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Water Quality & RCRA Group (ENV-RCRA) 

P.O. Box 1663, K490 

Los Alamos, New Mexico 87545 

(505) 667-0666/FAX (505) 667-5224 

Mr. William C. Olson, Bureau 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. Olson: 

SUBJECT: 	 RE-SUBMITTED DISCHARGE PERMIT APPLICATION (DP-1589), 

DOMESTIC SEPTIC TANKILEACHFIELD SYSTEMS 


The National Nuclear Security Administration/Los Alamos National Security, LLC (NNSAILANS) 
are in receipt ofyour April 6, 2010, letter deeming the permittees' April 28, 2006, Discharge Permit 
Application (DP-1589) for septic tanklleachfield systems incomplete and requesting re-submittal of 
a complete and up-to-date application by July 6,2010. Per your request, enclosed are three copies of 
the re-submitted Discharge Permit Application for the 15 domestic septic tanklleachfield systems 
currently in operation at the Laboratory. Also enclosed is the $100.00 filing fee required by the New 
Mexico Water Quality Control Commission Regulations. 

AllIS ofthe active septic systems at the Laboratory referenced in the enclosed application were 
included in either the April 28, 2006, Discharge Permit Application (ENV -WQH-06-071) or the 
August 21,2007, modification letter (ENV-RCRA-07-200). In addition, 14 of the 15 referenced 
septic systems were either registered or permitted by the State of New Mexico, Environmental 
Improvement Division, under the Liquid Waste Disposal and Treatment Regulations, 20'.7.3 
NMAC. Copies of the registration forms and permit applications are provided in Appendix B. One 
septic system, TA-58-0052, was installed after the April 28, 2006, Discharge Permit Application 
was submitted; plans and specifications were submitted to your agency for review on June 14,2006 
(ENVP-3-06-01O), and the installation was approved by your staff on July 17,2006 (email, C. Vick, 
NMED, to T. Zimmerly, LANL); both documents are included in Appendix B. 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOE/NNSA 

33760 

"\\,\\\\,\\ \U\\,\\"\\,\\\\\\,\\, 

Los Alamos, New Mexico 87545 
(505) 667-7203/FAX (505) 667-5948 

Date: June 22, 2010 
Refer To: ENV-RCRA-1O-106 
LAUR: 10-03157 



Mr. William C. Olson -3- June 22,2010 
ENV-RCRA-lO-106 ' 

Cy (continued): 
Mell Smithour, ES-VI, wlo enc., K7l8 
Andy Erickson, VI-DO, wlo enc., K760 
Charles Barnett, VI-DO, w/enc., J972 
ENV-RCRA File, w/enc., K490 
IRM-RMMSO, w/enc., AlSO 

An Equal Opportunity Employer / Operated by Los Alamos National Security LLC for DOE/NNSA 
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.'
NEW MEXICO ENVIRONMENT DEPARTMENT 

GROUND WATER QUALITY BUREAU 

DISCHARGE PERMIT APPLICATION 

Type of Application. Check appropriate box. 

D Application for new Discharge Permit -- new facility 

[&:I Application for new Discharge Permit -- existing ("A~8rAo1ilt8&)** facility 

**Managed previously under the NM Liquid Waste Regulations and Discharge Permit 
Application DP-1589, submitted in April 2006. See Appendix E. 

D Application for Discharge Permit Renewal 

D Application for Discharge Permit Modification 
"Modification" is defined as a change to the permit 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. 

D Application for Discharge Permit Renewal and Modification 

For an existing Discharge Permit, please indicate: DP Number 1589 Expiration date NA ----

Checklist of Application Components. 

[&:I Part A: Administrative Completeness. Instructions for completing 
the application are 

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

[&:I Septic Tank System 
Instructions for Parts A 
andB. 

D General- Various Facility Type~ You may fill out the 
application manually, or a 

[&:IPart C: Site Information, with required attachments. Microsoft Word version 
may be downloaded from 

lEI $100 Filing Fee, payable to the New Mexico Environment Department. ww~!n.m1lt"t.,·itltilCll1l·1d1 
Required from al/ applicants. An additional fee will be assessed prior to (Ground Water Quality) 
permit issuance. Permit fees are listed in Section 20.6.2.3114 NMAC. and filled out electronically. 

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 ofmy knowledge and belief, true, accurate and complete. 


Signatures: 

Printed Name: iate Director, ESH&Q, LANS 

Title: Donald L. Winchell, Manager, Los Alamos Site Office, NNSA 

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 Permit Application, Cover Sheet 



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 

Former Names (if any) 

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

County Los Alamos 

Mailing address P.O. Box 1663 MS K490 

Los Alamos, NM 87544 

Contact person James C. Cantwell 

Title 	 Associate Director, Environment, Safety, Health & Quality, LANS, LLC 

Telephone number(s) (505) 667-5491 

Fax number 	 (505) 665-3811 E-mail address cantwe@lanl.gov 

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

Type of discharge: 1:&:1 Domestic o Agricultural o Industrial o Mining 

Type of facility: 15 domestic wastewater septic tanklleachfield systems 

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)1Applicant 

Name Los Alamos National Security, LLC (LANS)2 


Mailing address 13747 West Jemez Road, Los Alamos, NM 87544 

2P.O. Box MS K491, Los Alamos, NM 87544 

Donald L. Winchell1, Manager, Los Alamos Site Office, NNSA Contact person 
James C. Cantwell2, Associate Director, ESH&Q, LANS 

2Telephone number _1--'.(5_0_5-,-)_66_7_--,-51__0_5__--'.{5_0_5-,-)_66_7_-4_2"'-1__8_________________ 

Fax number 1665-3811 2845-5942 E-mail address cantwe@lanLgov dwinchell@doeal.gov 
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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 

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 

Mailing address P.O. Box 1663 MS K490 

Los Alamos, NM 87544 

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): [R] 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: 48401 gallons per day (or other units: __) 
1Source: Table 2, Estimated Discharge Volume, from 15 septic tanklleachfield systems. 

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. 

See Table 1 for a list of Los Alamos National Laboratory's 15 domestic septic tanklleachfield 
systems. These septic systems receive domestic wastewater from the buildings listed in Table 1 via 
collection system piping. A septic tanklleachfield system consists of two components, the septic 
tank and the disposal system. Each component is described briefly below. 

• 	 The septic tank is a liquid waste treatment unit designed to provide primary treatment by 
separating the settleable and floatable solids from the water being discharged (effluent). The 
Laboratory's septic tanks range in size from 380 gal to 2500 gal. 

• 	 The disposal system is a subsurface, gravity distributed system to dispose of effluent from the 
septic tank. Disposal systems at the Laboratory include seepage pits, leach fields, 
evaporation beds, and evapotranspiration beds. 

NMED Discharge Permit Application, Part A, Page 2 

mailto:bbeers@lanl.gov


A-9. 	 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. 

Appendix A contains locations maps for each of the septic systems listed below. 

Components Township Range Section(s) Latitude Longitude 
TA-15-0205 19N 6E 34 35.8321 -106.2960 

, T A-15-0569 19N 6E 33 35.8330 -106.3024 

! TA-16-0178 19N 6E 30 35.8508 -106.3500 

TA-16-1194/1195 19N 6E 30 35.8474 -106.3510 

• T A-33-0031 19N 6E 24 35.7834 -106.2560 

TA-33-0096 18N 7E 20 35.7728 -106.2317 

• TA-33-0161 18N 6E 13 35.7870 -106.2510 

TA-33-0179 18N 7E 19 35.7753 -106.2450 

i TA-36-0274 19N 6E 36 35.8277 -106.2630 

TA-39-0132 18N ! 6E 13 35.7949 -106.2550 

I T A-40-0025 19N 6E 21 35.8571 -106.3189 

TA-49-0119 18N 6E 04 35.8255 -106.3090 

TA-58-0052 19N 6E 18 35.8727 -106.3447 

I T A-66-0003 19N 6E 22 35.8567 -106.2944 

TA-69-0010 19N 6E 19 35.8695 -106.3462 

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 all facilities need to characterize influent quality. See Supplemental Instructions for typical contaminants and 
addTIlonaI gUi'dance. 

Expected or Known Contaminants 
Expected or Incoming (Influent) 

I Known 
Contaminants 

TA-16-1194/1195 TA-33-0031 TA-33-0161 TA-33-0179 TA-49-0119
i 	 I 

0.219 0.029JN03+NOz-N 0.029J 0.095 16.0 i 

I TKN I 3.56 47.2 73.5 47.9 56.7I 
I375 335 491I 	 TDS 157 I 329 

CI 10.2 29.2 46.3 33.2 I 78.1 
J means the reported results IS greater than the Method Detection Limit but less than the Reporting limit. 
All analytical results from sampling conducted on April 6, 2006. 

Copies of the analytical reports are contained in Appendix D. 

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

t:&Jtypical domestic wastewater: LANL is scheduled to construct a new septiC tanklleachfield system at 
TA-33 in 2010. Plans & specifications submitted to NMED-GWQB on June 3,2010 (ENV-RCRA-10-108). 

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.) 

NMED Discharge Permit Application, Part A, Page 3 



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 (feet): 	 See Appendix A - Maps 

Max=1266 ft 

Min=486 ft 

Reference: 

IRl 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.usl 


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

o Other (describe): 

I Indicate pre-discharge total dissolved solids (TDS) 
. concentration of most shallow ground water beneath 

the discharge site. Attach copies of analyses. 

TDS (mg/L) 

Intermediate Regional 


Avg=282 Avg=1S0 


Max=10S0 Max=309 


Min=97 Min=94 


Reference: 2008 LANL Environmental Surveillance 
Report 

IRl Analysis from upgradient monitoring well 

IRl 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): 

A·12. Public Notice. See Supplemental Instructions. 

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

o Applicant 0 Consultant IRl Other: -,,-Pe::::.r:..:cm:..:ci:.::..t-=C-=o.::.:;n.:.:ta::..:c:.::..t..l.:(A~--=S:.L.)_______________ 

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

o Applicant 0 Consultant IRl Other: _P_er_m_i..;..t_C_o_n_ta_c_t.....(A_-5..L.}_______________ 

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: 	 40 signs-2 by 3 ft in size-will be posted around the perimeter of LANL at all major & 
minor points of entry and egress. 

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 
Casa Grande, Los Alamos, NM 
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GROUND WATER DISCHARGE PERMIT APPLICATION 

PART B: OPERATIONAL, MONITORING, CONTINGENCY AND CLOSURE PLANS 


SEPTIC TANK SYSTEMS ONLY 

PLEASE NOTE: This form is to be used for wastewater systems that consist of only septic tanks followed a disposal 
method such as leachfields, evaporation beds, or subsurface irrigation. 

Operational Plan [20. 6.2. 3106(C) and 31 09(C) NMAC1 

B-1. 	 Source(s) of Wastewater. Describe all sources of wastewater flowing to your septic tank system(s), e.g. RV 
spaces, mobile homes, shower facilities, laundromat, restaurant, water softener backwash system, etc. See 
Supplemental Instructions. 

See Table 1. 

B-2. 	 Discharge Quantity. Describe the methods/calculations used to determine the maximum discharge volume listed 
in Item A-6 of Part A. Acceptable methods are described in the Supplemental Instructions. If you are relying on 
metered flows, attach a two-year record of meter readings. 

See Tables 1 and 2. 

B-3. 	 Site Map. Attach a site map showing the following clearly labeled: 

• septic tanks • roads • 	 property boundaries 
• grease interGeptors • buildings, homes, pools • 	 required setbacks (see NMED 
• dose tanks • supply wells 	 Design Criteria for Large 
• 	 leachfields • monitoring wells Capacity Septic Tank


Leachfield Systems) 
• leaching beds 	 • arroyos 
• seepage pits • nearby water bodies such as • 	 other permitted discharges 

• cesspools ponds or canals 	 (see Item C-7) 

• evaporation beds • contingency leachfield location • 	 north arrow 

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

IRISite map is attached. 

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

None of the 15 septic tanklleachfield systems are located within the 100-yr floodplain. 
Source: LANL Floodplain Maps. 

B-5. 	 Description of Septic Tank(s). Provide the following information for all septic tanks, grease interceptors, dose 

tanks, etc. shown on the site map required under Item 8-3. 


See Tables 1 and 2. 

See Appendix A, Location maps for each septic system. 

See Appendix B, Copies of registration and permit documents. 


Attach design drawings of tanks, showing tank dimensions, chambers, risers, effluent filters, etc. Requested for all 
systems, if available. Required for new systems. 

IRI Drawings attached See Appendix B. IRI Drawings not available for all existing systems. 

o Drawings previously submitted. Submittal date(s): 
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B·6. 	 Description of Leachfield(s). Provide the following information for alileachfieids or leaching beds shown on the 
site map required under Item 8-3. If you have more than one leachfield with the same design, indicate which 
leachfields your description applies to. Attach additional sheets if you have leachfields with other designs. 

See Tables 1 and 2. 
See Appendix B, Copies of registration and permit documents. 

Attach design drawings of leachfields, showing line length, line spacing and trench dimensions. Requested for all 
systems, if available. Required for new systems. 

IRI Drawings attached. IRI Drawings not available (existing system). 

o Drawings previously submitted. Submittal date{s): ___________ 

B-7. 	 Other Disposal Components. If you dispose of wastewater from your septic tank into evaporation beds, 
seepage pits or a subsurface irrigation system, describe those components here. Any existing cesspools must be 
closed out, but should be listed here . 

• Component I Description (construction material, liner type, capacity, dimensions, area, etc.) 

Evaporation beds & seepage pits See Appendix B 

Attach design drawings of the described components. Requested for all systems, if available. Required for new 
systems. 

IRI Drawings attached. IRI Drawings not available (existing system). 

o Drawings previously submitted. Submittal date(s): ___________ 

B·8. 	 System Maintenance. Describe your operations and maintenance procedures that pertain to the collection 
system (sewer lines), tanks, and leachfields or other disposal components. 

The Laboratory proposes a 5-Year Preventive Maintenance Program. 

1- Analyze contents of septic tank to determine if septage meets the Waste Acceptance Criteria (WAC) 
for discharge to the TA-46 Sanitary Wastewater Systems (SWWS) Plant. 

2- If septage meets the SWWS Plant WAC, pump tank contents, wash tank with potable water, and truck 
septage and wash-water to a pretreatment storage tank (TA-53-1048) for aeration and slow-feed into 
the SWWS Plant collection system. 

3- If septage does not meet the SWWS Plant WAC, pump tank contents into a holding tank with 2° 
containment and seek alternate disposal options. 

4- Camera-inspect the inside of the septic tank and video record. Inspection will identify evidence of 
potential tank failures such as deterioration of the concrete and the presence of cracks and roots. 

5- Visually inspect the ground surface above the leach field for evidence of failure such as the 
surfacing of effluent or subsidence. 

6- Clean and cameras-inspect sewer lines and associated structures upstream of the septic tank. 
7 - Evidence of failure or the presence of abnormal conditions will result the septiC system being 

removed from service. 
8- Inspections will be conducted by a NM Certified Wastewater Level 2 or higher Operator. 

B-9 	 Proximity to Sewer Connection. Indicate below the distance to the nearest community sewer and describe any 
plans for extending the sewer to the vicinity of your facility. 

The TA-15-0569 septic system is scheduled for abandonment in 2010. Buildings currently 
discharging to this septic system will be connected to the TA-46 SWWS Plant collection system. 

8-10. 	 Past Ground Water Monitoring Results. This item applies only to existing facilities seeking renewal andlor 
modification of a Discharge Permit that required ground water monitoring. 

NA 

NMED Discharge Permit Application, Part B - Septic Tank Systems, Page 2 



Monitoring Plan [20.6.2.3107 NMAC] 

B-11. 	 Discharge Volumes. Describe how the monthly discharge volume to your septic tank system will be measured or 
estimated. For meters, provide type, location, and units of measure including multipliers (e.g., gallons, gallons x 
1DO, acre-ft, etc.). See Supplemental Instructions. 

None of the buildings discharging domestic wastewater to the Laboratory's 15 septic tanklleachfield 
systems have water meters installed on the water line serving the building. Therefore, actual 
discharge volumes are unavailable. The estimated discharge volumes provided in Table 2 are from 
the following two sources: 

1. 	 For buildings with full-time occupants, the discharge volume was estimated using the design 
flow rate for office buildings of 20 gallons per day per occupant (20.7.3.201 NMAC). 

2. 	 For building with no full-time occupants, estimated discharge volumes are from the 
registration/permit documents (See Appendix B). 

The Laboratory conducted a Septic System Survey in 2006-2007 in order to confirm existing 
information and to obtain missing information about the water usage in buildings connected to 
septic systems. This application reflects information collected during this survey. 

B-12. 	 Ground Water Quality Monitoring. Discharge Permits typically require that ground water samples be collected 
quarterly from properly constructed monitoring wells and analyzed for total Kjeldahl nitrogen (TKN), nitrate
nitrogen (N03-N), total dissolved solids (TDS) and chloride. 

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

See Appendix A map identifying all groundwater monitoring wells at Los Alamos National Laboratory 
that are sampled under the NMED-approved Interim Facility-Wide Groundwater Monitoring Plan; the 2009 
Interim Facility-Wide Groundwater Monitoring Plan is available online at the LANL Public Reading Room 
website: http://www.lanl.gov/environmentloutreach/prr.shtml). 

Under the Order on Consent (Consent Order), the Laboratory routinely monitors an extensive network of 
alluvial, intermediate, and regional aquifer wells across the site to characterize ground water quality. 
Monitoring data are submitted to the NMED in Periodic Monitoring Reports (PMRs) and are available on 
the publically accessible web site www. RACERNM.org. The Laboratory does not antiCipate undertaking 
additional monitoring for discharges from these sanitary septic tanklleachfield systems. 

For existing systems: 

Indicate number of existing monitoring wells: 	 Approximately 125 regional, intermediate, and alluvial 
monitoring wells across the LANL facility. 

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 (not applicable if fewer than 3 monitoring wells). 

o Survey attached. 0 No survey has been conducted. 

o Survey previously submitted. Submittal date(s): 
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8-13. 	 Other Monitoring. In addition to discharge volumes and ground water sampling, Discharge Permits for septic 
tank systems typically require the following monitoring: 

• 	 wastewater quality (samples from septic tanks analyzed for TKN, TDS, chloride) 
• 	 inspection and pumping of septic tanks 
• 	 inspection of leachfields 

Optional: In the space below (or as an attachment). you may propose revisions or additions to the other standard 
monitoring requirements for your type of facility. If you do, provide the rationale for your proposal. None. 

Contingency Plan [Section 20. 6. 2. 3107(A) 10 NMAC] 

8-14. 	 System Failure. Describe your contingency plan in the event there is a failure of your wastewater system (e.g., 
wastewater back-up, pump failure, pipe breaks, tank overflow, leachfield failure, etc.). 

At the first signs of failure of a septic system LANL will implement the following corrective actions: 

1. 	 Notify the NMED under 20.6.2.1203 NMAC of any spills or releases to the environment. 
2. 	 Cease discharges to the failing system by tagging contributing fixtures "Out of Service". 
3. 	 If necessary, install porta-potties to serve building occupants while system is out of service. 
4. 	 Analyze contents of septiC tank to determine if septage meets the WAC for discharge to the 

T A-46 SWWS Plant. 
5. 	 If septage meets the SWWS Plant WAC, pump tank contents, wash tank with potable water, 

and truck septage and wash-water to a pretreatment storage tank (TA-53-104S) for aeration 
and slow-feed into the SWWS Plant collection system. 

6. 	 If septage does not meet the SWWS Plant WAC, pump tank contents into a holding tank with 
2° containment and seek alternate disposal options. 

7. 	 Camera-inspect the inside of the septic tank for evidence of failure. 
S. 	 Visually inspect the leach field for evidence of failure. 
9. 	 Submit to the NMED a corrective actions plan to address system failure and site cleanup, if 

necessary. 

8-15. 	 Contingency Leachfield Location. Identify a location on your site map (Item 8-3) 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. 

At all of the 15 septiC tanklJeachfieJd system sites there is sufficient acreage available for a 
contingency leachfield (See Appendix A, location maps). Contingency leachfields will be selected 
with NMED approval, as needed. 

8-16. 	 Other Contingencies. Discharge Permits typically contain standard contingencies to address: 
• 	 violation of ground water standards 
• 	 spills or illegal releases of wastewater 

Propose additional contingency plans, if appropriate: Spills and unplanned releases will be managed under 
20.6.2.1203 NMAC. 

Closure Plan [Section 20.6.2.3107(A)11 NMAC] 

8-17. 	 Facility Closure and Post-Closure Monitoring. Discharge Permits contain standard requirements to address 
the closure of part or all of your wastewater system, as follows: 

• 	 cap or plug lines to prevent the flow of wastewater to septiC tanks 
• 	 empty and remove or backfill tanks 
• 	 continue ground water monitoring for at least two years 
• 	 enact contingency plans if ground water contamination occurs. 

Propose additional closure plans. if appropriate: None 
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Table 1. Septic TankILeachfield Systems, System Design and Permitting 

Design Flowsource: NM Uquid \l\aste Dispo sal Permit/Registration Applications for each system. See Appendix B. 

zrhis system was 0 riginally registered as T A-"6-175. The tank was replaced and the system was renamed. 

"This system was originally registered as TA-39-12. The tank was replaced and the system was renamed. 

system was originally registered as TA-36-007S. 

501 June S, 2006, LANLsubmitted plans & specs to the NMED-GVl.QB forthepermitling of this system. 

5"fhe seepage pits serving the TA-33-0031septic system are scheduled for replacement in FY2012. 
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GROUND WATER DISCHARGE PERMIT APPLICATION 

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. 

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. 

From Santa Fe, NM, take US-285 north to Pojoaque, NM. Take NM-502 west towards Los Alamos, NM. 

C-3. 	 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 at www.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. 

See Appendix A - Maps. 

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

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. 

Flood plain mapping by LANL shows that all septic systems are located outside of the 100-yr floodplain. 

o FEMA map or site-specific analysis attached. 

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

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. 

[8] NRCS soil surveyor site-specific assessment attached. See Appendix A - Maps. 

o Previously submitted. Submittal date(s): 

C-6. Geology. Provide information on the geology beneath the site by attaching relevant portions of geologic reports, 
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 
(Socorro). Well logs are available from the New Mexico State Engineer's Office at http://www.ose.state.nm.us/. 

See Appendix C (CD) containing the following LANL reports: 

1. 	 Hydrogeologic Studies of the Pajarito Plateau, 1998-2004 (LA-14263-MS) 
2. 	 2009 Hydrogeologic Site Atlas (LA-UR-09-3763) 

[8] Geologic report attached. 	 o Welllog(s) attached. 

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

NMED Discharge Permit Application, Part C, Page 1 
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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: See Appendix A - Maps 


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. 0 Previously submitted. Submittal date(s): 

I:&l Other. Specify: See Appendix C (CD) containing the following LANL reports: 

(1) Hydrogeologic Studies of the Pajarito Plateau, 1998-2004 (LA-14263-MS) 

(2) 2009 Hydrogeologie Site Atlas (LA-UR-09-3763) 

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. 

I 

I 

I 

I 

Discharge Type Permit Identification 

SWWS Plant NPDES Outfall 13S; Discharge Permit DP·857 

RLWTF NPDES Outfall 051; Discharge Permit Application DP-1132 

iHEWTF NPDES Outfall 05A055 i 

Cooling Towers (10) NPDES Outfalls 03A021, 03A022, 03A027, 03A048, 03A113, 03A130, 03A158, 03A160, 
03A181,03A185 

Power Plant NPDES Outfall 001 i 

Steam Plant NPDES Outfall 02A129 

Septic Systems (15) Discharge Permit Application DP·1589 

Stormwater from SWMUs i NPDES Individual Stormwater Permit NM0030759. 

Stormwater from construction sites NPDES Stormwater Construction General Permit Program 

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. NONE. 
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_r_~ ..........,.............~~~.V5 
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_~__. .. ..s.-l... "...""' L..~_~-... K!l.-!11..,........x-.~IOOC-'_"'- --.. ~ 
E41_ oo4 " ~*,,7C1C6.. 
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Lift-AlP 

Man Hole 

0 Man Hole-AlP 

Control Monument • 
• 

Pit• 
Plug 

0 Relief Valves 

• Sand Filter 

• Seepage Pit 

0 Settling Tank 

0 Shutoff Valve 

(;) Sewer Tank-AlP 

• Sump Pump 

• Tracer INire 

0 Treatment Plant 

• Valve 

0 Vents 

Location of Septic System 39-0132 
Map Crraltd B:t: BrlId McKown, EHV-ECR, GIS Tum, Mlren 29. 2006, Map 1IQ6..OO34-18 

t Sialt Pllne CoordINlI(! System 

NewlMxlco. Ce.n~1 blno. US Feet 
 ~.2. ' O. 20 """ OO F""c-~ l"_-.a.t 

l_~-,,&N ~s-Icei l'l~' '''' 
HAD 1983 DaIl.Jm P-_'R"' ",,",,= L""'-- N_~.ota .... .s...,.... 

~-""' l_-,,,,,,~ ,,,,,,OI .a.--.~""'_0: lft ........ N...w ~--,. .Ql s.~s.<-on~ 

"'--f. l ....... _~s......~E_ ... 2:I 


O'_ ...... La.tol_"'....... u_...,. IEH\I_ c...,. _
o 6 -12 18 24 ..........".G~.=_ l'Q:I:1
""""' _f".....--.... ........ _'--a....,. K$\. ..~ 

""""'- ......... L..... _ ......... s..-.;~r- .. 05
- - Meters 

- - Feet PMII '_' .. _ s.-u..~L... _ ........ ~-.-.1Ul 

... ....., s-....... ,.",....... ~_-..-...s.-~ 
o 25 50 75 100 ~ .. 1115 ... ......,20(16.. 

s.- ,- ""_lM""'- ........ 
~-,.. ICS. _ s-'l~ 
ntoo __. .......... _ ...._'"" ........ ... o,_ t .. c:..c..... '"",..."- ~l-",_ """",s-:~~~OS-...,lIIC$. ... IM _ .......~O'._ 


...--~-- ...-

• Septic Tank 

- Septic Lines 

-- Paved Road 

Drainage 

-- 2ft Contour Interval 

_ Structure 

o Former Structure 

o TA Boundary 

OLANL 

Other Septic Points 
Type 

<:> Cap

• Clean Out 

• Double Clean Out 

Q Distribution Box 

• Diverter Tank 

"''JC'~ 
O~ 

O~Q' 

Holding TANK 

Holding Tank-AlP 

0 Infiltrators/Leach 

0 Air Injection 

(1) Inlet 

0 Leach Field 

0 Lift Station 
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1755742 

1755578 

.V '"'" '"'" 
<D'"'" .. '" '" :f: 

TA-49 

Location of Septic System 49-0119 
M,p Crnled 6y" er~d Mc:Ko¥rm , ENV-ECR . GIS r".m. Maleh 29, 2006, Map -o6<OJ.L.21 

t S!;r,(e PIlI", Coordirwle Sy$.lem 
~..~. 2. 10. :O ..... IOO~C-__ l .. _ ....... 

New Iro44xloo , Cmtr.al Zo~ . LIS F"cl l ....-,.VU R......_ s-tc.. ......t "It 
NA.D 198J C>.11Im ~-~"""'----""--"Q.._~...........~L#..""_......~CIIJ-.xa.. 


~l_""' ''_''-tl.oUl.s..~_""""-,l,_.... _ _ _ ~~'--_:n 

DI-.... loo_--.... h _ _ ,.DN~~_ o 5 10 15 20 ...... O)_xm......t _ _ Meters '-Nolo .. ' ... ............ l ..~H..... ~..,.II(A..~ 

s.rw-...~ \....-.... _ ...__--.~£.-.. ... os 

_ _ Feet '-'- . .. s.- c.-~~.. ,foloo_~t__IlXSl.,,-~ 

... ~s-c.-.... ~l_..... _,,*,,- a-.~o 20 40 60 80 ~rlOI~UIO!IL 
.s.--u... .~l ...-... N_I._ -,.K$l $O~ ___ s.._.... 

J::". 
~Ole,s -if. 

e,sq CJ . 

riVe 
 '\ 

• Septic Tank Other Septic Points • Holding TANK • Lift·AIP Sand Filter 0 Treatment Plant 

- Septic Lines • Holding Tank·AIP • Man Hole 
•• Seepage Pit ValveType 

- - Paved Road 0 Cap (:) Infiltrators/Leach 0 Man Hole·AIP 0 Settling Tank 0 Vents 

-- Drainage • Clean Out 0 Air Injection • Con'trol Monument 0 Shutoff Valve 

2ft Contour Interval • Double Clean Out (:) Inlet • Pit 0 Sewer Tank·AIP 

_ Structure 0 Distribution Box '.0 Leach Field • Plug Sump Pump 

• Diverter Tank ••o Fonmer Structure 0 Lift Station 0 Relief Valves Tracer VVire 

o TA Boundary 
11I...._ .. _ .. _____... ...... .., .... O,__ ~_v_P-...""''''_ ~1._......._~~~~,..CItoJ_..ylOO5 


...... --... ...-c.s--..o.-... OLANL
~ ... ........ __ _ .........6 
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Location of Septic System 66-0003 
Map CraateoBo(8rad M~. EP..fRSS. G'CS Team . .l.".e 20. 2001 , M. foJ1-Q01S<16 

t Slate PI_ COoro.... c Sy.;I9II'I 
Nt'WM.J6to..~rtIZon• . US FMI 

. NAD l l18)~ 

o 5 10 15 20 
•• - -Meters 

_Feet 
020406080 

r........... u..... 10,_ "W.Ult'i '''OOIlU''~ '''' s.~ r..WI_. b. UIljlfl_P,.CI.,._.. ~ ... r"'ItI • ...., ",_.""""_,,,,1'1 l.o'II'IL 1:P-t:ASS 11.111 


o Septic/Holdlng Tank Other Septic Points 

- Septic lines • Clean Out 
" -... ". 

-- Drainage • Man hole 

2ft Contour Interval • Seepage Pit 

_ Structure 

-- Paved Road • Double Clean Out 

D Former Structure 

D TA Boundary 

CJ LANL / 
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Location of Septic System 69-0010 
Map Ct¥allld By. BraOMcKcrrm EP-fRSS. GIS Te\Jffi . ...lJ1y II . 2007. MtIP 1f()7· 0)15-?1 
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N,Al)tgro Dall.wn 
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o SepticIHolding Tank Other Septic potnts 

- Septic Lines • Clean Out 

-- Paved Road • Double Clean Out 

-- Drainage • Man hole 


2ft Contour Interval 
 • Monument 

0 Plug _ Structure 

• Seepage Pit-ABIP 

D TA Boundary 

D Former Structure 

• Septic Tank-ABIP 

O LANL 
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Septic System 58-0052 
Depth to Ground Water =1195.39ft 

Septic System 69-0010 
Depth to Ground Water = 1183 

Septic System 49-0119 
Depth to Ground Water = 1193.11 

LANL Septic Systems Depth to Regional Ground Water 
Map C,..,led By' Brad Mc;Ko......". EP·ER· ET GIS Tum, May 6, 2010. Map .10-00«),,01 

'AH. ..._U_ • ..r O"-"'•. l ... _"'-_t_....Jl.Wt Stale PI",.. Coordna!e S~lem ~ 1 ........ --.G_.I~_~PIII_"'IIO._:I~ 
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~ _~.t(AO 196:J OM"," 
s. P'Io ...... .. ~........ G_."".. r::""'.... 1'Io_f Cllll<>r. " 

...._ ·:;QiJ.I ..... PoItik.. 6Io 000:_ ](QI.. 


pg.. F_......... s.-... lJooo S"'~.... L.. ~_u__ JI. 

0I 11. 5(,.s-.. ........... "--.. Lo<..... ~ "'~~'" 
o 0.75 1.5 2.25 3 J_W'f'2OOll."" ~I 2I ...y2tol. 


_ _ Kilometers 
 IllefllOO :oi:Go_I _o.,.e.. loI_.H......, .... _--" l'n _ 
€I"'--... s.co._G>_. lDDl~""'... "' '''''' l\XIII ___ _ Miles 

o 0.25 0.5 0.75 1 

,...... .... ___....."... o,...""_.. O,...... "."-..,.._"'a._M_.. ~_cf~ _~.._..... ,.. _-----
o Septic System -- 100ft Water Table Contour D LANL Boundary 
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APPENDIX B-REGISTRATION/PERMIT FORMS 

TABLE OF CONTENTS 

# Septic System Name NM Liquid Waste Reg/Permit No, 

1 TA-15-0205 LA-21 
2 TA-15-0569 SF890589 
3 TA-16-0178 LA39 
4 TA-16-1194/1195 LA-38 
5 TA-33-0031 LA-32 
6 TA-33-0096 LA-34 
7 TA-33-0161 LA-44 
8 TA-33-0179 SF89032R 
9 TA-36-0274 ES030243 
10 TA-39-0132 SF890024 
11 TA-40-0025 LA-46 
12 TA-49-0119 LA-50 
13 TA-58-0052 NA) 
14 TA-66-0003 SF880258 
15 TA-69-0010 LA-12 ..
"'On June 8, 2006, LANL submitted plans & specs to the NMED-GWQ8 for the permitting of 
this system. 
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lID R.llltr.tIOft Numbe, 
"REGISTRAnON LA·itG-~ OF AN UNPERMlnED'~ J~~:!!!:!:-!I~.~!:!liE·,~. INDIVIDUAL LIQUID WASTE SYSTEM'- i'- ........... ....... 


'Y~S~T~EM~O~W~N~E~R~·S~N~.~M~E~.~u~~~.~f~~~t~.~nd~M~~~.-------------------------------,~H~O~M=E~PH~O~N~£------~~~~~~---
'D.S. Dep.rtMnt of lnerlY Lo. Alao. Are. Offic. 

IWLtNG ADDRESS· St,.."'.0 101. Cltr. State .nO ZIP COde 
Lo•.Alao•••IV Me:d.co 87544 • 

.oc.TION OF 5VSTEM. treeslddrlSl. and def.CtIOnS to 'It. If nftd.d 
tA-15-205 875 1105 

)ATl OF SYSTEM INSTAL~TION 

, . 
....: TINs Ionn. UIIfd to ""Oldittform.tllOn (once""", ,ttdMd".'liquidw.'" _."., wive" ....,. il'tlt'.1Iy 1"".1IfHI wifftout • ".1Id flD ~"r", It, 

iI'Il.ndect to M......... recordoft,.. syft.",.......""•. WffII.,",.nyOrt.'" .Do"r ICJ (onsttUCfi9n •• "'... be .".".,. .t tIw t",... but'" ItO "".W 'S If • 

COMftllfHl•• 1M • ,"'".,.",of• ~rmit, "tM"....", is to be modif_or.",."........tmIt' millt be obt.,Md. 

IUILDING USE AND DESIGN FLOWor 

.....O.nt..l: 0 Smile f.mlly. WIth 

BLDGS. 185. 186 (lESEARCH , DEVELO'PHEIT)AIIOtMrs: 

R"ra.ntl.1 _________ 160 
1MI1I"I0t' ofJlZIItfI ,,"Irs "mes flOlllt per SlI.ng "IN, 

SITE INFORMAliON 

w.t.r Sources: or DShittea 

PllltO.t.: ______.....___ 

D Off-slt. or E]PUblt' 

SUlt.OI. Are.: oSiooes o.,.r ~5~ 0 Rock outcrops D ,"',.tIO" 

Rock. calcft4t. or tlllhl, ...,.""••l::IIe m.ter..1 

D COIne \and 
Otlr.v.' 

II. SYSTEM DESIGN r:J ~r·~r'~ _______________c'-__________________________ _ 

605 


L••m.nl Are.' Tr.ndI", a.a 1200 • wrath 

,,,,,..,e"'tt.pptOllllN") 

.( • 

""",,". or #" ~.• 



I:..· , 	 'age2of2 

.' 
" IV. 	PLOT PLAN," Diagram the liquid waste system (birdseye .yiew)_ Show setback distances to property lin... 

buildings. water lines and wells, other liquid waste systems, ,anals. arroyos. watercourses. and lake, Include 
the following landmarks within 200 fMt of the system: '. 

(. 	 a' proposed and/or existing buildings. driveways, water lines and wells. and other liqyid waste systems; 
b) the direction of groundwater movement, location of any surface water, irrigated areas. arroyos, rock 
outcrops, or sloping ar..; '. 
c) property lines and dimensions of the parcel where the system is located, 

''"CJ. 
"01 	

TA-I5 

) •.... 
. /,-/:.- I 

~ -" " 

"·f.:~1 

'" .',', .. =. . 
-- 4- DIAl" 

• 
I 

-- I 
I 

I 

. I 
J 

•
I 
t 

,. ,l 
~~d /'" 

+ 
" ..'~, Ir.) 

TI~'i <.:.,. ~_ ../ / '-.---.Y + 
V. FURTHER NOTES. Include any further information which may be pertinent. 

VI. AFFIDAVIT. The foregoing information is correct. complete and true to the best of my knowledge. I understand 
that registration of this system do.s not reheve me from complying with'" applicable proviSions of the New 
Me.ico Unifo mbing Code an the Ne~Me.ico Liquid Waste Disposal Regulations. 

ne, 
/-2.t"-t7

Oite 
•• 
VII. £10 USE ONL't 

The Information recorded on thi, form Indicate, that the synem described apparently ($ MEETS 
Ci DOES NOT MEET the requirements In effect at the time of its installation or the requirements of Part 2 of ~hf 
current LIQUid Waste D.sposII RegulatiOns. whichever are 'en stringent. IA 'avorableJlldgment on apparenr 
comp',ance does not ce".fy the 5t'5r.m s fllnc"onal ad.quacy or acrulll comp"anee w,th tlte ,elllll."ons ] 
In no way is the owner or user of this system r heved of (ompl ' g with the Liquid Waste Disposal Regulatio", 

( 	 . [). b-q-$7 
~~~~~m 	 ~~ 

COUNTY HEALTH DEr-ARTM NT 
P.O. BOX 30 

lOS ALAMOS, NEW MEXiCO 87544 
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(oMv.ortiOft PERMIT .....UMIift 0I0bI0I\ 

PloTt Of NEW MEXICO TO INSTAll OR MODIFY 
EflWitGMllftlal AN INDIVIDUAL LIQUID WASTE SYSTEM
"",,","'_""'ilion 

EIO Permit Number 

aD 'ermit Number 

SYSTEM OWNER'S NAME· Last, First and Middl. IHC?ME PHONE IIUSINESS PHONE 
_U. S. Department of Ener2Y L08 Alamos Area Office N/A 667-5105 
MAIliNG AOORiSS • Str ..tiP.O 80x. City. State and Zip Code 

L08 Alamo. 
LOCATION OF SYS

New Mexico 
TEM. Stre.t MdreH, 

87544 
and directions to SIte If n,aded ICOUNTY 

TA.-15 'Rvtf ...""t- .... t- Facility L08 AlamosISUBDIVISION. block and lot ITOWNSHIP-RANGE·SECTION 

L08 Alamos National Laboratory NIA MIA 
INSTALLER'S NAME AND fiRM IPHONE 
Not Yet known 
MAiliNG ADDRESS· StreetiP.O. 101(, City, State and ZIP Code 

C.I.O. License Number and Certification 
MM·1 MS-1 D MS.]o o MM·'. o 

DIRECTIONS: Complete this form following the instructions on the reverse sides. Return to the Enviromental'mpro ivision (EIO). EIO will review 
your form for environmental items and silln the form. Talce gr mail y'our form to the closest Construction 'ndustr. 0) p,lumbing Inspector. 
tiD will review the form for construction items and sign the form . .ofter receiving a SIgned permit from both th ,I Hyour system and call
aD 'and EIO if reouested) for a ore-c:over uo insoection. 

I. BUILDING USE AND DESIGN FLOW 

Residential: o Single family, with DMultiple family. with ---~~'1)o. 

All Others: 

Gallons per Day: Reside~tial _~~Ni.\,j/t.;A~_~-:-__ All others 
(.ee instrur:riOM) . unit 

II. SITE INFORMATION 

Water Sources: [i] Off·site or Don-site [iJpUblic or D Private DShared 

Lot Size: NIA Note: Attach proof of platdate if claiming exemption from Table 2 (back of form) 

Suitable Area; >0.33 ac. DSUrfacewat,r o Slopes o"er 15" D Rock outcrops 0 I"itation 
.qu,rre 'Mt orac:reJ 

T/!t; 1: 4A... 
Depth from Surfaetto: Seasonal high water table 12QO ft. + Rock. caliche, or highly permeable matlri.1 .. f E. , 

inches or (wet inches or feet 

SOil Type: 
(.fee imt/'uctiom) D Coarse sand 

orgra"el 
D Fine sand 

D 
Sandy loam or 
sandyelay ~ 

'(laywith 
considerable' 
sand or ~ra"el D Clay with small 

amountof 
sand or grave' 

III. SYSTEM DESIGN 

[i] Septic tank 

Size 1000 gal. Manufacturer Not yet known 
cap.ICiCy in g.1Ions Or g./Ions ~,d.y 

(10 trenches at 20 ft. each) 
Leaching Are.: Trench or led 600 • width, 3' X Ilength ___(ftJ + ___(ft.) + _(ft.) I 
esee Instructionsl square feet ~ . trench' tl'enc:h2 tnlnc:hJelttc.) 

Other - .rpecify • _~N~t....A,,=--:- • NtA 
•quaref••t 

3611Depths: Gravel below drain pipe 12II Ground surface to bOttom of leaching ar•• min. 
inches or (wet InchesOf' "et 

EIO retain white copy. CIO yellow, hom.own.r pink Page 1of 2 



.' ' ... Iofl ' 
IV. PLOT PLAN. Diazram the liquid waste sYltem (blrdleye view). Show Htback dJatances to any object. in Table). Include the 

folJowin& Jandrnerlq within 200 feet of the .ystem. ' 

., •. ., propoMCf and/or exlstlns build",,, driveways, water Unes and wel.ll, ott. 11qu1d w..... sy,"'ms, and space for a 

'J , rep.laC4lment field, J 


'. b) direction of aroundwater movement, any surface water, Irr.ated &nUt arroyos, rock outcropI or s1op1n& area, 
d P(OPeI'tf Unes and dl~lona of the parcel where the .ystem 11 to be located., " "':;" .' _ '. ' 

, ·tt;, '" ,.. ,,,N 	 ! 

j 	
,t! 

, 
.,. ~ 

< • ..... ,tf' ,It 

,.. 	 " 

" ~ 

(Please see attached drawing) 

..•. 
" '.' 

.. :., 
t':·, • " 

p. " • ,'wi .. ~ • • • 
" ", • , • : C. ~ •• 

.~.~. (I 

" .. ,...., , 

~, 'U "'J«I<' • I:; 	 e 
-~ .. ' r:'!......·I"I .... '. , 

~ " '4- c: ." "'". , ...... ,...... ...~ 

I 	 •. 1- ':.'" ...... n· '", ~ I :":""~ I' 

~.! ••ll.... ~,' 
• 1 

.', 	 • ., ..... '. ....~." 
.'.' "t ~" 	 ,.... 

~* ,"'.,. 	 ./':;";, 
v. APPLICATION. The foreloin& Information Is correct ancl'true to the belt of my knowled&e; I undentand that the lsIuin& of 

the permit does not relieve J:IIe from the ilitles of comply with all1PP1Icabie prowl of the New Mexico 
, Uniform Plumbinl Code and the New Llquld W.. .tiona. ...., ' ,

, 0 OWNER 0 CONTRACTOR. 	 /4 t; 1"1 
ture 


James R. Anderson . 

VL • lID PERMIT. It. permit for cona~WLAfq1iftJ IaIVilii-t system .:.a.1bed herein It hereby. 


~RANT~[l..wnE';M..cTTO.CONDITIDNS ODI!NIED~ ~Mut...~ \Sisal", 
..' .. :...', CONDITIONS.' Failure to meet the conditions of thll section invalidates the permlt~ and 11 uject'to enforcemen1o~ or , ' 

-can for an installation inspection by Em prior to s"teat cover-up if the fol_ina boa 11 chci!Cked,D. Phone No.._______ 

va. aD PEIUIlT. It. permit for construction of the liquid waste dJaposall)'Stem described berelft .. herebYI 
~ .:... '; ..," " 

. 0 GRANTEDDGRANTBD SUBlECT TO CONDITIONS DDENIED'=~=~__~~___"",,~~___ 
CID SiiMture '..!.:.. - Date 

. .'. 
CONDITJC)NS. Failure to meet the conditions of this sec:tIon inyaUciat.... permit, and Is IUlaject to enforcement. 

"I 

VIIL INSPaCTION. The priyate HW&le disposal S)'Item described herein 0 ~tIO~ not meet th~'_ and"c;onstructlon 
requirements of the Conltruction Industry Commission" New Mexico Uniform Plu;mJ:Iina Code. . . " .' ". ''. 	 .... .- .... 

CID Sianature Title 	 Date 
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PERCOL.ATION RECORD SHE Job ~.o. ES&-llS':' 

".,."';'4 ..:::1't. c.. _.-~.~' 	~-,.. ~~.t FOR INDIVIDUAL. 'L.OTS'! ":" _JJ l_.._1aI
• 1'"1f'j'f''::' ..... ,.......,., DIYiai...
----------------------------"" 


1. 	 Pr'Plrition of Percolation Test HoltS - Percolation test holes shall 
be dug or DOr.d with vertiCil iid.s and .. wldtn ot tour to tWI:IVI: 
inChes to tn. deDth of the Dror:lOHd dralnfield trenCh bottom 136 
inch. minimum _rIIJ. Clr.fully lC,ltch the SIdeS of tn. hoi" to 
disturb .ny smllred surf.CII. In d.v and loem $Oils. two inct'les ot 
fin. grlVtI should belddld to DrottClll • bottom of ~ percoll
tion tlst noAts from ..dimlnt. It sure 100.. $Oit mlt.rills .r. r., 
mOVflf from tn. nol.L Two tat I'IOlft .r. reQulr.d 50 fttt 'Dlft 
in 11'1. proDOlld Clrllnfielcl .rll for individu.' lots. 

2. 	 Sltumion.net Swell"" of Soil· P.rcolltion tlSt hOlts sh.1I be 
filled with wlter .nd utur.Utd for. minimum of four hours prior 
to tlsting. OIV'y soill should be ututlt.G ov.rnight. II should 
soils tuttd during th. dry ....on. 

3, 	 '.reolation ...,. Metlurtlfttl'lt ' From. fixed reftr.nClt DOint. 
m.flUr. the dlSunc:t from In' lIl'ound surtlCe 10 the DOttom of 
1ht hoA. end to 1h. WlUlr 1U"1et. Adjust 'Ch. WlUI, l.veI 1O.po 
proximately lix in~ .bOY. 'Ch. bottom. In undv soil•• mttlUrt 
th. waUf l.veI ,"ry ten minuta for an hour 11..'01 fO lilt iN:h • 
• IttIt:-'YJ. Divide an bV Ih. inches of droD in 'Che la' Uln 

minuta to find 1ht percolltion riUl. In ti9'l,.r soils, m.flUre 11'1. 

drop in WltIt IIVII IVIry 30 minutes tor four hours I,.(UI to $ilt·
i_1_.~tyJ and divide 30 bV Ih. inct'lll of drop duri", 

th. lest 30 minuUII to find 11'1. perco&ation rite. Record Ih. times 

and rudi,. below. 


4. 	 Ttst HoI. Numbe, 1 Tift Hole Numbe,2 

TIME WATER DEPTH TIME WATER OEPTH TEST HOLE HOLE OEPTH 

12:20 32" 12:28 29-1/2" Numbe,1 

12:45 32-3/4" 12:58 3O-1I2" Numbtt2 

1: 15· 32-1/2" 1:25 30" PI.COLATION 
RATE 

1:40 32-1/4" 2:02 29-7/8" 	 'min linch} 

2:15 2:25 	 Numbe,1 

3:15 33" 1:13 31" 	 Numbe,2 29 

4:16 32-3/6" 4: 17 30-3/4" 	 AVERAGE 

Filled 1:0 32" &fur each Filled 1:0 29-1I21t af1:er eac.h 

• ----;eadinl readiua 


J. Ma,c:Ken;1e 

DOwner DContrKtOt' ~Ott&., '#NICif'l SerS"'" Ha,,'kin s .1f BerkTd rh 

5, 	 Location of Prop.ny: H¥drn",sr 1:'1r1n; S4 re 

Owner: ______ ______________~OtIt;
DM·O_.~£~.________________________________ _ 

Address: Los Alamos. ~ 

8. 	 R'POrt Revi.wed bY: _________.......___________________ \". 


Ti1l.: ______~_______________ DIUI: 9/28/88 

liD 011 ""'UIM! .,.0 	 ... 
n-.': 
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Septic Tank System Design Calculations 

- Los Ala~os National Laboratory
TA-15 Hydrotest Facility

October 24, 1989 

A. General Information 

TA-l5 Hydrotest Facility 
Laboratory Building (Sanitary wastewater only: 
etc. )
Building occupied 8 hours per day 

restroom, 

10 persons at 15 qpd each • 150 gpd 

B. Septic ~ 

From: EIO Guideline. and Manual of Septic Tank Practice 
Septic tank volume - (1.5) qpd • (1.5) 150 - 225 gal. 

Use: 1000 gal. capacity 

C. Absorption TrenQh 

From: EID Guideline. 
Leaching Area - qpd 

Perc. Rate - 36 min/in
/p,rc. (0.32) - 150 ~ (0.32) 

- 288 sq. ft. 

From: Manual of septic Tank Practice 
Leach Field Application Rat. - 5/ !Perc. - 5/ tnr 

• 0.83 gpd/sq. ft. 

Leaching Area -
• 
• 

qpd/App. Rate 
150/0.83
180 sq. ft • 

use: 600 sq. ft. 
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APPUCA110NFORAVARIANCE , NMED ' 

FROM THE REQUIREMENTS OF THE 
 5&ERMIT .MB~

UQUIO WASTE DISPOSAL REGULAnONS 

ti ~liieC::B~, liiit 

r 

(!3P5) fc:a6£ 3SQ7 

~MLOt'fk'~A~" 4Q'1 L.,..OS P<~ L.JfY'.. 

I henll7f apply to the New Mexico Envlrorvnenl Deparlment (NMED) for a variance to the AlqUlrement(a) oflle UqUd Waste DIsposal Regulalanl (20 
NMAC 7.3). I belJeye frat the Issuance of. variance ta the requested requlrement(l) wi not _din the degradation ofany body of water or_ • 
hazard to ~bIc health, and that the proposed syatam wi! provide erwlroNnental and pubic heaIIh prolIdIan It lent equlvalln to the mInInun 
proIect1on fl!qlJhd I7f the tecUon from which Iam reque_ a variance. 

Section of the Uquld Waste Disposal Regulations from which I am requesting • variance: ZO.J~3.'. 8$ 
" ":"'4J X'APll.E """'., 2O,j.;,3QO.p.CI).' 

My proposed variance submission data 1s:.__ a:."';'(:"--Ioa='l,,-.a...l-'eo~eaoOlil-________________j~\Ii.J.,.... 

Requests for information aboLd the requested variance and comments may be submilled 10 the NMED field otrace located: 
c;r • ..."..,........ Di""""""'GnN Phone: f3.,2: 0=450 

AI adjac:enl property'owners,IeISS than 1,000 feel tom the lqutd waste system, have been notIIIed by: t.VA. ~L- OW N 'l& £:;Jt...Nb 
__~mil, _ doer» door, ofmy InIant to apply for this vadance. AtIac:hed 18: ----,. copy of the notIIi::IItion letter wilt certified maD 

receiplB, --=-.lSIgrature sheet with ,document provided. ~"\-\~~, . 

Applicants StgMtUI1!: It submission: , .~92.:~....... 
NM~D ACTION: 
The Department W!l1ake action on this varian"e application after a minjm~ often (10) but not .later ~n twenty (20) working 

. days foBowing receipt of the completed variance aplic:ation.. 

Date completed variance application recelved: __________________ 

, The Department "s reviewed Ihe request for • variance and I appears that the PQPO&ed system wII_MEET _ NOT MEET !he 
reqLll'ements for granting a variance as specilied In Seclion 202 of It1e LIquid ~ste DIsposal RegUlation!l. '. 

The vatiance Is herel7f: . ~ranted _ Granted subject to conditions _ Den... 


CMd~,_______________________________---------_________________________ 


Reasons:- l"~ (7":-~:<'" '··~'I.",.e ..'/';"ti~~t(.:: l~li;'~ -.2JCl ..t~··"/ic' .... · 
~'( . . 

The variance wi! ~ eflecll've for Ihe/fo~ periOd ofume: • . . ,'\'..,.' 

NMEDSIQ~: :t:3! .t1-.(.··4d'-« ,/ Date: :='1 ~: ,-"i;m~FIIWMEXJCO . , 
Dale NMED nollllcl: Applicant' . ..;;/ ,,' ~I . flMlIJtIMalr D£PAR'rBr 

. : persons making a tnIlen 15UbmissIon coraceming this variancnppllcaUon: : . ..,. 

The Applicant may request a hearing In aCcordance with Section 203 of the Uquld Waste Disposal Re!lulatio'1~1t iVillllJJlI 

the action taken by the Department The request must be made In writing within fifteen (15) wn,rtn".... 


Department's decision~ 


Revised 2196 

http:2O,j.;,3QO.p.CI


.
State ofNew Mexlco 


ENVIRONMENT DEPARTMENT 

Field OperlltioIU Divi6ioll 


District IV- RDmeIl Field ()jJke 

1'14 West SecondStretd 

~ New Mexico 88211 

Telep1wM (SIS) 62UlU6 


BrU RlC1lAll1JS()N 
~ 

F_ (SIS) 624-2123 

August 12, 2003 

Steven Rae, Water QuButy &. Hydrology Group 
.Los· Alamos Natioual Laboratory 
P.O. Box 1663, MS K497 
Los A1amo~ New Mexico 87545 

SUbject: Notice orAction Taken on Liquid Waste Pennit #1243 and Variance 

Dear Mr. Rae: 

This letter is notification ofthe Environment Department's action on your Liquid Waste Permit 
Application with a Variance from the requirements oftbe Liquid Waste Disposal RegulauQllS 
(LWDR). The action taken is based on the requirements stated in the LWDR; evidence submitted 
by you or your agent; evidence from onsite inspections, previous Liquid Waste Permits, 
correspondence; information ,from other governmental entities such as the Los Alamos County 
Cleric, Assessor, plumbinglelectricallbuilding inspectors, code enforcement officers, and others. 
The purpose ofthis action is to protect the public health by preventing exposure oftbe public to 
health huards and preventing the degradation oftbe waters ofNew Mexico. The proposed system 
is evaluated to ensure that the granting ofthe variance will result in protection ofpublic health that 
is equal to or greater than the minimum protection provided by the variance requirement. 

EVALUATION INFORMATION 

The following j nformation constitutes the basis ofthe action taken by the Department on the Liquid 
Waste Permit with a Variance from the requirements ofthe LWDR. Allatiachments are 
incorporated into this permit and are a part ofthis pennn: 

I.' The legal description,is: TA-36 LANL 

2. The submission requests a Variance to the LWDR 20 NMAC 7.3, Section 300 D. 1. 

3. A complete Application tor a Liquid Waste Permit was submitted (attached). 

/ 
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4. 	 A complete Application for a Variance From The Requirements ofthe Liquid Waste 
Disposal Regulations was submitted (attached) 

S. 	 Justification for a liquid w~ system variance was submitted (attached). 

6. 	 A system description was submitted (attached). 

8. 	 A diagram ofthe property was submitted (attached). 

11. 	 The Public Notice sent to adjacent property owners by certifi.ed mailed wu 
submitted - Not required. 

12. 	 A contingency Plan for system failure was submitted (attached). 

PERMIT APPLICATION AND V ARI.ANCE COMPLETENESS 

The application for a Liquid Waste Pennit and an application For A Variance from the requirements 
ofthe Liquid Waste Disposal Regulations were determined to be complete on 
Iuly 11,2003. 

VARIANCE ACfIONS TAKEN AND CONDmONS· 

The following are the actions taken by the Department and required conditions to the Variance: 

The variance is APPROVED with the following conditions: 

1. 	 2nvironrnental Protection Conditions: 

a. 	 Ifconstructed and operated in accordance with al requirements and conditions of this 
permit, the proposed liquid waste system will neither cause a hazard nor degrade a 
body ofwaier. 

b. 	 There shall be no suIface discharge to the ground from this system and ground water· 
standards shall be met as set forth in this permit. . 	 '. 

c. 	 NMED staff shall have access to the property during reasonable hours to examine the 
system for the duration ofthe variance o{ during the lifetime ofthe system. . 

d. 	 Nl\1ED shan inspect the system as determined to be appropriate and to ensure 
compliance with the LWDR, permit conditions and manufacturer's instructions. 

. 	 . 

The owner or his agent shall record this document with the Los Alamos County 
Clerk and submit evidence of the recording to NMED Espanola Field Office within 
10 days of receipt of this letter. 

2. 	 Installation .Conditions: 

http:certifi.ed


.' 

The system will be installed in accordance to the design and with the equipment stated in the 
submission as attached. 

a. 	 The designed intermittent sand filter system COJlSlitutes an in-ground sand filts'; 

b. 	 There will be two ISF beds @ 82 feet 6 inches by 4 feet 6 inches with 2 feet 6 inches 
ofsand media in the bottom ofeach trench. 

c. 	 ISF Beds will be ahemately dosed by automated valve to regulate the dose per bed. 

d. 	 No maintenance or monitoring is required. 

e. 	 Existing research indicates that 2 feet ofmedia win provide for a high level of 
treatment including pathogen reduction. 

4. 	 Teimination Conditions - The pennit shaD immediatel)' become null aDd void: 

a. 	 When public sewer becomes available, 

b. 	 When the system fails, 

c. 	 When modifications to the system meet the definition stated in the LWD~ 

d. 	 When the reasons for the variance no longer exist; 

e. 	 Upon sale, or exchange ofthis property (A new permit must be obtained with 
each new owner or exchange ofthe property); or 

f. 	 Upon misrepresentation ofor for failure to disclose or provide information required 
this permit or the law. 

g. 	 Failure to follow the installation in accordance with the equipment stated in the 
submission ofthe intermittent sand filter design. 

PERMIT ACI10NS TAKEN AND CONDmONS . 

The Liquid Waste Permit is approved on the condition that all laws and regulations and conditions 
of this permit and variance are met, Failure to comply with all necessary regulatory requirements or 
conditions of this permit and variance constitutes grounds for permit revocation, which may occur 
after notice of revocation is provided to the Applicant by. the Department. 



., 
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Ifyou have any questions or comments, you may contact me at the address and telephone number 
stated above or your Jocal Environmentalist at the following address and phone number. 

Sincerely, 

~~~ 
Division Director 

Fie1d Operations Division 

New Mexico Environment Department 


cc: 	 Cecilia Wil1iams, Manager District 2 

Barbara Kitay, NS 2 Manager . 

Brian Schall, Environmental Specialist 

Darwin Pattengale, Manager Program Support 

File 
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PERMIT 

TO INSTALL OR MODIFY 


AN INDIVIDUAL LIQUID WASTE SYSTEM 


Los Alamol National Laborator 
INSTAUlR'S NAME AND FIRM 

(To be determined later b 
MAILING ADORUS· St, ..UP.O. loa. Cit" Sta .. and ZIP COCIe 

Area Office 
HOMEPHONI 

C.I.O. ",,"n,. Number and CertlflCltion o MM-1 o MM-tl 0 MS-1 OMS.) 

I. 

DMultiple IImll1. with _~~_ with 
IIItIU 

Office Buildinl (10 person. at 15 aDd each)All Others: 


Gillons per Dar: 
 Allothttn 150 gpd' 

ftIImbt, 0'IizinfulliU tim.s Now1M'liIi,., un,t 


II. sin INFORMAnON 

Wlttr Sou,ces: OSha,.or [i]PUbIiCDo...... -

DIRECTIONS: Complett thi' to,m followin, the instr"ctlons on tht reverM sid.s. R.t",n to the '"vi,om.nUllm"ov.mtnt D.vl\ion (EIOt. EID Will "VI,W 

~ 
ur form for env"onm.ntal itemSlnd Sil" the form. Take p, ma" 1.0'" fo,m to the clOitst Conat,.,ctIO=""'.tS D.v.slOn ICID)~."mbln, .nsp.ctor.18 will ,tVleW the torm for construction ittmSlnd ,ig" the fO,m. "ft.r It"IVlnl a ,,,n.d pt,mlt from the 110 Ind CID.IftI'Ul1I ,our s,sttm Ind cllI 

Clnd EID tf ',o"t,t." fo, I Drt-COvtr liD ,nSDtctlOn. 

BUILDING USE AND DESIGN FLOW 

Lot Sil.: NIA Note: Afttch proof of plM ab ifdaiminl"."'ptiOft from T.bl. Z(!McIt of form) 
...,.,. fH,or.Rlel 

Suit.bI......: >0.33 acre DSUrftcltw•• oSlopes over 1'" 0 Rock outcrops 0 "',,1t1Oft,.,.,. ".tor ICI'eI 

S••IONI hig" Wit., til.... 1IOct.Clliche. or highly perme.ble ",.t.,ill &.>.=:8~f..l!t_....,~_
Inchaorfnr 

C'IIywith O CII, With tmlll
SoUy,.: D C..rMlind [i] JiM lind D S.ndy ..... or considt'''' Imou"tof 

{He iftICIuctianI,J _gr.veI lind,., O saM 0' ,r.veI SInd or1,.".1 

1ft. SYSTlM DESIGN oOther-,,*", ___--_______ 

Manuf.cturer ______________
Size 1,000 ._1. 


up,Jcity ill.,....or""..,.,., 


Tr.nchorl. 75 • wiIddI ~ x....... 40 CftJ. 40 CflJ. _(ft., I
....,.1Ni ____ nIICIIl ""iiiiiJi"'J mtICIa J {.tcJ 

• 

lID , ...in whit. cooy. 00,.110.. hoMeown., pink 



,." 

• 	 " ." ,.Iofl 

PLOT I'LANo DJaaram the Uquld .,.... I)'ltam Cblrcbere view" Show ....de diltanca 10 MJIllltJei:t.1n Tab.. 1. Include the.' IV. 1..-1nC landmarkl within 200 I ..t 01 the 1,1'" 	 '" /",,'"
a) prtpOleCl _,. Uilt1n& buUdinp, drive.,a,.. wa... lIMa and ............ liquid w.... I,..... and IPICII lot a 

'~Jacemenl lleIrda . . . 

ta) dlrlCtlDn of .,........,.t., movement • .,., ..fila w.ter, Irript_ ...... arl'OfOlt ,ock outer.,.• tJoplna ...... 

d "'CIpU'tJ Una and d1mena1ona of the parcel'where the 1,._ II to be 1Dea_ 

N 

1 (Pleale lee attached drawing) 

Y. 	 APPLlCA11ON. the loreloi. information II correct and "ue 10 the _t0' mJ know..... I IIndentaltd Nt the ilauin& at 
the permit "I not reUe.e me 'rom the re,ponsiblUtla 01 comply", wIth all appllcable pro.lIJonI oJ the New M••ico 
Uniform PJumbil'll Code and .. Ne., Me~~DlJioMa ......t ..... 

~ OWNII. 0 CONTR.ACToa54<l~"C ........ I_Itl. - 8'" 

$ipature Harold B. Valencia. Date 

YL 

Area Kallaler 
!ID Pl.RMrr. A permit for c.nstNCtlon of the II", ".Ite dilpolall)'ltem HIiI:rit;1d 

-Cali I.. aftlnltallation inlpectlon.., EID ..._ to 1,1_cove,.... U the JoUo.,lna .. II chckIdO....... No.______ 


YIL CID PIIUIII'. A permit ,. CGnIINCtIon oJ the U.,ld .,.... dilpolal.,.tem ........... henan .......,. 


oGaAHTlDDGIlANT!D Suel~ TO CONDnlONS ODINJIDCID==,or.Siifti~....~--------'&~te---
CONDITIONS. Failure 10 meet the concIltIoM oJ th1l MCt10n IM.,,__~,Md ....Ita 10 ~....... 


va 	 INSPECTIDN. the prl".te ..w••e dllposall)'ltem deter..herein 0 meeta 0 ... 1'10' mee' _ desllft and COIIItruCt*, 
requiremem.1 01 the c:..tructIon hluatr, CommlJllon'l New Mellice UNform Plumb.. Code. 

ft .... _•• ~t 

http:MJIllltJei:t.1n
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REGISTRAnON 
, __III 

INDIVIDUAL UQUID WASTE SYSTEM_I.'__~ 
5V$.!IM OWIII£I'$ III.o.MI·I.t". F"lt and MICldle 

u.s. DepartlleDt of ~.rlY Los Aluao. Are. Office 
l"'OMIPHOIII~ 1

8U5;NES5 ''''ONE 

(505) 667-5105 
MAII.ING .o.ODRISS· StrHvP 0 10', (Ity. Stat. ana :Z1~':Oft 

LOI Al..I. Rev Me:dco 87544 • 
LOCATION OF SYSTEM· 't'Nt AGelr.",••no dlr.ctlons 10 Sit. It ""Clect 

TA-40-25 RIO E35 
0.0.T£ OF S vST£M IN1HALLATiON 

1949 . 

ICOUNTY 

LOl AlamosI~U80IVISIDN. blOck anolClt ITOVIINS..I'.RAt."G£,nCTION 

INS~ALL£RSNAMEAND.IRM , 'hONE 

MAII.IIIIG ADDRESS· Str.u" 0 10•. City. Stete .nCl ZIP COd• 

......: nilS for". II .,.. to ,.cordmtonn.t'OII COM.''''", ,rtd/vidu.'liOUitlw.... qn."', w#ticll ...,. 'nI"."y ,"Sf."N Wlfllovt • v.'1d110 P.,.".", If 

mf.rw:JHI to .nI..,. '.cor"of tAt Sf...".', ••ISt.ne., ""rll.sm.ny .r.," .bollt'fJ COf'ISf'II"'OI'l.S "'.y be .".,I."" ••t tN tim., o."r In 110 wa., 'S If 

cO"R'uHl., til• • OU'".,.", of. Perm". ,f'N Sylt.m IS to be madl"." or .",.".eI... Perm,t "."..be oOr.,N(I 

I. BUILDING USE AND DESIGN FLOW 

o $.n91• fal'l'!.ly. With 
beCfrooms 

BLDG. 11 (RESEARCH 6 DEVELOPMENT) 

wtth 

Rtsld'l'Ill.' __________ 100 

II. SITE INFORMAnON 

PI.tO.". __________ 

o5loP.' ov.r 15.. o "0(11 Ololtcrop, 

. 
OtOth from SloIrt.c:.to 5'''01'1•• tllgh w.t.r t.b'. 

o Off·,.t. or or 

III. SYSTEM DESIGN -
o Other. IPfc,~ 

SIU 540 
C.paC,F) In gallons or g"lOns ppr a.; 

L...(II'''q Arp. 
t.IJP,o.,,,,ar.1 

TrtnCh t)r '.er 
.qu.'f t".F 

•• 'IN'cth _ 
fHr 

x Ilen;~!". rtf l • 
"(>I'ICII 1 

_,'0:: • ----..f~ 
r'f",11 1 r"ncII 3 I'", I 

Orll.r ,spec,,,.., DRAINLINE 
sq.."r. 'f.r 

• 6" C.I. TO OUTFALL 

http:SloIrt.c:.to
http:fal'l'!.ly


........... 

Page 2 of2·' 
IV. 	 'LOT 'LAN. Diagram the liquid waste system (birdsey. view). Show setback distances to property lines. 

bL.ildings. wate' lines and wei's, olbe, liquid wa,te IVlt.",., (anall. arroyol. WItI"e"I'HI, end lakes. Include- the following landmarks within 200 tMt of the syst.m: 

.I) propoMd andlor e.isting buildings. driv.ways. water lines and wells, and other liquid WMte syst.ms; 

b) the direction of groundwater mov.m.nt-Iocation of .ny surface w.ter. irrigated .r.....rroyos. rock 

outcrops. or $loping .rN: 

c) propeny lines and dimensions of the parcel where the system is loc.ted. 


( . 

V. FURTHER NOTES. Include any further information which may be pertinent. 

• 


VI. 	AFFIDAVIT. The foregOing informatIon is (Orrect, complete and true to the best of my knowiNg., 'undernand 
thlt reglstrltion of this system does not relieve me'from complysng WIth all applicable provisions of the ~I'W 
Me.ico Unlfor umbing Code and the New Me •• (o Liquid Waste Disposal Regulations. 

Area Kanaaer wner 
~ ..........................................'."e... 


VII. EIO USE ONty 
ThE' InformatIon recorded on thiS form ,nd,cates that the system described apparently ~ MEETS 
[J DOES NOT MEET the requirementS In effect at the time of its Install.tlon or the requlrem.nts of Part 2 o! tl'\e 

Current L:ould Waste Disposal RegulatIons. wtuchever are Ie" stringent (A favorable Judgment on .pp;lfenf 
compliance does not certIfy the system's funcI,ona/<ldeQu<I'Y or actual compllanc. wdh the regulations 1 
In no way is the owne, or user of thiS system rell'ved of (ompl !in~~ the Liquid Waste Disposal RegulatIons 

_~~~~~.~~ 'l-b-'S1b.,. 
cou~·...y .~. H::ALTH DEPAil;MliH 

P.O. BOX 30 
lOS ALAMOS, NEW MEXICO 81544 



LA-SO 

.' 

PERMIT 
TO INSTAll OR MODIFY " , 

AN INDIVIDUAL LIQUID WASTE SYSTEM 

o MM-1. 

NIA O· Single family. with _ ......N~/:d.:;;iiI
~ 

o Multiple'amily,with N~ 
Control Room Office - 6 people at 15 gpd elch 


Residential __~~__~-.-_ All others 90 gpd 
{M_ instructionII 

I. SITE INfORMAnON 

[!]Off.... or DolHiUt •[!]Public 

43 sq. mi. Note: Attach proof of plat due if daiming e.emption from Table 2 (bact of 'ann) 
..,... fHtor.ere, 

Suitable AIR: )0.33 acres 05urface.at., Dslopesov.,s,. DRoctoutcropl DIrriptioft 
, JllUoIfe feet or HNI 

+ 
Depth from Svrfaceto: S.aSOMI high water table 1200 - Rock, caliche. or highly permeable ma.iel 


inche.orfeet 


Oarwith II'ftaIIO amountofo Fine SIIftd 
and or..... 

•• SYSTEM DesiGN 

Other" ..dtJ ______________~-~--Tr.atment UftIt: [i] Septic18" o 
Structure No. lA-49-119 Penlit NQ. L.A - 50

Manufacturer _____________
SiR ]000 

ClIp«itr in ,.1oMor,.IIoM".,• ., 

MIA 


EIO retain white tOPr.aoyeJIow. homeowner pint 'lIIe1of2 

http:05urface.at


1J", __~_ 

ft.OT PLAN. Dll&ram the DquId wu. "'''m CIt....,. yJew)' Show IdbacIc dlstucellO "" objects. Tab.. s.. h:Iude tile 
Wlowin& ~within 200 teet 01 ...__ . . . 
aJ propoaed -lor txlstq IIuUcUnp, ddyewa,.. watat lIMa and wei", other Dquld ....te 1fS....... Pd apace ... 

replacement IIdIII 

., direction 01 around"'- mDYelMnt • ..., adac:e water. Irrlptecl ......, art..... rode outer. or slop"_1

d prapel'lJ 1IMa_ dlmeN_ oJ the plU'ceI where 1M .rs.... II to .. Ioalted. 


N 

t See attached drawings. 

-
,. 


CONDITIONS. Fallin to meet the CI:IIdltlonl of this lection lmaliRt. 1M permit, and Is Mlbject to enforcemerdo 

-eau far an Installation Intpectioft., Em prior to .,.tem cover""" 1f the follow", boll .. chedced D. Phone No.,_____ 

YIL CI) PEaMII'. A petalt for construetion 01 the Dquld ... ute dbposaJ IJStem described herein 11 he"',. 

o CRANTED[1RANTED S\alECT TO CONDITIONS OD£NI!D_:-r.:~~_______--:=~___ 
clb Slpature Date 

CONDITIONS. Failure 10 meet the condlt.... 01 thil MCtlon invalidates the permit, and Is Mlbject 10 enforce...,. 

.,.. IN$PEC1lON. '!he prlg......c dllpolallJltem described herein0 meets Ocloa not meet the dellan and construCtion 
rC9Urement. of _ CcIaIlruction Indus", Commlt.lon.. New Meldc:o Unllorm Plumbin& Code. 



." 


Drawin1s to AccomPfny Permit 

"-~....... "":........~.-.-.....-..-.-.-.-..... .,.,.. 
~.,

",(. ."'.'.~.-.- '---.

•, 

-,
' 

• ..J 
•.1 

to MOd 'y Holding ank .,. ,......"..-
.. 

TA-49-113. Control Room •
\.,..;.I 

..,,11.. ICILI h ...... 



..., • 

TA-49 

I 
I 
I 
I . II g~. 113 

I &,..1",,1 -"'..-.....",. 
 I 

I 
I

, /I"..,,,.. 
I .... ,
I ..... I 

•• I .......... 

•.J.....

I .........
_.I 
--~~~~-------~-----~ 

r-~--------- ...
I 
I 

~.~ I 
." '....,110 I ...........-&1 I 


I 
I 

-II 

or.wiats to Accompany Permit 
I ~o MOd '1 HOlding Tani 

I 
I TA-49-113. Control Room 

RUTaGl1 ..... -. 
!fer ,. 

I l 
1 

I 



41 
• .. 

TA-49 


A 

1 

3 

4 

B 

Drawin1s to Accompany Permit 
to Mod 1y Holding Tank 

E 



" 

TA-49 Evapotranspiration Beds 

Design Calculations 

A. Estimated population' Floys; 

AVa. PersoDS Ava. Flow 
Day Room Office (TA-49, Bldg. 115) 12 180 gpd 
Control Room Office (TA-49, Bldg. 113) 6 90 gpd 
(Aug. Flow at 15 gals/cap/day) 

B. Required Areas Available for ET Beds: 

Area of ET Bed - 391 g 

E 


Q - Design Flow in gpd

E - Aug. Annual Lake Evap. 

E - 43 inches/year for Los Alamos 


Source: 	 Wastewater Disposal by Evapotranspiration 

Feb. 1981, N.M. Environmental Improvement Oiv. 


Required
Area 


Day Room Office (TA-49, Bldg. 115) 1640 sq. ft. 

Control Room Office (TA-49, Bldg. 113) 820 sq. ft. 


C. Excavated Areas Available for £T Beds & Safety Factors; 

Available safety 
Area Factor 

Day Room Office (TA-49, Bldg. 115) 8300 sq. ft. 5.0 
Control Room Office (TA-49, Bldg. 113) 2600 sq. ft. 3.2 



D. £T Bed Media; 

Gravel - Less than 3" material. 
Use 2" screened grave: 

Filter 	- Use strips of roofing felt 
over gravel and distribution pipe 

Capillary Sand 

Surface Crown 

Use min. 85' sand ,with percentage of silt plus 1 1/2
times the percentage of clay not to exceed 15'. Sieve 
analysis is attached. 

Use loamy sand, with upper limit of 85 ~o 90\ sand and 
percentage of silt plus 1.5 times percentage of clay not 
less than 15'. The lower limit should be 70 to 80' 
sand, with the percentage of silt plus twice the 
percentage of clay not to exceed 30' .. 'Sieve analysiS is 
attached. 
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" 
liD _-."tratlon Number 

REGISTRAnON L I}
OF AN UNPERMmED 

INDIVIDUAL UQUID WASTE SYSTEM 

SYS"M OWNER'S NAME  ...". f,f,t and Middle 
U.S. Depart_DC of EDer., toa Alll1lOa Aria Office 

MAILING ADD"ESS - Str••tIP,O loa, 'ttr.State anca ZIP COde 
toa Al..a, .ev Mexico 17.544 .... 

I IUSINE,SS PHONE 

1(505) 667-5105 

....... 
LOCATION Of SVSTEM  Street addrelS. and d.rKtlOns to Sit. tf need... 

tA-49 S103 161 
DATE OF SYSTEM INSIALLATION ISU8DIVISIO.. bloC'" ano I(,t 

198.5 
INSIALLIR'S HAUE AND FIRM , 

MAILING ADD"£SS· StreK".O loa. (It,. S'Ute ana ZIP CoeM 

1COUNTY 

Lo. AleoaITO¥llNSHIMtANGBlc.ttOfIt 

I"HONE 

.a.: TfvI 'orm IS IIHCf fO rtcOld informaflOft concerN", 1I'Iditfidt.ulliqutd wa.e s,sr.m.s wltich "",,e iM""1 ,""allfld Wffllour a "Mid"0 ',,,,,.t II' 

inr.ndHI fO seMI' as a reC'OIV of rM ~m's ealltence_ Wtfft ..many.fails ..bour its Consr,utrlon a.. may 1M> a"",'a"'e aUM flINt. Dilf InftO wa, IS" • ' 
cons'l''""' ".. ,,,- _qUNa'-"f 01 a Pe"";f. d,"'" J)'S,em " '0 1M> modif,"ore",,,,,..,. • h,m" mllSt 1M> obfa"..cI, 

I. 	 BUilDING USE AND DESIGN fLOW 

with 

BLDG. 113 (OFFICE)AIIOt~ers: 

Ae"eMnt.a' _________ 200 

fIIImber 01 Slz,ng UlWrs r,m,s flow per $.II"g"n" 


II. 	 SITE INFORMAnON 

Wate,Sou'ces: o DonoSft. ~"Ub"C:Oft'Slte Of 	 or o Sh.trea 

'*O<Ite: ~_________LotS.,e: 

o Surtace wate,Squ.,. f.e, or aues 

SOIIT,", O CoarstWira 
or" • .,el 

riiI Sanely loa'" or
t.=l ....nCl' ,~, 

III. SYSTEM DESIGN o Oth.r· .".Clty ClnUlEN'J'LY BEINQ"'VSE.1) AS A BOLDING TANKTr...,,.,.n, Unit: 
EVAPOTRANSPIRATION FIELD TO BE CONSTRUCTED 
AT .. LATER DATE.5". 1000 

LN,h'''1J Are.: 
(appro •• maf.' 

Trenen or 84fa 

• 

/ftC".' or ,.•• 



,* 

P..e20f2 

'V. PLOT PLAN. Diagram the liquid waste system (birdseye view,. Show setback distances to property lines, 
buildings. wa,., lines and wells, other liquid waste systems, ca.,.ls, arroyos, wat.,co~nes. anet lakes. Include 
the follOWing landmarks within 200 feet of the system: 
a' propoMCl andlor e.isting buildings, driveways, water lines and wells, and other liquid w~stelJ1tems; 
b) the direction of groundwater movement, location of any surface water, irrigated.,..s, arroyos, rock 
outcroP'. or sloping aru: . 
c) property lines and dimensions ofthe PIIreet where the system is10C8lId. 

.' . 

(~-

_ ... iii ••,._.... 

V. 	 FURTHER NOTES, Include any funher information whic.h may be peninent. 
--------~---------

". 

• 


VI. 	AFFIDAYn'. The foregoing information is (orre(t. (omplete and true to the best of my knowledge. Iunderstand 
that regIstration of this system does not relieye me from complying with all applicable provisions of the New 
Mexico Un rm mbing Code and the New Me.ico Liquid Waste Disposal Regulations. 

/-? t .. i? 
Area Man_Ber wne,.................................................••.•..b.t _ •.... 


VII. EID USE ONLY 
The Informat:on recorded on this form Indicates thet the system described aoparently til MEETS 
Cl DOES •.10"!' MEET the requirements In effect at the time of its installatIon or the requirements of Pan 2 of tne 
(unent LIQUId Waste Disposal RegulatIons, whichever are less stringent. [A f • .,or.bl. Judgment on .pp.,ent 
compliance does not cert,fy the system s funct,on.,.dequacy or actua' comp/,ance wrth the regul.hons.) 

. In no war is the ownir or user of this system reliev d ~f complyjng ~ the Liquid Wlste Disposal Regulations. 
\ f .f./ 

COUNTY HEALTH DEPARTMENT 
P.O. BOX 30Inc &I ••lfte ........a...._ ••• ___. 


:~. 

1:..5-87 
O.te 



·' ~-, . 

"' LosAlamos 
NATIONAL lA80RATORV 
. . ... -. U T.1941 .-.----. 

Environmental Stewardship Division 

Water Quality & Hydrology Group (ENV-WQH) 

P.O. Box 1663, Mail Stop K497 Date: Febtuary 8, 2006 
Los Alamos, New Mexico 87545 Refer To: ENV-WQH: 06-027 
(505) 665-1859IFAX: (505) 665-9344 

Mr. Tom Skibitski 

New Mexico Environment Department 

District I - Albuquerque District Office 

5500 San Antonio Dr., NE 

Albuquerque, NM 87109 


SUBJECT: 	 APPLICATION FOR SEPTIC TANK SYSTEM PERMIT FOR SECURITY 
PERIMETER ROAD PROJECT, WEST JEMEZ ROAD AT TA-58/62 

Dear Mr. Skibitski: 

The enclosed Liquid Waste Pennit Application (Enclosure 1) is for the installation ofa septic tank: 
system at the West Jemez Access Control Station at Los Alamos National Laboratory under the 
New Mexico Liquid Waste Disposal Regulations (20 NMAC 7.3). This installation is part ofthe 
Laboratory's Security Perimeter Road Project. Additional enclosures include the site location map 
(Enclosure 2) and the soil boring log (Enclosure 3) for the proposed installation. 

This application includes a proposed 1000 gallon septic tank and leach field system to serve a 
guard station on West Jemez Road at the Technical Area (TA)-58/62 boundary. This septic tank 
system will receive only sanitary wastewater from the guard station . 

.Please contact Tim Zimmerly ofENV-WQH at (505) 664-0105 if additional information would be 
helpful. 

Sincerely,

ft 	: t/2:J<:2._ 
Steven Rae 

Group Leader 

Water Quality and Hydrology Group 


SR:TZltml 

The 'Norld's Gr(;?i.ltt;?st Sci,mtc Pro1€<:ting Ameriu'l 
An Equal Opportunity Employer I Operated by the University ofCalifornia for DOEfNNSA 



"Mr. Tom Skibitski -2- February 8. 2006 
ENV-WQH: 06-027 

Enclosures: als 

Cy: 	 Cecilia Williams, NMEDIFOD, District II, Santa Fe, NM, w/enc. 
Chris Vick, NMED/GWQB, Santa Fe, NM, w/enc. 
Gene Turner, NNSAJLASO, w/enc., MS A316 
Ken Hargis, ENV-DO, w/enc., MS J591 
Douglas Stavert, ENV-DO, w/enc., MS J591 
Tori George, ENV-ES, w/enc., MS J591 
Mike Saladen, ENV -WQH, w/enc., MS K497 
Mark Haagenstad, ENV -WQH, w/enc., MS K497 
Ed Hoth, NWO-UI, w/enc., MS K718 
Charles Barnett, SSS-UD-M02, w/enc., MS A199 
Mark Harris, PM-DS, w/enc., MS P137 
ENV -WQH File, w/enc., MS K497 
IM-5, w/enc., MS A150 

Th~ \;Vorltfs Gr':2i.l tl~st S.::i 'Jnc.:'e P"~.rtr£'cUng ,C.SHert(1:1 

An Equal Opportunity Employer / Operated by the University ofCalifomia for DOEINNSA 



'. 

I~ APPLICATION FOR A NMED Permit Number: _______ 

LIQUID WASTE PERMIT 

NMED Inspection Required No _Yes, Call _____for Appointment Date NMED Received: _______~~ 

SYSTEM OWNER'S NAME: Last, First, MI Home Pllone: Busiam Pboae: B. Depth from Ground Surfilce to: 

Los Alamos National Laboratory (50S) 665.Q453 Seasonal High Water Table >1000 feet 

MAILING ADDRESS: StreetIPO Box, City State Zip Code Bedrock. Caliche, Tight Clay 2:..!i.Lfeet 
P.O. Box 1663 MS K497 Los Alamos NM 87545 Gravel, Cobbles, Highly permeable soil ~feet 


SYSTEM LOCA nON: Street Address/Location· give direetioas to site CollDty: 


West Jemez Rd. GLJard_ Statlon, Los Alamos, New Mexico Los Alamos C. Soil Description: (NMEO rallY r_ire both texluR description 8IId percolation rate) 

Texture: 

SUBDIVISION BLOCK LOT UNIFORM PROPERTY CODE _ Coarse sand or gravel; (give percolation rate below) 

NfA _Sand; (give percolation rate below) Fine Sand 

TOWNSHIP RANGE SECTION QTR QTR QTR LATITUDE LONGITUDE _Sandy Loam; _Loam; _SiItyL.oam; 

TI9N R6E 19 N 35* 52'22" W 106* 20' 40" _ Clay Loam; _Clay; 

INSTALLER'S NAME & FIRM: PHONE: .!.-Other; (describe) Silty Saad, He bon.. IOJ attllebed 

Paul Parker Construction 505-662-7456 

MAILING ADDRESS: StnetfPO Box City State Zip Code D. Domestic Water Soun:e: _On-site L Off..site; 

P.O. Box 459 Los Alamos NM 87544 _Private 1LPublic _ Shared IT 
CID Litens!! NoJCertifieatioll MM-l MM·98 MS·I MS-3 HomeowDer Slate Eagineer Well Pennit II :::3 

n4895 - OB98, OF98 Name ofPublic Water System LANL I Los Alamos County (5 
CJ)I. PERMIT APPLICATION Jniption Well or Flood Jnigated Area on the lot. Yes X No 
r:::::A. Proposed Uquid Waste System is for: X New Construction 

___Replacement ofan existing system Modification to an existing system IV, SYSTEM DESIGN CD 
B. Manufactured Housing (mobile) ___Yes _X_No A. Treatment Unit 

C. Proposed System is: X Conventional Mound __HoldingTank .!...Septic Tank Capacity ~ Gallons 
___Evapotranspiration Other; Describe: Manllfacturer: Four Comers Precast CertiflCBtion No: NM 98-06-16IB 


II, WASTEWATER SOURCES & DESIGN FLOWS IN GALLONS PER DAY (gpd) _ Other (speci(y): 


A. Proposed liquid waste system use and design flow: 


_ Single family residence with no. ofbedrooms gpd 

_ Muhiple family units; _ no. of units; _ no. bedrooms per unit gpd B. Disposal System: 2L. Trench_Bed _ Sccpage Pit Mound 


.1f.Other (type) Ouard Station Flow sizing units 180 gpd _Evapotranspiration _Other, Specify: 


Materials 1LPipe aJ1d Gravel _ Oravelless (specifY) 
B. Are there other sewage sources on this property? X Yes No NfA gpd 

C. Minimum required absOlption area 600 square feet 

TOTAL WASTEWATER FLOW ON PROPERTY - 180 gpd Trench or Bed width 3 it Gravel depth below distribution pipe I ft. 

Total Trench or Bed length ~ft. Number of trenches: ----1. 
III. SITE INFORMATION Number ofgravelless units 

A. Lot Size: -40 Sq. Mi. Acres Date of Record: NfA 
" 

(nearest 0.01 acre) (Plat Dale or SubdiviaiOll Date) 
D. Depth from ground surface to bottom ofabsorption area 6 it 

NMED retllill white copy Revised 9-98 Pall 1 on 

....I 



~. 

V. 	 Sf 'LAN: Diagram the lot and liquid waste system. Show setbacks to the 

objects listed below within 200 feet ofsystem and the direction ofgroundwater 

flow. Give distances from: 

Treatment Unit to: 	 Disposal System to: 

>5 ft. Property line >S ft. 

>5 ft. Property line >S ft. 

60 ft. Buildings 75 ft. 

60 ft. Structures 7S ft. 

>200 ft. WeUs >200 ft. 

> 100 ft. Irrigation > 100 ft. 

85 ft. Arroyos 65 ft. 

>100 ft. Surfilce Water >100 ft. 

Draw picture ofsystem or attach a picture file 

See attached plan sheets G-OOOI and C-1202 

VI. The foregoing information is correct and true to the best ofmy knowledge. I 

understand that the issuing ofthis pennit does not relieve me from the responsibility 

ofcomplying with all applicable provisions ofthe New Mexico Plwnbing Code and 

the New Mexico Liquid Waste Disposal Regulations. Obtaining this permit does not 

relieve me from the responsibility ofobtaining any permit required by state, city or 
county regulation or ordinance or other requirements ofstate or federal law. 

2· B·;2.D~ 
/' StP&re nate 

Owner Contractor ;/Other 

VIL NMED PERMIT A permit for construction ofthe liquid waste disposal 

system described herein is bereby: 

Granted _ Granted subject to conditions Denied 
Conditions Reasons for Denial: 

NMED Repreaeatative Date 

NOTE: This pennit may be canceled for failure to meet any condition specified: '. 

failure to complete the system within One year; for providing inaccurate or 

incomplete information; or for failure to notify NMED 1hat the system is completed. 

Ifyou have questions call: 

NMED Inspection History NMED Representative Date 

vm. NMED FINAL APPROVAL: 


The system described above was _ was not inspected. 


NMED Represclltative 	 Date 

PAO.. " n'" 
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Enclosure 3 
.' 

OATE DRILLED: 10-1]"200S LOCATION: WJACS Lam Field 

~ DRILL RIG TYPE: CME 7S BORING NO. L-1 ELEVATION: Not Determined 
~ 
!.! BORING TYPE/SIZE: IISA/811 FIELD ENOR: C. Pine 
~~_____r--'--~--------r~--'-~----~--------------------------~BLOWS/FT.a >c l !::j:: 

f 
SOIL DESCRIPTION!I! Ulu.. ~ 

2 
l"- wZ . R ~ U 

i " 
..J!ral lUil xor C :r:0_ Q. III a. 

N ~ u~!Z >-1Il :ta::eD w 0 ex: 
Q ;:) Cl " ~8 od en 

i~--~~---+--~-r---r---r--~~~~rr--~~~~~~------~--~----~~--~~------~ 
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15 
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~ 
~ N 
is 

...i 
! .... 
!C 

~ 
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~ 
'" ~ 
\( 

g 

23 

9 

5012" 

···..·······BA·NDeiIEffT'UFF;·gray·to..iight·'brown:··'ine....................................... 
grained, slightly weathered, moderately hard, ......... maS'Stve"........·......·....·......................·......·..·....................·......·..··...................... -.- .."" -.. 

Stopped At 1&.& Feet 

I~~........~~~........~~~~----~-----------------~~ 

i GROUNDWATER X:Ii NO:__ YES:__ DEPTH:__ DATE:l0·11·2005 
~ ENCOUNTERED 

! NOTES 

SECURITY PERIMETER PROJECT 

Boring Log 

Western Technologies Inc. 

LA-UR-06-0703 Feb. 1, 2006Page 1 01 1 
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LOCATION: WJACS Leach Field DATE DRILLED: 1().13·2005 
ELEVATION: Not Detennined DRIU RIG TYPE: CME 75 BORING NO. L-2 

FIELD ENGR: C. Pine
BORING TYPE/SIZE: IISAl8" 


BLOWS/FT.
w 
Q. 

SOIL DESCRIPTION>
I-

R ~ 
~ or C x ~ 

~ N Ii: ~ 


fI} ~ 
~ ~ ;:) <:I 

N 5 

N 15 

N 8 

...... · .. 1:..""'-'<4 ................. ,........................................ ,......... . 


Stopped At 16.5 Feet 

SECURITY PERIMETER PROJECT
GROUNDWATER NO: __}(.. YES:, DEPTH:__ DATE:lc..Il-ZOO5 

ENCOUNTERED 
 Boring Log 

~ NOTES Western Technologies Inc. 

Page 1 of t 

1/1 
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PHYSICAL PROPERTIES 

PARTICLE SIZE DISTRIBUTION 'III PASSING BY WElGtlT 
ATTERBeRG MOISTURE-DENSITY 

OR"!," 
BORING DEPTH SOIL 

NO. fFEET! CLASSIFICATION 
31N. 

8·1 2-3 SC 
8-1 5-6 CH 
8-2 2-3 SP 
B-2 10-11 SP 
8-2 20·21 SM 
W-1 2-3 SM 
W-1 10-11 SM 
W-1 20-21 SM 
W-2 2-3 SM 
W-2 10-11 SM 
W-3 5-6 SM 
W-3 15-16 SM 
P-1 0-5 SM 
P-2 0-6 SC 
P-3 0-5 SM 
P-5 0-5 SM 
P-6 0-6 SM 
p-e 0-6 CL 
P-9 0-5 CL 

P-14 0-5 SM 
S-1 0-4 SC 
S-2 0-5 SM 
G-1 0-3 SM 
G-2 0-3 SM 
L-1 5-6 SM 
L-2 5-6 SM 

L1-P 5-6 ML 
L1-P 10-11 SP 
L2-P 5-6 ML 
L2-P 16-16 SM 

REMARKS: 

NO.4 NO. to 

UMITS RELATIONS""P 
TED 

ReMARKS t'PRY OPTIMUM 'R' 
NO.~O NO. 200 LL PI DENSITY MOISTURe METHOD VALUE 

IPCFI ''III, 
20 53 34 
76 70 45 
4 NP NV 
5 NP NV 
17 NP NV 
31 NP NV 
26 NP NV 
16 NP NV 
25 NP NV 
27 NP NV 
18 NP NV 
21 NP NV 
47 27 NV 
49 28 8 
22 NP NV 
44 NP NV 
41 35 7 
55 34 19 
77 28 11 
13 NP NV 
40 27 13 
35 NP NV 
37 NP NV 
20 NP NV 
14 NP NV 
15 NP NV 
69 30 7 
6 NP NV 

63 NP NV 
8 NP NV 

CLASSIFICATION I PARTICLE SIZE 
1. VisLial 
2. Laboratory Tested 
3. Minus No, 200 Only 
4. NMDOT RNalue Correlation lANL SECURITY PERIMETER PROJECT 
MOISTURE.DENSITY RELATIONSHIP PHYSICAL PROPERTIES 
4. Tested ASTM 0698 I AASHTO T99 
5. Tested ASTM 01567 f AASHTO T1BO Western Technologies, Inc. 

NOTE: NP Nooplastic Job No.: 3225JJ163 Plate: 8-1 

~8\ WTI 
092799 
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NATIONAL I..AIORATORY 
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Environmental, Safety, Health and Quality Assurance 
Water Quality and ReRA (ENVP-3) 
P.O. Box 1663, Mail Stop K490 Date: June 14,2006 
Los Alamos, New Mexico 87545 Refer To: ENVP-3-06-010 
(505) 667-06661FAX: (505) 665-5224 LA-DR: 064146 

Mr. William C. Olson, Chief 
Ground Water Quality Bureau 
New Mexico Environment Department 
1190 St. Francis Drive 
P.O. Box 26110 
Santa Fe, New Mexico 87502-6110 

SUBJECT: 	 SUBMITTAL OF NEW TA-S8/61 SEPTIC TANK SYSTEM AND TA-61 
HOLDING TANK AT THE SECURITY PERIMETER PROJECT AT LOS 
ALAMOS NATIONAL LABORATORY 

Dear Mr. Olson: 

Enclosed for your review are the drawings and specifications for the TA-S8/62 septic tank system 
and TA-61 holding tank for the Security Perimeter Project (SPP) at Los Alamos National Laboratory 
(LANL). The signed drawings and specifications (Enclosures I and 2) for the tanks are being sent to 
you as addendums to the TA-58/62 septic tank system which is an addendum to the Groundwater 
Discharge Plan application for Domestic Wastewater Septic Systems, dated April 27, 2006. The 
septic tank system will be installed on approximately June 21,2006 at the West Jemez Access 
Control station. ' 

Additionally, the TA-61 holding tank is an addendum to LANL'sTA-46 SWWS Plant Groundwater 
Discharge PJan (DP-857). This holding tank will be installed on approximately June 21,2006 near 
the County Landfill entrance at East Jemez Road. 

Please call Tim Zimmerly at (505) 664-0105 if you have questions or ifadditional information 
would be helpful. 

Sincerely, 

J-f(G? 

Anthony R. Grieggs, Group Leader 

Water Quality & RCRA Group (ENVP-3) 


An Equal Opportunity Employer I Operated by the University ofCalifornia for OOEINNSA 



.'Mr. William C. Olson -2- June 16, 2006 
ENVP-3-06-010 

AT:TZIlm 

Enclosure: als 

Cy; S. Yanicek, NMEDfDOE/OB, Santa Fe, NM, w/enc. 
B. Lucas, NMED/SWQB Santa Fe, NM, w/enc. 
C. Vick, NMED/GWQB, Santa Fe, NM, w/enc. 

Gene Turner, NNSAILASO, w/ene., MS A316 

T. George, ENV-DO, w/o enc., MS J978 
T. Sandoval, ENVP-3, w/o enc., MS K490 
B. Beers, ENVP-3, w/o enc., MS K490 
M. Haagenstad, ENVP-3, w/enc., MS K490 
M. Saladen, ENVP-3, w/o ene., MS K490 
T. Zimmerly, ENVP-3. w/enc.• MS K490 

ENVP-3 File, w/enc.; MS K490 

IM-9. w/enc., AlSO 


An Equal Opportunity Employei'I Operated by the University of California fOT DOE/NNSA 
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410 
oSTATE OF NEW MEXICO "11 

ENVIRONMENTDEPARTMENT 

Field OperationS Division 


This il 10 CtIrlify that 

)'ork Septic: SDtems 

NAME OF COMPANY 


has been approved by the Uquid Waste Progl'llm 

for tIle manufacture ofSeptic Tanks for 


use in the Slate ofNcw Mexico 


LConcrete _Fiberglass _Plastic 

Certification Number Tank Size 

NMGI4131 - -1000 

NM OO-05-13JA . lJOO 

NM OO.oS.131B 1158 
NM 00-05-145 1250 
NM~6Jo..289 J500 

Apprcwed: Tom Bran.dt, P.E. Dale: MArch 1, 2006 Certificate Expires: Febntary 28, 2007 

." 

410 

.. 
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From: Robert S, Beers 
To: "Robert S. Beers" 
Subject: FW: RE: Septic Tank/Leachfield construction 
Date: Monday, May 10, 2010 2:26:35 PM 

Subject: RE: Septic TanklLeachfield construction 
Date: Mon, 17 Jul2006 16:03:40 -0600 
From: "Vick, Chris, NMENV" <chris.vick@state.nm.us> 
To: "Timothy Zimmerly" <tzimmer@lanl.gov> 
Cc: <saladen@lanl.gov>, "Mark P Haagenstad" <mph@lanl.gov> 

Tim, 

Go ahead with the installation as long as the septic tanklleachfield systems are installed and sized per 
the guidelines and regulations of 20.7,3 NMAC (Liquid Waste Regulations). 

Chris 

From: Timothy Zimmerly [ mailto:tzimmer@lanl.gov] 
Sent: Monday, July 17, 20063:42 PM 
To: Vick, Chris, NMENV 
Cc: saladen@lanl.gov; Mark P Haagenstad 
Subject: Fwd: Septic Tank/Leachfield construction 

Chris, 
Per our conversation earlier, the Laboratory is ready to install the WJACs septic tank system 
and no further testing or approval is required for the unit. All PE stamped plans and 
specifications have been submitted to the NMED GWQB as of 6114/2006. Please let me 
know if this is accurate. 
Thank you 
Tim 

Tim Zimmerly, CPESC, CISEC 
Water Quality & RCRA Group 
Los Alamos National Laboratory 
MSK490 
Los Alamos, NM 87545 
email: zimmerly@lanl.gov 
office: 505-664-0105 
cell: 699-7621 
fax: 505-665-9344 

mailto:zimmerly@lanl.gov
mailto:saladen@lanl.gov
mailto:mailto:tzimmer@lanl.gov
mailto:mph@lanl.gov
mailto:saladen@lanl.gov
mailto:tzimmer@lanl.gov
mailto:chris.vick@state.nm.us
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fT.n.OP ...w ..... ,CO ,........--.. 
SYSTEM OWNER'S NAII!I£. ".st. F,tst.ncI Mlddll 

" liD Pltmlt lliumblr 
PERMIT Si='i e 02&"'8 

TO INSTALL OR MODIFY 

U.S. Department of Energy, Los Alamos Area Office 
IHOMEPMONI J8USINUS PHONe

505)667-5105 
MAI&.ING ADDRESS. Strll'IIP.O 10'. Clt~.Stltllncl ZIP Code 
Los Alamos, New Mexico 87544 

lOCATION OF Sv5TIM· Strllt .dld'",. ,nel clnittlons to Sltllt nltdtel I-COUNTY 
TA-66, ATAC Technical Su~ort Facility Loa AlamosITOWNSHIP.RANGE·SiCTIONeUIDIVISION. blOCk IIId tot 

INSTAI.UR·S NAMi AND FlAM 

Gerald Martin Construction , 881-4646 
IPHONE 

MAILING ADDRESS· 5"IIVP.O, '0'. C.t,. StiCI ,nel Z.p Codl 

PO Box 36960-" Albuaueraue MS 87176 
(.1.0. L'(.Inse NumD" Ind CI".flC.t,on o MM-1 o MM." o MS-t OMS,'11805 

DIItECTION$: COII'I,lete thit fo,1I'I followino thl instruttlons on thl re.,e"llid... "It,,,n to Chi £nw"Oll'llntlllll'lprO!llI'Ilnt D.v.sion (lID) EID \11,,11 rlVl1 
lour form for Invlfon,"ll'Itil tteml.nd sitl'i thl for",. T ••I!:1f tnl.llOUr for'" to thl clOSlst ConlCrYa.on IndllstfilS PlvillQl'! (ell), ,1"mD.ng ,nSOlctor, 
tID will rlv.ew thl form for construetion itl"'s Ind IllIn the fOrm••her """,,"g' SllInld "rtnlt 'rom Iaol" thelIa Ind tID.IfIi;~::1;.r syUlm and cal 

C. . CIO '_"1:1 110 If 'Iowlsteel) for a orl<o"" uO .I'ISOIetIOIl. 

I. aUILDING USE AND DESIGN FLOW 

o Single fa mil,. wltll oMum,11 ~amil,. with _~~_"".dlntial: 
INcttoomJ un," 

Office Building (16 persona at 15 Ipd each) 
All Othll'S: 

.pleity 1}1:1' ofIJfHlial'lmlnt • no. anttl I)"0'wutewl,er flow IizinJ Vl'li" (.III iftlt""ClionJ) 

240 ,pdAliothll'SAtlicllnt~1 --~---.-o:--
(stII(lSe1uctiol'llJ numllir of,;.ri"f UIII" 1111'11' tlow PI'.",n, Vlllt 

II. SITE INFORMATION 

W.ttr Sourell: l!J Off-sitl or Don-sit. [!J'Ublic or o Shlrld 

N/A
LotSin: Notl: Attach "oofol ,Iat ct... if claitni"l"ltnption fto". Tabll2 (back of form) 

500 S9. ft. 0 S"rfaat w.te, 051o,.SO.,.t IS'MI 0 IockOVUfOjil' 0 \"',."Ofl
••re It., OT HI" 

),4 ft. )4 ft.
Depth frOfll Sur'.ct to: 

wlllJ or'Ht inc"'~ OT II. t 

O.,wlth ClI,wlth stn.1I 
50iITy,,: O Co.tH ..1Id o Fil'll"l'Id X consid.rabll .mo"ntof 

{.I.I iNt""cffoIIIJ .rera... ~ Nl'lel or IrlW.1 D I.nd 0' ,""1. 
III. SYSTEM DESIGN 

DOther.~d~ ___________________________________________ 
Trl"mlnt Unit: 

2000 sal.SiZl Manut.eturer
""'iff in g.UolU Ot g,lIolU ",d., 

'MIA 
&'lIch.ngA,..: Trlnch or lid • Wlelth _ X 'lentd' _(ft.). _efl,) • _(ft) I 
(st. itUfru(t,onU ....tt tilt Itlt CI'It"", r Cl'ltttehJ If.ne''J (fCc.} 

(4 ft. dia/50 ft. depth)Othlr.~Clty seepase pit. 
JeI"ltl tetr 

54 ft.Dipthl: 50 ft. Grouncll"rf.CI to bonOtn of Ileet"nl.rl' 
melll.OI ftlt 

",11 of;110 rlt.in whitl coP,. CIO ,.lIow. hornlownlr pink 

http:melll.OI
http:Ileet"nl.rl
http:Grouncll"rf.CI
http:ConlCrYa.on
http:tteml.nd


hIt 2'~f = 

." IY. 	 PLOT PLAN. DJ.lram the liquid ....,te .ylt.m (&)lrd.e,.••itwJ,. Show ..tback clittances to an,. objec111n Table J. Includ. the 
foUowina Uinclm.rkl .,ithin 200 .e.t 01 the sy••mt 
.) proposeel .nel/or e.iltinl buildjny. driYI",. wASIC liQM and "'II, .,ber U4yid • ••l e .,..... 1M .,••• I., • 
r.plicement liiLb 
b) dir.ction of .roundwater mov,ment ••n,. .urfac. w.ter. Irr".ttcl."u, arroyo., rock OUtct..s or aloPi"I arM, 
c) properly Una and d1m.MiotIa of the pltc.1 where the .,. .... it to .. IcICattdo 

N 

i (Please see attached drawina.) 

( , 

' ••... ! 

V. APPLICATION. Th. for'loi"l information it CorrlCt and truI to VIe Mst ., m,. Icnowled&" I U'IderIuNi that the issuinl o. 
the permit doe, not r,li.v. me from the rllponatbiliti .. o. comp'''inI with all appl1cablt pro ......., ..... Hew M.aiCo 
Uniform PIMrnlIinl Cod. and the NtW.Mce~~II"" 

~ OWNlR 0 	CCNTRACTOR ::2'i?'~ S-.'J -'I' 
Silna.. 	 o.te
Harold E. Valenci., Are. Mana,er 

VL Em '1.IUIn. A permit for constructiOil of the UClYld wute diapolal.,......cllla'S'II..,.,. . 

It] GRANT•• OcRANTID .....'OCT ~ COfIDITIONi ODIHWI ~lf.. •..QYf' , .• - t 
. liD •• 	 bi.. 

CONDITIONS. ,.IIur. to me.t the condItionI 01 thII MCI_ 1ft.......... pena&t.1M II ..... te flf\Jetamltllto 


·c.aU for an 1na..11a"" INpectlon It,. lID prior to.,.tIIIft COY"..., II ..... , .....,..Ma II cMckeci O. ....... ...,______ 

VIL cm 'UMn. Apermit lor conltrueti_ 0& the ...,.. wute fIIpoMI.,....... delcrlllH tier." II ""'ra 


oGIlANTf.DOGIlANUD SUI3I.CT TO CCNDITIONS ·ODINJID:.:""Ir."~__________--=~____ 
CID liinatur. Dati 

. 

YDL INSPECTION. Th. pri.,l. ""1,. disposal 1,.llem clecrihd her.in 0 ....... 0 ......,.....t the ...,NI c....vuetio" 


requiremenu 01 the Construction Indlatr,. Commi.a.IonIa· New M••iCo UN....... Plumbilll eocs.. 


http:SUI3I.CT
http:pena&t.1M
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Drawing To Accompany Application
For septic Tank permit 
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SEPTIC TANK DETAILS 
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Drawing To Accompany Application

For Septic Tank Permit 
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E10 ReCjlstr ilflon r-Jum tw, 
REGISTRATION L(i - ;'l. 

...nofl..... OF AN UNPERMITTED e' 

1_1'0___ INDIVIDUAL LIQUID WASTE SYSTEM.Mp'••.....,~ 


'EM Oll'lNEfrs "AME· L.st.flfst end Mlddl~ 


v.S. De artment of Eoer LOI Alamos Area Office 
IIAILING ADDRESS· $tr••td~ 0 8011. CI'y. 5t.t••nd ZIP (Ode 

Los Alamos. New Mexico 87544 
OCATlON Of SYSTEM, Sv.et .Od,eu. Ind d".ctIOn, to Sit. If ne.o",o 

TA-6- NE CORNER OF A."lCHOR lAltCH ROAD , NO MILE MESA ROAD 
).::oTE Of 5"SUM !NST':'LLA TlON 

Not.: T,..,s fo,m IS ..,sea ro 'ecord ,nfor",.tlOtl cOI"Ice'"'"9,ttc/,vCu.'I'OIl'd w.Ste srsr.",s w'...ch we,. ",/tI.II; 'f'lSr.lled "".,rhout. ~"IdEtD l'.r"II' /1 

,,,rel'>O.dtose've.s. ,.cord °hit. s,.sr.", 's .,lIst.nc •. w.th.s m.ny"er.,'s .bOurns construct.on.s "'.) 0. IVIII.bl, .t the r."'. bc.:r 'n ne w.y Is,r • 

consrr.....ct IS the .quIII.lent of. Per"''' If the syStem IS tOM mod",e" or .nU"'!1'ct . • Pe,mlr must 0. obt.'"ect 

BUILDING USE AND DESIGN FLOW 

.( ) S"'19ft f.rf',ly. with 

WILL SERVE A DOUBLE WIDE TRAILER NOT IN PLACE 

with 

(. TE INfORMATION 

o· o' D~··vatE 

D 

I. SYSTEM DESIGN 


SEEPAGE PIT 


1000 GAL. FIBERGLASS 

i..<II'(l".''''g ~,•• 
I.f)prt',um.re) 

T'41'''''' I)' 8...c: 
SOI.l,re ,..er 

• 
( 


~r.l ~r1 :.' ·f·~ . 

http:IVIII.bl
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J,V. 	'~.OT PLAN. Diagram the liquid waste system (birdseye view). Show setback distances to property lines. 
• 	 . buildings. water lines and ~ells. other liquid wa~te synems, canals, arroyos. watercourses, and lakes. Include 

the following landmarks within 200 feet of the system: 
a) proposed and/or ellisting buildings. driveways, water lines and wells. and other liquid waste systems; 

• 	 b) the.direction of groundwater movement. location of an surface wate" irri ated areas arro os ro k 
• OU 	crops, or S oping area; 


c) property lines and dimensions of the parcel where the system is located . 


.. 

Ii!."'''-: 
6J.A(.~ ~~: 

V. FURTHER NOTES. Incll.lde any funher Information which may be pertInent. 

• 


VI. 	 AffiDAVIT. The for.going information is correct, complete and true to the best of my ~.nowledgf. Iunderstanc 
that reglst~ation of trls system does not relieve me from c.omplYlng with all apphc.able prOVISIons of the ~f""'" 
Mexico Un mblng Code and the New MeXICO LiqUid Waste Disposal Rtgylations. 

/"-'Lt"'k7 . 
Area Manager wner 	 Oilre 

VII. EID USE ONt Y 
":he .nior~.lT.on recorCltd on thl~ fer", Indlccne~ t/"lat the sySlem descflbed .;lCClrently ~ IVIE~-S 
C DOES 1';0'; MEE: the requl'e'Ten,s in tffect at the time of Its Installation or the reQulfe""!er.ts ¢! Par! :2 c· 'I'\~ 
(;Jf'.",t l=Quld Waste DI!opOS.;l1 Re9~;aTIOf'\s. ·....hl(ne"" .;l'e less Stringent {A ;3vorable Judgmer:l on app.lft!':: 
camp/lt.,nce tioes nor certIfy the SySlem s funa/ona/adequacy or actual compliance tIt"t" the regulations i 
In no way is the owner or user of thiS system relieved of compl~ with the Liquid Wane Disposal Regl.llauoM'S 

:t 	lJ f/~ 1-4-'11 
",(/,onm~nrjllst 	 . Dalt' 

;. .( 
:' COUNTY HEALTH DEPAR ,.1Et'4T 
. P.O. BOX 30 
LOS ALAMOS, Ni.W MEXICO 87544 

http:reQulfe""!er.ts
http:nior~.lT
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REGISTRAnON 

OF AN UNPERMmED 


INDIVIDUAL UQUID WASTE SYSTEM 


SYSTEM OWNER'S NAME· u.1't.'••no M.cICI.. IUSINUS 'HONIIHOM1'HONI • 
U.I. hputMllt of ••rlY to. Ala•• Ar.a Offte. .t, 1(505) 667-5105 

MAILING ADORlSS ·StrMuP.O loa, CItr.Su... ana'tpCOde 
-to. AlDo.. •.. Kate. 17544 i 

' 
LOCAtION0' 1Y511M ·ltr••taOct'....ncI ..lffttlOftStoldl dr...... 

!i-16-171 815 V55 
OA't, Of lY5tlM INSTAUATION 

ICOUNTY 

Loa Alamo. 

I,"ONI 

lIoN: ,.,.. Ionn IIUNCf'orHOtGlftform.,ioft t'0tIJe"""'fl iIwIi"idw'liquid...".,."., wille""" iftIt~,,,"..."..,wtrhour. NIiII rIO "-mttt It.; 

....rtdtHlto.,..,. ..,. rHOI'G 01tINt ~"", ••_",e, .itll.,,,,.,.,.dt,.,,.,,,Ia t'OftIh'UftiOft .., m... lie .".iI.,..,IN fIlM. bur 1ft no w.r II " r 

COftIfrvH..,1Ite .,"iv."1It0'•"-rlftit. "IM ...,r.m is to lie modilifHIOf."",..c•Pemut ",1IIt lie0"""'. 
I. IUILDlNG USE AND DESIGN FLOW 

ItDG. 210 (GUAJ3I»All Otttefl: 

.. 
20,( '10M PIt' oa,; 

, " 

II. SITE INFORMA110N 

or or 

"latoate: _------- 

D~ owe' ,s~ D Roct OuUfOCII 0 trntMlOft 

O COIl'" Wlna 
ort,·wet 

1ft,"" or 'H' 

UI. SYSTEM DESIGN 
E:J OtNr.~~ _ ..... _ .....__.....________________.....___________ 

380 

L••,'''''' Ar••:f.,.,.,,.,..., ',."thor"" 200 

t . 
• 
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r , 
V. PLOT PLAN. Dilgtam the liquid wlste system (birdseye view). Show setblck distances to property lines. 

• buildings.wlter lines Ind w.lls, other liquid Wist. systems. caNis. Irroyos, wa,.rcourMS. and lakes. Include 
, th. fotlowing landmarks within 200 feet ohhe system: 

.a) proposed Indlor ••isting buildings, driveways, wI,er lines Indwells, and other liquid waste systems: 
b, the direction of groundwlter movement, location ofany surface water, irrigated are•• arroyos, rock 
outcrops.or sloping arel; . 
c) property lines Ind dimensions of the parc.l~re the system is located. 

15·,·00 I 

• 

• 

V. FURTHER NOTES. Include tiny funher informtltion which mtly be pertinent. 

VI. AffiDAVIT. 	The foregoing informlltion;s correct, complete Ind vue to the be" of my knowledge. I understand 
thlt registrtltion oi this system does not reheve me from complying with tlUllppiittlble provisions of the New 
Mea' Unifo ing Code lind the New Me.ico Liquid Waste DI,polil Regultltions. 

I-Z.t-f~ 
Hanaser wnet 	 .re 

VII. liD USE ONLV 
The inform.l'llon recorded on thiS form Indiclltes thtl~ the ,ystem deKribed tlPPtlrently 11 MEE"rS 
Cl DOts NOT MEET the ,equltements In effect It tf'\e t,me of its insttllltlUon or the requir.ments of Pan 2 of the 
current LIQUid Wa"e DispOyl Regultltlons. whichever tire Ie" stringent. (A '.var."'eJUdgmenl on .pp.,.nr 
compl.ance does nor ,erl,fy ,he srsrem', funerlon.'.dequ." or.,'u.' ,omptl.nee w,,1a llae ...,ul.'lOns.J 
In ftO way is the owner or user of this system rel~.yed of (omplyi!'rith the Liquid Wastl Dispostll Regulations. 

( 	 . IJ t:;... l:t-87 

nlflronmltnta,s..I. 
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EID _...tratlon Number 

. REGISTRAnON ~A-3 
OF AN UNPERMlnED 

INDIVIDUAL UQUID WASTE SYSTEM 

$V5TlII/I OWNE.R·S "AMI.· YlIt,'HIt and MlC.tdle 

U. S. DeDartlleut of Euersnr tos A1aos Area Office IIUSINE.U 'HOt.a£ 

l(5051-'-67-5105 
MAJUNG AODRI.SS • It,""'.O loll,CItr. Sqt, .nd Z,p COdI 

Loa AI..s. w.. Mexico 87544 
L~lION OF SYSTEM· Strfft addr,,,, end dlftctlOft$ to t.ltt .f ftMdftt 

TA-I6-175 830 W60 ICOUNTYLoa Al___ 

DATE OF SYST£M INSTALLATION j SUIDIVISION. DIOCk and ICIt 

INSTALLER'S NAME AND fiRM JPHONE. 

MAILING ADQ"E.S5 •Strett:P,0 10.,Cit)', SqUt .nd Z,P Code 

II.,.; TINs form is lISt. fO ,.cOldinlonNtrCN'I conce,,",", IIIdIvCIu.' lifluidw.", _t""wl'lidt we,. inIt..", irIIt."..wifIIouf • "Mid110 Perm'f It 

#nfertdHI fO ..",.... ~ortIo"ltt Jylte",'s ,"net. wifII •• fUny.f.", about irs cOfttfructiollu"",bt .".i/....t 1M f,,,,e, buf 1ft no "".Y" If,' 
(0IIIf,_... fltt ••uiII.,.rwof• Pe,tnft. " tilt sysg"'lS10 INt modi'"Olen'.,,", • Permlf II'IUSt bt obt.,Nd. 

I. IUILDING USE AND DESIGN f.LOW oS.ngle f.m..... WI'Ch --:--.-____
btdrooms 

BLDG. 54 CBESEABCB 6 DEVElOPMENT)All 01"'."': 

Resldent.al _________( "IOns", O.y: 40AllOt"''' ..... 

II. SITE INFORMAnON 

or Don1l'tf [3PublIC D·,r",a. Ds~r'd 
".tOe,.: __~_______

~OlSllf: 

oSlopes over 1S% 0 Roell ourerops' 0 Irn,.ttOn 

O,Of'" frOf!'! Surf." to: Rock. ",ltehe. or 'ur'y perm••ble ",.t.r.al 
incites 01 Ii" 

r;:;'I S.ndy 101m orSoIl Ty": o Fln.sand 
Osand" ..y 

III. SYSTEM DESIGN o ./Other· JPtc1iv 

500s••• 

'nclte. or It.r 

Leach.ng Art.:

'."",0.''''.''' 
• ..df+'! It Ile"ttt'i 

• 

IHr 

40'-0" LE'NGTB 

I 

http:Resldent.al
http:uiII.,.rw
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, IV. 	PLOT PLAN. Diagram the liquid waste system (birdseye view). Show setback distances. to property lines. 
buildings. wattr lintS and wells, other liquid waste systtms. canals. arroyos. watercourstl, ancllakes, Include 
the following landmarks wit.hin ZOO fttt of \he systtm: '. 
a) proposed and/or elisting buildings, driveways. water lines and wells. and other liquid wastt systems; 
b) the direction of groundwater mOYlmtnt.location of any surfact water, irrigated ar••, arroyos, rock 
outcrops..or sloping ....; 

( 

c) property lintS ancl dimensions ofthe parcel where the system is locattcl. 

V. FURTHER NOTES. Indude any funher information which may be pertinent. 

VI. 	 AFFIDAVIT. The foregoing information is correct. complete and true to the best of my knowledge. I understand 
that registration of this system does not reheve me from complying with all applicable provisiOns of the New 
Mexico Unl bing Code and the New MeXICO Liquid Waste Di,posal Regulations. 

Daser ner 	 Di'e . 

VII, E1D USE ONLY 
Tne informlltlon recorded on this form Indicates that the system described apparently I\7f MU·S 
CJ DOES NOT MEET the requirements In effect at tl'le time of its Installation or the requGments of PIn 2 of the 
current LIQUid Waste Disposal Regulations. whlche"er are less stringent, lA favorable Judgment on apparent 
complIance does nor cert'fy the system's funcr,onal adequacy or "ctuil' compliance w'th 'he "gu/allons.1 
I;' no way is the owner or user of thiS system reli ed of (ompi ing w' the Liquid Waste Disposal Re9",lations. 

( , 

COUNTY HEALTH DEPARTMENT 
• P.O, BOX 30 . 

I ft. AI 61.ne IUr.........._- --. 
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REGISTRAnON 


OF AN UNPERMmED 

INDIVIDUAL LIQUID WASTE SYSTEM
'.•~ " j._ "'I.Sllb_~ 

." T OWNl ... • Last. .rst and MlCidle 

I.S. Departa••t 	 to. Al • .o. Ar•• Officeof 	E.. 
MAlUNG ADDfllSS· s....,.,0 loa. tttr.StM. aM Z.,eOde 

Lo. Alamo., • .., Mexico .1544 

,""': TNI IormII 111M'0 l'KorrI informatIOn connmin(J individual Uquidwa••.,......wftidt ...,. _iaa,....Itd~a dlld lro Itt""" " 
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,- avo 	PLOT PLAN, Diagram the liquid waste system (birdseye yiew), Show setbeck distances to property lines. 
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V. 	 PLOT PLAN. Diagram the liquid waste system (birdseye view). Show setback distances to propeny lines, 
.buildings, water lines and wells, other liquid waste sVstems, canals, arroyos, watercourses, and lakes. Include 

".- the following landmarks within 200 feet of the system: 
a) proposed andlor existing buildings, driveways, water lines and wells, and other liquid. waste systems; 
b) the direction of groundwater movement, location of any surface water, irrigated areas, arroyos, rock 
outcrops, or sloping area; . 
c) propeny lines and dimensions of the parcel where the system is located. 

N 
t (Pleaae see attached drawing.) 

V. 	 FURTHER NOTES. Include anv further information which may be pertinent. 

This aeptictank is located on DOE property and ia operated by the National 

Radio Astronomy Observatory' (Structure Number TA-33-179) 

VI. 	 AFFIDAVIT. The foregoing information is correct, complete and true to the best of my.knowledge. I understand 
that registration of this system does not relieve me from complying with all applicable provisions of the New 
Mexico Uniform Plumbing Code and the New MeXICO Liquid Waste Disposal Regulations. 

wner 
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VII. EtD USE ONLY / 
The information recorded on this form indicates that the system described apparently ilfMEETS 
o DOES NOT MEET the requirements In effect at the time of its installation or the requirements of Part 2of the 
current liqUid Waste Disposal Regulations. whichever are less stringent. [A favorable judgment on apparent 
compliance does not certify the system'5 functional adequacy or actualcomplliJnce with the regulations. J 
In nO way is the owner Or user at this system relieved of complving with the Liquid Waste Disposall\egulations., 
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ABSTRACT 
 

This report provides a comprehensive description of the hydrogeologic setting 
beneath the Pajarito Plateau and Los Alamos National Laboratory (LANL). It is 
based on interpretative synthesis of hydrogeologic and geochemical data collected 
through December  2004. Since 1998, twenty-five regional aquifer wells and six 
intermediate-zone wells have been completed for hydrogeologic characterization. 
Characterization of the hydrogeologic setting was undertaken in order to fulfill 
regulatory requirements for characterization and monitoring. This report provides the 
data and information necessary to evaluate the existing monitoring network and, if 
necessary, to design an enhanced monitoring network.  
 
Los Alamos National Laboratory (LANL) is situated on the Pajarito Plateau, 
located within the Española Basin section of the Rio Grande Rift. The Española 
Basin, as well as the Pajarito Plateau on its western edge, is filled with Miocene 
and Pliocene-age sediments and volcanic rocks. The topographic plateau is formed 
by Pleistocene Bandelier Formation ash-flow tuffs from the Jemez volcanic field, 
which cover the basin-fill sediments.  
 
Groundwater occurs in three settings beneath the Pajarito Plateau: alluvial 
groundwater, intermediate-perched saturated zones, and the regional aquifer. 
Alluvial groundwater occurs to a limited and variable extent in the alluvium lining 
canyon bottoms. Alluvial groundwater provides pathways for LANL-derived 
contamination introduced into canyons to migrate to significant lateral distances 
and infiltrate to greater depths.  
 
Flow and transport of water in the vadose zone varies by rock type. Most of the 
plateau is covered with nonwelded to moderately welded Tshirege and Otowi 
Member ash-flow tuffs of the Bandelier Tuff. Unsaturated flow and transport 
through these nonwelded to moderately welded tuffs occurs predominantly through 
the porous matrix. On the western edge of the plateau, both fracture and matrix-
dominated flow can occur, depending on the degree of welding (or matrix 
conductivity) of the tuff. In contrast to the flow behavior in the Bandelier Tuff 
units, much of the vadose zone flow through the basalt units is almost certainly 
fracture dominated. Beneath the Pajarito Plateau, perched water bodies in the 
vadose zone may be important components of subsurface pathways that facilitate 
movement of contaminated fluids from the ground surface to the water table of the 
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regional aquifer. Perched water is most often found in Puye fanglomerates, the 
Cerros del Rio basalt, and in units of the Bandelier Tuff.  

 
The regional aquifer beneath the Pajarito Plateau is part of an aquifer which 
extends throughout the Española Basin (an area roughly 6000 km2). This aquifer is 
the primary source of water for the Laboratory, the communities of Santa Fe, 
Española, Los Alamos, and numerous pueblos. The sources of recharge to the 
regional aquifer are diffuse recharge in the Sierra de los Valles and focused 
recharge from wet canyons on the Pajarito Plateau. Natural discharge from the 
regional aquifer is primarily into the Rio Grande directly or to springs that flow 
into the Rio Grande. The aquifer is under water-table conditions across much of the 
Plateau, but exhibits more confined aquifer behavior near the Rio. Hydraulic 
properties are highly anisotropic, with vertical hydraulic conductivities much 
smaller than horizontal hydraulic conductivites, resulting in a muted response at the 
water table to supply-well pumping at greater depths. Flow modeling simulations 
suggest that flow beneath the Rio Grande (west to east) has been induced by 
production at the Buckman wellfield just east of the Rio Grande, which supplies 
the city of Santa Fe. Because of the heterogeneous nature of the aquifer, 
groundwater velocity varies considerably over short distances. The fastest 
velocities are in the basalts where fracture flow is assumed.  
 
Imprinted on the natural variations in chemistry along flowpaths is the presence of 
contaminants historically released since the early 1940s when Laboratory 
operations commenced. The impacts to groundwater at the Laboratory have 
occurred mainly where effluent discharges have caused increased infiltration of 
water. The movement of groundwater contaminants is best seen through the 
distribution of conservative (that is, non-reactive) chemical species. Under many 
conditions, compounds like RDX, tritium, perchlorate, and nitrate move readily 
with the groundwater. In many settings, chemical reactions do not retard the 
movement of these compounds or decrease their concentrations, although the 
activity of tritium does decrease due to radioactive decay. For some compounds or 
constituents (uranium, strontium-90, barium, some HE compounds, and solvents), 
movement is slowed or their concentrations are decreased by adsorption or cation 
exchange, precipitation or dissolution, chemical reactions like oxidation/reduction, 
or radioactive decay. Other constituents (americium-241, plutonium, and cesium-
137) are nearly immobile because they are strongly adsorbed onto sediment 
particles. 
 
The distribution of tritium in the regional aquifer supports the conceptual model 
that surface effluent discharges have caused the cases where Laboratory 
contaminants are found at depth. In most cases, the highest regional aquifer tritium 
values are found near where effluent discharges have occurred, but are much lower 
than values observed in overlying alluvial or intermediate perched groundwater. 
The lower regional aquifer values may be due to dilution of recharge by other 
groundwater sources as well as radioactive decay due to recharge times of decades.  
 
The conceptual models of the hydrologic system beneath the Pajarito Plateau have 
been translated into numerical models. A site-wide model for performing first-
order analysis of travel time through the vadose zone across the entire Pajarito 
Plateau was used to identify areas where contaminant pathways are likely to exist. 
Results indicated that the predicted travel times on mesas are variable, but for the 
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most part are greater than 1000 years, ranging from 1000–5000 years in the eastern 
portions of the Laboratory to 20,000 to 30,000 years in the western region. Two 
factors control these results: infiltration rate and hydrostratigraphy. Generally, 
travel times less than 100 years are predicted in the portions of canyons with net 
infiltration of 300 mm/yr to 1000 mm/yr, especially in locations where the 
Bandelier Tuff is thin.  
 
The regional aquifer model has been applied to predict fate and transport of 
contaminants in the regional aquifer, in order to optimally place monitoring wells 
and inform risk assessment studies; and to provide guidance in prioritization of 
data collection activities. 
 
Armed with the understanding gained from the Hydrogeologic Workplan activities, 
it is now possible to develop improved groundwater monitoring strategies or 
conduct more cost-effective detailed studies of individual canyons where initial 
studies have suggested that groundwater risk may exist. 
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1.0 INTRODUCTION  
 

This report provides a comprehensive description of the hydrogeologic setting beneath the Pajarito 
Plateau and Los Alamos National Laboratory (LANL). It is based on interpretative synthesis of 
hydrogeologic data collected through December, 2004. Characterization of the hydrogeologic 
setting was undertaken in order to fulfill regulatory requirements for characterization and 
monitoring. This report provides the data and information necessary to evaluate the existing 
monitoring network and, if necessary, to design an enhanced monitoring network. Monitoring 
network evaluation and design are not addressed in this report. Recommendations included in this 
report are for scientific interest only, and are not necessary to comply with the regulatory 
requirements.  
 
LANL is located in Los Alamos, Santa Fe, and Sandoval counties of north-central New Mexico, 
roughly 25 mi northwest of Santa Fe (Figure 1-1). It is owned by the Department of Energy (DOE) 
and co-operated by DOE and the University of California (UC). Work at LANL began in 1943 
with the mission to design, develop, and test nuclear weapons.  
 
Beginning in 1945, the US Geological Survey (USGS) became involved in various studies to 
develop the water supply at LANL (LANL 1995). Special studies to protect and monitor 
groundwater quality were initiated by LANL in 1949. Thus, groundwater monitoring has been 
conducted at LANL for over 50 years. The first monitoring network was limited to the water 
supply wells, a handful of test wells, and springs. The monitoring network evolved as 
environmental programs, such as those managed by LANL’s Environmental Restoration (ER) 
organization (now Environmental Stewardship—Environmental Remediation & Surveillance 
Program [ENV-ERS]), added more wells, primarily in the shallow alluvial systems, as potential 
monitoring points. 
 
In 1997, LANL personnel began a site-wide hydrogeologic characterization program, which is 
described in the Hydrogeologic Workplan (LANL 1998). The primary objective of the 
characterization program was to sufficiently refine the understanding of the hydrogeologic systems 
so that, if appropriate, an enhanced monitoring network could be designed. The Hydrogeologic 
Workplan was implemented, resulting in installation of 25 regional aquifer wells. Data from 
sampling and measurements taken at these wells have provided information about the subsurface 
geologic environment, including the vadose zone and intermediate perched and regional aquifer 
groundwater. This report is a synthesis of data from Hydrogeologic Workplan activities and all 
other groundwater-related investigations conducted at LANL since 1997. Collection and analysis 
of groundwater data is ongoing at LANL, associated with site-specific (not site-wide) 
investigations. It is considered unlikely that information from wells drilled after December 2004 
will significantly change the understanding of the site-wide hydrogeologic setting described in this 
report. In some cases, analysis and interpretation of data lags behind data collection, and what is 
presented here does not include analysis of all data collected up to December 2004. Analysis of the 
data collected as part of the site-wide characterization has sufficiently improved the understanding 
of the hydrogeologic system and the ability to design and implement an integrated site-wide 
groundwater monitoring program. 
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Figure 1-1.  Location of Los Alamos National Laboratory. 
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1.1 Technical Objectives of the Hydrogeologic Workplan 
 

The primary technical objective of the Hydrogeologic Workplan was to collect data necessary to 
evaluate and, if necessary, enhance the groundwater monitoring network at LANL. The technical 
objectives of the Hydrogeologic Workplan were intended to be comprehensive with respect to 
groundwater regulatory requirements for characterization and monitoring, described in Appendix 
1-A. The regulatory requirements included 
 

• Resource Conservation and Recovery Act (RCRA) operating permit which requires 
monitoring for RCRA units, unless a groundwater monitoring waiver is demonstrated.  

• New Mexico Environment Department (NMED) letters requiring a better understanding of 
the hydrogeologic regime in order evaluate groundwater monitoring waivers submitted by 
LANL.  

• RCRA permits Hazardous and Solid Waste Amendments (HSWA) module requirements to 
characterize the hydrogeologic setting.  

 
Specifically, NMED identified four issues that needed to be resolved in order to evaluate the 
groundwater monitoring waivers submitted by LANL (Appendix 1-A): 

 
• Individual zones of saturation beneath LANL had not been adequately delineated and the 

“hydraulic interconnection” between these was not understood. 
• The recharge area(s) for the regional and intermediate aquifers and any associated effects 

of fracture-fault zones with regard to contaminant transport and hydrology had not been 
identified. 

• The groundwater flow direction(s) of the regional aquifer and intermediate aquifers, as 
influenced by pumping of production wells, were unknown. 

• Aquifer characteristics could not be determined without additional monitoring wells 
installed within specific intervals of the various aquifers beneath the facility. 

 
Table 1-1 is a crosswalk of HSWA module requirements for groundwater characterization, how 
they have been addressed, and which sections of this report contain that information.  

 
1.2 Hydrogeologic Characterization Overview 

 
In order to establish the data quality objectives that guided the development of the Hydrogeologic 
Workplan (LANL 1998), the information needed to evaluate and design a monitoring network was 
articulated. Groundwater at LANL occurs in three modes: alluvial, perched intermediate 
groundwater in the vadose zone, and the regional aquifer. Figure 1-2 shows the relationship 
between the Pajarito Plateau topography and modes of groundwater. In general, to monitor the 
quality of water that has the potential to be impacted by releases of hazardous or radioactive 
wastes, there must be an understanding of the following: 
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Table 1-1. 

Crosswalk Between HSWA Permit  
Requirements* and Synthesis Report Section 

HSWA Permit 
Reference 

Permit Requirement Synthesis Report 
Sections 

Task III.A.1.a A description of the regional and facility specific geologic and hydrogeologic 
characteristics affecting groundwater flow beneath the facility 

Section 2.2, 
Section 2.4 

Task III.A.1.b An analysis of any topographic features that might influence the groundwater 
flow system 

Section 2.1.3 

Task III.A.1.c An analysis of fractures within the tuff, addressing tectonic trend fractures versus 
cooling fractures  

Section 2.5.4 

Task III.A.1.d Based on field data, tests, (gamma and neutron logging of existing and new 
wells, piezometers, and borings) and cores, a representative and accurate 
classification and description of the hydrogeologic units which may be part of the 
migration pathways at the facility (e.g., the aquifers and any intervening 
saturated and unsaturated units) 

Section 2.3; 
Section 4.2.12 

Task III.A.1.e Based on field studies and cores, structural geology and hydrogeologic cross 
sections showing the extent (depth, thickness, lateral extent) of hydrogeologic 
units which may be part of the migration pathway identifying 
Unconsolidated sand and gravel deposits 
Zones of fracturing or channeling in consolidated and unconsolidated deposits 
Zones of high or low permeability that might direct and restrict the flow of 
contaminants 

Section 2.3; 
Section 4.1.2; 
Section 4.2.12 

Task III.A.1.f Based on data obtained from groundwater monitoring wells and piezometers 
installed upgradient and downgradient of the potential contaminant source, a 
representative description of water level or fluid pressure monitoring 

Section 2.4.2 

Task III.A.1.g A description of manmade influences that may affect the hydrogeology of the 
site  

Section 2.7.6 

Task III.A.1.h Analysis of available geophysical information and remote sensing information 
such as infrared photography and Landsat imagery 

Appendix 2-A 

Task III.A.2.d Characterize rock and soil units above the water table including saturated 
hydraulic conductivity 

Section 2.2, 
Section 2.3, 
Section 2.4.1 

Task III.A.2.e Characterize rock and soil units above the water table including porosity Section 2.2, 
Section 2.3, 
Section 2.4.1 

Task III.A.2.j Characterize rock and soil units above the water table including depth of water 
table 

Section 2.2, 
Section 2.3, 
Section 2.4.1 

Task III.A.2.k Characterize rock and soil units above the water table including moisture content Section 2.2, 
Section 2.3, 
Section 2.4.1 

Task III.A.2.l Characterize rock and soil units above the water table including effect of 
stratification on unsaturated flow 

Section 2.4.1 
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Table 1-1. 

Crosswalk Between HSWA Permit  
Requirements* and Synthesis Report Section (continued) 

HSWA Permit 
Reference 

Permit Requirement Synthesis Report 
Sections 

Task III.A.2.m Characterize rock and soil units above the water table including infiltration Section 2.4.1 
Task III.A.2.n Characterize rock and soil units above the water table including 

evapotranspiration 
Section 2.4.1; 
Section 2.4.2 

Task III.A.2.o Characterize rock and soil units above the water table including residual 
contaminants in soil 

Section 2.4.1, 
Appendix 3-A  

Task III.A.2.r Characterize rock and soil units above the water table including water balance 
scenarios 

Section 2.4.1 

Task III.C.1.a A description of horizontal and vertical extent of any immiscible or dissolved 
groundwater plume(s) originating from the facility 

Appendix 3-A  

Task III.C.1.b The horizontal and vertical direction of contaminant movement in groundwater Section 3.2; 
Section 4.1; 
Section 4.2.11; 
Section 4.2.12 

Task III.C.1.c The velocity of contaminant movement in groundwater Section 4.1; 
Section 4.2.11; 
Section 4.2.12 

Task III.C.1.d The horizontal and vertical concentration profiles of any 40 CFR Part 264 
Appendix IX constituents and radiochemical constituents in the groundwater 
plume(s) 

Section 3.2; 
Appendix 3-A 

Task III.C.1.e An evaluation of factors influencing the plume movement Section 3.1, 
Section 3.2, 
Section 4.1, 
Section 4.2.12 

Task III.C.1.f An extrapolation of future plume movement Section 4.1, 
Section 4.2.12 

 * LANL, 1995. 

 
• Potential sources of contaminants: contaminant character, inventory, and locations 
• Release mechanisms that introduce contaminants to the environment 
• Contaminant transport mechanisms from the location of the release to groundwater 
• Transport of contaminants through the groundwater system: direction and velocity of 

groundwater and of contaminants  
Monitoring data needs were identified for each component of the groundwater system: alluvial, 
intermediate perched groundwater in the vadose zone, and regional aquifer and the connections 
between the components. Figure 1-2 shows the overall hydrogeologic conceptual model. In wet 
canyons, where surface water is present, the water infiltrates the alluvium in the canyon bottoms 
and forms alluvial groundwater. Dry canyons and mesas do not have alluvial groundwater. 
Alluvial groundwater flows down the canyon until it reaches an area where infiltration is enhanced 
by thin or absent Bandelier Tuff, highly fractured rock below the alluvium, or anthropogenic 
alterations (e.g. sediment traps). In areas with enhanced infiltration, alluvial groundwater 
percolates through the vadose zone and collects in relatively more permeable units, if there are any 
present beneath the canyon, e.g. fractured basalt. Alluvial groundwater and perched intermediate 
groundwater continue to percolate through the deeper vadose zone until they reach the regional 
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aquifer. The interconnected nature of the hydrogeologic system may allow anthropogenic 
constituents that are present in surface water to be transported into alluvial groundwater, the 
vadose zone and to the regional aquifer.  

 
Figure 1-2.  Groundwater components at LANL. 
 
 
The data collection articulated in the Hydrogeologic Workplan considered elements of risk 
assessment, e.g. sources, release mechanisms, and transport, because these same elements are 
important in establishing a monitoring network capable of detecting releases. Thus, the data 
collected under the auspices of the Hydrogeologic Workplan are considered adequate to support 
risk assessment, but are not intended to serve as a risk assessment. Characterizing the source terms 
and release mechanisms or other chemical phenomena is the subject of ongoing investigations and 
information from those investigations was used in developing the Hydrogeologic Workplan 
(LANL 1998). Characterizing the alluvial component of the hydrologic system was undertaken in 
conjunction with investigating source terms and the results of the alluvial investigations are 
reported here (Section 2.4) because of the importance of alluvial groundwater in the hydrogeologic 
system. The primary focus of the Hydrogeologic Workplan (LANL 1998) activities was on the 
deeper groundwater components and to understand the movement of contaminants through the 
vadose zone and in the regional aquifer. 

 
Since 1998, twenty-five regional aquifer wells and six intermediate-zone wells have been 
completed for hydrogeologic characterization (Table 1-2). The locations of the hydrogeologic 
characterization wells are shown on Figure 1-3. Well completion fact sheets (Appendix 1-B) and 
well completion reports document the drilling, well construction, well completion, testing, and 
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sampling for each characterization well. A description and analysis of the characterization 
sampling for many wells are documented in geochemistry reports. 
 
1.3. Topical Organization 

 
The most basic control on the movement of water and contaminants through the system is the 
rocks through which the water moves. The conceptual model of the site is built from surface and 
subsurface geologic data (Appendix 2-A). Section 2.1 describes the regional geologic setting as a 
context for understanding the stratigraphic framework of the Pajarito Plateau presented in Section 
2.2. Cross sections that illustrate the relationship between the stratigraphic units are critical for 
understanding how groundwater flows (Section 2.3). 
 
The hydrologic properties of stratigraphic units in the vadose zone and regional aquifer are 
described in Section 2.4. This section quantifies the properties of the hydrologic units and explains 
the sources of data, including the uncertainties in the properties. The hydrologic properties and 
processes are combined to create conceptual models of the alluvial, vadose zone, and regional 
aquifer components in Sections 2.5, 2.6 and 2.7, respectively. 
 
The natural groundwater geochemistry of the Pajarito Plateau is important to understand in order 
to identify and quantify contaminants added to the system. The background groundwater chemistry 
is integrated with geochemical processes to provide the comprehensive geochemical model 
described in Section 3.1. Overprinted on the natural water chemistry are the contaminants 
potentially released by LANL activities. Section 3.2 synthesizes the contaminant distribution data 
with respect to hydrologic processes and explores the contaminant transport implications.  
 
Numerical modeling is an analytical tool that can be used to integrate and synthesize the 
sometimes widely-spaced point hydrogeologic field data and that predicts how the hydrologic 
system will behave at different times and under different conditions in the future. However, before 
models can be used for prediction, they must adequately reproduce the current conditions. The 
vadose zone and regional aquifer models that have been developed adequately reproduce current 
conditions beneath the Pajarito Plateau are described in Sections 4.1 and 4.2. These sections 
include the underlying assumptions, hydrologic processes, calibration, and predictions for flow and 
transport.  
 
Section 5 summarizes the information presented in Sections 2, 3 and 4 and highlights how the 
refined understanding of the hydrogeologic systems can be applied to evaluating the adequacy of 
the existing the monitoring system and, if necessary, the design of an enhanced monitoring 
network. 
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Figure 1-3.  Locations of the Hydrogeologic Workplan characterization wells. 
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2.0  HYDROGEOLOGY  
 
Groundwater occurs in three settings beneath the Pajarito Plateau: alluvium, intermediate 
perched saturated zones, and the regional aquifer. The major source of recharge to the regional 
aquifer is precipitation within the Sierra de los Valles. However, alluvial groundwater on the 
Pajarito Plateau is a source of recharge to underlying intermediate perched saturated zones and to 
the regional aquifer.  
 
This section describes the conceptual understanding of the hydrogeology beneath the Pajarito 
Plateau. The conceptual models of the hydrogeologic system described here are based on 
empirical observations combined with knowledge of geologic and hydrologic processes. These 
conceptual models are the foundation of the numerical models described in Section 4. First, the 
geologic conceptual model is described to provide an understanding of the geologic units that are 
present. Second, the connection between geology and hydrology is discussed because the 
geology is the first-order control on the Pajarito Plateau hydrology. Finally, the conceptual 
models for the alluvial groundwater, perched intermediate groundwater, and the regional aquifer 
are described.  
 
2.1  Geologic Conceptual Model 
 
The geologic conceptual model for the LANL site is developed from (1) past studies of site and 
regional geology that predate implementation of the Hydrogeologic Workplan, including over 
50 years of mapping, drilling, and regional geophysical studies; (2) borehole data collected 
specifically for the Hydrogeologic Workplan; and (3) integration of results from current 
Hydrogeologic Workplan studies with other studies in the region, particularly those that are 
brought together by the Española Basin Technical Advisory Group. Table 2-1 provides a 
summary of the types of information used to develop the geologic conceptual model and 
Appendix 2-A contains a detailed description of the geologic types of data used to develop the 
conceptual model.  
 
There are localized subsurface geologic data associated with drilling boreholes and regional 
geologic data, surface and subsurface, which are obtained by aerial surveys and work done by 
others on a regional scale. The localized subsurface geologic data are obtained from: 
 

• Cuttings and core 
• Borehole geophysical data 
• Borehole video logs 
• Drilling rates and character  
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Geologic data derived from regional-scale studies were obtained from multiple sources, 
including: 
 

• Surface geophysical data were used to help constrain the site-wide geologic model 
(Appendix 2-A). These data include regional gravity data, airborne electromagnetic data, 
high resolution resistivity, and magnetotellurics. Gravity data were used to help define 
regional structure beneath the Pajarito Plateau. Airborne electromagnetic data, high 
resolution resistivity, and magnetotelluric data were used to focus groundwater 
investigations by defining the conductivity structure beneath the plateau 

• Numerous local and regional mapping projects and geological studies have provided 
important information supporting development of geologic conceptual models and digital 
realizations of these models. 

• Española Basin workshops were hosted annually by the Española Basin Technical 
Advisory Group and sponsored by the U.S. Geological Survey, the New Mexico Bureau 
of Geology and Mineral Resources, Los Alamos National Laboratory, and the city of 
Santa Fe. 

• The Seismic Hazards program at LANL was an important source of information about 
faults and fractures in the vicinity of the Laboratory. 

• Students and their advisors from the graduate programs from the University of New 
Mexico and New Mexico State University, New Mexico Institute of Mining and 
Technology, and the University of Texas have provided additional hydrogeologic 
information for the Jemez volcanic field, the Espanola Basin, and the Puye Formation. 

 
2.1.1  Goals of the Geologic Model  
 

• Define the geologic setting of the groundwater system beneath the Pajarito Plateau  
• Relate lithologic properties of rocks to groundwater flow characteristics and rock/water 

interactions  
• Provide a benchmark for comparing new data to predicted geology  
• Improve selection of new well sites based on iterative evaluation of hydrogeologic 

information  
• Provide a framework for numerical flow and transport models of the vadose and saturated 

zones  
 
2.1.2  Site-Wide Geology 
 
The discussion of site-wide geology presented here is condensed from a summary by Broxton 
and Vaniman (2005). More detailed, fully referenced information is available in that publication. 
The deep characterization wells drilled in the time period from 1997 to 2004 have provided the 
foundation for constructing the geologic framework surfaces presented in this section. 
 
2.1.2.1  Regional Setting  
The Pajarito Plateau lies at the volcanically and seismically active boundary between the 
Colorado Plateau and the Rio Grande Rift in north-central New Mexico (Figure 2-1). The Rio 
Grande rift is a major geologic feature that consists of north-trending, fault-bounded basins 
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extending from central Colorado to northern Mexico. The local area of subsidence, termed the 
Española Basin, lies between two larger basins—the Albuquerque Basin to the south and San 
Luis Basin to the north (Kelley, 1978). The Española Basin is about 70 km (44 mi) long and 
60 km (37 mi) wide. The plateau overlies the deepest part of the west-tilted Española Basin 
adjacent to the highlands of the Jemez volcanic field. Geologic units consist of Miocene and 
Pliocene basin-fill deposits and interfingering volcanic rocks from the Jemez and Cerros del Rio 
volcanic fields. Miocene and Pliocene sedimentary and volcanic rocks are covered by 
Pleistocene ash-flow tuffs making up the Pajarito Plateau.  
 

 
 
Figure 2-1.  Locations of major structural and geologic elements near LANL. Major fault 

systems are shown with ball on downthrown side. VC is the Valles Caldera 
complex; NFZ is the Nacimiento fault zone; CCFZ is the Cañada del Cochiti 
fault zone; PFZ is the Pajarito fault zone; and PPFZ is the Picuris-Pecos fault 
zone. 
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The western structural margin of the Española Basin is partly covered by rocks of the Jemez 
volcanic field, but probably includes a broad zone of north-trending faults such as the Cañada de 
Cochiti fault zone (Figure 2-1) that cut older volcanic units in the south-central part of the 
volcanic field (Gardner and Goff, 1984). The present active western boundary of the Española 
Basin is the Pajarito fault zone, a narrow band of north- and northeast-trending normal faults that 
delineate the western margin of the Pajarito Plateau. Neogene displacement along the Pajarito 
fault zone is dominantly down to the east with episodic faulting indicated by progressively larger 
offsets in older rock units. 
 
Gravity data (Biehler et al., 1991; Ferguson et al., 1995) indicates the deepest part of the 
Española Basin coincides with three deep, intrabasinal grabens arrayed along the Pajarito and 
Embudo fault systems. From north to south, these subbasins include the Velarde graben (Manley, 
1979, 1984), a north-northeast trending basin beneath Santa Clara pueblo, and a north-trending 
basin near Los Alamos. The Pajarito fault zone forms the western boundary of the Los Alamos 
subbasin (Biehler et al., 1991; Ferguson et al., 1995; Smith, 2004). Gravity data suggest that the 
eastern boundary is bounded by buried faults that lie east of the southern projections of the 
Rendija Canyon and Guaje Mountain (Ferguson et al., 1995), but the location and size of faults 
in this area are not well known.  
 
The basement of the Española Basin is an eroded terrane of Eocene-Precambrian aged rocks 
uplifted during the Laramide mountain-building episode (orogeny, approximately 65 million 
years ago (m.y.a.). One of these uplifted areas, the Pajarito uplift, is bounded on the east by the 
Picuris-Pecos fault in the Sangre de Cristo Range and on the west by the Pajarito fault (Cather, 
2004; Smith, 2004). At the time of Laramide uplift, the Pajarito fault was a westward-verging 
reverse fault, but it was reactivated as a down-to-the-east normal fault during Neogene (within 
the last 24 m.y.) subsidence of the Española Basin. 
 
2.1.2.2.  Structural Geology of the Pajarito Plateau  
The Pajarito fault zone and its associated structures are the most prominent tectonic features of 
the LANL site (Figure 2-2). The fault, which forms a 120-m (400-ft) high escarpment on the 
western margin of the plateau, has the surface expression of a large, north-trending, faulted 
monocline. Along strike the fault varies from a simple normal fault to broad zones of small 
faults, faulted monoclines, and unfaulted monoclines. These varied styles of deformation are all 
considered expressions of deep-seated normal faulting. The amount of fault displacement for 
older rock units is not known because thick deposits of Bandelier Tuff cover critical relations. 
Stratigraphic separation on the Tshirege Member of the Bandelier Tuff (1.22 Ma) ranges 
between 80 and 120 m (260 to 400 ft) along the segment of the fault west of LANL (Gardner 
et al., 1999). Holocene movements (within the last 10,000 years) and historic seismicity indicate 
this fault system is still active.  
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Figure 2-2. Location map of the central Pajarito Plateau.  

 
 

Yellow-shaded area is the Los Alamos National Laboratory. Also shown are the municipalities 
of Los Alamos and White Rock. East- and southeast-trending canyons are incised into the 
plateau. Water supply wells are shown as blue stars and the water-supply well fields are 
indicated in blue shading; additional wells of Guaje well field extend north of this map. The 
Buckman well field provides water to Santa Fe. Water supply wells LA-1 through LA-6 are no 
longer used for municipal water production. New regional aquifer wells installed since 1998 are 
shown as red dots. Older test wells are shown as black dots. Line A-A' shows the location of the 
cross-section in Figure 2-5. Main elements of the Pajarito fault zone are shown in blue. PFZ is 
the main trace of the Pajarito fault zone; RCF is the Rendija Canyon fault; GMF is the Guaje 
Mountain fault; and DDG is the Diamond Drive graben. Faults modified from Gardner et al. 
(2001) and Lewis et al. (2002). 
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Other major faults on the Pajarito Plateau include the Rendija Canyon and Guaje Mountain 
faults. The Rendija Canyon fault, located in the northern part of the plateau, is a north-trending 
normal fault with down-to-the-west displacement. The Rendija Canyon fault dies out as a simple 
normal fault on the north side of LANL. Southward across LANL it is replaced by a broad arc of 
small-displacement faults that trend in a southwesterly direction towards the main trace of the 
Pajarito fault. The Guaje Mountain fault lies east of and is generally parallel to the Rendija 
Canyon fault. It is also a north-trending normal fault with down-to-the-west displacement. 
Surface traces of the Guaje Mountain fault die out north of LANL. 
 
Additional faults are probably buried beneath the cover of Bandelier Tuff on the Pajarito Plateau. 
Where exposed along the east side of the basin, Santa Fe Group rocks are cut by numerous north-
trending normal faults. Similar fault densities and orientations are probably present in the basin-
fill sediments beneath the Pajarito Plateau. Unfortunately, existing well data are of limited use in 
defining these structures because of the complex depositional patterns and interfingering 
relations of Pre-Bandelier rock units beneath the plateau.  
 
2.1.2.3  Volcanic Setting of the Pajarito Plateau 
The Pajarito Plateau overlaps two volcanic fields whose activities were coeval with rifting. The 
plateau is bounded on the west by the Jemez volcanic field, a nearly circular volcanic field 72 km 
(45 mi) in diameter that includes the Valles caldera (Figure 2-1). The plateau is bounded on the 
southeast by the smaller Cerros del Rio volcanic field. The Jemez volcanic field was an 
important source of sediments during basin subsidence and the basin-fill sediments interfinger 
laterally with rocks of both volcanic fields. 
 
Cerros del Rio Volcanic Field 
The Cerros del Rio volcanic field is mainly exposed as the Caja del Rio basalt plateau on the east 
side of the Rio Grande. The surface of the basalt plateau ranges in elevation from 6000 to 
7396 ft. The exposed part of the volcanic field extends about 26 mi in a north-south direction and 
is up to 12 mi wide. The volcanic field extends an additional 7 mi to the west beneath the 
Pajarito Plateau, where Bandelier Tuff covers it. The exposed portion of the volcanic field is 
made up of about a dozen volcanoes and >70 vents of cinder cones, plugs, and tuff rings. Basalts 
and related intermediate-composition lavas are the predominant rock types, and most were 
erupted between 2.3 and 2.8 Ma. The Rio Grande cuts a south-southwesterly course through the 
northwestern part of the basalt plateau, forming White Rock Canyon (Broxton and Vaniman 
2005).  
 
Jemez Volcanic Field 
The Jemez volcanic field lies at the intersection of the northeast-trending Jemez lineament, a 
major crustal structure of Precambrian ancestry, and north-trending faults of the Rio Grande Rift. 
Volcanism over the last 14 million years (m.y.) built up the Jemez Mountains, while 
contemporaneous tectonic rifting resulted in subsidence of the Española Basin, the area 
extending from the Valles caldera to the western margin of the Sangre de Cristo Mountains. The 
Jemez volcanic highlands were a major source of Miocene and Pliocene volcaniclastic sediments 
that were deposited as alluvial fans in the western part of the Española Basin. Eastward, these 
volcaniclastic deposits interfinger with arkosic basin-fill sands and gravels derived 
predominantly from Precambrian–cored uplifts on the east side of the Española Basin. 
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The Jemez volcanic field began to develop between ~14 and 10 Ma with the eruption of 
predominantly basaltic and rhyolitic rocks of the Keres Group. Major rock units of the Keres 
Group include: 
 

• ~14.5 to 7.6 Ma: Basalts that were erupted predominantly in the southern and 
northeastern parts of the volcanic field.  

• ~12.4 to 8.8 Ma: The Canovas Canyon Rhyolite of the Keres Group, made up of rhyolite 
domes and associated pyroclastic deposits that were erupted from vents aligned along 
faults of the Cañada de Cochiti fault zone.  

• ~10.6 to 7.1 Ma: 1000 km3 of andesite and subordinate basalt and rhyodacite that were 
erupted as part of the Paliza Canyon Formation.  

• 7.1 to 6.0 Ma: High-silica rhyolite plugs, domes, and tuffs of the Bearhead Rhyolite, 
including thick tuffaceous deposits of the Peralta Canyon Member, that were erupted 
from along faults of the Cañada de Cochiti fault zone.  

 
The period from 6 to 7 Ma also coincided with a transition to predominantly dacitic volcanism 
throughout the volcanic field (Gardner et al., 1986). Porphyritc dacitic lavas of the Tschicoma 
Formation of the Polvadera Group were erupted primarily between 5 and 3 Ma (Goff and 
Gardner, 2004; G. WoldeGabriel, personal communication) from large, overlapping dome 
complexes typified by the extensive exposures of this formation in the highlands of the Sierra de 
los Valles west of the Pajarito fault zone. 
 
Volcanism in the Jemez volcanic field reached a climax with eruption of the Bandelier Tuff from 
the Toledo and Valles calderas. The Bandelier Tuff has two members, each consisting of a basal 
pumice fall overlain by a petrologically related succession of ash-flow tuffs. Eruption of the two 
members was accompanied in each case by caldera collapse. The Otowi Member (1.61 Ma) was 
erupted from an earlier caldera that was nearly coincident with, and was largely destroyed by, the 
younger Valles caldera. The Valles caldera formed during the eruption of the Tshirege Member 
(1.22 Ma). About 300 km3 of high-silica rhyolite magma was erupted for each of the two 
Bandelier Tuff members. Deposits of Bandelier Tuff form radially distributed flat-topped tuff 
plateaus that dip away from the central volcanic highlands. The Pajarito Plateau at LANL is 
made up of Bandelier Tuff that flowed more than 21 km across the western Española Basin. 
 
An interval of about 400,000 years separated the eruptions of the two Bandelier Tuff members. 
During this interval, domes of Cerro Toledo Rhyolite were emplaced northeast and southeast of 
the earlier Toledo caldera. Tephras from these domes were deposited as ash and pumice falls 
over the Sierra de los Valles and Pajarito Plateau. The Cerro Toledo interval is a mixture of 
reworked Cerro Toledo Rhyolite tephras and Tschicoma dacite sediments eroded from the Sierra 
de los Valles.  
 
2.2  Stratigraphic Framework of the Pajarito Plateau  
 
A generalized diagram showing the stratigraphic sequence of rock units of the Pajarito Plateau is 
shown in Figure 2-3. Rock units are described below from oldest to youngest. The stratigraphy, 
lithology, and geochronology of the Santa Fe Group beneath the Pajarito Plateau are known 
primarily through drillhole data because Bandelier Tuff covers these older rock units. Based on 
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exposures near the Rio Grande and new drillhole data, the Santa Fe Group beneath the Pajarito 
Plateau is believed to include, in ascending order, the Tesuque Formation, older fanglomerate 
deposits of the Jemez volcanic field, the Totavi Lentil and older river gravels, pumice-rich 
volcaniclastic rocks, and the Puye Formation. Recent mapping of basin sediments north and east 
of Los Alamos suggests that the Tesuque Formation, as used in this report, may include rocks of 
the Chamita Formation (Koning et al., 2005). The older fanglomerate and pumice-rich 
volcaniclastic rocks are new units that are given provisional informal names. These units are 
generally similar to the Puye and Cochiti Formations, but are older than rocks normally assigned 
to them. Redefining the Puye and Cochiti Formations is beyond the scope of this report, and the 
older fanglomerates and pumice-rich volcaniclastic rocks are treated as informal units until they 
can be incorporated into the new stratigraphic framework being developed for the Española 
Basin (see discussion in Smith, 2004). In the vicinity of the Pajarito Plateau, Santa Fe Group 
deposits interfinger with or are overlain by volcanic rocks of the Jemez and Cerros del Rio 
volcanic fields. Rock units older than the Santa Fe Group (e.g., early Tertiary and older rocks) 
are not described here because they underlie the Laboratory at considerable depth and have not 
been penetrated by deep drillholes. These prebasin rock units are described in papers by Biehler 
et al. (1991), Cather (1992 and 2004), Ferguson et al. (1995), and Smith (2004). 
 
The total thickness of the Santa Fe Group in the eastern and northern part of the Española Basin 
is as much as 1450 m (4800 ft) (Galusha and Blick, 1971). The Yates La Mesa no. 2 exploration 
well penetrated 1200 m (3966 ft) of Tesuque Formation in the south-central part of the basin 
(Meyer and Smith, 2004). However, the thickest Santa Fe Group deposits are believed to occur 
in the western Española Basin beneath the Pajarito Plateau (Kelly, 1978; Biehler et al., 1991; 
Ferguson et al., 1995; Smith, 2004). The thickness of these deposits is not well known because 
the deepest wells on the plateau (e.g., PM-5 with a depth 950 m; 3110 ft) do not fully penetrate 
the basin-fill sediments. Biehler et al. (1991) estimate that the Santa Fe Group in the central 
basin might be as much as 2000 m (6650 ft) thick based on gravity data. Cross sections by Kelly 
(1978) and Koning and Maldonado (2001) show up to 2750 to 3300 m (9000 to 10000 ft) of 
Santa Fe Group deposits in the central and western parts of the basin. Drillhole data and outcrops 
indicate that Santa Fe Group deposits are considerably thinner (<500 m; <1640 ft) west of the 
Pajarito fault (Goff and Gardner, 2004). 
 
This section includes structure contour maps (contoured elevations at the top or bottom of a 
hydrogeologic unit) and isopach maps (contoured maps showing the unit thickness). These maps, 
which are prepared by interpolation between points of one-dimensional drillhole data, provide 
information on the extent of a unit beneath the site and the relative contribution of each unit to 
the hydrostratigraphy at any given point. Isopach and structure-contour figures representing key 
hydrostratigraphic units include: 
 

• Cerro Toledo interval (Figure 2-4),  
• Otowi Member ash flows (Figure 2-5), 
• Guaje Pumice Bed at the base of the Otowi Member (Figure 2-6), 
• Cerros del Rio lavas (Figures 2-7 and 2-8),  
• Pumiceous volcaniclastic rocks (Figure 2-9).  
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Figure 2-3. Pajarito Plateau stratigraphy and hydrogeologic units as used in this report. 

The bedrock geologic framework shows the stratigraphy of the plateau and the 
adjacent Sierra de los Valles. Units with italicized names are not exposed or 
penetrated by boreholes in the immediate vicinity of the plateau, but they are 
coeval units of the Jemez volcanic field that may be important source rocks for 
plateau deposits. The hydrogeologic framework shows units that are defined for 
site-wide numerical modeling (Broxton and Vaniman, 2005). 
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Figure 2-4. Structure contour and isopach map for the Cerro Toledo interval. Structure 

contours for base of unit indicate that Cerro Toledo filled a broad southeast-
trending paleovalley incised into the Otowi Member (see isopach map for Otowi 
Member in Figure 2-5). The thickest Cerro Toledo deposits coincide with the 
axis of the paleovalley. 
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Figure 2-5. Structure contour and isopach map for the Otowi Member of the Bandelier Tuff. 

Structure contours are for base of Guaje Pumice Bed and show the 
paleotopography prior to eruption of the Otowi Member. Otowi ash-flow tuffs 
filled a broad north-trending paleovalley bounded by the Sierra de los Valles 
highlands on the west and the Cerros del Rio basaltic highland on the east. The 
variable thickness of the Otowi Member on the western side of the plateau 
represents deep erosion of these poorly consolidated nonwelded tuffs prior to 
eruption of the Tshirege Member. 
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Figure 2-6.  Isopach and structure contour map of the Guaje Pumice Bed. 
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Figure 2-7. Structure contour for the top of Cerros del Rio basalt and western dacite on the 

Pajarito Plateau. Green dashed line indicates the northern and western extent of 
the Cerros del Rio volcanic field. Blue line indicates western extent of dacitic 
lavas that were contemporaneous with the basalts. Top of Cerros del Rio basalts 
formed broad north-trending highland on east side of plateau. This highland is 
now covered by Bandelier Tuff. 
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Figure 2-8.  Structure contour for the base of Cerros del Rio basalt with isopachs showing 

the cumulative thickness of flows. Green dashed line indicates the northern and 
western boundary of the Cerros del Rio volcanic field. The maximum thickness 
of basalt corresponds with structural-contour lows, suggesting that the basalts 
accumulated in topographic basins. 
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Figure 2-9.  Topography at the upper surface of the pumiceous deposits underlying Puye 

Formation fanglomerates, with pumiceous deposit thicknesses (ft) indicated in 
blue. Color shading is used to distinguish vitric unaltered pumiceous deposits 
from those that are clay-altered. 
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Each of these figures is based on the interpretations of cuttings, geophysical logs, and in some 
cases borehole video data to determine the elevations of the upper and lower stratigraphic 
contacts for individual stratigraphic units. Isopach maps for shallow units that crop out in 
canyon walls, such as the Cerro Toledo interval and the Otowi Member, are corrected for the 
effects of the modern canyon incision. Each point on the figure represents either a borehole 
(with borehole name listed) or an outcrop location (without a borehole label). The data points 
list the elevation of the basal contact in ft above sea level (asl) and the unit thickness in ft. 
Dashed red contours are hand-generated and indicate an interpretation of the topology of the 
geologic contact; increasingly darker shades of blue indicate increasing unit thickness above this 
topologic surface. 
 

2.2.1  Tesuque Formation 
 
The Miocene Tesuque Formation is partially penetrated by wells in the eastern part of the 
Pajarito Plateau where it makes up a significant portion of the aquifer for local communities and 
LANL (Purtymun, 1995). It is primarily made up of thick fluvial deposits consisting of partly 
lithified, arkosic sediments derived from Precambrian granite, pegmatite, and sparse sedimentary 
rocks of the Sangre de Cristo Range and from Tertiary intermediate to felsic volcanic rocks from 
northern New Mexico and possibly southern Colorado (Cavazza, 1989). Individual beds are 
generally less than 3 m (10 ft) thick and consist of massive to planar- and cross-bedded light 
pink-to-buff siltstone and sandstone, with minor lenses of pebbly conglomerate. Exposures near 
the Rio Grande (Koning and Maldonado, 2001) indicate that the Tesuque Formation beneath the 
plateau probably consists primarily of the Pojoaque Member. In well PM-5, a 110-m (360-ft) 
thick series of basalt flows within the Tesuque Formation yielded a 40Ar/39Ar date of 11.39 ± 
0.40 Ma (WoldeGabriel et al., 2001). 
 
Based on Formation Microimager (FMI) logs for well R-16, bedding in the Tesuque Formation 
on the east side of the plateau dips predominantly towards the west-northwest (LANL, 2003). 
The mean dip is 11° but dips tend to be greater in the lower part of the well (median dip 14° 
below 1170 ft) than in the upper part (median dip 9°). Tesuque beds just east of the Rio Grande 
dip westward mainly at angles of 3° to 10° (Koning and Maldonado, 2001). 

 
2.2.2  Miocene Basalts 
 
Miocene basalts are intercalated with Santa Fe Group deposits in the east-central part of the 
Pajarito Plateau. WoldeGabriel et al. (1996) divided these basalts into two age groups based on 
40Ar/39Ar dates. The older group ranges in age from 10.9 to 13.1 Ma and is largely found in the 
vicinity of Guaje Canyon. The younger group ranges in age from 8.4 to 9.3 Ma and is found over 
a wide area that extends from Bayo Canyon on the north to Ancho Canyon on the south and from 
PM-1 on the east to PM-5 to the west.  
 
2.2.3  Older Fanglomerate 
 
The informal term “older fanglomerates” refers to a thick sequence of late Miocene fan deposits 
that were shed from the Jemez volcanic field into the western Española Basin. These deposits, 
which are found only in deep boreholes, are important for the development of high-yield, 
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low-draw-down municipal and industrial water supply wells on the Pajarito Plateau (Purtymun, 
1995). Purtymun (1995) called these deposits the “Chaquehui Formation” and assigned them a 
post-Chamita and pre-Puye age. From borehole observations, the Chaquehui Formation consisted 
of up to 1500 ft of gravels, cobbles, and boulders derived from the Jemez volcanic field and 
volcanic, metamorphic, and sedimentary rocks derived from highlands to the north and east. 
However, the Miocene deposits identified as Chaquehui Formation in deep wells are more 
appropriately called “older fanglomerates” because recent stratigraphic studies indicate the 
Chaquehui Formation type section consists of younger (late Pliocene) phreatomagmatic deposits 
(Heiken et al., 1996).  
 
The older fanglomerates are widespread beneath the Pajarito Plateau, based on borehole 
observations. These deposits are mostly made up of volcanic detritus derived from Keres Group 
rocks and possibly from early Tschicoma Formation centers. They are characterized by dark, 
lithic sandstones and gravel and cobble deposits dominated by fresh to silicified, subangular to 
rounded andesite, latite, and porphyritic dacite. Subordinate clasts (<10%) include subangular to 
rounded rhyolite and basalt, and rounded quartzite. Rounded granite and angular chert clasts are 
generally rare (<1%) (Broxton and Vaniman 2005).  
 
Precambrian quartzite, granite, and chert clasts are persistent, but in low abundance in the older 
fanglomerates. The source of Precambrian clasts may be Santa Fe Group rocks that were 
exposed within the Jemez volcanic field at the time of Keres volcanism. Stratigraphic 
relationships described by Gardner and Goff (1996) indicate that Santa Fe Group deposition 
interfingered with Keres volcanism in the caldera area. Additionally, rounded quartzite and 
granitic gneiss pebbles are found in lag gravels on the resurgent dome of the Valles caldera 
where they presumably weathered out of Santa Fe Group rocks in megabreccia blocks that 
slumped into caldera during caldera collapse (Goff et al., 2003).  
 
The maximum thickness of older fanglomerate penetrated by wells is 1650 ft in well Otowi-4. 
However, thicknesses could be greater to the west where drillholes did not fully penetrate the 
unit. The westward thickening wedge of volcaniclastic sedimentary deposits corresponds to the 
zone of thick, highly productive aquifer rocks that extend northeastward across the central 
plateau as described by Purtymun (1995). The western boundary of this thick sequence of 
sediments is poorly defined, but recent drilling results suggest that these rocks probably extend 
to the Pajarito fault zone. The older volcaniclastic deposits abruptly thin eastward between east-
west pairs of wells such as R-23/R-22 and Otowi-1/Otowi-4. The transition zone generally 
corresponds to the eastern boundary of the gravity low beneath the Pajarito Plateau described by 
Ferguson et al. (1995). 
 
2.2.4  Totavi Lentil 
 
The Totavi Lentil is made up of river-channel sands and gravels that crop out along the Puye 
escarpment, in lower Los Alamos and Guaje Canyons, and along White Rock Canyon. These 
rocks are also penetrated by a number of wells on the Pajarito Plateau. These axial-channel 
deposits were named the Totavi Lentil of the Puye Formation for a type section in Los Alamos 
Canyon (Griggs, 1964). Griggs recognized their importance as ancestral Rio Grande deposits, 
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and he used them to delineate the base of the Puye Formation with which they are conformable 
in outcrops. 
 
The Totavi Lentil is a poorly consolidated conglomerate containing well-rounded cobbles and 
gravels of Precambrian quartzite, granite, and pegmatite with subrounded to subangular cobbles 
and boulders of silicic to intermediate and rarer basaltic volcanic rocks. Precambrian clasts 
typically make up >80% of the clasts in the deposits. Though commonly subordinate in 
abundance, clasts of volcanic rocks from the Jemez volcanic field make up to 50% of the deposit 
in some interbedded horizons. Lenses of loose, well sorted, fine to coarse sands containing 
abundant quartz and microcline are intercalated with the conglomerate. Totavi deposits are 
generally ~50 ft thick near the Rio Grande and thicken to the northwest (Griggs, 1964). An 
unusually thick sequence of quartzite-rich conglomerate (>323 ft) was penetrated in well R-31, 
located in Ancho Canyon. A number of wells (e.g. R-5, R-9, R-12, R-32) did not encounter the 
Totavi Lentil, indicating that these channel conglomerates may form lenticular deposits of 
limited lateral extent. 
 
Based on new well data, it is evident that ancient river deposits in the Pajarito Plateau area are 
coeval with variety of stratigraphic units that span a longer time interval than previously 
recognized. River gravels occur beneath the pumice-rich volcaniclastic rocks (described below) 
in wells R-13, R-15, R-20, R-33, R-34, PM-1, PM-2, and PM-5. These river gravel deposits are 
generally 10- to 30-m (30- to 100-ft) thick and include abundant well-rounded gravels of 
quartzite, angular to subangular basalt, andesite, and dacite, and minor metavolcanics. Granitic 
clasts are rare to absent. Radiometric ages indicate the overlying pumice-rich volcaniclastic 
rocks are late Miocene in age. In well H-19, river gravels 3-m (10-ft) thick occur as rounded 
quartzite pebbles between two Tschicoma lava flows (Griggs, 1955, 1964). The quartzite-
dominated clast compositions suggest these gravels were derived from the Tusas Mountains and 
were transported southward by the ancestral Rio Chama, with tributaries draining the Jemez 
volcanic field. A late Miocene age for the early riverine deposits is consistent with geologic 
interpretations that through-going rivers were established in the Española Basin prior to about 
6.96 Ma (Smith et al., 2001; Smith, 2004). 
 
2.2.5  Pumice-Rich Volcaniclastic Rocks 
 
The pumice-rich volcaniclastic rocks (pumiceous deposits) are characterized by well-bedded 
horizons of light-colored, reworked, tephra-rich sedimentary deposits and subordinate primary 
ash- and pumice-fall deposits. These rocks consist mainly of tuffaceous sandstones and contain a 
few beds of lava-rich gravels. The underlying older fanglomerate and overlying Puye Formation 
contain higher percentages of gravel and cobble beds. In a number of wells, pumice-rich 
volcaniclastic rocks are separated from the older fanglomerate by the Totavi Lentil (axial 
deposits of the ancestral Rio Grande).  
 
The pumice-rich deposits typically contain 10 to 30% subangular to rounded, rhyolitic lapilli 
mixed with 70 to 90% ash and lithic sands. Gravels contain porphyritic dacite, rhyolite, and 
lesser andesite and basalt. Some intervals contain as much as 90% subangular to angular pumice 
lapilli that represent primary fall deposits or reworked deposits that underwent minimal 
transport. In most areas, pumice lapilli are vitric and show little effect from submergence within 
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the regional saturated zone except for oxidation on clast surfaces and minor clay development in 
vesicles.  
 
However, these deposits are diagenetically altered where most of the volcanic glass is replaced 
by smectite in the northeastern portion of the Laboratory, an area defined by wells R-5, R-8, R-9, 
and R-12. Shadings of blue in Figure 2-9 distinguish vitric unaltered pumiceous deposits (pale 
blue) from those that are heavily clay-altered and retain little or no glass (dark blue). The 
formation of clay in this area is locally accompanied by abundant calcite and variable amounts of 
zeolite alteration. Because of the extent of alteration, the lack of preservation of glass, and the 
loss of many petrographic clues for individual pumice bed correlation, it is difficult to determine 
whether the heavily altered pumices are related to the unaltered pumice or represent an earlier 
pumice unit and an earlier alteration event. 
 
Most lapilli in the pumice-rich volcaniclastic rocks are aphyric or contain sparse phenocrysts of 
quartz, sanidine, and plagioclase, but the presence of some biotite-, hornblende-, and pyroxene-
phyric varieties indicates that multiple volcanic sources supplied tephra to these deposits. Seven 
recent 40Ar/39Ar feldspar ages between 6.8 and 7.5 Ma were obtained from crystal-poor pumice 
falls in six wells that penetrate into this unit. The younger ages overlap the 6.01 to 7.1 Ma range 
of ages reported for the Bearhead Rhyolite (Justet, 1996; Smith, 2001) and the older ages are 
slightly older. Additional work is taking place to investigate the relation between the pumice-rich 
volcaniclastic rocks and Keres Group silicic volcanism with the goal of assigning the pumiceous 
sediments to either the Puye or Cochiti Formations or delineating them as a separate formation.  
 
The pumice-rich volcaniclastic rocks thin northeastward across the central part of the plateau and 
are absent north of Pueblo Canyon. Borehole geophysical logs indicate that these deposits dip 
5° to 15°, primarily towards the southwest and west. Figure 2-9 illustrates structure contours and 
thickness of pumiceous deposits that occur over a broad region beneath the central portion of the 
Laboratory where multiple pumice beds have been encountered. Observations from boreholes 
suggest that the structure of these pumiceous deposits is complex, including both primary and 
reworked pumiceous units intermixed with fanglomerates. Nevertheless, the pumiceous unit is 
predictably encountered in the area shown in Figure 2-9. Drilling experience shows that this unit 
is highly transmissive, providing a difficult drilling horizon where injected fluids are likely to be 
lost. Hydrologic testing shows that the pumiceous deposits have relatively high transmissivity 
(Section 2.3.4.2). 
 
In Figure 2-9 the structure contours represent the top, rather than the bottom of the pumiceous 
deposits. This is done because the bottom of this unit is poorly constrained in R-series drillholes 
to the south and west, where this unit was seldom penetrated. The structure contours at the top of 
the pumiceous unit show that it slopes to the south and shows evidence of incision of a broad 
south-trending paleocanyon, filled by Puye fanglomerate, in the central portion of the 
Laboratory. This broad canyon is somewhat similar to that seen at the base of the Bandelier Tuff 
(Figure 2-6) and at the base of the Cerros del Rio volcanic rocks (Figure 2-8), suggesting that 
broadly south-trending canyons have been a common feature for over 5 m.y. prior to the eruption 
of the Bandelier Tuff. The present west-northwest/east-southeast drainages on the plateau may 
be a relatively recent drainage pattern that developed on the thick east-sloping tuff ash flows 
emplaced after 1.6 Ma. 
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2.2.6  Tschicoma Formation 
 
The Tschicoma Formation of the Polvadera Group consists of thick, predominantly dacite to 
low-silica rhyolite lava flows erupted from large overlapping dome complexes. Major peaks in 
the Sierra de los Valles, including Cerro Grande, Pajarito Mountain, Caballo Mountain, and 
Tschicoma Mountain, are compositionally distinct lava domes that represent separate volcanic 
source areas for detritus that was shed to form the Puye fanglomerates. Low-silica rhyolite 
erupted from a deeply eroded dome complex in the upper Rendija Canyon and Guaje Mountain 
area yielded three ages between 4.95 and 5.32 Ma. Dacites of the Cerro Grande, Pajarito 
Mountain, and Caballo Mountain centers have closely overlapping ages of 2.91 Ma to 3.34 Ma 
(Broxton and Vaniman, 2005).  
 
Outcrops of the Tschicoma Formation in the Sierra de los Valles are primarily gray to purplish-
gray lavas characterized by pronounced jointing and flow foliation. The interflow zones between 
flow units are commonly marked by blocky breccias. Flow interiors consist of dense, massive 
rock that is commonly devitrified to form a microcrystalline groundmass, giving the rocks a 
stony appearance. Chilled volcanic glass is sometimes preserved in flow tops and bottoms. 
Fragmental deposits of ash and lava debris occur in the distal parts of the formation.  
 
The Tschicoma Formation is at least 2,500 ft thick in the Sierra de los Valles, but has a variable 
thickness due to the lenticular shapes of its lava flows. The Tschicoma Formation thins eastward 
under the western Pajarito Plateau where it interfingers with the Puye Formation. The Tschicoma 
Formation was encountered in wells TW-4, H-19, CDV-16-3(i) and CDV-R-37-2 in the western 
part of the Pajarito Plateau, but is absent in boreholes to the east, with the possible exception of 
thick dacite lava in boreholes EGH-LA-1, SHB-1, and I-1. These lavas may be assigned to the 
Tschicoma but their source and distribution is presently unknown. 
 
2.2.7  Puye Formation 
 
The Puye Formation is a large apron of overlapping alluvial and pyroclastic fans that were shed 
eastward from the Jemez volcanic field into the western Española Basin (Griggs, 1964; 
Turbeville et al., 1989). The Puye Formation unconformably overlies rocks of the Santa Fe 
Group (Tesuque Formation), and the Otowi Member of the Bandelier Tuff unconformably 
overlies it. Turbeville et al. (1989) estimated its areal distribution at 200 mi2 and its volume at 
~3.6 mi3. Because its primary source area was volcanic domes in the Sierra de los Valles, the 
Puye Formation overlaps and post-dates the Tschicoma Formation in age. The Puye Formation is 
subdivided into fanglomerate and lacustrine facies. 
 
The fanglomerate facies, the dominant unit of the Puye Formation, is a heterogeneous 
assemblage of clast- to matrix-supported conglomerates, and of gravels and lithic-rich 
sandstones. Clasts in the coarsest deposits consist of subangular to subrounded cobbles and 
boulders of latite, dacite, rhyolite, and tuff in a poorly sorted matrix of ash, silts, and sands. 
Consolidated mudflow deposits are common throughout the unit, and tend to be cliff-forming. 
At least 25 ash beds of dacitic to rhyolitic composition are interbedded with the conglomerates 
and gravels (Turbeville et al., 1989). 
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The lacustrine facies includes lake and riverine deposits in the upper part of the Puye Formation. 
These deposits are characterized by lacustrine fine sand, silt, and clay up to 30 ft thick. Basaltic 
ash beds (maar deposits) up to 10 ft thick are locally present above or below the lacustrine 
deposits. The lacustrine facies includes some well-rounded riverine gravels of Precambrian 
quartzite and gneiss that fill channels cut into the underlying fanglomerates. The lacustrine facies 
crops out in lower Los Alamos Canyon and extends both northward and southward in 
discontinuous outcrops for several miles. Apparently, their extent is limited to the eastern side of 
the plateau because they are found only in wells R-9, R-12, and R-16. Because of their spatial 
and temporal association with palagonitic basalt flows and maar deposits, these lacustrine 
deposits probably represent periods of damming and diversion of the Rio Grande caused by the 
eruptions of lavas within the Cerros del Rio volcanic field. 
 
The Puye Formation reaches a maximum thickness of >1000 ft in well R-25 on the western side 
of the Laboratory but thins to 50 ft in areas north of the Pajarito Plateau. In the central and 
eastern portions of LANL, it is about 600 ft thick and the upper Puye is interbedded with basaltic 
lavas of the Cerros del Rio volcanic field.  
 
2.2.8  Basaltic Rocks of the Cerros del Rio Volcanic Field  
 
Cerros del Rio basalts typically form thick sequences of stacked lava flows separated by 
interflow breccia, scoria, sediment, and ash. These rocks are mostly basalts and basaltic 
andesites, but subordinate dacite is present within thick basalt stacks in the east and central 
plateau (e.g. Ball et al., 2002) or is found as isolated flows on the western side of the volcanic 
field. Cerros del Rio lavas were erupted from vents located both east and west of the Rio Grande 
(Smith et al., 1970; Aubele, 1978; Kelley, 1978).  
 
In major-element composition the dacitic components are very similar to partially 
contemporaneous dacitic lavas that occur within the highlands of the Tschicoma Formation to 
the west. However, dacites are less abundant than basalts within the Cerros del Rio and these thin 
dacitic lavas have relatively few of the common hydrous minerals (amphibole and biotite) that 
characterize most of the Tschicoma lavas. These distinctions are important because they strongly 
affect the hydrogeologic character of the lavas. Lavas of the Cerros del Rio lie within suites of 
relatively thin (a few tens of feet), largely basaltic lava flows with laterally extensive flow-
boundary rubble zones that provide pathways for flow. Lavas of the Tschicoma Formation are 
far more massive, up to hundreds of feet thick, and are generally poorly transmissive (Griggs, 
1964). 
 
Individual flows typically range in thickness from about 3 ft to more than 100 ft. The internal 
structures of flows show some similarities to those described for the Columbia River Basalt 
Group in Washington, Oregon, and Idaho and for Snake River basalts in Idaho (Swanson et al., 
1979; Whiteman et al., 1994; Faybishenko et al., 2000). In ascending order, the flows are 
characterized by: (1) a flow base characterized by vesicular basalt with clinker and scoria, (2) a 
colonnade zone made up of vertical, large-diameter columns bound by cooling joints, (3) a thin 
zone of complexly-overlapping fractures, and (4) a flow top of vesicular basalt with scoria and 
clinker. In addition to highly porous clinker zones associated with flow tops and bottoms, 
interflow zones include cinder deposits and sedimentary deposits. Interflow cinder deposits are 
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fairly common, and their thickness is highly variable (0 to 100 ft), depending on proximity to 
source vents. The thickest cinder deposits are as much as 300 ft thick on or near source vents 
(e.g. R-34). Interflow sedimentary deposits are generally thin (<20 ft) where present and consist 
mostly of reworked basaltic rocks. In the eastern part of the plateau, where the basalts interacted 
with surface water, flow bases commonly include porous, pillow-palagonite complexes. 
 
The basaltic rocks of the Cerros del Rio volcanic field include buried remnants of maar 
volcanoes in White Rock Canyon. The aprons of fragmental debris surrounding these buried 
craters consist of thin layers of basaltic ash and sediments. The maar deposits resulted from 
steam explosions that occurred where basalt erupted through an aquifer or standing body of 
water. Thin maar deposits were identified at the base of the Cerros del Rio basalt in R-9 and 
R-12. 
 
The distribution, form, and thickness of the Cerros del Rio volcanic field beneath the plateau are 
illustrated in Figure 2-7, which shows the topography at the top of the Cerros del Rio and 
Figure 2-8, which shows structure contours (red dashed lines) at the base of the Cerros del Rio. 
In Figure 2-8 shadings of purple represent the variation in thickness of the total Cerros del Rio 
deposits that lie between the two contoured surfaces in these figures. 
 
Figure 2-7 shows that the upper surface of the Cerros del Rio is irregular, with a broad highland 
that extends from north to south under the east-central portion of the Laboratory. This highland is 
largely buried beneath the Bandelier Tuff, but remnants of the eastern slope extending from the 
highland are exposed beneath the town of White Rock. The highland represents distributed 
volcanic centers that produced most of the basaltic and dacitic lavas that underlie the Laboratory. 
Direct evidence of these eruptive centers is found in thick cinder deposits that were encountered 
in drillholes R-22 and especially R-34, and a low cinder-covered volcanic center exposed just 
south of R-23 in TA-36. These cinder deposits are extremely porous and generally provide 
highly transmissive media, but they are localized around volcanic centers so that enhanced 
groundwater flow is likely to extend for less than one mile, based on the extent of the TA-33 
cinder cone (Figure 2-7).  
 
Figure 2-8 shows the topography at the base of the Cerros del Rio volcanic series and the 
exceptional thickening of these deposits beneath R-22 and (probably) extending along a 
paleocanyon extending to the south. The extent of this deep trough to the north and south is not 
well defined by current drillhole locations. Based on the absence of Totavi-like deposits within 
this channel at R-22 and the lack of evidence to the northeast in the canyon walls of lower Los 
Alamos Canyon, it is likely that the head of the canyon rose steeply to the northwest and drained 
the Sierra de los Valles. This thick keel of lavas and intercalated rubble zones occurs largely 
beneath the regional aquifer water table and hosts an important part of the regional aquifer 
beneath the southeast portion of the Laboratory. It is possible that this feature could affect the 
flow direction and head distributions at depth.  
 
2.2.9  Bandelier Tuff 
 
The Laboratory facilities are located almost entirely on mesa and canyon outcrops of Bandelier 
Tuff. The Bandelier Tuff consists of ash flows and minor airfall pyroclastic deposits with ages of 
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1.61 Ma for the Otowi Member and 1.22 Ma for the Tshirege Member (Izett and Obradovich, 
1994). The two Bandelier Tuff members are separated by the Cerro Toledo interval, which is a 
stratified sequence of volcaniclastic sediments and tephra of mixed provenance. Although it 
occurs between the ash-flow members of the Bandelier Tuff, the Cerro Toledo interval is not 
considered part of the Bandelier Tuff, a usage consistent with the original definition by Bailey 
et al. (1969).  
 
2.2.9.1  Otowi Member, Bandelier Tuff 
The Otowi Member crops out in several canyons but is best exposed in Los Alamos Canyon and 
in canyons to the north. It consists of moderately consolidated, porous, nonwelded ash-flow tuffs 
that form colluvium-covered slopes along the base of canyon walls. The Otowi 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. The Otowi Member is made up of multiple 
ash flows, but individual ash-flow deposits cannot be traced in the subsurface using core and 
cuttings from widely spaced boreholes. The base of the member is called the Guaje Pumice Bed 
(Figure 2-6), and is discussed below. In some drillholes, a shift in borehole gamma 
measurements in the central part of the unit provides a useful datum for correlations between 
drillholes. The nonwelded ash-flow tuffs of the Otowi Member collectively form a relatively 
homogenous rock unit throughout the plateau. Transport through this hydrogeologic unit appears 
to occur primarily by matrix flow, although open fractures may contribute to transport locally 
(e.g., R-25). Although made up of multiple flow units, the combined Otowi ash flows are 
massive, and borehole geophysical logs show only minor variations in density and porosity. 
 
The present maximum thickness of Otowi Member occurs in two areas in the western part of the 
plateau where the deposits are about 350 to 400 ft thick. Otowi deposits are only <100 to 300 ft 
thick between these two areas. The thin deposits are overlain by unusually thick Cerro Toledo 
sediments that apparently accumulated in a broad east-southeast-trending drainage incised into 
the top of the Otowi Member. On the eastern side of the plateau, the Otowi Member is 0 to 100 ft 
thick. Thinning of the deposits eastward reflects both the general thinning of the Otowi Member 
away from its caldera source and thinning of the ash-flow tuffs over the Cerros del Rio highland 
on the east side of the plateau. Structure contours indicate that Otowi ash-flow tuffs filled a 
broad south-draining paleovalley west of the Cerros del Rio basaltic highland.  
 
Figure 2-5 shows structure contours (red dashed lines) at the base of the Otowi Member of the 
Bandelier Tuff and color shading in purple that represents relative overall thickness of the unit. 
The Otowi Member thickens from the central portion of the Laboratory toward the west, with the 
exception of a paleocanyon that is aligned with and filled by the thick Cerro Toledo deposits 
shown in Figure 2-5. To the east, south of PM-1 where Otowi deposits ramp up onto the Cerros 
del Rio basaltic volcanic centers with little or no Puye sediment cover, the Otowi deposits are 
thinner than to the northeast where they are underlain mostly by eastward-sloping Puye fans. In 
the south-central portion of the Laboratory the Otowi deposits fill a broad south-trending valley 
formed by low terrain between Puye fans sloping down from the west and Cerros del Rio 
highlands to the east, such as the TA-33 volcano. 
 
The Guaje Pumice Bed occurs at the base of the Otowi Member and is an extensive marker 
horizon in outcrop and wells. The Guaje Pumice Bed contains layers of sorted pumice fragments 
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whose mean size varies between 2 and 4 cm. It has an average thickness of ~15 ft over much of 
the plateau, but thickens considerably to the northwest (Figure 2-6). Geophysical logs show that 
the Guaje Pumice Bed has a higher porosity than overlying Otowi ash-flow tuffs and underlying 
Puye Formation. The Guaje Pumice Bed appears consistently as a zone of higher porosity and 
elevated moisture content in CMR geophysical logs. Because of this property the Guaje Pumice 
Bed can provide a relatively thin (a few feet to a few tens of feet) but laterally continuous 
horizon capable of local saturation. 
 
Figure 2-6 uses color shading to represent the thickness of the Guaje Pumice Bed. Because the 
Guaje Pumice Bed formed as a pumice fall rather than an ash flow, the tendency to thin away 
from the source (the Valles caldera) is much less pronounced except for the area underlying the 
northwestern corner of the Laboratory. The distribution of pumice fall deposits is more strongly 
influenced by prevailing wind direction at the time of eruption, compared with the largely 
internal energy sources that distribute ash flows. A general lack of incision and weathering at the 
top of the Guaje Pumice Bed indicates that little time elapsed before it was buried by 
magmatically related ash flows of the Otowi Member. Locally, however, the Guaje Pumice is 
unusually thin compared to surrounding areas and may have been partially eroded before or 
during the passage of the earliest Otowi ash flows. In the eastern portion of the Laboratory the 
Guaje Pumice Bed is seldom more than a few feet thick and is locally absent. 
 
2.2.9.2  Tephra and Volcaniclastic Sediments of the Cerro Toledo Interval 
The Cerro Toledo interval crops out in Los Alamos Canyon and in canyons to the north, and it 
occurs in many of the wells on the plateau. It unconformably overlies the deeply eroded Otowi 
Member and its thickness is highly variable (3 to 390 ft). Figure 2-4 shows structure contours at 
the base of the Cerro Toledo interval and a colored representation of relative overall thickness of 
the unit. 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 
thickest Cerro Toledo deposits coincide with the axis of this paleovalley. 
 
The predominant rock type in the Cerro Toledo interval is rhyolitic tuffaceous sandstone and 
tephra. These deposits contain abundant crystal-poor ash and pumice, and clasts of vitric to 
devitrified rhyolite lava and minor obsidian. They represent the reworked equivalents of Cerro 
Toledo Rhyolite tephra erupted from the Cerro Toledo and Rabbit Mountain dome complexes 
located northeast and southeast of the Valles caldera, respectively. Primary pumice-and ash-falls 
are interbedded with these sedimentary deposits in most locations.  
 
Clast-supported gravel, cobble, and boulder deposits of porphyritic Tschicoma dacite derived 
from the Tschicoma Formation are also interbedded with the tuffaceous rocks. In some deposits, 
the dacitic detritus is volumetrically more important than the tuffaceous detritus. These coarse 
dacitic deposits commonly define the axial portions of channels incised into the underlying 
Otowi Member. 
 
In the western part of the plateau, the Cerro Toledo interval contains a large component of 
crystal-rich tuffaceous detritus. These tuffaceous sediments represent reworked Otowi tuff that 
accumulated in drainages incised into the Otowi Member prior to emplacement of the Tshirege 
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Member. These reworked Otowi deposits are interbedded with other volcaniclastic deposits 
derived from Cerro Toledo and Tschicoma sources. 
 
Data from boreholes R-19, CdV-R-15-3, CdV-16-1(i), R-18, and R-26 revised the conceptual 
model for the Cerro Toledo interval, which was a general thinning from Cerro Toledo age 
volcanic sources in the caldera to the northwest of the Laboratory to distal deposits toward the 
east-southeast (Broxton and Vaniman, 2005). These boreholes, however, showed that the 
thickening is not uniform and the Cerro Toledo sediments fill a deep and broad east-southeast 
draining paleocanyon in the middle western portion of the Laboratory. This paleocanyon is 
incised into the top of the Otowi ash flows; the overlying base of the Tshirege Member of the 
Bandelier Tuff and the underlying base of the Otowi Member (Figure 2-5) show no such canyon 
development. The structure contours that show the base of the Cerro Toledo interval in 
Figure 2-4 show the topology of the canyon eroded into the top of the Otowi ash flows. The 
exact width and the orientation of this canyon, whether it is one canyon or several, and where 
this canyon connected to paleodrainages toward the Rio Grande to the east are relatively 
unconstrained points that allow a certain amount of latitude in the way that Figure 2-4 is 
constructed. 
 
2.2.9.3  Tshirege Member, Bandelier Tuff 
The Tshirege Member is the upper member of the Bandelier Tuff and is the most widely exposed 
bedrock unit of the Pajarito Plateau. It is a multiple-flow, ash-and-pumice sheet that forms the 
prominent cliffs throughout the plateau. It also underlies canyon floors in all but the middle and 
lower reaches of Los Alamos Canyon and in canyons to the north. The Tshirege Member is 
generally over 200 ft thick in the north-central part of LANL and over 600 ft thick near the 
southern edge of LANL.  
 
The Tshirege Member differs from the Otowi Member most notably in its generally greater 
degree of welding compaction. Time breaks between the successive emplacements of ash-flow 
units caused the tuff to cool as several distinct cooling units. For this reason the Tshirege 
Member is a compound cooling unit, consisting of at least four cooling subunits that display 
variable physical properties vertically and horizontally. These variations in physical properties 
reflect zonal patterns of varying degrees of compaction, welding, and glass crystallization. The 
welding and crystallization zones in the Tshirege Member produce vertical variations in 
properties such as density, porosity, hardness, composition, color, and surface weathering 
patterns. The degree of welding in each of the cooling units generally decreases from west to 
east, reflecting higher emplacement temperatures and thicker deposits closer to the Valles 
caldera. 
 
The Tsankawi Pumice Bed forms the base of the Tshirege Member. Where exposed, it is 
commonly 2 to 3 feet in thickness. This pumice-fall deposit contains sorted pumice lapilli 
(diameters reaching about 2.5 in) in a crystal-rich matrix. Several thin ash beds are interbedded 
with the pumice-fall deposits.  
 
Because the thick Tshirege ash flow tuffs make up a significant portion of the upper vadose 
zone, brief descriptions are provided below for the major subunits of the member, from bottom 
to top: 
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• Qbt 1g is the lowermost subunit above the Tsankawi Pumice Bed. It consists of porous, 
nonwelded, and poorly sorted ash-flow tuffs. The “g” in this designation stands for 
“glass” because none of the glass in ash shards and pumices shows crystallization by 
devitrification or vapor phase alteration. The tuffs of Qbt 1g are nonwelded and have an 
open, porous structure. 

• Qbt 1v forms alternating cliff-like and sloping outcrops composed of porous, nonwelded, 
but crystalline tuffs. The “v” stands for vapor-phase crystallization that together with 
crystallization of glass in shards and pumices (devitrification) transformed the rock 
matrix into microcrystalline aggregates of silica polymorphs and sanidine. The tuffs of 
Qbt 1v are generally nonwelded to slightly welded, and have an open, porous structure. 

• Qbt 2 forms a distinctive, medium brown, vertical cliff that stands out in marked contrast 
to the slope-forming, lighter colored tuffs above and below. A series of laminated and 
cross-bedded deposits commonly mark its base in the eastern part of the Laboratory. In 
the central and western part of the Laboratory, the boundary between Qbt 2 and Qbt 1v is 
gradational and the distinction between the two units is somewhat arbitrary. Qbt 2 is 
typically the most strongly welded tuff in the Tshirege Member. Vapor-phase 
crystallization of flattened shards and pumices is extensive in this subunit.  

• Qbt 3 is a nonwelded to partly welded, vapor-phase altered tuff that forms the cap rock 
of mesas in the central part of the Pajarito Plateau. Qbt 3 becomes moderately to densely 
welded in the western part of the plateau. 

• Qbt 4 is a complex unit consisting of nonwelded to densely welded ash-flow tuffs and 
thin intercalated surge deposits. Devitrification and vapor-phase alteration are typical in 
this unit, but thin zones of vitric ash-flow tuff occur locally. The occurrence of Qbt 4 is 
limited to the western part of the Pajarito Plateau. 

 
2.2.10  Alluvium and Colluvium 
 
Holocene and late Pleistocene canyon-floor alluvium consists of stratified, lenticular deposits of 
unconsolidated fluvial sands, gravels, and cobbles (Reneau et al., 1996). Smaller canyons whose 
headwaters are located on the plateau contain detritus exclusively of Bandelier Tuff. Larger 
canyon systems that head in the Sierra de los Valles contain Bandelier detritus mixed with dacite 
detritus derived from the Tschicoma Formation. Active and inactive channels and floodplains 
form complex, cross-cutting deposits. These fluvial sediments interfinger laterally with 
colluvium derived from canyon walls. In Pueblo Canyon alluvium is about 11 ft thick on the 
west side of the plateau and about 18 ft thick near the confluence with Los Alamos Canyon. 
Mortandad Canyon has 1 to 2 ft of alluvium near its headwaters and more than 100 ft of alluvium 
(plus colluvium) near the eastern LANL boundary.  
 
Alluvium of probable early Pleistocene age overlies Bandelier Tuff on mesas throughout the 
plateau (Reneau and McDonald, 1996). The alluvial deposits form fairly continuous deposits on 
the western side of the plateau, but only remnants of these deposits are preserved further east. 
These alluvial deposits are primarily made up of coarse dacitic detritus from the Sierra de los 
Valles, but some locations also contain Valles Rhyolite (Cerro del Medio and El Cajete) fall 
deposits or their reworked equivalents. These deposits record the locations post-Tshirege alluvial 
fans and streams that predate incision of canyons on the plateau (Reneau and McDonald, 1996). 
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Colluvium consists of slope or cliff detritus shed gravitationally into canyons. In most instances 
only large blocks of colluvium can be distinguished from locally derived alluvium, where the 
colluvial blocks are identified with material in adjacent cliffs. Colluvial blocks are commonly 
overlain by alluvium, as in the wider reaches along Mortandad Canyon where blocks of upper 
devitrifed units of the Tshirege Member, often several feet in diameter, are found beneath 
alluvial sands and gravels in drillhole MCOBT-8.5. 
 
2.3  Geologic Conceptual Model Cross-Sections 
 
The geologic conceptual model is based on the accumulated geologic, geophysical, and 
hydrogeologic data described in Section 2.1. Regional and local data sources are used to 
constrain possible visualizations of the thickness and extent of major hydrogeologic units 
beneath the Laboratory. Of all data sources, the principal sources for building the subsurface 
components of the geologic conceptual model are obtained through the R-hole drilling program 
conducted under the Hydrogeologic Workplan. These data are supplemented by drilling data 
collected from boreholes that were drilled for other purposes. Because samples and geophysical 
logs from earlier boreholes are largely unavailable, and earlier wells were not drilled with the 
goal of obtaining a sitewide hydrogeologic model, the R-series wells provide the best available 
dataset for subsurface geology at the Laboratory. The various types of stratigraphic data from 
R-series wells and from other boreholes used to support the geologic conceptual model are 
summarized in Appendix 2-A. 
 
2.3.1  Geology at the Water Table 
 
The distribution of bedrock units at the top of regional saturation is shown in Figure 2-10. 
Regional groundwater enters the Pajarito Plateau by underflow through the rocks that underlie 
the Sierra de los Valles (Griggs, 1964; Purtymun, 1984). This underflow is supplemented by 
recharge from drainages that cross the plateau (Kwicklis et al., 2005). Hydrogeologic conditions 
beneath the Sierra de los Valles west of the Pajarito fault zone are largely unknown because there 
are no deep wells in this area. Groundwater probably flows through Tschicoma lavas and 
underlying geologic units at depth, based on stratigraphic cross-sections (see Section 2.3.2). The 
geologic units beneath the Tschicoma Formation are poorly constrained but probably consist of 
Keres Group volcanic rocks, Santa Fe Group sediments, Eocene sedimentary rocks, Paleozoic 
and Mesozoic sedimentary rocks, and Precambrian crystalline rocks (Smith et al., 1970; Goff and 
Gardner, 2004; Smith, 2004). In the western part of the plateau, in the vicinity of Pueblo and 
Water Canyons, the water table is straddled by two lobes of down-faulted Tschicoma lavas that 
extend up to 3 km (2 mi) east of the Pajarito fault zone. Based on the physical characteristics of 
the rocks, groundwater flow through dacite most likely occurs as fracture flow in the lava 
interiors and as porous flow in interflow zones and interbedded clastic deposits.  
 
In the central part of the plateau, the regional water table occurs within basin-fill deposits that 
become progressively older to the east. These basin-fill deposits consist of the Puye Formation, 
pumice-rich volcaniclastic rocks, older fanglomerates, and the Tesuque Formation (Figure 2-10). 
The most productive municipal supply wells on the plateau occur in this area where long well 
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screens (500 m [1600 ft]) span the Puye Formation, pumiceous deposits, Totavi deposits, older 
fanglomerates, and Tesuque sedimentary rocks and basalts. 
 
Basalt straddles the water table in two areas. The most extensive is located in the south-central 
part of the plateau where as much as 195 ft of saturated Pliocene Cerros del Rio basalt occurs at 
the top of the regional zone of saturation in well DT-10 and 290 ft occurs in well R-22 
(Figure 2-10). A smaller region of older Miocene basalts straddles the water table in a north-
trending zone extending between wells R-12 to R-5. The southern extent of this zone is poorly 
constrained. 
 
The Tesuque Formation is the primary rock unit making up the regional aquifer in the eastern 
part of the plateau and in the Buckman well field east of the Rio Grande (Figure 2-10). Miocene 
basalts are interbedded with the Tesuque Formation beneath parts of the plateau, but are absent 
in wells drilled to depths of 300 to 575 m (1000 to 1900 ft) in the Buckman well field 
(Shomaker, 1974). Most of the production from municipal supply wells in Guaje Canyon and in 
lower Los Alamos Canyon comes from the Tesuque Formation. 
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Figure 2-10. Map showing distribution of geologic units at the top of the regional saturated 

zone beneath the Pajarito Plateau. The wells that provided geologic control for 
this map are indicated by dots using the same color schemes as Figure 2-2. The 
LANL boundary is shown by the green outline, and the Pajarito fault zone is 
shown in blue. The map portrays the dominant rock unit in the upper 50 ft of the 
regional saturated zone. 
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2.3.2  Representative Cross-Sections 
 
The full three-dimensional implementation of the geologic model is discussed in Section 4.1. 
The 3D model is tested against conceptual cross-sections that incorporate time-stratigraphic 
constraints, structural considerations, and correlations and limitations that take into account 
source regions and settings beyond the boundaries of the 3D model. The development of a 
manageable 3D model is time-intensive and requires treatment of geologic units on a large scale, 
where some details must necessarily be incorporated into larger units or ignored. Conceptual 
cross-sections help to test ideas concerning site geology, present details that may not be 
manageable in the 3D model, and provide a means of rapid testing of new borehole data against 
existing concepts. 
 
Figure 2-11 shows alignments for eight conceptual geologic cross-sections that cover the 
Laboratory area. Included are four conceptual cross-sections for principal drainages:  
 

• Los Alamos Canyon (Figure 2-12),  
• Mortandad Canyon (Figure 2-13),  
• Pajarito Canyon (Figure 2-14), and  
• Water Canyon (Figure 2-15).  

 
In addition, four cross-sections of approximately southwest-northeast alignment cross the grain 
of drainage at the Laboratory from western to eastern portions of the site (Figures 2-16, 2-17, 
2-18, 2-19). Each geologic section is presented here at a vertical exaggeration of 10:1 in order to 
permit appropriate labeling and allow a level of detail that would not be possible at true vertical 
scale. Each geologic section is described separately below. 
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Figure 2-11. Lines of cross-section for Figures 2-12 through 2-19. 
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Figure 2-12. Conceptual cross-section for Los Alamos Canyon. Blue line is regional water 
table. 
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Figure 2-13.  Conceptual cross-section for Mortandad Canyon. Regional water table is shown 
in blue. 
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Figure 2-14.  Conceptual cross-section for Pajarito Canyon. Water table is shown in blue. 
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Figure 2-15. Conceptual cross-section for Water Canyon. Water table is shown in blue. 
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Figure 2-16. Conceptual north-south cross-section for the western portion of the Laboratory. 
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Figure 2-17. Conceptual southwest-northeast cross-section from TA-16 through the west-

central portion of the Laboratory. 
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Figure 2-18.  Conceptual southwest-northeast cross-section from TA-49 through the central 

portion of the Laboratory. 
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Figure 2-19. Conceptual north-south cross-section through the eastern portion of the 

Laboratory. 
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2.3.2.1 Los Alamos Canyon Cross-Section 
Figure 2-12 shows a cross-section based on boreholes along the length of Los Alamos Canyon, 
from H-19 to the Rio Grande. At the western margin of this section, thick Tschicoma lava flows 
are shown extending almost to the Rendija fault zone or slightly beyond. The lack of dacitic 
lavas in R-7 suggests that the lavas do not extend this far to the east; however, lithologic 
homogeneity of dacitic lithologies in thick Puye fanglomerate sequences at R-7 may indicate that 
the dominant lava sources are not far away. From the opposite direction, Cerros del Rio lavas 
extend from exposures in lower Los Alamos Canyon to O-4 but not to R-7. The “lava gap” at 
R-7 provides a section of more homogeneous lithology (Bandelier, Puye, and pumice-rich 
volcaniclastic rocks) from canyon bottom to regional water table without interference from low-
porosity dacitic or basaltic lava flow. 
 
Pumice-rich volcaniclastic rocks at R-7 occur in a series of primary or reworked pumice beds 
intercalated with fanglomerates. In this cross-section these are referred to as “younger pumiceous 
deposits” to distinguish them from heavily clay-altered and possibly older pumice deposits 
observed at greater depth in O-4, R-8, and in R-9. In reality these may be unaltered and altered 
variants of a single unit and the distinction shown here may be abandoned if future studies 
provide a link between these deposits. The lenses and thin layers labeled as “river gravels” refer 
to well-rounded gravels that contain at least 10% Precambrian lithologies (quartzite, with and 
without granite and schists, etc.). As noted in Section 2.2.4, relationships between these gravels 
and the Totavi are uncertain. 
 
Dips on hydrostratigraphic units in this cross section vary with age; the youngest units dip to the 
east and older units dip to the west. This variation in dip reflects in part the progressive drop in 
structural elevation along the Pajarito fault zone, just west of H-19. Younger contributions of 
Tschicoma lavas, steep fanglomerate slopes shed from these fans, and proximally thick Bandelier 
ash flows provide the east-dipping masses at higher stratigraphic levels. 
 
2.3.2.2  Mortandad Canyon Cross-Section 
Figure 2-13 shows a cross-section beginning at borehole H-19, dropping into Mortandad Canyon 
at TW-8 and extending along Mortandad Canyon, then to R-16 and across the Rio Grande to 
well PNM6 in the Buckman well field. This cross section begins in the west where Tschicoma 
dacitic lavas were found in drillhole H-19, but here the uppermost lavas are extended to borehole 
EGH-LA-1. The implied relationship between dacitic lavas in these two drillholes is speculative 
because there are no samples from H-19 to test similarity. If there is continuity of dacitic lavas 
between H-19 and EGH-LA-1 to the west as shown, then there is likely little or no “lava gap” 
between Tschicoma dacites and Cerros del Rio basalts as seen in the vicinity of R-7 in 
Figure 2-12. 
 
The top of the pumiceous deposits, beneath Puye fanglomerates, is well defined in boreholes 
from TW-8 to R-13. The data from EGH-LA-1 and R-34 are largely inferred due to poor sample 
returns in these drillholes. There is also a lack of information to indicate whether or not there is a 
series of clay-altered and possibly older pumiceous deposits, as shown in Figure 2-12, on top of 
the Miocene basalts shown here. As in the previous cross-section for Los Alamos Canyon, dips 
on most units vary from easterly in upper horizons to westerly in lower horizons. The evidence 
for westerly dips in Santa Fe Group sands for this section is based largely on extrapolation from 
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the FMI dips recorded in drillhole R-16 (see Table 1-A-1). The pumice-rich volcaniclastic 
deposits dip 5-7o to the southwest at R-1 and R-33 and 6 o to the southeast at R-28. 
 
The south-trending paleocanyon at the base of the Bandelier Tuff is more evident in this section 
than in the more northerly section along Los Alamos Canyon (Figure 2-12). In Figure 2-13 the 
axis of the paleocanyon is clearly transected in the vicinity of drillholes R-33 to MCOBT-8.5. 
Evidence for a comparable canyon, offset to the east, may be seen in the depth to pumiceous 
deposits at R-13, but the paucity of deep cuttings from R-34 make this interpretation somewhat 
speculative. Evidence for the cinder mass within the Cerros del Rio at R-34 however is very 
good, and it is likely that a buried basaltic vent source is close to the R-34 drill site, although the 
distance and direction to the vent are not constrained. 
 
2.3.2.3  Pajarito Canyon Cross-Section 
Figure 2-14 shows a cross-section beginning at borehole R-26, extending to the location of well 
R-18 and planned well R-17, then along Pajarito Canyon to well R-23 and across the Rio Grande 
to a measured section on the eastern canyon wall (Dethier, 1997). In this cross section the deep 
erosion into the Otowi ash flows and filling of this eroded canyon by Cerro Toledo deposits is 
evident (compare with Figures 2-4 and 2-5). As in the Mortandad Canyon cross section, the 
broad south-trending valley filled by Bandelier Tuff is visible west of PM-2, although placement 
of the valley axis will depend on observations yet to be obtained from future drillhole R-17. 
 
The deepest point filled by Cerros del Rio lavas in this section is at R-22. This point is the 
principal evidence for the south-trending paleocanyon seen in Figure 2-8, although the exact 
trend and the head of the canyon are poorly constrained by current borehole data. The west-
dipping Miocene basalts are suggested by dips seen in other drillholes to the north, in outcrop 
along White Rock Canyon (Dethier, 1997), and by suggested correlations between Miocene 
basaltic lavas in PM-2 and R-22 and between PM-2 and basalt outcrops in White Rock Canyon. 
At R-20, FMI logs show that the pumice-rich volcaniclastic deposits dip about 5o to the 
southwest. 
 
2.3.2.4  Water Canyon Cross-Section 
The cross-section shown in Figure 2-15 runs approximately parallel to the southern boundary of 
the Laboratory, from borehole R-26 to two measured sections on the western and eastern walls of 
White Rock Canyon (Dethier, 1997). Here the axis of the paleocanyon at the base of the 
Bandelier Tuff is less evident because the eastern wall of that paleocanyon is essentially flat, 
from borehole DT-9 to White Rock Canyon. An older and more prominent paleocanyon is 
shown in the vicinity of borehole R-31, filled by accumulation of largely Precambrian sands and 
gravels marking a previous channel of the ancestral Rio Grande. The depth of this paleochannel 
is poorly known because borehole R-31 was unable to penetrate completely through the gravel 
deposit. 
 
Boreholes CdV-16-3(i) and CdV-R-37-2 were both completed within thick sequences of 
Tschicoma Formation dacitic lavas. These lavas do not occur in borehole R-25; moreover, lavas 
encountered in boreholes DT-5A and DT-9 are poorly characterized but are believed to be flows 
within the Cerros del Rio volcanic field that are likely younger than these thick dacitic lavas, 
although no samples of these lavas are available for dating. Completion of planned drillhole 
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R-27 within Water Canyon north of DT-5A will address this question by providing samples of 
these lavas. Specifically, the well will provide additional information about the composition of 
lavas in the vicinity of TA-49 and their possible relationship with the lavas encountered in 
CdV-16-3(i) and CdV-R-37-2. In this cross-section the dacitic lavas in CdV-16-3i and 
CdV-R-37-2 are shown as being limited in lateral extent. The flow base for these lavas is 
speculated to be at the top of the older fanglomerates, but actual stratigraphic relations are 
unknown at this time. 
 
2.3.2.5  Western Boundary Cross-Section 
Figure 2-16 shows a cross-section from south of borehole SHB-3 extending up along the western 
boundary of the Laboratory, northeast to borehole G-5A in Guaje Canyon. This section shows in 
cross-section the depth and width of the paleocanyon cut into the Otowi Member and filled by 
deposits of the Cerro Toledo interval in the vicinity of borehole R-26. To the north the Otowi 
Member has been eroded away and the sediments of the Cerro Toledo interval are deposited on 
fanglomerates of the Puye Formation. Fanglomerates of the Puye Formation are considerably 
thicker beneath the Laboratory than to the north. The pumice-rich volcaniclastic and older 
fanglomerate are believed to occur beneath the western part of LANL but their presence is 
speculative because boreholes do not fully penetrate the thick Puye Formation in that area. The 
correlation of dacitic lavas in TW-4 and H-19 is based on lithologic descriptions of phenocryst 
minerals, but the lack of available cuttings from these boreholes means that this correlation 
cannot be tested.  
 
2.3.2.6  West-Central Cross-Section 
Figure 2-17 shows a cross-section from south of borehole CdV-R-37-2 and extending northeast 
across the Laboratory to borehole G-5 in Guaje Canyon. In this section the chemical composition 
of the lavas (wt% SiO2) and available radiometric ages are shown to indicate how the lavas can 
be used as a guide in stratigraphic interpretation. In general, the ages of lavas assigned to the 
Cerros del Rio volcanic field or to the older Miocene sequences correlate with stratigraphic 
depth. The Tschicoma intermediate-composition lavas at the margins of the Laboratory, as in 
borehole CdV-R-37-2, have not been fully penetrated by any boreholes and the nature of their 
basal contacts is not known. 
 
As in Figure 2-15, the pumiceous deposits and the underlying river gravels (Totavi) are shown 
with a southern component of dip, consistent with FMI dip information described earlier. The 
river gravels can be extended as a continuous unit between boreholes R-33 and PM-5. However, 
another interpretation would be as unconnected river channels at different elevations, as seen in 
the east-central cross-section to the east (Figure 2-18). 
 
The cross-section suggests that there is considerable incision into the top pf the Santa Fe Group 
sands prior to deposition of the older fanglomerate in the vicinity of O-4. This interpretation is 
supported by the presence of younger Miocene basalts at O-4 that occur at the same structural 
levels as older Miocene basalts beneath Guaje Canyon. The orientation of possible paleovalleys 
incised into Santa Fe Group sands cannot be determined because most boreholes in the central 
and western part of the plateau are not deep enough to penetrate the base of the older 
fanglomerates. Relations described by Griggs (1964) for wells in the Guaje Canyon areas suggest 
that some uppermost Santa Fe Group sands interfinger with the older fanglomerate. 
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2.3.2.7  East-Central Cross-Section 
Figure 2-18 shows a cross-section from southwest of borehole DT-5A extending northeast across 
the Laboratory to drillhole G-2A in Guaje Canyon. This section crosses a high point in the 
Cerros del Rio volcanic field at borehole R-34. As in the western-boundary and west-central 
cross-sections (Figures 2-16 and 2-17) the stratigraphy beneath the Bandelier Tuff at the 
southern Laboratory boundary is speculative. If the lavas penetrated by borehole DT-5A are 
attributed to the Cerros del Rio (see Figure 2-8) rather than the Tschicoma Formation, the 
distinction from Cerros del Rio volcanic rocks shown as a contact here may unnecessary. The 
lack of samples for analysis from borehole DT-5A allows either interpretation, but this problem 
should be resolved when borehole R-27 is completed in Water Canyon north of DT-5A. 
 
Petrographic and radiometric data from lavas outcropping in Bayo Canyon and comparable data 
from lavas in borehole R-9 suggest an offset of several hundred feet down to the south, 
interpreted in this cross section as a normal fault between Bayo and Pueblo canyons, covered by 
and not offsetting the Bandelier Tuff. Other explanations are possible but fault offset is 
supported by observed offset of exposures in Bayo Canyon. The number and distribution of 
faults beneath the Laboratory remains largely unknown, but continuity in many younger units, 
particularly the Bandelier Tuff and Cerros del Rio volcanic rocks, limits the amount of 
significant fault offset in the central and eastern Laboratory area to units older than about 3 Ma. 
As in Figure 2-17, the cross section shows a paleovally incised into the top of Santa Fe Group 
sands filled by older fanglomerate. These relationships are based on descriptions of the pre-Puye 
rock units described in the lithologic logs for PM-1, PM-2, and DT-5A, and they cannot be 
verified because drill cuttings for these wells are not available. 
 
2.3.2.8  Eastern Cross-Section 
Figure 2-19 shows a cross-section from south of borehole R-31 extending northeast and then 
north across the eastern portion of the Laboratory to drillhole G-1 in Guaje Canyon. This figure 
illustrates the thinning and local absence of the Otowi Member of the Bandelier Tuff over 
highlands of Cerros del Rio volcanic rocks. The very thick sequence of Cerros del Rio volcanic 
rocks between boreholes R-23 and R-31 has a total depth that is poorly constrained but likely to 
have filled a paleocanyon (see Figure 2-8). Continuity of Totavi river gravels from north to south 
is shown as disrupted in the vicinity of this paleocanyon, for such gravels are missing in several 
boreholes near this feature. At greater depth the stratigraphic sequence is dominated by Santa Fe 
Group sands, based on evidence from boreholes in lower Los Alamos Canyon (e.g., LA-4), 
boreholes to the east (R-16), and exposures mapped in White Rock Canyon (Dethier, 1997). 
 
2.4  Hydrologic Properties 
 
The geologic units of the Pajarito Plateau are organized into more generalized hydrogeologic 
units that form the framework for flow and transport numerical models (Section 4). 
Hydrogeologic units are subdivided based on lithologic characteristics believed to result in 
different hydrologic properties. A comparison of geologic and hydrologic frameworks for the 
plateau region is provided in Figure 2-3.  
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2.4.1  Vadose Zone Hydrologic Properties 
 
The vadose zone, the region between the ground surface and the regional aquifer, consists of 
variably saturated rocks, and locally saturated zones. The hydrologic properties controlling the 
flow of water from the surface to the regional aquifer are the saturated hydraulic conductivity 
(ksat) and the unsaturated hydraulic properties. As explained in basic hydrology texts and in 
references related to the vadose zone beneath the Pajarito Plateau such as Rogers and Gallaher 
(1995), when rocks are not completely saturated, the moisture retention curve defines the 
relationship between the volumetric water content of a soil or rock and its capillary pressure 
(sometimes referred to as the matric suction or matric potential). As the pores fill with water, 
capillary forces result in the small-diameter pores filling first, and at progressively larger water 
contents, the larger pores fill. The resistance to flow is much lower for the large-diameter pores, 
so that the unsaturated hydraulic conductivity increases as a strong function of the water content, 
reaching a maximum when the medium is saturated. Under unsaturated conditions, the local 
water content and matric potential are controlled by the percolation flux; the local values of these 
variables modulate themselves in response to changes in the local percolation rate, in order that 
fluid may pass through the rock under gravity-driven or capillary-flow conditions. For 
unsaturated conditions flux and water content are related and flow is in response to a gradient 
that is composed of capillary and gravitational terms. 
 
Although most contaminants of concern associated with past LANL operations travel in the 
liquid phase, gas-phase transport is an important mechanism for radon and also for various 
volatile organic chemicals present in the subsurface. Furthermore, vadose zone observations used 
to estimate permeability at larger scales tend to be pneumatic, that is, based on the response of 
gas-phase pressures to changes in the air pressure exerted at the surface. When treating vapor 
transport, the permeability to the gas phase is the relevant property. Although in principle the 
permeability of the medium should be independent of the fluid (air or water), the role of fractures 
and issues of scale dependence come into play. Given that open fractures are most likely to be 
air-filled under ambient conditions, fractures dominate the behavior for gas-phase contaminant 
transport and the interpretation of pneumatic data. 
 
To quantify the scale dependence of permeability of the Bandelier Tuff and to demonstrate the 
role of fractures, permeability estimates across all scales from laboratory samples to the scale of 
a mesa have been compiled. For the Laboratory scale, the geometric mean values of saturated 
hydraulic conductivity reported by Rogers and Gallaher (1995) are used, and water properties at 
standard conditions are used to convert conductivities to permeabilities. Parameter estimates for 
larger scales include gas-phase permeability estimates from Neeper (2002) for the tuff, and 
hydraulic conductivity measurements for the basalts from Stauffer and Stone (2005). In that 
study, Neeper (2002) presents field-scale results of pneumatic testing using straddle packers, and 
larger scale estimates based on the interpretation of the pressure responses to barometric cycles. 
The packer tests are termed “intermediate scale,” and the estimates based on response to 
barometric cycles are called the “large scale.” 
 
Figure 2-20 compares the permeability estimates for the three scales. The laboratory scale values 
represent matrix permeability and discount the role of fractures, as unfractured samples were 
typically tested. Permeability values are at least one order of magnitude smaller than the 
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Intermediate-scale estimates. The large-scale values are similar to the intermediate scale, except 
in certain highly fractured regions, where even higher estimates of permeability are made. The 
most striking difference with scale is for the Cerros del Rio basalt, where core samples represent 
competent, low-permeability rock, whereas the field scale is dominated by large, open fractures 
or cavities that transmit air with virtually no resistance. Field observations in the basalts indicate 
that pressure changes at the surface are transmitted rapidly to depth (Neeper, 2002).  
 
 

 
 

Figure 2-20. Permeability as a function of measurement scale for Bandelier Tuff (units 1g, 
1v, and 2) and basalts. 
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These results illustrate the role of measurement scale and rock type on estimating the effective 
permeability of the rocks in the vadose zone. Clearly, fractures, faults, or other large-scale 
features exert control on the properties of the rock as scale increases. In this comparison, we 
have mixed the results of water and air flow observations to examine the role of scale. While it is 
apparent that the role of fractures in transmitting air through the vadose zone must be considered, 
the question of water flow and the role of fractures must also be considered. Robinson et al. 
(2005) provide field evidence and numerical model results that suggest that the Bandelier Tuff 
transmits water through the porous and permeable matrix even for cases in which water is 
injected at very high percolation rates. Furthermore, the hydrologic properties measured in 
samples collected from boreholes suffice to describe the percolation of water through the 
Bandelier Tuff under unsaturated conditions. That study concluded that as long as the percolation 
rate is lower than the local saturated hydraulic conductivity, water initially present in fractures is 
imbibed into the rock matrix. Therefore, rock properties of the matrix are most important, except 
perhaps near the surface where high-fracture-density zones may coincide with regions of high 
local infiltration rate. Matrix flow is an important simplification that makes vadose-zone 
characterization in individual canyons a more tractable problem. 
 
In contrast to the Bandelier Tuff, the basaltic rocks clearly exhibit rapid flow through fractures 
and other fast pathways, and the permeability of the rock matrix is essentially irrelevant to the 
rates of water percolation (Stauffer and Stone, 2005). The difference is the orders of magnitude 
lower matrix permeabilities of these rocks, compared to the Bandelier Tuff. 
 
2.4.2 Regional Aquifer Hydrologic Properties 
 
Aquifer properties that are relevant to issues of groundwater quality and quantity are hydraulic 
conductivity, specific yield (unconfined aquifer) or storativity (confined aquifer), and effective 
porosity. This subsection summarizes all available information, both recent data collected in 
R-wells and older estimates from water supply wells. No new information on storage properties 
of the rocks has been collected in R-wells; this discussion, therefore, will rely entirely on older 
data. 
 
There are inherent uncertainties associated with any particular estimate of aquifer properties, and 
there are two particularly important issues to consider when assessing these estimates. First, at 
the field-scale, these are quantities that are virtually impossible to measure directly. They can 
only be measured indirectly, via measuring the response of the aquifer to stress, then applying a 
theoretical model to that response. In a particularly complex aquifer such as the one beneath the 
Pajarito Plateau, the models used to interpret aquifer tests are necessarily much simpler than the 
actual aquifer and this will affect the accuracy of the test interpretation. Second, in a complex 
aquifer, hydraulic conductivity will vary substantially depending on the scale over which it is 
measured. Tests conducted in wells with long screens (such as water supply wells) and/or tests 
conducted over long time periods will sample large portions of the aquifer and the results will be 
average properties of the aquifer, including possible structural features such as faults. Short-term 
tests and/or tests in wells with short screens will sample small-scale features. The results from 
such tests will tend to show much greater variability than those in the first category. Only field-
scale test results are considered here, since these are most pertinent to field-scale flow and 
transport in the regional aquifer. Borehole geophysics and bench-scale test approaches to 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 2-50 December 2005 

estimating hydraulic conductivity are not summarized here, although borehole geophysics-based 
estimates of effective porosity are discussed.  
 
2.4.2.1 Expected Lithologic Controls on Regional Aquifer Hydrologic Properties 
The two major types of aquifer rocks beneath the Pajario Plateau are sedimentary and volcanic 
rocks. The hydrologic properties of sedimentary and volcanic rocks can be very different and 
they are discussed separately. 
 
Sedimentary units include the Puye Formation, pumice-rich volcaniclastic rocks, Totavi Lentil, 
older fanglomerate, Santa Fe Group sands, and sedimentary deposits between basalt flows. 
Based on outcrop and borehole observations, all these units are expected to be highly 
heterogeneous and strongly anisotropic, with a much higher conductivity parallel to sedimentary 
beds than perpendicular to these beds. Figure 2-21 shows photographs of the Puye Formation 
and the Santa Fe Group showing the typical nature of bedding. Figure 2-22 shows an outcrop of 
the Totavi Lentil, a unit found at the base of the Puye in some locations, containing cobble beds 
with abundant quartzite. 
 
The Puye Formation is heterogeneous, containing a variety of sedimentary lithologies. Based on 
previous studies by Waresback et al. (1984) and Turbeville (1991) significant heterogeneity is 
expected to occur at scales from kilometers to meters (laterally) and meters to centimeters 
(vertically).  
 
Due to lack of drill core, it is generally not possible to identify the depositional environments 
penetrated by R-wells within the Puye. Cuttings and borehole geophysics were used to 
distinguish between Puye fanglomerate (dacite detritius and sparse to absent pumice fragments), 
pumice-rich volcaniclastic rocks (abundant pumiceous fragments), Totavi Lentil (rounded clasts 
of abundant quartzite and other Precambrian lithologies), and older fanglomerate (volcanic 
detritus and sparse quartzite). The pumic-rich volcaniclastic rocks are expected to have a 
relatively high porosity, given the abundance of fairly coarse vitric pumice fragments. This high 
porosity may translate to high permeability. In some areas the pumiceous rocks are extensively 
clay-altered and permeability may be greatly reduced. The Totavi Lentil, an ancestral Rio-
Grande alluvial deposit, is possibly the most transmissive of the sedimentary units due to the 
abundance of unconsolidated sands and gravels (see Figure 2-22). Fine-grained sediments, which 
may have low permeability, are also present in this unit.  
 
Purtymun (1995) identified a thick zone of highly productive aquifer rocks that extends 
northeastward across the central plateau. Recent revisions to the plateau stratigraphy 
(Section 2.1) suggest that this zone includes older fanglomerate deposits, pumiceous 
volcaniclastic rocks, and lower portions of the Puye Formation. As will be shown below, both 
high and low permeability rocks are present within this zone. 
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Figure 2-21.  (a) Outcrop of the Puye Formation, Rendija Canyon (north of LANL); 
(b) Outcrop of the Santa Fe Group, lower Los Alamos Canyon (east of LANL); 
(c) Outcrop of the Santa Fe Group, near Española (provided by Gary Smith, 
UNM Dept. of Earth and Planetary Sciences). 

 

 
 
Figure 2-22.  Outcrop of Totavi Lentil along SR 304 (D. Vaniman in foreground). 
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In heterogeneous units like these sedimentary deposits, it is particularly important to determine 
the lateral continuity of the high-permeability facies such as coarse stream channel deposits. 
However, it has not been possible to correlate individual beds in the Puye Formation because 
channel and overbank deposits in alluvial fan settings form complex, cross-cutting deposits, 
many of which are channelized or of limited lateral extent. Because of similar source rocks, clast 
compositions fail to provide distinct criteria for discriminating individual beds, particularly for 
boreholes spaced as far apart as the R-wells.  
 
The storage properties of these rocks are expected to be within the normal range for sedimentary 
aquifers: specific yield (Sy) between 0.01 and 0.3 and storativity (S) between 5.E-3 and 5E-5. 
Likewise, effective porosity values are expected to be in the normal range for sedimentary rocks 
from 0.1 to 0.3 (Freeze and Cherry, 1979). 
 
Volcanic rocks on the Pajarito Plateau include intermediate-composition lavas of the Tschicoma 
Formation and basalts (Cerros del Rio, Bayo Canyon, and Miocene basalts within the Santa Fe 
Group). These volcanic rocks consist of stacked lava flows separated by interflow zones. 
Figure 2-23 shows an example of Cerros del Rio basalt. Flow interiors are made up of dense 
impermeable rock that is variably fractured. The interflow zones contain highly porous breccias, 
clinker, cinder deposits, and sedimentary deposits. Groundwater flow in lava interiors is 
controlled by fractures, with hydraulic conductivity determined by aperture dimensions, fracture 
density, interconnectivity, and the presence or absence of fracture-filling minerals. Porous flow 
is expected to dominate groundwater flow in the interflow zones. Both nonfractured flow 
interiors and clay-filled fractured zones are expected to have very low permeability; zones with 
significant, connected open fractures, lava tubes, and interflow zones are expected to have higher 
permeability and low porosity, a combination of properties which can lead to very fast travel 
times (Stauffer and Stone, 2005).  
  
The lava interiors presumably have very low effective porosity (<<0.1) and negligible storativity. 
Highly fractured zones and interflow zones may have larger porosity and storativity values, 
comparable to values expected for sedimentary rocks. Moderately fractured zones may have low 
effective porosity (10-3–10-4). Table 2-2 summarizes qualitative expectations of aquifer 
properties based on lithology and on the available data, augmented by field-scale testing, model 
calibration, and head gradients.  
 
Fault zones. There are several faults on the plateau, including the Pajarito fault zone and the 
Rendija Canyon and Guaje Canyon faults (Figure 2-2). These are primarily oriented north-south, 
with local deviations. There are numerous north-south trending faults in the Santa Fe Group 
within the larger Española Basin; these types of faults are presumably present beneath the 
plateau, but they are covered by younger rocks. In general, faults can be conduits to flow (if 
open) or barriers to flow (if cemented or clay-filled). Field hydrologic evidence has been 
interpreted based on both of these occurrences. For example, Griggs and Hem (1964) postulated 
the presence of a fault acting as a flow barrier based on pumping tests in the Guaje Canyon 
wells. By contrast, Purtymun (1977) and Blake et al. (1995) observed evidence of faults acting as 
conduits for upward flow of deep thermal waters in the Santa Fe Group, based on geochemical 
and thermal evidence in lower Los Alamos Canyon wells and San Ildefonso wells. More 
recently, Keating et al. (2003), suggested that the large-scale effective permeability of the 
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Figure 2-23. Outcrop of Cerros del Rio basalt at White Rock Overlook (east of LANL). 
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Pajarito fault zone is lower than surrounding rocks, based on observations of large horizontal 
gradients and model interpretations of these gradients. They also concluded that the large-scale 
effective permeability of the Santa Fe Group is lower than that indicated by individual pump test 
results (summarized below). These results indicate that faults in the Santa Fe Group, which tend 
to be north-south trending (transverse to the hydraulic gradient), may act as flow barriers in the 
direction perpendicular to their orientation, lowering the large-scale effective permeability of the 
aquifer.  
 
2.4.2.2 Contact between Units 
Depths to contacts between the major geologic units are generally well established, but their 
physical characteristics must be inferred from cuttings and geophysical logs. Outcrop data 
provide additional information about these contacts. Intra-formational and between-unit 
sedimentary contacts are generally conformable but are frequently disrupted by facies transitions 
and channel incisions. Individual beds can be traced laterally over the scale of meters to 
hundreds of meters. Major erosional unconformities between principal units, such as the Puye 
and Tesuque Formations, probably occur beneath the Pajarito Plateau, but the nature and 
orientations of features such as paleocanyons are unknown. Features such as clay-rich soils occur 
internally within some units like the Puye Formation, but do not appear to be important along 
intraformational contacts. 
 
The contacts between coarse-grained units, such as the Puye Formation or the older 
fanglomerate, and fine-grained sediments of the Tesuque Formation may have hydrologic 
significance because of the juxtaposition of fundamentally different lithologies. Where exposed 
in the eastern part of the plateau, the contact between Puye rocks and Tesuque strata is a slight 
angular unconformity. Hydraulic gradients are generally easterly/southeasterly on the plateau 
(Figure 2-24). Within the Puye Formation, this driving force is parallel to the east-dipping beds. 
In contrast, within the Tesuque Formation, beds tilt to the west. This anisotropic condition will 
result in larger flow resistance and possible local deviations in flow direction within the Tesuque 
rocks. 
 
The contact between the older fanglomerate and the Tesuque Formation may also be 
hydrologically important. In Guaje Canyon, thick sequences of older fanglomerate interfinger 
laterally for several kilometers with the Tesuque Formation (see Griggs, 1964 for discussion of 
these relations). The effect of these interfingering relations on groundwater flow is not known 
but could include changes in potentiometric surface gradients and partial confinement of 
groundwater in older fanglomerate enclosed by less permeable Tesuque strata. In Los Alamos 
and Pueblo Canyons, lateral infingering between the older fanglomerate and the Tesuque 
Formation appears to be more abrupt. The lithologic difference between the older fanglomerate 
in Otowi-4 and the Tesuque Formation in Otowi-1 is striking, and the lateral hydraulic 
conductivity should decrease eastward. The presence of altered Miocene basalts in the Tesuque 
Formation in wells R-9 and R-12 should also contribute to a decrease in hydraulic conductivity 
eastward. 
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Figure 2-24. Regional aquifer water table map. 
 
 
We note again that the sedimentary rocks themselves are highly stratified, and so contrasts 
between layers within these rocks may be as hydrologically significant (or more so) than the 
contacts between major geologic units described above. Contacts within volcanic units can have 
significant hydrologic impact. The contacts between lava flows are generally represented by 
interflow zones that can be very transmissive or, if clay-filled, barriers to flow. One example of a 
low-permeability, clay-filled interflow zone was that encountered in screen 2 of R-9i. This zone 
appears to act as a confining bed; water levels rose significantly in the borehole after the well 
penetrated this zone. Contacts between sedimentary and volcanic rocks can be structurally 
complex, as in the inferred paleovalley in the eastern part of the plateau that is filled by Cerros 
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del Rio basalt (Section 2.2.8; Figure 2-8). Groundwater flow from west to east may be more 
tortuous and possibly diverted when encountering such large-scale structures. 
 
2.4.2.3 Regional Aquifer Hydraulic Conductivity  
Inferences based on field-scale testing. Over the last 40 years, hydraulic conductivity has been 
measured using pump tests and straddle-packer injection tests in 61 locations within the Pajarito 
Plateau; some locations have been measured multiple times. Table 2-3 presents a compilation of 
these test results (86 in all). For those wells tested multiple times, or for which multiple 
interpretations of a single test are available, we selected one representative value for the 
discussion and analyses below (these are indicated with an asterisk in Table 2-3). All these tests 
are within the regional aquifer, with the exception of a perched zone in R-9i that is included 
because it represents a test of saturated basalt. If the screened interval for a test contained at least 
50% of a single stratigraphic unit, the test was categorized as representing that unit. Some wells 
(all the PM wells, for example) are screened across too many rock units and are labeled as 
“mixed” in Table 2-3.  
 
Figure 2-25 shows a histogram of the 61 hydraulic conductivity values, which range from 0.007 
m/day (R-26, screen 2) to 45 m/day (R-28). The geometric mean of these estimates is 0.6 m/day, 
and the distribution appears to be lognormal, although we ascribe no special significance to this 
fact, other than to point out that it is a convenient distribution for modeling purposes. Based on 
the distribution, the standard deviation of the lognormal distribution is 0.76 in units of ln(m/d). 
 
Figure 2-26 illustrates the spatial variation in hydraulic conductivity on the plateau. There are 
two areas with relatively high hydraulic conductivity (K > 3 m/day): the north-central aquifer 
beneath LANL (TW-2, R-4, TW-3, R-11, R-28, and R-13) and the south-central aquifer beneath 
LANL (R-19, screen 6, DT-10, DT-9). The location of these zones overlaps the zone of high-
yield wells identified by Purtymun (1984). However, based on new geologic data and 
interpretations, the rocks making up this zone consist of a variety of sedimentary and volcanic 
units in addition to those attributed to the “Chaquehui Formation” by Purtymun. Also, it is clear 
that lower conductivity zones also exist within Purtymun’s proposed northeast-trending high-
production trough, indicating that it is a heterogeneous portion of the aquifer, with locally high 
and low permeability zones.  
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Figure 2-25. Distribution of hydraulic conductivity estimates, derived from tests of 59 wells 
on the plateau; N = 59; geometric mean = 0.6 m/day. 

 

 
 

Figure 2-26. Hydraulic conductivity estimates in the regional aquifer. If multiple screens 
have been tested at a single location, the uppermost result is shown. Red line is 
the outline of the Laboratory. 
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In several wells there are multiple estimates of hydraulic conductivity at different depths (R-22, 
CDV-R-15-3, CDV-R-37-2, R-16, R-31, R-19, R-9i); in these cases we show the uppermost 
screen result in Figure 2-26. Only two of these wells, R-9i and R-31, show significant difference 
in hydraulic conductivity with depth. R-31, screen 3 (uppermost regional aquifer screen), 
completed in basalt, is very poorly conductive. The two lower screens, 4 and 5, completed in the 
Totavi Lentil, are very conductive. For this reason, they are shown in Figure 2-26 as connected 
to the southern high permeability zone. Both screens in R-9i are completed in basalt. The upper 
conductive screen is located in an interval that includes highly fractured basalt and an interflow 
zone, and the lower nonconductive screen is located within clay-filled interflow breccia at the 
base of the basalt sequence. The other wells (R-22, CDV-R-15-3, CDV-R-37-2, and R-19) show 
consistent results in all screens. This is particularly interesting in the case of R-22 and CDV-R-
15-3, where the screens are located in a variety of rock units. 
 
The hydraulic conductivity values for major rock units of the regional aquifer are shown in 
Figure 2-27 and summarized in Table 2-4. Cerros del Rio basalt, Puye Formation, pumiceous 
volcaniclastic rocks, Totavi Lentil, older fanglomerate, and Santa Fe Group sands are clearly 
heterogeneous. The Santa Fe Group sandy unit (Tesuque Formation) appears to be more 
uniform, although many of the wells representing this unit have very long screens (>300 m), 
which would tend to smooth the effect of small-scale heterogeneity. Nonetheless, the short 
screens within Tesuque sands tested at R-16 gave results similar to those obtained from wells 
with long screens.  
 
The variation within the Cerros del Rio basalt may be related to whether the tested interval 
contains abundant open fractures (as reported at R-9i, screen 1) or is a clay-filled interflow zone 
(reported at R-9i, screen 2). All three tests within the Tschicoma Formation represent interflow 
zones and/or breccia and show relatively high permeability. Both outcrop and borehole 
observations suggest that much of the Tschicoma Formation is, in fact, massive and so these tests 
of breccia zones may not be representative of the larger aquifer unit. Some of the low 
permeability measurements in the Cerros del Rio basalt may represent clay-filled fractures in 
flow interiors or clay-filled interflow breccia zones. 
 
A number of factors could explain the variability of hydraulic conductivities within the Puye, the 
Totavi, and the Santa Fe Group fanglomerate, including different degrees of alteration (clay 
content) and intraformational depositional facies (e.g., stream channel versus overbank deposits). 
Depositional facies are characterized by different grain sizes and degrees of sorting, but bedding 
characteristics and rock fabric are needed to evaluate the depositional setting. Bedding and rock 
fabric cannot be identified from drill cuttings, however borehole geophysical tools such as FMI 
logs can provide information that may be relevant (Table 2-5). In some cases, depositional 
environments inferred from FMI logs (Table 2-5) appear to be related to measured hydraulic 
conductivities. For example, the coarse-grained, poorly sorted gravels and cobbles in CdV-R-
15-3, screens 5 and 6, are consistent with deposits expected in proximal alluvial fan deposits. 
The K values measured here (0.08 and 0.03 m/day, respectively) are lower than most on the 
plateau. The four highest conductivity zones in Tpf or Tpp, measured in R-28, R-11, R-4, and 
R-13, are associated with well-bedded sands and gravels with sparse cobbles located in the 
medial portion of the Puye alluvial fans. Fractures are visible in the screened intervals of the 
R-11 and R-13 wells. 
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Figure 2-27-a. Hydraulic conductivity within the Santa Fe Group. (See Table 2-3 for a list of  
 wells.) 
 

 
 

Figure 2-27-b. Variation of hydraulic conductivity in volcanic rocks of the Pajarito Plateau.
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Table 2-4. 

Summary Table of Hydraulic Conductivity  for Each Hydrostratigraphic Unit 
Unit 

 
 Number of 

Wells 
m/day Max 

m/day 
Geometric 

Mean 

Cerros del Rio  5 <0.1 4.5 0.2 
 Older 3 0.2 0.6 0.3 
Puye fanglomerate 6 .007 45 0.4 
 pumiceous 9 0.3 36 1.3 
Totavi  5 0.2 9.8 2.1 
Santa Fe Group Fanglomerate 5 0.1 5.3 0.4 
 Sandy 18 0.2 0.5 0.3 
 (off plateau data)* 15 <0.1 4.4 0.1 
Tschicoma  3 0.2 9.8 0.9 
Source: Daniel B. Stephens (1994) 
Note: An asterisk (*) means reported in the literature by numerous workers. 

 
 
There are exceptions to these trends, however. For example, screen 3 of R-32 is also completed 
in the medial portion of Puye Formation alluvial fans, but has lower conductivities than the wells 
listed above. The screened interval in R-28 does not show evidence of fractures, yet it has a 
higher conductivity than does R-11, which is screened across an interval containing several 
fractures.  
 
The possible influence of alteration can be examined by comparing the percentage of clay 
present in a hydrostratigraphic unit to the spatial variation in permeability. As shown in 
Figure 2-28a, there is a tendency for the Puye Formation and pumice-rich volcaniclastic rocks to 
be more altered in the southeastern portion of the plateau, which may explain the low K values 
estimated for R-22, screen 3 and R-32, screen 3. However, low clay content is not necessarily 
associated with higher conductivity. R-26, screen 2 in the western part of the plateau has low 
clay content and a low K value. Presumably a combination of facies distributions and post-
depositional alteration are contributing to the complex patterns evident in Figure 2-26. Data on 
which to base these results are somewhat limited, and additional data collection could shed light 
on this issue. 
 
There is no readily apparent correlation between alteration trends in the pumiceous unit 
(Figure 2-28b) and hydraulic conductivity. In fact, the lowest K values reported for this unit 
(CDV-R-15-3, screen 6, and R-14, screen 2) are both in regions of lowest clay content. With the 
limited data available, it appears that alteration within the pumiceous unit is not the only factor 
controlling hydraulic conductivity. 
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Figure 2-28.  Comparison of the percentage of clay present in a hydrostratigraphic unit to the 
spatial variation in permeability: (a) percentage of clay within the Puye 
pumiceous unit; (b) percentage of clay within Puye fanglomerate unit; (c) 
percentage of clay-filled breccia within the Cerros del Rio basalt. 
Note: + = well locations 
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The percent of clay-filled breccia within the Cerros del Rio basalts (Figure 2-28c) is relatively 
high to the southeast and this factor may explain the low K value estimated for R-22, screen 2 
and R-31, screen 3. These areas coincide with the topographically-highest part of the Cerros del 
Rio basalts on the Pajarito Plateau, and they probably are proximal volcanic vent areas. The low 
values for K and high degrees of alteration here, both within the basalts and within the Puye, 
suggest that hydrothermal alteration may have affected the rocks in this area.  
 
Despite the evident variability in most of the rock types, the average properties of the rocks 
derived from our limited data sets show a few distinctions. The geometric mean hydraulic 
conductivity of the pumice-rich unit and Totavi Lentil appear to be significantly greater than the 
other rock types (Table 2-4). At large scales, this trend may be important for flow and transport 
calculations. At small scales, however, the variability evident in both these rock types will be 
very important to consider. Local flow directions in the vicinity of release locations and water 
supply wells are likely to depend strongly on these small-scale differences in hydrologic 
properties. 
 
Inferences based on hydraulic gradients. Head gradients will tend to be larger in low 
permeability rocks, and so head data can be used, at least in a qualitative way, to infer 
information about permeability. Other controls on head gradients, such a recharge and pumping, 
complicate this approach. It is evident from the water table map (Figure 2-24) that there is large 
spatial variation in head gradients at the top of the aquifer. If these variations were entirely or 
mostly due to variations in permeability, we might conclude that rocks and structures on the 
western portion of the plateau (Tschicoma Formation, Pajarito Fault zone) have relatively low 
permeability. However, mountain-front recharge creates hydrologic conditions that lead to larger 
gradients, even if the rocks were homogeneous. In addition, there is an increase in permeability 
towards the center of the plateau (older fanglomerate, pumiceous rocks, Puye Formation and 
Cerros del Rio basalts). The gradient is relatively steep in the vicinity of R-22, where hydraulic 
testing indicates very low permeability (locally) in the Cerros del Rio basalts. 
 
2.4.2.4 Anisotropy 
As mentioned above, bedding within the Santa Fe Group and the Puye Formation is likely to 
cause higher permeability parallel to beds than perpendicular to beds. Large vertical head 
gradients measured in R wells are evidence of anisotropy; persistent vertical gradients are 
presumably caused by intermittent low-permeability strata that provide resistance to vertical 
flow. The beds within the Puye Formation range from centimeters to meters in thickness. Most 
are very low angle, dipping to the east. In contrast, beds within the pumiceous volcaniclastic 
rocks tend to dip to the southwest (R-20, R-2, R-7, R-19, and R-33). Beds within the Santa Fe 
Group exposed on the eastern margin of the plateau dip approximately 2–5o to the west 
(Golombek et al. 1983). Data from R-16 suggest that shallow layers are very low-angle, but 
deeper layers dip as much as 14o to the west. Hydrologic modeling and pump test analysis 
suggests that vertical permeability is 100 to 1000 times lower than horizontal permeability in the 
Santa Fe Group silts and sands (Hearne, 1985; McAda and Wasiolek, 1988; Keating et al., 2003). 
 
If the north-south trending fault zones on the plateau tend to be barriers to flow, this would cause 
horizontal anisotropy, with north-south permeability higher than east-west permeability. 
Multiple-well pump tests on the plateau could be used to test this hypothesis. 
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2.4.2.5 Porosity 
Tracer tests, which provide the most valuable information about effective porosity, have not been 
conducted in the saturated zone at this site. The only available data come from interpretations of 
borehole geophysical logs, using the combined magnetic resonance (CMR) tool. Using only data 
from the Puye Formation and the pumice-rich volcaniclastic rocks within the saturated zone, 
estimates of total porosity based on geophysical logs from R-7, R-19, and CDV-R-15-3 have 
been compiled. Figure 2-29 shows the distribution of these estimates, with data collected at 0.5 ft 
intervals. Table 2-6 summarizes the data. The mean effective porosity for these units as 
estimated from these logs (0.01–0.2) are somewhat low for sedimentary rocks (0.1–0.3, from 
Freeze and Cherry 1979). There is some indication that these values relate to hydraulic 
conductivity. For example, CDV-R-15, which has a high proportion of very low effective 
porosity measurements, also has a relatively low hydraulic conductivity (0.03–0.08 m/day; Table 
2-6). R-19 has higher mean effective porosities and higher K values (5.7–6.7 m/day). However, 
there are significant differences in effective porosities between screens 5 and 6 in CDV-R-15 that 
do not correlate with differences in hydraulic conductivity.  
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Table 2-6. 

Summary of Effective Porosity Estimates based on Borehole Geophysics  
Well Mean Effective Porosity N Formation Hydraulic  

Conductivity (m/day)  

CDV-R-15a 0.07 744 Tpf, Tpp - 

CDV-R-15-4 0.06 87 Tpf - 

CDV-R-15-5 0.01 13 Tpf 0.08 

CDV-R-15-6 0.16 15 Tpp 0.03 

R19a 0.1 1466 Tpf, Tpp - 

R19-6 0.2 14 Tpp 5.7 

R19-7 0.2 15 Tpp 6.7 

R7a 0.09 293 Tpf, Tpp - 
a all depths within Puye Formation 
Note: -  = no data 
Note: For comparison, hydraulic conductivity values derived from in situ testing (Table 2-3) are also shown. 
 

 
 

Figure 2-29. Distribution of effective porosity measured within the Puye Formation beneath 
the regional aquifer water table. 
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2.4.2.6 Storage Properties 
Storage properties of rocks will depend on whether the aquifer is unconfined or confined; 
delineating these two conditions beneath the plateau has been difficult. There are a number of 
interpretations in the literature about the degree and extent of confined conditions on the 
Parjarito Plateau. Based on limited data, Cushman (1965) concluded that the aquifer is under 
water table conditions beneath the plateau, with the exception of the vicinity of the Rio Grande 
where water table conditions exist in shallow layers and confined conditions exist at depth. 
Purtymun (1974) suggested that water table conditions exist on the western margin of the plateau 
and artesian conditions exist along the eastern edge and along the Rio Grande. Recent drilling 
has confirmed the existence of water table conditions at many locations beneath the plateau. 
Pump test results for water supply wells, drilled to depths up to 2000 ft below the water table on 
the plateau, suggest that the deeper portions of the aquifer behave as either: 
 

• “Leaky confined” in the Los Alamos well field, specific storage Ss ~ 10-4.8/m (Theis and 
Conover, 1962); and in O-4, Ss ~ 10-5.5/m (Purtymun et al., 1995a and 1995b) or 

• Unconfined in O-1, Ss ~ 10-3.8/m (Purtymun et al., 1990, Purtymun and McLin, 1990). 
 
In the LA wellfield, Theis and Conover (1962) expanded on the “leaky confined” interpretation 
by stating that there are, in fact, several aquifers and several semiconfining beds in this well 
field. Just to the southeast, along the Rio Grande, the aquifer has been called “partially 
confined” (Balleau Groundwater, 1995).  
 

Drilling activities conducted during the Hydrogeologic Workplan have shown that in most 
R-wells, at all screens, the aquifer is unconfined. Heads tend to decrease with depth (see Figure 
2-45, Section 2.7.7). In the shallowest portion of the aquifer (the upper 150 m), specific yield is 
presumably dominated by effective porosity (see Table 2-6 for estimates in the Puye Formation). 
Specific yield is likely to be very low for basalts. No new information is available for the deeper, 
leaky-confined portions of the aquifer.  
 
2.4.3  Summary of Hydrologic Properties 
 
Pump test data (Table 2-3, Figures 2-26 and 2-27) illustrate the heterogeneity of the aquifer, with 
K values ranging from 0.007 to 45 m/day The geometric mean hydraulic conductivity is 0.6 
m/day; the larger-scale effective permeability may be lower due to large-scale structures and/or 
untested, low-permeability portions of the aquifer, based on the lower permeability values 
obtained in regional aquifer model calibrations (Section 4.2). Table 2-2 presents a summary of 
inferred properties of each of the lithologies present in the regional aquifer.  
 
Heterogeneity tends to be particularly significant in the Puye Formation, pumiceous 
volcaniclastic rocks, Totavi Lentil, and older fanglomerate. The wide variety of depositional 
environments within the Puye Formation are consistent with this observation. However, it is 
difficult to go beyond this general statement to develop a predictive relationship between facies 
and hydrologic properties. On average, the permeabilities of the Puye Formation, pumiceous 
volcaniclastic rocks, Totavi Lentil, and older fanglomerate are similar and ranges of permeability 
overlap one another. 
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As shown in Figure 2-26, there appear to be two zones near the top of the aquifer that are 
particularly conductive (>3 m/day). These zones are not correlated with hydrostratigraphy, 
suggesting that structure or alteration may be the controlling factor. No high permeability zones 
occur east of R-13. Large-scale trends in alteration (Figure 2-28) do not explain the location of 
these zones; although alteration may be an important factor in the location of a low-conductivity 
zone in the southeast (R-31 and R-22). 
 
The older fanglomerate unit is also heterogeneous, consistent with its probable depositional 
history. The Tesuque sandy unit appears to be less heterogeneous, due to the dominance of 
relatively well-sorted sand and silt layers (Section 2.2.1). Discrepancies between pump test data 
and model-calibrated values suggest the possibility that large-scale structures such as north-south 
trending faults may lower the large-scale effective permeability of this unit.  
 
Permeabilities of volcanic rocks appear to be bimodal, presumably a function of whether the 
groundwater is associated with fractures in flow interiors or is found in interflow zones between 
lavas. The amount of clay filling pore space in these settings can also affect permeability. 
Permeabilities of the fractured Tschicoma and Cerros del Rio lava flows are of the order of 1 to 9 
m/day; permeability of poorly fractured flow interiors or clay-filled fractured units is much lower 
(<0.15 m/day). Limited data on Bayo Canyon basalts suggest an intermediate permeability. 
 
Based on the depositional environment (Figure 2-21) of the Puye Formation and the Santa Fe 
Group, strong anisotropy (horizontal K >> vertical K) is predicted. This is confirmed by 
modeling studies, pump test analyses, and by the presence of large vertical gradients in many 
R-wells. The ratio of horizontal to vertical K may be as large as 1000 (see Section 2.4.2.3). If 
north-south trending low-permeability faults exist within these units (as modeling results 
suggest; Keating et al., 2003), this would tend to cause horizontal anisotropy. 
 
Although porosity data are limited, geophysical logs indicate that the effective porosity of the 
sedimentary rocks is relatively low (0.07–0.2). Small-scale data from these geophysical logs 
need to be augmented by interwell tracer tests to obtain larger scale, transport-related porosity 
values that can be used in numerical models and transport-velocity estimates. 
 
2.4.4 Uncertainties in the Relationship between Geologic and Hydrogeologic Units 

 
This section describes uncertainties and sources of error in defining the relationships between 
hydrogeologic properties and lithology. Three of the uncertainties described here are large scale, 
in that they reflect the reliability of stratigraphic assignments. The large-scale uncertainties are: 
 

• Extent and hydrogeologic nature of the Cerros del Rio unit 
• Unassigned pumiceous sediments of uncertain age 
• Totavi variants (see Section 2.4.4.3 below) 

 
The remaining two uncertainties are small scale, in that they address uncertainties in the 
composition within a single stratigraphic unit or of a single property. The small-scale 
uncertainties are: 
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• Disposition of Santa Fe Group sediments 
• Spatial variation in permeability within sedimentary rocks 

 
2.4.4.1 Extent and Nature of the Cerros del Rio Hydrogeologic Unit 
The Cerros del Rio hydrogeologic unit straddles the top of regional saturation across much of the 
southeastern portion of the LANL site (Figure 2-10). The thickness of the unit has proved 
difficult to predict in critical areas (e.g., drillhole R-22 within TA-54) because multiple flows 
from different source areas accumulated as stacked sequences in topographically low areas. The 
nature of the volcanic deposits is highly variable and has led to difficult drilling, as at R-34 
where the drill site appears to have been located above a buried cinder cone with no surface 
expression and unknown shape and lateral extent (Figure 2-14). Data from the basalt field in the 
Snake River Plain indicate that permeability in basaltic volcanic sequences can vary by 10 orders 
of magnitude from the laboratory to the field scale, and the flow field can be strongly anisotropic 
(Whelan and Reed, 1997). Drilling experience in this unit at LANL shows that air permeability 
can be very high; open boreholes generally “breathe” with diurnal barometric variation as soon 
as they penetrate into the Cerros del Rio deposits. All of these features indicate significant 
importance of the Cerros del Rio in flow and transport. At present the 3-D geologic model allows 
for estimation of relative percent of flow interior, open breccia, and clay-filled breccia for each 
borehole, but such distributed percentages may not be sufficient for adequate hydrogeologic 
characterization where stochastic flow simulation may require knowledge of volcanic 
stratigraphy (Whelan and Reed, 1997). In addition, a conceptual model describing the 
characteristic length scales of the basalt subunits would also be required. 
 
2.4.4.2 Unassigned Pumice-Rich Volcaniclastic Rocks 
The extent of clay alteration in pumiceous sediments can be a critical hydrogeologic parameter, 
for the unaltered deposits are highly transmissive whereas local zones of extensive clay alteration 
transform the pumice-rich intervals into aquitards. Extensive pumiceous sediments (Figure 2-9) 
are widely distributed beneath Puye fanglomerates in the central portion of the LANL site. This 
unit is not known in outcrop and was not anticipated when drilling for the Hydrogeologic 
Workplan began. Radiometric dates of 6.8 and 7.5 Ma from pumice in this unit suggest a 
possible relationship with Peralta Tuff to the south, but petrographic variation and stratigraphic 
occurrence indicate that multiple volcanic sources supplied tephra to these deposits. The 
pumiceous sediments in R-9 and R-12 are completely altered to smectite, whereas other 
occurrences have little clay and are essentially unaltered. It is uncertain whether the altered and 
unaltered pumice units are related. This uncertainty can have considerable impact on how the 
pumiceous deposits are represented in cross-section for the conceptual geologic model (see 
Figure 2-12) and in 3-D for the numerical geologic model, as well as having an impact on flow 
and transport properties.  
 
2.4.4.3 Totavi Variants 
The Totavi may be an important transmissive unit at the site, providing a significant flowpath 
where laterally contiguous, making the treatment of this unit in the 3-D numerical geologic 
model particularly important. The axial deposits left by paleochannels of the Rio Grande are well 
defined in outcrop by their high abundance of Precambrian lithologies derived from northern 
sources. Dethier (1997) provides extensive data for these deposits exposed along the eastern 
margin of the LANL site; his definition of the Totavi notes that it contains “generally >80% 
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quartzite and other resistant lithologies from northern New Mexico, but clasts from the southern 
Sangre de Cristo range are common locally.” The high quartzite abundance is distinctive. 
Previous conceptual models of the LANL site geology have extended these axial gravels in a 
continuous unit beneath the site as a horizon underlying Puye fanglomerates. More recent 
drilling has provided evidence of many stream gravels at varied stratigraphic levels, most with a 
smaller abundance of Precambrian stream gravels (generally <25% Precambrian gravel) and with 
more gravels from volcaniclastic sources. Furthermore, new radiometric dates on pumice-rich 
volcaniclastic rocks indicate that underlying river gravels are considerably older than the Totavi 
deposits exposed on the east side of the plateau. The construction of a Totavi unit is thus 
problematic, with some areas where the stream gravels are moderately extensive and other areas 
with isolated channels (e.g., cross-sections in Figures 2-12 and 2-13). Therefore, the 
representation of the Totavi unit within the geologic framework model is illustrative.  
 
2.4.4.4 Disposition of Santa Fe Group Sediments 
The impact of distinguishing different lithologies of Santa Fe Group sediments can be of 
hydrogeologic significance in defining the extent of more productive gravels and in construction 
of hydrogeologic unit boundaries. The Santa Fe Group sediments exposed in outcrop along the 
eastern margin of the LANL site consist of sands and lesser stream gravels, commonly with 
some amount of carbonate cement, that are derived predominantly from plutonic and 
metamorphic Precambrian sources. The 1997 conceptual geologic model for the site projected 
extensive amounts of Santa Fe Group sediments beneath the site that were predicted to be 
encountered by most drillholes deeper than ~1000–1500 ft. Furthermore, the central and most 
hydrologically productive zone was interpreted as consisting of deposits of equivalent age that 
contained more abundant volcaniclastic material. More recent drillholes have found that this 
deeper volcaniclastic material is predominantly of Jemez-derived lithologies and is distinct from 
the generally arkosic deposits of the Tesuque Formation. Recent work in the Española Basin 
suggests that “lithosomes” of the Santa Fe Group grade laterally and interfinger, as fault 
displacements episodically dropped the western margin of the basin. However, the 
downdropping western margin of the basin, which is beneath the LANL site, may also have been 
the locus of past flow for major drainages. At this time it is uncertain whether the lithologic 
variations in these older sediments beneath the site reflect interfingered facies of similar age or 
unconformable, younger channel deposits in paleocanyons cut into the older Santa Fe Group 
sands. Resolution of this uncertainty could confirm or rule out the existence of long-distance, 
high-permeability pathways in the regional aquifer. 
 
2.4.4.5 Spatial Variation in Permeability within Sedimentary Rocks 
With the exception of the relatively uniform sandy sub-unit of the Santa Fe Group, variability 
within hydrostratigraphic units tends to be much larger than variability between 
hydrostratigraphic units. To understand intra-unit variability, using limited data the possible role 
of texture (Table 2-5) and alteration (Figure 2-28) have been examined and no consistent 
relationships were found. There does not appear to be a method to deterministically interpolate 
the spatial variation in permeability within these sedimentary rocks, given the available data. It is 
possible that a larger dataset and better information about sedimentary facies (if cores were 
available, for example) would allow a better understanding of the mechanisms controlling 
hydraulic conductivity. Even so, local variation may be sufficiently great that accurately 
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interpolating point data (tests at wells) within a deterministic 3-D framework model from known 
point estimates may not be feasible. 
 
For the purposes of modeling flow and transport through sedimentary rocks in the saturated 
zone, it may be more appropriate to use a probabilistic approach based on the statistical 
properties of the hydraulic conductivity dataset rather than a deterministic approach based on 
defined geometries of hydrostratigraphic units (Section 4.2.10). Another promising method may 
be to use head data directly to infer heterogeneities in the aquifer (Doherty et al., 1994). 
 
Although the data suggest there are no large differences in permeability between the volcanic 
and sedimentary rocks, differences in porosity and storage characteristics are likely to be large. 
For this reason, it is important to delineate the extent of the volcanic rocks in a 3-D framework 
model of the site for the purposes of flow and transport modeling.  
 
Available porosity data are very limited; more data could be derived from existing borehole 
geophysical logs and perhaps a geostatistical model of porosity could be built from those logs.  
 
2.4.4.6 Influence of Structure on Groundwater Flow 
The influence of structures on groundwater flow is uncertain, but the evidence suggests that 
structure plays a role in groundwater flow beneath the Pajarito Plateau. First, the large head 
gradients across the Pajarito fault zone indicate that the faults exert control on flow. Associated 
modeling results described in Section 4.2.10 suggest that the Pajarito fault zone and north-south 
trending faults in the Santa Fe Group may act as flow barriers at large scales. Zones of high 
permeability in the center portion of the plateau (Figure 2-26), which cross hydrostratigraphic 
boundaries, suggest that perhaps large-scale features such as faults play an important role here. 
 
Further interdisciplinary work combining geophysics, geochemistry, hydrology, and geology 
investigations would be required to better understand the processes controlling variability in 
aquifer properties at this site. Given the large heterogeneities in flow and transport properties and 
the complexities of the hydrogeologic formations, it is unlikely that transport models can ever be 
based purely on a deterministic hydrogeologic framework. Rather, models should be based on a 
blend of deterministic (e.g., 3-D hydrogeologic framework models) and geostatistical 
approaches.  
 
2.5 Alluvial Groundwater Conceptual Model 
 
The alluvial groundwater conceptual model is based on data collected during investigations of 
alluvial groundwater systems at LANL that have been conducted to meet various objectives not 
specific to the Hydrogeologic Workplan (Appendix 1-A). Most of the early investigations were 
driven by alluvial groundwater contamination concerns in canyons with persistent alluvial 
saturation along significant segments of the canyon, and most of the early investigations were 
conducted in Mortandad Canyon. Examples of these studies include those conducted by 
Purtymun (1974), Purtymun et al. (1983), and Stoker et al. (1992). Many of these investigations 
were conducted in collaboration with the United States Geological Survey. Additional 
investigations conducted in the mid-1990s measured alluvial aquifer properties (Koening and 
Guevara, 1992) and calculated bulk groundwater flow velocity (Gallaher, 1995). Purtymun 
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(1995) contains a significant body of additional information and references pertaining to alluvial 
groundwater investigations conducted at the Laboratory up to the mid-1990s. 
 
2.5.1 Physical Setting 
 
Average annual precipitation across the Pajarito Plateau ranges from over 0.5 m along the 
western boundary near the Jemez Mountains to less than 0.36 m to the east at the Rio Grande 
(Bowen, 1990). Most precipitation occurs either as winter/spring snow or as summer 
“monsoonal” rains. As a result, most infiltration occurs episodically during spring snowmelts or 
during the intense summer thunderstorm season. 
  
Surface-water flow in the canyons is generally ephemeral or intermittent, although a few canyons 
have short stretches with perennial surface flow. Anthropogenic discharges from water treatment 
outfalls can be a significant source of water in some canyons. Infiltration of these surface sources 
forms near-surface perched alluvial groundwater systems in many of the canyons (Stone et al., 
2001). These alluvial groundwaters are not sufficiently extensive for domestic use. Nevertheless, 
these waters are an important component of the subsurface hydrologic system. In addition, 
laboratory contaminants introduced into the canyons can affect shallow groundwaters. Therefore, 
alluvial groundwaters provide pathways for contamination to migrate to significant lateral 
distances and potentially to greater depths. 
 
The deposits that comprise alluvial groundwater aquifers are confined to the bottoms of canyons 
and are composed of axial fluvial deposits interbedded with deposits of alluvial fans, colluvium, 
and rock fall from adjacent mesa slopes. For watersheds that head on the Pajarito Plateau (e.g., 
Mortandad and Sandia Canyons), the source of sediment is primarily Bandelier Tuff and, to a 
much lesser extent, other formations such as the Cerro Toledo interval. Tschicoma dacite and 
Bandelier Tuff are primary sources of sediment for watersheds that head in the Sierra de los 
Valles. Canyons that have Bandelier Tuff as the primary source of sediment tend to have 
predominantly sand-sized alluvial fill with some interbedded coarser-grained side-slope deposits, 
including colluvium, whereas canyons that head in the Sierra de los Valles have alluvial fill that 
contains a wide range of grain sizes including dacitic boulders and gravels. Available data 
indicate that the thickness of alluvium and colluvium in the canyons ranges from a few feet up to 
approximately 100 feet. 
 
2.5.2 Hydrology 
 
The presence and extent of saturation within the canyons is dependent on a number of variables 
including source(s) of water, volume and persistence of water sources, the magnitude and 
location of infiltration of groundwater from the alluvial system to underlying bedrock units (i.e., 
loss to underlying vadose zone), and evapotranspiration. 
 
These controls on variability of saturation are difficult to quantify, but are based largely on 
observations made during drilling for installation of alluvial monitoring wells and piezometers in 
several canyons, including, Los Alamos and Mortandad Canyons, and Cañon de Valle. Adjacent 
boreholes commonly show different saturated conditions and sometimes a borehole with 
substantial saturation will be adjacent to one or more boreholes with no or minimal saturation. 
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This phenomenon is likely related to juxtaposition of facies with highly variable hydrologic 
properties, such as porosity, permeability, or hydrologic conductivity (Figure 2-30; Reneau and 
McDonald, 1996).  
 
2.5.2.1 Alluvial Recharge  
Recharge to alluvial groundwater systems on the Pajarito Plateau occurs via infiltration from 
three primary sources: storm-water runoff, anthropogenic effluents, and snowmelt. Each of these 
recharge sources produces a characteristic groundwater response. The conceptual model for 
alluvial system recharge on the Pajarito Plateau is based on continuous stream flow, 
precipitation, and water-level data collected within the Los Alamos and Pueblo Canyon 
watersheds (including DP Canyon). Three example plots (Figures 2-31, 2-32, and 2-33) show the 
relations of precipitation, stream flow, and groundwater hydrographs for several representative 
alluvial monitoring wells in Los Alamos and Pueblo Canyons. The precipitation data shown in 
the plots are values of average daily precipitation estimated using Theissen weighted averages of 
precipitation measured within and near the watershed (Dunne and Leopold, 1978). This approach 
is described in greater detail in LANL (2004) and in Reneau and Kuyumjian (2005). These 
examples are believed to be representative of canyons across the plateau. 
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Note: The numbers shown at the dots are radiocarbon dates in years before the present. 
Source: Reneau and McDonald (1996). 
 
Figure 2-30.  Schematic cross section of complex stratigraphy within the alluvial package in 

Ancho Canyon. 
 

 
 
Examples of recharge via infiltration of storm water are shown in Figure 2-31. The water-level 
record for monitoring well LAO-0.3 in Los Alamos Canyon is plotted against precipitation data 
and the stream flow record at gaging stations E025, E030, and E042. The water-level data show 
generally rapid rises in response to summer and fall precipitation events and associated storm 
water runoff. Good examples are the large precipitation events in mid-August 2001 and late June 
2002. These water-level rises occur instantaneously and generally correlate well with the stream 
flow record, indicating infiltration into the streambed during floods. The duration of the 
recessional limb varies between events. Several small but distinct increases in the water-level 
recorded during late spring and summer months are not related to precipitation events, but rather 
are related to draining of the Los Alamos Reservoir for dredging and maintenance following the 
Cerro Grande fire. Storm-water runoff can be generated from precipitation in upland portions of 
watersheds, directly onto the plateau, or on impervious surfaces in developed areas within the 
Laboratory or in the Los Alamos townsite. 
 
Effluent-supported recharge results in more sustained and consistent water levels, as shown in 
Figure 2-32. Groundwater levels observed in monitoring well PAO-4 are dominated by 
infiltration of effluent discharged from the Bayo wastewater treatment plant (WWTP) to the 
stream channel in Pueblo Canyon (Figure 2-2). The variation in water-level elevations down 
canyon of the WWTP is controlled primarily by seasonal rerouting of effluent for “downstream” 
uses such as watering at the Los Alamos County golf course. Other examples of canyon reaches 
with similar effluent-supported recharge include effluent/upper Mortandad Canyon (TA-50 
outfall) and upper Sandia Canyon (power-plant outfall). These sources represent relatively 
consistent sources of recharge to alluvial groundwater creating stable alluvial groundwater 
levels. During dry periods in drier canyons that have little natural runoff, anthropogenic sources 
provide the majority of groundwater recharge.  
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LAO-0.3 Water Level with Streamflow and Precipitation 8/25/00–9/25/03 

 
Figure 2-31. LAO-0.3 water level with streamflow and precipitation.  
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PAO-0.3 Water Level with Streamflow and Precipitation 8/23/00–9/30/03 

 
Figure 2-32. PAO-4 water level with streamflow and precipitation. 
 
Recharge also occurs in response to winter/spring snowmelt. Figure 2-31 shows rising alluvial 
groundwater levels during the late winter to early spring of each of the years represented on the 
plot. All three winter/spring periods show alluvial-groundwater-level responses prior to initiation 
of sustained streamflow at even the most up-canyon gaging station, E025. The winter and spring 
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of 2000–2001 alluvial-groundwater-level shows a substantial response to snowmelt runoff from 
an appreciable winter snowpack. The alluvial-groundwater-level response occurs over one month 
prior to initiation of stream flow at E025. The conceptual model for this type of response is that 
recharge within the alluvium is associated with early-season snowmelt that infiltrates into 
alluvium in the upper canyon and creates an underflow recharge front that advances down 
canyon. Once the aquifer saturation has reached capacity (i.e., the elevation of the adjacent 
stream channel), stream flow is initiated, suggesting that stream flow during these periods 
represents discharge from the aquifer to the channel.  
 
Figure 2-33 shows groundwater-level data from four alluvial groundwater monitoring wells in 
Los Alamos Canyon. Initiation of the alluvial-groundwater-level rise in the winter/spring of 2001 
at each well occurs prior to the onset of sustained surface water flow. This suggests that the 
persistent baseflow conditions associated with snowmelt infiltration may actually be sustained 
largely from discharge of groundwater to the channel. Long-duration snowmelt runoff is most 
significant in watersheds with upland drainage basin areas, although watersheds that drain 
developed areas with pavement and storm-drain systems can provide short-duration, pulsed 
snowmelt runoff associated with melt from individual events.  
 
The down-canyon extent of alluvial groundwater saturation varies significantly from year to year 
and seasonally. During dry years, and especially during years with limited spring snowmelt 
runoff, saturation may not extend far from the upland sources of snowmelt recharge.  
 
Gray (1997; 2000) and LANL (2004) investigated alluvial groundwater in Los Alamos Canyon, 
creating a numerical model that calculated infiltration of alluvial groundwater to the underlying 
vadose zone. Results indicate that the alluvial groundwater infiltrates into the underlying vadose 
zone at variable rates along the length of the canyon with a higher rate of loss estimated for a 
portion of the canyon coincident with the projected trace of the Guaje Mountain fault (mapped to 
the north but not evident in the walls of Los Alamos Canyon). Nested piezometer data from Los 
Alamos Canyon (LANL 2004) corroborate modeling results indicating greater infiltration rates 
in the vicinity of the projected Guaje Mountain fault. The variability in infiltration rates is 
interpreted to be caused by either loss into permeable units underlying the alluvium or loss 
within zones of relatively greater fracture size or density.  
 
In addition to the watershed-scale investigation of alluvial groundwater responses to various 
recharge sources, site-specific alluvial groundwater investigations have been conducted in DP 
Canyon and in Cañon de Valle. A potassium bromide tracer study was conducted in DP Canyon 
in 2003 to investigate alluvial groundwater travel times, surface water/groundwater exchange, 
hydrologic linkage from reach DP-2 to DP Spring, and to measure vertical hydraulic gradients 
and seepage velocity into the underlying Bandelier Tuff. The primary conclusions regarding 
alluvial recharge from this study were that surface water/groundwater exchange is an important 
recharge mechanism and that groundwater flow is transient, primarily controlled by episodic 
recharge from townsite runoff. For a detailed description of these findings, see LANL (2004) and 
LANL (2003a).  
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Figure 2-33. Los Alamos Canyon alluvial water level depths and stream flows. 
 
To quantify infiltration, Kwicklis et al. (2005) developed a map of average annual “net 
infiltration” in the Los Alamos area, based on physical features such as elevation, vegetation, 
surface geology and stream flow (Figure 2-34). They define net infiltration as that water 
remaining after accounting for evapotranspiration in the shallow subsurface (i.e., the root zone). 
They estimate the highest net infiltration rates in canyons, especially those that head in the 
mountains, with magnitudes of up to a few hundred millimeters per year caused by channelized 
runoff. In contrast, much lower net infiltration rates occur across mesas and in the smaller 
canyons that head on the plateau (see Section 4.1 for a site-wide numerical model employing 
these concepts).  
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Figure 2-34. Estimated infiltration on the Pajarito Plateau (reproduced from Kwicklis et al., 

2005). 
 
 
2.5.2.2 Alluvial Aquifer Properties 
Observations of alluvial groundwater were initially focused on understanding the distribution of 
contaminants. Purtymun (1974) performed one of the first quantitative investigations where 
groundwater velocities were calculated from a tritium release in Mortandad Canyon. The release 
from the TA-50 outfall was a planned event staged to discharge wastewater containing elevated 
tritium. Groundwater velocities calculated from travel time of the tritium centroid showed values 
ranging from 20 meters/day in the upper canyon, where alluvium is thin and the alluvial aquifer 
volume is small, to approximately 2 meters/day in the lower canyon where the canyon widens 
and alluvium thickens to approximately 30 meters (Table 2-7). These observations indicate that 
alluvial groundwater flow can be highly variable along the length of a canyon. Other factors 
influencing system-scale groundwater velocity include aquifer sediment textures, stratigraphic 
complexity, and hydraulic gradient. 
  
Gallaher (1995) calculated Darcy velocity (Table 2-7) from mean saturated hydraulic 
conductivities (Table 2-8) and water table gradients in Los Alamos Canyon. Using the results 
from slug tests conducted by Koening and Guevara (1992), Gallaher estimated the rate of 
groundwater movement in alluvium at 0.75 meters/day. Additional saturated conductivity values 
for Los Alamos and Mortandad Canyons are presented in Table 2-8. Slightly lower hydraulic 
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conductivities in middle Mortandad Canyon may be due to an overall fining of the alluvial 
material in that portion of the canyon.  
 
Gray (1997, 2000) measured aquifer parameters, calculated a hydrologic budget and performed 
numerical modeling of groundwater flow in Los Alamos Canyon. Hydraulic conductivity 
measurements from these studies are included in Table 2-9. 
 
2.5.2.3 Cerro Grande Fire Effects 
The May 2000 Cerro Grande fire produced significant hydrologic changes in the watersheds 
west of the Laboratory (BAER 2000). Loss of vegetation and forest litter, development of ash 
covers, and extreme hydrophobic soil conditions, primarily in the upland portions of watersheds, 
greatly reduced the capacity for infiltration and storage of precipitation. Rapid surface-water 
runoff in the first two summer monsoon seasons following the fire contained high ash content 
with a complex mixture of inorganic and organic compounds. Calcium, magnesium, silica, 
potassium, sodium, and carbonate were among the constituents concentrated in the ash 
(Longmire et al., 2002).  
 
A detailed water-level and water-quality record was obtained from Los Alamos and Pueblo 
Canyons using dedicated multiparameter pressure transducers installed in a series of alluvial 
monitoring wells. Hydrologic system effects were manifested as rapid water-level response to 
numerous post-fire floods and possibly also earlier-than-typical onset of a snowmelt runoff 
response. Reduced or eliminated forest canopy is thought to have allowed winter snow to melt 
shortly after individual precipitation events and early in the spring. There were stormwater 
related excursions in water-quality parameters, including increases in pH in the alluvial 
groundwater and elevated concentrations of several constituents in alluvial groundwater due to 
infiltration of ash-rich storm water. A detailed discussion is presented in Chapter 7 and Appendix 
B of the Los Alamos and Pueblo Canyons Investigation Report (LANL, 2004). It is not known 
how long such perturbations will persist, although the effects of the fire are expected to 
progressively decrease over time as the upper watershed recovers. 
 
2.6 Vadose Zone Conceptual Model 
 
The vadose zone is the section of soil and rock material between the alluvial groundwater or the 
ground surface (where alluvial groundwater is not present) and the regional aquifer water table. 
Beneath the Pajarito Plateau, the thickness of the vadose zone ranges from about 600 feet to over 
1,200 feet. Intermediate-depth perched groundwaters are present within the vadose zone. 
Specific intermediate perched zones that occur beneath major canyons and in the western portion 
of the Laboratory are described in Section 2.7.  
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Table 2-7.  
Groundwater Velocities in Alluvial Aquifers on the Pajarito Plateau 

Measure Locations Source Distance between 
Measurement Points (m) 

GW Velocity 
(m/d) 

Test Type 

Upper Los 
Alamos 
Canyon 

A Approximately 7000  0.75 Calculated from (mean Ks
A), 

average gradient of stream channel 
(0.027), and an estimated porosity 
of 0.3.  

Mortandad Canyon 
MCO-5 to 
MCO-6 

B 393 3H 16 
Cl 25 

Tritium (3H) and chloride (Cl) TA-50 
discharge tracer test 

MCO-6 to 
MCO-7 

B 320 3H 4.2 
Cl 5.1 

Tritium (3H) and chloride (Cl) TA-50 
discharge tracer test 

MCO-7 to 
MCO-7.5 

B 290 3H 4.4 
Cl 5.6 

Tritium (3H) and chloride (Cl) TA-50 
discharge tracer test 

MCO-7.5 to 
MCO-8 

B 185 3H 1.7 
Cl 2.3 

Tritium (3H) and chloride (Cl) TA-50 
discharge tracer test 

Note: Calculated groundwater velocity using mean saturated hydraulic conductivity from LAO-C, LAO-1, LAO-
2, LAO-3, LAO-3A, LAO-4, LAO-4.5A, LAO-4.5C, LAO-5. 

A Gallaher (1995) 
B Purtymun (1974) 

 
 

 
Table 2-8. 

Saturated Hydraulic Conductivity Values  
for Alluvial Groundwater on the Pajarito Plateau 

Well/Piezometer Location Mean Ksat 
(cm/sec) 

Test Type 

Los Alamos Canyon 
Piezometer LAP-1-#1a 4.67E-04 Rising head slug test; Bouwer-Rice solution 
Piezometer LAP-1-#2a 1.32E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-1-#3a 2.71E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-1.5-#1a 2.62E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-1.5-#2a 4.43E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-1.5-#3a 9.42E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-3a 3.10E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-3.5-#1a 2.660E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-3.5-#2a 1.27E-03 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-3.5-#3a 2.82E-05 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-4-#1a 2.58E-05 Rising/falling head slug test; Bouwer-Rice (1976) 
Piezometer LAP-4-#2a 2.20E-05 Rising/falling head slug test; Bouwer-Rice (1976) 
observation well LAO-Bb 7.01E-03 slug tests; Bouwer-Rice (1976) 
observation well LAO-Cc 1.16E-03 slug tests; Bouwer-Rice (1976) 
observation well LAO-0.3b 1.25E-02 slug tests; Bouwer-Rice (1976) 
observation well LAO-0.6b 7.58E-03 slug tests; Bouwer-Rice (1976) 
observation well LAO-0.91b 3.56E-02 slug tests; Bouwer-Rice (1976) 
observation well LAO-1c 1.58E-02 slug tests; Bouwer-Rice (1976) 
observation well LAO-1.6(g)b 4.82E-03 slug tests; Bouwer-Rice (1976) 
observation well LAO-2c 1.01E-02 slug tests; Bouwer-Rice (1976) 
observation well LAO-3c 1.34E-02 slug tests; Bouwer-Rice (1976) 
observation well LAO-3ac 1.22E-02 slug tests; Bouwer-Rice (1976) 
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Table 2-8. 

Saturated Hydraulic Conductivity Values  
for Alluvial Groundwater on the Pajarito Plateau (continued) 

Well/Piezometer Location Mean Ksat 
(cm/sec) 

Test Type 

observation well LAO-4c 2.41E-02 slug tests; (1976) 
observation well LAO-4.5b 2.55E-03 slug tests; (1976) 
observation well LAO-4.5ac 2.33E-03 slug tests; (1976) 
observation well LAO-4.5cc 2.77E-03 slug tests; (1976) 
observation well LAO-5c 3.35E-03 slug tests; (1976) 

Mortandad Canyon 
observation well MCO-3c 3.72E-02 slug tests; (1976) 
observation well MCO-4c 7.13E-04 slug tests; (1976) 
observation well MCO-4Cc 3.47E-04 slug tests; (1976) 
observation well MCO-4.9c 2.88E-05 slug tests; (1976) 
observation well MCO-5c 5.41E-05 slug tests; (1976) 
observation well MCO-6c 7.08E-04 slug tests; (1976) 
observation well MCO-7.5c 9.63E-04 slug tests; (1976) 
observation well MCO-7Ac 1.06E-04 slug tests; (1976) 
observation well MCO-7c 5.11E-04 slug tests; (1976) 
observation well MT-3c 2.93E-05 slug tests; (1976) 

a Results have been published in the Los Alamos and Pueblo Canyons Investigation Report (LANL, 2004b). 
b Results from 1998 slug tests (Los Alamos and Pueblo Canyons Investigation Report (LANL, 2004b). 
c Results from 1995 slug tests. 
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2.6.1  Climate and Infiltration 
 
Arid and semi-arid regions often exhibit thick vadose zones. Infiltration is often focused in 
topographic lows or beneath surface water bodies, rather than being diffuse, as is common in 
wetter climes (e.g. Sanford, 2002). The average annual potential evapotranspiration (PET) rates 
far exceed precipitation rates. Under these conditions, infiltration events that propagate beneath 
the root zone are sporadic and occur only when the short-term infiltration rate exceeds the ET 
rate, such as during snowmelt or after large rainstorms. Consequently, the rates for deeper 
infiltration are difficult to quantify through traditional water balance studies because this 
component of the water-balance can be orders of magnitude smaller than the other components 
(Devries and Simmers, 2002; Scanlon et al., 2002; Sophocleous, 2002; Sanford, 2002; Flint et 
al., 2002). These generalities apply to the near-surface hydrology of the Pajarito Plateau, which 
has a semiarid climate. 
 
The infiltration rate estimates from canyon bottom alluvium and mesa top sites developed by 
Kwicklis et al. (2005) (Figure 2-34) can be tested for consistency against the estimated 
infiltration rates inferred from moisture content profiles. In Section 4.1.3.2, a set of numerical 
models for wells LADP-3 and LADP-4 in Los Alamos Canyon are presented showing that 
moisture profiles reflect the conceptual model of high infiltration in canyons and low infiltration 
in mesas. That analysis also shows that the uncertainties associated with such estimates are quite 
high (in the range of a factor of 3). However, by combining moisture content, tracer or 
contaminant profiles, and water budget information, a more constrained estimate can be 
achieved. One of the purposes of the vadose zone numerical models being developed is to 
provide the additional constraints afforded by the use of multiple, independent data sets 
(Robinson et al. 2005a). 
 
2.6.2  General Description of Conceptual Models  
 
Conceptual models for vadose zone flow and transport on the Pajarito Plateau are based on 
observations from a variety of data sources, including both mesa-top and canyon sites under both 
natural conditions and disturbed conditions resulting from Laboratory operations. The key 
conceptual-model elements describe percolation of water through both fractured and relatively 
unfractured volcanic tuffs, buried sedimentary formations, and basalts. The types of data 
incorporated into the development of the conceptual models include water content and pore-
water chemical compositions from borehole samples for naturally occurring tracers, introduced 
tracers, and Laboratory contaminants.  
 
The conceptual models differentiate the rate of percolation by their location and surface 
hydrologic setting, including wet and dry canyons, and wet, dry, and disturbed mesas. Perched 
water is often found beneath wetter canyons, either associated with near-surface alluvial systems 
or at intermediate depths, along low-permeability interfaces such as buried soils and unfractured 
or clay-filled horizons of basalt flows. Alluvial groundwater is discussed in Section 2.4, while 
perched water is addressed in Section 2.6. The generalized view of the role of wet and dry 
canyons on vadose zone flow and transport is quantified in the numerical model section of this 
report (Section 4). 
 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 2-89 December 2005 

2.6.2.1  Mesas 
Dry finger mesas constitute most of the mesa area on the plateau. The hydrologic conditions on 
the surface and within these dry mesas lead to slow unsaturated flow and transport. The mesas 
shed precipitation as surface runoff to the surrounding canyons such that most deep infiltration 
occurs episodically following snowmelt (Section 2.4.2.1). Much of the water that does enter the 
soil zone is lost through evapotranspiration (ET). As a result, annual net infiltration rates for dry 
mesas are less than ten mm/yr and are more often estimated to be on the order of one mm/yr or 
less (Kwicklis et al., 2005). Since the dry mesas are generally comprised of nonwelded to 
moderately welded tuffs with low water content, flow is likely to be matrix dominated. Wetter 
mesas, supporting ponderosa forest above densely welded and fractured tuff in the western 
portion of the plateau, may provide fracture flow to a few meters to tens of meters depth but 
evidence of fracture infiltration usually diminishes at the depth of the first nonwelded horizon. 
For most of the LANL site, travel times for contaminants migrating through mesas to the 
regional aquifer are expected to be several hundred to thousands of years (Newman, 1996; 
Newman et al., 1997b; Birdsell et al., 2000; and Section 4.1.1 of this report). 
 
The topographic relief of these steep-sided mesas influences their internal hydrologic conditions 
as well. High solar radiation, strong winds, and fluctuations in barometric pressure cause 
temperature and pressure gradients between the surface of the mesa and its interior. These 
gradients enhance air circulation through the mesas, which is thought to enhance deep 
evaporation (Neeper 2002; Neeper and Gilkeson, 1996; Newman, 1996; and Newman et al., 
1997b). This additional drying in the mesa-top units further slows downward water flow and 
transport of dissolved species. However, these same conditions enhance vapor transport of 
volatile species (Stauffer et al., 2005). 
 
Anthropogenic discharges and surface disturbances due to laboratory operations can drive 
infiltration rates higher in usually dry mesas. In some cases, multiple disturbances of mesa sites 
through liquid waste disposal, asphalt covers, and/or devegetation have caused mesa infiltration 
rates to temporarily increase to near wet canyon levels (representative values are given in Section 
4.1). Even with elevated infiltration, at most sites flow remains matrix dominated. Fracture flow 
has occurred in a few instances beneath long-term liquid disposal sites with ponded conditions. 
However, fracture flow ceases once liquid disposals stop. Infiltration rates are expected to return 
to low, near-background levels when the surface and vegetation return to natural conditions. 
 
An exception to the general concepts just discussed occurs for mesas along the mountain front of 
the plateau. Due to their higher elevation, these mesas receive higher precipitation and higher 
infiltration than the drier mesas in the central and eastern portions of the plateau (Birdsell et al., 
2005). Mountain-front areas also have units of the Tshirege Member that are more strongly 
welded, yielding rocks with more fracturing and lower matrix permeabilities. Under these 
conditions, infiltrating water travels laterally through fractures and other fast pathways, often 
issuing at springs that feed the canyons in this area. These near-surface processes can be thought 
of as sources for deeper vadose zone transport from canyon bottoms, although the possibility of 
deeper vertical migration from the mesa source without first entering the canyon is also possible. 
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2.6.2.2  Canyons 
This section summarizes the hydrologic conditions present in canyons characterized as either wet 
or dry. Several features characterize naturally wet canyons on the Pajarito Plateau. Their 
headwaters are in the mountains, they have large catchment areas (13 to 26 km2), surface flow 
occurs frequently, and alluvial groundwater systems exist in the canyon floors. In some cases, 
anthropogenic sources can elevate flows sufficiently in smaller dry canyons that head on the 
plateau so that they act as wet canyons. In addition, springs issuing from the sides of mesas are a 
water source in the mountain front canyons; these springs are a characteristic of wet canyons in 
the western portion of the plateau. Often, deeper, intermediate perched zones are associated with 
wet canyons. The geometry of wet canyons promotes hydrologic conditions that yield relatively 
fast, unsaturated flow and transport.  
 
Wet canyons such as Los Alamos Canyon receive large runoff volumes, either through 
channeling of precipitation or through wastewater discharges. This runoff, in turn, creates 
surface-water flow along canyon bottoms, which subsequently infiltrates to form near-surface, 
alluvial water bodies (Section 2.4.2.1). Lateral flow and transport through surface water and in 
the alluvial systems are rapid with respect to other subsurface hydrologic processes on the 
plateau. Rates of lateral transport are even higher during surface flow events, which occur more 
frequently in the larger wet watersheds than in other areas of the plateau. Sorbing species 
transport slowly in alluvial waters and more commonly migrate down the canyon floor by 
sediment transport (LANL, 2004; Lopes and Dionne, 1998; Solomons and Forstner, 1984; and 
Watters et al., 1983).  
 
It has been suggested that trace quantities of strongly sorbing contaminants can travel via 
colloid-facilitated transport in the alluvial groundwater (Penrose et al. 1990), although this 
interpretation of the data from Mortandad Canyon has been called into question (Marty et al., 
1997). Since some of the wet canyons that cross Laboratory land have received liquid-waste 
discharges from outfalls, the alluvial systems act as line sources for both water and contaminants 
to the deeper vadose zone beneath such canyons (Birdsell et al., 2005). The term “line source” 
denotes that infiltration is likely at any location along the region defined by the alluvial 
groundwater; there are probably preferential zones of enhanced infiltration at certain locations 
that will yield larger than average travel velocities through the deeper vadose zone. The net 
percolation rates beneath the alluvial systems of wet canyons to the underlying unsaturated zone 
are expected to be among the highest across the plateau, approaching meters per year (100 - 1000 
mm/yr) (Kwicklis et al., 2005).  
 
In addition, the vadose-zone thickness decreases with increasing distance down canyon, due to 
thinning of the Bandelier Tuff (Section 2.2.9). This is especially true for the deep wet canyons 
because their canyon bottom elevations are 45 to 60 m lower than smaller canyon systems on the 
plateau. Contaminants transported down canyon via surface flow or through the alluvial 
groundwater system often percolate through a geologic column consisting primarily of basalt and 
fanglomerate with little or no overlying tuff. Downward percolation is believed to be more rapid 
in the basalt than through moderately welded tuff (Section 2.2.8). Thus, these wet canyons have 
thinner vadose zones and a smaller portion of the flow path with matrix-dominated flow.  
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These stratigraphic factors, compounded by the relatively high deep-percolation rate in wet 
canyons, likely yield the fastest vadose-zone travel times for contaminants from the land surface 
of the plateau to the regional aquifer. Transport to the regional aquifer beneath wet canyons is 
predicted to be on the order of decades to hundreds of years (see Section 4.1 for details). 
 
In contrast to wet canyons, dry canyons such as Potrillo Canyon and Cañada del Buey head on 
the plateau, have smaller catchment areas (less than 13 square km), experience infrequent surface 
flows, and have limited or no saturated alluvial systems in their floors. If anthropogenic sources 
are present, they are small volume sources. These hydrologic factors yield little lateral near-
surface contaminant migration and slower unsaturated flow and transport from the surface to the 
regional aquifer. For example, because surface and alluvial waters are less common, 
contaminants remain close to their original source locations. Pathways through the vadose zone 
tend to be longer in the shallow dry canyons that have thicker sections of nonwelded to 
moderately welded tuff than the deeper-cut wet canyons. Net infiltration beneath dry canyons is 
much slower, with rates generally believed to be less than tens of millimeters per year and 
commonly on the order of 1 mm/yr. Finally, transport times to the aquifer beneath dry canyons 
are expected to be much longer than travel times from the bottom of wet canyons. 
 
2.6.3  Vadose Zone Flow and Transport Mechanisms 
 
Given the description in the previous section of surface and near-surface hydrologic conditions, 
the next step is to consider the flow and transport mechanisms for water that infiltrates into the 
subsurface. Most of the plateau is covered with nonwelded to moderately welded Tshirege and 
Otowi Member ash-flow tuffs (Section 2.2.9). Unsaturated flow and transport through these 
nonwelded to moderately welded tuffs is thought to occur predominantly through the porous 
matrix. These units are quite porous, with typical porosities of 40 to 50%, moderate saturated 
hydraulic conductivities (e.g., 10-4 cm/sec), and water contents that are generally far below 
saturated conditions (2 to 25%) (Abrahams et al., 1961; Rogers et al., 1996a; Birdsell et al., 
2000; Springer, 2005).  
 
Although the tuff units are often fractured, flow is expected to be matrix dominated unless 
conditions approach full saturation due to the presence of a high-flow-rate, constant water source 
(Soll and Birdsell, 1998), such as beneath liquid-waste disposal pits or outfalls. This result is a 
consequence of the difference in capillary pressure behavior in a porous matrix versus within a 
fracture. Even if water is injected into a fracture, capillary forces tend to pull water into the rock 
matrix over a relatively short flow distance. This concept has been established for a wide variety 
of fracture and matrix hydrologic properties (e.g., Nitao and Buscheck, 1991; Robinson and 
Bussod, 2000; Soll and Birdsell, 1998; Robinson et al., 2005a, 2005b). 
 
Field observations and analyses support the matrix-flow hypothesis. Robinson et al. (2005b) 
modeled a vadose-zone, wellbore injection test that was performed in the Tshirege Member of 
the Bandelier Tuff (Section 2.2.9.3) and reported by Purtymun et al. (1989). Their analysis 
examined different numerical representations for the fractured porous medium, including a 
discrete fracture model, a matrix-dominated continuum model, and a dual-permeability 
representation. Figure 2-35 shows the field-measured moisture profiles at different times during 
the injection. Water diffused laterally downward, and upward in a relatively uniform fashion, 
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rather than percolating rapidly through a fracture network. The agreement between the matrix-
dominated model and the observations was acceptable, both qualitatively and quantitatively 
(Robinson et al. 2005b). They estimated an equivalent infiltration rate during the injection phase 
of about 2.7 × 104 mm/yr, which is greater than any estimates of infiltration across the plateau. 
They concluded that if matrix-dominated flow is observed at the high effective infiltration rate of 
this injection test, then it is even more likely to be the case under natural conditions on the 
plateau. 
 
As discussed in Section 2.6.2.1, this general picture that applies in the eastern portion of the 
Pajarito Plateau must be modified for areas near the mountain front on the western edge, where 
some of the Tshirege units of the Bandelier Tuff have densely welded intervals as a result of 
being closer to the volcanic source (Section 2.2.9.3). These more welded units are less porous, 
with porosities ranging from 17 to 40%, and have low saturated hydraulic conductivities (e.g.,  
10-6 to 10-9 cm/sec) (LANL, 2003b). They are also more fractured and can support fracture flow 
and transport when sufficient water is present. A bromide tracer test and high explosives 
contaminant distributions suggest that both fracture and matrix-dominated flow can occur near 
the mountain front depending on the degree of welding (or matrix conductivity) of the tuff 
(LANL, 1998b; LANL, 2003b). Therefore, the location and degree of welding of the tuff units 
affects the degree to which fracture flow will be sustained. 
 
In contrast to the behavior of the Bandelier Tuff units, much of the vadose zone flow through the 
basalt units is almost certainly fracture dominated (flow-base rubble and scoria may also be 
highly permeable, but these are stratified components of generally limited vertical extent). Under 
ponded conditions, rapid flow through fractured basalt has been observed (Stauffer and Stone, 
2005). The Laboratory fielded an experiment on the upstream side of a low-head weir located in 
Los Alamos Canyon (Stone and Newell, 2002). Figure 2-36 is a schematic of the field 
experimental setup. The objective of the experiment was to monitor flow and bromide tracer 
transport through fractured basalt under typical unsaturated and periodically ponded conditions 
using three observation boreholes. Following three ponding events, the bromide tracer advanced 
quickly downward to a depth of several tens of meters in 10 to 14 days after the first ponding 
event (Stauffer and Stone, 2005). These observations confirm that fracture flow and transport 
occurs through basalts under ponded conditions. Model calibration of the bromide transport 
yields an effective fracture porosity in the range of 10-2 to 10-3 and saturated hydraulic 
conductivity in the range of 10-2 to 10-3 cm/sec (Stauffer and Stone, 2005). In fact, the data and 
simulations both indicate that the bromide continued to advance through the fractured system 
even after the all the ponded water had infiltrated. 
 
However, under drier conditions no direct observations have been made of vadose-zone flow and 
transport in these deeper locations. For this reason, the conceptual model for unsaturated flow 
and transport through basalts is still evolving.  
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Figure 2-35.  Contours of water content constructed from the neutron log data during and 
after the wellbore injection test: (a) Day 7 after injection; (b) Day 29; (c) Day 
55; (d) Day 89 (end of injection phase); (e) Day 327 (post-injection phase). 
From Purtymun et al. (1989). 
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 (a) (b)  
 
Figure 2-36. Low head weir monitoring well setup; (a) schematic; (b) north-south 

photograph.  
 
 
2.6.4  Alternative Hypotheses 
 
Although the basic processes outlined in the preceding sections are supported by the available 
data and observations and form the best current conceptual model, alternative hypotheses are 
possible and cannot be completely ruled out by the available information. This section briefly 
discusses the potential alternative conceptual model of fracture flow. In addition, alternative 
conceptual models for the mechanisms of flow within perched water zones are described in 
Section 2.7. 
 
Fracture flow through the Bandelier Tuff is a conceptual model that is often proposed, in contrast 
to the conceptual model of matrix-dominated flow and transport discussed earlier. Although the 
available information is consistent with matrix flow, it is possible that in certain situations, 
fracture flow is important, including the examples related to mountain front processes described 
earlier. Despite the fact that water input into fractures tends to imbibe into the rock matrix, the 
observations presented earlier may capture the flow behavior of most, but not all of the water 
flow. It is possible that preferential flow paths through Bandelier Tuff fractures allow a small 
portion of the infiltrating fluid to travel to significant depths, even though most water imbibes 
into the matrix. Alternatively, unstable fingering flow through heterogeneous matrix rock could 
also lead to preferential downward flow. Regarding the TA-50 water injection test, it is possible 
that a small amount of fast-moving water could have escaped detection and traveled to greater 
depths via these mechanisms. The implication of this uncertainty is that small quantities of 
contamination could potentially be observed at some point in the future at greater depths than 
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“expected.” If this occurs, then we will need to assess whether a relatively small, fast-moving 
fraction of a released contaminant, combined with a center of mass that travels much more 
slowly, poses a significant threat to groundwater. 
 
2.7  Perched Water 
 
A common feature of vadose zone flow systems is the presence of perched water. Perching can 
occur for a number of reasons, including capillary barriers and low-permeability barriers coupled 
with complex stratigraphic structures in the subsurface (e.g., Bagtzoglou, 2003a, 2003b). 
Beneath the Pajarito Plateau, perched waters may be important components of subsurface 
pathways that facilitate movement of contaminated fluids from the ground surface to the water 
table of the regional aquifer. These perched groundwater bodies are generally too small for use 
as municipal water supplies. Nonetheless, they are of interest because (1) they represent natural 
groundwater resources that are protected under State law, (2) their chemical and isotopic 
characteristics help constrain groundwater transport rates through the vadose zone, (3) their 
presence may divert, slow, or stop the vertical migration of groundwater through the vadose 
zone, or they may indicate the presence of a fast subsurface pathway, depending on the 
characteristics of the perched zone, and (4) they can be used as vadose zone monitoring points 
that provide early warning of contaminants approaching the regional aquifer. 
 
Characterization of these groundwater bodies is challenging because of the thickness of the 
vadose zone, the heterogenous nature of bedrock geologic units that serve as host rocks and 
perching horizons, and the depths of groundwater occurrences. Despite these limitations, 
substantial new information has been gathered about intermediate perched zones on the plateau. 
This section summarizes information about the location, depth to water, saturated thickness, and 
geologic setting of perched water occurrences beneath the Pajarito Plateau. This summary 
includes data from historical investigations and much new information collected as part of the 
Hydrogeologic Workplan characterization program. 
 
2.7.1  Perched Water Occurrence 
 
The different modes of groundwater occurrence beneath the Pajarito Plateau are shown 
conceptually in Figure 2-37. Contaminant distributions in groundwater strongly suggest that 
groundwater of the plateau alluvial systems is in communication with intermediate perched and 
regional aquifer groundwater to varying degrees. The focus of this section is the intermediate 
perched groundwater; a description of the alluvial groundwater is presented in Section 2.5, and 
the regional aquifer is described in Section 2.8. 
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1. Canyon-floor alluvial groundwater—most commonly found in large, wet watersheds with significant snow and storm run off or in smaller 

watersheds that receive liquid effluent from wastewater treatment plants. Saturated thickness and down-canyon extent varies seasonally. 
2. Perched ground water is associated with the Guaje Pumice Bed in Los Alamos Canyon. This perched water body has a lateral extent of up 

to 3.7 mi Guaje Pumice Bed has a high moisture content but is not fully saturated in most other locations. 
3. Cañon de Valle area in the southwest part of LANL. This is the largest perched zone identified on the plateau. A deep-sounding surface-

based magnetotelluric survey suggest that this perched zone is discontinuous laterally, occurring as vertical pipe-like groundwater bodies. 
One interpretation of this zone is that it represents groundwater record(s) formed in response to local recharge beneath a wet cany9on floor. 
Recharge may be enhanced across the Pajarito fault zone where shallow, densely-welded tuffs rocks are highly fractured. 

4. Small zones of perched water formed above stratigraphic traps in Puye fanglomerate. these perched zones tend to be more numerous 
beneath large wet canyons and less frequent beneath dry mesa tops. 

5. Perched groundwater associated with Cerros del Rio basalt. Saturation occurs in fractured basalt flows and in interflow breccias and 
sediments. 

6. Perched zones form in response to local geologic conditions on the eastern side of the plateau. These include perched zones within clay-
altered tuffaceous sediments and above lake deposits. 

 
 
Figure 2-37.  Conceptual model of groundwater occurrences beneath the Pajarito Plateau.  
 
 
Identification of perched groundwater systems beneath the Pajarito Plateau comes mostly from 
direct observation of saturation in boreholes, wells, or piezometers or from borehole geophysics. 
Additional information is provided by surface-based electrical geophysics, although these types 
of investigations are generally limited by their relatively shallow depths of investigation and 
poor vertical resolution. Identification of larger perched groundwater bodies in boreholes is 
generally reliable, but use of drilling fluids, which is necessary in most boreholes, may mask 
smaller or relatively unproductive zones. Defining the lateral extent of saturation is more 
problematical because of the costs associated with installing deep wells. One geophysical 
method, a deep-sounding surface-based magnetotelluric survey, has been conducted in the Cañon 
de Valle/Water Canyon area. The survey results suggest that perched groundwater is 
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discontinuous laterally, occurring instead as vertical, finger-like groundwater bodies. These 
geophysical interpretations are currently being tested by additional drilling. Despite these 
limitations, substantial new information has been gathered about deep perched zones on the 
plateau during the Hydrogeologic Workplan investigations.  
 
This section briefly summarizes the observed occurrences of perched water. Appendix 2-B 
contains a comprehensive description of the 33 occurrences of perched groundwater detected in 
boreholes across the Pajarito Plateau. Perched groundwater is widely distributed across the 
northern and central part of the plateau (Figure 2-38) with depth to water ranging from 36 to 272 
m (118 to 894 ft). The principal occurrences of perched groundwater occur in (1) the large, 
relatively wet Los Alamos and Pueblo Canyon watersheds, (2) the smaller watersheds of Sandia 
and Mortandad Canyons that receive significant volumes of treated effluent from LANL 
operations, and (3) in the Cañon de Valle area in the southwestern part of LANL. Perched water 
is most often found in Puye fanglomerates (Section 2.2.7 ), the Cerros del Rio basalt (Section 
2.2.8), and in units of the Bandelier Tuff (Section 2.2.9) (Figure 2-38). There are few reported 
occurrences of perched water in the southern part of LANL, but few deep boreholes are located 
there and additional perched zones are likely beneath the large wet watersheds of Pajarito and 
Water Canyons. 
 
2.7.2  Interpretation of Perched Water Observations 
 
General conclusions about the nature of perched groundwater beneath the Pajarito Plateau are 
based on the observations summarized above. The conclusions pertain to surface hydrologic 
conditions necessary to support perched groundwater, geologic and hydrostratigraphic controls 
on perched water occurrence, the lateral and vertical extent of perched zones, and alternative 
hypotheses about the role of perched zones in contaminant transport. 
 
2.7.2.1  Surface Water Conditions for Perched Water 
A requirement for deep perched water to exist is a surface water source (natural or 
anthropogenic) that supplies water to alluvial systems. The alluvial groundwater systems act as 
storage for groundwater entering underlying bedrock units at high infiltration rates (Section 2.5). 
This interpretation is supported by the observation of perched groundwater in wet canyons. In 
addition, ponding associated with anthropogenic sources is another possible water source that 
could lead to subsurface perched water. 
 
A special situation also exists in the western portion of the Laboratory, in the mountain-front 
mesa area at TA-16. In contrast to the dry mesas prevalent further east, these mesas receive 
greater precipitation (e.g., 500 mm/yr) and increased runoff and infiltration. The wet, mountain-
front mesas contain numerous perennial and ephemeral springs. Such springs are rare in the dry 
mesas of the eastern part of the plateau, except where the regional groundwater aquifer 
discharges along the Rio Grande. 
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Figure 2-38.  Locations of wells and boreholes that have penetrated perched groundwater 

systems in bedrock. 
Note: The area shown in yellow is LANL. 

 
 
2.7.2.2  Geologic and Hydrostratigraphic Controls on Perched Water Occurrence 
Deep perched groundwater occurs most frequently in the Puye Formation (Section 2.2.7) and 
Cerros del Rio basalt (Section 2.2.8), but some of the thickest and/or most laterally extensive 
zones involve units of the Bandelier Tuff (Section 2.2.9). Perching horizons include a wide 
variety of layered geologic lithologies including 
 

• Unfractured basalt flows  
• Clay-rich interflow zones in basalt  
• Buried soils and other fine-grained deposits in fanglomerate, 
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• Clay-altered tuffaceous sediments  
• Lake deposits.  

 
Therefore, in addition to high local infiltration rates, low-permeability barriers to downward 
vertical flow appear to be required to induce perched groundwater (Robinson et al., 2005b). In 
contrast, there have been no observations of perched groundwater caused by a capillary barrier 
effect, despite the presence of layered stratigraphy with units of contrasting unsaturated flow 
properties. 
 

An alternative hypothesis is that the deepest perched water occurrences are a manifestation of 
complex groundwater flow within the phreatic zone at the top of the regional aquifer. Localized 
heterogeneities, such as the clay-rich alteration zones in the Puye Formation at well R-9, 
combined with high recharge, may give rise to a complex flow structure that includes mounding, 
interconnected saturated zones, and locally confined conditions (Robinson et al., 2005b). 
However, the complexity of the alteration and the depth of these groundwater zones make 
detailed characterization prohibitively expensive. Hydrologic testing of the regional aquifer 
could be conducted to discriminate between alternatives. 
 
With respect to the western portion of the Laboratory, Duffy (2004) discusses the importance of 
mountain-front processes and hydrologic conditions in semiarid landscapes and suggests that the 
mountain block and mountain-front areas are the dominant recharge zones in semiarid 
landscapes. An important hydrostratigraphic feature in this area is that the upper tuff units along 
the mountain front are often moderately to strongly welded because of close proximity to the 
caldera source. Welding results in increased fracturing during cooling, and because the 
mountain-front mesas lie within the Pajarito fault zone, additional fracturing and minor faulting 
of the tuff units has resulted. The welded tuffs create a hydraulic condition where matrix 
hydraulic conductivities are low (e.g., 10-7 to 10-9 cm/sec), but fracture densities are relatively 
high. Thus, there is a possibility for significant fracture flow. Fracturing appears to control 
locations of springs along the mountain-front mesas and fracture flow is suggested by water 
content and contaminant distributions in the tuff proximal to outfalls and wastewater lagoons 
(LANL, 2003b).  
 
2.7.2.3  Subsurface Extent of Zones of Saturation 
Observed saturated thicknesses of perched zones vary from 1 to 128 m (3 to 421 ft). The lateral 
extent of saturation in these zones is less well understood because costs associated with installing 
deep wells are high. However, perched groundwater generally is more likely to be present 
beneath wet canyons, based on observations of both occurrences and nearby absences of perched 
groundwater in adjacent wells. The extent that perched groundwater flows along dipping 
geologic strata into areas beneath adjacent mesas is not fully known. However, the few paired 
canyon/mesa wells such as R-7 and 21-2523 in Los Alamos Canyon and R-22 and R-23 in 
Pajarito Canyon suggest that perched zones are much less common beneath dry mesas. 
 
2.7.2.4  Flow Conditions Upstream and Within Intermediate Perched Groundwater 

Zones 
The presence of mobile (nonsorbing) anthropogenic chemicals in some perched groundwater 
zones indicates a connection with surface and alluvial groundwater (e.g., Robinson et al., 2005 
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and references therein). The travel time of groundwater moving from the surface to perched 
groundwater systems is on the order of several decades, based on the age of facilities that are 
potential sources of contaminants. Within the perched zones themselves, the topography of the 
perching horizon, the bedding features, and the orientation of interconnected fracture systems 
probably control local groundwater flow velocity. However, direct evidence such as single-well 
or multiple-well hydrologic and tracer testing, is not available. Therefore, the following 
discussion is based on reasonable hydrologic principles rather than direct measurements. 
 
Flow conditions can, in principle, be categorized with the following two end-member conceptual 
models for flow within a perched water zone: 
 

• Low-velocity, virtually stagnant water resting in a perching horizon within a local 
structural or stratigraphic depression. Water percolates very slowly out the bottom of 
this zone, or spills over the sides of the depression. This configuration views perching 
horizons as barriers that slow the downward percolation of water. In several wells, 
intermediate saturated zones thought to represent perched groundwater were screened but 
failed to produce significant water (Robinson et al., 2005). These occurrences may 
represent cases where zones of limited extent were substantially drained when the 
perching horizon was penetrated during drilling. Once the stagnant water is depleted in an 
initial round of sampling, there is insufficient recharge to keep the zone saturated. 

• High-velocity, laterally migrating fluid that travels on top of the perching horizon. This 
conceptualization suggests that once groundwater reaches a perched zone, it rapidly 
percolates laterally along high-permeability pathways until the perching horizon pinches 
out or is breached by high-permeability features such as fractures or lateral changes in 
lithology. In this scenario, water could move in stairstep fashion from one perching 
horizon to another. There are no confirmed instances of large-scale, lateral vadose zone 
pathways beneath the Pajarito Plateau at depths greater than the alluvial groundwater. 
The case of lateral flow through the wet, mountain-front mesas at TA-16 suggests that 
this possibility exists at greater depths. Although we categorize the TA-16 observations 
as shallow for the purposes of this discussion because they discharge via springs in the 
local canyons, it could be argued that deep pathways with flow geometries similar to 
those of the mountain-front mesa or today’s alluvial groundwater zones are evidence for 
the possibility of deeper fast pathways elsewhere. 

 
Tracer experiments in alluvial and mountain-front mesa perched zones have been used to 
measure transport velocities. However, fluid velocity in the deeper perched groundwater zones is 
unknown due to the lack of direct measurements. The two end-member conceptual models, 
relatively stagnant fluid in a local subsurface depression, or lateral diversion in the hydrologic 
unit overlying the perching horizon, cannot be ruled out with existing data. Hydrologic, tracer, or 
remote geophysical techniques would be required to shed light on this question. Given the 
complexity and cost of such field campaigns, they should be performed only if model sensitivity 
analyses indicate that sorting out this issue is important to study impacts, or if remediation of a 
perched zone is to be conducted. 
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2.8  Regional Aquifer Conceptual Model  
 
This section summarizes the current understanding of flow and transport in the regional aquifer 
beneath the plateau. This work builds on results obtained from earlier hydrologic studies in the 
region (Griggs and Hem, 1964; Purtymun, 1984; Purtymun and Johansen, 1974; Rogers et al., 
1996b). The previous literature is supplemented with interpretations of new data collected by the 
LANL Groundwater Protection Program. These new data, combined with previous studies, 
provide the foundation for the flow and transport model development presented in Section 4.2 
 
2.8.1  Regional Hydrologic Setting 
 
This section briefly summarizes the regional hydrologic setting before focusing on the regional 
aquifer beneath the Pajarito Plateau (Section 2.7.2), which is the subject of this report. The 
Española Basin (see Figure 2-39) is one of a series of basins located within the Rio Grade Rift 
zone, a tectonic feature that extends from northern Colorado to the south into Mexico. Elevations 
within the basin range from more than 3,800 m along peaks in the surrounding mountain ranges 
to about 1,700 m at the basin surface water outlet. Vegetation is predominantly ponderosa pine 
forest at higher elevations and piñon pine/ juniper at lower elevations (Spiegel and Baldwin 
1963). 
 
The Española Basin and surrounding areas receive annual total precipitation ranging from 18 to 
86 cm/yr. Precipitation is strongly elevation dependent (Spiegel and Baldwin 1963). The largest 
streams in the basin are the Rio Grande and Rio Chama. Median monthly flow, calculated using 
USGS average monthly flow data for the past 80 years, is 26.0 m3/s along the Rio Grande (at 
Otowi Bridge) and 10.0 m3/s along the Rio Chama (at Chamita) (U.S. Geological Survey, 2001). 
Numerous tributaries enter these rivers; many of these are ephemeral and many are ungaged. The 
Rio Grande and the lower reaches of many tributaries comprise the regional groundwater 
discharge zone. 
 
In most parts of the basin, the water table is 0–60 m below ground surface; but on the Pajarito 
Plateau the water table is much deeper (up to 350 m below the surface). Throughout much of the 
basin, the water table appears to intersect the surface at the Rio Grande (Purtymun, 1984). 
Perched waters exist on the Pajarito Plateau (Robinson et al., 2005) where the unsaturated zone 
is much thicker than in other parts of the basin (Section 2.7). Contours of predevelopment water 
level data (Purtymun et al., 1995a, 1995b; U.S. Geological Survey, 1997) indicate that hydraulic 
gradients are generally towards the Rio Grande (Figure 2-40).  
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Figure 2-39.  The Española Basin and vicinity, with basin-scale numerical model outline 

shown in red, site-scale model outline shown in green. Black arrows are 
generalized groundwater flow directions, based on regional water level data 
(Keating et al., 2003). The striped arrows indicate groundwater flow between 
the Española Basin and adjacent basins. Circled numbers refer to USGS stream 
gages: (1) Rio Chama at Chamita; (2) Rio Grande at San Juan; (3) Santa Cruz 
River; (4) Santa Clara Creek; (5) Rio Grande at Otowi; (6) Rio Frijoles; (7) Rio 
Grande at Cochiti. Circled “A” indicates the mouth of the Pojoaque Creek. 

 

 
Figure 2-40.  Approximation to present-day water table elevations (m). 

Note: Some older head data are used to improve the spatial distribution. 
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The regional aquifer is a major source of drinking water and agricultural water supply for 
northern New Mexico. The largest cities in the basin are Santa Fe, Española, and Los Alamos; 
these all rely primarily on groundwater for municipal supply. In addition to discharges to water 
supply wells, the aquifer discharges to the Rio Grande, the lower reaches of its tributaries, and to 
numerous springs. There are additional withdrawals for municipal and agricultural supply. 
Recharge is thought to occur primarily in the higher elevations—estimates based on water 
budget and chloride mass balance methods range from 7–26% of total precipitation (Anderholm, 
1994; Wasiolek, 1995). Little or no recharge occurs at lower elevations other than along stream 
channels due to low precipitation rates and high evapotranspiration demand (Anderholm, 1994). 
 
The aquifer is predominantly composed of Santa Fe Group rocks, which are weakly consolidated 
basin-fill sediments reaching over 3,000 m in thickness near the basin axis (Cordell 1979). 
Groundwater also occurs in older crystalline rocks along the eastern and northern basin margin 
and in younger volcanic lavas and volcaniclastic sedimentary rocks in the vicinity of the Pajarito 
Plateau to the west (Purtymun and Johansen, 1974; Coon and Kelly, 1984; Daniel B. Stephens & 
Associates, 1994). 
 
2.8.2  Hydrology Beneath the Pajarito Plateau 
 
Groundwater beneath the Pajarito Plateau is part of a regional aquifer which extends throughout 
the Española Basin (an area roughly 6000 km2; Figure 2-39). This aquifer is the primary source 
of water for the Laboratory, the communities of Santa Fe, Española, Los Alamos, and numerous 
pueblos. Four water supply wellfields exist on the plateau (Figure 2-41); one additional wellfield 
that supplies the city of Santa Fe (Buckman) sits just to the east of the Rio Grande, close to the 
plateau. As is the case for many aquifers in the semiarid southwest, there is concern that current 
withdrawal rates may not be sustainable over long periods of time and current drought conditions 
might have significant impacts on both surface water and groundwater quantity and quality. 
 
Of more direct relevance to the Hydrogeologic Workplan studies are concerns about water 
quality, due to a variety of anthropogenic contaminants. Beneath the Pajarito Plateau, there is 
contamination from various LANL sources in shallow groundwaters in some locations (primarily 
alluvial aquifers). Some of the LANL-derived contamination has been observed in the regional 
aquifer at trace concentrations much below the EPA drinking water standards (see Section 3 for a 
complete discussion of this point). The regional aquifer is the groundwater zone most directly 
accessible to humans through municipal water-supply wells or springs issuing to the Rio Grande. 
Therefore, a solid foundation of understanding of the hydrogeologic conditions and controls on 
flow and transport in the regional aquifer must be obtained in order to make risk-based decisions, 
to design the required groundwater monitoring network, or to design treatment and remediation 
systems. 
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Figure 2-41.  The Pajarito Plateau, with major wellfields indicated by enclosures in red. 
 
2.8.3  Water Budget 
 
The water budget for the regional aquifer defines the sources and sinks of water to and from the 
Española Basin and, on a smaller scale, under the Pajarito Plateau. This section summarizes the 
state of knowledge and addresses uncertainties in the quantities and spatial distribution of 
recharge, discharge, and interbasin flow. 
 
2.8.3.1  Recharge 
As the water source term, recharge to the regional aquifer provides the driving force for fluid 
movement through the system. Furthermore, water recharging on the Pajarito Plateau on LANL 
property can carry with it liquid-borne contamination. This subsection addresses both basin-scale 
and local recharge, addressing the spatial distribution and quantity of recharge. 
 
2.8.3.1.1  Recharge Distribution 
Various theories have been proposed regarding the locations of recharge zones for this aquifer. 
Griggs (1964) suggested that most of the recharge occurred in the Sierra del los Valles and along 
stream channels in the western edge of the Pajarito Plateau (Figure 2-41). Purtymun and 
Johansen (1974) proposed that the major portion of the recharge occurs in the Valles Caldera, 
with smaller amounts recharging through stream channels in the Sierra del los Valles. However, 
Blake et al., (1995) argued that recharge could not originate in the Valles Caldera, since the 
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chemistry of geothermal waters in the western Valles Caldera is clearly distinct from the 
groundwaters on the Pajarito Plateau (Blake et al., 1995; Goff and Sayer, 1980). These authors 
also proposed, on the basis of stable isotope values in groundwaters beneath the plateau, that 
recharge areas for the aquifer beneath the plateau were either to the north and/or to the east 
(Sangre de Cristo Mountains) and not to the west. They hypothesized that the two flow systems 
are separated by the Pajarito fault acting as a flow barrier (Blake et al., 1995).  
 
In contrast, other lines of evidence indicate that the majority of recharge to the basin aquifer 
occurs in the mountains along the basin margin where precipitation rates are relatively high. This 
has been shown using water-budget and chloride-mass balance analyses in the eastern portion of 
the basin (Anderholm, 1994; Wasiolek, 1995). In the course of the Hydrogeologic Workplan 
studies, inverse modeling using head and streamflow data (Keating et al., 2003) demonstrated 
that the elevation above which significant recharge occurs at the basin-scale is very well 
constrained (2195m ± 177m). Modeling results such as this are to some extent a function of the 
model conceptualization and structure, and therefore do not provide a precise indication of the 
recharge elevation. Nevertheless, the modeling result agrees with the conclusion on the elevation 
above which recharge occurs, as determined from those other lines of evidence. 
 
Isotope geochemical information can also be brought to bear on the question of recharge 
distribution. Distributions of δD and δ18O ratios are consistent with the conclusion that the 
mountain front recharge supplies most of the groundwater beneath the Pajarito Plateau 
(Longmire, 2002a; Longmire, 2002b; Longmire, 2002c; Longmire, 2002d; Longmire, 2002; 
Longmire and Goff, 2002). Lighter or more negative δD and δ18O ratios indicate both a cooler 
climate for precipitation and/or a higher elevation of recharge (Clark and Fritz, 1997). Heavier or 
less negative δD and δ18O ratios are representative of a warmer climate for precipitation and/or 
recharge that occurs at lower elevations. Groundwater samples collected within the Sierra de los 
Valles have lighter δD and δ18O ratios relative to those collected beneath the Pajarito Plateau and 
along the Rio Grande. Precipitation of meteoric water at higher elevations, for example near the 
Sierra de los Valles, is characterized by cooler temperatures relative to other waters found at 
lower elevations on the Pajarito Plateau. Long-term temperatures (paleotemperatures) and 
seasonal variations in temperature also influence δ18O and δD values because of enrichment or 
depletion of oxygen-18 and deuterium (Clark and Fritz, 1997). 
 
A plot of δD versus δ18O (average values) for numerous groundwater samples collected from 
wells R-9, R-12, R-15, R-19, R-25, R-26, CdV-R-37-2, and CdV-R15-3 and springs within the 
Valles caldera and Sierra de los Valles is shown in Section 3.1.1.1. In this figure, the Jemez 
Mountains meteoric line (upper) (δD = 8δ18O + 12) (Vuataz et al., 1986) and the mean 
worldwide meteoric water line (lower) ((D = 8δ18O + 10) (Clark and Fritz, 1997) are denoted by 
JMML and MWL, respectively. Analytical uncertainties of δ18O and δD are ± 0.1 and ± 1‰ (per 
mil), respectively. Results of stable isotope analyses for the R wells and springs indicate a 
meteoric source in which the samples plot close to both the JMML and MWL (Section 3.1.1.1). 
The distribution of isotopic ratios suggests that evaporation of groundwater has not taken place 
to a significant extent prior to recharge. 
 
The Sierra de los Valles is the likely recharge source for wells R-25, R-26, CdV-R-15-3, CdV-R-
37-2 because the Sierra de los Valles springs have similar δ18O and δD ratios (Blake et al. 1995). 
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The less negative stable δ18O and δD values (relative to well R-25) in wells R-9, R-12, R-15, and 
R-19 are consistent with additional recharge at lower elevations (Section 3.1.1.1). This 
interpretation is consistent with the concept of local recharge on the plateau as the source for 
water at shallow depths in the regional aquifer beneath the Laboratory.  
 
Although analyses such as these can be useful in identifying the elevation of recharge, Keating et 
al. (2005) point out that uncertainties due to variability in isotopic composition of precipitation 
and potential differences in precipitation and infiltration elevations complicate the use of these 
isotopic tracers. For example, stable isotope ratios may actually be tracing the timing of recharge 
for very old waters (Phillips et al., 1986), as opposed to the location. Very low δ18O values (< -
14), significantly lower than average modern precipitation signatures at all elevations in the 
basin, have been measured in groundwaters near the Rio Grande (Anderholm, 1994; Blake et al., 
1995). These ratios are indicative of paleorecharge during a cooler climate (Phillips et al., 1986) 
and were interpreted by Anderholm (1994) and Newman (1996) to indicate recharge during the 
Pleistocene (with age in order of 8,000 – 17,000 years). These age estimates are consistent with 
14C observations suggesting a component of old fluid (Rogers et al., 1996b). Note however that 
some of these same waters also clearly contain a component of young water, as indicated in 
Section 3.1.1.3. 
 
A quantitative assessment of the spatial distribution of recharge on the Plateau was recently 
published by Kwicklis et al. (2005). The goal of the study was to provide a summary of the 
current state of knowledge on amount and spatial distribution of infiltration. The study was 
intended to provide quantitative estimates for use in other studies, as well as to provide a 
baseline that can be tested and improved upon as more data are collected. The study uses 
streamflow gain and loss data along canyon bottoms from the Pajarito Plateau, along with point 
infiltration estimates based on moisture content profiles interpreted using the Richards equation, 
the chloride mass-balance method, transport rates of tritium in canyons on the Plateau, and 
numerical modeling. The infiltration rates estimated with these techniques were extrapolated to 
uncharacterized parts of the study area using maps of environmental variables that are correlated 
with infiltration (such as topography, vegetation cover, and surficial geology and structure) and 
spatial algorithms implemented with GIS software that use the mapped variables. 
 
The map of estimated infiltration is presented in Figure 2-34. The large-scale characteristics of 
these estimates are in line with the discussion presented above. Infiltration rates throughout most 
of the plateau are generally less than 2 mm/yr, whereas infiltration rates in the mixed conifer-
dominated areas of the Sierra de los Valles are typically greater than 25 mm/yr and, in the aspen-
dominated areas, greater than 200 mm/yr. Thus, at lower elevations, recharge occurs primarily 
along arroyos and canyons, and infiltration rates are estimated to be low on mesas except near 
the mountain front (Anderholm, 1994; Birdsell et al., 2005). Despite the low flux, the total 
quantity of infiltration associated with the mesas is small but not negligible, due to the large area 
associated with these parts of the plateau. 
 
The Kwicklis et al. (2005) study estimates that of the total infiltration of about 8600 acre-ft/yr 
(336 kg/sec), about 23% of the infiltration occurs from canyon bottoms on the plateau at lower 
elevations. This canyon-bottom infiltration includes about 14% of the total from streams that 
flow at least partly within LANL boundaries. The inserts in Figure 2-34 indicate regions for 
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which localized, high-infiltration zones are expected to exist on the plateau. Focused infiltration 
is expected in the faulted regions associated with the Pajarito fault zone within Cañon de Valle 
and Water Canyon (see lower left insert in Figure 2-34). Local infiltration at rates up to 1000 
mm/yr is estimated. For the insert showing the confluence of Los Alamos and Pueblo Canyons 
(lower right), rates of 1500–2000 mm/yr are estimated in this region. These high values are a 
consequence of infiltration directly onto Puye fanglomerates or fractured basalts. In other 
canyons with similar characteristics, such as Pajarito Canyon, similarly high local infiltration 
values are expected. 
 
Although relatively small volumetrically compared to mountain recharge to the west, aquifer 
recharge occurring locally on the plateau is important to the assessment of flow paths of 
potentially contaminated water. Tritium data confirm that relatively young water is present in the 
aquifer (Rogers et al., 1996b), indicating fast pathways through the vadose zone beneath LANL. 
Quantitative estimation of recharge using 3H data is complicated by the sometimes confounding 
influences of bomb-pulse atmospheric 3H and locally derived 3H related to on-site LANL 
activities. Elevated 3H in regional aquifer samples has been observed at O-1, TW-1, TW-3, 
TW-8, LA-1A and LA-2 (Rogers et al., 1996b), as well as in several wells drilled during the 
more recent characterization drilling program (see Section 3.3). 
 
Kwicklis et al. (2005) used vadose zone occurrences of 3H to estimate the time-dependent 
transport velocities, from which they derived infiltration rates to the regional aquifer. They found 
that in Mortandad Canyon, infiltration rates are as high as 2000 mm/yr occur during periods of 
large volumes of effluent discharge. This infiltration rate has apparently decreased to 100-200 
mm/yr once effluent discharge flow rates were reduced. These observations and analysis confirm 
that local recharge in canyons is an important component of the recharge distribution for the 
plateau. 
 
2.8.3.1.2 Total Recharge 
Estimates of total recharge provide important constraints on flow and transport models of the 
regional aquifer by tying model calibrations to measured or estimated water balance components. 
Therefore, various techniques and data sets have been examined to estimate total recharge. 
Griggs (1964) estimated the total recharge to the aquifer beneath the Plateau to be between 168 
and 216 kg/s. McLin et al. (1996) estimated an upper bound of 192 kg/s, based on recovery of 
water levels in supply wells rested for a period of several months to several years. Using a 
variety of methods and considering a larger area, the Kwicklis et al. (2005) study discussed 
above estimates total average annual recharge to the Pajarito Plateau of 336 kg/sec. 
 
A number of researchers have used baseflow gain to the Rio Grande to estimate total aquifer 
discharge, from beneath both the plateau and the eastern basin. These estimates presumably 
approximate the total aquifer recharge before significant pumping began. However, total gain 
must be combined with an estimate of the proportion of the gain that originates beneath the 
plateau. Long-term average aquifer discharge between the Otowi Bridge gage and the now-
submerged Cochiti gage, a reach which bounds the southern portion of the plateau, was 
estimated by Spiegel and Baldwin (1963) to be 710 kg/sec and more recently by the U.S. 
Department of Justice to be 400 kg/sec (U.S. Department of Justice and New Mexico State 
Engineer Office, 1996). The former estimate is significantly higher because the authors did not 
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include years of record that indicated the reach to be losing, which was attributed to 
measurement error. Keating et al. (2005) present an analysis of data from this reach as well as 
the reach immediately to the north (Española to Otowi), which bounds the northern portion of the 
plateau. This analysis estimates the total gain to the Rio Grande adjacent to the Pajarito Plateau 
(Santa Clara Creek to Rio Frijoles) to be approximately 911 kg/sec (+/– 30%). The modeling 
study of Hearne (1985) assumes 316 kg/sec recharge to the Pajarito Plateau; McAda and 
Wasiolek (1988) assume 291 kg/sec lateral inflow from the Jemez Mountains. 
 
Aquifer modeling studies can also shed light on the recharge quantities and distribution. Keating 
et al. (2003) performed basin-scale inverse modeling as part of the Hydrogeologic Workplan, 
using both streamflow data and transient head data. That study indicated that approximately 253 
kg/sec of the gain to the river along this reach originated on the Pajarito Plateau and the Sierra de 
los Valles. This analysis probably underestimated total recharge on the plateau, in part because 
the basin model was calibrated to a lower estimate of aquifer discharge north of Otowi Bridge 
than is indicated by the streamflow analysis subsequently performed by Keating et al. (2005). 
Part of the reason for the differences between these various estimates of total recharge is that 
several of the smaller estimates (McLin et al., 1996; Speigel and Baldwin, 1963; and Griggs 
1964) emphasized the southern portion of the plateau (including LANL) which, according to the 
streamflow analysis in Keating et al. (2005), is discharging less water than the northern portion 
of the plateau. 
 
In summary, although these various estimates span a range and reflect some uncertainty, they are 
extremely valuable as bounding values for flow and transport modeling in that they constrain the 
total quantity of water flowing through the aquifer beneath the Pajarito Plateau. 
 
2.8.3.2  Discharge 
Data constraining quantity of discharge for the regional aquifer were discussed in Section 2.8.3.1 
in the context of estimating recharge. Regarding discharge locations, many authors have 
identified the Rio Grande as the principal discharge point for the regional aquifer (Cushman, 
1965; Griggs and Hem, 1964; Hearne, 1985; McAda and Wasiolek, 1988; Purtymun and 
Johansen, 1974; Theis and Conover, 1962). Previous reports have cited a variety of evidence to 
support this, including: 

• Streamflow gain along the Rio Grande (Balleau Groundwater, 1995; Purtymun and 
Johansen, 1974; Spiegel and Baldwin, 1963)  

• Measured vertical upward gradients in the vicinity of the Rio Grande (Cushman, 1965; 
Griggs and Hem, 1964)  

• The presence of flowing wells (McAda and Wasiolek, 1988; McLin et al., 1996; Spiegel 
and Baldwin, 1963) 

• Springs along the river (McLin et al., 1996). 
 
Discharge to the river may occur as lateral flow, upward flow, or as flow from springs in White 
Rock Canyon. Purtymun (1966) suggested that all the springs, which collectively flow 
approximately 85 kg/sec, discharge water from the upper surface of the main aquifer. Stone 
(1996) suggested that many of these springs may be discharging perched aquifers rather than the 
regional aquifer; unfortunately it is difficult to test these alternative hypotheses, although stable 
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isotopes may provide some discrimination. It has been emphasized that although discontinuous, 
low-permeability beds produce confining conditions in the aquifer locally near the Rio Grande 
and elsewhere in the basin, flow is able to cross the low permeability beds in some locations as 
water discharges to the river (Hearne, 1985; Spiegel and Baldwin, 1963).  
 
The degree of connection between the aquifer and the Rio Grande has been investigated by 
Balleau Groundwater (1995), who drilled 16 wells in the alluvial aquifer of the Rio Grande near 
the Buckman wellfield and conducted pumping tests. They found that head in the alluvium is 
generally 0.1 to 0.2 feet higher than the Rio Grande, indicating discharge from the alluvium to 
the Rio Grande. Head in the regional aquifer below the alluvium, at a depth of 59 feet, is about 
2.8 feet higher than the Rio Grande. From pumping tests, they concluded that the hydrogeologic 
system at the site behaves as a layered water-table system in hydraulic contact with the river with 
delayed yield from pore-water storage and an adjacent river boundary source.  
 
2.8.3.3  Interbasin Flow 
Overall groundwater fluxes between the regional aquifer beneath the plateau and the basin and 
flow between the Española Basin and adjoining basins are not well constrained. It is possible that 
virtually all the groundwater flowing beneath the Pajarito Plateau flows easterly/southeasterly 
and discharges to the Rio Grande, and that interbasin flow to the south is small. An alternative 
possibility, that deep flow discharges instead to the basins to the south, is difficult to confirm or 
refute because of the lack of hydraulic data collected at discrete intervals at great depths within 
the aquifer. This could have a large impact on flow conditions at and near the site and thus will 
be the subject of future study. 
 
The Española Basin is separated from the Albuquerque and Santo Domingo basins to the south 
by a structural high, a prong of older sedimentary rocks, and several major fault zones 
(Golombek et al., 1983). The Santa Fe Group aquifer thins significantly at this boundary 
(Shomaker, 1974). If these structures impede flow to the south, this might enhance both regional 
aquifer and interflow discharge to the surface. We have not evaluated the possible interflow 
component to streamflow gain in the southern portion of the basin; if it were significant our 
estimate of groundwater discharge would be erroneously high. 
 
Numerical models of groundwater flow in the basin have generally predicted the interflow 
component of flow to the south to be small. The model of Hearne (1985) has no groundwater 
flow to the south by assumption; the McAda and Wasiolek (1988) and Keating et al. (2003) 
models allow interflow, but the models predict much larger discharge within the basin (to the Rio 
Grande) than to basins to the south. For example, Keating et al. (2003) estimated southerly flow 
from the Pajarito Plateau aquifer to the south to be approximately 9 kg/sec. Uncertainty analysis 
showed a possible range of values + 34 kg/sec or – 62 kg/sec. All of these values are relatively 
small compared to the total flow to the Rio Grande. 
 
Regarding basin boundaries to the north and west, fluxes entering the region beneath the plateau 
were estimated by Keating et al. (2003), using basin-scale head and streamflow data and inverse 
modeling analysis. They estimated that flow into the plateau from the north was very small or 
zero, with a relatively large degree of certainty. Inflow from the west (Valles caldera) and 
outflow to the south is more uncertain, and could be as low as zero or as high as 94 or 34 kg/s, 
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respectively. These fluxes are relatively small compared to estimates of total recharge for the 
plateau.  
 
These modeling results, when combined with recharge and streamflow estimates, result in a self-
consistent mass balance on water moving through the aquifer. Given the uncertainties in the 
individual flow estimates and the inherent difficulty of defining the appropriate structural 
features for a large-scale model, it is possible that other conceptualizations would provide 
equally valid representations of the available information. For example, it is possible that a 
conceptualization in which more water flows from the Española Basin to the adjoining 
Albuquerque Basin, rather than discharging at the Rio Grande, would prove valid. Elements of 
such a model conceptualization are (1) less flow restriction to the south; (2) more restricted flow 
from the deeper, confined aquifer to the Rio; and (3) southerly flow of a fraction of the deeper 
aquifer from the Sierra de los Valles and the Sangre de Cristo Mountains to the south. Of course, 
such a conceptualization would also need to be consistent with the available water budget 
information. The point here is that alternate conceptualizations such as this cannot be 
unequivocally ruled out and thus should be considered in future numerical models developed for 
the plateau and the basin.  
 
2.8.4  Aquifer Hydrologic Properties 
 
This subsection briefly summarizes the hydrologic properties of the regional aquifer rocks. A 
more detailed treatment of this critical topic, including statistical and spatial distributions of 
hydraulic conductivities measured in aquifer tests, is presented in Section 2.4. The aquifer 
beneath the plateau consists of the fractured crystalline rocks of the Tschicoma Formation, 
Cerros del Rio basalts, and older basalt flows, as well as the sedimentary rocks of the Puye 
Formation and the Santa Fe Group. These units are described in detail in Section 2.1, as well as 
by Broxton and Vaniman (2005). Both the Santa Fe Group and the Puye Formation are alluvial 
fan deposits with alternating beds of high and low permeability, with north-south trending faults 
associated with basin-scale rifting (Kelley, 1978). 
 
Permeability estimates for the Santa Fe Group are primarily derived from pumping tests in water 
supply wells screened over large intervals; estimates range from 10-11 to 10-12.8 m2 (Griggs and 
Hem, 1964; Purtymun, 1995; Purtymun et al., 1995a; Theis and Conover, 1962). Testing of 
monitoring wells, with relatively short screens completed within the Puye Formation, has shown 
very large variability (10-11 to 10-13.5 m2). The basalt flows beneath the plateau include massive, 
fractured lava units, breccia zones, and inter-flow zones with significant clay content. 
Permeability within the Cerros del Rio basalts ranges from 10-11.2 to 10-13.8 m2 (Nylander et al., 
2002). Testing at R-28 shows the upper bound of permeability to be between 10-10.5 and 10-10.2 
m2 (Kleinfelder, 2004b). 
 
Several estimates of specific storage (Ss) have been derived from various pumping tests: 10-4.8 /m 
in the Los Alamos Canyon wellfield (Theis and Conover, 1962); 10-5.5/m and 10-3.8/m in the 
Otowi wellfield (Purtymun et al., 1990; Purtymun et al., 1995b). These relatively low values are 
indicative of confined or leaky-confined conditions at the depth that these observations were 
made. This point is expanded upon in the next subsection, along with more recent estimates of 
specific storage based on a pumping test conducted as part of the Hydrogeologic Workplan. 
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2.8.5  Anisotropy and Scale Dependence 
 
Both the Santa Fe Group and the Puye Formation are, at least locally, strongly anisotropic. 
Pumping tests have confirmed that permeability normal to bedding is much lower than 
permeability parallel to bedding, both on the Pajarito Plateau (McLin et al., 2005; Purtymun et 
al., 1990; Purtymun et al., 1995b; Stoker et al., 1989) and elsewhere in the basin (Hearne, 1980). 
Estimates of anisotropy (ratio of vertical to horizontal hydraulic conductivity) vary from 0.00005 
(Hearne (1980), pumping test analysis) to 0.04 (Hearne (1980), hydraulic gradient analysis), to 
0.01 (McAda and Wasiolek, 1998). 
 
Effective permeability and anisotropy at large spatial scales are difficult to estimate. Many 
authors have noted the lack of spatial continuity of low or high permeability beds with the Santa 
Fe Group (Hearne, 1980; Spiegel and Baldwin, 1963; Theis and Conover, 1962) and the 
difficulty of correlating geophysical or lithologic logs between even closely spaced wells 
(Cushman, 1965; Shomaker, 1974). Hearne (1980) notes that because of limited spatial 
continuity in low or high permeability rocks, under a regional pressure gradient vertical flow will 
occur through circuitous routes and thus effective anisotropy may be less pronounced at large 
spatial scales than that measured at small scales during pumping tests. 
 
Large-scale, multiple-observation-well aquifer pumping tests are invaluable to examine scale 
effects and to estimate the impacts of water supply well pumping on pressure gradients in the 
aquifer. As part of the characterization program, a 25-day aquifer test was conducted at 
municipal water supply well PM-2 from February 3–28, 2003 (McLin, 2005). The pumping 
phase was conducted at a constant discharge rate of 1,249 gpm, followed immediately by a 
25-day recovery period. Surrounding observation wells were used to record both drawdown and 
recovery in response to pumping at PM-2. The PM-2 well draws water from a continuous 
louvered screen between 1,004 and 2,280 ft below ground surface (bgs). Prior to the start of the 
test, production wells in the vicinity were completely shut down so that hydrostatic conditions in 
the regional aquifer could recover and a static baseline could be established. Except for the test 
pumping at PM-2, all of the surrounding water supply wells remained off throughout the test 
period. Continuous water-level responses to pumping at PM-2 were recorded by transducers that 
were placed in municipal wells PM-2, PM-4, and PM-5 and in characterization wells R-20 (three 
separate screens) and R-32 (three separate screens). Periodic responses to pumping were also 
recorded in characterization wells R-15 (one screen), R-21 (one screen), and R-22 (five separate 
screens); however, no significant drawdown values were recorded in these latter wells. 
 
Figure 2-42 (from McLin, 2005) shows a layout of PM-2 and nearby monitoring locations during 
the test. Individual drawdown and recovery water levels in responsive wells demonstrate that the 
regional aquifer surrounding PM-2 is vertically anisotropic with pronounced resistance to 
vertical propagation of drawdown at shallower depths. Hydraulically, the aquifer behaves like a 
semiconfined aquifer at depth with leaky units located above (and perhaps below) a highly 
conductive layer that averages about 850 ft in thickness. Drawdown in this highly permeable unit 
was recorded more than 8,800 ft away in well PM-5, while drawdown only 1,225 ft away at the 
R-20 multiple-screened well was directly related to individual screen depth (Figure 2-43a, from 
McLin, 2005); the shallowest screen at R-20 showed little drawdown, while the deepest screen 
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showed a dramatic response to pumping at PM-2. Similar but more subdued behavior was also 
recorded 4,457 feet away in the R-32 multiple screened well (Figure 2-43b). In contrast, no 
recordable drawdown was recorded 8,900 feet away in the R-22 multiple screened well, 
suggesting that an idealized radius of influence for pressure responses due to pumping at PM-2 
was at least 8,800 feet after 25 days of continuous pumping. The idealized radius of influence 
shown in Figure 2-42 is schematic, based on the available data and is not meant to imply that the 
pressure response spreads uniformly in all directions. 
 
A schematic diagram proposed by McLin (2005) to interpret the aquifer-pumping test and to 
estimate hydrologic parameters is reproduced in Figure 2-44. Clearly, this aquifer configuration 
is highly idealized, in that a single, well-defined semi-confining layer has not been identified, 
and layered heterogeneities certainly exist within the zone depicted as the deeper aquifer (for 
example, see the geologic cross section of Figure 3 in McLin, 2005). Nevertheless, using this 
idealized aquifer configuration, McLin (2005) estimated hydraulic conductivity at the scale of 
this test to be about 5.0 ft/day (based on an assumed aquifer thickness of 850 ft), with a storage 
coefficient ranging from about 0.00032 to 0.002. Finally, the observations of muted drawdown at 
observation points near the water table (significantly above the pumping elevation) suggest that 
the horizontal-to-vertical anisotropy ratio of hydraulic conductivities is highly variable: McLin 
(2005) suggests that the ratio of vertical to horizontal hydraulic conductivity may be on the order 
of 0.01 in some locations within the regional aquifer. 
 

 
 

Figure 2-42. Idealized radius of influence of PM-2 on surrounding wells (McLin, 2005). 
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Figure 2-43.  Drawdown at wells R-20 (a) and R-32 (b) in response to pumping at PM-2 
(McLin, 2005). 
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Figure 2-44.  Idealized representation of the aquifer near PM-2 during the pumping test. A 
shallow system that includes the water table is separated from a deeper system 
by a semiconfining layer of low permeability (McLin, 2005). 

 
 
The analysis of McLin (2005) suggested an aquifer that behaves as a confined system at early 
stages in the test, transitioning to a behavior characteristic of leaky-confined aquifer behavior 
when the long-term drawdown behavior is interpreted. Although the behavior of the pumping 
test has the signature of a leaky-confined aquifer, with a temporal stabilization of drawdown 
relative to a confined aquifer, other aquifer flow mechanisms can give rise to similar behavior. 
For example, either leakage from low-permeability aquitards within a confined aquifer or 
interception of the cone of depression with a recharge boundary is an alternative explanation. 
The pumping test illustrated the importance of conducting tests of long enough duration to 
discern the large-scale behavior of the aquifer at progressively larger scales. Additional tests at 
other municipal water supply wells are planned to probe the hydrodynamic conditions of the 
aquifer at different locations. By combining the results of several such tests, we should be able to 
sort out the various flow mechanisms, thereby uncovering a more detailed picture of flow paths 
and mechanisms in the aquifer. 
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2.8.6  Hydraulic Heads and Flow Directions 
 
The principal reason for studying the regional aquifer in the Hydrogeologic Workplan activities 
is to determine the direction and rate of movement of water and contaminants. Historically, 
easterly/southeasterly flow directions in the regional aquifer have been proposed, based on data 
available to Purtymun and Johansen (1974) and Rogers et al. (1996b). Data collected as part of 
the Hydrogeologic Workplan confirm this result with a much larger number of wells than were 
available to earlier studies, particularly wells completed with short screens near the water table. 
 
2.8.6.1  Water Level Map 
The potentiometric surface for the regional aquifer is shown in Figure 2-24 (from LANL, 2005). 
Data used to construct this map are given in Table 2-10 for wells under water table conditions. In 
addition, data from wells under leaky-confined conditions in lower Los Alamos Canyon were 
included to augment the spatial coverage of the data because observations at the water table are 
not available at that location. The analysis of the data used to construct this and other maps of 
water levels and trends with time is discussed in detail in LANL (2005). The lateral component 
of gradients along the top of the aquifer beneath the plateau varies over one order of magnitude, 
from a low of 0.0026 (TW-3 to R-5) to a high of 0.04 (CDV-R-37 to CDV-R-15). Even higher 
gradients are evident west of R-25 (0.162; R-26 to R-25).  
 
A simple conceptual model for these trends is that gradients are high to the west where 
significant recharge is occurring and gradients are low in the central plateau where lower 
recharge rates are occurring and higher permeability rocks are present (Purtymun, 1995). The 
general easterly-southeasterly flow direction suggested by these gradients is consistent with 
radiocarbon ages of water from deep wells beneath the Pajarito Plateau, which increase from 
west to east. Age estimates for groundwaters beneath the plateau range between about one to six 
thousand years, increasing to several tens of thousands of years near the Rio Grande (Rogers 
et al., 1996b). However, as will be discussed below, interpretation of these data is complicated 
by the fact that the flow patterns within the aquifer are complex, and mixing of fluids of different 
ages is likely. The presence of anthropogenic tritium in the regional aquifer demonstrates that 
mixed waters of vastly different ages are present in the aquifer. 
 
2.8.6.2  Shallow and Deep Flow Paths 
The nature of the measured head gradients suggests that flow in the shallow portion of the 
aquifer (less than 150 m) below the upper surface of the saturated zone is primarily easterly-
southeasterly. The tendency for aquifer rocks to be strongly anisotropic will cause water to move 
in large part horizontally, despite the strong driving force of vertical head gradients. As described 
in the previous subsection, the degree to which the uppermost phreatic zone and the deeper, 
leaky-confined aquifer are hydrologically connected is not known with certainty. Nevertheless, 
hydrologic testing indicates that there is considerable resistance to vertical flow relative to 
horizontal flow; this phenomenon is likely to be widespread throughout the aquifer, but the 
magnitude of the anisotropy ratio at small scales probably varies considerably across the plateau. 
One interesting observation is that the amount of recharge estimated by Kwicklis et al. (2005) to 
occur in canyon bottoms on the plateau (77 kg/sec) is close to the total discharge from the 
springs of 85 kg/sec estimated by Purtymun (1966). This observation is consistent with a 
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compartmentalized aquifer with plateau recharge traveling laterally in the phreatic zone, partially 
isolated from deeper groundwater flow.  
 
In general, the direction of flow in deeper portions of the aquifer (at depths greater than the 
deepest water supply wells) is unknown because of sparse data, and is likely to be different under 
pumping conditions than under pre-development conditions. Purtymun (1995) suggested that 
heads at deeper intervals of the aquifer also have a westerly gradient. It is conceivable that the 
predominant flow direction under natural gradient conditions could be different from what is 
found at shallower depths, but data to constrain the direction are insufficient. The conceptual 
model for the nature of flow discharging to the Rio Grande or flowing to the Albuquerque Basin 
to the south will likely influence the predicted flow direction deeper in the aquifer. A model with 
significant flow to the Albuquerque Basin (described in Section 2.8.3.3 as an alternate 
conceptual model) would lead to more southerly flow paths in the deep aquifer. 
 
2.8.6.3  Influence of Water Supply Well Pumping 
Despite evidence for compartmentalized flow with significant flow resistance between the 
shallower and deeper zones, it is likely that some downward movement of water and 
contaminants does occur due to pumping of water supply wells at depth. Occurrences of tritium 
and perchlorate in well O-1 show that flow paths between the shallow and deep aquifer water can 
exist during production. However, the extent of vertical transport is undoubtedly a function of 
the local permeability structure between the water table and the pumping interval in the water 
supply well, which may vary spatially across the plateau. Finally, pumping-induced upward 
movement of deeper water has been observed in the Los Alamos Canyon wellfield (Gallaher 
et al., 2004; Purtymun, 1977). 
 
Although our understanding of the impact of water production on aquifer storage and discharge 
to the Rio Grande is incomplete, there is a clear trend of decreasing water levels over the time 
period of production from major wellfields on the plateau. Pumping rates increased from near 
zero in 1945 to 183 kg/sec in 1971 and have been relatively stable since then (171 kg/sec in 
2001) (Koch et al., 2004); although year-to-year variability in pumping rates at individual wells 
has been large. Figure 2-45 (from LANL, 2005) shows the rate of water level decline in ft/yr 
estimated from long-term monitoring of water levels in wells on the plateau. Details of this map, 
constructed using a combination of test wells with a long (greater than 10 year) record and more 
recent characterization wells, are described in LANL (2005). The main features of the map are 
an area of high water-level decline rate (over 1 ft/yr) along Pueblo Canyon, which lies at the 
northern edge of data coverage, and an elongated zone of high decline rate (up to 0.8 ft/yr) that 
runs north to south, just east of and including PM-5, PM-4, and PM-2. This zone then extends 
east along Pajarito Canyon to R-23. 
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Figure 2-45.  Annual water level decline due to municipal water supply well pumping (from 
LANL, 2005). 
 

 
In the Los Alamos Canyon wellfield, after substantial water level declines when pumping 
initiated in the late 1940s, water levels rose and fell in response to inter-annual pumping 
variability. When the wells were retired in the late 1980s to early 1990s, water levels rapidly 
increased. Similarly, water levels in the Guaje wellfield decreased initially in response to 
pumping in the early 1950s and then stabilized until the 1970s; this was interpreted by Koch et 
al. (2004) to suggest that the aquifer had reached equilibrium. Water levels began to decline 
gradually again in the 1990s, perhaps due to pumping in nearby wellfields. Pumping in the 
Pajarito Mesa (PM) wellfield has produced less water level decline than pumping in the Guaje or 
Los Alamos Canyon wellfields, despite heavy usage. Nevertheless, water levels in PM-1 and 
PM-3, which have been pumped more consistently than other PM wells, have shown a long, 
steady decline. Test wells, which are much shallower than water supply wells, have also shown 
long, steady, declining water levels; before 1970 declines were very small (~1 m); since 1970 
declines have increased to a total of ~5 m.  
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The impact of production on storage in the aquifer was estimated by Rogers et al. (1996b). They 
calculated storage depletion by estimating the volume of the combined cones of depression 
observed in all the wellfields on the plateau, assuming drainage under water table conditions, and 
by assuming uniform aquifer properties (porosity = 0.1). They concluded that the total storage 
loss has been approximately equal to total production in the time period 1949 – 1993, and thus 
perhaps that there has been no significant net recharge to the wellfields during this period. In 
contrast, McLin et al. (1996) suggested that significant recharge has occurred, since water levels 
have recovered in wells that were allowed to rest a period of several months or several years. 
Flow modeling is one approach to estimate the proportion of storage loss that has been replaced 
by recharge. Simulations suggest that flow beneath the Rio Grande (west to east) has been 
induced by production at the Buckman wellfield. Calculations show that this flux may have 
increased from zero (pre-1980) to approximately 45 kg/s at present, or ~20% of the total annual 
production at Buckman (Keating et al. 2003).  
 
2.8.7  Aquifer Hydrodynamics 
 
The hydrodynamics in various portions of the aquifer beneath the plateau is critical to 
determining the potential pathways of contaminant transport. There have been numerous theories 
proposed in the literature on the degree and extent of confined conditions of the plateau. This is 
not too surprising considering the extremely complex geologic structure of the plateau and the 
inherent limitations of short-term pumping tests. Based on limited data, Cushman (1965) 
concluded that the aquifer is under water-table conditions beneath the plateau, with the exception 
of the vicinity of the Rio Grande, where water-table conditions exist in shallow layers and 
confined conditions exist at depth. Purtymun (1974) suggested that water-table conditions exist 
on the western margin of the plateau and artesian conditions exist along the eastern edge and 
along the Rio Grande. 
 
Drilling associated with the characterization program has confirmed existence of water-table 
conditions at many locations beneath the plateau. Table 2-10 shows the water levels in wells (or, 
for wells with multiple screens, in the uppermost screen below the water table) used to construct 
the water table map discussed in Section 2.8.6. Clearly, the characterization program has 
revealed the presence of unconfined conditions locally over most regions of the plateau, with the 
exception of locations near the Rio Grande, where confined conditions are generally observed. 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 2-119 December 2005 

Table 2-10. 
Water-Level Data Used to Create the Revised  

Piezometric Water-Level Contours for the Top of the Regional Aquifer  

Well Name-

Screen Zone

Water 

Elevation 

(ft)

Data 

Vintage

Well Name-

Screen Zone

Water 

Elevation 

(ft)

Data 

Vintage

CDV-R15-3-4 6020.1 2004 R-14-1 5883.7 2005

CDV-R-37-2-2 6138.8 2004 R-15 5851.7 2005

DT-10 5919.8 2003 R-16-2 5642.9 2004

DT-5A 5958.8 2003 R-18 6118.0 2004

DT-9 5917.9 2002 R-19-3 5888.0 2005

G-1A 5705.0 2001 R-20-1 5865.9 2003

G-2A 5750.7 2001 R-21 5853.4 2004

G-3A 5704.5 2001 R-22-1 5762.9 2004

G-4A 5784.0 2001 R-23 5696.6 2004

G-5A 5848.4 2001 R-25-5 6232.3 2004

H-19 6228.0 1949 R-26-1 7034.8 2003

LA-4 5706.0 1987 R-28 5839.4 2005

LA-5 5673.0 1987 R-31-3 5827.9 2002

LA-6 5678.0 1995 R-32-1 5857.8 2005

R-1 5879.9 2005 R-33 5877.0 2004

R-2 5874.0 2004 R-34 5834.0 2004

R-5-3 5769.2 2004 TW-1 5840.2 2003

R-7-3 5879.6 2004 TW-2 5847.7 2000

R-8 5836.0 2004 TW-3 5812.5 1999

R-9 5691.0 2004 TW-4 6071.5 2003

R-12-3 5695.9 2004 TW-8 5875.5 2003

R-13 5837.4 2005  
Source: LANL (2005) and references therein 
  

 
Significant new information on the relationship of the shallow and deeper regional aquifer 
hydrodynamics has also been obtained. Potentiometric measurements at several new multiple-
screened wells have revealed that decreasing head with depth is a pervasive feature of the 
aquifer. Head data (in meters) along a vertical cross-section in the southern portion of the 
plateau, where there are several wells with multiple completions, are presented in Figure 2-46. 
Decreasing head with depth has been observed in wells in the western portion of the Laboratory 
(see Figure 2-47 for well CdV-R-15-3) away from pumping well influence, but in a region where 
increased recharge is expected; near the Rio Grande (see Figure 2-48 for well R-16); in the 
central portion of the Laboratory (R-19, Figure 2-49); and in locations expected to be more 
strongly influenced by water supply well pumping (R-20, Figure 2-50). One counter example, 
well R-31 (Figure 2-51) located in the southern portion of the Laboratory away from municipal 
water supply wells and the region of expected high recharge, shows a very small (note the 
expanded scale of the y-axis compared to the other plots) decrease in head with screen depth 
between screens 2 and 3, but head increases with depth in the lower two screens 4 and 5. 
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 (a) (b) 
 
Figure 2-46.  (a) Map view showing the location of a cross-section of the plateau. (b) Head 

data from a vertical cross-section across the southern portion.  
 
 

 

 
 

Figure 2-47.  Piezometric water levels in different screens in well CdV-R-15-3. 
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Figure 2-48.  Piezometric water levels in different screens in well R-16. 
 

 

 
 
Figure 2-49.  Piezometric water levels in different screens in well R-19. 
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Figure 2-50.  Piezometric water levels in different screens in well R-20. 
 
 

 
 
 

Figure 2-51.  Piezometric water levels in different screens in well R-31. 
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There are several hydrologic mechanisms that can give rise to the observed data. First, note that 
in a region with a sloping water table, with recharge at high elevation and discharge at lower 
elevations, the theoretical result for a uniform medium is lower heads with depth, except close to 
the discharge zone. This explanation alone is consistent with the uppermost screens of R-31. At 
greater depths in R-31, the higher heads are perhaps due to a zone that is hydrologically 
separated from the upper zone, with higher head due to recharge to the west and deep, confined 
flow beneath the plateau. The reasons for the larger downward head drops in well CdV-R-15-3 
(as well as other wells in the vicinity, such as R-25) are uncertain, but are probably due to a 
combination of high local and mountain front recharge, combined with an extremely complex 
hydrostratigraphic and structural condition in which poorly connected, compartmentalized flow 
zones are encountered with depth. The wells in the vicinity of water supply wells on the plateau 
are clearly influenced by water extraction. It is possible that relatively small head differences 
with depth before water withdrawal have grown substantially because of pumping. Although 
data on shallow and deep head declines due to long-term pumping are sparse, it is likely that 
drawdown at the elevation of pumping is highest, and a more muted drawdown exists at the 
water table. Finally, for R-16, the lower head with depth is probably caused by pumping at the 
Buckman wellfield. 
 
The critical element that appears to be necessary to explain the observations from both pumping 
tests and information from multiple-screened wells is the presence of different hydrodynamic 
conditions at depth than are present at the top of the regional aquifer. The observations 
(unconfined conditions and a muted response to pumping at depth) suggest a phreatic zone under 
water-table conditions that is weakly connected hydrologically to a deeper zone that behaves as a 
leaky-confined aquifer. 
 
The nature of the aquifer heterogeneities giving rise to this compartmentalized system remains 
an open question. Two conceptual models appear to be possible. One is that the strongly 
anisotropic characteristic of the aquifer, which limits vertical movement of groundwater at 
virtually all depths within the Puye Formation and Santa Fe Group, produces the observed trends 
with depth. Cushman (1965) noted that this aquifer characteristic can cause an unconfined 
aquifer to appear confined in a short-term pumping test. This explanation is consistent with the 
observation of McLin (2005) described in Section 2.8.5 of a hydrograph that transitions from 
confined to leaky-confined behavior at later times. This conceptual model is implemented in the 
numerical models of McAda and Wasiolek (1988) and Hearne (1980). The McAda and Wasiolek 
(1988) model places the majority of water supply wells in the basin within the upper 600-ft-thick 
unconfined layer of the model. 
 
Another conceptual model is that a laterally extensive low permeability zone exists within the 
aquifer separating the shallow phreatic zone from a deeper confined aquifer. This is the 
conceptualization depicted in Figure 2-44. A single, laterally extensive zone of low permeability 
has not yet been identified in boreholes on the plateau. This fact, combined with observations 
indicating vertical resistance at all elevations in basalts, the Puye Formation, and the Santa Fe 
Group, strongly favor the former conceptual model. Either model would be expected to give rise 
to lateral transport of contaminants reaching the water table, especially at locations relatively 
unaffected by municipal water well pumping. The anisotropic model would allow for vertical 
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contaminant pathways to water supply wells in locations where continuous high-permeability 
pathways are present. 
 
2.8.8  Velocities and Travel Times 
 
Transport velocities and travel times through the regional aquifer are poorly understood, because 
of the lack of tracer tests and in-situ measurements of effective porosity. Data concerning the 
spatial distribution of anthropogenic contaminants in the regional aquifer have been difficult to 
use to constrain regional aquifer travel times because of the exceptionally thick and complex 
vadose zone, which makes it impossible to define the location and timing of contaminant entry to 
the regional aquifer. Transport over significant distances in the alluvial aquifers is known to 
occur, and complex vadose zone lateral pathways are also possible, though they have not been 
directly observed, except for the shallow subsurface pathways identified in the mountain front 
portion of the plateau (See Section 2.6.2.1). Despite these limitations, we note that no evidence 
of larger-scale migration of contaminant plumes has been observed, although the presence of 
anthropogenic chemicals at low levels in springs discharging to the Rio Grande at White Rock 
Canyon has been suggested by some to be due to regional aquifer transport (Section 3.2). Lack of 
evidence of migrating plumes may indicate that they travel too slowly to be observed over the 
relatively short period of study, or that sampling locations are not present in the right locations in 
sufficient density to track a migrating plume. 
 
In principle, isotopic data can constrain possible transport velocities. These data clearly 
demonstrate that some waters beneath the plateau and discharging to the Rio Grande are 
thousands of years old, similar to ages of groundwaters measured in the Albuquerque Basin to 
the south (Plummer et al., 2004). Tritium data, described in Section 2.8.3, clearly demonstrate 
that young waters are present as well. These young and old waters may co-mingle at numerous 
locations within the aquifer including the discharge zone at the Rio Grande. 
 
Therefore, there is no single answer to the question: How old is the groundwater? Mixing 
between older and younger waters is the norm for the waters sampled from the regional aquifer. 
Figure 2-52 illustrates that in many instances, both younger and older components are present. 
Tritium measurements at wells tapping the top of the regional aquifer near Los Alamos Canyon 
and Mortandad Canyon (among others), as well as isolated observations that include some of the 
springs discharging at White Rock Canyon, indicate a component of the water is young (less than 
60 years old). Reconciling these observations with age estimates of several thousand years based 
on C-14 requires a model in which fluids of vastly different ages mix, yielding disparate age 
estimates from the different groundwater tracers. 
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Figure 2-52.  Diagram of the locations of “young” and “old” water at different locations. The 
figure shows that waters with different apparent ages, based on different 
geochemical indicators, can co-exist at the same location. 

 
The model prediction of transport velocity and ultimate point of discharge of a contaminant in 
the regional aquifer is intimately tied to, even controlled by, the conceptual model used to 
develop the numerical model. If the picture emerging from the data described above of a 
compartmentalized aquifer is valid, then contaminants would travel laterally in the phreatic zone 
and arrive at springs discharging at the Rio Grande. These flow paths would be predominantly 
within the Puye Formation and the Cerros del Rio basalts, the geologic units commonly present 
at the water table of the regional aquifer (Figure 2-10). Travel times through these rocks might 
be expected to be relatively short. For example, taking the hydraulic conductivity of 1 m/d, a 
gradient of 0.02, and a porosity of 0.1, the computed velocity of a contaminant moving with the 
water (with no adsorption to the rock) is about 70 m/yr. Travel times on the order of 100 years 
would therefore be predicted to the springs from the most easterly zones of contaminated waters 
in the alluvial aquifers on LANL property. 
 
The role of supply-well pumping in altering these directions and points of discharge is a function 
of the conceptual model and the water usage scenario chosen for examination. Section 4.2.12. 
presents a capture zone analysis suggesting that contaminants reaching the regional aquifer 
beneath canyons on the plateau will be largely captured by the PM wells. Anisotropic conditions 
in the regional aquifer that tend to keep transport pathways shallow are overcome by induced 
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downward gradients, and contaminants are drawn to the depths of the screens of the water supply 
wells, where they are captured. Implicit in these results is the conceptualization of discrete 
pathways leading to downward transport, perhaps through tortuous “windows” of high-
permeability rock in between discontinuous low-permeability layers. A more continuous low-
permeability zone between the contaminant residing at the water table and the water supply well 
would create two disconnected zones at the scale of a contaminant plume. Under this scenario, 
contaminants would be isolated to the phreatic zone and travel to a down-gradient supply well or 
the Rio Grande, despite pumping near the contaminant source. 
 
Another important consideration is that steady-state capture-zone results require the assumption 
of constant pumping for a long enough time for a water particle to arrive at the well. This water 
usage scenario maximizes the induced downward gradient, exaggerating the downward gradients 
and leading to flow paths in which capture by the water supply wells is favored over lateral 
transport at shallow depths. If transport velocities are low enough, water supply wells are likely 
to be taken out of service before this theoretical arrival at the well would occur. In this case, the 
actual transport problem is inherently transient, and predictions are intimately tied to the actual 
water withdrawal scenario. In summary, these complexities render the predictions model- and 
scenario-dependent. Interpretations based on such models must keep this fact in mind. In the 
future, a broader range of water-usage scenarios and transient capture zone analyses should be 
used to fully explore these alternatives. 
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3.0 GROUNDWATER GEOCHEMISTRY, CONTAMINANT 
DISTRIBUTIONS, AND IMPLICATIONS FOR FLOW AND TRANSPORT  

 
It is important to understand geochemical processes and the natural water quality beneath the 
Pajarito Plateau, so that anthropogenic perturbations to the natural system can be identified and 
quantified. The natural geochemistry of groundwater is the result of physiochemical interactions 
between air, water, soil, biota, and aquifer material. Geochemical processes are influenced by 
several factors, including the composition of the groundwater, groundwater temperature, 
microbial populations, the mineralogical composition of the aquifer material(s), and the length of 
time the water is in contact with aquifer material(s). Section 3.1 describes the conceptual model 
of geochemical processes and reactions for the Pajarito Plateau and surrounding area. It also 
describes the “background” water chemistry, that is, the water chemistry not affected by 
Laboratory activities. 
 
Imprinted on the natural variations in chemistry is the presence of contaminants historically 
released since the early 1940s when Laboratory operations commenced. While most of the 
contaminants are at concentrations largely below regulatory standards, they demonstrate the 
presence of pathways for groundwater flow and contaminant transport from the surface to deeper 
groundwater. The impacts to groundwater at the Laboratory have occurred mainly where effluent 
discharges have caused increased infiltration of water. The depth to which chemical constituents 
move in the subsurface is determined partly by their chemical behavior: non-reactive constituents 
move readily with groundwater, while reactive or adsorbing constituents move a shorter distance.  
 
In most cases where effluent sources have been eliminated, groundwater concentrations of non-
reactive discharged contaminants have decreased far below past levels (e.g., RDX, nitrate, 
tritium, and perchlorate) in alluvial groundwater. These mobile contaminants readily move 
through the subsurface and are detected within perched intermediate zones and at the regional 
water table beneath several canyons, including Pueblo Canyon, Los Alamos Canyon, Sandia 
Canyon, Mortandad Canyon, and Cañon de Valle (HE in Cañon de Valle is an exception to this). 
In the case of reactive or adsorbing chemicals, the concentrations remain elevated significantly 
above background levels after elimination of discharges or other contaminant source terms (e.g., 
excavation and removal of contaminated sediments). These include constituents such as 
strontium-90 and the actinides (americium-241, plutonium-238, and plutonium-239,-240). A 
discussion of observed contaminant distributions within alluvial and perched intermediate zones 
and the regional aquifer is provided in Section 3.2. Many of the characterization wells and their 
chemical data are not included because characterization sampling conducted as part of the 
Hydrogeologic Workplan is not complete.  
 
3.1 Geochemical Conceptual Model 
 
A geochemical conceptual model that describes the geochemical environment beneath the 
Pajarito Plateau combines knowledge of geochemical processes with observations of water 
chemistry at sampling locations and mineralogy of aquifer materials. The components that 
contribute to the geochemical conceptual model include  
 
• natural chemical compositions of groundwater,  
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• residence time,  
• reactive minerals controlling groundwater composition and solute mobility, 

• adsorption and precipitation reactions,  
• redox conditions controlling solubility, and 

• chemical speciation. 
 
The following subsections discuss these conceptual model components and describe the 
observations and data that are the basis of each component.  
 
3.1.1 Natural Chemical Composition of Groundwater 
 
Groundwater occurs in three hydrostratigraphic settings beneath the Pajarito Plateau, which 
include the alluvium, perched intermediate zones (Bandelier Tuff, Cerros del Rio basalt, and the 
Puye Formation), and the regional aquifer (Puye Formation, Cerros del Rio basalt, older basalts, 
and the Santa Fe Group). As a result of geochemical processes, the natural composition of 
groundwater in the three hydrostratigraphic settings varies along flow paths from recharge areas 
in the Sierra de los Valles, west of the Laboratory, to the discharge areas along the Rio Grande to 
the east. Recharge also occurs along canyon reaches that contain saturated alluvium.  
 
A hydrochemical investigation was conducted from 1997 to 2000 to define the background 
chemical composition of groundwater beneath the Pajarito Plateau. Based on the data and 
information compiled, the statistical properties of natural (background) distributions of stable 
isotopes (δD, δ15N, and δ18O), tritium, and major and trace solutes in groundwater were 
established. A complete description of the background study is available in LANL (2005a).  
 
Natural groundwater (alluvial, intermediate, and regional aquifer) ranges from calcium-sodium 
bicarbonate composition within the Sierra de los Valles to a sodium-calcium bicarbonate 
composition east and northeast of the Laboratory. Sodium bicarbonate groundwater occurs 
within the regional aquifer in lower Los Alamos Canyon and at several White Rock Canyon 
springs near Otowi Bridge (Blake et al. 1995; LANL, 2001a; LANL, 2002; LANL, 2004b). 
Figure 3-1 shows average background concentrations of specific conductance, major cations and 
anions, silica, tritium, and several trace elements including barium and uranium analyzed during 
six sampling rounds (LANL 2005a).  
 
Concentrations of trace elements increase from alluvial groundwater to perched intermediate 
zones to the regional aquifer. They also increase from west to east within the regional aquifer 
due to increasing solute residence times and water/rock interactions, including  
recipitation/dissolution and adsorption/desorption reactions. The highest natural solute 
concentrations are associated with older groundwater within the regional aquifer. Concentrations 
of dissolved bicarbonate, sodium, calcium, and uranium increase from west to east. The 
following subsections discuss the evolution of natural groundwater chemistry from the recharge 
zone, along the flow paths, and out to the discharge zone. 
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3.1.1.1  Geochemistry of the Recharge Zone  
Groundwater generally has the lowest total dissolved solids (TDS) in the recharge area and 
increases in TDS along flow paths (Figure 3-1, where TDS is approximated by specific  
conductance). The Sierra de los Valles provides most of the recharge to groundwater beneath the 
Pajarito Plateau, based on distributions of stable isotopes, including δD and δ18O ratios 
(Figure 3-2). This interpretation was presented in Section 2.8.3.1.1. Recharge water derived from 
precipitation near the Sierra de los Valles contains natural tritium (19 to 71 pCi/L), which decays 
to less than 3 pCi/L along groundwater flow paths within non-contaminated perched intermediate 
zones and the regional aquifer beneath the central and eastern parts of the Laboratory 
(Figure 3-1).  
 
3.1.1.2  Aqueous Geochemistry along the Flow Path 
This subsection evaluates or describes solutes or dissolved species occurring along groundwater 
flow paths, which show variation among the three types of saturated zones. Variation in solute 
concentration results from the mixing of groundwaters, mineral precipitation (solute sink), 
mineral dissolution (solute source), and adsorption/desorption reactions. Natural groundwater 
quality in the regional aquifer beneath the Pajarito Plateau is excellent and, with the exception of 
arsenic in Guaje Canyon groundwater, does not exceed federal and state drinking water 
standards. 
 
The occurrence of reactive minerals within aquifer material controls the composition of 
groundwater chemistry along flow pathways. Calcium, sodium, and bicarbonate are the dominant 
major ion solutes in natural groundwater beneath the Pajarito Plateau and surrounding areas. 
Bicarbonate is the dominant anion in groundwater at Los Alamos (LANL 2005a). This solute 
increases in background concentrations from shallow alluvial groundwater to the regional aquifer 
(Figure 3-3). Bicarbonate forms complexes with several trace metals, which has a direct 
influence on the metal’s mobility or transport in the subsurface. Low concentrations of natural 
bicarbonate and calcium within the alluvium and perched intermediate zones within the 
Bandelier Tuff and the Puye Formation are insufficient to precipitate calcium carbonate (calcite) 
(Figure 3-4). Calcite is not typically observed within these saturated zones under natural 
conditions. In contrast occurrences of calcite within the Santa Fe Group basalt and sediments are 
reflective of higher concentrations of both calcium and bicarbonate.  
 
Silica is the next most abundant solute found in surface water and groundwater within the Los 
Alamos area (Figure 3-1) because of hydrolysis reactions taking place between soluble silica 
volcanic glass and water. All groundwater sampled as part of the background investigation 
(LANL 2005) are oversaturated with respect to quartz, which is the most stable mineral of the 
silica phases (Lindsay 1979). Dissolved silica concentrations, however, are not controlled by 
quartz because this mineral is less reactive than volcanic and sedimentary glass found within the 
different hydrostratigraphic units. Groundwater within the three groundwater zones is calculated 
to be in equilibrium with silica glass. In some instances, dissolved silica can be used as a tracer 
to evaluate groundwater flow from the silica-rich (pumice-rich) Puye Formation to the 
underlying Santa Fe Group basalt encountered at wells R-9 and R-12. Groundwater flowing 
through the Bandelier Tuff (well LAOI(A)-1.1) and some sections of the pumiceous-rich Puye 
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Figure 3-2. Stable isotope results for wells R-9, R-12, R-15, R-19, R-25, R-26, CdV-R-
15-3, and CdV-R-37-2, and for other springs in the Jemez Mountains. (The 
upper line is the Jemez Mountains meteoric line and the lower is the mean 
worldwide meteoric line.) 

 

 

Figure 3-3. Average dissolved concentrations of selected natural trace elements in a 
represenative well or spring within alluvial and perched intermediate 
groundwater and the regional aquifer. Note: Average of six rounds. 
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Formation (wells R-7 and R-15) is characterized by higher dissolved silica concentrations than 
groundwater flowing through the Cerros del Rio basalt (well R-9i and Spring 9-B) (Figure 3-4). 
This contrast is attributable to the fact that the volcanic glass within the basalt is both less 
abundant and less reactive than the ubiquitous glass within the Otowi Member of the Bandelier 
Tuff and pumiceous-rich Puye Formation. 
 
Figure 3-3 shows average dissolved concentrations of several natural trace elements within 
alluvial and perched intermediate groundwater and the regional aquifer. Average concentrations 
of natural arsenic, chromium, and fluoride were the highest within the Cerros del Rio basalt 
(Spring 9B). Variations in groundwater trace element concentrations depend on solute residence 
time, speciation, and extent of water-rock interactions. Many trace elements show considerable 
variations, even in young recharge water. For example, average concentrations of barium, boron, 
bromide, strontium, and uranium are the highest within the regional aquifer in the Santa Fe 
Group at La Mesita Spring. Average concentrations of dissolved natural uranium were 9.1 µg/L 
at La Mesita Spring, which is 300 times greater than that observed at well LAO-B in alluvium 
(Figure 3-3).  
 
 

 

 
Figure 3-4. Activity diagram of log activity [H4SiO4 ] versus log activity Ca2+/[H+]2 at 25°C 

for wells Otowi-4, R-9, R-12 (screen #3), and LAOI(A)-1.1 and La Mesita 
Spring. 
Note: These were selected because of observed smectite in x-ray diffraction of 
core and cuttings. 

 



Hydrogeologic Synthesis Report  
__________________________________________________________________________________________________________________________________________________________________________________________________________________

_ 

ER2005-0679 3-7 December 2005 

 
Naturally occurring solid organic matter containing carbon, oxygen, nitrogen, and hydrogen is an 
important component of alluvial sediments within and surrounding the Laboratory. Dissolved 
organic carbon (DOC) is derived from leaching of solid organic matter and concentrations of 
DOC are typically less than 2 mg carbon (C)/L within perched intermediate zones and the 
regional aquifer. Higher concentrations of DOC (up to 20 mg C/L) are found in soil, surface 
water, and alluvial groundwater within the upper reaches of Los Alamos Canyon where runoff 
through grasslands and forests takes place. The DOC contains dissociated carboxylic acids that 
are stable as anions above pH 4.5 (Thurman, 1985). The anions are mobile in the groundwater. 
Dissolved organic carbon mainly occurs in the forms of humic and fulvic acids (Vilks and 
Bachinski, 1996). These acids occur as anions and can complex with calcium and magnesium, 
which can influence precipitation reactions involving calcite. 
 
Leaching of ash produced from the Cerro Grande fire in May 2000 resulted in the generation of 
elevated concentrations of total organic carbon (TOC), consisting of both DOC and suspended 
organic carbon (SOC). Shortly after the Cerro Grande fire, increased concentrations of TOC 
were observed in surface water and alluvial groundwater within Pueblo Canyon, Los Alamos 
Canyon, Pajarito Canyon, and other watersheds. Since 2002, concentrations of TOC have 
decreased in surface water, but remain elevated in alluvial and perched-intermediate 
groundwater. Total organic carbon provides an excellent tracer for tracking movement of recent 
water (post Cerro Grande fire) in the subsurface. For example, concentrations of TOC have 
exceeded 300 mg C/L in perched zones within the Cerros del Rio basalt at the Los Alamos 
Canyon weir (Stone et al., 2004).  
 
3.1.1.3  Geochemistry of the Discharge Zone 
Groundwater chemistry within discharge zones can significantly differ from that characteristic of 
recharge zones. Total dissolved solids generally increase along groundwater flow paths. Specific 
conductance provides an indirect measurement of TDS and both parameters increase from west 
to east along groundwater flow paths. For example, groundwater within the Sierra de los Valles 
contains specific conductance values typically less than 100 µS/cm (Figure 3-1). Springs 
discharging within White Rock Canyon, however, have specific conductance greater than 100 
µS/cm. Concentrations of sodium also increase relative to calcium and magnesium at selected 
White Rock Canyon springs. This change in major cation chemistry most likely results from 
cation exchange processes with reactive minerals along flow paths, including smectite, kaolinite, 
and volcanic glass (discussed in Section 3.1.3). 
 
Groundwater within a discharge zone, at the end of groundwater flow paths, generally has the 
highest mineral or solute content and also represents the oldest water, provided that mixing with 
younger groundwater has not taken place. The main groundwater discharge zone for the Sierra 
de los Valles and the Sangre de Cristo Mountains occurs as springs and gaining reaches along the 
Rio Grande. Older groundwater within the regional aquifer tends to have higher concentrations 
of trace elements due to a combination of mineral dissolution and desorption processes. Many 
trace elements, including arsenic(III, V) and uranium(VI), form anions and tend to desorb from 
mineral surfaces under basic pH conditions (Langmuir, 1997). Dissolved concentrations of major 
cations and anions, arsenic, uranium, and other trace elements are higher in groundwater east of 
the Rio Grande based on water quality/geochemical data collected by the New Mexico 
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Environment Department (NMED) and most recently by LANL. Based on water samples 
brought in to the Pojoaque water fair in 2004, concentrations of natural uranium in groundwater 
are generally in the range from up to 0.2 ppm along the Rio Grande and eastward toward the 
Sangre de Cristo Mountains. In contrast, uranium concentrations in the regional aquifer beneath 
the Pajarito Plateau rarely exceed 0.1 ppm. 
 
In the discharge zone, as well as along flow paths, tritium is an excellent tracer that can be used 
to qualitatively date or bound the age of groundwater less than 61 years old, with a few 
exceptions. Background springs discharging within White Rock Canyon typically have tritium 
concentrations less than 1 pCi/L, indicating that groundwater is greater than 61 years old. This 
pre-dates historic discharges associated with the Laboratory and atmospheric fallout that may 
provide sources of recharge. These springs are characterized by groundwater flow paths that are 
of variable lengths and differing groundwater residence times. 
 
3.1.2 Residence Times 
 
Residence times of groundwater and chemical solutes increase both with depth and from west to 
east across the Pajarito Plateau within each groundwater zone. Groundwater flow paths within 
the regional aquifer generally are from west to east based on water level measurements. 
Accordingly, the concentrations of natural major ions and trace elements increase with distance 
along flow paths.  
 
In the Sierra de los Valles, a known recharge area west of the Laboratory, a component of 
groundwater is less than 61 years old, based on measurable activities of tritium observed in 
springs. Movement of groundwater through fractured volcanic rock within the Sierra de los 
Valles is rapid in most cases (Water Canyon Gallery, Apache Spring, upper Cañon de Valle 
Spring, and Pine Spring). With a few exceptions, most springs in the discharge zone in White 
Rock Canyon, however, do not contain tritium, and the age of groundwater probably ranges 
between 3,000 and 10,000 years and possibly even older (Rogers et al. 1996b).  
 
The oldest groundwater residence times within the regional aquifer are on the order of several to 
tens of thousands of years, based on carbon-14 dating (Rogers et al, 1996b). The carbon-14 dates 
provide a reasonable estimate of the maximum age of groundwater within the regional aquifer, 
provided that mixing with more recent water or older water with lower alkalinity has not taken 
place. Groundwater within the regional aquifer becomes progressively older from west to east 
(Rogers et al, 1996b). Presence of tritium near the water table and within the regional aquifer 
beneath the Laboratory, however, confirms that a much younger component of groundwater is 
present in the regional aquifer. Small concentrations of anthropogenic tritium (less than 100 
pCi/L) at some locations are suggestive of mixing of a majority of old water with a component of 
young water at the regional water table. Mixing ratios using chloride or bromide are needed as 
additional information to more precisely determine fractions of young and old groundwater.  
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3.1.3 Reactive Minerals Controlling Groundwater Composition and Solute 
Mobility 

 
Because there are variations in pH, temperature, and major ion and trace element chemistry 
within shallow and deep saturated zones, different reactive minerals and amorphous solids 
precipitate or dissolve. In some instances, they control the major ion composition of 
groundwater. Some of these phases, including hydrous ferric oxide, manganese (oxy)hydroxide, 
smectite, calcite, and zeolites, have a high adsorptive capacity for trace elements including 
chromium, lead, strontium, and thorium, and radionuclides including americium-241, cesium-
137, and plutonium-238, -239, -240. Reactive minerals and amorphous solids approach 
equilibrium with groundwater when the residence time exceeds the reaction half time (amount of 
time required for 50% of reactant A to form product B assuming there is no B initially present). 
This condition is usually met within perched intermediate zones and the regional aquifer based 
on observed mineralogy, because hydrous ferric oxide is present in all the groundwater zones. 
 
Calcite and smectite are two important minerals that have been observed in core samples 
collected from several R wells. The stability of reactive phases, including CaCO3 (calcite) and 
calcium smectite, can be evaluated by considering concentrations of major dissolved ions, 
chemical composition of minerals, and equilibrium concepts. Figure 3-4 is a log activity diagram 
showing the stability of several minerals including kaolinite, pyrophyllite, silica soil, silica glass, 
and calcium smectite. Groundwater samples collected from selected wells R-9, Otowi-4, R-12 
(screen #3), and LAOI(A)-1.1 and La Mesita Spring are also plotted on the figure. Important 
points from this figure are as follows:  
 
• Most groundwater is oversaturated with respect to calcium smectite, as the groundwater 

samples plot within that stability field. 

• One sample collected from La Mesita Spring plots within the stability field for kaolinite 
due to a lower pH measurement.  

• Groundwater is oversaturated with respect to SiO2 soil (amorphous silica) and 
undersaturated with SiO2 glass, which suggests that some of the silica could be formed 
from pedogenic (soil-forming) processes. 

• La Mesita Spring (representative of young recharge water) is undersaturated with respect 
to silica soil and silica glass and has lower concentrations of silica relative to those 
measured in groundwater samples collected at wells R-9, Otowi-4, R-12, and 
LAOI(A)-1.1.  

 
Under equilibrium conditions, calcite controls dissolved concentrations of calcium and 
bicarbonate within the regional aquifer. Beneath the western and central portions of the 
Laboratory, however, calcite is relatively rare in most of the lithologies characterized at the 
regional aquifer water table (Figure 2-10) except for the pre-Puye Formation Santa Fe Group 
sediments. These sediments have variable amounts of dispersed calcite cement (0-20 wt%). 
There is also a zone of post-depositional alteration centered in the northeastern portion of the 
Laboratory where calcite alteration is common in the Puye fanglomerate and the pumiceous 
sediments. Calcite precipitation is observed in Santa Fe Group sediments near the Rio Grande.  
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As groundwater flows through perched intermediate zones and the regional aquifer, chemical 
and mineralogical compositions of reactive phases, including silica glass, change over time. For 
example, silica glass is the most soluble component of the aquifer material (Puye Formation and 
unassigned pumiceous unit) and reacts with groundwater to form clay minerals, such as kaolinite 
and smectite. These alteration phases have been observed at wells R-5, R-8A, R-9, and R-12. 
Calcium-sodium smectite has been observed in core and cutting samples collected from R-9 
(Broxton et al., 2001a). Smectite has also been observed in rock samples collected from Santa Fe 
Group sediments in lower Los Alamos Canyon (Vaniman, unpublished data). The presence of 
smectite enhances natural attenuation of anthropogenic metals stable as cations, including 
strontium and barium, because this phase increases the adsorption capacity of the aquifer 
material under circumneutral pH conditions (discussed in more detail in Section 3.1.4).  
 
The saturation index (SI) is an indicator of whether a mineral is likely to precipitate or dissolve 
under particular groundwater conditions. The SI is defined as the log10(activity product/solubility 
product). Precipitation of reactive minerals, including calcite, occurs in groundwater under near 
neutral pH conditions. Figure 3-5 shows saturation indices for calcite versus calcium and 
bicarbonate concentrations (millimoles/liter) at selected background springs and wells. The 
computer program MINTEQA2 (Allison et al., 1991) was used to perform SI calculations. For a 
given solid phase at equilibrium, the SI is equal to 0 ± 0.05. Oversaturation (positive SI) implies 
precipitation, whereas undersaturation (negative SI) implies dissolution. Native alluvial and 
perched intermediate groundwaters are calculated to be undersaturated with respect to calcite, 
and dissolution of this mineral takes place. This is consistent with the absence of calcite within 
the natural alluvium at the Laboratory. Groundwater samples collected at wells R-9, R-12, and 
Otowi-4 and La Mesita Spring generally are saturated with respect to calcite, whereas LAOI(A)-
1.1 is not. Activities of dissolved calcium and bicarbonate at well LAOI(A)-1.1 are not sufficient 
to precipitate calcite. Calcite typically is not observed in native groundwater within the alluvium 
and Bandelier Tuff. The regional aquifer (Santa Fe Group sediments) is slightly undersaturated, 
but within thermodynamic uncertainty, with respect to calcite.  
 
3.1.4 Adsorption and Precipitation Reactions  
 
Adsorption occurs when dissolved species interact with surfaces of aquifer material coated with 
hydrous ferric oxide, manganese dioxide, clay minerals, or other adsorbents. Adsorption is 
usually reversible with the net effect being that the transport of the absorbed species is much 
slower than that of the water. Hydrous ferric oxide is an important adsorbent present in different 
aquifer materials beneath the Pajarito Plateau. Other adsorbents of metals include smectite, 
calcite, manganese oxide, and solid organic carbon, which can provide additional adsorption 
sites on aquifer material and within the unsaturated zone. Hydrous ferric oxide has a specific 
surface area of 600 m2/g, which is much higher than quartz or silica gel that have specific surface 
areas of 0.14 and 53 to 292 m2/g, respectively (Langmuir, 1997). Many metals and radionuclides 
including barium, chromium, nickel, uranium, strontium-90, americium-241, plutonium-238, and 
plutonium-239, -240 typically adsorb onto hydrous ferric oxide-coated particles between pH 
values 5 and 8.  
 



Hydrogeologic Synthesis Report  
__________________________________________________________________________________________________________________________________________________________________________________________________________________

_ 

ER2005-0679 3-11 December 2005 

 
 

Figure 3-5. Saturation indices for calcite versus calcium and bicarbonate concentrations 
(millimoles/liter) at springs and wells representing different aquifer types at 
LANL (perched, intermediate, and regional). 

 
 
Concentrations of inorganic contaminants (actinides, fission products, and trace elements) 
remaining within treated effluents are too small to be removed from solution through 
precipitation, based on results of computer simulations. Downgradient from Laboratory 
discharge points, adsorption processes are considered to dominate over mineral precipitation for 
continual removal of metals and radionuclides from alluvial groundwater. As a result, 
concentrations of adsorbing radionuclides and inorganic species generally decrease 
downgradient along the groundwater flow path. Alluvial material provides the largest reservoir 
for constituents from treated Laboratory effluent, including strontium-90, cesium-137, 
plutonium-238, plutonium-239, -240, and americium-241 because the constituents readily adsorb 
onto clay- and silt-sized material. For example, it is hypothesized that strontium-90 has been 
reversibly adsorbed on alluvial sediments by cation exchange, and the sediments provide a 
continuing source of this constituent to the alluvial groundwater. Eventually, strontium-90 will 
decay to stable zirconium-90 (via short-lived yttrium-90), reducing its remaining radioactivity by 
a factor of two approximately every 29 years. 
 
Based on numerous studies reported in the literature, and supported by field observations 
documented in LANL Surveillance Reports (e.g. LANL, 1996a, 2000a, 2001a, 2002) and 
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experimental results, the relative adsorption of HE compounds, radionuclides and inorganic 
species decreases at circumneutral pH (6 to 8) conditions as follows: 
 
cesium-137 (highest adsorption) = americium-241 > barium > strontium-90 > uranium > nitrate 
= molybdate = sulfate = chloride = perchlorate = TNT > RDX = tritium (lowest adsorption). 
 
Cations adsorb more strongly than anions under acidic to circumneutral pH conditions because 
adsorbents, including hydrous ferric oxide, smectite, and silica glass, are characterized by a net-
negative surface charge (Langmuir, 1997). (Oxy)anions, including molybdate, nitrate, and 
perchlorate, are mobile in groundwater under circumneutral to basic pH conditions due to the 
net-negative surface charge on the adsorbent. Neutral species including TNT, RDX, and tritium 
do not adsorb to any significant extent onto inorganic mineral surfaces. Characterization and 
surveillance data collected within Pueblo Canyon, Los Alamos Canyon, Mortandad Canyon, and 
Cañon de Valle support the observed mobilities of anions (chloride, molybdate, nitrate, 
perchlorate, sulfate, and uranium) and neutral species (RDX, TNT, and tritium). High explosive 
compounds undergo hydrophobic sorption with solid organic matter present in alluvial channels, 
including Cañon de Valle, but such material is not present in significant concentrations in the 
regional aquifer. 
 
Other variables that influence adsorption processes include precipitation and dissolution of the 
adsorbent, adsorption capacity, and changes in aqueous chemistry. Adsorption capacities of 
unsaturated and saturated material may change over time due to changes in solution composition, 
contaminant speciation and reactive phase mineralogy. In isolated cases where effluent 
discharges have changed alluvial groundwater alkalinity or pH, trace elements such as strontium 
and barium may precipitate as SrCO3, BaCO3, and coprecipitate as (Sr-Ba)SO4. These 
precipitation processes are considered to be important within the upper reaches of Cañon de 
Valle and Mortandad Canyon.  
 
Cation exchange reactions typically influence major cation compositions of groundwater. This 
influence is especially true for older groundwater with a long residence time characteristic of the 
regional aquifer east of the Rio Grande. Cation exchange between divalent, magnesium and 
calcium and monovalent sodium results in increasing water hardness (increased calcium and 
magnesium) in which calcium typically dominates over magnesium as the dominant dissolved 
cation. Softening of water occurs when calcium and magnesium are removed from groundwater 
and sodium becomes the dominant cation. This water-softening process is observed northeast of 
the Laboratory (former lower Los Alamos wellfield) and along sections of the Rio Grande. 
 
3.1.4.1  Adsorption and Precipitation of Uranium(VI) Species 
Uranium is a naturally occurring trace element found in groundwater and it is also processed at 
the Laboratory. This subsection provides a summary of the aqueous chemistry and adsorptive 
characteristics of this actinide because of its importance to background conditions and 
Laboratory effluents.  
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Uranium is a naturally occurring actinide found essentially in all soils, sediments, rocks, surface 
waters, and groundwaters worldwide. Whole rock concentrations of uranium within the 
Bandelier Tuff, Cerros del Rio basalt, and Puye Formation range from less than 1 to over 
10 mg/kg or ppm (Longmire et al. 1996a, Broxton et al. 2001a). Silica-rich rocks, including the 
Bandelier Tuff, contain higher concentrations of uranium than do the less siliceous rocks, 
including the Cerros del Rio basalt and Puye Formation.  
 
Background concentrations of dissolved uranium within alluvium, perched intermediate zones, 
and the regional aquifer are generally detectable but at concentrations less than 1 µg/L in 
groundwater beneath the Pajarito Plateau (Longmire et al., 1996b, LANL 2005a). These 
naturally low concentrations of dissolved uranium are probably controlled by aqueous 
solubilities of minerals containing uranium. For example, zircon (ZrSiO4) is a trace mineral 
found within the Bandelier Tuff. Concentration of uranium in a zircon crystal within a sample of 
the Bandelier Tuff was 1180 ppm (Stimac et al. 1996). This highly refractory mineral has an 
aqueous solubility of 10-15.4 M at pH 7. Uranium does not significantly leach out of this mineral 
at circumneutral pH values (6 to 9) based on its low aqueous solubility. Some uranium 
concentrated within the Bandelier Tuff is associated with volcanic glass, which has an aqueous 
solubility of 10-2.71 M at pH 7. Consequently, there is higher occurrence of uranium in 
groundwater within the Bandelier Tuff because it is more susceptible to leaching from glass due 
to its higher aqueous solubility. The rate of uranium leaching from glass, however, is slow, as 
indicated by the low dissolved concentrations of uranium (<0.5µg/L) measured in perched 
groundwater within the Bandelier Tuff (well LAOI(A)-1.1).  
 
The uranyl (UO2

2+) cation is analogous to other divalent metal species that significantly adsorb 
onto hydrous ferric oxide under acidic pH conditions. Increasing concentrations of hydrous ferric 
oxide result in increasing the adsorption capacity of uranium(VI) complexes because more 
binding sites are present. Concentrations of hydrous ferric oxide vary between alluvial 
groundwater, perched intermediate zones, and the regional aquifer. This variation is dependent 
on chemical weathering of primary iron-rich minerals and iron-rich volcanic glass. Iron-rich 
glass and minerals within the Cerros del Rio basalt enhance precipitation of increasing amounts 
of hydrous ferric oxide compared to the Bandelier Tuff, which contains iron-depleted glass and 
smaller amounts of iron-bearing minerals.  
 
The computer program MINTEQA2 (Allison et al., 1991) was used to model adsorption (surface 
complexation) of uranium(VI) onto hydrous ferric oxide for perched intermediate groundwater 
characterized at well R-9. The double layer model (DLM) was selected for the simulation 
because it takes into account adsorbent characteristics (specific surface area, charge density, and 
adsorbent concentration) and aqueous chemistry parameters (pH, ionic strength, and solution 
composition).  
 
Figure 3-6 shows both calculated distributions of adsorbed uranium(VI) complexes onto hydrous 
ferric oxide and dissolved complexes as a function of pH. Results of the calculation suggest that 
maximum adsorption takes place at pH 5.5 and decreasing adsorption occurs with increasing pH, 
which is due to the formation of uranyl carbonate complexes. Uranyl dicarbonate and uranyl 
tricarbonate complexes do not significantly adsorb onto negatively charged surface sites present  
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Figure 3-6. Calculated distributions of adsorbed and dissolved uranyl species for well R-9 

(275 ft perched zone) (HFO concentration = 1.46 g/L and total dissolved uranyl 
[UO2

2+] = 0.054 ppm, 25°C). Calculation was made for R-9 because uranium 
was measured in groundwater whithin the Cerros del Rio basalt. 

 
on hydrous ferric oxide. There is a sharp rise in uranium(VI) adsorption onto hydrous ferric 
oxide between pH values of 4.0 and 5.0 (Figure 3-6), where uranyl cation species dominate. 
 
Other divalent cations compete with uranyl species in both natural and contaminated 
groundwater. Calcium (Ca2+) strongly competes with UO2

2+ for adsorption sites present on 
hydrous ferric oxide, based on experimental results, including DLM intrinsic stability constants 
provided by Langmuir (1997). Concentrations of dissolved calcium are much higher (in the mg/L 
range) than dissolved uranium (less than 1 µg/L), which allows for more calcium binding onto 
hydrous ferric oxide. 
 
Similar competition between calcium and the uranyl cation may take place with clay minerals. 
This has relevance to groundwater chemistry east of the Rio Grande that is characterized by 
higher concentrations of calcium and uranium compared to groundwater beneath the Pajarito 
Plateau. This exchange reaction results in concentrations of natural uranium within the regional 
aquifer ranging from 0.5 µg/L (Los Alamos) to over 1800 µg/L (west of Nambé).  
 
Exchange reactions between calcium and sodium are of importance based on inverse 
relationships between dissolved calcium, sodium, and uranium. Figure 3-7 shows 
calcium/sodium ratios (milliequivalents/L) versus uranium concentrations for 127 groundwater 
samples collected at Pojoaque, New Mexico during June 2004. The highest concentrations of 
uranium in groundwater occur at lower calcium/sodium ratios. This relationship suggests that  
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Figure 3-7. Calcium/sodium (meq/L) versus uranium concentrations, Pojoaque water fair, 

June 2004. 
 
calcium is removed from groundwater, whereas uranium is added to groundwater through cation 
exchange. Alternatively, the relationship between uranium and sodium/calcium rations could be 
due to bulk compositional effects rather than cation exchange. In some groundwater samples, 
calcium is removed to a greater extent than sodium.  
 
Precipitation reactions serve as a sink for removing uranium from solution. There are numerous 
uranium (VI) minerals that are naturally occurring and are found in aquifers (ore deposits) within 
sedimentary and igneous rocks. Several uranyl silicate minerals including (UO2)2SiO4⋅2H2O 
(soddyite) and Ca(UO2)2(Si2O5)3⋅5H2O (haiweeite) are potentially important within silica-rich 
groundwater beneath the Pajarito Plateau. Figure 3-8 shows a plot of saturation indices for 
several reactive minerals including silica solids, carbonate minerals, soddyite, and haiweeite for 
several groundwater sampling stations including Spring 2B, alluvial well LAO-B, perched 
intermediate groundwater (well LAOI(A)-1.1), and regional aquifer groundwater (wells Otowi-4, 
TW-3, R-9, and TW-1). The computer program MINTEQA2 (Allison et al., 1991) was used to 
perform the saturation calculations.  
 
Temperature, pH, redox potential, and dissolved activities of calcium, uranium(VI), bicarbonate, 
and silicic acid influence the precipitation/dissolution of soddyite and haiweeite. As bicarbonate 
concentrations increase, dissolved uranium(VI) reacts to form complexes, which decreases the 
amount of uranyl cation (UO2

2+) available for precipitation of soddyite and haiweeite. This is 
counter balanced, however, by increasing concentrations of dissolved calcium that enhances 
precipitation of haiweeite at Otowi-4, R-9, TW-1, and Spring 2B (Figure 3-8). This assessment is  
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Figure 3-8. Saturation indices for several solid phases in alluvial (LAO-B) and perched 
intermediate groundwater (LAOI(A)-1.1) and the regional aquifer (Otowi-4, 
TW-3, R-9 and TW-1) within Los Alamos Canyon, Pueblo Canyon, and Spring 
2B. The computer program MINTEQA2 was used to perform the calculations. 

 Note: These wells were selected because they show hyrochemical snapshot of 
the three aquifer types within the Los Alamos Canyon and a spring. 

 
 
based on geochemical calculations and the overall oxidizing conditions characteristic of natural 
groundwater beneath the Pajarito Plateau.  
 
While it is useful to perform saturation index calculations to evaluate mineral equilibrium, most 
of the deep groundwaters are not in equilibrium with respect to either soddyite or haiweeite. 
Based on results of the calculations presented, adsorption processes involving uranium(VI) 
appear to control dissolved concentrations of this actinide in groundwater beneath the Pajarito 
Plateau. 
 
3.1.5 Redox Conditions 
 
This subsection presents a brief discussion on oxidation-reduction concepts with application to 
groundwater chemistry characterized during this investigation. Contaminants associated with 
treated Laboratory effluents that are stable in more than one oxidation state include 
plutonium(III, IV, V, and VI), uranium(IV and VI), technetium(IV and VII), iron(II and III), and 
chromium(III and VI). Other contaminants that can undergo reduction include perchlorate, 
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molybdate, nitrate, RDX, and TNT. A group of contaminants that is stable in one oxidation state 
under the geochemical conditions that prevail in groundwater includes americium(III)-241, 
cesium(I)-137, strontium(II)-90, barium(II), boron(III), and tritium(I). Adsorption and 
precipitation reactions involving redox-sensitive contaminants are directly influenced by 
oxidation and reduction reactions. Under oxidizing conditions, species including uranium(VI), 
sulfate, nitrate, and perchlorate form soluble anions that are mobile in groundwater. Under 
reducing conditions, however, these species either precipitate from solution (uranium and sulfide 
minerals), transform (perchlorate) and/or adsorb onto aquifer materials (nitrogen-ammonium). 
 
Oxidation-reduction (redox) reactions are very important in groundwater systems for controlling 
distributions of trace elements and are quite often mediated by a wide variety of microbes. Redox 
conditions for groundwater most often cannot be quantified with a single redox couple and 
oxidation-reduction potential (ORP) (Langmuir, 1997) because numerous couples are present 
and they differ with respect to kinetic reaction rates (Figure 3-9). Some couples are 
electrochemically reversible, including the iron(III)/iron(II) and hydrous ferric oxide/iron(II) 
pairs. However, most pairs are not reversible under normal groundwater conditions in the 
absence of microbes, including: dissolved oxygen/water, nitrogen (V)/nitrogen(0), 
nitrogen(V)/nitrogen(III), uranium(VI)/uranium(IV), sulfur(VI)/sulfur(-II),  
and carbon(IV)/carbon(0, -IV). General trends in redox chemistry, however, can be inferred 
based on distribution and concentration of redox-sensitive solutes such as iron and manganese, 
mineralogy of aquifer material, presence or absence of dissolved oxygen, knowledge of 
microbial populations, and presence of electron donors (reducing agents, reductants), and 
electron acceptors (oxidizing agents, oxidants).  
 
Under natural or baseline conditions, groundwater under the Pajarito Plateau within perched 
intermediate zones and the regional aquifer is oxidizing. This is also generally true for alluvial 
groundwater, although DOC may enhance localized reducing conditions within wetlands 
occupying some canyon reaches. Naturally occurring and measurable concentrations of dissolved 
oxygen (DO) (1 to 9 ppm), sulfate (>2 ppm), and nitrate (typically 0.5 ppm) are characteristic of 
oxidizing conditions. Low concentrations of dissolved iron (<0.5 ppm) and manganese 
(<0.05 ppm) are also characteristic of oxidizing conditions. Under reducing conditions, 
concentrations of reduced forms of carbon (methane, hydrocarbons, carbohydrates), nitrogen 
(ammonium), and sulfur (hydrogen sulfide) would exceed concentrations of the oxidized forms. 
Iron and manganese reduction would also be observed under reducing conditions. Reducing 
conditions do not occur in normal groundwater beneath the Pajarito Plateau although they have 
been encountered in several R wells as a highly localized consequence of residual drilling fluids, 
as described by Longmire and Goff (2002) and Longmire (2002a, 2002b, 2002d, and 2002e) and 
Bitner et al. (2004) in detail.  
 
3.1.6 Uranium Speciation 
 
Chemical speciation has a direct control on mineral precipitation and adsorption processes. 
Special attention is given to uranium in this report because this actinide occurs naturally in 
groundwater and has also been processed at the Laboratory. Large variations in natural uranium 
concentrations are observed beneath the Pajarito Plateau and to the east in the Rio Grande 
Valley. 
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Figure 3-9. Selected oxidation-reduction couples in water at pH 7 and 25°C for the Pajarito 

Plateau and surrounding areas. 
 

 

As uranium leaches from minerals and glass, it is stable as uranium(VI) under oxidizing 
conditions characteristic of aquifer systems beneath the Pajarito Plateau. Uranium(VI) forms 
strong complexes with bicarbonate and carbonate including UO2CO3

0, UO2(CO3) 2
2-, and 

UO2(CO3)3
4- (Langmuir 1997) above pH 6.  

 
Figure 3-10 shows calculated distribution of uranium(VI) at Spring 9B discharging from the 
Cerros del Rio basalt east of the Laboratory. Dissolved concentrations of uranium are typically 
less than 0.2 µg/L at Spring 9B (LANL 1996a, 2000a, 2001a, 2002).The computer program 
MINTEQA2 (Allison et al., 1991) was used for the speciation calculations of Spring 9B. The 
aqueous complex, UO2(CO3)3

4- dominates above pH 8.4, whereas UO2(CO3) 2
2- dominates 

between pH values of 6.6 and 8.4 at Spring 9B (Figure 3-10). Dissolved uranyl carbonate 
(UO2CO3

0) dominates between pH values of 5.0 and 6.6. Spectroscopic evidence has shown that 
Ca2UO2(CO3) 3

0 significantly influences uranium(VI) speciation between pH values of 6 to 10 in 
calcium-rich uranium-mining waters (Bernhard et al., 2001). This complex may have relevance 
to groundwater east of the Rio Grande characterized by high calcium and carbonate alkalinity.  
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Figure 3-10. Results of speciation calculations for Spring 9B in White Rock Canyon using 

the computer program MINTEQA2. Log U(VI) = -9.26 molal (m), log F = -4.69 
m, log H4SiO4 = -2.92 m, and log CO3

2- = -3.07 m at 20.5°C. 
 
 
Figure 3-11 shows total alkalinity versus uranium concentrations for 127 groundwater samples 
collected within the Rio Grande Valley near Pojoaque, New Mexico, contrasted with samples 
from the Pajarito Plateau. Formation of uranyl carbonate complexes has a direct control on the 
solubility of uranium(VI), leading to dissolved concentrations of uranium much greater than 10 
µg/L observed in the Rio Grande Valley.  
 
Uranium(IV) is stable in strongly reducing groundwater containing dissolved sulfide and reduced 
forms of DOC (Langmuir 1997). Calculations show that uranium(IV) in the form of U(OH)4

0 is 
stable under reducing conditions below an Eh of –225 millivolts (mV) at pH 7, 25°C, and  
10-3.0 M (61 mg/L) bicarbonate. Formation of uranium(IV) complexes is very unlikely to occur 
because natural groundwater at Los Alamos, New Mexico is oxidizing and uranium(VI) species 
are stable. However, in groundwater near Pojoaque uranium(IV) is inferred to be stable in the 
presence of hydrous ferric oxide reduction. 
 
3.1.7 Summary of Geochemical Conceptual Model 
 
It is important to understand geochemical processes and the natural water quality beneath the 
Pajarito Plateau, so that anthropogenic perturbations to the natural system can be identified and 
quantified. While the contaminants are at concentrations largely below regulatory standards or 
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risk levels, they demonstrate the presence of pathways for groundwater flow and contaminant 
transport from the surface to deeper groundwater.  
 
Natural groundwater (alluvial, intermediate, and regional aquifer) ranges from calcium-sodium 
bicarbonate composition within the Sierra de los Valles to a sodium-calcium bicarbonate 
composition east and northeast of the Laboratory. The Sierra de los Valles provides most of the 
recharge to groundwater beneath the Pajarito Plateau and groundwater in the recharge area has 
the lowest TDS of the overall flow system. 
 

 

 
Figure 3-11. Total alkalinity (as carbonate) versus uranium concentrations in groundwater 

samples collected from the Rio Grande Valley and the Pajarito Plateau. Red 
triangles are from Pajarito Plateau and blue dots are from the Rio Grande 
Valley.  

 
 
Along flow paths variation in solute concentration results from mixing of groundwaters, mineral 
precipitation (solute sink), mineral dissolution (solute source), and adsorption/desorption 
reactions. Calcium, sodium, and bicarbonate are the dominant major ion solutes in natural 
groundwater beneath the Pajarito Plateau and surrounding areas. Silica is the second most 
abundant solute found in surface water and groundwater within the Los Alamos area because of 
hydrolysis reactions taking place between soluble silica volcanic glass and water. Variations in 
groundwater trace element concentrations depend on solute residence time, speciation, and 
extent of water-rock interactions.  
 
All of the mobile chemicals measured in perched intermediate zones and in the regional aquifer 
are stable as anions (perchlorate, nitrate, sulfate, chloride, uranium) or as neutral species (RDX, 
TNT, HMX, boron). Contaminants stable as cations (barium, americium-241, plutonium(V)-238, 
-239, -240, strontium-90, cesium-137) have migrated within alluvial groundwater and are 
infrequently detected in deeper groundwater. 
 



Hydrogeologic Synthesis Report  
__________________________________________________________________________________________________________________________________________________________________________________________________________________

_ 

ER2005-0679 3-21 December 2005 

Groundwater within a discharge zone, at the end of groundwater flow paths, generally has the 
highest mineral or solute content and also represents the oldest water. Residence times of 
groundwater and chemical solutes increase both with depth and from west to east across the 
Pajarito Plateau within each groundwater zone. The oldest groundwater residence times within 
the regional aquifer are on the order of several thousand to tens of thousands of years, based on 
carbon-14 dating and on flow and transport models. 
 
Geochemical processes that affect the groundwater chemistry include the following: 
 
• Precipitation/Dissolution: Different reactive minerals and amorphous solids precipitate 

or dissolve and can control the major ion composition of groundwater. As groundwater 
flows through perched intermediate zones and the regional aquifer, chemical and 
mineralogical compositions of reactive phases including silica glass change over time. 
For example, silica glass is the most soluble component of the aquifer material reacting 
with groundwater to form clay minerals, including kaolinite and smectite. Precipitation 
reactions serve as a sink for removing uranium from solution. 

• Adsorption: Dissolved species interact with surfaces of aquifer material coated with 
hydrous ferric oxide, manganese dioxide, clay minerals, or other adsorbents, often 
resulting in the release of adsorbed species via replacement reactions. Hydrous ferric 
oxide is an important adsorbent present in different aquifer materials beneath the Pajarito 
Plateau. Other common adsorbents of metals include smectite, calcite, manganese oxide, 
and solid organic carbon. Downgradient from Laboratory discharge points, adsorption 
processes are considered to dominate over mineral precipitation for continual removal of 
metals and radionuclides from alluvial groundwater. Adsorption processes involving 
uranium(VI) appear to control dissolved concentrations of this actinide in groundwater 
beneath the Pajarito Plateau. 

• Redox Conditions: Under natural or baseline conditions, groundwater under the Pajarito 
Plateau within alluvial, perched intermediate zones, and the regional aquifer is oxidizing. 
Adsorption and precipitation reactions involving redox-sensitive contaminants are 
directly influenced by oxidation and reduction reactions. Under oxidizing conditions, 
species including uranium(VI), sulfate, nitrate, and perchlorate form soluble anions that 
are semimobile in groundwater. Uranium(VI) partly adsorbes onto ferric oxyhydroxide 
and is semimobile in groundwater between a pH range of 7 to 8.5, typically observed in 
groundwaters of the Pajarito Plateau. Under reducing conditions, however, these species 
either precipitate from solution (uranium and sulfide minerals), transform (perchlorate) 
and/or adsorb onto aquifer materials (nitrogen-ammonium). 

• Chemical Speciation: has a direct control on mineral precipitation and adsorption 
processes. Formation of uranium(IV) complexes is very unlikely to occur because natural 
groundwater at Los Alamos, New Mexico is oxidizing and uranium(VI) species are 
stable.  
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3.2 Contaminant Distributions and Transport  
 
This section describes the sources, presence, and trends through time of chemical constituents in 
groundwater originating from anthropogenic (principally LANL) sources. The movement rates 
and distribution of these chemical constituents give an indication of groundwater flow paths and 
flow mechanisms over time. Appendix 3-A provides a description and map of each canyon, 
arranged by watershed, because this framework highlights the connection between surface liquid 
discharge sources and their effects on shallow and deeper groundwater chemistries.  
 
In this section anthropogenic chemical constituents found in groundwater are divided into two 
classes: contaminants and other anthropogenic chemical constituents. Contaminants in 
groundwater are chemicals found at concentrations near or exceeding either regulatory standards 
or, where no standards exist, exceeding EPA screening levels of either hazard index (HI) of 1 or 
excess cancer risk of 10-5. For chemicals with no standards, the EPA Region VI tap water 
screening levels were used (http://www.epa.gov/earth1r6/6pd/rcra_c/pdn/screen.htm). For 
cancer-causing substances, the Region VI tap water screening levels are at a risk level of 10-6, 
therefore, 10 times these values were used to screen for a risk level of 10-5. A hazard index value 
of 1 or less indicates that no (noncancer) adverse human health effects are expected to occur. 
  
Anthropogenic chemical constituents other than contaminants are found at lower concentrations, 
although some of these constituents may have been contaminants (that is, at higher 
concentrations) in the past.  
 
Table 3-1 summarizes the anthropogenic constituent observations in alluvial, intermediate, and 
regional aquifer groundwater. Information on Table 3-1 indicates that most canyons with 
anthropogenic constituents in alluvial groundwater also have anthropogenic constituents in the 
intermediate (if present) and the regional aquifer. The water quality impacts of effluent releases 
on alluvial groundwater extend to perched groundwater at depths of a few hundred feet beneath 
these canyons. The contaminated perched groundwater bodies are separated from the regional 
aquifer by hundreds of feet of dry rock, and in these wet canyons recharge from the shallow 
perched groundwater occurs in a time frame of decades. Nevertheless, the magnitude of water 
quality impacts on the regional aquifer are quite low.  
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3.2.1 Contaminant and Constituent Sources 
 
Table 3-1 indicates the factors that have primary influence on distribution of anthropogenic 
constituents in groundwater. The first factor is the presence of upgradient sources of these 
constituents. The sources affecting groundwater at the Laboratory are mainly liquid effluents 
rather than solid waste disposal or other activities. Since the 1940s, liquid effluent disposal by 
the Laboratory has degraded water quality in the shallow perched groundwater that underlies a 
few canyons (Figure 3-12). Drainages that received significant radioactive effluent discharges 
are Mortandad Canyon and Pueblo Canyon from its tributary Acid Canyon, and Los Alamos 
Canyon from its tributary DP Canyon. Rogers (2001) and Emelity (1996) summarize radioactive 
effluent discharge history at the Laboratory. Water Canyon, its tributary Cañon de Valle, and 
Pajarito Canyon have received effluents produced by HE processing and  experimentation 
(Glatzmaier 1993, Martin 1993, LANL, 1998a). Over the years, Los Alamos County has 
operated three sanitary treatment plants in Pueblo Canyon (LANL, 1981). Only the Bayo plant is 
currently operating. The Laboratory has also operated numerous sanitary wastewater treatment 
plants, as shown in Figure 3-12. 
 
Solid waste disposal has less potential to affect groundwater. Most solid waste disposal sites are 
located on mesa tops where there is little natural or artificial percolation to carry anthropogenic 
constituents to groundwater. Canyons that have little or no source of anthropogenic constituents 
(Guaje, Bayo, Potrillo, Fence, Ancho, Chaquehui, and Frijoles) have no anthropogenic 
constituents in groundwater (Table 3-1). Canyons that had small volume liquid sources or major 
dry sources are Cañada del Buey and Pajarito Canyon (Table 3-1). 
 
3.2.2 Water Inputs 
 
The second factor influencing anthropogenic constituent distribution in groundwater shown on 
Table 3-1 is water input, either natural or anthropogenic. The amount of water in a canyon 
system is a determining factor for transporting anthropogenic constituents. In most cases where 
Laboratory anthropogenic constituents are found at depth, the setting is one of the following: 
 
• canyons where natural water input is high (Pajarito Canyon, Water Canyon, and Cañon 

de Valle);  
• canyons where anthropogenic water input is high (Pueblo, Los Alamos, Sandia, 

Mortandad Canyons); or  
• mesa-top sites where large amounts of liquid effluent have been discharged (such as 

retention ponds or outfalls) (mesa tops bounded by Cañon de Valle and Water Canyon).  
 
The presence of water, either natural or from the discharge of effluents to canyons or mesa-top 
locations in the Laboratory’s semiarid setting initiates or increases downward percolation of 
water. Even under unsaturated flow conditions, this percolation may move significant volumes of 
water to the regional aquifer within a few decades.  
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Figure 3-12. Major liquid release sources that have potentially affected groundwater at Los 

Alamos National Laboratory. Most of these sources are now inactive.  
 
 
3.2.3 Hydrogeologic Controls 
 
The third factor that contributes to anthropogenic constituent distribution consists of 
hydrogeologic controls on groundwater pathways and travel rates (Table 3-1). The controls 
considered most important in influencing contaminant distribution and transport are infiltration 
at the surface and transport of contaminants in alluvial groundwater, pathways in the vadose 
zone and transport through intermediate perched groundwater, and flow field modification in the 
regional aquifer.  
 
The movement of groundwater contaminants is best seen through the distribution of conservative 
(that is, non-reactive) chemical species. Under most conditions, compounds like RDX, tritium, 
perchlorate, and nitrate move readily with the groundwater. In many settings, chemical reactions 
do not retard the movement of these compounds or decrease their concentrations, although the 
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activity of tritium does decrease due to radioactive decay. For some compounds or constituents 
(uranium, strontium-90, barium, some HE compounds, and solvents) movement is slowed or 
their concentrations are decreased by adsorption or cation exchange, precipitation or dissolution, 
chemical reactions like oxidation/reduction, or radioactive decay. Other constituents (americium-
241, plutonium, and cesium-137) are nearly immobile because they are strongly adsorbed onto 
sediment particles. 
 
3.2.3.1  Infiltration Rate and Transport in Alluvial Groundwater 
The first hydrogeologic control, infiltration rate, affects the movement of anthropogenic 
constituents from the surface to groundwater. As described in Section 2.5.3, undisturbed 
Bandelier Tuff has a very low infiltration rate. Areas that have other geologic units (particularly 
basalt units) exposed in the canyon bottom have higher, or enhanced, infiltration rates. 
Anthropogenic alterations can also enhance infiltration, for example sediment ponds in 
Mortandad Canyon and ponds in the Cañon de Valle watershed.  
 
The alluvial groundwater present in several canyons has a small volume relative to the annual 
volume of runoff or effluents, does not extend beyond the LANL boundary, and is generally 
completely refreshed by recharge on a time scale of about a year (Section 2.4.1). This rapid 
turnover of groundwater volume means that, rather than increasing over time, the groundwater 
concentrations of conservative compounds are controlled by concentrations in recharge sources 
such as effluent. The principal compounds that accumulate or persist in alluvial groundwater are 
those, such as strontium-90, that are not highly mobile. Strontium-90 has accumulated mainly in 
the canyon floor sediments, from which it slowly but continually leaches into the groundwater 
due to cation exchange, maintaining a nearly steady concentration. In some cases, such as RDV 
in Cañon de Valle, mobile contaminants also persist, possibly due to their continuing presence in 
water source regions. 
 
A study by Purtymun et al. (1977) documented this rapid turnover of groundwater and solutes in 
Mortandad Canyon. Purtymun showed that the mass of various solutes in Mortandad Canyon 
alluvial groundwater was a fraction of the total solute mass that had been discharged into the 
canyon over the history of effluent releases. To a first approximation, the entire body of alluvial 
groundwater in Mortandad Canyon is chemically well mixed, and variations in concentrations of 
specific sources propagate throughout the groundwater system in times of about a year. 
Concentrations are at times higher for wells nearest to the outfall, partly because of variable 
mixing of effluent with ground and surface water. Concentrations appear to decrease 
downstream from the outfall due to mixing and the occasional higher values in upstream wells. 
While concentrations vary between wells, overall concentrations of the constituents are generally 
similar throughout the alluvial groundwater body at a given time. 
 
Rather than a contaminant plume existing within the alluvial groundwater, a relatively small 
volume of groundwater (with a volume of about 20,000 cubic meters) is completely replenished 
annually by recharge water (with a volume of about 90,000 to 160,000 cubic meters) which 
includes the discharges from RLWTF at TA-50. Purtymun et al. (1977) attributed the losses of 
water to evapotranspiration and infiltration into the underlying tuff. The composition of the 
alluvial groundwater is a combination of input from the TA-50 facility and other sources such as  
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runoff and other Laboratory discharges. The groundwater composition nearest the TA-50 
discharge point shows short term (weekly or daily) variations related to the TA-50 outfall, but 
over the longer term (annually), these variations are spread throughout the alluvial groundwater 
body. 
 
Data for conservative constituents (tritium, nitrate) in alluvial groundwater support the 
conceptual model that this groundwater has a short residence time and conservative contaminants 
do not accumulate in alluvial groundwater. The time trend pattern for these contaminants shows 
a high level when they were being released, followed by a sharp decline in concentration to 
nearly nondetectable levels when the source is eliminated. Past values of tritium and nitrate in 
alluvial groundwater in DP, Los Alamos, Pueblo, and Mortandad Canyons exceeded the 
20,000 pCi/L MCL (Rogers 1998). Such high values do not occur today in these locations 
because of improvement in effluent quality, and also possibly because of deeper infiltration of 
older effluents. 
 
In Pueblo Canyon, tritium activity in alluvial groundwater was 15,000 pCi/L in the early 1970s, 
nearly a decade after effluent discharges ceased; today it is barely detectable (Figure 3-13). 
Similarly, alluvial groundwater tritium values in DP and Los Alamos Canyons exceeded 
300,000 pCi/L in the late 1960s, but have been barely detectable for the past decade (Figure 3-
14). TA-21 effluent caused tritium levels in surface water and alluvial groundwater in and 
downstream of DP Canyon to reach values up to 5,000,000 pCi/L, or 250 times the MCL (Figure 
3-14, Figure 3-15). The tritium levels decreased greatly after discharges ceased. In Los Alamos 
Canyon above the mouth of DP Canyon, the Omega West Reactor cooling line leaked water 
containing tritium from 1956 to 1993. As a result of this leak, tritium activity in alluvial 
groundwater remained at values around 10,000 pCi/L or half of the MCL. Once the leak was 
discovered and shut off, tritium levels in Los Alamos Canyon water returned to background. In 
Mortandad Canyon alluvial groundwater tritium activities often exceeded 300,000 pCi/L and 
even reached 2,000,000 pCi/L, but have fallen below the MCL since the RLWTF adopted 
effluent limits in 2001 (Figure 3-15, Figure 3-16). At the end of 2000, the RLWTF adopted a 
voluntary goal of having tritium activity in its effluent below 20,000 pCi/L, and tritium activity 
in the effluent dropped below that in 2001 and was 10,400 pCi/L in 2003. Tritium activity in 
alluvial groundwater downgradient of the facility has dropped correspondingly, with a maximum 
value of 8,770 pCi/L in 2003. 
 
Nitrate levels in Pueblo Canyon surface water and groundwater follow a strong downward trend 
similar to those for tritium. Nitrate has been discharged from Laboratory radioactive liquid waste 
effluents and Los Alamos County sanitary wastewater effluent (Figure 3-17, Figure 3-18). The 
highest values were found in surface water in the 1950s and 1960s, related to both types of 
sources. With decommissioning of the radioactive outfall in 1964 and moving the sanitary 
discharge downstream to the Bayo treatment plant, less water and less nitrate have been present 
in the upper portion of the drainage in recent years. Nitrate in discharges into DP Canyon from 
TA-21 caused surface water and alluvial groundwater concentrations to exceed 100 mg/L (nitrate 
as nitrogen), or 10 times the MCL, until discharges ceased in 1986 (Figure 3-18, Figure 3-19). 
Nitrate concentrations have returned to background since discharges ended. In Mortandad 
Canyon nitrate (as N) concentrations in alluvial groundwater have generally mirrored the 
concentration in RLWTF effluent (Figure 3-18, Figure 3-20). The nitrate concentration in the  
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Figure 3-13. Tritium histories in Pueblo Canyon surface water and alluvial and intermediate 

groundwater zones. Data are annual averages of all results including nondetects; 
note that detection limits have varied greatly through time. 

 
 

 

 
Figure 3-14. Tritium histories in DP and Los Alamos Canyon surface water and alluvial 

groundwater. Data are annual averages of all results including nondetects; note 
that detection limits have varied greatly through time. 
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Figure 3-15. Location of inferred past extent of groundwater contamination by tritium above 
the 20,000 pCi/L EPA MCL. No groundwater tritium exceeded this value in 
2003. Different colors indicate the affected groundwater zones. The extent of 
intermediate groundwater and regional aquifer contamination is based on a 
limited number of wells; question marks on the maps indicate where 
contaminant extent is inferred, not necessarily substantiated. 
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Figure 3-16. Tritium histories in Mortandad Canyon alluvial groundwater and the regional 
aquifer. Data are annual averages of all results including nondetects; note that 
detection limits have varied greatly through time. 

 
 

 
 

Figure 3-17. Nitrate histories in Pueblo Canyon surface water, alluvial and intermediate 
groundwater zones, and the regional aquifer. Data are annual averages of all 
results. 
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Figure 3-18. Location of inferred past extent of groundwater contamination by nitrate (as 
nitrogen) above the 10 mg/L EPA MCL. Only intermediate perched 
groundwater in Mortandad Canyon exceeded this level in recent years. Different 
colors indicate the affected groundwater zones. Along canyons, the extent of 
alluvial groundwater contamination lateral to the canyon is not to scale: 
contamination is confined to the alluvium within the canyon bottom and is 
narrow at the map scale. The extent of intermediate groundwater and regional 
aquifer contamination is based on a limited number of wells; question marks on 
the maps indicate where contaminant extent is inferred, not necessarily 
substantiated. 
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Figure 3-19. Nitrate histories in DP and Los Alamos Canyon surface water, alluvial 
groundwater, and the regional aquifer. Data are annual averages of all results. 

 
 

 
 

Figure 3-20. Nitrate histories in Mortandad Canyon alluvial groundwater and the regional 
aquifer. Data are annual averages of all results. 
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effluent decreased in 1999 due to improved treatment in the RLWTF, and alluvial groundwater 
concentrations have fallen below the New Mexico Groundwater Standard of 10 mg/L as a result. 
 
The distribution of perchlorate indicates where effluent releases have occurred in canyons 
(Figure 3-21). Perchlorate history in Mortandad Canyon shows the rapid decrease in perchlorate 
after the source was eliminated (Figure 3-22). The perchlorate concentration in the effluent 
decreased in 2002 due to improved treatment in the RLWTF, and alluvial groundwater 
concentrations have fallen significantly as a result.  
 
Data for adsorbing constituents (strontium-90, plutonium-239, -240) support the conceptual 
model of contaminant adsorption onto alluvial sediments. The adsorbing contaminants decline in 
concentration when the source is cut off, followed by maintenance of a fairly constant low 
concentration in the groundwater due to cation exchange. The highest measured strontium-90 
activity was about 500 pCi/L in Acid Canyon surface water in 1960. With no present source, 
levels have dropped dramatically and strontium-90 is now seen only at low activities, below 1 
pCi/L in alluvial groundwater (Figure 3-23). 
 
In Los Alamos Canyon is strontium-90 contamination in surface water and alluvial groundwater 
derived from reactor sources at TA-2 and effluent discharges from TA-21 (Figure 3-24). The 
strontium-90 activity in DP Canyon surface water reached 28,600 pCi/L. There is no present 
source, and activities dropped greatly after discharges ceased. However, strontium-90 persists in 
alluvial groundwater at levels above the EPA MCL of 8 pCi/L due to the large inventory in 
alluvial sediment, which moves to the groundwater by cation exchange (Figure 3-24). Effects of 
Manhattan Project releases in upper Los Alamos Canyon cause plutonium-239, -240 activity in 
alluvial groundwater to remain at about 25% of the DOE 4 mrem drinking water derived 
concentration guide (DCG) of 1.2 pCi/L (Figure 3-25). Discharges from TA-21 resulted in 
plutonium-239, -240 activity in surface water much above the DOE 4 mrem DCG, even 
exceeding the 100 mrem DCG of 30 pCi/L in the late 1960s. Plutonium activity decreased 
substantially with the end of discharges in 1986, but is still occasionally detected in surface water 
and alluvial groundwater below the former outfall. In Mortandad Canyon the discharge from the 
RLWTF creates a localized area of alluvial groundwater where strontium-90 persists at levels 
above the 8-pCi/L EPA drinking-water MCL (Figure 3-26). The radionuclides plutonium-238; 
plutonium-239, -240; and americium-241 are also present above the 4-mrem DOE DCG for 
drinking water (Figure 3-27). 
 
3.2.3.2  Vadose Zone Pathways and Transport in Intermediate Groundwater 
A hydrogeologic control on movement of anthropogenic constituents through the vadose zone is 
the presence of geologic units that can act as pathways. In general, these are units that are 
conducive to perching groundwater and forming intermediate perched groundwater. The water 
quality impacts from effluent releases extend in a few cases to intermediate perched groundwater 
at depths of a few hundred feet beneath these canyons. Because the contaminated alluvial 
groundwater bodies are separated from the intermediate perched groundwater by hundreds of 
feet of dry rock, pathways within the vadose zone are likely present in those canyons. 
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Figure 3-21. Location of groundwater contamination by perchlorate above the 3.7 ppb EPA 

Region VI risk level. Different colors indicate the affected groundwater zones. 
The extent of intermediate groundwater and regional aquifer contamination is 
based on a limited number of wells: question marks on the maps indicate where 
contaminant extent is inferred, not necessarily substantiated. 
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Figure 3-22. Perchlorate histories in Mortandad Canyon alluvial groundwater. All data points 
are shown. 

 

 

Figure 3-23. Strontium-90 histories in Acid and Pueblo Canyon surface water. The surface 
water data incorporate the longest record of strontium-90 and the highest values 
in these canyons; few strontium-90 detections have occurred in groundwater in 
these canyons. Data are annual averages of all results including nondetects; note 
that detection limits have varied greatly through time. 
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Figure 3-24.  Strontium-90 histories in DP and Los Alamos Canyon surface water and alluvial 

groundwater. Data are annual averages of all results including nondetects; note 
that detection limits have varied greatly through time. 

 

 
 
Figure 3-25. Plutonium-239, -240 histories in DP and Los Alamos Canyon surface water, 

alluvial groundwater, and the regional aquifer. Data are annual averages of all 
results including nondetects; note that detection limits have varied greatly 
through time. 
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Figure 3-26. Strontium-90 histories in Mortandad Canyon alluvial groundwater and the 

regional aquifer. Data are annual averages of all results including nondetects; 
note that detection limits have varied greatly through time. 

 
In Mortandad Canyon, Purtymun et al. (1977) estimated that, on average, about 15% of the 
surface water and shallow alluvial groundwater was lost to evapotranspiration. Because surface 
water or alluvial groundwater rarely flows beyond the Laboratory boundary, the remaining 85% 
of the water that enters the canyon must be lost by infiltration into the underlying tuff. Core 
profiles (Longmire 2001a) indicate a significant inventory of perchlorate and nitrate within the 
400 ft of unsaturated Bandelier Tuff underlying the canyon floor. 
 
Concentrations of contaminants such as nitrate, perchlorate, and tritium in Mortandad Canyon 
intermediate perched groundwater lie between current and past values in the alluvial 
groundwater. This banded range of observed concentrations suggests that the alluvial 
groundwater is a significant source of recharge to the intermediate groundwater; that this 
recharge requires on the order of decades; and that the solutes in the infiltrating water may be 
diluted by uncontaminated water already in the vadose zone or in the intermediate perched zone. 
 
Low-level tritium data in intermediate perched groundwater support the conceptual model that 
alluvial groundwater affected by effluent discharges is a principal source of recharge and 
contaminants for the intermediate perched groundwater (Figure 3-28). The highest values are 
found where effluent discharges have occurred, but are much lower than values observed in 
alluvial groundwater. The lower values may be due to mixing of recharge with other 
groundwater sources as well as radioactive decay due to recharge time of decades. Higher-than-
background tritium values occur in 
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Figure 3-27. Location of groundwater contamination by plutonium-238; plutonium-239, 
-240; and americium-241 above the 4-mrem DOE DCG for drinking water. The 
2003 maximum values in Mortandad Canyon alluvial groundwater for 
plutonium-238; plutonium-239, -240; and americium-241 were 1.4, 1.3, and 1.4 
times the 4-mrem limit, respectively. Different colors indicate the affected 
groundwater zones. 
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Figure 3-28. Low-detection-limit tritium data from wells and springs sampling intermediate 

perched groundwater. Data are mainly from 2002 to 2004 and do not include 
borehole data. The highest values occur where effluent discharges have 
occurred. 
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• R-25 near the 260 outfall and other discharges in TA-16,  

• below the former TA-45 discharge in Pueblo Canyon,  
• downstream from the Omega West reactor site and TA-21 discharges in Los Alamos 

Canyon, and 
• below the sanitary effluent discharge site in Sandia Canyon, and the RLWTF in 

Mortandad Canyon. 
 
Tritium time-series data also support a conceptual model that groundwater in the intermediate 
perched zones may have short residence times. Following cessation on effluent discharge from 
TA-45 into Acid Canyon in 1964, tritium in the intermediate perched zone sampled by TW-2A 
fell rapidly during the 1980s (Figure 3-13). Analysis of water samples from TW-2A show that 
this perched zone continues to contain elevated activities of tritium (2,228 pCi/L). This suggests 
that tritium associated with the former TA-45 treatment plant has infiltrated the canyon floor and 
migrated vertically, at least to the depth of the intermediate perched zone at TW-2A. Elsewhere 
in intermediate perched groundwater tritium has been detected mainly at trace levels 
(Figure 3-13). Although these incomplete data sets begin 15 years after discharges ceased, they 
support the conceptual model of short groundwater residence time.  
 
In LADP-3 in Los Alamos Canyon, tritium activities fell rapidly over the decade after the Omega 
West reactor cooling line leak was stopped. Tritium was initially found in LADP-3 at 5500 pCi/L 
(Broxton et al. 1995) but activity has declined greatly since then, related to cessation of the 
Omega West reactor cooling line leak in 1993. Tritium in the two intermediate perched zones at 
R-9i was about 233 pCi/L at 180 ft and 110 pCi/L at 275 ft. 
 
3.2.3.3  Flow Field Modification and Transport in Regional Aquifer Groundwater 
Relatively little contamination reaches the regional aquifer from the alluvial groundwater bodies, 
and water quality impacts on the regional aquifer, though present, are low. The last 
hydrogeologic control, flow field modification, is considered important in controlling 
anthropogenic constituent distribution in the regional aquifer. Anthropogenic constituents that 
enter the regional aquifer near pumping wells are predicted to have much travel times than those 
outside the influence of pumping (Section 4). 
 
The distribution of tritium in the regional aquifer supports the conceptual model that surface 
effluent discharges are the source of Laboratory contaminants at depth (Figure 3-29). The map 
shows low-level tritium values from 2002-2004 and includes springs and wells.  
 
In most cases, the highest regional aquifer tritium values are found near where effluent 
discharges have occurred, but are much lower than values observed in overlying alluvial or 
intermediate perched groundwater. The lower regional aquifer values may be due to dilution of 
recharge by other groundwater sources as well as radioactive decay due to recharge times of 
decades. The locations of the highest values in Figure 3-29 are near the recharge sources 
described in Appendix 3-A, with two additional locations that have high tritium values. One is at 
R-22 near MDA G, which may be due to past tritium disposal at that site. The second is at  
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Figure 3-29. Low-detection-limit tritium data from wells and springs sampling the regional 
aquifer. Data are from 2002 to 2004 and do not include borehole data. The 
highest values occur where effluent discharges have occurred. 

 
 
Spring 4B. The values, in the range of 45 pCi/L, are similar to data from rainfall and the Rio 
Grande and may be due to a component of surface water in the spring sample (LANL 2004b).  
 
3.2.4 Off-Site Transport  
 
Anthropogenic constituents that reach the regional aquifer will be transported along flow paths 
that will extend either to pumping wells or to the Rio Grande, the discharge area for the regional 
aquifer in the Española Basin (Section 2). The travel times along the natural flow paths are quite 
long (tens of thousands of years), but can be shorter for flow paths leading to pumping wells 
(Section 4).  
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As discussed in Section 3.2.1, the most mobile contaminants would be the first to appear in any 
of the regional aquifer discharge points. Appendix 3-A contains descriptions of canyons and the 
constituents that have been detected in the regional aquifer. Highly mobile groundwater 
contaminants including chloride, nitrate, perchlorate, and tritium have migrated into the regional 
aquifer near LANL. Monitoring data suggest that these constituents may also be discharging in 
some White Rock Canyon springs. Nitrate, chloride, and sulfate have increased gradually during 
the past 20 years in Spring 3 and Spring 3A (Figure 3-30). Tritium values in the springs are 
either in the range of regional aquifer values (less than 3 pCi/L) or up to 45 pCi/L, which could 
indicate either Laboratory impact or a component of precipitation (tritium in precipitation is 30–
450 pCi/L). Perchlorate measured at low levels in some springs appears to be naturally occurring 
because it is within the range of regional background levels. 
 
Four alternative pathways have been articulated to explain the presence of anthropogenic 
constituents in White Rock Canyon springs. One potential source is effluent discharged from the 
county’s sewage treatment plants. McQuillan et al. (2004) noted that Los Alamos County water 
supply well Otowi-1 produces water with above-background nitrate, and detectable perchlorate 
and tritium, as do some of the springs. The calcium-bicarbonate groundwater at Spring 2B is 
chemically similar to that in regional aquifer well TW-1 in lower Pueblo Canyon. Although the 
Spring 2B major ion chemistry is consistent with the upgradient geochemical data from TW-1 in 
lower Pueblo Canyon, TW-1 is located approximately 4 miles away from Spring 2B. The White 
Rock Sewage Treatment Plant is very close to the springs. Both TW-1 and Spring 2B are located 
near (separate) municipal sewage discharges and the common sewage signature could yield 
similar water chemistries at both sites. Nitrate and chloride are common contaminants associated 
with sewage effluent.  
 
McQuillan et al. (2004) suggest rapid transport in the regional aquifer from Pueblo Canyon to 
White Rock Canyon. Contaminants released in Acid Canyon, after having reached the regional 
aquifer, traveled rapidly through the regional aquifer in an easterly, then southerly path line 
starting at about Otowi-1 and TW-1, discharging in several springs along White Rock Canyon. 
However, these flow paths are inconsistent with the gradients in the regional aquifer, based on 
the latest potentiometric data. This pathway also requires rapid transport through the regional 
aquifer, contrary to evidence (carbon-14 data) that suggests slow transport through the regional 
aquifer (Sections 2.7.7 and 4). Water from lower Pueblo Canyon would need to travel many miles 
through the regional aquifer to Spring 2B with minimal mixing or dispersion in order to account 
for the observed concentrations.  
 
One further geochemical argument, which suggests that water in Spring 2B does not originate 
near O-1 and TW-1 in Pueblo Canyon, is the high uranium concentration in Spring 2B water. 
Uranium concentrations in Spring 2B are sharply anomalous compared to adjacent springs. 
There have been no high uranium concentrations measured in regional groundwater beneath 
LANL or Pueblo Canyon (Gallaher et al. 2004) that are comparable to those in Spring 2B. 
However, high natural uranium concentrations are known to exist throughout the Pojoaque 
Valley, in the well field in lower LA Canyon, and in the nearby Buckman wellfield. The natural 
levels have been shown to vary in response to pumping in the old LA wellfield, and delayed 
impacts may appear in Springs 1 and 2. 
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Figure 3-30. Anion concentrations in Springs 3 and 3A. Solid lines are best fit smooths to the 
data using loess methods (Cleveland 1979). 
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A second hypothesized pathway is a local source for contaminants present in the springs. Spring 
2B chemistry is consistent with effluent from the White Rock Sewage Treatment Plant (located 
on the White Rock Canyon rim above Spring 2B). The decades-long increases in nitrate and 
chloride concentrations in Springs 3 and 3A suggest a sustained source such as an effluent 
discharge. Surface flows from the plant pass near these springs.  
 
The third potential pathway is near-surface transport of contaminants to the White Rock Canyon 
springs. LANL contaminants are hypothesized as being transported in surface water and/or 
shallow groundwater along Pajarito Canyon from TA-9 to White Rock, followed by infiltration 
near the springs and a relatively short transit through the vadose zone to the regional aquifer. 
Such fast, shallow paths are more plausible and consistent with available information than fast 
transport through the regional aquifer. The major ion chemistry in the springs near Pajarito 
Canyon is generally consistent with that of groundwater along this flow path. Some fast regional 
aquifer transport would still need to occur for the contaminants to reach the springs. 
 
The fourth possible pathway is transport via alluvial groundwater and fractural basalt. This 
pathway involves Laboratory contaminants reaching the springs via shallow and deep pathways 
in which transport is dominated by movement through fractural basalts. Fast transport through 
the basalts is more plausible than fast transport in the regional aquifer within the Puye Formation 
or the Santa Fe Group. The basalt-dominated pathway would likely be fast through the vadose 
zone as well. Drilling to date has not located any major contamination zones in basalt, but such 
zones could be isolated and difficult to encounter.  
 
If any of the hypothesized alternative fast pathways invoked to explain the possible presence of 
LANL-derived constituents in springs exist, groundwater beneath LANL may travel more 
rapidly to downstream wells or springs than previously recognized, but the overall water quality 
changes would be anticipated to be relatively minor. Faster travel in the regional aquifer likely 
would result in less natural attenuation (for example, adsorption, radioactive decay, mixing) of 
any LANL-derived contamination. The monitoring history to date, however, has revealed minor 
impacts on the regional aquifer beneath the Laboratory. Continued LANL-wide groundwater 
monitoring is the most effective mechanism for identifying potential off-site transport of 
contaminants. See Appendix 3-D for discussion of other alternative conceptual transport models. 
 
3.2.5 Summary of Contaminant Distribution and Transport 
 
The impacts to groundwater at the Laboratory have occurred mainly where effluent discharges 
have increased local infiltration rates and volumes. The depth to which chemical constituents 
move in the subsurface is determined partly by their chemical behavior: non-reactive constituents 
move readily with groundwater, while reactive or adsorbing constituents move a shorter distance.  
 
In most cases where effluent sources have been eliminated, groundwater concentrations of non-
reactive discharged contaminants have decreased far below past levels (e.g., RDX, nitrate, 
tritium, and perchlorate) in alluvial groundwater. These mobile contaminants readily move 
through the subsurface and are detected within perched intermediate zones and at the regional 
water table beneath several canyons, including Pueblo Canyon, Los Alamos Canyon, Sandia 
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Canyon, Mortandad Canyon, and Cañon de Valle. In the case of reactive or adsorbing chemicals, 
the concentrations may remain elevated above background levels for long periods of time after 
elimination of discharges or other contaminant source terms (e.g., excavation and removal of 
contaminated sediments). These include constituents such as strontium-90 and the actinides 
(americium-241, plutonium-238, and plutonium-239, -240).  
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4.0  NUMERICAL MODELS 
 
The conceptual models of the hydrogeologic system beneath the Pajarito Plateau, as well as the 
supporting data and information, were described in Sections 2 and 3. Numerical modeling is an 
analytical tool that can be used to integrate and synthesize the sometimes widely spaced point 
hydrogeologic field data and that allows prediction of how the hydrologic system will behave at 
different times and under different conditions in the future. However, before models can be used 
for prediction, they must be shown to adequately reproduce current conditions. A caveat is that 
different model representations (assumptions, boundary conditions, structural features, 
dimensionality) can in many cases provide equally good fits to available data. This fact, 
sometimes called equifinality in the hydrologic literature, implies that different model 
representations may result in significantly different model predictions. In this section we have 
selected representative model structures that are most consistent with the available information, 
while acknowledging that conceptual uncertainties also exist. This section describes the site-
scale vadose zone and regional aquifer models that have been developed, including the 
underlying assumptions, hydrologic processes, calibration, and predictions for flow and 
transport. 
 
4.1  Site-Wide Vadose Zone Flow and Transport Model 
 
Hydrologic modeling of the vadose zone has been conducted to understand the key factors 
influencing the transport of contaminants from the ground surface to the regional aquifer, and to 
quantify uncertainties. The main goal of the site-wide vadose zone flow and transport model is to 
identify regions at the Laboratory where deep migration of contaminants is most likely. These 
analyses have been useful for guiding and prioritizing site characterization activities and can be 
used to support risk and performance assessments. 
  
The following summary describes the underlying assumptions and hydrologic processes, and 
presents numerical modeling predictions of the travel times from the ground surface to the top of 
the regional aquifer across the Pajarito Plateau. Simulation of travel time of traced water is a 
necessary first step in predicting the velocities and concentrations of contaminants through the 
vadose zone. For a modeling analysis that includes predictions of tritium concentrations, see the 
presentation of a numerical model for Los Alamos Canyon in Section 4.1.3.2. 
 
4.1.1  Model Development 
 
Transport of water and dissolved chemicals through the vadose zone beneath the Pajarito Plateau 
has been the subject of numerous laboratory and field investigations and numerical model 
development efforts. The characterization and modeling of vadose zone systems requires 
knowledge of the water supply, percolation rates and the hydrologic properties of rocks and soils 
under unsaturated conditions. Such an understanding, at a basic level, has been acquired for the 
Bandelier Tuff underlying much of the Pajarito Plateau. In the past, that knowledge has been 
used to develop geometrically complex numerical models to investigate in detail the influence of 
dipping stratigraphy, rugged topography, and manmade alterations to the natural system (see 
Section 4.1.3 for examples). 
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Due to the complexity and computational demands of vadose zone models, they typically cover 
only a small portion of the Laboratory property, and thereby provide only a local picture of the 
vadose zone system. This section describes a site-wide model for performing first-order analysis 
of travel time through the vadose zone across the entire Pajarito Plateau. By foregoing some of 
the complexities in favor of a simpler representation of the flow physics, this model can be 
extended to include all locations of interest on the LANL property. 
 
The following subsections present the modeling inputs, assumptions, and methodology in more 
detail. 
 
4.1.1.1  Flow and Transport Processes 
Despite the potential complexities associated with vadose zone systems, many basic processes 
are amenable to characterization and numerical simulation. In the Bandelier Tuff, when the 
percolation rate is lower than the saturated hydraulic conductivity Ksat of the matrix rock, the 
fluid saturation in the partially water-filled pores modulates itself in order to transmit the fluid 
under unit-gradient conditions associated with gravity-driven flow. Section 2.6.3 included data 
suggesting that under most conditions, water percolates through the Bandelier Tuff matrix, and 
the role of fractures is minor, except for the uppermost units of the Tshirege Member, present 
only in the westernmost portion of the Laboratory. In these locations, units with very low 
hydraulic conductivity induce lateral flow, probably through fractures. This phenomenon leads to 
shallow zones of saturation in which water travels laterally and issues at springs in Cañon de 
Valle and Water Canyon, from which it flows vertically downward through the rest of the 
Bandelier Tuff in matrix flow. In contrast, flow through the basaltic and dacitic rocks is assumed 
to be controlled by fractures. The practical consequence of these conceptual models for travel 
times will be established in the numerical modeling results. Finally, flow through the Puye 
Formation is probably also matrix-dominated, although the hydrogeology is complicated and the 
possibility of channelized, heterogeneous flow must be considered. 
 
In spite of the inherently three-dimensional nature of flow in the vadose zone, an appropriate 
approximation for estimating travel time is to assume one-dimensional downward percolation of 
water and migration of contaminants. Intermediate perched groundwater observed in several 
wells across the Plateau indicates the possibility of lateral diversion (see Section 2.7), but the 
influence of such groundwater on vadose zone travel time can be assessed in a bounding manner, 
as is illustrated in Section 4.1.2.3. 
 
4.1.1.2  Infiltration Rate 
As the upper fluid flow boundary condition, infiltration is one of the most important inputs for a 
vadose-zone model. Infiltration is known to depend, often in a complex way, on the local surface 
hydrologic conditions, topography, microclimatic conditions, evapotranspirative (ET) conditions 
(including vegetation type), and the presence or absence of impermeable layers such as thin clay 
layers within and at the base of the alluvium. The water that escapes ET and surface runoff is 
assumed to percolate through the remainder of the vadose zone to the regional aquifer, carrying 
with it any aqueous chemicals such as contaminants or dissolved minerals. The percolation rate 
below the zone of evapotranspiration is the direct input to the vadose zone numerical models. 
Although this rate undoubtedly changes with time due to storm transients, seasonal variations, 
and climatic variability, it is assumed that such effects are buffered by the hydrologic processes 
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that redistribute water in the surface water, alluvial groundwater, and unsaturated rocks of the 
vadose zone, so that an equivalent constant percolation rate can be assigned. The infiltration rate 
is also spatially variable at scales ranging from the width of fractured zones to the length of 
individual canyons. 
 
The methodology for estimating infiltration rates across the Pajarito Plateau is to classify 
canyons or portions of canyons with a numerical designator, called the Net Infiltration Index 
(NII). Then, for applying infiltration in the numerical model, each NII would have associated 
with it an infiltration rate. For the mesas, a uniform infiltration rate of 1 mm/yr was assumed. 
Appendix 4-A presents the development of the NII values across the Pajarito Plateau; the results 
are depicted in Figure 4-A-1. Table 4-1 lists, for each NII, the descriptive characteristics of each 
infiltration class, and the infiltration rates associated with each of the model runs. 
 
4.1.1.3  Numerical Model Implementation 
To predict travel time, the FEHM computer code (Zyvoloski et al. 1997) was used to simulate 
the two-phase, air-water flow problem. For the vertical stratigraphy predicted by the site 
geologic model, a one-dimensional grid was constructed with 10 evenly spaced numerical grid 
points within each layer. Hydrologic properties of each unit were assigned based on laboratory 
measurements and results of previous vadose-zone modeling efforts, and the percolation rate was 
assigned based on the infiltration map (Figure 2-34). The calculation consists of two steps: first, 
a steady-state one-dimensional fluid flow calculation is executed to establish the fluid water 
contents and water velocities through the stratigraphic column from the surface to the water 
table. Then, this steady-state flow model is used to compute a travel time using particle tracking. 
After performing the calculation at numerous locations across the Plateau, a site-wide description 
of vadose zone travel times is assembled in the form of travel-time maps. 
 
To conduct these calculations, several steps of the process were automated within a GIS-based 
data assembly and querying system. At a given location, the one-dimensional vertical 
stratigraphy from the site-scale geologic model was used to generate a numerical grid for flow 
and transport calculations. The point distribution for the one-dimensional models consisted of a 
high density of points close to drainages across the Pajarito Plateau, and a coarser resolution on 
the mesas. Regions corresponding to the drainages, where relatively large infiltration is applied, 
were converted to a high-resolution grid (cell size of 128 ft) with each point located in the center 
of the cell. On the mesas, a coarser point distribution of 512 ft was taken. This resulted in a total 
of 30,577 points across the plateau at which one-dimensional transport times were calculated. 
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4.1.2  Model Results 
 
Numerical modeling results are presented for a “base-case” model for canyons and mesas, after 
which uncertainty in infiltration rate and the impact of perched water conceptual uncertainty are 
studied. 
 
4.1.2.1  Base-Case Results 
A full-scale map of predicted travel times of a water molecule in the vadose zone (from ground 
surface to the water table of the regional aquifer) is shown in Figure 4-1. Along each canyon 
with NII other than 1, travel times are predicted to be less than 1000 years. Although the results 
in canyons are the main focus of this study, results for the mesas are described first. On mesas, 
the predicted travel times are variable, but for the most part are greater than 1000 years, ranging 
from 1000-5000 years on the eastern portions of the Laboratory to 20,000 to 30,000 years in the 
western region. 
 

 
 
Figure 4-1. Predicted vadose zone travel times (years) to the water table: Base case, full 

scale of travel times. 
 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 4-6 December 2005 

To a first approximation, travel times from mesa tops are controlled by the thickness of the 
Bandelier Tuff. Because the Bandelier Tuff exhibits matrix percolation, the travel times on the 
mesas are controlled by slow percolation at a flux of 1 mm/yr through these units. Other units 
between the ground surface and the water table are the Cerros del Rio basalts, the Puye 
Formation, and the Tshicoma dacites. The basalts and dacites are modeled with an extremely low 
porosity (0.01) to capture the conceptual model feature of flow through these units controlled by 
fast pathways such as fractures or other heterogeneities. Therefore, most of the travel time to the 
water table is within the Bandelier Tuff, and the travel time map is therefore dominated by the 
tuff thickness. 
 
Identification of rapid travel times to the water table from canyon bottoms is important to 
determine if they are in locations likely to have experienced Laboratory-derived groundwater 
contamination. Figure 4-2a shows the base-case model result presented in Figure 4-1, except that 
the travel-time scale ranges from 0 to 100 years (all points with values greater than 100 years are 
shown in gray). The model predicts that regions of relatively rapid travel times are present in the 
following canyons: Pajarito Canyon near White Rock, a portion of Cañon de Valle, Mortandad 
Canyon at the Radioactive Liquid Waste Treatment facility, middle and lower Los Alamos 
Canyon, large portions of Pueblo Canyon, and Guaje Canyon. 
 
Two factors control these results: infiltration rate and hydrostratigraphy. Generally, travel times 
less than 100 years are predicted in the portions of canyons with NII values of 4 or 5 (300 mm/yr 
and 1000 mm/yr, respectively), especially in locations where the Bandelier Tuff is thin. Clearly, 
canyons with high infiltration rates are locations in which travel times through the vadose zone 
are likely to be relatively short. In addition, Los Alamos and Pueblo Canyons have regions in the 
vicinity of their confluence in which the Bandelier Tuff is thin or non-existent. Water infiltrates 
directly onto basaltic rocks or the Puye Formation, thereby yielding rapidly downward flow 
through fractures or preferential flow channels. The predicted travel times are especially short (5 
to 10 years) in these locations. 
 
4.1.2.2 Uncertain Infiltration Rate 
The infiltration rates associated with the NII are uncertain, and therefore must be varied to 
investigate the uncertainty in the model predictions. Figure 4-3a shows the same vadose zone 
travel time map as in Figure 4-2a, but for the high infiltration rate scenario (NII = 4-5). As 
expected, travel times are shorter at the same location in any particular canyon at the higher 
infiltration rate. As a result, greater stretches of canyons are predicted to exhibit travel times to 
the regional aquifer water table of less than 100 years. Specifically, in the high flux scenario, 
most of Pajarito Canyon, much longer stretches of Mortandad and Los Alamos Canyons, Cañon 
de Valle/Water Canyons from the west to the central portion of the Laboratory, and all of Pueblo 
Canyon in the vicinity of the Laboratory are predicted to have travel times that are less than 100 
years. 
 
This analysis highlights a key uncertainty in the model: the lack of precision in predicting the 
percolation rate from canyon bottoms. Because contaminants have been introduced into the 
groundwater in canyons, it is likely that the percolation rate will be one of the key uncertainties 
that detailed site characterization may address, possibly in conjunction with sensitivity analyses. 

 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 4-7 December 2005 

 
(a) 

 
(b) 

Figure 4-2. Predicted vadose zone travel times (years) to the water table, showing only 
travel times of 100 years or less. Base case percolation scenario:  
(a) 1-D transport to the water table; (b) alternate perched water model. 
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4.1.2.3  Perched Water Conceptual Uncertainty 
The one-dimensional, vertical transport model assumption is an approximation that may not be 
valid, given the presence of intermediate groundwater at various locations around the 
Laboratory. As presented in Section 2.7, zones of saturation have been located directly beneath 
canyons, where infiltration rates are highest. There is little or no evidence that connected 
groundwater pathways exist over large areal distances beneath mesas. Given the limitations of 
the data, the approach taken in the present study is to bracket the range of travel times to the 
water table that would be predicted assuming “end-member” conceptual models for perched 
water discussed in Section 2.7: 
 

• Low velocity, virtually stagnant fluid 
• High velocity, laterally migrating fluid 
 

For the case of stagnant fluid, the one-dimensional pathway approach presented above is an 
appropriate model. For this case, the calculations already presented are representative. However, 
the lateral diversion model explicitly violates the one-dimensional assumption, and therefore a 
bounding approximation is required. In these analyses, it is assumed that the travel time from the 
surface to the elevation of perching is the same as was modeled previously, but the travel time 
from the perched water zone to the water table is minimal. This approach yields the shortest 
overall possible travel time, and therefore is useful for assessing the impact of this conceptual 
uncertainty. Note that this analysis assumes that lateral displacement of water and contaminants 
in perched zones is relatively small compared to lateral displacement in alluvial groundwater 
systems that are the source of deep percolation.  
 
To perform these calculations, regions were identified within the canyons where intermediate 
groundwater has been observed, and it was assumed that the vadose zone pathway terminates at 
that location. This allows travel times to be bounded without explicitly modeling transport from 
the perching horizon to the regional aquifer. Figures 4-2b and 4-3b show the results of the travel 
time simulations for the alternate perched water conceptual model for each percolation scenario. 
Comparing these figures to their counterparts for the one-dimensional downward flow cases 
(Figures 4-2a and 4-3a), the differences in travel time are quite subtle. The regions with vadose 
zone travel times of less than 100 years remain approximately the same, and the travel times at 
the same location are only mildly impacted by the perched water conceptual model. For example, 
for the base-case infiltration scenario, travel times are shorter by about 15-20 years for the 
alternate perched water model, and for the high flux scenario, these differences are even smaller. 
 
To understand this result, note that transport from the ground surface to the water table in the 
one-dimensional model is dominated by percolation through the matrix of the Bandelier Tuff. 
Therefore, terminating the transport pathway at the base of the tuff, as in the alternate perched 
water scenario, eliminates a relatively small portion of the total travel time to the regional 
aquifer. Of course, despite this insensitivity of travel time, the arrival location at the water table 
is potentially quite different for the two cases: this factor should be considered in specific cases 
of contaminant transport predictions.  



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 4-9 December 2005 

 
 (a) 

 
 (b) 

 
Figure 4-3.  Predicted vadose zone travel times (years) to the water table, showing only 

travel times of 100 years or less. High percolation flux scenario: (a)1-D to the 
water table; (b) alternate perched water model. 
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4.1.3 Contaminant Transport Model Predictions—Representative Canyon and 
Mesa Sites 

 
This section presents an overview of modeling studies focusing on two representative LANL 
sites. The first example models contaminant transport from a relatively dry mesa top, while the 
other addresses a canyon bottom. 
 
4.1.3.1  MDA G Model 
This section highlights the model developed for the Material Disposal Area G (MDA G) 
performance assessment. A detailed description of the model is provided in Appendix 4-B. 
A performance assessment (PA) is required to site and authorize permanent disposal facilities for 
radioactive waste. The purpose of the PA is to demonstrate that performance metrics related to 
protection of human health and the environment are not likely to be exceeded for a specified 
period of time. Performance objectives and periods of compliance vary according to the 
characteristics of the radioactive waste being disposed, but groundwater protection for U.S. sites 
is always explicitly required for at least 1000 years. This study was designed to predict the 
groundwater pathway dose in support of the PA of MDA G, an active, low-level, solid 
radioactive waste site located at LANL, as shown in Figure 4-4 (Fig. 1 of Birdsell et al. 2000).  
 
The three-dimensional unsaturated-zone flow and transport model captures the complex 
hydrogeology and topography of the site and yields radionuclide flux estimates to the regional 
aquifer. Within the unsaturated-zone model, the source release of radionuclides is computed for 
38 waste disposal pits and four shaft fields, as shown in Figure 4-5 (Figure 3 of Birdsell et al. 
2000), each contributing to the total inventory. The continued migration of radionuclides through 
the aquifer is calculated by using a three-dimensional model designed to maintain the temporally 
and spatially varying distribution of radionuclide flux from the unsaturated zone.  
 
Due to uncertainty of model parameters, the results of these transport simulations contain 
intrinsic uncertainty. The greatest uncertainties associated with predicting aquifer-related doses 
from the site, according to Birdsell et al. (2000), are related to understanding of the mechanisms 
that control flow and transport within the unsaturated zone and the ability to model these 
mechanisms. To accommodate both parameter and conceptual model uncertainties, large 
parameter ranges are used to ensure that the range of calculations captures the behavior of the 
actual system. However, predicted doses using parameters from the most conservative ends of 
the uncertain ranges are still well below those that would cause concern. 
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Figure 4-4.  Study area for the performance assessment of MDA G, an active low-level, 

solid radioactive waste site located at LANL (from Birdsell et al. 2000). 
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Figure 4-5.  Approximate locations of the four waste classes and the 100-m compliance 

boundary used for the MDA G performance assessment. Also shown are the pit 
boundaries, internal pit nodes, and the outline of the mesa edge for the three-
dimensional unsaturated-zone grid (Figure 3 of Birdsell et al. 2000). 

 
The results recorded by Birdsell et al. (2000) indicate that the mesa-top infiltration rate has the 
greatest impact on the simulated migration of waste through the unsaturated zone. For the current 
conceptual and numerical models, it controls both the source release rate and subsequent 
downward solute migration. This uncertainty was bounded by considering a base-case flow field 
and high- and low-flow cases. A variation in mesa-top infiltration rate from 1 to 10 mm/yr 
(Appendix 4-B and Table 4-2) results in a range of six orders of magnitude in the 1000-year 
groundwater-related doses. Clearly, a good understanding of this key parameter is important to 
the dose assessment. However, because doses are so much less than the performance objectives, 
conservative yet realistic infiltration rates seem adequate for the MDA G site. 
 

Table 4-2.  
Infiltration Rates (mm/year) Used as Upper Boundary Conditions  

for MDA G Performance Assessment Simulations (fom Birdsell et al. 2000) 
 Mesa Top Cañada del Buey Pajarito Canyon 

1_1_20 (lowest flow case) 1 1 20 

5_1_20 5 1 20 

5_1_50 (base case) 5 1 50 

10_1_20 5 1 20 

10_5_100 (highest flow case) 10 5 100 
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Another source of uncertainty is related to flow in the deeper unsaturated-zone units for which 
few hydrologic data are available. The simulations take virtually no credit for transport times 
through the Cerros del Rio basalts, which make up more than 50% of the unsaturated zone. The 
transport results are based on the steady-flow assumption and on the use of matrix hydrologic 
properties for all tuff units at the site. Understanding of the response of this fractured system to 
transient flow events remains uncertain. Transient calculations (Birdsell et al. 1999) indicate that 
the steady-flow assumption is adequate because fluctuations in both saturation and contaminant 
flux rates dampen with depth, even when including fractures in the upper two units. Fracture 
infiltration studies (Soll and Birdsell 1998) lead to the conclusion that fracture flow is difficult to 
initiate and is short-lived in the upper two tuff units at the observed low field saturations. In 
addition, only Unit 2 and the uppermost portion of Unit 1v-u of the Tshirege Member, Bandelier 
Tuff, show evidence of significant fracturing (Krier et al. 1997), and these are excavated during 
disposal operations to depths where the tuff is poorly fractured. Therefore, the waste should not 
migrate through any highly fractured units until reaching the basalts. These observations help 
justify the use of the matrix hydrologic properties for the calculations.  
 
In summary, travel times to the regional aquifer from locations on mesas are expected to be large 
(e.g., > 1000 yr) due to low infiltration rates and matrix-dominated flow. Calculations in this 
performance assessment model were deliberately conservative and therefore predicted travel 
times that were an order of magnitude shorter than the base case model presented in Section 
4.1.2.1. Exceptions to this general conclusion are in the western portion of the Laboratory (see 
Section 4.1.1.1) and in locations where the natural mesa-top conditions have been disturbed by 
Laboratory activities.  
 
4.1.3.2  Los Alamos Canyon Model 
This section highlights the model developed for Los Alamos Canyon RCRA Facility Assessment 
investigations. A detailed description of the model is provided in Appendix 4-C. Los Alamos 
Canyon, as shown in Figure 4-6, is one of the most complex sites at the Laboratory. A number of 
technical areas have been or are currently located in or adjacent to the canyon, resulting in 
multiple release locations along the canyon. This study examined, through a synthesis of 
available data and the development of numerical models, fluid flow and contaminant transport in 
the vadose zone beneath Los Alamos Canyon. Modeling of the subsurface hydrology and 
transport in the vadose zone is also a challenging activity, given the wide range of infiltration 
rates, the presence of perched water, and the introduction of a host of contaminants of different 
chemical properties. Because the canyon serves as a collector of a wide range of contaminants, it 
was necessary to develop a model at the scale of the canyon, rather than at a smaller scale. The 
specific goals of the model are to 
 

• Synthesize the available data and conceptual understanding of the vadose zone hydrology 
beneath Los Alamos Canyon; 

• Produce a "base-case" numerical model of the subsurface vadose zone hydrology that 
ultimately can be used to predict contaminant migration rates and concentrations in fluids 
reaching the regional aquifer beneath the canyon; 
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• Quantify the uncertainties associated with those predictions by establishing the bounds on 
system behavior through a suite of possible models, all of which are consistent with the 
available data, but which bracket the range of possible behavior; 

• Provide a simulation tool for predicting the fate and transport of contaminants in Los 
Alamos Canyon under different assumed hydrologic and ER stewardship scenarios; and 

• Demonstrate a model development methodology that can be used in studies of other 
canyons on the Pajarito Plateau. 

 
This work focuses on the hydrology beneath Los Alamos Canyon, as a first step toward 
developing a predictive tool that can be used to simulate contaminant migration in the canyon. 
Since water is the carrier fluid for the contaminants of interest, constructing a realistic flow 
model that captures the most important hydrologic processes of the vadose zone is an essential 
first step in the development of a reliable model. Although the study primarily restricts attention 
to flow issues, tritium transport in the vadose zone is also modeled. Tritium, in the form of 
tritiated water, is an excellent tracer for groundwater, and hence is included in this modeling 
study as a constraint on the flow model. 
 
Figures 4-7 and 4-8 show a full three-dimensional view of fluid saturation and a series of two-
dimensional vertical slices through the three-dimensional model. As expected, the figure shows 
wet conditions in the canyon, dry conditions in surrounding mesas. As with the two-dimensional 
model, this model result shows the overriding importance of the stratigraphy in controlling the 
water contents in the rock. The local infiltration rate also exerts a strong control on the results. 
Directly beneath the canyon, fluid saturation is much higher within a given stratigraphic unit 
than in other parts of the model domain, a reflection of the high infiltration in the canyon. 
 
 (a) (b) 

 
Figure 4-6.  Location of Los Alamos, New Mexico (a), Los Alamos Canyon study area, and 

the flow and transport model domain (b). The shaded blue area is the LANL 
property; the red box indicates the areal extent of the three-dimensional model 
domain; and the yellow line is the trace of the two-dimensional model domain. 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 4-15 December 2005 

Volumetric water content is the primary measurement used to evaluate the model results because 
adequate data on water content are available from virtually all vadose zone characterization 
wells. The fits to the data are presented for three different levels of infiltration rates, i.e., the 
base-case infiltration map, a map with infiltration scaled down by a factor of three from the base 
map, and a map with infiltration scaled up by a factor of three (Figures 4-C-7 and 4-C-8). It is 
evident from the following comparisons that the model is able to capture the general features of 
data: 
 

• The base infiltration map does an adequate job of jointly matching the water content 
profiles in these wells, despite the different stratigraphy and position relative to the 
canyon bottom.  

• Good fit for LADP-4 illustrates the adequacy of the model in capturing the fluid 
saturations in the Tshirege Member (not present in the two-dimensional model), as well 
as in a region where infiltration rates are taken to be significantly lower than in Los 
Alamos Canyon at LADP-3.  

• The need to apply significantly lower infiltration near LADP-4 is best understood by 
comparing the water content model and data for these two wells. The significantly wetter 
conditions in LADP-3 are simulated in the three-dimensional model through the setting 
of high infiltration in the canyon.  
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Figure 4-7.  Three-dimensional flow model results, showing fluid saturation predictions (%) 

through the model domain (full model view). 
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Figure 4-8.  Fence diagram showing fluid saturation predictions (%) along one north-south 

and three east-west cross-sections. 
 
 
Tritium transport model results are presented to further demonstrate the validity of the model and 
to explore important processes occurring in the vadose zone. Figure 4-9 is the three-dimensional 
model prediction of the tritium concentration of fluid reaching the water table in the year 1999. 
The model results are consistent with the available field data, indicating that regional aquifer 
fluid collected in well R-7 has undetectable levels of tritium, whereas TW-3 and R-9 show that 
tritium has reached the regional aquifer. Determining the ability of the model to reproduce the 
field data more quantitatively is difficult because of mixing of the tritium percolating from the 
vadose zone with regional aquifer fluid and the subsequent mixing of contaminated and clean 
fluid in the wellbore itself. The latter difficulty is especially acute for the water supply wells, 
which may draw water from hundreds of feet of screened length. 
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Figure 4-9.  Three-dimensional model predictions of the tritium concentration of fluid 
reaching the water table in the year 1999. Significant, above background 
concentrations are predicted along the canyon at locations downstream of where 
the Bandelier Tuff is not present in the canyon bottom. 

 
 
As a final comparison to the available data, we contrast the model results with regional aquifer 
water supply well O-1. However, because contaminant transport sources from Pueblo Canyon 
(north of Los Alamos Canyon) were not included in this model, the conclusions related to O-1 
are more qualitative. For this comparison, monitoring information published in LANL (2001) is 
used. Contaminants tritium, perchlorate, and nitrate are all thought to be nonsorbing in this 
system, and thus the combined results of all three contaminants are used in this interpretation. 
Well O-1 has been found to contain measurable levels of perchlorate at about a 5 ppb level, 
nitrate levels higher than at other regional aquifer wells in the area, and consistent, above-
background levels of tritium in the 30-40 pCi/L range. All observations point to both Laboratory-
derived contaminants and effluent discharges from Los Alamos County. Past releases in Los 
Alamos and Pueblo Canyons have traversed the entire vadose zone. The present model explains 
these observations as a consequence of the hydrostratigraphy along the canyon, with rapid travel 
times at locations where the Bandelier Tuff is thin or non-existent. 
 
Contrast these results with the transport model for MDA G presented in Section 4.1.3.1. Most 
important, travel times through the vadose zone are predicted to be orders of magnitude larger 
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for this mesa site than for transport from the bottom of a wet canyon. These travel-time results 
are consistent with the site-wide vadose zone results presented in Section 4.1.2. Infiltration rates, 
which directly impact transport velocities, are much larger in a canyon setting, in which all water 
in a catchment is channeled to the canyon bottom. A significant percentage of that water will 
escape evapotranspiration and percolate into the deep subsurface along the canyon. In contrast, a 
mesa top typically provides opportunity for water to run off as surface water or to be lost as 
evapotranspiration. Moreover, mesa sites have thick sequences of tuff with exceptionally low 
matrix flow rates. Therefore, percolation rates are much lower. 
 
4.2 Numerical Models of Flow and Transport in the Regional Aquifer 
 
The first numerical model for the regional aquifer was developed in 1998 in support of the 
LANL Groundwater Protection Program (LANL 1998). A number of related models have been 
developed since then, in support of both the Groundwater Protection Program and the 
Environmental Restoration Program, at a variety of spatial and temporal scales according to the 
requirements of the particular model application. In general, there have been three goals for these 
modeling studies: 
 

• Integrate and interpret 3-D site-wide hydrologic and hydrostratigraphic data, to provide a 
quantitative basis for developing and testing site-wide conceptual models.  

• Predict fate and transport of contaminants in the regional aquifer, in order to optimally 
place monitoring wells and inform risk assessment studies. 

• Provide guidance in prioritization of data collection activities, highlighting the 
importance of those data that could most reduce numerical and conceptual model 
uncertainty. 

 
As the Hydrogeologic Workplan has progressed, the data sets supporting the modeling studies 
have been steadily expanding. Updating the model with larger data sets has identified 
weaknesses in the modeling approaches and prompted changes in the methodology. This 
iterative process of data collection and model update and evaluation has significantly increased 
our understanding of the regional aquifer.  
 
4.2.1  Previous Numerical Models 
 
Two models have previously been developed by the USGS for the regional aquifer of the 
Española Basin, the aquifer system which provides drinking water to Los Alamos, Santa Fe, and 
Rio Arriba counties, as well as numerous pueblos. In contrast to the LANL modeling effort, 
these models were developed primarily to address water supply issues—particularly impacts of 
pumping on streamflow. The first was developed by Hearne (1985), using a computer code he 
wrote himself. The second was developed by McAda and Wasiolek (1988) (and later refined by 
Frenzel (1995), using the MODFLOW code (McDonald and Harbaugh 1988). At present, 
various local and state agencies continue to refine and apply both of these models to water 
supply issues in this basin.  
 
In many ways, these two models are based on a similar conceptual model of the basin aquifer. 
Key elements of this conceptual model are as follows: (1) most inflow to the basin occurs as 
recharge in the mountains flanking the basin and along stream channels within the basin, and 
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(2) most discharge occurs to the Rio Grande and the lower reaches of its tributaries. A smaller 
portion of the total inflow and outflow occurs through lateral boundaries (i.e. up to 20% 
discharges to the Albuquerque Basin), due to structural and topographic features that limit inter-
basin flow. The conceptual models of aquifer properties assume that hydraulic conductivity is 
strongly anisotropic, due to laterally discontinuous bedding features in the Santa Fe Group. The 
aquifer behaves as confined or leaky-confined, although no large-scale confining beds or low-
permeability zones have been identified. 
 
The lateral boundaries of the two models, shown in Figure 4-10, roughly coincide with the extent 
of basin-fill rocks in the southern portion of the basin (south of Española). Both models use 
specified flux boundaries to represent losing stream channels. Recharge is applied as specified 
flux, either at lateral boundaries (representing mountain block recharge) or along the upper 
model surface (representing recharge along stream channels or areal recharge). Discharge is to 
the Rio Grande and lower elevations of its major tributaries (specified head and head-dependent 
boundaries) and to the Albuquerque Basin (specified head in the case of the McAda model). 
 
The conceptual model shared by these models is one of a complex transition from unconfined to 
leaky-confined conditions at depth, caused by relatively fine-scale bedding features in the rocks 
that provide resistance to vertical flow. Exact numerical implementation of this complexity is 
virtually impossible. The Hearne and Frenzel models treat the upper surface of the aquifer as a 
water table condition. Aquifer properties change from unconfined (top layer) to confined (lower 
layers); no discrete confining layer is present. Resistance to vertical flow is represented by 
anisotropy factors (Kx/Kz ~ 100 – 1000).  
 
One significant difference between the models is the representation of large-scale heterogeneity. 
The Hearne model (which only includes the Santa Fe Group aquifer) treats the aquifer as 
homogeneous and anisotropic, with the numerical grid aligned in parallel with the dip of the beds 
in the Santa Fe Group. This approach allows the model to reproduce vertical upward head 
gradients measured in several wells in the eastern basin. The McAda and Frenzel models apply a 
somewhat ad hoc zonation of aquifer properties, based loosely on pump test results and the need 
to achieve an adequate model calibration to the data.  
 
Appendix 4-D, Section 3, presents a comparison of inflows and outflows (steady-state, 
predevelopment) between the two models, as well as more recent estimates of inter-basin flow 
derived from USGS studies in the Albuquerque Basin.  
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Figure 4-10.  Geologic map of the Española Basin. Model outlines: green – McAda-Wasiolek 

model; red – Hearne model; pink – LANL basin-scale; black – LANL site-scale. 
 
4.2.2 Overview of LANL Model Development 
 
Unfortunately, both the USGS models of this aquifer system place a model boundary along the 
western edge of LANL; therefore, use of these models for the LANL site would be compromised 
by boundary effects (Anderson and Woessner 1992). To ensure that all model boundaries were 
far from the area of interest (LANL) and to incorporate the possible influences of regional flow 
on local conditions, a new flow model for the basin was developed. This model not only extends 
the western boundary farther than the existing models, to minimize boundary effects on site-scale 
simulations, but it also includes the major recharge areas for the basin. The inclusion of the 
recharge areas for the basin allows for a more comprehensive approach to estimating fluxes of 
water through the aquifer, as will be discussed below. The basin-scale model has been used to 
estimate aquifer properties, to estimate fluxes through the aquifer, to examine the possible 
influences of pumping in the Buckman wellfield on groundwater beneath the plateau 
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(and vice versa), to understand regional trends in groundwater quality, and to provide boundary 
conditions to small, site-scale models. 
 
This initial basin-scale model has undergone several revisions, including increasing grid 
resolution in the vicinity of LANL and improving the hydrostratigraphic framework model that 
governs the spatial distribution of aquifer properties. In 2000, a site-scale model for the Pajarito 
Plateau (see Figure 4-10) was developed with much higher grid resolution than could be 
achieved with the basin-scale model, and was coupled to the basin-scale model (Keating et al. 
2003). The site-scale model has been used to provide contaminant transport calculations, to 
conduct capture zone analyses, to support monitoring well siting decisions, and to estimate 
groundwater velocities.  
 
Both the basin and site-scale models have been developed to address site-scale (several to tens of 
kilometers) issues and this has driven model development. For example, the methods of 
estimating aquifer properties (Section 2.8) emphasize large-scale effective properties of rocks. 
These properties may be different than what might be measured at very small scales, such as 
injection/recovery tests over small intervals in characterization wells or borehole geophysics-
based estimates. These models (and model parameters) would not be appropriate for simulating 
the details of fine-scale (sub-kilometer) flow and transport. 
 
Smaller-scale models have been developed. For example, a 2-D radial model was developed to 
evaluate the utility of using an R-well as an observation well during a pump test at O-1. In 
addition, a suite of 2-D and 3-D “box” models were developed to test conceptual models of flow 
and transport through the highly heterogeneous strata of the Puye Formation.  
 
A principle of model development is to begin simply and gradually add complexity as needed. 
Even though the models, in their current form, are quite complex, they are much simpler than the 
aquifer itself. A major focus of the approach has been to implement numerical strategies that are 
flexible, so that the impacts of conceptual model uncertainty and parameter uncertainty on model 
predictions can be quickly assessed within a single modeling framework, without building 
entirely new models.  
 
It should be emphasized that these models are for the regional aquifer only, and therefore do not 
include alluvial or perched groundwaters. The current versions of the models do not explicitly 
include springs, so pathways and travel times to springs have not been simulated.  
 
4.2.3  Numerical Framework 
 
All of the LANL models have employed the FEHM code (finite element heat and mass transfer) 
(Zyvoloski et al. 1997), publicly available software. Underlying this code is a sophisticated grid 
generating software, LaGrit (Trease et al. 1996) which can capture the details of complex 
hydrostratigraphy known to exist at this site. For conditions of saturated flow and transport (i.e. 
the regional aquifer), FEHM solves the same set of equations as do other more widely used 
codes, such as MODFLOW. The choice of this software for the LANL models was driven by the 
need to couple saturated zone simulations with vadose zone simulations (which use FEHM), to 
represent complex hydrostratigraphy, and to eventually investigate complex geochemistry and 
thermal effects (ongoing work). FEHM is well suited to these types of problems, since 
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temperature and density dependent fluid properties can be accurately accounted for. Some of the 
more simple simulations presented here do not utilize the specialized capabilities of FEHM and 
LaGrit; these simulations could easily be repeated using a code such as MODFLOW and one 
would expect the results to be identical (assuming grid resolution and boundary conditions were 
identical).  
 
Figure 4-10 illustrates the lateral boundaries of the LANL models. In the basin model, 
boundaries were located such that they were far from the LANL site and coincided with either 
hydrologic features or structural boundaries. The northern and southern boundaries coincide with 
major structural transitions between the Española Basin and basins to the south and to the north, 
where the thickness of the Santa Fe Group aquifer declines from several thousand feet (in the 
center of the basin) to near zero at the basin margins (Shomaker 1974) (Cordell 1979). The basin 
is separated from the Albuquerque and Santo Domingo basins to the south by a structural high, a 
prong of older sedimentary rocks, and several major fault zones. The site-scale model boundaries 
coincide with a surface water divide (to the west), and surface water courses to the north (Santa 
Clara Creek), to the east (the Rio Grande), and to the south (Rio Frijoles).  
 
Figure 4-11 illustrates generalized flow directions within the basin and locations of inter-basin 
flow along model boundaries. Stream gage locations are also indicated; these data are described 
more in Appendix 4-E. 
 
The LaGrit software (Trease et al. 1996) was used to develop numerical meshes for the basin and 
site-scale models. A grid refinement algorithm was used that allows extra detail to be placed 
where needed in the mesh, such as in the vicinity of LANL. The most refined grid, the site-scale 
model, has a horizontal resolution of 125m × 125m and a vertical resolution of 12.5m in the 
shallow layers of the aquifer beneath LANL.  
 
4.2.4  Hydrostratigraphy 
 
In contrast to previous models of the basin aquifer, the LANL models define aquifer 
heterogeneity on the basis of a separate 3-D hydrostratigraphic framework model. This model 
was developed with surface geologic maps, published cross-sections, geophysical studies, and 
numerous well logs (see Section 2 and Carey et al. 1999). It is based on structure and lithology, 
rather than hydrologic data. The degree of detail present in the model is much greater beneath the 
Pajarito Plateau than for other portions of the basin. This is primarily because there are many 
more deep characterization wells on the plateau than elsewhere in the basin, but also because of 
the more complex volcanic and sedimentary stratigraphy of the plateau compared with most 
other portions of the basin (e.g., Buckman wellfield, entirely within Santa Fe Group sediments).  
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Figure 4-11.  The Española Basin, with the basin-scale numerical model outline shown in red, 

and the site-scale model outline shown in green. Black arrows are generalized 
groundwater flow directions, based on regional water level data (Keating et al. 
2003). Striped arrows indicate groundwater flow between this basin and 
adjacent basins. Circled numbers refer to USGS stream gages: (1) Rio Chama at 
Chamita; (2) Rio Grande at San Juan; (3) Santa Cruz River; (4) Santa Clara 
Creek; (5) Rio Grande at Otowi; (6) Rio Frijoles; (7) Rio Grande at Cochiti. The 
circled “A” indicates the mouth of Pojoaque Creek (see Appendix 4-E). 

 
The process of overlaying the framework model on the numerical mesh for the flow and 
transport models has been described in Keating et al. (1999). This process assigns every node in 
the numerical mesh to one of the defined hydrostratigraphic units (see Appendix 4-D, Section 1). 
The high vertical resolution in the site-scale model is important to the representation of thin 
basalt flows and thin gravel beds within sedimentary units known to exist in this aquifer. The 
current model (September 2004) does not contain the latest update to the 3-D site-wide geologic 
model, which will include additional mapping from 2003 through 2005, drilling, and 
characterization data.  
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4.2.5  Boundary Conditions 
 

The upper boundary of the model domain represents the top of the saturated zone; these nodes 
are either no-flow (no recharge), specified flux (recharge), or constant head (river nodes which 
may either recharge or discharge to the aquifer) (see Figure 4-12). Generally, the lower boundary 
of the model (no-flow) is the contact between the Precambrian basement and younger rocks. An 
exception to this is locations where the Precambrian basement crops out (such as in the Sangre 
de Cristos); in these areas we sub-divide the basement into a shallow, permeable block and a 
lower, impermeable block.  
 
In the current model formulation, the entire thickness of the aquifer is assigned properties 
consistent with leaky-confined or confined conditions (Ss = 10-3.3 – 10-4.5 m-1). In the current 
numerical framework, unconfined conditions can be approximated by assigning the shallow 
layers a relatively high value of specific storage. However, changes in the thickness of the 
aquifer due to changes in the water table elevation are ignored. This approximation is reasonable 
for flow simulations in the vicinity of LANL, due to the large thickness of the aquifer (>3000 m) 
relative to measured changes in heads with time (30–50 m over 50 years). However, transport 
simulations may be sensitive to this approximation and the model is currently being modified 
accordingly.  
 
4.2.6  Recharge 
 
Recharge from the unsaturated zone is represented as a specified flux boundary condition along 
the top of the model. The spatial distribution of recharge across the plateau and in the larger 
basin is complex and inherently uncertain, since recharge rates cannot be measured directly. The 
model uses a simple approach to represent the spatial distribution of recharge. The advantage of 
this approach is that it can be easily manipulated to approximate a wide variety of recharge 
conditions; this flexibility allows for exploration of uncertainty in model predictions due to the 
inherent uncertainty of any recharge estimate. The disadvantage of this approach is that it does 
not capture very fine-scale detail. At present, the models have assumed that recharge is constant 
in time.  
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Figure 4-12.  Basin model grid (plan view) with site-model boundaries indicated. The inset 

shows the northwest corner of the octree mesh refinement region. The circles 
show the locations of specified head nodes along rivers and basin margins. 
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There are three types of recharge accounted for in our model: areal recharge (which occurs 
mostly in the mountains), perennial stream channel recharge (for major streams in the basin), and 
ephemeral stream channel recharge (for many of the channels on the plateau). Areal recharge is 
determined as a function of precipitation (which is, in turn, determined by the surface elevation 
and long-term average precipitation trends in the basin). The details of the recharge model are 
presented in Appendix 4-D, Section 2. This numerical framework can be used to generate 
multiple possible models of recharge. Several examples are shown for the site-scale model in 
Figure 4-13; these different models all impart the same total flux to the aquifer. Table 4-3 shows 
the parameters used for these examples. For a more extensive discussion of regional and plateau 
recharge distributions, see Section 2.7.3.1. 
 
4.2.7  Discharge at Rivers and Interbasin Flow 
 
The Rio Grande, its lower tributaries, and locations where inter-basin flow occurs (upper Rio 
Chama, upper Rio Grande, lower Rio Grande, and Jemez River) are modeled as specified head 
nodes. Model-predicted fluxes at these boundaries are described in later sections. Heads at the 
surface are determined using digital elevation model (DEM) data for the basin. Heads at depth 
along the Española Basin/Albuquerque Basin are specified in accordance with estimates of the 
water table elevation at this boundary and are constant with depth to the Precambrian boundary. 
The assumption of “specified head” along the Rio Grande is an approximation suitable for flow 
and transport calculations far from the river. This simplification is inadequate for addressing the 
details of stream/aquifer interactions at the Rio Grande and is currently being addressed. 
 
4.2.8  Lateral Boundaries of the Site-Scale Model 
 
The locations of the lateral boundaries of the site-scale model were selected with the expectation 
that fluxes across the boundaries (which are uncertain) will be small relative to the total flux 
through this portion of the aquifer. The basin model is used to estimate these fluxes, with 
estimates of corresponding uncertainty (Keating et al. 2003). Fluxes across these lateral 
boundaries are explicitly mapped, node by node, onto site-scale model boundaries. That analysis 
showed that uncertainty in fluxes into the site-scale model (from the north) and out of the site-
scale model (to the south) due to basin model parameter uncertainty was relatively small. In 
contrast, flux uncertainty across the western and eastern boundaries was relatively large. These 
results are described in more detail below. 
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Figure 4-13.  Examples of three recharge models, all imparting the same total flux. Model 

parameters are shown in Table 4-3. 
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Table 4-3.  
Example Recharge Models, Shown in Figure 4-13. 

 Case 1 Case 2 Case 3 
Total recharge (kg/s) 200.3 200.3 200.3 
 Diffuse  122.3 70.6 145.2 
 Canyon-focused 78.0 129.7 55.1 
Zmin (m) 2000 2200 2200 

 
 
 
4.2.9  Data Used in Model Development and Testing 
 
The datasets used in model development and testing are as follows: water level data, well 
construction and location data, water supply production data, hydrostratigraphy, stream channel 
location and elevations, hydrologic and structural boundaries for the basin, stream gage data, and 
selected geochemical data. The water level data, well construction and location data, water 
supply production data, precipitation data, stream gage data, and geochemical data are tabulated 
in Keating et al. (2005). Hydrologic divides (used to define model boundaries) and stream 
channel location and elevations were derived from USGS DEM data. Structural and geologic 
transitions used to define lateral basin boundaries were derived from Kelly (1978) and Shomaker 
(1974).  
 
4.2.10  Flow Model Parameters 
 
Model inputs are recharge rates, aquifer properties (permeability, specific storage), and stress 
(water supply production rates). Model outputs are heads and aquifer discharge (at constant head 
nodes along the Rio Grande, Rio Chama, and its tributaries, the Jemez River, and lateral 
boundaries). Other quantities such a travel times, flow directions, and well capture zones can 
also be derived from the model output. 
 
As is the case in most groundwater systems, model outputs (heads and aquifer discharge) can be 
measured with much greater accuracy than model inputs (recharge rates and aquifer properties). 
This study employs the standard techniques of inverse analysis to derive model inputs (recharge 
rates and aquifer properties) from model outputs (heads and aquifer discharge). This is the same 
procedure widely used to derive aquifer properties from pump test data. The application of this 
method is somewhat unusual in that it acknowledges uncertainty in recharge, a complication that 
is usually neglected. This analysis provides information on aquifer properties and recharge, with 
quantified uncertainty, which can then be used to drive forward models and produce predictions.  
 
The methodology used for inverse analysis is described in detail in Keating et al. (2000) and 
Keating et al. (2003). The three sets of calibration data are (1) pre-development heads (little or 
no impact from pumping), (2) transient heads (1946–2003), and (3) pre-development estimates 
of aquifer discharge to rivers. The data are listed in Keating et al. (2005). The details of the 
inverse analysis have changed over time, and the calibration data set has expanded as new wells 
have been drilled, computational resources have improved, and the hydrostratigraphic framework 
model has evolved. The aquifer properties derived from this process should represent larger 
spatial scales than those derived from short-term pump tests (days), since the transient data set 
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used represents a long period of time (55 years) and a widely spaced data set (several 
kilometers).  
 
Table 4-4 illustrates several representative results for inverse analyses conducted using the basin- 
and site-scale models. See Keating et al. (2003; 2004) for details of these analyses. It is striking 
that the estimate for the lower Santa Fe Group is so much lower than pump tests conducted in the 
Los Alamos wellfield (completed entirely within the Santa Fe Group). This may be due to large-
scale features, such as north-south trending faults, which would lower the effective permeability 
of the aquifer. Or this may be due to errors in the analysis or supporting datasets, such as a too 
low estimate of total recharge to the system. More detailed discussion of the hydrologic 
properties can be found in Section 2.8.  
 
Figure 4-14 illustrates the degree of match between measured and simulated heads and fluxes at 
the basin scale, using the parameters shown in Table 4-4 (parameter set 1). Figure 4-15 shows 
the degree of match between measured and simulated hydrographs in the vicinity of LANL 
(parameter set 3). The magnitude of measured head response to 60 years of pumping (about 15 m 
in the central plateau, about 40 m to the east in the Los Alamos wellfield) is adequately 
reproduced, as is the recovery of heads in the Los Alamos wellfield after the cessation of 
pumping in 1975). Agreement between simulated and measured heads in water supply wells on a 
year-to-year basis is less accurate. Possible reasons for this, listed in detail in Keating et al. 
(2005) include both model errors and measurement errors. Improved fits would require explicit 
consideration of sub-annual variations in both water production and in measured water level 
responses. 
 
4.2.11  Transport Model Methods and Parameters  
 
The FEHM transport code employs one of two primary methods to simulate solute transport. The 
first is a particle-tracking methodology. This method can be used to simulate advection-only 
transport, which produces path lines and travel times that would be expected to represent the 
mean behavior of a conservative (non-reactive) solute plume. This method can also be used to 
simulate advective-dispersive transport, where thousands of particle paths are simulated and the 
number of particles present in any location represents solute concentrations. The second method 
is a direct solution of the advection-dispersion equation. This method can be used to 
simultaneously calculate the migration of multiple solutes, concentrations as a function of time 
and space, and a full suite of reactions with liquid, solid, and gas phases.  
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Figure 4-14.  For the basin-scale model, comparison between measured and simulated (a) 
fluxes; (b) heads. 
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Figure 4-15.  Comparison of simulated and measured hydrographs for representative wells on 

the plateau. 
 
For nonreactive chemistry simulations, the particle-tracking methodology is preferable because it 
avoids the problem of numerical dispersion. Most of the analyses presented here use this method. 
One important limitation of this method is that the solution is invalid in portions of the numerical 
grid where elements are nonorthogonal (see Appendix 4-D, Section 1, Figure 4-D-2). However, 
in these calculations we restrict our analysis of particle-tracking paths to the fine-grid region at 
the site scale, thereby avoiding the problem. 
 
Two critical parameters for nonreactive transport simulations are rock porosity (which is linearly 
proportional to travel time) and dispersivity (which controls the degree of spreading and mixing). 
Neither of these types of data has been collected in this aquifer at scales meaningful for site-scale 
transport simulations. Therefore, the model uses literature-derived values appropriate for the 
types of rocks present in this aquifer. 
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4.2.12  Model Applications 
 
There have been three broad categories of model applications. The following subsections present 
brief examples of modeling studies for each category. 
 
4.2.12.1  Category A: Integrate and interpret 3-D site-wide hydrologic and 

hydrostratigraphic data, to provide a more quantitative basis for testing site-
wide conceptual models than was previously possible. 

Many of the fundamental issues pertaining to the regional aquifer are questions that cannot be 
answered using data collection alone. Where are the predominant recharge areas? How much 
water is flowing through the aquifer? What are the large-scale hydraulic properties of the aquifer 
rocks? In what direction is water flowing? What is the pore water velocity of the groundwater? 
What effect has pumping had in the past and what effect will it have in the future? A great deal 
of characterization data has been collected over the past few years to address these questions, and 
the numerical models have been used as a framework for interpreting these data and providing at 
least partial answers to these questions. 
 
1. Large scale fluxes. Keating et al. (2003) demonstrated the use of inverse and predictive 
analysis to examine the range of possible fluxes and recharge distributions that could explain the 
measured head data and stream gage data at the basin-scale. This approach acknowledges the 
uncertainty in aquifer properties and recharge rates, and attempts to determine to what extent 
quantitative estimates can be made. The aquifer property estimates that resulted from this 
approach, with uncertainty, are presented in Table 4-4 (parameter sets 1 and 2); the degree of 
agreement between measured and simulated heads and base flow gains are presented in 
Figure 4-14.  
 
As shown in Figure 4-14, this analysis demonstrates that the basin-scale model provides a 
reasonable fit to measured head gradients and discharge to river reaches. The estimated elevation 
above which significant areal recharge occurs (2195 m, shown as a red line in Figure 4-16) 
matches almost exactly the location of the transition proposed by Wasiolek (1995). In addition, 
the estimated percent of precipitation that becomes recharge in the mountains (8%) falls within, 
although close to the low end of, the range of watershed study results (Appendix 4-E). The 
predicted outflow to the Albuquerque Basin of 5,801 acre feet per year (afy) is less than previous 
USGS studies of the Española Basin (McAda and Wasiolek 1988) and more recent studies of the 
Albuquerque Basin (14,300 afy) (Plummer et al. 2004). This value could be increased by 
increasing the percent of precipitation that becomes recharge and still be within the range of 
reasonable values. These results generally support the conceptual model of total basin-scale 
recharge and discharge fluxes (tabulated in Appendix 4-D and Appendix 4-E), as well as the 
generalized spatial distribution of fluxes simulated with the recharge model described in 
Appendix 4-D, Section 2. It also demonstrates the value, at least at large scales, of the 3-D 
hydrostratigraphic framework model.  
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Figure 4-16.  Location of predicted transition between significant areal recharge and 

negligible areal recharge (2195 m), and uncertainty bounds. Pink contours span 
the elevation uncertainty range. 

 
 
The results of the basin-scale inverse analysis were used to estimate fluxes across the lateral 
boundaries of the site-scale model, with uncertainty. Figure 4-17 shows the results of this 
analysis. Fluxes perpendicular to flow (north and south) were calculated to be relatively small 
and showed much less uncertainty than fluxes parallel to flow (east and west). Significant flux is 
predicted to cross both the western and eastern boundaries; the high uncertainty of these 
estimates, however, means that this uncertainty should be explicitly considered when doing 
transport calculations that might be affected by these fluxes.  
  
All these results depend on the streamflow analyses being reasonably accurate, the 3-D geologic 
model capturing the most important large-scale hydrologic features in the aquifer, and the 
method of inverse analysis fully exploring parameter uncertainty. This technique only explores 
the impact of numerical model parameter uncertainty; overall uncertainty in recharge and fluxes, 
which would include conceptual model errors, is undoubtedly larger. 
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Figure 4-17.  Fluxes across lateral site-model boundaries predicted by the calibrated basin 

model. Error bars represent the 95% nonlinear confidence intervals of estimates. 
 
2. Small-scale fluxes, downgradient of LANL. A more recent study, Keating et al. (2004), used 
similar techniques to explore not only the question of uncertainty of total flux through the 
aquifer, but also uncertainty in fluxes through shallow portions of the aquifer immediately 
downgradient of LANL. This analysis is pertinent to estimates of contaminant transport away 
from the site. Figure 4-18 shows that parameter uncertainty in the site-scale model (including 
uncertainty in recharge rates and aquifer properties) contributes significantly to estimates of total 
recharge for the aquifer, but that the flux through the shallow portion of the aquifer immediately 
downgradient of the site is more certain. More detailed study of this result did highlight the large 
uncertainty in fluxes through a single basalt unit, however. Uncertainty in transport parameters, 
such as porosity, would produce a much larger impact on total velocity uncertainty; therefore,  
this study suggests that better measurement of fluxes and recharge would be of far less value 
than collecting site-specific estimates of porosity. 
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Figure 4-18.  Results of predictive analysis, compared to two calibrated models. Blue bars 

indicate total recharge into the aquifer; red bars indicate flux through the 
shallow plane east of LANL. 

 
 
3. Pore-water velocity. Pore-water velocities in the regional aquifer are very poorly constrained. 
Through modeling techniques described in this report, flow directions and fluxes can be 
surmised reasonably well, but velocities are very difficult to infer from hydrologic data alone. 
Contaminant distributions within the regional aquifer have been useful for identifying the 
location of fast pathways through the vadose zone, but since the exact location and timing of 
contaminant entry to the water table is highly uncertain, these observations do not constrain 
velocities in the regional aquifer. The best method for determining velocities is tracer tests. 
 
The LANL model was used to produce a map of velocities at the water table (see Figure 4-19). 
These velocities are highly uncertain and are used only to illustrate a few key points. First, given 
the heterogeneous nature of the aquifer, groundwater velocity is likely to vary considerably over 
short distances. In this map, the fastest velocities are in the basalts where fracture flow (very low 
matrix porosity) is assumed. Second, flow on the eastern portion of LANL is predicted to be very 
slow. This is due to the very low permeability of the Santa Fe Group, which is prevalent at the 
water table east of LANL (see Table 4-4, Figure 2-10, and related discussion in Section 2.8.7). 
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Figure 4-19.  Model-predicted horizontal component of pore-water velocity at the water table, 

in m/yr. 
 
 
The very slow velocities predicted by the model are consistent with 14C data presented by Rogers 
et al. (1996a,b). These data are collected in both water supply wells (screened over the upper 
2000 ft of the aquifer) and more shallow wells (DT5A, east side and west side artesian). 
Figure 4-20 shows a comparison of model predicted 14C and measured 14C presented by 
E. Kwicklis in Keating et al. (2000). One interesting aspect of this comparison is that the model 
underpredicts the age of the very old waters present near the Rio Grande. 
 
In stark contrast to these predictions, Purtymun et al. (1984) produced a generalized map of pore-
water velocity in the regional aquifer. His estimates assumed a uniform hydraulic gradient of 
0.01 m/m, a uniform porosity of 0.1, and 1-D lateral flow. Using a 1-D version of Darcy’s Law 
and hydraulic conductivity estimates from local pump tests, his resulting velocities ranged from 
20 ft/yr (Los Alamos wellfield) to 345 ft/yr (DT wells). Assuming the high velocity estimate of 
345 ft/yr, this would represent a travel time of 134 years across LANL from west to east 
(~9 miles). McQuillan (2003) used the chemistry data from White Rock Canyon Springs and 
TW-1 and an assumption of 1-D lateral flow to derive a velocity estimate of 358 ft/year (59 year 
travel time, ~4 miles). More recently, a report by Rice (2004), concurred with these earlier 
estimates.  
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Figure 4-20.  Comparison of simulated groundwater carbon-14 ages at nodes within the 
screened depths of wells with the corrected and uncorrected groundwater ages 
estimated from measured carbon-14 activities. 

 
 
At present, it is impossible to compare the McQuillan and Rice calculations to the published 
LANL regional model predictions, because in the model (as configured for past applications) the 
springs are above the top of the model and therefore flow to the springs cannot be simulated. 
This is a subtle but very important distinction because the top of the model at present is entirely 
within the low-permeability Santa Fe Group in the vicinity of the Rio Grande, whereas slightly 
higher elevations (which include the springs) are within the more permeable units of the Puye 
Formation. Some springs also issue from the base of the Cerros del Rio lavas. If transport 
calculations to the springs are required in the future, minor adjustments to model boundaries will 
suffice to address this issue. 
 
A more difficult question is that of measured hydraulic head gradients and lateral continuity of 
highly permeable rocks. The model honors measured gradients (in 3-D), the 3-D hydrostratigraphic 
framework model, and large-scale effective properties of rock units (see Table 4-4). At present, 
neither the measured 3-D hydraulic heads nor the permeability/hydrostratigraphy information 
supports the hypotheses presented by McQuillan and Rice. In such a complex aquifer, however, it is 
entirely possible that their hypotheses could be correct. 
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4. Effect of water supply well production  
 
Capture zones. Understanding the influence of water supply production on the aquifer is 
important from the perspectives of both water supply and contaminant transport. From a water 
supply perspective, it is very important to know if the current rates of withdrawal are sustainable. 
From a contaminant transport perspective, an understanding of capture zones is critical to 
placement of a “sentry” well to protect a production well and to identification of which receptors 
are most at risk of contamination. 
 
The LANL models have been used to evaluate the impact of water supply production in a 
number of studies. The philosophy of this approach has been to start simply and gradually add 
complexity only when needed. In a sense, all of these studies have illustrated the shortcomings of 
applying “simple” textbook methods of capture zone analysis to this site. Therefore, this is very 
much an ongoing study. 
 
Using a relatively simple approach, Vesselinov et al. (2002a) calculated capture zones for the 
Buckman wellfield and all the Los Alamos wells. The motivation for this study was to determine 
if the LANL aquifer was within the capture zone for the Buckman wells, either at present or 
(possibly) in the future. This analysis was based on the standard “steady-state” assumption. The 
results, shown in Figure 4-21, demonstrated that a significant portion of the aquifer beneath 
LANL could eventually be captured by the Buckman wells. These results also showed the zones 
of influence of Los Alamos County water supply wells. 
 
The assumptions inherent in this analysis are that current rates of production in water supply 
wells continue indefinitely until steady state is reached. Given the characteristics of this aquifer, 
this is not expected to occur for several hundred years from the present. Some wells in the Guaje 
field and some wells in the Pajarito field (PM-2, -4, and -5) appear to be stabilizing with respect 
to pumping; the assumption of steady-state may be applicable to these wells. However, given the 
dramatic fall of water levels in the Buckman wellfield over the past two decades, steady-state is 
far in the future. Given the uncertainties of water production over the next few decades (e.g. City 
of Santa Fe is expected to rest the Buckman field beginning in 2009, the steady-state 
approximation is questionable for this wellfield. It does, however, show one possibility that 
should be considered for planning purposes. 
 
Vesselinov and Keating (2003) investigated the impact of dispersion and transients on capture 
zones analyses. Figure 4-22 shows the predicted capture zones when both dispersion (spreading 
of the plume) and transients (changes in source term and changes in water supply production) are 
included in the analysis. These authors concluded that significant errors were incurred when 
dispersion and/or transients were neglected in the analysis. The importance of transients 
(changing flow field in response to changing water production rates) highlights the importance of 
identifying when and where contaminants might reach the water table. For the same point of 
entry to the water table (for example, beneath Ten Site Canyon), a contaminant reaching the 
aquifer in 1960 might be captured by PM-1, whereas a contaminant reaching the aquifer in 1990 
might be captured by PM-5.  
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Figure 4-21.  Predicted steady-state capture zones for wellfields in the vicinity of Los Alamos 
(from Vesselinov et al. 2002a). 

 

 
Figure 4-22.  Predicted transient capture zones for wellfields in the vicinity of Los Alamos 

from Vesselinov and Keating (2003). 
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Effect on streamflow. In a basin such as the Española Basin, where surface water flow depends 
to a large degree on groundwater discharge, any water supply production will affect aquifer 
storage immediately and surface water flow eventually. When the aquifer reaches equilibrium 
with respect to pumping, the only continued impact will be on surface water flow. Wells drilled 
near the point of discharge will have a significant effect on surface water flow sooner than wells 
drilled far from the point of discharge. 
 
Based on parameters shown in Table 4-4 (parameter set 3), the site-scale model was used to 
predict the percentage of produced water coming from storage and captured streamflow (or 
recharge) over the past 50 years. Figure 4-23 shows these results, demonstrating that the aquifer 
is still far from steady-state and that most produced water is still coming from storage.  
 
5. Hydrostratigraphy. All of the studies listed above rely on the 3-D hydrostratigraphic 
framework model to define heterogeneity within the aquifer, according to the spatial distribution 
of approximately 15 units. Of course, with relatively sparse boreholes on the plateau there is 
uncertainty in the exact spatial extent of these units (Section 2.4.4). There also may be important 
heterogeneities within the hydrostratigraphic units as defined by the 3-D model.  
 

 
Figure 4-23.  Simulated discharge to the Rio Grande, and estimated proportion of production 

in local wellfields that originates as storage and as captured recharge. 
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This study has devoted considerable effort to modeling heterogeneity within the Puye Formation 
at scales smaller than the 3-D hydrostratigraphic framework model. The Totavi Lentil is of 
particular interest, since it is characterized by beds of gravel which may be highly permeable. 
(Note: In situ hydraulic tests have been equivocal on this issue.) The current hydrostratigraphic 
framework model defines the Totavi Lentil as a continuous sheet of rock at the base of the Puye 
Fanglomerate; therefore model predictions that assign this unit a high permeability will be 
conservative (fastest travel times over long distances). Reneau and Dethier (1995) proposed a 
very different model of the Totavi Lentil, as a series of discontinuous north-south trending 
ribbons, separated from each other by terraces left behind as the Rio Grande downcut and moved 
westward over geologic time. Stochastic methods are appropriate for representing this type of 
heterogeneity, since the exact location of each of these narrow ribbons could never be known. 
Figure 4-24 illustrates one realization of a stochastic model of the Totavi Lentil, using Markov-
chain transition probabilities based on data collected from geologic maps and measured outcrops 
(Carle 1996; Fogg 1989). This approach, and the data set that underlies it, are described in detail 
in Keating et al. (2000). 
 
The Santa Fe Group (Tsf) has some intercalated Miocene basalts (Tb2; see cross-sections in 
Figures 2-12 to 2-19). To examine two extreme end-members, one might consider hypothetical 
cases where the deeper unit is either 100% Tsf or 100% Tb2. In 2002 a version of the framework 
model was created that explicitly identified zones that were uncertain, due to sparse borehole 
control. Figure 4-25 illustrates one such zone, which might be either a basalt or the Santa Fe 
Group. Figure 4-26 shows the resulting capture zone predictions, first assuming that zone is a 
basalt and then assuming that zone is the Santa Fe Group. By comparing the two figures, one can 
determine the impact of uncertainty of the hydrostratigraphy in this zone. 
 
The Puye Fanglomerate also has beds of sand and gravel which, although of limited spatial 
extent, may be important in contaminant transport. Using textural descriptions from lithologic 
logs in R-wells, two different stochastic models of this type of heterogeneity were developed, as 
shown in Figures 4-27 and 4-28. Both of these methods show promise for use in future 
simulations. 
 
The model calibration process itself can provide useful information about hydrostratigraphy. For 
example, if the conceptual model is that unit A is high permeability and unit B is low 
permeability, through the process of model calibration one can determine whether or not that 
conceptual model is consistent with large-scale head and flux data. This principle was used to 
test the conceptual model of a north-south trending high-permeability trough within the upper 
Santa Fe Group, proposed by Purtymun (1995). Carey et al. (1999) formulated this trough within 
the 3-D framework model as a fairly narrow feature (Figure 4-29a). Through the model 
calibration process, it was determined that this geometry was consistent with site-wide 
hydrologic data. Later, in a 2002 update of the 3-D framework model, this feature was 
significantly enlarged (Figure 4-29b). It was not possible to calibrate a model that assigned a 
high permeability to this large feature, so this model was discarded. These results suggest that 
the high permeability trough is likely to either be small, such as shown in Figure 4-29a, or exist 
as small, discontinuous patches. 
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Figure 4-24.  Heterogeneity within the Puye Formation; one realization of a stochastic 

Markov-chain model of the Totavi Lentil (dark pink). Model parameters are 
based on surface geologic maps and measured outcrops. 

 
 

 
Figure 4-25.  Cross section through hydrostratigraphic framework model, showing location of 

layer selected to perform a sensitivity analysis exploring the uncertainty in the 
geologic framework. The uncertain zone in pink was assumed to be either Tb2 
or Santa Fe Group for the purpose of examining sensitivity.  
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(a) assumes uncertain layer in basalt (b) assumes uncertain layer in Santa Fe Group 

 
 

Figure 4-26.  Predicted steady-state capture zones for wellfields in the vicinity of Los 
Alamos, using two different alternative models of hydrostratigraphy.  
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Figure 4-27.  Heterogeneity within the Puye Formation; three realizations of a stochastic 

Gaussian model. 
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Figure 4-28.  Heterogeneity within the Puye Formation, fanglomerate; two realizations of a 

stochastic Markov-chain model. Model parameters are based on lithologic logs 
from R-wells. 
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Figure 4-29.  Two representations of the north-south trending trough in the upper Santa Fe 

Group. 
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4.2.12.2  Category B: Predict fate and transport of contaminants in the regional 
aquifer, in order to optimally place monitoring wells and inform risk 
assessment studies. 

1. HE transport from TA-16. The first contaminant transport simulations were conducted in 
response to the discovery of high explosives (HEs) in the upper saturated zone at R-25. The first 
model predictions were based on a simple premise: that the aquifer is at steady-state (with 
current rates of production in water supply wells), and that the important heterogeneities were 
defined by the 3-D hydrogeologic framework model. HE was represented by non-reactive 
particles in the model, released at the water table both at TA-16 and beneath Cañon de Valle 
(assuming rapid downstream transport in the alluvium). Figure 4-30 illustrates these results, 
which show all the contamination eventually being captured by either PM-2 or PM-4. Travel is 
predominantly within the Puye Formation. Breakthrough curves, shown in Figure 4-31, 
suggested that travel times would be on the order of hundreds of years. These slow travel times 
are consistent with the observation that no HE has been found in monitoring wells drilled since 
this study, at distances relatively close to R-25. A later simulation using a transient flow field 
demonstrated that the steady-state analysis was sufficient for this problem. 
 
This study was repeated in 2000 with a more realistic approach to modeling heterogeneity within 
the Puye Formation (see Figure 4-27). By using a stochastic approach, it was hoped to identify 
possible fast pathways that could significantly change our earlier result. Table 4-5 illustrates the 
results of this study, for ten different realizations of the Puye Formation. This result showed that 
given this model of heterogeneity, first arrivals of contaminants could appear at PM-4 in less 
than 100 years. The shorter travel times in this study are due to preferential transport through a 
heterogeneous medium.  
 
None of these analyses considered the possible role of model parameter uncertainty on transport 
predictions. In particular, there was still concern about possible easterly-southeasterly pathways 
away from TA-16. Predictive analysis (Doherty et al. 1994) was used to explore the range of 
possible flow directions away from TA-16 that could be achieved by assigning a large number of 
combinations of permeability and recharge parameters, given the constraint that any model must 
still match measured heads and fluxes reasonably well. Figure 4-32 shows the results of this 
analysis, which found that only relatively small variations in flow directions were possible under 
variable model calibration criteria. The major caveat to this result is that it depends on the 
hydrostratigraphic framework model being accurate; the “true” uncertainty in flow directions is 
undoubtedly larger than that shown in Figure 4-32. 
 
2. Siting a characterization well, R-13. One objective for R-13 was that it could eventually be 
used to monitor possible off-site migration within the regional aquifer of contaminants 
originating below Mortandad Canyon. Based on the similarity between 3H data in alluvial and 
perched aquifer wells in Mortandad Canyon and in wells due east in Sandia Canyon (R-9, R-12, 
and O-1), a due easterly pathway had been proposed earlier. Numerical simulations, shown in 
Figure 4-33, suggested a slight southerly bend to flow directions due to pumping by PM-3, 
PM-4, and PM-5. This results in a steady-state flow field, which will tend to exaggerate the 
effects of pumping over what might be the effects of pumping at present. Based, in part, on these 
results, R-13 was sited along the LANL boundary, south of the due easterly flow path suggested 
by geochemical results.  
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Figure 4-30.  Predicted paths for particles released at TA-16 and beneath Cañon de Valle and 

captured at PM-4 and PM-2. 
 

 
Note: Cases 1–4 represent different realizations of hydraulic conductivity. 

 

Figure 4-31.  Breakthrough curves for particles released at TA-16 and beneath Cañon de 
Valle at PM-4 and PM-2.  
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Figure 4-32.  Results of predictive analysis, showing the possible range of flow directions 

(farthest northward and farthest southward) for sources at TA-16. Colors 
represent hydrostratigraphic units through which the water is flowing. 
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Figure 4-33.  Predicted plume migration for sources released at the water table below 

Mortandad Canyon, based on a steady-state, with pumping, flow field. 
 
 
Recent analyses of transient capture zones in the vicinity of Mortandad Canyon highlight the fact 
that flow directions and ultimate point of discharge change both in time and distance along the 
canyon. Solutes reaching the water table at early times (pre-1970s) and at easterly locations 
along the canyon probably moved to the east, under natural flow conditions and the pull of 
PM-1. Solutes reaching the water table at later times and further to the west will likely be drawn 
to the south. If the location and timing of contaminants reaching the water table is uncertain, the 
optimal monitoring network therefore will include both easterly and south-easterly monitoring 
locations. 
 
3. Naturally occurring contamination. Some groundwaters in the Española Basin, including 
waters in the vicinity of LANL, are contaminated by naturally occurring arsenic, uranium, and 
flouride (McQuillan and Montes 1998; Purtymun 1977). Data collected in lower Los Alamos 
Canyon suggest that long-term pumping in water supply wells may increase concentrations of 
naturally occurring uranium (Gallaher et al. 2004). 
 
Ongoing modeling studies, using the basin-scale model coupled with new water chemistry data 
collected in cooperation with Santa Fe County and the New Mexico Environment Department, 
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are attempting to understand the geochemical mechanisms that enhance dissolution of trace 
metals in aquifer rocks and the hydrologic mechanisms that may cause groundwater extraction to 
exacerbate the problem. Figure 4-34 illustrates an example model simulation, which simulates 
the spatial distribution of total dissolved solids in the basin. The prediction of a large area of 
high-salt water in the vicinity of Santa Fe has possible implications for water resource planning 
for that community, i.e., the cost of treating the high-salt water or finding alternate resources. 
 
4.2.12.3  Category C: Provide guidance in prioritization of data collection activities, 

highlighting the importance of those data that could most reduce numerical 
and conceptual model uncertainty. 

1. Reducing uncertainty in transport predictions away from TA-16. After the analysis shown 
in Figure 4-32 was completed, the model was used to determine how new monitoring wells 
might reduce the uncertainty in flow directions and travel times. Hypothetical wells were added 
with head data at five different locations near the particle path lines (shown in Figure 4-35) to 
determine the value of the head data in reducing pathway uncertainty. When the analysis was 
conducted, head data from R-25 were not yet available; therefore, head data at this well were not 
included in the analysis. Interestingly, of the five potential well locations, it was head data at 
R-25 that had the most benefit. The reason for this result is that information about the vertical 
component of the 3-D head field at R-25 helped the model determine the extent to which 
flowpaths are horizontal (fast) or three-dimensional (much slower). 
 
2. Capture zone of PM-5. A similar methodology was used to determine the type of data that 
would be of most benefit to reducing uncertainty in the ability to predict the capture zone of 
PM-5 (Vesselinov et al. 2002b). A conceptual particle plume was released at a single location at 
the water table beneath Mortandad Canyon to simulate the transport away from the site. The 
calibrated model predicted that the particles traveling along the mean pathway would arrive at 
PM-5 (orange line, Figure 4-36). This model predicted that ~80% of the particles would arrive at 
PM-5. By varying recharge parameters and aquifer properties in a large number of possible 
combinations, within calibration constraints, a wide range of possible model predictions was 
generated. This analysis showed that parameter uncertainty was sufficiently great so that either 
0% or 100% capture was also possible (blue and green lines, respectively, on Figure 4-36). 
Figure 4-37 illustrates the full plume migration in the 0% capture scenario. The analysis 
determined that better information on recharge rates in Mortandad Canyon would have the most 
benefit to reducing predictive uncertainty. The caveats to this study include the following: (1) 
possible recharge rates were not constrained to be within the bounds provided by existing studies 
of recharge, and (2) the method of modeling recharge probably overestimates the impact of local 
recharge on local head gradients. 
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Figure 4-34.  Predicted total dissolved salts in the groundwater at steady state, using a simple 

model of mineral dissolution. Red areas show the zones of relatively old water 
that are not mixing with fresh water. 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 4-57 December 2005 

 
Figure 4-35.  Location of hypothetical wells (green crosses) used to evaluate the potential 

value of head data in reducing uncertainty in flow directions. Solid and dotted 
lines show range of uncertainty in flow direction (north/south) and flow depth. 
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Figure 4-36. Mean flowpath for three simulations of plume migration away from Mortandad 

Canyon: orange-best calibrated model; green – maximum capture by PM-5; 
blue – minimum capture by PM-5. 

 
 

 
 
Figure 4-37.  Illustration of plume migration for minimum capture by PM 5 (0%). Also 

shown are the two water table elevations predicted by the minimum and 
maximum cases. 
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3. Proposed pump test at O-1. The best way to characterize the hydraulic properties of the 
aquifer is to conduct a pump test with one or more monitoring wells. It was proposed that 
characterization well R-5 be drilled very close to O-1 so that a pump test could be conducted. A 
2-D radial model was used, with the 3-D geologic model interpolated onto the grid to represent 
aquifer heterogeneity, to determine the optimal distance the characterization well should be 
drilled from O-1. Figure 4-38 shows the radial grid, and the predicted drawdowns as a function 
of distance from O-1, using a variety of model assumptions and parameters (8 cases). The range 
of suggested distances from the well that came from this analysis was 100–400 m. Ultimately, 
the well was sited at a greater distance for other purposes and no pump test was conducted. This 
test will be feasible when well R-3 is constructed closer to O-1. 
 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 4-60 December 2005 

 

 
 

Figure 4-38.  (a) Hydrostratigraphic units in the vicinity of well O-1, interpolated onto radial 
grid; (b) Predicted drawdowns at the top of the aquifer, for eight cases. 
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5.0 CONCLUSIONS 
 
5.1 Summary 
 
This report has described the geology, hydrology, and geochemistry of the Pajarito Plateau, 
based on empirical observations and modeling analyses. The purpose of this description is to 
provide a basis for evaluating and, and if necessary, designing an enhanced monitoring network 
capable of detecting contaminants. In order for a monitoring system to detect contaminants, an 
understanding of how contaminants reach groundwater and how contaminants move through 
groundwater is required. This section draws together the information present in the previous 
sections to establish a conceptual model of contaminant transport through the hydrogeologic 
system. This conceptual model is the basis for relating the work to evaluation of risk 
(Section 5.2) and the monitoring implications described in Section 5.3. 
 
In overview, the contaminant transport conceptual model is one in which contaminants reach 
points of potential exposure in the regional aquifer only if the following conditions are met: 
 

• Mobile contaminants have been released to the environment 
• There are natural or anthropogenic water inputs to carry contaminants downward 
• Vadose zone hydrogeologic controls are present, including enhanced infiltration and 

lateral pathways 
• Flow-field modifications are present to influence transport of contaminants in the 

regional aquifer.  
 
The following subsections draw together the observations and analyses that explain and support 
these conditions for contaminant transport.  
 
5.1.1 Presence of Contaminants 
 
Imprinted on the natural variations in chemistry is the presence of contaminants historically 
released since the early 1940s when Laboratory operations commenced. While the contaminants 
are at concentrations largely below regulatory standards or risk levels, they demonstrate the 
presence of pathways for groundwater flow and contaminant transport from the surface to deeper 
groundwater. The impacts to groundwater at the Laboratory have occurred mainly where effluent 
discharges have caused increased infiltration of water. The depth to which chemical constituents 
move in the subsurface is determined partly by their chemical behavior: nonreactive constituents 
move readily with groundwater, while reactive or adsorbing constituents move a shorter distance.  
 
In most cases where effluent sources have been eliminated, groundwater concentrations of non-
reactive discharged contaminants have decreased far below previous levels (e.g., nitrate, tritium, 
and perchlorate) in alluvial groundwater. These mobile contaminants move readily through the 
subsurface and are detected within perched intermediate zones and at the regional water table 
beneath several canyons, including Pueblo Canyon, Los Alamos Canyon, Sandia Canyon, 
Mortandad Canyon, and Cañon de Valle. In the case of reactive or adsorbing chemicals, the 
concentrations in the alluvial groundwater remain elevated significantly above background levels 
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after elimination of discharges or other contaminant source terms (e.g., excavation and removal 
of contaminated sediments). These include constituents such as strontium-90 and the actinides 
(americium-241, plutonium-238, and plutonium-239, 240) (Section 3.1.2). 
 
Lateral flow and transport through surface water and in the alluvial systems are rapid with 
respect to other subsurface hydrologic processes on the plateau. Rates of lateral transport are 
even higher during surface flow events, which occur more frequently in the larger wet 
watersheds than in other areas of the plateau. Sorbing species transport slowly in alluvial waters 
and more commonly migrate down the canyon floor by sediment transport (LANL, 2004a; Lopes 
and Dionne, 1998; Solomons and Forstner, 1984; and Watters et al., 1983). Since some of the 
wet canyons that cross Laboratory land have received liquid-waste discharges from outfalls, the 
alluvial systems act as line sources for both water and contaminants to the deeper vadose zone 
beneath such canyons (Section 2.5.2.2). 
 
Data for conservative (nonreactive) constituents (tritium, nitrate, perchlorate) in alluvial 
groundwater support the conceptual model that this groundwater has a short residence time and 
conservative contaminants do not accumulate in alluvial groundwater. The time-trend pattern for 
these contaminants shows a high level when they were being released, followed by a sharp 
decline in concentration to nearly nondetectable levels when the source was eliminated. Past 
values of tritium and nitrate in alluvial groundwater in DP, Los Alamos, Pueblo, and Mortandad 
Canyons exceeded the 20,000 pCi/L mean concentration level (MCL) (Rogers 1998). Because of 
improvement in effluent quality, values this high do not occur today in these locations 
(Section 3.2.3.1). 
 
Data for adsorbing constituents (strontium-90, plutonium-239, 240) illustrate the conceptual 
model of contaminant adsorption onto alluvial sediments. The time- trend pattern for the 
adsorbing contaminants shows a decline in concentration when the source is cut off, followed by 
maintaining a fairly constant low concentration in the groundwater due to cation exchange. The 
highest measured strontium-90 activity was approximately 500 pCi/L in Acid Canyon surface 
water in 1960. With no present source, levels have dropped dramatically and strontium-90 is now 
consistently detected at low activities, below 1 pCi/L in alluvial groundwater (Section 3.2.3.1). 
 
Data showing low levels of tritium activity in intermediate perched groundwater support the 
conceptual model that alluvial groundwater affected by effluent discharges is a principal source 
of recharge and contaminants for the intermediate perched groundwater. The highest values of 
tritium in intermediate perched groundwater are found where effluent discharges have occurred. 
Tritium time-series data also support a conceptual model that groundwater in the intermediate 
perched zones may have short residence time. In the absence of effluent discharge from TA-45 
as a tritium source in Pueblo Canyon, tritium in the intermediate perched zone sampled by well 
TW-2A fell rapidly during the 1980s (Figure 3-13). This suggests that tritium associated with the 
former TA-45 treatment plant infiltrated the canyon floor and migrated vertically, at least to the 
depth of the intermediate perched zone at TW-2A, but had no continuing source when the TA-45 
treatment plant was shut down (Section 3.2.3.2). 
 
The distribution of tritium in the regional aquifer supports the conceptual model that surface 
effluent discharges have caused the instances where Laboratory contaminants are found at depth. 
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In most cases, the highest regional aquifer tritium values are found near where effluent 
discharges have occurred, but are much lower than values observed in overlying alluvial or 
intermediate perched groundwater. Elevated 3H in regional aquifer samples has been observed at 
wells O-1, TW-1, TW-3, TW-8, LA-1A and LA-2 (Rogers et al. 1996b), as well as in several 
wells drilled during the hydrogeologic characterization program (Section 2.7.3.1.1). 
 
The fundamental condition that contaminants should have been released for groundwater 
contamination to occur is illustrated by the distribution of conservative (that is, nonreactive) 
groundwater contaminants. Generally, compounds like RDX, tritium, perchlorate, and nitrate 
move readily with the groundwater because chemical reactions do not retard the movement of 
these compounds or decrease their concentrations, although the activity of tritium does decrease 
due to radioactive decay. Semireactive constituents (uranium, strontium-90, barium, some 
HE compounds, and solvents) whose movement is slowed or their concentrations are decreased 
by geochemical processes and strongly reacting constituents (americium-241, plutonium, and 
cesium-137) that are nearly immobile are not found above background levels in intermediate 
perched groundwater or the regional aquifer (Section 3.2.1). 
 
5.1.2 Water Inputs 
 
Sufficient water input in a canyon system is a critical condition for transporting anthropogenic 
constituents. In most cases where Laboratory anthropogenic constituents are found at depth, the 
setting is either: 
 

• Canyons where natural water input is high (Pajarito, Water, and Cañon de Valle) 
• Canyons where anthropogenic water input is high (Pueblo, Los Alamos, Sandia, 

Mortandad)  
• Mesa-top sites where large amounts of liquid effluent have been discharged (such as 

retention ponds or outfalls) (Cañon de Valle and Water canyons) (Section 3.2.2). 
 
Wet canyons receive large runoff volumes, either through channeling of precipitation or through 
wastewater discharges. This runoff, in turn, creates surface-water flow along canyon bottoms, 
which subsequently infiltrates to form near-surface, alluvial water bodies (Section 2.4.2.1). The 
highest net infiltration rates are estimated to occur in canyons, especially those that head in the 
mountains, with magnitudes of up to a few hundred millimeters per year caused by channelized 
runoff. In contrast, much lower net infiltration rates occur across mesas and in the smaller 
canyons that head on the plateau (Section 2.4.2.1).  
 
The infiltration rate estimates from canyon-bottom alluvium and mesa-top sites are consistent 
with the estimated infiltration rates inferred from moisture content profiles. In Section 4.1.3.2, 
numerical models for wells LADP-3 and LADP-4 in Los Alamos canyon are presented showing 
that moisture profiles reflect the conceptual model of high infiltration in canyons and low 
infiltration on mesas. That analysis also shows that the uncertainties associated with such 
estimates are quite high (in the range of a factor of 3). However, by combining moisture content, 
tracer or contaminant profiles, and water budget information, a more constrained estimate has 
been achieved (Section 2.5.1). The resulting net percolation rates beneath the alluvial systems of 
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wet canyons to the underlying unsaturated zone are expected to be among the highest across the 
plateau, approaching meters per year (100–1000 mm/yr) (Kwicklis et al. 2005) (Section 2.5.2.2). 
 
The alluvial groundwater present in several canyons has a small volume relative to the annual 
volume of runoff or effluents, does not extend beyond the LANL boundary, and is generally 
completely refreshed by recharge on a time scale of about a year (Section 3.2.3.1). The Kwicklis 
et al. (2005) study shows that about 23% of the infiltration occurs from canyon bottoms on the 
plateau at lower elevations, including 14% of the total in streams that flow at least partly within 
LANL boundaries.  
 
Although relatively small volumetrically compared to mountain recharge to the west, aquifer 
recharge occurring locally on the plateau is important to the assessment of flow paths of 
potentially contaminated water. Tritium data confirms that relatively young water is present in 
the aquifer (Rogers et al. 1996b), indicating fast pathways through the vadose zone beneath 
LANL. Kwicklis et al. (2005) used vadose zone occurrences of 3H to estimate the time-
dependent transport velocities from which they derived the infiltration rates to the regional 
aquifer. They found that, in Mortandad Canyon, infiltration rates as high as 2000 mm/yr during 
periods of large volumes of effluent discharge decreased to 100–200 mm/yr when effluent 
discharge flow rates were reduced. These observations and analyses confirm that local recharge 
in canyons is an important component of the recharge distribution for the plateau 
(Section 2.7.3.1.1). 
 
The presence of water, either natural or from the discharge of effluents to canyons or mesa-top 
locations in the Laboratory’s semiarid setting, initiates or increases downward percolation of 
water. Even under unsaturated flow conditions, this percolation may move significant volumes of 
water to the regional aquifer within a few decades.  
 
5.1.3 Vadose Zone Hydrogeologic Controls 
 
The third condition that controls the distribution of groundwater contaminants is the presence of 
vadose zone hydrogeologic controls. The controls considered most important in influencing 
contaminant distribution and transport are: near- surface circumstances that enhance infiltration, 
potential pathways in the vadose zone (e.g., basalts), and transport through intermediate perched 
groundwater. 
 
Infiltration rate affects the movement of anthropogenic constituents from the surface to 
groundwater. As described in Section 2.5.3, undisturbed Bandelier Tuff has a very low 
infiltration rate. On mesas, the predicted travel times are variable, but for the most part are 
greater than 1000 years, ranging from 1000 to 5000 years on the eastern portions of the 
Laboratory to 20,000 to 30,000 years in the western region. Areas that have other geologic units 
(particularly basalt units or Puye Formation) or fractured units exposed in the canyon bottom 
have higher, or enhanced, infiltration rates. In addition, the vadose-zone thickness decreases with 
increasing distance down canyon, due to thinning of the Bandelier Tuff (Section 2.2.9). Where 
the Otowi Member of the Bandelier Tuff is thick, infiltration rates are quite low. However, on 
the eastern side of the plateau, the Otowi Member thins to 0 to 100 feet, reflecting both the 
general thinning of the Otowi Member away from its caldera source and thinning of the ash-flow 
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tuffs over the Cerros del Rio highland on the east side of the plateau (Section 2.2.9.1). The 
eastern portions of canyons with thinned or absent Otowi Member have enhanced infiltration. 
Infiltration rates of 1500 to 2000 mm/yr are estimated for the confluence of Los Alamos and 
Pueblo Canyons, a consequence of infiltration directly onto Puye fanglomerates or fractured 
basalts (Section 2.7.3.1.1.). 
 
Enhanced infiltration is especially true for the eastern portion of deep wet canyons because their 
canyon bottom elevations are 45 to 60 m lower than smaller canyon systems on the plateau. 
Thus, the deepest canyons extend to stratigraphic horizons having higher infiltration rates 
because of increased fracture flow. Contaminants transported down canyon via surface flow or 
through the alluvial groundwater system often percolate through a geologic column consisting 
primarily of basalt and Puye Formation fanglomerate with little or no overlying tuff. Downward 
percolation is believed to be more rapid in the basalt than through moderately welded tuff 
(Section 2.2.8). Thus, these wet canyons have thinner vadose zones and a smaller portion of the 
flow path with matrix-dominated flow. Los Alamos and Pueblo Canyons have regions in the 
vicinity of their confluence in which the Bandelier Tuff is thin or nonexistent. Water infiltrates 
directly onto basaltic rocks or the Puye Formation, thereby yielding rapidly downward flow 
through fractures or preferential flow channels. The predicted travel times are especially short 
(5 to 10 years) in these locations (Section 4.1.2.1).  
 
Other instances of enhanced infiltration include the Cañon de Valle and Water Canyon, where 
rates up to 1000 mm/yr are estimated for areas associated with the Pajarito fault zone. 
Anthropogenic alterations can also enhance infiltration, for example sediment ponds in 
Mortandad Canyon and ponds in Cañon de Valle. 
 
In contrast to the Bandelier Tuff, the basaltic rocks clearly exhibit rapid flow through fractures 
and other fast pathways, so that the permeability of the matrix rock is essentially irrelevant to the 
rates of water percolation (Stauffer and Stone 2005). Fracture flow occurs because of the orders-
of-magnitude lower matrix permeabilities of these rocks, compared to the Bandelier Tuff 
(Section 2.4.1). The upper surface of the Cerros del Rio basalt is irregular, with a broad highland 
that extends from north to south under the east-central portion of the Laboratory, largely buried 
beneath the Bandelier Tuff. The presence of the Cerros del Rio basalt in the vadose zone 
provides potential lateral fast pathways in the vadose zone (Section 2.2.8). These hydrogeologic 
factors, compounded by the relatively high deep-percolation rate in wet canyons, likely yield the 
fastest vadose-zone travel times for contaminants from the land surface of the plateau to the 
regional aquifer. Transport to the regional aquifer beneath wet canyons is predicted to be on the 
order of decades to hundreds of years (Section 2.5.2.2). 
 
The water-quality impacts by effluent releases on alluvial groundwater extend in a few known 
cases to intermediate perched groundwater at depths of a few hundred feet beneath these 
canyons. Since the contaminated alluvial groundwater bodies are separated from the intermediate 
perched groundwater by hundreds of feet of dry rock, pathways within the vadose zone are likely 
present in those canyons. There are two end-member conceptual models for flow within an 
intermediate perched water zone: 

• Low-velocity, virtually stagnant water resting in a perching horizon within a local 
structural or stratigraphic depression. Water percolates very slowly out the bottom of 
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this zone or spills over the sides of the depression. This configuration views perching 
horizons as barriers that slow the downward percolation of water. In several wells, 
intermediate saturated zones thought to represent perched groundwater were screened but 
failed to produce significant water. These occurrences may represent cases where zones 
of limited extent were substantially drained when the perching horizon was penetrated 
during drilling. Once the stagnant water is depleted in an initial round of sampling, there 
is insufficient recharge upstream to keep the zone saturated. 

• High-velocity, laterally migrating water that travels on top of the perching horizon. This 
conceptualization suggests that once groundwater reaches a perched zone, it rapidly 
percolates laterally along high-permeability pathways until the perching horizon pinches 
out or is breached by high-permeability features, such as fractures or lateral changes in 
lithology. In this scenario, water could move in stair-step fashion from one perching 
horizon to another. There are no confirmed instances of large-scale, lateral vadose zone 
pathways beneath the Pajarito Plateau at depths greater than the alluvial groundwater. 
However, the case of lateral flow through the wet, mountain-front mesas at TA-16 
suggests that this possibility does exist at greater depths. Although the TA-16 
observations are categorized as shallow for the purposes of this discussion because they 
discharge via springs in the local canyons, it could be argued that deep pathways with 
flow geometries similar to those of the mountain-front mesa or today’s alluvial 
groundwater zones are evidence for the possibility of deeper fast pathways elsewhere 
(Section 2.6.2.4). 

 
The site-wide vadose zone transport model predicts that regions of relatively rapid travel times 
are present in the following canyons: Pajarito Canyon near White Rock, a portion of Cañon de 
Valle, Mortandad Canyon at the Radioactive Liquid Waste Treatment facility, middle and lower 
Los Alamos Canyon, large portions of Pueblo Canyon, and Guaje Canyon (Section 4.1.2.3). 
 
Hydrogeologic controls influence movement of anthropogenic constituents through the vadose 
zone. The presence of geologic units that enhance infiltration, that act as pathways, or are 
conducive to perching groundwater and forming intermediate perched groundwater appears to be 
an important condition for groundwater contaminants to be transported to the regional aquifer. 
 
5.1.4 Regional Aquifer Transport 
 
Relatively little contamination reaches the regional aquifer from the alluvial groundwater bodies, 
and water quality impacts on the regional aquifer, though present, are low. Flow field 
modification is considered important in controlling anthropogenic constituent distribution in the 
regional aquifer. Anthropogenic constituents that enter the regional aquifer near pumping wells 
are predicted to have much shorter travel times than those outside the influence of pumping.  
 
The LANL regional aquifer model was used to produce a map of velocities at the water table. 
These velocities are highly uncertain and are used only to illustrate a few key points. First, given 
the heterogeneous nature of the aquifer, groundwater velocity is likely to vary considerably over 
short distances. There are two areas with relatively high permeability (K > 3 m/day): the 
north-central aquifer beneath LANL (wells TW-2, R-4, TW-3, R-11, R-28, and R-13) and the 
south-central aquifer beneath LANL (R-19, screen 6, DT-10, DT-9) (Section 2.4.2.3).  
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The fastest velocities are in the basalts where fracture flow (very low porosity) is assumed. 
Basalt straddles the water table in two areas. The most extensive is located in the south-central 
part of the plateau, where as much as 195 ft of saturated Pliocene Cerros del Rio basalt occurs 
at the top of the regional zone of saturation in well DT-10 and 290 ft occurs in well R-22 
(Figure 2-10). A smaller region of older Miocene basalts straddles the water table in a north-
trending zone extending between wells R-12 to R-5. 
 
Second, flow on the eastern portion of LANL is predicted to be very slow. This is due to the very 
low permeability of the Santa Fe Group, which is prevalent at the water table east of LANL 
(Section 4.2.12.1). The Tesuque Formation is the primary rock unit making up the regional 
aquifer in the eastern part of the plateau and in the Buckman wellfield east of the Rio Grande. 
Bedding within the Santa Fe Group and the Puye Formation is likely to cause higher 
permeability parallel to the beds than perpendicular to the beds. Large vertical head gradients 
measured in R wells are evidence of anisotropy. The beds within the Puye Formation range from 
centimeters to meters in thickness. Most are very low angle, dipping to the east. In contrast, beds 
within the pumiceous volcaniclastic rocks tend to dip to the southwest (R-20, R-2, R-7, R-19, 
and R-33). Beds within the Santa Fe Group exposed on the western margin of the plateau dip 
approximately 2–5o to the west (Golombek et al. 1983). Data from R-16 suggest that shallow 
layers are very low-angle, but deeper layers dip as much as 25o to the west. Hydrologic modeling 
and pump test analysis suggests that vertical permeability is 100 to 1000 times lower than 
horizontal permeability in the Santa Fe Group (Hearne 1985; McAda and Wasiolek 1988; 
Keating et al. 2003). (Section 2.4.2.3) 
 
The regional aquifer conceptual model incorporates data from recent large-scale (30-day) 
pumping tests. Individual drawdown and recovery water levels in responsive wells demonstrate 
that the regional aquifer surrounding PM-2 is vertically anisotropic with pronounced resistance 
to vertical propagation of drawdown at shallower depths. Hydraulically, the aquifer behaves like 
a semiconfined aquifer at depth with leaky units located above (and perhaps below) a highly 
conductive layer (Section 2.7.5). It appears that there are water-table conditions near the water 
table, but leaky-confined aquifer behavior deeper down, although the degree to which the 
uppermost phreatic zone and the deeper, leaky-confined aquifer are hydrologically connected is 
unknown. The regional aquifer can be thought of as a compartmentalized aquifer with water 
from plateau recharge traveling laterally in the phreatic zone as the upper compartment and a 
lower compartment, which contains deeper groundwater flow as the leaky-confined aquifer that 
is isolated to some degree from the overlying compartment. 
 
The contaminant pathways in the regional aquifer depend heavily on the strength of the 
hydrologic separation of the two compartments, which translates into how efficiently the 
pressure drawdown caused by the pumping wells propagates to the water table. Two conceptual 
alternatives are end members on a spectrum of potential configurations and thus capture the total 
potential variability.  
  

• Weak hydraulic separation between the shallow (phreatic; water-table) and deep 
(leaky-confined; pumped) zones does allow pumping drawdown to reach the water table. 
Hydraulic gradients in the phreatic zone are affected by the pumping and contaminants 
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are drawn toward the wells. Contaminants are primarily predicted to arrive at water 
supply wells with a travel time of less than 50 years. 

• Strong hydraulic separation between the shallow (phreatic; water-table) and deep 
(leaky-confined; pumped) zones does NOT allow the pumping drawdowns to reach the 
water table. Hydraulic gradients in the phreatic zone are NOT affected by the pumping. 
Contaminants are predicted to bypass the water supply wells and will arrive at the springs 
with travel time of about 200 years. 

 
Compartmentalized flow with variably separated shallow and deep zones is supported by 
observations. The recent pumping tests suggest strong hydraulic separation exists, as described in 
the “strong separation” regional aquifer conceptual alternative. However, it is likely that some 
downward movement of water and contaminants does occur due to pumping of water supply 
wells at depth. Occurrences of tritium and perchlorate in O-1 illustrate the point that flow paths 
between the shallow and deep aquifer water can exist during production. This observation 
supports deeper pathways near water supply wells, conforming to the “weak separation” regional 
aquifer conceptual alternative. However, the extent of vertical transport is undoubtedly a 
function of the local permeability structure between the water table and the pumping interval in 
the water supply well, which may vary spatially across the plateau. 
 
It is unclear whether it is important to monitoring goals to distinguish between these two 
alternatives. The first priority is to enable prediction of contaminant transport velocities 
sufficiently accurately to design an enhanced monitoring network and interpret the results. Either 
alternative results in lateral transport of contaminants reaching the water table, especially at 
locations relatively unaffected by municipal water well pumping. It is possible that the more 
strongly compartmentalized, two-zone aquifer conceptualization might yield more rapid 
contaminant transport near the water table, with transport pathways that are more lateral and less 
influenced by municipal water supply well pumping than the weak separation, more uniformly 
anisotropic case. 
 
5.2 Relation of Hydrogeologic Workplan Results to Risk Assessment 
 
The data, conceptual models, and numerical models resulting from work performed during 
implementation of the Hydrogeologic Workplan will be used, in combination with data gathered 
by the Environmental Restoration Program, to perform groundwater risk assessments for 
LANL-contaminated sites. The risk assessments will synthesize information (and uncertainty) 
about source term, vadose-zone flow and contaminant transport, and saturated-zone flow and 
contaminant transport to predict future health effects at receptor locations. They will be 
performed using a probabilistic approach that incorporates parameter uncertainty and variability, 
as well as conceptual model uncertainty. Data sets and site information gathered thus far will be 
used to define uncertainties in the form of parameter distributions and well-defined alternative 
conceptual models of groundwater flow and contaminant transport. These uncertainties will be 
propagated through groundwater models and then used in a risk-based decision analysis to 
identify and rank alternative actions to protect people from potential impacts of groundwater 
contamination from various release sites.  
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To construct the probabilistic risk assessment and associated decision analysis, several steps are 
employed. When using these steps we assume that we have already acquired general knowledge 
about the site. This assumption is, in general, valid for the main contamination issues on the 
plateau, based on background information gained during the Hydrogeologic Workplan and 
Environmental Restoration activities of the past 10 years. 
 
1. Define the question to be answered. Examples of the questions might be, “What is the 

potential, future health risk for water users of municipal supply wells associated with 
historic effluent releases in canyon X? How can these risks be decreased?”  

2. Define input parameters and construct parameter distributions. Estimates in the range of 
model input parameters are made based on field data, historic records and expert judgment. 
Example distributions might include uncertainty in contaminant masses released as a 
function of time in geologic and/or in hydrologic properties.  

3. Define conceptual models. These could be related to source release, to vadose zone and 
groundwater flow, and to contaminant transport.  

4. Construct numerical models based on information from Steps 1 through 3. Such models 
will generally include a vadose-zone and a saturated-zone model. 

5. Sample parameter sets to be used as input for a series of Monte Carlo simulations that 
capture the ranges of model and parameter uncertainties defined.  

6. Run probabilistic flow and transport simulations using the numerical models and the 
parameter sets. 

7. Use output from flow and transport simulations to calculate health effects or to answer 
other questions defined in Step 1. 

8. Perform sensitivity analyses to determine parameters or conceptual models that produce 
model results indicating potential adverse health effects.  

 
Steps 2, 3 and 4 rely extensively on work performed for the Hydrogeologic Workplan. Predicted 
results are compared to field data (concentrations, heads, water content) to verify that model 
results are reasonable. In addition, in order to create regulator and stakeholder trust in this 
process and its results, stakeholder input concerning parameter distributions and conceptual 
models is encouraged.  
 
Based on the sensitivity analysis described in Step 8 above, decision analysis is applied to define 
the optimal course(s) of action at a particular contaminated site. Such actions may include some 
combination of cleanup, stabilization, additional characterization, and monitoring. If additional 
characterization is identified as an action that can reduce risk, the sensitivity analysis yields 
information not only about which parameters should be better characterized, but also to what 
degree the uncertainty or variability in a specific parameter should be reduced. If the uncertainty 
were reduced to within the defined limits through characterization, then an updated risk 
assessment would calculate reduced risk. The decision analysis may help decrease the cost of 
future characterization by identifying parameters that do not need to be better characterized. 
Also, if experts feel that further characterization will not result in decreased uncertainty in a 
parameter identified in the sensitivity analysis, then that characterization effort might be rejected 
and an action with a higher probability of success may be pursued instead.  
 



Hydrogeologic Synthesis Report 
  

 

ER2005-0679  5-10 December 2005 

The generic process outlined above will be implemented on a canyon-by-canyon, or site-by-site 
basis in the future, using information learned from the Workplan and ER activities as a 
foundation. The conceptual, and for certain sites, numerical models will be formulated based on 
the knowledge gained and described in Sections 2 and 4 of this report. Thus, the past work 
becomes the springboard for future risk assessment and decision analysis activities related to 
groundwater at the LANL site.  
 
5.3 Implications of Hydrogeologic Workplan Findings for Monitoring  
 
The principal motivation for embarking on the Hydrogeologic Workplan was to provide the 
underlying scientific basis needed to make informed decisions regarding monitoring, 
remediation, or other actions to provide assurance that the groundwater beneath the Laboratory 
is protected. The site-wide approach taken in the investigation, both in terms of field-based 
characterization and modeling, has filled in many gaps in our understanding of the groundwater 
behavior and pathway directions and rates of migration of contaminants. Characterization wells 
were drilled for a range of objectives, from the collection of basic hydrogeologic information 
about the regional aquifer to serving as contaminant-specific and unit-specific sampling wells.  
 
This investigation has led to a vastly improved conceptual understanding of the groundwater 
systems of the Pajarito Plateau: new concepts have been developed, and previous hypotheses 
have been confirmed or refined. Although wells have been drilled in a manner that does not 
preclude their being used in an enhanced monitoring network, the goal was to gather general 
information required to confirm or refine our conceptual models for groundwater flow and 
transport. Additional information may be necessary to predict contaminant transport in a 
particular setting: all sites are unique and require site-specific measurements to reduce 
uncertainties. However, armed with the improved understanding gained from the Hydrogeologic 
Workplan activities, we are now able to develop improved groundwater monitoring strategies or 
conduct more cost-effective detailed studies of individual canyons where initial studies have 
suggested that groundwater risk may exist.  
 
In this section, we place the results of the findings of the Hydrogeologic Workplan into context 
by discussing the impact of the conceptual model elements learned in the study to the following 
questions: How does a particular conceptual model element impact - 
 

• the design of an enhanced groundwater monitoring plan?  
• the conduct of a detailed contaminant nature and extent study?  
• the application of a remediation strategy? 
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5.3.1 Alluvial Groundwater  
 
The alluvial system potentially provides a significant pathway for lateral transport at high 
velocity over great distances. Travel times on the order of a few years are expected in some 
canyons for contaminants to travel several kilometers from the release location. Tracer tests in 
Mortandad Canyon and contaminant migration measurements in Los Alamos and Mortandad 
canyons illustrate this point. A corollary is that within a few years of reducing the source term 
(reducing the effluent concentration, removing a solid source through remediation, etc.), 
concentrations of nonsorbing contaminants decrease due to flushing of the alluvial groundwater. 
These contaminants can enter the underlying vadose zone. Some contaminants such as Sr-90 
travel much more slowly in the alluvial system due to retardation resulting from sorption. The 
contaminant inventory for these constituents is expected to reside mainly in the alluvial 
groundwater and on sediments (see Section 3).  
 
A number of attenuation processes act to slow or impede the movement of contaminants, but 
ultimately the spatial extent of contamination within the canyon is limited by the distance 
traveled by surface and subsurface water. This distance varies seasonally with rainfall and 
runoff variability, and can be significantly changed from natural conditions by the input of 
anthropogenic water sources such as LANL effluent discharges or municipal water treatment 
facilities.  
 
Alluvial groundwater is the potential source for water and contaminants to the deeper vadose 
zone. Percolation rates to the deeper vadose zone are temporally and spatially variable. Zones of 
preferential percolation exist, and it is difficult to predict their locations a priori. These zones are 
probably controlled by the nature of the hydrogeologic properties at the base of the alluvium, 
topographic conditions of the canyon, and the degree of fracturing of the underlying basement 
rock. For example, relatively high recharge is thought to be associated with fractures in Los 
Alamos Canyon near the Guaje Mountain Fault zone and in locations in the vicinity of the low-
head weir, where water infiltrates directly into fractured basalts.  
 
Implications of this conceptual model for nature-and extent studies, groundwater 
monitoring strategies, and remediation are:  
 

• Long-term monitoring of the alluvial groundwater should focus on nonsorbing 
contaminants such as tritium, perchlorate, and aqueous HE compounds.  

• To monitor changes in contaminant concentrations in response to changes in operations 
or after remediation, frequent samples must be taken to track progress.  

• The absence of a contaminant known through historical records to have been introduced 
into a canyon likely means that the contaminant resides deeper in the system, and has 
been flushed out of the shallow system once the release was terminated.  

• A relatively complete mass balance of released sorbing contaminants can be achieved by 
focusing on the alluvial sediments and groundwater.  

• If a nonsorbing contaminant has been released for many years into a canyon, most of the 
inventory probably resides in strata below the alluvial system, so remediation techniques 
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such as permeable reactive barriers in the alluvial system will be addressing only a small 
fraction of the inventory.  

• Sorbing contaminants are accessible to remediation technologies applied to the alluvial 
system. Technologies requiring a flux of contaminant, such as a permeable reactive 
barrier, are likely to work slowly, but may be useful, should some type of vadose zone 
remediation be required.  

• In nature-and-extent studies for nonsorbing contaminants, zones of enhanced infiltration 
must be located using hydrologic studies to understand the different terms in the water 
budget. Surface water flow data, piezometric measurements of alluvial groundwater 
heads, and shallow borings that penetrate the underlying bedrock are useful to identify 
these zones.  

• Numerical models of the surface-water/alluvial groundwater system are useful for 
constraining the estimates of percolation rates to the deeper vadose zone.  

 
5.3.2 Vadose Zone  
 
Transport velocities for nonsorbing contaminants in the deeper vadose zone (below the alluvial 
systems) are much larger in canyon bottoms than on mesa tops, suggesting that effluent 
discharges into canyons are the principle threats to the deep groundwater. Localized zones of 
high water flux from mesas are possible, such as in locations where the surface has been 
disturbed by human activities, or in faulted regions in close proximity to the Pajarito fault 
zone. However, most mesas show little, if any, evidence of transport of large quantities of 
contaminants to great depths. Numerical models of unsaturated zone transport in mesas are 
consistent with this observation.  
 
Transport of contaminants from the alluvial groundwater zones to the deeper vadose zone can 
occur in two main rock types: Bandelier Tuff and basalts. Water percolates principally through 
the matrix pores in the Bandelier Tuff, but drains quickly through fractures and other open void 
space in the basalts. Fractures in the Tshirege Member of the Bandelier Tuff at the base of the 
alluvial systems probably serve as preferential pathways for downward percolation, but water 
quickly imbibes into the rock matrix, and matrix flow is even more likely in the more 
homogeneous Otowi Member. The subsurface location of contaminants in the vadose zone is 
controlled by the local percolation rate from the alluvial system. Although contaminants might 
be present in the rock pores along the entire reach of a contaminated canyon, the greatest 
quantities of nonsorbing contaminants will likely be present in zones of enhanced percolation. As 
discussed in the previous subsection, the locations of these zones are difficult to predict in the 
absence of detailed studies of the alluvial system.  
 
Where Bandelier Tuff is present, travel times to the regional aquifer are controlled by the 
percolation flux and the total thickness of the underlying tuff units. Travel times through the tuff 
units probably range from a few decades to several hundred years. This means that most of the 
inventory of nonsorbing contaminants probably still resides in the vadose zone. In many vadose 
zone wells, the location of the contaminant front in the vadose zone has been located in the 
Bandelier Tuff. However, even where a well defined front exists, contamination is also found in 
deeper perched zones in the same well or in nearby wells. This suggests that a zone of higher 
percolation flux supplies the zone, and some lateral flow occurs. This lateral flow may be along 



Hydrogeologic Synthesis Report 
  

 

ER2005-0679  5-13 December 2005 

the canyon, but it is just as likely that the well is located nearby, but offset from the zone of 
highest percolation, and the lateral transport occurs a short distance perpendicular to the strike of 
the canyon.  
 
Where infiltration occurs directly onto basalts, higher percolation rates are expected, along with 
much more rapid transport of contaminants to depth. Travel times through the basalts are 
expected to be a few years. Beneath the basalts and the Bandelier Tuff, the Puye Formation 
represents a highly heterogeneous vadose zone medium in which preferential pathways are 
likely. Travel times through the Puye Formation are therefore likely to be small for nonsorbing 
contaminants.  
 
Sorbing contaminants are rarely detected at depths below the alluvial groundwater, even in 
locations where they were released coincident with nonsorbing contaminants that are found at 
depth. Retardation due to sorption is a key delay mechanism in the system. Detailed sampling 
has not been conducted in the few feet of rock immediately below the alluvial groundwater zone, 
but it is likely that any sorbing contaminants that have escaped the alluvial system have only 
migrated a very short distance into the bedrock.  
 
Perched water is commonly found beneath naturally wet canyons or canyons with significant 
water input from anthropogenic sources. Generally, the perched water is not found to flow 
underneath the adjacent mesas, although data are somewhat limited. Perching is caused by low-
permeability horizons: the downward percolation rate exceeds the saturated hydraulic 
conductivity of the perching horizon, and water collects or is diverted laterally. The degree of 
lateral flow within perched zones is uncertain. Lateral diversion will force contaminants to reach 
the water table at a different location than it entered the deeper vadose zone, but it is unlikely 
that this location will fall significantly outside the uncertainty zone defined by the alluvial 
groundwater zone. Travel times are not dramatically affected by the nature of flow in the perched 
zone. Travel times are controlled by percolation through the Bandelier Tuff, and the details of 
the flow path beneath these units are relatively unimportant in determining the total travel time to 
the regional aquifer. Finally, perching horizons provide a convenient means for monitoring the 
extent of transport of contaminants in the vadose zone.  
 
Implications of this conceptual model for nature-and extent studies, groundwater 
monitoring strategies, and remediation are:  
 

• Monitoring of the performance of waste sites located on mesas will probably turn up little 
contamination at great depth: sampling ports located in the vadose zone directly beneath 
the waste are probably required to detect contaminants. Given that regional aquifer 
monitoring to ensure the validity of this conclusion will probably be required, we should 
attempt to combine monitoring with characterization or other goals to maximize the 
utility of the well.  

• Wet canyons with contaminants are the locations to focus monitoring.  
• In zones where contaminants percolate directly into basalts, contamination has traversed 

the vadose zone, and characterization efforts should focus on the regional aquifer. Further 
characterization of nature and extent in the basalts of the vadose zone will not yield as 
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useful information in locations where contaminants have already reached the regional 
aquifer.  

• Long-term monitoring of the intermediate groundwater should focus on nonsorbing 
contaminants such as tritium, perchlorate, and aqueous HE compounds.  

• Sorbing contaminants can be checked on a less frequent basis because to date they have 
not traveled to significant depths, making the rapid breakthrough of high concentrations 
to the perched zones or the regional aquifer very unlikely.  

• Given the range of travel times through the vadose zone, it is critical, if risk-based 
approaches are taken, that decision makers settle on the time period of regulatory interest. 
Without this definition, studies will not be appropriately focused, and misplaced 
characterization activities are likely to be the result.  

• Although downward migration along the entire length of a wet canyon may occur, 
unequal percolation rates along the canyon lead to zones where greater depths of 
penetration of contaminated water has occurred, including all the way to the water table. 
Uncontaminated regional aquifer water at one location does not guarantee that the 
regional aquifer is clean at another location in the same canyon.  

• Monitoring wells should be located near or downgradient of zones of preferential 
percolation determined from alluvial and vadose zone studies. In canyons posing 
significant risk, a higher density of shallow intermediate wells should be considered to 
pinpoint the preferential transport pathways than in canyons with lower risk potential.  

• Given that the lateral displacement of contaminants in perched zones will not add large 
additional uncertainty to the location of contaminant arrivals at the water table, nor will 
travel times be much affected, there is no compelling reason to study in detail the nature 
of flow and transport in the perched zones if the regional aquifer water is ultimately of 
greatest interest for groundwater protection. Characterization of pathways closer to the 
surface is more cost effective and definitive, and should bound the lateral extent of 
transport above the regional aquifer.  

• Contaminant inventories are likely to be small in most perched zones compared to the 
thick, unsaturated regions in which contaminated water is held in the matrix pores. 
Therefore, the perched zones are not good candidates for remediation by pump-and-treat 
methods because only a small fraction of the inventory will be accessed. An exception 
might be the large perched zone containing HE contamination at TA-16. If such a 
technique is attempted, better hydrologic characterization of the intermediate zones are 
required than we have obtained to date.  

• Perched zones are targets of opportunity for acquiring contaminant concentration data, 
making them useful in nature and extent studies.  

• Remediation of contaminants in the unsaturated rock of the vadose zone is not likely to 
be successful using available technologies. Water residing in matrix pores cannot be 
pumped, and most contaminants of interest are not volatile. Gas-phase nutrients could 
possibly be delivered to increase biological activity and induce bioremediation of organic 
contaminants, but the large spatial extent of contamination in the vadose zone probably 
renders such concepts impractical unless a single zone of preferential flow and transport 
is discovered.  
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5.3.3 Regional Aquifer  
 
The regional aquifer represents the most likely groundwater accessible to humans via the 
municipal water supply wells and the springs that discharge at the Rio Grande in White Rock 
Canyon. The focus of this summary is on the elements of the conceptual model most directly 
connected to the migration of contaminants in the regional aquifer. Aquifer processes and 
measurements in the broader regional context were established in Section 2.7 and models were 
presented in Section 4.2.  
 
Local recharge on the plateau on Laboratory property is a relatively small fraction of the total 
recharge, but is critical to understand for its implications for contamination from historical and 
current Laboratory operations. Some of the recharge focused along canyons contains 
contaminants from the Laboratory. This water potentially represents a source term for regional 
aquifer contamination.  
 
To date, several observations have been made of contaminants reaching the regional aquifer. 
Conditions facilitating possible rapid downward migration to the regional aquifer are described 
in the previous subsections. High percolation rates, typically enhanced by anthropogenic water 
sources, and/or relatively thin or non-existent Bandelier Tuff at the surface are the conditions 
most likely to result in present-day regional aquifer contamination of nonsorbing constituents. 
Future contamination at additional locations is expected over a period of decades to centuries as 
more of the contaminant inventory reaches the water table.  
 
There are no definitive observations of sorbing contaminants having reached the regional 
aquifer via a groundwater pathway. This fact further supports the concept of retardation due to 
sorption as the principal retardation mechanism for many contaminants.  
 
Measured concentrations of nonsorbing contaminants in the regional aquifer are much lower 
than their concentrations in the effluent discharges or in the alluvial groundwater. This is the 
case even for samples collected near the top of the regional aquifer, where it might be expected 
that dilution due to dispersive mixing with regional aquifer water would not have taken place to 
as great a degree as further downgradient and at greater depth. Significant dilution of these 
plumes has occurred, assuming that samples are representative of the maximum concentrations 
and are not affected by mixing in the borehole. Borehole mixing and dilution is expected in 
municipal water supply wells, but is likely to be less prevalent in characterization-well samples 
with short screens.  
 
Lateral flow directions in the regional aquifer are defined by the potentiometric surface 
constructed on the basis of new measurements in the shallow regional aquifer in 
characterization wells drilled during the characterization program. Flow directions are generally 
west to east or southeast across the plateau. Detailed gradients at scales smaller than the 
distance between wells are more uncertain, and might be affected by local recharge conditions 
and pumping of nearby water supply wells. Deeper in the aquifer, gradients and flow directions 
are uncertain due to lack of deep wells. Different conceptual models lead to either (1) easterly 
flow paths with water upwelling and discharging at the Rio Grande, or (2) more southerly flow 
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paths with water leaving the Española Basin via interbasin flow to the Albuquerque Basin. Data 
to distinguish between these two mechanisms are lacking.  
 
Heads decrease with depth in most characterization wells on the plateau, and this condition is 
probably magnified by pumping of municipal water supply wells, whose screens are located 
well below the water table. While this condition might imply that contaminants at the water 
table should move downward, the hydrodynamics of the system are a function of the rock 
properties as well as the gradient. At some locations we find significant resistance to flow in the 
vertical direction, leading to compartmentalized zones that are connected only weakly to each 
other. Phreatic (unconfined water-table) conditions are present near the water table, whereas the 
aquifer exhibits behavior consistent with leaky-confined conditions at greater depths. The 
common observation of water-table conditions on the plateau, the depth-dependent response to 
pumping during multiple-well hydrologic tests, and the persistent head declines in the deeper 
aquifer in response to pumping are evidence of this behavior. More information is needed to 
determine if this is a ubiquitous feature of the aquifer.  
 
This conceptual model means that contaminant transport pathways are not necessarily 
downward in the regional aquifer. In the extreme, a ubiquitous low-permeability barrier 
separating the phreatic zone from the deeper zone would render the downward component of 
the gradient meaningless: downward flow would be negligible, and contaminants hitting the 
regional aquifer would travel laterally along the streamlines defined by the potentiometric 
surface. The reality is almost certainly more complex, with thin (in the vertical), laterally 
discontinuous, low-permeability heterogeneities creating increasingly confined conditions with 
depth. In such a situation, pathways to the depths of water supply well screens are also likely.  
 
Linear transport velocities are a function of the effective porosity of the medium as well as the 
groundwater flux. Porosity estimates are best made using interwell tracer tests, but these tests 
have not yet been conducted in the regional aquifer. Heterogeneous flow at larger scales will 
tend to result in lower effective porosity estimates than what is measured in cores or with 
borehole logging tools due to preferential flow. All else being equal, lower effective porosity 
leads to higher velocities and shorter travel times.  
 
Implications of this conceptual model for nature-and extent studies, groundwater monitoring 
strategies, and remediation are:  
 

• Contaminant detections in the regional aquifer are spatially variable, with detects and 
non-detects in the same canyon. Given that contamination has probably arrived at the 
regional aquifer only at a few locations, contaminant monitoring locations in the regional 
aquifer must be selected using an approach that integrates information of alluvial, vadose 
zone, and regional aquifer.  

• More detailed investigations along canyons with risk-significant contamination are 
needed to pinpoint the spatial locations of the fastest pathways to the regional aquifer. 
Locations within or downgradient of these zones are good locations for contamination 
monitoring. The concept that the canyons are a line source of recharge is a good starting 
point, but more detailed information is needed to place monitoring wells.  
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• Contaminant detections in the regional aquifer will probably continue to be at low 
concentrations, and changes in time of these values will be gradual. Sampling frequency 
can thus be relatively long without missing important information.  

• Long-term monitoring of the regional aquifer groundwater should focus on non-sorbing 
contaminants such as tritium, perchlorate, and aqueous HE compounds.  

• Sorbing contaminants can be checked on a less frequent basis because to date they have 
not been detected with certainty in the regional aquifer.  

• Contaminants reaching the regional aquifer most likely will travel laterally from their 
point of entry into the aquifer at the water table. Tortuous pathways to greater depths are 
also possible, with perhaps only a fraction of the contaminant taking this deeper path, and 
the rest continuing to travel laterally. Sampling screens in the shallowest portion of the 
regional aquifer are thus most likely to be well placed to detect contamination. Permeable 
zones within the first 100 ft or so of the regional aquifer should be the targets for 
monitoring locations.  

• If the water discharging the regional aquifer at the springs in White Rock Canyon is 
principally water that recharged locally on the plateau, then continued monitoring of 
these springs for contamination is appropriate. Changes in concentrations are expected to 
be very gradual, so relatively infrequent sampling is sufficient.  

• The extent of downward contaminant migration induced by water supply well pumping is 
uncertain, ranging from capture of the plume by the supply wells to a shallow, laterally 
migrating plume unaffected by pumping. Observations at O-1 prove that capture by a 
water supply well can occur. However, at other locations, weak or non-existent pressure 
responses in the shallowest screens to pumping from the deeper aquifer suggest that 
pathways may not exist that connect the shallow and deeper system.  

• Given this variability and uncertainty, the concept of a “sentinel well,” that is, a well 
designed to provide advanced warning of supply well contamination, will be difficult to 
implement. A shallow screen would miss a contaminant transport pathway in which the 
vertical downward migration occurs upstream of it, whereas a screen at the elevation of 
the producing zone might miss a vertical pathway located downstream of the monitoring 
well (including a situation in which the supply well itself is a pathway).  

• Monitoring wells designed to be used as sentinel wells must attempt to provide coverage 
for both types of flow paths. Shallow screens will probably be the best sampling locations 
for water ultimately discharging at the Rio Grande.  

• If pump-and-treat is proposed for a contaminant in the regional aquifer, the system should 
focus on the uppermost portion of the aquifer, where regional aquifer contaminants are 
known to reside. More detailed measurements of the hydrologic conditions in the shallow 
regional aquifer are required to better design monitoring or remediation systems.  

• Pumping tests using the water supply wells to induce the pressure response are extremely 
informative, and should be continued as opportunities present themselves. Each pumped 
well provides information in the vicinity of that well, so to gain the site-wide knowledge 
needed, continued testing is required. The tests are not duplicative or redundant: rather, 
each test provides unique information.  
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• Tracer tests are the best way to determine the effective porosity of the medium at the field 
scale. This parameter is needed to convert groundwater flux estimates to a contaminant 
transport velocity estimate. The Puye Formation and the Cerros del Rio basalts are the 
most important units in which to conduct these tests, since these are the units encountered 
at the water table in regions where Laboratory contamination is a concern.  

• The regional aquifer flow and transport model must continue to be improved by 
incorporating new data and concepts. Use of the model to interpret the hydrologic 
response of the system, to design and interpret the results of the future monitoring 
program, and in contaminant transport predictive studies requires that models keep up 
with the new data that will be collected. In the shorter term, available data sets not used 
in the model development to date, including the pumping tests discussed above, 
geochemical data, and thermal data, should be incorporated into updated versions of the 
model.  

• For all modeling, including the regional aquifer model, continued exploration of 
alternative hypotheses should be continued. This statement applies for all aspects of the 
groundwater model, including those elements not obviously tied to questions of 
contaminant transport. Groundwater model development is a process in which feedbacks 
of changes in one portion of the system can affect model performance in unforeseen 
ways. A philosophy of continuous model improvement should continue to be used to 
enable higher fidelity predictions as improvements are made.  

• Future studies should go beyond current approaches to include a data collection and 
modeling processes that make the greatest use of opportunities to investigate large 
portions of the aquifer. These opportunities may include: (1) passive monitoring of 
aquifer pressures in response to inputs (recharge) and withdrawals (supply well pumping) 
that occur as a matter of course; (2) incorporation of that information into refined 
versions of the regional aquifer model; and (3) increasing use of remote data that 
provides information on large-scale aquifer conditions and properties, including INSAR, 
airborne electromagnetic data, or gravity data, if initial investigations demonstrate that 
these techniques provide useful information.  
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APPENDIX 1-A. REGULATORY FRAMEWORK 
 
1-A-1. Hydrogeologic Workplan Background 
 
The Hydrogeologic Workplan was intended to collect data necessary to comprehensively address 
DOE, federal, and state groundwater requirements. The groundwater requirements are for 
characterization and monitoring. The intent of the Hydrogeologic Workplan was to characterize 
the hydrogeologic setting to the degree necessary to evaluate the existing monitoring network 
and design an enhanced network, if necessary. 
 
1-A-1.1. DOE Orders 
 
LANL, in compliance with DOE Order 5400.1, published a Groundwater Protection 
Management Program Plan (GWPMP) on March 6, 1995 (LANL 1995a). A subsequent draft of 
the plan including revisions and dated January 31, 1996, was approved by DOE/AL on March 
15, 1996 (LANL 1996a). The GWPMP provides background information on the hydrologic 
setting and programs in place at LANL; describes groundwater issues and solutions; and lays out 
business and implementation plans. The GWPMP concluded that the number and distribution of 
wells was insufficient to monitor the groundwater beneath LANL. The Hydrogeologic Workplan 
(LANL 1998) was intended in part to address the monitoring network issue by collecting data 
necessary to design an enhanced monitoring network. 
 
1-A-1.2. RCRA Permit and HSWA Requirements 
 
In 1986, the Environmental Protection Agency (EPA) authorized the State of New Mexico to 
operate a hazardous waste management program under the RCRA. The New Mexico 
Environment Department (NMED) issued a Hazardous Waste Facility Permit (Permit 
NMD890010515) to the Laboratory on November 8, 1989. At that time, both EPA and NMED 
retained administrative authority for the permit: EPA for the portions of the permit that were 
affected by the RCRA Hazardous and Solid Waste Amendments (HSWA) enacted in 1984, and 
NMED, for the parts of the permit that were unaffected by HSWA. In March 1990, the EPA 
issued a HSWA module to LANL’s permit (known as Module VIII) and, in January of 1996, 
authorized NMED to act as administrative authority for that module. Thus in 1996 NMED 
became the sole administrative authority for the Laboratory’s Hazardous Waste Facility permit.  
 
The activities described in the Hydrogeologic Workplan support the appropriate Resource 
Conservation and Recovery Act (RCRA) and the New Mexico Hazardous Waste Act monitoring 
and corrective action decisions that have yet to be made at LANL. This investigation phase 
comes before and provides the basis for formal RCRA monitoring that may be warranted. The 
general RCRA requirements for characterization and monitoring are provided in the following 
sections.  
 
1-A-1.3. RCRA Monitoring Requirements 
 
LANL is currently in compliance with RCRA groundwater monitoring requirements. The 
monitoring requirements under RCRA are different for “regulated units” and for other “solid 
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waste management units” (SWMUs). This discussion will address both types of monitoring 
requirements.  
 
RCRA Monitoring Requirements for Regulated Units 
“Regulated units” are surface impoundments, waste piles, land treatment units, and landfills that 
received hazardous waste after July 26, 1982. The “regulated units” that remain at LANL and 
have not undergone clean closure (all hazardous waste residues and contamination have been 
removed) are 
 

• Area G in Technical Area 54 (TA-54),  
• Area H in Technical Area 54 (TA-54), and 
• Area L in Technical Area 54 (TA-54). 

 
(Note: Open Burning/Open Detonation units in the High Explosives corridor at LANL, although 
not considered “regulated units”, once permitted may be subject to similar groundwater 
monitoring requirements as “regulated units” if they pose a threat to groundwater). 
 
The monitoring requirements for regulated units are described in the RCRA regulations in 
sections 40 CFR 264.90 to 40 CFR 264.100. The monitoring for regulated units is divided into 
three structured, sequential monitoring programs: (1) a program for detection, (2) a program for 
compliance, and (3) a corrective action program. The requirements of these monitoring programs 
are summarized generally in Table 1-A-1. According to the regulations, monitoring of these units 
may be waived under the following conditions: 
 

• The unit presents no potential impact to groundwater.  
• The unit has been clean closed. 
• The regional administrator/state director has granted a groundwater monitoring waiver. 
 

Groundwater-monitoring waiver demonstrations for all of LANL’s “regulated units” (including 
those that had not yet been clean-closed) were submitted to NMED in the 1980s and early 1990s. 
In May 1995, the NMED issued a letter to LANL indicating that there was insufficient 
information on the hydrogeologic setting upon which to base approval of the groundwater- 
monitoring waiver demonstrations, and the waiver demonstrations were denied (NMED, 1995a). 
By letter dated August 17, 1995 NMED required that a site-wide hydrogeologic characterization 
be completed that would satisfy both the RCRA “regulated units” and the HSWA module 
requirements. (Section III. A. 1 of the HSWA portion of the RCRA permit requires that the 
hydrogeologic setting be characterized) (NMED, 1995b). Thus, groundwater monitoring 
requirements for LANL’s “regulated units” can be addressed by the completion of the site-wide 
hydrogeologic characterization described in the Hydrogeologic Workplan.  
 
In response to the NMED letters, the Laboratory submitted the Hydrogeologic Workplan to 
NMED in 1996 and received NMED approval on May 22, 1998. The Hydrogeologic Workplan  
describes a 7-year characterization effort for groundwater on a Lab-wide basis with the objective 
of developing sufficient understanding of the hydrogeology to design an adequate detection 
monitoring network or to resubmit waiver demonstrations for some or all of the units.  
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Monitoring Requirements for Solid Waste Management Units 
The applicability of RCRA groundwater monitoring requirements to units not defined as 
“regulated units” at 40CFR264.90 (or subpart X units that pose a threat to groundwater) is 
described at 40 CFR 264.101. For these types of solid waste management units (SWMU), there 
are no specific monitoring requirements; however, preamble language suggests that repetitive 
monitoring may be necessary to determine the efficacy of a remedy in the event a release is 
determined to be a threat to human health or the environment. In addition, characterization to 
determine if a release to groundwater has occurred and to what extent, if any, such release 
threatens human health or the environment may be necessary. LANL’s ENV-ERS Project 
conducts the investigations necessary to determine if releases have occurred and if a release 
represents an unacceptable risk to human health and the environment.  
 
There is a requirement for hydrogeologic characterization at Section III.A.1 of the HSWA 
module of the RCRA operating permit. The work conducted under the Hydrogeologic Workplan 
was intended to fulfill this requirement for characterization, in addition to the requirements for 
“regulated units”. 
 
In summary, there are no RCRA monitoring requirements for SWMUs that are not “regulated 
units”, unless a release requiring corrective action is identified through characterization. LANL 
was in the process of characterizing the hydrogeologic setting, identifying releases, determining 
the extent of any releases, and evaluating the risk posed by any releases through activities 
associated with the HWP and Module III of the HSWA module.  
 
In 2005, NMED, DOE, and UC signed a Compliance Order on Consent (NMED 2005). The 
order replaces the site-wide characterization requirements of the Hydrogeologic Workplan with 
wells intended to investigate the nature and extent of contaminant releases from sources. The 
data and information gained through implementation of the Hydrogeologic Workplan are 
invaluable to planning and implementing the site-specific corrective action investigations 
required by the Order on Consent (NMED 2005). 
 
1-A-2. Technical Objectives of the Hydrogeologic Workplan 
 
As previously stated, the Hydrogeologic Workplan was developed in response to NMED letters 
requiring a better understanding of the hydrogeologic regime in order to evaluate the need for 
groundwater monitoring. Specifically, NMED identified four issues that needed to be resolved 
(NMED 1995b): 
 

• Individual zones of saturation beneath LANL have not been adequately delineated and 
the “hydraulic interconnection” between these is not understood. 

• The recharge area(s) for the regional and intermediate aquifers and any associated effects 
of fracture-fault zones with regard to contaminant transport and hydrology have not been 
identified. 

• The groundwater flow direction(s) of the regional aquifer and intermediate aquifers, as 
influenced by pumping of production wells, are unknown. 

• Aquifer characteristics cannot be determined without additional monitoring wells 
installed within specific intervals of the various aquifers beneath the facility. 
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In addition, the Hydrogeologic Workplan was intended to satisfy the characterization 
requirements in the HSWA module. Table 1-1 is a crosswalk of HSWA module requirements, 
how they have been addressed, and which sections of this report contain that information. The 
technical objectives of the Hydrogeologic Workplan were intended to be comprehensive with 
respect to groundwater regulatory requirements for characterization and potential future 
monitoring. 
 
The questions posed by the NMED were large-scale hydrogeologic questions that were open-
ended – it was unclear how much data would be required to resolve them. To address this issue, 
the Hydrogeologic Workplan focused the hydrogeologic investigations on information needed to 
understand potential contaminant transport and exposure from “aggregates”: groups of potential 
release sites (PRS) that are geographically close and had similar waste-generating processes. The 
Data Quality Objective (DQO) process was employed to develop the data collection and analysis 
portions of the Hydrogeologic Workplan. The DQO process was developed by the 
Environmental Protection Agency to ensure that data collected are adequate for decision-making 
(EPA, 1994). The first step in applying the DQO process was developing a decision flow chart 
that specified the decisions for which data were necessary (Figure 1-A-1). The decision 
statements were in answer to the following questions: 
 

• Are the alluvial groundwaters and uppermost subsurface waters at contaminant 
concentrations greater than a regulatory limit or risk level? 

• Is the intermediate perched zone groundwater at contaminant concentrations greater than 
some regulatory limit or risk level? 

• Is the regional aquifer, as affected by canyon systems, impacted by contaminant 
concentrations greater than some regulatory limit or risk level? 

• What are the pathways for exposure to contaminants from sediments associated with 
alluvial groundwater and uppermost subsurface water?  

• Are there sufficient source terms to cause contamination if moved along pathways to the 
regional aquifer within a compliance time frame? 

 
The first three decisions are used to determine whether groundwater currently exceeds standards. 
The last two decisions establish whether pathways exist that may allow contamination to occur in 
the future. Each decision had several subordinate questions that required some data to answer. 
The decisions cannot be resolved until data sufficient to answer each subordinate question is 
available. For example, for the decision: “what are the pathways for exposure to contaminants 
from alluvial sediments and uppermost subsurface water?” the subordinate questions are as 
follows: 
 

• Does significant recharge occur from near surface to underlying groundwater bodies? 
• Do we know the hydraulic properties of the alluvium? 
• What are the retardation factors of alluvial sediments? 
• Do we understand groundwater movement from alluvial water to intermediate perched 

zones? 
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• Do we understand groundwater movement from intermediate perched zones to the 
regional aquifer? 

• Are fractures and faults important contaminant transport pathways for liquids in canyons?  
 
Although there were numerous subordinate questions and decisions, the data needed to resolve 
them were primarily water quality information from alluvial, intermediate, and regional aquifer 
groundwater, hydrologic properties, and geochemistry. Modeling tools were identified as critical 
to analyzing the data collected and to guide further data collection. 
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Figure 1-A-1. Flow chart used for hydrogeologic characterization decisions (LANL, 1998). 
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1-A-3. Hydrogeologic Workplan Data Collection Approach 
 
The data collection approach described in the Hydrogeologic Workplan utilized an iterative 
approach that incorporated new information and data into the site conceptual model as it became 
available. This method enabled effective decision-making for aggregates to occur in the 
characterization process on a step-by-step basis. This approach was developed, in part, to 
resemble EPA’s concept of the limit of the waste management area as described in the definition 
of the point of compliance. In this definition, it is acceptable to circumscribe several units with 
an imaginary line when locating the point of compliance, a vertical surface at the hydraulically 
downgradient limit of the waste management area at which the groundwater protection standards 
apply (New Mexico Annotated Code, Title 20, Chapter 4, Part 1, (20 NMAC 4.1) Subpart VI, 
264.95(2)). The aggregate approach bounded similar areas in a manner that supported not only 
logical hydrogeologic characterization but process and regulatory application as well. 
 
Eight aggregates were defined and data collection locations were selected to resolve the 
subordinate questions and decisions. In aggregates where there were existing data and known 
contaminant sources, wells were placed where they were most likely to encounter contaminants 
and to assess contaminant transport pathways. In aggregates with little existing hydrologic data 
and known contaminant sources, wells were located proximal and down gradient from 
contaminant sources. In aggregates where there were little existing data and small or no 
contaminant sources, wells were placed to reduce uncertainties in the hydrologic setting and to 
confirm the assumption of no groundwater impact.  
 
The original Hydrogeologic Workplan proposed to characterize the hydrogeologic setting by 
drilling, logging, installing, and sampling wells to the regional aquifer without installing separate 
intermediate-depth wells. This approach was expected to provide the greatest amount of 
characterization data and was agreed to by NMED, as documented in a letter sent to NMED 
(LANL 1996b). This approach was formulated based on the following technical rationale:  
 

• The presence of intermediate zone(s) is controlled by geologic structure and the geology 
across LANL is extremely variable. Understanding the geologic setting from the surface 
to the regional aquifer is more important in predicting flow than measurements in 
individual intermediate zones. 

• If a well were installed at the first intermediate zone encountered, there would be a gap in 
the information between the upper intermediate zone and the top of the regional aquifer. 
Furthermore, wells installed in the first intermediate zone will not provide any 
information on the underlying less permeable perching layer. The characteristics of the 
perching layer must be understood in order to assess the impact to the regional aquifer. 
The perching layer stratigraphy is as important to evaluating potential pathways as the 
hydrologic characteristics of the saturated zone itself. 

• The data collection described in the Hydrogeologic Workplan is intended to characterize 
the hydrogeologic setting to a sufficient degree to develop an adequate detection 
monitoring system or groundwater monitoring waiver, if appropriate. Wells that may be 
needed to monitor the intermediate zone(s) will be considered as part of the monitoring 
system design.  
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1-A-3.1 Revision to Hydrogeologic Workplan Data Collection Approach 
 
The characterization approach was modified as the Hydrogeologic Workplan was implemented. 
A major drilling program change was prompted by an NMED letter (NMED 1999) with two key 
points: (1) water samples taken from boreholes during the drilling operation would not be 
adequate for regulatory decisions; and (2) perched zones did not have to be sealed off during 
drilling, but could be left open until the well was constructed. The practical result of these 
requirements was that intermediate perched zones could not be characterized by obtaining one 
sample during drilling. Instead, a dedicated sampling location must be installed to characterize 
the intermediate perched zones over time. Initially, wells that encountered intermediate perched 
zones were built with multiple completions. Eventually separate intermediate wells were 
constructed to be able to monitor the intermediate perched zones. The second point in the 1999 
NMED letter, to be able to leave intermediate perched zones open, allowed the wells to be drilled 
faster because there was no longer a need to telescope down well casing sizes to seal off 
intermediate perched groundwater zones.  
 
Another modification from the Hydrogeologic Workplan was the use of fluids in drilling. The 
original Hydrogeologic Workplan called for drilling with no additives in order to collect pristine 
samples while drilling. The earliest wells were drilled using air-rotary drilling methods with 
casing advance and the minimal use of fluids other than air. Because of significant problems 
associated with stuck casing, unstable boreholes, and lost circulation, small amounts of drilling 
fluids were used to improve lubricity, borehole stabilization, and cuttings circulation. Continuing 
drilling problems made total reliance on air-rotary drilling with casing advance impracticable for 
meeting drilling objectives. It became apparent that the depth of the wells and the difficult 
drilling environment required that more drilling techniques be added to the drilling “tool box” in 
order to respond to the complex hydrogeologic conditions that characterize the Pajarito Plateau. 
All of the drilling methods used at LANL are used in standard environmental industry practice 
and are described by the American Society for Testing and Materials (ASTM). Table 1-A-2 
briefly describes the drilling methods used since the beginning of the drilling program.  
 
1-A-3.2 Alluvial Groundwater Investigations 
 
Beginning in the mid-1990s, detailed investigations were begun for the ENV-ERS Project, which 
is driven by the Laboratory’s HSWA module to the RCRA operating permit. The first watershed 
investigation to be implemented was in the Los Alamos and Pueblo Canyon watershed to fulfill 
request for information requirements presented in the Task/Site Work Plan for Los Alamos and 
Pueblo Canyons, OU 1049 (LANL 1995b) and the subsequent addendum, Surface Water and 
Alluvial Groundwater Sampling and Analysis Plan (LANL 2002). The watershed-scale 
investigations conducted under the ENV-ERS Project are designed to collect data sufficient to 
evaluate human-health and ecological risk at a watershed scale. In accordance with existing 
canyons work plans, the Compliance Order on Consent, and the Federal Facility Compliance 
Agreement for storm water, surface water and alluvial groundwater investigations are conducted 
in a coupled manner in order to facilitate the development of conceptual models of the 
relationship between these waters.  
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Table 1-A-2. 

Drilling Methods Used for Hydrogeologic  
Characterization Wells at Los Alamos National Laboratory 

Drilling 
Method 

Description Benefits Drawbacks 

Air rotary  
ASTM 
D5782-
95; 
D5781-95 
(ASTM, 
2000a; 
ASTM, 
2000b) 

A drill pipe or drill stem is coupled to 
a drill bit that rotates and cuts 
through soils, alluvium, and rock. 
The cuttings produced from the 
rotation of the drilling bit are 
transported to the surface by 
compressed air or by compressed 
air augmented by municipal water 
mixed with drilling additives. In 
conventional air-rotary drilling, the 
compressed air is forced down the 
borehole through the drill pipe and 
returns to the surface up through the 
annular space. In reverse air rotary, 
a dual tube drilling system is used 
and drilling fluids are forced down 
the outer tube and return up the 
center tube, where the cuttings are 
discharged through a cyclone 
velocity dissipater. The circulation of 
drilling fluids not only removes 
cuttings from the borehole but also 
cools the drill bit. 

The air rotary drilling 
method, employed in an 
open hole, is the fastest 
and least expensive drilling 
method in the unsaturated 
zone. It is best suited for 
stable, hard rock formations 
with good circulation 
characteristics (in which 
there is minimal loss of 
fluids into the formations). 
Open hole drilling allows for 
the collection of an 
extensive suite of 
geophysical logs for the 
characterization of 
hydrogeologic properties. 

Experience gained in the early part of 
the drilling program showed that air 
rotary drilling in an open hole is not 
always a suitable method for drilling at 
depths greater than 150 feet below the 
regional aquifer water table. The use of 
municipal water with drilling additives is 
almost always required to improve 
borehole stability and circulation of 
cuttings. Use of these drilling fluids can 
alter the natural properties of the rocks 
and it is not possible to collect pristine 
water samples while drilling. Generation 
of dust at the surface is a problem 
unless dust-suppression equipment is 
used and/or municipal water is added to 
the circulation fluid. 

Casing 
advance 
ASTM 
D5876-95 
(ASTM, 
2000c) 

Air-rotary drilling using an under 
reamer cutting system (rotary bits or 
downhole hammer) to create a hole 
large enough for a heavy-walled 
casing to slide down behind the drill 
bit. The casing is advanced 
simultaneously while drilling the 
hole. Compressed air or 
compressed air augmented by 
municipal water mixed with drilling 
additives is used to remove the 
cuttings from the bottom of the 
borehole. When the borehole has 
reached total depth, the well is 
constructed inside the heavy walled 
casing, as the casing is 
incrementally removed. 

The drill casing stabilizes 
the borehole when drilling 
through poorly consolidated 
materials and improves 
circulation in highly porous 
or fractured rocks. The 
cased hole provides a 
stable environment for the 
construction of the well. 
There is relatively little 
disturbance to the borehole 
walls and relatively 
undisturbed samples of 
rock and water are obtained 
during drilling.  

The heavy-wall casing frequently 
becomes stuck and is difficult to extract 
from the borehole. Casing that can not 
be extracted must be abandoned in the 
hole, possibly impacting the use of 
some well screens. The cost is high and 
drilling rates are often very slow. The 
use of municipal water with drilling 
additives is almost always required to 
provide lubricity between the casing and 
the borehole wall and to improve 
borehole stability and the circulation of 
cuttings. Use of heavy-walled casing 
severely limits the geophysical methods 
that can be used for hydrogeologic 
characterization.  

Mud 
rotary 
ASTM 
D5783-95 
(ASTM, 
2000d) 

A bit is rotated to cut through the 
rock while mud is the circulating 
fluid pumped down through the drill 
pipe and returned back up the 
borehole through the annular space. 
The mud-filled hole stabilizes the 
borehole wall and cools the drill bit. 
Circulation of the mud carries the 
cuttings up to the surface. 

Rapid and effective drilling 
methods. Can be used to 
maintain borehole stability 
in poorly consolidated 
sediments of the saturated 
zone. Open hole drilling 
allows for the collection of 
an extensive suite of 
geophysical logs for the 
characterization of 
hydrogeologic properties. 

Does not work well in vadose zone due 
to lost circulation zones in fractured 
basalts and in highly porous tuffs and 
sediments. Masks the recognition of 
water-bearing zones while drilling. Slow 
circulation of mud mixes cuttings from 
throughout the borehole, hampering 
geologic characterization. Addition of 
drilling muds and fluids changes the 
geochemical environment around the 
borehole. Requires extensive 
development to remove residual muds 
and drilling fluids, and to restore the 
aquifer’s hydraulic and geochemical 
properties to natural conditions. 
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The scope of investigation in the Los Alamos/Pueblo watershed (other watershed work plans 
have similar scope) consisted of 4 sampling rounds collected through one year across a 
representative range of hydrologic conditions (e.g., higher water levels and more extensive 
saturation typical of spring snowmelt conditions; and low groundwater levels that commonly 
occur in the fall), detailed water-level measurements collected using dedicated pressure 
transducers, measurement of field parameters, a water balance study, and field observations on 
extent and persistence of surface water. These data were used to develop a conceptual model to 
describe the occurrence and temporal context of groundwater contamination in support of the 
risk assessment. The report for the Los Alamos and Pueblo Canyon investigation was submitted 
to the NMED in April, 2004. The Mortandad Canyon investigation is underway, and the report is 
scheduled for completion in 2006. Subsequent watershed-scale investigations will be completed 
in order of priority. 
 
1-A-4. Independent Peer Review of the Hydrogeologic Workplan 
 
In 1999, an External Advisory Group (EAG) was formed to provide an independent review of 
the implementation of LANL’s Hydrogeologic Workplan. The EAG consisted of six members 
with diverse technical and professional backgrounds to provide a broad technical and managerial 
review of LANL’s Hydrogeologic Workplan activities and methods. The EAG was provided 
semi-annual updates on the program status. The EAG provided a report of findings and 
observations based on the semi-annual reviews (External Advisory Group 1999a, 1999b, 2000a, 
2000b, 2001a, 2001b, 2002; External Evaluation Group 1998). In response, action plans were 
developed that specified how the recommendations of the EAG were incorporated into the 
program.  
 
In addition to the semi-annual reviews, the EAG provided technical assistance when requested. 
In FY99, two EAG members provided invaluable assistance in repairing the well R-25 collapsed 
screen #3. Numerous problems encountered in the repair process were overcome with the advice 
and guidance of the EAG members. The "hands on" assistance was critical in completing the 
characterization well. 
 
1-A-5. Outreach Activities 
 
The original Hydrogeologic Workplan (LANL 1998) specified a communications approach that 
included three quarterly meetings, one annual meeting, and an annual status report to update 
regulators on the characterization progress. The primary purpose of the quarterly meetings was to 
report on progress and findings from the previous quarter. The annual meeting was intended to 
provide more of a synthesis of data collected in the previous year and to allow regulators to 
provide their input to the planned activities for the coming year. One objective of the annual 
meeting was to reach a DOE, LANL, NMED consensus on the activities for the following year in 
time to influence budget requests. The annual report was published as a prelude to the annual 
meeting and provided the written synthesis of the data collected and interpreted over the year. 
The first annual meeting was held in March 1998 and participants were limited to representatives 
of the DOE, LANL, and NMED. Annual meetings were held in 1999, 2000, 2001, 2002, 2003, 
2004, and the last annual meeting was held in 2005. 
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Extensive information has been presented and discussed with regulators and the public in several 
ways since the Hydrogeologic Workplan was completed in 1997 (Table 1-A-3): 
 

• Three quarterly meetings and one annual meeting held every year (27 documented 
meetings) with distribution of meeting minutes to an extensive mailing list 

• Annual status reports summarizing the work accomplished in the previous year  
• Well completion reports  
• Geochemistry reports  
• Hydrologic testing reports 
• Water quality data, which are available over the internet at http://wqdbworld.lanl.gov. 
• Annual environmental surveillance reports, which provide the analytical results of 

surface water and groundwater sampling at LANL and in northern New Mexico. 
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APPENDIX 1-B. WELL COMPLETION FACT SHEETS 
 

 
 

 
Figure 1-B-1. Completion diagram for well R-1 (Kleinfelder 2004e). 
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Figure 1-B-2. Completion diagram for well R-2 (Kleinfelder 2004b). 
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Figure 1-B-3. Completion diagram for well R-4 (Kleinfelder 2004a). 
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Figure 1-B-4. Completion diagram for well R-5 (LANL 2003a). 



Hydrogeologic Synthesis Report 
 __________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 1-B-5 December 2005 

 
 

 
 
Figure 1-B-5. Completion diagram for well R-6 (Note: no report available for R-6). 
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Figure 1-B-6. Completion diagram for well R-7 (Stone et al. 2002). 
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Figure 1-B-7. Completion diagram for wells R-8 and R-8a (LANL 2003b). 
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Figure 1-B-8. Completion diagram for well R-9 (Broxton et al. 2001d). 
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Figure 1-B-9. Completion diagram for well R-11 (Kleinfelder 2004c). 
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Figure 1-B-10. Completion diagram for well R-12 (Broxton et al. 2001b). 
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Figure 1-B-11. Completion diagram for well R-13 (LANL 2003c). 
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Figure 1-B-12. Completion diagram for well R-14 (LANL 2003d). 
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Figure 1-B-13. Completion diagram for well R-15 (Longmire et al. 2000). 
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Figure 1-B-14. Completion diagram for well R-16 (LANL 2003e). 
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Figure 1-B-15. Completion diagram for well R-18 (Note: well completion report not available). 
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Figure 1-B-16. Completion diagram for well R-19 (Broxton et al. 2001d). 
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Figure 1-B-17. Completion diagram for well R-20 (LANL 2003f). 
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Figure 1-B-18. Completion diagram for well R-21 (Kleinfelder 2003f). 
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Figure 1-B-19. Completion diagram for well R-22 (Ball et al. 2002). 
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Figure 1-B-20. Completion diagram for well R-23 (LANL 2003g). 
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Figure 1-B-21. Completion diagram for well R-25 (Broxton et al. 2001e). 
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Figure 1-B-22. Completion diagram for well R-26 (Kleinfelder 2004f). 
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Figure 1-B-23. Completion diagram for well R-28 (Kleinfelder 2004d). 
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Figure 1-B-24. Completion diagram for well R-31 (Vaniman et al. 2002). 
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Figure 1-B-25. Completion diagram for well R-32 (LANL 2003h). 
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Figure 1-B-26. Completion diagram for well R-33 (Note: well completion report not available). 
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Figure 1-B-27. Completion diagram for well R-34 (Note: well completion report not available). 
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APPENDIX 2-A. GEOLOGIC INFORMATION USED TO DEFINE THE 
CONTROLS ON HYDROLOGY 

 
2-A-1.  Lithologic Information from Cuttings and Core 
 
Drill cuttings and core were collected in all boreholes to meet the regional hydrogeologic 
characterization requirements described in Section 4.2 of the Hydrogeologic Workplan (LANL, 
1998). Cuttings and core provide the most direct evidence for the vertical distribution of 
hydrogeologic units at each borehole. Correlations of rock units among boreholes are key 
components of the site-wide 3-D geologic model for the plateau. 
 
Drill cuttings were the most common type of geologic samples produced during the drilling 
program. Approximately 500 to 700 ml of bulk drill cuttings were collected every 5 ft, as 
conditions permitted, to the total depth (TD) of each boring. Cuttings were stored in plastic bags 
labeled with the well name and footage range representing the depth interval at which the 
cuttings were collected. A subset of unsieved and sieved samples were collected from each 
cuttings interval and stored in plastic chip trays for geologic examination. The quality and 
representativeness of cuttings depended on a number of drilling variables including type of 
circulation fluids used (air, water, foam, mud), circulation type (conventional, reverse), and drill-
bit pressure. 
 
Core was collected from dedicated core holes where it was often paired with deeper drill holes. 
Core was also collected from selected intervals in some regional aquifer boreholes. Core was 
collected to fulfill a number of characterization objectives, including: 
 

• Geologic characterization of groundwater-bearing zones and aquitards in perched 
groundwater systems 

• Collection of moisture-sensitive samples for hydrologic and chemical analyses of vadose-
zone samples (e.g. moisture, anions) 

• Collection of intact rock samples to determine hydraulic properties of selected 
hydrogeologic units. 

 
Rock lithologies, alteration features, and stratigraphic contacts for each borehole are summarized 
in lithologic logs based on visual examination of cuttings and core. A small subset of core and 
cuttings was selected for additional characterization to better understand alteration features 
relevant to rock-water interactions and to aid correlation of rock units between boreholes. The 
additional characterization primarily consisted of X-ray diffraction for mineralogy, X-ray 
fluorescence for rock chemistry, thin-section petrography, and 40Ar/39Ar age dating. The 
lithologic logs also incorporated information about stratigraphic contacts and rock properties 
based on interpretations of borehole geophysical logs. 
 
Core and cuttings are currently archived at the ENV Division Sample Management Facility 
located at Technical Area 3, building 03-0271-101. All borehole materials are stored in core 
boxes labeled with the well name, box number, and footage range for the box.  
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2-A-2. Borehole Geophysical Data 
 

Borehole geophysical data were collected to determine the geologic and hydrologic 
characteristics of the vadose zone, perched saturated zones, and the regional aquifer as specified 
in Section 4.1.6 of the workplan. A listing of geophysical logs collected during installation of 
Hydrogeologic Workplan wells is given in the well completion reports associated with those 
wells. Borehole geophysical data were obtained from two sources. Laboratory/contractor 
personnel collected caliper, spontaneous potential, single-point resistance and induction, and 
natural gamma radiation logs using the Laboratory’s geophysical logging equipment, usually 
during breaks in the drilling process when conditions permitted the collection of open-borehole 
data. A wire-line logging service was contracted to obtain a more extensive suite of borehole 
geophysical logs once the borehole reached total depth.  

 

The number and types of contracted wire-line geophysical logs varied as a function of borehole 
condition, the presence or absence of drill or well casing, whether the borehole was air or fluid 
filled, and technical issues addressed by a particular logging run. Drilling conditions determined 
whether the borehole was open or cased at the time of logging. Table 2-A-1 gives the typical 
suites of logs that have been run by wire-line logging services in cased and open boreholes. 
General logging information and borehole conditions at the time of logging were documented by 
site personnel. 

 

Preliminary results of geophysical logs were generated in the logging truck at the time the 
geophysical services were performed. These preliminary logs were used by contractor, DOE, and 
LANL personnel to help select well screen locations and to evaluate borehole conditions prior to 
well construction.  

 

The geophysical contractor reprocessed the field measurements to correct for borehole and 
formation environmental conditions, to perform an integrated analysis of the log measurements 
so that they were all coherent, and to combine the logs into a single presentation enabling 
integrated interpretation. The contractor then prepared an interpretive report that was included as 
an appendix in the well completion reports. The interpretive report includes information about 
the hydrogeologic characteristics of the rocks penetrated by the boreholes, moisture distributions 
as a function of depth, the location of the regional water table, borehole diameter, deviation as a 
function of depth, and degree of drilling fluid invasion. Depending on the suite of logs collected, 
the interpretive report may include information about 

 

• total and effective water-filled porosity and pore size distribution, from which an estimate 
of hydraulic conductivity is made, 

• bulk density and photoelectric effect, the latter of which is particularly sensitive to 
lithology, 

• electrical resistivity at multiple depths of investigation, 
• concentrations of a number of elements, 
• spectral natural gamma ray, including potassium, thorium, and uranium concentrations, 
• bedding orientation and geologic texture, 
• borehole inclination and azimuth, and 
• borehole diameter. 
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2-A-3. Borehole Video Logs  
 
Borehole video logs were run in open boreholes to obtain lithologic information and to help 
determine stratigraphic contacts for the geologic units penetrated, to allow visual examination of 
borehole walls for evidence of perched saturation, and to document water levels in the boreholes. 
Video logs also were run when wells were completed to document the as-built condition of 
installed well components. Additional videos were sometimes run during and after well 
development to assess the effectiveness of development techniques. Finally, the borehole video 
logs were used during drilling operations to assess problematic borehole conditions and to guide 
fishing operations for tools and equipment lost downhole. 
 
One of the principal uses of the borehole video logs was to identify potential groundwater 
pathways. For example, when used in conjunction with geophysical logs, video logs were an 
important method for locating highly porous interflow breccias sandwiched between massive 
basalt flows. These interflow breccias were important for determining the locations of perched 
zones in some boreholes. The video logs also showed whether the porosity of these interflow 
breccias was open or modified by deposition of extensive secondary clay minerals. Fractures are 
potential pathways in the massive flow interiors. Fracture density, fracture dips, and open verses 
sealed fractures were assessed using video logs.  
 
2-A-4. Surface Geophysical Data 
 
Surface geophysical data were used to help constrain the site-wide geologic model. These data 
include regional gravity data, airborne electromagnetic data, high-resolution resistivity, and 
magnetotellurics. Gravity data were used to help define regional structure beneath the Pajarito 
Plateau. Airborne electromagnetic data, high-resolution resistivity, and magnetotelluric data were 
used to focus groundwater investigations by defining the conductivity structure beneath the 
plateau. The remainder of this section describes the airborne electromagnetic data in more detail. 
 
An electromagnetic (EM) and magnetic survey was flown over the Pajarito Plateau in early 
September 2001 by the Fugro Airborne Surveys Corporation on behalf of LANL. A total of 
762 line kilometers of MegaTEM time domain EM data and magnetic data were collected. 
Flight lines were spaced at 333.3 ft (105 m) within the Laboratory boundaries, and at 666.7 ft 
(210 m) in buffer zones adjacent to the Laboratory, oriented N20E: with tie lines at an 
approximate 2000-meter spacing. Because of security constraints stemming from the events of 
September 11, 2001, flight lines in the western 20% of the Lab, and the two tie lines in the 
northern portion of the Laboratory were not flown.  
 
The contractor provided maps of Residual Magnetic Intensity (RMI), apparent conductance and 
conductivity depth slices at various depths, multiparameter profiles with conductivity-depth-
transform (CDT) sections for flight lines and digital archives of line and grid data. The digital 
EM data were analyzed at a later time (end of FY01) by Condor Consulting, Inc. This analysis 
resulted in two additional models of CDTs along the flight paths. All of the processing assumed 
a “layered-earth” model, and all of the inversions were restricted to single points/multiple depths 
(1-D), multiple depths along individual flight lines (2-D), or a constant depth on multiple flight 
lines (2-D); there was no true 3-D inversion performed on the data set. Data from the existing 
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3-D geologic model, identifying zones of expected similar hydrologic properties, were provided 
to Condor and are part of the initial data analysis. Borehole geophysical logs were also provided 
to Condor to assist in calibrating their models. The results of all three models for each flight line 
are available. At some future time, a constrained 3-D inversion, utilizing the 3-D hydrogeologic 
model, may allow better resolution of the conductance inversion results. 
 
Visual correlation of conductance and observed groundwater can be obtained through study of 
the “multiplots” of the flight lines closest to groundwater occurrences. An effort has been made 
to allow creation of 3-D conductance models for each of the CDT data sets. Interpolation of 
flight line data is accomplished through scaled interpolation within an oriented ellipsoid that 
samples a similar number of points in the directions: vertical, along-flight-line, and between-
flight-line. Many 3-D visualization packages are capable of displaying and scaling 3-D grid data. 
As much of the error/uncertainty of the conductance model occurs in the depth/thickness value, 
real-time scaling and offsetting the z-axis of the conductance grid can allow correlation with 
known groundwater locations obtained from drill holes; and thus allow a projection/extrapolation 
of the groundwater surface beyond the limits of direct observation. 
 
The two tie lines of the survey provide conductance signatures that correlate well with the major 
faults in the western portion of the Laboratory and could perhaps provide some information 
regarding their dips. These survey lines indicate other localities with signatures similar to those 
of the mapped faults, which may indicate buried faults or conductive fracture zones further to the 
east. 
 
2-A-5.  Drilling Information  
 
Observations about drilling characteristics by the drillers and on-site geologists contributed to 
understanding the hydrogeology of the boreholes. These observational data were recorded in 
field logs, and they provided supplemental information that aided the interpretation of 
hydrogeologic data from other sources such as cuttings and geophysical logs.  
 
Because of the heterogeneous nature of the rocks beneath the plateau, major lithologic and 
stratigraphic contacts were commonly marked by significant changes in drill penetration rates. 
Drilling rates were affected by a number of factors, but chief among them was the competency of 
the rocks being penetrated. Hard rock units such as strongly welded tuffs, lava flows, and 
boulder-rich fanglomerate deposits were characterized by slow drilling rates, whereas less 
competent rocks such as nonwelded tuffs and poorly indurated sands, silts, and clays drilled 
more rapidly. For example, drill penetration rates normally decreased downhole when going 
from the nonwelded tuffs at the base of Qbt 3 into the welded tuffs at the top of Qbt 2 and from 
the Guaje Pumice Bed into Puye Formation and/or Cerros del Rio basalt.  
 
Information about borehole stability and lost-circulation zones also provided important site-
specific information about subsurface conditions. For example, open borehole drilling at R-22 
was complicated by caving conditions and by difficulty in maintaining free rotation of the drill 
string though thick sequences of basalt. Normally, the interiors of basalt flows are strongly 
competent and yield gun-barrel smooth boreholes, but the conditions at R-22 suggested that 
loose blocks of basalt were caving into the borehole and binding up the drill string. Subsequent 
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borehole video logs showed that dense networks of fractures intersected the R-22 borehole 
resulting in an unstable borehole. Similarly, lost circulation zones generally indicated that 
drilling fluids had escaped into highly porous fractures or scoria zones intersected by the 
borehole. At R-34, significant zones of lost circulation were associated with thick beds of loose 
basaltic scoria. Some cavities observed in borehole videos might be small-scale lava tubes or 
caverns similar to those known to occur in the Cerros del Rio volcanic field east of the Rio 
Grande. 
 
Important information about water-bearing strata was obtained when drillers noted changes in 
the drilling fluids circulating through the borehole. Perched water and the top of the regional 
zone of saturation were readily recognized when water and wet cuttings were returned to the 
surface using air-rotary drilling methods. Water-bearing zones were identified even when using 
fluid-assisted air-rotary methods that involved the use of air, municipal water, foam, and other 
additives for circulation. When using such methods, surplus production of water and thinning of 
drilling foam often was associated with the intersection of groundwater.  
 
2-A-6. Data Generated by Other Projects  
 
Numerous local and regional mapping projects and geological studies have provided important 
information supporting development of geologic conceptual models and digital realizations of 
these models. Pioneering work by geologists of the U.S. Geological Survey (USGS) helped 
define the tectonic setting and the major hydrogeologic units of the region (Smith, 1960a and 
1960b, Griggs, 1964; Smith and Bailey, 1966; Bailey et al., 1969; Smith et al., 1970). Regional 
and local studies of rock unit ages, many of which were supported by the Laboratory, provided a 
time scale to calibrate the timing of the volcano-tectonic development of the site: faulting and 
volcanism, and emplacement of the resultant volcanic flows and sedimentary units (Gardner and 
Goff, 1984, Gardner et al., 1986; Loeffler et al., 1988; Turbeville et al., 1989; Izett and 
Obradovich, 1994; Spell et al., 1990; Spell and Harrison, 1993; Spell et al., 1996; Toyoda et al., 
1995; McIntosh and Quade, 1995; WoldeGabriel et al, 1996; Reneau et al., 1996; Smith, 2001; 
WoldeGabriel et al., 2001; Goff and Gardner, 2004). Understanding the nature of the evolving 
tectonic regime allowed development of models to define the conceptual, spatial distribution of 
hydrogeologic units, as well as explanations of their post-deposition evolution. 
 
The New Mexico state mapping program, supported by the USGS and the New Mexico Bureau 
of Geology and Mineral Resources, with help from LANL scientists, produced 1:24,000-scale, 
surface geologic maps and accompanying cross sections for the Frijoles (Goff et al., 2002), 
White Rock (Dethier, 1997), Puye (Dethier, 2003), and Guaje Mountain (Kempter and Kelley, 
2002) quadrangles. These four maps encompass the Laboratory site with a significant buffer 
zone, allowing the integration of site and regional geologic features. Other geological maps, 
some with cross sections, covering portions of the LANL include those by Baltz et al., (1963); 
Goff et al., (1990); Rogers, (1995); Vaniman and Wohletz, (1990); Reneau et al., (1995); Goff, 
(1995); Lewis et al., (2002); and Lavine et al., (2003).  
 
Española Basin workshops were hosted annually by the Española Basin Technical Advisory 
Group and sponsored by the U.S. Geological Survey, the New Mexico Bureau of Geology and 
Mineral Resources, Los Alamos National Laboratory, and the city of Santa Fe. These workshops 
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were important forums for disseminating results of ongoing technical studies of the 
hydrogeologic framework of the Española Basin.  
 
The seismic hazards program at LANL was an important source of information about faults and 
fractures in the vicinity of the Laboratory (Gardner and House, 1987; Gardner et al., 1990, 1993, 
1999, 2001; Lewis et al., 2002; and Lavine et al., 2003). Their high-resolution, surface mapping 
of subunits of the Bandelier Tuff provided new information about the distribution and nature of 
faulting on the Pajarito Plateau and made estimates about amounts and rates of offset of geologic 
units. Numerous other Laboratory projects and programs helped to develop geologic information 
supporting geologic conceptual models. The Environmental Restoration project funded 
numerous projects as part of its RCRA facilities investigations that provided information about 
geologic framework of the site and hydrologic properties of geologic units.  
 
Students and their advisors from the graduate programs from the University of New Mexico, 
New Mexico State University, and New Mexico Institute of Mining and Technology have 
provided additional hydrogeologic information for the Jemez volcanic field and Española Basin. 
Studies by graduate students from the University of Texas (e.g., Turbeville et al., 1989) were 
especially useful for understanding the Puye Formation.
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Table 2-A-1. 
Typical Wire-Line Geophysical Logging Tools 

Cased Hole Cased 
Hole 

Open 
Hole 

Comments 

Array Induction Tool (AIT)  X Measures open-hole formation conductivity with multiple 
depths of investigation at varied vertical resolution 

Triple Litho Density Tool 
(TLD)  

X X Evaluates formation porosity where grain density can be 
estimated 

Combinable Magnetic 
Resonance Tool (CMR)  

 X Provides information on water content and relative 
abundance of hydrous minerals and capillary-bound 
versus mobile water 

Natural Gamma Tool X X Used to distinguish lithologies by their gross gamma 
signature; also used to calibrate depth of other 
geophysical tool readings  

Natural Gamma Ray 
Spectrometry Tool (also 
called the spectral gamma 
tool)1 

X X Used to distinguish lithologies where formations vary in 
relative and overall concentrations of potassium, 
thorium and/or uranium 

Epithermal Compensated 
Neutron Log (CNL)  

X X Measures moisture content in unsaturated conditions 
and porosity in saturated conditions 

Caliper   X Measures rugosity of borehole wall 
Fullbore Formation 
Microimager (FMI) 

 X Provides high-quality image of borehole based on 
electrical properties; used to determine lithologies, 
bedding attitudes, fracture characteristics, and borehole 
deviation 

Elemental Capture 
Spectrometer (ECS)  

X X Determines formation lithology from bulk geochemistry; 
used primarily to determine elemental concentrations of 
silicon, calcium, iron, titanium, and gadolinium 

1A total gamma log was collected with each geophysical suite to correlate separate logging runs within a borehole. 
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APPENDIX 2-B.  PERCHED WATER OCCURRENCES 
 
This appendix documents the field observations of the 33 occurrences of perched groundwater 
detected in 29 boreholes across the Pajarito Plateau. Characteristics of deep perched groundwater 
zones encountered in wells on the Pajarito Plateau are listed in Table 2-B-1. 
 
In the western part of Los Alamos Canyon, perched groundwater occurs at depths of 89 to 137 m 
(293 to 450 ft) in the Guaje Pumice Bed and in underlying Puye Formation fanglomerate. 
Saturated thicknesses for these occurrences range from about 6.7 m (22 ft) in the west to about 
1 m (3 ft) in the east. These groundwater occurrences in the Guaje Pumice Bed may represent a 
related groundwater system because of their similar geologic and geographic settings, however, 
in one well, R-7 (Figure 2-37), perched groundwater occurs immediately beneath the Guaje 
Pumice Bed, in the underlying Puye Formation. The east-west extent of perched groundwater in 
the Guaje Pumice Bed is about 5.6 km (3.7 mi). Little is known about the extent of perched 
groundwater beneath the adjacent mesas, but a dry borehole extending to the Guaje Pumice Bed 
(borehole 21-2523) suggests that saturation does not extend beneath the mesa north of Los 
Alamos Canyon. The perched groundwater is free of contamination in the central part of the 
canyon (e.g. well LAO(I)A-1.1) but contained 3000 pCi/L tritium in 1995 at LADP-3 (Broxton 
et al, 1995), the easternmost well penetrating this groundwater body. The movement of 
groundwater in the Guaje Pumice Bed may be controlled by paleotopography on top of the 
underlying Puye Formation. Structure contours indicate that the down-dip direction for the base 
of Guaje Pumice Bed beneath Los Alamos Canyon is towards the south and east (Section 2.2.9).  
 
Eastward in Los Alamos Canyon, perched zones are generally thicker and occur at multiple 
depths. In well R-9 for example, three perched systems were encountered: 1) in the central part 
of the Cerros del Rio basalt, 2) in the basal part of the Cerros del Rio basalt, and 3) in pumice-
rich deposits in the lower part of the Puye Formation. Saturated thicknesses for the top and 
bottom zones range from about 13.7 to 31.4 m (45 to 103 ft), and the middle zone was 2.1 m 
(7 ft) thick. The top and middle perched zones in R-9 are also present in well LAWS-1, located 
396 m (1300 ft) to the east, but their lateral extent is likely to be much greater. The occurrence of 
more extensive perched groundwater in the eastern part of Los Alamos Canyon may be due to 
enhanced infiltration where the canyon floor is underlain by Puye fanglomerate and Cerros del 
Rio basalt rather than by Bandelier Tuff. Tritium activities of 69 to 246 pCi/L for these perched 
groundwaters are elevated relative to the cosmogenic baseline of 1 pCi/L, suggesting that these 
zones contain a component of young water that postdates the advent of atmospheric nuclear 
testing 60 years ago (Longmire, 2002). 
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In Pueblo Canyon perched water was identified in four wells. At wells TW-2a and R-5, perched 
water occurs within fanglomerate of the Puye Formation and has a saturated thickness of >7 and 
about 11.3 m (>23 and about 37 ft), respectively. Depth to water is 33.5 m (110 ft) at TW-2a and 
about 115.8 m (380 ft) at R-5. These perched zones probably represent relatively small, unrelated 
water bodies because of their distance from one another (4 km [2.5 mi]), the lateral heterogeneity 
of Puye Formation deposits, and their varying depths beneath the canyon floor. Wells TW-1a and 
POI-4 encountered perched water at depths of 36 to 48.8 m (118 to 160 ft), respectively, in 
Cerros del Rio basalt. The saturated thickness is about 11 m (37 ft) at TW-1a and 6.4 m (>21 ft) 
at POI-4. Saturation is associated with interflow breccia and sediments in TW-1a and with 
fractured basalt at POI-4. 
 
In Sandia and Mortandad Canyons perched water was found in Cerros del Rio basalt and the 
Puye Formation. The water quality of these perched zones includes a component of treated 
waste-water effluent released to the canyons via outfalls (Longmire et al., 2001; Longmire, 2002; 
Broxton et al., 2002b). Depth to water is also similar, ranging from 129 to 152 m (424 to 500 ft) 
in Sandia Canyon and 150 to 197 m (493 to 646 ft) in Mortandad Canyon.  
 
In Sandia Canyon, well R-12 encountered perched water from depths of 135 to 158 m (443 to 
519 ft). Saturation occurs in the lower part of the Cerros del Rio basalt and extends downward 
into underlying lacustrine facies of the Puye Formation (Broxton et al., 2001a). The perched 
water in this zone may be confined because the borehole was dry until a depth of 135 m (443 ft) 
was reached, but the water level rose to a depth of 129 m (424 ft) once saturation was 
encountered. The apparent confining layer at the top of this zone is a massive basalt flow with 
few fractures. An alternative explanation for the observed rise in water level is that the 
groundwater is unconfined, but water-bearing interconnected fracture systems were not 
intersected by the borehole until a depth of 135 m (443 ft). The perching layer consists of clay- 
and silt-rich lacustrine deposits 5 m (16.5 ft) thick. The saturated thickness of this groundwater 
body is at least 23 m (75 ft), making it one of the thickest perched groundwater bodies identified 
in the eastern part of the Pajarito Plateau.  
 
In Mortandad Canyon perched water was encountered in three boreholes. At well MCOBT-4.4, 
the top of perched groundwater zone occurs at a depth of about 150 m (493 ft), within pebble 
gravel made up of dacitic volcanic detritus in the Puye Formation. The saturated thickness of this 
zone is between 3 and 6 m (10 and 30 ft). The perching layer includes one or more of the 
following lithologies: 1) silty sands and gravels in the lower part the Puye sequence (153.3 to 
157.6 m [503 to 517 ft]), 2) clay-rich brecciated rubble at the top of Cerros del Rio basalt (157.6 
to 159.3 m [517 to 522.5 ft]), or 3) the massive, unfractured interior of the uppermost Cerros del 
Rio flow (approximately 159.3 to 163.1 m [522.5 ft to 535 ft]). At wells R-15 and I-5, located 
347 m (1140 ft) down canyon of MCOBT-4.4, perched water occurs within the lower part of a 
thick sequence of Cerros del Rio basalts. The depth to water is 197 m (646 ft) in R-15 and 209 m 
(686 ft) in the adjacent well I-5 which is offset 20 m (66 ft). Saturation in both wells occurs in 
fractured lava flows and interflow breccias. The variable elevations of the top of perched 
saturation and varied saturated thicknesses of 30 m (99 ft) in R-15 and 8+ m (26+ ft) in I-5 
illustrate the hetergeneous nature of perched bodies located within basaltic rocks. In R-15, the 
perching horizon is clay-rich flow-base rubble or underlying silty basaltic sands; the perched 
water at I-5 was not fully penetrated. Because of their different geologic settings, the perched 
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groundwater at MCOBT-4.4 and R-15/I-5 probably represent unrelated groundwater bodies of 
limited lateral extent. Other deep boreholes in Mortandad Canyon did not encounter perched 
groundwater. Based on the distribution of available boreholes, the lateral extent of individual 
perched groundwater bodies is probably less than 460 m (1500 ft). 
 
Both perched water occurrences in Mortandad Canyon contain elevated tritium, nitrate, and 
perchlorate. The highest contaminant levels occur in MCOBT-4.4, which contains 14,750 pCi/L 
tritium, 12.5 mg/L nitrate plus nitrite (as N), and 179 ppb perchlorate (Longmire, 2002, personal 
communication). Since 1963, these contaminants were released to the canyon as liquid effluent 
by a waste treatment facility in the upper part of the canyon. The presence of contaminants in 
perched groundwater beneath Mortandad Canyon indicates that vertical transport through the 
vadose zone occurs on the timescale of decades.  
 
A large area of complex perched groundwater occurrences is found in the region bounded by 
Cañon de Valle on the north and Water Canyon on the south in the southwest part of LANL. 
Five deep boreholes encountered significant zones of groundwater over a 2.6 km2 (1 mi2) area 
located just east of the Pajarito fault zone. These boreholes included R-25, R-26, CdV-16-1(i), 
CdV-16-2(i), and SHB-3. Depth to water in these perched zones range from about 183 m (600 ft) 
just east of the Pajarito fault to about 244 m (800 ft) 2.3 km (1.4 mi) farther east of the fault. 
Only wells R-25 and R-26 fully penetrate the perched water zones.  
 
At R-26, a water-level measurement of 184 m (604 ft) was obtained when the borehole was 219 
m (720 ft) deep. The borehole was eventually completed to a total depth of 454.3 m (1490.5 ft) 
with the regional water table occurring at a depth of approximately 291 m (954 ft). Borehole 
neutron, magnetic resonance, and induction logs indicate that high moisture contents occur in 
rocks below 175 m (575 ft), with perched water most likely at depths of 177 to 202 m (580 to 
662 ft) and 238 to 252 m (780 to 827 ft). These perched zones occur within stratified 
volcaniclastic sediments of the Cerro Toledo interval. Low-permeability sediments within the 
Cerro Toledo interval probably provide the perching horizons. 
 
R-25, located 1524 m (5000 ft) east of R-26, has two distinct zones of saturation separated by 47 
m (154 ft) of partially saturated rocks. The upper zone, which is interpreted as a perched zone, 
occurs between depths of about 217 to 345 m (711 to 1132 ft) within the Otowi Member and in 
the upper part of the Puye Formation. An interval of partial saturation occurs below the perched 
zone from 345 to 392 m (1132 to 1286 ft) depth. Partial saturation was defined by casing off the 
perched zone and drilling through alternating zones of dry and wet rocks by coring and air-rotary 
methods. From 392 m (1286 ft) to the total depth of 592 m (1942 ft), continuous saturation 
representing regional groundwater was encountered within Puye deposits. R-25 was constructed 
with 9 screens separated by packers using a WestbayTM sampling system. Hydraulic head 
measurements in isolated screens decrease with depth, indicating downward vertical gradients. 
Isotopic and water quality data suggest the upper and lower zones of saturation at R-25 represent 
separate groundwater systems (Longmire, 2003, personal communication).  
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3-B. Alternative Conceptual Models of Contaminant Transport 
 
The purpose of this section is to discuss two alternative interpretations of how water flows and 
contaminants behave on the Pajarito Plateau. With the uncertainty that is inherent to all 
subsurface investigations, it is important to examine the strengths and weaknesses of other 
possible interpretations of the available data. This section explores alternative conceptual models 
by first providing a description of the alternative model. Second the strengths and limitations of 
the alternative are summarized. An assessment of how the alternative conceptual model would 
change the current conceptual model or how risk is assessed is presented. Finally, a discussion of 
how the alternative conceptual model could be tested is provided. 
 
3-B-1. Colloid-Facilitated Transport 
 
The movement of small particles in groundwater flow systems can represent an alternate 
mechanism for contaminant transport. While generally not as significant overall as the 
movement of dissolved or immiscible species, the movement of small particles can increase the 
magnitude of mass transport. This section will focus on colloids, a special class of particles with 
properties the lie between that of the dissolved state and the solid state.  
 
Historically, researchers have applied the term colloid to particles with a size range of 0.001 to 1 
micron (1 micron is 0.001 millimeter). The colloids can be mineral particles, particulate organic 
matter, biological (for example, bacteria), or even microemulsions of hydrocarbons. The surface 
area per unit mass is very high for colloids, which greatly affects their mass transport. 
Contaminants can be transported as colloids resulting in unexpected mobility. This is because the 
transport of contaminants adsorbed to colloids is determined by the physical/chemical properties 
of the colloid, rather than properties of the contaminant. Work at the Nevada Test Site suggests 
that plutonium can be transported over significant lateral distances (~1.3 km) by colloids 
(Kersting et al. 1999). Predicting colloid transport is extremely difficult, however. Colloid 
stability and filtration depends on a complex array of factors including density, size, surface 
chemistry, water chemistry, water flow rates, and pore size distribution of the soil matrix. 
Table 3-B-1 discusses strengths and weaknesses of a colloid-facilitated transport model. 
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3-B-1.1 Strengths and Limitations of the Colloid-Facilitated Transport Model 
 

 
Table 3-B-1.  

Colloid-Facilitated Alternative Transport Model 
Strengths Limitations 

Since the start of discharges in May 1963, the RLWTF 
has used the flocculate “calcium hydroxide” and “ferric 
sulfate” as a part of the treatment process, and it is likely 
that a continual stream of residual colloids was 
discharged to the canyon floor. 

Bulk of radionuclide inventory appears adsorbed to 
stream sediments. 

Work by Penrose et al. (1990) demonstrated the 
presence of colloids with plutonium and americium along 
a 3400 m segment of the perched alluvial groundwater 
system in Mortandad Canyon. The study concluded that 
the horizontal dispersal of the radionuclides through the 
groundwater system was due to colloid transport in the 
subsurface. 

That conclusion was challenged, however, by a 
subsequent review that concluded that the radionuclide 
transport within the canyon was principally due to surface 
water, rather than groundwater transport (Marty et al. 
1997).  

At a mesa top site at TA-21, some of these radionuclides 
occur at much greater depths in the field than expected. 
Work by Nyhan et al. (1985) suggests that substantial 
hydraulic loading can enhance the vertical penetration 
depth. The study examined the distribution of plutonium, 
americium-241 and water in Bandelier Tuff beneath 
former liquid waste disposal sites at TA-21. Nyhan et al. 
(1985) found that after 17 years of migration, the Am-241 
was mobilized under heavy hydraulic loading to 30 m. It is 
possible that the radionuclides are mobilized by other 
chemicals or possibly by colloid transport in preferential 
flow paths.  
 

While colloids have been shown to be abundant in the 
alluvial groundwater, coring has not shown appreciable 
vertical movement (less than five feet) of plutonium or 
americium in the vadose zone below the alluvium  (Stoker 
et al. 1991). Studies show that 99% of the plutonium 
inventory is adsorbed on alluvium and little is in the water 
column; the colloidal fraction in groundwater represents 
less than 1 percent of the total plutonium inventory in the 
canyon (Purtymun et al. 1984; Stoker et al. 1991). These 
results suggest that vertical transport of the radiocolloids 
has been minimal in the Bandelier Tuff beneath the 
canyon floor, even after decades of continual liquid 
release.  

Occasional Pu-239, -240 detects in samples from water 
supply wells (1970s and 1980s mostly) may be colloid 
related.  

No plutonium detects in recent years and earlier 
detections primarily limited to water supply wells---few in 
monitoring wells. Unable to validate earlier results 
because of limitations in existing records. 

 
3-B-1.2 Effect on Current Conceptual Model and Assessment of Risk   
Many radionuclides and metals are currently conceptualized to be relatively immobile at the site. 
If colloid-facilitated transport is significant, the subsurface travel times for these constituents to 
the accessible environment will be reduced. Health risks from colloid-facilitated transport, 
however, likely will not be greatly different from the levels presently recognized: sampling of 
the groundwater systems account for the total contaminant concentrations and already include 
any colloid contributions, if present. Monitoring of the shallower groundwater at the site, the 
depths where contaminated colloids should be most abundant, has identified few areas with 
concentrations above a regulatory standard. Given the vadose zone thickness and likely reduction 
in contaminated colloid concentrations with depth, contaminant concentrations due to colloid-
facilitated transport in the regional aquifer are also expected to meet regulatory standards.  
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3-B-2. Cs-137 “Groundwater Transport” to the Rio Grande 
 
A report written by Norm Buske (2003) for the RadioActivist Campaign (TRAC) and Concerned 
Citizens for Nuclear Safety (CCNS) in late October 2003 cites samples of aquatic moss from 
Spring 4A and the Pajarito Stream containing “…consistently low levels of cesium-137 of LANL 
origin [emphasis added]. This is the first confirmed detection of LANL radioactivity from a 
groundwater pathway.”  The report also cited moss samples from other sites, as testing positive 
for Cs-137 and said samples showed Cs-137 “in the range of 0.01 to 
6 picocuries/kilogram…Cesium-137…is…at levels far too low to be considered a public health 
concern.” Table 3-B-2 discusses strengths and limitations of a Cs-137 transport model. 
 
3-B-2.1 Strengths and Limitations of Cs-137 Groundwater Transport Alternative 

Model 
 

Table 3-B-2.  
Cs-137 Groundwater Transport Alternative Model  

Strengths Limitations 

Detections of tritium and perchlorate 
in other White Rock Canyon springs 
support this model. 

Levels of these constituents may be within natural ranges. When converted 
to an equivalent weight basis, the amount of cesium measured by Buske 
(2003) in the moss samples is within the background concentrations for 
plants in northern New Mexico.  

Cesium-137 is a major Laboratory 
contaminant in Los Alamos and 
Mortandad Canyons radioactive 
effluent discharges. 

Cesium-137 is a common fallout radionuclide that was distributed globally 
during atmospheric nuclear tests. It is considerably more probable that the 
moss accumulated cesium from worldwide fallout rather than from 
groundwater. Fallout cesium-137 is universally present in surface soils and 
soil concentrations are one hundred times greater those found in study. 

 The Buske (2003) results were very close to detection levels, in the range of 
0.01 to 6 pCi/Kg wet, and the study did not include control samples 
(upstream) so that Cs-137 from fallout sources could not be compared. 

 If Cs-137 traveled through groundwater to a spring along the Rio Grande, 
several non-adsorbing chemical constituents that usually reflect groundwater 
contamination, such as nitrate or tritium, likely would accompany and 
precede Cs-137. Tritium and nitrate values in Spring 4A indicate the spring 
water reflects background aquifer conditions unaffected by Laboratory 
discharges.  

 From 1995 through 2003, LANL has made 121 Cs-137 measurements in 
White Rock Canyon springs, with only two detections in the data set. Nine of 
these measurements (with only one detection) were from Spring 4A. Thus, 
the body of data does not support the presence of Cs-137 in any White Rock 
spring, at an average detection limit of 3 pCi/L. In addition, Cs-137 is not 
detectable in regional aquifer monitoring wells upgradient of the springs. 
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3-B-2.2 Effect on Current Conceptual Model and Assessment of Risk 
If real, the groundwater transport of Cs-137 alternative conceptual model would indicate that 
relatively immobile radionuclides or metals may potentially move through groundwater to the 
accessible environment at a faster rate than recognized. Assessment of water quality changes at 
those locations would continue in the future. The current monitoring results from across the 
regional aquifer do not indicate any location where the concentrations of these constituents are 
greater than regulatory standards. Given this pattern, it is highly unlikely that concentrations 
greater than standards would be observed in the future. Contaminant transport models that only 
take into account sorption and solubility may underestimate the extent a colloid-bound species is 
able to migrate in groundwater. 
 
A study is being conducted by a LANL team to assess the distribution and concentrations of 
cesium in moss throughout northern New Mexico. The objective is to collect various moss 
sample specimens from springs located in northern New Mexico and southern Colorado (a great 
distance from LANL) and analyze them for Cs-137 activity. This program will collect the data 
necessary to evaluate whether Cs-137 concentrations near the Laboratory are anomalous. 
Additional monitoring of wells and springs in the Los Alamos area will continue to look for 
evidence of rapid movement of cesium (and other contaminants) through the groundwater 
system. 
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APPENDIX 4-A. METHOD FOR ESTIMATING INFILTRATION RATE IN CANYONS 
 
Net infiltration is defined as the flux of water that percolates to depths greater than the zone in 
which evapotranspiration (ET) processes take place. A complete site-wide study of net 
infiltration has recently been completed (Kwicklis et al. 2005). That study presents estimates of 
net infiltration determinations with a variety of estimation techniques, including Darcy’s Law, 
chloride mass-balance and water-balance methods. The study extrapolates these estimates to 
other areas within the site for which estimates do not exist. Factors used to make this 
extrapolation include topography, soil type, vegetation, and bedrock type. The Kwicklis et al. 
(2005) publication was not ready in time to be used in model predictions presented elsewhere in 
this report. Previous modeling analyses should be updated to include the detail from the site-
wide net infiltration study, as appropriate. 
 
Since net infiltration to the vadose zone beneath the plateau is assumed to occur mainly through 
canyons, the plateau is differentiated topographically as mesa or canyon. For the net infiltration 
map presented here, the mesa locations are all assigned the same fixed net infiltration rate. For 
the base-case study, this rate is 1 mm/yr (Section 2.6.1). More variability is added to the map for 
canyon locations because the canyons are the main source of recharge across the plateau, and 
also because conditions in canyons across the plateau vary from wet to dry. For these reasons, a 
ranking scheme was developed to classify portions of canyons by a net infiltration index (NII) 
that describes the net infiltration rate.  
 
The net infiltration index ranges in value from one to five, with one representing the lowest and 
five representing the highest infiltration potential. The NII is based on a number of physical 
factors, as shown in Table 4-A-1:  
 

• The location of the headwaters is the first factor because those canyons that head in the 
mountains generally have a larger drainage area, and receive more precipitation and run-
off than those that head on the plateau. Anthropogenic water sources within the canyons 
can also yield large surface flows that contribute similarly to headwaters located higher in 
the mountains. For this reason, anthropogenic sources were included with the first factor. 

• The persistence of surface water in the canyon bottom is the next factor used to define the 
NII. Those canyons with perennial streams are expected to generate higher net infiltration 
than those with ephemeral or intermittent streams, and therefore receive a higher ranking. 

• Observation of alluvial water is the final factor used to define the NII. Some canyons 
have alluvial groundwater of significant depth while others have limited or no alluvial 
water. Those canyons with deeper alluvial groundwaters receive a higher net infiltration 
index than those without. 

  
Note that the factors contributing to the NII are used to define a set of net infiltration indices that 
may be updated with site-specific observations and data. However, as a general approach for 
supporting a plateau-wide modeling effort, the NII is a reasonable simplification. In some cases, 
factors such as persistent surface and alluvial waters may indicate an absence of vadose-zone 
infiltration rather than a higher net infiltration rate. Examples of this include the surface 
expression of springs or perching in the alluvium caused by a large contrast in hydraulic 
conductivity between the alluvium and underlying tuff. Despite these types of alternative 
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hypotheses, the model assumes a higher NII in the wetter areas, so that it errs on the side of 
predicting more rapid transport. Once areas with potential fast paths are identified, more site-
specific and detailed net infiltration studies can be performed to refine the predictions.  
 
Table 4-A-1 also includes the net infiltration assumed for each NII. These estimates exhibit 
approximately three orders of magnitude variation in net infiltration between the driest and the 
wettest canyons. To assess uncertainty in infiltration, different sets of net infiltration estimates 
are also included in this study. 
 
Once the NII and the associated infiltration rates for each NII have been defined, the next step is 
to assign net infiltration indices of canyons or portions of canyons across the Pajarito Plateau. 
This task was accomplished by compiling information from the LANL Hydrogeologic Workplan 
about the descriptive factors listed in Table 4-A-1. Major canyons from Guaje Canyon, located 
north of the laboratory, to Chaquehui Canyon, located south of the laboratory, were characterized 
with respect to the location of their headwaters, anthropogenic sources, and observations of 
surface and alluvial waters. In most cases, a particular canyon is split into sections because the 
hydrologic factors change as one moves down the canyon. The characteristics of these canyons 
or portions of canyons are shown in Table 4-A-1, along with the resulting net infiltration index 
for each section. The net infiltration index is determined by comparing the characteristics in 
Table 4-A-1 to the net infiltration factors in Table 4-A-1. 
 
Figure 4-A-1 shows the resulting NII map for the study area with respect to the LANL boundary. 
Canyons with no portion of their reach inside the site area, in the gray area of this figure, are not 
assigned a NII as part of this study because laboratory-derived contaminants are not present in 
these canyons. Infiltration rates converted from the values in Table 4-A-1 were used as the upper 
water-flux boundary conditions for the series of one-dimensional vadose-zone flow and particle 
tracking runs. 

 
Figure 4-A-1. Infiltration on the Pajarito Plateau: result of analysis to determine the Net 

Infiltration Index (NII) indicator parameter across the Pajarito Plateau and 
surrounding region of the study area. 
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Table 4-A-1.  

Determination of Net Infiltration  
Index for Sections of Canyons on the Pajarito Plateau 

Canyon/ 
ArcView 
Identifier 

Reach Headwaters 
(drainage  

<5 mi2 unless 
noted) 

Surface  
Water 

Alluvial  
Water 

Published 
Net Infiltration 

Notes NII 

Pueblo 
(Pueb1) 

From 
Headwaters 
to 
Guaje 
Mountain 
Fault 

Mountains 
(drainage >8 mi2) 

Ephemeral Saturated  LANL 
(1998) 
p. 4-41, 
4-42 

4 

Pueblo 
(Pueb2) 

Below Guaje 
Mountain 
Fault, above 
sewage 
treatment 
plant 

Mountains Ephemeral May or may 
not be 
saturated 

 LANL 
(1998) 
p. 4-41, 
4-42 

3 

Pueblo 
(Pueb3) 

Below 
sewage 
treatment 
plant to 
halfway 
across Lab 
land 

Mountains and 
anthropogenic 
source 

Perennial  Saturated  LANL 
(1998) 
p. 4-41, 
4-42 

5 

Pueblo 
(Pueb4) 

Half way 
across Lab 
land to 
confluence 
with LA 
Canyon 

Mountains Intermittent Saturated  LANL 
(1998) 
p. 4-41, 
4-42 

4 

Pueblo 
(Historic) 

Mid (below 
TA-45) and  
upper (old 
sewage) 
canyon 

Mountains Possible 
historic 
perennial 
flow 

Possible 
historic 
saturated 
conditions 

Previous 
effluent  
TA-45 
(1951-1964); 
old sewage 
plant 
(pre-1963) 

 4 
(historic) 

Los 
Alamos 
(LA1) 

West of the 
reservoir 

Mountains 
(drainage >10 mi2) 

Perennial Saturated  LANL 
(1998) 
p. 4-48 

5 

Los 
Alamos 
(LA2) 

East of 
reservoir to 
TA-2 

Mountains Continuous 
during  
snow melt 
(weeks to 
months); 
otherwise 
ephemeral 

Saturated 
(thickness 
varies 
seasonally 
from several 
feet in winter 
to 25 ft in 
spring and 
summer) 

All LA Canyon 
estimates 
based on 
Gray, (1997) 
Table 8 
 
714, 213, 566, 
1076 mm/yr 
 

LANL 
(1998) 
p. 4-48 

4 

Los 
Alamos 
(LA3) 

TA-2 to 
confluence of  
Pueblo 
Canyon 

Mountains Ephemeral Saturated 
(same as 
above) 

222, 408 
mm/yr 

LANL 
(1998) 
p. 4-48 

4 
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Table 4-A-1.  

Determination of Net Infiltration  
Index for Sections of Canyons on the Pajarito Plateau (continued) 

Canyon/ 
ArcView 
Identifier 

Reach Headwaters 
(drainage  

<5 mi2 unless 
noted) 

Surface  
Water 

Alluvial  
Water 

Published 
Net Infiltration 

Notes NII 

Los 
Alamos 
(LA4) 

Confluence 
of Pueblo  
Canyon to 
LAO-4.5 

Mountains Perennial Saturated 399 mm/yr LANL 
(1998) 
p. 4-48 

5 

Los 
Alamos 
(LA5) 

LAO-4.5 to 
Basalt Spring 

Mountains Ephemeral Not 
Saturated 

362 mm/yr LANL 
(1998) 
p. 4-48 

3 

Los 
Alamos 
(LA6) 

Lower; Basalt 
Spring to Rio 
Grande 

Mountains Ephemeral Saturated 325 mm/yr LANL 
(1998) 
p. 4-48 

4 

DP 
(DP) 

All Plateau Ephemeral, 
except 
nearly 
continuous 
discharge 
near DP 
spring 

Saturated 
conditions 
observed 
at wells 
LAUZ-1, 
LAUZ-2 
(elsewhere 
?) 

 LANL 
(1998) 
p. 4-48 

3 

Sandia 
(San1) 

Headwaters 
to TA-72 

Plateau with 
small 
anthropogenic 
source 

Ephemeral Not 
character-
ized (likely 
saturated 
portions) 

Surface water 
source is 
precipitation and 
treatment plant 
water (not much 
snow melt) 

LANL 
(1998) 
p. 4-53  

3 

Sandia 
(San2) 

Below TA-72 Plateau Not present Not 
character-
ized (eastern 
part near 
SCO-1 & 
SCO-2 dry 
since 1990) 

 LANL 
(1998) 
p. 4-53 

1 

Cañada 
del Buey 
(CdB1) 

All else Plateau Ephemeral 
(with snow-
melt and 
thunder-
storms) 

Not 
saturated 

<0 (Rogers et 
al. 1996) 

LANL 
(1998) 
p. 4-59,  
4-61 

1 

Cañada 
del Buey 
(CdB2) 

Between 
CDBO-6 
& CDBO-7 

Plateau Ephemeral 
(with 
snowmelt 
and 
thunder-
storms) 

Sometimes 
saturated 
within 
weathered 
tuff (near 
discharge of 
PM-4) 

 LANL 
(1998) 
p. 4-61 

2 

Pajarito  
(Paj1) 

West of 
Homestead 
Spring 

Mountains 
(drainage >10 mi2) 

Occurs as 
springs 
above 
alluvium 
(1-15 gpm) 

Saturated 
alluvium 
(perched to 
~10 ft depth) 

 LANL 
(1998) 
p. 4-61,  
4-62 

4 

Pajarito 
(Paj2) 

Several 100 
yards near 
Homestead 
Spring 

Mountains Perennial Saturated 
alluvium 
(perched to 
~10 ft depth) 

 LANL 
(1998) 
p. 4-61,  
4-62 

5 
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Table 4-A-1.  
Determination of Net Infiltration  

Index for Sections of Canyons on the Pajarito Plateau (continued) 
Canyon/ 
ArcView 
Identifier 

Reach Headwaters 
(drainage  

<5 mi2 unless 
noted) 

Surface  
Water 

Alluvial  
Water 

Published 
Net Infiltration 

Notes NII 

Pajarito 
(Paj3) 

Below 
Homestead 
Spring to 
above 
Three-Mile 
Canyon 

Mountains Intermittent 
to 
ephemeral 

Saturated 
alluvium 
(perched to 
~10 ft depth) 

 LANL 
(1998) 
p. 4-61,  
4-62 

4 

Pajarito 
(Paj4) 

Three-mile 
Canyon to 
eastern LANL 
boundary 

Mountains Ephemeral Saturated 
alluvium 
(perched to 
~10 ft depth) 

 
 

LANL 
(1998) 
p. 4-61,  
4-62 

4 

Pajarito 
(Paj5) 

East of LANL 
boundary  
to Rio Grande 

Mountains (Not 
discussed) 
Assumed 
ephemeral 

Not saturated   LANL 
(1998) 
p. 4-61, 
4-62, 
4-60 

2 

Ancho 
(Ancho) 

All Plateau Ephemeral 
from 
precipitation 
(sometimes 
severe) 

Little known 
(possible 
shallow 
perched zone) 

 LANL 
(1998) 
p. 4-69 

2 

Chaq-
uehui 
(Cheq1) 

Headwaters to 
0.5 mile from 
Rio Grande 

Plateau Ephemeral Little known 
(However, 
observed 
infiltration into 
tuff at TA-33, 
tritium at 
100-170 ft) 

 LANL 
(1998) 
p. 4-74 

2 

Chaq-
uehui 
(Cheq2) 

0.5 miles 
from/to Rio 
Grande 

Plateau Perennial 
for short 
distance 

Little known  LANL 
(1998) 
p. 4-74 

2 

Cañon de 
Valle 
(CdV1) 

Headwaters 
to Pajarito 
Fault 

Mountains Perennial Saturated  LANL 
(1998) 
p. 4-78, 
4-79 

5 

Cañon de 
Valle 
(CdV2) 

Pajarito Fault 
to 260 Outfall 

Mountains Intermittent Saturated  LANL 
(1998) 
4-78,4-79 

4 

Cañon de 
Valle 
(CdV3) 

260 Outfall to 
MDA P 

Mountains and 
Anthropogenic 
source 

Perennial Saturated  LANL 
(1998) 
p. 4-78, 
4-79 

5 

Cañon de 
Valle 
(CdV4) 

MDA P to 
Water 
Canyon 

Mountains Intermittent Saturated  LANL 
(1998) 
p. 4-78, 
4-79 

4 

Potrillo 
(Pot1) 

Headwaters 
to 
POTM-wells 

Plateau Ephemeral 
(no 
significant 
snowmelt, 
discharge 
sink at 
POTM- 
wells) 

Only 
saturated 
observance 
once at well 
POTM-2 

0.01 cm/yr 
(Rogers et al. 
1996a) 

LANL 
(1998) 
p. 4-85 

1 
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Table 4-A-1.  
Determination of Net Infiltration  

Index for Sections of Canyons on the Pajarito Plateau (continued) 
Canyon/ 
ArcView 
Identifier 

Reach Headwaters 
(drainage  

<5 mi2 unless 
noted) 

Surface  
Water 

Alluvial  
Water 

Published 
Net Infiltration 

Notes NII 

Potrillo 
(Pot2) 

POTM-wells 
to Water 
Canyon 

Plateau Rare Not expected  LANL 
(1998) 
p. 4-85 

1 

Fence 
(Fen1) 

All Plateau Ephemeral 
(no 
significant 
snowmelt) 

Little known, 
dry at State 
Rt. 4 

 LANL 
(1998) 
p. 4-86 

1 

Water 
(Wat1) 

Headwaters 
to west of 
LANL 
boundary 

Mountains Mostly 
perennial 

Assumed 
saturated 

 LANL 
(1998) 
p. 4-87,  
4-79 

4 

Water 
(Wat2) 

Western 
LANL 
boundary to 
Cañon de 
Valle 

Mountains Unknown Unknown  LANL 
(1998) 
p. 4-87, 
4-79 

3 

Water 
(Wat3) 

Cañon de 
Valle to well 
DT-10 

Mountains Intermittent 
and 
Ephemeral 

Saturated  LANL 
(1998) 
p. 4-87,  
4-79 

4 

Water 
(Wat4) 

DT-10 to 
spring 5AA 

Mountains Ephemeral Not saturated  LANL 
(1998) 
p. 4-87,  
4-79 

2 

Water 
(Wat5) 

At spring 
5AA 

Mountains Short 
perennial 
reach 

Possibly 
saturated 

 LANL 
(1998) 
p. 4-87,  
4-79 

4 

Water 
(Wat6) 

Beneath 5AA 
to Rio 
Grande 

Mountains Ephemeral Not saturated  LANL 
(1998) 
p. 4-87, 
4-79 

2 

Mortandad 
(Mort1) 

Headwaters 
to TA-50 
outfall 

Plateau Ephemeral 
and 
Intermittent 

Not saturated See LANL 
(1998) p.4-92 
for surface 
water loss 
estimates 

LANL 
(1998) 
p. 4-89,  
4-91 

1 

Mortandad 
(Mort2) 

Downstream 
from TA-50 
wastewater 
treatment 
plant for 
about 1 mile 
 

Plateau 
with large 
anthropogenic 
source 

Perennial 
for about 1 
mile 

Saturated 
(~10 ft thick) 

Dander (1998) 
4500 mm/yr 

LANL 
(1998) 
p. 4-89,  
4-91 

5 

Mortandad 
(Mort3) 

Downstream 
from TA-50 
wastewater 
treatment 
plant (from 1 
mile 
downstream 
to 2 miles) 
 

Plateau Ephemeral Saturated 
(~10 ft thick); 
approx. from 
TA-50 to just 
above San 
Ildefonso land 

 LANL 
(1998) 
p. 4-89,  
4-91 

4 
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Table 4-A-1.  
Determination of Net Infiltration  

Index for Sections of Canyons on the Pajarito Plateau (continued) 
Canyon/ 
ArcView 
Identifier 

Reach Headwaters 
(drainage  

<5 mi2 unless 
noted) 

Surface  
Water 

Alluvial  
Water 

Published 
Net Infiltration 

Notes NII 

Mortandad 
(Mort4) 

From just 
above 
boundary 
with San 
Ildefonso 
land to the 
Rio Grande 

Plateau Ephemeral Not saturated   LANL 
(1998) 
p. 4-89,  
4-91 

1 

Guaje 
(Guaje1) 

Upstream 
(near 
springs) to 
downstream 
from the 
Guaje 
Reservoir 

Mountains Perennial Saturated  LANL 
(1998) 
p. 4-95 

5 

Guaje 
(Guaje2) 

Downstream 
from Guaje 
Reservoir to 
LA Canyon 

Mountains Intermittent Possible 
seasonal 
saturation 

 LANL 
(1998) 
p. 4-95 

3 

Rendija 
(Ren1) 

All Mountains Ephemeral Unknown   3 

Barrancas 
(Barr1) 

All Plateau Intermittent 
and 
Ephemeral 

Potentially 
saturated 

 LANL 
(1998) 
p. 4-96,  
4-97 

2 

Bayo 
(Bayo) 

 Plateau Intermittent 
and 
Ephemeral 

Potentially 
saturated (90 
boreholes in 
former TA-10, 
found no 
alluvial water) 

 LANL 
(1998) 
p. 4-97 

2 

Three-
Mile 
(Three)  

All Plateau ? ?  Assume 
like 
Potrillo 

1 

Two-Mile 
(Two) 

All Mountain Assumed 
ephemeral 

Assumed 
saturated 

 LANL, 
(1998) 
p. 4-60 

3 
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APPENDIX 4-B. MDA G MODEL 
 
This appendix summarizes modeling work previously reported in Birdsell et al. (2000). The 
purpose of this modeling presentation is to demonstrate the use of the vadose zone concepts 
outlined in this report and to present representative modeling results for a relatively dry mesa. 
This system is therefore one end member of the different types of vadose-zone behavior expected 
for the plateau. A model for the other extreme, a wet canyon, is presented for Los Alamos 
Canyon in Appendix 4-C. 
 
4-B-1.  Introduction and Motivation  
 
Performance assessment (PA) is required to site and authorize permanent disposal facilities for 
radioactive waste. The purpose of the PA is to demonstrate that performance measures related to 
protection of human health and the environment are not likely to be exceeded for a specified 
period of time. Performance objectives and periods of compliance vary according to the 
characteristics of the radioactive waste being disposed, but groundwater protection for U.S. sites 
is always explicitly required for at least 1000 years. This study presents an integrated case study 
that predicts the groundwater pathway dose in support of the performance assessment PA of the 
active, low-level, solid radioactive waste site located at the Laboratory, shown in Figure 4-4 
(from Figure 1 of Birdsell et al. 2000). In contrast to the modeling study of Los Alamos Canyon 
presented in Appendix 4-C, this model illustrates aqueous contaminant transport from a 
relatively dry mesa, as opposed to a canyon bottom. 
 
The three-dimensional unsaturated zone flow and transport model captures the complex 
hydrogeology and topography of the site and yields radionuclide flux estimates to the regional 
aquifer. Within the unsaturated zone model, the source release of radionuclides is computed for 
38 waste disposal pits and four shaft fields (Figure 4-5, from Figure 3 of Birdsell et al. 2000), 
each contributing to the total inventory. The continued migration of radionuclides through the 
aquifer is calculated by using a three-dimensional model designed to maintain the temporally and 
spatially varying distribution of radionuclide flux from the unsaturated zone.  
 
4-B-2.  Hydrostratigraphy and Hydraulic Properties 
 
The strata that underlie the LANL waste site are composed of a series of nonwelded to 
moderately welded rhyolitic ash-flow and ash-fall tuffs underlain by a thin pumice bed (Guaje 
Pumice), a thick basalt (Cerros del Rio Basalt), and a fanglomerate (Puye Formation), as shown 
in Figure 4-B-1 (from Figure 3 of Birdsell et al. 2000). The tuff has eroded to leave a system of 
alternating finger-shaped mesas and canyons. LANL’s low-level waste disposal facility is 
located atop one such mesa with the waste buried in disposal pits and shafts to a depth of 
approximately 20 m. The surrounding canyons lie 30 m below the steep-sided mesa, and the 
water table is located approximately 250 to 300 m below the disposal pits. 
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Figure 4-B-1. Conceptual model of hydrostratigraphy of the unsaturated zone for the MDA G 
Performance Assessment Model. 

 
The stratigraphy at this site has several important features. The Bandelier Tuff, which composes 
the upper six stratigraphic units (See Figure 4-B-1), dips gently and thins toward the eastern end 
of the site. The top tuff layer, Unit 2, and the upper few meters of the second layer, Unit 1v-u, 
are extensively fractured and are separated by a thin surge bed (Krier et al. 1997). Fractures in 
the deeper tuff units have also been observed in outcrop (Krier et al. 1997). In addition, the 
Cerros del Rio Basalts, which comprise over 50% of the unsaturated zone, display significant 
variability (Turin, 1995). The basalts range from extremely dense with no apparent porosity, to 
highly fractured, to so vesicular as to appear scoriaceous. Finally, the Puye Fanglomerate lies at 
the base of the unsaturated zone and extends into the saturated zone. The fanglomerate consists 
of cobbles and boulders of volcanic debris in a matrix of silts, clays, and sands (Purtymun, 
1995). Clay, silt and pumice lenses, and interbedded Cerros del Rio basalt are also common. 
 
The van Genuchten model (van Genuchten, 1980), is used to represent the moisture retention 
characteristic curves for all units in the unsaturated-zone model. Birdsell et al. 2000 summarizes 
the hydrologic parameters used for all of the units in the unsaturated-zone flow and transport 
model. The parameters for the van Genuchten model (saturated permeability, porosity, inverse 
air entry pressure, etc.) are fairly well characterized for the six Bandelier Tuff units and for the 
crushed-tuff backfill but not for the deeper units. The properties for the tuff units (Krier et al. 
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1997), the crushed tuff, and the Guaje Pumice were measured on core samples of matrix 
material. Estimated values for the saturated conductivity and porosity of the Puye Fanglomerate 
(Purtymun 1984) are used, and we assume that the van Genuchten fitting parameters are similar 
to those of coarse sands. 
 
No hydrologic property data were available for the basalts at the time this study was performed. 
The basalt is modeled as a composite-continuum medium made up of both fractures and matrix 
material (Peters and Klavetter 1988). To ensure conservatism, we set the continuum porosity of 
the basalt to that of the fractures, thus forcing very low residence times of solutes in this unit for 
which there was no hydrogeologic characterization data. 
 
4-B-3.  Infiltration  
 
Although the average precipitation rate for the area is 35.6 cm/year (Bowen, 1990), most of this 
precipitation is lost to runoff and evapotranspiration, resulting in a heterogeneous infiltration 
pattern that is controlled by the mesa/canyon setting of the site. Infiltration is thought to be 
seasonal with most occurring during spring snowmelt and, to a lesser extent, during the summer 
thunderstorm season (Rogers et al. 1996a). Figure 4-A-1 shows the different scales of infiltration 
across the plateau. Based on measured rock saturations and chloride data, a very low net 
infiltration rate (same as net infiltration, as used in Appendix 4-A) of 1 to 10 mm/year is thought 
to exist within the mesa. Pajarito Canyon is wetter with an estimated net infiltration rate of 10 to 
100 mm/year, while Cañada del Buey is dry with a net infiltration rate similar to the mesa top. 
The steep mesa sides represent an evaporative region water sink rather than a source region. The 
coupling of the fractured units separated by the high-permeability surge bed with the mesa’s 
topographic relief is thought to enhance air circulation and consequently lead to evaporative 
drying within the mesa interior. 
 
4-B-4. Radionuclide Releases 
 
The waste disposal facility occupies about 300,000 m2 atop a finger-shaped mesa with waste 
buried in pits and shafts to a depth of approximately 20 m (Figure 4-5). Between 1957 and 1995, 
solid radioactive waste was buried in 34 disposal pits and in almost 200 shafts located in five 
shaft fields. The waste form buried at the site contains over 60 radionuclides with the majority of 
the waste being 235U, 238U, and 232Th. Currently, only low-level radioactive waste is accepted, 
but prior to 1971, transuranic and mixed wastes were also accepted (Schuman 1997a). An 
expansion area with four large pits and another shaft field is planned for operation through 2044 
and is included in this study. 
 
The waste is categorized in terms of four disposal-unit classifications that are determined by the 
age of the wastes, because different regulations govern wastes disposed of during different time 
periods and because inventory records have improved with time. Detailed inventory information 
for the 1971–1988 waste and the 1988–1995 waste are obtained from disposal records. However, 
detailed inventory data are not available prior to 1971 and are uncertain for future activities. 
Therefore, the inventory in the 1957–1970 waste is extrapolated backwards based on disposal 
operations from 1971 to 1977, and the inventory for the 1996–2044 waste is projected based on 
current operations and expected future operations (Schuman 1997a; Vold and Shuman 1996). 
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The release of radionuclides from the disposal units is represented by one of two release 
mechanisms: rapid release or solubility-limited release (Vold and Schuman 1996). The 
maximum porewater concentration of each nuclide is calculated based on its inventory, its waste 
volume and the moisture content in the pits. This concentration is then compared to the nuclide’s 
solubility limit to determine which source-release model is appropriate for each nuclide in each 
disposal unit. That is, if the maximum porewater concentration exceeds the nuclide’s solubility 
limit, the release concentration is held at the solubility limit until that nuclide’s inventory has 
been exhausted. If the porewater concentration does not exceed the nuclide’s solubility limit, the 
rapid-release model is used. Nuclides with very large solubility limits, such as 129I and 99Tc, are 
controlled by this mechanism throughout the site. 
 
4-B-5.  Computational Grids 
 
The stratigraphic configuration used for the unsaturated zone model is derived from various 
sources including the then-current LANL site-wide geologic model (Vaniman et al. 1996), 
well-log picks, and surface observations. The data set is interpolated with the Stratagraphic 
Geocellular Modeling SGM Software Stratamodel to generate the three-dimensional geologic 
framework model. The three-dimensional unsaturated zone grid is generated with the 
Geomesh/X3D software (Gable et al. 1995) from this geologic framework model. An initial grid 
is constructed with the 45.7-m spacing of the geologic framework model and then resolved to 
include the 38 waste disposal pits and to better delineate the mesa sides. The final grid contains 
41,542 nodes and 254,614 tetrahedral elements.  
 
The saturated zone model extends from just west of the site to the Rio Grande. The grid is 
rectangular and oriented perpendicular to groundwater equipotentials. It is 9773 m long, 
1280 m wide, and 100 m deep with 19,580 nodes and 102,960 tetrahedral elements. To better 
model the vertical dispersion of the contaminant plumes entering the aquifer from the 
unsaturated zone, the vertical element height is refined near the water table. The grid is also 
refined horizontally beneath the site to approximately 500 m downstream to accurately capture 
the spatial distribution of the radionuclides as they move toward the downstream compliance 
regions. 
 
4-B-6.  Model Implementation 
 
Model implementation issues include how to assign the flow boundary conditions, initial 
conditions for transient flow, and hydraulic parameters in the model. We will also discuss some 
assumptions employed in model implementation. 
 
To determine appropriate infiltration rates for the site, Birdsell et al. (2000) ran 5 two-
dimensional simulations using different steady mesa-top infiltration rates of 10 mm/year, 
1 mm/year, 0.1 mm/year, 0.01 mm/year and 0.0 mm/year, and compared the simulated saturation 
profiles to site field data. Figure 4-B-2 (adapted from Figure 5 of Birdsell et al. 2000) shows the 
calculated steady-state saturation profiles at the center of the mesa for the five infiltration rates 
along with the ranges of in situ saturation data measured in the six Bandelier Tuff units. The 
shape of the calculated saturation profiles shows the same trend as the data, e.g. saturations 
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decrease from Unit 2 to Unit 1v-u and then increase again in Unit 1v-c, etc., but no single 
infiltration rate yields predicted saturation values that fit the entire data set. Based on their study, 
together with that of Newman (1996), Birdsell et al. (2000) used a range of mesa-top infiltration 
rates from 1 to 10 mm/year. The bottom boundary for the unsaturated zone model is the water 
table. 
 
For the saturated-zone model, a steady flow field is calculated by applying a pressure head 
difference of 101 m (Purtymun 1995) across the east and west sides of the model. No-flow 
boundaries are used for the top, bottom, north and south sides. Recharge is believed to occur 
mainly to the west of the site, at higher elevations in the Jemez Mountains. A water-balance 
estimate shows that the volume of water entering the aquifer from the unsaturated zone at the site 
is negligible compared to the aquifer volume (Birdsell et al. 1999). Thus, water flowing from the 
unsaturated zone to the aquifer is not included. 
 
Several assumptions have been made in implementing the simulation model, including steady 
infiltration rates and an equivalent continuum medium for the Cerros del Rio Basalts. Although 
the deep percolation is thought to be seasonal with most occurring during spring snow melt and 
to a lesser extent during the summer thunderstorm season (Rogers et al. 1996a), Birdsell et al. 
(1999) studied the effects of annual transients in percolation rate on unsaturated zone transport at 
the site. They found that simulated transient pulses are damped with depth so that the calculated 
cumulative contaminant flux at the base of the Bandelier Tuff is similar under transient and 
steady flow fields.  
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Figure 4-B-2.  Comparison of site data (gray boxes) to calculated steady-state saturation 

profiles for several infiltration rates. 
 
 
Another important assumption is that matrix flow dominates in the unsaturated tuff units at the 
site. This assumption is justified by considering that the pits are excavated completely through 
Unit 2, the most highly fractured tuff unit, thus excluding the fracture system and the likelihood 
of fracture flow through this unit. In addition, numerical studies of fracture flow for the site 
indicate that flow through fractured tuffs is difficult to maintain in low-saturation, high-
capillarity systems (Soll and Birdsell 1998). Because the site in this study is a solid waste site, 
significant fracture flow through the unsaturated tuff units is unlikely.  
 
Furthermore, the basalt is modeled as an equivalent continuum medium made up of both 
fractures and matrix material (Peters and Klavetter1988). Matrix properties are derived from 
analog basalts in Idaho (Bishop 1991). Fracture properties are chosen, through numerical 
sensitivity studies, so that no lateral diversion occurs at the top of the basalts in the simulations, 
even when the flow rate exceeds the matrix saturated hydraulic conductivity. The continuum 
porosity is set equal to the fracture volume fraction, 10-4, to ensure rapid transport of 1 to 5 years 
through this unit, hence, foregoing any retardation due to matrix flow or sorption. Notice that this 
treatment of transport through the basalt yields a conservative result e.g., faster groundwater 
travel times and higher peak doses than actually expected. 
 
It is evident that there is significant uncertainty in infiltration rates. For the purpose of sensitivity 
analyses, we defined a base-case set of infiltration rates as a reference, as listed in Table 4-B-1. 
Variations are made on the base-case infiltration rates to examine the impact of uncertain 
parameters on the model results.  
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4-B-7.  Representative Transport Result 
 
Unsaturated zone transport calculations were run for 14C, 129I, 237Np, 99Tc, and 238U using the 
base-case, steady flow field, 5_1_50 (nomenclature for these model results is defined in Table 
4-B-1). These nuclides were chosen because of their low distribution coefficients, ranging from 
0 to 2.43 for most of the unsaturated zone units. Using screening techniques developed by 
Birdsell et al. (1995), Birdsell et al. (2000) chose 14C, 129I, and 99Tc, and eliminated the 
remaining nuclides from consideration in the dose assessment. 
 
Figure 4-B-3 (adapted from Figure 8 of Birdsell et al. 2000) shows the simulated 129I plumes in 
the unsaturated zone for the four age-dependent waste classes after 1000 years using the base-
case flow field. Although the infiltration rate at each source region is the same (5 mm/year), the 
four plumes are quite different due to both inventory variations and differences in bed thickness. 
The inventory distribution in the disposal units is heterogeneous, leading to large variations in 
radionuclide flux from the disposal units to the unsaturated zone. For example, the 1971–1988 
(Figure 4-B-3b) inventory dominates the total site release of 129I to the aquifer at 1000 years. 
Also, the 1988–1995 shafts located near the southern edge of the mesa (Figure 4-B-3c) 
concentrate nearly 80% of the 1988–1995 129I inventory into a small area. This localized 
inventory produces a predominant plume at the southern portion of the mesa, while the pits to the 
north and west produce the less concentrated plumes. The location of the basalt unit and the 
effect on plume migration of the vertical, fracture-dominated flow through this unit is readily 
visible in these simulations. Once the solutes reach the basalt, they migrate quickly through the 
unit. In the 1996–2044 waste scenario (Figure 4-B-3d), only the plume’s leading edge reaches 
the basalt after 1000 years because the Bandelier Tuff units are much thicker beneath this 
proposed expansion area. 
 
To assess the effect of uncertainty in flow rate on transport results, Birdsell et al. (2000) 
examined the transport of the 1988–1995 129I inventory using different flow fields and compared 
the nuclide fluxes through the unsaturated zone. Figure 4-B-4 (from Figure 10 of Birdsell et al. 
2000) shows the total flux of 129I for the five flow fields described in Table 4-B-1. By comparing 
the 1_1_20 case, the 5_1_20 case, and the 10_1_20 case, it is seen that increased mesa 
percolation leads to faster breakthrough and increased solute flux through the unsaturated zone. 
This flow-rate dependency is compounded by the velocity-dependent rapid-release source term. 
The solute flux at 1000 years for the lowest flow case, 1_1_20, is five to seven orders of 
magnitude less than the other cases considered. This case is used to predict the lower-bound dose 
in the uncertainty analysis. Comparing the 5_1_20 case to the 5_1_50 case shows that additional 
flow through Pajarito Canyon results in faster breakthrough and increased solute flux to the 
saturated zone. The 10_5_100 case represents the wettest case and yields the fastest 
breakthrough and highest flux to the saturated zone and, consequently, the highest dose over the 
first 1000 years. This case is used to estimate an upper-bound dose for the uncertainty analysis. 
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Table 4-B-1.  

Infiltration Rates (mm/year) Used as Upper  
Boundary Conditions for MDA G Performance Assessment  

 Mesa Top Cañada del Buey Pajarito Canyon 
1_1_20 (lowest flow case) 1 1 20 

5_1_20 5 1 20 

5_1_50 (base case) 5 1 50 

10_1_20 5 1 20 

10_5_100 (highest flow case) 10 5 100 
Source: Birdsell et al. (2000). 
 

 
Figure 4-B-3.  Iodine-129 plumes (concentration, moles/liter) in the vadose zone at 1000 years 

for the four different source regions, base-case flow field. 
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Figure 4-B-4.  Total flux of the 1988–1995 129I  inventory from the unsaturated zone to the 

saturated zone for various flow cases. 
 
 
4-B-8.  Discussion  
 
Due to uncertainty in model parameters, the results of these transport simulations contain 
intrinsic uncertainty. The greatest uncertainties associated with predicting aquifer-related doses 
from the site, according to Birdsell et al. (2000), are related to the understanding of the 
mechanisms that control flow and transport within the unsaturated zone and our ability to model 
these mechanisms. At this point, they concluded that uncertainty related to the hydrologic 
processes themselves, i.e., conceptual model uncertainty, dominates the ability to make accurate 
predictions of transport at the site moreso than uncertainty related to the hydrologic and 
geochemical properties data. Importantly, however, predicted doses using parameters from the 
most conservative ends of the uncertain ranges are still well below regulatory concern. 
 
The results of Birdsell et al. (2000) indicate that the mesa-top infiltration rate has the greatest 
impact on the simulated migration of waste through the unsaturated zone. It controls both the 
source release rate and subsequent downward solute migration. They bounded this uncertainty by 
considering a base-case flow field and high- and low-flow cases. As shown in Table 4-B-2, a 
variation in mesa-top infiltration rate from 1 to 10 mm/year results in a range of six orders of 
magnitude in the 1000-year groundwater-related doses. Clearly, a good understanding of this key 
parameter is important to the dose assessment. However, because doses are so much less than the 
performance objectives developed in Birdsell et al. (2000), conservative yet realistic infiltration 
rates seem adequate for this site. With respect to travel times, models of dry mesas such as that 
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associated with MDA G generally predict travel times in the neighborhood of 1000 years or 
more. This basic result indicates that groundwater pathway risks associated with waste disposed 
under dry mesa conditions are expected to be risks that will present themselves far into the 
future, as opposed to there being a significant present-day risk. This result applies only to the 
groundwater: a complete pathway assessment should be conducted that includes other exposure 
scenarios in addition to groundwater. 
 

Table 4-B-2.  
Maximum Ground Water and  

All Pathways Doses for the PA and CA Wastes,  
Base Case Flow Field (mrem/yr) MDA G Performance Assessment. 

 PA -  
Ground Water 

PA -  
All Pathways 

CA -  
All Pathways 

Performance Objective 4 25 100 

1000 yr (Base Case) 2.4 x 10-7 6.5 x 10-7 3.7 x 10-5 

Peak Dose (Base Case) 3 x 10-5 
@ ~4500 yrs 

1 x 10-4 
@ ~4500 yrs 

2 x 10-3 
@ ~3000 yrs 

1000 yr (high-flow case) 8.0 x 10-6 2.2 x 10-5 1.4 x 10-3 

1000 yr (low-flow case) 9 x 10-12 2 x 10-11 1 x 10-10 
Source: Birdsell et al. (2000). 

 
 
Finally, there are residual uncertainties related to flow in the deeper unsaturated-zone units for 
which few hydrologic data are available. The simulations take virtually no credit for transport 
times through the Cerros del Rio basalts, which make up more than 50% of the unsaturated zone. 
The transport results are based on the steady-flow assumption and on the use of matrix, 
hydrologic properties for all tuff units at the site. The response of this fractured system to 
transient flow events is not completely known. Transient calculations (Birdsell et al. 1999) 
indicate that the steady-flow assumption is adequate because fluctuations in both saturation and 
contaminant flux rates dampen with depth even when including fractures in the upper two units. 
Fracture infiltration studies (Soll and Birdsell, 1998) lead to the conclusion that fracture flow is 
difficult to initiate and is short-lived in the upper two tuff units at the observed low field 
saturations. These conclusions are supported by modeling studies presented for Los Alamos 
Canyon in Appendix 4-C, as well as the findings of Robinson et al. (2005b). 
 

 

 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 4-C-1 December 2005 

APPENDIX 4-C. LOS ALAMOS CANYON MODEL 
 
4-C-1.  Introduction and Motivation 
 
Los Alamos Canyon, as shown in Figure 4-6, is one of the most complex sites at the Laboratory. 
A number of technical areas have been or are currently located in or adjacent to the canyon, 
resulting in multiple release locations along the canyon. This section examines, through a 
synthesis of available data and the development of numerical models, fluid flow and contaminant 
transport in the vadose zone beneath Los Alamos Canyon. The subsurface hydrology and 
transport in the vadose zone is also a challenging activity, given the wide range of infiltration 
rates, the presence of perched water, and the introduction of a host of contaminants of different 
chemical properties. Because the canyon serves as a collector of a wide range of contaminants, 
we decided that it was necessary to develop a model at the scale of the canyon, rather than at a 
smaller scale. The specific goals of the model are as follows: 
 

• Synthesize the available data and conceptual understanding of the vadose zone hydrology 
beneath Los Alamos Canyon; 

• Produce a "base-case" numerical model of the subsurface vadose zone hydrology that 
ultimately can be used to predict contaminant migration rates and concentrations in fluids 
reaching the regional aquifer beneath the canyon; 

• Quantify the uncertainties associated with those predictions by establishing the bounds on 
system behavior through a suite of possible models, all of which are consistent with the 
available data, but which bracket the range of possible behavior; 

• Provide a simulation tool for predicting the fate and transport of contaminants in Los 
Alamos Canyon under different assumed hydrologic and ER stewardship scenarios; and 

• Demonstrate a model development methodology that can be used in studies of other 
canyons on the Pajarito Plateau. 

 
This work focuses on the hydrology beneath Los Alamos Canyon, as a first step toward 
developing a predictive tool that can be used to simulate contaminant migration in the canyon. 
Since water is the carrier fluid for the contaminants of interest, constructing a realistic flow 
model that captures the most important hydrologic processes of the vadose zone is an essential 
first step in the development of a reliable model. Although we primarily restrict attention to flow 
issues, tritium transport in the vadose zone is also modeled here. Tritium, in the form of tritiated 
water, is an excellent tracer for groundwater, and hence is included in this modeling study as a 
constraint on the flow model. Although the work here is restricted to Los Alamos Canyon, we 
anticipate that the methodology and approach applied here can be used to develop models at 
other sites at the Laboratory. 
 
4-C-2.  Hydrostratigraphy  
 
Accurate modeling of groundwater flow and transport in Los Alamos Canyon requires the 
integration of geologic model information with computational grids. Stratamodel was used to 
create a three-dimensional geologic framework model for Los Alamos Canyon. The geologic 
framework model consists of 20 distinct geologic units and is the product of a continuous 
process of model development and improvement in support of the Hydrogeologic Workplan 
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(LANL 1998) activities, including the development of numerical flow and transport models such 
as the present study. The record of model development and improvement is documented in 
various LANL reports (Vaniman et al. 1996, Carey et al. 1999). The different versions of the 
geologic models are distinguished based on the fiscal year (FY) in which they were built. Several 
of the sensitivity analyses were performed with the FY98 version as the geologic basis, while 
most of simulations are done based on the FY99 version. 
 
The defined stratigraphic units and their accepted designators are listed in Table 4-C-1. 
Figure 4-C-1 shows a two-dimensional cross section of the geologic model, illustrating the 
complexity of the current conceptualization of the subsurface. A characteristic of this two-
dimensional stratigraphic model that is different than other models developed for sites on the 
Pajarito Plateau such as MDA G (Birdsell et al. 1999) and Mortandad Canyon (Dander 1998) is 
the absence of significant thickness of the Tshirege Member of the Bandelier Tuff. Los Alamos 
Canyon cuts deeply into the Bandelier Tuff such that the Otowi Member is the first unit 
encountered beneath the alluvium in the canyon bottom over much of the model domain. In the 
eastern portion of the model, the Otowi is not present, and instead the Cerros del Rio (Tb4) is the 
first unit encountered. This is the case at R-9, where the stratigraphic section consists only of 
basalts and the Puye Formation. Figure 4-C-2 depicts the full three-dimensional model 
stratigraphy, along with the locations of important wells and facilities referred to later. 
 
Table 4-C-2 lists the hydrologic properties used for the Los Alamos Canyon model. Permeability 
and porosity values used for each unit are listed first, followed by the unsaturated hydrologic 
parameters for the van Genuchten (1980) formulation used in the present study. It is assumed in 
this study that hydrologic properties are homogeneous within each individual unit. Although the 
appropriate hydrologic properties for the various units are thought to be somewhat site 
dependent, these property values are representative averages of site-wide conditions and can be 
used as a starting point for vadose zone numerical simulations. 
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Table 4-C-1.  
Stratigraphic Units Present in the Vicinity of Los Alamos Canyon 

Group/Formation Unit Name Symbol 
Unit 5 Qbt5 
Unit 4 Qbt4 
Unit 3 Qbt3 
Unit 2 Qbt2 
Vapor-phase altered member of Unit 1 Qbt1v 
Glassy member of Unit 1 Qbt1g 

Tshirege Member of the Bandelier Tuff 
 

Tsankawi Pumice Qbtt 
Cerro Toledo Interval Cerro Toledo Qct 

Otowi Member ash flow Qbof Otowi Member of the Bandelier Tuff 
Guaje Pumice bed Qbog 
Puye fanglomerate  Tpf Puye Formation 
Totavi Lentil Tpt 
Basalt 4 Tb4 
Basalt 3 Tb3 
Basalt 2 Tb2 

Cerros del Rio basalt 

Basalt 1 Tb1 
Tschicoma latite Tt2 Tschicoma Formation  
Tschicoma dacite Tt1 
Chaquehui (volcaniclastic) aquifer unit Tsfuv Santa Fe Group 
Santa Fe Group undifferentiated Tsfu 
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Figure 4-C-1.  Cross section of stratigraphy in the vicinity of Los Alamos Canyon. Also shown 

is the infiltration map used along the canyon bottom (derived from water budget 
study of Gray 1997). 

 

 
 
Figure 4-C-2.  Three-dimensional depiction of the stratigraphic framework model used to 

construct the flow and transport model for Los Alamos Canyon. Important wells 
and the site of a nuclear reactor are also shown. 
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4-C-3. Infiltration Rates and Water Budget Model 
 
The infiltration rate on the upper surface is one of the most important inputs in simulating flow 
and transport in the site. For the mesa areas, various hydrologic and chemical techniques have 
been employed to estimate infiltration rates in various settings. Rogers et al. (1996a) outlined an 
interpretive technique for estimating local infiltration rates based on measured hydrologic 
properties and water content values in samples collected from the vadose-zone tuffs. They 
obtained infiltration rates on mesas as low as 0.06 mm/yr with higher mesa values only found 
where surface conditions such as ponds were present. In more recent analyses, Birdsell et al. 
(1999) obtained a value on the order of 1 mm/yr for undisturbed mesa conditions at TA-49, and 
values estimated from 60-300 mm/yr beneath paved regions. At TA-16, chloride mass balance 
data collected by Newman (presented in Birdsell et al. 2005) were interpreted using the chloride 
mass balance method. Infiltration rates slightly higher than 1 mm/yr were obtained in this 
manner, which is consistent with the analyses of moisture content. Therefore, an infiltration rate 
of 1 mm/yr is assumed at all locations except the canyon bottom in the current model. 
 
To estimate the infiltration rate along Los Alamos Canyon, we use the study of Gray (1997), who 
focuses on the water budget and fluid flow in the surface water stream and shallow alluvial 
aquifer in Los Alamos Canyon. The fundamental model equation used to evaluate the water 
budget is 
 

SETRPI !"""=  
 

where I is infiltration, P is precipitation, R is runoff, ET is the evapotranspiration term, and ΔS is 
the change in fluid storage. Since there was no experimental basis for estimating ΔS, Gray 
assumes it to be zero, listing it as an uncertainty in his analysis. The water budget calculations 
employed data from several sources, including stream-flow data from three stream-flow gages 
that provide estimates of surface water flow rates, and meteorological data from five 
precipitation measurement stations. These data were used by Gray in both an overall water 
budget for the canyon and a detailed water budget calculation. Details can be found in Gray 
(1997). 
 
Figure 15 of Gray (1997) shows the results from the overall water budget performed for Los 
Alamos Canyon. The key result from this aspect of Gray's work is the estimation of the relative 
amounts of ET, runoff, and infiltration to the deeper vadose zone. Over the three-year period of 
that study, Gray found that 71% to 83% of the water introduced into Los Alamos Canyon was 
lost to evapotranspiration. Gray points out many limitations and uncertainties in this estimate. 
Given the direct influence of this term in the water budget and indirectly on infiltration rate, a 
more comprehensive study of the processes is warranted. Most of the rest of the water not 
undergoing evapotranspiration is estimated to be recharging the deeper vadose zone, whereas 
runoff was found to be relatively small. Average infiltration rates applicable to the Los Alamos 
Canyon watershed were found to range from roughly 100 to 200 mm/yr for the period of study. 
These values are average values for the watershed, and might be expected to be higher locally 
directly beneath the stream channel. 
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In addition to the overall water budget, Gray (1997) conducted a detailed study using measured 
data and a numerical model to further break down the components of the water balance. A 
calibrated numerical flow model of the alluvial aquifer was developed to analyze the spatial and 
temporal distributions of infiltration in the canyon. Gray divided the canyon alluvial aquifer 
model into nine zones that corresponded to locations of the monitoring wells used in the model 
calibration. The model calibration procedure involved adjusting the drain conductance term that 
controlled the water flux leaving the alluvial aquifer (and entering the underlying bedrock) to 
match the water level data. The other terms in the water budget (excepting the storage term) were 
also included in the model, so that the calibration procedure provides a direct estimate of the 
spatially dependent infiltration rate along the canyon. Table 4-C-3 summarizes the results of this 
analysis. The highest infiltration rate of 1076 mm/yr occurs in Gray's Zone 4, corresponding to 
well LAO-0.8. This well falls near the southern projection of the Guaje Mountain fault zone, and 
was determined to have a strikingly low water level. This observation, and the numerical model 
calibrated to it, suggest high infiltration in this zone, perhaps due to an enhanced permeability 
due to fracturing. Zones 1 and 3 also exhibit higher than average infiltration. Gray postulates that 
Zone 3 may be higher because of its proximity to the Guaje Mountain fault, and Zone 1 
infiltration may be high due to a greater saturated thickness in this portion of the canyon. The 
rest of the Los Alamos Canyon study area exhibited lower infiltration rates. 
 
4-C-4. Contaminant Sources 
 
A host of possible contaminant source sites exist for Los Alamos and DP canyons, resulting from 
past and present Laboratory operations. The most important of these for our purposes include 
TA-1 (Townsite), TA-41 (Weapons Development Facility), TA-2 (Omega West Reactor Site), 
TA-21 (DP Site), and TA-53 (LANSCE). In particular, the Omega West reactor site, located in 
Los Alamos Canyon, was used since 1943 to house and operate a series of research reactors. 
Early reactors were fueled by aqueous uranyl solutions, whereas other reactors were fueled by 
solid fuel elements. A variety of contaminants (mostly radionuclides) are suspected to have been 
released into the canyon. Most relevant to the present study is tritium, produced from a leak in 
the primary cooling water system at the reactor. The leak occurred from a break in a weld seam 
in a section of the delay line running from building TA-2-1 to the surge tank. This leak was 
discovered in 1993, and tritium was detected within a stretch of canyon corresponding to the 
southern projection of the Guaje Mountain fault zone. Typical concentrations in the cooling 
water ranged from 15.7 × 106 to 20.2 × 106 pCi/L. The duration of the leak is not documented, 
but measurements of tritium concentrations in alluvial aquifer well LAO-1 (located at the eastern 
boundary of TA-2) suggest that the leak may have begun between November 1969 and January 
1970. This reactor was permanently shut down in 1994. 
 
In the transport simulations, among all possible contaminants, we choose tritium, which, in the 
form of tritiated water, is among the simplest chemical constituents to model because its 
chemical state as a water molecule implies that it is a tracer for water. Other contaminants may 
undergo sorption, precipitation, and complex speciation processes that complicate the transport 
simulation.  
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4-C-5.  Numerical Grids 
 
To deal most efficiently with issues of computational demands and model accuracy, we have 
utilized both two- and three-dimensional models for various flow and transport model analyses. 
A major advantage of two-dimensional grids is the smaller number of nodes and elements. 
Calculations run very quickly, making the grid appropriate for scoping calculations and 
sensitivity studies. When very high spatial resolution is required, three-dimensional grids are also 
necessary. However, since the grid is two-dimensional, there are limitations as to what spatial 
variability of flow properties can be captured in the model. In two-dimensional simulations, the 
model domain implicitly assumes that flow is negligible in the direction normal to the grid. This 
problem is relaxed in the three-dimensional grid, at the cost of greater computational times and a 
somewhat reduced grid resolution. Computational grids have been built for both the two-
dimensional and three-dimensional simulation models.  
 
For the two-dimensional grid, the western boundary of the domain is located at New Mexico 
state plane coordinates (492916.5, 541257.7), just west of the Omega Bridge. Note that all state 
plane coordinates are specified in meters. The eastern boundary extends in a one-dimensional 
fashion from the western boundary to a coordinate location of (502959.6, 539688), just west of 
the intersection of State Route (SR) 4 and New Mexico State Highway (NMSH) 502. The extent 
of Los Alamos Canyon in the two-dimensional model is represented by drawing a one-
dimensional line as closely as possible down the center of the canyon. To do this, the length of 
the canyon was traced from the western to the eastern boundary using a digital topographic map 
as a reference in Stratamodel (See Figure 4-6). The bends in Los Alamos Canyon are also 
accounted for. The final version of the two-dimensional grid for Los Alamos canyon consists of 
57,004 nodes, 111,256 tetrahedral elements, and contains 11 materials. 
 
In the process of selecting the simulation domain for the three-dimensional Los Alamos Canyon 
grid, we consider the historical information about contaminant releases and important sites along 
the canyon that may be relevant to contaminant transport issues in the canyon. It is deemed 
necessary that areas such as TA-21, TA-2 (the Omega West reactor), DP Canyon, and well R-9 
be within the domain of the three-dimensional grid. The Los Alamos Canyon model domain is 
rectangular in shape and encompasses most of Los Alamos Canyon, DP Canyon, and some of the 
adjacent mesas to the north and south of Los Alamos Canyon. The model domain extends from 
the topographic surface to a depth of 1650 meters. Within this grid, we capture both the mesas 
and the canyon in the same grid, so that infiltration boundary conditions and contaminant 
releases can be applied correctly. One of the major constraints on the grid building process is to 
keep the total number of nodes as low as possible but, at the same time ensure that there is 
adequate resolution in the areas of interest. The final grid, shown in Figures 4-C-3 and 4-C-4, is a 
three-dimensional grid that is composed of 301,436 nodes, 1,688,457 elements, and 14 unique 
materials. 
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Figure 4-C-3.  Three-dimensional model grid. Plan view showing the areas of enhanced grid 

resolution along Los Alamos and DP Canyons. 
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Figure 4-C-4.  Three-dimensional view of the Los Alamos Canyon model numerical grid. 

 
4-C-6.  Model Implementation 
 
Model implementation issues include how to assign the flow boundary conditions, initial 
conditions for transient flow, and hydraulic parameters in the model. We will also discuss some 
assumptions employed in model implementation. 
 
The infiltration values obtained from Gray (1997) in Los Alamos Canyon were applied directly 
to the two- and three-dimensional models. In the three-dimensional model, it is relatively 
straightforward to apply an estimated infiltration rate on all grid nodes identified as representing 
the interface of the alluvium bottom and the bedrock. In a two-dimensional model, we implicitly 
assume that there are no variations in infiltration in the third dimension (the horizontal direction 
normal to the canyon). As a result, the appropriate flux to be input to the two-dimensional model 
is not necessarily the value along the canyon bottom. Figure 4-C-1 shows the infiltration map 
above the two-dimensional model domain. The infiltration rates so applied in two dimensions are 
expected to be maximum values. In this study, it is assumed that the relative flux entering the 
subsurface at different locations along the canyon remains the same, but the absolute value of 
infiltration is uncertain. The fluid mass flow rate at each top node is determined upon 
multiplying the infiltration rate at that node by the nodal area normal to the upper surface of the 
model (for an assumed 1 m thickness of the two-dimensional model domain). 
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The bottom boundary condition represents the water table. The water table is estimated from 
results compiled by Keating (personal communication, 1999). Any node falling below this 
surface is assigned a value of saturation equal to 0.999 to represent the regional aquifer. 
Therefore, the vadose zone model domain extends only down to this surface, and the bottom 
region is simply a boundary condition rather than a calculated result.  
 
The hydrologic properties at each grid node in the two- and three-dimensional models are 
determined by the properties of the unit in which the node falls. The hydrologic properties used 
for the Los Alamos Canyon model are listed in Table 4-C-2.  
 
It is evident that there is significant uncertainty in the hydrologic properties and infiltration rates 
due to, for example, the true variability of medium properties, a limited number of 
measurements, and measurement errors. For the purpose of sensitivity analyses, we defined a 
base-case set of hydrologic properties and boundary conditions as a reference. In the base case, 
the values for the hydrologic properties are taken from Table 4-C-2 and the infiltration rate for 
the canyon is taken from Table 4-C-3 (1 mm/yr for the mesas). The base case parameter set used 
the mean values of the hydrologic parameters for all units. This practice has been used in other 
modeling studies on the Plateau, including Dander (1998) and Birdsell et al. (1999). Variations 
are made on the base-case parameters to examine the impact of uncertain parameters on the 
model results.  
 
Once the hydrologic properties and initial and boundary conditions are selected, the flow and 
transport equations are solved using the finite element heat and mass (FEHM) code that 
simulates heat conduction, heat and mass transfer for multiphase flow within porous and 
permeable media, and noncondensible gas flow within porous and permeable media. The code 
handles model geometries in two or three dimensions, and has a variety of solute transport model 
options available for use. For details of the fundamental model equations solved by the code, see 
Zyvoloski et al. (1997). 
 
4-C-7.  Fluid Saturation Model Results  
 
Figures 4-C-5 and 4-C-6 show a full three-dimensional view of fluid saturation and a series of 
two-dimensional vertical slices through the three-dimensional model. As expected, the figure 
shows wet conditions in the canyon, dry in surrounding mesas. As with the two-dimensional 
model, this model result shows the overriding importance of the stratigraphy in controlling the 
water contents in the rock. The local infiltration rate also exerts a strong control on the results. 
Directly beneath the canyon, fluid saturation is much higher within a given stratigraphic unit 
than in other parts of the model domain, a reflection of the high infiltration in the canyon. 
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Figure 4-C-5.  Full model three-dimensional flow results showing fluid saturation predictions 

through the model domain. 
 

 
 

Figure 4-C-6.  Fence diagram showing one north-south and three east-west cross-sections. 
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4-C-7.1  Moisture Comparisons to Data  
We choose volumetric water content as the primary measurement used to evaluate the model 
results because adequate data on water content is available from virtually all vadose zone 
characterization wells. Robinson et al. (2005a) presents a detailed analysis of the comparisons of 
volumetric water contents predicted in the three-dimensional model to measured values in three 
wells located in Los Alamos Canyon: LADP-3, LAOI(A)-1.1, and R-9. Representative results 
are shown in Figures 4-C-7 and 4-C-8 for wells LADP-3 and LADP-4, respectively. The fits to 
the data are presented for three different levels of infiltration rates, i.e., the base-case infiltration 
map, a map with infiltration scaled down by a factor of three from the base map, and a map with 
infiltration scaled up by a factor of three. It is seen that the base infiltration map does an 
adequate job of jointly matching the water content profiles in these wells, despite the different 
stratigraphy and position relative to the canyon bottom. The good fit for LADP-4 illustrates the 
adequacy of the model in capturing the fluid saturations in the Tshirege Member (not present in 
the two-dimensional model), as well as in a region where infiltration rates are taken to be 
significantly lower than in Los Alamos Canyon at LADP-3. The need to apply significantly 
lower infiltration near LADP-4 is best understood by comparing the water content model and 
data for these two wells. The significantly wetter conditions in LADP-3 are simulated in the 
three-dimensional model through the setting of high infiltration in the canyon. It is evident from 
these comparisons that the model is able to capture the general features of data. 
 
4-C-7.2  Sensitivity Analysis 
As was discussed previously, there is significant uncertainty in the hydrologic property values 
and infiltration rates in the Los Alamos Canyon model. Therefore, it is important to investigate 
how the deviations of the parameter values from the base case affect the model predictions.  
 
Sensitivity to flow transients. In model simulations presented thus far, it is assumed that the 
infiltration is time-independent. However, infiltration is likely to be a more transient 
phenomenon. Gray (1997) shows that in Los Alamos Canyon, water levels in alluvial aquifer 
wells fluctuate with season in response to summer storm events and spring runoff from 
snowmelt. It is not clear to what extent these transients are damped by the surface and alluvial 
aquifer flow processes. To test the potential influence on vadose zone water contents, we take a 
"worst-case" approach to bound the problem. In the first simulation, we test the sensitivity of the 
model to a very sharp impulse of water corresponding to the entire predicted infiltration of one-
half year concentrated in a one-week time period. This bounding case is intended to model the 
case of all infiltration occurring in a single spring runoff event and a single summer storm event. 
Figure 4-C-9a shows the predicted water content profiles in LADP-3 in response to such an 
event. The influence is only felt in the uppermost ten meters or so of the vadose zone. The 
quantity of water input during the event, though intense, is insufficient to have a significant 
influence on the water content profile. These events would then be followed by a half-year of no 
infiltration, which would cause the profile to bounce back to nearly its original state. Therefore, 
the assumption of steady-state conditions over time scales of years should have no influence on 
the interpretation of the water content profiles in the observation wells, except possibly very 
close to the surface (alluvium-bedrock interface). 
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Figure 4-C-7.  Comparison of data and three-dimensional model predictions for water contents 

in well LADP-3 (a. stratigraphy; b. data-model comparison). 
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Figure 4-C-8.  Comparison of data and three-dimensional model predictions for water contents 

in well LADP-4 (a. stratigraphy; b. data-model comparison). 
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Figure 4-C-9.  Two-dimensional model predictions for the water content in response to transient 
episodes of enhanced infiltration. (a) Well LADP-3, single one-week episode of 
enhanced infiltration. (b) Well LADP-3, prolonged period of enhanced infiltration 
(infiltration is increased by a factor of five starting at time 0). 

 
 
Longer-term variability in the infiltration rate over years or decades could also complicate the 
interpretation of water content measurements, and thus need to be examined. Figure 4-C-9b 
shows the results of a simulation in which the infiltration steady state is used as an initial 
condition, and the rate is increased to the base-case infiltration map at time zero. The plot shows 
that over a time period of a few years, the water contents increase to significant depths. Within 
about a decade, the profile throughout the entire section of the Otowi Member reflects the new, 
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higher infiltration rate. At times of one or a few years, the transient water content profile shows 
curvature similar to that seen in several of the observation wells, including LADP-3. This does 
not necessarily mean that the curvature is caused by such a transient, but simply that reasonable 
variability in infiltration rates over years to decades complicates the interpretation of the water 
content profiles. This simulation is meant to provide a caution against over-interpretation of the 
details of the water content profiles. Furthermore, it is recognized from this analysis that the 
match of a steady-state model to the data in Los Alamos Canyon represents the fluid flow 
characteristics of the system within the previous ten to 100 years leading up to the collection of 
the water content data. In general, this result is dependent on the hydrologic conditions of the 
particular model area. Wet canyon systems with high infiltration rates have transient time periods 
of this order of magnitude, while dry mesas may take upward of thousands of years to attain a 
new steady-state water content profile when the infiltration rate changes. 
 
4-C-8.  Tritium Modeling Results 
 
Tritium transport model results are presented to further demonstrate the validity of the model and 
to explore important processes occurring in the vadose zone. Figure 4-C-10 shows the three-
dimensional model predictions of the tritium concentration of fluid reaching the water table in 
the year 1999. Significant, above-background concentrations are predicted along the canyon at 
locations downstream of where the Bandelier Tuff is not present in the canyon bottom. An 
important characteristic of the model is the preferential transport to the water table at locations 
downstream of the confluence of Los Alamos and DP canyons. The main reason for this result is 
that the thickness of Bandelier Tuff is much greater at upstream locations in the canyon, whereas 
in the vicinity of R-9, no Bandelier Tuff is present. Recall that the conceptual model for vadose 
zone flow consists of matrix flow and transport in the Bandelier Tuff, and preferential fracture 
flow and transport in the basalt units. Rapid transport to the water table at the downstream 
locations is due to fracture flow in the basalts and fairly rapid transport through the Puye 
Formation. Therefore, concentration levels in these locations in the canyon are predicted to be 
significantly greater than zero (in the thousands of pCi/l) in this portion of model domain. 
 
The wells at which tritium concentrations in the regional aquifer can be compared are the water 
supply well O-4 and test well-3, both located near the confluence of Los Alamos and DP 
canyons, and characterization wells R-7 and R-9. Well O-4 results indicate that tritium is 
predicted to be mostly present in the vadose zone; however, a small but non-zero concentration is 
predicted to have reached the regional aquifer. Well R-7, located downstream of tritium 
contaminants but upstream of the Los Alamos-DP Canyon confluence, shows the slowest 
migration rate of tritium. By contrast, the most rapid transport to the water table is observed at 
R-9, where the peak concentrations of tritium are predicted to already have reached the water 
table. These model results are consistent with the available field data. Regional aquifer fluid 
collected in well R-7 has indetectable levels of tritium, whereas TW-3 and R-9 show that tritium 
has reached the regional aquifer. Determining more quantitatively the ability of the model to 
reproduce the field data is difficult because of mixing of the tritium percolating from the vadose 
zone with regional aquifer fluid and the subsequent mixing of contaminated and clean fluid in 
the wellbore itself. The latter difficulty is especially acute for the water supply wells, which may 
draw water from hundreds of feet of screened length. 
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Figure 4-C-10. Three-dimensional model predictions of the tritium concentration of fluid 
reaching the water table in the year 1999. Significant, above background 
concentrations are predicted along the canyon at locations downstream of where 
the Bandelier Tuff is not present in the canyon bottom. 

 
As a final comparison to the available data, we contrast the model results with regional aquifer 
water supply well O-1. However, because contaminant transport sources from Pueblo Canyon 
(north of Los Alamos Canyon) were not included in this model, the conclusions related to O-1 
are more qualitative. For this comparison, monitoring information (LANL 2001) is used. 
Contaminants tritium, perchlorate, and nitrate are all thought to be nonsorbing in this system, and 
thus the combined results of all three contaminants are used in this interpretation. Well O-1 has 
been found to contain measurable levels of perchlorate at about a 5 ppb level, nitrate levels 
higher than at other regional aquifer wells in the area, and consistent, above-background levels of 
tritium in the 30-40 pCi/L range. All observations point to both Laboratory-derived contaminants 
and effluent discharges from Los Alamos County from past releases in Los Alamos and Pueblo 
Canyons having traversed the entire vadose zone. The present model explains these observations 
as a consequence of the hydrostratigraphy along the canyon, with rapid travel times at locations 
where the Bandelier Tuff is thin or non-existent. 
 
Contrast these results with the transport model for MDA G presented in Appendix 4-B. Most 
important, travel times through the vadose zone are predicted to be orders of magnitude longer 
for this mesa site than for transport from the bottom of a wet canyon. The reason for this is 
straightforward. Infiltration rates, which directly impact transport velocities, are much larger in a 
canyon setting, in which all water in a catchment is channeled to the canyon bottom. A 
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significant percentage of that water will escape evapotranspiration and percolate into the deep 
subsurface along the canyon. In contrast, a mesa top typically provides opportunity for water to 
drain as surface water, evaporate, or transpire. Therefore, percolation rates are much lower, 
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APPENDIX 4-D. REGIONAL AQUIFER MODEL DEVELOPMENT  
 
4-D-1.  Grid Information 
 
Three-dimensional groundwater models have been developed using FEHM (Zyvoloski et al. 
1997); computational grids were generated using LaGriT (Trease et al. 1996). The computational 
grids for both the basin- and site-scale models are shown in Figures 4-D-1 to 4-D-4; grid 
characteristics are summarized in Table 4-D-1. The structure of the two models are identical, 
except for the increased vertical resolution of the site-scale model and the smaller lateral extent. 
 
A view of the upper surface of the basin model grid is shown in Figure 4-D-1. Constant head 
nodes are indicated by circles. Boundary conditions for the basin-scale model are shown in 
Figure 4-D-2. A view of the upper surface of the site-scale model is shown in Figure 4-D-3. 
Boundary conditions for the site-scale model are shown in Figure 4-D-4. Horizontal grid 
resolution varies from 250 m near the margins to 125 m beneath LANL. Vertical resolution 
varies from 12.5 m in the upper portion of the aquifer to 500 m at depth. 
 
Each node in the computational mesh is assigned to a unit according to its location relative to the 
3-D hydrostratigraphic structure defined by the geologic model. Interpolation from the 
hydrostratigraphic model to the grid nodes is done by defining closed volumes for each 
hydrostratigraphic unit. Each node of the mesh can be in one and only one of these volumes. The 
node properties are assigned based on which volume a node resides in. In this relatively simple 
approach, the location of contacts between hydrostratigraphic units can only be resolved to the 
degree of discretization in the finite element mesh. The resulting zonation for the basin and site-
scale models are shown in Figures 4-D-5 and 4-D-6. 
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Figure 4-D-1. Top view of basin-scale model grid with side view (inset). 
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Figure 4-D-2. Boundary conditions along top surface of basin-scale model. 
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Figure 4-D-3. Plan view of the site-scale grid. LANL boundary shown for reference. 
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Figure 4-D-4.  Boundary conditions along top surface of site-scale model. 
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Table 4-D-1.  

Hydrostratigraphic Units in Site-Scale Model 
Unit Sub-unit Abbreviation Volume (km3) Fraction of Total 

PreCambrian  p€ 4.50 0.005 
Paleozoic/Mesozoic  PM 273.53 0.292 
Santa Fe Group Deep Tsf-deep 36.47 0.039 
 fanglomerate Tsf-fang 23.62 0.025 
 sandy Tsf-sandy 457.58 0.489 
Keres Group deep Tk (deep) 12.59 0.013 
 shallow Tk (shallow) 1.15 0.001 
Basalts  Tb1 6.19 0.007 
  Tb2 5.61 0.006 
  Tb4 2.20 0.002 
Tschicoma  Tt 7.09 0.008 
Puye Formation Totavi Lentil Tpt 2.02 0.002 
 Pumiceous Tpp 1.96 0.002 
 fanglomerate Tpf 5.45 0.006 
Uncertain (1)  Tb2s 14.02 0.015 
Uncertain (2)  Tb4f 0.45 0.000 
Pajarito Fault zone   82.04 0.088 
Total volume   936.51 1.000 

 
 
4-D-2. Recharge Model 

We define groundwater recharge R over the model domain as follows: 
 R(x,y) = α ξ(x,y)·P[Z(x,y)],  (1) 
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where P is precipitation, Z is ground-surface elevation defined from the digital elevation model 
of the region, ξ is a dimensionless weight function which is characterized by parameters Zmin and 
Zmax, α is the fraction of precipitation that becomes recharge above Zmax. Note that Zmin defines 
the elevation below which no recharge occurs, and above elevation Zmax the recharge is equal to 
α P. The total recharge flux Q over the model domain Ω is defined as 

 !!!!
""

=== ),(' maxmin ZZPPdxdyRdxdyQ #$# , (3) 

where !P  is a function of Zmin and Zmax only. We assume P(Z) is a simple linear model with 
fixed regression parameters, which we derive using annual precipitation data for the region 
(Bowen, 1992; Spiegel and Baldwin 1963). Thus, there are four unknowns to be estimated 
(Q, α, Zmin and Zmax) coupled through Equation 3. For example, to calculate Q we need to 
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estimate α, Zmin and Zmax. For our inverse models, we found it to be more computationally 
efficient to include Q, Zmin and Zmax in the estimation process, and compute α as 

 
),(' maxmin ZZP

Q
=! . (4) 

 
Precipitation (P) is defined as a function of elevation (Z), according to a regression equation 
derived from regional data (Spiegel and Baldwin 1963) and Pajarito Plateau data (Rogers 1994). 
Figure 4-D-7 shows these data; the derived regression relationship is  
 
 P (in/yr) = -16.4 + (.004542) * Z (feet), r2 = 0.9 

 
Using a USGS DEM model for the basin, we derive a map of annual precipitation from which 
the recharge fluxes are derived. We apply focused recharge along the upper reaches of perennial 
streams in the basin; the ratio of Rf (focused recharge along perennial streams) to Q is an 
unknown parameter that can be estimated in the inverse analysis. Finally, recharge along 
ephemeral streams on the Pajarito Plateau is applied in linear proportion to the indices developed 
by Birdsell (see Nylander 2002). The ratio of this type of recharge to Q is defined as! . 
 
Figure 4-D-8 shows an example of a recharge model derived using equations 1-4. Note that this 
particular example applies the highest rates of recharge in the basin to the streams flowing 
through LANL (>>35 mm/yr). This approach assures that the maximum possible fluxes of 
contaminants into the regional aquifer are captured in the models. The model parameters 
employed to generate this particular recharge map are 

 

 Q = 6400 kg/s; Zmin = 2300 m; ! = 12.5%; ! = 0.03, and Rf = 0.2. 

 
In summary, the full set of recharge model parameters are Q, Zmin, Zmax, Rf/Q, and ! . These five 
parameters can be varied to provide a wide range of recharge conditions, all within the 
calibration constraints of head and baseflow discharge. 
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Figure 4-D-5. Three-dimensional representation of the major hydrostratigraphic units in the 
basin-scale model. 

 
 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 4-D-9 December 2005 

 
 

 

Figure 4-D-6. Site-scale model grid, colored according to major hydrostratigraphic units. 
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4-D-3.  Flux Estimates. 
 
Table 4-D-2 compares flux estimates from previous models developed for the Española Basin. 
 

Table 4-D-2.  
Flux Estimates Derived from Previous Models, in AFY 

  cfs/.0014 0.0014  
INFLOW  McAda Frenzel Hearne 
 Total Area (km2)    
 Areal Recharge (cfs) 7571 3429 0 
Lateral 
Boundaries      
Inflow (cfs) rom: east 21571 14929 2693 
 west 7429 7214 8100 
 north 1429 1357 971 
 south 1571 500   
Rivers      
Inflow (cfs) rom: SF River 5357 5357 5150 
 Poj. River 0 929 1261 
 RG 1357 0 0 
 Cochiti 0 0 0 
 Tesuque 3071 2714 1772 
 Rio En Medio/Nambe 2857 3000 1714 
 Arroyo Hondo 500 500 0 
 Santa Cruz 0 0 2936 
 Head dependent rivers 0 929 0 
TOTAL INFLOW 52714 40857 24597 
     
OUTFLOW     
Lateral Boundaries    
Outflow1 (cfs) to: east 0 0 0 
 west 12429 8643 0 
 north 2143 2714 243 
 south 214 1643 0 
     
Rivers   0 0 0 
Outflow (cfs) to: Santa Fe River 4643 0 3107 
 Pojoaque River 5214   2766 
 Rio Grande 28071 0 11293 
 Cochiti 0 0 4464 
 La Cienega 0 4643 0 
 Tesuque 0 0 243 
  Rio En Medio/Nambe 0 0 0 
 Arroyo Hondo 0 0 0 
 Santa Cruz 0 0 1071 
 Head dependent rivers 0 23357 0 
TOTAL OUTFLOW 52714 41000 23187 

1 Outflow to “west” is outflow to the Albuquerque Basin. For comparison, subsurface inflow to the Albuquerque Basin 
from the north (including the Española Basin and Jemez Mountains) was estimated to be 19,400 afy (Kernodle et al. 
1995), 28,500 afy (McAda and Barroll, 2002), and 2772 afy (Sanford et al. 2004). 
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Figure 4-D-7. (a) Average annual precipitation in the vicinity of the Española Basin. 
(b) Regression equation for precipitation applied using USGS DEM. 



Hydrogeologic Synthesis Report 
__________________________________________________________________________________________________________________________________________________________________________________________________________________ 

ER2005-0679 4-D-12 December 2005 

 
 

Figure 4-D-8. Average annual precipitation verses elevation derived from data of Spiegel and 
Baldwin (1963) and Rogers (1994). 
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APPENDIX 4-E. ESTIMATING AQUIFER DISCHARGE USING STREAMFLOW 
DATA 

 
The method we use for estimating base flow gain along the Rio Grande is a very simple one, also 
used by Spiegel and Baldwin (1963), the U.S. Department of Justice (1996), and others. The 
strategy is to difference measured surface water flow at two gages during January, when other 
causes of streamflow loss/gain such as evapotranspiration and irrigation withdrawals are likely to 
be minimal. Because the calculated baseflow gain is generally small compared to total flow in 
the Rio Grande, small measurement errors in flow at the gages could have large influence on 
these calculations. The approach applied here assumes that measurement errors are random; 
therefore, their impact can be minimized by repeating the calculations over a number of years 
and deriving a long-term mean. Uncertainty in the mean estimate will be an indication of 
measurement error. Unless the record is much longer than significant temporal trends, temporal 
trends cannot be ascertained with this method. 
 
We apply this approach to two reaches of the Rio Grande: (1) San Juan Pueblo (828110) to 
Otowi (8313000) and (2) Otowi (8313000) to Cochiti (8314500). Collectively, these two reaches 
span the entire length of the Rio Grande that comprises the eastern extent of the Pajarito Plateau, 
from Santa Clara Creek to Rio Frijoles. 
 
(1) San Juan Pueblo (828110) to Otowi (8313000). A major tributary to the Rio Grande, the 
Rio Chama, enters this reach just downstream from the gage 8290000 (Rio Chama at Chamita). 
There was a 23-year period during which all three of these gages were operational (1963 to 
1985). By comparing this period of record to a much longer period of record at the Otowi gage 
(1890–2004), it can be seen that flows were normal during the 1963–1985 period, except two 
unusually high flow years (1973 and 1975). The January flow at Otowi was highly correlated to, 
and slightly more than, the sum of flows at San Juan Pueblo and Rio Chama at Chamita, 
suggesting a consistent base flow gain component along this reach. Three minor tributaries, the 
Santa Cruz River, the Pojoaque River, and the Santa Clara River, contribute to gain along this 
reach. Insufficient data during the 1963 to 1985 prevents using measured flows for these years; 
instead, we use a long-term average from other years, shown in Table 4-E-1. 
 
For each of the 23 year period from 1963 to 1985, we calculated base flow gain during January 
by the following relationship: 
 
Base flow gain = measured flow (RG Otowi – RG San Juan – Rio Chama, Chamita) – long-term 
average measured flow (Pojoaque + Santa Clara + Santa Cruz). 
 
The 23-average base flow gain calculated using this approach is 41.2 cfs.( +/- 12.8 at the 95% 
confidence interval). There is a strong trend evident for gain to be higher in years of higher flow; 
it is unclear whether this trend is real or is related to sources of error such as small ungaged 
tributaries which may only be significant at high flow. The adequacy of the derived long-term 
estimate is shown in Figure 4-E-1a. 
 
(2) Otowi (8313000) to Cochiti (8314500). These two gages have both been operational since 
1926, well before pumping began at the Buckman wellfield below Otowi. January flow at the 
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two stations is highly correlated (r2=0.96). For most years the data suggest that the reach is 
gaining; for some years the data suggest a losing reach. One tributary enters the Rio along this 
reach, Rio Frijoles, which was gaged from 1983 to 1996. We estimate the average January flow 
at the Rio Frijoles to be 1.2 cfs. Accounting for the inflow from the Rio Frijoles, the gain 
between these reaches is 13.0 cfs +/- 8.8. The sum of the flow at Otowi and Rio Frijoles and this 
base flow estimate, compared to the flow at Cochiti, is shown as a yellow line in Figure 4-E-1b. 
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Figure 4-E-1. Measured January flow at the Otowi gage, compared to (a) contributing flow at 

Rio Chama, Rio Grande at San Juan, minor tributaries, and estimated base flow, 
and (b) measured January flow at the Cochiti gage. 
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To extrapolate these estimates to a slightly different reach of the Rio Grande, from Santa Clara 
Creek to Rio Frijoles, we calculate the ratios of stream lengths within each of the estimated 
reaches above. Santa Clara to the Otowi Bridge gage is approximately 6/10 the distance of RG 
San Juan to Otowi Bridge; we estimate 24.7 +/- 7.7 cfs gain along this reach. Otowi to Rio 
Frijoles is approximately 1/2 the distance of Otowi to the Cochiti gage; for this reach we estimate 
6.5 cfs +/- 4.4. In total, our baseflow estimate for the Santa Clara to Rio Frijoles reach of the Rio 
Grande is 31.2 cfs +/- 12.1 or 884 kg/s +/- 343.  
 
Errors. Sources of errors in the method include systematic errors in streamflow measurements 
which do not affect all of the streamflow gages used in the differencing equations and which are 
persistent for the entire period of overlapping record, systematic departures of tributary flows 
(Pojoaque + Santa Clara + Santa Cruz) from the long-term averages shown in Table 4-E-2 and 
and unmeasured surface water inflows/outflows. Water budget components are estimated for 
watersheds in the Española Basin and are shown in Table 4-E-3. 

 
Table 4-E-2.  

Estimates of Long-Term Average Flow at Small Tributaries 
Gage Data  

Source 
# of Years of 

Record 
Period Mean January 

Flow (cfs) 
1 Pojoaque River, at 

mouth 
Site 6 Reiland and 

Koopman (1975) 
38 1935–1972 4.9 

2 Santa Clara Creek 8292000 USGS 17 1936–1994 3.3 
3 Santa Cruz River 8291500 USGS 10 1941–1950 5.9 
4 Rio Frijoles 8313350 USGS 14 1983–1996 1.2 
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The cover shows a three-dimensional geologic framework model of the region near Technical Area 03, depicting the geology down to a depth of 4000 feet above sea level. The stratigraphic units in the area wells are also shown. For illustrative 
purposes, a modified color palette was used for this model that differs from that used for illustrations in the rest of the atlas to highlight the large-scale character of the Quaternary tuffs (tan colors), older flows (blues), and the basalt flows (red). 
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ABSTRACT 

The “2009 Hydrogeologic Site Atlas” describes those portions of the 2009 geologic framework model (GFM) that 
encompass Los Alamos National Laboratory (the Laboratory) and surrounding area. This atlas is extracted from the 
2009 GFM, a major revision and expansion of the previous 2005 GFM, and incorporates a large amount of new 
subsurface data from an expanded drilling program. The 2009 GFM is a set of three models: the site model (SITE), 
the southern Española Basin (SEB) model and the Española Basin (EB) model, which provide computational grids for 
increasingly larger portions of the EB at decreasing resolutions. The 2009 GFM has also been extended to greater 
depths beneath the Pajarito Plateau through a projection of modeled EB geology to the east and southeast and 
utilization of new geologic map data from the Valles Caldera to the west and the Cochiti Pueblo region to the south. 
The atlas incorporates enhanced stratigraphic control to identify additional details of the deeper Santa Fe Group 
sediments beneath the Laboratory and provides new and/or updated geologic maps, structure contour and thickness 
maps, and water-table maps, as well as cross-sections and three-dimensional (3-D) visualizations of the geology. 

1.0 INTRODUCTION 

The Laboratory has produced a series of hydrologic site atlases that document updated models for the Laboratory site 
(Stone et al. 1999, 064039; Stone et al. 2001, 069830; Cole et al. 2006, 095079). This current document is the latest 
addition to the atlas series. This document satisfies component 9 as indicated in the 2009 General Facility Information 
(LANL 2009, 105632). 

1.1 Background 

The earliest 3-D geologic model for the Laboratory site was produced in the mid-1990s to support compliance with the 
Laboratory’s Hazardous Waste Facility permit(s), required under the Resource Conservation and Recovery Act. The 
1995 site geologic model (Vaniman et al. 1996, 106129) used early-version, ArcInfo software for building the model, 
and IBM DX-Explorer software for 3-D visualizations. The model consisted of 14 surfaces that were derived from the 
contouring of triangular integrated networks (TINs) created from limited sets of surface and drill hole control points. 
The model surfaces did not extend to the Laboratory boundaries and were limited to units/subunits of the Bandelier 
Tuff, portions of the Cerro Toledo and Puye and Totavi units, and a small piece of the Santa Fe Group. Figures 1-1a 
and b provide samples of the surfaces and visualizations from this early model of the 3-D geology and the Laboratory 
site. 

Through the ensuing years, there has been an ongoing effort to accelerate the characterization and remediation of the 
hazardous (release) sites at the Laboratory. This effort has resulted in the installation of many new characterization 
and monitoring wells and additional surface geologic mapping. The effort has also resulted in the need to extend 
geologic-based groundwater flow and contaminant transport models past Laboratory boundaries into the surrounding 
communities. The Laboratory has continued to support the development of 3-D geologic models with updated models 
produced for 1997 (Cole et al. 1997, 106127), 1998 (Cole et al. 1998, 106128), 1999 (Carey et al. 1999, 066782), 
2002 (no report produced), 2003 (partial model, including Area G and Mortandad and Sandia Canyons [Stauffer et al. 
2005, 097432]), and 2006 (Cole et al. 2006, 095079). These newer models were developed mainly to support the 
numerical analysis of groundwater flow and transport.  

 

 

 

Figure 1-1a. Example of a geologic unit surface (Qbt1g) from the 1995 site geologic model 
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Source: Vaniman et al. 1996, 106129. 

Figure 1-1b. Visualization at TA-21, utilizing the 1995 site geologic model 

The earlier geologic models have been expanded in geographical extent to address issues of possible contaminant 
transport past Laboratory boundaries. The 2002 geologic model was expanded to include the full extent of all four 
7.5-min quadrangle maps intersected by the Laboratory boundary. This model was called the “Pajarito Plateau” model 
in Cole et al. (2006, 095079). The model presented in this atlas includes the SITE model and a portion of the SEB 
model of the 2009 GFM. Table 1-1 provides a measure of the data support used to create each of the past and 
present GFMs. The fiscal year (FY) 2003 model provided only a partial coverage of the site and is therefore not 
included in the comparison. 

Table 1-1. 
Quantities of Contact Points Available for Past and Present GFMs 

Model Year FY96 FY97 FY98 FY99 FY02 FY06 FY09 
Total Number of Data Points 34,989 40,991 43,369 31,624 76,638 121,284 >200,000 

Number of Drill Hole Data Points 615 615 703 866 1042 1398 2228 

 

Subsets of the total set of data points, augmented by outcrop maps, are used to develop structure contours. Final 
digital grids for the unit surfaces are created from the structure contours and “hard” data points reflecting the actual 
preerosional position of unit surfaces. Increased point counts at the FY02, FY06, and FY09 GFM dates reflect the 
combined increase in data density, as well as the increased geographical extent of these models. 

1.2 Scope 

In addition to the Laboratory, a number of government entities have been involved in the development of digital 
geologic data and geologic-based  groundwater models for the region surrounding Los Alamos, including the 
New Mexico Bureau of Geology and Mineral Resources, the U.S. Geological Survey (USGS), and the City and 
County of Santa Fe. Development of the 2009 expanded Laboratory GFM incorporates the following: 

 voluminous new subsurface (drill hole) data collected to support current characterization and remediation 
projects at the Laboratory 

 new regional geologic information for development of accurate models of deeper, hydrologically significant 
units beneath the Laboratory (Grauch et. al. 2009, available at http://pubs.usgs.gov/pp/1761/) 

 new models by other government agencies, reflecting a communal redefinition of many of the hydrogeologic 
units for the region (INTERA Incorporated 2006, 106106; Pantea et al. 2009 personal communication)  

 revision of many of the geologic quadrangle maps within and along the boundaries of previous Laboratory 
GFMs 

 revision of a large percentage of the geologic quadrangle maps within the EB that provide “boundary 
constraints” for the numerical flow and transport modeling at the Laboratory 

The 2009 GFM was developed at three extents, with two resolutions (cell size) for each extent. The extents of the 
2009 3-D geologic model(s) are shown in Figure 1-2. The areal extent of the EB model intersects more than 60 7.5-
min quadrangle maps, that of the SEB model incorporates 12 quadrangle maps, and that of the site model consists of 
the four quadrangle maps encompassing the Laboratory site. The lower resolution for each model version is half the 
higher resolution and is limited to be no more than a million cells per grid surface. The SITE model has the highest 
resolution of the three model extents, with the model developed at 50-ft cell center spacing. Additional models of 
limited extent, including the model presented in this atlas, as well as a local model for Area G at the Laboratory site, 
represent extraction of data from these larger models and not a regeneration of model surfaces. 

The map extent of this atlas encompasses the Laboratory and surrounding area. This region lies mainly within the 
SITE model but extends into the western portions of the Española and Horcado Ranch quadrangle maps, the northern 
edges of the Cochiti Dam, Montoso Peak quadrangle maps, and the northwest corner of the Agua Fria quadrangle 
map. Because the atlas surfaces extend past the SITE model boundary, surfaces were extracted from the lower-
resolution (100-ft) SEB model. 

The atlas presents a set of maps/plates that provide 

1. land ownership and the location of wells that provide constraints for the 3-D geologic model, 

2. mapped and modeled surface geology with mapped faults, 

3. structure contours for the top of each unit and subunit of the model present within the atlas extent, 

4. isochors (vertical thickness contours) for each unit and subunit of the model present within the atlas extent, 

5. structure contours for the bottom of each unit of the model present within the atlas extent, 

6. elevations of the regional water table produced for this atlas from the currently available data, 

7. the geology at the water table, 

8. cross-sections of the geology with the water-table position, and 

9. locations of the cross-sections. 

Basic information for the atlas, including land ownership, roads, and well locations with descriptions is provided in 
Plates 1-1, 1-2, and 1-3. 
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Figure 1-2. Location of the SITE, SEB, and EB models of the 2009 GFM 

1.3 Data Sets 

Data used to develop the SEB model that encompasses the atlas extent include the following: 

 mapped surface geology and associated cross-sections for the following 7.5-min geologic quadrangle maps: 

 Guaje Mountain (Kempter et al. 2007, 106111) 

 Puye (Dethier 2003, 106113) 

 Española (Koning 2002, 105710) 

 Cundiyo (Koning 2002, 105710) 

 Frijoles (Goff et al. 2002, 088776) 

 White Rock (Dethier 1997, 049843) 

 professional papers and open file reports for the following 7.5-min geologic quadrangle maps: 

 Horcado Ranch (Read et al. 2005, 105709) 

 Tesuque (Read et al. 2005, 105709) 

 Cochiti Dam (Sawyer et al. 2007, 106130) 

 Montoso Peak (Sawyer et al. 2007, 106130)  

 Agua Fria (Read et al. 2005, 105709) 

 Santa Fe (Read et al. 2005, 105709) 

 mapping of subunits of the Bandelier Tuff by Laboratory scientists (Rogers 1995, 054419; Lewis et al. 2002, 
073785; Lavine et al. 2003, 092527)  

 subsurface geologic contacts from the current Laboratory database (Cole et al. 2006, 095079) 

Source data were obtained from digital and analog (paper map) sources and converted to digital contact control 
points. All geologic unit data were preprocessed to convert (field) mapped units to the set of “regional” units of the 
model in the appropriate coordinate system. The preprocessed surface geologic map data for the 12-quadrangle map 
area of the SEB model are shown in “model” units as Figure 1-3. 

The analog-to-digital conversion process includes 

 scanning of contacts from cross-sections and geologic maps, 

 extracting points at constant horizontal and/or vertical distances along the lines, and 

 obtaining the “third” part of the spatial coordinate through a digital elevation model (for surface maps) or from 
geometric calculations (for cross-sections). 

The conversion process was performed using the R2V digitizing software (Able Software), ArcInfo Geographical 
Information System (GIS) software and scripts, and utility FORTRAN programs. 

2.0 THE 2009 GFM 

The 2009 GFM is the latest of a series of 3-D geologic models that have been developed to support environmental 
cleanup and waste management programs at the Laboratory. This new GFM is unique in that it comprises multiple 
overlapping models of differing resolutions that allow the highest-resolution model centered on the Laboratory site to 
be seamlessly joined with lower resolution models at successive distances outside of the Laboratory boundary, with 
an ultimate model extent of the entire EB. Model resolution, defined by the distance between cell centers on a 
rectilinear grid, can range from 50 to 800 ft, with possible cell center increments of 50, 100, 200, 400, and 800 ft.  
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Note: The atlas extent is indicated by the dashed blue-and-white line. 

Figure 1-3. Map of geologic unit polygons obtained from the surface geologic maps of the SEB region 

The GFM reflects current ideas about the geologic evolution of the model area and depositional processes within the 
EB, embracing the voluminous amounts of new geologic mapping by the joint USGS and State mapping project, as 
well as the results of associated geological and geophysical studies. The GFM incorporates a large amount of new, 
subsurface data, including contact data from borehole logs of more than 100 new wells (through February 2009) that 
result in a 50% increase of subsurface contact control points. In addition, repositioning of well locations through global 
positioning system (GPS) techniques and reanalysis of existing geological and geophysical logs have resulted in 
many changes in the preexisting drill hole database. The locations of wells that provide new or updated contact 
control data are shown in Plate 1-1. 

The 2009 GFM also provides a completely revised definition for the Santa Fe Group units that comprise most of the 
saturated zone stratigraphy. The GFM incorporates the breakout of geologic units used in the recent geologic 
remapping of most of the quadrangle maps within the model area. 

Surfaces of the new GFM were developed with the ArcInfo software. Digital data sets were obtained from a variety of 
sources, including  

 existing digital grids or digital line data from USGS and the New Mexico Bureau of Geology and Mineral 
Resources, 

 published geologic maps and cross-sections (scanned and digitized), 

 “open-source” topographic grids and digital line graphs of the USGS, 

 structure contours for unit surfaces developed by the Laboratory, and 

 well logs from the Laboratory database as well as off-site logs from other sources, where available. 

Quality assurance was provided through comparison of the modeled and actual 3-D position of the input data with 
emphasis on the fit of subsurface data. USGS topographic data were used rather than the higher-quality, light 
detection and ranging (LIDAR) elevation data available at the Laboratory (Carey and Cole 2002, 073784). A single-
source data set was desired for the GFM, and the LIDAR data do not extend into the SEB and EB portions of the 
model. Topographic maps (7.5 min) are usually the basis for placement of geologic contacts by field geologists and 
are the source of the digital line graph (DLG) contour data that are used as the elevation model for the GFM. The 
subsurface contacts at drill holes are normally positioned relative to high-resolution surface measurements obtained 
from LIDAR or GPS elevation data and not from the DLG data.  

2.1 Geologic Overview 

The Laboratory is located on the Pajarito Plateau within the eastern area of the Jemez volcanic field (JVF), along the 
east-southeastern slope of the Valles Caldera at the western edge of the EB (Figure 2-1).  

The stratigraphy of the modeled area reflects the interplay of tectonic and depositional processes within the 
developing EB, which at the model latitude, is hinged at its eastern edge with major, predominantly downward, 
displacements at its western margin. This geometry is schematically shown in Figure 2-2. 

The tectonically active portion of the western edge of the EB is present within the far western portion of the GFM, at 
the Pajarito fault system, which exhibits both discrete offsets and distributed strain. Other, poorly defined, north-south 
faults with major offsets occur west of the model area, within the eastern portion of the Valles Caldera. The volcanic 
activity began approximately 14 million years ago (Ma) (Goff 2009, 106105), with the most recent major eruptive 
events creating the Pajarito Plateau. The origin of the upper (above water table) geologic units of the plateau is 
predominantly volcanic, and these geologic units include dacitic and rhyolitic flows, ash-flow tuffs, and their erosional 
derivatives. Basaltic flows from sources within and to the east and southeast of the Laboratory are intermixed with this 
Jemez volcanic material. The units generally tilt to the east and southeast, although downward displacements to the 
west may offset or reverse the original depositional dips of units, depending on their age. 

The JVF material lies on top of EB sedimentary units and extends almost to the currently active position of the Rio 
Grande, with some intermixing with basin sediments to the east. The EB sedimentary units exposed further east, 
reflect the erosion of the uplifting Sangre de Cristo Mountains, which form the eastern boundary of the basin, as well 
as sediment sources farther to the north. The units tilt regionally to the west, reflecting both the depositional attitude 
as well as their increased downward displacement to the west, along poorly defined north-south trending faults within 
the basin. Older basin sedimentary units underlie the JVF volcanic material to the west. Figures 2-3 and 2-4 show 
relationships between the stratigraphic units in the east-west direction between the JVF volcanic and fanglomerate 
material and the river gravels and other sedimentary material in the EB. 

Plates 2-1 and 2-2 show the mapped and modeled geology in greater detail within its extent identified in Figure 2-1. 
Plate 2-3 provides the observed and inferred geologic structure for this region. Plates 2-84 through 2-91 provide 
cross-section information for the GFM, which add some reality to the schematic views provided by Figures 2-3 and 
2-4. Plates 2-93 and 2-94 provide 3-D views for cutouts of the atlas and SEB model. 
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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 1-2.  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.
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Plate 1-3. Identification of all wells contributing data to the 3-D geologic model

ID Well name Top
elev. 

Bot
elev. 

1 16-2665 7517.4 7392.4 
2 16-2667 7532.0 7325.0 
3 16-2668 7556.0 7368.5 
4 16-2669 7584.3 7419.3 
5 16-2701 7547.0 7462.0 
6 16-2702 7535.0 7466.0 
7 16-2703 7549.6 7480.0 
8 16-2704 7538.9 7469.0 
9 16-2706 7530.0 7440.0 
10 16-2708 7543.9 7429.5 
11 16-2709 7519.8 7486.0 
12 16-2711 7521.0 7453.0 
13 16-2712 7522.4 7422.0 
14 16-2735 7536.5 7446.0 
15 21-1811 7032.5 6772.5 
16 21-2523 7159.0 6839.0 
17 33-1230 6514.0 6284.0 
18 33-1231 6516.0 6201.0 
19 33-1232 6517.0 6271.0 
20 35-2004 7180.2 7080.2 
21 35-2005 7170.7 7070.7 
22 35-2006 7179.9 7079.9 
23 35-2007 7175.5 7082.5 
24 35-2008 7172.0 7072.0 
25 35-2009 7165.3 7065.3 
26 35-2011 7166.8 7066.8 
27 35-2013 7171.1 7071.1 
28 35-2028 7103.4 6803.4 
29 49-2-700-1 7133.9 6433.9 
30 50-24769 7240.7 6540.7 
31 50-24818 7239.7 6619.7 
32 54-1001 6781.7 6499.8 
33 54-1002 6789.3 6499.9 
34 54-1003 6791.7 6492.7 
35 54-1004 6788.2 6448.2 
36 54-1005 6778.5 6506.8 
37 54-1006 6790.3 6500.3 
38 54-1007 6790.3 6640.3 
39 54-1008 6796.6 6646.6 
40 54-1009 6792.0 6642.0 
41 54-1010 6790.6 6748.2 
42 54-1011 6792.2 6751.2 
43 54-1012 6793.1 6752.1 
44 54-1013 6793.6 6752.6 
45 54-1014 6793.8 6752.8 
46 54-1015 6708.2 6242.4 
47 54-1016 6700.4 6177.4 
48 54-1018 6787.7 6459.7 
49 54-1023 6884.0 6624.3 
50 54-1024 6885.0 6795.0 
51 54-1025 6889.5 6799.5 
52 54-1026 6889.6 6799.6 
53 54-1102 6720.6 6656.2 
54 54-1105 6710.5 6662.4 
55 54-1106 6700.4 6648.4 
56 54-1107 6718.1 6588.1 
57 54-1108 6701.1 6649.1 
58 54-1110(G-3) 6691.2 6588.2 
59 54-1111(G-4) 6674.6 6521.6 
60 54-1112 6693.2 6632.7 
61 54-1114 6667.2 6625.5 
62 54-1115 6672.0 6600.5 
63 54-1116 6683.0 6593.5 
64 54-1117 6679.7 6587.2 
65 54-1120 6688.3 6638.8 
66 54-1121 6673.5 6525.5 
67 54-1123 6665.3 6565.3 
68 54-1124 6636.1 6597.6 
69 54-1125 6669.4 6605.9 
70 54-1126 6655.8 6604.8 

ID Well name Top
elev. 

Bot
elev. 

71 54-1128 6653.2 6612.0 
72 54-15462 6880.0 6580.0 
73 54-24360 6670.6 6470.6 
74 54-24361/27436 6695.1 6503.6 
75 54-24362 6681.6 6492.6 
76 54-24363 6692.0 6442.0 
77 54-24364 6704.7 6504.7 
78 54-24366 6680.7 6430.7 
79 54-24367 6692.1 6492.1 
80 54-24368 6715.6 6430.6 
81 54-24369 6725.0 6475.0 
82 54-24370 6726.4 6476.9 
83 54-12371 6728.4 6528.4 
84 54-24372 6748.5 6498.5 
85 54-24373 6746.0 6496.0 
86 54-24374 6677.2 6477.2 
87 54-243751 6708.9 6703.9 
88 54-24375 6638.9 6507.9 
89 54-24376 6693.5 6493.5 
90 54-24377 6684.0 6484.0 
91 54-24378 6684.8 6502.3 
92 54-24379 6675.6 6475.6 
93 54-24380 6697.6 6501.6 
94 54-24381 6660.1 6460.1 
95 54-24382 6672.4 6525.4 
96 54-24383 6653.7 6506.2 
97 54-24384 6605.5 6537.5 
98 54-24385 6677.4 6500.4 
99 54-24386 6676.8 6475.8 
100 54-24387 6616.0 6535.0 
101 54-24388 6684.8 6503.8 
102 54-24389 6698.2 6498.2 
103 54-24390 6704.0 6518.0 
104 54-24391 6711.0 6511.0 
105 54-24392 6666.4 6466.4 
106 54-24393 6717.8 6511.8 
107 54-24394 6726.1 6419.6 
108 54-24395 6729.3 6529.3 
109 54-24396 6684.0 6484.0 
110 54-24397 6671.9 6427.6 
111 54-24399 6793.0 6133.0 
112 54-25105 6709.0 6007.7 
113 54-G-2 6694.1 6592.1 
114 54-G-5 6699.1 6586.1 
115 Archery 7185.0 6032.0 
116 BH1 6915.8 6865.8 
117 BH2 6914.4 6866.4 
118 BH3 6896.4 6846.4 
119 BH4 6929.2 6729.2 
120 BH5 6913.8 6713.8 
121 BH6 6911.9 6711.9 
122 BH7 6910.0 6611.0 
123 Buckman_1 5510.0 4406.0 
124 Buckman_2 5539.0 4066.0 
125 Buckman_3A 5619.0 4169.0 
126 Buckman_4 5646.0 4211.0 
127 Buckman_5 5690.0 4255.0 
128 Buckman_6 5718.0 4330.0 
129 Buckman_7R 5606.0 4143.0 
130 Buckman_8 5514.0 4582.0 
131 Buckman_9 5738.0 4303.0 
132 Buckman_10 6045.0 4035.0 
133 Buckman_11 6155.0 4152.0 
134 Buckman_12 6250.0 4318.0 
135 CDBM-1 6721.6 6532.6 
136 CDBM-2 6634.1 6535.1 
137 CH-1 7170.6 6669.6 
138 CH-2 7141.3 6634.3 
139 CH-3 7169.9 6869.9 
140 CH-4 7118.2 6815.2 

ID Well name Top
elev. 

Bot
elev. 

141 CdV-16-1i 7382.2 6699.2 
142 CdV-16-2i 7457.1 6394.1 
143 CdV-16-3i 7486.8 6081.8 
144 CdV-R-15-3 7258.9 5536.9 
145 CdV-R-37-2 7330.6 5666.6 
146 DMB-1 6276.1 6152.1 
147 DSC-2 7285.0 6880.0 
148 DT-5 7144.5 6182.5 
149 DT-5A 7144.2 5323.2 
150 DT-5P 7136.8 6651.9 
151 DT-9 6936.0 5435.0 
152 DT-10 7019.0 5610.0 
153 EB-35 6930.0 5120.0 
154 EB-47 7140.0 5580.0 
155 G-1 5978.9 3958.9 
156 G-1A 6015.9 3944.9 
157 G-2 6057.8 4051.8 
158 G-3 6138.8 4142.8 
159 G-4 6235.0 4233.0 
160 G-5 6309.6 4312.6 
161 G-6 6424.4 4419.4 
162 GR-1 6416.2 4386.2 
163 GR-2 6140.2 4096.2 
164 GR-3 6212.2 4202.2 
165 GR-4 6299.2 4371.2 
166 H-19 7172.0 5172.0 
167 Kelly_Fed 6035.0 3332.0 
168 LA-1 5624.0 4623.0 
169 LA-1B 5622.0 3366.0 
170 LA-2 5651.0 4769.0 
171 LA-3 5672.0 4762.0 
172 LA-4 5970.9 3951.9 
173 LA-5 5840.0 3816.0 
174 LA-6 5770.0 3740.0 
175 LADP-3 6755.6 6406.6 
176 LADP-4 7049.7 6249.7 
177 LADP-5 7018.1 6298.1 
178 LAO-4.5 6479.8 6417.9 
179 LAO-5 6427.1 6400.1 
180 LAO-6 6423.5 6397.6 
181 LAO-6A 6423.8 6408.8 
182 LAOI(A)-1.1 6833.2 6510.2 
183 LAOI-3.2a 6624.4 6357.5 
184 LAOI-7 6458.4 6076.1 
185 Las_Campanas 6400.0 4395.0 
186 LAWS-01 6304.8 6023.3 
187 MC1 6764.6 6580.0 
188 MC2 6751.9 6580.0 
189 MC3 6726.6 6582.5 
190 MCB-1 7150.2 7045.2 
191 MCB-2 7076.4 6971.9 
192 MCB-5 6895.3 6791.3 
193 MCB-6 6875.5 6786.5 
194 MCB-7 6852.4 6751.4 
195 MCB-8 6824.4 6719.9 
196 MCB-9 6824.1 6721.1 
197 MCB-10 6805.7 6701.7 
198 MCB-11 6805.4 6701.4 
199 MCB-12 6805.2 6700.7 
200 MCB-14 6827.1 6543.1 
201 MCB-16 6670.7 6570.7 
202 MCC-8.2 6775.2 6591.2 
203 MCM-5.1 6870.8 6759.3 
204 MCM-5.9A 6850.2 6656.2 
205 MCOBT-4.4 6836.2 6069.2 
206 MCOBT-8.5 6780.5 6040.5 
207 MCOI-1 7106.2 6263.0 
208 MCOI-4 6837.2 6297.2 
209 MCOI-5 6819.7 6102.7 
210 MCOI-6 6811.1 6091.1 

ID Well name Top
elev. 

Bot
elev. 

211 MCOI-8 6859.2 6114.2 
212 MCOI-10 7034.5 5984.5 
213 MCRES-2 6838.2 6638.0 
214 MCRES-3 6862.6 6662.6 
215 MCRES-4 6870.6 6645.6 
216 NAD-64 6635.0 5635.0 
217 NAD-63 6415.0 5455.0 
218 NAD-60 6225.0 5205.0 
219 Northwest 7100.0 5100.0 
220 Nuc_Dynamics_34 5683.0 5120.0 
221 O-1 6400.9 3791.9 
222 O-4 6639.0 3833.0 
223 OSE_Devils_Throne 5985.0 3485.0 
224 P-12 7451.6 7251.6 
225 PM-1 6513.2 4012.2 
226 PM-2 6712.0 4112.0 
227 PM-3 6610.9 4058.9 
228 PM-4 6920.0 4000.0 
229 PM-5 7094.0 3974.0 
230 POI-4 6372.3 6191.3 
231 POTO-4A 6622.0 6448.0 
232 R-1 6881.2 5716.2 
233 R-2 6770.4 5827.4 
234 R-3i 6390.1 6121.9 
235 R-4 6577.5 5732.5 
236 R-5 6472.6 5570.6 
237 R-6 6995.8 5692.8 
238 R-7 6779.2 5682.2 
239 R-8 6542.9 5520.9 
240 R-9 6382.8 5611.8 
241 R-9i 6382.8 6060.8 
242 R-10 6362.3 5197.3 
243 R-11 6672.4 5745.4 
244 R-12 6499.6 5613.6 
245 R-13 6673.1 5540.1 
246 R-14 7062.1 5735.1 
247 R-15 6820.0 5713.0 
248 R-16 6256.9 4969.9 
249 R-17 6921.5 5754.5 
250 R-18 7404.8 5974.8 
251 R-19 7066.3 5163.8 
252 R-20 6694.3 5329.3 
253 R-21 6656.2 5661.2 
254 R-22 6650.5 5161.5 
255 R-23 6527.8 5601.8 
256 R-24 6547.4 5666.4 
257 R-25 7516.1 5574.1 
258 R-25b 7516.0 6376.0 
259 R-26 7641.6 6151.1 
260 R-27 6713.7 5726.7 
261 R-28 6728.5 5723.5 
262 R-31 6362.5 5259.5 
263 R-32 6637.6 5629.6 
264 R-33 6853.3 5723.3 
265 R-34 6630.0 5565.0 
266 R-35a 6623.1 5481.1 
267 R-36 6593.0 5728.0 
268 R-37 6860.0 5780.0 
269 R-38 6670.0 5760.0 
270 R-39 6580.0 5684.0 
271 R-40 6718.0 5905.0 
272 R-41 6650.0 6650.0 
273 R-42 6759.1 5731.1 
274 R-43 6730.0 5795.0 
275 R-44 6718.0 5624.0 
276 R-45 6699.0 5642.0 
277 R-46 7212.0 5797.0 
278 SC1 6691.5 6578.5 
279 SC2 6722.8 6580.0 
280 SC3 6701.7 6578.5 

ID Well name Top
elev. 

Bot
elev. 

281 SC4 6682.1 6578.5 
282 SC5 6661.8 6580.0 
283 SCC-1 6738.3 6338.3 
284 SCC-2 6723.7 6335.1 
285 SCC-3 6713.0 6369.0 
286 SCC-4 6709.2 6386.2 
287 SCC-5 6683.6 6393.6 
288 SCC-6 6619.3 6359.8 
289 SCI-2 6730.0 5840.0 
290 SCOI-3 6499.0 6367.0 
291 SF_River 6365.0 4365.0 
292 SHB-1 7315.9 6615.9 
293 SHB-3 7607.7 6747.7 
294 SHB-4 6708.7 6547.7 
295 SHB-CMR-1 7402.2 7334.7 
296 SHB-CMR-10 7398.4 7338.4 
297 SHB-CMR-2 7399.8 7337.3 
298 SHB-CMR-3 7398.6 7343.6 
299 SHB-CMR-4 7398.4 7346.0 
300 SHB-CMR-5 7397.5 7345.0 
301 SHB-CMR-6 7392.2 7334.7 
302 SHB-CMR-7 7394.9 7337.4 
303 SHB-CMR-8 7392.7 7340.2 
304 SHB-NISC-1 7439.2 7356.7 
305 SHB-NISC-2 7428.1 7345.6 
306 SHB-NISC-3 7427.8 7352.8 
307 SHB-NISC-4 7439.3 7356.8 
308 SHB-NISC-5 7432.5 7347.5 
309 SHB-SCC-1 7440.2 7342.7 
310 SHB-SCC-2 7430.5 7345.5 
311 SHB-SCC-3 7428.1 7343.1 
312 SHB-SCC-4 7441.9 7351.9 
313 SHB-SCC-5 7435.7 7353.2 
314 SIMO 6655.4 6551.4 
315 Sigma_Mesa 7209.5 4917.5 
316 Skillet 5850.0 3946.0 
317 St_Michael 6870.0 4850.0 
318 TH-5 6590.7 6327.8 
319 TH-6 6642.4 6342.5 
320 TH-7 6223.5 6168.5 
321 TW-1 6369.9 5727.9 
322 TW-1A 6369.8 6144.8 
323 TW-2 6646.4 5812.4 
324 TW-3 6626.9 5811.9 
325 TW-4 7242.7 6037.7 
326 TW-8 6875.1 5810.1 
327 TestHole6-53 6921.2 6771.2 
328 TestHole7-53 6701.0 6621.0 
329 USGS-TH 7227.4 7017.4 
330 WCO-3 6433.9 6420.0 
331 Yates_2 6605.0 2634.0 

Constructed from the 2009 LANL Geologic Framework Model (Cole et al. 2009, 106101)     Date: May 2009
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Geologic Units 
UNIT CODE - UNIT NAME

Qbt4      Bandelier Tuff - Tshirege unit 4
Qbt3t     Bandelier Tuff - Tshirege unit 3t
Qbt3      Bandelier Tuff - Tshirege unit 3
Qbt2      Bandelier Tuff - Tshirege unit 2
Qbt1vu  Bandelier Tuff - Tshirege unit 1vu
Qbt1vc  Bandelier Tuff - Tshirege unit 1vc
Qbt1g    Bandelier Tuff - Tshìrege unit 1g
Qbt        Bandelier Tuff - undivided 
Qct        Cerro Toledo Interval
Qbof      Bandelier Tuff - Otowi unit
Qbog     Bandelier Tuff - Guaje Pumice
Tb4       Cerros del Rio Basalts 
QTa       Ancha Formation
Tvt2      Younger Tschicoma dacite flows
Tvt1      Older Tschicoma dacite flows
Tpf        Puye Formation
Tpt        Totavi Lentil
Tvk        Keres Volcanics
Tcac      Chamita Fm - Lithosome A
Ttca       Tesuque Fm - Chamita Lithosome B
Tcara     Transitional zone: Ttca-Tcar
Tcar       Chamita Fm - axial river deposits
Tb2        8.4-9.3 Ma Basalts
Ttb         Tesuque Fm - Lithosome B

Plate 2-2.  Modeled surface geology

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

Note: Alluvial units: Qu and Qvf will be added
to this bedrock model at a later date.

Date: May 2009
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Faults for the GFM09 - Dan Koning
FAULT_QUALIFIER

D. Koning - observed
D. Koning - inferred
Faults of the Seismic Hazards Project
Inferred faults of GFM09 - offsets > 100'
Inferred faults of GFM09 - offsets < 100'
Roads
Los Alamos National Laboratory

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

8-foot gridded LIDAR data provides the
shaded elevation model used as the

background.

Numbered blocks of the 2005 Structural
block model are shown to the west.

Date: May 2009

Note: Inferred faults shown on this map are poorly constrained. Most of these do not offset the Bandelier Tuff and are inferred based
on apparent stratigraphic discontinuities in widely spaced well data. Some discontinuities may actually represent paleotopography.

2009 Hydrogeologic Site Atlas

June 2009 22 EP2009-0191
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Constructed from the 2009 LANL 
Geologic Framework Model 
(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-4.  Structure contours of the top of the Tshirege Member (Qbt)

Text

IDs, well names and top elevations are provided in Plate 1-3.
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Date: May 2009

Plate 2-5. Thickness of the Tshirege Member of the Bandelier Tuff (Qbt)

ID  W ell ID  Th ickness  
15  21-1811 247 .4  
16  21-2523 298 .0  
17  33-1230 221 .7  
18  33-1231 216 .8  
19  33-1232 213 .5  
28  35-2028 215 .0  
29  49-2-700-1  553 .0  
30  50-24769 305 .7  
31  50-24818 311 .7  
32  54-1001 253 .6  
33  54-1002 259 .5  
34  54-1003 262 .9  
35  54-1004 253 .5  
36  54-1005 246 .5  
37  54-1006 258 .7  
46  54-1015 165 .2  
47  54-1016 160 .3  
48  54-1018 258 .0  
49  54-1023 253 .2  
59  54-1111(G -4) 140 .0  
66  54-1121 119 .0  
67  54-1123 89 .5  
72  54-15462 255 .0  
73  54-24360 125 .0  
74  54-24361/27436  158 .0  
75  54-24362 150 .0  
76  54-24363 228 .0  
77  54-24364 163 .5  
78  54-24366 226 .0  
79  54-24367 164 .5  
80  54-24368 223 .5  
81  54-24369 157 .0  
82  54-24370 164 .0  
83  54-12371 192 .0  
84  54-24372 191 .9  
85  54-24373 186 .0  
86  54-24374 150 .5  
88  54-24375 101 .0  
89  54-24376 155 .0  
90  54-24377 143 .5  
91  54-24378 144 .5  
92  54-24379 111 .0  
93  54-24380 171 .0  
94  54-24381 109 .5  
95  54-24382 88 .0  
96  54-24383 75 .0  
97  54-24384 25 .0  
98  54-24385 103 .0  
99  54-24386 102 .0  
100  54-24387 49 .0  
101  54-24388 151 .0  
102  54-24389 167 .0  

ID  W ell ID  Th ickness  
135  C D B M -1 78 .0  
136  C D B M -2 38 .5  
141  C dV -16-1 i 231 .0  
142  C dV -16-2 i 395 .0  
143  C dV -16-3 i 359 .0  
144  C dV -R -15-3  357 .0  
145  C dV -R -37-2  489 .0  
147  D S C -2  314 .1  
151  D T-9  0 .1  
152  D T-10  0 .1  
176  LA D P -4  245 .0  
177  LA D P -5  236 .3  
187  M C 1 41 .4  
194  M C B -7  35 .3  
202  M C C -8.2  11 .0  
203  M C M -5.1  65 .0  
204  M C M -5.9A  63 .0  
207  M C O I-1  103 .6  
209  M C O I-5  49 .5  
211  M C O I-8  46 .7  
212  M C O I-10  248 .0  
214  M C R E S -3  58 .0  
215  M C R E S -4  62 .0  
226  P M -2  102 .0  
228  P M -4  220 .0  
229  P M -5  1 .1  
231  P O TO -4A  87 .0  
232  R -1  57 .0  
237  R -6  198 .0  
245  R -13  35 .0  
246  R -14  217 .0  
247  R -15  49 .5  
249  R -17  101 .6  
250  R -18  309 .0  
251  R -19  377 .3  
252  R -20  1 .0  
253  R -21  129 .0  
254  R -22  128 .0  
257  R -25  384 .0  
258  R -25b  384 .0  
260  R -27  59 .0  
263  R -32  91 .0  
265  R -34  1078.0  
268  R -37  189 .0  
269  R -38  84 .0  
270  R -39  50 .0  
271  R -40  114 .0  
274  R -43  40 .0  
275  R -44  23 .0  
277  R -46  334 .0  
279  S C 2 29 .0  
280  S C 3 9 .0  
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(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-6. Structure contours of the bottom of the Tshirege Member (Qbt)

ID  W ell ID  E leva tion  
15  21-1811 6778.6  
16  21-2523 6859.0  
17  33-1230 6291.0  
18  33-1231 6299.0  
19  33-1232 6302.0  
28  35-2028 6883.9  
29  49-2-700-1  6572.9  
30  50-24769 6923.7  
31  50-24818 6923.0  
32  54-1001 6527.1  
33  54-1002 6527.9  
34  54-1003 6526.7  
35  54-1004 6533.2  
36  54-1005 6531.1  
37  54-1006 6530.5  
46  54-1015 6542.1  
47  54-1016 6539.3  
48  54-1018 6528.7  
49  54-1023 6628.3  
59  54-1111(G -4) 6534 .6  
66  54-1121 6553.5  
67  54-1123 6575.8  
72  54-15462 6625.0  
73  54-24360 6536.6  
74  54-24361/27436  6534.1  
75  54-24362 6526.6  
76  54-24363 6459.0  
77  54-24364 6539.2  
78  54-24366 6450.7  
79  54-24367 6522.6  
80  54-24368 6488.1  
81  54-24369 6544.0  
82  54-24370 6559.4  
83  54-12371 6533.4  
84  54-24372 6546.1  
85  54-24373 6556.5  
86  54-24374 6524.2  
88  54-24375 6537.9  
89  54-24376 6536.0  
90  54-24377 6538.0  
91  54-24378 6536.3  
92  54-24379 6558.6  
93  54-24380 6521.6  
94  54-24381 6548.1  
95  54-24382 6577.4  
96  54-24383 6574.7  
97  54-24384 6560.5  
98  54-24385 6568.4  
99  54-24386 6566.8  
100  54-24387 6562.0  
101  54-24388 6530.8  
102  54-24389 6528.7  

ID  W ell ID  E leva tion  
135  C D B M -1 6636.6  
136  C D B M -2 6581.6  
141  C dV -16-1 i 7142 .2  
142  C dV -16-2 i 7062 .1  
143  C dV -16-3 i 7127 .8  
144  C dV -R -15-3  6896.9  
145  C dV -R -37-2  6841.6  
147  D S C -2  6970.9  
151  D T-9  6474.0  
152  D T-10  6541.0  
176  LA D P -4  6798.7  
177  LA D P -5  6780.5  
187  M C 1 6710.6  
194  M C B -7  6767.9  
202  M C C -8.2  6688.2  
203  M C M -5.1  6774.8  
204  M C M -5.9A  6749.2  
207  M C O I-1  6902.2  
209  M C O I-5  6753.7  
211  M C O I-8  6780.3  
212  M C O I-10  6715.5  
214  M C R E S -3  6778.6  
215  M C R E S -4  6776.1  
226  P M -2  6580.0  
228  P M -4  6700.0  
229  P M -5  6759.0  
231  P O TO -4A  6535.0  
232  R -1  6791.2  
237  R -6  6797.8  
245  R -13  6600.1  
246  R -14  6842.1  
247  R -15  6754.0  
249  R -17  6795.2  
250  R -18  7095.8  
251  R -19  6686.3  
252  R -20  6528.3  
253  R -21  6510.2  
254  R -22  6522.5  
257  R -25  7132.1  
258  R -25b  7132.0  
260  R -27  6633.7  
263  R -32  6499.6  
265  R -34  5534.0  
268  R -37  6631.0  
269  R -38  6534.0  
270  R -39  6505.0  
271  R -40  6564.0  
274  R -43  6650.0  
275  R -44  6648.0  
277  R -46  6868.0  
279  S C 2 6671.0  
280  S C 3 6642.0  
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Plate 2-7. Structure contours of the top of the Tshirege Member, unit 4 (Qbt4)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  E leva tion  
4  16-2669 7577.3  
1  16-2665 7515.9  
2  16-2667 7530.0  
3  16-2668 7551.7  
5  16-2701 7541.5  
6  16-2702 7526.0  
7  16-2703 7547.6  
9  16-2706 7528.0  
10  16-2708 7534.0  
11  16-2709 7518.8  
13  16-2712 7519.0  
14  16-2735 7533.0  
29  49-2-700-1  7125.9  
142  C dV -16-2 i 7457 .1  
143  C dV -16-3 i 7486 .8  
144  C dV -R -15-3  7253.9  
145  C dV -R -37-2  7330.6  
147  D S C -2  7285.0  
251  R -19  7063.6  
257  R -25  7516.1  
258  R -25b  7516.0  
295  S H B -C M R -1  7401.5  
297  S H B -C M R -2  7398.4  
298  S H B -C M R -3  7398.6  
299  S H B -C M R -4  7397.0  
300  S H B -C M R -5  7397.5  
301  S H B -C M R -6  7390.0  
302  S H B -C M R -7  7394.1  
303  S H B -C M R -8  7391.3  
304  S H B -N ISC -1 7433.2  
305  S H B -N ISC -2 7420.1  
306  S H B -N ISC -3 7421.8  
307  S H B -N ISC -4 7431.3  
308  S H B -N ISC -5 7426.5  
309  S H B -S C C -1  7433.2  
310  S H B -S C C -2  7422.5  
311  S H B -S C C -3  7420.1  
312  S H B -S C C -4  7433.9  
313  S H B -S C C -5  7427.7  
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Plate 2-8. Thickness of the Tshirege Member, unit 4 (Qbt4)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  Th ickness  
4  16-2669 88 .0  
1  16-2665 99 .5  
2  16-2667 90 .5  
3  16-2668 91 .0  
10  16-2708 98 .0  
29  49-2-700-1  65 .0  
142  C dV -16-2 i 56 .0  
143  C dV -16-3 i 70 .0  
144  C dV -R -15-3  29 .0  
145  C dV -R -37-2  25 .0  
147  D S C -2  10 .1  
251  R -19  2 .3  
257  R -25  84 .0  
295  S H B -C M R -1 46 .5  
297  S H B -C M R -2  41 .0  
298  S H B -C M R -3  39 .1  
299  S H B -C M R -4  34 .8  
300  S H B -C M R -5  33 .5  
301  S H B -C M R -6  45 .3  
302  S H B -C M R -7  45 .7  
303  S H B -C M R -8  41 .1  
304  S H B -N ISC -1 69 .5  
305  S H B -N ISC -2 66 .9  
306  S H B -N ISC -3 63 .8  
307  S H B -N ISC -4 63 .0  
308  S H B -N ISC -5 67 .4  
309  S H B -S C C -1  73 .0  
310  S H B -S C C -2  71 .0  
311  S H B -S C C -3  65 .6  
312  S H B -S C C -4  70 .5  
313  S H B -S C C -5  68 .3  
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Plate 2-9. Structure contours of the top of the Tshirege Member, unit 3, transition zone (Qbt3t)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  E leva tion  
1  16-2665 7416.4  
2  16-2667 7439.5  
3  16-2668 7460.7  
4  16-2669 7489.3  
10  16-2708 7436.0  
142  C dV -16-2 i 7401 .1  
143  C dV -16-3 i 7416 .8  
257  R -25  7432.1  
259  R -26  7521.6  
295  S H B -C M R -1  7355.0  
296  S H B -C M R -10 7356.1  
297  S H B -C M R -2  7357.4  
298  S H B -C M R -3  7359.5  
299  S H B -C M R -4  7362.2  
300  S H B -C M R -5  7364.0  
301  S H B -C M R -6  7344.7  
302  S H B -C M R -7  7348.4  
303  S H B -C M R -8  7350.2  
304  S H B -N ISC -1 7363.7  
306  S H B -N ISC -3 7358.0  
307  S H B -N ISC -4 7368.3  
308  S H B -N ISC -5 7359.1  
310  S H B -S C C -2  7351.5  
311  S H B -S C C -3  7354.5  
312  S H B -S C C -4  7363.4  
313  S H B -S C C -5  7359.4  
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Plate 2-10. Thickness of the Tshirege Member, unit 3, transition zone (Qbt3t)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  Th ickness  
1  16-2665 19 .0  
2  16-2667 31 .7  
3  16-2668 22 .7  
4  16-2669 24 .0  
142  C dV -16-2 i 21 .0  
143  C dV -16-3 i 18 .0  
257  R -25  71 .0  
259  R -26  180 .0  
295  S H B -C M R -1  10 .1  
296  S H B -C M R -10 7 .7  
297  S H B -C M R -2  7 .8  
298  S H B -C M R -3  6 .1  
299  S H B -C M R -4  7 .3  
300  S H B -C M R -5  5 .6  
301  S H B -C M R -6  2 .5  
302  S H B -C M R -7  6 .0  
303  S H B -C M R -8  2 .5  
304  S H B -N ISC -1 1 .3  
306  S H B -N ISC -3 4 .5  
307  S H B -N ISC -4 4 .0  
308  S H B -N ISC -5 1 .3  
310  S H B -S C C -2  0 .8  
311  S H B -S C C -3  2 .4  
312  S H B -S C C -4  2 .0  
313  S H B -S C C -5  1 .2  
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Plate 2-11. Structure contours of the top of the Tshirege Member, unit 3 (Qbt3)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  E leva tion  
1  16-2665 7397.4  
2  16-2667 7407.8  
3  16-2668 7438.0  
4  16-2669 7465.3  
29  49-2-700-1  7060.9  
142  C dV -16-2 i 7380 .1  
143  C dV -16-3 i 7398 .8  
144  C dV -R -15-3  7224.9  
145  C dV -R -37-2  7305.6  
147  D S C -2  7274.9  
251  R -19  7061.3  
257  R -25  7361.1  
258  R -25b  7361.0  
259  R -26  7341.6  
295  S H B -C M R -1  7344.9  
296  S H B -C M R -10 7348.4  
297  S H B -C M R -2  7349.6  
298  S H B -C M R -3  7353.4  
299  S H B -C M R -4  7354.9  
300  S H B -C M R -5  7358.4  
301  S H B -C M R -6  7342.2  
302  S H B -C M R -7  7342.4  
303  S H B -C M R -8  7347.7  
304  S H B -N ISC -1 7362.4  
305  S H B -N ISC -2 7353.3  
306  S H B -N ISC -3 7353.5  
307  S H B -N ISC -4 7364.3  
308  S H B -N ISC -5 7357.8  
309  S H B -S C C -1  7360.2  
310  S H B -S C C -2  7350.7  
311  S H B -S C C -3  7352.1  
312  S H B -S C C -4  7361.4  
313  S H B -S C C -5  7358.2  
16  21-2523 7157.0  
18  33-1231 6515.8  
19  33-1232 6515.5  
22  35-2006 7177.4  
25  35-2009 7155.3  
28  35-2028 7098.9  
31  50-24818 7234.7  
116  B H 1 6914.2  
117  B H 2 6914.4  
119  B H 4 6925.9  
120  B H 5 6910.4  
141  C dV -16-1 i 7373 .2  
176  LA D P -4  7043.7  
250  R -18  7404.8  
277  R -46  7202.0  
292  S H B -1  7314.9  
 

2009 Hydrogeologic Site Atlas

June 2009 30 EP2009-0191



!(

!(

!( !(

!(

!(

!(

!(!(

!(

!(

!(!(

!(!(!(!(

!(!(!(!(

!(

!(

!(

!(

!(

220 240

2040

120

60

160

100

140

80

180

200

0

40

80

20

40

100

0

100

40

20

60

20

140

60

40

20
0

60

20

20

40

0

80

60

40

20

20

20

40

20

20

40

20

40

60

40

20

100

20

100

140

180

40
20

40

20

20

60

40

60

20

0

40
20

80

0

40

0

80

0

120

80

80

120

12
0

120

20

0

20

20

80

40

20

20

140

140

0

20

0
40

20140

20

20

0
0

40

60

20

40

20

80

20

80

20

80

40

20

140

20

40

20

20

20

20

100

20

60

40

40

20

40

60

20

40

40
20

140

40

12
0

40

20

120

60

20

20

20

60
20

0

80

20

100

40

20

20

20

0

60

60

8020
20

60

40

20

10
0

80

0

0

20

0

40

100

80

40

20

60

20

20

0

20

120

0

40

60

20

20

20

100

20

20

0

0

140

20

60

40

20

20

40

80

60

40

60

40

40

40

20

20

120

80

160

20

40

40

60

60

40

20

20

80

20

20

20

60

60

40

0

20

40

40

60

20

100
20

140

20

40

20

40

20

0

60

10
0

0

40

20

60

20

60

60

60

40

20

120

40

20

60

20

20

60

20

60

20

2020

0 40

60

20

100

20

40

60

20

120

0
40

40

0

40

20

80

0

100
80

40

0

80

60

60

80

40

120

60

40

0

40

20

80

60

0

40

100

20

40

40

40
20

60

20

140

20

60

20

20

20

60

40

80

60

20

20

40

20

20

40

40

20

60

40

20

20

60

20

20

80

60

40

60

20

0

40

40

20

20

40

40

0

80
60

40

20

140

20

60

80

80

60

20

60

20

20

20

20

20

40

40

40

20

60

40

20

20

20

12
0

40

0

0

160

40

40

40

80

20

40

60

20

0

20
10

0

20

20
20

140

40

20

40

20

20

20

40

80

20

20

20

20

40

60

40

20

20

60

20

20

20

20

20

40

0

40

60

20

60

20

20

40

40

40

40

40

20

40

40

0

60

20

40

10
0

20

40

40

20

31
28

25

22

1918

16

29

292

277
250

176

141

120119

117

259

258257

251

147

145

144143

142

1,610,000

1,610,000

1,620,000

1,620,000

1,630,000

1,630,000

1,640,000

1,640,000

1,650,000

1,650,000

1,660,000

1,660,000

1,670,000

1,670,000

1,680,000

1,680,000

1,690,000

1,690,000

1,740,000 1,740,000

1,750,000 1,750,000

1,760,000 1,760,000

1,770,000 1,770,000

1,780,000 1,780,000

1,790,000 1,790,000

!( LANL wells intersecting unit
Roads
Unit thickness contours (in feet)
Los Alamos National Laboratory
Unit extent
Unit outcrop

++

/SCALE 1:80,000

State Plane Coordinate System, New Mexico Central Zone
1983 North American Datum

1 0 1 20.5
Miles

Plate 2-12. Thickness of the Tshirege Member, unit 3 (Qbt3)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  Th ickness  
29  49-2-700-1  109 .0  
142  C dV -16-2 i 118 .0  
143  C dV -16-3 i 119 .0  
144  C dV -R -15-3  118 .0  
145  C dV -R -37-2  184 .0  
147  D S C -2  109 .9  
251  R -19  112 .5  
257  R -25  74 .0  
258  R -25b  73 .0  
259  R -26  65 .0  
16  21-2523 87 .0  
18  33-1231 9 .8  
19  33-1232 8 .5  
22  35-2006 92 .5  
25  35-2009 71 .0  
28  35-2028 20 .5  
31  50-24818 92 .5  
116  B H 1 6 .7  
117  B H 2 5 .0  
119  B H 4 11 .4  
120  B H 5 6 .6  
141  C dV -16-1 i 76 .0  
176  LA D P -4  8 .0  
250  R -18  135 .0  
277  R -46  105 .0  
292  S H B -1  119 .0  
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Plate 2-13. Structure contours of the top of the Tshirege Member, unit 2 (Qbt2)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  E leva tion  
16  21-2523 7070.0  
18  33-1231 6506.0  
19  33-1232 6507.0  
20  35-2004 7094.2  
21  35-2005 7082.7  
22  35-2006 7084.9  
23  35-2007 7083.5  
24  35-2008 7082.5  
25  35-2009 7084.3  
26  35-2011 7082.3  
27  35-2013 7085.1  
28  35-2028 7078.4  
29  49-2-700-1  6951.9  
30  50-24769 7138.2  
31  50-24818 7142.2  
32  54-1001 6780.7  
33  54-1002 6787.4  
34  54-1003 6789.6  
35  54-1004 6786.7  
36  54-1005 6777.6  
37  54-1006 6789.2  
38  54-1007 6790.2  
39  54-1008 6795.6  
40  54-1009 6790.5  
41  54-1010 6789.8  
42  54-1011 6790.4  
43  54-1012 6791.1  
44  54-1013 6791.1  
45  54-1014 6792.7  
48  54-1018 6786.7  
49  54-1023 6881.5  
50  54-1024 6875.0  
51  54-1025 6886.2  
 

ID  W ell ID  E leva tion  
52  54-1026 6888.9  
55  54-1106 6699.0  
57  54-1108 6699.1  
60  54-1112 6690.4  
62  54-1115 6671.6  
64  54-1117 6675.7  
68  54-1124 6635.1  
69  54-1125 6668.4  
70  54-1126 6655.5  
82  54-24370 6723.4  
89  54-24376 6691.0  
93  54-24380 6692.6  
108  54-24395 6725.3  
116  B H 1 6907.5  
117  B H 2 6909.4  
119  B H 4 6914.5  
120  B H 5 6903.8  
141  C dV -16-1 i 7297 .2  
142  C dV -16-2 i 7262 .1  
143  C dV -16-3 i 7279 .8  
144  C dV -R -15-3  7106.9  
145  C dV -R -37-2  7121.6  
147  D S C -2  7165.0  
176  LA D P -4  7035.7  
224  P -12  7256.6  
250  R -18  7269.8  
251  R -19  6948.8  
257  R -25  7287.1  
258  R -25b  7288.0  
259  R -26  7276.6  
277  R -46  7097.0  
292  S H B -1  7195.9  
329  U S G S -TH  7117.4  
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Plate 2-14. Thickness of the Tshirege Member, unit 2 (Qbt2)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  Th ickness  
16  21-2523 71 .0  
18  33-1231 63 .0  
19  33-1232 66 .0  
28  35-2028 65 .0  
29  49-2-700-1  132 .0  
30  50-24769 79 .5  
31  50-24818 66 .4  
32  54-1001 36 .6  
33  54-1002 40 .1  
34  54-1003 37 .9  
35  54-1004 36 .0  
36  54-1005 31 .8  
37  54-1006 35 .2  
38  54-1007 36 .9  
39  54-1008 38 .0  
40  54-1009 33 .5  
41  54-1010 39 .9  
42  54-1011 35 .9  
43  54-1012 35 .7  
44  54-1013 33 .5  
45  54-1014 34 .8  
48  54-1018 39 .0  
49  54-1023 32 .2  
50  54-1024 27 .0  
51  54-1025 31 .2  
52  54-1026 33 .7  
57  54-1108 38 .3  
60  54-1112 35 .5  
62  54-1115 40 .4  
64  54-1117 26 .0  
68  54-1124 30 .0  
69  54-1125 37 .0  
70  54-1126 28 .0  
82  54-24370 57 .5  
89  54-24376 45 .5  
93  54-24380 57 .0  
108  54-24395 49 .0  
119  B H 4 100 .2  
120  B H 5 97 .1  
141  C dV -16-1 i 110 .0  
142  C dV -16-2 i 110 .0  
143  C dV -16-3 i 103 .0  
144  C dV -R -15-3  84 .0  
145  C dV -R -37-2  190 .0  
147  D S C -2  90 .0  
176  LA D P -4  68 .0  
250  R -18  109 .0  
251  R -19  112 .5  
257  R -25  103 .0  
258  R -25b  104 .0  
259  R -26  100 .0  
277  R -46  90 .0  

ID  W ell ID  Th ickness  
53  54-1102 42 .6  
56  54-1107 57 .0  
58  54-1110(G -3) 48 .0  
59  54-1111(G -4) 40 .0  
61  54-1114 25 .7  
63  54-1116 37 .8  
65  54-1120 36 .8  
66  54-1121 23 .0  
67  54-1123 28 .0  
71  54-1128 19 .8  
72  54-15462 37 .0  
73  54-24360 34 .0  
74  54-24361/27436  53 .0  
75  54-24362 47 .0  
76  54-24363 75 .0  
77  54-24364 57 .1  
78  54-24366 62 .0  
79  54-24367 49 .0  
80  54-24368 69 .0  
83  54-12371 49 .0  
85  54-24373 58 .0  
86  54-24374 38 .5  
90  54-24377 41 .5  
91  54-24378 58 .0  
92  54-24379 51 .0  
94  54-24381 42 .0  
95  54-24382 37 .0  
96  54-24383 33 .0  
98  54-24385 56 .5  
99  54-24386 52 .0  
101  54-24388 70 .8  
102  54-24389 54 .0  
103  54-24390 53 .0  
104  54-24391 56 .0  
105  54-24392 40 .0  
106  54-24393 54 .4  
107  54-24394 47 .2  
109  54-24396 36 .5  
110  54-24397 37 .5  
111  54-24399 110 .0  
112  54-25105  65 .0  
113  54-G -2  52 .0  
114  54-G -5  55 .0  
121  B H 6 100 .7  
122  B H 7 99 .4  
137  C H -1  284 .0  
139  C H -3  295 .0  
140  C H -4  288 .0  
177  LA D P -5  65 .7  
190  M C B -1  89 .4  
191  M C B -2  32 .5  
237  R -6  78 .0  
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Plate 2-15. Structure contours of the top of the Tshirege Member, unit 1, upper vapor-phase portion (Qbt1vu)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  E leva tion  
15  21-1811 6939.0  
16  21-2523 6999.0  
17  33-1230 6442.0  
18  33-1231 6443.0  
19  33-1232 6441.0  
28  35-2028 7013.4  
29  49-2-700-1  6819.9  
30  50-24769 7058.7  
31  50-24818 7075.8  
32  54-1001 6744.1  
33  54-1002 6747.3  
34  54-1003 6751.7  
35  54-1004 6750.7  
36  54-1005 6745.8  
37  54-1006 6754.0  
38  54-1007 6753.3  
39  54-1008 6757.6  
40  54-1009 6757.0  
41  54-1010 6749.9  
42  54-1011 6754.5  
43  54-1012 6755.4  
44  54-1013 6757.6  
45  54-1014 6757.9  
48  54-1018 6747.7  
49  54-1023 6849.3  
50  54-1024 6848.0  
51  54-1025 6855.0  
52  54-1026 6855.2  
53  54-1102 6677.7  
56  54-1107 6661.1  
57  54-1108 6660.8  
58  54-1110(G -3) 6643 .2  
59  54-1111(G -4) 6634 .6  
60  54-1112 6654.9  
61  54-1114 6640.8  
62  54-1115 6631.2  
63  54-1116 6644.7  
64  54-1117 6649.7  
65  54-1120 6650.8  
66  54-1121 6649.5  
67  54-1123 6637.3  
68  54-1124 6605.1  
69  54-1125 6631.4  
70  54-1126 6627.5  
71  54-1128 6633.2  
72  54-15462 6843.0  
73  54-24360 6627.6  
74  54-24361/27436  6639.1  
75  54-24362 6629.6  
76  54-24363 6612.0  
77  54-24364 6645.6  
78  54-24366 6614.7  

ID  W ell ID  E leva tion  
86  54-24374 6636.2  
88  54-24375 6638.9  
89  54-24376 6645.5  
90  54-24377 6640.0  
91  54-24378 6622.8  
92  54-24379 6618.6  
93  54-24380 6635.6  
94  54-24381 6615.6  
95  54-24382 6628.4  
96  54-24383 6616.7  
98  54-24385 6614.9  
99  54-24386 6616.8  
101  54-24388 6611.0  
102  54-24389 6641.7  
103  54-24390 6646.0  
104  54-24391 6650.0  
105  54-24392 6624.4  
106  54-24393 6659.4  
107  54-24394 6669.1  
108  54-24395 6676.3  
109  54-24396 6643.5  
110  54-24397 6631.9  
111  54-24399 6683.0  
112  54-25105 6644.0  
113  54-G -2  6642.1  
114  54-G -5  6644.1  
119  B H 4 6814.2  
120  B H 5 6806.6  
121  B H 6 6810.3  
122  B H 7 6810.4  
137  C H -1  6886.6  
138  C H -2  6843.3  
139  C H -3  6874.9  
140  C H -4  6830.2  
141  C dV -16-1 i 7187 .2  
142  C dV -16-2 i 7152 .1  
143  C dV -16-3 i 7176 .8  
144  C dV -R -15-3  7022.9  
145  C dV -R -37-2  6931.6  
147  D S C -2  7075.0  
150  D T-5P  6854.8  
176  LA D P -4  6967.7  
177  LA D P -5  6951.1  
190  M C B -1  7059.7  
191  M C B -2  7043.9  
207  M C O I-1  7005.7  
212  M C O I-10  6904.5  
237  R -6  6917.8  
246  R -14  6982.1  
250  R -18  7160.8  
251  R -19  6836.3  
254  R -22  6606.5  
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Plate 2-16. Thickness of the Tshirege Member, unit 1, upper vapor-phase portion (Qbt1vu)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  Th ickness  
30  50-24769 40 .0  
31  50-24818 60 .5  
32  54-1001 67 .6  
33  54-1002 74 .7  
34  54-1003 74 .0  
35  54-1004 67 .5  
36  54-1005 58 .8  
37  54-1006 68 .7  
38  54-1007 74 .0  
39  54-1008 69 .0  
40  54-1009 75 .0  
48  54-1018 65 .0  
49  54-1023 94 .3  
56  54-1107 33 .0  
58  54-1110(G -3) 22 .0  
59  54-1111(G -4) 19 .0  
62  54-1115 24 .1  
63  54-1116 31 .2  
64  54-1117 36 .0  
66  54-1121 42 .0  
67  54-1123 34 .5  
70  54-1126 21 .0  
72  54-15462 93 .0  
73  54-24360 12 .0  
74  54-24361/27436  31 .0  
75  54-24362 23 .0  
76  54-24363 30 .0  
77  54-24364  22 .9  
78  54-24366 19 .0  
79  54-24367 21 .0  
80  54-24368 17 .0  
81  54-24369 28 .5  
 

ID  W ell ID  Th ickness  
82  54-24370 24 .5  
83  54-12371 33 .0  
84  54-24372 39 .0  
85  54-24373 23 .5  
86  54-24374 24 .0  
88  54-24375 15 .0  
89  54-24376 22 .0  
90  54-24377 15 .0  
91  54-24378 18 .0  
92  54-24379 21 .0  
93  54-24380 18 .0  
94  54-24381 23 .5  
95  54-24382 6 .0  
96  54-24383 3 .0  
98  54-24385 12 .5  
99  54-24386 8 .0  
101  54-24388 11 .2  
102  54-24389 23 .5  
103  54-24390 32 .0  
104  54-24391 34 .0  
105  54-24392 18 .0  
106  54-24393 21 .6  
107  54-24394 30 .0  
108  54-24395 27 .0  
109  54-24396 29 .5  
110  54-24397 19 .0  
119  B H 4 30 .0  
120  B H 5 32 .9  
121  B H 6 35 .9  
122  B H 7 37 .9  
258  R -25b  37 .0  
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Plate 2-17. Structure contours of the top of the Tshirege Member, unit 1, colonnade vapor-phase portion (Qbt1vc)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  E leva tion  
30  50-24769 7018.7  
31  50-24818 7015.3  
32  54-1001 6676.5  
33  54-1002 6672.6  
34  54-1003 6677.7  
35  54-1004 6683.2  
36  54-1005 6687.0  
37  54-1006 6685.3  
38  54-1007 6679.3  
39  54-1008 6688.6  
40  54-1009 6682.0  
46  54-1015 6707.3  
47  54-1016 6699.6  
48  54-1018 6682.7  
49  54-1023 6755.0  
56  54-1107 6628.1  
58  54-1110(G -3) 6621 .2  
59  54-1111(G -4) 6615 .6  
62  54-1115 6607.1  
63  54-1116 6613.5  
64  54-1117 6613.7  
66  54-1121 6607.5  
67  54-1123 6602.8  
70  54-1126 6606.5  
72  54-15462 6750.0  
73  54-24360 6615.6  
74  54-24361/27436  6608.1  
75  54-24362 6606.6  
76  54-24363 6582.0  
77  54-24364 6622.7  
78  54-24366 6595.7  
79  54-24367 6617.1  
 

ID  W ell ID  E leva tion  
80  54-24368 6625.6  
81  54-24369 6625.0  
82  54-24370 6641.4  
83  54-12371 6643.4  
84  54-24372 6648.5  
85  54-24373 6661.0  
86  54-24374 6612.2  
88  54-24375 6623.9  
89  54-24376 6623.5  
90  54-24377 6625.0  
91  54-24378 6604.8  
93  54-24380 6617.6  
95  54-24382 6622.4  
96  54-24383 6613.7  
98  54-24385 6602.4  
99  54-24386 6608.8  
101  54-24388 6599.8  
102  54-24389 6618.2  
103  54-24390 6614.0  
104  54-24391 6616.0  
105  54-24392 6606.4  
106  54-24393 6637.8  
107  54-24394 6639.1  
108  54-24395 6649.3  
109  54-24396 6614.0  
110  54-24397 6612.9  
119  B H 4 6784.2  
120  B H 5 6773.8  
121  B H 6 6774.4  
122  B H 7 6772.5  
294  S H B -4  6708.7  
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Plate 2-18. Thickness of the Tshirege Member, unit 1, colonnade vapor-phase portion (Qbt1vc)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  Th ickness  
30  50-24769 18 .0  
31  50-24818 13 .6  
32  54-1001 20 .1  
33  54-1002 16 .3  
34  54-1003 20 .0  
35  54-1004 26 .0  
36  54-1005 32 .7  
37  54-1006 24 .1  
38  54-1007 20 .0  
39  54-1008 22 .0  
40  54-1009 21 .5  
46  54-1015 37 .4  
47  54-1016 31 .5  
48  54-1018 26 .0  
49  54-1023 17 .0  
56  54-1107 12 .0  
58  54-1110(G -3) 15 .0  
59  54-1111(G -4) 21 .0  
64  54-1117 15 .0  
66  54-1121 11 .5  
67  54-1123 5 .0  
72  54-15462 16 .0  
73  54-24360 10 .0  
74  54-24361/27436  6 .0  
75  54-24362 10 .0  
76  54-24363 12 .0  
77  54-24364 14 .0  
78  54-24366  32 .0  
79  54-24367 16 .0  
80  54-24368 41 .0  
81  54-24369 15 .0  
82  54-24370 16 .0  
83  54-12371 20 .0  
84  54-24372 13 .0  
85  54-24373 23 .0  
86  54-24374 17 .0  
88  54-24375 19 .0  
89  54-24376 18 .0  
90  54-24377 23 .0  
91  54-24378 7 .0  
93  54-24380 14 .0  
95  54-24382 8 .0  
96  54-24383 11 .5  
98  54-24385 2 .0  
99  54-24386 8 .5  
101  54-24388 8 .0  
102  54-24389 16 .5  
103  54-24390 9 .0  
104  54-24391 8 .0  
105  54-24392 17 .0  
106  54-24393 13 .5  
107  54-24394 20 .0  
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Plate 2-19. Structure contours of the top of the Tshirege Member, unit 1, glassy portion (Qbt1g)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  E leva tion  
15  21-1811 6892.5  
16  21-2523 6937.0  
17  33-1230 6344.0  
18  33-1231 6346.0  
19  33-1232 6343.0  
28  35-2028 6955.4  
29  49-2-700-1  6754.9  
30  50-24769 7000.7  
31  50-24818 7001.7  
32  54-1001 6656.4  
33  54-1002 6656.3  
34  54-1003 6657.7  
35  54-1004 6657.2  
36  54-1005 6654.3  
37  54-1006 6661.2  
38  54-1007 6659.3  
39  54-1008 6666.6  
40  54-1009 6660.5  
46  54-1015 6669.9  
47  54-1016 6668.1  
48  54-1018 6656.7  
49  54-1023 6738.0  
56  54-1107 6616.1  
58  54-1110(G -3) 6606 .2  
59  54-1111(G -4) 6594 .6  
64  54-1117 6598.7  
66  54-1121 6596.0  
67  54-1123 6597.8  
72  54-15462 6734.0  
73  54-24360 6605.6  
74  54-24361/27436  6602.1  
75  54-24362 6596.6  
76  54-24363 6570.0  
77  54-24364 6608.7  
78  54-24366 6563.7  
79  54-24367 6601.1  
80  54-24368 6584.6  
81  54-24369 6610.0  
82  54-24370 6625.4  
83  54-12371 6623.4  
84  54-24372 6635.5  
85  54-24373 6638.0  
86  54-24374 6595.2  
88  54-24375 6604.9  
89  54-24376 6605.5  
90  54-24377 6602.0  
91  54-24378 6597.8  
92  54-24379 6597.6  
93  54-24380 6603.6  
94  54-24381 6592.1  
95  54-24382  6614.4  
 

ID  W ell ID  E leva tion  
96  54-24383 6602.2  
97  54-24384 6585.5  
98  54-24385 6600.4  
99  54-24386 6600.2  
101  54-24388 6591.8  
102  54-24389 6601.7  
103  54-24390 6605.0  
104  54-24391 6608.0  
105  54-24392 6589.4  
106  54-24393 6624.3  
107  54-24394 6619.1  
108  54-24395 6627.8  
109  54-24396 6597.0  
110  54-24397 6593.4  
111  54-24399 6665.0  
112  54-25105 6611.7  
113  54-G -2  6607.6  
114  54-G -5  6604.1  
119  B H 4 6769.8  
120  B H 5 6760.2  
121  B H 6 6761.9  
122  B H 7 6763.0  
138  C H -2  6648.3  
141  C dV -16-1 i 7159 .2  
142  C dV -16-2 i 7109 .1  
143  C dV -16-3 i 7141 .8  
144  C dV -R -15-3  6968.9  
145  C dV -R -37-2  6906.6  
147  D S C -2  7020.0  
176  LA D P -4  6891.7  
177  LA D P -5  6879.1  
191  M C B -2  7002.0  
207  M C O I-1  6978.7  
212  M C O I-10  6813.5  
237  R -6  6829.8  
246  R -14  6933.1  
250  R -18  7126.8  
251  R -19  6781.3  
254  R -22  6573.5  
257  R -25  7154.6  
258  R -25b  7147.0  
268  R -37  6720.0  
277  R -46  6957.0  
292  S H B -1  7045.9  
294  S H B -4  6707.7  
327  TestH o le6-53 6788.2  
100  54-24387 6611.0  
135  C D B M -1 6714.6  
228  P M -4  6920.0  
231  P O TO -4A  6622.0  
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Plate 2-20. Thickness of the Tshirege Member, unit 1, glassy portion (Qbt1g)

Constructed from the 2009 LANL
Geologic FrameworkModel
(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  Th ickness  
15  21-1811 113 .5  
16  21-2523 75 .7  
17  33-1230 52 .0  
18  33-1231 46 .0  
19  33-1232 40 .0  
28  35-2028 69 .5  
29  49-2-700-1  178 .0  
30  50-24769 75 .0  
31  50-24818 76 .2  
32  54-1001 128 .4  
33  54-1002 126 .1  
34  54-1003 128 .0  
35  54-1004 123 .5  
36  54-1005 116 .7  
37  54-1006 128 .9  
46  54-1015 125 .2  
47  54-1016 126 .2  
48  54-1018 126 .5  
49  54-1023 108 .5  
59  54-1111(G -4) 58 .0  
66  54-1121 42 .5  
67  54-1123 22 .0  
72  54-15462 109 .0  
73  54-24360 68 .0  
74  54-24361/27436  66 .0  
75  54-24362 68 .5  
76  54-24363 107 .8  
77  54-24364 68 .0  
78  54-24366 111 .8  
79  54-24367 76 .5  
80  54-24368 92 .5  
81  54-24369 64 .8  
82  54-24370 64 .0  
83  54-12371 88 .0  
84  54-24372 88 .0  
85  54-24373 80 .0  
86  54-24374 70 .0  
88  54-24375 65 .0  
89  54-24376 68 .0  
90  54-24377 63 .5  
91  54-24378 60 .7  
92  54-24379 38 .0  
93  54-24380 80 .0  
94  54-24381 44 .0  
 

ID  W ell ID  Th ickness  
95  54-24382 36 .0  
96  54-24383 26 .5  
97  54-24384 25 .0  
98  54-24385 30 .5  
99  54-24386 31 .5  
101  54-24388 61 .0  
102  54-24389 71 .5  
103  54-24390 78 .0  
104  54-24391 55 .5  
105  54-24392 82 .0  
106  54-24393 59 .5  
107  54-24394 81 .0  
108  54-24395 86 .5  
109  54-24396 63 .5  
110  54-24397 76 .5  
111  54-24399 128 .0  
112  54-25105 75 .0  
122  B H 7 96 .5  
141  C dV -16-1 i 17 .0  
142  C dV -16-2 i 47 .0  
143  C dV -16-3 i 14 .0  
144  C dV -R -15-3  60 .0  
145  C dV -R -37-2  65 .0  
147  D S C -2  49 .1  
176  LA D P -4  88 .5  
177  LA D P -5  98 .6  
207  M C O I-1  73 .3  
212  M C O I-10  98 .0  
237  R -6  32 .0  
246  R -14  91 .0  
250  R -18  31 .0  
251  R -19  94 .0  
254  R -22  51 .0  
257  R -25  20 .3  
258  R -25b  15 .0  
268  R -37  89 .0  
277  R -46  89 .0  
292  S H B -1  32 .0  
294  S H B -4  77 .0  
100  54-24387 45 .0  
135  C D B M -1 75 .0  
228  P M -4  219 .0  
231  P O TO -4A  84 .0  
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Plate 2-21. Structure contours of the top of the Tsankawi Pumice Bed (Qbtt)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  E leva tion  
15  21-1811 6779.0  
16  21-2523 6861.3  
17  33-1230 6292.0  
18  33-1231 6300.0  
19  33-1232 6303.0  
28  35-2028 6885.9  
29  49-2-700-1  6576.9  
30  50-24769 6925.7  
31  50-24818 6925.5  
32  54-1001 6528.0  
33  54-1002 6530.2  
34  54-1003 6529.7  
35  54-1004 6533.7  
36  54-1005 6537.6  
37  54-1006 6532.3  
46  54-1015 6544.7  
47  54-1016 6541.9  
48  54-1018 6530.2  
49  54-1023 6629.5  
59  54-1111(G -4) 6536 .6  
73  54-24360 6537.6  
74  54-24361/27436  6536.1  
75  54-24362 6528.1  
76  54-24363 6462.2  
77  54-24364 6540.7  
78  54-24366 6451.9  
79  54-24367 6524.6  
80  54-24368 6492.1  
81  54-24369 6545.2  
82  54-24370 6561.4  
83  54-12371 6535.4  
84  54-24372 6547.5  
85  54-24373 6558.0  
86  54-24374 6525.2  
88  54-24375 6539.9  
89  54-24376 6537.5  
90  54-24377 6538.5  
91  54-24378 6537.1  
92  54-24379 6559.6  
93  54-24380 6523.6  
95  54-24382 6578.4  
 

ID  W ell ID  E leva tion  
96  54-24383 6575.7  
98  54-24385 6569.9  
99  54-24386 6568.8  
100  54-24387 6566.0  
102  54-24389 6530.2  
103  54-24390 6527.0  
104  54-24391 6552.5  
105  54-24392 6507.4  
106  54-24393 6564.8  
107  54-24394 6538.1  
108  54-24395 6541.3  
109  54-24396 6533.5  
110  54-24397 6516.9  
122  B H 7 6666.5  
135  C D B M -1 6639.6  
136  C D B M -2 6583.6  
144  C dV -R -15-3  6908.9  
176  LA D P -4  6803.2  
194  M C B -7  6768.4  
202  M C C -8.2  6691.2  
203  M C M -5.1  6777.8  
204  M C M -5.9A  6752.2  
207  M C O I-1  6905.4  
209  M C O I-5  6754.7  
211  M C O I-8  6784.3  
215  M C R E S -4  6779.6  
226  P M -2  6582.0  
228  P M -4  6701.0  
229  P M -5  6760.0  
231  P O TO -4A  6538.0  
247  R -15  6755.0  
249  R -17  6796.8  
251  R -19  6687.3  
252  R -20  6529.3  
253  R -21  6515.2  
257  R -25  7134.3  
292  S H B -1  7013.9  
293  S H B -3  7286.7  
294  S H B -4  6630.7  
314  S IM O  6608.4  
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Plate 2-22. Thickness of the Tsankawi Pumice Bed (Qbtt)

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

Outcrops are derived from the
surface geologic map (Plate 2-2)

Date: May 2009

ID  W ell ID  Th ickness  
15  21-1811 0 .4  
16  21-2523 2 .3  
17  33-1230 1 .0  
18  33-1231 1 .0  
19  33-1232 1 .0  
28  35-2028 2 .0  
29  49-2-700-1  4 .0  
30  50-24769 2 .0  
31  50-24818 2 .5  
32  54-1001 0 .9  
33  54-1002 2 .3  
34  54-1003 3 .0  
35  54-1004 0 .5  
36  54-1005 6 .5  
37  54-1006 1 .8  
46  54-1015 2 .6  
47  54-1016 2 .6  
48  54-1018 1 .5  
49  54-1023 1 .2  
59  54-1111(G -4) 2 .0  
73  54-24360 1 .0  
74  54-24361/27436  2 .0  
75  54-24362 1 .5  
76  54-24363 3 .2  
77  54-24364 1 .5  
78  54-24366 1 .2  
79  54-24367 2 .0  
80  54-24368 4 .0  
81  54-24369 1 .2  
82  54-24370 2 .0  
83  54-12371 2 .0  
84  54-24372 1 .4  
85  54-24373 1 .5  
86  54-24374 1 .0  
88  54-24375 2 .0  
89  54-24376 1 .5  
90  54-24377 0 .5  
91  54-24378 0 .8  
92  54-24379 1 .0  
93  54-24380 2 .0  
95  54-24382 1 .0  
 

ID  W ell ID  Th ickness  
96  54-24383 1 .0  
98  54-24385 1 .5  
99  54-24386 2 .0  
100  54-24387 4 .0  
102  54-24389 1 .5  
103  54-24390 1 .0  
104  54-24391 1 .5  
105  54-24392 2 .0  
106  54-24393 1 .0  
107  54-24394 0 .5  
108  54-24395 1 .5  
109  54-24396 0 .3  
110  54-24397 1 .5  
122  B H 7 1 .5  
135  C D B M -1 3 .0  
136  C D B M -2 2 .0  
144  C dV -R -15-3  12 .0  
176  LA D P -4  4 .5  
194  M C B -7  0 .5  
202  M C C -8.2  3 .0  
203  M C M -5.1  3 .0  
204  M C M -5.9A  3 .0  
207  M C O I-1  3 .2  
209  M C O I-5  1 .0  
211  M C O I-8  4 .0  
215  M C R E S -4  3 .5  
226  P M -2  2 .0  
228  P M -4  1 .0  
229  P M -5  1 .0  
231  P O TO -4A  3 .0  
247  R -15  1 .0  
249  R -17  1 .6  
251  R -19  1 .0  
252  R -20  1 .0  
253  R -21  5 .0  
257  R -25  2 .2  
292  S H B -1  8 .0  
293  S H B -3  14 .0  
294  S H B -4  3 .0  
314  S IM O  3 .0  
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Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-23. Structure contours of the top of the Cerro Toledo interval (Qct)

ID  W ell ID  E leva tion  
15  21-1811 6778.6  
16  21-2523 6859.0  
18  33-1231 6299.0  
28  35-2028 6883.9  
29  49-2-700-1  6572.9  
30  50-24769 6923.7  
31  50-24818 6923.0  
32  54-1001 6527.1  
33  54-1002 6527.9  
34  54-1003 6526.7  
35  54-1004 6533.2  
36  54-1005 6531.1  
37  54-1006 6530.5  
46  54-1015 6542.1  
47  54-1016 6539.3  
48  54-1018 6528.7  
49  54-1023 6628.3  
59  54-1111(G -4) 6534 .6  
66  54-1121 6553.5  
67  54-1123 6575.8  
72  54-15462 6625.0  
73  54-24360 6536.6  
74  54-24361/27436  6534.1  
75  54-24362 6526.6  
76  54-24363 6459.0  
77  54-24364 6539.2  
78  54-24366 6450.7  
79  54-24367 6522.6  
80  54-24368 6488.1  
81  54-24369 6544.0  
82  54-24370 6559.4  
83  54-12371 6533.4  
84  54-24372 6546.1  
85  54-24373 6556.5  
86  54-24374 6524.2  
88  54-24375 6537.9  
89  54-24376 6536.0  
90  54-24377 6538.0  
91  54-24378 6536.3  
92  54-24379 6558.6  
93  54-24380 6521.6  
94  54-24381 6548.1  
95  54-24382 6577.4  
96  54-24383 6574.7  
97  54-24384 6560.5  
98  54-24385 6568.4  
99  54-24386 6566.8  
100  54-24387 6562.0  
101  54-24388 6530.8  
102  54-24389 6528.7  
103  54-24390 6526.0  
104  54-24391 6551.0  

ID  W ell ID  E leva tion  
112  54-25105 6536.7  
122  B H 7 6665.0  
135  C D B M -1 6636.6  
136  C D B M -2 6581.6  
141  C dV -16-1 i 7142 .2  
142  C dV -16-2 i 7062 .1  
143  C dV -16-3 i 7127 .8  
144  C dV -R -15-3  6896.9  
145  C dV -R -37-2  6841.6  
147  D S C -2  6970.9  
148  D T-5  6654.5  
151  D T-9  6474.0  
152  D T-10  6541.0  
176  LA D P -4  6798.7  
177  LA D P -5  6780.5  
187  M C 1 6710.0  
194  M C B -7  6767.9  
202  M C C -8.2  6688.2  
203  M C M -5.1  6774.8  
204  M C M -5.9A  6749.2  
207  M C O I-1  6902.2  
209  M C O I-5  6753.7  
211  M C O I-8  6780.3  
212  M C O I-10  6715.5  
214  M C R E S -3  6778.6  
215  M C R E S -4  6776.1  
226  P M -2  6580.0  
231  P O TO -4A  6535.0  
232  R -1  6791.2  
237  R -6  6797.8  
245  R -13  6600.1  
246  R -14  6842.1  
247  R -15  6754.0  
249  R -17  6795.2  
250  R -18  7095.8  
251  R -19  6686.3  
252  R -20  6528.3  
253  R -21  6510.2  
257  R -25  7132.1  
258  R -25b  7132.0  
260  R -27  6633.7  
263  R -32  6499.6  
268  R -37  6631.0  
269  R -38  6534.0  
271  R -40  6564.0  
274  R -43  6650.0  
275  R -44  6648.0  
277  R -46  6868.0  
279  S C 2 6671.0  
280  S C 3 6642.0  
284  S C C -2  6668.7  
285  S C C -3  6648.0  
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Plate 2-24. Thickness of the Cerro Toledo interval (Qct)

ID  W ell ID  T h ickness  
141 C dV -16-1 i 350.0  
142 C dV -16-2 i 315.0  
143 C dV -16-3 i 421.0  
144 C dV -R -15-3  220.0  
145 C dV -R -37-2  60 .0  
148 D T -5  158.0  
151 D T -9  218.0  
152 D T -10 212.0  
176 LA D P -4 43.5  
177 LA D P -5 28.9  
187 M C 1 26.5  
202 M C C -8.2  17 .0  
204 M C M -5.9A  17.0  
207 M C O I-1  40 .0  
209 M C O I-5  54 .0  
211 M C O I-8  43 .4  
212 M C O I-10 26.0  
214 M C R E S -3 38.2  
215 M C R E S -4 23.7  
226 P M -2 39.0  
231 P O T O -4A  17.0  
232 R -1  45 .0  
237 R -6  60 .0  
245 R -13 7 .0  
246 R -14 24.0  
247 R -15 54.0  
249 R -17 20.7  
250 R -18 196.0  
251 R -19 266.0  
252 R -20 17.0  
253 R -21 5 .0  
257 R -25 356.0  
258 R -25b 356.0  
260 R -27 252.0  
263 R -32 36.0  
268 R -37 6 .0  
269 R -38 19.0  
271 R -40 18.0  
274 R -43 32.0  
275 R -44 24.0  
277 R -46 106.0  
279 S C 2 13.0  
280 S C 3 35.0  
284 S C C -2 50.0  
285 S C C -3 25.0  
286 S C C -4 38.0  
289 S C I-2  34 .0  
292 S H B -1 137.0  
293 S H B -3 89.0  
314 S IM O  14.0  
315 S igm a_M esa 55.0  
175 LA D P -3 64.0  

ID  W ell ID  T h ickness  
18  33-1231 5 .0  
28  35-2028 77.5  
29  49-2-700-1  36 .5  
30  50-24769 69.0  
31  50-24818 66.7  
35  54-1004 40.0  
46  54-1015 34.3  
47  54-1016 48.3  
48  54-1018 38.5  
66  54-1121 23.0  
72  54-15462 10.0  
73  54-24360 4 .0  
74  54-24361/27436 2 .0  
75  54-24362 10.0  
76  54-24363 12.0  
77  54-24364 12.5  
78  54-24366 15.0  
79  54-24367 20.0  
80  54-24368 0 .5  
81  54-24369 15.5  
82  54-24370 12.5  
83  54-12371 1 .0  
84  54-24372 1 .0  
85  54-24373 0 .5  
86  54-24374 26.5  
88  54-24375 12.0  
89  54-24376 17.5  
90  54-24377 30.5  
91  54-24378 5 .5  
92  54-24379 2 .0  
93  54-24380 19.7  
94  54-24381 5 .0  
95  54-24382 14.8  
96  54-24383 25.5  
97  54-24384 7 .5  
98  54-24385 13.0  
99  54-24386 11.0  
100 54-24387 6 .5  
101 54-24388 26.0  
102 54-24389 19.5  
103 54-24390 7 .0  
104 54-24391 22.5  
105 54-24392 26.0  
106 54-24393 14.5  
107 54-24394 6 .5  
108 54-24395 8 .5  
109 54-24396 32.2  
110 54-24397 17.5  
111 54-24399 36.0  
112 54-25105 13.2  
122 B H 7 37.5  
135 C D B M -1 10.0  
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Plate 2-25. Structure contours of the bottom of the Cerro Toledo interval (Qct)

Constructed from the 2009
LANL Geologic Framework Model

(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

ID  W ell ID  E leva tion  
18  33-1231 6294 .0  
28  35-2028 6806 .4  
29  49-2-700-1  6536 .4  
30  50-24769 6854 .7  
31  50-24818 6856 .3  
35  54-1004 6493 .2  
46  54-1015 6507 .8  
47  54-1016 6491 .0  
48  54-1018 6490 .2  
66  54-1121 6530 .5  
72  54-15462 6615 .0  
73  54-24360 6532 .6  
74  54-24361/27436 6532 .1  
75  54-24362 6516 .6  
76  54-24363 6447 .0  
77  54-24364 6526 .7  
78  54-24366 6435 .7  
79  54-24367 6502 .6  
80  54-24368 6487 .6  
81  54-24369 6528 .5  
82  54-24370 6546 .9  
83  54-12371 6532 .4  
84  54-24372 6545 .1  
85  54-24373 6556 .0  
86  54-24374 6497 .7  
88  54-24375 6525 .9  
89  54-24376 6518 .5  
90  54-24377 6507 .5  
91  54-24378 6530 .8  
92  54-24379 6556 .6  
93  54-24380 6501 .9  
94  54-24381 6543 .1  
95  54-24382 6562 .6  
96  54-24383 6549 .2  
97  54-24384 6553 .0  
98  54-24385 6555 .4  
99  54-24386 6555 .8  
100 54-24387 6555 .5  
101 54-24388 6504 .8  
102 54-24389 6509 .2  
103 54-24390 6519 .0  
104 54-24391 6528 .5  
105 54-24392 6479 .4  
106 54-24393 6549 .3  
107 54-24394 6531 .1  
108 54-24395 6531 .3  
109 54-24396 6501 .0  
110 54-24397 6497 .9  
111 54-24399 6501 .0  
112 54-25105 6523 .5  
122 B H 7 6627 .5  
135 C D B M -1 6626 .6  

ID  W ell ID  E leva tion  
151 D T -9  6256 .0  
152 D T -10 6329 .0  
175 LA D P -3 6691 .6  
176 LA D P -4 6755 .2  
177 LA D P -5 6751 .6  
187 M C 1 6683 .5  
188 M C 2 6637 .0  
189 M C 3 6623 .0  
200 M C B -14 6722 .1  
201 M C B -16 6596 .2  
202 M C C -8.2  6671 .2  
204 M C M -5.9A  6732 .2  
205 M C O B T -4.4  6734 .2  
207 M C O I-1  6862 .2  
208 M C O I-4  6732 .2  
209 M C O I-5  6699 .7  
210 M C O I-6  6706 .1  
211 M C O I-8  6736 .9  
212 M C O I-10 6689 .5  
213 M C R E S -2 6727 .8  
214 M C R E S -3 6740 .4  
215 M C R E S -4 6752 .4  
226 P M -2 6541 .0  
231 P O T O -4A  6518 .0  
232 R -1  6746 .2  
237 R -6  6737 .8  
244 R -12 6468 .3  
245 R -13 6593 .1  
246 R -14 6818 .1  
247 R -15 6700 .0  
249 R -17 6774 .5  
250 R -18 6899 .8  
251 R -19 6420 .3  
252 R -20 6511 .3  
253 R -21 6505 .2  
257 R -25 6776 .1  
258 R -25b 6776 .0  
259 R -26 6776 .6  
260 R -27 6381 .7  
263 R -32 6463 .6  
264 R -33 6763 .3  
268 R -37 6625 .0  
269 R -38 6515 .0  
271 R -40 6546 .0  
274 R -43 6618 .0  
275 R -44 6624 .0  
277 R -46 6762 .0  
279 S C 2 6658 .0  
280 S C 3 6607 .0  
284 S C C -2 6618 .7  
285 S C C -3 6623 .0  
286 S C C -4 6604 .2  
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Constructed from the 2009 LANL
Geologic Framework Model
(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-26. Structure contours of the top of the Otowi Member of the Bandelier Tuff (Qbof)

ID  W ell ID  E leva tion  
28  35-2028 6806.4  
29  49-2-700-1  6536.4  
30  50-24769 6854.7  
31  50-24818 6856.3  
35  54-1004 6493.2  
46  54-1015 6507.8  
47  54-1016 6491.0  
48  54-1018 6490.2  
66  54-1121 6530.5  
72  54-15462 6615.0  
73  54-24360 6532.6  
74  54-24361/27436  6532.1  
75  54-24362 6516.6  
77  54-24364 6526.7  
78  54-24366 6435.7  
79  54-24367 6502.6  
80  54-24368 6487.6  
81  54-24369 6528.5  
82  54-24370 6546.9  
83  54-12371 6532.4  
84  54-24372 6545.1  
85  54-24373 6556.0  
86  54-24374 6497.7  
88  54-24375 6525.9  
89  54-24376  6518.5  
90  54-24377 6507.5  
91  54-24378 6530.8  
92  54-24379 6556.6  
94  54-24381 6543.1  
95  54-24382 6562.6  
96  54-24383 6549.2  
97  54-24384 6553.0  
98  54-24385 6555.4  
99  54-24386 6555.8  
100  54-24387 6555.5  
102  54-24389 6509.2  
104  54-24391 6528.5  
105  54-24392 6479.4  
106  54-24393 6549.3  
107  54-24394 6531.1  
108  54-24395 6531.3  
109  54-24396 6501.0  
110  54-24397 6497.9  
111  54-24399 6501.0  
112  54-25105 6523.5  
122  B H 7 6627.5  
135  C D B M -1 6626.6  
136  C D B M -2 6579.6  
141  C dV -16-1 i 6792 .2  
142  C dV -16-2 i 6747 .1  
143  C dV -16-3 i 6706 .8  
144  C dV -R -15-3  6676.9  

ID  W ell ID  E leva tion  
188  M C 2 6637.0  
189  M C 3 6623.0  
200  M C B -14  6722.1  
201  M C B -16  6596.2  
202  M C C -8.2  6671.2  
204  M C M -5.9A  6732.2  
205  M C O B T-4 .4  6734.2  
207  M C O I-1  6862.2  
208  M C O I-4  6732.2  
209  M C O I-5  6699.7  
210  M C O I-6  6706.1  
211  M C O I-8  6736.9  
212  M C O I-10  6689.5  
213  M C R E S -2  6727.8  
214  M C R E S -3  6740.4  
215  M C R E S -4  6752.4  
226  P M -2  6541.0  
228  P M -4  6700.0  
229  P M -5  6759.0  
231  P O TO -4A  6518.0  
232  R -1  6746.2  
237  R -6  6737.8  
244  R -12  6468.3  
245  R -13  6593.1  
246  R -14  6818.1  
247  R -15  6700.0  
249  R -17  6774.5  
250  R -18  6899.8  
251  R -19  6420.3  
252  R -20  6511.3  
253  R -21  6505.2  
254  R -22  6522.5  
257  R -25  6776.1  
258  R -25b  6776.0  
259  R -26  6776.6  
260  R -27  6381.7  
263  R -32  6463.6  
264  R -33  6763.3  
265  R -34  6534.0  
268  R -37  6625.0  
269  R -38  6515.0  
270  R -39  6503.0  
271  R -40  6546.0  
274  R -43  6618.0  
275  R -44  6624.0  
277  R -46  6762.0  
279  S C 2 6658.0  
280  S C 3 6607.0  
284  S C C -2  6618.7  
285  S C C -3  6623.0  
286  S C C -4  6604.2  
287  S C C -5  6623.6  
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Constructed from the 2009 LANL
Geologic Framework Model
(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-27. Thickness of the Otowi Member of the Bandelier Tuff (Qbof)

ID  W ell ID  T h ickness  
229 P M -5 375.0  
232 R -1  325.0  
237 R -6  233.0  
244 R -12 80.7  
245 R -13 168.0  
246 R -14 278.0  
247 R -15 322.0  
249 R -17 348.5  
250 R -18 150.0  
251 R -19 184.0  
252 R -20 191.0  
253 R -21 64.0  
254 R -22 51.0  
257 R -25 103.8  
258 R -25b 103.0  
259 R -26 65.0  
260 R -27 188.0  
263 R -32 103.0  
264 R -33 378.0  
265 R -34 38.0  
268 R -37 238.0  
269 R -38 75.0  
270 R -39 62.0  
271 R -40 258.0  
274 R -43 225.0  
275 R -44 202.0  
277 R -46 230.0  
284 S C C -2 208.0  
285 S C C -3 210.0  
286 S C C -4 182.0  
287 S C C -5 186.0  
289 S C I-2  216.0  
292 S H B -1 143.0  
293 S H B -3 414.0  
225 P M -1 120.0  
233 R -2  124.0  
248 R -16 79.0  
255 R -23 20 .0  
 

ID  W ell ID  T h ickness  
30  50-24769 224.0  
31  50-24818 226.6  
46  54-1015 97.8  
47  54-1016 57.9  
74  54-24361/27436 7 .0  
75  54-24362 18.0  
81  54-24369 47.5  
82  54-24370 43.0  
88  54-24375 15.0  
91  54-24378 27.5  
92  54-24379 75.5  
95  54-24382 37.0  
96  54-24383 37.5  
97  54-24384 12.0  
98  54-24385 54.0  
99  54-24386 61.5  
100 54-24387 12.5  
106 54-24393 25.9  
107 54-24394 96.0  
110 54-24397 57.0  
111 54-24399 81.0  
112 54-25105 9 .5  
142 C dV -16-2 i 92 .0  
143 C dV -16-3 i 114.0  
144 C dV -R -15-3  168.0  
145 C dV -R -37-2  338.0  
175 LA D P -3 246.0  
176 LA D P -4 252.0  
177 LA D P -5 227.5  
205 M C O B T -4.4  356.0  
207 M C O I-1  235.5  
208 M C O I-4  350.0  
209 M C O I-5  323.0  
210 M C O I-6  329.4  
211 M C O I-8  333.7  
212 M C O I-10 328.6  
226 P M -2 234.0  
228 P M -4 320.0  
 

2009 Hydrogeologic Site Atlas

June 2009 46 EP2009-0191



!(!(

!(!(

!(!(!(
!(
!( !(

!(
!(!(
!(
!(!(

!(!(
!(

!(

!(

!(

!(

!( !(

!(

!(

!(

!( !(

!(

!(

!(

!(

!( !(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(
!(
!(!( !( !(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(!(!(

7600

72
00

7700

7000

6000

7100

7800

73
00

64
00

7500

62007400 6300

5900

6100

6700

5600

5800

57
00

6500

6800

6600

6900

6600

6200

63
00

63
00

6000

6100

6200

6100

7100 7000

7000

6200

68
00

6800

66
00

7100

6200

61
00

6900

7700

6500

6400

5900
6900

69
00

61
00

6400

74
00

69
00

6300

6100

6800

6200

7400

70
00

6300

7000

73
00

71
00

6400

6200

59
00

6500

62
00

6500 6300

6800

6300

6800

63
00

59
00

6200

6500

66
00

7100

6400

6700

5900

7200

7500

6200

6300

6600

7000

6400

6500

6600

62
00

6800

6000

5900

6200

72
00

6500

6400

64
00

69
00

6300

6500

6900

6300

6000

61
00

6200

64
00

7300

5800

6400

6200

60
00

6800

6200

5900

7000

6400

66
00

7200

64
00

5900

7300

6700

70
00

7100

5900

59
00

7400

62
00

6200

6800

62
00

6000

65
00

58
00

7200

5900

72
00

65
00

7200

6700

6200

6600

7400

68
00

61
00

6700

6100

6300 63
00

58
00

61
00

6600

6500

6300

6400

6100

7100

74
00

6500

64
00

6200

6900

60
00

6500

6400

62
00

64
00

60
00

7500

6200

6400

6600

6500

7100

62
00

64
00

6200

70
00

6500

7600
6200

6200

5900

6200

69
00

6700

6400

6500

6600

6800

7000

58
00

6300

71
00

6700

7000

6300

6200

7300

5900

6900

7400

6400

65
00

6200

7000

97
96

9288

8247

46

31 30

323

319

318

293

292

290

289 288287

286
284

283

277

276

275

273

271

270

269

268

267
266

265

264

263

262

260

259
258257

255

254

253
252

251

250
249

248

246

245 244

239238

237

233

232

229

228

227

226

225

222

212

211
210

207

183
182

177176

175

146

145

144143

142

111

107

100 SF-2C
SF-2B

SF-2A Buckman 9

Buckman 8

Buckman 6

Buckman 5

Buckman 4

Buckman 3
Buckman 2

Buckman 1
Buckman 7R

Buckman 3A

Buckman 11

Buckman 10

1,610,000

1,610,000

1,620,000

1,620,000

1,630,000

1,630,000

1,640,000

1,640,000

1,650,000

1,650,000

1,660,000

1,660,000

1,670,000

1,670,000

1,680,000

1,680,000

1,690,000

1,690,000

1,740,000 1,740,000

1,750,000 1,750,000

1,760,000 1,760,000

1,770,000 1,770,000

1,780,000 1,780,000

1,790,000 1,790,000

!( Buckman wells
!( LANL wells intersecting unit

Roads
Bottom elevation contours (in feet)
Los Alamos National Laboratory
Unit extent
Unit outcrop

+ + ++

/SCALE 1:80,000

State Plane Coordinate System, New Mexico Central Zone
1983 North American Datum

1 0 1 20.5
Miles

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-28. Structure contours of the bottom of the Otowi Member of the Bandelier Tuff (Qbof)

ID  W ell ID  E leva tion  
238 R -7  6494 .2  
239 R -8  6469 .9  
243 R -11 6452 .4  
244 R -12 6387 .6  
245 R -13 6425 .1  
246 R -14 6540 .1  
247 R -15 6378 .0  
248 R -16 6172 .9  
249 R -17 6426 .0  
250 R -18 6749 .8  
251 R -19 6236 .3  
252 R -20 6320 .3  
253 R -21 6441 .2  
254 R -22 6471 .5  
255 R -23 6497 .8  
257 R -25 6672 .3  
258 R -25b 6673 .0  
259 R -26 6711 .6  
260 R -27 6193 .7  
261 R -28 6431 .5  
262 R -31 6098 .5  
263 R -32 6360 .6  
264 R -33 6385 .3  
265 R -34 6496 .0  
266 R -35a 6423 .1  
267 R -36 6433 .0  
268 R -37 6387 .0  
269 R -38 6440 .0  
270 R -39 6441 .0  
271 R -40 6288 .0  
273 R -42 6392 .1  
274 R -43 6393 .0  
275 R -44 6422 .0  
276 R -45 6466 .0  
277 R -46 6532 .0  
283 S C C -1 6420 .3  
284 S C C -2 6410 .7  
285 S C C -3 6413 .0  
286 S C C -4 6422 .2  
287 S C C -5 6437 .6  
288 S C C -6 6425 .3  
289 S C I-2  6403 .0  
290 S C O I-3  6390 .0  
292 S H B -1 6725 .9  
293 S H B -3 6769 .7  
318 T H -5  6430 .8  
319 T H -6  6377 .5  
323 TW -2 6611 .4  
 

ID  W ell ID  E leva tion  
30  50-24769 6630 .7  
31  50-24818 6629 .7  
46  54-1015 6410 .0  
47  54-1016 6433 .1  
74  54-24361/27436 6525 .1  
75  54-24362 6498 .6  
81  54-24369 6481 .0  
82  54-24370 6503 .9  
88  54-24375 6510 .9  
91  54-24378 6503 .3  
92  54-24379 6481 .1  
95  54-24382 6525 .6  
96  54-24383 6511 .7  
97  54-24384 6541 .0  
98  54-24385 6501 .4  
99  54-24386 6494 .2  
100 54-24387 6543 .0  
106 54-24393 6523 .4  
107 54-24394 6435 .1  
110 54-24397 6440 .9  
111 54-24399 6420 .0  
112 54-25105 6514 .0  
142 C dV -16-2 i 6655 .1  
143 C dV -16-3 i 6592 .8  
144 C dV -R -15-3  6508 .9  
145 C dV -R -37-2  6443 .6  
146 D M B -1 6176 .1  
175 LA D P -3 6445 .6  
176 LA D P -4 6503 .2  
177 LA D P -5 6524 .1  
182 LA O I(A )-1 .1  6539 .0  
183 LA O I-3 .2a  6475 .4  
205 M C O B T -4.4  6378 .2  
207 M C O I-1  6626 .7  
208 M C O I-4  6382 .2  
209 M C O I-5  6376 .7  
210 M C O I-6  6376 .7  
211 M C O I-8  6403 .2  
212 M C O I-10 6360 .9  
222 O -4  6469 .0  
225 P M -1 6393 .2  
226 P M -2 6307 .0  
227 P M -3 6440 .9  
228 P M -4 6380 .0  
229 P M -5 6384 .0  
232 R -1  6421 .2  
233 R -2  6646 .4  
237 R -6  6504 .8  
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State Plane Coordinate System, New Mexico Central Zone
1983 North American Datum

1 0 1 20.5
Miles

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-29. Structure contours of the top of the Guaje Pumice Bed of the Bandelier Tuff (Qbog)

ID  W ell ID  E leva tion  
30  50-24769 6630.7  
31  50-24818 6629.7  
46  54-1015 6410.0  
47  54-1016 6433.1  
75  54-24362 6498.6  
76  54-24363 6447.0  
81  54-24369 6481.0  
82  54-24370 6503.9  
88  54-24375 6510.9  
91  54-24378 6503.3  
92  54-24379 6481.1  
96  54-24383 6511.7  
97  54-24384 6541.0  
99  54-24386 6494.2  
100  54-24387 6543.0  
106  54-24393 6523.4  
111  54-24399 6420.0  
112  54-25105 6514.0  
142  C dV -16-2 i 6655 .1  
143  C dV -16-3 i 6592 .8  
144  C dV -R -15-3  6508.9  
145  C dV -R -37-2  6443.6  
146  D M B -1  6176.1  
175  LA D P -3  6445.6  
176  LA D P -4  6503.2  
177  LA D P -5  6524.1  
182  LA O I(A )-1 .1  6539.0  
183  LA O I-3 .2a  6475.4  
184  LA O I-7  6430.4  
205  M C O B T-4 .4  6378.2  
206  M C O B T-8 .5  6385.5  
207  M C O I-1  6626.7  
208  M C O I-4  6382.2  
209  M C O I-5  6376.7  
210  M C O I-6  6376.7  
211  M C O I-8  6403.2  
212  M C O I-10  6360.9  
222  O -4  6469.0  
225  P M -1  6393.2  
226  P M -2  6307.0  
227  P M -3  6440.9  
228  P M -4  6380.0  
229  P M -5  6384.0  
232  R -1  6421.2  
233  R -2  6646.4  
237  R -6  6504.8  
238  R -7  6494.2  
 

ID  W ell ID  E leva tion  
239  R -8  6469.9  
243  R -11  6452.4  
244  R -12  6387.6  
245  R -13  6425.1  
246  R -14  6540.1  
247  R -15  6378.0  
249  R -17  6426.0  
250  R -18  6749.8  
251  R -19  6236.3  
252  R -20  6320.3  
253  R -21  6441.2  
254  R -22  6471.5  
255  R -23  6497.8  
257  R -25  6672.3  
258  R -25b  6673.0  
259  R -26  6711.6  
260  R -27  6193.7  
261  R -28  6431.5  
262  R -31  6098.5  
263  R -32  6360.6  
264  R -33  6385.3  
265  R -34  6496.0  
266  R -35a  6423.1  
267  R -36  6433.0  
268  R -37  6387.0  
269  R -38  6440.0  
270  R -39  6441.0  
271  R -40  6288.0  
273  R -42  6392.1  
274  R -43  6393.0  
275  R -44  6422.0  
276  R -45  6466.0  
277  R -46  6532.0  
283  S C C -1  6420.3  
284  S C C -2  6410.7  
285  S C C -3  6413.0  
286  S C C -4  6422.2  
287  S C C -5  6437.6  
288  S C C -6  6425.3  
289  S C I-2  6403.0  
290  S C O I-3  6390.0  
292  S H B -1  6725.9  
293  S H B -3  6769.7  
318  TH -5  6430.8  
319  TH -6  6377.5  
323  TW -2  6611.4  
236  R -5  6470.6  
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Plate 2-30. Thickness of the Guaje Pumice Bed of the Bandelier Tuff (Qbog)

ID  W ell ID  T h ickness  
244 R -12 20 .5  
245 R -13 20 .0  
246 R -14 12 .0  
247 R -15 19 .0  
249 R -17 9 .0  
250 R -18 10 .0  
251 R -19 10 .0  
252 R -20 18 .0  
253 R -21 11 .0  
254 R -22 11 .0  
255 R -23 6 .0  
257 R -25 6 .7  
258 R -25b 7 .0  
259 R -26 25 .0  
260 R -27 9 .0  
261 R -28 18 .0  
262 R -31 21 .0  
263 R -32 10 .0  
264 R -33 16 .0  
265 R -34 12 .0  
266 R -35a 20 .0  
267 R -36 15 .0  
268 R -37 12 .0  
269 R -38 10 .0  
270 R -39 8 .0  
271 R -40 18 .0  
273 R -42 16 .0  
274 R -43 13 .0  
275 R -44 17 .0  
276 R -45 15 .0  
277 R -46 16 .0  
283 S C C -1 15 .0  
284 S C C -2 19 .0  
285 S C C -3 19 .0  
286 S C C -4 20 .0  
287 S C C -5 20 .0  
288 S C C -6 17 .0  
289 S C I-2  23 .0  
290 S C O I-3  21 .0  
292 S H B -1 41 .0  
293 S H B -3 1 .1  
318 T H -5  11 .0  
319 T H -6  20 .0  
323 TW -2 28 .0  
236 R -5  33 .0  
 

ID  W ell ID  T h ickness  
30  50-24769 38 .0  
46  54-1015 10 .8  
47  54-1016 8 .1  
75  54-24362 5 .0  
82  54-24370 7 .5  
88  54-24375 2 .0  
91  54-24378 0 .3  
96  54-24383 3 .0  
97  54-24384 2 .5  
99  54-24386 2 .5  
100 54-24387 7 .0  
106 54-24393 10 .6  
111 54-24399 13 .0  
112 54-25105 5 .5  
142 C dV -16-2 i 16 .0  
143 C dV -16-3 i 6 .0  
144 C dV -R -15-3  50 .0  
145 C dV -R -37-2  15 .0  
146 D M B -1 5 .0  
175 LA D P -3 19 .5  
176 LA D P -4 20 .5  
177 LA D P -5 25 .0  
182 LA O I(A )-1 .1  21 .8  
183 LA O I-3 .2a  21 .0  
184 LA O I-7  12 .6  
205 M C O B T -4.4  15 .0  
206 M C O B T -8.5  27 .0  
207 M C O I-1  19 .5  
208 M C O I-4  15 .0  
209 M C O I-5  18 .0  
210 M C O I-6  16 .1  
211 M C O I-8  17 .0  
212 M C O I-10 11 .5  
222 O -4  13 .0  
225 P M -1 45 .0  
226 P M -2 27 .0  
227 P M -3 20 .0  
228 P M -4 60 .0  
229 P M -5 30 .0  
232 R -1  20 .0  
233 R -2  30 .0  
237 R -6  25 .0  
238 R -7  62 .0  
239 R -8  20 .0  
243 R -11 25 .0  
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Plate 2-31. Structure contours of the bottom of the Guaje Pumice Bed of the Bandelier Tuff (Qbog)

ID  W ell ID  E leva tion  
244 R -12 6367 .1  
245 R -13 6405 .1  
246 R -14 6528 .1  
247 R -15 6359 .0  
249 R -17 6417 .0  
250 R -18 6739 .8  
251 R -19 6226 .3  
252 R -20 6302 .3  
253 R -21 6430 .2  
254 R -22 6460 .5  
255 R -23 6491 .8  
256 R -24 6517 .4  
257 R -25 6665 .6  
258 R -25b 6666 .0  
259 R -26 6686 .6  
260 R -27 6184 .7  
261 R -28 6413 .5  
262 R -31 6077 .5  
263 R -32 6350 .6  
264 R -33 6369 .3  
265 R -34 6484 .0  
266 R -35a 6403 .1  
267 R -36 6418 .0  
268 R -37 6375 .0  
269 R -38 6430 .0  
270 R -39 6433 .0  
271 R -40 6270 .0  
273 R -42 6376 .1  
274 R -43 6380 .0  
275 R -44 6405 .0  
276 R -45 6451 .0  
277 R -46 6516 .0  
283 S C C -1 6405 .3  
284 S C C -2 6391 .7  
285 S C C -3 6394 .0  
286 S C C -4 6402 .2  
287 S C C -5 6417 .6  
288 S C C -6 6408 .3  
289 S C I-2  6380 .0  
290 S C O I-3  6369 .0  
292 S H B -1 6684 .9  
293 S H B -3 6768 .6  
315 S igm a_M esa 6466 .5  
318 T H -5  6419 .8  
319 T H -6  6357 .5  
320 T H -7  6178 .5  
323 TW -2 6583 .4  
325 TW -4 6847 .7  
326 TW -8 6400 .1  
 

ID  W ell ID  E leva tion  
30  50-24769 6592 .7  
46  54-1015 6399 .2  
47  54-1016 6425 .0  
75  54-24362 6493 .6  
82  54-24370 6496 .4  
88  54-24375 6508 .9  
91  54-24378 6503 .0  
96  54-24383 6508 .7  
97  54-24384 6538 .5  
99  54-24386 6491 .8  
100 54-24387 6536 .0  
106 54-24393 6512 .8  
111 54-24399 6407 .0  
112 54-25105 6508 .5  
142 C dV -16-2 i 6639 .1  
143 C dV -16-3 i 6586 .8  
144 C dV -R -15-3  6458 .9  
145 C dV -R -37-2  6428 .6  
146 D M B -1 6171 .1  
148 D T -5  6204 .5  
151 D T -9  6086 .0  
152 D T -10 6155 .0  
175 LA D P -3 6426 .1  
176 LA D P -4 6482 .7  
177 LA D P -5 6499 .1  
182 LA O I(A )-1 .1  6517 .2  
183 LA O I-3 .2a  6454 .4  
184 LA O I-7  6417 .8  
205 M C O B T -4.4  6363 .2  
206 M C O B T -8.5  6358 .5  
207 M C O I-1  6607 .2  
208 M C O I-4  6367 .2  
209 M C O I-5  6358 .7  
210 M C O I-6  6360 .6  
211 M C O I-8  6386 .2  
212 M C O I-10 6349 .4  
222 O -4  6456 .0  
225 P M -1 6348 .2  
226 P M -2 6280 .0  
227 P M -3 6420 .9  
228 P M -4 6320 .0  
229 P M -5 6354 .0  
232 R -1  6401 .2  
233 R -2  6616 .4  
235 R -4  6527 .5  
236 R -5  6437 .6  
237 R -6  6479 .8  
238 R -7  6432 .2  
239 R -8  6449 .9  
243 R -11 6427 .4  
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Plate 2-32. Structure contours of the top of the Puye Formation, fanglomerate (Tpf)

ID  W ell ID  E leva tion  
18  33-1231 6294.0  
19  33-1232 6302.0  
46  54-1015 6399.2  
142  C dV -16-2 i 6639 .1  
143  C dV -16-3 i 6586 .8  
144  C dV -R -15-3  6458.9  
145  C dV -R -37-2  6428.6  
146  D M B -1  6171.1  
148  D T-5  6204.5  
149  D T-5A  6214.2  
151  D T-9  6086.0  
152  D T-10  6155.0  
175  LA D P -3  6426.1  
176  LA D P -4  6482.7  
177  LA D P -5  6499.1  
182  LA O I(A )-1 .1  6517.2  
183  LA O I-3 .2a  6454.4  
184  LA O I-7  6417.8  
205  M C O B T-4 .4  6363.2  
206  M C O B T-8 .5  6358.5  
207  M C O I-1  6607.2  
208  M C O I-4  6367.2  
209  M C O I-5  6358.7  
210  M C O I-6  6360.6  
211  M C O I-8  6386.2  
212  M C O I-10  6349.4  
222  O -4  6456.0  
227  P M -3  6420.9  
232  R -1  6401.2  
233  R -2  6616.4  
235  R -4  6527.5  
236  R -5  6437.6  
237  R -6  6479.8  
238  R -7  6432.2  
239  R -8  6449.9  
243  R -11  6427.4  
 

ID  W ell ID  E leva tion  
245  R -13  6405.1  
246  R -14  6528.1  
247  R -15  6359.0  
249  R -17  6417.0  
250  R -18  6739.8  
251  R -19  6226.3  
256  R -24  6517.4  
257  R -25  6665.6  
258  R -25b  6666.0  
259  R -26  6686.6  
260  R -27  6184.7  
261  R -28  6413.5  
264  R -33  6369.3  
266  R -35a  6403.1  
267  R -36  6418.0  
269  R -38  6430.0  
273  R -42  6376.1  
274  R -43  6380.0  
275  R -44  6405.0  
283  S C C -1  6405.3  
284  S C C -2  6391.7  
285  S C C -3  6394.0  
286  S C C -4  6402.2  
287  S C C -5  6417.6  
288  S C C -6  6408.3  
289  S C I-2  6380.0  
292  S H B -1  6684.9  
293  S H B -3  6768.6  
315  S igm a_M esa 6466.5  
319  TH -6  6357.5  
323  TW -2  6583.4  
325  TW -4  6847.7  
326  TW -8  6400.1  
162  G R -1  6416.2  
321  TW -1  6369.9  
322  TW -1A  6369.8  
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Constructed from the 2009 LANL
Geologic Framework Model
(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-33A. Thickness of the Puye Formation, fanglomerate (Tpf), including interior flow units

ID  W ell ID  Th ickness  
149  D T-5A  545 .0  
151  D T-9  469 .0  
152  D T-10  492 .0  
162  G R -1  170 .0  
222  O -4  389 .0  
227  P M -3  555 .0  
232  R -1  486 .0  
233  R -2  276 .0  
235  R -4  330 .0  
236  R -5  292 .0  
237  R -6  428 .0  
238  R -7  390 .0  
239  R -8  454 .2  
243  R -11  613 .7  
245  R -13  730 .0  
246  R -14  676 .0  
247  R -15  512 .0  
251  R -19  690 .0  
256  R -24  275 .0  
261  R -28  625 .0  
264  R -33  480 .0  
266  R -35a  660 .0  
267  R -36  400 .0  
269  R -38  625 .0  
273  R -42  517 .0  
274  R -43  480 .0  
275  R -44  690 .0  
289  S C I-2  477 .0  
315  S igm a_M esa 592 .0  
321  TW -1  605 .0  
323  TW -2  317 .0  
326  TW -8  494 .0  
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1983 North American Datum
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Miles

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-33B. Thickness of the Puye Formation, fanglomerate (Tpf), excluding interior flow units

ID  W ell ID  Th ickness  
149  D T-5A  255 .0  
151  D T-9  231 .0  
152  D T-10  183 .0  
162  G R -1  170 .0  
222  O -4  366 .0  
227  P M -3  230 .0  
232  R -1  371 .0  
233  R -2  276 .0  
235  R -4  330 .0  
236  R -5  222 .0  
237  R -6  387 .0  
238  R -7  390 .0  
239  R -8  272 .2  
243  R -11  264 .7  
245  R -13  303 .0  
246  R -14  528 .0  
247  R -15  31 .0  
251  R -19  535 .0  
256  R -24  275 .0  
261  R -28  268 .0  
264  R -33  278 .0  
266  R -35a  314 .0  
267  R -36  50 .0  
269  R -38  60 .0  
273  R -42  250 .0  
274  R -43  246 .0  
275  R -44  327 .0  
289  S C I-2  243 .0  
315  S igm a_M esa 462 .0  
321  TW -1  145 .0  
323  TW -2  317 .0  
326  TW -8  349  
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State Plane Coordinate System, New Mexico Central Zone
1983 North American Datum

1 0 1 20.5
Miles

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-34. Structure contours of the bottom of the Puye Formation, fanglomerate (Tpf)

ID  W ell ID  E leva tion  
149 D T -5A  5669 .2  
151 D T -9  5617 .0  
152 D T -10 5663 .0  
155 G -1  5954 .9  
156 G -1A  5956 .9  
157 G -2  6027 .8  
158 G -3  6080 .8  
159 G -4  6175 .0  
161 G -6  6294 .4  
162 G R -1 6246 .2  
163 G R -2 6060 .2  
164 G R -3 6162 .2  
172 LA -4  5857 .9  
221 O -1  5860 .0  
222 O -4  6067 .0  
225 P M -1 5738 .2  
226 P M -2 5544 .0  
227 P M -3 5865 .9  
228 P M -4 5725 .0  
229 P M -5 5754 .0  
232 R -1  5915 .2  
233 R -2  6340 .4  
235 R -4  6197 .5  
236 R -5  6145 .6  
237 R -6  6051 .8  
238 R -7  6042 .2  
239 R -8  5995 .7  
240 R -9  5843 .8  
242 R -10 5882 .3  
243 R -11 5813 .7  
244 R -12 5833 .6  
245 R -13 5675 .1  
246 R -14 5852 .1  
247 R -15 5847 .0  
251 R -19 5536 .3  
252 R -20 5567 .3  
255 R -23 5706 .8  
256 R -24 6242 .4  
261 R -28 5788 .5  
262 R -31 5582 .5  
264 R -33 5889 .3  
266 R -35a 5743 .1  
267 R -36 6018 .0  
269 R -38 5805 .0  
273 R -42 5859 .1  
274 R -43 5900 .0  
275 R -44 5715 .0  
276 R -45 5734 .0  
277 R -46 5807 .0  
289 S C I-2  5903 .0  
315 S igm a_M esa 5874 .5  
321 TW -1 5764 .9  
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State Plane Coordinate System, New Mexico Central Zone
1983 North American Datum

1 0 1 20.5
Miles

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-35. Structure contours of the top of the Cerros del Rio Basalt (Tb4)

ID  W ell ID  E leva tion  
17  33-1230 6291.0  
18  33-1231 6248.0  
46  54-1015 6391.8  
47  54-1016 6425.0  
74  54-24361/27436  6525.1  
75  54-24362 6493.6  
82  54-24370 6496.4  
88  54-24375 6508.9  
91  54-24378 6503.0  
93  54-24380 6501.9  
95  54-24382 6525.6  
96  54-24383 6508.7  
97  54-24384 6538.5  
98  54-24385 6501.4  
99  54-24386 6491.8  
100  54-24387 6536.0  
101  54-24388 6504.8  
103  54-24390 6519.0  
106  54-24393 6512.8  
107  54-24394 6435.1  
110  54-24397 6440.9  
111  54-24399 6407.0  
112  54-25105 6508.5  
144  C dV -R -15-3  6295.9  
146  D M B -1  6158.6  
149  D T-5A  5977.2  
151  D T-9  6012.0  
152  D T-10  6047.0  
178  LA O -4 .5  6441.9  
183  LA O I-3 .2a  6357.9  
184  LA O I-7  6383.4  
205  M C O B T-4 .4  6319.2  
206  M C O B T-8 .5  6349.5  
208  M C O I-4  6317.2  
209  M C O I-5  6327.7  
210  M C O I-6  6318.1  
211  M C O I-8  6324.2  
212  M C O I-10  6324.5  
221  O -1  6320.9  
222  O -4  6349.0  
225  P M -1  6348.2  
226  P M -2  6280.0  
227  P M -3  6395.9  
228  P M -4  6320.0  
232  R -1  6291.2  
236  R -5  6396.6  
 
ID  W ell ID  E leva tion  
237  R -6  6312 .8  
239  R -8  6362 .9  
243  R -11  6398.4  
244  R -12  6367.1  
245  R -13  6370.1  
247  R -15  6328.0  
248  R -16  6172.9  
251  R -19  6141.3  
252  R -20  6302.3  
253  R -21  6430.2  
254  R -22  6460.5  
255  R -23  6491.8  
260  R -27  6079.7  
261  R -28  6410.5  
262  R -31  6077.5  
263  R -32  6350.6  
264  R -33  6324.3  
265  R -34  6484.0  
266  R -35a  6367.1  
267  R -36  6398.0  
268  R -37  6375.0  
269  R -38  6415.0  
270  R -39  6433.0  
271  R -40  6270.0  
273  R -42  6344.1  
274  R -43  6334.0  
275  R -44  6374.0  
276  R -45  6451.0  
283  S C C -1  6347.8  
284  S C C -2  6346.7  
285  S C C -3  6385.0  
286  S C C -4  6387.2  
287  S C C -5  6403.1  
288  S C C -6  6370.3  
289  S C I-2  6334 .5  
290  S C O I-3  6369 .0  
318  TH -5  6419.8  
320  TH -7  6178.5  
321  TW -1  6319.9  
322  TW -1A  6319.8  
324  TW -3  6360.9  
326  TW -8  6295.1  
186  LA W S -01 6295.8  
240  R -9  6372 .8  
241  R -9 i 6372.8  
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Plate 2-36. Thickness of the Cerros del Rio Basalt (Tb4)

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

ID  W ell ID  T h ickness  
144 C dV -R -15-3  49 .0  
149 D T -5A  290.0  
151 D T -9  238.0  
152 D T -10 309.0  
184 LA O I-7  288.4  
205 M C O B T -4.4  214.0  
206 M C O B T -8.5  279.0  
211 M C O I-8  187.0  
212 M C O I-10 264.0  
221 O -1  390.0  
222 O -4  123.0  
225 P M -1 342.0  
226 P M -2 338.0  
227 P M -3 325.0  
228 P M -4 370.0  
232 R -1  115.0  
236 R -5  76 .0  
237 R -6  41 .0  
239 R -8  182.0  
243 R -11 349.0  
244 R -12 359.1  
245 R -13 427.0  
247 R -15 254.7  
248 R -16 293.0  
251 R -19 155.0  
252 R -20 540.0  
253 R -21 664.0  
254 R -22 983.0  
255 R -23 759.0  
260 R -27 131.0  
261 R -28 357.0  
262 R -31 425.0  
263 R -32 636.0  
265 R -34 532.0  
266 R -35a 346.0  
267 R -36 350.0  
268 R -37 435.0  
269 R -38 565.0  
271 R -40 347.0  
273 R -42 267.0  
274 R -43 234.0  
275 R -44 363.0  
276 R -45 439.0  
289 S C I-2  233.7  
321 TW -1 460.0  
324 TW -3 122.0  
326 TW -8 145.0  
240 R -9  279.8  
241 R -9 i 279.8  
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Constructed from the 2009 LANL
Geologic Framework Model
(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-37. Structure contours of the bottom of the Cerros del Rio Basalt (Tb4)

ID  W ell ID  E leva tion  
144 C dV -R -15-3  6246 .9  
149 D T -5A  5687 .2  
151 D T -9  5774 .0  
152 D T -10 5738 .0  
184 LA O I-7  6095 .0  
205 M C O B T -4.4  6105 .2  
206 M C O B T -8.5  6070 .5  
211 M C O I-8  6137 .2  
212 M C O I-10 6060 .5  
221 O -1  5930 .9  
222 O -4  6226 .0  
225 P M -1 6006 .2  
226 P M -2 5942 .0  
227 P M -3 6070 .9  
228 P M -4 5950 .0  
232 R -1  6176 .2  
236 R -5  6320 .6  
237 R -6  6271 .8  
239 R -8  6180 .9  
240 R -9  6093 .0  
241 R -9 i 6093 .0  
242 R -10 5904 .3  
243 R -11 6049 .4  
244 R -12 6008 .0  
245 R -13 5943 .1  
247 R -15 6073 .3  
248 R -16 5879 .9  
251 R -19 5986 .3  
252 R -20 5762 .3  
253 R -21 5766 .2  
254 R -22 5477 .5  
255 R -23 5732 .8  
260 R -27 5948 .7  
261 R -28 6053 .5  
262 R -31 5652 .5  
263 R -32 5714 .6  
265 R -34 5952 .0  
266 R -35a 6021 .1  
267 R -36 6048 .0  
268 R -37 5940 .0  
269 R -38 5850 .0  
271 R -40 5923 .0  
273 R -42 6077 .1  
274 R -43 6100 .0  
275 R -44 6011 .0  
276 R -45 6012 .0  
289 S C I-2  6100 .8  
321 TW -1 5859 .9  
324 TW -3 6238 .9  
326 TW -8 6150 .1  
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Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-38. Structure contours of the top of the Ancha Formation (Qta)
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Constructed from the 2009 LANL
Geologic Framework Model
(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-39. Thickness of the Ancha Formation (Qta)
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Plate 2-40. Structure contours of the bottom of the Ancha Formation (Qta)

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009
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Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-41. Structure contours of the top of the Tschicoma Formation,
Pajarito Mountain, Cerro Grande, and Caballo Mountain lobes (Tvt2)

ID  W ell ID  E leva tion  
30  50-24769 6592 .7  
143 C dV -16-3 i 6491 .8  
145 C dV -R -37-2  6258 .6  
166 H -19 6700 .0  
207 M C O I-1  6586 .2  
229 P M -5 6354 .0  
246 R -14 6442 .1  
249 R -17 6356 .5  
277 R -46 6516 .0  
292 S H B -1 6671 .9  
315 S igm a_M esa 6409 .5  
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(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-42. Thickness of the Tschicoma Formation, Pajarito Mountain,
Cerro Grande, and Caballo Mountain lobes (Tvt2)

ID  W ell ID  T h ickness  
166 H -19 347.0  
207 M C O I-1  314.8  
229 P M -5 405.0  
246 R -14 148.0  
249 R -17 175.0  
277 R -46 244.0  
315 S igm a_M esa 130.0  
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Constructed from the 2009 LANL
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Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-43. Structure contours of the bottom of the Tschicoma Formation,
Pajarito Mountain, Cerro Grande, and Caballo Mountain lobes (Tvt2)
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Plate 2-44. Structure contours of the top of the Tschicoma Formation, Rendija Canyon lobe (Tvt1)
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Plate 2-46. Structure contours of the bottom of the Tschicoma Formation, Rendija Canyon lobe (Tvt1)
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Plate 2-48. Thickness of the Totavi Lentil (Tpt)
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Plate 2-49. Structure contours of the bottom of the Totavi Lentil (Tpt)
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Constructed from the 2009 LANL
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Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

ID Well ID Elevation 
222 O-4 6067.0 
226 PM-2 5544.0 
228 PM-4 5725.0 
229 PM-5 5754.0 
232 R-1 5915.2 
233 R-2 6340.4 
235 R-4 6197.5 
237 R-6 6051.8 
238 R-7 6042.2 
243 R-11 5813.7 
245 R-13 5675.1 
246 R-14 5852.1 
247 R-15 5847.0 
251 R-19 5536.3 
252 R-20 5567.3 
261 R-28 5788.5 
264 R-33 5889.3 
273 R-42 5859.1 
274 R-43 5900.0 
275 R-44 5715.0 
276 R-45 5734.0 
277 R-46 5807.0 
289 SCI-2 5903.0 
315 Sigma_Mesa 5874.5 
323 TW-2 6266.4 
324 TW-3 6096.9 
326 TW-8 5906.1 
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Plate 2-51.  Thickness of the Bearhead Rhyolite and Fanglomerates (Tjfp)

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

ID Well ID Thickness 
222 O-4 110.0 
226 PM-2 148.0 
228 PM-4 132.1 
229 PM-5 122.0 
233 R-2 437.0 
235 R-4 70.0 
237 R-6 152.0 
243 R-11 39.3 
245 R-13 70.0 
247 R-15 127.0 
252 R-20 115.0 
264 R-33 158.0 
273 R-42 90.0 
274 R-43 75.0 
275 R-44 85.0 
276 R-45 77.0 
315 Sigma_Mesa 314.0 
323 TW-2 320.0 
324 TW-3 121.6 
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Plate 2-52.  Structure contours of the bottom of the Bearhead Rhyolite and Fanglomerates (Tjfp)

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

ID Well ID Elevation 
222 O-4 5957.0 
226 PM-2 5396.0 
228 PM-4 5592.9 
229 PM-5 5632.0 
233 R-2 5903.4 
235 R-4 6127.5 
237 R-6 5899.8 
243 R-11 5774.4 
245 R-13 5605.1 
247 R-15 5720.0 
252 R-20 5452.3 
264 R-33 5731.3 
273 R-42 5769.1 
274 R-43 5825.0 
275 R-44 5630.0 
276 R-45 5657.0 
315 Sigma_Mesa 5560.5 
323 TW-2 5946.4 
324 TW-3 5975.3 
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Plate 2-53. Structure contours of the top of the Keres Group volcanics (Tvk)
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Plate 2-54.  Thickness of the Keres Group volcanics (Tvk)
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Plate 2-55.  Structure contours of the bottom of the Keres Group volcanics (Tvk)
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Plate 2-56.  Structure contours of the top of the Chamita Formation, lithosome A (Tcac)

ID Well ID Elevation 
132 Buckman_10 6035.0 
133 Buckman_11 6145.0 
134 Buckman_12 6240.0 
223 OSE_Devils_Throne 5975.0 
316 Skillet 5840.0 
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Date: May 2009

Plate 2-57. Thickness of the Chamita Formation, lithosome A (Tcac)

ID  W ell ID  Th ickness  
132  B uckm an_10 970 .0  
133  B uckm an_11 634 .0  
134  B uckm an_12 604 .0  
223  O S E _D evils_Throne  65 .0  
316  S k ille t 174 .0  
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Date: May 2009

Plate 2-58. Structure contours of the bottom of the Chamita Formation, lithosome A (Tcac)

ID  W ell ID  E leva tion  
132  B uckm an_10 5065.0  
133  B uckm an_11 5511.0  
134  B uckm an_12 5636.0  
223  O S E _D evils_Throne  5910.0  
316  S k ille t 5666.0  
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surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-59. Structure contours of the top of the Tesuque Formation, Chamita lithosome B (Ttca)

ID  W ell ID  E leva tion  
132  B uckm an_10 5065.0  
133  B uckm an_11 5511.0  
134  B uckm an_12 5636.0  
223  O S E _D evils_Throne  5910.0  
131  B uckm an_9  5728.0  
167  K e lly_Fed  6025.0  
217  N A D -63  6405.0  
218  N A D -60  6215.0  
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Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-60.  Thickness of the Tesuque Formation, Chamita lithosome B (Ttca)

ID Well ID Thickness 
132 Buckman_10 265.0 
133 Buckman_11 61.0 
134 Buckman_12 274.0 
223 OSE_Devils_Throne 1043.0 
131 Buckman_9 566.0 
167 Kelly_Fed 180.0 
217 NAD-63 575.0 
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Date: May 2009

Plate 2-61.  Structure contours of the bottom of the Tesuque Formation, Chamita lithosome B (Ttca)

ID Well ID Elevation 
131 Buckman_9 5162.0 
132 Buckman_10 4800.0 
133 Buckman_11 5450.0 
134 Buckman_12 5362.0 
167 Kelly_Fed 5845.0 
217 NAD-63 5830.0 
223 OSE_Devils_Throne 4867.0 
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Date: May 2009

Plate 2-62. Structure contours of the top of the Chamita transitional zone: lithosome B, axial river gravels (Tcara)

ID  W ell ID  E leva tion  
131  B uckm an_9  5162.0  
316  S k ille t 5666.0  
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Date: May 2009

Plate 2-63.  Thickness of the Chamita transitional zone: lithosome B, axial river gravels (Tcara)

ID Well ID Thickness 
131 Buckman_9 757.0 
316 Skillet 1191.0 
 

2009 Hydrogeologic Site Atlas

EP2009-0191 83 June 2009



!(

!(

!(

!(

!(

!(

!(!(

!(

!(

!(

!(
!(

!(

!(!(!(

43
00

42
00

41
00

5000

4900

47
00

52
00

5400

5300

44
00

45
00

46
00

5600

59
00

58
00

5700

51006000

40
00

48
00

5500

45
00

55
00

5400

4900

4900

60
00

53
00

5200

55
00

5400

5600

5200

5400

5600

50
00

5200

5000

5100

4900

5600

49
00

49
00

52
00

48
00

5300

57
00

50
00

55
00

45
00

4600

5600

53
00

5400

5600

5200

50
00

47
00

5300

51
00

5500

51
00

56
00

52
00

54
00

52
00

44
00

5300

58
00

59
00

316

131

SF-2C

SF-2B

Buckman 9

Buckman 8

Buckman 6

Buckman 5

Buckman 4

Buckman 3
Buckman 2

Buckman 7R

Buckman 11

Buckman 10

1,610,000

1,610,000

1,620,000

1,620,000

1,630,000

1,630,000

1,640,000

1,640,000

1,650,000

1,650,000

1,660,000

1,660,000

1,670,000

1,670,000

1,680,000

1,680,000

1,690,000

1,690,000

1,740,000 1,740,000

1,750,000 1,750,000

1,760,000 1,760,000

1,770,000 1,770,000

1,780,000 1,780,000

1,790,000 1,790,000

!( Buckman wells
!( SEB wells intersecting unit

Roads
Bottom elevation contours (in feet)
Los Alamos National Laboratory
Unit extent
Unit outcrop

+ ++

/SCALE  1:80,000

State Plane Coordinate System, New Mexico Central Zone
1983 North American Datum

1 0 1 20.5
Miles

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

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-64.  Structure contours of the bottom of the Chamita transitional zone: 
lithosome B, axial river gravels (Tcara)

ID Well ID Elevation 
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Plate 2-65.  Structure contours of the top of the 8.2–9.3 Ma   Basalts (Tb2)

ID  W ell ID  E leva tion  
221  O -1  5770.9  
222  O -4  5485.0  
225  P M -1  5677.2  
226  P M -2  4872.0  
227  P M -3  5505.9  
228  P M -4  4970.0  
229  P M -5  5329.0  
236  R -5  5938.6  
240  R -9  5696.4  
242  R -10  5777.3  
244  R -12  5715.6  
254  R -22  5312.5  
256  R -24  5879.4  
266  R -35a  5487.1  
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Plate 2-66.  Thickness of the 8.2–9.3 Ma   Basalts (Tb2)

ID Well ID Thickness 
221 O-1 60.0 
222 O-4 311.0 
225 PM-1 344.0 
226 PM-2 472.0 
227 PM-3 435.0 
228 PM-4 480.0 
229 PM-5 975.0 
236 R-5 359.0 
242 R-10 87.0 
254 R-22 68.0 
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Date: May 2009

Plate 2-67.  Structure contours of the bottom of the 8.2–9.3 Ma   Basalts (Tb2)

ID Well ID Elevation 
221 O-1 5710.9 
222 O-4 5174.0 
225 PM-1 5333.2 
226 PM-2 4400.0 
227 PM-3 5070.9 
228 PM-4 4490.0 
229 PM-5 4354.0 
236 R-5 5579.6 
242 R-10 5690.3 
254 R-22 5244.5 
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surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-68.  Structure contours of the top of the Chamita Formation, axial river gravels (Tcar)

ID Well ID Elevation 
149 DT-5A 5669.2 
151 DT-9 5617.0 
152 DT-10 5663.0 
155 G-1 5954.9 
156 G-1A 5956.9 
157 G-2 6027.8 
158 G-3 6080.8 
159 G-4 6175.0 
161 G-6 6294.4 
162 GR-1 6246.2 
163 GR-2 6060.2 
164 GR-3 6162.2 
172 LA-4 5807.9 
221 O-1 5860.0 
222 O-4 5957.0 
225 PM-1 5738.2 
226 PM-2 5396.0 
227 PM-3 5865.9 
228 PM-4 5592.9 
229 PM-5 5632.0 
233 R-2 5903.4 
235 R-4 6127.5 
236 R-5 6145.6 
237 R-6 5899.8 
239 R-8 5995.7 
240 R-9 5843.8 
242 R-10 5882.3 
243 R-11 5774.4 
244 R-12 5833.6 
245 R-13 5605.1 
247 R-15 5720.0 
248 R-16 5528.9 
252 R-20 5452.3 
254 R-22 5477.5 
255 R-23 5706.8 
256 R-24 6242.4 
264 R-33 5731.3 
265 R-34 5952.0 
266 R-35a 5743.1 
267 R-36 6018.0 
269 R-38 5805.0 
273 R-42 5769.1 
274 R-43 5825.0 
275 R-44 5630.0 
276 R-45 5657.0 
315 Sigma_Mesa 5560.5 
321 TW-1 5764.9 
323 TW-2 5946.4 
324 TW-3 5975.3 
123 Buckman_1 5500.0 
124 Buckman_2 5529.0 
125 Buckman_3A 5609.0 
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Constructed from the 2009 LANL
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Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

ID Well ID Thickness 
157 G-2 1637.8 
158 G-3 1473.8 
159 G-4 1480.0 
161 G-6 1604.4 
162 GR-1 1496.2 
163 GR-2 1453.0 
164 GR-3 1440.0 
126 Buckman_4 1296.0 
127 Buckman_5 1228.0 
128 Buckman_6 1163.0 
160 G-5 1616.6 
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Constructed from the 2009 LANL
Geologic Framework Model
(Cole et al. 2009, 106101)
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surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-70.  Structure contours of the bottom of the Chamita Formation, axial river gravels (Tcar)

ID Well ID Elevation 
126 Buckman_4 4340.0 
127 Buckman_5 4452.0 
128 Buckman_6 4545.0 
157 G-2 4390.0 
158 G-3 4607.0 
159 G-4 4695.0 
160 G-5 4685.0 
161 G-6 4690.0 
162 GR-1 4750.0 
163 GR-2 4607.2 
164 GR-3 4722.2 
165 GR-4 4681.2 
169 LA-1B 4010.0 
174 LA-6 3950.0 
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Constructed from the 2009 LANL
Geologic Framework Model
(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-71.  Structure contours of the top of the 11.6–13.1 Ma Guaje Canyon Basalt (Tb1)

ID Well ID Elevation 
155 G-1 4438.9 
156 G-1A 4510.9 
158 G-3 5217.8 
159 G-4 5736.0 
160 G-5 5723.6 
161 G-6 5344.4 
162 GR-1 5776.2 
163 GR-2 5180.2 
164 GR-3 5762.2 
165 GR-4 5719.2 
221 O-1 4181.9 
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Constructed from the 2009 LANL
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Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-72.  Thickness of the 11.6–13.1 Ma Guaje Canyon Basalt (Tb1)

ID Well ID Thickness 
155 G-1 310.0 
156 G-1A 285.0 
158 G-3 169.0 
159 G-4 651.0 
160 G-5 744.0 
161 G-6 390.0 
162 GR-1 890.0 
163 GR-2 110.0 
164 GR-3 750.0 
165 GR-4 600.0 
221 O-1 12.0 
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Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009

Plate 2-73.  Structure contours of the bottom of the 11.6–13.1 Ma Guaje Canyon Basalt (Tb1)

ID Well ID Elevation 
155 G-1 4128.9 
156 G-1A 4225.9 
158 G-3 5048.8 
159 G-4 5085.0 
160 G-5 4979.6 
161 G-6 4954.4 
162 GR-1 4886.2 
163 GR-2 5070.2 
164 GR-3 5012.2 
165 GR-4 5119.2 
221 O-1 4169.9 
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Date: May 2009

Plate 2-74. Structure contours of the top of the Tesuque Formation, Chama–El Rito Member (Ttc)

ID  W ell ID  E leva tion  
155 G -1  4128 .9  
156 G -1A  4225 .9  
157 G -2  4390 .0  
158 G -3  4607 .0  
159 G -4  4695 .0  
160 G -5  4685 .0  
161 G -6  4690 .0  
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163 G R -2 4607 .2  
164 G R -3 4722 .2  
165 G R -4 4681 .2  
221 O -1  4400 .0  
 

Constructed from the 2009 LANL
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(Cole et al. 2009, 106101)
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ID Well ID Elevation 
115 Archery 6852.0 
132 Buckman_10 4800.0 
133 Buckman_11 5450.0 
134 Buckman_12 5362.0 
153 EB-35 6185.0 
154 EB-47 6740.0 
317 St_Michael 6550.0 
331 Yates_2 4332.0 
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ID Well ID Thickness 
331 Yates_2 1697.0 
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Constructed from the 2009 LANL
Geologic Framework Model 
(Cole et al. 2009, 106101)

Outcrops are derived from the
surface geologic map (Plate 2-1)

Date: May 2009
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Constructed from the 2009 LANL Geologic Framework Model (Cole et al. 2009, 106101)       Date: May 2009 Plate 2-86.  Central east-west cross- sections (N_1755000, N_1765000)
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Constructed from the 2009 LANL Geologic Framework Model (Cole et al. 2009, 106101)       Date: May 2009 Plate 2-87.  Northern east-west cross- sections (N_1775000, N_1785000 )
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Constructed from the 2009 LANL Geologic Framework Model (Cole et al. 2009, 106101)       Date: May 2009 Plate 2-88.  Western north-south cross- sections (E_1610000, E_1620000)
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Constructed from the 2009 LANL Geologic FrameworkModel (Cole et al. 2009, 106101)       Date: May 2009 Plate 2-89.  West central north-south cross- sections (E_1630000, E_1640000)
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Constructed from the 2009 LANL Geologic Framework Model (Cole et al. 2009, 106101)       Date: May 2009 Plate 2-90.  Central north-south cross- sections (E_1650000, E_1660000)
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Constructed from the 2009 LANL Geologic Framework Model (Cole et al. 2009, 106101)       Date: May 2009 Plate 2-91.  East central north-south cross- sections (E_1670000, E_1680000)
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Constructed from the 2009 LANL Geologic Framework Model (Cole et al. 2009, 106101)       Date: May 2009 Plate 2-92.  Eastern north-south cross- section (E_1690000)

Qbt4
Qbt3t
Qbt3
Qbt2

Qbt1v
u

Qbt1v
c

Qbt1gQbtt
Qbt
Qct
Qbof
Qbog

Tb4
QTa Tvt2 Tvt1 Tpf
Tpt
Tjfp Tvk
Tc

ac Ttca
Tc

ara Tb2
Tc

ar Tb1 Ttc Ttsf Ttb
Bed

r
Note: Vertical exaggeration = 1.75x.

2009 Hydrogeologic Site Atlas

June 2009 112 EP2009-0191



Plate 2-93.  The atlas portion of the southern Española Basin model –— view from the southeast
Constructed from the 2009 LANL Geologic

Framework Model (Cole et al. 2009, 106101)
Date: May 2009
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Constructed from the 2009 LANL Geologic
Framework Model (Cole et al. 2009, 106101)

Date: May 2009 Plate 2-94.  The southern Española Basin model — view from the southeast
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June 2009 114 EP2009-0191



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(
!(

!(

!(

!( !(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(!(

!( !(!(!( !( !(!(
!(!(!(

!(

!(
!(

!(

!(!(
!(

!(

!(

!( !(!(!(!(
!( !(

!( !( !(!(

!( !(
!(

!(!(
!(

!(!(

!( !(

!( !(

!( !(
!(!(

!( !(!(
!(!(

!(

!(!(!(
!(

!( !(!(
!(!(

!(!(!(!(!(!(!( !(
!( !(

!( !(!(
!(!(

!(
!(

!( !(!(
!(!(

!(
!( !(

!( !(
!(

!(

!(
!(

!(

!(

!(

57
00

58
00

56
00

59
00

60
00

61
00

62
00

63
00

6400

6500

5500

5400

66
00

67
00

56
00

56
00

55
00

5400

84 00

9 300
660071009 500

88 00

8300

7400
87 00 67007000

7
900 610 0

5500

7 200

8900

9100

6800 6400

7 800

7 70
0

6200

8200

6 000

8100
5600

9
0 00

7500

920 0
5900

76 00

7 30 0

5 700

6500690 08600

85
00

6300

8 000

58 005800

6200

6600

6500

57
00

6100

56
00

7000

6500

6400

5 50 0

6900

7300

6 400

6 80 0

6 1 00

7100

6100

6800

6400

5800

56

00

7 000

6900

6200

6900

6300

7600

5800

6700

5700

62 00

58
00

69
00

5800

7100

5
90

0

73
00

6100

6500

6 8 00

6300

62
00

5 60

0

6400

6100

70 00

6900

6400

8000

6500

60
0

0

7100

59 00

7600

7800

8 300

5900

6300

6600

6400

6100

6300

7200

7400

6600

630 0

61
00

7300

5 900

86 00

6300

6400

6500

62 00

82
00

7000

62
00

6800

6500

7000

6400

6900

70 00

7800

88 00

7100

7100

6
200

62 00

74

00

6700

73

00

65

0 0

6400

6500

8000

63
0 0

6500

7100

6500

5900

6600

59
00

6500

610

0

6 600

7400

6700

580
0

58 0 0

7400

630 0

8100

6200

7000

6500

76
00

61
00

6600
57

00

6000

7200

6200

6200

7600 6900

6700

5700

8000

6500

6 400

7100

6900

75 00

6900

5
900

6200

6400

7200

78 00

6300

6000

550
0

8900

6800

6400

6600

6600

7300

6400

6 900

6600

67 00

63
00

6000

5700

60

00

64 00

6700
6800

8200

7200

6100

6900

65 00

71 00

6500

6300

7400

6700

6400

5 50
0

88
0

0

600
0

5600

6100

57 00

61
00

580 0

650 0

6600

6500

6600

5700

6200

8000

6
20 0

81
00

6300

6200

59
00

6100

7000

74007500

7100

5900

64
007200

65 00

6200

8000

6800

8500

6500

700 0

59
00

590 0

65
00

75
00

7000

6400

6100

6300

6500

6400

7400

6000

67 00

6600

92
00

730 0

5600
6500

6700

6300

7600

6 80 0

6400

6200

63

00

7300

650
0

57 00

66

00

6000

6400

56
00

83 00

7200

7200

6700

7300

6000

790 0

5 80
0

64 00

7 100

6400

88
00

77
00

6600

6600

6800

69
00

660 0

63

00

6900

6800

5700

58 00

6 70 0

7200

69 00

5900

7400

8 70

0

6100

8400

7200

65
00

5800

6700

6 900

5900

6600

6500

7000

5800

6400

72 00

7
60

0

6800

6700

66
00

58
00

6200

7400 6700

70

00

610 0

8000

6800

7100

7600

6200

5 7 00

6700

6000

6700

5600

6700
6300

7300

5600
6000

7000

6800

830

0 5700

61 0 0

5900

59006500

5 900
6700

64 00

6500

7000

7000

590 0

6900

6700

5 60
0

6700

6000

8100

7700

6200

6800

77

00

6400

5800

7300
6800

6400

7800

6500

5 70
0

5900
600 0

84 00

6800

6700

6900

6 000

6000

790

0

5900

63
00

6500

8 000

6200

60 00

6 100

6600

6300

8300

6300

6600

61
00

6
60 0

6400

6300

6400

7900

6600

6800

8400

6800

6700

750 0

7000

69
00

6200

5700

6900

6 30 0

660 0

65 00

8400

6700

7400

67 00

64 0 0

6100

6 400

6400

6600

64
00

580 0

8100

6400

61 00

6200

6 4 00

65 00

7000

63 00

7200

66 00

8500

660

0

57
00

6200

6 500

66
00

6000

6000

6300

6200

570 0

6600

6 10 0

68 00

6900

65

00

6900

6000

6300

64 00

6600

67

00

70 00

6 200

64
00

6700

6100

6600

7000

7600

67
00

6 8 00

5900

5600

6500

6800

6100

6300

6300

8600

8800

6500

5 8 00

6900

7000

5 7 00

6900

7200

6800 6600

64

00

6000

7100

6700

5 80 0

7900

56
00

78
00

7800

6900

6 900

80 00

6 50 0

56
006100

6100

7 700

6600

6 400

6100

64
00

6500

63 00

6500

5700

6
200

6500

6800

6600

5800

7000
5700

8700

60
00

7 700

7100

6700

6800

6400

8700

5700

83
00

6100

6300

7 60 0

6800

5
800

7100

7100

81
00

8 900

6400

6700

6700

7500

6900

6000

5 70

0

6400

6600

640
0

65 00

7100

6200

6300

7600

6600

580 0

7000

6300

56
00

63 00

820
0

7100

6800

6400

64
00

7300
740

0

6 10
0

6400

6 60
0

7 60
0

5800

5 60 0

7000

6900

6 600

6600

6100

6000

6300

7 100

590
0

8000

6800

7300

6800

5600

6000

6900

6800

7 90
0

7200

6200

6200

6800

64 006300

6 000

84
00

5800

63 00

64 00

7200

5

60 0

6800

7000

730
0

6 300

63 00

5700

7300

7100

7200

6300

6700

6900

6900

6

600

6 300

6 800

8000

6700

7200

6 10 0

68 00

71 00

7000

8700

7000

73 00

6700

64006400
6400

5 800

6500

6600

59
00

7500

57 00

63 00

6700

740 0

6 70
0

6400

6100

6 400

6700

6500

55
00

6000

680 0

6 300

790 0

660 0

6000

6500

7300

650 0

68 00

7300

710
0

8000

6 800

7 300

6100

6200

5800

7000

67

00

7400

7000

79

00

57
00

63 0 0

6700

7200

6700

7200

620
0

6200

6100

5800

6 300

6600

60
0 0

5900

6500

7500

6200

7200

7100

8200

660
0

6500

55
00

7800

6 400

6 100

6600
5500

6600

6900

6700

6400

6200

6300

5 80
0

7 50 0

860
0

6700

6900

6900

55
007

100

7 300

7200

6600

6600

62 00

6500

7000

6100

60 00

6700

R-4  5831

R-6  5838

R-2  5871

R-8  5853

R-5  5767

R-1  6228

R-7  5838

R-9  5692

R-32  5853

R-42  5839

R-41  5690

R-39  5754

R-21  5855
R-20  5865

R-16  5693

R-31  5827

R-28  5838

R-14  5880

R-13  5836
R-15  5851

TW-3  5840

TW-2  5846

TW-1  5856

R-43  5840

R-36  5839

R-24  5830

R-10  5740R-34  5834

R-23  5697

R-33  5871

DT-9  5915

R-46  5885

R-40  5864
R-38  5859

R-27  5898

R-17  5885

R-26  6538

R-18  6117

R-19  5887

DT-5  5958

TW-4  6072

H-19  6228

R-35a  5837

DT-5A  5958

DT-10  5919

CdV-16-3i  6137

CdV-R-37-2  6137

CdV-R-15-3  6020

1,610,000

1,610,000

1,620,000

1,620,000

1,630,000

1,630,000

1,640,000

1,640,000

1,650,000

1,650,000

1,660,000

1,660,000

1,670,000

1,670,000

1,680,000

1,680,000

1,690,000

1,690,000

1,740,000 1,740,000

1,750,000 1,750,000

1,760,000 1,760,000

1,770,000 1,770,000

1,780,000 1,780,000

1,790,000 1,790,000

!( Spring location
!( Well - water table elevation

Drainages
Strahler order

6
7
8
Topography
Roads
Los Alamos National Laboratory

+ + ++

/SCALE  1:80,000

State Plane Coordinate System, New Mexico Central Zone
1983 North American Datum

1 0 1 20.5
Miles

Water table contours created by V. Vesselinov

Date: May 2009

Plate 3-1.  Regional water table elevations

2009 Hydrogeologic Site Atlas

EP2009-0191 115 June 2009



Tpf

Tcar

Tb4

Tpt

Tvt1

Tvt2

Tjfp

Tb2

Tb2

Tvk

Tvt2

Tcac

Tcar

Tcar

Ttb

Tcar

Tb2

Tpf

Tvt2

Tb2

Tjfp
Tpf

Tjfp

57
00

58
00

59
00

60
00

55
00

61
00

62
0064

00

63
0065

00

56
00

64
00

63
00

61
00

62
00

65
00

1,610,000

1,610,000

1,620,000

1,620,000

1,630,000

1,630,000

1,640,000

1,640,000

1,650,000

1,650,000

1,660,000

1,660,000

1,670,000

1,670,000

1,680,000

1,680,000

1,690,000

1,690,000

1,740,000 1,740,000

1,750,000 1,750,000

1,760,000 1,760,000

1,770,000 1,770,000

1,780,000 1,780,000

1,790,000 1,790,000

Roads

Los Alamos National Laboratory

Water table contours

Data limits
 
UNIT CODE - UNIT NAME

Tb4       Cerros del Rio Basalts 

Tvt2      Younger Tschicoma dacite flows
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Ttb         Tesuque Fm - lithosome B
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APPENDIX D-ANALVTICAL DATA REPORTS 


TABLE OF CONTENTS 

1. Analytical results from sampling the following septic tanks in 

2006 for chloride, TOS, N03+N02-N, and TKN: 

a. TA-16-1194/1195 

b. TA-33-31 

c. T A-33-161 

d. T A-33-179 

e. TA-49-119 





719-1"- H9fji/f5 
GENERAL ENGINEERING LABORATORIES, LLC 

2040 Savage Road Char1eston SC 29407 • (843) 556-8171 • www.geI.com 

Certificate of Analysis 

Company: 	 Los Alamos National Lab 
Address: 	 MS K497 ESH·18 

Water Quality Ik. Hydrology 
Los Alamos, New Mexico 87545 Report Date: April 14,2006 

Contact: Mr. Bart Vanden Plu 

Project: ENV-WQH Groundwater PaF of 

Client Sample 10: 
Sample 10: 
Matrix: 

GU06040STl601 . 
160094001 
Water 

Proiect: 
Client 10: 

ESHLOO701 
ESHLOOI 

Collect Date: 
Receive Date: 
Collector: 

06-APR·06 
07·APR·06 
Client 

Parameter Qualifier Result Permit Llmh DL RL Unhs DF' AnalystDate Time Batcb Method 

Jon Chromatograpby Federa. 
EPA 300.0 Chloride in Liquid 
Chloride 10.2 0.066 0.200 

Nutrient Analysis Federal 

EPA 3S3.1 Nitrogen, (N03IN02) 
- -Nitrogen;-NitrateiNitrite 0.219 0.014 0.050 

Nitrogen. Total Kjeldahl (rKN) 
~'trogen. Total Kjcldahl 3.56 0.010 0.100 

,,~ Analysis Federal 

EPA J60. J Solids. Dissolved-F 
Total Dissolved Solids 	 157 2.38 10.0 

The foUewlng Prep Metbods were performed 

mgIL I VHI 04110106 1916 519485 

mgIL 

mgIL I 

KLPI 04/11106 1330 519622 

GXM 04/14/06 121 I 519603 
2 

2 

3 

mgIL GXA2 04/11/06 1335 519764 4 

Metbed Desc:rlpdClll 	 A.alyst Date Time Prep Batcb 

EPA 351.2 
EPA 351.2 Prep 

EPA 351.2 Total K,jcldahl Nitrogen Fedora 
EPA 351.2 Total Kjeldahl Nitrolen Prep 

GXM2 
EXFI 

04114106 
04110106 

1211 
1857 

519603 
519601 

The foUowlng Analytleal Methods were performed 
Method DescrIption Analyst Comments 

I EPA 300.0 
2 EPA 353.1 
3 EPA 351.2 
4 EPA 160.1 

Notes: 
The Qualifiers in this report are defined as follows: 

< Result is less than amount reported. 
> Result is greater than amount reported. 
E Concentration of the target anaIyte exceeds the instrument calibration range. 
H Analytical holding time exceeded. 
J Indicates an estimated value. 
U Target analyte was analyzed for but not delected above the MOL or LOD. 
X Lab--specific qualifier-please see case narrative, data summary package or contact your project manager for details. 

(" Paint Filter qualifier: Particulates passed through the filter. No free liquids were observed. 

~ 


2 

http:www.geI.com


771- 33-\3/ 
GENERAL ENGINEERING LABORATORIES, LLC ·' .' 

2040 Savage Road Charleston SC 29407· (843) 556-8171 - www.gel.com 

Certificate of Analysis 

Company: Los Alamos National Lab 
Address: MS K497 ESH-18 

Water Quality & Hydrology 
Los Alamos. New Mexico 87545 Report Date: April 14, 2006 

Contact: Mr. Bart Vanden Plas 

Project: ENV-WQH Groundwater Page of 2 

Client Sample ID: 
Samele 10: 

GU06040333101 
160094004 

Proiect: 
Client 10: 

ESHLOO701 
ESHLOOI 

Matrix: Water 
Collect Date: 
Receive Date: 
Collector: 

06-APR-06 
07-APR-06 
Client 

Parameter . QuaUfier Result Permit Limit DL RL VDits DF AnalYltDate Time Batch Method 

Ion Chromatoaraphy Federal 

EPA 300,0 Chloride in Liquid 
Chloride 29.2 0.660 2.00 mgIL 10 VHI 04111106 1814 51M85 2 

Nutrieat Analysis Federal 

EPA 353,1 Nitrogen, (H03IN01) 
Nirrogen. NitratelNitrite 1 0.0288 0.014 0,050 I KLPI 04/11106 1330 519622 3 

Nitrogen, Total Kjeldah/ (l'KN) 
Nitrogen. Total Kjeldahl 47.2 0.500 5.00 mgIL 50 GXM 04/14106 1325 519603 6 n 2 

Analysis Federal 

1IIIiII.;~ /60./ So/ids. Dissolved-F 
Total Dissolved Solids 329 2.38 10.0 mgIL GXA2 04/11/06 1335 519764 7 

The following Prep Methods were performed 

Method DescriptioD Analy_t Date Time PrepBatcb 


EPA 351.2 EPA 351.2 Total Kjeldabl Nitrogen Federa GXM2 04114106 1216 51%03 


EPA 351.2 EPA 351.2 Total Kjeldabl Nitrogen Federa GXM2 04114106 1231 519603 

EPA 351.2 EPA 351.2 Total Kjeldabl NitrogeD Federa GXMl 04114/06 1325 519603 

EPA 351.2 Prep EPA 351.2 Total Kjeldahl Nitrogen Prep EXFI 04/10/06 1857 519601 


The following Analytical Methods were performed 

Method DescrlptioD ADalyst Commeall 


EPA 300.0 

2 EPA 300.0 

3 EPA 353.1 

4 EPA 351.2 

5 EPA 351.2 

6 EPA 351.2 

7 EPA 160.1 

Notes: 
The Qualifiers in this report are defined as follows: 

< Result is less than amount reported. 
> Result is greater than amount reported. 

Concentration of the target analyte exceeds the instrument calibration range. 

..", 

http:www.gel.com


T/9-- 33-1" I 
GENERAL ENGINEERING LABORATORIES, LLC 

2040 Savage Road Charleston SC 29407 - (843) 556-8171. www.gel.com 

-
Certificate of Analysis 

Company: 	 Los Alamos National Lab 
Address: 	 MS K497 ESH.18 

Water Quality &. Hydroloay 
Los Alamos, New Mexico 87545 Repon Date: April 14, 2006 

Contact: Mr. Bart Vanden Plas 
Project: ENV-WQH Groundwater Page of 

Client Sample 10: GU06043316101 	 Proiect: ESHLOO701 
Client ID: ESHLOO1Samele ID: 160094002 


Matrix: Water 

Collect Date: 
 06·APR-06
Receive Date: 07·APR-06Collector: Cljent 

Parameter Qualifier Result Permit Limit DL RL Units OF AnalystDate TIllie Batch Method 

Ion Chrolllatoaraphy Federal 
EPA 300.0 Chloride in Liquid 
Chloride 46.3 0.660 2.00 mgIL 10 VHI 04/11/06 1736-519485 2 

Nutrient Allalysls Federal 
EPA 353.1 Nitrogen, (N03INO]) 
Nitrogen, NitratelNitrite J 0.0285 0.014 0.050 mgIL KLPt 04111106 1330 519622 3 

Nitrogen. Total Kjeldahl (l'KN) 
Nitrogen, Total Kjeldahl 73.5 0.500 5.00 mgIL 50 GXM 04/14106 1322 519603 6 

2-- Analysis Federal 
......4 160.1 Solids. Dis,oIWJd..F 

Total Dissolved Solids 	 375 2.38 10.0 mgIL GXA204111106 1335519764 7 

The roDomnl Prep Methods were performed 
Method Description 	 Analyst Date Tillie Prep Bateh . 
EPA 351.2 EPA 351.2 Total Kjeldahl Nitrogen Pedera GXM2 04114106 1215 519603 
EPA 35\,2 EPA 351.2 Total Kjeldahl Nitrosen Pedera GXM2 04/14/06 1225 519603 
EPA 351.2 EPA 351.2 Total Kjeldahl Nitrogen Pedera - GXM2 04114106 1322 519603 
EPA 3S1.2 Prep EPA 351.2 Total Kjeldahl Nitrogen Prep EXFI 04/10/06 1857 519601 

The rollomn, Analytical Methods were performed 
Method DescrlptioD 	 Analyst Comlllenta 

I EPA 300.0 
2 EPA 300.0 
3 EPA 353.1 
4 EPA 351.2 
5 EPA 351.2 
6 EPA 351.2 
7 EPA 160.1 

Notes: 
The Qualifiers in this report are defined as follows: 

< Result is less than amount reported. 
> Result is greater than amount reported. 

(f> Concentration of the target analyte exceeds the instrument calibration range. 

~ 
 -

2 

http:www.gel.com


77f-33-/7' 
.'GENERAL ENGINEERING LABORATORIES, LLC 

2040 Savage Road Char1eston SC 29407· (843) 556-8171 • www.gel.com 

Certificate of Analysis 

Company: Los Alamos National Lab 
Address: MS K497 ESH-18 

Water Quality & Hydrology 
Los Alamos, New Mexico 87545 Report Date: April 14. 2006 

Contact: Mr. Bart Vanden Plas 

Project: ENV-WQH Groundwater Page of 2 

Client Sample 10: 
SamI?le 10: 

OU06043317901 
160094003 

Proiect: 
Client 10: 

ESHLOO701 
ESHLOOI 

Matrix: Water 
Collect Date: 
Receive Date: 
Collector: 

O6-APR-06 
07-APR-06 
Client 

Parameter QuaUrler Result Permit Limit DL RL Units OF AllalyatDate Time Batch Method 

Ion Chromatograpby Federal 

EPA 300.0 Chloride En Liquid 
Chloride 33.2 0.660 2.00 mgIL 10 VHI 04111106 1755 519485 2 

Nutrient Analysis Federal 

EPA 353./ Nitrogen, (N03IN02) 
Nitrogen, NitrateINitrite 0.0951 0.014 0.050· mg/L KLPI 04111106 1330 519622 3 

Nitrogen, Total Kjeldahl (l'KN) 
Nitrogen, Total Kjeldahl 47.9 0.100 1.00 mg/L 10 GXM 04114106 1228 519603 5 

r AnalysIs Federal 
2 

-"'A /60.1 Solids, Dissolved-F 
Total Dissolved Solids 335 2.38 10.0 mg/L GXA2 04111/06 1335 519764 6 

The followlns Prep Methods were performed 
Method Descriptio. Aualy.t Date Time Prep Batch 

EPA 351.2 
EPA 351.2 

EPA 351.2 Prep 

EPA 351.2 Total Kjeldahl Nitrogen Federa 
EPA 35 1.2 Total Kjeldahl Nitrogen Federa 

EPA 351.2 Total Kjeldahl Nitrogen Prep 

OXM2 

OXM2 
EXFI 

04/14/06 
04/14106 
04/10/06 

1216 
1228 

1857 

519603 
519603 

519601 

The following Analytlca. Methods were performed 
Method Description Allalyst Commelltl 

I EPA 300.0 

2 EPA 300.0 

3 EPA 353.1 
4 EPA 351.2 

5 EPA 351.2 

6 EPA 160.1 

Notes: 
The Qualifiers in this report are defined as follows : 

< Result is less than amount reported. 

> Result is greater than amount reported. 

E Concentration of tile target analyte exceeds the instrument calibration range. 

H Analytical holding time exceeded. 

J Indicates an estimated value, 


~ 
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Company: 

Address: 


Contact: 

Project: 


771-.1/'1-11'1 

GENERAL ENGINEERING LABORATORIES, LLC 

2040 Savage Road Charleston SC 29407 - (843) 556-8171 - www.gel.com 

Certificate of Analysis 

Los Alamos National Lab 
MS K497 ESH-18 
Water Quality" Hydrology 
Los Alamos, New Mexico 87545 Report Date: April 14, 2006 
Mr. Ban Vanden Pies 

ENV-WQH Groundwater Page of 2 

Client Sample 10: 
Sample 10: 
Matrix: 

GU06044911901 
160094005 
Water 

Proiect: 
Client 10: 

ESHL00701 
ESHLOOI 

Collect Date: 
Receive Date: 
Collector: 

06-APR-06 
07-APR-06 
Cljent 

Parameter QuaUtler Reault Permit Limit DL RL Units DF AnalystDate Time Batch Method 

Ion Chromatoarapby Federal 

EPA 300.0 Chloride in Liquid 
Chloride 

Nutrient Analysis Federal 

EPA 353./ Nitrogen, (N03IN02) 
Nitrogen. NitrateINitrite 

Nitrogen. Total Jqeldahl rrKN) 
~itrogen. Total Kjeldahl 

78.1 

16.0 

56.7 

0.660 

0.140 

0.500 

2.00 

0.500 

5.00 

.......,' Analysis Federal 
~A /60.1 Solids. Dissolved-F 

Total Dissolved Solids 491 2.38 10.0 

The following Prep Methods were performed 
Method Deacripdon Analylt 

mgIL 10 VHI 04/11106 1833519485 2 

mgIL 10 KLPI 04/11/06 1330 519622 3 

mg/L 50 GXM 04/14/06 1328519603 6 
2 

mgIL GXA2 04111/06 1335 519764 7 

Date Time Prep Batch 

EPA 351.2 
EPA 351.2 
EPA 35 1.2 

EPA 351.2 Prep 

EPA 351.2 Total Kjeldahl Nitrogen Federa 
EPA 351.2 Total Kjeldahl Nitrogen Federa 
EPA 351.2 Total Kjeldahl Nitrogen Federa 

EPA 351.2 Total Kjeldahl Nitrogen Prep 

GXM2 
GXM2 
GXM2 
EXFI 

04114/06 
04114106 
04/14/06 

04/10106 

1217 
1234 
1328 

1857 

519603 
519603 
519603 
519601 

The following Analytical Methods were performed 
Method Descripflon Analyst Comments 

I EPA 300.0 
2 EPA 300.0 
3 EPA 353.1 

4 EPA 351.2 

5 EPA 351.2 

6 EPA 351.2 

7 EPA .60.1 

Notes: 
The Qualifiers in this report are defined as follows : 

< Result is less tban amount reported. 
> Result is greater than amount reported. 

Concentration of the target analyte exceeds the instrument calibration range. 
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APPENDIX E-LANL/NMED COMMUNICATIONS 

TABLE OF CONTENTS 

Communications between LANl and NMED from February 2006 to May 2010: 

1. 	 Application for Septic Tank Permit for Security Perimeter Road Project, West Jemez Rd 
at TA-58/62 (2/17/06). 

2. 	 Discharge Permit required for Los Alamos National Laboratory (3/16/06). 
3. 	 Discharge Permit Application due date extended (email, 3/17/06). 
4. 	 Ground Water Discharge Plan Application, Domestic Wastewater Septic Systems 


(4/27/06). 

5. 	 Administrative Completeness Determination and Applicant's Public Notice 


Requirements, DP-1589, LANL Septic Systems (5/23/06). 

6. 	 Submittal of New TA-58/62 Septic Tank System (6/14/06). 
7. 	 Septic Tank/Leachfield Construction, Approval to Proceed (email, 7/17/06). 
8. 	 LANL Septic System DP Application is Administratively Complete (email, 7/17/06). 
9. 	 Modifications, Discharge Permit Application, Domestic Septic Systems (8/9/07). 
10. 	 Discharge Permit Application Status, Request to Resubmit Application (4/6/10). 
11. 	 Discharge Permit Application Question (email, 5/7/10). 
12. 	 Discharge Permit Application Question (email, 5/18/10). 
13. 	 Request for Temporary Permission to Install a New Septic Tank/Leachfield System at 

TA-33 (6/2/10). 
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NATfONAI. ~AIO"ATORY 
__-s:n."u-

Environmental Protection Division 
Water Quality & RCRA Group (ENV-RCRA) 
P.O. Box 166~, MaUStop K490 
Los Alamos, New Mexico $7545 
(50S) 667-0666IFAX: (50S) 667-5224 

Date: 
Refer To: 

LA-UR: 

June 2, 2010 
ENV-RCRA-I0-108 
10-03609 

Mr. William Olson, Chief 
Ground Water Quality Bureau 
New Mexi<4l EnvironmentDepartment 
Harold Runnels Building, Room N2250 
1190 St. Francis Drive 
P.O. Sox 26110 
Santa Fe, NM 87502 

Dear Mr. Olson: 

SUBJECT: 	 REQUEST FOR TEMPORARY PERMISSION TO INSTALL A NEW SANITARY 
SEPTIC TANKILEACHFIELD SYSTEM AT TECHNICAL AREA (TA)-33 

In accordance with Subsection B of20.6.2.3106 NMAC, Los Alamos National Laboratory (the 
Laboratory or LANL) requests temporary pennission from the New Mexico Environment Department 
(NMED), Ground Water Quality Bureau, to install a new sanitary septic tanklleachfiel4 systeJn, at 
Technical Area (TA)-33. Enclosed for your review are the 90% design specifications, calculations, and 
drawings. Also enclosed is the $150.00 filing fee required by regulation (20.6.2.3114 NMAC). 
Additional information on this request is provided below. 

1. Type ofDischarge: 	 Sanitary wastewater. 

2. Source ofDischarge: 	 Four buildings at TA-33: 168, 114,9, and 280. 

3. Number of Workers Served: 80 full-time workers. 

4. System Design Flow: 	 1600 gpd (80 workers @ 20 gpdJworker). 

5. Size of Septic Tank: 	 5000 gal. 

6. Leachfield Absorption Area: 2500 sf. 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOEINNSA 



.:.' Mr. William Olson -2-	 June 2,2010 
o·ENV-RCRA-I0-I08 

On March 25,2010, NMED and LANL staff met to discuss siting and permitting ofa new septic 
tankIleachfield system at TA-33 intended to replace the aging septic system, TA-33-0031. While NMED 
staff had no objections, in general, to the proposed location of the replacement system, two permitting 
constraints were identified by Mr. Robert Italiano (NMED) and Mr. Robert George (NMED): 

1. The new septic system 'cannot be permitted under the New Mexico Liquid Waste Regulations 
(20.7.3 NMAC) because of the prohibition against mUltiple systems on one lot or site; LANL 
currently has 15 septic tanklleachfield systems. 

2. A Discharge Permit cannot be issued by the NMED for the new septic system because LANL 
has a pending Discharge Permit application (DP-1589) for all septic tankIleachfield systems at 
the facility. 

Accordingly, Mr. Robert George recommended that LANL seek 'temporary permission' to install a new 
septic system under Subsection B of20.6.2.3106 NMAC. Following this, the new septic system at TA
33 will be incorporated into LANL's Septic System Discharge Permit (DP-1589), once approved. 

Initially, it was the Laboratory's intent to effect a wholesale replacement of the aging septic system, TA
33-0031, with a new septic tankIleachfield system. After further evaluation, however, it was determined 
that two buildings, TA-33-113 and TA-33-39, would require a lift station if connected to the new 
system. As a result, the Laboratory's current plan is to keep the existing septic system, TA-33-0031, in 
service for buildings TA-33-113 and TA-33-39, but also begin the budgeting and planning process to 
replace the aging seepage pits with a new leachfield in FY2012. 

Please contact me at (505) 667-7969 ifyou have questions regarding this request. 

~g....,.L..-..--'-'
Robert Beers 
Water Quality & RCRA Group 

Enclosures: a/s 

Cy: 	 Glenn Saums, NMED/SWQB, Santa Fe, NM, wlo enc. 

James Bearzi, NMEDIHWB, Santa Fe, NM, wlo enc. 

Gene Turner, LASO-EO, wlo enc., A316 

Hai Shen, LASO-EO, wlo enc., A316 

Steve Yanicak, LASO-GOV, wlo enc., M894 

Michael B. Mallory, PADOPS, wlo enc., AI02 

J. Chris Cantwell, ADESHQ, wlo enc., K491 

Michael Graham, ADEP, wlo enc., M991 

Mike Saladen, ENV -RCRA, wlo enc., K490 

Jim Farmer, PMF-WEP, wlo enc., J590 


An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOEINNSA 
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Cy (continued): 
Jim Jones, SP~DO, w/o enc., J590 
Miguel Salazar, SG·IGPP, w/o enc., J590 
Rick Alexander, STO-DO, w/o enc., E522 
Mark Gallegos, ASM-AO, w/o enc., M986 
John McCann, PMFS-DO, w/o enc., M992 
ENV-RCRA File, w/enc., K490 
IRM-RMMSO, w/enc., A150 

.' 
- 3- June 2, 2010.' 

An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for OOEINNSA 
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Robert S. Beers 

From: Robert S. Beers [bbeers@lanl.gov] 
Sent: Tuesday, May 18, 2010 1:59 PM 
To: 'Knutson, Gerald, NMENV 
Cc: 'Michael Saladen'; 'George, Robert. NMENV 
Subject: RE: Application question 

Jake-

Based on prior communications from your bureau-the December 2007 Request For Additional Information (DP-8S7) 
and the April 2010 Discharge Permit Status-it was our understanding that the holding tanks would be incfuded in the 
SWWS Plant Discharge Permit (DP-857) because wastewater from these tanks is routinely (daily, in some cases) 
discharged to the SWWS Plant for treatment. 

Accordingly, the two applications we are currently preparing are structured as follows: DP-1S89 application for septic 
tank/leachfield systems, and DP-8S7 application for all wastewaters discharged to the SWWS Plant, all wastewaters 
discharged to SERF, and all wastewaters discharged to the Sigma Mesa Evaporative Lagoons. We would prefer not to 
make any changes to this alignment. 

Regards, 

Bob Beers 

From: Knutson, Gerald, NMENV [mailto:Gerald.Knutson@state.nm.us] 
sent: Thursday, May 13, 2010 1:12 PM 
To: Robert S. Beers 
CC:George,Robert,NMENV 
Subject: RE: Application question 

Bob, 

After discussing LANL decision to stay with individual Discharge Permits, NMED would like to know if LANL would 
consider including holding tanks and the possible package treatment plant (aka: remote sanitary Sites) in the Domestic 
Septic Systems. DP-1589. application. 

NMED believes this would help with the drafting of both Discharge Permits. 

Sincerely. 
Jake 

Confidentiality Notice: This e-mail. including all attaclunents is for the sole use of the intended recipient(s) and 
may contain confidential and privileged information. Any unauthorized review. use. disclosure or distribution is 
prohibited unless specifically provided under the New Mexico Inspection ofPublic Records Act. Ifyou are not 
the intended recipient, please contact the sender and destroy all copies ofthis message. -- This email has been 
scanned by the Sybari - Antigen Email System. 

1 
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Robert S. Beers 

From: Robert S. Beers [bbeers@lanl.gov] 
Sent: Friday. May 07.20109:23 AM 
To: 'Knutson. Gerald. NMENV 
Cc: 'George. Robert, NMENV; 'Michael Saladen' 
Subject: RE: Application question 

Hi Jake-

LANl will not be combining SWWS (DP-857) and Septic Systems (DP-1589) into one Discharge Permit. We have elected 
to stay with individual Discha rge Permits. 

Regards, 

Bob Beers 

From: Knutson, Gerald, NMENV [mailto:Gerald.Knutson@state.nm.us] 
Sent: Thursday, May 06, 2010 4:25 PM 
To: Robert Beers 
Cc: George, Robert, NMENV 
Subject: Application question 

Robert, 

NMED is actively working on the SVI/WS draft Discharge Permit and would like to start working on the Septic Tank draft 
Discharge Permit if necessary. A letter reqUiring LANL to resubmit the applications for SVI/WS and the Septic Tanks was 
mailed April 6, 2010. 

Do you know if LANL is considering combining SVl/WS, SERF and septic/holding tanks into one Oischarge Permit or 
staying with DP..s57 (SVI/WS/SERF) and DP-1589 (Septic Tanks)? 

Many thanks, 

Gerald Knutson 
NMED-GWQB 

Confidentiality Notice: This e-mail, including all attachments is for the sole use ofthe intended recipient(s) and 
may contain confidential and privileged infonnation. Any unauthorized review, use, disclosure or distribution is 
prohibited unless specifically provided under the New Mexico Inspection of Public Records Act. Ifyou are not 
the intended recipient, please contact the sender and destroy all copies ofthis message. -- This email has been 
scanned by the Sybari - Antigen Email System. 

1 
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NEW MEXICO 


ENVIRONMENT DEPARTMENT 


Ground Water Quality Bureau 

1190 St. Francis Drive 

P.O. Box 5469, Santa. Fe, NM 87502·5469 

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

RON CURRY 
Secretary 

SARAH COTIREu.. 
www.nmenv.state.nm.us Deputy Secretary 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

April 6, 2010 

Donald L. Winchell, Jr., Manager Richard S. Watkins, Associate Director 
Los Alamos Site Office Environment Safety, Health, & Quality 
Department of Energy Los Alamos National Security, LLC 
528 35th Street, Mail Stop A316 Los Alamos Research Park 
LosAlamos,~ 87544 4200 Jemez Road, Suite 400 

Los Alamos, NM 87544 

R£: 	Discharge PergJ.it Application Status: 
DP-8S7, Los Alamos National Laboratory-Sanitary Wastewater System (SWWS), and 
DP·1S89, Los Alamos National Laboratory .Septic ~aDklLeachfield Disposal Systeins 

Dear Mr. Winchell and Mr. Watkins: 

The New Mexico Environment Department (NMED) Ground Water Quality Bureau (GWQB) 
issues Discharge Pennits pursuant to the New Mexico Water Quality, Act (WQA),.NMSA 1978 
§§74-6.1 through 74-6-17, and the New Mexico Water Quality Control Commission (WQCC) 
Regulations, 20.6.2 NMAC. NMED's purpose in issuing Discharge Pennits, and in imposing the 
requirements and conditions specified in Discharge Pennits, is to control the discharge ofwater 
contaminants into ground and surface water, so as to protect ground and surface water for present 
and potential future use as domestic and agricultural water supply and for other uses and to 
protect public health. 

DP-857 was originally issued on July 20, 1992 and authorized the discharge of up to 600,000 
gallons per day (gpd) of sanitary wastewater to the Los Alamos National Laboratory (LANL) 
Sanitary Wastewater System (SWWS) facility and discharge of treated wastewater to Canada 
Del Buey for disposal, for use as cooling water at the TA-3 power plant, and for irrigation of the 
treatment facility grounds. DP-857 was subsequently renewed on January 7, 1998. On 
November 5, 2001, LANL proposed modifying DP:':'S57 to allow up to 300,000 gallon per day of 
treated and disinfected wastewater from SWWS to be utilized for cooling water at the Super 
Computing Complex (SCC) at T A-3 following further treatment in a reverse osmosis/ultra

http:PergJ.it
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filtration system, known as the Sanitary Effluent Reclamation Facility (SERF), llPl'd discharge of 
residual (blowdown) water or treated wastewater to NPDES Outfall 03A027. Tli~ modification 
proposal also sought authorization for the operation of evaporative lagoons loc~ted at Sigma 
Mesa for the disposal of the reverse osmosis reject water from SERF. The moQification was 
issued by NMED on October 1, 2002 for a maximum daily discharge volume of 300,000 gpd. 

On August 29, 2002 (prior to issuance of the modification discussed above), NMED received a 
lett~r: from LANL requesting the renewal of DP-857. At that time, permit 
renewals/modifications were requested in letter form (rather than through the submission of an 
application). The Renewal letter referenced the following eight documents: 

1) 	 Original Discharge Plan Application, April 1 0, 1992. 
2) Request for Discharge Plan Modification, July 31, 1995. 
3) 	 Discharge Plan Renewal Request, April 10, 1997 
4) Response to Request for Addition Infonnation, August 18, 1997. 
5) 	 Response to Request for Additional Information, November 25, 1997. 
6) 	 Change in Sludge Disposal Practices~ February 24, 1998. 
7) 	 Proposed Amendments to DP-857, October 22 1998. 
8) Request for Minor Modification, November 1, 2001. 

A draft renewal permit was mailed to LANL on April 18, 2005. However, NMED's draft 
renewal permit inadvertently projfQsed authori~ing the discharge of up to 600,000 g¢ to 
multiple loca~ions, including S~RF, the cooling water blow-Q.own outfall (Outfall 03A027) and 
the Sigma Mesa evaporative bt\siIis(rather than 600,000 gpd' of sanitary wastewater to SWWS 
and 300,000 gpd of treated wastewater to SERF). Since the change in volume is a modification 
oftlle permit, nota re~newal, these changes require modification to the Djscharge Permit. 

On May 18,2005, NMED notified interested parties that the draft permit renewal was available 
online for review and published notice of the availability of the draft on May 26,2005. On June 
24, 2005, NMED received a request from Concerned Citizens for Nuclear Safety to extend the 
public comment period to 60 days (an additional 30 days). On June 24,2005, NMED received 
comments on the draft pennit from LANL. On July 17,2005, NMED published notice that the 
comment period had been extended until August 24, 2005. On August 26, 2005, NMED 
received comments from Amigos Bravos and Concerned Citizens for Nuclear Safety. On 
December 19, 2005, NMED responded to the comments submitted by Amigos Bravos and 
Concerned Citizens for Nuclear Safety. 

Following this sequence of events, LANL submitted the following additional infonnation to 
NMED, either through meetings or in response to requests from NMED: 

1) 	 On November 20,2007, NMED received a recycled wastewater flow path schematic at a 
meeting at the Laboratory. At the meeting, LANL officials detailed the desire to increase 
the discharge of treated water to SERF in an effort to reduce the Laboratory's overall 
potable water use. Increasing the discharge to SERF beyond the currently pennitted 
300,000 gpd requires modification ofDP-857. 



" " 
Donald WinchelllRichard Watkins, DP-857 
April 6, 2010 
Page 3 

2) 	 In response to a request for additional information, NMED received a list of sanitary 
(domestic wastewater) holding tanks that serve various remote sites within the 
Laboratory property on January 14, 2008. The contents of these tanks are transferred to 
SWWS for treatment and pumping records were included with the submittal. The tanks 
are currently permitted under NMED Liquid Waste Program permits but are required to 
be included in either a new a ground water Discharge Permit which covers septic and 
holding tanks at LANL or in a modification of DP-857. 

3) 	 On April 9, 2009, LANL submitted the Section, Township and Range location for 
structures related to the SWWS facility in response to a request for additional information 
from NMED. The locations identified by LANL include areas that were not originally 
included in the public notification provided by NMED on May 26. 2005. Specifically, 
the public notification identified Section 26, T19N, R06E as the location of the "facility", 
while the information provided on April 9, 2009 indicated that structures and outfalls 
associated with this permit are located at: 

• TA-46 SWWS Plant-Section 26, T19N, R06E; 
• NPDES Outfall OOI-Section 16, T19N, R06E; 
• NPDES Outfall 03A027·Section 34, T19N, R06E; and 
• the Sanitary Effluent Reclamation Facility (SERF) Evaporation Basins on Sigma Mesa 
(TA-60)~Section 22, Tl~N, R06E. 

NMED will need to properly identify the locations of the qischarges authorized by DP
857 when publishing the availability of a revised draft renewal (and modification) permit 
for- the- SWWS/SERF facilities. _ 

4) 	On April 20, 2009, NMED received a list from LANL of the sources and characteristics 
of discharges to the SWWS facility. The discharges identified by LANL include sources 
other than those described in the original permit for the SWWS facility or in subsequent 
modifications of DP-857. Although much of what is described in the information 
submitted on April 20, 2009 is already authorized under DP-857, the discharge of all 
sources described requires a modification of DP-857. 

5) 	 Throughout 2009, NMED and LANL have discussed various revisions to NMED's Los 
Alamos National Laboratory Drilling, Development, Rehabilitation and Purge Water 
Decision Tree - Revised 311212010 guidance document and it has become clear that 
LANL has the intention of discharging a variety of source waters to the SWWS facility 
for treatment/disposal or through other appropriate permitted pathways (e.g. Sigma Mesa 
Evaporative Basins) when those source waters do not qualify for land application 
pursuant to NMED's Los Alamos National Laboratory Drilling, Development. 
Rehabilitation and Purge Water Decision Tree - Revised 311212010 guidance document 
These discharges include sources and waste types that differ from those described in the 
original pennit for the SWWS facility or in subseguent modifications of DP-857. 
Discharge of this waste to SWWS requires a modification of DP-857. 
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Given the inappropriately proposed permitting action (renewal rather than renewal/modification) 
for DP-857, LANL's stated desire to increase the volume of treated wastewater that can be 
discharged through the SERF facility, LANL's need to include the sanitary holding tanks in DP
857, LANL' s need to discharge source waters other than "sanitary" wastewater to the SWWS 
facility for treatment and disposal, LANL's need for flexibility in discharging a variety of 
wastewaters to the Sigma Mesa evaporative lagoons and/or SERF for treatment/disposal, and 
other changes at LANL that have occurred during the long period of permit renewal processing, 
NMED views LANL's August 29,2002 request for renewal of DP-857 to be inconsistent with 
the current and planned discharge activities associated with the SWWS and SERF facilities. 
Therefore, NMED requires that LANL submit a comprehensive and up-to-date application 
for renewal and modification of DP·8S7 within 90 days of the date of this letter (by July 6, 
2010). 

When submitted, the application should address: 

• 	 The volume, source and characteristic of all wastewaters that LANL intends to discharge to 
the SWWS facility for the foreseeable future. 

• 	 The volume, source and characteristic of all wastewaters that LANL intends to discharge to 
the SERF facility for the foreseeable future, 

• 	 The volume, source and characteristic of all wastewaters that LANL intends to discharge to 
the Sigma Mesa Evapprative Lag()ons for the foreseeable··future,. . 

• 	 The locatiqn of ~ll holding ~. treatment systems. NPDES outfalls and final-discharge 
locations (i.e. lana application sites, Sigma Mesa evaporative basins, others) ass9ciated with
dischargesto or frOPl the SWWS/SERF facilities, clearly identified on a scaled map, 

• 	 The location for each holding ta.i\k; NPDES outfall, -discharge location and ~bneIit facility' 
associated with discharges to or from the SWWS/SERF' facilities, by Section, Township and 
Range, and; 

• 	 All other information sought in NMED's application for Discharge Permit Renewal and 
Modification form. 

NMED concurs with the concept of utilizing SWWS for the treatment/discharge of a variety of 
wastewaters where these discharges are made within the scope of LANL's Waste Acceptance 
Criteria (WAC) for the SWWS facility. as set forth in NMED's Los Alamos National Laboratory 
Drilling, Development, Rehabilitation and Purge Water Decision Tree - Revised 31/212010 
guidance document. Similarly, NMED recognizes that LANL could safely dispose ofa variety of 
waste streams by discharging them to SERF for treatment or to the Sigma Mesa evaporation 
basins for disposal. The discharge of sanitary wastewater from the various holding tanks to 
SWWS needs to be clearly included in the permit and flexibility for replacement/new tanks 
should be addressed in the application and any subsequent permit that NMED issues. However, 
all these discharge options need to be proposed by LANL in a comprehensive application for 
permit renewal and modification so that the ramifications can be fully considered by NMED and 
if appropriate, authorized under a modified/renewed permit. 
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In addition, on April 28, 2006, NMED received a ground water Discharge Permit application 
(DP-1589) from LANL for 14 septic tanklleachfield systems. On August 21, 2007, NMED 
received a letter from LANL titled: "Modifications; Ground Water Discharge Pennit 
Application, Domestic Wastewater Septic Systems". The letter identified the following 
modifications to the septic systems addressed in the application for DP-1589: 

1) Ten septic systems have been added to the discharge permit application, 

2) Three inactive septic syst~ms have been removed from the discharge permit application, 

3) Three septic systems required modifications to the name or system description, and; 

4) One septic system is scheduled for replacement. 


Responding to LANL's request concerning the status of this application, NMED notified LANL 
staff in a recent meeting that LANL failed to complete the public notice requirements associated 
with the application. Furthermore, LANL's addition of new septic systems to the application 
constitutes a modification of the application and requires that the public notice accurately reflect 
the activities to be permitted. 

Given these facts, NMED deems the Discharge Permit Application (DP-1589) received April 28. 
2006 to be administratively incomplete pursuant to Section 20.6.2.3109.H NMAC of the New 
Mexico Water Quality Control Commission Regulations (20.6.2 NMAC). NMED requires that 
LANL re-submit a complete and up-to-date application for DP-lS89 for all septic tank 
discharges on LANL property within 90 days of tJ:ae date of this letter (by July 6,2010)•. 

When submitted, the application should address: 

• 	 The'volume, sou~ and characteristic of all wastewaters that LANLintends to discharge to 
the existing ·septlc tank systems ·(and new systems anticipated to 'be constructeii for the 
foreseeable future), 

• 	 The location of all septic tank systems on LANL property, clearly identified on a scaled map. 
• 	 The location of all existing or proposed new septic tank systems, by Section, Township and 

Range, and; 
• 	 All other information sought in NMED's Discharge Permit application form. 

Alternately, LANL has the option of withdrawing the current application for DP-1589 and 
including the sanitary septic tank systems in the application for Renewal and Modification of 
DP-857. This would be preferable, as DP-857 would then become and all encompassing. 
"municipal and industrial wastewater reclamation facilities" permit. 

Please note that the public notification requirements for applicants have changed and LANL will 
be required to fulfill the following notification for each application submitted for new permits, or 
renewal/modification of existing permits: 

1. 	 For each 640 contiguous acres or less of a discharge site, prominently posting a synopsis of 
the public notice at least 2 feet by 3 feet in size, in English and in Spanish, at a place 
conspicuous to the public, approved by the department, at or near the proposed facility for 30 
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days; one additional notice, in a fonn approved by and may be provided by the department. 
shall be posted at a place located off the discharge site. at a place conspicuous to the public 
and approved by the departinent; the department may require a second posting location for 
more than 640 contiguous acres or when the discharge site is not located on contiguous 
properties; 

2. 	 Providing written notice of the discharge by mail, to owners of record ofall properties within 
a 113 mile distance from the boundary of the property where the discharge site is located; if 
there are no properties other than properties owned by the discharger within a 1/3 mile 
distance from the boundary of property where the discharge site is located. the applicant shall 
provide notice to owners of record of the next nearest adjacent properties not owned by the 
discharger; 

3. 	 Providing notice by certified mail, return receipt requested, to the owner of the discharge site 
if the' applicant is not the owner; and 

4. 	 Publishing a synopsis of the notice in English and in Spanish. in a display ad at least three 
inches by four inches not in the classified or legal advertisements section, in a newspaper of 
general circulation in the location ofthe proposed discharge. 

Because LANL is located on a contiguous piece of property, the "boundary of the discharge site" 
is in fact the property boundary of the Laboratory itself. If all discharges discussed in this letter 
are combined into DP-857. all Sections, Townships and Ranges occupied by the Laboratory 
should be identified as existing or potential discharge sites in the pennit application and public 
notifications. Please prepare for the fulfillment of these requirements while compiling the 
dfscharg~ permit application(~) far Submittal. The application can be foUnd on-line at: 

http://www.nmenv.state.nm.us/gwb/fo~lNewMexicoEnvironmentDepartment
Ground'Wat~.ualityBureau-Forms.htrn 

If you have any questions, please contact either Robert George at (505) 476-3648 or George 
Schuman at (505) 827-2945. 

Sincerely, 

William C. Olson, Chief 
Ground Water Quality Bureau 

WO:GK,RG 

cc: 	 Charles De Saillan, NMED-OGC 
Robert Italiano, Manager, NMED District II 
James Vincent, NMED Santa Fe Field Office 
Glenn Saums, Acting Chief, NMED SWQB 
Richard Powell, NMED SWQB 
James Bearzi, Chief, NMED HWB 

http://www.nmenv.state.nm.us/gwb/fo~lNewMexicoEnvironmentDepartment
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Steven Yanicak, NMED-DOE-Oversight Bureau 
Erik Galloway, NMED-DOE-Oversight Bureau 
County File 
Gene Turner, LASO-EO, Los Alamos National Laboratory, A316, Los Alamos, NM 

87545 
Michael B. Mallory, PADOPS, Los Alamos National Laboratory, AI02, Los Alamos, 

NM 87545 
Chris Cantwell, ADESHQ, Los Alamos National Laboratory, K491, 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, MS K497, Los Alamos, 

NM 87545 
Jacob Meadows, ENV-RCRA, Los Alamos National Laboratory, K490, Los Alamos, 

NM 87545 
Mark Haagenstad, ENV-RCRA, Los Alamos National Laboratory, K490, Los 

Alamos, NM 87545 
Charles Barnett, UI-DO, Los Alamos National Laboratory, J972, Los Alamos, NM 

87545 
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Environmental Protection Division 
Water Quality & RCBA (ENV-RCBAJ 
P;O. Box 1663, Mail Stop K490 Date: August 9, 2007 
Los Alamos, New Mexico 87545 Refer To: ENV-RCRA: 07-200 
(505) 667-06661FAX: (505) 667-5224 	 LA-UR: 07-4738 

Mr. Robert George, Domestic Team Leader 

Ground Water Pollution Prevention Section 

Ground Water Quality Bureau 

New Mexico Environment Department 

1190 St. Francis Drive 

P.O. Box 26110 

Santa Fe, New Mexico 87502-6110 


Dear Mr. George: 

SUBJECT: 	 MODIFICATIONS, GROUND WATER DISCHARGE PERMIT 

APPLICATION, DOMESTIC WASTEWATER SEPTIC SYSTEMS 


On April 27, 2006, Los Alamos National Laboratory (Laboratory) submitted, at your agency's 
request, a discharge pennit applitation for the disCharge ofdomestic wastewater from the 
14 septic t8nkJ1each fi,eld systems at the·Laboratory ~NV-RCRA: 06-071, LA-UR-06-2894). 
Subsequently, the Laboratory conductet;l a Septic System Survey in which new iDformation was 
obtained abOut the domestic W8.$tewatet' septic systems currently in operation at the Laboratory. 
The purpose of the survey was to update the original application through fieid verification ofall 
active septic systems: The survey's findings are being presented to your agency as modifications 
to the April 27, 2006"discharge pennit application. A summary of these modifications are as 
follows: 

• Ten septic systems have been added to the discharge permit application, 
• Three inactive septic systems have been removed from the discharge permit application, 
• 'fllree septic systems required modifications to the name or system description, and 
• One septic system is scheduled for replacement. 

A detailed discussion ofeach of these modifications to the discharge permit application is 

presented below. 


An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for DOEINNSA 
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Mr. Robert George -2- August 9, 2007 
ENV-RCRA: 07-200 

Added Systems 
Table 1.0 lists ten active septic systems identified by the Septic System Survey that were not 
listed in the April 26, 2006, discharge permit application. Tables 1.0 and 2.0 ofthe April 27, 
2006, discharge permit application have been revised to include the ten systems. In addition, the 
original soil map (Figure 1.0) and depth-to-groundwater-map (Figure 16.0) have been revised 
and are presented in Attachment 1.0 along with new location maps for each ofthe ten septic 
systems. 

Eight ofthe ten septic systems being added to the discharge pennit application are either 

registered or permitted by the State ofNew Mexico, Environmental Improvement Division, 

under the Liquid Waste Disposal and Treatment RegUlations, 20.7.3 NMAC. Copies ofthe 

approved registration forms and permit applications are presented in Attachment 2.0. The 

registrations or pennits for the remaining two septic systems have not been confirined. 


Removed Systems: TA-15-0061, TA-15-0284, and TA-lS-0039 
Three inactive septic systems, TA-15-0061, TA-15-0284, and TA-18-0039, have been removed 
from the discharge permit application. Field verification confirmed that the water supplies to 
fixtures connected to each septic system have been disconnected. 

ModirJed Septic Systems 
Table 1.0 lists three septic systems whose original name or description has been modified due to 
new information obtained during the Septic System Survey. These changes are as follows: 

1. 	 TA-16-U9.4/1195 
The previously unknown tank size has been identified as 1500 gallons. The previously 
identified disposal_system~ a_filter trench, has been determined to be a leach field. 

2. 	 TA-33-0161 
The previously unknown tank size has been identified as 2500 gallons. The previously 
identified disposal system, a sand filter, has been determined to be an evaporation bed. 

3. 	 TA-36-0078 

This system has been renamed as TA-36-0274. 


Septic Systems Scheduled for Replasement 
The Septic System sUrvey identified problems with septic system T A -33-0031 and, as a result, 
the system has been removed from service and is scheduled for replacement. The TA-33-0031 
septic system consists ofa 1,360 gallon septic tank and two seepage pits. The seepage pits are 
plugged and the septic tank is subject to back-ups and overflows. In June 2007, the TA-33-0031 
septic system was removed from service and replaced with a temporary toilet trailer. Wastewater 
from the toilet trailer's holding tanks is trucked to the Laboratory's TA-46 Sanitary Wastewater 
Systems (SWWS) Plant. Work has begun on designing a replacement septic system for TA-33
0031. Plans and design specifications for the replacement system will be filed with your agency 
as soon as they become available. 

An Equal Opportunity Employer I Operated by Los Alamos Nationa' Security LLC for OOEINNSA 
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Mr. Robert George - 3 - August 9, 2007 
ENV·RCRA: 07-200 

Please call me at 505-667-7969 if you have any questions regarding this information. 

Sincerely, 

~-----
Bob Beers 

Water Quality & RCRA (ENV-RCRA) Group 


BB:tag 

Enclosures: als 

Cy: 	 Marcy Leavitt, NMED/SWQB, Santa Fe, New Mexico, w/enc. 
Steve Yanicale, NMED DOE/OB, Santa Fe, New Mexico, w/enc. 
Matthew Johansen, DOEILASO, w/enc.,MS A316 
Gene Turner, DOEILASO, w/enc., MS A316 
Michael B. Mallory, P ADOPS, w/o enc., MS AI02 
Richard S. Watkins, ADESHQ, w/o enc., MS K491 
Tori George, ENV-DO, w/o enc., MS J978 
Tony Grieggs, ENV-RCRA, w/o enc., MS K490 
Mike Saladen, ENV-RCRA, w/enc., MS K490 
Crystal Romero, MSS;..UI, w/enc., MS K718 
Charles -Samtm, SSS-UD.M02, w/efJc., MS A199 

",,"

Ramiro MarqueZ, SSS-UD-M02, w/enc., MS A199 

Ranc;lyJohnson.. ENV-RCRA, w/enc., MS K490 

ENV-RCRA File, w/enc., MS K490 

IRM-RMMSO, w/enc., MS AlSO 


An Equal Opportunity Employer I Operated by Los Alamos National Security LLC for OOEINNSA 
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Los Alamos National Laboratory 8/2/2007 
Ground Water Discharge Permit Application 
Domestic Wastewater Septic Systems--REVISED 812107 

Orlainal SeDtlc S' - .•- - -- --- -- ...... ------ -- -

TA-15-0205 TA-15-184, 185, 186,310 605 Lea~,Field 160 1961 214/19871 LA-21 
TA-16-0178 TA-16-210 380. leach Field2 20 1952 214/1987 LA-39 

3 TA-33-OO31 TA-33~19, 39, 113, 114, 168 Seepage Pit1360 1200 1949 21511987 LA-32 
TA-33-0179 TA-33-178 1.000 Leach Field 30 19874 1217/1989 SF89032R 
TA-39-0132 TA-39-111 1000 Leach Field 150 1985 1/20/1989 SF8900245 
TA-49-0118 TA-49-113 1000 ETBed 180 1990 11/1811990 LA-496 
TA-49-0119 TA-49-115 1000 90 11/16/19901990 LA-SO7 ET~ 

Seepage Pit 1300 215/1987TA-52-0099 TA-52-35,36 2SOO' 2002 LA-598 

Oralnal SeDtlc S - - --- Reaulrlna Modlfl - --  -  - ---  o -

9 TA-16-1194/11953 TA-16-54 15006 Leach Fisld7 40 1988 21511987 LA-38 l 
! 

10 TA-33-0161 4 TA-39-2, 98, 62 25006 Evaporation BedB 1200 1952 2/511987 LA-44 I 
11 TA-36-02745 TA-36-78 '1000 Leach Field SO 2003 8/19/2003 ES030243 I 
5eptlc 5ystems to De Added to DISCharge Plan Ap )lIcatlon 
12 TA-11-0043 TA-11-3,24 ~OO Leach Field 20 
13 TA-15-0569 TA-15-312 1000 Leach Field 150 

14 TA-33-0096 TA-33-87 768 Leach Field 20 

15 TA-39-0089 TA-39-89 unknown Leach Field unknown 

16 TA-40-0024 TA-4o,.1, 23 1215 Leach Field 740 

17 TA-40-0025 TA-40·11 540 Leach Field 100 

18 TA·58-0052 TA-58-0049 unknolNn Leach Field unknown 

19 TA-66-O()03 TA-66-oo01 2000, S~epage Pit 240 

20 TA·69-0010 TA·69-0002 1000 seepage Pit unknown 

21 TA-72-0018 TA-72-8 39 .'_. 2000 , Lei\ch Field 600 

1963 2/5/1987 LA-13 
1989 10/30/1989 SF890589 

1955 2/511987 LA-34 
unk unknown unknown 
1949 2/5/1987 LA-45 
1949 215/1987 LA-46 
unk unknown un~nown 

1988 6/1/1988 SF880258 

1986 215/1987 LA-12 I 
1989 1/12/1989 SF890025 

tml!l;. 
'Discharge Rates cited are the system design capacities listed on the NM Uquid Waste Disposal Permit Applications for each system, 


2This system is inactive, 

'This system was originally registered as TA-16-17S, The septic tank was replaced and the system was renamed, 


4This system was originally registered as TA-39-12 and also known as TA-39-1 04,' The'septic tank was replaced and the system was renamed. 


sFonnerly listed as TA-36-0078. 

",'The tank size was previously listed as "unknown". 

7The disposal system Was prevously listed as "filter trench", ", 

'The diSJXl.$-l·~vstem was prevously listed as "sand filter". 

ET meati .potranspiration bed. 



Los Alamos National Laboratory 81212007 
Ground Water Discharge Permit Application 
Domestic Wastewater Septic Systems-REVISED 812107 

Table 2.0. Septic Systems, Occupant Loading and Estimated Discharge Volumes 

~ 
1Based upon the design flow rate of 20 gallons per day for offices per 20.7.3.201 NMAC. 


2The laboratory has no means of estimating the discharge volumes from buildings without any full-time occupants. 
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Viet, Chris, NMENV, 11:37 AM 711712006, RE: LANL Septic Tank Discharge Plan Application 

X-Sieve: CMU Sieve 2.2 
Subject: RE: LANL Septic Tank Discharge PJan Application 
Date: Mon, 17 Jul2006 11:37:02 -0600 
X-MS-Has-Attach:. 
X-MS-1NEF -Correlator: 
Thread-Top£: LANL Septic Tank Discharge PJan Application 
Thread-Index: AcamqtcXMIFweNFnTT6MDZdkBOHooQDBlIvw 
From: ''V£k, Chris, NMENV"<cn.vick@state.nm.us> 
To: ''Robert Beers" <bbeers@Janlgov> 
x-originaIAniva£rme: 17 Jul2006 17:38:42.0396 (UTC) FILETIME=[D89669CO:01 C6A9C7] 
X-Prootpoint-Spam: 0 
X-PMX-Version: 4.7.1.128075 

Bob, the DP was deemed administratively complete on May 12, 2006. At 
some point this swnmer I would like to visit LANL and inspect a few of 
the systems. 

Chris 

-----Original Message----
From: Robert Beers [mailto:bbeers®lanLgov] 
Sent: Thursday, July 13,2006 12:33 PM 
To: Vick;ChriS:NMENV 
Cc: saladen_michaeU@JanLgov 
Subject: LANL Septic Tank Discharge Plan Application 

Chris, 

I wanted to inquire about the status of the April 27, 2006, Ground 
Water Discharge Plan Application for the Laboratory's 14 domestic 
wastewater septic systems. 

Have you detennined if the Laboratory's application is 
administratively complete? 

Thanks, 
Bob 

ConfJdentiality Notice: This e-mail. inCluding aD attachments is for the sole use of the intended recipient(s) 
and may contain confidential and privileged information. Any unauthorized review, use, disclosure or 
distnbution is prohibited unless specificaJIy provided under the New Mexico Inspection of Public Records 
Act.lfyou are not the intended recipient, please contact the sender and destroy all copies of this message. 

Printed for Robert Beers <bbeers@lanl.gov> 1 

mailto:bbeers@lanl.gov
mailto:bbeers�lanLgov
mailto:NMENV"<cn.vick@state.nm.us
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From: Robert $. Beers 
To: 'Robert $. Beers" 
Subject: FW: RE: Septic Tank/leachfield construction 
Data: Monday, May 10, 2010 2:26:35 PM 

Subject: RE: Septic TanklLeachfield construction 

Date: Mon, 17 Ju12006 16:03:40 -0600 

From: "Vick, Chris, NMENV" <chris.vick@state.nm.us> 

To: "Timothy Zimmerly" <tzimmer@lanl.gov> 

Cc: <saladen@lanl.gov>, "Mark P Haagenstad" <mph@lanl.gov> 


Tim, 

Go ahead with the instaHation as long as the septic tank/leachfieJd systems are installed and Sized per 
the guidelines and regulations of 20.7.3 NMAC (Liquid Waste Regulations). 

Chris 

From: Timothy Zimmerly [ mailto;17immer@lanl.gov] 
Sent: Monday, July 17, 2006 3:42 PM 
To: Vick, Chris, NMENV 
tc: saladen@lanl.gov; Mark P Haagenstad 
Subject: Fwd: Septic Tank/Leachfield construction 

Chris, 
Per our conversation earlier, the Laboratory is ready to install the WJACs septic tank system 
and no further testing or approval is required for the unit. All PE stamped plans and 
specifications have been submitted to the NMED GWQB as of 6/14/2006. Please let me 
know if this is accurate. 
Thank you 
Tim 

Tim Zimmerly, CPESC, CISEC 
Water Quality a RCRA Group 
Los AlamoS National Laboratory 
NSK490 
Los Alamos, NM 87545 
email: zimmerlyO/anl.gov 
0~ce:505-664-0105 
cell: 699-7621 
fax: 505-665-9344 

http:zimmerlyO/anl.gov
mailto:saladen@lanl.gov
mailto:mailto;17immer@lanl.gov
mailto:mph@lanl.gov
mailto:saladen@lanl.gov
mailto:tzimmer@lanl.gov
mailto:chris.vick@state.nm.us
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NATIONAL LAIOIATORV 
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Environmental, Safety, Health and Quality Assurance 
Water Quality and RCRA (ENVP-3) 
P.O. Box 1663, Mail Stop K490 Date: June 14,2006 
Los Alamos, New Mexico 87545 Refer To: ENVP-3-06-010 
(50S) 667-0666IFAX: (505) 665-5224 LA-UR: 06-4146 

Mr. William C. Olson, Chief 
Ground Water Quality Bureau 
New Mexico Environment Department 
1190 S1. Francis Drive 
P.O. Box 26110 
Santa Fe, New Mexico 87502-6110 

SUBJECT: 	 SUBMITTAL OF NEW TA-58/62 SEPTIC TANK SYSTEM AND T A-61 
HOLDING TANK AT THE SECURITY PERIMETER PROJECT AT LOS 
ALAMOS NATIONAL LABORATORY 

Dear Mr. Olson: 

Enclosed for your reView are the drawings and specifications for the TA-58/62 septic tank system 
and TA-61 holding tank for the Security Perimeter Project (SPP) at Los Alamos National Laboratory 
(LANL). The signed drawings and specifications (Enclosures 1 and 2) for the tanks are being sent to 
you as addendums to the TA-58/62 septic tank system which is an addendum to the Groundwater 
Discharge Plan application for Domestic Wastewater Septic Systems, dated April 27, 2006. The 
septic tank system will be installed on approximately June 21, 2006 at the West Jemez Access 
Control station. . . 

Additionally, the TA-61 holding tank is an addendum to LANL'sTA-46 SWWS Plant Groundwater 
Discharge Plan (DP-857). This holding tank will be installed on approximately June 21,2006 near 
the County Landfill entrance at East Jemez Road. 

Please call Tim Zimmerly at (505) 664-0105 ifyou have questions or if additional infonnation 
would be helpful. 

Sincerely, 

"lf~ 

Anthony R. Grieggs, Group Leader 

Water Quality & RCRA Group (ENVP-3) 


An Equal Opportunity Employer I Operated by the University ofCalifomia for DOEINNSA 
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Mr. Wilfl~ C. Olson -2- June 16, 2006 
ENVP-3-06-010 

AT:TZIlm 

Enclosure: als 

Cy: S. Yanicek, NMEDIDOE/OB, Santa Fe, NM, w/enc. 
B. Lucas, NMED/SWQB Santa Fe, NM, w/enc. 
C. Vick, NMED/GWQB, Santa Fe, NM, w/enc. 

Gene Turner, NNSAlLASO, w/enc., MS A316 

T. George, ENV -DO, w/o enc., MS J978 
T. Sandoval, ENVP-3, w/o enc., MS K490 
B. :ae~s, ENVP-~, w/o enc., MS K490 
M. Haagenstad, ENVP-3, w/enc., MS K490 
M. Saladen, ENVP-3, w/o enc., MS K490 
T. Zimmerly, ENVP-3, w/enc., MS K490 

ENVP-3 File, w/enc., MS K490 

IM-9, w/enc., AlSO 


An Equal Opportunity Employer I Operated by the University ofCalifornia for OOEINNSA 
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State ofNew Mexico 

ENVIRONMENT DEPARTMENT 


Groll1Ul Water (/)udity Bureau 

Harold Runnels Building 


1190 SL FrlUlCis Drive, P.O. Box 26110 

Stmlll Fe, New Mexico 87502-6110 


Telephone (50S) 827-2918 

Bn.L RICHARDSON 

GOVERNOR FIIX (50S) 827-2965 CINDY PADILLA 
ACI'INO DEPurYSECRETARY 

May 23, 2006 

RE: 	 Administrative Completeness Determination and Applicant's Public Notice 
Requirements, DP-lS89, LANL S.~ptie Systems 

Dear Discharge Permit Applicant: 

The New Mexico Environment Department (NMED) received a Ground Water Discharge 
Permit Application from you on April 28, 2006. Pursuant to Section 20.6.2.3106 NMAC ofthe 
New Mexico Wafer Quality Control Commission Regulations (2016.2 NMAC), NMED 
determined on May 12, 2006 that your application is administratively complete. 

\ 
'Wtf4in 30 day'~ ofthe; submission ofan ~stratively comple~-Discharge PermitAppJication, 
you must provide public notice using one ofthe 3 options listed in Section 20.6.2.3108 NMAC. 
You selected public notice option # 3. The instructions and materials needed to complete this 
option are enclosed. 

A technical reviewer will contact you within the next few months if additional information is 
needed to process your application. Ifyou have a ~~(lline ofconcern in the interim or any 
questions, please call the Ground Water Quality Bureau at (505) 827-2900. 

Sincerely, 

,ADAtl' {Ja. udUJI"-

t J r William C. Olso~ Chief 

Ground Water Quality Bureau 


Attachments: 
Public Notice 1 (mail to property owner and property owners within Y1 mile) 
Instructions for Option #3 



," 

Public Notice 1 

DP-1589 


DP-1589, Los Alamos National Laboratory Septic Systems, Edwin Wilmot, Manager, proposeS 
to discharge up to 4,460 gallons per day ofdomestic wastewater to a treatment and disposal 
system. Potential contaminants from this type ofdiScbatgeinclude nitrogen compounds. The 
facilities are located in Los Alamos National Laboratory property in Los Alamos CountY, 
Ground water beneath the site is at a depth ofapproximately 500 - 1260 feet and bas a total 
dissolved solids concentration ofapproximately 150 • 200 milligrams per liter. 

Information in this public notice was provided by the applicant and will be verified by the New 
Mexico Environment Department during the permit application review process, NMED will 
accept comments and statements ofinterest regarding the application and will create a. facility 
specific majJjng list for persons who wish to receive future notices. Comments and statements of 
interest should be sent to ChristopherVick, DP-1589, Ground Wamr Quality Bureau, PO Box 
26110, Santa Fe, NM 87502. For additional information, please call (505) 827..2900. 

Applicant: 
Edwin W'tlmot, Manager 
NNSA LASO, 528 35th 8t 
Los Alamos, NM 87544 
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.to., 
j LosAlamos 

NATIONAl.. LABORATORY 
-'.. tST.1943· .. ---.-' 

Environmental Stewardship Division 
Water Quality & Hydrology Group (ENV-WQH) 
P.O. BoX 1663, Mail Stop K497 Date: April 27, 2006 

Los Alamos. New Mexico 87545 Refer To: ENV-WQH: 06-071 

(50S) 667-7969IFAX: (505) 665-9344 LA-UR: 06-2894 


Mr. William C. Olson, Chief 

Ground Water Quality Bureau 

New Mexico Environment Department 

1190 St. Francis Drive 

P.O. Box 26110 

Santa Fe, New Mexico 87502-6110 


SUBJECT: 	 GROUND WATER DISCHARGE PLAN APPLICATION, DOMESTIC 

WASTEWATER SEPTIC SYSTEMS 


Dear Mr. Olson: 

On~a.rP.h l6. 2006, Lo~ Ala1n~s National LaJ;pz:atory (Laboratory) received your notification that a 
Discllarge.Pen:bit is reqUired for the discharge ofdomestic wastewater from the multiple s~tic 
tanklleach field systems in -operation at the Laboratory (copy enclosed). Following this notice, on 
March 17, 2006, the Laboratory received an e-mail from Mr. Christopher Vick (NMED) which 
extended the due date for the completed application until May 1,2006 (copy enclosed)._ And on 
March 22, 2006, I met with Mr. Vick and Ms. Pamela Homer (NMED) to discuss in detail the 
preparation ofthis discharge pennit application. I would like to thank Mr. Vick and~. Homer for 
their support in this effort. 

Enclosed are three copies of the Discharge Permit application for the Laboratory's 14 septic systems. 
Also enclosed is the $100.00 filing fee required by the New Mexico Water Quality Control 
Commission Regulations. 

All 14 of the Laboratory's septic systems are either registered or permitted by the State ofNew 
Mexico, Environmental Improvement Division, under the Liquid Waste Disposal and Treatment 
Regulations, 20.7.3 NMAC. Copies ofthe approved registration forms and pennit applications are 
presented in Attachment 2.0 of this application. Please note that there are three additional septic 
systems at Los Alamos National Laboratory that are owned and operated by other federal agencies; 
these three systems have not been included in this application. 

The Worfd's Greatc!it Scienc:e Protectfng Ameri(;a 


An Equal Opportunity Employer I Operated by the University ofCalifornia for DOEINNSA 
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Mr. William C. Olson -2- April 27, 2006 
ENV -WQH: 06-071 

During the process ofpreparing this application it became apparent that infonnation on the volume 
ofdomestic wastewater being discharged from each septic system was not always available. As a 
result, in CY2006 the Laboratory will conduct a Septic System Survey to better characterize the 
occupant loading and wastewater generated from each building connected to these 14 septic systems. 
The survey's findings will be reported your agency as soon as they are available for release. In 
addition, the survey's fmdings will be used to update and/or modify information presented in this 
application. 

Please call me at (505) 667-7969 ifyou need any additional information concerning this Discharge 
Pennit application. 

Sincerely, 

, . 
-. 
/)d" i~·· 
Bob Beers 

Water Quality & Hydrology Group 


BB/tml 

Enclosures: als ".. 

Cy: M. Leavitt,-~ED/SWQB, Santa Fe, NM, w/o enc. 
S. Yanicek, NMED DOE/OB, Santa Fe, NM, w/enc. 
M. Johansen, NNSAlLASO, w/o enc., MS A316 
G. Turner, NNSAlLASO, w/enc., MS A316 
K. Hargis, ENV-DO, w/o enc., MS 1591 
D. Stavert, ENV-DO, w/o enc., MS J591 
T. George, ENV-ES, w/enc., MS J591 
J. Dewart, ENV-ERS, w/enc., MS M992 
S. Rae, ENV-WQH, w/enc., MS K497 
M. Saladen, ENV-WQH, w/enc., MS K497 
D. Padilla, PM-UI, w/o enc.,MS K718 
C. Romero, PM-VI, w/enc., MS K718 
R. Marquez, SSS-UWGW, w/enc., MS A199 

ENV-WQH File, w/enc., MS K497 

IM-9, w/enc., MS A150 


The World's Greatest Science Protecttng America 
An Equal Opportunity Employer I Operated by t't!e University ofCalifornia for DOEINNSA 



.- .~ 

Vick, Chris, NMENV, 12:44 PM 3/1711006, DPRequired - LANL septic taak systems 

X-Sieve: eMU Sieve 2.2 

Subject: DP Required - LANL septic tank systems 

Date: Fri, 17 Mar 2006 11 :44:26 -0700 

X-MS-Has-Attach: 

X-MS-1NEF-Correlator: 

Thread..TopE: DP Required - LANL septic tank systems 

Thread-lDiex: AcZJ8tCYmBTX+sNMrt+1 TgbBlgn6rw= 

From: ''VEk, Cn, NMENV" <cn.vick@state.mn.us> 

To: <bbeers@1anlgov> 

Cc: <pameIaJXlmer@11IIlCDV.state.nm.us> 

X-OriginalA.nivalTme: 17 Mar200618:41:39.04SS (UTC)FILE11ME=[6D7E60FO:OIC649F2] 

X-Proo1Point-Spam: 0 

X-PMX-Versbn: 4.7.1.128075 


Bob-

Per our dmcussion ttm morning (03.17.06), NMED wiD relax the due 
date for the completed application from AprilS, 2006 to May 1,2006. 

Chris 

ChriStOpher F; Viek 
Hy4rolopt 
Groundwa~r Pollution Prevention Section 
New Mexico Department ofEnvironment 
Harold Runneh Building 
PO Box 26110 
1190 St Francis Drive 
Santa Fe, NM 87502 
Phone (50s) 827-0078 
Fax (50S)' 827-2965 

ConfJdentillity Notice: '!bE e-mail, including aD attachments is for the sole use ofthe intended rec..,ient(s) 
and may contain confJdential and privileged infonnation. Any unauthorized review, use, &losure or 
distnbuti:m mprohibited un1ess specifIcaBy proviied under the New Mexico Inspection of Pub& Records 
Act. Ifyou are not the iltended recipient, please contact the sender and destroy aD copies ofthm message. 
...- ThB email has been scanned by the Sybari - Antigen Email System. 

Priated for Robert Beers <bbeers@Jaal.gov> 1 
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State ofNew Mexico 

ENVIRONMENT DEPARTMENT 
Ground Water Quality Bureau 

Haroltl Runnels Building 

1190 Sf. FrllJl.cis Drive, P.O. Box 26110 

San'" Fe, New Mexico 87502-611 0 

BILL RICHARDSON 
GOVERNOR 

Telephone (505) 827-2918 

FIlX (505) 827-2965 

RON CURRY 
SECRETARY 

DERRITH WATCHMAN·MOORE 
DEPUTYSECRETARY 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

March 16, 2006 

Edwin Wilmott, Manager 
Office ofLos Alamos Site Operations 
National Nuclear Security Administration 
U.S. Department ofEnergy 
528 35th Street 
Los Alamos, New Mexico 87544 

Robert W. Kuckuck 
University ofC~ifornia 
P.O. Box H;63 . 

Mail Stop AIOO· 

Los Alamos, NM 87545 


RE: Discbarge Permit Required for Los Alamos National Laboratory 

Dear Mr. Wilmot and Mr. Kuckcuck: 

The Ground Water Quality Bureau of the New Mexico Environment Department (NMED) has 
received infonnation regarding the existence ofmultiple septic tank/leachfield systems that 
receive orily domestic waste at Los Alamos National Laboratory (LANL). You are hereby 
notified that a Discharge Permit is required for the discharge from these septic tank-Ieachfield 
systems pursuant to Section 20.6.2.3104 NMAC ofthe Water Quality Control Commission 
(WQCC) Regulations (20.6.2 NMAC - copy enclosed). 

The septic tankIleachfield systems at LANL that receive only domestic waste are subject to the 
Discharge Pennit requirement because they are part ofa "sewerage system," at the 
facility, .as defined in Section 20.6.2.7 NMAC. The discharge ofdomestic wastewater to this 
sewerage system exceeds 2,000 gallons per day and therefore does not qualify for the Discharge 
Permit exemption described in Section 20.6.2.31 05(B) NMAC. In December 2002 the WQCC 
confinned that the "sewerage system" consists ofall discharging systems whether or not they are 
interconnected. A copy ofthe WQCC Decision and Order is enclosed for your information. 

http:20.6.2.31
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To apply for a Discharge Pennit, please submit three copies of the enclosed Discharge Pennit 
application within 30 days ofthe date ofthis letter (by 04-08-2006), Be sure to include alHhe 
items on the Completion Checklist, including plans and specifications for your proposed 
wastewater management system-including conveyance, collection, treatment, distribution and 
disposal-as required by Section 20.6.2.1202 NMAC. Application processing typically requires 
several months. In the interim, you may continue discharging from existing systems tllat have 
liquid waste permits. For any proposed new systems, you may request temporary permission to 
discharge without a Discharge Permit for a nonrenewable period ofup to 120 days for good 

cause. 


Any appeal of this detennination that a Discharge Permit is required must be made to the New 
Mexico Water Quality Control Commission within 30 days ofreceipt of this letter, in accordance 
with Section 20.6.2.3112.B NMAC. 

Ifyou have any questions, please contact either Cluis Vick at 505:..827-0078 or George SchumaIl; 
Program Manager of the Ground Water Pollution Prevention Section, at 505-827-2900, 

William C. Olson, Chief 
GrOl,Ul~.Water.Qqa1ity ~Ureau 

WO:cv 

enc: 	 Discharge Permit Application 
New Mexico Water Quality Control Commission Regulations, 20.6.2 NMAC 
Decision and Order, WQCC, dated December 23, 2002 

cc: 	 Tom Slo.bitski, District Manager, NMED District I 
NMED Rio Rancho Field Office 
DP Required File 

Kate Lynnes, Hazardous Waste Bureau, 2905 Rodeo Park Drive, Building 1, Santa Fe, 
NM87505 

Steven Rae, Group Leader, Water Quality & Hydrology Group, Risk Reduction & 
Envjronmental Stewardship Division, Los Alamos National Laboratory, MS K497 
Los Alamos, NM 87545 

·Bol)B~!.W~~~~~.a.tJ,4'Hydro1ogy ~xg?J::o~~1,c'i~Jl~~e~.~ ~n~enta1 
Stew~hlp,;QM$.lOn"Los'Alamos National Laboratory, MS''g497,"J.:;(;s Af~os,
Nld87545 
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State ofNew Mexico 
ENVIRONMENTDEPAR1?MENT 

Field Operations Division 
5500 San Antonio Drive, NE 

BILL RICHARDSON 
GOVERNOR 

Albuquerque, New Mexico 87109-4150 
Telephone (505) 222-9500 

FIIX (505) 222-9510 
www.nmenv.state.nm.us 

RON CURRY 
SECRETARY 

ANA MARIE ORTIZ 
DIRECTOR 

February 17, 2006 

Mr. Steve Rae 
Group Leader. ENV-WQH 
PO Box 1663, Mail Stop K497 
Los Alamos, NM 87545 

Re: Application for Septic Tank System Pennit for Security Perimeter Road Project, West 
Jemez Road at TA-58/62 

Dear Mr. Rae: 

We are in receipt of your application for a liquid waste pennit for the project indicated above. I 
have fOlwarded your application to Ms. Pamela E. Homer, Geoscientist for the Ground Water 
Quality Bureau. (Ms. Homer can be reached at New Mexico Environment Department, Ground 
Water Quality Bureau, PO Box 26110, Santa Fe, NM 87507. Her phone number is 505-827
0018, Fax, 827-2965). 

The design flow from your proposed on-site liquid waste treatment and disposal installation, in 
co~bi,nation with the design flows from other liquid waste installations within the boundary of 
the LANL property exceed the 2,000 gallon per day discharge limit established in 20.7.3.2 
NMAC for a unified parcel of land [20.7.3.7.L.(9)]. Therefore, the proposed liquid waste 
system and the existing liquid waste systems for which liquid waste pennits have been 
previously issued must be considered together under 20.6.2 NMAC the Ground and Surface 
Water Protection regulations. 

Please contact Ms. Homer for further infonnation about how to proceed with your application 
for a Discharge Pennit. If you have any questions or if I can be of any assistance I may be 
reached at (505) 222-9555. 

cc: Pamela Homer 
Tim Zimmerly, ENV-WQH 
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