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Date: December 20, 2011 
Refer To: ENV-RCRA-11-0284 

LAUR: 11-12262 

Mr. Jerry Schoeppner, Acting Chief 
Ground Water Quality Bureau 
New Mexico Environment Department 
Harold Runnels Building, Room N2261 
1190 St. Francis Drive 
P.O. Box 26110 
Santa Fe, NM 87502 

Dear Mr. Schoeppner: 

SUBJECT: 	 DISCHARGE PERMIT APPLICATION FOR THE LAND APPLICATION OF 
TREATED GROUNDWATER FROM A PUMPING TEST AT WELL R-28 

The US Department of Energy and Los Alamos National Security, LLC (DOE/LANS) are in receipt of 
your November 9,2011, letter (Appendix A) requiring a Discharge Permit application for the land 
application of treated groundwater from a pumping test at monitoring well R-28. The objective of this 
application is to demonstrate "good cause", in accordance with the provision of Subsection B of 
20.6.2.3106 New Mexico Administrative Code (NMAC), and receive from the New Mexico 
Environment Department (l\TMED) permission to conduct this discharge without an approved Discharge 
Permit for a period not to exceed 120 days. As was discussed during a December 7,2011 telephone 
conference, DOEILANS is limiting this application to the R-28 pumping test. Per your request, enclosed 
are three copies of the required application and $100.00 filing fee. 

The 10-day pumping test at monitoring well R-28 will be conducted pursuant to a requirement in the 
NMED Hazardous Waste Bureau-approved Sandia Canyon Phase II Investigation Work Plan 
(Appendix E). The work plan describes a cross-hole pumping test at R-28 to better define the spatial 
distribution of regional aquifer heterogeneity and anisotropy in the vicinity of the chromium plume 
near wells R-28 and R-42. Data collected from the pumping test will be used to constrain flow 
parameters used in the model for groundwater flow and transport in the regional aquifer and will be 
reported in the Sandia Canyon Phase 2 Investigation Report due to NMED Hazardous Waste Bureau 
on July 31,2012. 
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Mr. Jerry Schoeppner -3- December 20,2011 
ENV-RCRA-II-0284 

Cy (Continued): 
George J. Rael, LASO-EO, wlo enc., A906 
Gene E. Turner, LASO-EO, w/enc., A316 
Ted Ball, MNGRFCT-DO, wlo enc., M996 
Steve Pearson, CAP-FS, wlo enc., K497 
Mike Saladen, ENV-RCRA, wlo enc., K490, (E-File) 
Bob Beers, ENV-RCRA, w/enc., K490, (E-File) 
Taylor Valdez, wlo enc., K404, (E-File) 
Linda Salazar, wlo enc., K491, (E-File) 
ENV-RCRA File, w/enc., M704 
IRM-RMMSO, (Ul102191), w/enc., AlSO 
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Groundwater produced during the pumping test at R-28 will be treated by ion exchange (IX) prior to 
land application. The IX treatment system will remove chromium to less than the New Mexico 
Water Quality Control Commission (NMWQCC) Regulation 3103 groundwater standard of 50 Ilg/L. 
Based on existing water quality data from R-28, no other regulated contaminants exceed NMWQCC 
Regulation 3103 groundwater standards. 

At a pumping rate of 30 gallons per minute for 10 days, the pumping test is expected to produce 
measureable responses at nearby monitoring wells, including R-43 , R-42, R-ll, R-35b, R-36, R-45, R­
44, R-50, R-15, and R-33. Los Alamos County (the County) drinking water supply wells PM-5 and PM­
3, also in the vicinity ofR-28, must not be in an active pumping mode during the test to eliminate the 
potentially interfering signal on water-level responses. The County has agreed to halt pumping at PM-3 
and PM-5 during the test, but only if the test is conducted during the winter, low-demand, season. The 
County has informed DOE/LANS that the target date for completing the test-including the water-level 
recovery period-should be March 15, 2012. This target date also provides DOE/LANS an opportunity 
to adequately incorporate the pumping test data into the Sandia Canyon Phase 2 Investigation Report. 

To achieve the March 15,2012, target date, DOE/LANS will need to receive permission from the 
NMED Ground Water Quality Bureau no later than February 1,2012. Therefore, we respectfully request 
your agency's expedited review of this Discharge Permit application. 

Please contact Bob Beers at (505) 667-7969 of the Water Quality and RCRA Group (ENV -RCRA) if 
you have questions. 

Sincerely, Sincerely, 

~~~~An~!lr:.~ Gene E. Turner 
Group Leader Environmental Permitting Manager 
Water Quality & RCRA Group Environmental Projects Office 
Los Alamos National Laboratory Los Alamos Site Office 

National Nuclear SecurityAdministration 

Enclosures: a/s 

Cy: James Bearzi, NMED/SWQB, Santa Fe, NM, w/enc. 
John Kieling, NMEDIHWB, Santa Fe, NM, w/enc. 
Hai Shen, LASO-EO, w/enc., A316 
Steve Yanicak, LASO-GOV, w/enc., M894 
Carl A. Beard, PADOPS, w/o enc., A102 
Michael T. Brandt, ADESH, w/o enc., K491 
Michael Graham, ADEP, w/o enc., M991 
Victoria George, REG-DO, w/o enc., M991 
Kate Lynnes, REG-DO, w/enc., M991 
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ENV-RCRA-11-0284  LAUR-11-12262 

NEW MEXICO ENVIRONMENT DEPARTMENT  
GROUND WATER QUALITY BUREAU  

DISCHARGE PERMIT APPLICATION 

Type of Application. Check appropriate box. 

!&] Application for new Discharge Permit -- new facility 

o  Application for new Discharge Permit -- existing (unpermitted) facility 

o  Application for Discharge Permit Renewal 

o  Application for Discharge Permit Modification 
"Modification" is defined as a change to the pennit requirements that result from a change in the location of the discharge, a 
significant increase in the quantity of the discharge, or a Significant change in the quality of the discharge. 

o Application for Discharge Permit Renewal and Modification  

For an existing Discharge Permit, please indicate: DP Number ___ Expiration date  

Checklist of Application Components. 

!&] Part A: Administrative Completeness. i  Instructions for completing 
the application are 

!&] Part B: Operational, Monitoring, Contingency and Closure Plans, with included on the form itself 
required attachments. Choose appropriate option: and on Supplemental 

Instructions for Parts A
[] Septic Tank System i and B. 
!&] General- Various Facility Types  I You may fill out the 

i application manually, or a 
!&] Part C: Site Information, with required attachments. Microsoft Word version 

may be downloaded from 
!&] $100 Filing Fee, payable to the New Mexico Environment Department. www.nmenv.state.nm.us 
Required from all applicants. An additional fee will be assessed prior to (Ground Water Quality) 

and fil/ed out electronically.permit issuance. Permit fees are listed in Section 20.6.2.3114 NMAC. 

Certification. Signature must be that of the person named in Item A-3 of Part A of the application. 

I certify under penalty of law that I am knowledgeable about the information contained in this application. The 
information is, to the best of my knowledge and belief. true, accurate. and complete. 

Date: 

Date:::::::~: t:~~ , I 

NamelTitle Dennis L. Hjeresen, Division Leader, ENV, Los Alamos National Security, LLC 

NamelTitle Kevin W. Smith, Manager, Los Alamos Site Office, National Nuclear Security Administration 

Send three complete copies of this application and the filing fee to: 
Program Manager 

Ground Water Pollution Prevention Section 
New Mexico Environment Department 

PO Box 5469 
Santa Fe. NM 87502 

NMED Discharge Pennit Application, Cover Sheet 

http:www.nmenv.state.nm.us


GROUND WATER DISCHARGE PERMIT APPLICATION  
PART A: ADMINISTRATIVE COMPLETENESS  

All Facilities  

A-1.  Facility Information. See Supplemental Instructions to determine what constitutes the "facility." The physical 
location of the facility must be provided. If the facility does not have an address, the location can be described by 
road intersections, mile posts, or landmarks, as appropriate. 

Facility Name Los Alamos National Laboratory (LANL or the Laboratory)  

Former Names (if any)  

Physical address/Jocation Los Alamos, New Mexico  
(mandatory) 

County Los Alamos 

Mailing address P.O. Box 1663 Mail Stop K404 

Los Alamos, NM 87545 

Contact person Dennis L. Hjeresen  

Title Division Leader, Environmental Protection Division (ENV)  

Telephone number(s) 505-665-7251 

Fax number 505-667 -0731  E-mail address ~d;::.:l~h@lIlI:II.:.J:la::.:.n:.:.:I.Ago=--v___________ 

A-2.  Type of Discharge and Type of Facility. See Supplemental Instructions. 

Type of discharge: o Domestic o Agricultural [E] Industrial o Mining 

Type of facility:  Treatment and land application of groundwater produced from monitoring well R-28 
during a 10-day pumping test. See site map in Appendix B. 

A-3.  Applicant Information. The applicant is the person or entity (e.g., corporation, partnership, organization, 
municipality, etc.) legally responsible for the discharge and for complying with the terms of the Discharge Permit. 
If the applicant is an entity, then the name and title of a contact person must be provided. This application must be 
signed by the applicant or contact person named here. 

National Nuclear Security Administration (NNSA)1 
Applicant Name 

Los Alamos National Security, LLC (LANS)2 

Mailing address 13747 West Jemez Road, Los Alamos, NM 87545 

2p.0. Box 1663, MS K404, Los Alamos, NM 87545 

Kevin W. Smith 1, Manager, Los Alamos Site Office, NNSA Contact person 

Dennis L. Hjeresen2, Division Leader, ENV, LANS, LLC 

Telephone number(s) 1(505) 667-5105 2(505) 665-7251 

Fax number 1665-3811 2667-0731 E-mail addresskevin.smith@nnsa.doe.gov. dlh@lanl.go_ 

NMED Discharge Pennit Application, Part A, Page 1 
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--------------------------

A-4. Consultant Information (if applicable). If the consultant is a company or organization, then the name and title of 
a contact person must be provided. 

Consultant/Firm Name 

Mailing address 

Contact person 

Title 

Telephone number(s}  

Fax number E-mail address  

A-5.  Permit Contact Information (if applicable). If someone other the applicant listed in Item A-3 or a consultant 
listed in Item A-4 is a primary contact for this application and/or facility, list here. 

Permit Contact Name Robert Beers 

Title  Environmental Professional, Water Quality & RCRA Group, LANS, LLC 

Mailing address P.O. Box 1663 MS K490 

Los Alamos, NM 87545 

Telephone number(s} 505-667-7969 

Fax number  505-665-9344 E-mail address bbeers@lanl.gov 

A-6.  Ownership. 

The applicant owns (check as appropriate): IE the facility* 0 some discharge sites 0 all discharge sites 

* National Nuclear Security Administration (NNSA) Facility 

If other parties own the facility or any of the discharge sites, attach their names and contact information. 

A-7.  Discharge Quantity. 

Your Discharge Permit will specify a maximum discharge volume, which is typically expressed as the maximum 
number of gallons per day that may be treated and/or disposed of. Please indicate below the maximum discharge 
volume for your facility. You must show how it was determined in Part B of your application. For further 
explanation, see Supplemental Instructions for Part B. 

Maximum discharge volume: _4_3....:,'-2_00_*_________ gallons per day (or other units: _____ 

*Total volume treated and discharged will be approximately 445,000 gallons: 13,000 gallons of well 
development water presently in storage plus approximately 432,000 of groundwater produced during the 
10-day, 30 gallons per minute (gpm), pumping test. 

NMED Discharge Permit Application, Pari A, Page 2 
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A-8.  Processing, Treatment, Storage and Disposal System. Briefly describe how wastewater, sludge, etc. is 
processed, treated, stored, and/or disposed of at your facility. See Supplemental Instructions for examples of 
system components. 

A 10-day pumping test at monitoring well R-28 will be conducted pursuant to a requirement in the 
New Mexico Environment Department (NMED) Hazardous Waste Bureau-approved Sandia Canyon 
Phase II Investigation Work Plan (Appendix E). The work plan describes a cross-hole pumping test at 
R-28 to better define the spatial distribution of regional aquifer heterogeneity and anisotropy in the 
vicinity of the chromium plume near wells R-28 and R-42. Data collected from the pumping test will be 
used to constrain flow parameters used in the model for groundwater flow and transport in the 
regional aquifer and will be reported in the Sandia Canyon Phase II Investigation Report due to NMED 
Hazardous Waste Bureau on July 31, 2012. 

Groundwater from well R-28 contains chromium at concentrations greater than the New Mexico Water 
Quality Control Commission (NMWQCC) Regulation 3103 groundwater standard of 50 pg/L. Prior to 
discharge, the Laboratory will install an ion exchange (IX) treatment system at the R-28 well site and treat 
well development water and groundwater produced during the 10-day pumping test to remove chromium. 
'rhe treatment system design criteria are as follows: 

• design flow rate of 30 gpm, 
• influent (feed) chromium concentration of 558 pg/L, and 
• effluent (product) chromium concentration of 35 pg/L. 

Following treatment to remove chromium, groundwater produced from well R-28 will be applied to the 
land surface in accordance with the Laboratory's Standard Operating Procedure, ENV-RCRA-QP-010.2, 
Land Application of Groundwater. 

Appendix C provides additional information on the following: (1) final treatment system configuration, (2) 
IX vessel, (3) IX resin type, and (4) treatment system vendor. 

A-S.  Discharge Locations. List the locations of your facility and of all components of your processing, treatment, 
storage and/or disposal system. Examples of components include septic tanks, lagoons, leachfields, irrigation 
sites, mine stockpiles, etc. Additional examples are listed in the Supplemental Instructions. Latitude and longitude 
are optional unless township, range and section are not available .. 

Components Township Range Section(s) Latitude Longitude 

R-28 T1SN R06E 524 

Ion exchange (IX) treatment system T1SN R06E 524 

• Land application sites-5ee Appendix B T1SN R06E 523,524 

A-10.  Discharge Quality. 

Indicate the expected quality of the discharge -- wastewater, leachate, sludge, etc. -- generated, stored, treated, 
processed and/or discharged at your facility. List the contaminants of concern and the expected concentrations. 
Not a/l facilities need to characterize influent quality. See Supplemental Instructions for typical contaminants and 
additional gUI'dance. 

Expected or Known Contaminants
Expected or Known Indicate units: mg/L. CFUI100 mi. etc, 

Contaminants Incoming (Influent) Final (Effluent) 

chromium 35pg/L558IJg/L 

For new septic tank systems, you may either fill out the chart above or simply check one of the following options: 

o typical domestic wastewater 

o low-strength domestic wastewater (large gray water component; e.g .• laundromat, spa, etc.) 

o high-strength domestic wastewater (low water use; e.g., RV park, low-flow tOilets at campground, etc.) 



A-11.  Ground Water Conditions. 

All applicants must provide the depth to and pre-discharge TDS concentration of the ground water that could be 
affected by the discharge. Refer to Supplemental Instructions for details on how to obtain these values. 

Indicate the depth to the most shallow ground water 
beneath the discharge site. If there are multiple 
discharge sites, indicate the range of depths. 

Depth to water: 890 ft bgs1 I 45 ft bgs2 

1regional aquifer, 2alluvial groundwater 

Reference: 

[EJ Measurement, nearby monitoring well 

o Measurement, nearby supply well 

o Well log from nearby well (attach copy) 

o Office of the State Engineer  
http://www.ose.state.nm.us!  

o Report or study (give citation here and attach 
relevant portion): 

o Other (describe): 

Indicate pre-discharge total dissolved solids (TDS) 
concentration of most shallow ground water beneath the 
discharge site. Attach copies of analyses. 

TDS (mg/L): 300 mg/L1 /270 mg/L2 

1R_28 I 2MCO-7 

Reference: 

[EJ Analysis from upgradient monitoring well 

!J Analysis from on-site supply well 

o Analysis from shallow nearby supply well 

o Concentration provided in previous Discharge 
Permit application 

o Report or study (give citation here and attach 
relevant portion): 

o Other (describe): 

A-12.  Public Notice. See Supplemental Instructions. 

a) The public notice packet including instructions and materials should be sent to: 

o Applicant 0 Consultant _P_e_r_m_i_t_C_o_n_ta_c....o.t....[EJ Other:  (A_-_5.<-)_______________ 

b) Copies of the public notice packet (excluding sign) should be sent to: 

o Applicant 0 Consultant [EJ Other: _P_e_r_m_it-'-C-'-o-'-nC'-ta'--'-ct"-'(I-A_-5;;;..<)______________ 

c) The applicant is required to provide public notice of this application by placing a display ad in a newspaper of 
general circulation near the location of the proposed discharge. Indicate newspaper you intend to place the ad in: 

Newspaper: Los Alamos Monitor 

d) For new or modification applications only: The applicant must post a sign for 30 days in a conspicuous location 
at or near the facility, as approved by NMED. One sign must be posted for each 640 contiguous acres or less of 
the discharge site. An additional notice must be posted at an off-site location conspicuous to the public. Describe 
the locations below where you intend to post the notices. You may also attach sketches or photographs. 

At or near facility: Two (2) signs will be posted within Township 19N, Range 6E, Sections 23 & 24. 
2 by 3 feet in size 

Off-site location: A flyer size notice will be posted at the LANL Public Reading Room at the J. Robert 
Oppenheimer Study Center and Research Library, located on West Jemez Road at 

"-''''''''-''--~----f'!e~a!l!'sa!rGramtEl, to! Allmos, NM ,_ .. _...~--. _._"._,.,-,- ­
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PART B: OPERATIONAL, MONITORING, CONTINGENCY AND CLOSURE PLANS 
GENERAL FORM (VARIOUS FACILITY TYPES) 

Operational Plan [Section 20.6.2.3106.C, 3109.C NMAC] 

B-1.  Source(s) of the Discharge. Describe what generates the wastewater, sludge or other discharges processed 
and/or disposed of at your facility. Identify all sources. Attach additional pages, if needed. See Supplemental 
Instructions. 

R-28 is a regional aquifer monitoring well. Groundwater produced during the following two activities will 
require treatment prior to discharge: 

1.  Well development. R-28 was developed following construction to remove fine-grained 
sediments and to restore the porosity and permeability of the formation materials around the 
well screen. Approximately 13,000 gallons of groundwater from well development are 
currently in storage at the well site. 

2.  Pumping Test. A 10-day pumping test at monitoring well R-28 will be conducted pursuant to a 
requirement in the NMED Hazardous Waste Bureau-approved Sandia Canyon Phase II 
Investigation Work Plan (Appendix E). 

B-2.  Discharge Quantity. Describe the methods/calculations used to determine the maximum discharge volume listed 
in Item A-6 in Part A of your application. Attach additional pages, if needed. See Supplemental Instructions. 

LANL proposes to generate approximately 432,000 gallons (gal) of groundwater during a 10-day, 30 gpm, 
pumping test at well R-28. LANL also proposes to concurrently treat and discharge approximately 13,000 
gal of well development water that are currently stored at the well site. 

B-3.  Site Map. Attach a site map showing the components of your proposed system and relevant surrounding 
features, clearly labeled, such as: 

•  treatment units • pits • extraction/injection wells 
•  lagoons • stockpiles • arroyos 
•  tanks • leachfields • nearby water bodies such as 
•  sumps • sludge drying beds ponds or canals 

•  manure separators • roads • property boundaries 

•  land application fields • buildings • other permitted discharges 

•  domestic wastewater • supply wells • required setbacks 
reuse areas • monitoring wells • north arrow 

If map is not to scale, mark distances on the map. 

[E] Site map is attached. See Appendix B. 

B-4.  Flood Protection. Describe the methods used to prevent flooding and run-off at the facility (tank protection, 
berms, diversion channels, etc.) 

The proposed pumping test, groundwater treatment, and land application are one-time activities that will 
be conducted during the winter, no-flow season in Mortandad Canyon. No flood protection measures are 
necessary. 

B-5.  Plans and Specifications. For new facilities and for new components of existing systems, attach plans and 
specifications certified by a New Mexico registered professional engineer. [Section 20.6.2.1202 NMAC] 

o Not applicable because no new facilities are proposed. 

[E] Plans and specifications are attached. See Appendix C. 

o Plans and specifications were previously submitted. Submittal date(s): 
___~.__.._,..._.,._,.__ • NMED Disq/!.ame Permit Application Part B ~erJ~!p'/! Page 1 

Form updated May 1, 2006; January 24, 2007 



B-6. Description of Components. Provide descriptive details of all components of your processing, treatment, 
stora e and/or dis osal s stem. Include all com onents listed under Item A-8 in Part A. 

Description (construction material, liner type, irrigation method, 
Com onent ca acit , dimensions, area, etc. 

R-28 

are 

• Siemens 12-cu ft IX vessel wI USF A-284 anion resin 

are 

B-7.  Operational Plan. Attach a detailed description of how you operate your processing, treatment, storage and/or 
disposal system. 

Animal feeding operations: include stormwater management, nutrient management plans, method for mixing 
irrigation and wastewater. 

Domestic wastewater treatment facilities: include pre-treatment, solids management, vegetation management for 
land application. 

Facilities using reclaimed domestic wastewater above ground: include proposed water quality classification(s), 
effluent monitoring, setbacks, irrigation schedules, etc. that will result in protection of public health and the 
environment. Please refer to NMED Ground Water Quality Bureau Guidance: Above-Ground Use of Reclaimed 
Domestic Wastewater for further information. A copy of the guidance document is available on the NM ED 
website www.nmenv.state.nm.us under "Ground Water Quality". 

Groundwater produced during the 10-day pumping test will be discharged into 21,000-gal steel frac tanks 
at the well site. A submersible sump pump will feed influent groundwater to two ion exchange (IX) 
treatment vessels to remove chromium to <35 Ilg/L. The maximum throughput for each 12-cu ft IX vessel 
is approximately 96,000 gallons. Six (6) treatment vessels-with a total throughput capacity of 
approximately 576,000 gallons-will be staged on-site providing an excess treatment capacity of 
approximately 33%. Treated water (product) from the IX treatment system will be discharged into 21,000­
gal steel frac tanks prior to land application to the sites identified in Appendix B. Effluent monitoring-as 
described in Section B-13-will ensure that chromium concentrations do not exceed the NMWQCC 
Regulation 3103 standard of 50 Ilg/L. At the conclusion of treatment activities, management of the IX 
treatment vessels and used IX resin will be the responsibility of the treatment system subcontractor; 
management will be conducted in accordance with all applicable regulations. Appendix C contains 
additional information on the ion exchange (IX) treatment system. 

B-8.  System Maintenance. Attach a description of the operations and maintenance procedures which ensure that 
your processing, treatment and disposal system functions properly; e.g., inspections, pumping schedules, 
equipment maintenance, etc. 

The proposed 10-day pumping test and treatment system operation will be supervised 24-hrs per day by 
operators fully qualified to perform system maintenance. 

B-9.  Backflow Prevention. If wastewater is used for land application or irrigation, describe methods usetl to protect 
wells from contamination by wastewater backflow. For new facilities or new systems at an existing facility, only air 
gap or reduced pressure valve assemblies are acceptable methods. 

No backflow prevention is required for this activity because no connections to a potable water system 
will be made. 

a) Clearly describe and/or sketch the location of air gaps or devices and attach specifications. 
----,.-et9escffbe-t.\OW de'v'iees er-e maintairled:-- -~~ •. -.. • ' •• n •• ­w' ~-- ' ...-,.----­
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8-10.  Water Rights. Animal feeding operations which land apply wastewater must attach documentation of irrigation  
water rights for the proposed land application fields, sufficient to sustain the intended crop rotation.  

o Water right documentation is attached. 

IXI Not applicable. 

8-11.  Past Ground Water Monitoring Results. This item applies only to existing facilities seeking renewal and/or 
modification of a Discharge Permit that required ground water monitoring. 

a)  Attach a graph or a table showing all analytical results from ground water sampling at your facility. If preparing 
graphs, a separate graph should be developed for each constituent, except that nitrate and TKN may be 
shown on the same graph. Multiple wells may be shown on the same graph. See Supplemental Instructions 
for sample table and graph. 

See Appendix D, water quality data from monitoring well R-28. 

b)  If the monitoring results indicate that ground water standards have been violated or that there is an upward 
trend approaching standards, attach a description of what actions you have taken or will take to address the 
elevated concentrations. Ground water standards are listed in Section 20.6.2.3103 NMAC. See the 
Supplemental Instructions for frequently referenced standards. 

Samples of influent (feed) and effluent (product) water from the IX treatment system will be collected 
twice daily for chromium analysis; results will be returned from the analytical laboratory within 24 hrs. 
If chromium concentrations exceed 45 J.l9/L (90% of the NM WQCC Regulation 3103 standard of 50 
J.l9/L), then land application will cease until the spent IX vessel is replaced. 

Monitoring Plan [Section 20.6.2.3107.A NMAC] 

8-12.  Discharge Volumes. Describe how and where the monthly discharge volume at your facility will be. For all 
measuring devices, provide type, location, and units of measure including multipliers (e.g., gallons, gallons x 1(, 
acre-ft, etc.) See Supplemental Instructions. Attach additional pages, if necessary. 

Pumping rates, times, and volumes will be monitored and recorded during the entire pump test. A 
totalizing flow meter and an automated meter capable of measuring both instantaneous and total flow will 
be installed on the discharge pipe from the well. 

8-13.  Discharge Quality Monitoring. Discharge Permits typically require that the discharge (treated wastewater, 
sludge, septage, etc.) be sampled on a regular basis. The frequency of sampling varies by type of facility, as do 
the contaminants of concern. Domestic and agricultural Discharge Permits typically require sampling for total 
Kjeldahl nitrogen (TKN), nitrate-nitrogen (N03-N), total dissolved solids (TDS) and chloride on a quarterly or semi­
annual basis. (continued on next page) 

Samples of influent (feed) and effluent (product) water from the IX treatment sy'stem will be collected 
twice daily for chromium analysis by the Laboratory's Geochemistry and Geomaterials ResearCh 
Laboratory (GGRL). Sample analysis will be conducted by the GGRL within 24-hrs of sample submittal. 
Analytical results will be reported twice daily to the project team-during the morning and evening 
operator shift changes-to ensure that reductions in treatment efficiency can be identified early. The 
schematic below identifies the sample collection locations. If chromium concentrations exceed 45 J.l9/L 
(90% ofthe NM WQCC Regulation 3103 standard of 50 J.l9/L), then land application will cease until the 
spent IX vessel is replaced. 

If reclaimed domestic wastewater will be discharged for above ground uses, testing of the discharge for additional 
parameters is appropriate. Please refer to the NMED Ground Water Quality Bureau Guidance: Above-Ground 
Use of Reclaimed Domestic Wastewaterfor further information. 

In the space below, provide a description or sketch of the sampling point(s) to be used for sampling the dischargb 
at your facility. ----_.__. .. --.-~-

NMED Discharge Pennit Application Part B General, Page 3 
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Optional: In the space below (or as an attachment), you may propose revisions or additions to the standard 
discharge quality monitoring requirements. If you do, provide the rationale for your proposal. 

8-14.  Ground Water Quality Monitoring. Discharge Permits typically require that ground water samples be collected 
quarterly from properly constructed monitoring wells located downgradient from discharge locations. The samples 
must be analyzed for contaminants of concern. For most domestic and agricultural Discharge Permits, the typical 
contaminants of concern are total Kjeldahl nitrogen (TKN), nitrate-nitrogen (N03-N), total dissolved solids (TDS) 
and chloride. 

The proposed discharge is a one-time only activity. All land application will be conducted within the 
Mortandad Canyon watershed, a watershed with an extensive network of both alluvial and regional 
aquifer monitoring wells. Routine sampling of Mortandad Canyon monitoring wells is conducted in 
accordance with the NMED-approved Interim Facility Groupdwater Monitoring Plan. 

Optional: In the space below (or as an attachment), you may propose revisions or additions to the standard 
ground water monitoring requirements. If you do, provide the rationale for your proposal. 

For existing facilities:  

Indicate number of existing monitoring wells:  

Attach copies of monitoring well logs.  

o Well logs attached. 0 Well logs cannot be located. 

o Well logs previously submitted. Submittal date(s): 

Attach copy of monitoring well survey (typically not applicable if fewer than 3 monitoring wells). 

o Survey attached. o No survey has been conducted. 

o Survey previously submitted. Submittal date(s): 

8-15.  Other Monitoring. In addition to discharge volumes, discharge quality monitoring and ground water sampling, 
Discharge Permits typically require the following monitoring, depending on the type of facility: 

• inspection and pumping of septic tanks, grease tanks, lift stations 
• inspection of leachfields 
• inspection of lagoons 
• process testing for treatment plants 
• land application data sheets (LADS) 
• tracking of chemical fertilizer applications to land application areas 
• soil sampling (agricultural and selected other facilities land applying wastewater) 
• harvested plant material testing (agricultural facilities) 

Optional: In the space below (or as an attachment), you may propose revisions or additions to the other standard 
____u_., monitoriri'grequirements foryoiIr-type of faclhtY. It you do, provTaelfhe rationale Tor yo"Ufpfoposar NA" -- ­
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Contingency Plan [Section 20.6.2.31 07.A. 10 NMAC] 

8-16.  System Failure. Describe your contingency plan in the event there is a failure of your wastewater or discharge 
system (e.g., wastewater back-up, pump failure, pipe breaks, tank overflow, leachfield failure, saturated fields etc.) 

As a contingency against the discharge of chromium in excess of the NMWQCC Regulation 3103 
groundwater standard, samples of effluent (product) from the IX treatment system will be collected 
twice dally and analyzed within 24-hrs for chromium. If chromium concentrations exceed 45 j.lg/L (90% 
ofthe NMWQCC Regulation 3103 standard of 50 j.lg/L), then land application will cease until the spent 
IX vessel is replaced. 

As a contingency against the discharge of untreated groundwater due to the failure of treatment 
system's components, qualified operators will be present 24 hrs per day during the 10-day pump test. 

As a contingency against the discharge of treated groundwater into waters of the state, the land 
application of treated groundwater from R-28 will be conducted in accordance with the terms and 
conditions of the Laboratory's Standard Operating Procedure, ENV-RCRA-QP-010.2, Land 
Application of Groundwater. Criteria for land application include, but are not limited to, the 
following: 

• land application site cannot be located in a watercourse 
• land application cannot result in runoff to a watercourse 
• land application cannot create ponds or pools 
• land application must be conducted in a manner that maximizes infiltration and evaporation 
• land application is restricted to daylight hours and for a maximum of 10 hrslday 
• land application must be supervised at all times 
• land application is prohibited while precipitation is occurring 

8-17.  Contingency Leachfield Location. This item applies only if your disposal system includes a leachfield. Identify a 
location on your site map (Item B-3) for a contingency leachfield in the event that your leachfield must be 
replaced. If no land is available for a contingency leachfield at an existing facility, describe how you will address a 
failed leachfield. New facilities must provide for a contingency leachfield location. NA 

8-18.  Other ContingenCies. Discharge Permits typically contain standard contingencies to address: NA 

• exceeding wastewater quality limits 
• violation of ground water or surface water standards 
• spills or illegal releases of wastewater 
• migration of soil nitrogen 
• loading nitrogen above limit 

Propose additional contingency plans, if appropriate: 

Closure Plan [Section 20.6.2.3107(A)11 NMAC] 

8-18.  Facility Closure and Post-Closure Monitoring. Discharge Permits contain standard requirements to address 
the closure of part or all of your discharge system, as follows: 

• cap or plug lines to prevent the flow of wastewater to treatment or disposal system 
• empty and remove or backfill tanks 
• empty lagoons, perforate or remove liners, re-grade to surface topography 
• appropriately dispose of solids 
• regrade and cover stockpiles at mine facilities 
• continue ground water monitoring for at least two years, longer as appropriate 
• enact contingency plans if ground water standards are violated 
• financial assurance may be required. 

------- '-"-' _._--_.._-----_.-.. _._-----_._.._-_. __.._--­
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Propose additional closure plans in the space below or as an attachment, jf appropriate: 

The proposed discharge is a one-time only activity that will conclude after 10 days. At the completion 
of the pumping test, and the treatment and land application of the produced water, all storage tanks 
and IX treatment equipment will be removed from the R-28 well site. Management of the IX treatment 
system vessels and resins will be the responsibility of the subcontractor and will be conducted in 
accordance with all applicable regulations. 

Please Note: You must also complete Part C of the application. 

NMED Discharge Permit Application Part B General, Page 6 



PART C: SITE INFORMATION  
All Facilities  

C-1. Area Map. Attach a current area map showing roads and clearly mark the location of your facility. 

See Appendix B. 

C-2. Directions to Site. Provide driving directions to the site from the nearest town or, if located in a town, from an 
easily identifiable location. 

Monitoring well R-28 is located in Mortandad Canyon. Because access to the well site requires entry 
through one of Los Alamos National Laboratory's Pajarito Corridor Vehicle Access Portals, visitors 
without a LANL badge site must be escorted to the project site. Visits to the project site may be 
coordinated through the point of contact listed in A-5 of this application. 

C-l. Topographic Map. Attach a copy of the appropriate US Geological Survey topographic map. You may provide 
just the relevant portion. USGS maps are available at many outdoor equipment stores or bookstores, from the 
USGS atwww.usgs.gov or 1-888-ASKUSGS, and from commercial websites. 

On the map clearly indicate the location of your facility. Also identify the approximate locations of all wells within 
1,000 feet of your discharge locations. The Office of the State Engineer has a searchable database of supply 
wells on its website at www.ose.state.nm.us. 

o USGS map attached with facility location and neighboring wells marked. 

See Appendix B. 

C-4.  Flood Potential. Attach a copy of the latest Federal Emergency Management Agency (FEMA) flood map with 
your facility's location clearly marked, to the best of your ability. Information about how to obtain this map, formally 
known as a Flood Insurance Rate Map (FIRM) is available at www.fema.gov, insurance agencies or county 
government offices. A site specific analysis may be substituted. 

o FEMA map or site-specific analysis attached. 

o Previously submitted and still up-to-date. Submittal date(s): 

Land application will be conducted in the Mortandad Canyon watershed during no-flow winter conditions. 
No flood protection measures are necessary. 

C-5.  Soils. Attach either: 

a)  A copy of the appropriate Natural Resource Conservation Service (NRCS) soil survey map, with your site 
clearly identified to the best of your ability. Include the descriptive information for soils associated with the 
discharge locations. To obtain the map, contact your local NRCS office - there is one in every county. 

b)  A site-specific assessment showing the soils classifications. This is preferred over the more generalized 
NRCS surveys. 

o NRCS soil surveyor site-specific assessment attached. 

o Previously submitted. Submittal date(s): 

See Appendix B, LANL Soils map. 

C-6. Geology. Provide information on the geology beneath the site by attaching relevant portions of geologic repom 
well logs for on-site or nearby wells, or site specific assessments. A variety of geology publications and resources are 
available from the New Mexico Bureau of Geology and Mineral Resources at http://geoinfo.nmt.edu or 505-835-5420 
(Socprro) WeUJags.ara.a'llailable from tbelte.wM.m:.ico State Engineecs..Qffjce at http"/www gse statanm..usL____ 
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IE] Geologic report attached.  DWell log(s) attached. 

Appendix E contains the following reports: 

1. Hydrogeologic Studies ofthe Pajarito Plateau, LA-14263-MS 

2. 2009 Hydrogeologic Site Atlas, LAUR-09-3763 

3. 2010 Groundwater Level Status Report for 2010, LA-14437-PR 

4. Sandia Canyon Phase II Investigation Work Plan, LAUR-10-04921 

o Geologic information previously submitted. Submittal date(s): 

C-7.  Ground Water Hydrology. Ground water hydrology refers to the occurrence, distribution, movement and 
chemistry of ground water. The ground water hydrology at your site will determine in large part whether your 
discharge will adversely affect ground water quality. You may need to present detailed information in order to 
"demonstrate that the Discharge Permit will not result in concentrations in excess of the standards of Section 
20.6.2.3103 NMAC or the presence of any toxic pollutant." (20.2.3106.C.7 NMAC) 

At a minimum, provide information below on the direction of ground water flow. Ground water may not flow in the 
same direction as water on the surface of the ground. A monitoring well survey is one of the best methods to 
determine the direction of ground water flow at a particular site. Such surveys are routinely required for many 
Discharge Permit locations. 

If a survey is not available, check with well drillers, the city water department, staff at the Office of the State 
Engineer, environmental consultants or other knowledgeable persons in your area. In addition, relevant reports 
have been published for some areas. See the OSE website at www.ose.state.nm.us or the NMBGMR website at 
http://geoinfo.nmt.edu. 

Southeast 
Direction of ground water flow: 

If ground water flow shifts seasonally, describe here: 

Reference: 

o On-site well survey attached. o Previously submitted. Submittal date(s): 

o Nearby well survey attached. o Previously submitted. Submittal date(s): 

IE] Other. Specify: _S_e_e_A.... p_en_d_i_x_E_.________________________p.... 

o Relevant portion attached. 

o Previously submitted. Submittal date(s): 

Attach any additional information available about ground water hydrology at the site. 

C-8.  Other Permitted Discharge Locations. If applicable, list other locations of wastewater or stormwater discharges 
on your site that are not described in this application and indicate what permits apply to them. Examples include 
discharges from small septic systems (covered by Liquid Waste Permits, discharges to surface waters under a 
NPDES permit, a discharge covered by a separate Discharge Permit, etc. Be sure these other discharge locations 
are identified on the site map required in Item B-3. 

- ---..._--­
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Discharge Type Permit Identification i 
Sanitary & industrial outfalls(15} NPDES Permit No. NM0028355 I 

• Individual Stormwater Permit NPDES Permit No. NM0030759 ! 

Construction Stormwater Permits I Each construction project disturbing more than 1 acre 

Sanitary wastewater I NMED Discharge Permit DP-857 I 

i Industrial wastewater I NMED Discharge Permit Application DP-1132 

Domestic septic tanks I NMED Discharge Permit Application DP-1589 

C-9. Other Information. Describe below or attach any additional information to demonstrate that your proposed 
discharge plan will be protective of ground water quality, public health and property. NA 
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Ground Water Quality Bureau 

Harold Runnels Building 
SUSANA MARTINEZ 

Governor 

JOHN A. SANCHEZ 
Lieutenant Governor 

1190 St Francis Drive 

PO Box 5469, Santa Fe, NM 87502-5469 

Phone (505) 827·2918 Fax (505) 827·2965 

DAVE MARTIN 
Secretary 

BUTCH TONGATE 
Deputy Secretary 
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CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

November 9, 2011 

Michael Graham Chris Cantwell 
Associate Director, Environmental Programs Associate Director ESH & Q, 
Los Alamos National Laboratory Los Alamos National Laboratory 
PO Box 1663, MS-K490 PO Box 1663, MS-K490 
Los Alamos, NM 87544 Los Alamos, NM 87544 

RE: Response to Notice of Intent to Discharge; Discharge Permit Required for Treated 
Well Development and Pump Test Ground Water Discharge at Regional Monitoring 
Well R-28, AI:856 (pRD20110004) 

Dear Messrs. Graham and Cantwell: 

The Ground Water Quality Bureau of the New Mexico Environment Department (NMED) 
received a Notice of Intent from you on August 29, 2011 (copy enclosed), requesting temporary 
permission for a one-time discharge of approximately 400,000 gallons of pump test and 
development water from regional monitoring well R-28. The pump test and development water 
is to be treated for chromium using an ion exchange treatment system and the treated water is 
proposed to be land applied on approximately 83 acres via water trucks along approximately 
three miles of dirt road in the vicinity of regional monitoring well R-28. The notice satisfies the 
requirements of Subsection A of 20.6.2.1201 NMAC of the New Mexico Water Quality Control 
Commission (WQCC) Regulations, 20.6.2 NMAC. The proposed discharge is located in 
Mortandad Canyon, approximately three miles southeast of Los Alamos in Section 24, Township 
19N, Range 06E, within the boundaries of Los Alamos National Laboratory, Los Alamos 
County. 

NMED has reviewed the information provided in accordance with Subsection D of 20.6.2.1201 
NMAC. In response to a previous NOI submitted (AI856: PRD20100008) for a similar 
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discharge (copy enclosed), it was determined by NMED that should LANL seek to perform 
temporary on-site treatment and discharge of contaminated water at any location within the 
Laboratory in the future, a single application for a ground water Discharge Permit to cover all 
on-site treatment activities would be required to be submitted in accordance with Section 
20.6.2.3106 NMAC. You are hereby notified that a Discharge Permit is required for the 
proposed discharge and all similar discharges of the same nature. 

To apply for a Discharge Permit, you must complete and submit three copies of the enclosed 
Discharge Permit application, along with the $100 filing fee. Please be advised that any 
discharge from this facility without prior written approval from NMED would be a violation of 
the WQCC Regulations. Upon submission of an Application for a Qischarge Permit, NMED 
will review the facility's request for Temporary Permission under Subsection B of 
20.6.2.3106. 

Any appeal of this determination that a Discharge Permit is required must be made to the New 
Mexico WQCC within 30 days of receipt of this letter, in accordance with Subsection B of 
20.6.2.3112 NMAC. A copy of the WQCC Regulations, 20.6.2 NMAC, is available at 
http://www.nmcpr.state.nm.us!nmac/title20rr20COO6.htm. 

If you have any questions, please contact either Jennifer Fullam at (505) 827-2909 or Clint 
Marshall, Acting Program Manager of the Ground Water Pollution Prevention Section, at (505) 
827-0027. 

CM:JF 

Enc:  Notice of Intent dated August 24,2011 
NMED Response to Notice of Intent (AI 856: PRD20100008) dated December 16, 2010 
Applying for a Discharge Permit: General Information 
Discharge Permit Application 

cc:  Robert Italiano, District Manager, NMED District II 
NMED Santa Fe Field Office 
DP Required File 
County File 
James Bearzi, NMED SWQB 
Richard Powell, NMED SWQB 
John Kieling, NMED HWB 
Steven Yanicak, NMED-DOE.Oversight Bureau 

http://www.nmcpr.state.nm.us!nmac/title20rr20COO6.htm
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Gene Turner, LASO-EO, Los Alamos National Laboratory, A316, Los Alamos, NM 
87545 

Hai Shen, LASO-EO, Los Alamos National Laboratory, A316, Los Alamos, NM 87545 
Carl Beard, PADOPS, Los Alamos National Laboratory, AI02, Los Alamos, NM 

87545 
Victoria George, REG-DO, Los Alamos National Laboratory, M991, Los Alamos, 

NM87545 
Kate Lynnes, REG-COM, Los Alamos National Laboratory, M991, Los Alamos, NM 

87545 
Steve Veenis, PMFS-DO, Los Alamos National Laboratory, M997, Los Alamos, NM 

87545 
Ted Ball, PMF-FUNCT, Los Alamos National Laboratory, M996, Los Alamos, NM 

87545 
Mark Everett, ET-EI, Los Alamos National Laboratory, M992, Los Alamos, NM 

87545 
Michael Saladen ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, 

NM 87545 
Bob Beers, ENV -RCRA, Los Alamos National Laboratory, K490, Los Alamso NM, 

87545 
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From: Beers, Robert 5 

To: "Fullam. Jennifer NMENV" 

Cc: Saladen. Michael T: Alexander. Michael R; "Maze. Stephen J"; Everett Mark C; George. Robert. NMENV; ~ 

~ 
Subject: Request for Inforroation_R-28 NOI 

Date: Wednesday, September 21, 2011 3:12:00 PM 

Hi Jennifer-

You telephoned me today (9/21/2011) requesting additional information on the laboratory's 

August 24, 2011, NOI for monitoring well R-28. 

You asked if I could provide you with the size (acreage) of the land application site receiving 

groundwater from R-28. 

Monitoring well R-28 is located in Mortandad Canyon. The laboratory proposes to treat 

groundwater from R-28 at the well site and then land apply the treated water along the 

Mortandad Canyon access road. Water will be land applied to the road shoulders using a water 

truck equipped with a multi-directional water cannon; the cannon can spray water up to 100 ft. 

Approximately 3.5 mi of the Mortandad Canyon road are available for land application. This 

provides the laboratory with a land application site of approximately 83 acres. 

I hope this information is helpful. 

Please let me know if you have additional questions. 

Sincerely, 

Bob Beers 

Water Quality & RCRA Group 

los Alamos National laboratory 

505.667.7969 
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Environmental Protection Division 
Water Quality & RCRA Group (ENV-RCRA) 
P.O. Box 1663, Mail Stop K490 Date: August 24, 2011 
Los Alamos, New Mexico 87545 Refer To: ENV-RCRA-11-0l72 
(505) 667-7969JFAX: (505) 665-9344 LAUR: 11-04843 

Mr. Jerry Schoeppner, Acting Chief 
Ground Water Quality Bureau 
New Mexico Environment Department 
Harold Runnels Building, Room N2250 
1190 St. Francis Drive 
P.G. Box 26110 
Santa Fe, NM 87502 

Dear Mr. Schoeppner: 

SUBJECT:  NOTICE OF INTENT TO DISCHARGE TREATED GROUNDWATER 
FROM R-28 DEVELOPMENT AND PUMPING TEST 

In accordance with Subsection A of20.6.2.1201 New Mexico Administrative Code (NMAC), Los 
Alamos National Laboratory (the Laboratory) is filing this notice of intent (NO I) to discharge 
(Enclosure 1) approximately 400,000 gal of treated groundwater produced during well development 
and a pumping test at monitoring well R-28, located in Mortandad Canyon. Well development was 
conducted to remove fine-grained sediments and to restore the porosity and permeability ofthe 
fonnation materials around the well screen. A 5-day pumping test will be conducted in accordance 
with the New Mexico Environment Department (NMED)-approved Sandia Canyon Phase II 
Investigation Work Plan (LA-UR-l 0-04921). The work plan describes a cross-hole pumping test at 
R-28 to better define the spatial distribution of regional aquifer heterogeneity and anisotropy in the 
vicinity ofthe chromium plume near wells R-28 and R-42. Data collected from the pumping test will 
be used to constrain flow parameters used in the model for groundwater flow and transport in the 
regional aquifer. 

Groundwater produced during the above-referenced activities will be treated with ion exchange (IX) 
prior to discharge. The IX treatment system will remove chromium to less than 90% of the New 
Mexico Water Quality Control Commission (NMWQCC) 20.6.2.3103 NMAC groundwater standard 
of50 J.lglL, as required by the NMED-approved Decision Tree for the Land Application of Drilling, 
Development, Rehabilitation, and Sampling Purge Water (March 2010). As a contingency against 
the discharge of chromium in excess of land application criteria, samples ofproduct water from the 
IX treatment system will be analyzed twice daily for chromium by the Laboratory's Geochemistry & 

An Equal Oppqrturyi!¥Employer I Operated by Los ~arno.~ N!lUonal Security LLC for DOI?NN§A 
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Geomaterials Research Laboratory (GGRL) analytical laboratory. Ifchromium concentrations in the 
product water exceed 45 J.1g1L (90% of the NMWQCC groundwater standard of 50 J.1g1L), then land 
application will cease until the IX resins can be repiaced. Based on existing water quality data, no 
other regulated contaminants exceed land application criteria. 

The land application of treated groundwater from R-28 will be conducted in accordance with the 
terms and conditions of the Laboratory's standard operating procedure, ENV-RCRA-QP-01O.2, 
Land Application ofGroundwater. Criteria for land application include, but are not limited to, the 
following: 

• land application site cannot be located in a watercourse 
• land application cannot result in runoff to a watercourse 
• land application cannot create ponds or pools 
• land application must be conducted in a manner that maximizes infiltration and evaporation 
• land application is restricted to daylight hours and for a maximum of 10 brs/day 
• land application must be supervised at all times 
• land application is prohibited while precipitation is occurring 

In the event that your agency determines that a discharge permit is required for the previously 
described activity, in accordance with Subsection B of 20.6.2.31 06 NMAC, the Laboratory requests 
temporary permission to discharge treated groundwater from well development and a pumping test 
at R-28. The $150.00 filing fee required by the regulation is provided in Enclosure 7. 

Please contact me at (505) 667-7969 if you have questions regarding this NO! and request for 
temporary permission to discharge. 

------..... 
Robert Beers 
Water Quality & RCRA Group 

BB/1m 

Enclosures: a/s 

Cy:  James Bearzi, NMED/SWQB, Santa Fe, NM, w/enc. (w/o CD) 
John Keiling NMEDIHWB, Santa Fe, NM, w/enc., (w/o CD) 
Gene Turner, LASO-EO, w/enc., A316, (w/o CD) 
Hai Shen, LASO-EO, w/enc., A316, (w/o CD) 
Steve Yanicak, LASO-GOV, w/enc., M894, (w/o CD) 
Carl A. Beard, P ADOPS, w/o enc., AI02 
J. Chris Cantwell, ADESHQ, w/o enc., K491 

An Equal Opportunity Employer / Operated by Los Alamos National Security LLC for DOEINNSA 
_.A  .4 
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Cy (continued):  
Michael Graham, ADEP, w/o enc., M991, (w/o CD)  
Victoria George, REG-DO, w/enc., M991, (w/o CD)  
Kate Lynnes, REG-COM, w/o enc., M991 , (w/o CD)  
Steve Veenis, PMFS-DO, w/o enc., M997, (w/o CD)  
Ted Ball, PMF-FUNCT, w/o enc., M996, (w/o CD)  
Mark Everett, ET-EI, w/enc., M992, (w/o CD)  
Mike Saladen, ENV-RCRA, w/o enc., K490, (E-File)  
ENV-RCRA File, w/enc., M704  
IRM-RMMSO, w/enc., Al50  

LA-UR-11-12262 

August 24,2011 
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ENCLOSURE 1 

New Mexioo Environment Department 
Ground Water Quality Bureau 

Ground Water Qual 
Pollution Prevention Section 

Notice of Intent 

1.  Name and mailing addre. of peNon proposing to discharge:  
Michael Graham, Associate Director, Environmental Programs  
Chris Cantwell, Associate Director, ESH&Q  
Los Alamos National Laboratory, PO Box 1663, MS K490, Los Alamos, New Mexico 87545  

Regulatory Point of Contact: Robert Beers, ENV-RCRA 
Phone: 50~67-7969 FAX: 501>665-9344 Email: bbeers@lanl.gov 

2.  Name of faciUty: Los Alamos National Laboratory (LANL or the Laboratory) 

3.  Physical location of discharge (if applicable, give street address, township, range, section, distance from 
cl08lst town or landmark, directions to facility, location map): 
Monitoring well R-28 is located in Mortandad Canyon at T19N R06E S24. Enclosure 2 provides a location map. 

4.  Type of operation generating the discharge (e.g., truck wash, food processing plant, restaurant, etc.): 
R-28 is a regional aqLifer monitoring well at LANL Groundwater was produced during well developmentto 
remove fine-grained sediments and to restore the porosity and permeability of the formation materials arourd the 
well screen. A pumping lest is planned to measure aquifer parameters in accordance with the NMED-approved 
Sandia Canyon Phase IIlnvesligation Work Plan (LA-UR-1 0-04921). Enclosure 3 provides a copy of the work 
plan on CD. 

5.  Source(s) ofthe discharge. Describe how the wastewater, sludge, or other discharges proce.ed andlor 
disposed at your facility are generatad. Identify all sources. Attach addition.I pages if needed: 
Approximately 12,000 gal of R-28 development water are presently in storage at the well site. LANL plans to 
generate approximately 360.000 gal of groundwater from R-28 during a 5-day, 50 gallors per minute (gpm), 
pumping test. 

6.  Expected contaminants in the discharge (e.g., nitrate-nltrogen, metals, organic compounds. salts, etc.) 
Include estimated concentration If known, and copies of results of laboratory analyses, if available: 
The contaminant of corx::em at R-28 Is chromium at concentrations ranging from 310 to 472 IJg/LEnclosure 4 
provides water-quality data from R-28. No other contaminants at R-28 exceed land application criteria. 

LANL will install an ion exchange (IX) treatment system at the R-28 well site to remove chromium from the 
produced groundwater. The treatment system design will be based on the following criteria: Influent chromium 
concentration of 500 ug/L and a maximum effluent (product) chromium concentration of 35 uglL, at the desgn 
flow rate of 50 gpm. The treament system will be capatie of reducing chromium to less than 90% of the NM 
wacc Regulation 3103 groundwater standard of 50 1Jg/L, as required by the NMED-approved Drilling, 
Development Rehabilitation, and Sampling PUfge Water Decision Tree (March 2010). 

As a contingency against the dischalge of chromium in excess of land application criteria, samples of product 
water from the IX treatment system will be analyzed twice daily for chromium by the Laboratory's GGRL 
analytical laboratory. Ifchronlum concentrations exceed 45IJg/L (90"10 of the NM wacc Regulation 3103 
standard of 50 ~glL), then land application will cease until the spent IX resin can be replaced. 

7.  Describe all components ofwas1ewater proceSSing, treatment, storage, and dispOlal system (e.g., 
grease interceptor, lagoon, septic tankJleachfield, etc.) Include sizes, site layout map, plans and 
specifications, etc. if available: 
Enclosure 5 provides a schematic of the IX treatment system. Endosure 6 provides technical specifications on 
the IX resin. 

8,  Estimated maximum daily discharge volune in gallons per day (or other units): 
The Laboratory proposes to land apply a total volume of approximately 400,000 gal of treated groundwater to dirt 
roads and the land surface using water trucks. Daily dischalges will be approximately 75,000 gal. Land 
application will be conduded in accordance with the requirements of the Laroratory's Standard Operating 
Procedure for the Land Application of Groundwater (ENV-RCRA-QP-01 0.2). 

9. 

Signature: ~d~~~:!:::~±:3:~~=-______ Date: --'=~-I-l?#---.,e...;../J~/___ 

Printed name:----LT--!),:..wea~J.....o..!..-rce...=_T!.__......,J?;g~-'-,L-l____ 

Decembe- 4, 2008 Page 1 ofl Ground Water Quality Bureau - Pollution Prevention Section 
Notice of Intent Notice of Intent 

http:proce.ed
mailto:bbeers@lanl.gov
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Final Treatment Configuration - R-28 Pumping Test 

j ;---- -, 

Land 

Application 

1- __ - - - - ~Feed Ion Exchange Effluent 

Pumps Treatment Pumps 
Influent Effluent 

Frac Tanks Frac Tanks 

Well 

1- - - - - - - - '1  
I  optional, as needed 
,_ _ _ ____ .2 

on-site spare 

F' N A L  
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Siemens Water Technologies Wastewater Ion Exchange 
(WWIX) services and equipment help customers meet their 
wastewater handling challenges. Siemens provides system 
design, installation, and custom services that treat 
wastewater contaminated with heavy metals. Zinc, copper, 
nickel and chromium are just a few examples of the metals 
that can be removed to low part per billion levels. Our 
wastewater treatment systems are designed to meet your 
discharge requirements, achieve the water quality level 
needed for reuse and recycling and minimize the liability 
associated with on-site storage and handling of chemicals 
and wastes. 

EVERY APPLICATION HAS UNIQUE REQUIREMENTS 

Each application is examined to determine the system 
configuration-that best meets current and future needs. The 
system components are selected based upon available 
manpower, space limitations, access limitation and the 
specific reuse or discharge quality required. If needs change, 
our wastewater treatment systems are flexible - we can 
simply change the media types and/or tank size saving our 
clients significant capital expense. 

WHAT IS WWIX SERVICE? 

Ion exchange (IX) is a proven and cost-effective technology 
for removing inorganic contaminants. Siemens' WWIX 
service utilizes ion exchange resins and other media selected 
to remove specific ionic contaminants from groundwater, 
industrial wastewater, and process water for recycle. DOT 
approved vessels containing the selected resin or media 
treat your water until the capacity is reached. Once 
exhausted, the WWIX vessels are removed and replaced with 

SIEMENS  

fresh, DOT-compliant vessels and returned to 
service. Exha usted vessels are returned to our 
processing facility where the contaminants are 
removed from the media/resin. 

Siemens owns and operates a fully permitted RCRA 
facility with the technical expertise and equipment 
necessary to safely manage regeneration of the 
spent resins while remaining environmentally 
compliant. Where practical, the media/resin is 
recycled for future use. We can accept both non­
hazardous and hazardous waste. 

A SYSTEM DESIGNED FOR YOU: 

Your specific requirements are evaluated on an 
individual basis to determine the system 
configuration that best meets your current and 
future needs. The system components are selected 
based upon your specific reuse or discharge 
requirements. If your needs change, our 
wastewater treatment ms are flexible - we can 
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A B C D E 

Resin Capacity (ft3) 0.45 1.2 3.5 12 30 

Flow Rate (Min.-Max.) 0.5-1 1-3 2-10 10-35 25-75 

Dimensions, Base/Height 8"dia.l20S 8"dia.l48" 14"dia./50" 29"sq.l71.5" 36"sq.l75.5" 

The mformatlon proVIded iii this literature contams merely general 
of performance which III actual case of use do not always apply as 
change as a result of further development of the products. An obligation to 
characteristiCS shall only eXIst jf expressly agreed In the tefms of the 

Siemens 
Water Technologies 

Environmental ServICes 
ES-WWIX-05-1 '{II; 

RoseVille, MN 55113 (\2006 Siemens Water Technologies Corp 
800.525_0658 phone Subject to change without prior notice 

243crRos~~1'la(e 

When used for reuse/recycle, WWIX reduces the cost of make­
up water and provides a proven and flexible treatment 
solution to meet ever-changing discharge limits. In 
groundwater remediation applications, WWIX offers an easy, 
cost-effective and scalable treatment alternative for 
discharge or re-injection. WWIX service is also an effective 
treatment choice for the clean up of retention ponds, cooling 
loops or spills. 

WHY CHOOSE WWIX SERVICE fROM SIEMENS? 

Siemens delivers cost-effective, reliable systems to meet our 
customer's requirements for quality, safety and 
environmental compliance. WWIX is a service-based 
approach that integrates equipment and service option 
combinations, minimizes your capital investments and 
reduces overall space requirements. WWIX provides the 

ultimate flexibility to add or remove treatment/recycle 
capacity as your business grows or compliance limits 
change. 

WWIX service minimizes the need for handling and 
on-site storage of chemicals and wastes. WWIX 
services also save valuable manufacturing space while 
minimizing your maintenance and installation 
requirements. 

Siemens' experienced engineers, scientists and fully 
equipped laboratory provide the comprehensive 
testing needed to ensure optimal performance of your 
WWIX system. Our WWIX program also minimizes your 
liabilities associated with safety and environmental 
compliance. 
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Table 1.0. Groundwater Quality in Regional Monitoring Well R-28, Metals. 
Location 
Name 
R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R·28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

Start Date 
2/1412011 

2/14/2011 
2/1412011 

2/14/20 II 

2/14/2011 

2/14/2011 
2/1412011 

2/1412011 

211412011 

2/14/2011 
211412011 

2/14/2011 
2/1412011 

2/14/2011 

2/1412011 

2/1412011 

Analyte 
Ag 

Al 

As 
B 

Ba 

Be 

Cd 

Co 

Cr 

Cu 

Fe 

Hg 

Hg 

Mn 

Mo 

Ni 

Anyl Metb 
Code 

SW-846:6020 

SW-846:60IOB 

SW-846:6020 

SW-846:6010B 

SW-846:6010B 

SW-846:6010B 

SW-846:6020 

SW-846:6010B 

SW-846:6020 

SW-846:6010B 

SW-846:6010B 

EPA:245.2 

EPA:245.2 

SW-846:6010B 

SW-846:6020 

SW·846:6020 

Fld Prep 
Code 

F 

F 

F 

F 
F 
F 
F 

F 

F 

F 

F 
F 

UF 
F 

F 

F 

Symbol 
< 
< 
< 

< 
< 

< 

< 
< 
< 
< 

Std 
Result 

1 

200 

5 

22.9 
66 

U8 
1 

5 

356 

10 
37 

0.2 

0.2 

10 

0.86 
20.9 

Units 
ugIL 

ug/L 
ug/L 

ugIL 

ugIL 

ugIL 

ugiL 

ugIL 

ugIL 

ug/L 

ug/L 

ug/L 

ug/L 

ug/L 

ugIL 

ugIL 

Std Mdl 
0.2 

68 

1.7 

15 

1 
1 

0.11 

1 

2 

3 

30 

0.066 

0.066 

2 
0.17 

0.5 

Lab Qual 
Code 

U 
U 
U 
J 

J 
U 
U 
E 

U 
J 

U 
U 
U 

Concat Flag 
Code 

U 
U 
U 
J 

J 

U 
U 

U 
J 
U 
U 
U 
U 

Lab Code 
GELC 

GELC 

GELC 

GELC 

GELC 

GELC 

GELC 

GELC 

GELC 

GELC 
GELC 

GELC 

GELC 

GHC 

GELC 

GELC 

Sample Id 
CAMO-II·4599 

CAMO-II·4599 

CAMO-1l-4599 

CAMO-II-4599 

CAMO-II-4599 

CAMO-II-4599 

CAMO-II-4599 

CAMO-1l-4599 

CAMO-Il-4599 

CAMO-II-4599 

CAMO-II-4599 

CAMO-II-4599 

CAMO-II-4598 

CAMO-II-4599 

CAMO-II-4599 

CAMO·11·4599 

R-28 

R-28 

R-28 
R-28 

R-28 

R·28 
R-28 

R-28 

R-28 

2114/2011 

2/14/2011 
2/1412011 

2/1412011 
2/1412011 
2/14/2011 
61112011 

6/l/2011 

6/112011 

Pb 
Sb 
Se 

Tl 

U 
Zn 

Ag 

AI 

As 

SW-846:6020 

SW-846:6020 
SW-846:6020 

SW·846:6020 

SW-846:6020 

SW-846:60IOB 
SW-846:6020 

SW-846:6010B 

SW-846:6020 

F 
F 

F 

F 

F 

F 

F 

F 
F 

< 
< 
< 
< 

< 
< 
< 
< 

2 

3 
5 
2 

1.36 

10 
1 

200 

5 

ugIL 

ugIL 

ugIL 
ugIL 

ug/L 

ug/L 
ug/L 

ug/L 

ugiL 

0.5 
1 

1.5 
0.45 
0.067 

3.3 
0.2 

68 

1.7 

U 
U 
U 
U 

U 
U 
U 
U 

U 
U 
U 
U 

U 
U 
U 
U 

GELC 
GELC 
GELC 

GELC 

GELC 

GELC 

GELC 

GELC 
GELC 

CAMO-11-4599 
CAMO-II-4599 

CAMO-II-4599 
CAMO-II·4599 

CAMO-11-4599 

CAMO-II-4599 

CAMO-11-10704 

CAMO-II-10704 

CAMO-II-I0704 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 

R-28 
R-28 
R-28 
R-28 

R-28 
R-28 

R-28 

611120 II 

6/112011 
6/1/2011 
6/112011 

6/1/2011 
6/112011 

61112011 
6/112011 

6/112011 
6/1/20 II 

6/1/20 II 

61112011 

6/112011 
6/112011 
6/1/20ll 
611/2011 
61112011 
6/1/2011 

6/1/2011 

B 

Ba 

Be 

Cd 

eo 

Cr 

Cu 
Fe 

Hg 

Hg 

Mn 
Mo 

Ni 
Pb 
Sb 
Se 

Tl 
U 

, Zn 

SW-846:60IOB 

SW-846:60IOB 

SW-846:6010B 

SW-846:6020 

SW-846:6010B 

SW-846:6020 

SW-846:60IOB 

SW-846:6010B 
EPA:245.2 

EPA:245.2 

SW-846:6010B 

SW-846:6020 

SW-846:6020 

SW-846:6020 
SW-846:6020 
SW-846:6020 

SW-846:6020 
SW-846:6020 

SW-846:60IOB 

F 
F 

F 
F 

F 
F 

F 

F 

F 

UF 
F 

F 
F 
F 

F 
F 

F 

F 

F 

< 
< 
< 

< 
< 
< 
< 

< 
< 
< 
< 

25.2 

66.6 

5 
1 
5 

344 
3.28 

100 

0.2 

0.2 

to 
0.771 

17.9 
2 

3 
5 
2 

1.36 
5.86 

ugiL 

ugIL 

ugIL 

ug/L 
ugIL 

ug/L 

ugiL 

ug/L 

ugIL 

ugIL 

ugiL 
ugiL 

ugIL 
ugiL 

ugiL 
lIgIL 

ugiL 
lIgiL 
ug/L 

15 

1 
I 

0.11 

1 
2 

3 

30 

0.066 
0.066 

2 

0.17 

0.5 

0.5 
I 

L5 

0.45 
0.067 

3.3 

J 

U 
U 
U 

J 
U 
U 
U 
U 

U 
U 
U 
U 

J 

J 

U 
U 
U 

J 

U 
U 
U 
U 

U 
U 
U 
UJ 
J 
J 

GELC 

GELC 

GELC 

GELC 
GELC 

GELC 
GELC 

GELC 

GELC 

GELC 

GELC 

GELC 
GELC 

GELC 
GELe 
GELe 

GELC 
GELC 
GELe 

CAMO-11-10704 

CAMO-ll-10704 

CAMO-ll-I0704 

CAMO-II-10704 

CAMO-ll-I0704 

CAMO-ll-10704 
CAMO-II-10704 
CAMO-II-10704 

CAMO-11-10704 

CAMO-II-I0705 

CAMO-II-10704 

CAMO-II-I0704 

CAMO-II-10704 

CAMO-II-I0704 
CAMO-ll-10704 
CAMO-ll-I0704 

CAMO-11-10704 
CAMO-II-10704 
CAMO-ll-I0704 

E NV-RCRA-11-0284 APPENDIX D LAUR-11-12262 



2.0. G Qualitv in Rel!ional M .---- Well R-28. G II - --~----- - --..... ­ - ~ 

Fld Lab 
iLocation Anyl Meth Prep Qual Concat Lab 
,Name Start Date Analyte Analyte Dese Code Code Std Result Units Std Mdl Code Flag Code Code Sample Id 
R-28 2/14/2011 CI(-I) Chloride EPA:300.0 F 30.9 mg/L 0.66 GELC CAMO-II-4S99 

R-28 2/14/2011 CI04 Perchlorate SW-846:68S0 F 0.997 ug/L 0.05 GELC CAMO-II-4S99 

R-28 2/14/2011 F(-I) Fluoride EPA:300.0 F 0.297 mglL 0.033 GELC CAMO-II-4S99 

R-28 211 4/20 II NH3-N Ammonia as Nitrogen EPA:350.1 F < 0.05 mg/L 0.016 U U GELC CAMO-II-4S99 

R-28 2/1 4/20 II N03+N02·N Nitrate·Nitrite as Nitrogen EPA:353.2 F 3.58 mgIL 0.1 GELC CAMO·1l-4599 

R-28 2/14/2011 S04(-2) Sulfate EPA:300.0 F 47.5 mglL 1 GELC CAMO-1I-4599 

R-28 2/14/2011 IDS Total Dissolved Solids EPA: 160.1 F 306 mg/L 2.4 GELC CAMO-II-4599 

R-28 2/14/2011 pH pH EPA: I 50.1 F 7.87 SU 0.01 H J­ GELC CAMO-II-4599 

R-28 6/112011 CI(-I) Chloride EPA:300.0 F 34.3 mg/L 0.33 GELC CAMO-II·I0704 

R-28 6/l/2011 CI04 Perchlorate SW·846:6850 F 0.996 UgIL 0.05 GELC CAMO-ll-10704 

R-28 6/112011 F(-I) Fluoride EPA:300.0 F 0.297 mg/L 0.033 GELC CAMO·II-I0704 

R-28 6/112011 NH3-N Ammonia as Nitrogen EPA:350.1 F < 0.022 mg/L 0.016 J U GElC CAMO-ll-I0704 

R-28 6/l/2011 N03+N02-N Nitrate-Nitrite as Nitrogen EPA:353.2 F 3.82 mg/L 0.05 GELC CAMO-ll-10704 

R-28 6/1/2011 S04(-2) Sulfate EPA:300.0 F 50.7 mg/L 0.5 GELC CAMO-II-I0704 

R-28 61112011 TDS Total Dissolved Solids EPA:160.1 F 293 mg/L 2.4 GELC CAMO-II-I0704 

~-~- 6/112011 pH pH EPA: 150. I F 7.86 SU 0.01 H J­ GELC CAMO-II-I0704 

Q 1M . Well R-28. Radiolol!ical _- ' .._-_.'.J _._-Q-_ ....... - - -, c  

1'10 Concat 
Location Anyl Meth Prep Std Std Lab Qual Flag 

Name Start Date Analyte Analyte Dese Code Code Std Result Units Uncert Mda Code Code Lab Code SampleId 
R-28 11110/2005 Ra-226 Radium-226 EPA:90U UF < 4.54 pCi/L 2.01 5.48 U U GELC GU05110G28ROI 

R-28 11/14/2007 Ra-228 Radium-228 EPA:904 UF < 0.125 pCi/L 0.24 0.83 U U GElC CAMO-08-S713 

R-28 11114/2007 Ra-226 Radium-226 EPA:903.1 UF < 0.479 pCi/L 0.17 0.44 U GELC CAMO-08-S713 

R-28 8/15/2008 Ra-226 Radium-226 EPA:903.1 UF < 0.381 pCi/L 0.2 0.62 U U GELC CAMO-08-14S43 

R-28 5120/2005 Ra-226 Radium-226 EPA:901.1 UF 14.1 pCilL 4.71 7.43 J GBLC GU05050G2SRO I 

R-28 2/15/2008 Ra-226 Radium-226 EPA:903.1 OF < 0.462 pCilL 0.21 0.62 U U GELC CAMO-OS-10442 

R-28 2/15/2008 Ra-228 Radium-228 EPA:904 UF < -0.04 pCi/L 0.22 0.84 U U GELC CAMO-08-10442 

R-28 8/15/2008 Ra-228 Radium-228 EPA:904 UF_ ,~ 0.515 pCilL 0.1~ 0.51 U GELC CAMO-08-14S43 
-- ­ -- ­ - ­

NV-RCRA-ll-0284 APPENDIX D LAUR-1l-12262 



Table 4.0. Groundwater Quality in Regionlll Monitl)l"ing WeIIR·28, Yolatile Organic Compounds (VOCs) 
LaD Loncat , 

Location Anyl Meth Fld Prep Std Qual Flag Lab 
Name Start Date Analyte Analyte Desc Code Code Result Units Std Mdl Code Code Code Sample Id 
R-28 7/14/2010 67-64-1 Acetone SW-846:8260B VF < 10 ug/L 3.5 V VJ GELC CAMO-J 0-22860 
R-28 7/14/2010 75-05-8 Acetonitrile SW-846:8260B UF < 25 ugiL 6J V R GELC CAMO-IO-22860 
R-28 7/14/2010 107-02-8 Acrolein SW-846:8260B UF < 5 ugiL 13 U UJ GELC CAMO-10-22860 
R-28 7/14/2010 107-13-1 Acrylonitrile SW-846:8260B VF < 5 ugiL I U U GELC CAMO-10-22860 
R-28 7/1412010 71-43-2 Benzene SW-846:8260B VF < I ugiL OJ U U GELC CAMO-I 0-22860 
R·28 7/14/2010 108-86-1 Bromobenzene SW -846: 8260B UF < 1 ugfL 0.25 U U GELC CAMO-IO-22860 
R-28 7/14/2010 74-97-5 Bromochlorornethane SW-846:8260B UF < 1 ug/L 0.3 V U GELC CAMO-IO-22860 
R-28 7/14/2010 75-27-4 Bromodichloromethane SW-846:8260B VF < 1 ugIL 0.25 0 0 GELC CAMO-IO-22860 
R-28 7/14/2010 75-25-2 Bromoform SW-846:8260B UF < 1 ugiL 0.25 V U GELC CAMO-I 0-22860 
R-28 7/14/2010 74-83-9 Bromomethane SW-846:8260B OF < 1 ug/L 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 71-36-3 Butanol[1-] SW-846:8260B OF < 50 ug/L 15 V R GELC CAMO-JO-22860 
R-28 7/14/2010 78-93-3 Butanone(2-] SW-846:8260B UF < 5 ugiL 13 V lJJ GELC CAMO-IO-22860 
R-28 7/1412010 104-51-8 Butylbenzene[ n-] SW-846:8260B UF < I ug/L 0.25 U U GELC CAMO-I 0-22860 
R-28 7/14/2010 135-98-8 ButylbenzeneL sec-] SW-846:8260B OF < 1 ugIL 0.25 U 0 GELC CAMO-IO-22860 
R-28 7/1412010 98-06-6 Butylbenzene[tert-J SW-846:8260B UF < I ugiL 0.25 U 0 GELC CAMO-IO-22860 
R-28 7/14/2010 75-15-0 Carbon Disulfide SW-846:8260B OF < 5 ugiL 13 U V GELC CAMO-IO-22860 
R-28 7/14/2010 56-23-5 Carbon Tetrachloride SW-846:8260B UF < 1 ug/L 0.3 U U GELC CAMO-IO-22860 
R-28 7/1412010 126-99-8 Chloro-l,3-butadiene[2-] SW-846:8260B UF < 1 ug/L 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 107-05-1 Chloro-I-propene(3-] SW-846:8260B UF < 5 ugiL 1.5 U V GELC CAMO· I 0-22860 
R-28 7/14/2010 108-90-7 Chlorobenzene SW·846:8260B UF < I ug/L 0.25 U U GELC CAMO-IO-22860 
R·28 7/14/2010 124-48-1 Chlorodibromomethane SW·846:8260B UF < I ugiL OJ V U GELC CAMO-10-22860 
R-28 7/14/2010 75·00-3 Chloroethane SW-846:8260B UF < I ugiL 03 0 0 GELC CAMO·IO·22860 
R·28 7/14/2010 67·66·3 Chlorofonn SW-846:8260B UF < I ug/L 0.25 U U GELC CAMO-IO-22860 
R·28 7/14/2010 74-87-3 Chloromethane SW-846:8260B OF < I ug/L 0.3 0 U GELC CAMO-IO-22860 
R-28 7/14/2010 95-49-8 Chlorotoluene[2-] SW-846:8260B UF < 1 ugIL 0.25 V 0 GELC CAMO-IO-22860 
R-28 7/1412010 106-43-4 Chlorotoluene( 4-] SW-846:8260B UF < 1 ugiL 0.25 V U GELC CAMO-I 0-22860 
R-28 7/14/2010 96·12-8 Dibromo-3-Chloropropane[ 1 ,2-] SW-846:8260B UF < 1 ug/L 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 106-93-4 Dibromoethane[ I ,2-] SW-846:8260B UF < 1 ugiL 0.25 V 0 GELC CAMO·IO-22860 
R-28 7114/2010 74-95-3 Dibromomethane SW-846:8260B VF < 1 ugIL 0.3 U U GELC CAMO-10-22860 
R-28 7/14/2010 95·50·1 Dichlorobenzene[ 1 ,2-] SW-846:8260B UF < 1 ug/L 0.25 U U GELC CAMO-IO-22860 
R-28 7/14/2010 541-73-1 Dichlorobenzene[I,3-J SW-846:8260B VF < I ugiL 0.25 U 0 GELC CAMO·IO-22860 
R-28 7/14/2010 106-46-7 Dichlorobenzene[I,4-] SW-846:8260B UF < 1 ugIL 0.25 U U GELC CAMO-IO-22860 
R-28 7/1412010 75-71·8 Dichlorodifluoromethane SW-846:8260B OF < I ugIL 0.3 U VJ GELC CAMO-IO-22860 
R-28 7/14/2010 75-34-3 Dichloroethane[ I, I·] SW-846:8260B VF < 1 ugfL OJ U 0 GELC CAMO·I 0-22860 
R-28 7/14/2010 107-06-2 Dichloroethane[ I ,2·] SW-846:8260B UF < I ugiL 0.25 U U GELC CAMO·IO·22860 
R-28 711412010 75-35·4 Dichloroethene[ I,I-J SW-846:8260B VF < 1 ug/L 0.3 0 U GELC CAMO-IO-22860 
R-28 7114/2010 156-59-2 DichloroctheneI cis· I ,2-] SW-846:8260B UF < 1 ugIL 0.3 U U GELC CAMO·I 0-22860 
R-28 7/14/2010 156-60-5 Dichloroethcne[trans·1 ,2-J SW-846:8260B UF < 1 ug/L 0.3 U 0 GELC CAMO-IO-22860 
R-28 7/14/2010 78-87-5 Dichloropropane[1 ,2-J SW-846:8260B UF < 1 ug/L 0.25 U U GELC CAMO-IO-22860 
R-28 7/14/2010 142-28·9 Dichloropropane[I,3-] SW-846:8260B UF < I ugiL 0.3 U U GELC CAMO-IO-22860 
R-28 7/1412010 594-20-7 ,--- DichlorojJf()pane[2,2-J SW-8468260B _ UF < 1 ugIL OJ U U GELC CAMO· 1 0-22860 
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LaD l,;oncat 
Location Anyl Metb Fld Prep Std Qual Flag Lab 
Name Start Date Analyte Analyte Desc Code Code Result Units Std Mdl Code Code Code Sample Id 
R-28 7114/2010 563·58-6 Dichloropropene[ I, I-J SW-846:8260B UF < 1 ug/L 0.25 U U GELC CAMO-IO-22860 

R·28 7/1412010 10061-01-5 Dichloropropene[ cis· 1 ,3 -J SW-846:8260B UF < 1 ug/L 0.25 U U GBLC CAMO-IO-22860 

R-28 7/14/2010 10061-02-6 Dichloropropene[trans-I,3· ] SW-846:8260B UF < 1 ugIL 0.25 U U GELC CAMO-IO·22860 
R-28 7/14/2010 60-29-7 Diethyl Ether SW-846:8260B UF < 1 ugIL 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 97-63-2 Ethyl Methacrylate SW-846:8260B UF < 5 ugIL 1 U U (JELC CAMO-IO-22860 
R-28 7/1412010 100-41-4 Ethylbenzene SW-846:8260B UF < I ug/L 0.25 U U GELC CAMO-IO-22860 
R-28 7/14/2010 87-68-3 Hexachlorobutadiene SW-846:8260B UF < I ugiL OJ U U GELC CAMO-10-22860 
R-28 7/14/2010 591-78-6 Hexanone[2-] SW-846:8260B UF < 5 ug/L lJ U UJ GELC CAMO-J 0-22860 
R-28 7/14/2010 74-88-4 Iodomethane SW·846:8260B UF < 5 ug/L lJ U U (JELC CAMO-IO-22860 

R-28 7/14/2010 78-83-1 Isobutyl alcohol SW -846: 8260B UF < 50 ug/L 13 U R GELC CAMO-IO-22860 
R-28 7/14/2010 98-82-8 Isopropylbenzene SW-846:8260B UF < I ugiL 0.25 U U GELC CAMO-IO-22860 
R-28 7/14/2010 99-87-6 Isopropyltoluene[ 4-] SW-846:8260B UF < 1 ug/L 0.25 U U GELC CAMO-IO-22860 

R-28 711412010 126-98-7 Methacrylonitrile SW-846:8260B UF < 5 ugiL 1 U U (JELC CAMO-I 0-22860 

R-28 7/14/2010 80-62-6 Methyl Methacrylate SW-846:8260B UF < 5 ugiL I U U GELC CAMO-10-22860 

R-28 7/14/2010 1634-04-4 Methyl tert-Butyl Ether SW-846:8260B UF < 1 ugiL 0.25 U U GELC CAMO-10-22860 

R·28 7/14/2010 108-10-1 Methyl-2-pentanone[4-] SW·846:8260B UF < 5 ug/L lJ U U GBLC CAMO-IO-22860 
R-28 7/14/2010 75-09-2 Methylene Chloride SW-846:8260B UF < 10 ug/L 3 U U GBLC CAMO-IO-22860 
R-28 7/14/2010 91-20-3 Naphthalene SW-846:8260B UF < I ugiL 0.25 U U GELC CAMO-IO-22860 
R-28 7114/2010 107-12-0 Propionitrile SW-846:8260B UF < 5 ugIL 1.5 U U GELC CAMO-IO-22860 

R-28 7/14/2010 103-65-1 Propylbenzcne[I-] SW-846:8260B UF < I ug/L 0.25 U U GELC CAMO-IO-22860 

R-28 7/14/2010 100-42-5 Styrene SW-846:8260B UF < 1 ug/L 0.25 U U GELC CAMO-10-22860 
R-28 7/14/2010 630-20-6 Tetrachloroethane[ I, 1,1,2-] SW-846:8260B UF < I ug/L 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 79-34-5 Tetrachloroethane[1,1,2,2-] SW-846:8260B UF < I ugIL 0.25 U U GELC CAMO-IO-22860 
R-28 7/14/2010 127-18-4 Tetrachloroethene SW-846:8260B UF < I ugiL 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 108-88-3 Toluene SW-846:8260B UF < I ug/L 0.25 U U GELC CAMO-IO-22860 
R-28 7/14/2010 76-13-1 Trichloro-I ,2,2-trifluoroethane[ I, I ,2-] SW-846:8260B UF < 5 ugiL 1 U UJ GELC CAMO-10-22860 
R-28 7/14/2010 87-61-6 Trichlorohenzene[1,2,3-] SW-846:8260B UF < I ugIL 0.33 U U GELC CAMO-IO-22860 

R-28 7/1412010 120-82-1 Trichlorobenzene[ 1 ,2,4-] SW-846:8260B UF < 1 ugIL 0.3 U U GELC CAMO-IO·22860 
R-28 7/14/201 0 71-55-6 Trichloroethane!l,I,I-] SW-846:8260B UF < 1 ug/L 0.33 U U GELC CAMO-10-22860 
R-28 7114/2010 79-00-5 Trichloroethane[J, 1,2-J SW-846:8260B UF < I ugIL 0.25 U U GELC CAMO-1O-22860 
R-28 7/14/2010 79·01-6 Trichloroethene SW-846:8260B UF < I ugiL 0.25 U U GELC CAMO-IO-22860 
R-28 7/14/2010 75-69-4 Trichlorofluoromethane SW-846:8260B UF < 1 ugIL 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/201 0 96-18-4 Trichloropropane[ 1,2,3-] SW-846:8260B UF < I ugiL 0.3 U U GELC CAMO-I 0-22860 

R-28 7/14/2010 95-63-6 Trimethylbenzene[ 1,2,4-] S W -846: 8260B UF < I ugIL 0.25 U U GELC CAMO-IO-22860 

R-28 7/14/2010 108-67-8 Trimethylbenzcne[I,3,S-] SW-846:8260B UF < I ugIL 0.25 U U GELC CAMO-10-22860 

R·28 7/14/2010 75-01-4 Vinyl Chloride SW-846:8260B UF < I ugfL 0.5 U U GBLC CAMO·IO-22860 

R-28 7/14/2010 108-05-4 Vinyl acetate SW-846:8260B UF < 5 ugiL 1.5 U U GELC CAMO-IO-22860 
R-28 7114/2010 95-47-6 Xylene[1,2-] SW-846:8260B UF < I ugiL 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 Xylene Xylene[1 ,3-]+ Xylene[ I ,4-] SW-846:8260B UF < 2 ug/L 0.5 U , U GELC CAMO-IO-22860 
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Table 5.0. G dwater Qualitv in Rel!ional Monitorinl! Well R-28. Semivolatile 0 ·c ds (SVOCs) - - -
Lab Concat 

Location Anyl Meth Fld Prep Qual Flag 
Name Start Date Analyte Analyte Desc Code Code Std Result Units Std Mdl Code Code Lab Code Sample Id 
R-28 7/14/2010 83-32-9 Acenaphthene SW-846:8270C VF < I ug/L 0.31 V V GELC CAMO-10-22860 
R-28 7/14/2010 208-96-8 Acenaphthylene SW-846:8270C VF < I ug/L 0.2 V V GELC CAMO-IO-22860 
R-28 7/14/2010 62-53-3 Aniline SW-846:8270C VF < 10 ugIL 2.5 U V1 GELC CAMO-IO-22860 
R-28 7/14120 I 0 120-12-7 Anthracene SW-846:8270C UF < I ugIL 0.2 U U GELC CAMO-I0-22860 
R-28 7/14/2010 1912-24-9 Atrazine SW-846:8270C UF < 10 ugIL 3 U U GELC CAMO-10-22860 
R-28 7/14/2010 103-33-3 Azobenzene SW-846:8270C UF < 10 uglL 2 U U GELC CAMO-IO-22860 
R-28 7/1412010 92-87-5 Benzidine SW-846:8270C UF < 10 ug/L 3 U UJ GELC CAMO-IO-22860 
R-28 7/14/2010 56-55-3 Benzo( a)anthraccnc SW-846:8270C UF < I ug/L 0.2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 50-32-8 Benzo(a)pyrene SW-846:8270C UF < I uglL 0.2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 205-99-2 Bcnzo(b )f1uoranthcne SW-846:8270C UF < I ug/L 0.2 U U GELC CAMO-10·22860 
R-28 7/14/2010 191-24-2 Bcnzo(g,h,i)perylene SW-8468270C UF < I ug/L 0.2 V U GELC CAMO-IO-22860 
R-28 7/1412010 207-08-9 Benzo(k)fluoranthenc SW-846:8270C UF < I uglL 0.2 U U GELC CAMO-10-22860 
R-28 711412010 65-85-0 Benzoic Acid SW-846:8270C UF < 20 uglL 6 U U GELC CAMO-IO-22860 
R-28 7/1412010 100-51-6 Benzyl Alcohol SW-846:8270C UF < 10 ugIL 2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 IIl-91-1 Bis(2-chloroethoxy)methane SW-846:8270C VP < 10 uglL 3 U UJ GELC CAMO-IO-22860 
R-28 7/1412010 II 1-44-4 Bis(2-chloroethyl)ether SW-846:8270C VF < 10 ugIL 2 U UJ GELC CAMO-10-22860 

R-28 7/14/2010 117-81-7 Bis(2-ethylhexyl)phthalatc SW-846:8270C UF < 10 ugfL 2 U U GELC CAMO-IO-22860 

R-28 7/14/2010 101-55-3 Bromophenyl-phenylether[ 4-] SW-846:8270C UP < 10 ugIL 2 U U GELC CAMO-10-22860 

R-28 7114/2010 85-68-7 Butylbcnzylphthalate SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-10-22860 

R-28 7/1412010 59-50-7 Chloro-3-methylphenol[ 4-] SW-846:8270C UF < 10 ugIL 2 V V GELC CAMO-IO-22860 
R-28 7/14/2010 106-47-8 Chloroaniline[ 4-] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 91-58-7 Chloronaphthalenc[2-J SW-846:8270C UF < I uglL 0.3 U U GELC CAMO-10-22860 
R-28 7/14/2010 95-57-8 Chlorophenol[2-] SW-846:827OC UP < 10 uglL 2 U U GELC CAMO-10-22860 
R-28 7/1412010 7005-72-3 Chlorophenyl-phenyl[4-] Ether SW-846:8270C UF < 10 uglL 2 U U GELC CAMO-I 0-22860 

R-28 7/14/2010 218-01-9 Chryscne SW-846:8270C UF < I uglL 0.2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 84-74-2 Di-n-butylphthalate SW-846:8270C UF < 10 ugIL 2 U U GELC CAMO-10-22860 
R-28 7/14/2010 117-84-0 Di-n-octylphthalate SW-846:8270C UP < 10 ugIL 3 V U GELC CAMO-10-22860 
R-28 7/1412010 53-70-3 Dibenz(a,h)anthracene SW-846:8270C UF < 1 uglL 0.2 U U GELC CAMO-IO-22860 

R-28 7/1412010 132-64-9 Dibenzofuran SW-846:8270C UF < 10 ugIL 2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 95-50-1 Dichlorobenzene[ 1 ,2-] SW -846: 82 70C UF < 10 ug/L 2 U U GELC CAMO-10-22860 

R-28 7/14/2010 541-73-1 Dichlorobenzene[l,3-] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-10-22860 

R-28 7/14/2010 106-46-7 Dichlorobcnzenc[ 1,4-] SW-846:8270C UP < 10 uglL 2 U U GEtC CAMO-10-22860 

R-28 7/14/2010 91-94-1 Dichlorobenzidine[3,3'-] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 

R-28 7/1412010 120-83-2 Dichlorophenol[2,4-] SW-846:8270C UF < 10 uglL 2 U U GELC CAMO-IO-22860 

R-28 7/14/2010 84-66-2 Diethylphthalate SW-846:8270C UP < 10 ugIL 2 U U GELC CAMO-IO-22860 

R-28 7/1412010 131-11-3 Dimethyl Phthalate SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 

R-28 7/14/2010 105-67-9 Dimethylphenol [2,4-] SW-846:8270C UF < 10 ug/I, 2 U U GELC CAMO-IO-22860 

R-28 7114/2010 534-52-1 Dinitro-2-mcthylphenoIJ4,6-J SW-846:8270C UP < 10 ug/L 3 U U GELC CAMO-IO-22860 

R-28 7/14/2010 51-28-5_ DinitrophenoJ[2,4-] SW-846:8270C UF < 20 uglL 5 U UJ GELC CAMO-1O-22860 
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Table 5.0 (con't). G d Qualitv in Reeional Monitorine Well R-28, Semivolatile 0 'C ds (SVOCs) - . - Q ---.-

Lab Concat 
. 

Location Anyl Meth Fld Prep Qual Flag 
Name Start Date Analyte Analyte Dest Code Code Std Result Units Std Mdl Code Code Lab Code SampleJd I 

R-28 7/14/2010 121-14-2 Dinitrotoluene[2,4.) SW·846:8270C UF < 10 ug/L 2 U U GELC CAMO·I 0-22860 
R-28 7/14/2010 606-20·2 Dinitrotoluene[2,6-) SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 
R-28 7/1412010 88-85-7 Dinoseb SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-10-22860 
R-28 7114/2010 123-91-1 Dioxane[ 1,4-] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO·22860 
R-28 7114/2010 122-39-4 Diphenylamine SW-846:8270C UF < 10 ug/L 3 U U GELC CAMO-IO-22860 
R-28 7/1412010 206-44-0 Fluoranthene SW-846:8270C UF < I ug/L 0.2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 86-73-7 Fluorene SW-846:8270C UF < I ug/L 0.2 U U GELC CAMO-IO·22860 
R-28 7/1412010 118-74-1 Hexachlorobenzene SW-846:8270C UF < 10 ug/L 2 U UJ GELC CAMO·IO-22860 
R-28 7114/2010 87-68-3 Hexachlorobutadiene SW·846:8270C UF < 10 ug/L 2 U U GELC CAMO·IO-22860 
R-28 7/14/2010 77·47-4 Hexachlorocyclopentadiene SW-846:8270C UF < 10 ug/L 3 U UJ GELC CAMO-IO-22860 
R-28 7/14/2010 67-72-1 Hexachloroethane SW·846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 193-39-5 Indeno( I ,2,3-cd)pyrene SW-846:8270C UF < I ug/L 0.2 U U GELC CAMO-IO-22860 
R·28 7/1412010 78-59-1 Isophorone SW-846:8270C UP < 10 ug/L 3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 90·12-0 Methylnaphthalene[ 1-] SW-846:8270C UF < I ug/L 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 91-57-6 Methylnaphthalene[2-] SW-846:8270C UF < I ug/L 0.3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 95-48-7 Methylphenol[2-] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 
R-28 7/1412010 106-44-5 Mcthylphenol[ 4-] SW-846:8270C UF < 10 ug/L 3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 91-20-3 Naphthalene SW-846:8270C UF < I ug/L 0.3 U U GELC CAMO-IO-22860 
R-28 7/1412010 88·74-4 Nitroaniline[2-] SW-846:8270C UF < 10 ug/L 2 U UJ GELC CAMO-IO-22860 
R-28 7/14/2010 99-09-2 Nitroaniline[3-] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO- 10-22860 
R-28 7/14/2010 100·01-6 N itroaniline[ 4-] SW-846:8270C UP < 10 ug/L 3 U U (JELC CAMO-IO-22860 
R-28 7/14/2010 98-95-3 Nitrobenzene SW-846:8270C UF < 10 ug/L 3 U U GELC CAMO·IO-22860 
R-28 7/14/2010 88-75-5 Nitrophenol{2-] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 100·02-7 N itrophenol[ 4-] SW-846:8270C UF < 10 ug/L 2 U UJ GELC CAMO-IO-22860 
R-28 7/14/2010 924-16-3 Nitroso-di-n-hutylaminelN-] SW-846:8270C UF < 10 ug/L 3 U U GELC CAMO-IO-22860 
R-28 7/1412010 621-64·7 Nitroso-di-n·propylamine[N·1 SW·846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 55-18-5 Nitrosodiethylamine[N· ] SW-846:8270C UF < 10 ug/L 2 U U (JELC CAMO-IO·22860 
R-28 7/1412010 62-75-9 Nitrosodimethylarnine[N -] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO·IO-22860 
R·28 7/14/2010 930-55-2 Nitrosopyrrolidine{N-] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 
R-28 7/14/2010 108·60·1 Oxybis( I-chloropropane )[2,2'-J SW-846:8270C UF < 10 ug/L 2 U UJ GELC CAMO-IO-22860 
R-28 7/14/2010 608-93-5 Pentachlorobcnzene SW-846:8270C UF < \0 ug/L 3 U U GELC CAMO-IO·22860 
R-28 7/1412010 87-86-5 Pentachlorophenol SW·846:8270C UF < 10 ug/L 2 U U GELC CAMO·IO-22860 
R-28 7/14/2010 85-01-8 Phenanthrene SW-846:8270C UF < 1 ug/L 0.2 U U GELC CAMO-IO·22860 
R-28 7/14/2010 108·95-2 Phenol SW·846:8270C UF < 10 ug/L I U U GELC CAMO-IO·22860 
R-28 7/1412010 129-00-0 Pyrene SW·846:8270C UF < I ug/L 0.3 U U GELC CAMO·IO-22860 
R-28 7/1412010 110-86-1 Pyridine SW-846:8270C UF < 10 ug/L 3 U U GELC CAMO-IO-22860 
R-28 7/14/2010 95-94-3 Tetrachlorobenzene[1,2,4,5J SW-846:8270C UF < 10 ug/L 3 U U GELC CAMO-IO-22860 
R-28 7!l 4120 10 58-90-2 Tetrachlorophenol[2,3,4,6·] SW-846:8270C lJF < 10 ug/L 2 U U GELC CAMO-IO-22860 
R-28 7/1412010 120-82-1 Trichlorohenzene[ I ,2,4-] SW -846: 8270C UF < 10 ug/L 2 U U GEl,c CAMO-I 0-22860 
R-28 711412010 95-95-4 Trichlorophenol[2,4,5-] SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO-IO-22860 
R-28 7!l412010 88-06-2 Trichlorophenol{2,4,6-j SW-846:8270C UF < 10 ug/L 2 U U GELC CAMO·\O·22860 

---
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Notes: The Laboratory site is outlined in yellow. The purple boundary identifies the geologic extent of this atlas. Geologic units are colored for the 

extent of the SEB model. The flat, pale-green area running from the north-central to southwest corners of the SEB model identifies the 
alluvial units of the Rio Grande that approximate the eastern extent of volcanic material of the JVF. 

Figure 2-1. The Laboratory setting along the eastern flank of the Valles Caldera 

 

 

Figure 2-2. Schematic cross-section across the EB 

 
Note: Volcanic material of the JVF dominates the upper portions of the section to the west. 

Figure 2-3. Units of the northern portion of the SEB model 
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Note: The Cerros del Rio Basalts and ancestral Santa Fe River sediments encroach on Jemez volcanic fans to the west. 

Figure 2-4. Units of the southern portion of the SEB model  

2.2 Stratigraphic/Geologic Units 

The following section describes the modeled geologic units, which include both sedimentary and volcanic units. Figure 
2-5 provides the colors and codes that are used in the GFM and on the plates provided in this atlas. Also included are 
descriptions (and colors) for several units within the SEB that do not extend into the reduced extent of the atlas. 
Plates showing the top structure and vertical thickness of each unit and the bottom structure of all units, except for the 
units/subunits of the Tshirege Member of the Bandelier Tuff, are provided as Plates 2-5 through 2-83. The alluvial 
units are not included in any of the models. 

2.2.1 Tshirege Member, Bandelier Tuff (Qbt) 

The Tshirege Member is the youngest member of the Bandelier Tuff, a multiple-flow ash-and-pumice unit that erupted 
from the Valles Caldera at approximately 1.22 Ma (Izett and Obradovich 1994, 048817; Spell et al. 1996, 055542). 
This is the most widely exposed bedrock unit of the Pajarito Plateau. The Tshirege Member tends to be more strongly 
welded than the Otowi Member, especially toward the western side of the plateau, closer to the Valles Caldera. Time 
breaks between the successive emplacements of ash-flow units caused the tuff to cool as several distinct cooling 
units, resulting in a complex internal stratigraphy that varies laterally as a function of distance from the caldera source. 
The stratigraphic nomenclature for the subunits of the Tshirege Member has evolved significantly through time 
(Broxton and Eller 1995, 058207; Broxton and Reneau 1995, 049726; Broxton and Vaniman 2005, 090038). The 
2009 GFM follows the Tshirege subdivisions of the 2005 3-D GFM. The Tshirege Member is broken into a basal 
pumice layer and four overlying cooling units. Two of the cooling units are further subdivided, based on lithologic 
differences (Cole et al. 2006, 095079). 

 

 

Figure 2-5. Codes and colors used for the GFM units 

2.2.1.1 Unit 4 (Qbt4) 

Unit 4 is a complex unit consisting of nonwelded to densely welded ash-flow tuffs that crop out in the western part of 
the Laboratory. Lewis et al. (2002, 073785) divide Qbt4 into local subunits and provide detailed descriptions of this 
heterogeneous unit. However, for the 3-D GFM, Qbt4 is not subdivided. 

2.2.1.2 Unit 3t (Qbt3t) 

Unit 3t is a moderately to densely welded ash-flow tuff that has petrographic and geochemical characteristics 
transitional between unit 3 and unit 4. Unit 3t is present in the western part of the Laboratory (Broxton and Vaniman 
2005, 090038) and can impede the downward flow of surface water, creating seasonal springs along canyon walls. 

2.2.1.3 Unit 3 (Qbt3) 

Unit 3 is a nonwelded to partially welded tuff that forms the cap rock of mesas in the central part of the Pajarito 
Plateau. This unit and the overlying units Qbt3t and Qbt4 are absent from large areas in the eastern part of the 
Laboratory where they have been removed by erosion (Broxton and Eller 1995, 058207; Broxton and Reneau 1995, 
049726; Broxton and Vaniman 2005, 090038). 

2.2.1.4 Unit 2 (Qbt2) 

Unit 2 is typically the most strongly welded tuff in the Tshirege Member and is characterized by lower porosity and 
higher density than the other units. It forms a distinctive medium-brown, vertical cliff that stands out in marked contrast 
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to the slope-forming, lighter-colored tuffs above and below. Unit 2 contains numerous well-developed, near-vertical 
fractures (Broxton and Reneau 1995, 049726; Broxton et al. 1995, 058207; Broxton and Vaniman 2005, 090038). 

2.2.1.5 Unit 1 

Cooling unit 1 of the Tshirege Member is a thick succession of ash-flow tuffs that dips gently east-southeast. This unit 
is characterized by a lack of welding and has been subdivided into a glassy lower tuff and an upper devitrified, vapor-
phase crystallized tuff. The vapor-phase tuff is further divided into a colonnade portion and an upper portion (Broxton 
and Reneau 1995, 049726; Broxton and Vaniman 2005, 090038).  

2.2.1.5.1 Unit 1vu (Qbt1vu) 

The upper part of the vapor-phase unit (Qbt1vu) forms a distinctive grayish-white band between the darker colored 
colonnade tuff (Qbt1vc) below and unit 2 above. The upper vapor-phase unit is generally nonwelded and slope-
forming, but in some localities it forms weakly developed cliffs and benches due to slight variations in welding 
(Broxton and Reneau 1995, 049726; Broxton and Vaniman 2005, 090038). 

2.2.1.5.2 Unit 1, Colonnade (Qbt1vc) 

The base of this altered vapor-phase unit (Qbt1vc) is a thin, horizontal zone of preferential weathering that forms a 
marker horizon, often called the vapor-phase notch, which marks the transition from glassy tuffs below to vapor-phase 
crystallized tuffs above. In some places, the vapor-phase notch grades laterally into a prominent bench developed on 
top of the glassy tuff. This colonnade vapor-phase tuff has distinctive columnar cooling joints and is a resistant, cliff-
forming unit that may be slightly welded (Broxton and Reneau 1995, 049726; Broxton and Vaniman 2005, 090038). 

2.2.1.5.3 Unit 1, Glassy (Qbt1g) 

The lower part of unit 1 (Qbt1g) is not vapor-phase altered, retaining primary glass in both pumice and ash. Vapor-
phase alteration is absent in this and all lower units of the Bandelier Tuff. 

2.2.1.5.4 Unit 1 Tsankawi Pumice (Qbtt) 

The Tsankawi Pumice Bed is the basal pumice fall of the Tshirege Member. This unit is typically 20 to 100 cm thick. 
Pumices in the Tsankawi Pumice Bed are mostly of rhyolitic composition, but there is a small (<5%) amount of dacitic 
pumice as well (Broxton and Reneau 1995, 049726). This pumice fall is vitric and unaltered by vapor-phase 
processes. 

2.2.2 Cerro Toledo Interval (Qct) 

The Cerro Toledo interval comprises a stratified sequence of volcaniclastic sediments and tephra and occurs between 
the two tuff members of the Bandelier Tuff. It is not considered as an integral part of the Bandelier Tuff (Broxton and 
Eller 1995, 058207; Broxton and Reneau 1995, 049726; Goff 1995, 049682; Broxton and Vaniman 2005, 090038). 
Structure contours for the base of the Cerro Toledo indicate that this unit fills a broad southeast-draining valley fed by 
one or more canyons exiting the Sierra de los Valles. The rhyolitic tuffaceous sandstone and tephra within this interval 
represent the reworked equivalents of Cerro Toledo rhyolitic tephra erupted from the Cerro Toledo and Rabbit 
Mountain dome complexes located northeast and southeast of the Valles Caldera, respectively. Clast-supported 
gravel, cobble, and boulder deposits derived from the Tschicoma Formation are interbedded with the tuffaceous 
rocks. In the western part of the Plateau, the interval also contains tuffaceous sediments that represent reworked 
Otowi Member of the Bandelier Tuff (Broxton and Vaniman 2005, 090038). 

2.2.3 Otowi Member (Qbo) 

The Otowi Member includes both the ash-flow (Qbof) and the basal pumice (Qbog). 

2.2.3.1 Otowi Member, Bandelier Tuff (Qbof) 

The Otowi Member consists of moderately consolidated, porous, nonwelded ash-flow tuffs. The ash-flow tuffs are 
vitric and contain light gray-to-orange pumice supported in a white to tan ashy matrix of glass shards, broken pumice, 
crystals, and rock fragments (Broxton et al. 1995, 058207; Goff 1995, 049682). Structure contours indicate that the 
Otowi Member ash-flow tuffs filled a broad south-draining paleovalley west of the Cerros del Rio basaltic highland and 
east of the Sierra de los Valles (Broxton and Vaniman 2005, 090038). 

2.2.3.2 Guaje Pumice Bed, Otowi Member, Bandelier Tuff (Qbog) 

The Guaje Pumice Bed forms the base of the Otowi Member of the Bandelier Tuff, which erupted from the Toledo 
Caldera at approximately 1.61 Ma (Izett and Obradovich 1994, 048817, Spell et al. 1996, 055542). The Guaje Pumice 
Bed contains layers of sorted vitric pumice fragments whose mean size varies between 2 and 4 cm. It has an average 
thickness of ~9 m over much of the Plateau. Geophysical logs show that the Guaje Pumice Bed has a higher porosity 
than overlying Otowi Member ash-flow tuffs and the underlying Puye Formation (Broxton and Vaniman 2005, 
090038). 

2.2.4 Puye Formation 

The Puye Formation is a large apron of overlapping alluvial and pyroclastic fans that were shed eastward from the 
JVF into the western EB (Griggs and Hem 1964, 092516; Bailey et al. 1969, 021498). This unit consists of highly 
stratified, poorly cemented gravels and conglomerates, consisting of subrounded dacitic and andesitic lava clasts in a 
poorly sorted, sandy to silty matrix. Debris flows, ash beds, pumiceous volcaniclastic sediments, and beds of fluvial 
sand and silt are interbedded with the gravels and conglomerates. Because its primary source area was volcanic 
domes in the Sierra de los Valles, the Puye Formation overlaps and postdates the Tschicoma Formation (Broxton and 
Vaniman 2005, 090038). 

2.2.5 Tschicoma Formation 

The Tschicoma Formation includes dacitic to low-silica rhyolitic flows. 

2.2.5.1 Tschicoma Formation, Pajarito and Caballo Mountains, Cerro Grande (Tvt2) 

The Tschicoma Formation of the Polvadera Group consists of thick dacitic to low-silica rhyolitic lava flows that make 
up the rugged Sierra de los Valles highlands west of Los Alamos. The flows erupted from large overlapping dome 
complexes. The upper portion of this unit (Tvt2) includes the Pajarito Mountain, Cerro Grande, and Caballo Mountain 
lobes of the Tschicoma Formation, as well as fine-grained dacites encountered in the subsurface of an unknown 
source. Lavas from the Pajarito Mountain, Cerro Grande, and Caballo Mountain centers are predominantly dacite, 
aged between 2.93 and 3.35 Ma (Broxton and Vaniman 2005, 090038). 

2.2.5.2 Tschicoma Formation, Rendija Canyon Lobe (Tvt1) 

The lower portion of the Tschicoma Formation (Tvt1) consists of the Rendija Canyon lobe and includes low-silica 
rhyolite erupted from a deeply eroded dome complex in the Rendija Canyon and Guaje Mountain area that has 
yielded ages between 4.98 and 5.36 Ma (Broxton et al. 2007, 106121). 

2.2.6 Cerros del Rio Basalt (Tb4) 

The Cerros del Rio volcanic field was active from approximately 4.5 to 2.0 Ma (WoldeGabriel et al. 2001, 092523). 
These rocks are mostly basalts and basaltic andesites, but subordinate dacite is also present. The Cerros del Rio 
Basalt is generally composed of thick sequences of stacked lava flows separated by interflow breccia, scoria, 
sediment, and ash. Outcrops of the Cerros del Rio Basalt cap the Tesuque Formation east of the Rio Grande and the 
Puye Formation in the vicinity of White Rock. These basalts are buried to increasing depths below the Plateau in the 
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central portions of the model and may lap onto or interfinger with the Tschicoma flows at isolated locations to the west 
(Cole et al. 2006, 095079). 

2.2.7 Ancha Formation 

The Ancha Formation was deposited on an alluvial slope in the Santa Fe area by west-flowing, ephemeral streams 
(Koning et al. 2002, 105711). It overlies older strata across an angular unconformity. The Ancha Formation contains a 
coarse-grained and a fine-grained part (Koning et al. 2002, 105711). 

2.2.7.1 Ancha Formation (QTa) 

Found near the base of the deposit and the mountain front to the east, the coarse-grained part is commonly reddish 
and consists of sandy pebbles to cobbles. The coarse-grained deposit laterally grades westward into a finer-grained 
deposit consisting of light yellowish brown to brownish yellow, silty-clayey sand (mostly very fine- to medium-grained). 
In many places, the Ancha Formation is not saturated. Where it is saturated, groundwater is found near the base of 
the deposit where the deposit is relatively thick (50–90 m thick). Most of the deposition occurred in the late Pliocene, 
with aggradation continuing near the mountain-front during the early Pleistocene (Koning et al. 2002, 105711).  

2.2.7.2 Ancha Formation, Santa Fe River (QTasr) 

An ancestral Santa Fe River was present during Ancha Formation deposition (primarily late Pliocene). The river 
deposited relatively coarse-grained sediment that interfingers southward and northward into alluvial slope deposits of 
unit QTa. The sediment of this unit contains sandy gravel (typically cobbles and pebbles) that interfinger with 
overbank facies of clayey-silty sand. Colors are generally reddish. Near Santa Fe, the unit is inset into lithosome S of 
the Tesuque Formation (Ttsc). 

2.2.8 Totavi Lentil (Tpt) 

This unit includes the Totavi Lentil as well as older river gravels. Based on new well data, it appears that the Totavi 
Lentil river gravels may form lenticular deposits of limited lateral extent and that ancient river deposits in the Pajarito 
Plateau area are coeval with a variety of stratigraphic units that span a longer time interval than previously recognized 
(Broxton and Vaniman 2005, 090038). The river gravels probably represent channel deposits of the ancestral Rio 
Chama/Rio Grande drainages and contain Precambrian and younger cobbles from northern source areas, indicating 
through-going, north-to-south fluvial systems dating to at least approximately 7.9 Ma (Broxton and Vaniman 2005, 
090038; Broxton et al. 2006, 092520).  

2.2.9 Bearhead Rhyolite and Fanglomerates (Tjfp) 

This unit incorporates the pumiceous Bearhead Rhyolite, vitric pumiceous deposits related to the Peralta Tuff, and 
older fanglomerate material derived predominantly from erosion of the Keres Group volcanic highlands. These 
fanglomerates interfinger with Santa Fe Group sands within a north-south trending, troughlike structure in the central 
portion of the Plateau. This unit does not crop out; its existence and modeled geometry are based solely on well logs 
and cuttings and surrounding geologic controls. The geometry of this unit suggests deposition within a fault-controlled 
basin with associated episodic basaltic volcanism (Cole et al. 2006, 095079). This unit tends to be part of the most 
productive aquifer beneath the Pajarito Plateau (Purtymun 1995, 045344).  

2.2.10 Keres Group Volcanics (Tvk) 

The Keres Group includes basaltic and rhyolitic rocks that erupted as the JVF began to develop (Gardner et al. 1986, 
059104; Goff and Gardner 2004, 092526). These rocks intrude and cover Santa Fe Group rocks along the western 
edge of the EB (Cole et al. 2006, 095079).  

2.2.11 Chamita Formation 

The Chamita Formation forms the upper part of the Santa Fe Group. 

2.2.11.1 Chamita Formation, Lithosome A (Tcac) 

Lithosome A of the Chamita Formation is used to designate strata containing arkosic sand and granite-bearing gravel 
that were deposited on an alluvial slope by streams draining the west flank of the Sangre de Cristo Mountains south of 
Truchas Peaks (Cavazza 1986, 105708). Technically, lithosome A extends into the Tesuque Formation east of the 
Rio Grande (Koning and Aby 2005, 106162). 

Lithosome A that is younger than 13.2 Ma is relatively coarser grained (Koning 2002, 105710; Koning et al. 2002, 
105711; Koning et al. 2005, 106120), and consists of slightly orange-tan, coarse channel-fill of sandy conglomerate 
and conglomeratic sandstone, interbedded with subordinate clayey-silty sandstone. Unit Tcac reflects this coarse-
grained lithosome A, excluding relatively fine-grained, distal alluvial slope strata. These relatively coarse strata 
correlate with the Cuarteles Member of the Chamita and Tesuque Formations (Koning and Aby 2005, 106162; Koning 
et al. 2005, 106120). The Cuarteles Member is considered part of the Tesuque Formation east of the Rio Grande and 
part of the Chamita Formation west of the Rio Grande. This unit interfingers westward with unit Ttca and gradationally 
overlies unit Ttca.  

2.2.11.2 Chamita and Tesuque Formations, Lithosome A (Ttca) 

Unit Ttca includes relatively fine-grained, distal alluvial slope strata that postdates the 13.2 Ma coarsening of Tcac 
(Koning et al. 2007, 106122). The sediment is a slightly orange-tan to tan, clayey-silty sandstone intercalated with 
subordinate coarse channel-fills of sandy conglomerate and conglomeratic sandstone. Gravel includes granite with 
minor, yellowish Paleozoic limestone and siltstone. Minor quartzite clasts are also present. The unit correlates with the 
fine-grained, distal Cuarteles Member of the Chamita and Tesuque Formations (Koning and Aby 2005, 106162; 
Koning et al. 2005, 106120) and also correlates with lithosome A sediment of the Pojoaque, Skull Ridge, and Nambe 
Members of the Tesuque Formation (Cavazza 1986, 105708). This unit grades laterally westward into lithosome B 
(Ttb) and laterally southward into deposits of the ancestral Santa Fe River (units Ttsc and Ttsf).  

2.2.11.3 Transition Zone between Ttca and Tcar (Tcara) 

This unit reflects a zone of interfingering and mixing between coarse-grained lithosome A and the axial river deposits 
of the Chamita Formation. Lithosome A in this zone is typically a slightly orange-tan, silty-clayey sand, interbedded 
with minor pebbly channel-fills. The axial river deposits include floodplain deposits of claystone, siltstone, and very 
fine- to medium-grained sandstone that are subequal in proportion to coarse channel-fills of fine- to very coarse-
grained sand, pebbly sand, and sandy pebbles-cobbles. Colors of the axial river deposits are generally tannish. This 
unit interfingers eastward with unit Ttca, and interfingers westward with unit Tcar. It gradationally overlies lithosome B 
of the Tesuque Formation (Ttb). 

2.2.11.4 Chamita Formation, Axial River Deposits (Tcar) 

Sediments deposited by the river system flowing south along the basin floor of the EB coarsened after ~13.2 Ma 
(Koning et al. 2005, 106120; Koning et al. 2007, 106122). This coarser sediment consists primarily of channel-fills of 
sandstone, gravelly sandstone, and sandy conglomerate. Floodplain deposits of claystone, siltstone, and very fine- to 
medium-grained sandstone are subequal in proportion to the coarse channel-fills. The gravel of the axial river 
deposits contains felsic to intermediate volcanic clasts, with lesser quartzite and Paleozoic sedimentary clasts. 
Tannish colors generally typify the unit. The unit correlates to the Vallito, Hernandez, and Cejita Members of the 
Chamita Formation (Koning and Aby 2005, 106162). The unit includes sandy channel-fills from a drainage that flowed 
southeastward in the region that is now the Jemez Mountains. This unit interfingers eastward with unit Tcara and 
overlies units Ttb and Ttc. 
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2.2.12 8.4–9.3 Ma Basalts (Tb2) 

The Bayo Canyon Basalt is a rift basalt and consists of local, episodic, Miocene basalt to latitic flows that are 8.4 to 
9.3 Ma (WoldeGabriel et al. 1996, 054427; WoldeGabriel et al. 2001, 092523) that are interbedded with basin 
sediments. The flows are intermixed with both Keres Group and Santa Fe Group sedimentary units in a zone that 
extends from the central plateau east to Bayo Canyon, and south to Ancho Canyon (Cole et al. 2006, 095079). Model 
boundaries for this unit extend from the bottom of the oldest flow to the top of the youngest flow. Thus, the volume of 
this unit includes any intercalated sediments. 

2.2.13 11.6–13.1 Ma Basalts (Tb1) 

The Guaje Canyon Basalt (Tb1) is a thick sequence of basalt flows contained within the Tesuque Formation in the 
vicinity of Guaje Canyon. The basalts range from 11.55 to 13.1 Ma (WoldeGabriel et al. 1996, 054427; WoldeGabriel 
et al. 2001, 092523). The Tb1 unit crosses the stratigraphic boundary between the Chamita Formation (Tcar) and the 
Chama–El Rito Member of the Tesuque Formation (Ttc). The portion of this flow unit within Ttc is designated as Tb1a. 
The portion of this flow unit within Tcar is designated as Tb1b. 

2.2.14 Tesuque Formation 

The Tesuque Formation forms the lower part of the Santa Fe Group. 

2.2.14.1 Tesuque Formation, Chama–El Rito Member (Ttc) 

In the study area, strata assigned to the Chama–El Rito Member are light orange-tan. Sediment consists primarily of 
very fine- to medium-grained sand, siltstone, and claystone. Pebble beds are very sparse. The unit was deposited on 
a southward-southeastward alluvial slope environment in the west part of the EB during the early to middle Miocene 
epoch. The unit includes quartz-rich sand from a southeast-flowing, tributary drainage. This unit gradationally 
underlies unit Tcar and interfingers eastward with lithosome B of the Tesuque Formation (Ttb).  

2.2.14.2 Tesuque Formation, Lithosome S, Coarse-Grained Part (Ttsc) 

An ancestral equivalent of the Santa Fe River deposited relatively coarse-grained sediment in the Santa Fe area 
during the early to middle Miocene epoch. This sediment was named lithosome S by Koning et al. (2004, 106104). 
Generally reddish, this sediment consists mostly of pebbly sand and sandy pebble channel-fills. Overbank deposits of 
clay, siltstone, and clayey very fine- to fine-grained sandstone are subordinate. Gravel includes granite with minor, 
yellowish Paleozoic limestone and siltstone. Minor quartzite clasts are also present. The unit grades northward into 
lithosomes A and B (units Ttca and Ttb) and westward into finer-grained lithosome S (Ttsf). The unit gradationally 
overlies the finer-grained part of lithosome S (Ttsf). 

2.2.14.3 Tesuque Formation, Lithosome S, Fine-Grained Part (Ttsf) 

This unit is also identified as a part of lithosome S by Koning et al. (2004, 106104). Although finer grained than the 
coarse-grained part of lithosome S (Ttsc), the finer-grained part of lithosome S is still, in an overall sense, coarser 
grained than lithosomes B and A to the north (units TTb and Ttca). This unit contains relatively abundant, reddish 
clay, silt, and very fine- to medium-grained sand deposits, which are intercalated with subordinate coarse-grained 
channel-fills of pebbly sand and sandy pebbles-cobbles. The finer-grained part of lithosome S grades northward into 
lithosomes A and B (units Ttca and Ttb) and westward into lithosome B (Ttb). The unit gradationally underlies the 
coarser-grained part of lithosome S (Ttsc).  

2.2.14.4 Tesuque Formation, Lithosome B (Ttb) 

Lithosome B was deposited on a wide basin floor between approximately 25 and 13 Ma by a drainage system flowing 
south southwest from the San Luis Basin and Peñasco embayment (Cavazza 1986, 105708; Koning et al. 2005, 

106120). Relatively fine-grained, overbank deposits predominate in the SEB model area (Koning 2002, 105710; 
Koning and Maldonado 2003, 106112). These consist of light gray to light greenish gray clay, silt, and very fine- to 
medium-grained sand. Subordinate coarse-grained channels contain medium- to very coarse-grained sand, pebbly 
sand, and sandy pebbles. Gravel includes clasts of Paleozoic sedimentary rocks (limestone, sandstone, and 
siltstone), in addition to minor quartzite and felsic-intermediate volcanic clasts. This unit grades southward into 
ancestral Santa Fe River deposits (units Ttsc and Ttsf) and eastward into alluvial slope deposits of lithosome A (Ttca). 

2.2.14.5 Tesuque Formation, Lower Lithosome A, Fine Grained (Ttal) 

In the Santa Fe area, adjacent to the Sangre de Cristo Mountain front, lies tannish to pinkish sand, clayey sand, and 
pebbly-cobbly sand. Gravel contains primarily granite clasts, although locally, yellowish Paleozoic limestone-siltstone 
clasts are present. This unit is well-consolidated and underlies fine-grained lithosome S. It grades northward into the 
lower, coarse-grained unit (Ttlc). 

2.2.14.6 Tesuque Formation, Lower Coarse Unit (Ttlc) 

At the base of the Santa Fe Group in the eastern E, lies relatively coarse-grained, alluvial slope deposits. This 
sediment is tannish to pinkish and contains channel-fills of sandy pebbles-cobbles, pebbly sand, and very fine- to very 
coarse-grained sand. Overbank beds of clay, silt, and very fine- to fine-grained sand are minor. Gravel contains 
primarily granite clasts, although the proportion of Paleozoic limestone clasts increases to the south. Near the Rio 
Tesuque drainage, the proportion of Paleozoic limestone clasts increases down section. This unit grades laterally 
southward into unit Ttal and is gradationally overlain by unit Ttca. This unit grades laterally westward into lithosome B 
(unit Ttb). 

2.2.15 Bedrock (Bedr)  

Underlying the Santa Fe Group are various, typically well-cemented or indurated, formations that we have combined 
into one unit called “bedrock,” or the Pre-Miocene-Tertiary bedrock. This surface represents the base of the Santa Fe 
Group, as defined by Grauch et al. (available at http://pubs.usgs.gov/pp/1761/). The combined formations of this unit 
are described from top to bottom (youngest to oldest). At the top of this unit are lava flows and intercalated, mafic 
volcaniclastic deposits of the Cieneguilla basanite; this unit is typically dark gray. The Espinaso Formation consists of 
alluvial fan deposits that were shed away from a volcanic edifice centered near the Cerrillos Hills–La Cienega area. 
The sediment is composed of latitic to andesitic detritus. There are minor latitic flows intercalated in the well-
cemented, light gray to gray alluvial fan deposits. The Galisteo Formation includes red sandstone, pebbly sandstone, 
and mudstone deposited in a depression formed during the Laramide orogeny. Sand and clasts in the study area are 
primarily of arkosic and granitic composition, with minor Paleozoic limestone detritus. Mesozoic–Paleozoic strata in 
the study area mostly consist of interbedded limestone, shale, and sandstone.  

The EB model includes an older/deeper unit of Proterozoic rocks that includes pink to red granite and gneiss to the 
southwest of the model (Goff 2009, 106105), and metasedimentary, metavolcanic, and granitic rocks to the east 
(Daniel 1995, 106123). This unit is not shown in the atlas because it will be added to the model at a later date when 
the full basin model is completed. Within the extent of the atlas, this unit is probably located at depths below sea level. 

3.0 MAPPING OF THE REGIONAL WATER-TABLE ELEVATION 

The regional aquifer beneath the Laboratory is a complex hydrogeological system. The top of the aquifer is 
predominantly under phreatic (water-table) conditions. However, there are also areas of local confinement that are 
caused by local hydrogeological conditions. In general, the top of the regional aquifer is defined by the elevation of the 
regional water table. In the areas of local confinement, there is a regional piezometric surface that represents the 
elevation of hydraulic heads in the confined zones. In general, the regional piezometric surface can be considered to 
represent a spatial continuation of the water table in the confined areas. Because the aquifer is predominantly under 
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phreatic conditions, in the text below, the term “regional water table” is used even though in some areas of the aquifer 
the term “regional piezometric surface” is more appropriate. 

The general shape of the regional water table is predominantly controlled by the areas of regional recharge to the 
west (flanks of Sierra de los Valles) and discharge to the east (the Rio Grande and the White Rock Canyon Springs). 
The structure of regional phreatic flow is also expected to be impacted by (1) local infiltration zones (e.g., beneath wet 
canyons), (2) aquifer properties heterogeneity, and (3) discharge zones (water supply wells and springs). 

Information about the elevation of the regional water table is provided by existing data from monitoring wells (water 
levels) and selected springs (discharge elevations). Well data are predominantly applied to map the elevation of the 
regional water table; spring discharge elevations are used only in the vicinity of White Rock Canyon to provide 
additional constraints on the water-table elevation. 

Water-table elevations vary in time due to transient effects that include pumping of the water supply wells, and large- 
and small-scale variability in aquifer recharge. Therefore, water-level maps represent specific periods of time. Based 
on analysis of 2008 water-level data (Koch and Schmeer 2009, 105181), it has been observed that water levels 
generally reached recent maxima in March 2008. The March 2008 data are likely to be the least affected by pumping 
and thus are potentially most representative of ambient flow conditions. Therefore, these data are used, in part, to 
construct the water-table map. 

Monthly averaged water levels for March 2008 are computed for 36 regional aquifer wells and presented in Table 3-1. 
For the wells, R-7, R-14, R-33, and R-36, water-level data are not available for March 2008 (Table 3-1), and 
alternative periods of representative measurements have been selected. For five wells, H-19, TW-1, TW-2, TW-3 and 
TW-4 (Table 3-1), historic water-level data considered to be less certain but important for constraining the water-table 
map in the northern portion of the Laboratory site are used. New water-level data are also available from a series of 
recently drilled wells (R-38, R-39, R-40, R-41, R-42, R-43, R-44, R-45, and R-46), but the measurements are difficult 
to interpret because they are preliminary and for a different time period. Future analysis will address how these data 
will be incorporated in the water-table mapping. The available preliminary water-level measurements for these wells 
are listed in Table 3-1 but are not applied in the mapping process. 

Inclusion of water-level data that do not represent the March 2008 time period is a source of uncertainty in the 
mapping process. Differences in the screen placements and local hydrogeologic conditions also complicate the 
interpretation of the water-level data for the following reasons. 

1. Some screens are substantially below the top of regional saturation (more than 60 ft); as a result, the 
collected water-level data may not be representative of the actual water-table elevations (TW-1, R-10a, R-13, 
R-18, R-20, R-21, R-24, R-26, R-32, and R-34; 10 wells in total).  

2. Some screens are long (more than 50 ft) and may represent composite water levels within the aquifer (DT-5A, 
DT-9, DT-10, R-8, R-13, and R-15; 6 wells in total).  

3. Some screens are potentially under confined conditions and may represent piezometric surface elevations 
(R-4 and R-24; 2 wells).  

4. R-25 is drilled in a complicated hydrogeological setting, and it is uncertain which of the R-25 screens (screen 
4 or 5) provides information about the water-table elevation. 

5. R-9 is screened in a zone (basalts within Santa Fe Group, Tb2) that is potentially disconnected from the 
regional aquifer. The regional aquifer screen R-12 is in a similar setting, but this screen has been plugged and 
abandoned. Water-table screens are located in various hydrostratigraphic units, including sedimentary and 
volcanic rocks with contrasting hydrogeologic properties (Table 3-1). The structure of the regional water table 
is probably impacted by groundwater flow within hydrostratigraphic units with contrasting properties. For 
example, low permeability lava flows may divert the phreatic groundwater flow. Lavas occur at or near the 
regional water table at R-5, R-9, and R-12 (Miocene basalts [Tb2], and at R-32, R-20, and R-22 [Cerros del 
Rio Basalts, Tb4]). 

Related to issue 5 above, the regional water levels observed at R-9 and at the former R-12 regional screen are 
substantially lower than water levels observed at nearby wells. (Since December 2007, the regional screen at R-12, 
screen 3, is abandoned and not monitored; the regional screen of R-12 is replaced by R-36.) The regional screens in 
both wells are in Miocene basalt (Tb2). R-9 and R-12 monitoring wells are located near water supply wells PM-1 and 
O-1, and their low water levels might define cones of drawdown around the production wells. However, water levels at 
R-9 and R-12 do not respond to daily or seasonal changes in municipal water production, suggesting that their low 
heads are not caused by the water supply pumping. Alternatively, the regional screens at R-9 and R-12 may 
represent a deep compartmentalized zone within the Santa Fe Group basalt that is in poor hydraulic connection with 
the rest of the aquifer. 

Because of the uncertainties described above, we evaluated a series of alternative conceptual-model assumptions 
pertaining to the regional groundwater flow and chose the model presented in Plate 3-1. 

The process of water-table contouring is theoretically constrained by the following conformity rules (Freeze and 
Cherry 1979, 088742): (1) the contour lines should be perpendicular to the flow paths and (2) the length and the width 
of the flow net cells formed by the contour lines between two adjacent flow paths should have the same ratios. These 
rules are theoretically valid only for the case of a uniform isotropic aquifer with no recharge/discharge sources within 
flow net cells. Deviations from the conformity rules are caused by aquifer heterogeneity and anisotropy as well as 
recharge/discharge sources within flow net cells. 

The regional water table is contoured by attempting to satisfy three goals simultaneously: (1) to match the water-level 
data at the monitoring wells, (2) to account for issues of data representativeness, and (3) to preserve flow net 
conformity. Plate 3-1 is a contour map of the regional water table that attempts to satisfy those three goals. The actual 
contouring is performed using a combination of manual and automated techniques. (The automated contouring is 
performed using the standard splining methods.) Table 3-1 lists the deviations between observed and predicted 
(based on the contoured water-table map) water levels. 

The water-level data and the contoured map (Plate 3-1) suggest potential mounding of the regional water table near 
TW-1, R-8, and R-36 (the water level at R-36 is slightly higher than the water levels of R-28 and R-11). The mounding 
may result from local recharge of the regional aquifer along Los Alamos, Pueblo, and Sandia Canyons. 

The water-level data represented by the contour map indicate that thick lavas near R-32 and R-22 may be the cause 
of the increased phreatic hydraulic gradients in this area. This may be the result of lower transmissive properties of 
lava flows compared with the more transmissive Puye Formation and Santa Fe Group sediments. The hydrogeologic 
properties associated with the lava flows may be also responsible for diverting the flow of phreatic groundwater to the 
north. The increased hydraulic gradients in the area of R-32 and R-22 may also be an indication of recharge in the 
lower Pajarito Canyon area that causes local mounding in the lavas, which are expected to be of low storativity when 
compared with the Puye Formation fanglomerates and Santa Fe Group sediments. 

Table 3-1 also lists the differences between observed and contoured water-level elevations displayed in Plate 3-1. 
Most of the discrepancies are minor and within 3 ft. Substantial deviations are calculated for locations at which the 
water-level data are uncertain: TW-1, R-5, R-9, R-8, R-10a, and R-25. The table also compares the predicted water 
levels with recently collected water-level data not included in the mapping. Substantial differences are observed only 
at R-41 and R-46 where static water-level conditions may not have been achieved. Future analysis will incorporate the 
water-level data from recently installed monitoring wells. 

Plate 3-2 identifies the modeled geologic units present at the regional water table model. 
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Table 3-1. 
Summary of Well-Screen Positions, Water-Level Observations, and Differences between Observed and Contoured Water Levels 

Well/Screen 
Name 

Geologic 
Unit 

Surface 
Elevation 

(ft) 

Screen 
Top 

(ft bgs) 

Screen 
Bottom 
(ft bgs) 

Screen 
Length 

(ft) 

Observed 
Water-Level 

Elevation 
(ft) 

Representative 
Measurement 

Period 

Top of the 
Screen from the 

Water Level 
(ft) Comments 

Differences between 
Observed and Contoured 

Water-Level Elevation 
(ft) 

H-19 Tpf 7172 —* — — 6228.00 Jan-51 — Historic observation applied to constrain water-levels in the NW section of LANL site. 
The data are uncertain 

1.47 

TW-1 Tcar 6369.19 632.00 642.00 10.00 5855.50 Feb-06 118.31 Historic observation applied to constrain water-levels in the NE section of LANL site.  
The data are uncertain and potentially affected by well construction problems 

35.53 

TW-2 Tcar 6648.06 768.00 824.00 56.00 5845.70 Oct-00 -34.36 Historic observation applied to constrain water-levels in the N section of LANL site.  
The data are uncertain 

0.09 

TW-3 Tcar 6626.90 805.00 815.00 10.00 5840.10 Feb-06 18.20 Historic observation applied to constrain water-levels in the N section of LANL site.  
The data are uncertain 

0.74 

TW-4 Tvt1 7244.56 1195.00 1205.00 10.00 6071.50 Feb-06 21.94 Historic observation applied to constrain water-levels in the NW corner of LANL site.  
The data are uncertain 

1.79 

CdV-16-3i Tvt2 7486.40 — — — 6136.75 Oct-05 — Open borehole. The data are uncertain 2.17 

CdV-R-15-3#4 Tpf 7258.90 1235.10 1278.90 43.80 6019.50 Mar-08 -4.30 No comment -1.17 

CdV-R-37-2#2 Tvt2 7330.60 1188.70 1213.80 25.10 6137.00 Mar-08 -4.90 No comment 0.62 

DT-10 Tb4/Tpf/Tcar 7019.00 1080.00 1408.00 328.00 5918.70 Mar-08 -20.30 Long screen; Composite water-level expected 1.31 

DT-5A Tb4/Tpf/Tcar 7144.20 1172.00 1821.00 649.00 5958.08 Mar-08 -14.12 Long screen; Composite water-level expected 0.10 

DT-9 Tb4/Tpf/Tcar 6936.00 1040.00 1501.00 461.00 5915.12 Mar-08 19.12 Long screen; Composite water-level expected 0.71 

R-1 Tjfp 6881.21 1031.12 1057.42 26.30 5878.27 Mar-08 28.18 No comment -0.44 

R-2 Tcar 6770.38 906.45 929.57 23.12 5870.65 Mar-08 6.72 No comment -0.46 

R-4 Tcar 6577.49 792.90 816.00 23.10 5830.83 Mar-08 46.24 Hydrogeologic data suggest confined conditions -0.84 

R-5#3 Tcar 6472.60 676.90 720.30 43.40 5766.75 Mar-08 -28.95 No comment -42.83 

R-6 Tcar 6995.80 1205.00 1228.00 23.00 5838.44 Mar-08 47.64 Screen significantly below water table -0.82 

R-7#3 Tjfp 6779.20 895.50 937.40 41.90 5877.25 Apr-08 -6.45 Water-level data missing for Mar 2008 -0.91 

R-8#1 Tcar 6544.74 705.31 755.70 50.39 5853.22 Mar-08 13.79 Long screen  below water table 7.29 

R-9 Tb2 6382.80 683.00 748.50 65.50 5691.52 Mar-08 -8.28 Water-level may be not representative of the regional water-table due to local aquifer 
heterogeneities 

-108.48 

R-10a Tcar 6363.74 690.00 700.00 10.00 5740.49 Mar-08 66.75 Screen significantly below water table -3.65 

R-11 Tjfp 6673.72 855.00 877.90 22.90 5837.78 Mar-08 19.06 No comment 0.19 

R-13 Tpf/Tjfp 6673.05 958.33 1018.72 60.39 5836.08 Mar-08 121.36 Long screen significantly below water table 0.18 

R-14#1 Tpf/Tjfp 7062.08 1200.60 1233.20 32.60 5880.19 Feb-08 18.71 Water-level data missing for Mar 2008 0.00 

R-15 Tpf/Tjfp 6820.00 958.60 1020.30 61.70 5850.65 Mar-08 -10.75 Long screen; Compsite water-level expected -0.41 

R-16r Tpt 6256.97 600.00 617.60 17.60 5692.58 Mar-08 35.61 No comment -0.08 

R-17#1 Tpf 6921.51 1057 1080 23.00 5884.77 Mar-08 20.26 No comment -0.05 

R-18 Tpf 7404.83 1358.00 1381.00 23.00 6117.11 Mar-08 70.28 Screen significantly below water table -0.93 

R-19#3 Tpf 7066.30 1171.40 1215.40 44.00 5887.40 Mar-08 -7.50 No comment -0.73 

R-20#1 Tb4 6694.35 904.60 912.20 7.60 5864.60 Mar-08 74.85 Screen significantly below water table 1.26 

R-21 Tpf 6656.24 888.80 906.80 18.00 5854.53 Mar-08 87.09 Screen significantly below water table 0.19 

R-22#1 Tb4 6650.50 872.30 914.20 41.90 5755.00 Mar-08 -23.20 No comment 0.28 
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Table 3-1. (continued) 

Well/Screen 
Name 

Geologic 
Unit 

Surface 
Elevation 

(ft) 

Screen 
Top 

(ft bgs) 

Screen 
Bottom 
(ft bgs) 

Screen 
Length 

(ft) 

Observed 
Water-Level 

Elevation 
(ft) 

Representative 
Measurement 

Period 

Top of the 
Screen from the 

Water Level 
(ft) Comments 

Differences between 
Observed and Contoured 

Water-Level Elevation 
(ft) 

R-23 Tcar 6527.75 816.00 873.20 57.20 5697.41 Mar-08 -14.34 No comment 0.09 

R-24 Tcar 6547.38 825.00 848.00 23.00 5830.04 Mar-08 107.66 Hydrogeologic data suggest confined conditions -1.17 

R-25#5 Tpf 7516.10 1294.70 1304.70 10.00 6234.27 Mar-08 12.87 Uncertain which of the R-25 screens characterizes water-table elevation (4 or 5) -4.15 

R-26#2 Tpf 7641.69 1422.00 1445.00 23.00 6538.00 Mar-08 318.31 Screen significantly below water table -2.20 

R-27 Tpf 6713.72 852 875 23.00 5898.21 Mar-08 36.49 No comment -0.79 

R-28 Tpf/Tjfp 6728.61 934.30 958.10 23.80 5838.31 Mar-08 44.00 Screen significantly below water table 1.13 

R-31#2 Tb4 6362.50 515.00 545.70 30.70 5827.44 Mar-08 -20.06 No comment 0.29 

R-32#1 Tb4/Tpt 6637.63 867.50 875.20 7.70 5852.74 Mar-08 82.61 Hydrogeologic data suggest confined conditions 0.19 

R-33#1 Tjfp 6853.33 995.50 1018.50 23.00 5871.20 Jun-08 13.37 Water-level data missing for Mar 2008 -0.34 

R-34 Tcar 6629.99 883.70 906.60 22.90 5834.47 Mar-08 88.18 Screen significantly below water table 0.51 

R-35b Tpf 6625.21 825.40 848.50 23.10 5837.00 Mar-08 37.19 No comment -0.66 

R-36 Tcar 6591.37 766.90 789.90 23.00 5839.47 Apr-08 15.00 Water-level data not available for Mar 2008 1.49 

R-38 Tpf 6668.58 821.20 831.20 10.00 5858.73 Jan-09 11.35 Recently installed well. Insufficient water-level record; Hydrogeologic data suggest 
confined conditions 

1.43 

R-39 Tb4/Tpf 6580.86 859.00 869.00 10.00 5754.16 Jan-09 32.30 Recently installed well. Insufficient water-level record; Hydrogeologic data suggest 
confined conditions 

-2.85 

R-40 # 2 Tpf 6718.00 849.30 870.00 20.70 5864.10 Oct-08 -4.60 Recently installed well. Insufficient water-level record -2.78 

R-41 Tpt 6650.50 965.00 975.00 10.00 5690.37 Mar-09 4.87 Recently installed well. Insufficient water-level record -72.26 

R-42 Tjfp 6759.02 931.80 952.90 21.10 5839.22 Nov-08 12.00 Recently installed well. Insufficient water-level record 0.49 

R-43#1 Tcar 6732.65 903.90 924.60 20.70 5839.65 Jan-09 10.90 Recently installed well. Insufficient water-level record -1.88 

R-44#1 Tpf 6714.91 895.00 905.00 10.00 5835.91 Jan-09 16.00 Recently installed well. Insufficient water-level record -1.25 

R-45#1 Tpf 6704.02 880.00 890.00 10.00 5836.12 Jan-09 12.10 Recently installed well. Insufficient water-level record 0.45 

R-46 Tpf 7213.33 1340.00 1360.00 20.00 5885.33 Jan-09 12.00 Recently installed well. Insufficient water-level record -12.17 
*— = No data. 
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4.0 MAP SPECIFICATIONS 

All maps are presented in 11- × 17-in. format at a scale of 1:80,000. All map plates include the boundary of the 
Laboratory and major roads for reference. Unit codes and colors, as defined in Figure 2-5, are consistent for all plates, 
cross-sections, and 3-D views. The map indices for wells are consistent throughout the set of plates. 

Plates mapping the unit surfaces provide well locations only for those wells that contribute exact data to the surface 
that is mapped. “Exact” is used to mean “hard” data that provide an elevation value. Other wells contain “soft” data 
that provide “greater than,” “less than,” or “absent” constraints. While this “soft” information is used in the development 
of the surfaces, well locations for these data are not shown. In some cases, the density of the data prevents 
identification of all wells with “hard” constraints. 

The principal component of an atlas is the set of maps or plates. The maps of this atlas provide the identification 
and/or definition of surface and subsurface features for the region encompassing the Laboratory and the town of 
Los Alamos (including White Rock), extending west past the Pajarito Fault zone into the Sierra de los Valles, and east 
approximately 8 mi past the eastern extent of the Laboratory boundary. The maps are presented using New Mexico 
state plane (NAD 83) coordinates (in feet). The mapped area, and the reference grid with labels outside of the map 
area, are extended to the full page size. Placement of map labels, legends, scale, north arrow, and descriptive text 
are therefore restricted to within the map area, resulting in the masking of some of the map data. 

The Laboratory site and most of the volcanic, geologic units are located within the western portion of the map area. 
For this reason, the sets of tabular data are normally placed within the upper-right (eastern) portions of the map 
plates. The caption is always located at the lower-right corner, the legend and data credits are normally placed in the 
lower-left corner, and the map scale and north arrow are usually at the upper-left corner of the plate. Many of the older 
units are defined only within the eastern portions of the map area.  

4.1 Base Map 

The base map (Plate 1-1) shows the extent of the Hydrogeologic Site Atlas as well as the locations of R-wells, water 
supply wells, and other wells or boreholes important in constraining the GFM. The base map also shows the location 
of the major roads and outlines of Laboratory properties. This map also depicts the surrounding land ownership. 
Plates 1-2 and 1-3 identify all wells that provide data to the geologic models of the Laboratory. Plate 1-2 identifies the 
vintage of the well data, highlighting the large amounts of new data that were used in this current GFM.  

Plate 1-3 provides a table that lists all wells that contributed to the 2009 GFM, including wells outside of the atlas 
extent but within the SEB. Where wells on a plate are completely within the extent of Laboratory SITE model, the 
wells are identified in the legend as Laboratory wells. If the set of wells for a plate consists only of wells outside of the 
Laboratory boundaries and within the SEB model, they are identified in the legend as SEB wells. The Buckman wells 
are within the Laboratory SITE model but provide minimal “exact” geologic contact information. These wells are 
displayed separately as the Buckman wells on selected sets of unit maps where they may be of interest. 

4.2 Geology 

The geology of the atlas region is presented in a series of plates. Plates 2-1 and 2-2 provide a comparison of the 
mapped geologic quadrangles, and the surface geology predicted by the modeled geologic unit surfaces. Plate 2-3 
provides a compilation of mapped fault trace data within the atlas extent, much of which is inferred. Plates 2-4 through 
2-83 provide structure contour maps of the unit surface elevations and isochors (vertical thickness). And finally, 
Plates 2-93 and 2-94 present a 3-D view for the atlas and that of the encompassing SEB model. 

4.2.1 Surface Geology 

There are two plates that provide maps of the surface geology. Plate 2-1 provides the merged geologic quadrangle 
maps identified and referenced in Section 1.3. The unit names have been adjusted to reflect the mapping of source 
unit names to model unit names. Plate 2-2 provides the surface geologic map defined by the GFM and includes a 
breakout of the subunits of the Tshirege and Otowi members of the Bandelier Tuff not provided in the geologic 
quadrangle maps. Plate 2-3 provides fault trace data for the atlas area. The structural block model of the 2005 GFM is 
shown in the western portion of this plate. The faults to the west (in red) were mapped by the seismic hazards team at 
the Laboratory. Many of the other fault traces are inferred and/or poorly constrained. The inferred faults are older and 
do not intersect the Bandelier Tuff. Many of these are inferred based on apparent stratigraphic discontinuities in 
widely spaced well data. Some of these discontinuities may actually represent paleotopography.  

The fault traces can be extruded vertically or with a given dip to provide 3-D structural controls for flow models. 

4.2.2 Geologic Unit Morphology 

The 3-D morphology and geometry of the geologic units are presented in a series of plates: Plate 2-3 through 
Plate 2-83. Structure contours of the unit surfaces provide a 3-D definition of the units. Such maps are commonly 
defined as 2.5-D maps. Maps for the tops, isochors, and bottoms of all units are presented in top-to-bottom order 
through the set of units. Maps for the top and isochors of the Tshirege subunits are also provided. 

Each of these plates also identifies the position of all wells that contributed to the definition of the mapped surface. 
The number at the well position on the map provides an index to the included map table which shows the well name 
and the elevation or thickness of the unit at the well. The well numbers also correlate to those of Plates 1-2 and 1-3. 
For Plate 2-4, there were too many wells to place in a map table, so the user must refer to Plate 1-3 for top elevation 
values at the wells. 

The geologic outcrops can provide critical elevation control points for the surfaces. The geologic contacts are often 
exposed best in the canyons or regions of rugged topography, while wells intersecting these exposed units are usually 
located some distance within the Pajarito Plateau. The locations of unit outcrops are therefore identified on all plates, 
using the modeled color of the units. As these outcrops are often of limited geographical extent, e.g., when on the 
canyon walls, the structure contours for the top of the unit are clipped at the outcrop/topography so that the outcrop is 
visible to the map reader. For the Cerros del Rio Basalt, which outcrops over a broad surface area in the south-central 
portion, these top contours have been reinserted into the plate. 

4.3 Cross-Sections 

Geologic cross-sections of the GFM are provided for the atlas extent at 10,000-ft intervals in both the north-south and 
east-west directions. These sections identify both the geologic units and the water table. with a 1.75x vertical 
exaggeration. The modeled water table is not defined throughout the atlas extent, so the water table may be absent 
from some lines and represented for only parts of other cross-section lines. The locations of the cross-section lines 
are shown in Plate 2-84. Plate 2-84 also provides the location of “source” geologic cross-sections that were used in 
the development of the GFM. 

4.4 3-D Views of the GFM 

The 3-D views of the GFM, with the southeast quadrant removed, are provided for the atlas extent as Plate 2-93 and 
for the SEB as Plate 2-94. 
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4.5 Water-Table Elevation and Geology 

Plate 3-1 shows the elevations of the regional water table, highlighting the 100-ft contour interval. Fainter contours at 
10- or 20-ft intervals are provided for finer resolution, especially in the central portion of the laboratory. The location of 
springs and major drainages are also indicated. Topographic contours are provided to allow visual determination of 
the depth to the water table. Plate 3-2 shows the modeled geology at the water-table surface. 
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Plate 1-1. Base map showing land ownership, water supply and characterization wells, 
  and other wells or boreholes important in constraining the 3-D geologic model
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 Drill holes with geologic contact data
      Year well data incorporated in model
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!
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!
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!

FY96

! Geologic contacts updated in FY09

Plate 1-2.  Locations of all wells contributing data to the 3-D geologic model

Constructed from the set of wells for the
2009 LANL Geologic Framework Model
 (Cole et al. 2009, 106101)

The names for the wells at the numbered
points are provided in Plate 1-3.

Date: May 2009
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