-02 5.5E-09 2.1E-03 0.0E+00 1.4E-08 12E-15 1.3E-09 12E-16 - - - - 5.53E-09
Uranium-234 2.2E-04 2.6E-08 2.8E-06 3.3E-10 2.7E-09 3.8E-11 - - 15E-14 8.5E-16 2.9E-13 1.6E-14 2.64E-08
Uranium-235 8.6E-06 9.8E-10 1.1E-07 12E-11 1.0E-10 13E-12 - - 5.4E-13 3.0E-14 1.0E-11 5.7E-13 9.92E-10
Uranium-238 1.5E-04 1.6E-08 1.9E-06 2.0E-10 18E-09 2.1E-11 - - 4.7E-15 2.6E-16 8.9E-14 4.9E-15 1.59E-08
Total 11E-01 1.1E-05 2.6E-03 14E-07 5.9E-07 2.1E-09 13E-09 12E-16 3.4E-09 18E-10 6.4E-08 3.5E-09 1.09E-05
Americium-241 2.9E-04 1.9E-08 3.7E-06 2.7E-10 1.5E-09 3.1E-11 - - 7.4E-13 4.1E-14 7.4E-13 9.5E-13 1.96E-08
Lead-214 8.8E-02 1.1E-08 1.5E-06 2.1E-13 4.7E-07 1.0E-11 - - 3.1E-09 17E-10 3.1E-09 4.0E-09 1.52E-08
Plutonium-238 2.1E-06 1.9E-10 2.8E-08 2.7E-12 11E-11 2.7E-13 - - 3.3E-17 1.8E-18 3.3E-17 4.3E-17 1.88E-10
Plutonium-239 2.4E-06 2.2E-10 3.1E-08 3.1E-12 13E-11 3.1E-13 - - 3.2E-17 18E-18 3.2E-17 4.1E-17 2.19E-10
Potassium-40 1.4E-01 1.4E-06 2.0E-03 2.2E-08 7.4E-07 2.0E-11 - - 3.3E-09 1.8E-10 3.3E-09 4.2E-09 1.43E-06
Radium-226 1.2E-02 1.8E-06 1.5E-04 2.6E-08 6.2E-08 4.2E-10 - - 11E-11 6.1E-13 11E-11 14E-11 1.85E-06
Radium-228 1.6E-02 5.3E-06 2.0E-04 7.5E-08 8.4E-08 2.6E-10 - - - - - - 5.38E-06
25<70years Stron.tium—90 2.1E-03 8.5E-08 3.1E-05 1.3E-09 1.1E-08 7.5E-13 - - 4.3E-14 2.3E-15 4.3E-14 5.5E-14 8.68E-08
Thorium-228 3.0E-03 1.4E-07 3.8E-05 0.0E+00 1.6E-08 1.3E-09 - - 8.5E-13 4.7E-14 8.5E-13 11E-12 1.39E-07
Thorium-230 2.6E-03 1.4E-07 3.4E-05 2.1E-09 1.4E-08 2.5E-10 - - 14E-13 7.8E-15 14E-13 18E-13 1.47E-07
Thorium-232 2.3E-03 1.3E-07 3.0E-05 1.9E-09 1.2E-08 3.8E-10 - - 6.2E-14 3.4E-15 6.2E-14 8.0E-14 1.36E-07
Tritium 3.4E-01 1.1E-08 1.2E-02 0.0E+00 3.4E-08 11E-15 2.7E-09 8.8E-17 - - - - 1.11E-08
Uranium-234 1.2E-03 4.4E-08 1.6E-05 6.2E-10 6.6E-09 4.4E-11 - - 3.0E-14 1.6E-15 3.0E-14 3.8E-14 4.42E-08
Uranium-235 4.8E-05 1.6E-09 6.2E-07 2.3E-11 2.6E-10 4.0E-12 - - 1.0E-12 5.7E-14 1.0E-12 13E-12 1.64E-09
Uranium-238 8.2E-04 2.6E-08 1.1E-05 3.8E-10 4.4E-09 2.4E-11 - - 9.0E-15 4.9E-16 9.0E-15 12E-14 2.68E-08
Total 6.0E-01 9.1E-06 14E-02 13E-07 15E-06 2.7E-09 2.7E-09 8.8E-17 6.4E-09 3.5E-10 6.4E-09 8.2E-09 9.29E-06
Americium-241 3.7E-04 3.9E-08 5.0E-06 6.6E-10 2.9E-09 8.2E-11 - - 19E-12 1.0E-13 3.4E-11 19E-12 3.97E-08
Lead-214 1.1E-01 3.9E-08 2.0E-06 9.5E-13 9.0E-07 3.3E-11 - - 7.9€-09 4.4E-10 14E-07 7.9-09 4.78E-08
Plutonium-238 2.8E-06 3.6E-10 3.7E-08 6.2E-12 2.2E-11 7.3E-13 - - 8.5E-17 4.7E-18 15E-15 8.5E-17 3.72E-10
Plutonium-239 3.2E-06 4.3E-10 4.2E-08 7.3E-12 2.5E-11 8.3E-13 - - 8.1E-17 4.5E-18 15E-15 8.1E-17 4.35E-10
Potassium-40 1.8E-01 4.4E-06 2.6E-03 9.1E-08 1.4E-06 7.0E-11 - - 8.4E-09 4.6E-10 1.5E-07 8.4E-09 4.54E-06
Radium-226 1.5E-02 5.8E-06 2.0E-04 1.0E-07 12E-07 1.4E-09 - - 2.8E-11 15E-12 5.1E-10 2.8E-11 5.93E-06
Radium-228 2.0E-02 2.1E-05 2.7E-04 3.9E-07 1.6E-07 8.3E-10 - - - - - - 2.16E-05
Lifetime Strontium-90 2.8E-03 1.6E-07 4.1E-05 2.8E-09 2.2E-08 2.3E-12 - - 11E-13 6.0E-15 2.0E-12 11E-13 1.58E-07
(0 <70 years) Thorium-228 3.9E-03 4.2E-07 5.1E-05 7.6E-09 3.1E-08 4.1E-09 - - 2.2E-12 1.2E-13 3.9E-11 2.2E-12 4.34E-07
Thorium-230 3.4E-03 3.1E-07 4.5E-05 5.4E-09 2.7E-08 7.6E-10 - - 3.6E-13 2.0E-14 6.6E-12 3.6E-13 3.17E-07
Thorium-232 3.0E-03 3.0E-07 4.0E-05 5.3E-09 2.3E-08 1.0E-09 - - 1.6E-13 8.7E-15 2.9E-12 1.6E-13 3.08E-07
Tritium 4.4E-01 2.5E-08 1.6E-02 0.0E+00 6.5E-08 3.6E-15 6.4E-09 3.6E-16 - - - - 2.47E-08
Uranium-234 1.6E-03 1.1E-07 2.1E-05 2.0E-09 1.3E-08 1.4E-10 - - 7.5E-14 4.1E-15 14E-12 7.5E-14 1.16E-07
Uranium-235 6.2E-05 4.3E-09 8.2E-07 7.8E-11 4.9-10 4.9€-12 - - 2.6E-12 15E-13 4.8E-11 2.6E-12 4.41E-09
Uranium-238 1.1E-03 6.9E-08 1.4E-05 1.2E-09 8.4E-09 7.8E-11 - - 2.3E-14 13E-15 4.2E-13 2.3E-14 7.01E-08
Total 7.9E-01 3.3E-05 19E-02 6.1E-07 2.8E-06 8.5E-09 6.4E-09 3.6E-16 16E-08 9.0E-10 3.0E-07 16E-08 3.36E-05




Table 5E-2: Reasonable Maximum Exposure Risk Calculations - Males - Treated Water

Tap Water Ingestion®

Grown Produce

Inhalation While Bathing

Inhalation While

Water Immersion - Swimmii

Water Immersion - Bathing®

Total Cancer

Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime | bose ) Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk

Americium-241 2.0E-05 1.5E-08 2.7E-07 2.0E-10 15E-10 17E-11 - - 3.2E-13 17E-14 2.1E-12 12E-13 1.55E-08
Lead-214 2.1E-02 7.4E-08 3.8E-07 1.3E-12 1.6E-07 2.6E-11 - - 4.7E-09 2.6E-10 3.1E-08 1.7E-09 7.62E-08
Plutonium-238 2.8E-07 2.6E-10 3.8E-09 3.5E-12 2.0E-12 2.9E-13 - - 2.7E-17 15E-18 18E-16 9.8E-18 2.68E-10
Plutonium-239 1.4E-05 1.4E-08 2.0E-07 1.8E-10 1.1E-10 14E-11 - - 1.2E-15 6.4E-17 7.8E-15 4.3E-16 1.40E-08
Potassium-40 8.8E-02 2.3E-05 1.3E-03 3.5E-07 6.4E-07 2.1E-10 - - 13E-08 7.1E-10 8.6E-08 4.7E-09 2.31E-05
Radium-226 2.2E-03 5.0E-06 3.1E-05 6.9E-08 1.6E-08 1.1E-09 - - 13E-11 7.2E-13 8.8E-11 4.8E-12 5.11E-06
Radium-228 1.9E-03 1.4E-05 2.6E-05 1.9E-07 1.4E-08 4.2E-10 - - - - - - 1.46E-05
0<5years Slvon}ium-QO 5.7E-04 1.5E-07 8.7E-06 2.3E-09 4.2E-09 2.4E-12 - - 7.0E-14 3.9E-15 4.7E-13 2.6E-14 1.57E-07
Thorium-228 4.5E-04 5.4E-07 6.0E-06 7.1E-09 3.3E-09 2.5E-09 - - 7.7E-13 4.2E-14 5.2E-12 2.8E-13 5.54E-07
Thorium-230 5.5E-04 4.1E-07 7.6E-06 5.3E-09 4.1E-09 6.9E-10 - - 1.8E-13 1.0E-14 1.2E-12 6.8E-14 4.13E-07
Thorium-232 3.2E-04 2.7E-07 4.4E-06 3.5E-09 2.3E-09 5.7E-10 - - 5.4E-14 2.9E-15 3.6E-13 2.0E-14 2.75E-07
Tritium 3.5E-02 9.5E-09 1.3E-03 0.0E+00 4.9E-09 1.3E-15 5.1E-10 1.4E-16 - - - - 9.52E-09
Uranium-234 1.4E-04 8.7E-08 2.0E-06 1.2E-09 1.1E-09 6.8E-11 - - 2.1E-14 12E-15 14E-13 7.8E-15 8.86E-08
Uranium-235 5.4E-06 3.3E-09 7.5E-08 4.5E-11 4.0E-11 2.3E-12 - - 7.3E-13 4.0E-14 4.9E-12 2.7E-13 3.37E-09
Uranium-238 9.7E-05 5.3E-08 1.3E-06 7.3E-10 7.1E-10 3.8E-11 - - 6.5E-15 3.6E-16 4.3E-14 2.4E-15 5.41E-08
Total 1.5E-01 4.4E-05 2.8E-03 6.3E-07 8.5E-07 5.6E-09 5.1E-10 14E-16 1.8E-08 9.7E-10 1.2E-07 6.5E-09 4.45E-05
Americium-241 5.6E-05 1.8E-08 9.8E-07 3.1E-10 3.8E-10 2.6E-11 - - 7.8E-13 4.3E-14 4.9€-12 27E-13 1.82E-08
Lead-214 6.0E-02 8.8E-08 1.4E-06 2.0E-12 4.1E-07 4.4E-11 - - 1.1E-08 6.3E-10 7.2E-08 4.0E-09 9.27E-08
Plutonium-238 7.8E-07 3.0E-10 1.4E-08 5.3E-12 5.3E-12 4.3E-13 - - 6.6E-17 3.6E-18 4.1E-16 2.3E-17 3.09E-10
Plutonium-239 4.1E-05 1.6E-08 7.1E-07 2.8E-10 2.8E-10 2.2E-11 - - 2.9E-15 1.6E-16 1.8E-14 9.9E-16 1.64E-08
Potassium-40 2.5E-01 2.6E-05 4.8E-03 5.1E-07 1.7E-06 2.6E-10 - - 3.2E-08 1.7E-09 2.0E-07 1.1E-08 2.66E-05
Radium-226 6.3E-03 9.0E-06 1.1E-04 1.6E-07 4.3E-08 1.5E-09 - - 3.2E-11 1.8E-12 2.0E-10 11E-11 9.14E-06
Radium-228 5.2E-03 2.4E-05 9.1E-05 4.1E-07 3.5E-08 5.5E-10 - - - - - - 2.40E-05
5 <15 years Slvon}ium-QO 1.6E-03 2.2E-07 3.1E-05 4.2E-09 1.1E-08 3.2E-12 - - 1.7E-13 9.4E-15 11E-12 6.0E-14 2.23E-07
Thorium-228 1.3E-03 5.5E-07 2.1E-05 9.5E-09 8.5E-09 3.5E-09 - - 19E-12 1.0E-13 12E-11 6.6E-13 5.63E-07
Thorium-230 1.6E-03 4.5E-07 2.7E-05 7.9E-09 1.1E-08 8.9E-10 - - 4.5E-13 2.5E-14 2.8E-12 1.6E-13 4.59E-07
Thorium-232 8.9E-04 2.9E-07 1.6E-05 5.2E-09 6.1E-09 7.0E-10 - - 13E-13 7.2E-15 8.3E-13 4.5E-14 3.00E-07
Tritium 9.9E-02 1.5E-08 4.7E-03 0.0E+00 1.3E-08 1.9E-15 1.5E-09 2.3E-16 - - - - 1.51E-08
Uranium-234 4.0E-04 1.1E-07 7.1E-06 1.9E-09 2.7E-09 9.4E-11 - - 5.2E-14 2.9E-15 3.3E-13 18E-14 1.12E-07
Uranium-235 1.5E-05 4.2E-09 2.7E-07 7.3E-11 1.0E-10 3.2E-12 - - 1.8E-12 9.8E-14 11E-11 6.2E-13 4.24E-09
Uranium-238 2.7E-04 6.7E-08 4.8E-06 1.2E-09 1.8E-09 5.2E-11 - - 1.6E-14 8.7E-16 1.0E-13 5.5E-15 6.85E-08
Total 4.2E-01 6.0E-05 9.8E-03 1.1E-06 2.2E-06 7.6E-09 1.5E-09 2.3E-16 4.3E-08 2.4E-09 2.7E-07 1.5E-08 6.16E-05
Americium-241 9.7E-05 1.6E-08 1.4E-06 24E-10 4.5E-10 18E-11 - - 5.6E-13 3.1E-14 5.3E-12 2.9E-13 1.62E-08
Lead-214 1.0E-01 6.7E-08 2.0E-06 1.3E-12 4.8E-07 2.5E-11 - - 8.2E-09 4.5E-10 7.8E-08 4.3E-09 7.16E-08
Plutonium-238 1.4E-06 2.9E-10 2.0E-08 4.2E-12 6.2E-12 3.0E-13 - - 4.7E-17 2.6E-18 4.5E-16 2.5E-17 2.91E-10
Plutonium-239 7.0E-05 1.6E-08 1.0E-06 2.3E-10 3.2E-10 16E-11 - - 2.1E-15 1.1E-16 2.0E-14 1.1E-15 1.59E-08
Potassium-40 4.3E-01 15E-05 7.0E-03 2.5E-07 2.0E-06 12E-10 - - 2.3E-08 1.3E-09 2.2E-07 12E-08 1.56E-05
Radium-226 1.1E-02 1.1E-05 1.6E-04 1.7E-07 5.0E-08 7.3E-10 - - 2.3E-11 1.3E-12 2.2E-10 1.2E-11 1.15E-05
Radium-228 9.0E-03 2.3E-05 1.3E-04 3.5E-07 4.1E-08 2.7E-10 - - - - - - 2.34E-05
15 < 25 years SUOn}ium-QO 2.8E-03 2.9E-07 4.5E-05 4.8E-09 1.3E-08 17E-12 - - 1.2E-13 6.8E-15 1.2E-12 6.5E-14 2.92E-07
Thorium-228 2.2E-03 3.2E-07 3.1E-05 4.7E-09 1.0E-08 1.6E-09 - - 14E-12 7.5E-14 13E-11 7.1E-13 3.29€-07
Thorium-230 2.7E-03 4.0E-07 4.0E-05 5.9E-09 1.2E-08 3.8E-10 - - 3.3E-13 1.8E-14 3.1E-12 1.7E-13 4.05E-07
Thorium-232 1.6E-03 2.6E-07 2.3E-05 3.9E-09 7.2E-09 3.3E-10 - - 9.5E-14 5.2E-15 9.0E-13 4.9-14 2.66E-07
Tritium 1.7E-01 1.6E-08 6.9E-03 0.0E+00 1.5E-08 1.3E-15 1.3E-09 1.2E-16 - - - - 1.55E-08
Uranium-234 7.0E-04 8.1E-08 1.0E-05 1.2E-09 3.2E-09 4.6E-11 - - 3.7E-14 2.1E-15 3.6E-13 2.0E-14 8.22E-08
Uranium-235 2.6E-05 3.0E-09 3.9E-07 4.5E-11 1.2E-10 15E-12 - - 1.3E-12 7.1E-14 1.2E-11 6.7E-13 3.03E-09
Uranium-238 4.7E-04 4.9E-08 7.0E-06 7.3E-10 2.2E-09 2.5E-11 - - 1.1E-14 6.3E-16 1.1E-13 6.0E-15 5.01E-08
Total 7.3E-01 5.1E-05 1.4E-02 7.9E-07 2.6E-06 3.5E-09 1.3E-09 1.2E-16 3.1E-08 1.7E-09 2.9E-07 1.6E-08 5.21E-05
Americium-241 5.0E-04 3.4E-08 1.8E-06 13E-10 1.1E-09 2.2E-11 - - 11E-12 5.9E-14 12E-11 6.9E-13 3.37E-08
Lead-214 5.4E-01 6.7E-08 2.5E-06 3.6E-13 1.2E-06 2.6E-11 - - 1.6E-08 8.7E-10 1.8E-07 1.0E-08 7.80E-08
Plutonium-238 7.0E-06 6.0E-10 2.5E-08 24E-12 16E-11 3.7E-13 - - 9.0E-17 5.0E-18 11E-15 5.8E-17 6.06E-10
Plutonium-239 3.6E-04 3.2E-08 1.3E-06 1.3E-10 8.1E-10 19E-11 - - 4.0E-15 2.2E-16 4.6E-14 2.5E-15 3.23E-08
Potassium-40 2.2E+00 2.2E-05 8.8E-03 9.9E-08 4.9E-06 13E-10 - - 4.3E-08 2.4E-09 5.1E-07 2.8E-08 2.26E-05
Radium-226 5.6E-02 8.8E-06 2.1E-04 3.5E-08 1.2E-07 8.4E-10 - - 4.4E-11 2.4E-12 5.2E-10 2.8E-11 8.85E-06
Radium-228 4.6E-02 1.6E-05 1.7E-04 6.2E-08 1.0E-07 3.1E-10 - - - - - - 1.58E-05
25< 70 years SUOn}ium-QO 1.4E-02 5.7E-07 5.7E-05 2.4E-09 3.2E-08 2.1E-12 - - 2.4E-13 1.3E-14 2.8E-12 15E-13 5.73E-07
Thorium-228 1.1E-02 5.1E-07 4.0E-05 2.0E-09 2.5E-08 2.0E-09 - - 2.6E-12 14E-13 3.0E-11 17E-12 5.13E-07
Thorium-230 1.4E-02 7.7E-07 5.0E-05 3.1E-09 3.1E-08 5.6E-10 - - 6.2E-13 3.4E-14 7.3E-12 4.0E-13 7.69E-07
Thorium-232 8.0E-03 4.6E-07 2.9E-05 1.9E-09 1.8E-08 5.5E-10 - - 18E-13 9.9E-15 2.1E-12 12E-13 4.67E-07
Tritium 8.9E-01 2.9E-08 8.8E-03 0.0E+00 3.7E-08 1.2E-15 2.7E-09 8.8E-17 - - - - 2.93E-08
Uranium-234 3.6E-03 1.3E-07 1.3E-05 5.1E-10 8.0E-09 5.4E-11 - - 7.2E-14 3.9E-15 8.4E-13 4.6E-14 1.27E-07
Uranium-235 1.4E-04 4.6E-09 4.9e-07 1.8E-11 3.0E-10 4.8E-12 - - 2.5E-12 14E-13 2.9E-11 1.6E-12 4.62E-09
Uranium-238 2.4E-03 7.8E-08 8.8E-06 3.1E-10 5.4E-09 3.0E-11 - - 2.2E-14 1.2E-15 2.6E-13 1.4E-14 7.80E-08
Total 3.8E+00 5.0E-05 1.8E-02 2.1E-07 6.5E-06 4.5E-09 2.7E-09 8.8E-17 5.9E-08 3.3E-09 6.9E-07 3.8E-08 4.99E-05
Americium-241 6.7E-04 6.9E-08 1.1E-05 1.4E-09 2.1E-09 6.0E-11 - - 2.7E-12 1.5E-13 2.5E-11 14E-12 7.07E-08
Lead-214 7.1E-01 2.4E-07 1.5E-05 7.2E-12 2.3E-06 8.2E-11 - - 4.0E-08 2.2E-09 3.7E-07 2.0E-08 2.67E-07
Plutonium-238 9.3E-06 1.2E-09 1.5€E-07 25E-11 3.0E-11 9.9E-13 - - 2.3E-16 13E-17 2.1E-15 12E-16 1.24E-09
Plutonium-239 4.8E-04 6.5E-08 7.8E-06 1.4E-09 1.5E-09 5.1E-11 - - 1.0E-14 5.5E-16 9.2E-14 5.0E-15 6.65E-08
Potassium-40 2.9E+00 7.2E-05 5.2E-02 1.8E-06 9.3E-06 4.7E-10 - - 1.1E-07 6.1E-09 1.0E-06 5.5E-08 7.41E-05
Radium-226 7.5E-02 2.9E-05 1.2E-03 6.3E-07 2.4E-07 2.7E-09 - - 1.1E-10 6.2E-12 1.0E-09 5.7E-11 2.94E-05
Radium-228 6.2E-02 6.4E-05 1.0E-03 1.4E-06 2.0E-07 1.0E-09 - - - - - - 6.55E-05
Lifetime Strontium-90 1.9E-02 1.1E-06 3.4E-04 2.3E-08 6.0E-08 6.4E-12 - - 6.0E-13 3.3E-14 5.5E-12 3.0E-13 1.08E-06
(0 <70 years) Thorium-228 1.5E-02 1.6E-06 2.4E-04 3.5E-08 4.7E-08 6.3E-09 - - 6.6E-12 3.6E-13 6.0E-11 3.3E-12 1.63E-06
Thorium-230 1.8E-02 1.7E-06 3.0E-04 3.5E-08 5.9E-08 1.7E-09 - - 1.6E-12 8.7E-14 14E-11 7.9E-13 1.72E-06
Thorium-232 1.1E-02 1.1E-06 1.7E-04 2.3E-08 3.4E-08 15E-09 - - 4.6E-13 2.5E-14 4.2E-12 2.3E-13 1.10E-06
Tritium 1.2E+00 6.6E-08 5.2E-02 0.0E+00 7.1E-08 4.0E-15 6.4E-09 3.6E-16 - - - - 6.62E-08
Uranium-234 4.8E-03 3.4E-07 7.7E-05 7.4E-09 15E-08 17E-10 - - 18E-13 1.0E-14 17E-12 9.1E-14 3.46E-07
Uranium-235 1.8E-04 1.3E-08 2.9E-06 2.8E-10 5.8E-10 5.8E-12 - - 6.3E-12 3.4E-13 5.7E-11 3.1E-12 1.29E-08
Uranium-238 3.2E-03 2.1E-07 5.2E-05 4.5E-09 1.0E-08 9.6E-11 - - 5.6E-14 3.1E-15 5.1E-13 2.8E-14 2.11E-07
Total 5.0E+00 1.7E-04 1.1E-01 4.0E-06 1.2E-05 1.4E-08 6.4E-09 3.6E-16 1.5E-07 8.3E-09 1.4E-06 7.6E-08 1.76E-04

*These risks are non-specific for gender.




Table 5E-3: Central Tendency Risk Calculations - Females - Treated Water

Age Cohort

Radionuclide

Tap Water Ingestiona

Total Intake

Grown Produce

Inhalation While Bathing

Lifetime

Total Intake

Lifetime

Total Intake

Lifetime

Inhalation While Swimming

Total Intake

Lifetime

\Water Immersi wimmingal Water Immersion - Bathinga

Total Dose

Lifetime

Lifetime

Total Cancer

(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Total Dose (Sv) Cancer Risk Risk
Americium-241 1.1E-05 8.3E-09 1.2E-07 9.0E-11 2.0E-10 2.3E-11 - - 2.2E-13 1.2E-14 2.9E-12 1.6E-13 8.40E-09
Lead-214 3.3E-03 1.1E-08 4.9E-08 1.7E-13 6.0E-08 1.0E-11 - - 9.2E-10 5.1E-11 1.2E-08 6.8E-10 1.22E-08
Plutonium-238 8.0E-08 7.6E-11 9.1E-10 8.3E-13 15E-12 2.1E-13 - - 9.9E-18 5.4E-19 1.3E-16 7.3E-18 7.75E-11
Plutonium-239 9.1E-08 8.7E-11 1.0E-09 9.4E-13 17E-12 2.3E-13 - - 9.4E-18 5.2E-19 1.3E-16 7.0E-18 8.80E-11
Potassium-40 5.2E-03 1.3E-06 6.5E-05 1.7E-08 9.4E-08 3.2E-11 - - 9.7E-10 5.3E-11 1.3E-08 7.2E-10 1.36E-06
Radium-226 4.4E-04 9.8E-07 5.0E-06 1.1E-08 8.0E-09 5.2E-10 - - 3.3E-12 1.8E-13 4.4E-11 2.4E-12 9.95E-07
Radium-228 5.9E-04 4.6E-06 6.7E-06 5.1E-08 1.1E-08 3.3E-10 - - - - - - 4.64E-06
0<5years Suon.lium-QO 8.0E-05 2.2E-08 1.0E-06 2.7E-10 1.5E-09 8.6E-13 - - 1.3E-14 7.0E-16 17E-13 9.3E-15 2.21E-08
Thorium-228 1.1E-04 1.4E-07 1.3E-06 1.5E-09 2.1E-09 1.6E-09 - - 2.5E-13 14E-14 3.4E-12 1.9E-13 1.42E-07
Thorium-230 9.9E-05 7.2E-08 1.1E-06 7.8E-10 1.8E-09 3.1E-10 - - 4.2E-14 2.3E-15 5.6E-13 3.1E-14 7.34E-08
Thorium-232 8.6E-05 7.3E-08 9.8E-07 7.8E-10 1.6E-09 3.8E-10 - - 1.8E-14 1.0E-15 2.5E-13 14E-14 7.42E-08
Tritium 1.3E-02 3.4E-09 3.9E-04 0.0E+00 4.3E-09 1.2E-15 4.9E-10 1.3E-16 - - - - 3.42E-09
Uranium-234 4.6E-05 2.8E-08 5.3E-07 3.2E-10 8.5E-10 5.5E-11 - - 8.8E-15 4.8E-16 1.2E-13 6.4E-15 2.86E-08
Uranium-235 1.8E-06 1.1E-09 2.0E-08 1.2E-11 3.3E-11 19E-12 - - 3.1E-13 17E-14 4.1E-12 2.3E-13 1.11E-09
Uranium-238 3.1E-05 1.7E-08 3.5E-07 19E-10 5.6E-10 3.0E-11 - - 2.7E-15 15E-16 3.6E-14 2.0E-15 1.73E-08
Total 2.3E-02 7.3E-06 4.8E-04 8.3E-08 19E-07 3.3E-09 4.9E-10 13E-16 19E-09 10E-10 2.5E-08 14E-09 7.38E-06
Americium-241 2.9E-05 9.3E-09 4.7E-07 1.5E-10 4.9E-10 3.4E-11 - - 5.4E-13 3.0E-14 6.8E-12 3.7E-13 9.53E-09
Lead-214 9.0E-03 1.3E-08 1.9E-07 2.7E-13 1.5E-07 16E-11 - - 2.3E-09 1.2E-10 2.8E-08 1.6E-09 1.49E-08
Plutonium-238 2.2E-07 8.5E-11 3.5E-09 1.4E-12 3.7E-12 2.9E-13 - - 2.4E-17 1.3E-18 3.0E-16 17E-17 8.64E-11
Plutonium-239 2.5E-07 9.8E-11 4.0E-09 1.6E-12 4.2E-12 3.3E-13 - - 2.3E-17 1.3E-18 2.9E-16 1.6E-17 9.99E-11
Potassium-40 1.4E-02 1.5E-06 2.5E-04 2.7E-08 2.4E-07 3.7E-11 - - 2.4E-09 1.3E-10 3.0E-08 1.7E-09 1.52E-06
Radium-226 1.2E-03 1.7E-06 1.9E-05 2.8E-08 2.0E-08 6.9E-10 - - 8.0E-12 4.4E-13 1.0E-10 5.6E-12 1.72E-06
Radium-228 1.6E-03 7.3E-06 2.6E-05 1.2E-07 2.7E-08 4.2E-10 - - - - - - 7.37E-06
10 <15 years Suon.lium-QO 2.2E-04 3.0E-08 3.9E-06 5.3E-10 3.7E-09 11E-12 - - 3.1E-14 1.7E-15 3.9E-13 2.1E-14 3.04E-08
Thorium-228 3.1E-04 1.4E-07 4.9E-06 2.2E-09 5.2E-09 2.1E-09 - - 6.2E-13 3.4E-14 7.8E-12 4.3E-13 1.40E-07
Thorium-230 2.7E-04 7.8E-08 4.3E-06 1.2E-09 4.5E-09 3.8E-10 - - 1.0E-13 5.6E-15 1.3E-12 7.1E-14 7.91E-08
Thorium-232 2.3E-04 7.7E-08 3.7E-06 1.2E-09 3.9E-09 4.5E-10 - - 4.5E-14 2.5E-15 5.7E-13 3.1E-14 7.86E-08
Tritium 3.4E-02 5.2E-09 1.5E-03 0.0E+00 1.1E-08 1.7E-15 1.4E-09 2.1E-16 - - - - 5.23E-09
Uranium-234 1.3E-04 3.5E-08 2.0E-06 5.6E-10 2.1E-09 7.3E-11 - - 2.1E-14 1.2E-15 2.7E-13 15E-14 3.51E-08
Uranium-235 4.9E-06 1.3E-09 7.8E-08 2.1E-11 8.2E-11 2.5E-12 - - 7.5E-13 4.1E-14 9.5E-12 5.2E-13 1.35E-09
Uranium-238 8.4E-05 2.1E-08 1.3E-06 3.4E-10 14E-09 4.0E-11 - - 6.5E-15 3.6E-16 8.2E-14 4.5E-15 2.12E-08
Total 6.1E-02 11E-05 18E-03 18E-07 4.7E-07 4.3E-09 14E-09 2.1E-16 4.7E-09 2.6E-10 5.9E-08 3.2E-09 1.10E-05
Americium-241 5.2E-05 8.6E-09 5.7E-07 9.3E-11 5.1E-10 2.0E-11 - - 3.9E-13 2.1E-14 7.3E-12 4.0E-13 8.67E-09
Lead-214 1.6E-02 1.0E-08 2.2E-07 1.5E-13 1.6E-07 8.3E-12 - - 1.6E-09 9.0E-11 3.1E-08 1.7E-09 1.21E-08
Plutonium-238 3.9E-07 8.2E-11 4.2E-09 8.9E-13 3.8E-12 1.9E-13 - - 17E-17 9.6E-19 3.3E-16 1.8E-17 8.32E-11
Plutonium-239 4.4E-07 9.8E-11 4.8E-09 1.1E-12 4.3E-12 2.1E-13 - - 17E-17 9.2E-19 3.2E-16 17E-17 9.95E-11
Potassium-40 2.5E-02 9.0E-07 3.0E-04 1.1E-08 2.5E-07 14E-11 - - 1.7E-09 9.4E-11 3.3E-08 1.8E-09 9.13E-07
Radium-226 2.1E-03 2.2E-06 2.3E-05 2.4E-08 2.1E-08 3.0E-10 - - 5.8E-12 3.2E-13 1.1E-10 6.0E-12 2.22E-06
Radium-228 2.8E-03 7.3E-06 3.1E-05 8.0E-08 2.8E-08 1.8E-10 - - - - - - 7.37E-06
15 < 25 years Suon.lium-QO 3.9E-04 4.0E-08 4.7E-06 4.9E-10 3.8E-09 5.0E-13 - - 2.2E-14 1.2E-15 4.2E-13 2.3E-14 4.08E-08
Thorium-228 5.5E-04 8.2E-08 5.9E-06 8.8E-10 5.4E-09 8.6E-10 - - 4.4E-13 2.4E-14 8.4E-12 4.6E-13 8.36E-08
Thorium-230 4.8E-04 7.0E-08 5.2E-06 7.6E-10 4.7TE-09 1.4E-10 - - 7.4E-14 4.1E-15 14E-12 7.7E-14 7.13E-08
Thorium-232 4.2E-04 7.0E-08 4.5E-06 7.6E-10 4.1E-09 1.9E-10 - - 3.3E-14 1.8E-15 6.2E-13 3.4E-14 7.12E-08
Tritium 6.1E-02 5.5E-09 1.8E-03 0.0E+00 1.1E-08 1.0E-15 1.0E-09 9.5E-17 - - - - 5.53E-09
Uranium-234 2.2E-04 2.6E-08 2.4E-06 2.8E-10 2.2E-09 3.2E-11 - - 15E-14 8.5E-16 2.9E-13 1.6E-14 2.63E-08
Uranium-235 8.6E-06 9.8E-10 9.4E-08 1.1E-11 8.5E-11 11E-12 - - 5.4E-13 3.0E-14 1.0E-11 5.7E-13 9.90E-10
Uranium-238 15E-04 1.6E-08 1.6E-06 17E-10 15E-09 17E-11 - - 4.7E-15 2.6E-16 8.9E-14 4.9E-15 1.59E-08
Total 11E-01 11E-05 2.26-03 1.2E-07 4.9E-07 1.8E-09 1.0E-09 9.5E-17 3.4E-09 1.8E-10 6.4E-08 3.5E-09 1.08E-05
Americium-241 2.9E-04 1.9E-08 3.2E-06 2.4E-10 1.2E-09 2.5E-11 - - 7.4E-13 4.1E-14 7.4E-13 9.5E-13 1.95E-08
Lead-214 8.8E-02 1.1E-08 1.3E-06 1.8E-13 3.8E-07 8.3E-12 - - 3.1E-09 1.7E-10 3.1E-09 4.0E-09 1.52E-08
Plutonium-238 2.1E-06 1.9E-10 2.4E-08 2.3E-12 9.2E-12 2.2E-13 - - 3.3E-17 1.8E-18 3.3E-17 4.3E-17 1.88E-10
Plutonium-239 2.4E-06 2.2E-10 2.7E-08 2.7E-12 11E-11 2.5E-13 - - 3.2E-17 1.8E-18 3.2E-17 4.1E-17 2.19E-10
Potassium-40 1.4E-01 1.4E-06 1.7E-03 1.9E-08 6.0E-07 16E-11 - - 3.3E-09 1.8E-10 3.3E-09 4.2E-09 1.43E-06
Radium-226 1.2E-02 1.8E-06 1.3E-04 2.2E-08 5.0E-08 3.4E-10 - - 11E-11 6.1E-13 11E-11 14E-11 1.85E-06
Radium-228 1.6E-02 5.3E-06 1.8E-04 6.4E-08 6.8E-08 2.1E-10 - - - - - - 5.37E-06
25< 70 years S\Von.[ium-QO 2.1E-03 8.5E-08 2.6E-05 1.1E-09 9.2E-09 6.1E-13 - - 4.3E-14 2.3E-15 4.3E-14 5.5E-14 8.66E-08
Thorium-228 3.0E-03 1.4E-07 3.3E-05 1.6E-09 1.3E-08 1.0E-09 - - 8.5E-13 4.7E-14 8.5E-13 11E-12 1.41E-07
Thorium-230 2.6E-03 1.4E-07 2.9E-05 1.8E-09 1.1E-08 2.0E-10 - - 1.4E-13 7.8E-15 14E-13 1.8E-13 1.47E-07
Thorium-232 2.3E-03 1.3E-07 2.5E-05 1.7E-09 9.9E-09 3.0E-10 - - 6.2E-14 3.4E-15 6.2E-14 8.0E-14 1.35E-07
Tritium 3.4E-01 1.1E-08 1.0E-02 0.0E+00 2.7E-08 9.1E-16 2.0E-09 6.7E-17 - - - - 1.11E-08
Uranium-234 1.2E-03 4.4E-08 1.4E-05 5.3E-10 5.3E-09 3.6E-11 - - 3.0E-14 1.6E-15 3.0E-14 3.8E-14 4.41E-08
Uranium-235 4.8E-05 1.6E-09 5.3E-07 2.0E-11 2.1E-10 3.2E-12 - - 1.0E-12 5.7E-14 1.0E-12 1.3E-12 1.63E-09
Uranium-238 8.2E-04 2.6E-08 9.2E-06 3.2E-10 3.6E-09 2.0E-11 - - 9.0E-15 4.9E-16 9.0E-15 12E-14 2.67E-08
Total 6.0E-01 9.1E-06 12E-02 11E-07 1.2E-06 2.26-09 2.0E-09 6.7E-17 6.4E-09 35E-10 6.4E-09 8.2E-09 9.27E-06
Americium-241 3.7E-04 3.9E-08 4.3E-06 5.8E-10 2.5E-09 6.9E-11 - - 1.9E-12 1.0E-13 3.4E-11 1.9E-12 3.96E-08
Lead-214 1.1E-01 3.9E-08 1.7E-06 8.3E-13 7.5E-07 27E-11 - - 7.9€-09 4.4E-10 14E-07 7.9€-09 4.78E-08
Plutonium-238 2.8E-06 3.6E-10 3.2E-08 5.4E-12 18E-11 6.1E-13 - - 8.5E-17 4.7E-18 15E-15 8.5E-17 3.71E-10
Plutonium-239 3.2E-06 4.3E-10 3.6E-08 6.3E-12 2.1E-11 6.9E-13 - - 8.1E-17 4.5E-18 15E-15 8.1E-17 4.34E-10
Potassium-40 1.8E-01 4.4E-06 2.3E-03 7.9E-08 1.2E-06 5.9E-11 - - 8.4E-09 4.6E-10 15E-07 8.4E-09 4.53E-06
Radium-226 1.5E-02 5.8E-06 1.8E-04 9.1E-08 9.9E-08 1.1E-09 - - 2.8E-11 15E-12 5.1E-10 2.8E-11 5.92E-06
Radium-228 2.0E-02 2.1E-05 2.4E-04 3.4E-07 13E-07 6.9E-10 - - - - - - 2.15E-05
Lifetime Strontium-90 2.8E-03 1.6E-07 3.5E-05 2.4E-09 1.8E-08 19E-12 - - 11E-13 6.0E-15 2.0E-12 11E-13 1.58E-07
(0 <70 years) Thorium-228 3.9E-03 4.2E-07 4.5E-05 6.6E-09 2.6E-08 3.4E-09 - - 2.2E-12 12E-13 3.9E-11 2.2E-12 4.33E-07
Thorium-230 3.4E-03 3.1E-07 3.9E-05 4.7E-09 2.2E-08 6.4E-10 - - 3.6E-13 2.0E-14 6.6E-12 3.6E-13 3.16E-07
Thorium-232 3.0E-03 3.0E-07 3.4E-05 4.6E-09 2.0E-08 8.5E-10 - - 16E-13 8.7E-15 2.9E-12 16E-13 3.07E-07
Tritium 4.4-01 2.5E-08 1.4E-02 0.0E+00 5.4E-08 3.0E-15 5.0E-09 2.8E-16 - - - - 2.47E-08
Uranium-234 1.6E-03 1.1E-07 1.9E-05 1.8E-09 1.1E-08 12E-10 - - 7.5E-14 4.1E-15 14E-12 7.5E-14 1.16E-07
Uranium-235 6.2E-05 4.3E-09 7.2E-07 6.8E-11 4.1E-10 4.1E-12 - - 2.6E-12 15E-13 4.8E-11 2.6E-12 4.40E-09
Uranium-238 1.1E-03 6.9E-08 1.2E-05 1.1E-09 7.0E-09 6.6E-11 - - 2.3E-14 1.3E-15 4.2E-13 2.3E-14 6.99E-08
Total 7.9E-01 3.3E-05 1.7E-02 5.3E-07 2.3E-06 7.1E-09 5.0E-09 2.8E-16 1.6E-08 9.0E-10 3.0E-07 1.6E-08 3.35E-05




Table 5E-4: Reasonable Maximum Exposure Risk Calculations - Females - Treated Water

Age Cohort

Radionuclide

Tap Water Ingestion®

Grown Produce

Inhalation While Bathing

Inhalation While

Water Immersion - Swimmii

0

Water Immersion - Bathing®

Total Intake Lifetime

Total Intake Lifetime

Total Intake Lifetime

Total Intake Lifetime

Total Dose Lifetime

Lifetime

Total Cancer

(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Total Dose (Sv) Cancer Risk Risk
Americium-241 2.0E-05 1.5E-08 2.7E-07 2.0E-10 14E-10 17E-11 - - 3.2E-13 17E-14 2.1E-12 12E-13 1.55E-08
Lead-214 2.1E-02 7.4E-08 3.7E-07 1.3E-12 1.5E-07 2.5E-11 - - 4.7E-09 2.6E-10 3.1E-08 1.7E-09 7.62E-08
Plutonium-238 2.8E-07 2.6E-10 3.8E-09 34E-12 2.0E-12 2.8E-13 - - 2.7E-17 15E-18 18E-16 9.8E-18 2.68E-10
Plutonium-239 1.4E-05 1.4E-08 2.0E-07 1.8E-10 1.0E-10 14E-11 - - 1.2E-15 6.4E-17 7.8E-15 4.3E-16 1.40E-08
Potassium-40 8.8E-02 2.3E-05 1.3E-03 3.4E-07 6.3E-07 2.1E-10 - - 13E-08 7.1E-10 8.6E-08 4.7E-09 2.31E-05
Radium-226 2.2E-03 5.0E-06 3.1E-05 6.8E-08 1.6E-08 1.0E-09 - - 13E-11 7.2E-13 8.8E-11 4.8E-12 5.11E-06
Radium-228 1.9E-03 1.4E-05 2.5E-05 1.9E-07 13E-08 4.1E-10 - - - - - - 1.46E-05
0<5years Suon}ium-% 5.7E-04 1.5E-07 8.5E-06 2.3E-09 4.1E-09 2.4E-12 - - 7.0E-14 3.9E-15 4.7E-13 2.6E-14 1.57E-07
Thorium-228 4.5E-04 5.4E-07 5.9E-06 7.0E-09 3.2E-09 2.4E-09 - - 7.7E-13 4.2E-14 5.2E-12 2.8E-13 5.54E-07
Thorium-230 5.5E-04 4.1E-07 7.5E-06 5.2E-09 4.0E-09 6.8E-10 - - 1.8E-13 1.0E-14 1.2E-12 6.8E-14 4.12E-07
Thorium-232 3.2E-04 2.7E-07 4.3E-06 3.4E-09 2.3E-09 5.5E-10 - - 5.4E-14 2.9E-15 3.6E-13 2.0E-14 2.74E-07
Tritium 3.5E-02 9.5E-09 1.3E-03 0.0E+00 4.7TE-09 1.3E-15 4.9E-10 1.3E-16 - - - - 9.52E-09
Uranium-234 1.4E-04 8.7E-08 1.9E-06 1.2E-09 1.0E-09 6.6E-11 - - 2.1E-14 12E-15 14E-13 7.8E-15 8.85E-08
Uranium-235 5.4E-06 3.3E-09 7.4E-08 4.5E-11 3.9E-11 2.2E-12 - - 7.3E-13 4.0E-14 4.9E-12 2.7E-13 3.37E-09
Uranium-238 9.7E-05 5.3E-08 1.3E-06 7.2E-10 6.9E-10 3.7E-11 - - 6.5E-15 3.6E-16 4.3E-14 2.4E-15 5.41E-08
Total 1.5E-01 4.4E-05 2.7TE-03 6.2E-07 8.3E-07 5.5E-09 4.9E-10 1.3E-16 1.8E-08 9.7E-10 1.2E-07 6.5E-09 4.45E-05
Americium-241 5.6E-05 1.8E-08 9.6E-07 3.1E-10 3.6E-10 24E-11 - - 7.8E-13 4.3E-14 4.9€-12 27E-13 1.82E-08
Lead-214 6.0E-02 8.8E-08 1.3E-06 2.0E-12 3.8E-07 4.1E-11 - - 1.1E-08 6.3E-10 7.2E-08 4.0E-09 9.27E-08
Plutonium-238 7.8E-07 3.0E-10 1.3E-08 5.2E-12 5.0E-12 4.0E-13 - - 6.6E-17 3.6E-18 4.1E-16 2.3E-17 3.09E-10
Plutonium-239 4.1E-05 1.6E-08 7.0E-07 2.8E-10 2.6E-10 2.0E-11 - - 2.9E-15 1.6E-16 1.8E-14 9.9E-16 1.64E-08
Radium-226 6.3E-03 9.0E-06 1.1E-04 1.6E-07 4.0E-08 1.4E-09 - - 3.2E-11 18E-12 2.0E-10 11E-11 9.13E-06
Radium-228 5.2E-03 2.4E-05 9.0E-05 4.0E-07 3.3E-08 5.1E-10 - - - - - - 2.40E-05
Strontium-90 1.6E-03 2.2E-07 3.0E-05 4.2E-09 1.0E-08 3.0E-12 - - 17E-13 9.4E-15 11E-12 6.0E-14 2.23E-07
5< 15 years Thorium-228 1.3E-03 5.5E-07 2.1E-05 9.3E-09 8.0E-09 3.2E-09 - - 19E-12 1.0E-13 1.2E-11 6.6E-13 5.63E-07
Thorium-230 1.6E-03 4.5E-07 2.7E-05 7.7E-09 9.9E-09 8.4E-10 - - 4.5E-13 2.5E-14 2.8E-12 16E-13 4.59E-07
Thorium-232 8.9E-04 2.9E-07 1.5E-05 5.1E-09 5.7E-09 6.6E-10 - - 1.3E-13 7.2E-15 8.3E-13 4.5E-14 3.00E-07
Tritium 9.9E-02 1.5E-08 4.6E-03 0.0E+00 12E-08 18E-15 1.4E-09 2.1E-16 - - - - 151E-08
Uranium-234 4.0E-04 1.1E-07 6.9E-06 1.9E-09 2.6E-09 8.8E-11 - - 5.2E-14 2.9E-15 3.3E-13 1.8E-14 1.12E-07
Uranium-235 15E-05 4.2E-09 2.6E-07 7.2E-11 9.7E-11 3.0E-12 - - 18E-12 9.8E-14 11E-11 6.2E-13 4.24E-09
Uranium-238 2.7E-04 6.7E-08 4.7E-06 1.2E-09 17E-09 4.9E-11 - - 16E-14 8.7E-16 10E-13 5.5E-15 6.85E-08
Total 18E-01 3.4E-05 4.9E-03 5.9E-07 5.1E-07 6.9E-09 14E-09 2.1E-16 11E-08 6.3E-10 7.2E-08 4.0E-09 3.50E-05
Americium-241 9.7E-05 1.6E-08 1.2E-06 2.0E-10 3.7E-10 15E-11 - - 5.6E-13 3.1E-14 5.3E-12 2.9E-13 1.61E-08
Lead-214 1.0E-01 6.7E-08 1.7E-06 11E-12 4.0E-07 21E-11 - - 8.2E-09 4.5E-10 7.8E-08 4.3E-09 7.16E-08
Plutonium-238 1.4E-06 2.9E-10 1.7E-08 3.6E-12 5.2E-12 2.5E-13 - - 4.7E-17 2.6E-18 4.5E-16 2.5E-17 2.90E-10
Plutonium-239 7.0E-05 1.6E-08 8.9E-07 2.0E-10 2.7E-10 13E-11 - - 2.1E-15 11E-16 2.0E-14 11E-15 1.59E-08
Potassium-40 4.3E-01 1.5E-05 6.0E-03 2.2E-07 1.6E-06 9.6E-11 - - 2.3E-08 1.3E-09 2.2E-07 1.2E-08 1.56E-05
Radium-226 1.1E-02 1.1E-05 1.4E-04 15E-07 4.2E-08 6.1E-10 - - 2.3E-11 13E-12 2.2E-10 12E-11 1.15E-05
Radium-228 9.0E-03 2.3E-05 1.1E-04 3.0E-07 3.4E-08 2.2E-10 - - - - - - 2.34E-05
15 < 25 years Stron.tium—90 2.8E-03 2.9E-07 3.9E-05 4.1E-09 1.1E-08 14E-12 - - 12E-13 6.8E-15 12E-12 6.5E-14 2.92E-07
Thorium-228 2.2E-03 3.2E-07 2.7E-05 4.0E-09 8.3E-09 1.3E-09 - - 14E-12 7.5E-14 13E-11 7.1E-13 3.28E-07
Thorium-230 2.7E-03 4.0E-07 3.4E-05 5.1E-09 1.0E-08 3.2E-10 - - 3.3E-13 18E-14 3.1E-12 17E-13 4.04E-07
Thorium-232 1.6E-03 2.6E-07 2.0E-05 3.3E-09 5.9E-09 2.8E-10 - - 9.5E-14 5.2E-15 9.0E-13 4.9E-14 2.66E-07
Tritium 1.7E-01 1.6E-08 5.9E-03 0.0E+00 12E-08 11E-15 1.0E-09 9.5E-17 - - - - 1.55E-08
Uranium-234 7.0E-04 8.1E-08 8.9E-06 1.0E-09 2.7E-09 3.9E-11 - - 3.7E-14 2.1E-15 3.6E-13 2.0E-14 8.20E-08
Uranium-235 2.6E-05 3.0E-09 3.4E-07 3.8E-11 1.0E-10 13E-12 - - 13E-12 7.1E-14 12E-11 6.7E-13 3.03E-09
Uranium-238 4.7E-04 4.9E-08 6.0E-06 6.3E-10 1.8E-09 2.1E-11 - - 11E-14 6.3E-16 11E-13 6.0E-15 5.00E-08
Total 7.3E-01 5.1E-05 12E-02 6.8E-07 2.2E-06 2.9E-09 1.0E-09 9.5E-17 3.1E-08 17E-09 2.9E-07 16E-08 5.20E-05
Americium-241 5.0E-04 3.4E-08 7.0E-06 5.2E-10 9.0E-10 1.8E-11 - - 11E-12 5.9E-14 1.2E-11 6.9E-13 3.41E-08
Lead-214 5.4E-01 6.7E-08 9.7E-06 14E-12 9.6E-07 21E-11 - - 1.6E-08 8.7E-10 1.8E-07 1.0E-08 7.80E-08
Plutonium-238 7.0E-06 6.0E-10 9.8E-08 9.4E-12 13E-11 3.0E-13 - - 9.0E-17 5.0E-18 1.1E-15 5.8E-17 6.13E-10
Plutonium-239 3.6E-04 3.2E-08 5.1E-06 5.0E-10 6.5E-10 15E-11 - - 4.0E-15 2.2E-16 4.6E-14 2.5E-15 3.27E-08
Potassium-40 2.2E+00 2.2E-05 3.4E-02 3.8E-07 4.0E-06 1.1E-10 - - 4.3E-08 2.4E-09 5.1E-07 2.8E-08 2.29E-05
Radium-226 5.6E-02 8.8E-06 8.0E-04 1.4E-07 1.0E-07 6.8E-10 - - 4.4E-11 2.4E-12 5.2E-10 2.8E-11 8.95E-06
Radium-228 4.6E-02 1.6E-05 6.5E-04 2.4E-07 8.3E-08 2.5E-10 - - - - - - 1.60E-05
25<70years Stron.tium—90 1.4E-02 5.7E-07 2.2E-04 9.4E-09 2.6E-08 17E-12 - - 24E-13 13E-14 2.8E-12 15E-13 5.80E-07
Thorium-228 1.1E-02 5.1E-07 1.5E-04 7.6E-09 2.0E-08 1.6E-09 - - 2.6E-12 14E-13 3.0E-11 17E-12 5.18E-07
Thorium-230 1.4E-02 7.7E-07 1.9E-04 1.2E-08 2.5E-08 4.5E-10 - - 6.2E-13 3.4E-14 7.3E-12 4.0E-13 7.78E-07
Thorium-232 8.0E-03 4.6E-07 1.1E-04 7.3E-09 1.4E-08 4.4E-10 - - 1.8E-13 9.9E-15 2.1E-12 1.2E-13 4.72E-07
Tritium 8.9E-01 2.9E-08 3.4E-02 0.0E+00 3.0E-08 9.9E-16 2.0E-09 6.7E-17 - - - - 2.93E-08
Uranium-234 3.6E-03 1.3E-07 5.0E-05 2.0E-09 6.5E-09 4.3E-11 - - 7.2E-14 3.9E-15 8.4E-13 4.6E-14 1.29E-07
Uranium-235 1.4E-04 4.6E-09 1.9E-06 7.1E-11 2.5E-10 3.8E-12 - - 2.5E-12 14E-13 2.9E-11 16E-12 4.67E-09
Uranium-238 2.4E-03 7.8E-08 3.4E-05 1.2E-09 4.4E-09 2.4E-11 - - 2.2E-14 12E-15 2.6E-13 14E-14 7.88E-08
Total 3.8E+00 5.0E-05 7.0E-02 8.0E-07 5.2E-06 3.6E-09 2.0E-09 6.7E-17 5.9E-08 3.3E-09 6.9E-07 3.8E-08 5.05E-05
Americium-241 6.7E-04 6.9E-08 9.3E-06 1.3E-09 1.8E-09 5.0E-11 - - 2.7E-12 15E-13 2.5E-11 14E-12 7.05E-08
Lead-214 7.1E-01 2.4E-07 1.3E-05 6.3E-12 1.9E-06 6.9E-11 - - 4.0E-08 2.2E-09 3.7E-07 2.0E-08 2.67E-07
Plutonium-238 9.3E-06 1.2E-09 1.3E-07 2.2E-11 2.5E-11 8.3E-13 - - 2.3E-16 1.3E-17 2.1E-15 1.2E-16 1.24E-09
Plutonium-239 4.8E-04 6.5E-08 6.8E-06 1.2E-09 1.3E-09 4.3E-11 - - 1.0E-14 5.5E-16 9.2E-14 5.0E-15 6.63E-08
Potassium-40 2.9E+00 7.2E-05 4.6E-02 1.6E-06 7.8E-06 3.9E-10 - - 1.1E-07 6.1E-09 1.0E-06 5.5E-08 7.39E-05
Radium-226 7.5E-02 2.9E-05 1.1E-03 5.5E-07 2.0E-07 2.3E-09 - - 1.1E-10 6.2E-12 1.0E-09 5.7E-11 2.93E-05
Radium-228 6.2E-02 6.4E-05 8.7E-04 1.2E-06 1.6E-07 8.5E-10 - - - - - - 6.53E-05
Lifetime Strontium-90 1.9E-02 1.1E-06 2.9E-04 2.0E-08 5.1E-08 5.3E-12 - - 6.0E-13 3.3E-14 5.5E-12 3.0E-13 1.08E-06
(0 <70 years) Thorium-228 1.5E-02 1.6E-06 2.0E-04 3.0E-08 4.0E-08 5.2E-09 - - 6.6E-12 3.6E-13 6.0E-11 3.3E-12 1.63E-06
Thorium-230 1.8E-02 1.7E-06 2.6E-04 3.1E-08 4.9-08 1.4E-09 - - 16E-12 8.7E-14 14E-11 7.9e-13 1.71E-06
Thorium-232 1.1E-02 1.1E-06 1.5E-04 2.0E-08 2.8E-08 1.2E-09 - - 4.6E-13 2.5E-14 4.2E-12 2.3E-13 1.10E-06
Tritium 1.2E+00 6.6E-08 4.5E-02 0.0E+00 5.9-08 3.3E-15 5.0E-09 2.8E-16 - - - - 6.62E-08
Uranium-234 4.8E-03 3.4E-07 6.7E-05 6.4E-09 1.3E-08 1.5E-10 - - 1.8E-13 1.0E-14 17E-12 9.1E-14 3.45E-07
Uranium-235 1.8E-04 1.3E-08 2.5E-06 24E-10 4.8E-10 4.9€-12 - - 6.3E-12 3.4E-13 5.7E-11 3.1E-12 1.29€-08
Uranium-238 3.2E-03 2.1E-07 4.5E-05 3.9E-09 8.6E-09 8.0E-11 - - 5.6E-14 3.1E-15 5.1E-13 2.8E-14 2.10E-07
Total 5.0E+00 17E-04 9.4E-02 3.5E-06 1.0E-05 12E-08 5.0E-09 2.8E-16 15E-07 8.3E-09 14E-06 7.6E-08 1.75E-04

“These risks are non-specific for gender.




5F-1: Central Tendency Risk Calculations - Males - Buckman

Tap Water Ingestion®

Ingestion of Home/Locally-

Inhalation While Bathing

Inhalation While Swimming

Water Immersion - Swimming®

Water Immersion - Bathing®

Total Cancer

Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime Total Dose [Sv] Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk
Radium-226 6.9E-04 1.6E-06 5.1E-06 1.1E-08 1.3E-08 8.3E-10 - -- 5.2E-12 2.8E-13 6.9E-11 3.8E-12 2.E-06
Radium-228 1.2E-03 9.2E-06 3.7E-06 2.8E-08 2.2E-08 6.7E-10 -- -- -- -- -- -- 9.E-06
0 <5 years Uranium-234 9.2E-03 5.6E-06 5.4E-07 3.3E-10 1.7E-07 1.1E-08 - -- 1.7E-12 9.6E-14 2.3E-11 1.3E-12 6.E-06
Uranium-235 4.5E-04 2.8E-07 2.1E-08 1.3E-11 8.5E-09 4.9E-10 -- -- 7.8E-11 4.3E-12 1.0E-09 5.7E-11 3.E-07
Uranium-238 5.5E-03 3.0E-06 3.6E-07 2.0E-10 1.0E-07 5.5E-09 - -- 4.7E-13 2.6E-14 6.3E-12 3.4E-13 3.E-06
Total 1.7E-02 2.0E-05 9.8E-06 4.0E-08 3.2E-07 1.9E-08 0.0E+00 0.0E+00 8.5E-11 4.7E-12 1.1E-09 6.3E-11 2.E-05
Radium-226 1.9E-03 2.7E-06 2.0E-05 2.8E-08 3.4E-08 1.2E-09 - -- 1.3E-11 7.0E-13 1.6E-10 8.8E-12 3.E-06
Radium-228 3.2E-03 1.4E-05 1.4E-05 6.4E-08 5.7E-08 8.9E-10 -- -- -- -- -- -- 1.E-05
5 < 15 years Uranium-234 2.5E-02 6.9E-06 2.1E-06 5.7E-10 4.5E-07 1.5E-08 - -- 4.3E-12 2.3E-13 5.4E-11 3.0E-12 7.E-06
Uranium-235 1.2E-03 3.4E-07 7.9E-08 2.2E-11 2.2E-08 6.8E-10 -- -- 1.9E-10 1.0E-11 2.4E-09 1.3E-10 3.E-07
Uranium-238 1.5E-02 3.7E-06 1.4E-06 3.4E-10 2.7E-07 7.5E-09 -- -- 1.1E-12 6.3E-14 1.4E-11 7.9E-13 4.E-06
Total 4.6E-02 2.8E-05 3.7E-05 9.3E-08 8.3E-07 2.6E-08 0.0E+00 0.0E+00 2.1E-10 1.1E-11 2.6E-09 1.4E-10 3.E-05
Radium-226 3.3E-03 3.5E-06 2.7E-05 2.8E-08 3.9E-08 5.8E-10 - -- 9.1E-12 5.0E-13 1.7E-10 9.5E-12 3.E-06
Radium-228 5.7E-03 1.5E-05 2.0E-05 5.1E-08 6.7E-08 4.3E-10 -- -- -- -- -- -- 1.E-05
15 < 25 years Uranium-234 4.5E-02 5.2E-06 2.8E-06 3.3E-10 5.3E-07 7.6E-09 - -- 3.1E-12 1.7E-13 5.8E-11 3.2E-12 5.E-06
Uranium-235 2.2E-03 2.5E-07 1.1E-07 1.2E-11 2.6E-08 3.3E-10 -- -- 1.4E-10 7.6E-12 2.6E-09 1.4E-10 2.E-07
Uranium-238 2.6E-02 2.8E-06 1.9E-06 2.0E-10 3.1E-07 3.6E-09 - -- 8.3E-13 4.5E-14 1.6E-11 8.6E-13 3.E-06
Total 8.2E-02 2.6E-05 5.1E-05 8.0E-08 9.7E-07 1.3E-08 0.0E+00 0.0E+00 1.5E-10 8.3E-12 2.9E-09 1.6E-10 3.E-05
Radium-226 1.8E-02 2.9E-06 1.5E-04 2.6E-08 9.8E-08 6.6E-10 - -- 1.7E-11 9.6E-13 1.7E-11 2.2E-11 3.E-06
Radium-228 3.1E-02 1.1E-05 1.1E-04 4.1E-08 1.7E-07 5.1E-10 -- -- -- -- -- -- 1.E-05
25 <70 years Uranium-234 2.5E-01 8.7E-06 1.6E-05 6.2E-10 1.3E-06 8.8E-09 - -- 5.9E-12 3.2E-13 5.9E-12 7.5E-12 9.E-06
Uranium-235 1.2E-02 4.1E-07 6.1E-07 2.3E-11 6.5E-08 1.0E-09 -- -- 2.6E-10 1.4E-11 2.6E-10 3.4E-10 4.E-07
Uranium-238 1.5E-01 4.6E-06 1.1E-05 3.8E-10 7.8E-07 4.3E-09 -- -- 1.6E-12 8.7E-14 1.6E-12 2.0E-12 5.E-06
Total 4.5E-01 2.7E-05 2.9E-04 6.8E-08 2.4E-06 1.5E-08 0.0E+00 0.0E+00 2.9E-10 1.6E-11 2.9E-10 3.7E-10 3.E-05
Radium-226 2.4E-02 9.2E-06 2.0E-04 1.0E-07 1.9E-07 2.2E-09 - -- 4.4E-11 2.4E-12 8.1E-10 4.4E-11 9.E-06
Radium-228 4.1E-02 4.2E-05 1.5E-04 2.1E-07 3.2E-07 1.6E-09 -- -- -- -- -- -- 4.E-05
Lifetime Uranium-234 3.2E-01 2.3E-05 2.1E-05 2.0E-09 2.5E-06 2.9E-08 - - 1.5E-11 8.2E-13 2.7E-10 1.5E-11 2.E-05
(0 < 70 years) Uranium-235 1.6E-02 1.1E-06 8.2E-07 7.7E-11 1.2E-07 1.2E-09 -- -- 6.7E-10 3.7E-11 1.2E-08 6.7E-10 1.E-06
Uranium-238 1.9E-01 1.2E-05 1.4E-05 1.2E-09 1.5E-06 1.4E-08 -- -- 4.0E-12 2.2E-13 7.3E-11 4.0E-12 1.E-05
Total 5.9E-01 8.7E-05 3.9E-04 3.2E-07 4.6E-06 4.7E-08 0.0E+00 0.0E+00 7.3E-10 4.0E-11 1.3E-08 7.3E-10 9.E-05

®Risks are non-specific for gender.




5F-2: Reasonable Maximum Exposure Risk Calculations - Males - Buckman

Tap Water Ingestion®

Ingestion of Home/Locally-

Inhalation While Bathing

Inhalation While Swimming

Water Immersion - Swimming®

Water Immersion - Bathing®

Total Cancer

Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime Total Dose [Sv] Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk
Radium-226 2.6E-03 5.8E-06 3.1E-05 6.9E-08 1.9E-08 1.2E-09 - -- 1.5E-11 8.3E-13 1.0E-10 5.6E-12 6.E-06
Radium-228 4.4E-03 3.4E-05 2.6E-05 1.9E-07 3.2E-08 9.9E-10 -- -- -- -- -- -- 3.E-05
0<5 years Uranium-234 6.2E-02 3.7E-05 2.0E-06 1.2E-09 4.5E-07 2.9E-08 - -- 9.1E-12 5.0E-13 6.1E-11 3.3E-12 4.E-05
Uranium-235 3.0E-03 1.8E-06 7.5E-08 45E-11 2.2E-08 1.3E-09 -- -- 4.1E-10 2.2E-11 2.7E-09 1.5E-10 2.E-06
Uranium-238 3.6E-02 2.0E-05 1.3E-06 7.3E-10 2.7E-07 1.4E-08 - -- 2.4E-12 1.3E-13 1.6E-11 9.0E-13 2.E-05
Total 1.1E-01 9.9E-05 6.0E-05 2.7E-07 7.9E-07 4.7E-08 0.0E+00 0.0E+00 4.3E-10 2.4E-11 2.9E-09 1.6E-10 1.E-04
Radium-226 7.2E-03 1.0E-05 1.1E-04 1.6E-07 4.9E-08 1.7E-09 - -- 3.7E-11 2.0E-12 2.3E-10 1.3E-11 1.E-05
Radium-228 1.2E-02 5.6E-05 9.1E-05 4.1E-07 8.4E-08 1.3E-09 -- -- -- -- -- -- 6.E-05
5 < 15 years Uranium-234 1.7E-01 4.7E-05 7.1E-06 1.9E-09 1.2E-06 4.0E-08 - -- 2.2E-11 1.2E-12 1.4E-10 7.7E-12 5.E-05
Uranium-235 8.5E-03 2.3E-06 2.7E-07 7.3E-11 5.8E-08 1.8E-09 -- -- 9.9E-10 5.5E-11 6.3E-09 3.4E-10 2.E-06
Uranium-238 1.0E-01 2.5E-05 4.8E-06 1.2E-09 6.9E-07 2.0E-08 - -- 6.0E-12 3.3E-13 3.8E-11 2.1E-12 3.E-05
Total 3.0E-01 1.4E-04 2.2E-04 5.8E-07 2.1E-06 6.5E-08 0.0E+00 0.0E+00 1.1E-09 5.8E-11 6.7E-09 3.7E-10 1.E-04
Radium-226 1.3E-02 1.3E-05 1.6E-04 1.7E-07 5.8E-08 8.4E-10 - -- 2.7E-11 1.5E-12 2.5E-10 1.4E-11 1.E-05
Radium-228 2.1E-02 5.5E-05 1.3E-04 3.5E-07 9.8E-08 6.3E-10 -- -- -- -- -- -- 6.E-05
15 < 25 years Uranium-234 3.0E-01 3.5E-05 1.0E-05 1.2E-09 1.4E-06 2.0E-08 - -- 1.6E-11 8.8E-13 1.5E-10 8.4E-12 3.E-05
Uranium-235 1.5E-02 1.7E-06 3.9E-07 45E-11 6.8E-08 8.5E-10 -- -- 7.2E-10 3.9E-11 6.8E-09 3.7E-10 2.E-06
Uranium-238 1.8E-01 1.9E-05 7.0E-06 7.3E-10 8.1E-07 9.4E-09 -- -- 4.3E-12 2.4E-13 4.1E-11 2.2E-12 2.E-05
Total 5.2E-01 1.2E-04 3.1E-04 5.2E-07 2.4E-06 3.2E-08 0.0E+00 0.0E+00 7.6E-10 4.2E-11 7.3E-09 4.0E-10 1.E-04
Radium-226 6.5E-02 1.0E-05 2.1E-04 3.5E-08 1.4E-07 9.6E-10 - -- 5.1E-11 2.8E-12 5.9E-10 3.3E-11 1.E-05
Radium-228 1.1E-01 3.7E-05 1.7E-04 6.2E-08 2.4E-07 7.5E-10 -- -- -- -- -- -- 4.E-05
25 < 70 years Uranium-234 1.5E+00 5.4E-05 1.3E-05 5.1E-10 3.4E-06 2.3E-08 - -- 3.1E-11 1.7E-12 3.6E-10 2.0E-11 5.E-05
Uranium-235 7.6E-02 2.6E-06 4.9E-07 1.8E-11 1.7E-07 2.6E-09 -- -- 1.4E-09 7.5E-11 1.6E-08 8.8E-10 3.E-06
Uranium-238 9.1E-01 2.9E-05 8.8E-06 3.1E-10 2.0E-06 1.1E-08 - -- 8.2E-12 4.5E-13 9.6E-11 5.3E-12 3.E-05
Total 2.7E+00 1.3E-04 4.0E-04 9.8E-08 6.0E-06 3.8E-08 0.0E+00 0.0E+00 1.5E-09 8.0E-11 1.7E-08 9.4E-10 1.E-04
Radium-226 8.6E-02 3.3E-05 1.2E-03 6.3E-07 2.7E-07 3.1E-09 - -- 1.3E-10 7.1E-12 1.2E-09 6.5E-11 3.E-05
Radium-228 1.5E-01 1.5E-04 1.0E-03 1.4E-06 4.7E-07 2.4E-09 - -- - -- - -- 2.E-04
Lifetime Uranium-234 2.0E+00 1.4E-04 7.7E-05 7.4E-09 6.5E-06 7.4E-08 -- -- 7.8E-11 4.3E-12 7.1E-10 3.9E-11 1.E-04
(0 < 70 years) Uranium-235 1.0E-01 7.0E-06 2.9E-06 2.8E-10 3.2E-07 3.2E-09 - -- 3.5E-09 1.9E-10 3.2E-08 1.7E-09 7.E-06
Uranium-238 1.2E+00 7.7E-05 5.2E-05 4.5E-09 3.9E-06 3.6E-08 -- -- 2.1E-11 1.1E-12 1.9E-10 1.0E-11 8.E-05
Total 3.6E+00 4.1E-04 2.4E-03 2.1E-06 1.1E-05 1.2E-07 0.0E+00 0.0E+00 3.7E-09 2.0E-10 3.4E-08 1.9E-09 4.E-04

*These risks are non-specific for gender.




5F-3: Central Tendency Risk Calculations - Females - Buckman

Tap Water Ingestion®

Ingestion of Home/Locally-

Inhalation While Bathing

Inhalation While Swimming

Water Immersion - Swimming®

Water Immersion - Bathing®

Total Cancer

Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime Total Dose [Sv] Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk
Radium-226 6.9E-04 1.6E-06 5.0E-06 1.1E-08 1.3E-08 8.1E-10 - -- 5.2E-12 2.8E-13 6.9E-11 3.8E-12 2.E-06
Radium-228 1.2E-03 9.2E-06 3.7E-06 2.8E-08 2.1E-08 6.6E-10 -- -- -- -- -- -- 9.E-06
0 <5 years Uranium-234 9.2E-03 5.6E-06 5.3E-07 3.2E-10 1.7E-07 1.1E-08 - -- 1.7E-12 9.6E-14 2.3E-11 1.3E-12 6.E-06
Uranium-235 4.5E-04 2.8E-07 2.0E-08 1.2E-11 8.3E-09 4.8E-10 -- -- 7.8E-11 4.3E-12 1.0E-09 5.7E-11 3.E-07
Uranium-238 5.5E-03 3.0E-06 3.5E-07 1.9E-10 9.9E-08 5.3E-09 - -- 4.7E-13 2.6E-14 6.3E-12 3.4E-13 3.E-06
Total 1.7E-02 2.0E-05 9.6E-06 3.9E-08 3.1E-07 1.8E-08 0.0E+00 0.0E+00 8.5E-11 4.7E-12 1.1E-09 6.3E-11 2.E-05
Radium-226 1.9E-03 2.7E-06 1.9E-05 2.8E-08 3.1E-08 1.1E-09 - -- 1.3E-11 7.0E-13 1.6E-10 8.8E-12 3.E-06
Radium-228 3.2E-03 1.4E-05 1.4E-05 6.3E-08 5.3E-08 8.3E-10 -- -- -- -- -- -- 1.E-05
5 < 15 years Uranium-234 2.5E-02 6.9E-06 2.0E-06 5.6E-10 4.2E-07 1.5E-08 - -- 4.3E-12 2.3E-13 5.4E-11 3.0E-12 7.E-06
Uranium-235 1.2E-03 3.4E-07 7.8E-08 2.1E-11 2.1E-08 6.3E-10 -- -- 1.9E-10 1.0E-11 2.4E-09 1.3E-10 3.E-07
Uranium-238 1.5E-02 3.7E-06 1.3E-06 3.4E-10 2.5E-07 7.0E-09 -- -- 1.1E-12 6.3E-14 1.4E-11 7.9E-13 4.E-06
Total 4.6E-02 2.8E-05 3.7E-05 9.2E-08 7.8E-07 2.4E-08 0.0E+00 0.0E+00 2.1E-10 1.1E-11 2.6E-09 1.4E-10 3.E-05
Radium-226 3.3E-03 3.5E-06 2.3E-05 2.4E-08 3.3E-08 4.8E-10 - -- 9.1E-12 5.0E-13 1.7E-10 9.5E-12 3.E-06
Radium-228 5.7E-03 1.5E-05 1.7E-05 4.4E-08 5.6E-08 3.6E-10 -- -- -- -- -- -- 1.E-05
15 < 25 years Uranium-234 4.5E-02 5.2E-06 2.4E-06 2.8E-10 4.4E-07 6.3E-09 - -- 3.1E-12 1.7E-13 5.8E-11 3.2E-12 5.E-06
Uranium-235 2.2E-03 2.5E-07 9.3E-08 1.1E-11 2.2E-08 2.7E-10 -- -- 1.4E-10 7.6E-12 2.6E-09 1.4E-10 2.E-07
Uranium-238 2.6E-02 2.8E-06 1.6E-06 1.7E-10 2.6E-07 3.0E-09 - -- 8.3E-13 4.5E-14 1.6E-11 8.6E-13 3.E-06
Total 8.2E-02 2.6E-05 4.4E-05 6.8E-08 8.1E-07 1.0E-08 0.0E+00 0.0E+00 1.5E-10 8.3E-12 2.9E-09 1.6E-10 3.E-05
Radium-226 1.8E-02 2.9E-06 1.3E-04 2.2E-08 7.9E-08 5.3E-10 - -- 1.7E-11 9.6E-13 1.7E-11 2.2E-11 3.E-06
Radium-228 3.1E-02 1.1E-05 9.5E-05 3.5E-08 1.3E-07 4.1E-10 -- -- -- -- -- -- 1.E-05
25 < 70 years Uranium-234 2.5E-01 8.7E-06 1.4E-05 5.3E-10 1.1E-06 7.1E-09 - -- 5.9E-12 3.2E-13 5.9E-12 7.5E-12 9.E-06
Uranium-235 1.2E-02 4.1E-07 5.3E-07 2.0E-11 5.2E-08 8.2E-10 -- -- 2.6E-10 1.4E-11 2.6E-10 3.4E-10 4.E-07
Uranium-238 1.5E-01 4.6E-06 9.2E-06 3.2E-10 6.3E-07 3.4E-09 - -- 1.6E-12 8.7E-14 1.6E-12 2.0E-12 5.E-06
Total 4.5E-01 2.7E-05 2.5E-04 5.8E-08 2.0E-06 1.2E-08 0.0E+00 0.0E+00 2.9E-10 1.6E-11 2.9E-10 3.7E-10 3.E-05
Radium-226 2.4E-02 9.2E-06 1.8E-04 9.1E-08 1.6E-07 1.8E-09 - -- 4.4E-11 2.4E-12 8.1E-10 4.4E-11 9.E-06
Radium-228 4.1E-02 4.2E-05 1.3E-04 1.8E-07 2.7E-07 1.4E-09 - -- - -- - -- 4.E-05
Lifetime Uranium-234 3.2E-01 2.3E-05 1.9E-05 1.8E-09 2.1E-06 2.4E-08 -- -- 15E-11 8.2E-13 2.7E-10 1.5E-11 2.E-05
(0 < 70 years) Uranium-235 1.6E-02 1.1E-06 7.1E-07 6.7E-11 1.0E-07 1.0E-09 - -- 6.7E-10 3.7E-11 1.2E-08 6.7E-10 1.E-06
Uranium-238 1.9E-01 1.2E-05 3.7E-05 3.2E-09 1.2E-06 1.2E-08 -- -- 4.0E-12 2.2E-13 7.3E-11 4.0E-12 1.E-05
Total 5.9E-01 8.7E-05 3.6E-04 2.8E-07 3.9E-06 4.0E-08 0.0E+00 0.0E+00 7.3E-10 4.0E-11 1.3E-08 7.3E-10 9.E-05

®Risks are non-specific for gender.




5F-4: Reasonable Maximum Exposure Risk Calculations - Females - Buckman

Tap Water Ingestion®

Ingestion of Home/Locally-

Inhalation While Bathing

Inhalation While Swimming

Water Immersion - Swimming®

Water Immersion - Bathing®

Total Cancer

Age Cohort Radionuclide Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Intake Lifetime Total Dose Lifetime Total Dose [Sv] Lifetime Risk
(uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (uCi) Cancer Risk (Sv) Cancer Risk Cancer Risk
Radium-226 2.6E-03 5.8E-06 3.1E-05 6.8E-08 1.8E-08 1.2E-09 - -- 1.5E-11 8.3E-13 1.0E-10 5.6E-12 6.E-06
Radium-228 4.4E-03 3.4E-05 2.5E-05 1.9E-07 3.1E-08 9.6E-10 -- -- -- -- -- -- 3.E-05
0 <5 years Uranium-234 6.2E-02 3.7E-05 1.9E-06 1.2E-09 4.4E-07 2.8E-08 - -- 9.1E-12 5.0E-13 6.1E-11 3.3E-12 4.E-05
Uranium-235 3.0E-03 1.8E-06 7.4E-08 45E-11 2.2E-08 1.2E-09 -- -- 4.1E-10 2.2E-11 2.7E-09 1.5E-10 2.E-06
Uranium-238 3.6E-02 2.0E-05 1.3E-06 7.2E-10 2.6E-07 1.4E-08 - -- 2.4E-12 1.3E-13 1.6E-11 9.0E-13 2.E-05
Total 1.1E-01 9.9E-05 5.9E-05 2.6E-07 7.7E-07 4.6E-08 0.0E+00 0.0E+00 4.3E-10 2.4E-11 2.9E-09 1.6E-10 1.E-04
Radium-226 7.2E-03 1.0E-05 1.1E-04 1.6E-07 4.6E-08 1.6E-09 - -- 3.7E-11 2.0E-12 2.3E-10 1.3E-11 1.E-05
Radium-228 1.2E-02 5.6E-05 9.0E-05 4.0E-07 7.8E-08 1.2E-09 -- -- -- -- -- -- 6.E-05
5 < 15 years Uranium-234 1.7E-01 4.7E-05 6.9E-06 1.9E-09 1.1E-06 3.8E-08 - -- 2.2E-11 1.2E-12 1.4E-10 7.7E-12 5.E-05
Uranium-235 8.5E-03 2.3E-06 2.6E-07 7.2E-11 5.4E-08 1.7E-09 -- -- 9.9E-10 5.5E-11 6.3E-09 3.4E-10 2.E-06
Uranium-238 1.0E-01 2.5E-05 4.7E-06 1.2E-09 6.5E-07 1.8E-08 - -- 6.0E-12 3.3E-13 3.8E-11 2.1E-12 3.E-05
Total 3.0E-01 1.4E-04 2.1E-04 5.6E-07 1.9E-06 6.1E-08 0.0E+00 0.0E+00 1.1E-09 5.8E-11 6.7E-09 3.7E-10 1.E-04
Radium-226 1.3E-02 1.3E-05 1.4E-04 1.5E-07 4.8E-08 7.0E-10 - -- 2.7E-11 1.5E-12 2.5E-10 1.4E-11 1.E-05
Radium-228 2.1E-02 5.5E-05 1.1E-04 3.0E-07 8.2E-08 5.3E-10 -- -- -- -- -- -- 6.E-05
15 < 25 years Uranium-234 3.0E-01 3.5E-05 8.9E-06 1.0E-09 1.1E-06 1.6E-08 - -- 1.6E-11 8.8E-13 1.5E-10 8.4E-12 3.E-05
Uranium-235 1.5E-02 1.7E-06 3.4E-07 3.8E-11 5.6E-08 7.1E-10 -- -- 7.2E-10 3.9E-11 6.8E-09 3.7E-10 2.E-06
Uranium-238 1.8E-01 1.9E-05 6.0E-06 6.3E-10 6.8E-07 7.8E-09 - -- 4.3E-12 2.4E-13 4.1E-11 2.2E-12 2.E-05
Total 5.2E-01 1.2E-04 2.7E-04 4.5E-07 2.0E-06 2.6E-08 0.0E+00 0.0E+00 7.6E-10 4.2E-11 7.3E-09 4.0E-10 1.E-04
Radium-226 6.5E-02 1.0E-05 8.0E-04 1.4E-07 1.2E-07 7.8E-10 - -- 5.1E-11 2.8E-12 5.9E-10 3.3E-11 1.E-05
Radium-228 1.1E-01 3.7E-05 6.5E-04 2.4E-07 2.0E-07 6.0E-10 -- -- -- -- -- -- 4.E-05
25 < 70 years Uranium-234 1.5E+00 5.4E-05 5.0E-05 2.0E-09 2.8E-06 1.9E-08 - -- 3.1E-11 1.7E-12 3.6E-10 2.0E-11 5.E-05
Uranium-235 7.6E-02 2.6E-06 1.9E-06 7.1E-11 1.4E-07 2.1E-09 -- -- 1.4E-09 7.5E-11 1.6E-08 8.8E-10 3.E-06
Uranium-238 9.1E-01 2.9E-05 3.4E-05 1.2E-09 1.6E-06 9.0E-09 - -- 8.2E-12 4.5E-13 9.6E-11 5.3E-12 3.E-05
Total 2.7E+00 1.3E-04 1.5E-03 3.8E-07 4.9E-06 3.1E-08 0.0E+00 0.0E+00 1.5E-09 8.0E-11 1.7E-08 9.4E-10 1.E-04
Radium-226 8.6E-02 3.3E-05 1.1E-03 5.5E-07 2.3E-07 2.6E-09 - -- 1.3E-10 7.1E-12 1.2E-09 6.5E-11 3.E-05
Radium-228 1.5E-01 1.5E-04 8.7E-04 1.2E-06 3.9E-07 2.0E-09 - -- - -- - -- 2.E-04
Lifetime Uranium-234 2.0E+00 1.4E-04 6.7E-05 6.4E-09 5.5E-06 6.2E-08 -- -- 7.8E-11 4.3E-12 7.1E-10 3.9E-11 1.E-04
(0 < 70 years) Uranium-235 1.0E-01 7.0E-06 2.5E-06 2.4E-10 2.7E-07 2.7E-09 - -- 3.5E-09 1.9E-10 3.2E-08 1.7E-09 7.E-06
Uranium-238 1.2E+00 7.7E-05 4.5E-05 3.9E-09 3.2E-06 3.0E-08 -- -- 2.1E-11 1.1E-12 1.9E-10 1.0E-11 8.E-05
Total 3.6E+00 4.1E-04 2.0E-03 1.8E-06 9.6E-06 1.0E-07 0.0E+00 0.0E+00 3.7E-09 2.0E-10 3.4E-08 1.9E-09 4.E-04

*These risks are non-specific for gender.
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