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RobertS. (Stu) Dinwiddie, Ph.D. 
Manager, RCRA Permits Management Program 
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New Mexico Environment Department 
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Dear Dr. Dinwiddie: 

Subject: Submittal of Final LANL Hydrogeologic Workplan 

Please find enclosed the following documents: 

• Hydrogeologic Workplan, Final Version 
• 1998 Annual Status Summary Report 
• Minutes from March 30, 1998 Annual Meeting 
• Response to the Supplemental Information Request 

The Hydrogeologic Workplan, Final Version, incorporates the LANL/DOE commitments 
described in the response to the Supplemental Information Request, February 5, 1998, and the 
discussions which took place with your staff on March 23 , 1998. Future changes to the 
Hydrogeologic W orkplan will be defined during the Quarterly and Annual Meetings and will be 
documented in the meeting minutes from these discussions as well as the Annual Report, or 
other reports as necessary. 

In order to maintain an accurate distribution list for this material, the Laboratory will maintain a 
list of individuals who have requested copies of the Final Hydrogeologic Workplan. If you have 
any questions regarding the Final Hydrogeologic Workplan or the associated documents 
submitted with this package, please call Charlie Nylander at (505) 665-4681 or Bonnie Koch at 
(505) 665-7202. 

Sincerely, 

L~t!;t 
LAAME:6BK-O 10 Office of Environment 
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P. 0. Box 26110 
Santa Fe, NM 87505 

J. Kieling 
Hazardous and Radioactive Materials Bureau 
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J. Young 
Hazardous and Radioactive Materials Bureau 
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P. 0. Box 26110 
Santa Fe, NM 87505 

J. Parker 
DOE Oversight Bureau 
New Mexico Environment Department 
2044 Galisteo St., Building A 
P. 0. Box 26110 
Santa Fe, NM 87505 

M. Leavitt, Bureau Chief 
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New Mexico Environment Department 
1190 St. Francis Drive 
P. 0 . Box 26110 
Santa Fe, NM 87502 

P. Bustamante 
Ground Water Quality Bureau 
New Mexico Environment Department 
1190 St. Francis Drive 
P. 0. Box 26110 
Santa Fe, NM 87502 

J. Davis 
Surface Water Quality Bureau 
New Mexico Environment Department 
1190 St. Francis Drive 
P. 0. Box 26110 
Santa Fe, NM 87502 

J. David Duran 
Underground Storage Tank Bureau 
New Mexico Environment Department 
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P. 0. Box 26110 
Santa Fe, NM 87502 
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RobertS. (Stu) Dinwiddie, Ph.D. 

Department of Energy 
Albuquerque Operations Office 

Los Alamos Area Office 
Los Alamos, New Mexico 87544 

FEB 0 5 1938 

RCRA Permits Management Program 
Hazardous and Radioactive Materials Bureau 
New Mexico Environment Department 
2044 Galisteo Street, Building A 
P. 0. Box 26110 · 
Santa Fe, NM 87505 

Dear Dr. Dinwiddie: 

Subject: Request for Supplemental Information (SI) for the Hydrogeologic Workplan 

The Department of Energy (DOE) and Los Alamos National Laboratory (LANL) are providing 
the subject SI in response to your January 26, 1998 letter, which requests submittal of the SI 
within five days of receipt of your notification of extension denial. Your letter was received at 
DOE on January 30, 1998. 

I would like to tharik your staff for working with DOE/LANL ahead of the due date for this 
document so that an adequate response to your November 17, 1997 request for SI for the 
Hydrogeologic Workplan might be developed. This work included a number of telephone 
conversations and a meeting to review with your staff proposed LANL responses to the SI. 
Although LANL staff had planned to pursue this process over a longer period of time, we 
understand that an extension for the full time period that DOE/LANL originally requested for an 
extension on December 18, 1997 was not possible, given NMED constraints. 

If you have any questions concerning this letter or the enclosure, please contact Bonnie Koch of 
my staff at 665-7202 or Charlie Nylander of LANL/ESH-18 at 665-4681. 

LAAME:3BK-022 

Enclosure 

cc: 
See page 2 

Sincerely, 

I J . Lf--~ 
Joseph C. Vozella 
Assistant Area Manager 
Office of Environment 



Dr. RobertS. (Stu) Dinwiddie 
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D. Neleigh 

Environmental Protection Agency 
Region 6 
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1445 Ross Avenue 
Dallas, TX 75202-2733 
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New Mexico Environment Department 
LANL, MS-J993 

J. Ordaz, DP-13, HQ 
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C. Nylander, ESH-18, LANL, MS-K497 
J. Canepa, EMlER, LANL, MS-M992 
J. White, ESH-19, LANL, MS-K490 
D. Couclunan-Griswo1d, ERD, AL 
J. Buckley, ERD, AL 

cc w/o enclosure: 
B. Garcia, Bureau Chief 

Hazardous and Radioactive Materials Bureau 
New Mexico Environment Department 
2044 Galisteo Street, Building A 
P. 0 . Box 26110 
Santa Fe, NM 87505 

J. Kieling 
Hazardous and Radioactive Materials Bureau 
New Mexico Environment Department 
2044 Galisteo Street, Building A 
P. 0 . Box 26110 
Santa Fe, NM 87505 

M. Leavitt, Bureau Chief 
Ground Water Quality Bureau 
New Mexico Environment Department 
1190 St. Francis Drive 
P. 0. Box 26110 
Santa Fe, NM 87502 

J. Parker 
DOE Oversight Bureau 
.New Mexico Environment Department 
2044 Galisteo Street, Building A 
P. 0. Box 26110 
Santa Fe, NM 87505 

J. Davis, Bureau Chief 
Surface Water Quality Bureau 
New Mexico Environment Department 
1190 St. Francis Drive 
P. 0. Box 26110 
Santa Fe, NM 87502 

H. Le-Doux, Deputy Area Manager, LAAO 
J. Vozella, AAME, LAAO 
V. George, EMlER, LANL, MS-M992 
S. Rae, ESH-18, LANL, MS-K497 
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Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

General Comment 1 
"HRMB recommends that quarterly "progress " meetings occur in addition to the 
meeting scheduled for March. This will provide a regular forum for communication 
between l.ANL and HRMB to discuss issues such as the DQO process outputs, new data, 
etc .. HRMB also recommends communication between NMED and DOEII.ANL 
regarding updates, changes, decisions, etc. in the form of phone calls, E-Mail, and 
faxes." 

General Comment 1 Response 
LANL and DOE agree with HRMB on the need to establish and maintain open 
communication lines to facilitate decision-making when groundwater characterization data 
are collected. Quarterly meetings would be an excellent forum for maintaining the flow of 
communication. The Groundwater Integrating Team (GIT) is the DOEILANL 
organization that will compile all groundwater characterization data collected, integrate 
the data, and make refmements to the conceptual model. As it is refmed, the conceptual 
model will be the basis of decisions regarding the location and types of data collected 
from subsequent wells. The GIT will meet with HRMB on a quarterly basis to discuss 
refinements to the conceptual model. Communication outside of quarterly meetings will 
be in a form appropriate to the informational content and regulatory requirements. 

General Comment 1(A) 
"l.ANL should submit to HRMB in January all available documents regarding the 
proposed Workplan negotiation meeting for March. This will enable HRMB to 
adequately review documents prior to the negotiation meeting." 

General Comment l(A) Response 
DOEILANL concur with the need for HRMB to have adequate review time prior to the 
March negotiation meeting. This frrst year the documents will not be ready until March. 
However, in future years the Annual Report and associated documents will be submitted 
to HRMB in January. In years when the documents are submitted in January, DOE/LANL 
would like to encourage HRMB to provide comments and concerns on the Annual Report 
and associated documents prior to the March meeting to facilitate discussion and decision­
making during the negotiation meeting. 

General Comment 1(8) 
"HRMB reminds l.ANL that the HSWA Module currently requires that within thirty ( 30) 
days of the completion of each well a report is due to HRMB." 

General Comment 1(8) Response 
LANL acknowledges the requirement for submittal of a well report within 30 days of 
completion of a well. 

02/02198 



Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

General Comment l(C) 
"Describe how the data gathered from the progression of this Workplan, RFI Reports, 
etc. will be condensed and presented to the HRMB prior to the proposed March 
meetings. Document if the excluded data will be readily available on FIMAD or another 
data base by this time. " 

General Comment l(C) Response 
DOEILANL intend to evaluate all of the valid data collected during the preceding fiscal 
year that could be used to refme the conceptual model. The data will be from any 
program at LANL that collects environmental data- Environmental Restoration Project, 
Environmental Surveillance, Waste Management, NEPA, facilities, etc. These data and 
the resulting refmements to the conceptual model will be summarized in the Annual 
Report, which will be submitted to NMED prior to the March meetings. All valid data 
will be available from the Facility for Information Management, Analysis, and Display 
(FIMAD). The conceptual model is will be refmed by incorporating all of the available 
valid data; therefore, no valid data will be excluded. 

General Comment 2 
"The Hydrogeologic Workplan should be coordinated and consistent with the Watershed 
Management Project Plan, the Canyons Investigation Core Document and subsequent 
canyon and site-specific workplans and reports. The Workplan should also coordinate 
OBIOD/other permitting activities (e.g., TA-14, -15, -36, -39 OBIOD permit)" 

General Comment 2 Response 
DOEILANL concur with the need for consistency between Laboratory programs and have 
taken positive steps to ensure that consistency and coordination. One step is that the 
Hydrogeologic Workplan Planning Team and the Watershed Management Planning Team 
consisted of representatives of several LANL programs areas to ensure coordination of 
efforts. A second step is the establishment of the G IT which consists of representatives of 
various LANL programs areas, also to ensure coordination. A third step is the 
coordination of well drilling, construction, and sampling techniques between the 
Environmental Restoration Program and the Defense Program-funded program, as 
documented in a Memorandum of Understanding and a December 17 memo from the 
Laboratory Director, John Browne which assigns roles and responsibilities for completing 
the work described in the Hydrogeologic Workplan. DOEILANL do not believe it is 
appropriate to revise previously submitted documents ~ for the purpose of making 
them consistent with the Hydrogeologic Workplan. 

Other permitting activities will be coordinated within the aggregates as part of the 
comprehensive approach to characterization described in the workplan. 

General Comment 2(A) 
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Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

"Please state clearly how investigations and characterization efforts from the Core 
Document for Canyons Investigations, Watershed Management, etc. will be integrated by 
the Workp/an." 

General Comment 2(A) Response 
As described in the response to General Comment 1( C), all of the valid data that could 
be used to refme the conceptual model collected during the preceding fiscal year will be 
described in the Annual Report. The Annual Report will be submitted to NMED in 
January (after 1998) each year. The GIT will be the integrating entity, responsible for 
summarizing the data and making refmements to the conceptual modeL The GIT is 
composed of representatives from several program areas at LANL to ensure that all of the 
valid data available is incorporated into the conceptual model so that decisions about 
subsequent characterization activities can be made. 

General Comment 3 
"If modifications, as outlined in the Corrective Action Flow Process, to the Canyons 
Investigation Core Document, any subsequent canyon-specific workplans and reports, 
and the Watershed Management Project Plan affect this document, please provide an 
addendum to this workplan. " 

General Comment 3 Response 
DOEILANL concur with the need to maintain consistency and coordination between 
programs. Modification of the Hydrogeologic Workplan are expected and intended to 
occur as a result of refmements to the conceptual model as more characterization data are 
collected. These changes to the Hydrogeologic Workplan will be discussed and agreed to 
during negotiation meetings with the NMED. The discussions and agreements made 
during the negotiation meeting will be summarized in an annual addenda that will be 
distributed as an appendix to the workplan. In this way, complete revision of the 
Hydrogeologic Workplan each year will not be necessary. 

Programs conducted pursuant to regulatory requirements other than RCRA, like the 
Watershed Management project, are intended to ensure a comprehensive approach to 
groundwater protection and are not enforceable through the Hydrogeologic Workplan. 

General Comment 4 
"It would be useful if LANL provided a glossary containing pertinent definitions." 

General Comment 4 Response 
DOEILANL agrees to provide a glossary containing pertinent definitions in the fmal 
Workplan submitted to HRMB. 

General Comment 5 
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Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

"Please provide a figure or figures (plates in Appendix 6?) illustrating the proposed 
alluvial, intermediate, and regional welllQcations relative to the existing alluvial, 
intermediate, and regional wells (please label existing wells). Also, be sure to revise text 
and reference the appropriate figure that illustrates the location of the referenced 
well(s)." 

General Comment 5 Response 
DOEILANL agrees to provide a map showing both proposed and existing wells and to 
change the references in the text in the fmal Workplan submitted to HRMB. 

General Comment 6 
"IANL should provide a table and figure indicating the sampling locations (spring, 
surface, and groundwater) that have had at any time detected radioactive or hazardous 
constituents equal to or above an acceptable regulatory standard or "background" 
(include analyte, detected concentrations, dates observed, currently above 
background/MCL, filtered/unfiltered)." 

General Comment 6 Response 
DOEILANL concur with the need to identify all areas where contaminants have been 
detected equal to or above an acceptable regulatory standard or "background". Tasks 
described in the Hydrogeologic Workplan are intended to accomplish this. The tasks are 
listed on Table 3-1. One task that is critical to completing this compilation is the in­
progress background study to establish what the expected background distributions. When 
they are complete, the data will be submitted under separate cover and will be summarized 
in the Annual Report. 

Please note that the data on radioactive contaminants will be submitted voluntarily, but 
radioactive substances are not under the authority of RCRA. 

General Comment 7 
"HRMB recommends that the tasks identified in Tables 3·1 and 3-2 and other tasks such 
as compilation of spring and well data, be prioritized and tentative schedules be 
developed by HRMB and l.ANL. This could be accomplished in a meeting pursuant of 
the approval of this workplan. " 

General Comment 7 Response 
DOEILANL agrees that the tasks listed in Tables 3-1 and 3-2 are critical to characterizing 
the groundwater regime beneath the Laboratory. Much of the data are currently available 
in the annual environmental surveillance reports and the ER Project reports. Progress 
made on these tasks will be described in the Annual Report. Criteria for prioritizing these 
tasks can be discussed at the meeting in March. 
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Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

General Comment 8 
"The Workplan indicates that the one time sampling of the intermediate systems 
(sampled as regional aquifer wells are installed) will occur. One time sampling is not 
likely to provide enough information to "characterize" the intermediate groundwater 
systems. HRMB recommends that quarterly meetings occur to discuss installation and 
prioritization of wells. 

General Comment 8 Response 
DOEILANL chose to characterize the hydrogeologic setting of LANL by drilling, logging, 
installing and sampling wells to the regional aquifer without installing separate 
intermediate depth wells because this approach provides the greatest amount of 
characterization data. This approach was discussed with NMED representatives at a 
meeting on August 7, 1996 and consensus with the approach is documented in a letter 
sent to NMED on September 11, 1996 (addressed to Dr. Ed Kelley, subject: The 
proposed Los Alamos National Laboratory (Laboratory) Groundwater Protection 
Strategy and Related Data Quality Objectives and Decision Flow Process) The following 
reasons are rationale for this approach: 

• The presence of intermediate zone(s) is controlled by geologic structure and the 
geology across the Lab 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 was 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 suflicient degree to develop an adequate 
detection monitoring system. Wells that may be needed to monitor the intermediate 
zone(s) will be considered as part of the monitoring system design. 

Sampling and testing the intermediate zone within the borehole is expected to provide 
adequate characterization data to make decisions regarding the need to continue 
monitoring the intermediate zone. This is supported by data presented at an August 7, 
1996 meeting with NMED (documented in a letter sent to Dr. Ed Kelley on September 
11, 1996, Subject: The Proposed Los Alamos National Laboratory (Laboratory) 
Groundwater Protection Strategy and Related data Quality Objectives and Decision Flow 
Processes). The data consists of analytical results from four wells (P0-4, POI-4, LADP-
3. and LAOI-1.1) that were sampled from the borehole before the well was installed and 
on a quarterly basis from completed wells. The major ion chemistry and tritium analyses 
were in good agreement for all of the wells. Data from a fifth well, LAO-B. was 
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Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

presented to show the variation that can be expected in quarterly sampling from completed 
wells. Based on these data, adequate characterization of the intennediate zones will be 
accomplished by sampling and comprehensive analyses of groundwater within the 
borehole and pore water from the core. 

The information gathered during the characterization will be used to design a detection 
monitoring network that almost certainly include monitoring wells in the intermediate 
zone. However, until the characterization effort described in the workplan is complete, 
the number and location of intennediate zones wells can not be determined. 

General Comment 9 
"As the Canyons team (from Field Unit 4) are already mobilized, producing results, and 
currently drilling R-9, HRMB suggests expanding the role of the Canyons team to 
encompass the investigations outlined in this workplan. " 

General Comment 9 Response 
DOEILANL agree with the need to have knowledgeable and experienced teams drilling 
and installing the wells and collecting data. DOE/LANL retain the responsibility of 
identifying, selecting, and acquiring resources to complete these activities. To maintain 
efficiency and consistency and to promote economies of scale, the Laboratory announced 
on December 17 that the ER Program will be the construction manager for all of the wells 
described in the Hydrogeologic Workplan. 

General Comment 10 
"Please check the Table of Contents. Section 3.3.2 is incorrectly identified" 

General Comment 10 Response 
DOEILANL agrees to correct the Table of Content in the fmal Hydrogeologic Workplan. 

Specific Comments: Section 1.2, Comment 1 
Figure 1-1, 1D#48 (page1-5), indicates the first "Annual NMED Negotiation Meeting for 
Fiscal Year 1998" is scheduled for the second quarter of 1999. Please clarify if the 
meeting is scheduled for 1999 or the second quarter of FY98 as indicated in the text." 

Specific Comments: Section 1.2, Comment 1 Response 
DOEILANL intends to hold the first Annual NMED Negotiation Meeting on March 31, 
1998 (second quarter of FY98). Figure 1-1 will be corrected to reflect this date in the 
fmal Hydrogeologic Workplan. 

Specific Comments: Section 1.5, Comment 1 

6 
02/03/98 



Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

"Clarify the Canyon Scenario ( 1-4) that addresses releases to ground and surface water 
via contaminated soils and sediments in the DQO process is not clear" 

Specific Comments: Section 1.5, Comment 1 Response 
DOEILANL agree that the Canyon scenario description should be clarified to reflect all of 
the contaminant transport pathways that were used in developing the DQO outputs shown 
in Appendix 4. In the DQO outputs for each canyon, decision 4 is: "Are the alluvial 
sediments and uppennost subsurface water (USSW) from various present and legacy 
sources at contaminant concentrations greater than a regulatory limit or risk level?" The 
questions that were considered to resolve this decision included: 'What are the 
concentrations of these contaminants in sediments and USSW?'' When data are used to 
answer this question and resolve the decision, then releases to groundwater and surface 
water via contaminated soils and sediments has been addressed. 

Specific Comments: Section 1.5, Comment 2 
"Please clarify whether there are eight or nine aggregates. There are only eight( B) 

aggregates described, not nine as mentioned on page 1-17 and in section 4.2. " 

Specific Comments: Section 1.5, Comment 2 Response 
DOEILANL agree to make the fmal Workplan internally consistent with respect to the 
number of aggregates. There are nine aggregates. Eight of the aggregates are specific 
areas containing one or more canyons and adjacent mesas. The ninth aggregates is the 
region of the Pajarito Plateau beneath LANL. The decisions that must be resolved for the 
regional aggregate are large scale, e.g. recharge areas, water supply. 

Specific Comments: Section 1.5, Comment 3 
"The decisions developedfrom scenarios (Canyon and Mesa) delineated from the Data 
Quality Objective (DQO) process overlook some HRMB concerns. Below is a partial list 
of concerns:" 

Specific Comments: Section 1.5, Comment 3 Response 
DOEILANL believe that it is important to address all of HRMB concerns as soon as 
possible in the planning process. DOEILANL hope to discuss the full list of HRMB 
concerns prior to implementing the work described in this Workplan. 

Specific Comments: Section 1.5, Comment 3(A) 
Although the contaminants in various ground water occurrences may not currently 
exceed regulatory limit or risk level what provisions are there in the DQO process for 
future impacts to ground water. IANL should document how this is incorporated into the 
DQO for the Workplan." 

Specific Comments: Section 1.5, Comment 3(A) Response 
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Los Alamos National Laboratory 
· Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

DOE/LANL concur with the need to address potential future impacts from releases. The 
DQO process presented in the Workplan explicitly addresses present and potential future 
impacts by collecting data to determine if pathways exist that would allow migration of 
contaminants to groundwater. Figure 1-4 is the decision flow diagram for groundwater 
protection. One the left side of the diagram are a series of decision diamonds that are used 
to determine whether groundwater currently exceeds standards. On the right side of the 
diagram are decision diamonds that establish whether pathways exist that may allow 
contamination to occur in the future. If source terms and pathways exist, then remedial 
actions may be necessary. The pathways decision shown in Figure 1-4 are incorporated in 
the DQO process as a decision and associated questions that must be answered to resolve 
the decision in each aggregate. Existing and newly-collected data are used to characterize 
sources and pathways to address this issue. As shown in Appendix 4, Aggregate 1, pages 
6-7, the decision and questions are: 
Decision: 

"what are the pathways for exposure to contaminants from alluvial sediments and 
uppermost subsurface water?'' 

Questions: 
• "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? 
• Groundwater movement from intermediate perched zones to Regional Aquifer? 
• Are fractures and faults important contaminant transport pathways for liquids in 

canyons?" 
When existing and newly collected data are utilized to answer these questions and resolve 
the decision, the potential for future impacts to groundwater has been addressed. 

Specific Comments: Section 1.5, Comment 3(B) 
"As suiface water is part of the hydrogeological cycle, LANL should incorporate suiface 
water decisions/concerns into the Canyon and Mesa scenarios." 

Specific Comments: Section 1.5, Comment 3(B) Response 
DOEILANL agree that surface water impacts groundwater as it inflltrates and the 
groundwater impacts surface water when it discharges in springs and other surface water 
bodies. However, requirements of the Clean Water Act are not enforceable under this 
document. The fmal Workplan will contain revised scenario descriptions to clarify the 
inclusion of surface water in the decision-making process. The impact of surface water 
has been addressed in the DQO outputs. For the canyons, under decision 1, question 1 the 
effect of storm water and NPDES outfalls is listed (for example, Appendix 4, Aggregate l, 
p. 1 ). Also, the recharge of alluvial water from surface water is addressed in Decision 6, 
question l (for example, Appendix 4, Aggregate 1, p. 6). For the mesas, the impact of 
surface water is addressed under Decision 1, question 4 (for example, Appendix 4, 
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Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

Aggregate 1, p. 8). The impact of springs discharging to surface water is evaluated under 
the mesa scenarios (for example Appendix 4, Aggregate 1, p. 12). 

Specific Comments: Section 1.5, Comment 4 
"Although determination of the cumulative impacts of spatially related technical areas 
(TAs) is useful, HRMB questions the use of aggregates as outlined in this workplan. 
HRMB is concerned that impacts to the hydrogeologic system by other Potential Release 
Sites (PRSs) not included within an aggregate will be overlooked." 

Specific Comments: Section 1.5, Comment 4 Response 
To ensure that the potential impacts from PRSs not included in an aggregate are not 
overlooked, the entire length of each canyon and mesa have been evaluated using the 
DQO process. 

Specific Comments: Section 1.5, Comment 4(A) 
"Please clarify the applicability/usefulness of aggregates as this approach is unclear to 
HRMB" 

Specific Comments: Section 1.5, Comment 4(A) Response 
DOEILANL agree to clarify the description of the aggregate approach in the fmal 
Workplan. The utility of the aggregates is two-fold. First, aggregates facilitate assessing 
the cumulative impact of multiple sources on the groundwater. This avoids the pitfall of 
fmding no groundwater impacts on a PRS-by-PRS basis, where as the cumulative impact 
of the PRSs together may warrant remedial action. Second, the aggregate approach 
prioritizes areas where impacts are most likely to occur, so that resources are not spent on 
areas likely to have no problems. The aggregates are grouping of PRSs in close proximity 
to each other. Assessing the cumulative impact of a group of PRSs is a more effective use 
of resources than to attempt to assess each PRS individually, and has the same outcome -
the remediation of groundwater contamination and sources of potential groundwater 
contamination. Further, focusing fmite resources on areas that are likely to have problems 
is another effective use of resources. The aggregate approach also has a regulatory 
precedent in the waste management area in 40 CFR 264.95b2, where a line circumscribing 
a number of related waste units can be used to define a waste management area. 

Specific Comments: Section 1.5, Comment 4(8) 
"Describe the criteria for how each of the aggregates was defined." 

Specific Comments: Section 1.5, Comment 4(8) Response 
DOEILANL agree to clarify how the aggregates were designated in Section 1 of the fmal 
Workplan. In general, the aggregate boundaries were drawn to encompass groups of 
PRSs within canyons and on adjacent mesa tops. The boundaries are proximal to 
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Los Alamos National Laboratory · 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

geographic groupings of PRSs and/or similar operational functions. This is indicated in 
the individual aggregate descriptions in Section 4 (for example, see Section 4.3.1.1 ). 

Specific Comments: Section 1.5, Comment 5 
"Many issues discussed in a letter, Subject: Concerns Regarding the Proposed Los 
Alamos National Laboratory Groundwater Protection Strategy, The Data Quality 
Objectives and the Decision Flow Process dated July 24, 1996, were not addressed in the 
Hydrogeologic Workplan. Please address the issues discussed in the letter (e.g. the 
inappropriate use of • 50 gallons/day yield used to define ground water and regulator 
input to the DQO process). " 

Specific Comments: Section 1.5, Comment 5 Response 
DOFJLANL valued NMED's input throughout the planning process that resulted in the 
Hydrogeologic Workplan. The referenced letter contains 7 issues, all of which were 
discussed with HRMB at a meeting on August 7, 1996 and documented in a letter sent to 
NMED on September 11, 1996(addressed to Dr. Ed Kelley, subject: The Proposed Los 
Alamos National Laboratory (Laboratory) Groundwater Protection Strategy and Related 
Data Quality Objectives and Decision Aow Process). The resolution of these issues were 
incorporated as appropriate in the draft workplan submitted in December, 1997. Those 
issues and their resolutions are as follows: 
I. Issue: Use definitions consistent with regulatory defmitions. Resolution: Appendix 3 

contains the August 15 version of the "Los Alamos National Laboratory Groundwater 
Protection Strategy". This version of the Strategy incorporates definitions from the 
New Mexico Water Quality Control Commission and the Environmental Protection 
Agency. 

2. Issue: Use of 50 gallons/day to defme groundwater. Resolution: The yield of a 
water-bearing zone is not being used to determine i!' the water should be protected, 
but to decide which standards apply. As described in the strategy, standards for 
constituents in listed RCRA (40 CFR 264.94) will be applied to water encountered. 
If an Alternate Concentration Level (ACL) must be proposed, then the yield would be 
used to determine which WQCC standards are applicable. For water-bearing zones 
that yield less than 50 gallons per day, the abatement standards (20 NMAC 6.2, 
Subpart IV) apply. For water-bearing zones that yield greater than 50 gallons per 
day, the groundwater standards (20 NMAC 4.1) are applied. 

3. Issue: Replacing intermediate wells with Regional Aquifer wells. Resolution: This 
approach to hydrogeological characterization was discussed with NMED during a 
meeting on August 7, 1996 (documented in a letter sent to Dr. Ed Kelley on 
September 11, 1996, Subject: The Proposed Los Alamos National Laboratory 
(Laboratory) Groundwater Protection Strategy and Related data Quality Objectives 
and Decision Flow Processes). The rationale for this approach is described in greater 
detail in the response to General Comment 8. There was consensus with this 
approach by the HRMB staff present at the meeting. 

4. Issue: Regulatory input within the DQO process and the decision flow. Resolution: 
There were four meetings in spring/summer of 1996 to obtain regulatory input on the 
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DQO process and the decision flow. The draft Hydrogeologic Workplan submitted in 
December 1996 reflects the input received during those meetings. 

5. Issue: Quantification of sources of sufficient magnitude. Resolution: In the DQO 
outputs in the Hydrogeologic Workplan only the aggregate containing Guaje, Rendija, 
and Barrancas Canyons was considered to have sources of insufficient magnitude to 
impact groundwater. This determination is based on current knowledge and historical 
data. If, as the ER Project progresses, this determination appears to be questionable, 
the GIT in consultation with NMED will establish new data collection for the 
aggregate and will document it in the Annual Report. 

6. Issue: HSWA permit conditions listed at each step of DQO process and decision flow. 
Resolution: The DQO process and the decision flow are intended to characterize the 
hydrogeologic setting of the Laboratory to a sufticient degree such that an adequate 
detection monitoring system can be developed. As such, the entire process addresses 
the requirements of the HSW A permit. The process was intended to be a 
comprehensive response to regulatory requirements, so no one step or decision 
corresponds to a particular HSW A permit conditions. 

7. Issue: Historical pulse release of contaminants. Resolution: The decision flow begins 
with an evaluation of existing data. One purpose of the evaluation is to determine 
where pulses might be expected. It shows an evaluation of current groundwater 
problems and potential future problems through pathway analysis. Long-term 
monitoring will be used to detect pulses of contamination. 

Specific Comments: Section 1.5, Comment 6 
"HRMB reminds l.ANL that in 50 years, contaminants are already found in the 
intermediate groundwater systems and the regional aquifer. Therefore some of the DQO 
process decisions may not be appropriate. " 

Specific Comments: Section 1.5, Comment 6 Response 
DOEJLANL acknowledge the presence of anthropogenic substances in the groundwater at 
some locations beneath the Laboratory. The Groundwater Protection Management Plan 
and the Hydrogeologic Workplan demonstrate the Laboratory's commitment to protecting 
groundwater quality and quantity by pollution prevention and remedial activities. The 
DQO process was used because it is action-oriented. The decisions are statements of 
what observations will cause DOE/LANL to take an action. The observation that 
anthropogenic substances are present in groundwater above a specified concentration will 
lead to an appropriate remedial response. 

Specific Comments: Appendix 4, Comment 1 
"Page 2, Decision Rule for New Data: If there is saturation in the alluvium, then 
determine which standards apply". Clarify which swndards need to be determined." 

Specific Comments: Appendix 4, Comment 1 Response 
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DOE/LANL have included collecting data on the yield of alluvium in order to determine 
which standards apply. As described in the strategy, standards for constituents in listed 
RCRA (40 CFR 264.94) will be applied to water encountered. If an Alternate 
Concentration Level (ACL) must be proposed, then the yield would be used to determine 
which WQCC standards are applicable. For water-bearing zones that yield less than 50 
gallons per day, the abatement standards (20 NMAC 6.2, Subpart IV) apply. For water­
bearing zones that yield greater than 50 gallons per day, the groundwater standards (20 
NMAC 4.1) are applied. 

Specific Comments: Appendix 4, Comment 2 
"Pages 3 and 4, Decision Rule for New Data: utilizing an average yield ( • 50 
gallons/day) to determine if WQCC and 20 NMA C 4.1 groundwater standards apply. See 
comment 5 previous section. II 

Specific Comments: Appendix 4, Comment 2 Response 

DOE/LANL have proposed 50 gallons/day as a numerical value of yield to determine 
whether saturation can be defmed as "groundwater" under 20 NMAC 4.1. If the yield is 
sufficient to classify the water as "groundwater" under the defmition in 20 NMAC 4.1 
then the standards applicable to groundwater will be applied. If the yield is not sufficient 
to be "groundwater", then the water is considered uppermost subsurface water and the 
abatement standards (20 NMAC 6.2, Subpart IV) will be applied. 

Specific Comments: Appendix 4, Comment 3 
"Provide rationale for the decisions based on " .... various present and legacy sources at 
contaminant concentrations greater than some regulatory limit or risk level?". HRMB is 
concerned these decisions may miss some contamination that is possible in the future due 
to migrating contaminant plumes and sediments. II 

Specific Comments: Appendix 4, Comment 3 Response 
DOE/LANL concurs with the concern regarding future contamination. The DQO process 
was used to ensure these concerns are addressed. The cited decision is only the ftrst in a 
series of decisions that will be resolved for each aggregate. The complete set of decisions 
is illustrated in the Decision Flow Diagram (Figure 1-4). As shown on this ftgure, the 
ftrst decisions are focused on present day contamination by evaluating the water quality as 
it exists now. Other decisions (see for example the right side of Figure 4-1 and Appendix 
4, pages 6-7) are focused on potential future contamination by determining whether 
sources and pathways exist that may allow contaminant migration. 

Specific Comments: Appendix 4, Comment 4 
"HRMB recommends action be taken prior to contaminant detection in the regional 
aquifer. The DQO process, for example page 3 of Aggregate 5 (Cafion de Valle), implies 
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if COPCs are detected in the Regional Aquifer only then will remedial options be 
evaluated. Contamination detected in the intermediate ground water systems, for 
example, may trigger the evaluation of remedial options. " 

Specific Comments: Appendix 4, Comment 4 Response 
DOFJLANL share the concern that contaminants detected in an upper water-bearing zone 
may warrant remedial options. As illustrated on Figure 4-1, the detection of contaminants 
in any water bearing zone leads to both an evaluation of remedial options and the 
decisions regarding pathways. If there are pathways that would allow contaminants to 
migrate to other water-bearing zones, then remedial options will be evaluated. 

Specific Comments: Appendix 4, Comment 5 
"The potential for vapor-phase migration of contaminants should be addressed where 
tritium, organics, etc. are of concern (e.g., TA-33-Ancho Canyon-Chaquehui Canyon, 
Los Alamos Canyon, DP Canyon, etc.)" 

Specific Comments: Appendix 4, Comment 5 Response 
DOEILANL agree that vapor-phase migration should be addressed and have included data 
collection for contaminants amenable to vapor phase transport (see for example Aggregate 
1, pages 11-12). Vapor transport occurs in any scenario, but is driven mostly by the 
presence and concentration of contaminant sources. 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 1 
"As the geology is important to the hydrogeology, I.ANL should provide a geologic map. 
In addition, generalized stratigraphic cross-sections of I.ANL should be included to 
better illustrate the heterogenic distribution of geologic units observed on the Pajarito 
Plateau." 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 1 Response 
DOEILANL agree with the need to include a geologic map. A geologic map will be 
included in the fmal Hydrogeologic Workplan. There are seven generalized stratigraphic 
cross-sections included in the document which are judged to be sufficient for illustrating 
the heterogeneity across the Laboratory. These cross sections will also be referenced in 
this background section in the fmal Hydrogeologic Workplan. 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 1A 
"LANL should include on the geologic map(s), the Pajarito Fault Zone, Rendija and 
Guaje Mountain Faults, fracture swarms, slump blocks and other features." 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 1A Response 
DOEILANL concur with the need to show features of significance to the hydrogeologic 
setting. The geologic map included in the final Hydrogeologic Workplan will include 
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existing data on geologic features necessary to interpret the hydrogeologic setting and to 
assess pathways for contaminant migration. 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 2 
"Clarify, if known, what bounds the eastern boundary of the "Chaquehui Formation" 
(e.g. fault?)." 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 2 Response 
The nature of the eastern boundary of the ''Chaquehui Formation" is unknown. A 
statement regarding the uncertain nature of the eastern boundary will be added to the text 
in the fmal Hydrogeologic Workplan. 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 3 
"Although potentially a significant hydrogeologic feature, the "Chaquehui Formation" 
of Purtymun (1995), has not been recognized, HRMB recommends not using "Chaquehui 
Formation" instead, refer to the upper coarse-grained facies of the Santa Fe Group or 
state that the "Chaquehui Formation" is not formally recognized and use quotes around 
the name (Core Document for Canyons Investigations, 4/97)." 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 3 Response 
The fmal Hydrogeologic Workplan will follow the stratigraphic usage in the Core 
Document for Canyons Investigations, 4/97. 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 4 
"l.ANL should provide descriptions of the basic characteristics of the various soil types 
identified at I.ANL. This may be accomplished by adding a table with basic descriptions 
of the Carjo, Frijoles, etc. " 

Specific Comments: 2.1.2.1 Bedrock Stratigraphy, Comment 4 Response 
A table with basic descriptions of the soil types at LANL will be included in the fmal 
Hydrogeologic Workplan. 

Specific Comments: 2.1.3.1 Surface Water, Comment 1 
"l.ANL should provide locations and extent of the identified perennial reaches and 
surface water. HRMB suggests this information be incorporated into Figure 2·6." 

Specific Comments: 2.1.3.1 Surface Water, Comment 1 Response 
The perennial surface water reaches will be added to Figure 2-6 in the fmal Hydrogeologic 
Workplan. They are included to ensure a comprehensive approach to groundwater 
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protection, but requirements of the Clean Water Act are not enforceable through this 
document. 

Specific Comments: 2.1.3.1 Surface Water, Comment 1A 
"The Department of Energy-Oversight Bureau (DOE-OB) has indicated to HRMB that 
there are six canyons that contain perennial reaches within laboratory boundaries, not 
the four indicated in the text. DOE-OB includes Pajarito, Ancho, Chaquehui, Twomile, 
Threemile Canyons and Canon de Valle. Currently, perennial surface-water flow in 
Water Canyon does not extend onto the western boundary of I.ANL (see comment 2 this 
section). The perennial flow in Twomile and Threemile Canyons is supported by 
Anderson and TA-18 Springs respectively." 

Specific Comments: 2.1.3.1 Surface Water, Comment 1A Response 
The four perennial surface water reaches within the Laboratory boundary include: Ancho, 
Water, Pajarito, and Chaquehui Canyons. A spring on DOE property within the western 
Laboratory boundary occurs in Pajarito Canyon, i.e. perennial flow has been noted in 
Pajarito Canyon associated with Homestead Spring. Springs near the Rio Grande in 
Water, Ancho, and Chaquehui Canyons are within the eastern Laboratory boundary. The 
additional springs that have been located by the NMED Oversight Bureau, will 
investigated under the tasks described in the Workplan. These springs and any new 
springs that are identified their flow characteristics will be evaluated, and they will be 
added to the inventory of springs and the Workplan text regarding perennial reaches of 
surface water will be amendedd, as appropriate. 

Specific Comments: 2.1.3.1 Surface Water, Comment lB 
"The DOE-OB has also noted to HRMB that perennial flow from Starmer Gulch and 
Arroyo de Ladelfe should be included in the discussion of perennial reaches in Pajarito 
Canyon." 

Specific Comments: 2.1.3.1 Surface Water, Comment lB Response 
Same as 2.1.3.1 Comment lA above. 

Specific Comments: 2.1.3.1 Surface Water, Comment 2 
"Please provide a table listing all known springs. Include range of observed flow rates, 
contaminants detected, concentrations, dates of sampling, and unit. Illustrate the 
location of each spring on Figure 2-8." 

Specific Comments: 2.1.3.1 Surface Water, Comment 2 Response 
DOFJLANL concur with the need to identify the locations and characteristics of all 
springs at the Laboratory. As agreed with NMED during discussions on the Core 
Document for Canyons Investigations, spring data will be included with each canyon­
specific workplan. 
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Specific Comments: 2.1.3.1 Surface Water, Comment 3 
"Provide the locations of all swface water gauging stations at IANL." 

Specific Comments: 2.1.3.1 Surface Water, Comment 3 Response 
The location of all surface water gaging stations will be included on Figure _ in the fmal 
Hydrogeologic Workplan. 

Specific Comments: 2.1.3.2 Groundwater, Comment 1 
"Figure 2-8 incorrectly identifies the north branch of Ancho Canyon as Indio Canyon." 

Specific Comments: 2.1.3.2 Groundwater, Comment 1 Response 
The mis-identification of Indio Canyon will be corrected in the fmal Hydrogeologic 
Workplan. 

Specific Comments: 2.1.3.2 Groundwater, Comment 2 
"Please includ_e the Technical Areas on Figures 2-7 and 2-8." 

Specific Comments: 2.1.3.2 Groundwater, Comment 2 Response 
The Technical Areas will be included on Figures 2-7 and 2-8 in the fmal Hydrogeologic 
Workplan. 

Specific Comments: 2.1.3.2 Groundwater, Comment 3 
"Please clarify wh~re the results of an extensive monitoring study of alluvial ground 
water are presented. The paragraph is unclear whether the "study" is found in 
Abrahams et al. ( 1961) and the six references following Abrahams et al. ( 1961) or the 
Purtymun reviews. " 

Specific Comments: 2.1.3.2 Groundwater, Comment 3 Response 
The referenced paragraph is incorrectly worded. It should say "The results of extensive 
monitoring studies of the alluvial groundwater in Mortandad Canyon . . ... ". The fmal 
Hydrogeologic Workplan will include this correction. 

Specific Comments: 2.1.3.2 Groundwater, Comment 4 
"Please indicate if I.ANL recognizes a separate perched groundwater occurrence within 
the Tschicoma Formation and Tshirege member of the Bandelier Tuff (located on the 
'r\-'estern portion of the Pajarito Plateau). Since this ground water system has provided a 
minimum of23 to 96 million gallons annually (page 2-18, Hydrogeologic Workplan), it 
is an important aspect of the hydrogeologic system. Provide rationale of agreement or 
non-agreement of this fourth groundwater occurrence." 
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Specific Comments: 2.1.3.2 Groundwater, Comment 4 Response 
LANL includes the occurrences of perched groundwater in the Tschicoma Formation and 
Bandelier Tuff along the western margin of the Pajarito Plateau and on the eastern flanks 
of the Sierra de Los Valles in the general category of intermediate perched zone 
groundwater. For simplicity of description, these groundwater bodies are included with all 
other perched systems that generally lie between alluvial groundwater and the regional 
aquifer, Although the discharge points (springs) for some intermediate-depth perched 
zones occur above the local stream channel (e.g. Water Canyon Gallery), the main body of 
these perched zones follows groundwater pathways within bedrock geologic units rather 
than alluvium in canyon floors. This is the distinction we made when categorizing alluvial 
and intermediate zone groundwaters. We see no advantage in further subdividing 
intermediate perched zone groundwater to distinguish groundwater in the Tschicoma 
Formation and Bandelier Tuff as a separate category. We recognize that each occurrence 
of intermediate perched groundwater across the Plateau has its own unique hydrogeologic 
setting, recharge pathway, bedrock and structural controls, flowpaths, connections to the 
surface or other groundwater bodies, and geochemistry. Further subdivision of the 
intermediate perched zone groundwaters would not fundamentally change our recognition 
of the unique characteristics of each of these perched systems. 

Specific Comments: 2.1.3.2 Groundwater, Comment 5 
Please provide a figure illustrating where intermediate perched zones have been 
identified or are speculated to exist. Differentiate between the various 
hydrostratigraphic zones and between speculated and known occurrences." 

Specific Comments: 2.1.3.2 Groundwater, Comment 5 Response 
The general locations of intermediate perched zones will be provided as data are collected 
within each canyon. 

Specific Comments: 2.1.3.2 Groundwater, Comment 6 
"Considering the 23 to 96 million gallons produced annually by the Water Canyon 
gallery (page 2-JB,Hydrogeologic Workplan) c/arifv »'hether the statement "The 
regional aquifer of the Los Alamos area is the only aquifer capable of large-scale 
municipal water supply. " is appropriate. " 

Specific Comments: 2.1.3.2 Groundwater, Comment 6 Response 
Use of the Water Canyon Gallery for public water supply was discontinued in 1989 due to 
a heavy and variable sediment load which resulted in undesirable water quality. During 
1988 the Water Canyon Gallery produced only about 2% of the municipal and industrial 
water supply. The gallery was a part of the original Manhattan Project water supply 
system along with the Los Alamos and Guaje Canyon reservoirs. This system was 
notoriously inadequate and unreliable, and development of a reliable, high-capacity water 
supply system was one of the Atomic Energy Commission's highest priorities for Los 
Alamos following the end of World War II. 
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In a large-scale municipality, Albuquerque, the average per capita water use (includes 
residential and industrial users) was 225 gallons/person/day. With conservation efforts, 
the per capita water use dropped to 185 gallons/person/day in 1997. Based on the latest 
per capita water use, the Water Canyon gallery could supply water for approximately 340 
to 1,420 people. Additionally, the average water use does not take into account peak 
water use, which could be as high as double the average. If the Water Canyon Gallery 
were to be used as the sole supply of water, it would support approximately 170 to 710 
people. Water canyon gallery could provide a water supply for a very small community, 
but could not support "large-scale municipal water supply". 

Specific Comments: 2.1.3.2 Groundwater, Comment 7 
"l.ANL should clarify within the conceptual model, the confined or unconfined nature of 
the regional aquifer. The data presented are not clear: the recharge source for the 
regional aquifer is the Sangre de Cristo Mountains and the regional aquifer responds to 
barometric and tidal forces?" 

Specific Comments: 2.1.3.2 Groundwater, Comment 7 Response 
First, a general comment on the conceptual model. The first paragraph of section 2 in the 
workplan states that "there is considerable uncertainty in the conceptual model as a 
whole". All elements of the conceptual model are presented in light of this view point. 
Further, LANL has indicated that the conceptual model will be updated in the annual 
report, and that much of the purpose of proposed drilling is to gather information needed 
to clarify these uncertainties. · 

LANL agrees that the data regarding the confmed or unconfined nature of the regional 
aquifer are indeed not clear. The sources of recharge for the regional aquifer and the 
confmed versus unconfmed nature of the aquifer are not completely understood, as 
NMED has pointed out in several letters to LANL. These questions will be addressed 
further by the proposed workplan. 

As stated in the workplan, the above-ground water levels in some of the former Los 
Alamos well field (water supply wells with the designation LA- ) indicate that the regional 
aquifer in that locality is confmed. Data from wells in the central portion of the 
Laboratory suggest that the regional aquifer there may not be confmed. 

As stated in the workplan, isotope and other data suggest that water found in the Los 
Alamos well field (water supply wells with the designation LA- ) may originate from the 
Sangre de Cristo Mountains. Water produced in the Pajarito Mesa field has a different 
chemical composition and may originate from another source. LANL's studies of the 
Pajarito Plateau indicate that possible inflltration through the Plateau surface is insufficient 
to account for the relatively large quantity of water supply pumping. 
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LANL will modify the workplan to indicate that recharge from the Jemez Mountains and 
the Pajarito Plateau appears to be insufficient to account for the relatively large quantity of 
water supply pumping. This is the basis for statements indicating that the hydrologic 
connection between the plateau surface and the regional aquifer is not strong, and that 
recharge from the plateau is small. 

Specific Comments: 2.1.3.2 Groundwater, Comment 8 
"HRMB interprets the discussion of l.ANL's conceptual model as accepted by l.ANL and 
not subject to much debate. l.ANL should discuss any uncertainties with recharge of the 
Regional Aquifer beneath the Pajarito Plateau from the Sangre De Cristo Mountains to 
the east. For example, questions arise from the presence of relatively major faults and 
the Cerros del Rio volcanic field along the eastern margin of the Espanola Basin. 

Specific Comments: 2.1.3.2 Groundwater, Comment 8 Response 
LANL agrees that there are many uncertainties regarding the understanding of the 
hydrogeology of the Pajarito Plateau. LANL's discussion of recharge sources for the 
regional aquifer begins with the statement "the exact source of recharge to the regional 
aquifer is unknown". 

Regarding HRMB's interpretation that the conceptual model is not subject to debate, the 
ftrst paragraph of section 2 in the workplan states that "there is considerable uncertainty in 
the conceptual model as a whole". All elements of the conceptual model are presented in 
light of this view point. Further, LANL has indicated that the conceptual model will be 
updated in the annual report, and that much of the purpose of proposed drilling is to 
gather information needed to clarify uncertainties. 

Specific Comments: 2.1.3.2 Groundwater, Comment 9 
"The Rodgers ( 1996b) study collected composite samples (600 to 3,100 ft screened 
interval) for the radiocarbon analyses. Please discuss any uncertainties that may arise 
from the collection of composite samples. HRMB believes that caution should be used 
when considering these age determinations due to uncertainty associated with composite 
sampling and that the radiometric carbon age determinations do not preclude significant 
recharge from the Jemez Mountains/Pajarito Plateau. " 

Specific Comments: 2.1.3.2 Groundwater, Comment 9 Response 
The correct citation is Rogers (1996b). The uncertainties present in this sort of age 
estimate were described in the original article, and given as a caveat for accepting the 
radiocarbon data on their face. Among the uncertainties are the fact that a water sample 
may be formed by mixing of several water masses; possible mixing of carbon by 
dissolution of carbonate minerals; and the .fact that the samples are drawn from wells with 
large screened intervals. 
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Contrary to HRMB's assumption, LANL does not believe that the radiocarbon age 
determinations preclude recharge from the_ Jemez Mountains and Pajarito Plateau. 
However, these results along with results from a number of independent lines of evidence 
including age dating, isotopic composition (tritium and stable isotopes), chemical 
composition, moisture profiles, and measurements of recharge rates, suggest that current 
recharge through the Pajarito Plateau is only a tiny fraction of the water that is withdrawn 
from the aquifer for public water supply. 

Regarding the phrases "preclude significant recharge from the Jemez Mountains" and 
"considerable source for recharge to the regional aquifer" (from comment 3 on 2.2), there 
are two ways to view"significant". In tenns of overall volume (as stated above) there are 
numerous lines of evidence that suggest that recharge through the plateau may be small in 
relative terms (compared to water supply pumping for example). On the other hand, 
infiltration of a small volume of contaminated water could have a significant negative 
impact on the aquifer. LANL agrees that sources of recharge and their relative 
magnitudes are insufficiently understood, and intends to improve this understanding 
through activities under the workplan. 

There is ample chemical, isotopic, and hydrologic data to support a hypothesis that the 
water tapped by the Pajarito Well Field and by the Los Alamos Well Field come from very 
different water masses. This suggests that the regional aquifer has a somewhat complex 
structure. The clarification of these issues awaits further modeling studies and data 
collection, as indicated by the workplan. 

Specific Comments: 2.2 Preliminary Conceptual Model for the Pajarito Plateau, 
Commentl 
"The bullet on Figure 2-11, "Vapel'pltttSe cenMmhttll'lt lft8Yementpessible" should be 
omitted It should be replaced by "Vapor phase conTaminant movement likely" or 
similar terminology as evidenced by tritium and organic vapor plumes beneath TA-54 
MDA Land MDA G. " 

Specific Comments: 2.2 Preliminary Conceptual Model for the Pajarito Plateau, 
Comment 1 Response 
LANL agrees that vapor phase contaminant movement is likely, as investigations have 
shown. The bullet on Figure 2-11 will be changed to read "Vapor phase contaminant 
movement likely" in the fmal Hydrogeologic Workpl:.ln. Vapor phase contaminant 
movement has been established at Material Disposal AreaL. However, sources of vapor 
phase contaminants are only present at a few locations, therefore vapor phase contaminant 
movement is only possible and a concern at some locations. 

Specific Comments: 2.2 Preliminary Conceptual Model for the Pajarito Plateau, 
Comment 2 
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"Figure 2-12 ignores the significant contribution of alluvial ground water to the 
hydrogeologic system and contaminant transport. Please provide rationale for the 
omission. " 

Specific Comments: 2.2 Preliminary Conceptual Model for the Pajarito Plateau, 
Comment 2 Response 
LANL feels that Figure 2-12 does not ignore the significant contribution of alluvial 
groundwater to the hydrologic system and contaminant transports. Please provide a 
rationale for the viewpoint that there is an omission. 

Figure 2-12 describes alluvial groundwater as potentially a significant source of recharge 
to both the intermediate perched zones and to the regional aquifer. This is further 
emphasized in section 2.2.2. The remainder of the workplan constantly draws attention to 
the significance of the alluvial groundwater as a source of both contaminants and of 
recharge. 

Specific Comments: 2.2 Preliminary Conceptual Model for the Pajarito Plateau, 
Comment3 
Figure 2-12 also indicates that intermediate ground water may be " .. .. laterally extensive 
near the Jemez Mountains ". This suggests that the Jemez Mountains may indeed be a 
considerable source for recharge to the regional aquifer. The Workplan generally 
indicates that recharge from the Jemez Mountains and Pajarito Plateau is not 
significant. " 

Specific Comments: 2.2 Preliminary Conceptual Model for the Pajarito Plateau, 
Comment 3 Response 
LANL agrees that there is considerable uncertainty regarding recharge along the Jemez 
Mountains, however no drilling to date has discovered extensive perched groundwater in 
the western portion of the Laboratory, except possibly SHB-3. The uncertainties 
regarding possible recharge and the hydrogeologic regime along the Jemez Mountains are 
the reason that well R-25, near MDA-P, is the highest ranked well on the basis of its 
timing score. The phrase regarding "significance" of recharge reflects a comparison of 
relative volumes of such recharge to the amount of public water supply pumping from the 
regional aquifer. This phrase is not intended to minimize the possible importance of this 
groundwater as a possible contaminant source and pathway. LANL will clarify this in the 
text indicated. 

Specific Comments: 2.2.2 Alluvial Groundwater, Comment 1 
"The text implies that the alluvial groundwater is only interconnected to the perched 
intermediate groundwater. l.ANL should clarify if interconnectedness of the alluvial 
systems to the regional aquifer is precluded (Lower Los Alamos Canyon?). " 

Specific Comments: 2.2.2 Alluvial Groundwater, Comment l Response 
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The text does not imply that alluvial groundwater is only connected to the perched 
intermediate groundwater. Figure 2-12 shows a direct connection between canyon bottom 
recharge and the regional aquifer. Section 2.2.4 explicitly states that "alluvial 
groundwater may be a minor source of recharge to the regional aquifer". In this context, 
"minor" refers to relative volumes of such recharge when compared to public water supply 
withdrawals. This is not intended to indicate that this is not a potential significant pathway 
for contamination. LANL will modify the text to clarify this point. 

Specific Comments: 2.2.2 Alluvial Groundwater, Comment 2 
"LANL should include fractures, joints, surge beds and permeable geologic units (e.g., 
Guaje Pumice and Puye Formation) as probable pathways for downward movement in 
the following sentence: " ... faults, fractures. joints. surge beds and permeable geologic 
units (e.g. Guaje Pumice. Cerro Toledo. and Puye Formation) that underlie alluvial 
saturated zones or intermediate perched zones could provide pathways for downward 
water movement. "' 

Specific Comments: 2.2.2 Alluvial Groundwater, Comment 2 Response 
The suggested revision will be made in the fmal Hydrogeologic Workplan. 

Specific Comments: 2.2.4 Regional Aquifer, Comment 3 
"LANL should omit the statement "The hytlrtJtt!ie etnmeetit;Jn between the regientil 
tltJNifer t111d the ltind s~;~Ffaee is net stfflng" as it is misleading. The interconnectedness of 
the hydrogeologic system is not adequately understood to make this statement at this 
time. 

Specific Comments: 2.2.2 Alluvial Groundwater, Comment 3 Response 
As explained above, phrases such as "is not strong" indicate that the relative volume of 
such recharge is small compared to the overall volume of the aquifer and to the annual 
volume of public water supply withdrawals. This is not intended to indicate that no 
connection exists or that it is not a potential contaminant pathway. LANL will clarify this 
text. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 1 
HRMB points out that the LANL ranking system may not concur with the requirements of 
RCRA compliance, for example, Future Water Supply seems inappropriate as a criteria." 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 1 Response 
The Hydrogeologic Workplan is intended to ensur\! a comprehensive, well integrated 
approach to addressing all applicable regulatory programs. The ranking system was 
developed to meet, as a minimum, the requirements of RCRA compliance. However, 
other regulatory programs and best management practices are also embedded within the 
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ranking system. Additionally, the impact of future pumping of water supply wells must be 
considered in estimating contaminant rnigr~tion . 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 2 
"To avoid confusion and remain .consistent with other documentation (e.g., the Core 
Document for Canyons Investigations) the boreholes/wells should have one designation". 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 2 Response 
The boreholes/wells described in the Hydrogeologic Workplan will retain the designations 
when they are referenced in other documents. The Core Document for Canyons 
Investigations uses well designations consistent with the Hydrogeologic Workplan. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 3 
"It is unclear to HRMB why alluvial and regional wells were proposed, but only one 
intermediate well was proposed. Please clearly explain the rationale for proposing only 
one intermediate well and indicate where the installation of intermediate wells are to be 
addressed. " 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 3 Response 
The rationale supporting the approach to hydrogeologic characterization using alluvial 
wells and regional wells was not sufficiently described in the text of the Hydrogeologic 
Workplan. This approach was discussed with NMED representatives at a meeting on 
August 7, 1996 and consensus with the approach is documented in a letter sent to NMED 
on September 11, 1996 (addressed to Dr. Ed Kelley, subject: The proposed Los Alamos 
National Laboratory (Laboratory) Groundwater Protection Strategy and RelatedData 
Quality Objectives and Decision Flow Process). The rationale is: 

• The presence of intermediate zone(s) is controlled by geologic structure and the 
geology across the Lab 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 was installed at the flrst 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. 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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The information gathered during the characterization will be used to design a detection 
monitoring network that almost certainly include monitoring wells in the intermediate 
zone. However, until the characterization effort described in the workplan is complete, 
the number and location of intermediate zones wells can not be determined. 

One intermediate well was proposed because this well was completed prior to the 
completion of the Hydrogeologic Workplan. The fmal Hydrogeologic Workplan will 
include the rationale for the proposed characterization approach. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 4 
"Please revise Table 4-1 and 4-2 to reflect current drilling activities (installation of R-9) 
and include driver for altering the schedule." 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 4 Response 
Revised Tables 4-1 and 4-2 will be included in the fmal Hydrogeologic Workplan. The 
change in schedule for R-9 was made to meet ER Project needs to accelerate groundwater 
investigations in Los Alamos Canyon. This canyon is currently the focus of surface and 
groundwater investigations by the Canyons technical team, and it was felt that data from 
R-9 could influence the deep groundwater characterization strategy for the rest of the 
canyon. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SA 
"HRMB recommends that the proposed location for R-5 is moved closer to 1W-I as it is 
proposed to replace 1W-J and may provide additional information on a ground water 
mound present in the 1W-J area. " 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SA Response 
The location ofR-5 further delimits the western extent of the groundwater mound near 
TW-1. The apparent groundwater mound may have begun to appear in TW-1 after the LA 
County sewage treatment plant began to discharge eflluent to Pueblo Canyon in 1963. The 
proposed site for R-5 is located between the sewage treatment plant and TW -1. 
Therefore, the proposed location of R-5 will help determine how far the mound extends 
up canyon of its already determined occurrence at TW -1. The current location of R-5 will 
also delimit the western extent of perched groundwater that was encountered in basalts of 
boreholes TW -1 A and POI-4. This perched groundwater is also recharged by effluent 
from the LA County sewage treatment plant. Adjustments to the siting of R-5 can be 
made at the quarterly and annual meetings between NMED and DOEILANL. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SB 
"R-27 is located in an area where contamination is present. This well is proposed to 
gather background water chemistry data. If contamination is expected (HE, Ba, etc. in 
springs) this proposed location may be inappropriate." 
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Specific Comments: 4.0 Hydrogeologic Characterization, Comment 58 Response 
R-27 may be in an area where contaminants are present in the regional aquifer. This well 
serves the dual purpose of determining if contaminants are present from up gradient 
sources in Aggregate 5 and providing information about the baseline geochemistry of 
regional groundwater entering Aggregate 3. The term background water chemistry may 
not be accurate if R-27 contains contaminants from upgradient sources. The term baseline 
will be substituted for background in the fmal Hydrogeologic Workplan. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SC 
"The proposed location of R-8 in Los Alamos Canyon is above the confluence with DP 
Canyon. Provide rationale if this location will be useful for detecting contamination 
originating in DP Canyon." 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SC Response 
The location of R-8 is problematic because of the narrow, confmed nature of the canyon 
floor in the vicinity of the Los Alamos Canyon and DP Canyon confluence. As sited now, 
R-8 is located just west of water supply well Otowi 4, on the narrow strip of canyon floor 
separating Los Alamos and DP Canyons. As sited, R-8 is about 150ft northwest of Otowi 
4. This location places R-8 downgradient of numerous contaminant sources in aggregate 
1, but provides relatively little early warning time if contaminants are present in the 
regional aquifer and are moving towards Otowi 4. We would like to discuss the location 
of R-8 at the upcoming armual meeting between NMED and DOEJLANL. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SD 
"The location of R-10 appears to head in the northem extension of the pre-Bandelier 
paleodrainage and not the southern extension as indicated in the text." 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SD Response 
The text is poorly worded and will be modified to say " ... investigate the southward 
extension of this perched system from the Los Alamos Canyon area." in the fmal 
Hydrogeologic Workplan. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SE 
"Due to vapor-phase plumes present beneath MDA Land MDA G, HRMB recommends 
re-evaluating proposed (FY2001) regional aquifer well R-20." 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SE Response 
Data from two deep boreholes (54-0015 and 54-0016) located in Canada del Buey and 
inclined beneath MDA L suggest there is no immediate threat to the regional aquifer in 
this area. Acceleration of the schedule R-20 will result in a delayed start at another well 
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location. Re-prioritization of wells can be made at the quarterly and annual meetings 
between NMED and DOE/LANL. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SF 
"Depending on the capture zone of PM-5 and the source of contamination (presumably 
Mortandad Canyon), the proposed location of R-14 (mesa top and to the west) may be 
inadequate to provide "protection" for PM-5." 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment SF Response 
The location of R-14 will be optimized to detect contamination approaching PM-5 from 
sources in Mortandad Canyon. The Mortandad Canyon Workplan proposes a location for 
R-14 that is 800 ft west of the location shown in the Hydrogeologic Workplan. This 
places R-14 in a more intermediate position between contaminant sources in Mortandad 
Canyon and water supply well PM-5. The optimum location for R-14 can be discussed at 
the quarterly and annual discussions between NMED and DOE/LANL. In the meantime, 
the R-14location shown in the Mortandad Canyon Workplan will be shown in the fmal 
Hydrogeologic Workplan. 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 6 
"If funding is available, HRMB recommends the acquisition of continuous core on R-26 
and R-24. The locations are proximal to the Pajarito Fault Zone and may provide 
information concerning brecciated zones, fault splays, etc. As discussed within the 
Workplan, only 10% will be cored and overlook some pertinent information." 

Specific Comments: 4.0 Hydrogeologic Characterization, Comment 6 Response 
We agree that 10% core may not be sufficient to adequately characterize potential 
groundwater pathways in faults and breccia zones associated with the Pajarito Fault 
System. The figure of 10% core is an approximate target for Type 2 wells in general and 
should be adjusted upwards or downwards on a well by well basis to ensure that 
objectives for each of the wells are achieved. More core should probably be collected in 
R-24 and R-26, and the additional amount of core needed will be determined when the 
detailed drilling plans for these holes are developed. Given our current experience with 
coring operations in R-9, we fmd that coring goals identified in the planning stage will 
often be revised during drilling to account for unanticipated or unpredictable geologic and 
hydrologic conditions. 

Specific Comments: 4.1 Hydrogeologic Characterization, Introduction and 
Procedures, Comment 1 
The screened interval in wells advanced to the regional aquifer should be determined on 
a site-by-site basis. Where LANL can document significant drawdo'W'n of the regional 
aquifer, the screened interval shall not exceed 60 feet. In areas of the Laboratory where 
little or no drawdo·wn is documented, the screened imerval shall be 20 feet according to 

26 
02102/98 



Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

the Groundwater Technical Enforcement Guidance Document (TEGD, 1986) and the 
draft Groundwater Monitoring ( 1992) guidance. Please revise the text as necessary." 

Specific Comments: 4.1 Hydrogeologic Characterization, Introduction and 
Procedures, Comment 1 Response 
The screened interval in wells advanced to the regional aquifer will be determined on a 
site-by-site basis. The text in this section of the Workplan will be revised to indicate this, 
and to acknowledge the screen length lintitations indicated in the NMED comments. 

Specific Comments: 4.1.1.1 Type 1 Wells, Comment 1 
"The slot size/screen/filter pack should be based on sieve analysis of materials." 

Specific Comments: 4.1.1.1 Type 1 Wells, Comment 1 Response 
LANL has significant experience installing wells in the alluvium of the canyons. The 
selected slot size for the screened interval is based on this experience. If the alluvium 
encountered during the drilling of any Type 1 well is observably different, then a sieve 
analysis will be performed to detennine the appropriate slot size. A statement regarding 
screen size selection will be added to the text of the tinal Hydrogeologic Workplan. 

Specific Comments: 4.1.1.2 Type 2 Wells, Comment 1 
"Clarify what geologic contacts will be cored. Will it include soil horizons/perching 
units, individual surge/pumice fall deposits, etc. or is it more broad based, for instance 
Bandelier Tuff, Cerro Toledo interval, etc." 

Specific Comments: 4.1.1.2 Type 2 Wells, Comment 1 Response 
Core will be collected at stratigraphic contacts and in intermediate zone perched 
groundwater zones as they are encountered. Core will also be collected at other zones of 
hydrologic significance such as buried soil horizons and at the top of the regional aquifer. 

Specific Comments: 4.1.1.4 Type 4 Wells, Comment 1 
HRMB has concerns with using a "multi-port Wesrbay-type casing" and casing string 
due to potential problems with isolating individual units of saturation. Provide rationale 
or list advantages and disadvantages for utilizing this type of casing. 

Specific Comments: 4.1.1.4 Type 4 Wells, Comment 1 Response 
There are many advantages from using a multi-port casing. These are 1) ability to 
conduct repeatable sampling and testing of discrete zones within the same well; 2) 
measurements of vertical gradients; 3) intervals will have dedicated sampling equipment to 
minimize the potential for cross contamination; 4) provides the most information for least 
cost. The disadvantages of these wells are: 1) they must be carefully installed to ensure 
isolation of zones and 2) specialized equipment is required to install and sample the wells. 
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Specific Comments: 4.1.1.4 Type 4 Wells, Comment 2 
"RPMP does not recommend the use of multi-port Westbay-type casing." 

Specific Comments: 4.1.1.4 Type 4 Wells, Comment 2 Response 
Westbay wells have been installed in at least two locations in New Mexico with NMED 
approval. One location is the South Valley Superfund Site. Four Westbay wells were 
installed in 1993-1994. The depths range from 700 to 1100 feet. The number of ports is 
up to seven. The wells have been sampled on a quarterly basis for a period of 4 years. 
NMED representatives for this project were Baird Swanson and Susan Morris. The EPA 
RPM is Bert Gorrod. Several Westbay wells with depths greater 1500 feet have been 
installed at White Sands Missile Range for NASA. These have also functioned as 
designed. LANL encourages RPMP to discuss the performance of Westbay wells with 
personnel in the Groundwater Protection and Remediation Bureau. 

Specific Comments: 4.1.1.5 Type 5 Wells, Comment 1 
"Schedule 40 PVC may not be appropriate for all intermediate well situations. Please 
refer to ASTM guidance." 

Specific Comments: 4.1.1.5 Type 5 Wells, Comment 1 Response 
The specific well design is described in the Drilling Plan developed for each well. The 
ASTM standards will be applied as appropriate. Reference to the development of detailed 
well-specific drilling plans will be included in the fmal Hydrogeologic Workplan. 

Specific Comments: 4.1.2 HSWA Module VIII Requirements, Comment 1 
"Please modify the language stating "a41tJ bering drilktlte a tleptlt ef3{){) feet 6' 

tleepa shall grout in a surface casing to prevent downward migration of surface 
contamination along the well bore." With language stating any saturated condition 
encountered will reguire grout in a surface casing to prevent any downward migration of 
surface contamination along the well bore". 

Specific Comments: 4.1.2 HSWA Module VIII Requirements, Comment 1 Response 
Language related to the grouting of surface casings will be amended in the Workplan to 
address NMED's concerns regarding "saturated conditions encountered" as well as 
downward migration of surface contamination along the well bore. 

Specific Comments: 4.1.3 Borehole Sampling, Comment 1 
"Please list the hydraulic properties to be determined (bullet f)." 

Specific Comments: 4.1.3 Borehole Sampling, Comment 1 Response 
The measured hydraulic properties may vary depending upon the geologic unit and site­
specific conditions. A ''typical" list of hydraulic properties to be determined on most core 
samples includes the following: in-situ water content, porosity. particle density. bulk 
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density, saturated hydraulic conductivity, and water retention characteristics from 0 to 
15300 em suctions. 

Specific Comments: 4.1.4 Groundwater Sampling, Comment 1 
"IANL should include language that indicates the borehole will be developed and 
groundwater sampling accomplished according to LANL standard operating procedures, 
TEGD, and other appropriate RCRA guidance through the use of indicator parameters, 
etc." 

Specific Comments: 4.1.4 Groundwater Sampling, Comment 1 Response 
The suggested language will be included in the Hydrogeologic Workplan. 

Specific Comments: 4.1.4 Groundwater Sampling, Comment 2 
"Please clarify whether ground water samples wi II be filtered or unfiltered. This section 
is contradictory as it indicates that filtered and unfiltered samples will be collected in 
bullet "a" and-filtered only in bullet "d". " 

Specific Comments: 4.1.4 Groundwater Sampling, Comment 2 Response 
Groundwater samples will be both filtered and non !iltered prior to inorganic analyses. 
Organic analyses for volatile and semi volatile anthropogenic organic compounds shall be 
performed on non-filtered water samples. General inorganic analytes include 
radio nuclides, major cations, major anions, trace metals, and trace non metals. The 
language will be changed in Section 4.1.4 Groundwater sampling to eliminate ambiguity. 
The sentence on page 4-27 (third line down from the top of the page) will be changed to 
"Filtered and non filtered samples will be used for laboratory analyses." 

Specific Comments: 4.2 Site-Wide Hydrogeological Characterization, Comment 1 
"Aggregate 9 is not defined in Section 1.3" 

Specific Comments: 4.2 Site-Wide Hydrogeological Characterization, Comment 1 
Response 
As described in Section 4.2, Aggregate 9 consists of the regional studies that are not 
specific to an aggregate. A description of Aggregate 9 will be included in the fmal 
Hydrogeologic Workplan. 

Specific Comments: 4.2.2.4 Water Supply Issues, Comment 1 
"R I " 'I . . " . I " all . ep ace .. . nat,fflr y eec,,r'ilt-g centamtntmts H't r z .. . natur y occurrmg 
constituents" (last paragraph, 4-33)." 

Specific Comments: 4.2.2.4 Water Supply Issues, Comment 1 Response 
The suggested wording change will be included in the fmal Hydrogeologic Workplan. 
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Specific Comments: 4.3 Descriptions of Aggregates, Comment 1 
"Reference Figure 1-3 in discussions of the individual aggregates. Include locations, in 
another diagram(?) of former Technical Areas (e.g. TA-l, TA-45, etc.) where 
appropriate. " 

Specific Comments: 4.3 Description of Aggregates, Comment 1 Response 
References to Figure 1-3 will be included in this section in the final Hydrogeologic 
Workplan. The locations of former Technical Areas will be shown on the block diagrams 
for each aggregate in the fmal Hydrogeologic Workplan. 

Specific Comments: 4.3.1.2 Pueblo Canyon, Comment 1 
"Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 
Figure 2-9 does not indicate the "potential recharge mound" referenced in the 
Workplan. Please provide a revised groundwater contour map indicating this and any 
other potential recharge mounds that are speculated to exist." 

Specific Comments: 4.3.1.2 Pueblo Canyon, Comment 1 Response 
Existence of a recharge mound is speculative, based on water level measurements from a 
single well (TW-1). Insufficient data exist to map such a hypothetical mound in a 
meaningful fashion. Investigations under the work plan are designed to address this 
question. 

Specific Comments: 4.3.1.4 Sandia Canyon, Comment 1 
"Surface Water 
Clarify if the effluent discharge in Sandia Canyon is considered a "perennial reach". 

Specific Comments: 4.3.1.4 Sandia Canyon, Comment 1 Response 
The effluent discharge in Sandia Canyon is not considered a "perennial reach", but is 
rather considered an effluent-supported reach or artilicial stream reach. 

Specific Comments: 4.3.1.4 Sandia Canyon, Comment 2 
"Alluvial Groundwater Investigations 
Since the piezometer transect (A-26, A-27, and A-28) is located near the eastern limit of 
alluvium saturation , clarify if the transect »'ill be moved to a point where saturation 
occurs if no saturation is encountered. " 

Specific Comments: 4.3.1.4 Sandia Canyon, Comment 2 Response 
The purpose of the transect is to determine the prest:nce, extent, and quality of alluvial 
water in Sandia Canyon (see Appendix 4, Aggregate I, pp. l-2). The transect will be 
located to encounter alluvial water. 
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Specific Comments: 4.3.1.4 Sandia Canyon, Comment 3 
"Intermediate Perched Zones and Regional Aquifer Groundwater Investigations 
Please clarify what chemical data will be used to determine if the perched zones are 
interconnected ( R-12 relative to POJ-4 and TWJ A). If the data are inconclusive, provide 
alternatives to be used in the determination of interconnectedness." 

Specific Comments: 4.3.1.4 Sandia Canyon, Comment 3 Response 
The following physical data will be measured or collected to determine if two saturated 
zones are hydrologically and chemically connected: temperature and hydraulic gradient 
information. The following chemical data will also be measured or collected from the 
saturated zones: radionuclides (tritium, Sr-90, Cs-137, Am-241, plutonium isotopes, 
uranium isotopes, gamma spectrometry, and gross alpha, beta, and gamma), pH, specific 
conductance, alkalinity, stable isotopes (hydrogen, oxygen, and in special cases nitrogen), 
major ions (cations and anions), trace metals, and trace elements. Mobile species such as 

tritium, chloride (CI-), nitrate (NQJ-), and boron (B(OH)30) have been very useful in 

determining if two or more saturated zones are interconnected within Los Alamos and 
Pueblo Canyons, especially at future R-12 relative to POI-4 and TW-lA. Tracer tests will 
be considered under special conditions to determine if a hydraulic connection occurs 
between two or more saturated zones. Potentiometric maps shall be constructed to 
determine flow directions and hydraulic gradients. 

Use of chemical data for determining groundwater flow paths and contaminant chemistry 
require that background concentrations are well established for the different saturated 
zones found in the alluvium, Tschicoma Formation, Bandelier Tuff, basalts, Puye 
Formation, and Santa Fe Group beneath Los Alamos and Pueblo Canyons. Geochemical 
modeling consisting of mixing reactions based on chloride (or some other tracer) and 
reaction path modeling are useful in determining if two or more saturated zones are 
connected. Time-chemical species plots will be used to establish short- and long-term 
trends between two or more saturated zones. Hydrologic flow and solute transport 
modeling shall be used to quantify the degree of connection between different saturated 
zones. 

Specific Comments: 4.3.2.3 Canada del Buey, Comment 1 
"Alluvial Groundwater 
The first sentence of this section states there is not; however, CDB0-6 and CDB0-7 have 
encountered water perched in the alluvium and may result from discharges from PM-4. 
Because of the discrepancy please clarify if alluvial groundwater is present in Canada 
del Buey." 

Specific Comments: 4.3.2.3 Canada del Buey, Comment 1 Response 
Alluvial groundwater is present in the canyon along an approximately one-half mile long 
reach near wells CDB0-6 and CDB0-7; this reach is immediately below the PM-4 
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discharge point. Saturation has not been observed in other wells in the canyon. The fmal 
Hydrogeologic Workplan will be revised to clarify this issue. 

Specific Comments: 4.3.2.3 Canada del Buey, Comment lA 
"Provide the date of start-up for PM-4. In addition, clarify if discharges from PM-4 still 
occur, list the range of documented water levels at CDB0-6 and 7, and what time of 
year the wells are sampled. " 

Specific Comments: 4.3.2.3 Canada del Buey, Comment lA Response 
Well PM-4 began to produce water in 1982. Discharges from PM-4 still occur (under 
NPDES permit) but infrequently. The most recent discharge occurred on November 10, 
1997. The discharge was for 20 minutes at approximately 1350 gallons per minute. 
Water levels in CDB0-6 since 1992 have ranged from 0 (dry) to 12 feet of saturation. 
Water levels in CDB0-7 since 1992 have ranged from 0 (dry) to 7 feet of saturation. 
CDB0-6 and -7 are sampled quarterly for nitrogen species and in the 3rd or 4th quarter for 
metals and radioactivity. 

Specific Comments: 4.3.2.3 Canada del Buey, Comment 2 
"Intermediate Perched Zone and Regional Aquifer 
Please clarify "No intermediate perched zones ocwr in this area". Intermediate perched 
ground water was encountered at 334 feet in PM-2 and tentatively identified in SHB-4 
between 125-145 feet." 

Specific Comments: 4.3.2.3 Canada del Buey, Comment 2 Response 
There is no current evidence of intermediate perched zones beneath Canada del Buey. 
The cited wells are located in Pajarito Canyon. 

Specific Comments: 4.3.2.4 Pajarito Canyon, Comment 1 
"Please check the Purtymun and Kennedy, ( 1971) reference to determine if it is 
appropriately cited concerning " .... springs issue from hills/opes in the Tshirege Member 
of the Bandelier Tuff ... "." 

Specific Comments: 4.3.2.4 Pajarito Canyon, Comment 1 Response 
This is not an appropriate reference for this information. and will be deleted in the fmal 
Hydrogeologic Workplan. 

Specific Comments: 4.3.2.4 Pajarito Canyon, Comment 2 
"Intermediate Perched Zone and Regional Aqwfer Groundwater Investigations 
The proposed location of R-20 is 0.25 miles east of PM-2. Clarify if this well is proposed 
to be early detection from up-gradient sources or if it is providing early detection for 
potential capture of the tritium and organic plumes at TA-54." 
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Specific Comments: 4.3.2.4 Pajarito Canyon, Comment 2 Response 
R-20 is located between PM-2 and tritium and organic plumes at TA-54. It is designed to 
provide early detection of contamination moving towards PM-2. 

Specific Comments: 4.3.3.1 Area Description and History, Comment 1 
"Intermediate Perched Zones and Regional Aquifer 
l.ANL should provide the locations of Areas 1, 2, 2A, 28, 3 and 4" 

Specific Comments: 4.3.3.1 Area Description and History, Comment 1 Response 
The locations of these areas will be included in the fmal Hydrogeologic Workplan. 

Specific Comments: 4.3.3.1 Area Description and History, Comment 2 
"Please provide any explanations as to the source of water in CH-2. 

Specific Comments: 4.3.3.1 Area Description and History, Comment 2 Response 
The Laboratory's 1992 RFI Workplan for TA-49 (Sections 7.3.6.3 -7.3.6.5) considered 
various hypotheses of possible sources of water in CH-2. That review did not identify a 
conclusive source of the water. RFI characterization activities are ongoing to allow a 
determination of the source(s) of the water. 

Specific Comments: 4.3.3.1 Area Description and History, Comment 2A 
"Document what unit the groundwater is found (e.g. Guaje Pumice Bed). If known, 
document the groundwater "occupance" relative to pre-Bandelier geologic surfaces" 

Specific Comments: 4.3.3.1 Area Description and History, Comment 2A Response 
The comment implies that saturated conditions have been found at T A-49 within the 
Bandelier Tuff. None of the many boreholes drilled at T A-49 have encountered 
groundwater in the tuff during drilling. A natural perched zone that either was not 
detected during site characterization or is episodic in nature could hypothetically explain 
the infrequent shows of water in CH-2. This hypothesis seems unlikely, however, given 
the relatively extensive site characterization performed to date and the fact that this 
recharge pathway apparently developed more than a decade after the hole was completed. 
The 20-ft slotted interval ofCH-2 straddles the Unit 1 v/Unit lg contact. 

Specific Comments: 4.3.3.1 Area Description and History, Comment 3 
"Describe, if known, ~·hat unit the water loss occurred during the drilling of DT-5A and 
CH-2." 

Specific Comments: 4.3.3.1 Area Description and History, Comment 3 Response 
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In the drilling of deep test well DT-5A, air circulation was lost at about 285 feet near the 
Unit 1 v/Unit 2 contact. In the unsuccessful attempt regain circulation, an estimated 2.5 to 
10 million gallons of drilling fluid was expended in this hole. According to Weir and 
Purtymun (1962) circulation was very poor in the upper 520 feet of the hole, within the 
Tshirege Member of the Bandelier Tuff. Twelve-inch casing was installed and cemented 
at this depth. Below 520 feet, drilling mud circulation was maintained to the total depth 
of 1821 feet. There was no water loss during the drilling ofCH-2; the hole was drilled 
with air. After the drilling was completed, water was added to CH-2 to facilitate 
borehole geophysical logging. In the logging of CH-2, a significant amount of fluid was 
lost below a depth of about 300 feet, indicating the presence of a relatively permeable 
formation in stratigraphic Unit 1 v and/or Unit lg. 

Specific Comments: 4.3.3.1 Area Description and History, Comment 4 
"Intermediate Perched zones and Regional Aquifer Groundwater Investigations 
Clarify if the location of proposed regional well R-30 is in a position to monitor the east 
to southeast component of potential groundwater flow in this area of IANL. Given the 
volumes and nature of the materials used at TA -49 and those found in groundwater 
samples, justify the number of wells proposed and the location of each well associated 
with this aggregate." 

Specific Comments: 4.3.3.1 Area Description and History, Comment 4 Response 
R-30 is located east (downgradient in the regional aquifer) of the major source term at 
TA-49. This well will deepen existing borehole 49-2-700-1 which is already drilled to a 
depth of 700 ft, providing a significant cost savings to the drilling program. The need for 
additional wells in this area can be determined after characterization data becomes 
available from the planned wells. 

Specific Comments: 4.3.4.2 Ancho Canyon, Comment 1 
"Alluvial Groundwater 
Please clarify the 4ft to 9ft of saturation encountered in ASC-15, -16, and -18." 

Specific Comments: 4.3.4.2 Ancho Canyon, Comment 1 Response 
The thickness of saturated alluvium encountered ranged from a minimum of 4 feet in one 
boring to a maximum of 9 feet in another boring. The thickness of saturated alluvium in 
the third boring was between 4 and 9 feet. 

Specific Comments: 4.3.4.2 Ancho Canyon, Comment 2 
"Figure 4-16 indicates MDA Y is located below the confluence of Ancho and the north 
fork of Ancho canyons. HRMB believes that it is incorrectly located on Figure 4-18 as 
MDA Y is located at TA-39 above the confluence. Please correct the figure if 
appropriate. " 

Specific Comments: 4.3.4.2 Ancho Canyon, Comment 2 Response 
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The location of MD A Y is in error in Figure 4-18 and will be corrected in the fmal 
Hydrogeologic Workplan. 

Specific Comments: 4.3.4.2 Ancho Canyon, Comment 3 
"Please justify the statement that " ... the alluvium is quite permeable in contrast to the 
underlying Bandelier Tuff and underlying basalts. " Due to the highly fractured and 
jointed nature of both the Bandelier Tuff and underlying basalts this statement is not 
entirely accurate." 

Specific Comments: 4.3.4.2 Ancho Canyon, Comment 3 Response 
If the alluvium were not "quite permeable" in contrast to the underlying rock, water would 
not be perched in the alluvium overlying the tuff. The exact nature of the perching 
interface requires more investigation in several areas. In some places the perching horizon 
appears to be weathered tuff. 

In any case, the tuff beneath the alluvium is unsaturated. It is well established among 
hydrologists that in the case of unsaturated water flow, fractures and joints are a barrier to 
aqueous flow. Fractures and joints can only contain and transport water if the entire rock 
is saturated. If the rock is unsaturated water will be drawn into the surrounding rock 
matrix. 

Specific Comments: 4.3.4.2 Ancho Canyon, Comment 4 
"Intermediate Perched Zone and Regional Aquifer 
The RFI ReportforOperable Unit 1132 (March 1997) indicates that the regional aquifer 
is estimated to be between 300 to 600 feet below the canyon bottom (page 2-3 ). The 
Workplan indicates an estimate of 600 feet. Please clarify the discrepancy (be sure to 
include references)." 

Specific Comments: 4.3.4.2 Ancho Canyon, Comment 4 Response 
These depths are given as generalities. The exact depth of the regional aquifer in this area 
is unknown as there are no wells nearby. The elevation of the floor of Ancho Canyon in 
this area is about 6000 ft; the Rio Grande (which is believed to be contiguous with the 
regional aquifer surface) is approximately 600ft lower, at an elevation of about 5400 ft. 
References for these observations include topographic maps. 

Specific Comments: 4.3.4.3 Chaquehui Canyon, Comment 1 
"Intermediate Perched Zones and Regional Aquifer 
Ancho Spring is indicated to be 300 feet above the Rio Grande in Section 4.3.4.2, 
Intermediate Perched Zones and Regional Aquifer. In this section it is indicated to be 
130-200 feet above the Rio Grande. Please clarify the discrepancy and provide 
references. " 
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Specific Comments: 4.3.4.3 Chaquehui Canyon, Comment 1 Response 
The correct elevation difference is 300 feet. Available GPS survey data (LANL FIMAD 
database) indicates that Ancho Spring issues at an altitude of approximately 5700 feet; the 
altitude of Ancho Canyon at the Rio Grande is approximately 5400 feet. The text will be 
corrected in the fmal Hydrogeologic Workplan. 

Specific Comments: 4.3.4.3 Chaquehui Canyon, Comment 2 
"Intermediate Perched Zones and Regional Aquifer Ground Water Investigations 
Considering the presence of a tritium source/other contamination at TA-33, provide 
rationale for not proposing characterization/monitoring wells in this area of IANL." 

Specific Comments: 4.3.4.3 Chaquehui Canyon, Comment 2 Response 
The mesa-top setting of the tritium source suggests that the need for characterization 
well(s) will be based on results of on-going RFI investigations. The largest canyon near 
TA-33, Chaquehui Canyon, is generally dry. and it is inaccessible because of deep incision. 
However, the need for characterization/monitoring wells in this area can be discussed at 
the quarterly and annual meetings between NMED and DOFJLANL. 

Specific Comments: 4.3.5 Aggregate 5, Comment 1 
"Table 4-7 lists proposed alluvial and regional wells for aggregate 5 not aggregate 4 as 
indicated in the text. " 

Specific Comments: 4.3.5 Aggregate 5, Comment 1 Response 
The reference to aggregate 4 was an error. The correct reference to aggregate 5 will be 
included in the fmal Hydrogeologic Workplan. 

Specific Comments: 4.3.5.2 Canon de Valle, Comment 1 
"Surface Water 
The text refers to Canon del Valle, replace with Canon de Valle. " 

Specific Comments: 4.3.5.2 Canon de Valle, Comment 1 Response 
The name of Canon de Valle will be corrected in thi.! fmal Hydrogeologic Workplan. 

Specific Comments: 4.3.5.2 Canon de Valle, Comment 2 
"Alluvial Groundwater 
Figure 4-20 mis-labels/identifies the Tschicoma Formation in the key." 

Specific Comments: 4.3.5.2 Canon de Valle, Comment 2 Response 
The labeling of the Tschicoma Formation in the key of Figure 4-20 was an error. The 
correct identification will be included in the fmal Hydrogeologic Workplan. 
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Specific Comments: 4.3.5.2 Canon de Valle, Comment 3 
"The text refers to Cation del Valle, replace with Cation de Valle." 

Specific Comments: 4.3.5.2 Canon de Valle, Comment 3 Response 
The name of Canon de Valle will be corrected in the fmal Hydrogeologic Workplan 

Specific Comments: 4.3.6 Aggregate 6, Comment 1 
"Table 4-8 lists proposed alluvial and regional wells for aggregate 6 not aggregate 4 as 
indicated in the text. " 

Specific Comments: 4.3.6 Aggregate 6, Comment 1 Response 
The reference to aggregate 4 was an error. The correct reference to aggregate 6 will be 
included in the fmal Hydrogeologic Workplan. 

Specific Comments: 4.3.6.1 Area Description and History, Comment 1 
"TA-39 is included in Aggregate 4, Figure 4-22 indicates it is part of Aggregate 6. TA-
36 appears to be mis-identified on Figure 4-22." 

Specific Comments: 4.3.6.1 Area Description and History, Comment 1 Response 
The identification ofTA-39 on Figure 4-22 was an error. Figure 4-22 will show TA-36 in 
the fmal Hydrogeologic Workplan. 

Specific Comments: 4.3.6.2 Potrillo Canyon, Comment 1 
"Surface Water 
The reference for Becker (1991) is not listed in the references in Section Six (6)." 

Specific Comments: 4.3.6.2 Potrillo Canyon, Comment 1 Response 
The omission of the Becker (1991) in the reference list was an error. The complete 
citation to Naomi Becker's doctoral dissertation will be included in the fmal 
Hydrogeologic Workplan. 

Specific Comments: 4.3.6.2 Potrillo Canyon, Comment 2 
"Provide the location of the discharge sink on Figure 4-22." 

Specific Comments: 4.3.6.2 Potrillo Canyon, Comment 2 Response 
The location of the discharge sink will be included on Figure 4-22 in the fmal 
Hydrogeologic Workplan. 

Specific Comments: 4.3.6.2 Potrillo Canyon, Comment 3 
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"The number and location of wells should reflect the significance of the discharge sink to 
groundwater recharge and the overall groundwater protection strategy at the lab. Since 
the discharge sink is collecting uranium contaminated surface water and sediments, 
groundwater monitoring of any alluvial, intermediate groundwater systems and the 
regional aquifer should be included in the design of the well type, placement and number 
in order to adequately delineate the effect of the discharge sink on potential contaminant 
(e.g., U) transport offsite." 

Specific Comments: 4.3.6.2 Potrillo Canyon, Comment 3 Response 
Potrillo Canyon has been the focus of some of the most detailed near-surface characterization activities at 
the Laboratory. A partial list of subsurface instrumentation already installed within or adjacent to the 
discharge sink includes 3 neutron moisture access tube clusters and 2 multi-level observation wells. 
These stations monitor the vertical moisture movement and t11e occurrenCe of saturation within the 
discharge sink (the observation wells have remained dry since their installation in 1991). Monitoring 
results from these holes and data from additional surface water and sediment monitoring activities will be 
evaluated to guide the design, placement, and number of additional wells needed to characterize this site. 

Specific Comments: 4.3.6.2 Potrillo Canyon, Comment 3A 
"Document, if known, what controls the discharge sink (e.g., structurally controlled?)." 

Specific Comments: 4.3.6.2 Potrillo Canyon, Comment 3A Response 
The probable feature that creates the discharge sink is an underlying fault, below the 
alluvium at the upstream end of the discharge sink, according to Becker (1991 ). The 
discharge sink will be investigated during site characterization activities. 

Specific Comments: 4.3.7 Aggregate 7, Comment 1 
"Table 4-9 lists proposed alluvial and regional wells for aggregate 7 not aggregate 4 as 
indicated in the text. " 

Specific Comments: 4.3.7 Aggregate 7, Comment 1 Response 
The reference to aggregate 4 was an error. The correct reference to aggregate 7 will be 
included in the final Hydrogeologic Workplan. 

Specific Comments: 4.3.7.2 Mortandad Canyon, Comment 1 
"Alluvial Groundwater 
If available, provide the estimated volumes of water lost to seepage into the tuff from the 
Purtymun ( 1977) and Koenig ( 1993) water balance studies: " 

Specific Comments: 4.3.7.2 Mortandad Canyon, Comment 1 Response 
Purtyrnun et a1 (1977) report that from 1963 through 197 4, the estimated losses to the tuff 
ranged from 64,000 to 150,000 m3 of water per year. These should be viewed as 
estimates with possible large sources of error. 

38 
02/02/98 



Los Alamos National Laboratory 
Response to 

-...--~~D Request f~r Supplemental Information on the Hydrogeologic Workplan 

For the two year period July 1963 to June 1965, Koenig (1993) estimated a total inflow to 
the tuff of 177,000 m3

• These figures cannot be directly compared to Purtymun' s ( 1977) 
values as he gives figures on an annual basis. Assuming that Purtymun's values can be 
divided in half for 1963 and 1965 to represent the latter and first halves of these years, a 
rough approximation of 244,500 m3 comes from his values for this time period. 

Specific Comments: 4.3.7.2 Mortandad Canyon, Comment lA 
"Please clarify the last paragraph of this section as it is unclear. 20% of water entering 
the canyon is stored in the alluvium. 80% of the water entering the canyon is lost. 15% 
ofthe 80% water lost is due to evapo-transpiration. The remaining 65% of the 80% is 
lost to seepage into the tuff?" · 

Specific Comments: 4.3. 7.2 Mortandad Canyon, Comment 1A Response 
The previous paragraph incorrectly cited Purtym.m's (1977) fmdings. Purtymun states 
that the average annual losses are "about the same volume that entered the canyon each 
year". Regarding the mechanism of loss, he says that ''The losses attributed to 
evapotranspiration were estimated at about 15% ... " (of the total loss) ''with infiltration 
accounting for the remainder". The 3.HlOultt in storage does not directly bear on either the 
amount entering or the amount lost. 

Specific Comments: 4.3. 7.2 Mortandad~ Canyon, Comment lB 
"The reference ff!r Koenig ( 1993) is missing in Section 6." 

Specific Comments: 4.3.7.2 Mortandad Canyon, Comment 1B Response 
The omission of Koenig (1993) from the reference list in Section 6 was an error. The 
correct reference will be included in the final Hydrogeologic Workplan. 

Specific Comments: 4.3.8 Aggregate 8, CC\mment 1 
"Table 4-10 lists proposed alluvial and regional wells for aggregate 8 not aggregate 4 as 
indicated in the text. " 

Specific Comments: 4.3.8 Aggregate 8, Comment 1 Response 
The reference to aggregate 4 was an error. The correct reference to aggregate 8 will be 
included in the ftnal Hydrogeologic Workplan. 

Specific Comments: 4.3.8.1 Area Description and History, Comment 1 
"Cabra Canyon is not identified on the figures. Please indicate on a figure and 
reference. " 

Specific Comments: 4.3.8.1 Area Description and History, Comment 1 Response 

39 
02/02/98 



Los Alamos National Laboratory 
Response to 

NMED Request for Supplemental Information on the Hydrogeologic Workplan 

A block diagram showing the boundaries of Aggregate 8, including Cabra Canyon, will be 
included in the fmal Hydrogeologic Workplan. 

Specific Comments: 4.3.8.1 Guaje Canyon, Comment 1 
"Surface Water 
The Guaje Canyon and Area Description and History sections share the same 4.3.8.1 
section number. " 

Specific Comments: 4.3.8.1 Guaje Canyon, Comment 1 Response 
The mis-numbering in this section was an error. The section numbering will be corrected 
in the fmal Hydrogeologic Workplan. 

Specific Comments: Appendix 5, Criteria for Scheduling Well Installation, 
Comment 1 
"See Comment 1, Section 4.0." 

Specific Comments: Appendix S, Criteria ror Scheduling Well Installation, 
Comment 1 Response 
The Hydrogeologic Workplan is intended to ensure a comprehensive, well integrated 
approach to addressing all applicable regulatory programs. The ranking system was 
developed to meet, as a minimum, the requirements of RCRA compliance. However, 
other regulatory programs and best management practices are also embedded within the 
ranking system. 

Specific Comments: Appendix 6, Maps, Comment 1 
"See Comment 1, Section 2.1.2.1." 

Specific Comments: Appendix 6, Maps, Comment 1 Response 
DOEILANL agree with the need to include a geologic map. A geologic map will be 
included in the fmal Hydrogeologic Workplan. There are seven generalized stratigraphic 
cross-sections included in the document which are judged to be sufficient for illustrating 
the heterogeneity across the Laboratory. These cross sections will also be referenced in 
this background section in the fmal Hydrogeologic Workplan. 
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1.0 INTRODUCTION 

This Annual Report provides the Department of Energy (DOE), the New Mexico Environment 
Department (NMED), and other interested stakeholders with a status of the groundwater protection and 
management activities performed during fiscal year 1997; a summary of the changes made to the 
Laboratory' s conceptual model ofthe hydrogeologic setting, as a result of integrating the new data; and a 
projection of the planned activities for the upcoming year. This document is specifically written as a 
summary-level report, and is not intended to convey all the technical data and reports that support its 
contents. 

The need to prepare this Annual Report comes from commitments made in the Groundwater Protection 
Management Program Plan and the Hydrogeologic Workplan. The following information is provided to 
familiarize the reader with these and other documents germane to the protection and management of 
groundwater at Los Alamos National Laboratory (Laboratory). 

1.1 Groundwater Protection Management Program Plan 

As a Department of Energy (DOE) facility, Los Alamos National Laboratory (Laboratory) is required to 
conduct its operations in an environmentally safe manner. DOE Order 5400.1: "General Environmental 
Protection Program" establishes environmental protection requirements, authorities, and responsibilities 
for all DOE facilities (DOE 1990). The goal of this order is to ensure that operations at DOE facilities 
comply with all applicable environmental laws and regulations, executive orders, and departmental 
policies. 

In accordance with the requirements of Chapter III, Section 4a, ofDOE Order 5400.1 , the Laboratory has 
prepared a Groundwater Protection Management Program Plan (GWPMPP). The Order requires 
establishment of a groundwater protection management program that will provide: 

1. Documentation of the groundwater regime with respect to quantity and quality; 

2. Design and implementation of a groundwater monitoring program to support resource 
management and comply with applicable environmental laws and regulations; 

3. A management program for groundwater protection and remediation, including specific Safe 
Drinking Water Act (SDWA), Resource Conservation and Recovery Act (RCRA) and 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) actions; 

4. A summary and identification of areas that may be contaminated with hazardous substances; 

5. Strategies for controlling sources of these contaminants; 

6. A remedial action program that is part of the site CERCLA program required by DOE 5400.4: 
"Comprehensive Environmental Response, Compensation, and Liability Act Requirements"; 

7. Decontamination and decommissioning and other remedial programs contained in DOE 
directives. 

The GWPMPP was also prepared to fulfill the requirements of Chapter IV, Section 9 of DOE Order 
5400.1. This section requires development of a Groundwater Monitoring Plan as a specific element of the 
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GWPMPP. The Groundwater Monitoring Plan must identify all DOE requirements and regulations 
applicable to groundwater protection and include monitoring strategies for sampling, analysis, and data 
management. The general requirements outlined in Section 9b include: 

1. Determination of baseline groundwater quality and quantity conditions; 

2. Demonstration of compliance with, and implementation of, all applicable regulations and DOE 
Orders; 

3. Providing data that will allow early detection of groundwater pollution or contamination; 

4. Providing a reporting mechanism for early detection of groundwater pollution or contamination; 

5. Identifying existing and potential groundwater contamination sources and to maintain 
surveillance ofthese sources; 

6. Providing data upon which decisions can be made concerning land disposal practices and the 
management and protection of groundwater resources. 

Section 9c of Chapter IV requires that groundwater monitoring needs be determined by site-specific 
characteristics, and where appropriate, groundwater monitoring programs be designed and implemented 
in accordance with 40 CFR Part 264, Subpart F, or 40 CFR Part 265, Subpart F. This Section also 
requires that monitoring for radionuclides be in accordance with DOE Orders in the 5400 series dealing 
with radiation protection ofthe public and environment. 

The mission of the GWPMPP is to provide enhanced groundwater monitoring and program 
documentation in order to ensure long-term protection of the local and regional groundwater resource. 

The specific Program objectives are: 

• Consolidate the activities of different Laboratory environmental projects and programs to ensure 
a unified approach to groundwater protection and prevent duplication of effort; 

• Establish an information system in which all groundwater-related data will be stored and which 
will be accessible to the Laboratory, stakeholders, and the public; 

• Address the requirements of the RCRAIHSW A Permit, particularly Module 8, Task III ; 

• Provide enhanced groundwater documentation to support a Laboratory-wide Environmental 
Impact Statement, as requested by the DOE under the National Environmental Policy Act 
(NEPA); 

• Maintain ongoing groundwater protection activities and address new issues as they occur. 

1.2 Hydrogeologic Workplan 

In order to meet regulatory requirements, and meet the mission and objectives of the Groundwater 
Protection Management Program Plan, the Laboratory prepared a Hydrogeologic Workplan, which was 
issued to the New Mexico Environment Department (NMED) in draft on December 6, 1996. The 
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Hydrogeologic Workplan describes activities proposed to be performed by the Laboratory to characterize 
the hydrogeologic setting beneath the Laboratory, and to enhance the Laboratory' s groundwater 
monitoring program. The need for characterization of the hydrogeologic setting beyond that already 
established by studies conducted by the Laboratory over the past 50 years, and the possible need for an 
enhanced groundwater monitoring program at the Laboratory, are driven by requirements, with which the 
DOE and the Laboratory are committed to comply, and the Laboratory's own commitment to 
groundwater protection. 

The Workplan was specifically prepared as a result of a written request from NMED dated August 17, 
1995 which stated that the Laboratory should prepare a Hydrogeologic Workplan that addressed the 
requirements of the Resource Conservation and Recovery Act (RCRA) and the Hazardous and Solid 
Waste Amendments of 1984 (HSWA) as detailed in regulations and the Laboratory's RCRAIHSWA 
permit. 

The NMED issued a request for Supplemental Information regarding the draft Workplan on November 
17, 1997, to which the Laboratory, through the Department of Energy's (DOE) Los Alamos Area Office 
(LAAO), responded on February 5, 1998. Incorporation of the Laboratory responses to the NMED 
comments, and finalization of the draft Workplan will occur following receipt ofNMED approval in the 
near future. In the meantime, tasks and activities delineated in the Workplan are being implemented. 

Section 7.2 of the GWPMPP provides for the submittal of an annual groundwater status report to DOE 
summarizing the status of the groundwater protection activities in the GWPMPP. Since the 
Hydrogeologic Workplan has become the implementation plan for the GWPMPP, this Annual Report 
serves as the annual status report for both documents. The Annual Report will proceed the annual 
meeting held in March each year between the Laboratory, DOE, and NMED to discuss the Annual 
Report and negotiate any proposed changes to the Hydrogeologic Workplan scheduled activities for the 
year. In future years, the Annual Report will be prepared by the Laboratory during the last quarter of the 
calendar year, and delivered to NMED in December, allowing ample review time prior to the March 
annual meeting. However, time constraints for this first Annual Report necessitated its delivery to 
NMED within days of the annual meeting scheduled March 30, 1998. 

1.3 Conceptual Design Report 

The Conceptual Design Report (CDR) for the Monitoring Well Installation Project (MWIP) is a 
secondary document that compliments the Hydrogeologic Workplan's implementation. It describes the 
justification and design concept for installing sixteen (16) regional aquifer wells, including all borehole 
sampling and testing. The 100% draft of the CDR was completed in May, 1997 as part of the funding 
request requirements to obtain funding from DOE Defense Programs (DP). In addition to the 16 regional 
aquifer wells funded by DP, the CDR includes reference to the installation of 51 alluvial, 1 intermediate 
perched zone, and 16 regional aquifer wells by the Environmental Management's Environmental 
Restoration (ER) Project. The combination of both the DP funded wells and the ER funded wells make 
up the Laboratory's MWIP. 

1.4 Organization of the Annual Report 

Both the GWPMPP and the Hydrogeologic Workplan describe data collection and analysis activities. 
These activities consist of both non-field and field activities. Non-field activities include tasks such as 
historical data compilation, data management, and computer modeling. The status of non-field activities 
is described in Section 2 of this report. Field activities include some that are regional in scale (e.g. 
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sample all springs) and some that are specific to particular geographic areas, referred to as Aggregates in 
the Hydrogeologic Workplan. The results of aggregate-specific field investigations and regional scale 
field investigations are described in Section 3. Section 4 contains proposed work for FY98 and proposed 
changes from the program as described in the GWPMPP and the Hydrogeologic Workplan. 
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2.0 STATUS OF NON-FIELD ACTIVITIES 

2.1 Data Management 

During 1997, a team consisting of personnel from ESH groups responsible for environmental 
surveillance worked withER personnel assigned to the Facility for Information Management and Display 
(FIMAD) to determine the scope and cost of loading environmental surveillance data into the FIMAD 
system. The objective was to centralize analytical data collected by different groups so that it is readily 
available to all users. FIMAD personnel are continuing to work with the ESH groups to format 
environmental surveillance data and modify the FIMAD system to facilitate data access by all users. 

The Groundwater Integrating Team (GIT) has contracted with Harding Lawson Associates (HLA) to 
perform a user needs assessment in 1998. Based on the assessment, HLA will recommend an 
implementation plan for creating a central data repository. The repository will be designed to combine 
the environmental data collected by current projects and programs (i.e., environmental surveillance, 
groundwater protection, watershed management, and the environmental restoration data currently in the 
FIMAD database). 

Data and data analysis tools will be designed to support the implementation of the Data Quality 
Objectives (DQOs) and the Data Quality Assessment (DQA) processes required by the GWPMPP. Data 
generated from previously drilled wells will be used to refine future drilling requirements and data 
collection activities. These tools will be designed to meet the needs of these users and will include three 
dimensional data modeling and data visualization capabilities. 

2.2 Modeling 

Table 2-1 includes a description of modeling tasks, subtasks, a short synopsis of 1997 status, and future 
activities. The tasks in Table 2-1 are not directly correlative to those listed in the Hydrogeologic 
Workplan, sections 1 and 3. The tasks from the Hydrogeologic Workplan have been recombined in Table 
2-1 into three major tasks: Develop Geologic Model, Develop Hydrologic Model, and Develop 
Geochemical Model. Subtasks within the three major tasks are the same as those listed in the 
Hydrogeologic Workplan. Tasks that were completed prior to 1997 are not included in this update. 

Groundwater flow and transport modeling has been proposed in the Hydrogeologic Work Plan (1996) as 
a significant component of Laboratory efforts to better understand the hydrogeology and geochemistry of 
the regional aquifer. Long term goals of both flow and transport modeling include: 

1. Support for the deep well drilling program including well siting. 

2. Integration of stratigraphic, hydrologic, and geochemical data available for the Pajarito Plateau, 

3. Testing of hypotheses concerning predominant flow directions, recharge zones, and potential 
contaminant migration in the regional aquifer. 

The first step in achieving these goals is to develop a flow model for the regional aquifer that represents 
our current knowledge of subsurface stratigraphy and hydrogeology. A reasonable basin-scale model is 
critical to the success of site-scale model, as regional flow directions undoubtedly influence local flow. 
We propose to generate a flow model at the scale of the Espanola Basin, with coarse resolution off the 
Pajarito Plateau and fine resolution on the plateau. Existing basin-scale models (Frenzel, 1995; McAda 
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and Wasiolek, 1988) are of limited value for accurate site-scale predictions because they poorly 
reproduce observed vertical gradients, their grid resolution is coarse and does not represent known 
geologic structures, and boundaries were arbitrarily placed near Los Alamos in order to minimize 
influence on predictions in the Santa Fe area (Me Ada, 1998, pers. comm). We propose to improve on 
these models by making several key changes: 

1. Move northern and western boundaries away from the plateau to minimize their impact on local 
flow predictions and to reflect physical meaningful boundaries, 

2. Increase grid resolution so as to represent geologic controls on flow and to better predict vertical 
head gradients, and 

3. Increase the number of head observations to be used during model calibration. 

The FEHM (Finite Element Heat and Mass Transfer) Code is currently being used for groundwater flow 
and transport modeling in support of the Groundwater Protection Plan and ER activities. FEHM is 
ideally suited for the complex geologic and geochemical conditions associated with these studies. It is 
capable of modeling saturated and unsaturated flow and transport processes in fractured and porous 
media. The transport module is completely coupled with the flow module and is capable of both particle 
track simulations and fully reactive transport and speciation of multiple interacting solutes and colloids. 
FEHM links directly with the GEOMESH automatic grid generation software, making it one of the few if 
not only groundwater modeling software packages capable of directly incorporating exactly three 
dimensional geologic models from such software packages as StrataModel and Earth Vision. FEHM has 
full QA, Verification, and Validation documents (see references). This software has been specifically 
designed and is currently being used for saturated and unsaturated zone flow and radionuclide transport 
calculations for DOE studies at Yucca Mountain, the Nevada Test Site Underground Test Area, and Los 
Alamos National Laboratory. The capabilities ofFEHM include: 

• Fully Three-Dimensional 
• Heterogeneous/ Anisotropy Capability 
• Transient and Steady State 
• Flux and Pressure Boundary Conditions (includes recharge) 
• Point and Distributed Sources 
• Saturated/Unsaturated Flow 
• N onisothermal/lsothermal 
• Multiphase 
• Dual Permeability, Dual Porosity 
• Fault Zones 
• Fully Coupled Transport 
• Reactive Transport (Decay, Sorption, Complexation, Precipitation, 
• Dispersion, Diffusion, ... ) 
• Particle Tracking (Decay, Sorption, Diffusion, Dispersion) 
• Highly Efficient and Accurate Solver Technology 
• Verification and Validation (V & V) Documented 
• GEOMESH interface for complex representation of stratigraphic and 
• mineralogic models. 

The Laboratory expects the flow model to be a useful tool for environmental restoration planning and for 
addressing regulatory issues related to groundwater protection. As new data becomes available from the 
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deep well drilling program, it will be incorporated into the flow model. The model will be a particularly 
important tool for siting future monitoring and characterization wells. 

Much of the foundation for regional-scale flow modeling has been laid by activities during FY97. Basin­
scale and site-scale hydrologic and geochemical data were gathered and analyzed. In addition, at the 
Espanola Basin workshop in January, scientists from around the state gathered to develop consensus on 
basin geology and hydrostratigraphy. These activities, along with decades of site-related work by 
Laboratory scientists, will provide the framework for this modeling effort. 

Specific activities in FY98 will include: 

I. Development of a framework model, integrating the existing site-scale stratigraphic model with 
a basin-scale hydostratigraphic model. Initial stages of basin-scale hydrostratigraphic model 
development were completed in FY97 as described above. 

2. Translation of the hydrostratigraphic model into a finite-volume grid for FEHM. 

3. Assignment of hydrologic properties to each hydrostratigraphic unit, using a combination of 
published values from pumping tests, existing flow models, and stochastic methods (if 
appropriate). 

4. Building ofFEHM flow model, boundary specification, etc. 

5. Calibration to observed head data. 

6. Sensitivity analyses and testing of hypotheses concerning flow directions and locations of 
recharge. 
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TASK 

Develop Geologic 
Model 

Develop Hydrologic 
Model 

Table 2-1. STATUS OF NON-FIELD ACTIVITIES 

SUBTASKS 1997 STATUS 

Compile and publish drilling and Prepared individual reports for alluvial and 
completion data from all significant intermediate wells installed in Aggregate 1. 
boreholes. 

Perform comprehensive review of 3- Activities in FY97 were directed at 
dimensional stratigraphy including supporting the site-wide 3-D Geologic 
analytical chemistry and mineralogy Model. 
necessary to make stratigraphic 
correlations between boreholes; 
integrate newly-collected geologic data 
into structure-contour maps, isopach 
maps and cross-section. 

Develop 3-dimensional geological QA performance on initial model as contact 
database to include surface geology, surfaces and isopachs evaluated to provide 
structural geology, and borehole an internally consistent model of the 3-D 
stratigraphy. stratigraphy. 

Salvage of data from stratigraphic and No activities in 1997. 
geochemical analysis of available 
canyon bottom core samples. 

Compile and publish hydraulic 1) Bandelier Tuff test results complete from 
characteristic data: tests conducted through 1994 (Rogers and 

1) Bandelier Tuff- Assemble hydrologic 
Gallaher, 1995). Newer data from TA-21 

laboratory test results of Bandelier Tuff 
and TA-49 are being incorporated into ER 

core from across the Plateau. Evaluate 
Project RFI reports for those sites. 

test results for validity. Calculate 
unsaturated hydraulic properties from 
moisture retention characteristics. 
Summarize data by stratigraphic unit 

FUTURE ACTIVITIES 

Develop completion reports for alluvial, 
perched intermediate, and regional 
aquifer wells as they are installed. 

Data from R-9 and other boreholes are 
being incorporated into cross-sections 
and structure contour maps. 
Correlations of basalt and tephras are 
being made through geochemical and 
geochronology studies. 

A. QA of integrated model. 

B. Incorporation of basaltic unit into 
model. 

C. Incorporation of new drill hole and 
surface data into model. 

D. Development of integrated data 
management and analysis plan. 

ER Project's Canyons Focus Area will 
hire a GRA in FY 98 to begin logging 
these sediments. 

1) ER Project RFI hydrologic reports 
for TA-21 and TA-49 will be 
published in FY98. 
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TASK SUBTASKS 

and locations. 

2) Determination of vadose zone fluxes 
in Los Alamos mesas using chloride and 
stable isotope profiles. Analyze soil 
moisture for chloride mass and isotope 
ratios. Calculate fluxes from tracer 
profiles. 

3) Hydrologic parameter estimation for 
the Pajarito Plateau, including in-situ 
hydraulic testing of wells. Load available 
hydrologic measurements in 3-
dimensional database. Statistically 
describe zones and regions. 

Water Quality Data: 

1) Consolidate historical water quality 
data in database and perform trend 
analysis. 

1997 STATUS FUTURE ACTIVITIES 

2) Completed profile work and flux 2) A report will be written comparing the 
calculations for Mesita del Suey, DP Mesa, chloride profile results from DP mesa 
and Frijoles Mesa (TA-49) . Nine boreholes and TA-16. 
were examined for chloride and three 
boreholes were examined for stable 
isotopes. 

3) Basin-scale and site-scale hydrologic 3) Hydraulic properties for regional 
data was gathered and analyzed; slug tests aquifer to be incorporated into saturated 
were conducted in DP Canyon alluvium zone model to be developed starting in 
and in saturated zones encountered in R-9. FY98. 

Pump test new water supply wells GR-
1, GR-2, GR-3, and GR-4 in Guaje 
Canyon during 1998 before these wells 
enter routine service . 

Run spinner logs in new supply wells 
GR-1, GR-2, GR-3, and GR-4 in Guaje 
Canyon during 1998 in conjunction with 
aquifer pump tests. 

1) All of the historic environmental 1 )The historic data has not been 
surveillance data for ground water, surface adequately verified and QA-checked. 
water, and sediments have been loaded We will continue to confirm that these 
into a Microsoft Access database. These data matches the published record . We 
data cover the period from the early 1950s will complete the write-up of the trend 
to the present and include 173,000 analysis on the San ldelfonso data and 
records. All sample values and units have publish this report. We will continue 
been corrected to a set of standard units to trend analysis on the historic data and 
facilitate data analysis. We chose data expect to focus on evaluating trends by 
collected on or near the San ldelfonso drainage basins. 
Pueblo as the first data for trend analysis. 
We have completed trend analysis for 
these data set and are writing up the 
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TASK SUBTASKS 

2) Evaluate water quality variations and 
vertical stratification within the regional 
aquifer using water samples from supply 
wells. Pull permanent pump and isolate 
discrete sample zones (46-ft lengths) in 
each well using hydraulic packers. 
Sample with temporary pump. 

Inventory springs on-site and near Lab 
boundaries by reviewing existing 
Laboratory and USGS reports for initial 
inventory. Perform additional field 
reconnaissance. Supplement with aerial 
photography where possible. Select 
springs with discrete discharge points. 
Install flow and monitoring probes . 

Long-term water balance estimates for 
the Pajarito Plateau. Install stream 
gages at upstream and downstream 
boundaries of the Laboratory. 
Continuously measure ET, Precipitation, 
and groundwater levels. 

Groundwater flow modeling using the 
FEHM code. 

1997 STATUS FUTURE ACTIVITIES 

results. 

2) In December 1996 0-1 was zonally 2) Zonally sample new supply wells 
sampled prior to its scheduled entry into GR-1 , GR-2, GR-3, and GR-4 in Guaje 
routine service as a municipal water supply Canyon during 1998 before these wells 
well. enter routine service. 

Flow measurement equipment has been Continue to obtain field observations 
installed at 4 key T A-16 and T A-18 from Laboratory and NMED personnel. 
locations to determine nature of apparent Continue ER Project investigations at 
spring discharges. The NMED DOE OB critical discharge points (particularly 
continued to make spot measurements of TA-16 and TA-18) where there is 
flow at selected discharge points. Flow and uncertainty if flow is natural spring-fed 
chemistry sampling equipment was or perennial. Continue monitoring of 
installed at three springs. Quarterly flow and for bromide tracer and other 
sampling was conducted for major anions chemical constituents. Analyses of the 
and cations, and contaminants. Daily flow and chemistry time series will be 
sampling was conducted for bromide. conducted . 

Data collected in most regional aquifer test Water level, stream flow, precipitation 
wells, and some intermediate and shallow and ET data will be collected on a 
alluvial wells. Stream flow measurements continuing basis. 
collected from 19 stations. Precipitation 
data collected from 7 stations and ET data 
collected from 2 stations. 

Organized stratigraphic information relating Establish geologic framework model for 
to Pajarito Plateau and surrounding Pajarito Plateau and surrounding 
Espanola Basin. Espanola Basin. 

Create model grid for FEHM code. 

Assign hydrologic properties and 
boundary conditions. 

Sensitivity analyses and testing of 
hypotheses concerning flow directions 
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Develop Hydrogeochemical and statistical 
Geochemical Model evaluation of solute distributions on the 

natural surface and groundwaters. 

Geochemical characteristics of key 
subsurface geohydrologic units. 

Geochemical modeling. 

. . 

1997 STATUS FUTURE ACTIVITIES 

and locations of recharge. 

Prepared report detailing hydrochemistries Expand on statistical evaluation of 
of alluvium and perched intermediate solute distributions for LANL 
groundwaters in Los Alamos and Pueblo background groundwater investigations. 
canyons; conducted pilot surface water 
study in upper Los Alamos and Pajarito 
canyons. 

Characterized groundwater in basalts and Continue to characterize 
Puye Formation and major and minor hydrochemistries of alluvium, perched 
chemistries of aquifer material. intermediate zones, and regional 

aquifer and associated aquifer material. 

Performed speciation, mixing, and mineral Continue geochemical modeling to 
saturation calculations using MINTEQA2 understand important processes 
and PHREEQE; completed 4 quarters of occurring along groundwater flow paths; 
sampling 15 LANL background quantify mobilities of strontium-90, 
groundwater stations . uranium, and other contaminants by 

determining sorption constants for 
these metals/radionuclides . 



3.0 STATUS OF FIELD ACTIVITIES 

3.1 Regional Field Activities (Aggregate 9) 

3.1.1 Aggregate 9 FY97 Investigations 

During 1997, data were collected and new instrumentation was deployed to help estimate the overall 
water balance for the Laboratory site. The following bullets summarize investigations and Table 3-1 
gives measurements, locations, and modes. 

Surface hydrology work included stream flow measurements at 19 gaging stations. 
Spring discharge measurement equipment was installed at three springs at TA-16 near the western 
Laboratory boundary. 
Groundwater levels were continuously recorded at 33 locations using pressure transducers installed in 
shallow, intermediate, and deep wells. 
Other wells in normally dry canyon bottoms were checked for water. 
Precipitation was measured at seven stations. 
Evapotranspiration was measured at two stations, one near the western boundary at T A-6 (measured 
since 1993) and one near the eastern boundary at TA-54 (new in 1996). 

Table 3-1. Water Budget Hydrologic Data Collected at LANL in 1997 
Measurement Location Mode 
Stream flow (19 stations) Ancho Canyon 1 gage: Ancho @ SR-4 

Water Canyon 2 gages: Water @ SR-502, Water @ SR-4 
Calion de Valle 1 gage: Calion de Valle @ SR-502 
Potrillo Canyon 1 gage: Potrillo @ SR-4 
Pajarito Canyon 3 gages: Pajarito@ SR-502, Pajarito near TA-

18, Pajarito @ SR-4 
Canada del Suey 2 gages: COB north ofT A-54, COB@ SR-4 
Mortandad Canyon 4 gages: Mortandad@ GS-1, Mortandad 

above sediment traps, Mortandad below 
sediment traps, Mortandad @ Laboratory 
eastern boundary 

Sandia Canyon 1 gage: Sandia @ SR-4 
Los Alamos Canyon 3 gages: LA @ Skating Rink, LA above OP 

Canyon, LA @ SR-4 
Pueblo Canyon 1 gage: Pueblo @ SR-4 

Spring flow (3 stations) TA-16 3 springs: SWSC line, Burning Ground, Martin 
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Table 3-l. Water Budget Hydrologic Data Collected at LANL in 1997 (cont) 

Measurement Location Mode 

Groundwater levels Mortandad Canyon 12 wells: MCW8-5, MCW8-5.5A, MCW8-5.58, 
(33 stations) Alluvium MCWB-6.2A, MCW8-6.5C, MCWB-6.5E, 

MCW8-7A, MCW8-78, MCW8-7.2, MCW8-
7.4A, MCW8-7.48, MCW8-7.78 

Los Alamos Canyon 8 wells: LAO-C, LA0-0.7, LA0-1, LA0-2, LAO-
Alluvium 3, LA0-4, LA0-4.5C, LA0-6A 

Intermediate Depth 13wells:LAOI-1.1, LADP-3, LA-18, TW-1A, 
Groundwater and TW-2A, TW-1, TW-2, TW-3, TW-4, TW-8, DT-
Regional Aquifer 5A, DT-9, DT-10 

Precipitation (7 stations) 7 stations: North Community, TA-16, TA-6, 
TA-49, TA-53, TA-54, TA-74, Pajarito Mountain 

Evapotranspiration 2 stations: TA-6, TA-54 
(2 stations) 

3.1.2 Conceptual Model Refinement 

3.1 .2.1 Surface Water Balance 

A water balance study for the Laboratory cannot yet be completed as many of the components necessary 
for determining outflow remain unmeasured. The following information is compiled to estimate the 
relative magnitude of some near-surface components of the water balance within the Laboratory 
boundary. The discussion targets evapotranspiration, precipitation, stream flow, and effluent discharges. 

The long-term ( 1961-1990) average annual precipitation for the Laboratory is 18.73 inches. This is 
equivalent to approximately 43,000 ac-ft per year. 

Evapotranspiration measurements show that the major water loss from the Laboratory is through ET, 
which annually has varied between 79% and 100% of total precipitation. As a first-order estimate, 
approximately 37,000 ac-ft of water evaporates or is transpired to the atmosphere from Laboratory lands 
each year. This estimate assumes an average ET of 87%, based on measurements at the mesa sites. ET 
rates for canyons, often with more vegetation than the mesas, are not yet available. 

The remaining approximately 6,000 ac-ft of precipitation is assumed to infiltrate or contribute to stream 
flow. Note that additional evapotranspiration may occur in the canyon bottoms. Based on limited stream 
gaging discussed below, there is relatively little off-site stream flow. 

Total volumes of Laboratory effluents discharged per year during the mid-1990s are approximately 
double that of the stream flow onto the Laboratory, according to estimates made for this report by the 
Water Quality and Hydrology Group (ESH-18). When flows from the Los Alamos County Bayo Sewage 
Treatment Plant are added in, total effluent releases in the near-vicinity of the Laboratory are estimated 
to be approximately 1100 ac-ft per year, 3 times greater than the incoming stream flow. Sewage effluent 
discharges comprise nearly 65 percent of the effluent flow. Table 3-2 summarizes estimates of the major 
NPDES effluent discharges operating during the mid-1990s. 
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Table 3-2. Surface Water Discharges in 1997. 
Type of Discharge Discharge Name Receiving Drainage Vol. (ac-ft/yr) 
Cooling Tower TA-21 Steam Plant DP/Los Alamos Canyon 4 

LANL Sewage SWSC Plant Sandia Canyon 313 

Radioactive TA-50 Mortandad Canyon 6 
Wastewater 
Cooling Towers TA-53 Cooling Towers Los Alamos Canyon 364 

High Explosive HEWTF Water Canyon/Canon de Valle 2 
Wastewater 
Los Alamos County Bayo Plant Pueblo Canyon 436 
Sewage 
Total 1126 

Stream flow at the Laboratory upstream and downstream boundaries is measured by stream gages 
(Shaull et al. 1996a, 1996b, 1998). The largest mean flows are in Pueblo, Los Alamos, and Sandia 
Canyons. Most of the flow in Pueblo Canyon is derived from effluent releases from the County Bayo 
Sewage Treatment Plant. Stream flow onto the Laboratory varies significantly by drainage (Shaull et al. 
1996a, 1996b, 1998). Three-fourths ofthe stream flow entering the Laboratory is in Los Alamos Canyon. 
Approximately 350 ac-ft of stream flow crossed the upstream boundary ofthe Laboratory, averaged over 
3 years of measurement. An average of approximately 950 ac-ft crossed the downstream boundary. The 
increase in downstream flow is principally due to the addition of effluent discharges. Table 3-3 details 
the stream flow and effluent discharges for each drainage. 

Table 3-3. Average Stream Flow and Effluent Discharges by Canyon (ac-ft/yr). 
Canyon Inflow to LANL Effluent Discharge Outflow from LANL 
Pueblo 0 436 757 

Los Alamos 261 368 172 

Sandia 0 313 2 

Canada del Suey 0 0 6 

Mortandad 0 6 0 

Pajarito 74 0 12 

Potrillo 0 0 1 

Water 10 2 1 

Ancho 0 0 4 

Total 345 1125 955 

3.1.2.2 Canyon Systems 

Infiltration will likely be enhanced beneath the canyon floors that have either a relative abundance of 
natural stream flow, or have a long history of effluent releases. The review of the stream flow and 
effluent discharges shown above supports the Laboratory' s strategy to focus initial characterization 
activities on the Los Alamos/Pueblo drainage system (Aggregate 1 ), as infiltration is most likely in those 
canyons. 

Characterization of Aggregate 1 indicates that percolation of water below the canyon floor alluvium is 
locally variable and dependent on the permeability of the underlying earth materials, as well as 
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topography and underlying geology. Thus, recharge beneath the wetter canyon floors may occur at 
several locations at variable distances from the original contaminant source location. This is consistent 
with the current conceptual model. 

Investigations confirm that the Puye Formation and the basalts provide potential horizons for perching 
groundwater. Beneath the wetter canyon systems, this leads to the possibility of multiple perched 
systems developing, with recharge to each one possibly coming from different areas. 

3.1.2.3 Mesa Top Systems 

Investigations at both TA-54 and TA-49 indicate that the portion of the mesa at an elevation above the 
neighboring canyon bottom is subjected to higher rates of pore water evaporation than the part of the 
mesa lying below the canyon bottom. This enhanced evaporation apparently occurs by air movement 
along fractures or lithologic features such as surge beds. The consistency in results at the two sites, one 
on the eastern edge of the Laboratory and the other on the south central edge of the Laboratory, indicates 
that this phenomenon may occur at most mesa settings. This drying process results in very low 
infiltration rates within the mesa. 

Drilling at the western boundary of the Laboratory (TA-16) indicates that a laterally extensive perched 
groundwater zone within the Bandelier Tuff is not present. Spring discharge may be occurring as a result 
of highly channelized flow along discrete fractures rather than as discharge from a large storage volume. 

3.1.3 Aggregate 9 FY98 Planned Activities 

FY98 planned activities include collection of stream flow, spring flow, groundwater level, precipitation, 
and evapotranspiration data of the same type and quantity as that collected during 1997. 

3.2 Aggregate-Specific Field Activities 

The FY97 investigations that occurred within Aggregates 1-8 are described in the following sections. 
Based on the data collected in the investigations, refinements to the conceptual models are presented. A 
brief description of proposed FY98 activities is also included. 

3.2.1 Aggregate 1 

Aggregate I is bounded on the north by Pueblo Canyon, on the south by Sandia Canyon, on the east by 
State Route 4, and to the west by the Jemez Mountains (Figure 3-1). Aggregate 1 includes the Los 
Alamos townsite, and currently active Technical Areas (TA) TA-21 which is on DP Mesa, TA-43 the site 
of the Los Alamos Medical Center, TA-53 which is the site of the Los Alamos Neutron Science Center 
(LANSCE), and TA-73 which is the Los Alamos Airport. This aggregate also in<: ludes two inactive TAs 
(TA-O and TA-45) where early Laboratory operations took place. 
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3.2.1.1 Aggregate 1 FY97/nvestigations 

DPCanyon 

• A Sampling and Analysis Plan based on a Canyons approach was prepared. 

• Geomorphic mapping was initiated on the canyon floor, and a first round of sediment samples 
was collected for full-suite analysis. 

• Consistently elevated concentrations of 137-Cs were found in the post-1942 sediments in the 
canyon. Isotopic Pu, Am, and Sr are also elevated in the canyon sediments. Cs and Sr 
contamination are collocated. 

• Alluvial wells LAUZ-1 and LAUZ-2 were redeveloped to optimize well performance and slug 
tests were performed in both wells, providing data for a proposed tracer test scheduled for later 
this year to test the hypothesis of alluvial water from these wells discharging at DP Spring. 

• Two quarters of water quality samples were collected from LAUZ-1 and LAUZ-2. One water 
quality sample was collected from DP Spring. Filtered water samples from LAUZ-1 and -2 
contained 100 to 108 pCi/L 90-Sr. The sample from DP Spring contained 39 pCi/L 90-Sr. 

Airport Landfill (TA-53) 

8 characterization boreholes 20 ft to 80 ft deep were drilled into the landfill. The boreholes penetrated 
landfill material and botttomed 5 ft to 1 0 ft into the underlying tuff. One to two samples were collected 
for contaminant characterization from the tuff in each borehole. Metals in the tuff samples were below 
UTLs, and SVOCs, pesticides, and PCBs were below detection limits. VOCs were detected in three 
samples at scattered locations. Saturated conditions were not found in any of the boreholes, although 
some moist areas were found in landfill materials and at the landfilVtuff interface. 

Hillside 138 (Former TA-l) 

A BMP was implemented to stabilize the hill slope and prevent the transport of Pu and Hg into Los 
Alamos Canyon. 

Hillside 140 (Former TA-l) 

A BMP was implemented to stabilize the hill slope and prevent the transport ofU into Los Alamos 
Canyon. 

MDA T (TA-21) 

19 characterization boreholes 7 ft to 200 ft deep were drilled through or next to absorption beds or angled 
beneath waste disposal shafts. No zones of saturation were encountered. Tritium concentrations 
decreased with depth, but concentrations above background were found at the bottoms of some of the 
deepest boreholes. Contaminants found in the characterization boreholes were primarily Pu, Am, 137-Cs, 
90-Sr; slightly elevated concentrations of Pb, Cr, and Be were found in various boreholes at various 
depths. 
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Los Alamos and Pueblo Canyons 

• Three shallow alluvial characterization wells (PA0-4, LLAO-lB, and LLA0-3) were installed 
by the ER Project in FY97 in Pueblo and lower Los Alamos Canyons (Figures 3-2, 3-3, and 3-4). 
Alluvial characterization well PA0-4 replaces P0-4 and LLAO-lB replaces LLA0-1A because 
of improper well completion. Both abandoned alluvial wells were plugged with bentonite grout 
following NMED guidelines. The 3 new alluvial wells supplement 17 previously sampled 
shallow wells within Los Alamos and Pueblo Canyons. 

• Shallow alluvial well LA0-3.5 was described in the Los Alamos and Pueblo Canyons workplan 
to identify a shallow mixing zone, possibly within the Guaje Pumice Bed, 

occurring between LA0-3 and LA0-4. Concentrations ofTDS and activities of90sr decrease in 
the alluvium between these two wells. The mixing zone is within the alluvium and/or the 
weathered Otowi Member of the Bandelier Tuff and not within the Guaje Pumice Bed as 
originally projected in the workplan. The depth to the Guaje Pumice Bed at the proposed location 
ofLA0-3.5 is over 100ft below ground surface (bgs). Consequently, LA0-3.5 will not be drilled 
because of these reasons. 

• A borehole (R-9) was drilled using stratex-holte techniques to the regional aquifer (Puye 
Formation) in upper Los Alamos Canyon at State Road 4 (Figure 3-3). Borehole R-9 was drilled 
to characterize intermediate-depth perched groundwater(s) and the upper 100ft of the region 
aquifer. A temporary 4-in diameter observation well was constructed to a total depth of 
approximately 706.75 ft bgs. The screened interval was set from 683 .8 to 703.9 ft bgs. 

• The characterization wells were installed to measure water levels, conduct slug tests, collect 
groundwater samples, evaluate groundwater geochemistry, and evaluate local flow conditions 
within the alluvium, perched intermediate zones, and the regional aquifer. The alluvial wells 
were drilled using hollow-stem auger methods (Table 3-4). The screen lengths in the alluvial 
characterization wells are variable and the top of the screens were generally set at the water 
table, although the saturated thickness of the alluvium fluctuates seasonally. These alluvial 
characterization wells constructed of PVC were installed by Laboratory contractors 
(ERM/Golder) as part of both of the Los Alamos and Pueblo Canyons work plan and the LANL­
wide Hydrogeologic work plan. 

• At the R-9 borehole site, two perched zones were encountered in the basalt at depths of 180ft 
and 275ft, respectively. The upper perched zone in the basalt showed significant piezometric 
head (approximately 43 psi). The bases of the upper and lower perching units occur at depths of 
225-236 and 282ft bgs, respectively. Four saturated zones were encountered at depths of 579ft, 
615(?) ft, 624ft, and 688ft bgs within the Puye Formation or the regional aquifer. The upper 
five saturated zones (180ft, 274ft, 579ft, 615(?) ft, and 624ft bgs) are confined whereas the 
lower-most saturated zone (688ft) is unconfined. All saturated zones were sealed with a 
bentonite grout during drilling to prevent mixing of groundwaters. The temporary 
characterization well (R-9) will be replaced with a permanent well completion after the drilling 
borehole R-12 in Sandia Canyon and evaluating local hydrologic and geochemical conditions 
within the regional aquifer and perched groundwater zones for the two canyons. 
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Table3-4. Summary Of Characterization Wells In Los Alamos And Pueblo Canyons Drilled In 1997 

Char. Well PA0-1 LLAO-lA LLA0-3 R-9 

Drilling Method Hollow Stem Auger Hollow Stem Auger Hollow Stem Auger Air Rotory Odex 
Drilling Date 23-24 July 97 14-16 July 97 17-22 July 97 15 Sept 97-1 Feb 98 
Location Pueblo Canyon Lower LA Canyon Lower LA Canyon Upper LA Canyon 

west of P0-4 at LA-5 west of Guaje at State Road 4 
Canyon 

Screen Int. (ft) 2.1-6.9 12-22 8.9-18.7 not determined 
Well Complet. (ft) 9.8 24.5 21.6 not determined 
Total Depth (ft) 15.5 25 22 688 
Depth to Ground- 3 14 14 137, 274, 579, 
water (BGS) (ft) 615,624,688 
Sat. Thick. (ft) 6 8 >10 variable 
Aquifer Material Alluvium Alluvium Alluvium basalt, Puye 

Formation 
Remarks PA0-1 replaces LLA0-1 B replaces 

P0-4 LLA0-1A 

• Groundwater samples were collected from alluvial characterization wells in April and May 1997 
including P0-4 (plugged), LA0-1.6G, LLA0-2, LLA0-4, LLA0-5 and intermediate 
characterization well POI-4 (Figures 3-3 and 3-4). Borehole R-9 was sampled from September 
through December 1997 and supply well Otowi-1 was sampled in December 1996 and January 
1997. The characterization wells were purged by pumping a minimum of three well volumes 
before sampling. 

3. 2. 1. 2 Conceptual Model Refinement 

The following bulleted items represent specific refinements to the hydrogeologic model resulting from 
extensive data collection in Aggregate 1 during FY97 (Figures 3-5 and 3-6). Detailed backup information 
for these refinements has been provided in section 3 .2.1.3. Specific refinements are as follows: 

• Two intermediate perched zones in Los Alamos Canyon were encountered in basalt at well R-9. 
The chemistries of these zones are similar to the chemistry of alluvial groundwater in Los 
Alamos Canyon. Recharge to these two perched zones probably occurs from different reaches 
within upper Los Alamos Canyon. 

• Perched groundwater was encountered in basalt at well POI-4 in lower Pueblo Canyon. The 
chemistry of the water is similar to the basalt perched zone in TW-IA suggesting the possibility 
of continuous saturation in the basalt between the two wells. Both wells contain elevated 
concentrations (compared to background) of chloride, nitrate, boron, and phosphate which is 
believed to be derived from the Los Alamos County sewage treatment plant effluent. 

• Perched groundwater encountered in POI-4 is chemically different from the perched zones 
encountered in R-9 suggesting different sources and no hydraulic connectivity between Pueblo 
and Los Alamos canyons. 
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• The regional aquifer in R-9 is represented by groundwater at a depth of 688 feet bgs. Drilling R-
9 has revealed that the regional aquifer is made up of a series of separate water-bearing zones 
with differing piezometric heads and chemistries. 

3. 2. 1. 3 Basis For Aggregate 1 Conceptual Model Refinements 

Alluvial Groundwater in Upper Los Alamos and DP Canyons 

• Filtered and nonfiltered groundwater samples were analyzed for different chemicals, including 
major cations and anions, trace elements, trace metals, stable isotopes, radionuclides, and 
organic compounds. Field-measured parameters recorded at the time of sample collection 
include pH, temperature, specific conductance, and turbidity. All groundwater samples collected 

in the field were stored at 4°C until analyzed.Groundwater samples were analyzed using a 
variety of laboratory techniques specified in EPA-SW 846 (EPA, 1986) including ion 
chromatography (I C), graphite furnace atomic absorption (GF AA), cold vapor atomic 
absorption (CV AA), and inductively-coupled plasma emission spectroscopy (ICPES) (Table 3-
5). Radionuclide activity in groundwater was determined by liquid scintillation counting (LSC) 
(tritium), electrolytic enrichment (low-level tritium), laser-induced kinetic phosphorimetry 
(LIKP) (uranium), thermal ionization mass spectrometry (TIMS) (uranium isotopes), alpha 

spectrometry (americium, plutonium, and uranium isotopes), gamma spectrometry (137cs and 

other isotopes) and gas proportional counting (90sr). This work was performed at LANL 
contract laboratories (Paragon Analytics, Inc., Teledyne, Weston, University of Miami), and at 
LANL laboratories (EES-1 and CST -7). Sample duplicates, laboratory blanks, and field blanks 
were collected and analyzed according to EPA and LANL procedures. The precision limits for 
major ions and trace elements were generally ± 1 0%. Groundwater samples were analyzed for 
volatile and semivolatile organic compounds using gas chromatography and gas 
chromatography-mass spectrometry. 

• Alluvial groundwater in upper Los Alamos Canyon varies from a native Ca2+-Na+-HC03- ionic 

composition to a Na+-ca2+_CI--HC03- ionic composition, with increasing chloride and sodium 

concentrations occurring downgradient of facility discharges to the east (Figure 3-7). Native 

groundwater in the alluvium (LAO-B) has a Na+-ca2+_HC03- ionic composition with an 

average TDS concentration less than 120 mg/L (Longmire et al., 1996). The TDS content of 
alluvial groundwater also increases along the flow path (to the east) in Los Alamos Canyon. 
Characterization well LAO-B serves as a background well for upper Los Alamos Canyon and is 
located near the western boundary of the Laboratory. Activities of tritium measured at LAO-B 
are less than 65 pCi/L (Longmire et al., 1996), which is within the range of rainfall and snowmelt 
(Adams et al., 1995) and background springs discharging from the Bandelier Tuff (Blake et al., 
1995). 

• Dissolved organic carbon (DOC) occurs in the 1 to 5 mgC/L range in upper Los Alamos Canyon, 
in the form of low-molecular weight organic acids produced by the decomposition of forest litter 
(Longmire, unpublished data). These naturally-occurring hydrophilic and hydrophobic organic 
acids may contribute to the localized reducing conditions in the alluvium. The anions of organic 
acids are known to be complexing agents capable of binding with dissolved metals including 
uranium and plutonium and other cations (Stevenson, 1994). 
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• Identifiable anthropogenic organic compounds, including volatile and semivolatile compounds, 
have not been detected in alluvial and perched groundwater in upper Los Alamos Canyon. 
Unknown organic compound, however, are present in the treated County Bayo plant sewage 
effluent. 

Table 3-5 
Analytical Suite For Alluvial Groundwater Samplesa 

Field-Measured Parameters 
Alkalinity PH Temperature 
Dissolved oxygen Specific conductance Turbidity 
Major and Minor Ions 
Aluminum Fluoride Nitrite 
Bromide Iron Phosphate 
Calcium Magnesium Potassium 
Chlorate Manganese Sodium 
Chloride Nitrate Sulfate 
Trace Elements 
Aluminum Chromium Silver 
Antimony Cobalt Thallium 
Arsenic Copper Titanium 
Barium Lead Uranium 
Beryllium Mercury Vanadium 
Boron Nickel Zinc 
Cadmium Selenium 
Organic Compounds 
VOCs 
SVOCs 
Dissolved Organic Carbon (fractionation analysis) 
Total Suspended Solids 
Total Dissolved Solids 
Neutral Species (Si02) 
Hardness 
Cyanide 
Radionuclides 
L41Am l::IUSr LJ!jU 
lJICs LJ4U Gamma spectroscopy 
23Bpu 235U Gross-alpha, -beta, and -gamma 
239,240Pu 236U TritiumO 
a. Filtered (<0.45 11m) and unfiltered water samples will be collected. 
b. Low-detection-limit at MC0-0.6, TSC0-6, MC0-13A, and MC0-13B only; high-detection-limit for other 
alluvial and Cerro Toledo interval groundwater samples 
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Table 3-5 (cont) 
Analytical Suite For Intermediate Perched Zone And Regional Aquifer 

Groundwater Samples* 
Field-Measured Parameters 
Alkalinity PH Temperature 
Dissolved oxygen Specific conductance Turbidity 
Major and Minor Ions 
Aluminum Fluoride Nitrite 
Bromide Iron Phosphate 
Calcium Magnesium Potassium 
Chlorate Manganese Sodium 
Chloride Nitrate Sulfate 
Trace Elements 
Aluminum Chromium Silver 
Antimony Cobalt Thallium 
Arsenic Copper Titanium 
Barium Lead Uranium 
Beryllium Mercury Vanadium 
Boron Nickel Zinc 
Cadmium Selenium 
Organic Compounds 
VOCs 
SVOCs 
Dissolved Organic Carbon (fractionation analysis) 
Total Suspended Solids 
Total Dissolved Solids 
Neutral Species (Si02) 
Hardness 
Cyanide 
Stable and Radiogenic 
Isotopes 
14C, 1;jC 
;joel 

Deuterium/hydrogen 
H:IOf100 

Radionuclides 
:.!41Am :.!;j!::f,:.!4Upu :.!;j::>u Gamma spectroscopy 
1;jfCs !::IUSr ;.!;:sou Gross-alpha, -beta, and -gamma 
:.!;:stspu L;:s4U L;:stsu Tritium (low-detection-limit) 
*Filtered (<0.45 J.lm) and unfiltered water samples will be collected . 
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Table 3-5 (cont) 
Estimated Detection Limits And Analytical Methods For Inorganic Chemicals In Groundwater 

Samplesa 

Analyte EDL (p.tg/L) Analytical Method Analytical Protocolb 
Metals (total and 
dissolved) 
Aluminum 10 ICPES SW-6010B 
Antimony 0.1 ICPMS SW-6020 
Arsenic 1 ETVAA SW-7060A 
Barium 2 ICPES SW-6010B 
Beryllium 5 ICPES SW-6010B 
Boron 10 ICPES SW-6010B 
Cadmium 1 ICPMS SW-6020 
Calcium 10 ICPES SW-6010B 
Chromium 2 ICPES SW-6010B 
Cobalt 2 ICPES SW-6010B 
Copper 2 ICPES SW-6010B 
Iron 10 ICPES SW-6010B 
Lead 3 ETVAA or ICPMS SW-7421 or SW-6020 
Magnesium 10 ICPES SW-6010B 
Manganese 2 ICPES SW-6010B 
Mercury 0.2 CVAA SW-7470A 
Nickel 2 ICPES SW-6010B 
Potassium 10 ICPES SW-6010B 
Selenium 0.2 ETVAA SW-7740 
Silver 0.2 ICPES SW-6010B 
Sodium 50 ICPES SW-6010B 
Thallium 2 ICPMS SW-6020 
Titanium 2 ICPES SW-6010B 
Uranium 1 ICPMS SW-6020 
Vanadium 2 ICPES SW-6010B 
Zinc 10 ICPES SW-6010B 
Anions (dissolved) 
Bromide 20 IC SW-9056 
Chlorate 20 IC SW-9056 
Chloride 20 IC SW-9056 
Fluoride 20 IC SW-9056 
Nitrate 40 IC SW-9056 
Nitrite 40 IC SW-9056 
Orthophosphate 20 IC SW-9056 
Sulfate 100 IC SW-9056 
Other Inorganic Chemicals (dissolved) 
Silica 200 Colorimetry EPA Method 370.1 
Total cyanide 50 Colorimetry SW-9012A 
a. Both unfiltered (total) and filtered (dissolved) water samples will be collected. Water samples will be filtered 
at the time of collection to remove particles larger than 0.45 ~m . 
b. EPA SW-846 Method (EPA 1986, 31732) or equivalent 
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Table 3-5 (cont) 
Minimum Detectable Activity And Analytical Methods 

For Radionuclides In Groundwater Samplesa 
Half-Life Detected MDA Analytical 

Analyte (yr) Emission (pCi/L) Method 
£41Am 432.2 a 0.05 a-Spectrometry 
238pu 87.7 a 0.05 a-Spectrometry 
£;:s~ .£4Upuo 2.411x104 a 0.05 a-Spectrometry 
90Sr 28.7 p 1.0 GPC 
Tritium 12.3 p 250 LSC 
Tritium (low level) 12.3 p 1 Electrolytic enrichmenUGPC 
£;:s4U 2.46 X 105 a 0.1 a-Spectrometryc 
£;:sou 7.04 X 10ts a 0.1 a-Spectrometryc 
£;:sou a 2.342 X 107 a 0.1 TIMS 
£;:stsu 4.47 X 10~ a 0.1 a-Spectrometryc 
Gamma spectroscopye N/At y 10g y-Spectroscopy 
Gross-alpha N/A a 1.0 GPC or LSC 
Gross-beta N/A p 1.0 GPC or LSC 
Gross-gamma N/A y 20 Nai(TI) or HPGe detection 
a. All water samples will be filtered at the time of collection to remove particles larger than 0.45 1Jm. 
b. The 239pu and 240pu isotopes cannot be distinguished by alpha spectrometry. The half-life of 239pu is 
given. 
c. Radionuclide may also be analyzed by ICPMS. 
d. Water sampling for 236u analysis should use clean protocols including EPA 1669 or United States 
Geological Survey 94-539 
e. The gamma spectroscopy analyte list is given in Table 7.2.6-5. 
f. N/A = not applicable 
g. The MDA for 137cs is 15 pCi/L; the MDAs for other analytes will vary. 
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Table 3-5 (cont) 
Analytical Methods For Additional Parameters In Groundwater Samplesa 

Analyte Analytical Method 
Stable and Radiogenic lsotopesb 
Carbon-14, Carbon-13 Accelerator MS 
Deuterium/hydrogen Accelerator MS 
Oxygen-18/oxygen-16 MS 
Chlorine-36 MS 
Organic Compounds 
VOCs SW-8260C 
SVOCs SW-8270 
Other Analytes 
Total organic carbon SW-415.1d 
Dissolved organic carbon (humic substances) USGS/WRI 79-4 
Hardness (as CaC03) EPA Method 130 
a. All water samples will be filtered at the time of collection to remove particles larger than 0.45 IJm. 
b. Stable isotopes will be measured in intermediate-depth and regional aquifer groundwater samples. 
c. EPA SW-846 Methods (EPA 1986, 31733) 
d. EPA 1983, 56406 

Table 3-5 (cont) 
Field Measurements For Groundwater Samples 

Measurement Precision a Method 
Alkalinity ±1 mg/L CaC03 EPA Method 310.1 
Dissolved oxygen ±0.1 mg/L LANL-ER-SOP-06.020 
PH ±0.02 LANL-ER-SOP-06.02 
Specific conductance ±1 mmho/cm (IJS/cm) LANL-ER-SOP-06.02 
Temperature ±1 oc LANL-ER-SOP-06.02 
Turbidity (nephelometric) ±1 NTU EPA Method 180.1 
a. Precision with which measurement will be recorded 
b. LANL 1991,21556 
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Distributions oj90sr and Tritium Within Upper Los Alamos Canyon 

• The two major sources of 90sr and tritium in and adjacent to upper Los Alamos Canyon include 
TA-2 (SWMU no. 2-009) and TA-21 discharges via DP Canyon. Downgradient or east ofTA-2 

and within DP Canyon, activities of90sr and tritium have been elevated above background in 
alluvial groundwater for the past several decades (Figure 3-8) (ESH, variable years between 
1976-1997). Analyses of most recent samples collected by ESH-18 ( 1997) show that measurable 

activities of 90sr in alluvial groundwater range from 3 .I to 25.4 pCi/L and are generally 
decreasing with time. Maximum activities of this radionuclide shift downgradient to the east 
over time, illustrating migration ofthis contaminant plume. Activities of tritium in alluvial 

groundwater in 1996 are typically less than 400 pCi!L (ESH, 1997). Activities of 90sr are less 
than 3 pCi!L within Pueblo Canyon and lower Los Alamos Canyon. 

• Batch sorption experiments for strontium were conducted on 20 soil samples and 16 channel 
sediment samples collected in TA-2, TA-21, and TA-41 , upper Los Alamos Canyon (Kung, 
1995; Longmire et al., 1996). Sorption coefficients (Kd) for strontium, measured on Los Alamos 
Canyon soils and channel sediments, range from 15.8 to 67.7 ml/g, with a mean value of35.7 
ml/g, for the soils and from 8.8 to 41.3 mllg, with a mean value of 21.4 mllg, for the channel 
sediments (Longmire et al., 1996). Strontium exchange was found to be strongly dependent on 
solid organic matter and less dependent on clay-sized material for all soil and channel sediment 
samples. The Kd values for strontium, measured on a poorly-developed soil and channel 
sediments exposed near state road 4 containing small amounts of solid organic matter ( < I 
weight percent), range from zero to 10 mllg. 

Chromium Distributions in Soil and Alluvial Groundwater at TA-2 

• Potassium dichromate (K2Cf207) was used prior the mid 1970s as an anti-corrosive agent for 

the cooling water at TA-2 (Longmire et al., 1996, 1997). Concentrations of chromium in soil 
adjacent to the cooling tower are as high as 700 ppm based on analytical results obtained from 
phase 1 investigations conducted at TA-2. Background chromium concentrations in LANL 
canyon sediments are 10.5 ppm (Ryti et al., 1998). Concentrations of chromium at monitor well 
LAO-I at the eastern boundary ofTA-2 increase by a factor of 11 (0.011 mg/L) above 
background samples (0.001 mg/L) collected from other characterization wells west ofTA-2 
(Longmire et al., 1996, 1997). The MCL for dissolved chromium (Cr(III) and Cr(VI)) is 0.1 
mg/L, and no analytical results of groundwater samples collected in upper Los Alamos Canyon 
exceed this standard. 

• Longmire et al. ( 1997) presented experimental data from selective extractions using both EPA 
extraction procedures and SW 846 analytical methods, which suggest that Cr(III) is the stable 
oxidation state of chromium in the organic-rich sediment adjacent to the cooling tower at TA-2. 
Potassium dichromate is reduced to form Cr(III) aqueous species over time. Cationic Cr(III) 
species strongly adsorbed onto mineral surfaces, accounting for the elevated above background 
concentrations of chromium in soil. Chromium may eventually precipitate from solution as 
Cr(OH)3 and Crt-x Fex(OH)3 phases within the alluvium in the presence of chemical reductants 

including solid organic matter. The alluvium contains organic matter, the principal reductant, 
which is derived from decaying plants. 
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• Results of the initial experiments suggest that chromium-contaminated soil at TA-2 may not 
have to be removed from the site because chromium (as Cr(III)) does not pose an unacceptable 
risk to receptors potentially ingesting the soil (as based on current Laboratory soil SALs). 
Erosion control measures, however, are recommended to eliminate movement of the chromium­
contaminated soil into the water course. 

• Distributions of Uranium in Alluvial Groundwater 

• Background concentrations of dissolved uranium in alluvial groundwater and surface water at the 
Los Alamos Reservoir in upper Los Alamos Canyon are less than I microgram per liter (Jlg/L) 
(Longmire et al., 1996; ESH, 1997). Concentrations of total (unfiltered) uranium as high as 15 
Jlg/L, however, are observed at LA0-0.7 east ofTA-41 (ESH, 1996). This elevated uranium may 
have originated from former TA-l on the north side of upper Los Alamos Canyon west ofTA-41 
and TA-2 (TA-l workplan, phase 1 analytical data). Concentrations oftotal uranium in alluvial 
groundwater are below the proposed EPA MCL of 20 Jlg/L of dissolved uranium and the New 
Mexico Water Quality Control Commission (NMWQCC) standard of 5 mg!L of dissolved 
uranium. Elevated above background concentrations of uranium are observed in groundwater 
samples collected from observation wells LAO-I, LA0-2, LA0-3 , LA0-3, LA0-4, and LA0-4.5 
(Longmire et al., 1996; ESH-18, 1991-1997). Former TA-l and TA-21 are possible sources of 
natural uranium discharged or released into upper Los Alamos Canyon prior to the 1950s. 

• In addition, elevated above background concentrations of uranium have been documented in 
surface water samples collected in DP Canyon (LANL, 1981 ). This may account for the elevated 
uranium concentrations observed in alluvial groundwater east of the DP Canyon and Los Alamos 
Canyon confluence. 

Perched (Basalt) Groundwater in Upper Los Alamos Canyon (R-9) 

• The upper perched zone in the middle of the Cerros del Rio Basalt beneath upper Los Alamos 
Canyon is one of the thickest intermediate-depth groundwater bodies found beneath the 
Laboratory thus far. In Borehole R-9 (Figure 3-9) water was first encountered at 180 ft depth, 
and the water-bearing zone is-45ft thick. Water quickly rose to 43ft above the depth that water 
was first encountered, indicating permeable, highly pressurized ( -40 psi) conditions. The top of 
the per~hed zone is confined by a clay-rich rubble zone that separates two basalt flows . The 
perching layer at the base of the zone appears to be massive unfractured basalt. Rare fractures 
present in the massive basalt are notably clay poor compared to clay-rich fractures in the basalt 
rubble zone. A network of intercommunicating open fractures probably provides the primary 
groundwater pathways in this upper perched zone. 

• In Borehole R-9 in upper Los Alamos Canyon water in the lower perched zone at the base of the 
Cerros del Rio Basalt was first encountered at a depth of275 ft. The water-bearing zone is-7ft 
thick. After penetrating the top of this zone, water slowly rose I 0 ft above the upper confining 
layer. Slow recovery after bailing water samples and results from an open hole slug test suggest 
that the hydraulic conductivity of this lower zone is significantly lower than in the upper perched 
zone. The top of the lower perched zone is confined by a clay-rich rubble zone at the base of a 
thick basalt flow unit. The perching layer at the base of the lower groundwater zone consists of 
stratified fine-grained basaltic tephra that marks the transition into sedimentary rocks of the 
underlying Puye Formation. Flow within the basalt rubble zone appears to provide the primary 
groundwater pathway in this lower perched zone. 
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Geologic Unit Casing Strings 
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Principal Saturated Zones 
Encountered 
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... 
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264ft I ;~ :: 
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p 580.5 ft 
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I~ 
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Figure 3-9. Configuration of Borehole R-9 as of 1/30/98 showing geologic units and groundwater 
zones encountered, casing strings and temporary 4" PVC well, and cored intervals. 
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• Two perched groundwater zones were encountered at depths of 180 and 274ft bgs within several 

basalt flows at borehole R-9. The upper saturated zone is characterized by a Na+-ca2+_cl-­

HC03- ionic composition (Figure 3-10). The lower saturated zone is characterized by aNa+­

S042--HC03- ionic composition. The lower zone has a higher TDS content (341 ppm) than the 

upper zone (255 ppm) possibly reflecting a longer residence time of groundwater within the 
deeper zone. The major ion chemistry of the upper zone is chemically similar to alluvial well 
LA0-2 (see Figure 3-7). The two perched groundwater zones contain a component of alluvial 
groundwater (LA0-2) based on the presence of elevated above background concentrations of 
chloride (29 ppm) and tritium (34 7 pCi/L in upper zone and 1 06 pCi/L in lower zone). 
Concentrations of chloride are 45.4 mg/L in LA0-2 (ESH, 1997). 

• Spring 9B in White Rock Canyon serves as a background spring for basalt, which has a ca2+­

Na+-HC03- ionic composition. Spring 9B does not contain measurable tritium(< 1pCi/L). 

Spring 9B is the only known uncontaminated spring discharging from basalt on the Pajarito 
Plateau. Based on mixing calculations using chloride as a tracer, the upper and lower perched 
zones contain 63 and 54 volume percent alluvial groundwater, respectively. This suggests that 
alluvial groundwater re~harges the perched zones within the basalt flows. Background 
concentrations of chloride are 1.93 ppm in Spring 9B discharging from basalt in White Rock 
Canyon (Figure 3-1 0). 

• Results of analytical data collected from the two perched zones at borehole R-9 show that these 
groundwaters are not chemically similar to POI-4 in lower Pueblo Canyon (Figure 3-1 0). This 
suggests that there is not a hydraulic connection within the basalts between Pueblo and Los 
Alamos Canyons at this location. Perched-intermediate groundwater beneath Pueblo Canyon 
probably flows to the east-southeast and partially discharges at Basalt Spring. POI-4 contains 
higher concentrations of phosphate (2.49 ppm), nitrate (16.4 ppm), boron ( 0.17 ppm), and 
chloride (38.5 ppm) than do the upper and lower perched zones in R-9 (phosphate: upper zone, 
0.14 ppm; lower zone, 0.61 ppm) (nitrate: upper zone, <0.02 ppm; lower zone, 3.61 ppm) (boron: 
upper zone, 0.023 ppm; lower zone, <0.01 ppm) (chloride: upper zone, 29.2 ppm; lower zone, 
25.5 ppm) 

• Activities of tritium measured in the upper and lower perched zones are 34 7 and 106 pCi/L, 

respectively. Activities ofradionuclides (137cs, 90sr, 238pu, 239, 240pu, 241Am) in 
groundwater samples collected at collected from the perched zones are near analytical detection 
limits or minimum detectable activity for alpha and gamma spectrometry and gas proportional 
counting. 

• Perched groundwaters within both the fractured basalt (upper zone) and tephra deposits (lower 
zone) possibly are reducing with respect to oxalate, uranium, iron, and manganese. Reducing 
conditions enhance the precipitation ofUSi04, U02, and amorphous U02, which decreases the 

mobility of uranium. 

Guaje Pumice Bed Groundwater 

• Native groundwater in the Gauje Pumice Bed also has a Na+-ca2+_HC03- ionic composition 

with an average TDS concentration (not including Si02) less than 150 mg/L (see Figure 3-7) 

(Longmire et al., 1996). Concentrations of sodium and bicarbonate are higher in the Guaje 
Pumice Bed relative to LAO-B, which is a result of longer groundwater residence times 
occurring beneath the highly permeable alluvium. 
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• Observation well LAO-I(A)-1.1 serves as a provisional background well for the Guaje Pumice 
Bed and is located at the eastern end ofTA-2. Concentrations of chloride measured at LAO-I(A)-
1.1 are less than 2 mg/L, which is much lower than chloride concentrations measured in 
background alluvial groundwater (LAO-B) ( see Figure 3-7). Activities of tritium measured at 
LAO-I(A)-1.1 are less than 3 pCi/L, which suggests that the Guaje Pumice Bed is recharged by 
meteoric water west of TA-2 possibly within the Pajarito fault system (Longmire et al., 1996). 
Activities of tritium in the overlying alluvial groundwater at LAO-I(A) in upper Los Alamos 
Canyon have been as high as 35,000 pCi/L in the early 1990s. 

• Groundwater samples collected from LADP-3 east ofTA-2, which is also completed in the 

Guaje Pumice Bed, are characterized by mixed-ion composition where Na+, HC03-, and CI- are 

the dominant species (see Figure 3-7). The similarity in proportions of major ion concentrations 
between alluvial groundwater (LAO-I) and LADP-3 suggests that alluvial groundwater is 
recharging the Guaje Pumice Bed in this reach of upper Los Alamos Canyon (see Figure 3-7). 

• In addition, tritium was detected in groundwater samples collected from LADP-3 at activities of 
approximately 6,000 pCi/L in 1993 (Broxton et al., 1995b ), confirming an alluvial groundwater 
component within the saturated Guaje Pumice Bed. Activities of tritium have decreased in 
samples collected from LADP-3 since 1993 to 887 pCi/L in December 1996. This suggests that 
the groundwater travel time through the Otowi Mem her of the Bandelier Tuff may range from 3 
to 12 years depending on the degree of saturation and volumetric flux within the Otowi Member 
(Broxton et al., 1995b). 

Puye Formation and Santa Fe Group(?) Groundwater in Upper Los Alamos Canyon (Borehole R-9) 

• In Borehole R-9 within Los Alamos Canyon the saturated zones within Puye Formation (579ft, 
615ft, and 624ft) occur within thin transmissive sand and gravel beds intercalated within a thick 
sequence of relatively impermeable clay-rich tuffaceous sedimentary deposits. These 
impermeable clay-rich tuffaceous sedimentary deposits act as aquitards. When the top of the 
saturated zone at 579ft depth was penetrated, water levels rose 55 ft in the borehole to a depth of 
524 ft indicating confining conditions. Saturation at 615 ft depth appeared while the borehole 
rested over a weekend. The saturation in this zone appears to be related to relatively tight clay­
rich tuffaceous sedimentary deposits and is not a highly transmissive zone. The saturated zone at 
624ft depth is associated with transmissive sand and gravels. When the top of this zone was 
penetrated, water levels rose 100 ft in the borehole to a depth of 524 ft indicating confining 
conditions and probable hydrologic connection with the saturated zone at 579 ft depth. 

• The saturated zone within the Santa Fe Group(?) basalt near the bottom ofR-9 in Los Alamos 
Canyon was first penetrated at a depth of 688 ft, 2 ft below the upper contact of the basalt. The 
water in this zone is unconfined. The assignment of this basalt to the Santa Fe Group is 
provisional until an age date can be obtained, but it appears to correlate with thick Santa Fe 
Group basalts identified near the top of the Santa Fe Group in PM-1, 1 km to the south. 

• At present, we believe the regional aquifer in R-9 is represented by groundwater at 688 ft depth . 
The origin and nature of the saturated zones at 579ft and 624ft is less certain. The static water 
level for the saturated zones at 579 ft and 624 ft depths is 524 ft, and these zones must be 
hydraulically connected. Overall, the zones at 579 and 624 ft depth have similar major cation and 
anion compositions supporting the interpretation that these zones are interconnected somewhere 
upgradient of this site. The difference in pressure heads between 579/624 ft and 688ft may 
reflect release of pressure in the 688ft zone from pumping of nearby water-supply wells. For 
example, PM-1 is 1 km south ofR-9, and it has been producing 30,000,000 to 100,000,000 gals 
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of water a year for the county and Laboratory since 1965. Overall, water levels in this part of the 
Laboratory have declined 80ft since the Laboratory's wells were first installed (Rogers et al, 
1996). The pumping may have more strongly affected the 688 ft which may be more strongly 
interconnected with the producing zones than the saturation zones at 579 and 624ft depth which 
are somewhat decoupled from the deeper system because of the tuffacaceous aquitards (Figures 
3-11 and 3-12). 

• Four groundwater zones were encountered at depths of579, 615(?), 624, and 688ft bgs within 
the Puye Formation (regional aquifer) at borehole R-9. These four groundwater zones are 
characterized by different major ion chemistries. The upper three zones may represent 
dewatering of the regional aquifer because the drawdown is estimated to be approximately 75 
feet since pumping of nearby supply wells PM-1, PM-3, and 0-4 began in the mid 1960s and in 

1990. The upper saturated zone is characterized by a ca2+_Na+-HCOT ionic composition with a 

TDS content of313 ppm, including dissolved silica (Figure 3-13). The second saturated zone is 

characterized by an overall Na+-c1- ionic composition with a TDS content of 677 ppm, 
including dissolved silica (Figure 3-13). This second saturated zone has unique chemistry as 
evidenced by elevated sodium (167 ppm) and chloride (177 ppm) concentrations. Calcium and 

HC03- are present in lower concentrations in the second saturated zone. The third saturated zone 

is characterized by a Na+-ca2+_HC03- ionic composition with a TDS content of258 ppm, 

including dissolved silica (Figure 3-13). Sulfate and CI- are also present in this groundwater. 

The lower-most saturated zone is characterized by a Ca2+-Na+-HC03- ionic composition with a 

TDS content of353 ppm, including dissolved silica. The Puye Formation groundwaters (579, 
624, and 688ft bgs) have TDS contents less than the lower perched zone in the basalt and 
slightly higher than that of the upper perched zone (compare Figures 3-10 and 3-13). The ionic 
compositions of the Puye Formation groundwaters are dissimilar to the two perched zones within 
the overlying basalt flows. 

• Two of the four groundwater zones in the Puye Formation, at 579 and 688ft bgs, in borehole R-9 
have major ion chemistries similar to those of supply wells PM-1 and PM-3 (Figure 3-13). 
Groundwater chemistries in the Puye Formation (R-9), however, are different from those 
characteristic ofTW-1, TW-3, and 0-1. 

• Concentrations of dissolved nitrate (as N03) in the uppermost saturated zone are I 0.6 ppm, 

which is elevated to other wells completed in the Puye Formation (excluding TW -1) and the 
Santa Fe Group sediments (Figure 3-13). Concentrations of this solute decrease with depth 
ranging from 3.41 to 8.66 ppm. 

Alluvial-Puye Formation Groundwater in Pueblo Canyon 

• Alluvial-Puye Formation groundwater in lower Pueblo Canyon at P0-4 (plugged) is 

characterized by a Na+-ca2+_cl--HC03- ionic composition (Figure 3-14), with increasing 

concentrations of nitrate and phosphate occurring downstream and downgradient of the Bayo 
sewage treatment plant discharge. 

• Native groundwater in the alluvium probably occurs in the upper reaches of Pueblo Canyon, 
however, its chemical composition is not known. Characterization well LAO-B serves as a 
surrogate background well for Pueblo Canyon. Characterization well P0-4 contains elevated 
concentrations of chloride, sodium, nitrate, phosphate, and sulfate relative to LAO-B (Figure 3-
14); however, all solutes are below their respective MCLs. 
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• Activities of tritium measured at P0-4 are approximately 26 pCi/L, which are within the range 
of rainfall and snowmelt (Adams et al., 1995) and background springs (Blake et al., 1995). 

Activities ofradionuclides (90sr, 238pu, 239, 240Pu) in P0-4 are less than 1 pCi/L and are 
below DOE derived concentration guidelines (DCGs) for drinking water systems. 

• East of the Bayo sewage treatment plan, alluvial groundwater recharges the Puye Formation and 
underlying the basalt flows, which discharges at Basalt Spring in lower Los Alamos Canyon. 
This spring is characterized by elevated concentrations of chloride, nitrate, phosphate, boron, and 
other major cations and anions and its chemistry is similar to that of the Bayo sewage treatment 
plant. Concentrations of these species discharging at Basalt Spring, however, are below 
NMWQCC and EPA drinking water standards. 

Perched (Basalt) Groundwater in Pueblo Canyon 

• Perched groundwater was encountered at a depth of 159 ft bgs within the basalt at 
characterization well POI-4 in lower Pueblo Canyon, immediately north of supply well Otowi-1. 

This groundwater is characterized by a Ca2+-Na+-HC03- ionic composition (see Figure 3-10). 

Groundwater collected from POI-4 is chemically similar to alluvial-Puye Formation groundwater 
(characterization well PA0-4) in lower Pueblo Canyon (compare Figures 3-10 and 3-14), 
confirming a hydraulic connection between the hydrogeologic media. Groundwater collected 
from both TW-1A and POI-4 are also similar in chemical composition and continuous saturation 
in the basalt between the two wells is likely. 

• Characterization well POI-4 and monitor well TW-1A (ESH, 1997) contain elevated above 
background (Spring 9B) concentrations of boron, chloride, fluoride, sodium, nitrate, phosphate, 
and sulfate with respect to Spring 9B (ESH, 1997). 

• Activities of tritium measured at POI-4 are 81 pCi/L, which is elevated above the range of 
rainfall and snowmelt (Adams et al., 1995) and background springs in the Los Alamos area 

(Blake et al., 1995). Activities of radionuclides (90sr, 238pu, 239, 240Pu) in groundwater 
samples collected at POI-4 are less than 1 pCi/L and are below the DOE derived concentration 
guidelines (DCGs) for drinking water systems. 

Alluvial Groundwater in Lower Los Alamos Canyon 

• Alluvial groundwater in lower Los Alamos Canyon is derived from several sources including: 1. 
storm-water flow in upper Los Alamos, Pueblo, Bayo, and Guaje Canyons; 2. discharges from 
the Bayo sewage treatment plant in Pueblo Canyon; 3. spring discharges in lower Los Alamos 
Canyon; potential underflow from Guaje and Bayo Canyons; 5. inflow from the Rio Grande; and 
6. upward vertical movement of regional aquifer groundwater east of the confluence ofGuaje 
and Los Alamos Canyons. 

• Alluvial groundwater in lower Los Alamos Canyon (LLA0-2, LLA0-4, and LLA0-5) is 

characterized by a ca2+_Na+-CI--Hco3- ionic composition, with increasing concentrations of 

CI-, HC03-, ca2+, and Na+ concentrations occurring east ofLLA0-2 (Figure 3-14). This 

increase in major ion concentrations probably reflects mixing of regional aquifer groundwater 
(LLA0-5) (Figure 3-14). 

• Activities ofradionuclides (90sr, 238pu, 239, 240Pu) in groundwater samples collected in lower 
Los Alamos Canyon generally are less than 1 pCi/L and are below the DOE derived 
concentration guidelines (DCGs) for drinking water systems. 
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Geochemical Modeling 

• Geochemical modeling is used to assess what reactions or processes are important and to what 
extent will they occur; quantifying contaminant mobility and toxicity by considering 
contaminant speciation; and delineating flow paths and mixing of groundwaters. This knowledge 
is used to assess uncertainty in risk estimates, although the nature of the risk can be site specific 
within each canyon. 

• Calculations of solute speciation, PC02, and solid phase saturation indices were made using the 

computer code MINTEQA2 (Allison et al. , 1991). Solid-solution phase calculations were 
performed with the computer code MINTEQA2 (Allison et al. , 1991) using analytical results 
obtained from filtered (less than 0.45 f.1m) alluvial, perched intermediate, and regional aquifer 
groundwater samples collected in 1994, 1995, 1996, and 1997. The purpose ofthe calculations 
was to assess the importance of precipitation reactions and to determine speciated forms of 
natural and anthropogenic solutes. The saturation index (SI) is a measure of the degree of 
undersaturation or oversaturation of a solid phase in water [SI = Jog 10 {activity product/solubility 

product} ; at equilibrium SI = 0 ± 0.5] . 

• Calculations using MINTEQA2 suggest that dissolved strontium (90sr) in alluvial groundwater 

in upper Los Alamos Canyon is stable as sr2+. 
• Alluvial groundwater in upper Los Alamos Canyon is predicted to be undersaturated with respect 

to solid strontium sulfate and carbonate phases and precipitation of these two minerals is 
unlikely. 

• Results of geochemical modeling infer that rather than precipitating as a stoichiometrically-pure 

phase, Sr2+ probably undergoes cation exchange reactions with different adsorbents including 
solid organic matter, amorphous solids, and clay minerals. In addition to cation exchange, 
radioactive decay and hydrodynamic dispersion and mixing partially account for the decreased 

activity of 90sr observed along the groundwater flow path in the alluvium in upper Los Alamos 
Canyon. 

• Results of geochemical modeling using MINTEQA2 suggest that alluvial groundwater at TA-2 
approaches equilibrium with respect to amorphous Cr(OH)3. The solubility of amorphous 

Cr(OH)3 and Jack of complete adsorption, however, could both account for the elevated above 
background concentrations of chromium (0.011 ppm) observed in groundwater at LA0-0.91 and 
LA0-1. 

• To examine the speciation of uranium, MINTEQA2 (Allison et al. 1991), supplied with the 
Nuclear Energy Agency critically evaluated uranium database, was used to determine possible 
stable dissolved species of this solute. Calculations suggest that uranium [U(VI)] is stable mainly 

as U02(C03)22- with small percentages ofU02C030 and U02(C03)34- between pH values of 

6.8 and 7.6 (Longmire et al. , 1996) typical of most groundwaters at LANL. At higher pH values 

(8 .5-8.8) indicative of the basalt groundwaters, U02(C03)34- is predicted to be the dominant 

complex under oxidizing conditions (Figure 3-15). This complex is mobile and does not adsorb 
completely onto surfaces of reactive minerals or solid phases including Fe(OH)3 and FeOOH 

(Ho and Miller 1986, Hsi and Langmuir 1985; Langmuir, 1997, Waite et al. 1994). The 

complex, U(OH)40 is predicted to be the dominant species for uranium under reducing 

conditions within the basalt groundwaters. Uranium is less mobile under reducing conditions, 
forming low soluble solid phases including U02 and USi04. 
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• Although the groundwater flow rate in the alluvium in upper Los Alamos Canyon is substantial 
(274 m/yr, Gallaher, 1995), it is clear from this discussion and data presented by Longmire et al. 

(1996) and Longmire et al. (1997) that a complete flushing of 90sr, chromium, uranium, and 
other reactive solutes within the alluvium in upper Los Alamos Canyon has not occurred. 
Varying concentrations of contaminants remain in the sediments and in alluvial and perched­
intermediate groundwaters (including vadose zones) in upper Los Alamos and DP Canyons. 
Trends in the data also suggest that residual releases may occur from the source inventories at 
former TA-1,TA-2, TA-21, and TA-41. 

• Groundwater flow paths from the alluvium through the underlying vadose zones to perched 
intermediate systems are not well delineated. Tritium, chloride, uranium, and other solutes are 
detected in groundwater in basalt flows at depths up to 282 ft bgs in upper Los Alamos Canyon 
(borehole R-9). Chloride, tritium, and nitrate are detected within the Puye Formation at borehole 
R-9. 

• Residual contamination remains in Pueblo Canyon from past discharges that occurred in Acid 

Canyon (239pu, 90sr, tritium) from operations at the former TA-45 . The Bayo sewage treatment 
plant discharges treated sewage effluent to lower Pueblo Canyon, which provides recharge to the 
alluvium, Puye Formation, and basalts. The effluent contains nitrate, phosphate, boron, and other 
solutes at concentrations below their respect MCL values. This effluent is a component of both 
water discharging at Basalt Spring and alluvial groundwater in lower Los Alamos Canyon. 

• Discharges from the Bayo sewage treatment plant are observed in alluvial groundwater in lower 
Los Alamos Canyon. Tritium occurs at activities less than 1 00 pCi/L in lower Los Alamos 

Canyon. Activities of 90sr, 241 Am, and plutonium isotopes are less than 5 pCi/L in this section 
of Los Alamos Canyon. Additional characterization wells installed in Los Alamos and Pueblo 
Canyons will greatly help in determining water chemistry and groundwater flow paths within 
and beneath the alluvium. 

• The mobilities of strontium, uranium, chromium, americium, and plutonium have not been 
quantified with existing data. These contaminants have been identified in alluvial groundwater. 
In addition, uranium has been detected in borehole R-9 within two basalt groundwaters. It is 
recommeded that sorption constants (distribution coefficents) be determined using LANL­
specific hydrogeologic materials for performing risk analysis. 

3. 2. 1. 4 Aggregate 1 FY98 Planned Activities 

The planned hydrologic and geochemical investigations for Los Alamos and Pueblo Canyons (alluvial 
and perched groundwater and regional aquifer) for FY1998 consist of the following: 

• Drill, log, sample, and install regional aquifer well R-7. R-7 will be located in upper Los Alamos 
Canyon, south of TA-21. It will provide water-quality and water-level measurements for the 
intermediate perched zones and the regional aquifer in an area of Los Alamos Canyon that is in 
close proximity to release sites of contaminated effluent (TA-2 and TA-2 1 ). R-7 is located 
between two existing boreholes (LADP-3 and LA OJ( A) 1.1) that penetrated the thickest known 
intermediate perched zone on the Pajarito Plateau. This perched zone occurs in the Guaje Pumice 
Bed at the base of the Bandelier Tuff and on top of the Puye Formation. Based on differences of 
tritium in LADP-3 and LAOI(A)-1.1, a recharge zone is hypothesized to lie between them. The 
location ofR-7 was selected to identify the recharge zone. Drilling ofR-7 will begin in 
September, 1998. 
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• Collect hydrologic and geochemical data for groundwater, vadose zone, and aquifer material 
from previously installed and planned characterization wells (LAO-B, LA0-0.3 , LA0-0.6, LA0-
0.8, LA0-0.91 , LA0-1.6G, LAOI-1.1 , LADP-3, LLA0-1, LLA0-2, LLA0-3 , LLA0-4, LLA0-
5, PA0-1 , PA0-2, PA0-3 , PA0-4, PAO-SN, PAO-SS, APC0-1 , POI-4, and R-9), 

• Prepare water table maps for the alluvium and perched intermediate zones and regional aquifer. 

• Refine the hydrologic models (conceptual and analytical) for Los Alamos and Pueblo Canyons, 
including water balance and flow modeling. 

• Assess distributions of241Am, 90sr, uranium, 238pu, and 239, 240pu in alluvial and perched 
intermediate (if present) groundwaters, 

• Characterize geochemical properties of aquifer material (alluvial and perched intermediate 
groundwater and the top of the regional aquifer) related to transport and natural attenuation, 

• Quantify sorptive capacities of aquifer material, 

• Perform geochemical modeling (speciation, mineral precipitation, and adsorption), and 

• Provide hydrochemical data (speciation, sorption constants) for an initial pathway analysis and 
perform geochemical and solute-transport modeling, if sufficient and technically-defensible data 
are available. 

• These data will be collected as part of the ER Canyons investigations for the next several years. 
Detail discussion of hydrologic and geochemical data collected as part of the canyons 
investigations are presented in the Los Alamos and Pueblo Canyons workplan. 

• In Sandia Canyon, the planned FY98 activities include the drilling and installation of well R-12 . 
This well will be located at the eastern boundary of the Laboratory. It is intended to provide 
water quality and water level data for perched intermediate zones and for the regional aquifer 
down gradient of Aggregate I. It also serves as a water supply protection well for PM-I. R-12 
drilling will begin in March, 1998. 

3.2.2 Aggregate 2 

Aggregate 2 is located in the east-central portion of the Laboratory and encompasses the technical areas 
where chemical and radioactive waste management is routine operations. The general boundaries of the 
aggregate are Pajarito Canyon on the south, Canada del Buey to the north, TAs-18 and -5 1 to the west, 
and the Laboratory boundary along State Road 4 to the east (Figure 3-16). 
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3.2.2.1 Aggregate 2 FY971nvestigations 

TA-18 

• Groundwater activities at TA-18 during FY 97 included drilling five additional alluvial wells for 
investigating possible VOC contamination near a septic system. Two quarters of validated data 
and three additional quarters of provisional data indicate no detections ofVOCs. 

• Two gaging stations have been added in Pajarito and Three Mile Canyons to determine surface 
water flows. 

TA-54 

• The "Performance Assessment and Composite Analysis for Los Alamos National Laboratory 
Material Disposal Area G" was completed in March. This report includes several studies 
reflecting our understanding of groundwater flow and transport beneath mesa top settings at the 
Laboratory. The report estimates dose to the public for a 1 000-yr period beginning after assumed 
facility closure in 2044. The performance objectives evaluated include two limits associated with 
groundwater: a maximum effective dose equivalent of25 mrem/yr resulting from external 
exposure and concentrations of radioactive material released into surface water, groundwater, 
soil, plants, and animals; and a maximum effective dose equivalent of 4 mrem/yr from drinking 
water. The analysis showed that MDA G is expected to meet these and other required 
performance objectives. The calculated dose for all pathways was 1 x 1 o-4 mrem/yr (compared to 
a 25 mrem/yr limit). The calculated dose for groundwater was 3.5 x 10-5 mrem/yr (compared to a 
4 mrem/yr limit). 

• The ER Project continued pore gas monitoring at TA-54. Waste Management personnel 
monitored subsurface moisture using neutron probe measurements. 

3.2.2.2 Aggregate 2 Conceptual Model Refinement 

The refinements to the conceptual model for Aggregate 2 are shown on Figure 3-17. 

TA-18 

The conceptual model for alluvial water in TA-18 was partially confirmed by the work completed during 
this year. The depth to alluvial groundwater in this area of the canyon was 1 to 10 feet. The alluvium was 
not fully penetrated, so the thickness ofthe saturated zone has not been confirmed. The quality of the 
alluvial water meets state standards. 
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TA-54 

The following groundwater and geochemical conceptual model refinements resulted from studies 
supporting the MDA G Performance Assessment: 

• Recharge through the mesa is very low. At the mesa surface, evapotranspiration consumes about 
90% of precipitation on the mesa top, so little water is left for runoff or percolation. Mean annual 
calculated percolation beneath the surface is about one mm/yr. 

• Moisture content in the top 4 to 5 meters of the mesa subsurface is about 8% to 16% by volume 
and shows seasonal variation. Moisture content beneath depths of 4 to 5 m is very low: about 
0.5% to 2% by volume. 

• Evaporation within the mesa further decreases recharge and inhibits downward flow. A low 
moisture content zone near the base ofTshirege Unit 2 appears to result from drying by air 
movement through the tuff or through joints and surge bed deposits. This conclusion is supported 
by moisture content measurements and matric suction measurements on core samples. Chloride 
budget studies based on core sample pore water measurements as well as stable isotope analyses 
indicate that substantial evaporation occurs at these depths. Chloride budget results are that 
between 2000 and 17,000 years were required to accumulate chloride present in the portion of 
the mesa above the Tshirege Unit 1g/1 v boundary. Little or no through flow of moisture would 
have occurred during this time interval. The differing values do indicate lateral heterogeneity 
within the mesa. 

• Adsorption of neptunium and americium is enhanced under vadose zone conditions where 
sorbing phases including calcium carbonate are present. Conversely, decreased sorption of 
uranium and plutonium was observed from experimental batch sorption studies. 

• Fractures play an important role in movement of air within the mesa, affecting the water balance 
through evaporation. Fractures in dry rock do not act as conduits for infiltration as the water is 
drawn from the fractures into the surrounding matrix too quickly. Low permeability fracture 
coatings can increase the depth of infiltration, but any breaks in fracture coating prevent deep 
infiltration from being effective. Low permeability fracture fill material prevents water from 
entering fractures. If water equivalent to four times the MDA G annual precipitation is applied to 
a coated fracture, an infiltration depth of 10 m can be achieved. Reactive minerals (CaC03 and 
Fe(OH)3) are present within some fractures, enhancing the sorptive capacity of the Bandelier 
Tuff. 

• High moisture contents at the vapor phase notch (the Tshirege Unit 1 g/1 v boundary) are 
probably the result of differences in tuff texture and mineralogy at this horizon. As high moisture 
content values are observed at this horizon throughout the Laboratory regardless of its 
relationship to other topographic features, the moisture contents are probably due to hydraulic 
property changes rather than to lateral movement of moisture. 

• Recharge beneath canyon bottoms adjacent to the mesa is higher: estimated at perhaps 4.4 mm/yr 
beneath Canada del Buey and between 20 and 1 00 mm/yr beneath Pajarito Canyon. 
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• Lateral diversion of flow could occur beneath the mesa at the Guaje Pumice Bed and within the 
underlying basalt. 

• Pore water extracted from cores beneath the mesa has a high pH (about 9.8) and a high carbonate 
content. This has important implications for both mineral phases that precipitate on the rock 
matrix, and for the chemical speciation of radionuclides traveling with pore water. The pore 
water is over saturated with respect to calcite, which enhances the sorptive capacity of the tuff 
for the most important mobile sorbing radionuclides, Am and Np. 

• Groundwater flow and transport modeling studies estimated the flux of radionuclides through the 
mesa towards the aquifer below. Due to high sorption capacities of the Bandelier Tuff and long 
travel times relative to their half-lives, most radionuclides are not predicted to penetrate the 
subsurface sufficiently to be considered in dose calculations. Only 14c, 99Tc, and 129J were 
estimated to be of concern for the groundwater pathway over a I 0,000 yr period. 

3.2.2.3 Aggregate 2 FY98 Planned Activities 

TA-18 

• An additional background alluvial well will be drilled in Three Mile Canyon above TA-18. 
Water level and water quality measurements will be made at 15 alluvial wells over the next year. 
This information along with results from gaging stations in Pajarito and Three Mile Canyons 
above TA-18 and one in Pajarito Canyon below TA-18 will be used to evaluate the alluvial 
groundwater flow system in the area. 

• A workplan for Pajarito Canyon is being prepared in FY98. Development of the workplan is 
coordinated with TA-18 investigations. 

TA-54 

Pore gas monitoring and neutron probe measurements will continue. 

3.2.3 Aggregate 3 

Aggregate 3 is located in the south central portion of the Laboratory and consist of Technical Area (TA)-
49 on Frijoles Mesa. Aggregate 3 is bounded by Water Canyon on the north, State Road 4 on the south, 
TA-39 is the east boundary, and TA-16 is on the west (Figure 3-18). 

3.2.3.1 Aggregate 3 FY97/nvestigations 

MDA AB (TA-49) 

• Natural chloride and stable isotope tracers were used to examine vadose zone hydrology at 
boreholes 49-2-700-1 and TDBM-1 (Newman et al., 1997). Pore water chloride concentrations 
were measured with depth from core samples in both boreholes, and delta 18-0 and delta 
deuterium were measured for borehole 49-2-700-1. 
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• Air permeability measurements were made with downhole packers in borehole 49-2-700-l. Air 
permeability was measured at 49 measurement locations. 

• Downhole anemometry measurements were made to measure air flow from different rock units 
in borehole 49-2-700-1. 

• Borehole 49-2-700-1 was instrumented with psychrometers and platinum resistance temperature 
sensors to measure seasonal moisture and temperature fluctuations at 11 different depths. The 
data will be collected over a 6 month period. Early data qualitatively matches matric potential 
data collected from core samples. 

3.2.3.2 . Aggregate 3 Conceptual Model Refinement 

The conceptual model refinements for Aggregate 3 are shown on Figure 3-19. Flux rates above the Qbt 
lg/Qbt lv contact appear to range from 0.01 to 0.2 cm/y. Below the contact flux rates appear to be 
higher, ranging from 0.24 to 1 cm/y. These rates may represent past conditions during the Holocene and 
late Pleistocene. Chloride-based pore-water ages in 49-2-700-1 were about 7,000 y at the Qbt I g/Qbt I v 
contact and about 10,000 y near the bottom of the hole. A chloride-based pore-water age in TDBM-I was 
about 5,000 y at 109 ft depth. Chloride bulges in profiles for both boreholes are consistent with removal 
of water from the mesa tens to hundreds of feet below the surface via vertical or horizontal fractures or 
through high-permeability zones that are exposed on the mesa sides. It appears that the part of the mesa 
that rises above the elevation of the canyon bottom is prone to higher rates of evaporative removal of 
pore waters that units below the elevation of the canyon bottom. 

3. 2. 3. 3 Aggregate 3 FY98 Planned Activities 

Best Management Practice measures to prevent flow from the surface to the subsurface will be 
implemented at TA-49. Coreholes will be plugged and a surface cap will be installed over Pad 2. 

3.2.4 Aggregate 4 

Aggregate 4 includes TA-33 and TA-39, Ancho, Indio, Chaquehui canyons which are located in the 
southwest part of the Laboratory (Figure 3-20). Laboratory facilities and operations occurred on the mesa 
top at TA-33 and within a canyon setting at TA-39. Ancho and Chaquehui canyons are the principal 
watershed systems in this aggregate. 

3.2.4.1 Aggregate 4 FY971nvestigations 

There were no relevant investigation activities conducted at TA-33 or TA-39 during this period. 

3.2.4.2 Aggregate 4 Conceptual Model Refinement 

The conceptual model for Aggregate 4 is shown on Figure 3-2I; however, no conceptual model changes 
stem from work in 1997. 
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3.2.4.3 Aggregate 4 FY98 Planned Activities 

There are no activities planned in this Aggregate for FY 1998. 

3.2.5 Aggregate 5 

Aggregate 5 is bounded on the south by Water Canyon and on the north by the boundary ofTA-9. Cafion 
de Valle is a tributary to Water Canyon; they join at the east end ofTA-16 and form the eastern boundary 
of Aggregate 5. The western boundary of Aggregate 5 is formed by State Road 501 (Figure 3-22). 

3.2.5.1 Aggregate 5 FY97/nvestigations 

TA-16 

• Possible sources were evaluated for the springs in Cafion de Valle and branch canyons (SWSC, 
Burning Ground, and Martin Springs). The springs contain HE and Ba and discharge at about the 
Tshirege Unit 3/Unit 4 contact, where there is a lithologic transition between poorly welded Unit 
4 overlies densely welded Unit 3. One part of this investigation was to determine whether a 
perched zone feeding the springs is present beneath the mesa. Such a perched zone could be 
supplied by recharge from several mesa top sources including the 90s line pond, the steam plant 
drainage, and the 260 outfall. Additional recharge might come from the Jemez Mountains. The 
260 outfall has been turned off and is no longer a potential recharge source. The tracer study and 
drilling results described below suggest that recharge via preferential flow paths occurred in the 
outfall drainage. 

• Monitoring stations were established at the three springs (SWSC, Burning Ground, and Martin 
Springs) in March 1997 to measure flow rates and collect periodic samples for analysis. Springs 
were sampled quarterly for chemistry and daily for bromide. 

• A tracer test using bromide was carried out to evaluate whether discharge from the 260 outfall 
reached the springs. The bromide was released at the 260 outfall in April and breakthrough was 
observed in SWSC spring in July, after a period of 3 months. Breakthrough was also possibly 
observed in Burning Ground spring. The very small amounts of bromide measured at Burning 
Ground spring makes definite determination of breakthrough time difficult. 

• Drilled 15 boreholes to depths of about 100ft, passing through Tshirege Unit 4. Two of the 
boreholes were drilled to about 200ft, passing into Tshirege Unit 2. All of the boreholes were 
essentially dry, although a wet surge bed was found in one hole. Traces of HE were found in 
cuttings from the holes. One of the two deeper holes was drilled near Martin Spring and found 
water at a depth about 20ft below the spring elevation. After a few weeks, this small zone of 
saturation dried up. 

Canon De Valle 

Five alluvial wells have been installed for monitoring of water levels and water quality. Well locations 
extend from the steam plant drainage downstream to below MDA P. 
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3.2.5.2 Aggregate 5 Conceptual Model Refinements 

The conceptual model for Aggregate 5 is shown on Figure 3-19. 

TA-16 

• A perched zone located beneath the mesa at the Tshirege Unit 3/Unit 4 contact has been 
hypothesized as a source for springs in the area. If this perched zone exists, its extent may be 
limited to an area beneath the center of the mesa. Such a perched zone has not been found near 
the 260 outfall or the three springs discussed (SWSC, Burning Ground, and Martin Springs). 
Together with drilling results, the tracer study suggests that recharge occurred via preferential 
flow paths (rather than via a perched zone) in the 260 outfall drainage. 

• Based on the tracer data, travel time between the 260 outfall and SWSC spring appears to be 3 
months. If the suggestion of elevated bromide in Burning Ground spring is real then the travel 
time from the outfall to Burning Ground spring is about 6 months. The 260 outfall may have 
been a source of both water and HE for these springs. 

Canon de Valle 

Based on the alluvial wells installed, the thickness of the alluvium is less that 10 feet ( 6-8 feet is 
commonly encountered). The alluvial groundwater is 6-8 feet thick and is perched on top of unit 3. 
Contaminants of concern exceed MCLs and include barium (3 ppm), RDX (0.1 ppm) and HMX (0.05 
ppm). 

3. 2. 5. 3 Aggregate 5 FY98 Planned Activities 

• Two more deep (about 200ft) holes will be drilled to determine whether a perched zone is 
present at the Tshirege Unit 3/Unit 4 contact. These wells will be drilled in mid-mesa positions 
(between Canon de Valle and Water Canyon). Any permanent saturation will be monitored. The 
springs and alluvial wells will continue to be monitored for contaminants and bromide. 

• Regional aquifer well R-25 will be drilled in 1998. The borehole will be located adjacent to Area 
P. The purposes of this borehole are 1) to provide reference stratigraphy for a large poorly­
characterized southwest portion of the Laboratory; 2) provide critical information about the 
depth to the regional aquifer in this area; and 3) provide water quality and water level data for 
intermediate perched zones and the regional aquifer adjacent to MDA-P and other release sites. 
Drilling of this borehole is expected to begin in June or July, 1998. 

3.2.6 Aggregate 6 

Aggregate 6 is located in the south-central portion of the Laboratory and encompasses the technical areas 
where testing with High Explosives (HE) and Open Detonation/Open Burning are part of routine 
operations. The general boundaries of the aggregate are Water Canyon on the south, Potrillo Canyon on 
the north, the Rio Grande to the east, and the Laboratory boundary along the Jemez to the west (Figure 3-
23). 
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3.2.6.1 Aggregate 6 FY971nvestigations 

• There were no new major subsurface field investigations conducted in Potrillo Canyon, Water 
Canyon, or Fence Canyon. 

• Groundwater level measurements were performed in Water Canyon (WC0-1 , -2, and -3) and 
Fence Canyon (FC0-1) during June, July, and September. Some water was found in Water 
Canyon alluvium (0.1 ft in WC0-2). 

• A baseline human health and ecological risk assessment for Technical Area 14 was performed 
(LANL, 1997). The study concluded that exposure via the groundwater pathway was unlikely. 

3.2.6.2 Aggregate 6 Conceptual Model Refinement 

The conceptual model for Aggregate 6 is shown on Figure 3-19. Based on the above risk assessment, the 
T A- 14 Open Burning I Open Detonation facility may not be a significant source of contaminants to 
groundwater. For the remainder of the aggregate, there are no refinements to the conceptual model. 

3.2.6.3 Aggregate 6 FY98 Planned Activities 

There are no activities planned for this time period. 

3.2. 7 Aggregate 7 

The aggregate is located in the central portion of the Laboratory and contains both canyon bottom and 
mesa top waste disposal sites. The general boundaries of the aggregate include a portion ofPajarito Mesa 
within TA-35, TA-48, TA-50, TA-55 , and the adjoining Mortandad Canyon drainage which include its 
major tributary, Ten Site Canyon (Figure 3-24). 

3.2. 7.1 Aggregate 7 FY971nvestigations 

A work plan for Mortandad Canyon was prepared during FY1997 and delivered to NMED on September 
29, 1997. The document provides detailed summaries of previous investigations conducted in Mortandad 
Canyon. Sampling and analysis plans (SAPs) for sediments, surface water, and groundwater are also 
presented in detail in the document. 

3.2. 7.2 Aggregate 7 Conceptual Model Refinements 

• The conceptual model for Aggregate 7 is shown on Figure 3-25. The stratigraphy of the 
Bandelier Tuff and Cerro Toledo Interval were re-evaluated for Mortandad Canyon. Previous 
geologic descriptions assumed that the Cerro Toledo Interval was the alluvium within middle 
Mortandad Canyon. The paleotopography ofthe Guaje Pumice Bed was further defined beneath 
Mortandad Canyon. 
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Figure 3-25. Schematic cross section showing conceptual model and proposed regional aquifer wells for Mortandad Canyon. 



• Bicarbonate, chloride, nitrate, and sodium are the dominant solutes present in the TA-50 RL WTF 
discharge and alluvial groundwater in Mortandad Canyon. Activities of tritium in alluvial 
groundwater have ranged from 20,000 to 1,000,000 pCi/L since 1963. Distributions of tritium, 
nitrate, and chloride suggest that alluvial groundwater is hydrodynamically well mixed. 
Activities oftritium (100 nCi/L) were detected at depths of 180ft bgs in corehole MCC-8.2. The 
vertical extent of the tritium plume(s) is not known in this borehole. 

• Geochemical modeling was conducted to evaluate transport of strontium-90, americium-241, 
plutonium isotopes, and uranium. Results of speciation calculations suggest that uranium (VI) 
and plutonium (IV) are stable as anions of uranyl carbonate and plutonium carbonate capable of 
adsorbing onto calcium carbonate present in the alluvium. Americium (III) is predicted to be 
stable as americium carbonate complexes that strongly adsorb onto alluvial sediments. 
Strontium-90 is predicted to be stable as a divalent cation that can be partially removed from 
solution through cation exchange and mineral precipitation (strontium carbonate). Mineral 
precipitation is not an important attenuation process for uranium, americium, and plutonium. 
Adsorption processes are considered to be important for these actinides. 

• Gallaher et al. ( 1997) suggest that Laboratory-derived plutonium and uranium activities in 
alluvial groundwater and sediments decrease along a short distance downstream of Laboratory 
outfalls. However, isotopic ratios determined from thermal ionization mass spectrometry (TIMS) 
suggest possible off-site transport oftrace levels (fCi/g) of Laboratory-derived plutonium in 
stream sediments to distances approximately 2 mi (3.2 km) downstream of the Laboratory 
boundary to near State Road 4. 

3.2. 7.3 Aggregate 7 FY98 Planned Activities 

Sediment reach sampling will start in the spring ofFY1998, as detailed in the Mortandad Canyon work 
plan. Six alluvial and two Bandelier Tuff boreholes/characterization wells should be drilled in FY 1999. 
Three regional aquifer wells are scheduled for drilling in FY2000 (R-14) and FY2001 (R-13 and R-15). 

3.2.8 Aggregate 8 

Aggregate 8 encompasses the area north of Pueblo Canyon and includes Bayo Canyon, Barrancas 
Canyon, Rendija Canyon, and Guaje Canyon (Figure 3-26). These canyons are relatively little affected 
by Laboratory operations , but may be sources of recharge for groundwater in the northern portion of the 
Laboratory. Aggregate 8 includes former TA-10 and parts ofTA-74 in Bayo Canyon and Barrancas 
Canyon, respectively. There are also potential release sites on Los Alamos County land in Rendija 
Canyon. 
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3.2.8.1 Aggregate 8 FY97 Investigations 

• The Guaje Well Replacement Project will replace six of seven aging municipal water supply 
wells with four new high-capacity production wells. The existing Guaje well field is located on 
U.S. Forest Service lands in Guaje Canyon near the Rendija Canyon confluence. The existing 
wells were placed into service between 1950 and 1964. Individual well depths range from I ,500 
to 2,000 feet below land surface. Once the new replacement wells are drilled, developed, tested, 
and equipped with new pumps, then the old wells will be abandoned in accordance with New 
Mexico State Engineer Office rules and regulations. 

• The drilling contract for these four new wells was awarded to Beylik Drilling Company of 
Albuquerque, New Mexico, in June of 1997. Drilling activities began in mid-September of 1997. 
By December 31, 1997, two of the four wells had been drilled and completed. Sixteen-inch 
diameter production casing, screens, and filter packs were set in the first two wells (designated 
wells GR-2 and GR-3) to total depth of approximately 2,000 feet below land surface. 

3.2.8.2 Aggregate 8 Conceptual Model Refinement 

No conceptual model changes stem from the well replacement work in FY97. However, based on the 
testing completed to date in FY98, it appears that most of the water production comes from a limited 
zone which includes the upper Tesuque, Chaquehui, Totavi Lentil, and Puye Formation. Preliminary 
interpretation is that this confirms the Chaquehui may have important influence on flow in the regional 
aquifer. Preliminary analysis of the geological logs from wells GR-2 and GR-3 shows stratigraphy 
similar to the nearby original Guaje wells. 

3.2.8.3 Aggregate 8 FY98 Planned Activities 

Project activities remaining to be completed include the following: ( 1) drill and complete wells GR-1 and 
GR-4; final casing diameters and depths are similar to the first two wells; (2) swab and air-lift well 
development in all four wells; (3) pumping tests; ( 4) spinner logging; and (5) zonal water quality 
sampling in all four wells. Final project tasks include installation of well pumps, construction of well 
houses, and abandonment of existing wells. 
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4.0 SUMMARY OF FY98 PLANNED ACTIVITIES 

The following is a summary ofFY 98 activities described in sections 2.0 and 3.0 of this report: 

4.1 Non-Field Activities 

• Data Management: 
• Conduct data user needs assessment 
• Prepare implementation plan for central data repository 

• Groundwater Modeling: Prepare report describing results of: 
• Development of a framework model 
• Translation of the hydrostratigraphic model into a finite-volume grid 
• Assignment of hydrologic properties to each stratigraphic unit 

• Build FEHM flow model 
• Calibrate to observed head data 
• Sensitivity analysis and hypothesis testing concerning flow directions and locations of recharge 

4.2 Field Activities 

• Aggregate 9 -continue data collection per the 1997 program 

• Aggregate 1 
• Los Alamos and Pueblo Canyons 
• Drill regional aquifer well R-7 
• Collect data from previously installed characterization wells 
• Prepare water table maps for the alluvium and perched intermediate zones 
• Refine conceptual and analytical hydrologic models 
• Assess radionuclide distributions in alluvial and perched zones 
• Characterize geochemical properties related to transport and natural attenuation 
• Quantify sorptive capacities of aquifer material 
• Perform geochemical modeling 
• Provide hydrochemical data for an initial pathway analysis 
• Drill six alluvial wells in Pueblo Canyon and sample at high flow and low flow 

• Sandia Canyon- Install well R-12 

• Aggregate 2 
• Drill background alluvial well in Three Mile Canyon above TA-18 
• Continue pore gas monitoring and neutron probe measurements at TA-54 

• Aggregate 5 
• Drill two deep holes at the Tshirege Unit 3/Unit 4 contact 
• Drill regional aquifer well R-25 

• Aggregate 8 
• Drill and complete wells GR-1 and GR-4 
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• Swab and air-lift development of all four wells 
• Test pumping in all four wells and sample for zonal water quality 
• Run spinner logs in all four wells 

In addition to the planned activities, the following are proposed changes to the Hydrogeologic Workplan 
description of methods, procedures, and techniques for drilling and installing wells. These changes are 
based on experience gained during the drilling ofR-9 and are intended to make the borehole drilling 
process more efficient and cost effective. 

• During 1998, the Laboratory intends to implement a new drilling package by employing a Barber 
Dual Rotary drill rig. The rig should provide faster drilling and coring, and decrease the trip time 
by 20% to 50%. 

• Improvements in placing temporary bentonite seals will be made by utilizing an improved 
pressure grouting system that deploys an inflatable packer and allows grout to be pressure 
injected below the packer, causing the grout to move up the annular space between the temporary 
casing and the borehole wall. 

• Higher strength casing for use during well drilling will be purchased and used to increase depth 
of penetration for casing strings and decrease the possibility of casing separations. 

• A multiple well completion system will be considered for R-9 and other future regional aquifer 
wells on a case-by-case basis, as compared to always using single completion construction, as 
previously described in the Hydrogeologic Workplan. 

• The installation of a "companion" intermediate perched zone well(s) will be considered in 
proposing well completion plans for the regional aquifer wells, i.e. completion of any regional 
aquifer well (e.g. R-9) may also include the proposal to install an intermediate well(s) adjacent to 
the regional aquifer well as part of the completion strategy. These decisions will be made on a 
case-by-case basis. 
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Introduction 

Annual Meeting Regarding Implementation 
of Los Alamos National Laboratory's 

Hydrogeologic Workplan 
Notes 

Bonnie Koch welcomed all participants and asked them to introduce themselves. She also 
announced that DP provided $1.5 million to allow drilling an extra well this year. 

Purpose 

Charlie Nylander stated that the primary purpose of the meeting is information exchange. We 
will walk through a summary of groundwater related activities, changes to the conceptual model, 
and planned FY98 activities. Invite participation throughout the meeting; want this to be 
interactive process. Will be having quarterly meetings, starting in June. 

Approach to Groundwater Protection 

Charlie Nylander summarized LANL's approach to groundwater protection: 
• Groundwater monitoring since 1949 by AEC and USGS; transferred to Lab 1950. 
• 8 deep monitoring wells installed. 
• ESH Division taken steps to improve groundwater protection. 

- Groundwater Protection Management Program Plan, pursuant to DOE 5400, 
approved by DOE/AL 1996 requires Annual Report to be issued in December. 

- Hydrogeologic Workplan: Iterative basis using DQO process requires annual 
meeting to negotiate scope and schedule. 

- ER workplans are next tiered level down from Hydrogeologic Workplan. 
Much more detail. Scheduling for ER work is as required by ER 
requirements. Hydrogeologic Workplan doesn't always match withER 
schedules. 

- GIT- successfully put team together. Meet every 2 weeks to share 
information and review results. Provide recommendations to ER and ESH. 
Putting together the GIT Implementation Plan and a MWP Project 
Implementation Plan. 

John Young asked what about permitting activities e.g., TA-54 closure requirements, how will 
wells be used, when will permitting people be brought in? Charlie Nylander responded that this 
is a characterization effort primarily; when developing the Hydrogeologic Workplan also tried to 
look ahead for monitoring/permitting as well. While none of the wells are precluded from future 
use as compliance monitoring wells, the locations may not be ideal for adequate compliance 
monitoring. As ER Project comes up with new requirements or permitting, it will be 
documented in Hydrogeologic Workplan via addenda. 

Alice Barr added that with respect to involving permitting people, there was a request for a 
permitting point of contact from NMED. LANL permitting people have already been involved 

1 
March 30, 1998 



Annual Meeting Regarding Implementation 
of Los Alamos National Laboratory's 

· Hydrogeologic Workplan 
Notes 

to the extent necessary for a facility-wide plan (as opposed to individual unit). Used Aggregate 
concept to use EPA's Waste Management area approach under subpart F. 

Michael Dale asked if the Hydrogeologic Workplan has specific language about the ties or 
stepping down to other workplans? Charlie Nylander responded that it will be included in the 
revised Hydrogeologic Workplan. As ER workplans are developed in future, it will put portions 
of lab under microscope; results discussed in quarterly and annual meeting. 

FY97 Non-Field Activities 

Geologic Model Development: Dave Broxton described the site-wide 3-D stratigraphic model­
funded by ER 3rd year of on-going project. All existing borehole data to develop surfaces on 
each stratigraphic unit. Basis for any modeling. Greg Cole is PI. Ready to extend access to 
model. Doing quality check of last years model version. Keep track where data for each surface 
comes from. Data currently in EES-1, moving to FIMAD. Working with flow modeling people 
in EES-5. Adding pre-Bandelier units, particularly basalt. More difficult to add discontinuous 
units, using cross sections. As regional boreholes completed, adding data to model. Using new 
borehole data as a calibration point. 

John Young asked what is the turn around time for incorporating new data? Dave Broxton 
responded that the data incorporation is almost instantaneous. Bonnie Koch asked if there will 
be a summary report and if so, is this a way to distribute new data? Dave Broxton responded that 
every year there is a summary report developed that announces the availability of last year 
model. 

Historical Water Quality: Bruce Gallaher explained that there is surveillance data- surface 
water, springs, alluvial, deep wells - which extends back to 1950. This historical data has been 
computerized in Access database. A graduate student has developed software to do trend 
analysis. Some caution is required due to changes over the years in sampling method and 
analysis. Initial trend analyses were based on data from San Idelfonso land; a summary report on 
that analysis is about to be reviewed in-house. Will extend to other areas of LANL. The whole 
database is not ready for trend analysis because it has not been completely qualified. 

Rick Warren asked whether the meta-data is available. Bruce Gallaher responded that only a 
comment field. Bonnie Koch asked what does the data include? Bruce Gallaher answered that 
the data in the Access database include analyses of water, sediment, soils through mid-1990's; 
does not include water levels yet. 

FY97 Field Activities 
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Aggregate 1: Dave Broxton said that there were many activities in Aggregate 1, as described in 
the Annual Report, but the most significant was the drilling ofR-9. R-9 is located in Los 
Alamos Canyon near LANL boundary. Downgradient of a number of operational areas. 
Synopsis: 

• Geology encountered: Alluvium to Cerros del Rio to old alluvium to Puye Fm. Remain in 
Puye Fm to depth of 686 ft. Different character than expected; it is fine grained. Clay-rich, 
up to 50-60% in some areas. No Totavi Lentil. Below 686ft, entered basalt, probably in 
Santa Fe Group. 

• Hydrology encountered: First water-bearing zone at 188 ft. in Cerros del Rio. Water level 
rose to 13 7 ft. under confined conditions. At 225 ft the basalt was less fractured, and is 
probably the base of first water-bearing zone. The second water-bearing zone was 
encountered at 275ft. The water rose slightly to 264ft. This second zone was only 7ft. thick 
at base of Cerros del Rio. At 579 ft, encountered a third water-bearing zone. It was confined 
water, which rose to 524ft and stabilized. We thought this was the regional aquifer based on 
projections from nearby wells. Sealed the zone and continued drilling into dry clay. A fourth 
water-bearing zone was encountered at 625 ft. It rose to 524 ft, then was sealed, and drilling 
proceeded. At 688ft. encountered a fifth water-bearing zone in fractured basalt. The water 
did not rise. A temporary 4-inch well, screened at 679- 706ft. with transducer, has been 
placed in the borehole. The transducer measures every 15 minutes, looking for influence of 
pumping on PM -1. 

• Water chemistry: water in R-9 at 180ft. is very similar to alluvial groundwater in Los 
Alamos Canyon. Chemistry in 180 and 260 ft. zones is not similar to Pueblo Canyon (PO 1-
4), so not significant amount of underflow. Regional water-688ft. depth water chemistry 
similar to PM-1 and PM-2; other deep zones are not good match. Zone at 615ft. is quite 
different from all regional wells. 

• Upper perched saturated zone: located in fractured basalt within Cerros del Rio confined by 
intercalated basalt and clay-rich breccia lower perched saturated zone: base of Cerros del Rio 
basalt in breccia zone. 

• Cross section from TW-3 to R-9. Infiltration takes place all along the canyon floor, but 
accentuated where sub-crops of permeable units like Cerros del Rio. Regional aquifer at 688 
ft. What is relationship to overlying water-bearing units at 579 and 615? Water level drop of 
80ft. at TW-1 since pumping on water wells began. Add 80ft. at R-9 and the 579 and 615 
ft. would be in regional aquifer so these units may have been perched by water level decline. 

Joe Mose pointed out that there is different·chemistry in the 615ft zone, and that doesn't support 
this hypothesis. Dave Broxton responded that slow moving water in clay-rich zone may have 
chemistries that result from very long residence time. Pat Longmire added that facies change 
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may mean different chemistry. Bonnie Koch asked the distance between LAO- 4.5 and R-9. 
Dave Broxton responded it is about 0.7 mile. Michael Dale noted that there has been no decline 
in water levels in TW-1. D. Broxton responded that the water levels are anonymously high in 
TW -1. The high water levels may be related to County wastewater treatment plant effluent. 

John Young asked what geophysics had been done in R-9? Bob Gilkeson responded that the 
downhole camera, natural gamma, magnetic induction, gamma/gamma density, and neutron had 
been run in the upper 1 00 ft. in open borehole. Writing completion report which will include 
geophysical logging. The report will be done before end of the year. 

Everett Springer asked if the water in R-9 perched upper zone is similar to water in the Guaje 
Pumice in LAPD 3? Dave Broxton responded that LADP-3 is located about 2 miles up canyon. 
There is some similarity between R-9 and LADP-3 perched zones, but can not say with much 
confidence that the waters are the same. Don't know about the connections. Everett Springer 
asked if the third and fourth water-bearing zones are within a dewatering zone, why are they 
under pressure? Dave Broxton answered that it may be due to facies changes. Intercalated fine­
grained and coarse-grained strata dipping toward the east and water is trapped in coarser zones. 

Chris Hanlon-Meyer asked what the screen length will be in R-9. Dave Broxton responded that 
the goal is to create a well with lifetime of 30-50 years. During that time we expect drawdown of 
~60ft. Want to have screen length of 60ft. below regional aquifer top. Will use information 
from R-12 to determine thickness of basalts. Want to complete in zone at 688ft. Looking at 
multiple zone system. Some pros & cons of multiple completion well are that it can monitor 
several zones and yield vertical gradient information, but may be complicated system that may 
not last. Also looking at single completion adjacent wells in intermediate zone. 

Dave Broxton said that based on experience at R-9, have learned a lot about how to do the wells. 
Will be changing: 

- sealing method - use pressure grouting. Save time in cleaning out circulation system. 
- Barber drilling system- don't have to trip in and out of hole for changing to coring. Has 

2 heads. Will use it on R-25. 

John Young said that NMED is concerned about inexperience in drilling system. Dave Broxton 
responded that it will be the same kinds of drilling, just different rig. Not expected to be a 
problem. 

Aggregate 2: David Rogers said Aggregate 2 includes TA-54 and TA-18, located in Lower 
Pajarito Canyon. The FY97 activities were: 

- TA-18 follow-up activities on VOCs from septic system; none found. Water balance. 
- TA-54 Performance Assessment. Expected to meet dose requirements. 

Conceptual model refinements based on this work are: 
- Alluvium in TA-18 was as expected, no refinements. 
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• Rate of recharge through Bandelier Tuft on order of 1 mm/yr. 
• Drying of mesa by air flow through fractures and interbeds. 
• Stable isotopes indicates evaporating water, no flux of water through mesa for several 

1000 years. 
• Pore chemistry enhances adsorption of neptunium and americium but decreases 

absorption of plutonium and uranium. 
• Fractures enhance air movement through mesa 
• Due to high sorption, only a few nuclides have half life long enough to reach 

groundwater. 
• In modeling, took credit for long travel time through Bandelier Tuff, but no credit for 

basalt. 

Alan Stoker asked about the DNAPL plume from figure? Dave Rogers responded that it refers to 
a vapor plume, and that would be made clear on the figure. Alan Stoker asked what the recharge 
rate in Pajarito canyon was based on? Dave Rogers answered the rate is by analogy to 
Mortandad Canyon. 

Aggregate 3: Bruce Gallaher said that Aggregate 3 is TA-49, where the issues are primarily 
vadose zone issues. The information is a summary of a chapter in a forthcoming RFI report. 

- Chloride concentrations in pore water, vs depth in TDBM-1 and ER 700-ft. well. 
Chloride concentrations in exposed mesa much higher than below canyon bottom. 

- Independent of hydraulic properties, the flux calculated 0.1-2 mm/yr, similar to T A-
54. 

- Stable isotope show 016/018 shifted off meteoric lines suggests evaporation has 
occurred. 

Aggregate 5: David Rogers said that Aggregate 5 includes S-Site or TA-16, and is in the western 
part of Lab. Some issues in this aggregate are : Where is regional aquifer? Springs have HE in 
them, is there a shallow perched zone. 

Activities in FY97: 
• Springs: what are sources? Drilled 15 boreholes to 100 ft. All holes were essentially 

dry. 
• Tracer from 260 outfall. Break through in SWSC spring in 3 months. Break through 

may have occurred at Burning Ground Spring, but concentrations were small. 
• Alluvial wells installed. 

Conceptual Model refinement 
- No extensive perched zone. An interbed area may hold water at some times and in 

localized areas. 
- 260 outfall may have been a source of H20 and contamination. 
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- Cannon de Valle alluvium is 6-8 ft thick. 
- perched zone at 145ft., that flowed for a few days, then dryed up in a well near 90s 

line pond. 
- Flow in springs has not decreased since 260 outfall has been turned off, however 

spring monitoring only started right before the 260 outfall was turned off. 
Planned activity 

- 2 boreholes for perched zone (already done- 90s line pond) 
- R-25 

Aggregate 7: Pat Longmire said the Mortandad Canyon RFI Work Plan was developed. 
- Proposed 6 alluvial wells and 2 intermediate wells. 
- Intermediate wells completed in Guaje pumice bed to find extent of tritium. 

wells will be next year, this year will complete sediment studies. 
R-14, R-13, R-15 are the proposed regional wells. 
R-14 in year 2000, R-13 and R-15 in year 2001. 

Charlie Nylander pointed out that Pat Longmire was talking about fiscal years for the regional 
wells. Bonnie Koch said the Hydrogeologic Workplan has R-15 before R-14. Pat Longmire said 
they feel it is necessary to drill R-14 first because of data. Dave Broxton said we should 
accelerate Mortandad Canyon if we can because of concern of contamination. 

Aggregate 9: Bruce Gallaher explained that Aggregate 9 is regional-scale studies. One issue is 
to quantify recharge on plateau. Tools for quantifying recharge include hydraulic properties 
environmental tracers (tritium, chloride, chlorine-36, carbon -14; stable isotopes); water levels, 
contaminates. Instruments that have been installed: 
• automated stream gages 
• spring monitoring 
• 30 groundwater wells 
• 7 meteorological towers for precipitation; 2 are measuring ET directly - at TA06 and TA-54 

below Area G. 

Results 

• Long-term precipitation 18-73 inches/yr (43,000 ac-ftlyr) 
• ET 70% to 100% of precipitation on mesa sites (37,000 ac-ftlyr, assuming 87%) 
• Remaining 6000 ac-ftlgr available to infiltrate or contributed to stream flow (maximum) 
• In each canyon, 600 ac-ft. 
• Canyons that extend to Jemez have greatest inflow. 
• Canyons with effluent have highest flow. 
• Canyons with greatest inflow, have always had that water, have pre wetted rocks, have 

greatest chance of perched zones. 
• Canyons with effluent have only had that water for- 30 yrs, but have the most contaminants. 
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• Los Alamos/DP has both inflow and effluent and therefore has contaminants and perched; it 
is a good place to focus attention. 

Exposed mesas 

• Fractures allow air movement in and out of mesa 
• Dry air moves into mesa during periods of high atmospheric pressure 
• Wet air leaves mesa during periods oflow atmospheric pressure 
• Mesas naturally dried, very low recharge rates. 
• Canyons are major contributor of recharge; however dry canyons are not contributing. 
• Need to look at Westside with R-25, the mesas are not exposed. No perched zone above 

canyon bottom, may be one below that 
• Need to focus on wet canyons. Learn from R-9, can't just drill one well and get the answers. 

Proposed FY98 Non-Field Activities 

Data Management: Charlie Nylander pointed out that the Hydrogeologic Workplan has 
creation of a centralized database. The Lab has worked on making FIMAD that data base. 
Contracted for user need survey for FIMAD. Initial round of interviews completed. Expecting 
report in April. Additionally, the EM Program office been working toward making FIMAD 
more robust and have requested more funding. Brought in FSS Division. A budget to get 
historical and surveillance data into FIMAD has been developed. It includes a $500,000 one 
time cost for the historical data and an annual cost of $200,000 for adding new surveillance data. 
Proposal brought to Lab senior management today. FIMAD was created as project-specific, and 
it is not easy to change to a much larger institutional system. It is anticipated that the user needs 
survey will help to do this. 

John Young said that FIMAD seems inadequate, so why not use commercially available 
database? Charlie Nylander responded that they will use the needs assessment to determine what 
the best alternative is. In the interim, may use available data base software. Bruce Gallaher 
added that there has been a huge investment in FIMAD to use the GIS capabilities. 

Modeling: David Rogers presented the following information on modeling 
• Started in FY97 on modeling project 
• Hydrogeologic system 2 parts 

Regional aquifer - 1 system element 
- everything above that - ER project and WM do aggregate-specific modeling that 

will be combined together. 
• FY98 will be regional aquifer flow and transport. Goals: 

synthesize current data and understanding 
improve understanding of local and regional-scale flow paths 
test hypothesis of recharge 
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- foundation for future contaminant transport studies. 
- guide deep well placement 

• USGS built model of Espanola Basin to address water supply impact questions. 
- the modeling will expand boundaries of USGS model to match natural 
boundaries, including vertical down to base of basin fill. 
- finite element model FEHM 
- fine vertical grid 
- fine irregular grid 

• Activities for FY98 
- Need geologic information - 3D geological model for Espanola basin 
- Assign properties and develop grid 
- Calibrate 

Karen Agogino asked whether a report will be prepared? Dave Rogers said that modeling will be 
documented in reports. Bill Stone asked if there is enough data for fine grid. Dave Rogers said 
the amount of data will not be equivalent to the data available for Yucca Mountain. The 
analytical capability far exceeds our ability to verify the model. Robert Grey asked how does 
FEHM address fracture flow? Dave Rogers responded that he doesn't agree that fracture flow is 
important in regional aquifer. However, dual porosity/permeability have built it into FEHM to 
address fracture flow for Yucca Mountain and it could be used at LANL. Brent Newman added 
that the ER Project will probably use the fracture flow features ofFEHM for the aggregate­
specific vadose zone modeling. Michael Dale asked what are percentage of water is stored in the 
basalt versus sediment? David Rogers responded that the data from 14 wells is inadequate to 
estimate the relative percentage of water stored in basalt vs sediment. 

Lunch Break 

FY98 Field Activities 
Open Discussion 
Charlie Nylander said that Mortandad Canyon is an example where the shallower wells guide the 
placement of deep wells; in other places we may take the opposite and let the regional wells 
guide the placement of intermediate wells. We are currently evaluating multi-completion or 
separate intermediate wells for R-9. Our recommendation will go to the state. Probably depend 
on what is found in R-12. John Young recommended that LANL involve the state in evaluation 
of how R-9 is completed in order to expedite approval of completion proposal. Charlie Nylander 
said that is a good suggestion. LANL has committed to scheduling a tour of South Valley 
multiple completion wells to see how they work. John Young added that his recommendation is 
not limited to well completions, any changes in scope should involve NMED. 

Chris Hanlon-Meyer inquired about publications on Westbay? Bob Enz committed to provide 
information. Chris Hanlon-Meyer said he is interested in literature that addresses obtaining 
representative samples with metals and colloidal materials using a Westbay system. South 
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Valley contamination is VOCs where low flow is appropriate. Concerned about the higher flows 
that would come into wells constructed to RCRA specifications that may bring in more colloidal 
material and metals that are representative. Charlie Nylander responded that when the pumping 
port is open, more water can come in than the diameter of the well. With pumping port can 
purge well volumes, but sampling port are different would like to see that question posed at 
South Valley Westbay tour. Will try and schedule South Valley tour. 

Bonnie Koch asked if the Groundwater Bureau has a policy on Westbay. Phyllis Bustamante 
responded that she will check, but doesn't think so. 

Chris Hanlon-Meyer asked if the findings in perched zone in R-9 will it change the schedule for 
installing or monitoring those zones. Charlie Nylander responded yes, one interpretation of 
Hydrogeologic Workplan was that we would drill all32 wells then do intermediate wells. 
However, intermediate wells will likely be installed within a year of completing a regional well. 
Decisions about intermediate wells will be made simultaneously with completion decision for 
regional well. As we learn more about the setting, intermediate wells may be done at the same 
time as regional well completion. 

Michael Dale asked about the LA/Pueblo Canyon Work Plan included intermediate wells and 
that was approved. What happened to those? Pat Longmire responded that the LA/Pueblo 
Canyon Work Plan was written prior to the Hydrogeologic Workplan. While developing the 
Hydrogeologic Workplan, the approach changed and the intermediate wells that had not been 
completed got converted to regional wells. John Young said that HRMB has not seen a request 
to change the intermediate wells to regional wells. Dave Broxton responded that the change was 
described in the Canyons Core Document. However, we can write a letter to state about the 
conversion. John Young stated that would be appropriate. Include the justification. 

Michael Dale said the Hydrogeologic Workplan defers to the RFI workplan. Foresees a 
disconnect in the year 2000 when the work on LA/Pueblo is finished, but while drilling another 
regional well and find an unexpected contaminated zone. Dave Broxton responded that we can't 
put in all the wells at once. The schedule was prioritized based on benefit to entire Lab. Not 
doing all ER wells first. There was a higher priority for doing wells that will reduce uncertainty 
in other parts of the Lab. Michael Dale said that he would hate to see a report coming out on 
LA/Pueblo Canyon that would have to be amended in 2002 because of a well that had been 
installed. Dave Broxton answered that we won't finalize LA/Pueblo Canyon report until all the 
wells are done. Will do individual well completion reports and interim reports. 

R-12 
Dave Broxton said that R-12 is located 1 km south ofR-9. It is an early warning well for PM-1. 
It should be down gradient of source areas in LA Canyon and possibly Mortandad Canyon. 
Starting 4th week of drilling. At depth of 330ft. with 14" casing. Based on PM-1 where a 
perched system was encountered at 450ft, predicting the borehole will encounter the perched 
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zone at 436ft. in R-12. The regional aquifer should be at 740ft. just above Totavi Lentil. Will 
go- 1000 ft. deep, want to get down to basalt within Santa Fe group. R-12 is a ratty hole in 
basalt that is not stable. We plan to take the14" casing down to 430ft. then core through perched 
zone. Seem to be going in and out of flow units. Some alteration minerals present at tops and 
bottoms, no soils between flows. 

R-25 
Located at TA-16; fills in a big gap in hydrologic setting. All of regional aquifer info from 
relatively small number of wells in eastern part of Lab. Main purpose is hydrologic and geologic 
control. It is planned for 1200 ft. because the regional aquifer could be that deep. It is sited just 
west ofMDA-P. It is primarily a characterization borehole. If it was east ofMDA-P there 
would be problems with access through closure at MDA-P and would require escort. If there is a 
need to come back with intermediate wells, then can go east ofMDA-P. The amount of core has 
not been decided, but could be as much as 50% since it is an area not well known, need to have 
the core as library. Will start in first week of July with Barber rig. 

R-7 
Will be started this FY, but won't be completed until next year. Downgradient ofTA-21 will 
look for perched systems and contaminants and to see the regional aquifer in an area highly 
impacted by Lab activities. 

Comments/Questions 

Michael Dale asked if the inforrp.ation you anticipated was resulting from the deep drilling? 
Dave Broxton responded that R-9 very successful in getting information. It was moderately 
expensive, it was more complex than anticipated. To maintain integrity and sample individual 
zones requires sealing and telescoping. Well to regional aquifer need R-12 to decide how to 
complete. Had planned to drill R-9 up to 500ft. into the regional aquifer. Didn't do that because 
we felt we got all the contacts in the top 100 ft. of regional aquifer. Got high quality data, better 
than any before. Trying to meet requirements ofHSWA permit. Charlie Nylander added that we 
haven't had a chance to talk about DQOs for core. Have used the camera much more in R-12. 
Will go back and use DQO process to evaluate data collection methods. After R-25, will have 3 
wells to fine-tune the data collection. Dave Broxton said that 33% of the R-9 borehole was cored 
and selected portions of it have been preserved. The modeling should be driving the sampling 
and preservation. 

John Young asked will DQOs be revisited? David Miller was a driver and his assumptions on 
the intermediate zone being geologically controlled, not head controlled may be questionable 
based on R-9. David Rogers responded that the head on intermediate supports David Miller's 
assumption. The basalt is confining it, so geological controlled. Charlie Nylander added that 

10 
March 30, 1998 



Annual Meeting Regarding Implementation 
of Los Alamos National Laboratory's 

Hydrogeologic Workplan 
Notes 

they will go through iteration on DQO outputs. Will look at data to see if there was data that we 
didn't need or some we are missing. It will be the acid test of DQO process. 

Pat Longmire said that out ofR-9 there was lots of chemical data collected, but for VOCs it was 
all non-detect. Recommend analytes on what is expected. Do field screening for VOC and semi­
VOC, but don't analyze for them unless there if a source of these contaminants. In R-25 with 
HE, Organics will be key. John Young responded that the recommendation seems reasonable. 
Bonnie Koch said that in R-9, we were careful to seal perched zones. In completing R-9, we 
could resample them for VOCs or semi-VOCs. This would allow us to make final determination 
about contaminants of concern when well is completed. 

Lee Winn asked if the regional wells are point of compliance wells for this facility. Charlie 
Nylander responded that these are characterization wells with 4 quarters of sampling. After the 
four quarters of sampling are completed the wells will be turned over to ESH monitoring 
program. At that point will determine the sampling schedule. Potentially some may be used as 
compliance wells, but may be used to better site a detection well. Lee Winn said you need to use 
money for wells for compliance, for example for TA-54 downgradient wells for post-closure 
care. Charlie Nylander responded that when the well near T A-54 was sited, we selected the 
location for its proximity to TA-54. Would not be possible to say all32 wells are ideally located 
for detection. 

Phyllis Bustamante said the discharge plan for TA-50 is inadequate. Wells in the Hydrogeologic 
Workplan located in Mortandad Canyon will have to be compliance wells. The Groundwater 
Bureau is concerned about Mortandad Canyon and it appears that the regional wells are for 
academic purposes rather than moving ahead with remediation. Charlie Nylander said we 
recognize the wells in Mortandad Canyon will be compliance wells. The TA-50 discharge plan 
incorporated wells from Hydrogeologic Workplan. But in the future there may be other wells. 
Bonnie Koch added that the purpose of having this meeting now is to get input. 

Lee Winn said there is stepped up regulatory action with operating permit renewal and post 
closure plan. For R-22, consider using it as a compliance well for TA-54 post closure care. 
Dave Broxton responded that they would like input on absolute locations of the wells because the 
locations are not set. Lee Winn said there can be a variance from one up and 3 down if it makes 
sense. Also consider point of compliance. Charlie Nylander said the initial layout was 
motivated by site-wide characterization. For each well location, will try and maximize utility of 
siting each well as compliance well for RCRA units or discharge plans. Partnership approach, 
looking for general feedback. 

Phyllis Bustamante asked when the new wells in Mortandad Canyon will be drilled? Pat 
Longmire responded that the alluviaVintermediate wells will be in March-August 1999 regional 
aquifer R-14 FY2000. Phyllis Bustamante said the MC0-3 replacement well is important to 
discharge plan if it helps with prioritization. 
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John Young said the scheduling ofMortandad regional wells concerns with NMED. They 
should be pushed up before 2000. Dave Broxton agreed the Mortandad Canyon wells should be 
accelerated, but need to put intermediate wells first to find axis of paleo channel. Should bump 
R-15 up to next year, but need to put intermediates in first. This year the money had been 
programmed for R-9 and R-12. R-25 was very important to reduce uncertainty. Should move up 
intermediates to the fall, early in FY, and then start regional next spring. 

Pat Longmire said the location ofR-14 was selected to detect contamination, but not introduce it 
to regional aquifer. Also will go into TW-8 to pull the pump and do time series sampling. Bill 
Stone said the Oversight Bureau has reviewed Mortandad well locations and will get those 
comments out shortly. 

Charlie Nylander said Table 2-1 has the other activities. Are there comments about priority? 
John Young asked why there is a task to characterize the Bandelier Tuff. David Rogers 
responded that the data is only from limited areas, under S site may be different. Brent Newman 
added that the current data is only from upper part of Bandelier. Charlie Nylander added that 
most of the work on the Bandelier tuff is writing up data that has already been collected. 

John Young asked if dual porosity/dual permeability characteristics will be addressed. Fractures 
important in TA-16 area. Brent Newman responded yes, that will be done because it is 
important. 
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AGREEMENTS 

• Schedule 

Annual Meeting Regarding Implementation 
of Los Alamos National Laboratory's 

Hydrogeologic Workplan 
Agreements and Action Items 

R-12 March 1998 
R-25 July 1998 
R-7 Oct. 1998 
2 intermediate wells in Mortandad Canyon Fall 1998/FY99 
R-14 Spring 1999 

• Final locations of wells will be reviewed for possible use for compliance wells on 
well-by-well basis 

• Involve state in evaluations for well completion and other changes in scope. 
• Intermediate wells (or multi completion in perched zones) decisions will be made as 

well completion decisions are made and installed usually with one year of regional 
well completion. 

• Analyze for VOCs/semi-VOCs when sources are present, not in every sample. Use 
analysis from four quarters of sampling to define contaminants of concern. 

• The DQOs will go through iteration when new data is available. 
• Provide more detail in the Annual Report. 

Action Items 
• Schedule South Valley Westbay tour. 
• Provide letter to NMED with request and justification to convert intermediate 

wells in LA Canyon to regional wells 
• Set date for first quarterly meeting; provisional date: June 29. 
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EXECUTIVE SUMMARY 

This Hydrogeologic Workplan (Workplan) describes activities proposed to be performed by Los Alamos 
National Laboratory (Laboratory) to characterize the hydrogeologic setting beneath the Laboratory, and to 
enhance the Laboratory's groundwater monitoring program. The need for characterization of the 
hydrogeologic setting beyond that already established by studies conducted by and for the Laboratory 
over the last 50 years, and the possible need to enhance the groundwater monitoring program at the 
Laboratory, is driven by requirements, with which the Department of Energy (DOE) and the Laboratory 
are committed to comply, and the Laboratory's own commitment to groundwater protection. 

A major driver for preparation of this Workplan was the New Mexico Environmental Department's 
(NMED's) letter dated August 17, 1995 which expressed concerns over groundwater contamination and 
protection at the Laboratory. The letter reiterated concerns expressed in prior correspondence from 
NMED that characterization of basic geology, hydrogeology, and pathways for contaminant transport had 
not been adequately addressed at the Laboratory to date. The letter listed four issues and questions 
summarized below that were deemed by NMED to be unresolved. 

• Individual zones of saturation beneath the Laboratory have not been adequately delineated, and 
the "hydraulic interconnection" between these is not understood. 

• The recharge area(s) for the regional aquifer and intermediate perched zones have not been 
identified, and the effect of fracture-fault zones on recharge is unknown. 

• The ground-water flow direction(s) of the regional aquifer and intermediate perched zones, as 
influenced by pumping of production wells are unknown. 

• Aquifer characteristics cannot be determined without additional monitoring wells installed within 
specific intervals ofthe various aquifers beneath the facility. Location ofwells designed for 
aquifer testing cannot be addressed adequately without delineation of individual zones of 
saturation beneath the Laboratory. 

A second major driver for preparation of this Workplan was NMED's letter of May 30, 1995 which 
denied the Laboratory's requests for waivers of groundwater monitoring requirements at several regulated 
units. The letter noted as justification for the denials that the Laboratory had provided inadequate and 
incomplete information pertaining to the unsaturated and saturated conditions across the Pajarito Plateau 
and that basic geology, hydrogeology, and pathways for contaminant transport had not been adequately 
addressed to date. 

The objectives of the activities described in this Workplan are to address the four specific issues raised by 
NMED in the letter dated August 17, 1995, and to provide answers to the following three questions: 

Is characterization of the hydrogeologic system beneath Los Alamos National Laboratory adequate to 
determine where uppermost subsurface water, alluvial groundwater, intermediate perched zone 
groundwater, or regional aquifer groundwater exists and whether concentrations of contaminants in 
alluvial groundwater, intermediate perched zone groundwater or regional aquifer groundwater exceed 
regulatory limits or risk levels?; 

Is the characterization information sufficient either to establish detection monitoring programs 
pursuant to 40 CFR 264.91-100 for regulated units or to demonstrate that groundwater monitoring 
requirements could be waived, or to provide appropriate groundwater monitoring as part of corrective 
actions pursuant to 40 CFR 264.101 for Solid Waste Management Units that have been determined to 
have had a release that is a threat to human health or the environment?; and 

Is the characterization information sufficient to satisfy the conditions of the Hazardous and Solid 
Waste Amendments (HSWA) portion ofthe Laboratory's Resource Conservation and Recovery Act 
(RCRA) operating permit? 
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The Environmental Protection Agency's Data Quality Objectives (DQO) Process was applied to the 
development of this Workplan in order to identify the data needs that must be fulfilled to answer these 
questions and address the four issues raised by NMED. By using the DQO Process, the Laboratory has 
assured that the type, quantity, and quality of hydrogeologic data used in decision-making will be 
appropriate to meet the primary objective to characterize the hydrogeologic setting at the Laboratory. As 
the Workplan is implemented, the DQO Process will continue to be applied in an iterative fashion as new 
data become available to ensure that the right data necessary to make decisions is being collected. This 
iterative application of the DQO Process will form the basis for annual renegotiation of the scope and 
schedule of the Workplan with NMED. 

The centerpiece of the Workplan is the installation of additional wells that will provide extensive new 
hydrogeologic information. However, additional activities described in this Workplan will integrate and 
utilize all existing Laboratory (and other agency) reports, data, and modeling related to hydrogeologic 
characterization beneath the Laboratory. Section 3 ofthis Workplan, describes the proposed activities that 
will integrate this information as a foundation for future activities. 

The Workplan scope represents an integration of all Laboratory projects and activities that contribute to 
the characterization of the hydrogeologic setting beneath the Laboratory, the results of which will ensure 
appropriate groundwater monitoring and enhanced groundwater protection. The scope of this document 
relies heavily on the performance of activities by the Laboratory's Environmental Restoration (ER) 
Project and by the Nuclear Weapons Technology (NWT) Program's Monitoring Well Installation Project. 
Both projects will provide significant characterization, assessment, and groundwater monitoring data that 
will be used to meet the objectives of this Workplan. 

The expected outcomes of the activities described in this Workplan are: 

• Refined understanding of the hydrogeologic framework at the Laboratory, including recharge 
areas, hydraulic interconnections, flow paths, and flow rates, synthesized by modeling 
simulations; 

• Information sufficient either to design and implement a detection monitoring program that meets 
applicable requirements and/or to demonstrate that groundwater monitoring requirements can be 
waived; and 

• Defined areas of existing or potential groundwater contamination, and the potential pathways of 
contaminant transport from the surface to the regional aquifer, with predictions of directions and 
rates of movement and risk based on modeling simulations. 

If it is determined, as a result of this characterization effort, that enhanced groundwater monitoring is 
necessary, an inter-disciplinary Laboratory group will develop a proposed amendment to the Groundwater 
Monitoring Plan that will be reviewed and endorsed by the Technical Review Committee (TRC) prior to 
submittal to the appropriate regulatory agency(ies). 
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1.0 INTRODUCTION 

This Hydrogeologic Workplan (Workplan) describes activities proposed to be performed by Los Alamos 
National Laboratory (Laboratory) to characterize the hydrogeologic setting beneath the Laboratory and to 
enhance the Laboratory's groundwater monitoring program. The need for characterization of the 
hydrogeologic setting beyond that already established by studies conducted by and for the Laboratory 
over the last 40 years, and the possible need for an enhanced groundwater monitoring program at the 
Laboratory, are driven by requirements, with which the Department ofEnergy (DOE) and the Laboratory 
are committed to comply, and the Laboratory's own commitment to groundwater protection. These 
requirements and commitments are described in detail in this section. 

This introduction includes a narrative on the issues and rationale (including regulatory drivers) 
responsible for preparation of the Workplan; discusses the Laboratory's groundwater protection strategy; 
describes the decision-making process utilized to determine activities described in this Workplan; and 
provides an explanation of terminology used in the Workplan. A comprehensive table of hydrogeologic 
activities, including resource requirements and schedule of performance follows the introduction. 

This Workplan provides a foundation for the reader by describing, in Section 2, a basic hydrogeologic 
background and a preliminary conceptual model for the hydrogeologic setting beneath the Laboratory. 
The Workplan builds on this foundation by describing, in Section 3, the planned activities with regard to 
information management and modeling and, in Section 4, hydrogeologic characterization, relating in each 
case their purpose and the rationale for implementation. In order to avoid excessive repetition, general 
sampling and analysis plans, well construction details, geophysical tests, and other interpretive activities 
are described separately in Section 4.1. 

The descriptions of the activities are summarized in Section 4 by "aggregates", each representing a 
collection of Technical Areas (TAs), watershed(s), potential contaminant sources, and adjacent 
geographical areas within or surrounding the 43 mi2 Laboratory (see the Map, Appendix 6 and Section 
1.5). The boundaries for the aggregates were drawn to serve the purpose of focusing discussions and 
attention on specific areas of the Laboratory that collectively contain numerous sources of potential 
contamination. The aggregate boundaries should not be viewed as fixed in any geographical sense; 
hydrogeologic characterization activities relevant to a particular aggregate are proposed within as well as 
outside the aggregate boundaries. 

While it is DOE's and the University of California's (UC) intention to ensure a comprehensive, well­
integrated approach to addressing all applicable regulatory programs, implementation of this Workplan is 
driven by DOE's and UC's attempt to comply with the hazardous waste regulations. Specifically, the plan 
provides a characterization program that responds to groundwater monitoring waiver issues delineated by 
the New Mexico Environment Department (NMED) [May 30 and August 17, 1995 letters] and 
requirements set forth in the Hazardous and Solid Waste Amendments (HSWA) portion of the 
Laboratory's Resource Conservation and Recovery Act (RCRA) operating permit. 

1.1 Workplan Objectives and Scope 

As discussed in detail in Sections 1.5.2 and 1.5.3, this Workplan responds to technical and regulatory 
issues raised by NMED in their correspondence dated May 30 and August 17, 1995. Specifically, the 
objectives of the activities described in this Workplan are to address the four specific issues raised by 
NMED in the letter dated August 17, 1995 (see Appendix 2), and to provide answers to the following 
questions: 

1. Is characterization of the hydrogeologic system beneath Los Alamos National Laboratory 
adequate to determine where uppermost subsurface water, alluvial groundwater, intermediate 
perched zone groundwater, or regional aquifer groundwater exists and whether concentrations of 
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contaminants in alluvial groundwater, intennediate perched zone groundwater or regional aquifer 
groundwater exceed regulatory limits or risk levels?; 

2. Is the characterization infonnation sufficient either to establish detection monitoring programs 
pursuant to 40 CFR 264.91-100 for regulated units or to demonstrate that groundwater monitoring 
requirements could be waived, or to provide appropriate groundwater monitoring as part of 
corrective actions pursuant to 40 CFR 264.101 for Solid Waste Management Units that have been 
detennined to have had a release that is a threat to human health or the environment?; and 

3. Is the characterization infonnation sufficient to satisfy the conditions of the Hazardous and Solid 
Waste Amendments (HSWA) portion of the Laboratory's Resource Conservation and Recovery 
Act (RCRA) operating pennit? 

This has been achieved, in part, by incorporating the four issues into the Environmental Protection 
Agency's (EPA) Data Quality Objectives (DQO) Process (EPA 1987) used to plan these activities via 
specific decisions and questions (see Section 1.5 for details). In addition, those issues were emphasized in 
the scoring criteria for the scheduling of well construction by assigning the highest points related to those 
factors that addressed the four issues. Specifically, higher points were assigned to those wells the 
construction of which would: (1) reduce the hydrologic setting uncertainties; (2) reduce stratigraphic and 
structural uncertainties; (3) detect contamination of the water supply system; and (4) assess the nature and 
extent of potential contamination in groundwater. 

Additional activities described in this Workplan are intended to integrate and utilize all existing 
Laboratory (and other agency) reports, data, and modeling related to hydrogeologic characterization 
beneath the Laboratory. The Laboratory recognizes the value of historical infonnation, and Section 3 of 
this Workplan describes the proposed activities that will integrate this infonnation as a foundation for 
future activities. An additional benefit of the characterization will be realized in that the infonnation 
obtained will assist in making future water supply development decisions. 

The Workplan scope represents an integration of all Laboratory projects and activities that contribute to 
the characterization ofthe hydrogeologic setting beneath the Laboratory, the results of which will ensure 
appropriate groundwater monitoring and enhanced groundwater protection. The scope of this document 
relies heavily on the implementation of the Monitoring Well Installation Project, the construction 
management of which has been delegated by the Laboratory to the Environmental Restoration (ER) 
Project. The ER Project is responsible for providing the Laboratory with a comprehensive groundwater 
characterization and monitoring network that enables groundwater protection and regulatory compliance. 
The ER Project will provide significant characterization, assessment, and monitoring data that will be 
used to meet the objectives of this Workplan. 

Other Laboratory projects and activities will significantly contribute to the characterization of the 
Laboratory's hydrogeologic setting. For example, a Perfonnance Assessment pursuant to DOE Order 
5820.2A Radioactive Waste Management, is currently being conducted at TA-54, Area G. The 
infonnation and data produced will complement the objectives of this Workplan. Likewise, numerous 
geologic, geochemical, and hydrologic studies are being perfonned (or planned) by Laboratory 
organizations that will result in products and deliverables relevant to the objectives of this Workplan. 
These projects and activities are further addressed in Section 3 of this Workplan, and included in the 
schedule of Workplan activities. 

1.2 Communication 

The implementation of this Workplan is intended to remain flexible, such that the scope and schedule of 
activities can be based on annual re-evaluation of the conceptual site model and reiteration of the DQOs. 
A critical factor in maintaining flexibility in the Workplan is communication with the regulatory decision-
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makers. Although decisions about Workplan activities will be on an annual basis, DOE and the 
Laboratory are committed to keeping NMED consistently informed as described in this section. 

An annual meeting will be held in March to perform a review and reassessment of DQOs and to negotiate 
the Workplan scope and schedule for the next year's well installation and other activities. Although the 
installation schedules contained in this Workplan (see Figure 1-1) are intended to be comprehensive and 
to indicate a prospective long-term order of activity performance, it is technically prudent to perform 
activities using a year-by-year iterative process of data collection, review and re-assessment. By doing so, 
full advantage will be taken of all new information and data prior to locating and installing subsequent 
wells. This approach will ensure that characterization activities and well installation are optimized; the 
need for installation of subsequent wells (alluvial, intermediate perched zone, or regional aquifer wells) 
will always depend on data and information gained from the previously installed wells and on 
interpretation of data from those wells. 

An annual report, the "Groundwater Annual Status Summary Report", will be prepared to summarize the 
activities over the previous fiscal year and to make recommendations for the current fiscal year's 
activities. The report will include data generated by any program at the Laboratory (Environmental 
Restoration, Environmental Surveillance, Waste Management, etc) that may further enhance the 
conceptual model. The annual report will be submitted to NMED by January 15th to allow sufficient 
review and response time prior to the March meeting. Both the annual report and the annual meeting 
minutes describing modifications to the Hydrogeologic Workplan scope or schedule will be distributed 
based on a formal distribution list to be developed and maintained by the Laboratory. 

In addition to the annual meeting, there will be regularly scheduled quarterly meetings to present progress 
on active workplan tasks and to discuss the available data. Changes in the conceptual model will be made 
by consensus. Quarterly meetings are anticipated to occur in June, September, and December. The 
discussions will be informal and will focus on progress and data collected in the previous quarter. The 
minutes from these meetings will also be distributed based on the formal distribution list. 

Between scheduled meetings, communication with NMED will be in a form appropriate for informational 
content and regulatory requirements. Updates on drilling progress may be provided through phone calls, 
e-mail, or fax. Notifications or documentation of agreements will be through typical correspondence 
procedures. Deliverables required under permit or other regulatory framework will be submitted formally 
within the stipulated time frame. For example, under the HSWA module of the RCRA Operating Permit, 
a well report will be submitted within 30 days of well completion. 

1.3 Workplan Approach and Implementation 

In general, the activities described in this Workplan follow an iterative approach to characterizing the 
hydrogeologic setting beneath the Laboratory. As discussed in Section 3, the foundation for the iterative 
approach will be the utilization of a database to store and manipulate existing and newly-collected 
hydrogeologic data, and the use of modeling techniques to enhance the conceptual model of the 
hydrogeologic setting. New data and information will allow refinement of the conceptual model, and will 
facilitate an iterative reassessment ofDQOs for the activities described in this Workplan. 

In this regard, this Workplan proposes to implement numerous activities including the construction of 
wells (see the Master Schedule ofWorkplan Activities, Figure 1-1 and the Resources Table, Table 1-1). 
The proposed wells serve as the centerpiece of this Workplan because they will provide extensive 
hydrogeologic information which, coupled with existing hydrogeologic information, will largely fulfill 
the Workplan objective of hydrogeologic characterization and monitoring. By using the DQO Process to 
determine the prospective number, location, and construction details of these monitoring wells, the 
Laboratory has assured that the type, quantity, and quality of hydrogeologic data obtained from these 
wells will be appropriate for the intended applications. 
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Table 1-1. Resources 

Estimated 
Task Funding Estimate 

ID Name Requirement' Detail 

1 ER PROJECT ACTIVITES ~.,, 't 5 _ >!"-' 

2 Field Unit 1 $82,629,000 ER Characterization activities for OUs 1071, 1078, 
1079,1106, 1114, 1136 

3 Field Unit 2 $10,852,000 ER Characterization activities for OUs 1085, 1086, 
1093,1100, 1130,1132 

4 Field Unit 3 $25,829,000 ER Characterization activities for OUs 1082, 1122, 
1140 

5 Field Unit 4 $62,242,000 ER Characterization activities for OUs 1049, 1098, 
1129 

6 Drill and Sample Well R-9 $640,870 Construction and completion only 

7 Drill and Sample Well R-12 $824,102 Construction and completion only 

8 Drill and Sample Well R-7 $878,591 Construction and completion only 

9 Drill and Sample Well R-22 $839,707 Construction and completion only 

10 Drill and Sample Well R-18 $900.232 Construction and completion only 

11 Drill and Sample Well R-3 $726,880 Construction and completion only 

12 Drill and Sample Well R-15 $804,172 Construction and completion only 

13 Drill and Sample Well R-27 $760,299 Construction and completion only 

14 Drill and Sample Well R-10 $801,908 Construction and completion only 

15 Drill and Sample Well R-4 $679,465 Construction and completion only 

16 Drill and Sample Well R-13 $888,222 Construction and completion only 

17 Drill and Sample Well R-19 $803,061 Construction and completion only 

18 Drill and Sample Well R-17 $870,740 Construction and completion only 

19 Drill and Sample Well R-23 $698,940 Construction and completion only 

20 Other Characterization Activities 57,518,658 

21 Field Unit 5 $81 ,356,000 Characterization activities for OUs 1111, 1144, 1147, 
1148,1154,1157 

22 Drill and Sample Well R-21 $785,519 Construction and completion only 

23 Drill and Sample Well R-30 $868,959 Construction and completion only 

24 Other Characterization Activities 

25 D&D Activities $59,572,000 Decontamination and Decommission for OUs 1082, 
1106, 1122, 1129 

26 NWTPROGRAMAcnwn~ " ¥?' -.: ,II'" i.i Rill_ } 

27 Drill and Sample Well R-25 $1,052,152 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

28 Drill and Sample Well R-5 $769,142 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

29 Drill and Sample Well R-31 $697,575 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

30 Drill and Sample Well R-28 $929,079 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

31 Drill and Sample Well R-32 $828,228 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

32 Drill and Sample Well R-2 $884,799 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

33 Drill and Sample Well R-1 $1,019,834 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

34 Drill and Sample Well R-8 $846,665 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

35 Drill and Sample Well R-20 $734,197 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

36 Drill and Sample Well R-14 $1,008,281 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 
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Table 1-1. Resources (continued) 

Estimated 
Task Funding Estimate 

ID Name Requirement' Detail 

37 Drill and Sample Well R-6 $880,571 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

38 Drill and Sample Well R-11 $682,347 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

39 Drill and Sample Well R-24 $764,104 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

40 Drill and Sample Well R-26 $704,089 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

41 Drill and Sample Well R-29 $586,922 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

42 Drill and Sample Well R-16 $759,808 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

43 Drill and Sample Well R-28d $2,561,875 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

44 Drill and Sample Well R-1d $2,332,800 Well completion cost, oversight crew, analytical costs, 
access improvements, and miscellaneous equipment 

45 ., MANAGEMENT ACTMnES AND z ; .·· 

~k:r~·~ ~~·· .. ,~·,. ·i,..'i~; INFORMATION INTERPRETATION ~· 
•_.!;; ·'"' .. ('J'' • ':~ '4 

---- Annual Groundwater Status Report Preparation 
........ Annual NMED Negotiation Meeting 

64 ADDITIONAL ACTMnES . ·',~ ··~ ·i .0 
•· -

'~· '" .. ... 
65 Maintain Central Database 

66 Maintain Core Storage Facility 

67 Develop Geologic Model 

---- Compile and publish drilling and completion 
data from all significant boreholes 

........ Stratigraphic Modeling-Perform 
comprehensive review of 3-D stratigraphy and 
develop a 3-D stratigraphy database 

---- Salvage data from stratigraphic and 
geochemical analysis of available canyon 
bottom core samples 

68 Develop Hydrologic Model 
........ Compile and publish hydraulic characteristics 

data including Bandelier Tuff moisture 
retention characteristics, determination of 
vadose zone fluxes, and estimation of 
hydraulic parameters 

---- Consolidate historic water quality data and 
evaluate variations, trends and vertical 
stratification 

---- Inventory springs on-site and near boundary 

---- Long-term water balance 

---- Groundwater flow model using FEHM code 

69 Develop Geochemical Model 
.......... Hydrogeochemical and statistical evaluation of 

solute distributions on natural surface and 
groundwaters 

---- Geochemical characteristics of key subsurface 
units 

---- Geochemical Modeling 

1 Costs are from the 100% CDR well construction estimates (LANL, 1997). 
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Infonnation provided in later sections of this Workplan details the rationale for the proposed 51 alluvial 
wells, 32 regional aquifer wells1

, and one intennediate perched zone well identified for installation 
through application of the DQO process. Each of the 32 regional aquifer wells, in particular, were scored 
utilizing a set of criteria (Appendix 5) to assess the optimum sequence of installation. As new data 
become available and are evaluated, the sequence of installation can be revised through consultation with 
DOE and regulatory agencies as discussed further below. 

Three of the regional aquifer wells (see below) are committed to in FY98. All wells proposed to be installed 
subsequent to the first year are contingent on data obtained from previously-advanced boreholes and on the 
annual regulatory renegotiation of the Workplan scope and schedule. This annual Laboratory/DOE/NMED 
review, reassessment, and renegotiation is proposed to occur in March of each calendar year that the 
Workplan is in force. The first annual renegotiation meeting with the NMED will occur in March, 1998. 
The Laboratory will be responsible for scheduling this annual meeting. Further details regarding this 
approach are provided in Section 4.1 ofthis Workplan. 

Between November 1996 and October 1998, three regional aquifer wells listed below are proposed for 
installation pursuant to this approach. 

Well Number 

R-9 
R-12 
R-25 

Year 

FY98 
FY98 
FY98 

Location 

Los Alamos Canyon at eastern boundary of Laboratory 
Sandia Canyon at eastern boundary of Laboratory 
Canon de Valle near MDA P 

During this timeframe, the ER Project will continue to install alluvial wells and characterize subsurface 
contamination pursuant to individual RFI workplan commitments. 

1.4 Program Integration 

The Laboratory has a number of on-going programs and projects that collect data that can be used to 
refine the conceptual hydrogeologic model including environmental restoration, environmental 
surveillance, waste management, environmental pennitting, and National Environmental Protection Act 
(NEPA) projects and programs. Implicit in this Hydrogeologic Workplan is the integration of the data 
collection activities of these projects. This Workplan does not replace plans or specifications associated 
with individual programs, but establishes a framework that recognizes data necessary for groundwater 
characterization and identifies programs as sources for those data needs. Data needed for groundwater 
characterization that is not currently being generated or planned by other programs is detailed in this 
Workplan. However, all of the data needs listed in the DQO Process outputs (Appendix 4) will be used to 
make decisions regardless of program or activity. 

Two critical steps have been taken by the Laboratory to ensure effective program integration. The first 
step is the fonnation of the Groundwater Integration Team (GIT). The GIT consists of earth science 
specialists from the major programs at the Laboratory that involve groundwater. The GIT will serve an 
integrating function by coordinating the activities in this Workplan to meet the needs of all programs. The 
GIT will oversee the Workplan's implementation schedule, and derive a Laboratory-wide agreement on 
data interpretation and proposed revisions to the conceptual models. The GIT will track deliverables and 
activities, and serve as the primary group for interpreting site-specific infonnation from a Laboratory­
wide context. The GIT is further described in Section 4.1 ofthis plan. 

1 Extensive hydrogeologic characterization information will be collected in any intermediate perched zone 
encountered during advancement of the regional aquifer well boreholes. 
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The second step is the assignment of the Monitoring Well Installation Project (MWIP) construction 
management to the ER Project with technical participation and oversight by the Water Quality and 
Hydrology Group (ESH-18). Thus a single project is responsible for collecting the data, analyzing the 
data, and providing the data to the decision-makers. The GIT will provide guidance to the ER Project in 
implementing these activities. This organization will provide added assurance that data is collected in a 
consistent manner. 

This Hydrogeologic Workplan is intended to provide a general description of the groundwater 
characterization activities for the Laboratory as a whole. As more detailed RCRA Facility Investigation 
(RFI) Workplans are prepared as a result ofER Project investigations, the activities will be refined for 
specific aggregates. For example, the canyon-specific workplans that currently exist are based on 
extensive research and compilation of existing data that was beyond the scope of this Hydrogeologic 
Workplan. Knowledge gained during the development of the canyon-specific workplans will be used to 
modify information in the Hydrogeologic Workplan in terms ofwelllocations, types ofwells, depths, and 
sampling and coring intervals. The final well locations will be selected by balancing several concerns 
including physical access, administrative access, presence of threatened or endangered species, and 
Laboratory operations. A Field Implementation Plan that includes a drilling plan will be prepared for each 
regional well that may further modify the drilling and sampling activities described in this Workplan and 
the canyon-specific workplans. The individual drilling plans will include specifications for drilling, 
sampling, Jogging, construction, and well completion. 

This hierarchy of increasingly specific documents provides the flexibility to respond to expected 
conditions on a well-by-well basis. Refinements to the activities described in the Hydrogeologic Workplan 
via the canyon-specific workplans and the well-specific drilling plans will be discussed at the quarterly and 
annual meetings. The discussions and agreements made during the annual meetings will be summarized in 
an annual addendum that will be distributed to the Hydrogeologic Workplan distribution list. 

1.5 Background Issues 

1.5.1 Groundwater Protection Management Program Plan 

On March 6, 1995 the Laboratory issued a draft Groundwater Protection Management Program Plan 
(GWPMPP) for review and approval by DOE. Subsequently, the GWPMPP was revised and resubmitted 
to DOE on January 31, 1996. On March 15, 1996 DOE's Albuquerque Operations Office approved the 
GWPMPP (LANL, 1996a) pursuant to DOE Order 5400.1. 

The GWPMPP provides a detailed framework for consolidating and coordinating groundwater protection 
activities at the Laboratory. The GWPMPP addresses the following issues concerning the groundwater 
resource at the Laboratory: (1) hydrogeologic characterization; (2) potential contamination; (3) 
groundwater monitoring network; (4) water supply; (5) information management; (6) quality assurance; 
and (7) regulatory compliance. To address these issues, hydrogeologists, geologists, and consultants, as 
well as representatives ofNMED and the EPA, have examined the issues and have recommended 
technical and managerial approaches to address them, as they pertain to Laboratory operations. 

Laboratory hydrogeologists do not have, at present, adequate information to characterize the 
hydrogeology of the region or the potential movement of contaminants from the Laboratory's operational 
areas (i.e. T As) to the extent necessary to address the requirements and to fulfill commitments to 
groundwater protection. The principal source of the inadequacy stems from the fact that the existing 
network of monitoring wells is insufficient in number and location. The primary solution to this problem, 
therefore, should be to expand the current groundwater monitoring network. By increasing the number of 
boreholes and by installing wells at selected locations across the Pajarito Plateau, hydrogeologists will be 
able to collect sufficient data to provide the characterization required. 
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The GWPMPP serves as a Laboratory precursor and driver for the development of this Hydrogeologic 
Workplan. The GWPMPP issue of"hydrogeologic characterization" is addressed by this Workplan. The 
GWPMPP describes this issue with the following language: 

An ... "issue concerning the regional aquifer is the lack of hydrogeologic data. Not enough wells are 
completed to the regional aquifer to understand local and regional hydrogeologic properties. The 
depth and continuity of the regional aquifer is not well understood. Also, information is not available 
on the vertical stratification of the aquifer materials. Studies of the storage and transmissivity of the 
aquifer, as well as the physical characteristics of aquifer materials, need to be performed." 

In addition to the GWPMPP, the Laboratory has received letters from the NMED which provide further 
impetus to create this Workplan. Specifically, DOE/Los Alamos Area Office (LAAO) received a letter 
dated May 30, 1995 from NMED denying the Laboratory's groundwater monitoring waiver requests. A 
second letter received by DOEILAAO August 17, 1995 contained NMED comments and concerns 
regarding groundwater contamination and protection at the Laboratory, and required development of this 
Workplan. The two NMED letters are described in further detail in the following sections. Copies of these 
two key letters are provided in Appendix 1 and Appendix 2. 

1.5.2 NMED Correspondence: May 30, 1995 

NMED's letter of May 30, 1995 responds to correspondence during the late 1980's and early 1990's in 
which the Laboratory submitted documentation to support requests for waivers of groundwater 
monitoring requirements under RCRA. In response, NMED opined that the information provided did not 
fulfill the groundwater monitoring standards at 40 CFR 265. This was the basis for denial of the requests. 
The letter stated: 

"Los Alamos National Laboratory (LANL) has provided inadequate and incomplete information 
pertaining to the unsaturated and saturated conditions across the Pajarito Plateau in support of 
ground-water monitoring waivers for the various RCRA-regulated units (T A-54 Area G & L, TA-16 
Surface Impoundment & Area P Landfill, T A-35-125 & 85 Surface Impoundments, and T A-53 
Surface Impoundments). Basic geology, hydrogeology, and pathways for contaminant transport have 
not been adequately addressed to date." 

The letter stated further: 

"Because these demonstrations, have not met the technical standards necessary for approval of 
ground-water monitoring waivers at the sites listed above, ground-water monitoring program plans 
will be required for LANL to be in compliance with 20 NMAC Subpart VI, 40 CFR 265 Subpart F 
regulations." 

"Although NMED does not relinquish any ofNew Mexico's regulatory or statutory authorities, these 
denials do not require immediate submittal of ground-water monitoring program plans for each 
closure. Instead, in light ofDOEILANL's budgetary constraints, a comprehensive ground-water 
monitoring program plan should be developed which addresses both site-specific and site-wide 
ground-water monitoring objectives. This may be achieved by modifying the existing site-wide 
Groundwater Protection Management Program Plan, Revision 1.0, March 6, 1995 to include 
regulatory site-specific considerations. NMED intends to coordinate with DOEILANL in this site­
wide approach." 

The revisions to the GWPMPP were submitted as Revision 2.0 in October, 1995 (LANL, 1995c ). 

1.5.3 NMED Correspondence: August 17, 1995 

NMED's letter dated August 17, 1995 expressed concerns over groundwater contamination and protection 
at the Laboratory as a result of an assessment of the Laboratory's groundwater protection program by the 
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NMED's DOE Oversight Bureau and Hazardous and Radioactive Material Bureau. The letter reiterated 
that basic geology, hydrogeology, and pathways for contaminant transport have not been adequately 
addressed to date, and listed four issues and questions that were deemed by NMED to be unresolved. 

"Individual zones of saturation beneath LANL have not been adequately delineated, and the 
"hydraulic interconnection" between these is not understood. A facility-wide description of the 
hydrogeologic characteristics affecting ground-water flow beneath the facility cannot be made 
without adequate delineation of the perched-intermediate aquifer(s) beneath LANL. 

The recharge area(s) for the main and perched-intermediate aquifers have not been identified. It is 
unknown at this time if any significant quantity of water is recharging the main aquifer through 
fracture-fault zones which occur on the Pajarito Plateau. Characterization of these site-wide fault 
zones as potential pathways for aqueous migration is not complete. It is unknown what effect, if any, 
these zones may have on the direction of ground-water flow and hydraulic gradient of the main and 
perched-intermediate aquifers. 

The ground-water flow direction(s) of the main aquifer and perched-intermediate aquifer(s), 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. Location of wells designed for aquifer 
testing cannot be addressed adequately without delineation of individual zones of saturation beneath 
LANL." 

Addressing these four issues was a primary concern in preparing this Workplan. In particular, as 
prospective hydrogeologic data collection activities were defined, criteria for scheduling well construction 
were applied that emphasized these issues. These criteria are discussed in detail in Section 4.1 of this 
Workplan. 

The letter further stated that NMED was evaluating work to be conducted to assure compliance with both 
the hydrogeologic requirements ofthe HSWA Module ofthe Laboratory's RCRA operating permit (EPA, 
1990) and the requirements for groundwater monitoring ofRCRA regulated units (A letter from NMED 
providing this evaluation was received in August, 1996). The August 17, 1995 letter stated the following 
determination: 

" ... a RCRA site-wide hydrogeologic Workplan should be developed and submitted to NMED and 
EPA for review and approval. A site-wide hydrogeologic Workplan developed under the driver of 
RCRA will provide a mechanism to assure a compliance schedule with specific tasks to meet the 
permit objectives. The Workplan should address both the HSWA hydrogeologic permit requirements 
and RCRA regulatory ground-water monitoring requirements." 

This determination by NMED is the primary driver for preparation of this Workplan. 

1.5.4 HSW A Module VIII of the Laboratory's RCRA Operating Permit 

HSWA Module VIII ofthe Laboratory's RCRA operating permit (EPA 1990) establishes conditions for: 
the management of newly generated hazardous waste treatment and storage units; waste minimization; 
land disposal restrictions; the scope of work for RCRA Facility Investigations (RFis); and corrective 
actions at solid waste management units. The requirements of the Facility Investigation task (Task III of 
the RFI scope of work) for detailed information regarding the hydrogeology of the Laboratory are 
extensive as discussed briefly below. Generally, the Facility Investigation task requires that the permittee: 
collect information to supplement and verify existing information on the environmental setting at the 
facility; collect analytical data to completely characterize wastes and areas where wastes have been 
placed; and collect analytical data on groundwater, soils, surface water, sediments, and subsurface gas 
contamination to characterize contamination. 
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Specifically, Task III, Section A.l requires a program to evaluate hydrogeologic conditions and to 
provide the following information: 

• A description of regional and facility specific geologic and hydrogeologic characteristics 
affecting groundwater flow beneath the facility; 

• An analysis of any topographic features that might influence the groundwater flow system; 

• An analysis of fractures within the tuff, addressing tectonic trend fractures versus cooling 
fractures; 

• Based on field data, test, 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); 

• 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 
pathways identifying (1) unconsolidated sand and gravel deposits, (2) zones of fracturing or 
channeling in consolidated or unconsolidated deposits, and (3) zones of high permeability or low 
permeability that might direct and restrict flow of contaminants; 

• Based on data obtained from groundwater monitoring wells and piezometers installed upgradient 
and downgradient ofthe potential contaminant source, a representative description of water level 
or fluid pressure monitoring; 

• A description of manmade influences that may affect the hydrogeology of the site; and 

• Analysis of available geophysical information and remote sensing information such as infrared 
photography and Landsat imagery. 

Further, Task III, Section A.2 requires a program to characterize soil conditions above the water table in 
the vicinity of a contaminant release, providing numerous specific measurements of soil physical, 
hydraulic, and chemical properties, and contaminant concentrations. 

Task III, Section C.1 requires a groundwater investigation to characterize any plumes of contamination at 
the facility. This investigation must include the collection of sufficient data to define: 

• A description of the extent of contamination; 

• Rate and direction of contaminant movement; 

• Concentration profiles of applicable constituents and radiochemical constituents in the plume; 

• An evaluation of factors influencing plume migration, and 

• An extrapolation of future contaminant movement. 

Task III, Section C.2 requires an investigation characterizing the contamination of the soil above the 
water table in order to provide: 

• A description of the extent of contamination; 

• A description of contaminant and soil chemical properties within the contaminant source area and 
plume migration and transformation; 

• Specific contaminant concentrations; 

• Rate and direction of contaminant movement; and 

• Worst case scenarios for future contaminant movement over the life of the contaminant. 
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1.5.5 Other Requirements 

In addition to the HSW A Module VIII requirements, numerous federal and state requirements are relevant 
to groundwater protection, groundwater monitoring, and hydrogeologic characterization. For example, 
DOE Order 5400.1 Environmental Protection, and the New Mexico Water Quality Control Commission 
Regulations (WQCC) both address groundwater characterization, monitoring, and protection. These two 
examples, as well as other relevant federal and state requirements have been technically considered in the 
preparation of this Workplan. 

The structured groundwater monitoring requirements applied to regulated units under RCRA are 
prescriptive2

. The New Mexico Annotated Code, Title 20, Chapter 4, Part 1 (20 NMAC 4.1) Subpart VI, 
Sections 264.91-100 establish three progressive monitoring programs that, unless a demonstration can be 
made that no potential for migration of liquid from the regulated unit to the uppermost aquifer exists, may 
be necessary to implement for detecting and addressing releases to groundwater. To adequately establish 
a monitoring network under any of these programs, it is necessary to characterize the subsurface 
(including groundwater) in a comprehensive manner. 

It is the DOE and UC's intention to perform characterization activities set forth in this Workplan to ensure 
that information is gathered sufficient either to demonstrate an adequate groundwater monitoring waiver 
or to provide for the installation of a detection monitoring network (or both, as appropriate). If it is 
determined to be necessary, repetitive monitoring described in any of the three progressive monitoring 
programs will be performed outside the scope of this plan. 

1.6 Groundwater Protection Strategy 

The Laboratory has developed a Groundwater Protection Strategy (Strategy) [Appendix 3] to provide a 
basis and direction for groundwater protection, and to serve as a guide for the development of this 
Workplan. The goal of the Strategy is to describe a dynamic approach to protecting the groundwater 
resource from unacceptable impacts resulting from past, present, and future Laboratory operations. 
Fundamental to the Strategy is the utilization and development of four major sources of monitoring and 
characterization information at the Laboratory. 

The first source encompasses all existing hydrogeologic and geochemical information accumulated from 
past studies and the Laboratory's existing ground and surface water monitoring network. The second is 
the ER Project's characterization and assessment ofPotential Release Sites (PRSs) on a site-specific basis, 
including investigations of the canyons which will provide information regarding the Laboratory's vadose 
zone and evaluations of saturated systems associated with PRSs. A third source will be the proposed 
installation of wells that will be used to characterize and define the Laboratory's basic hydrogeologic 
setting by providing geologic, geochemical, and hydrologic information (e.g. data from borehole core 
samples, geophysical logs, aquifer tests, water quality analyses, and information regarding depth to and 
flow direction ofthe regional aquifer). The fourth source involves the installation of regional aquifer 

2 Following examination of relevant regulations, DOE and UC have determined that, depending on the status of the 
units in question, different groundwater monitoring requirements could apply. Specifically, in New mexico 
Annotated Code, Title 20, chapter 4, Part I (20 NMAC 4.1) Subpart VI, 264.90, a distinction is made between 
regulated units (those surface impoundments, landfills, land treatment units, and waste piles that have received 
hazardous waste after July 26, 1982), and other solid waste management units (SWMUs): Regulated units are 
subject to 264.91 - 100 requiring, in many cases, groundwater monitoring. (However, a Subpart X unit, while it does 
not meet the definition of a surface impoundmant, landfill, land treatment unit, or waste pile, can also be subject to 
264.91 - 100 if it potentially impacts groundwater -- otherwise 264.101 applies). In contrast, no formal monitoring 
requirements are established in 264.101 for SWMUs that are not regulated units. Although monitoring may be a 
component of remediation, no automatic monitoring requirements are triggered by 264.101. Instead, actions 
pursuant to 264.101 are driven by the occurrence of an actual release for which a threat to human health and the 
environment has been established and corrective action is necessary. 
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wells and intennediate perched zone wells (if appropriate) downgradient from large geographic areas of 
the Laboratory which have historically hosted major Laboratory operations and activities, i.e. large 
aggregates ofPRSs, which will provide long-tenn water quality monitoring. 

The Strategy is intended to protect groundwater to sustain uses which the water can support by applying 
regulatory standards for groundwater quality appropriate to protecting the particular beneficial use. The 
selected standards establish a baseline for monitoring to detennine whether the standards are, or are likely 
to be, exceeded as a result of Laboratory activities. Groundwater from the regional aquifer serves many 
beneficial uses (e.g. potable water supply, irrigation, livestock and wildlife watering). In general, the 
Strategy seeks to place the highest priority on the protection of all groundwater and, in particular, 
groundwater of the regional aquifer because of its beneficial use as a source of drinking water. The 
regional aquifer also contributes flow via springs and seeps into New Mexico surface waters, e.g. the Rio 
Grande, which also has incumbent beneficial uses and water quality standards, as designated by the 
WQCC. Every effort has been made to integrate the groundwater protection strategy with the Laboratory's 
surface water protection strategy. Therefore, the Strategy also applies appropriate surface water quality 
standards to those relevant surface waters influenced by groundwater discharge. 

According to the Strategy, RCRA concentration limits, as provided under 40 CFR 264.94 will be 
established as they apply to groundwater and surface water influenced by groundwater discharge. These 
concentration limits will be established based on either background levels of a constituent or, if 
applicable, from the constituent limit appearing in Table 1 of 40 CFR 264.94 (a)(2). Background levels 
will be detennined from various sources e.g. historical data, existing or new wells. If neither of these 
methods of establishing a constituent limit is appropriate, the Laboratory may propose an Alternative 
Concentration Limit (ACL) to NMED and, if established by the NMED, the ACL will be applied. In 
proposing ACLs, the Laboratory intends to use the maximum concentration limits (MCLs) contained in 
the following regulations and standards, as appropriate, for the specific water use to be protected: 

• National Primary Drinking Water Regulations (40 CFR 141); 

• National Secondary Drinking Water Regulations (40 CFR 143); 

• New Mexico Environmental Improvement Board (NMEIB) Drinking Water Regulations (20 
NMAC 7.1); 

• WQCC Groundwater Standards (20 NMAC 6.2, Subpart III, 31 03); 

• WQCC Standards for Interstate and Intrastate Streams (20 NMAC 6.1, Subpart I); 

• WQCC Abatement Standards and Requirements (20 NMAC 6.2, Subpart IV, 4103); 

• San Ildefonso Pueblo (proposed) Water Quality Standards; and 

• Cochiti Pueblo Water Quality Standards. 

The intent of the Strategy is to select the most protective standards from various applicable regulatory 
standards, based on groundwater uses and the degree of interconnection between water-bearing zones, 
and to apply those standards for monitoring and risk assessment. The strategy describes the application of 
regulatory standards to three groundwater zones known to be present at the Laboratory -- uppennost 
subsurface water (including alluvial groundwater); intennediate perched zone groundwater; and regional 
aquifer groundwater. 

The Strategy relies on the RFI process employed by the ER Project as the preferred methodology to 
assess risks to human health and the environment. The RFI process entails the following steps: (I) collect 
and evaluate available data; (2) plan and conduct additional investigations; (3) assess risks to human 
health and the environment; (4) propose a remedy, if necessary; and (5) implement the remedy, if 
necessary. This process can end at any step that a remedy, if needed, becomes obvious or when there is no 
need for further action. 
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The Strategy contains several technical definitions of terminology which should be repeated here as they 
apply to this Workplan as well. The hydrogeologic zone between the mesa tops and the top of the regional 
aquifer is a vadose zone, which is defined as "the geological profile extending from the ground surface to 
the upper surface of the principal water bearing formation. The term groundwater is defined as: interstitial 
water which occurs in saturated earth material and which is capable of entering a well in sufficient 
amounts to be utilized as a water supply. The term subsurface water is defined as groundwater and water 
in the vadose zone that may become groundwater or surface water in the reasonably foreseeable future or 
may be utilized by vegetation. 

The term groundwater is used in this Workplan in accordance with the definition, but use of the term 
herein does not imply that the groundwater-bearing zone being discussed has sufficient capacity or 
seasonal persistence to provide a reliable water supply for even a single household. 

1. 7 Data Quality Objectives Process 

In preparing this Workplan, the Laboratory utilized the EPA DQO Process (EPA, 1987), a strategic 
planning approach used to prepare for a data collection activity. By using the DQO Process, the 
Laboratory has assured that the type, quantity, and quality of hydrogeologic data used in decision-making 
will be appropriate to meet the primary objective to characterize the hydrogeologic setting at the 
Laboratory. 

The DQO Process consists of seven (7) steps, as shown in Figure 1-2. The output from each step 
influences the choices that will be made later in the Process. Even though the DQO Process is illustrated 
as a linear sequence of steps, in practice it is iterative; the outputs from one step may lead to 
reconsideration of prior steps. 

From January through July, 1996 the Laboratory utilized the DQO Process to develop the activities 
enumerated in this Workplan. At the onset, the Laboratory developed four basic hydrogeologic scenarios 
to aid the identification of decisions to be made. The scenarios included: (1) a canyon underlain by a 
regional aquifer with both intermediate perched zone groundwater and alluvial groundwater above it; (2) 
a canyon underlain by a regional aquifer; (3) a mesa underlain by a regional aquifer with intermediate 
perched zone groundwater above it; and (4) a mesa underlain by a regional aquifer. Each of these 
scenarios was analyzed to develop a set of basic decisions that must be made regarding their 
hydrogeologic characterization. 

Ultimately, the scenarios were reduced to two representing canyons and mesas, with their incumbent 
underlying hydrogeologic setting. 

The following decisions were developed for the two scenarios. 

Canyon Scenario 

1. Are the alluvial groundwaters and uppermost subsurface waters from various present and legacy 
sources at contaminant concentrations greater than some regulatory limit or risk level? 

2. Is the intermediate perched zone groundwater underlying the alluvial groundwater and uppermost 
subsurface water at contaminant concentrations greater than some regulatory limit or risk level? 

3. Is the regional aquifer, as affected by the canyon systems, impacted by contaminant 
concentrations greater than some regulatory limit or risk level? 

4. What are the pathways for exposure to contaminants from alluvial groundwater and the 
uppermost subsurface water? 
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State the Problem to be Resolved 
Concisely describe the problem to be studied. Review prior studies and existing 

information to gain sufficient understanding to define the problem. 

Identify the Decision to be Made 
Identify what questions the study will attempt to resolve, and what actions may result. . 

" I 

~ 
Identify Inputs to~ the Decision 

Identify the information needs to be. obtained and the measurements that need to be 
taken to resolve the decision statement. 

' 

'%£.~~7 
Define the Boundaries of ,the Study 

Specify the time periods and spatial 'area to which decisions will apply. Determine 
when and where data should be collected . . ~ 

Develop a Decision Rule 
Define the statistical parameter of interest, specify the action level, and integrate the 

previous DQO outputs into a single statement that describes the logical basis for 
choosing among alternative actions. 

·~; Specify Limits on Uncertainty, 
Define the decision-maker's tolerable decision error rates based on a consideration 

of the'consequences of making an incorrect decision. " · 

OPTIMIZE DESIGN FOR OBTAINING DATA 
Evaluate information from the previous steps and generate alternative data collection 

designs. Choose the most resource-effective design that meets all DQOs. 
'• ·.. ' 

Figure 1-2. Data Quality Objectives Process. 
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Mesa Scenarios 

1. Are the soils/tuff or uppermost subsurface water from various present and legacy sources at 
contaminant concentrations greater than some regulatory limit or risk level? 

2. Is the regional aquifer or an underlying intermediate perched zone, as potentially affected by a 
present or legacy source, predicted to be impacted by contaminant concentrations greater than 
some regulatory standard or risk level using a conservative model? 

3. What are the pathways for exposure to contaminants from soil/tuff and water in the uppermost 
subsurface waters? 

After assembling the decisions, the Laboratory worked through the DQO Process applying these 
decisions to the canyons and mesas within the geographical boundary of the Laboratory. Each decision 
has several subordinate questions that require some data to answer. The decisions cannot be resolved until 
data sufficient to answer each subordinate question are available. For example, for canyon scenario 
decision 1: "Are there pathways for exposure to contaminants from alluvial sediments and uppermost 
subsurface water?" the subordinate questions are: 

• "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? 

• Do we understand groundwater movement from intermediate perched zones to regional aquifer? 

• Are fractures and faults important contaminant transport pathways for liquids in canyons?" 

Figure 1-3 illustrates the generalized groundwater protection decision flow logic. On the left side of the 
diagram are a series of decision diamonds that are used to determine whether groundwater currently 
exceeds standards. On the right side of the diagram are decision diamonds that establish whether 
pathways exist that may allow contamination to occur in the future. If source terms and pathways exist, 
then remedial actions are required. The pathways decision shown in Figure 1-3 are incorporated in the 
DQO process as a decision and subordinate questions that must be answered to resolve the decision in 
each aggregate. Because the DQO process is iterative, the reader should note that the collection of 
additional data will cause the process to begin again as that additional data becomes "existing data". 
Additionally, negative answers to any of the three major decision diamonds on the left side of the diagram 
lead to the decision diamond regarding the presence of pathways for exposure to contaminants. The 
complete output from the DQO process is contained in Appendix 4. 

The Laboratory was divided into nine study areas: one regional (e.g., site-wide) area and eight specific 
areas called "aggregates." This division, or categorization, allows the following question (DQO process 
decision) to be asked of each study area: 

"Based on the cumulative data from Aggregate "X" characterization, and the resulting refined 
conceptual model, are there indications of impact from Laboratory activities that would impair 
beneficial use of groundwater, and require further action?" 
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Figure 1-3. Groundwater protection decision flow diagram. 
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The concept of using aggregates came from the need to use resources efficiently. In general, the aggregate 
boundaries were drawn to encompass groups of PRSs within canyons and on adjacent mesa tops. The 
boundaries are proximal to geographic groupings ofPRSs or areas of similar operational functions (see 
individual aggregate descriptions in Section 4). The utility ofthe aggregate approach is two-fold. First, 
defining aggregate boundaries facilitates assessing the cumulative impact of multiple sources on the 
groundwater. This avoids the pitfall of finding no groundwater impacts on a PRS-by-PRS basis, whereas 
the cumulative impact of the PRSs together may warrant remedial action. Assessing the cumulative 
impact of a group ofPRSs is a more effective use of resources than attempting to assess each PRS 
individually, and the outcome is the same- the remediation of groundwater contamination and sources of 
potential groundwater contamination. Second, the aggregate approach prioritizes areas where impacts are 
most likely to occur, allowing efficient use of resources. To ensure that the potential impacts from PRSs 
located outside of aggregate boundaries are not overlooked, the entire length of each canyon and mesa 
have been evaluated using the DQO process. The DQO output can be found in Appendix 4. 

The nine aggregates are described by the following nomenclature, distinguishing between canyons and 
mesas. The aggregates are illustrated on Figure 1-4. 

Aggregate 1: Pueblo, Los Alamos, and Sandia Canyons, and Los Alamos and DP Mesas and Mesita 
de Los Alamos. 

Aggregate 2: Canada del Buey and Pajarito Canyon, and Mesita del Buey. 

Aggregate 3: Frijoles Mesa. 

Aggregate 4: Ancho and Chaquehui Canyons, and Un-named Mesa Top Containing TAs -33 and -39. 

Aggregate 5: Canon de Valle, Threemile Mesa, and Un-named Mesa Top Containing TA-16. 

Aggregate 6: Portrillo, Fence, and Water Canyons, Threemile Mesa and Lower Frijoles Mesa. 

Aggregate 7: Mortandad Canyon. 

Aggregate 8: Rendija, Guaje, Barrancas, and Bayo Canyons. 

Aggregate 9: Regional (e.g., site-wide) 

Several of the wells proposed for installation within or around the specific aggregates are also expected to 
provide site-wide hydrogeologic characterization. These are discussed in detail in Section 4.2. 

1.8 Technical Approach 

The data needs for both the canyon and mesa scenarios include the number and quality of water-bearing 
zones. This plan proposes to characterize the hydrogeologic setting by drilling, logging, installing and 
sampling wells to the regional aquifer without installing separate intermediate depth wells. This approach 
provides the greatest amount of characterization data. This approach was discussed with NMED 
representatives at a meeting on August 7, 1996 and consensus with the approach is documented in a letter 
sent to NMED on September 11, 1996 (addressed to Dr. Ed Kelley, subject: The proposed Los Alamos 
National Laboratory Groundwater Protection Strategy and Related Data Quality Objectives and Decision 
Flow Process). The rationale for this approach is as follows: 

• The presence of intermediate zone(s) is controlled by geologic structure and the geology across 
the Lab 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. 
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• If a well were installed at the first intennediate zone encountered, there would be a gap in the 
infonnation between the upper intennediate zone and the top of the regional aquifer. 
Furthennore, wells installed in the first intennediate zone will not provide any infonnation on the 
underlying, less penneable 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 that an adequate detection monitoring system can be 
developed. Wells that may be needed to monitor the intennediate zone(s) will be considered as 
part of the monitoring system design. 

Sampling and testing the intennediate zone within the borehole is expected to provide adequate 
characterization data to make decisions regarding the need to continue monitoring the intennediate zone. 
This is supported by data presented at the August 7, 1996 meeting with NMED. The data consists of 
analytical results from four wells (P0-4, POI-4, LADP-3, and LAOI-1.1) that were sampled from the 
borehole before the well was installed and on a quarterly basis from completed wells. The major ion 
chemistry and tritium analyses were in good agreement for all of the wells. Data from a fifth well, 
LAO-B, was presented to show the variation that can be expected in quarterly sampling from completed 
wells. Based on these data, adequate characterization of the intennediate zones can be accomplished by 
sampling within the borehole. 

The infonnation gathered during the characterization will be used to design a detection monitoring 
network that almost certainly will include monitoring wells in the intennediate zone. The installation of 
wells in intennediate perched zones will be detennined in conjunction with the completion of each 
regional well. When the drilling of a regional well is complete such that the number and depth of 
intennediate perched zones are known and validated, and water quality analyses are available, the number 
and depth of intennediate perched zone wells will be detennined. The detennination process will include 
concurrence from NMED personnel at Quarterly and Annual Meetings. 
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2.0 HYDROGEOLOGIC BACKGROUND AND CONCEPTUAL MODEL 

This section introduces the general hydrogeologic setting at the Laboratory and the current understanding 
of how the major components of the hydrogeologic system are integrated (the conceptual model). Some 
ofthe components ofthe current conceptual model are based on interpolation of information between 
widely spaced boreholes and, for that reason, there is considerable uncertainty in the conceptual model as 
a whole. Uncertainties in current knowledge through the conceptual model are discussed in greater detail 
in Section 4 of this Workplan. 

2.1 General Hydrogeologic Setting 

2.1.1 Geographic Setting 

Los Alamos National Laboratory (the Laboratory) and the neighboring residential areas of Los Alamos 
and White Rock are located predominantly in Los Alamos County, north-central New Mexico, 
approximately 60 mi north-northeast of Albuquerque and 25 mi northwest of Santa Fe (Figure 2-1). The 
43-mi2 Laboratory site and the communities adjacent to it are situated on the Pajarito Plateau, which 
consists of a series of finger-like mesas separated by deep canyons containing ephemeral and intermittent 
streams that run from west to east. Mesa tops range in elevation from approximately 7,800 ft on the flank 
of the Jemez Mountains to about 6,200 ft at their eastern termination above the Rio Grande valley. The 
eastern margin ofthe plateau stands 300 to 900ft above the Rio Grande (DOE 1979). The Department of 
Energy (DOE) controls the area within the Laboratory ' s boundaries and has the option of completely 
restricting access. The Laboratory is divided into Technical Areas (TAs) each ofwhich has a specific 
research function or use. A T A map is provided as a transparency in Figure 2-2 so that it can be placed 
over the existing well maps (Figure 2-8 and Figure 2-9) and proposed well maps (Figure 4-1 and Figure 
4-2) provided in the text. Two large-scale well maps showing the locations of proposed regional and 
alluvial wells are provided in Appendix 6 and include locations and labels for existing wells. 

2.1.2 Geologic Setting 

The stratigraphy and structure that comprise the Pajarito Plateau are described in this section. Other 
descriptions of the geologic setting, providing additional details, can be found in the Installation Work 
Plan for Environmental Restoration (LANL 1995e) and the draft Core Document for Operable Unit 1049, 
Canyons Investigations (LANL 1996b). A large-scale map ofthe surface geology at LANL is provided in 
Appendix 7. The conceptual model, which provides the most current understanding of the subsurface 
geology, consists of six cross sections given in Section 4 as Figure 4-9 "Pueblo Canyon", Figure 4-12 
"upper Los Alamos Canyon", Figure 4-15 "Pajarito and Twomile Canyons", Figure 4-18 "Ancho 
Canyon", Figure 4-20 "Canon de Valle and Water Canyon", and Figure 4-23 "Mortandad Canyon". 

2.1.2.1 Bedrock Stratigraphy 

The Pajarito Plateau lies on the east flank of the Jemez volcanic field and astride the active west margin 
of the Espanola basin of the Rio Grande rift (Figure 2-3). The principal bedrock units in this area (Figure 
2-4) consist of, in ascending order, 

1. the Santa Fe Group (4-21 Ma, Manley 1979), 

2. the Puye Formation (1 .7-4 Ma, Turbeville et al. 1989 and Spell et al. 1990) and interstratified 
volcanic rocks including the Tschicoma Formation on the west (2-7 Ma, Gardner and Goff 1984) 
and basalts ofthe Cerros del Rio on the east (2-3 Ma, Gardner and Goff 1984), 

3. the Otowi Member of the Bandelier Tuff(l.613 ± 0.011 Ma, Izett and Obradovich 1994), 

4. epiclastic sediments and tephras of the Cerro Toledo interval, and 

5. the Tshirege Member of the Bandelier Tuff(1.223 ± 0.018 Ma, Izett and Obradovich 1994). 
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The distribution ofthese geologic units is shown on several geologic maps ofthe area (Griggs 1964; 
Smith et al. 1970; Kelley 1978; Rogers 1995). A brief description of the principal bedrock units is given 
below. 

Santa Fe Group 

The upper Espanola basin-fill includes several formations of the broadly defined Santa Fe Group. The 
Santa Fe Group consists of predominately fluvial, slightly consolidated sedimentary rocks that crop out in 
the lower reaches of Los Alamos Canyon, along White Rock Canyon, and in extensive areas east of the 
Rio Grande. Galusha and Blick (1971) subdivided the Santa Fe Group into formations and members 
based on geologic mapping and faunal assemblages oflate Tertiary mammals. Manley (1979) refined 
their stratigraphy based on additional mapping and dates on interbedded volcanic ash layers, lava flows, 
and dikes. Cavazza ( 1989) proposed changes in stratigraphic nomenclature based on sedimentary facies 
pattern. In the vicinity of the Pajarito Plateau, the Santa Fe Group consists of the Tesuque Formation and 
overlying Chamita Formation. 

The Tesuque Formation consists of poorly consolidated buff, red, or gray arkosic sand, silt, clay, pebble 
beds, and thin white or green ash beds derived primarily from Precambrian basement and Tertiary 
volcanic sources to the east and northeast of the Espanola basin. These clastic rocks range in age from 
about 21 to 7 Ma (Manley 1979; Cavazza 1989). In addition to extensive outcrops east of the Rio Grande, 
the Tesuque Formation is exposed on the east side of St. Peter's Dome and on the west edge of the 
Pajarito fault zone (southwest Pajarito Plateau). These exposures are overlain by a 13 Ma rhyolite tuff of 
the Keres Group, and they are interbedded with a 16.5 Ma basalt (Goff et al. 1990). In the Pojoaque area, 
tephras interbedded with the Tesuque Formation have ages of 14 to 9 Ma (Manley 1979). To the north in 
the Chili Quadrangle the Tesuque Formation is cut by dikes and interbedded with basalt flows dated at 
about 12 to 9 Ma (Dethier and Manley 1985). Cavazza (1989) states that the aggregate thickness of the 
Tesuque Formation is >2000 m and shows the unit thickening to the west. 

The Chamita Formation overlies and interfingers with the Tesuque Formation. Galusha and Blick (1971) 
show the Chamita Formation dipping westward under the Pajarito Plateau where it is generally covered 
by volcanic rocks of the Jemez Mountains. Chamita deposits are believed to thicken westward under the 
Pajarito Plateau (Galusha and Blick 1971 ). Details of depositional settings and provenance of the Cham ita 
Formation are poorly known due to lack of continuous, well-exposed outcrops. Uplift of the Espanola 
basin during the last 5 m.y. has resulted in the erosion of most ofthe Chamita Formation that probably 
covered much ofthe Espanola basin (Ingersoll et all990). Some workers believe the Chamita Formation 
represents the first evidence of southward drainage ofthe ancestral Rio Grande through the Espanola 
basin (John Hawley 1988, pers. comm. cited in Ingersoll et al. 1990). Galusha and Blick (1971) believe 
that integration of the ancestral Rio Grande as a through-going drainage post-dated deposition of the 
Chamita Formation. Paleomagnetic data in the type area limit the Chamita to an age range of 4.5 to 6 Ma 
(MacFadden 1977), and tephra dates by Manley (1979) support an age of about 5 Ma for at least part of 
the formation. Chamita deposits are similar in appearance to Tesuque deposits, but the former reportedly 
contains a larger proportion of volcanic and granitic clasts in its gravel layers (Galusha and Blick 1971) 
and Paleozoic limestone cobbles in its conglomerate layers (Dethier and Manley 1985). The Chamita 
Formation contains lithologically distinct quartzitic gravels (Galusha and Blick 1971 ). Upper layers of 
Cham ita may contain cobbles of Jemez volcanic rocks, primarily andesites and dacites. However, because 
of similarities of appearance, obvious time overlaps, and interfingering relations, differentiation of 
Chamita from Tesuque deposits is often difficult, particularly in borehole investigations. 

Griggs (1964) shows many basalt flows and flow breccias interbedded with Santa Fe Group deposits near 
the east side of the Pajarito Plateau. Basalt flows 12 to 200ft thick were penetrated within the Santa Fe 
Group by water supply wells 0-1 and 0-4 (Purtymun et al. 1990; Stoker et al. 1991 ). Recent dating of 
these volcanic units shows that these basalt flows range in age from 9.8 to II Ma (WoldeGabriel et al. 
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1995), suggesting they are intercalated in the Tesuque Formation. The Cham ita Formation, if present, is 
less than 100m thick in the vicinity ofwell 0-4. 

Purtymun (1995) describes a trough of late Miocene coarse-grained sediments at the top of the Santa Fe 
Group that post-date the Chamita Formation. Purtymun called these deposits the "Chaquehui Formation" 
and they are important for the development of high-yield, low-drawdown municipal and industrial water 
supply wells. The late Miocene trough is 3 to 4 miles wide and extends 7 to 8 miles from the northeast to 
the southwest (Figure 2-5). It is filled with up to 1500 ft of gravels, cobbles, and boulders derived from 
the Jemez volcanic field and with volcanic, metamorphic, and sedimentary rocks derived from highlands 
to the north and east. The trough is partly coincident with anomalously low gravity measurements that 
Ferguson et al. (1995) interpreted as a sediment-filled graben on the western side of the Espafiola basin of 
the Rio Grande rift. The nature of the eastern boundary of the "Chaquehui Formation" is unknown. The 
great difference in stratigraphic sections encountered between wells Otowi-] and PM-1 suggests that the 
eastern boundary may be very sharp as if bounded by a fault. On the other hand, in the Guaje Well Field, 
the "Chaquehui Formation" is not as thick and appears to thin to the east. 

Puye Formation 

The Puye Formation (Turbeville et al. 1989; Spell et al. 1990) is a fanglomerate deposit consisting of 
poorly sorted boulders, cobbles, and coarse sands made up of dacitic to latitic debris eroded from the 
contemporaneous Tschicoma Formation. In the lower reaches of Los Alamos Canyon and along the Rio 
Grande, the Puye Formation also contains basaltic debris derived from contemporaneous volcanism and 
erosion of the Cerros del Rio volcanic field. The Puye Formatt •. contains numerous interbedded lapilli 
tuff beds and laharic deposits. Lacustrine deposits are volumetncally significant in the distal parts of the 
fan. 

The lower part of the Puye Formation includes the Totavi Lentil (Griggs 1964), a deposit of well-rounded 
cobbles and boulders of Precambrian quartzites and crystalline rocks. The Totavi Lentil probably 
represents channel deposits of the ancestral Rio Grande, and it may interfinger with the fanglomerate 
facies of the Puye Formation along White Rock Canyon. 

Otowi Member, Bandelier Tuff 

The Otowi Member is a poorly consolidated ignimbrite exposed in the lower parts of many of the deeper 
canyons on the Pajarito Plateau. This tuff commonly crops out in shallow drainages that incise gentle 
colluvium-covered slopes extending from the base of canyon walls to the canyon floor. The basal part of 
the Otowi Member includes the Guaje Pumice Bed (Figure 2-6), a thick series of well-stratified pumice­
fall and ash-fall deposits that blanketed the pre-existing landscape before the overlying ignimbrites were 
erupted. In the central part of the Pajarito Plateau, borehole LADP-4 in DP Canyon penetrated 85 m of 
Otowi Member, including 8.5 m ofthe basal Guaje Pumice Bed (Broxton et al. 1995b). 

The Otowi Member is made up of numerous stacked ash-flow tuffs which lack significant welding, thus 
boundaries between individual flow units are often difficult to identify and it has a massive, homogenous 
appearance. The Otowi Member consists of light gray to orange pumice lapilli supported by a white to tan 
ashy matrix. The matrix is made up of glass shards, broken pumice fragments, phenocrysts, and fragments 
of nonvesiculated perlite. Shards are glassy and show no evidence of either post-emplacement high­
temperature devitrification or of subsequent low-temperatu " diagenetic alteration. Pumice lapilli 
typically make up 10 to 30% of the tuff and range from 0. - _m to 6 em in diameter. Pumices are larger 
(up to 20 em) and more abundant (-40% ofthe rock) at the top ofthe unit, which has a distinct a orange 
coloration due either to the oxidation of iron by escaping vapors as the ash-flow sheet cooled or to 
incipient weathering of the w p of the unit before deposition of overlying units. 
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Figure 2-5. Area of inferred Late Miocene trough within upper Santa Fe Group (modified 
from Purtymun, 1984). 
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Cerro Toledo Interval 

The Cerro Toledo interval is an infonnal name given to a sequence of epiclastic sediments and tephras of 
mixed provenance that lie between the two members of the Bandelier Tuff (Broxton and Reneau I995). 
This unit contains deposits nonnally assigned to the Cerro Toledo Rhyolite as described by Smith et al. 
(I970), and it includes well-stratified tuffaceous sandstones and siltstones and subordinate primary ash­
fall and pumice-fall deposits. The Cerro Toledo interval also contains intercalated deposits not nonnally 
assigned to the Cerro Toledo Rhyolite. These include poorly-sorted sands, gravels, cobbles, and boulders 
derived from lava flows of the Tschicoma Fonnation. The Cerro Toledo interval is approximately 9ft to 
36ft thick at TA-2I and about 45ft thick in upper Pueblo Canyon. The Cerro Toledo interval is 
distributed widely throughout the region, but predicting the presence and thickness of these deposits at 
any particular location is problematic because ofthe spatially variable nature of fluvial deposits. 

Rhyolitic tuffaceous sediments and tephras are the dominant lithologies found in the Cerro Toledo 
interval in many outcrops. The tuffaceous sediments are the reworked equivalents of Cerro Toledo 
Rhyolite tephras erupted from the Cerro Toledo and Rabbit Mountain rhyolite domes located in the Sierra 
de los Valles. Primary pumice-fall deposits are found in some locations. The pumice falls tend to fonn the 
most porous and penneable horizons within the Cerro Toledo interval, and locally they may provide 
important pathways for moisture transport. Clast-supported gravel, cobble, and boulder deposits made up 
of porphyritic dacite derived from the Tschicoma Fonnation are interbedded with the tuffaceous rocks. 
The coarse dacitic deposits are typically 0.25 to I.2 m thick and generally occur as overlapping lenticular 
paleochannels up to a meter deep (Broxton et al. I995; Goff I995; Broxton and Reneau 1995). 

The proportions of tuffaceous to dacitic detritus making up the Cerro Toledo interval vary from location 
to location across the Pajarito Plateau. Whereas Cerro Toledo deposits exposed at TA-41 are dominantly 
tuffaceous in character, rocks at this stratigraphic horizon in lower DP Canyon and in the subsurface at 
T A-55 (Gardner et al. 1993) predominantly consist of coarse dacitic detritus derived from the Tschicoma 
Fonnation and include only subordinate amounts of interbedded tuffaceous detritus. 

Tshirege Member, Bandelier Tuff 

The Tshirege Member is a multiple-flow ash-flow sheet that fonns the prominent cliffs and flat mesa tops 
of the Pajarito Plateau. The Tshirege Member is a compound cooling unit whose physical properties vary 
vertically and laterally. Variations in physical properties result from zonal patterns of welding and 
crystallization detennined by emplacement temperature, thickness, gas content, and composition (Smith 
1960 a, b). The Tshirege Member varies from about I 00 m thick in the west and north central part of the 
Laboratory to about 200m thick in the vicinity ofTA-49. 

The Tshirege Member can be divided into mappable subunits (Figure 2-6) based on a combination of 
hydrologic properties and lithologic characteristics. There is a certain amount of confusion due to the 
inconsistent use of subunit names for the Tshirege Member (Baltz et al. 1963; Weir and Purtymun 1962; 
Crowe et al. 1978; Vaniman and Wohletz 1990; Vaniman and Wohletz 1991; Goff 1995; Broxton et al. 
1995a). To avoid such confusion, this Workplan follows the nomenclature ofBroxton and Reneau (1995) 
which was adopted by the Environmental Restoration (ER) Project (LANL 1996b ). 

The Tsankawi Pumice Bed is the basal pumice fall of the Tshirege Member. This pumice bed is 73 em to 
95 em thick where exposed. This pumice fall deposit consists of two subunits, each of which has nonnally 
graded bedding. The lower subunit is 60 em to 74 em thick and contains equant angular to subangular 
clast-supported pumice lapilli up to 6 em in diameter. A 2 em- to 7 em-thick ash bed overlies the lower 
pumice bed. The upper pumice bed is I3 em to 14 em thick and consists of clast-supported pumice lapilli 
that grade upwards into a coarse ash bed at the top of the unit. Pumices in the Tsankawi Pumice Bed are 
rhyolitic in composition and contain -5 % phenocrysts, consisting of sanidine and quartz. 

Qbt I g is the lowennost unit in the thick ignimbrite deposit of the Tshirege Member. This unit is poorly­
indurated, but nonetheless forms steep cliffs because a resistant bench near the top of the unit fonns a 
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protective cap over the softer underlying tuffs. Qbt 1 g is a porous, nonwelded, poorly sorted, vitric 
ignimbrite. A thin (10-25 em) pumice-poor surge deposit is commonly found at the base ofthis unit. 

Qbt 1 v forms a combination of cliff-like and sloping outcrops comprised of porous, nonwelded, 
devitrified ignimbrite. The base of the unit is a thin, horizontal zone of preferential weathering that marks 
the abrupt transition from vitric tuffs below to devitrified tuffs above; this feature forms a widespread 
mappable marker horizon throughout the Pajarito Plateau. The lower part of the unit is a resistant orange­
brown colonnade tuffthat has distinctive columnar jointing. The colonnade tuff is overlain by a 
distinctive white band of slope-forming tuffs. The tuffs of Qbt I v are commonly nonwelded 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. This unit is the zone of greatest welding in the Tshirege 
Member with the degree of welding increasing up section through the unit. Vapor phase alteration is 
extensive in this unit. 

Qbt 3 is a nonwelded to partially welded, vapor-phase altered ignimbrite. It consists of a basal, nonwelded 
tuff that forms a broad gently sloping bench on top of the unit and an upper partially welded tuff which 
forms the mesa caprock in the central part of the Laboratory. 

Qbt 4 is a partially- to densely-welded ignimbrite characterized by small, sparse pumices and numerous 
intercalated surge deposits. This unit is exposed on mesa tops in the western part of the Pajarito Plateau. 

Soils 

A large variety of soils have developed on the Pajarito Plateau as the result of interactions of the 
underlying bedrock, slope, and climate (Nyhan et al. 1978). Table 2-1 lists by abundance soils described 
by both the LASL-Soil Conservation Service soil survey and the Forest Service soil survey as taken from 
Nyhan et al. (1978). The mineral components of the soils are in large part derived from the Bandelier 
Tuff, but dacitic lavas of the Tschicoma Formation, basalts of the Cerros del Rio volcanic field, and 
sedimentary rocks of the Puye Formation are locally important. Alluvium derived from the Pajarito 
Plateau and from the east side of the Jemez Mountains contributes to soils in the canyons and also to 
those on some of the mesa tops. Layers of pumice derived from El Cajete in the Jemez Mountains and 
windblown sediment derived from other parts of New Mexico are also significant components of many 
soils on the Pajarito Plateau. 

Soils formed on the tops of mesas on the Pajarito Plateau include the Carjo, Frijoles, Hackroy, Nyjack, 
Pogna, Prieta, Seaby, and Toea! series. These soils typically have loam or sandy loam surface horizons 
and clay or clay loam subsurface horizons. Some, including the Frijoles, Hackroy, and Seaby soils, 
contain abundant pumice. Others, including the Prieta soils, contain abundant wind-deposited sediment. 
Soils on the mesas can vary widely in thickness and are typically thinnest near the edges of the mesas, 
where bedrock is often exposed. Soils formed from alluvial and colluvial deposits include the Potrillo, 
Puye, and Totavi series and are generally loose and sandy. The slopes between the mesa tops and canyon 
bottoms often consist of steep rock outcrops and patches of shallow, undeveloped colluvial soils. South­
facing canyon walls are steep and usually have little or no soil material or vegetation; in contrast, the 
north-facing walls generally have areas of very shallow, dark-colored soils and are more heavily 
vegetated (Nyhan et al. 1978). 

Soil-forming processes extend along fractures in bedrock, and coatings of clay and calcium carbonate on 
fractures record the transport of water to significant depths in the tuff. For example, at TA-54, Area G, 
calcium carbonate has been observed as deep as 39 ft and clay coatings as deep as 46 ft below the ground 
surface (Purtymun et al. 1978). Roots have also been observed at similar depths along fractures in core 
holes and pits, suggesting that these soil-forming processes continue at depth today. 
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Table 2-1. LANL Soils 
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Rock outcrop, steep 9.98 Consists of steep to very steep (30% to 50% grade) mesa breaks and canyon walls and is 
approximately 90% tuff rock outcrop. The inclusions in this mapping unit are very shallow 
undeveloped soils on tuff, mesic rock outcrop, and frigid rock outcrop. South-facing canyon walls 
are steep and have little or no soil material or vegetation . North-facing walls have areas of very 
shallow dark-colored soils vegetated by ponderosa pine, spruce, and fir. 

Rock outcrop-Pelado- 7.51 Deep (Pelado) and moderately deep (Kwage), well-drained soils that weathered from Tschicoma 

Kwage complex Formation dacites. Contains a higher proportion of rock outcrop than the Kwage-Pelado outcrop 
complex discussed previously. Found on very steep to extremely steep mountain sideslopes 
vegetated by Douglas fir-ponderosa pine forest. 

Kwage-Pelado-Rock 6.89 Deep, well-drained soils formed on very steep to extremely steep mountain slopes with Tschicoma 

outcrop complex Formation dacites as parent materials. Vegetation is dominantly Douglas fir-ponderosa pine forest. 

Turl<ey-Cabra-Rock 6 Shallow (Turkey) to deep (Cabra). well-drained soils weathered from Tschicoma Formation dacites 
outcrop complex and latites. Found on very steep to extremely steep mountain sideslopes vegetated by ponderosa 

pine forest . 

Hackroy series - 5.5 Very shallow to shallow, well-drained soils formed in material weathered from tuff on mesa tops. 
includes Hackroy- The rock outcrop portion consists of Hackroy soils and 70% rock outcrop that are so intermingled, 

Rock outcrop they could not be separated at the scale selected for mapping. Native vegetation is mainly piiion 
pine, one-seed juniper, scattered ponderosa pine, and blue grama. 

Quemazon-Arriba- 3.97 Shallow (Quemazon) to deep (Arriba) , well-drained soils formed in materials weathered from tuff. 
rock outcrop complex Found on level to very steep mesa tops vegetated by ponderosa pine forest . 

Rock outcrop, very 3.84 Consists of slopes with >50% grade on the canyon wall of the Rio Grande Gorge and is 
steep approximately 90% rock outcrop. The rocks are mainly basalt, with some tuffs near the mesa tops, 

and exposures of the Tesuque Formation near the river. Landslides and exfoliation have deposited 
large accumulations of basalt talus, with boulders as large as 5 to 7 m in diameter. Vegetation is 
very sparse and is dominantly piiion pine, one-seed juniper, and blue grama. 

Pelado series 3.39 Deep, well-drained soils formed in materials weathered from Tschicoma Formation dacites. This 
mapping unit differs from the Pelado soils found in the Kwage-Pelado-rock outcrop complex in that 
these soils are found only on less steep mountain slopes. Vegetation is dominantly Douglas fir-
ponderosa pine forest. 

Rock outcrop, mesic 3.29 Found on moderately sloping to steep mesa tops and edges and consists of approximately 65% tuff 
rock outcrop. The inclusions in this mapping unit are about 5% very shallow, undeveloped soils on 
tuff bedrock, 5% Hackroy soils, and 25% narrow escarpments. Native vegetation is blue grama, 
pinon pine, and one-seed juniper. 

Griegos series 3.08 Classified into two mapping units on the basis of slope: 16-40% slope (moderately steep to very 
steep topography) and 41-80% slope (very steep to extremely steep topography) . Both mapping 
units consist of deep, well-drained soils formed in Tschicoma Formation dacites, latites, and 
andesites. Vegetation is Engelmann spruce and Douglas fir. 

Sanju-Arriba complex 2.94 Deep, well-drained soils weathered in materials derived from pumice (Sanju) or dacites of the Puye 
Conglomerate (Arriba). Found on moderately steep to very steep mountain sideslopes forested with 
ponderosa pine. 

Totavi series 2.89 Deep, well-drained soils formed in canyons bottoms in the central and eastern portion of the soil 
survey area. Individual areas are 2 to 60 acres in size and occur as long slender bodies. Vegetated 
by blue grama, piiion pine, one-seed juniper, and annual grasses and !orbs. 

Rock outcrop, frigid 2.62 Found on gently sloping to steep (5-30% slope) mesa tops and edges and consists of 
approximately 65% tuff rock outcrop. Inclusion in this mapping unit are 5% very shallow, 
undeveloped soils on tuff bedrock,5% Tocal soils, and 25% narrow escarpments. Native vegetation 
is Kentucky bluegrass, ponderosa pine, spruce, fir and oak. 

Ca~o series 2.6 Moderately deep, well-drained soils formed in material weathered from tuff. Found on nearly level 
to moderately sloping mesa tops near the Jemez Mountains. Included with this soil in mapping are 
areas of Pogna, Tocal , and fine Typic Eutroboralf soils, all of which make up about 10% of this 
mapping unit. Native vegetation is mainly blue and black grama, and ponderosa pine. 

Emod series 1.24 Deep, well-drained soils formed in materials weathered dominantly from dacites, which were water-
laid over pumice and ash deposits. Found on moderately steep to very steep upland areas where 
the native vegetation is pinon-juniper woodland. 

Tocalseries 2.54 Very shallow to shallow, well-drained soils formed in material weathered from tuff on gently to 
moderately sloping mesa tops. Individual areas of Tocal soils are 5 to 80 acres in size. 
Approximately 15% of this mapping unit consists of small amounts of Pogna, Ca~o and fine Typic 
Eutroboralf soils. Vegetated by ponderosa pine, mountain mahogany, and Kentucky bluegrass. 
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Table 2-1. LANL Soils (continued) 
' , ' < < , ~::~:;:!~ ~ • ~ ~ ~hr ~;?}~l:J; } , , , 
,~~"'"" • ..,,~·J;;c,...,., ~~...,.~ .... ~ > ~'"'•>li~ .... ::r't.~~' >; , , • ' y' I ' " , ~~ I' "~ ... »~,&,,;~~"':'>; • t~"""#·~ " v"" " ~""' ~ >, "'>l \· , ·~ ~· -li.Jf'!tli·, , ' 

Rock outcrop-Pines- 2.35 Deep (Pines) and moderately deep (Tentrock), well-drained soils weathered from welded tuff. 

Tentrock complex Approximately 20% of this mapping unit is rock outcrop. Found on very steep to extremely steep 
mountain sideslopes vegetated by ponderosa pine. 

Rabbit-Tsankawi-rock 2.11 Moderately deep (Rabbit) to very shallow (Tsankawi), well drained soils formed from weathered 
outcrop complex tuff. Found on level to very steep mesa tops where the dominant vegetation is Douglas fir-

ponderosa pine forest. 

Penistaja series 1.98 Deep, well-drained soils formed in material weathered from alluvial and eolian deposits on basalt. 
Found on nearly level to gently sloping topography in the White Rock and Pajarito Acres areas. 
Small areas (<3 acres) of Prieta, Servelleta, and Nyjack soils are included in the Penistaja mapping 
unit and make up less than 10% of the total area of the unit. Vegetation is mainly blue gram a, pinon 
pine, and one-seed juniper. 

Rock outcrop-Colla- 1.74 Moderately deep, well-drained soils formed in materials weathered from welded tuff. Found on very 
Painted Cave steep to extremely steep mountain sideslopes where the native vegetation is dominantly Douglas 

complex fir-ponderosa pine forest. 

Nyjack series 1.69 Moderately deep, well-drained soils formed in material weathered from tuff on nearly level to gently 
sloping mesa tops. Individual areas of these soils are 5 to 75 acres in size and include about 20% 
rock outcrop, as well as Hackroy and Typic Eutroboralf soils in the mapping unit. Vegetation is 
mainly pinon pine, one-seed juniper, and blue grama. 

Arriba-Copar complex 1.43 Deep (Arriba series) to moderately deep (Copar series), well-drained soils formed on level to 
moderately sloping mesa tops with tuff as the parent material. Native vegetation is ponderosa pine 
forest. 

Pogna series 1.28 Shallow, well-drained soils formed in material weathered from tuff on gently to strongly sloping 
mesa tops. Approximately 10% of this soil mapping unit consists of rock outcrop, Carjo, fine Typic 
Eutroboralf, and Tocal soils. Native vegetation is mainly ponderosa pine, mountain mahogany, and 
Kentucky bluegrass. 

Latas series 1.27 Deep, well-drained soils formed in materials weathered from tuff. Found on level to moderately 
sloping mountain sideslopes whera ponderosa pine is the dominant vegetation. 

Cabra series 1.26 Classified into two mapping u : "the basis of slope: 0-15% slope (level to moderately sloping 
topography), 16-40% slope (rr .<1 "rately steep to very steep topography). Both units are deep soils 
formed in materials weathered trom Tschicoma Formation dacites and latites. Found on mountain 
sideslopes with ponderosa pine vegetation. 

Potrillo series 1.23 Deep, well-drained soils formed in alluvial and colluvial sediments derived from tuff and pumice. 
Found on level to gently sloping canyon floors and on inextensive, flat benches along the Rio 
Grande Gorge. Approximately 10% of this mapping unit on the canyon floors consists of Puye and 
Totavi soils and some soils that have a more developed subsoil than the Potrillo soils. Where the 
Potrillo soils are found along the Rio Grande Gorge, small areas of the Totavi soils and soil profiles 
containing silt or cobble throughout the profile are included in the Potrillo mapping unit. Native 
vegetation is blue grama, pinon pine, one-seed juniper, and annual grasses and !orbs. 

Prieta series 1.23 Shallow, well-drained soils formed in eolian sediments and weathered basalt . Individual areas of 
Prieta soils are 5 to 80 acres in size and include approximately 15% rock outcrop and Servelleta 
soil. Found on gently to moderately sloping mesa tops. Vegetation is mainly pinon pine, one-seed 
juniper, blue grama and b:" ~cebrush. 

Santa Clara- 1.23 Moderately deep (Santa C. deep (Armstead), well-drained soils weathered from Tschicoma 
Armstead complex Formation dacites and lat1t ~d on moderately steep to very steep mountain sideslopes 

vegetated by Douglas fir-ponou""..a pine forests. 

Sheii-Anesa complex 1.17 Deep, well-drained soils weathered in materials derived from tuff (Shell) or pumice (Anesa). 
Sheii-Anesa-Rock Formed on very steep to extremely steep mountain sideslopes vegetated by Douglas fir-ponderosa 
outcrop complex pine forest. 

Pueblo series 1.14 Deep, well-drained soils formed in materials derived from welded tuffs. Found on moderately steep 
to very steep mountain sideslopes where the native vegetation is Douglas fir-ponderosa pine forest. 

Frijoles series 1.03 Deep, well-drained soils formed in thick pumice beds on nearly level to moderately sloping mesa 
tops. Included with this soil in mapping are Seaby, Nyjack, and fine Typic Eutroboralf soils; these 
inclusions make up about 10% of the mapping unit. Native vegetation is mainly pinon pine, one-
seed junioer and blue grama. 

Seaby series 1 Shallow to "noderately deep, well-drained soils formed in weathered tuff material on gently to 
moderately sloping mesa tops. Approximately 10% of this mapping unit consists of Nyjack, Frijoles, 
fine Typic Eutroboralf, and Carjo soils. Vegetated by ponderosa pine, Kentucky bluegrass, and 
annual grasses and !orbs. 

1 Soil mapping units from Nyhan et al. 1978. Mapping units making up less than 1% of the surveyed area are not listed here. 
2 Surveyed land area consists of about 79% of Los Alamos county and includes all of the Los Alamos National Laboratory. 
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2.1.2.2 Geologic Structure 

The Laboratory is on the Pajarito Plateau which lies at the western margin of the Espanola basin of the 
Rio Grande rift, a major tectonic feature of the North American continent. The Pajarito fault system forms 
the western margin of the Espanola basin and exhibits Holocene movement and historic seismicity 
(Gardner and House 1987, 0110; Gardner et al. 1990, 0639; Gardner and House 1994). The fault system 
is made up of over 65 mi of mapped fault traces and connects with regional structures that extend at least 
as far as Cochiti to the south and Taos to the northeast (Gardner and House 1987). 

Within Los Alamos County, the Pajarito fault system consists of three active, or potentially active, fault 
segments: the Frijoles Canyon, Rendija Canyon, and Guaje Mountain segments. 

The Frijoles Canyon fault segment is a zone of faulting over 0.25 mi in width, whose major scarp forms 
the western boundary of the Laboratory. Near the southwestern comer of the Laboratory, the major scarp 
of the Frijoles Canyon segment is over 410ft high in rocks about 1 million years old. Movement on this 
fault segment is normal-oblique, and the fault's eastern side is relatively down-dropped. 

Where exposed north of Los Alamos Canyon, the Rendija Canyon and Guaje Mountain faults are 
characterized by zones of gouge and breccia, generally 100 to 150 ft wide. Both fault segments produce 
visible offsets of stratigraphic horizons and are dominantly normal-oblique faults, whose west sides are 
down-dropped. There are some indications of strike-slip movements on the Guaje Mountain fault segment 
(Wachs et al. 1988, 0502; Aldrich and Dethier 1990, 0017; Gardner et al. 1990). The youngest 
movements on the Guaje Mountain segment have been constrained to between roughly 4,000 and 6,000 
years ago (Gardner et al. 1990). Displacement on the Guaje Mountain and Rendija Canyon faults 
apparently decreases south of Los Alamos Canyon, and narrow zones offaulting are replaced by wide 
(over 300 ft) zones of intense brecciation and fracturing superimposed on the network of cooling joints in 
the Bandelier Tuff (Vaniman and Wohletz 1990). In contrast to cooling joints, these tectonic fractures 
cross flow unit and lithologic unit boundaries; thus, tectonic fractures may provide more continuous and 
more deeply penetrating flow paths for groundwater migration (where saturated flow occurs) than do 
cooling joints. 

Dransfield and Gardner (1985) integrated a variety of data to produce structure contour and paleogeologic 
maps ofthe pre-Bandelier Tuff surface beneath the Pajarito Plateau. Their maps suggest that subsurface 
rock units are cut by a series of down-to-the-west normal faults; the overlying Bandelier Tuff is not 
obviously displaced by these buried faults. However, where detailed fracture studies have been done on 
the plateau, they have shown that fracture abundances and apertures increase in the Bandelier Tuff over 
fault projections which may reflect the tectonic fracturing mentioned above (Vaniman and Wohletz 
1990). In addition, small-scale offsets along fractures have been observed in various parts of the 
Laboratory, including Area Gat T A-54 (Rogers 1977), which might suggest additional unmapped fault 
zones. 

2.1.3 Hydrologic Setting 

The hydrologic setting of the Pajarito Plateau includes surface water, alluvial groundwater, intermediate 
perched zone groundwater and the regional aquifer. 

2.1.3.1 Surface Water 

General Hydrology 

The Rio Grande is the master stream in north-central New Mexico. All surface water drainage and 
groundwater discharge from the plateau ultimately arrive at the Rio Grande. The Rio Grande at Otowi, 
just east of Los Alamos, has a drainage area of 14,300 mi2 in southern Colorado and northern New 
Mexico. The discharge for the period of record has ranged from a minimum of 60 cubic feet per second 
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( cfs) in 1902 to 24,400 cfs in 1920. The river transports about I million tons of suspended sediments past 
Otowi annually (Graf 1993). 

Essentially all Rio Grande flow downstream of the Laboratory passes through Cochiti Reservoir, which 
began filling in 1976. It is designed to provide flood control, sediment retention, recreation, and fishery 
development. Flood flows are temporarily stored and released at safe rates. The dam is expected to trap at 
least 90% ofthe sediments carried by the Rio Grande (Graf 1993). 

Figure 2-7 shows the locations of the major surface water drainages in the Los Alamos Area. Included in 
Figure 2-7 are the ephemeral, intermittent, and perennial reaches of surface waters; the major wastewater 
effluent-created reaches; and springs. Naturally perennial surface water reaches are located in Ancho, 
Pajarito, and Chaquehui Canyons. A spring on DOE property within the western Laboratory boundary 
occurs in Pajarito Canyon, i.e. perennial flow has been noted in Pajarito Canyon associated with 
Homestead Spring. Springs near the Rio Grande in Ancho, and Chaquehui Canyons are within the eastern 
Laboratory boundary. Figure 2-7 includes a number of additional springs within the Laboratory boundary, 
that have been identified during the past few years by the NMED Oversight Bureau. Several of these 
springs may support perennial flow, however confirmation of their flow characteristics remains to be 
determined during Workplan studies related to spring discharge measurements, and the ER Canyon 
studies. When new springs are identified and their nature and yearly flow characteristics evaluated, they 
will be added to the inventory of springs through the Annual Report, which will also reflect flow 
frequency information, indicating whether they should be added to the list of perennial reaches of surface 
water. 

Within Laboratory boundaries, perennial reaches in the lower portions of Ancho and Chaquehui canyon 
are close enough to the Rio Grande that they extend to the Rio Grande without being depleted. In Pajarito 
Canyon, about 1 mi east of State Road 501, a spring sometimes called Homestead Spring feeds a 
perennial reach a few hundred yards long, followed by an intermittent reach that flows varying distances, 
depending on climate conditions. 

Essentially all other reaches of canyons within the Laboratory ' s boundaries are ephemeral; that is, they 
flow naturally only briefly in response to precipitation or snowmelt in the immediate locality. Some other 
reaches are intermittent, especially those that flow during part of the year as the result of snowmelt. This 
sn wmelt recharges the alluvial groundwater, and discharge from springs supports intermittent stream 
flow for a somewhat longer period. 

Springs between elevations of7,900 and 8,900 ft mean sea level on the flanks of the Jemez Mountains 
supply base flow throughout the year to the upper reaches of Canon de Valle and in Guaje, Los Alamos, 
Pajarito, and Water canyons (Purtymun 1975). These springs discharge water perched in the Bandelier 
Tuff and Tschicoma Formation at rates from 2 to 135 gal./min (Abeele et al. 1981). The volume of flow 
from the springs is insufficient to maintain surface flow within more than the western third of the canyons 
before it is depleted by evaporation, transpiration, and infiltration into the underlying alluvium. 

The canyons of eleven drainage areas, with a total area of82 mi2
, pass through the Laboratory's eastern 

boundary. Runoff from heavy thunderstorms and heavy snowmelt reaches the Rio Grande several times a 
year in some drainages. Los Alamos, Pajarito, and Water canyons have drainage areas upstream of the 
east Laboratory boundary that are greater than 10 mi2

• Pueblo Canyon has 8 mi2
, and the rest have Jess 

than 5 mi2
• Theoretical maximum flood peaks range from 24 cfs for a 2-yr frequency to 686 cfs for a 50-

yr frequency (McLin 1992). The overall flooding risk to community and Laboratory buildings is low 
because nearly all the structures are located on the mesa tops, from which runoff drains rapidly into the 
deep canyons. 
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Figure 2-7. Major surface water drainages in the Los Alamos area (from LANL 1995e). 

Key to spring locations 

Map ref. no. Spring 10 

1 Sacred Spring 
2 Indian Spring 
3 La Mesita Spring 
4 Spring 1 
5 Spring2 
6 Sandia Spring 
7 Spring 3 
8 Spring 3A 
9 Spring 3AA 
10 Spring 3B 
11 Spring 4 
12 Spring 4A 
13 Spring 5 
14 Spring SA 
15 Spring SAA 
16 AnchoSpring 
17 Spring 6 
18 Spring 6A 
19 Spring SA 
20 Spring 7 
21 Spring 8 
22 Spring9 
23 Spring9A 
24 Doe Spring 
25 Spring 10 
26 Spring 8B 
27 Spring SB 
28 Spring 2A 
29 Spring9B 
30 Otowi Spr. 
31 Los Alamos Spr. 
32 LA-5.19 Spr. 
33 DPSpr. 
34 Hamilton Bend Spr. 
35 TS-1.42 Spr. 
36 TW-1.72 Spr. 
37 LA-11 .2 Spr. 
38 SM-30ASpr. 
39 SM-30 Spr. 
40 Hanlon Spr. 
41 Anderson Spr. 
42 Bulldog Spr. 
43 Keiling Spr. 
44 Josle Spr. 
45 Bryan Spr. 
46 Slarmefs Spr. 
47 Garvey Spr. 
48 Perkin's Spr. 
49 Upper Slarmefs Spr. 
50 Charlie's Spr. 
51 Peter Spr. 
52 SWSCSpr. 
53 Burning Ground Spr. 
54 Martin Spr. 
55 Fish Ladder Spr. 
56 HoliowSpr. 
57 WC-6.25 Spr. 
58 Threemiie Spr. 
59 Spring4AA 
60 Spring 4B 
61 Spring 4C 
62 Spring 90 



Contaminant Transport by Surface Water 

Contaminants enter the surface water drainages by surface runoff, by liquid discharges, and occasionally 
by air deposition (Becker et al. I985, 0029; Becker I986). Runoff-derived contaminants are largely bound 
to sediments; their rate of downstream travel is governed by the scouring and carrying power of 
subsequent runoff events (Lane et al. 1985). Given sufficient time, these sediments eventually will be 
moved across the Laboratory boundary. 

Nearly every drainage has received liquid industrial or sanitary effluents discharged from the Laboratory. 
The effluent discharges determine the flow and water quality characteristics in drainages that contain little 
natural water. With travel downstream, most of the effluent-derived metals and radionuclides become 
sediment-bound and remain near the surface of the stream channel; other contaminants, such as nitrate, 
are lost by evaporation or plant uptake, or move downward into the alluvium. Detailed field investigations 
in Mortandad Canyon, for example, demonstrate that generally more than 99% of the total inventory of 
transuranic radionuclides discharged from the treatment plant effluents is associated with sediments in or 
immediately adjacent to the stream channel (Stoker et al. I99I ). 

In canyons that have received treated low-level radioactive effluents (Acid-Pueblo, DP-Los Alamos, and 
Mortandad canyons) concentrations of radionuclides in the alluvium are generally highest near the treated 
effluent outfall and decrease downstream in the canyon as the sediments and radionuclides are transported 
and dispersed by other treated industrial effluents, sanitary effluents, and surface runoff. 

A study of transport of plutonium by snowmelt runoff (Purtymun et al. I990) includes the finding that 
most plutonium moved by runoff in Los Alamos and Pueblo canyons that reached the Rio Grande is 
transported with sediments-about 57% with suspended sediments and 40% with bed sediments. A total 
of about 600 J..!Ci of plutonium was carried to the Rio Grande by 5 snowmelt runoff events studied during 
the years I975 to I986. 

A regional plutonium analysis for the Rio Grande upstream of Elephant Butte Reservoir (located on the 
Rio Grande south of Albuquerque) shows that fallout contributes about 90% ofthe total plutonium 
moving through the drainage system in any given year. The remaining I 0% is from releases at Los 
Alamos. The contribution to the plutonium budget from Los Alamos is associated with relatively coarse 
sediment, which often behaves as bedload in the Rio Grande (Graf I993). 

2.1.3.2 Groundwater 

Groundwater occurs in three modes in the Los Alamos Area: (I) water in shallow alluvium and 
underlying tuff in some of the larger canyons, (2) intermediate perched zone groundwater (a perched 
groundwater body lies above a less permeable layer and is separated from the underlying aquifer by an 
unsaturated zone), and (3) the regional aquifer of the Los Alamos area. 

Numerous wells have been installed over the past several decades at the Laboratory and in the 
surrounding area to investigate the presence of groundwater in these three zones and to monitor 
groundwater quality. The locations of existing wells are shown in Figures 2-7 and 2-8. 

Alluvial Groundwater 

Intermittent and ephemeral streamflows in the canyons of the Pajarito Plateau have deposited alluvium 
that is as much as IOO ft. thick. The alluvium in canyons that head on the Jemez Mountains is generally 
composed of sands, gravels, pebbles, cobbles, and boulders derived from the Tschicoma Formation and 
Bandelier Tuff on the flank of the mountains. The alluvium in canyons that head on the plateau is 
comparatively more finely grained, consisting of clays, silts, sands, and gravels derived from the 
Bandelier Tuff. Saturated hydraulic conductivity of the alluvium typically ranges from I o·2 cm/s for a 
sand to 10-4 cm/s for a silty sand (Abeele et al. 1981 ). 
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Figure 2-8. Alluvial groundwater and intermediate perched zone wells and springs. 
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Figure 2-9. Regional aquifer supply and test well locations, and locations of wells to be plugged. 

Key to spring and 
Pueblo well locations 

Map ref. no. Spring 10 

1 Sacred Spring 
2 Indian Spring 
3 La Meslta Spring 
4 Spring 1 
5 Spring2 
6 Sandia Spring 
7 Spring3 
8 Spring3A 
9 Spring3AA 
10 Spring 38 
11 Spring4 
12 Spring4A 
13 Spring 5 
14 Spring5A 
15 Spring5AA 
18 Anello Spring 
17 Spring 6 
18 Spring 6A 
19 Spring8A 
20 Spring 7 
21 SpringS 
22 Spring9 
23 Spring9A 
24 Doe Spring 
25 Spring 10 
26 SpringBB 
27 Sprtng58 
28 Spring2A 
29 Spring98 
30 Westside Attisian 
31 Pajarito Wells Pumps 1&2 
32 Sanchez House 
33 Martinez House 
34 New and Old Community 
35 Don Juan Pia~ 
36 Eastside Artlslan 
37 Otowi House 
38 Hanaday House 
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In contrast to the underlying volcanic tuff and sediments, the alluvium is quite permeable. Ephemeral 
runoff in some canyons infiltrates the alluvium until downward movement is impeded by the less 
permeable underlying strata which results in a buildup of shallow alluvial groundwater. In addition to the 
alluvium, in some cases relatively thin zones of shallow groundwater can also be contained in the 
weathered tuff or some other unit immediately underlying the alluvium. Depletion by evapotranspiration 
and movement into the underlying rocks limit the horizontal and vertical extent of the alluvial 
groundwater (Purtymun et al. 1977). The limited saturated thickness and extent of the alluvial 
groundwater preclude its use as a viable source of municipal and industrial supply to the community and 
the Laboratory. Lateral flow of the alluvial groundwaters is in an easterly, down-canyon direction. Tracer 
studies in Mortandad Canyon have shown that the velocity of water ranges from about 60 ft/day in the 
upper reach to about 7 ft/day in the lower reach of the canyon (Purtymun 197 4 ). 

The chemical quality of alluvial groundwaters is variable, depending on the location and history of 
effluent discharges. In Mortandad Canyon, for example, plutonium concentrations fluctuate in response to 
variations in treatment plant effluent and storm runoff which dilutes the alluvial groundwater. Tritium 
concentrations have fluctuated almost-in direct response to the average annual concentration of tritium in 
the effluent from the Laboratory's Radioactive Liquid Waste Treatment Facility (RL WTF) at TA-50, with 
a lag time of about I year (Environmental Protection Group 1992). 

Purtymun ( 1975 1973) reviewed alluvial groundwaters by drainage area. The results of extensive 
monitoring studies of the alluvial groundwater in Mortandad Canyon are presented by Abrahams et al. 
(1961), Baltz et al. (1963), Purtymun (1973), Purtymun (1974), Purtymun et al. (1977), Purtymun et al. 
( 1983 ), and Stoker et al. ( 1991 ). 

Intermediate Perched Zone Groundwater 

Localized bodies of perched groundwater occur beneath several canyons in the eastern portion of the 
Laboratory, along the eastern flanks of the Jemez Mountains west of the Laboratory, and possibly beneath 
the mesas and canyons at S Site (T A-16), located in the southwestern part of the Laboratory near the 
Jemez Mountains. Perched groundwater may exist beneath other canyons in the south and central portions 
of the Laboratory, which have not yet been investigated by drilling. These perched zones are found in 
areas where a sufficient water source is present to maintain saturation within the deeper units. Thus 
perched groundwater beneath canyon bottoms may be maintained by infiltration from the overlying 
stream, and perched groundwater within the Bandelier Tuff near the Jemez Mountains may be maintained 
by seepage from streams exiting the mountains. The presence of these perched zones is controlled by the 
occurrence of a perching layer, whose lower permeability causes water to pond in a more permeable 
horizon above it. Perching layers are found within the interlayered Cerros del Rio Basalt flows and the 
sediments of the Puye Formation, for example, where they underlie the more permeable Guaje Pumice 
Bed in Los Alamos Canyon. The presence of perched groundwater at S Site and on the flanks of the 
Jemez Mountains is evidently controlled by contrasts in lithologic properties within the Bandelier Tuff, 
which might exist at boundaries between flow units. 

Perched zones occur in the conglomerates and basalts beneath the alluvium in the mid- and lower reaches of 
Pueblo and Los Alamos canyons and in the lower reach of Sandia Canyon. Depth to perched groundwater 
ranges from about 90ft in the midreach of Pueblo Canyon to about 450ft in lower Sandia Canyon. The 
vertical and lateral extent of the perched zones, the nature and extent of perching units, and the potential for 
migration of perched groundwater to the regional aquifer are not yet fully understood. Only the intermediate 
perched zone in lower Pueblo and Los Alamos canyons has been studied in some detail. 

Patterns of chemical quality and groundwater levels indicate that the intermediate perched zone 
groundwater in Pueblo Canyon is hydrologically connected to the stream in Pueblo Canyon (Abrahams 
and Purtymun 1966). Water from this perched zone discharges at the base ofthe basalt at Basalt Spring, 
which is on the San Ildefonso Pueblo Land, east of the Laboratory in lower Los Alamos Canyon. The rate 
of movement of the perched groundwater in this vicinity has been estimated at about 60ft/day or about 6 
months from recharge to discharge (Purtymun 1975). 
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It is unknown whether the intermediate perched zones are hydraulically interconnected. Available data 
suggest that most ofthe systems are of limited extent. Testing ofthe intermediate perched zone in mid­
Pueblo Canyon depleted the groundwater after about an hour's pumping at 2 to 3 gal./min (Weir et al. 
I963). A perched zone was encountered in mid-Los Alamos Canyon during the drilling of supply well 
0-4 (Stoker et al. I992), but it was not reported in an adjacent well (Test Well (TW)-3) located 300ft to 
the east. (However, TW-3 was drilled with a cable tool rig in I947, and the driller may not have noticed 
the perched groundwater if it was present.) 

Measurements of tritium in intermediate perched zone groundwater demonstrate that recharge to those 
depths has occurred during the last several decades. The levels of tritium in those locations are high 
enough to be attributed to recharge of surface water contaminated by effluent or other releases from 
Laboratory operations. These observations have been made at four locations in Pueblo and Los Alamos 
canyons. For several years, tritium has been observed in TW-2A in Pueblo Canyon at concentrations 
between 2,000 and 3,000 pCi/L. Starting in I99I, low-detection-limit tritium measurements have 
consistently revealed tritium at levels of about I 50 pCi/L in samples from TW -1 A, located in lower 
Pueblo Canyon near its confluence with Los Alamos Canyon, and in Basalt Spring, located in Los 
Alamos Canyon just downstream from its confluence with Pueblo Canyon. The measurements at these 
three locations are consistent with previous understanding, starting with measurements made by the 
USGS in the 1950s and 1960s (Abrahams et al. 1961 ): the intermediate perched zone groundwater has 
long been known to be affected by effluents discharged into Pueblo Canyon. 

The most recent observation of tritium in intermediate perched zone groundwater was made in well 
LADP-3, completed in 1993 by the ER Project in the middle reach of Los Alamos Canyon about I mi 
down gradient ofTA-2, the Omega Reactor site (Broxton and Eller 1995). Well LADP-3 encountered 
perched groundwater at a depth of about 320 to 330ft, at the contact ofthe Otowi Tuff and the Puye 
Formation. Samples of water from that well contained about 6,000 pCi/L of tritium. 

Some perched groundwater occurs in volcanics on the flanks of the Jemez Mountains to the west of the 
Laboratory. This groundwater discharges in several springs (including American and Armstead springs) 
and provides flow for the gallery in Water Canyon. The gallery contributed to the Los Alamos water 
supply for 4I years, producing 23 to 96 million gallons annually. 

Several springs have been noted in the area of S Site by the ER Project and the NMED DOE Oversight 
Bureau (unpublished data). Some of these springs are located along interrupted stream reaches in 
canyons, where groundwater return flow to the dry stream channel occurs, and do not represent springs in 
the usual sense. In other cases flow issues from canyon walls well above the alluvium. The origin of water 
supplying these springs is uncertain. In some cases the flow may have its source from nearby outfalls. The 
ER Project and the NMED DOE Oversight Bureau (unpublished data) have discovered high explosives 
residuals in samples from some of these springs. 

Regional Aquifer 

The regional aquifer of the Los Alamos area is the only aquifer capable of large-scale municipal water 
supply (Purtymun 1984). In 1989, water for the Laboratory, the communities of Los Alamos and White 
Rock, and Bandelier National Monument was supplied from I1 deep wells in 3 well fields . The wells are 
located on the Pajarito Plateau and in Los Alamos and Guaje canyons east of the plateau. Municipal and 
industrial water supply pumpage during 1992 was 1.43 billion gal. Yields from individual wells ranged 
from about 175 to 1,400 gpm (Stoker et al. I992). Purtymun (1984) summarized the hydraulic 
characteristics of the aquifer as determined during aquifer tests and during periods of production of 
supply wells and test holes. 

The surface of the regional aquifer rises westward from the Rio Grande within the Santa Fe Group into 
the lower part of the Puye Formation beneath the central and western part of the Pajarito Plateau (Figure 
2-1 0). The depths to groundwater below the mesa tops range from about I ,200 ft along the western 
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margin of the plateau to about 600ft at the eastern margin. The regional aquifer is separated from the 
alluvial groundwater and intermediate perched zone groundwater by 350 to 620ft of tuff, basalt, and 
sediments (Environmental Protection Group 1993). The regional aquifer exhibits artesian conditions in 
the eastern part along the Rio Grande (Purtymun 1984). Continuously recorded water level measurements 
collected in test wells since the fall of 1992 indicate that, throughout the plateau, the regional aquifer 
responds to barometric and earth tide effects in the manner typical of confined aquifers. 

The hydraulic gradient of the regional aquifer averages about 60 to 80 ftlmi within the Puye Formation 
but increases to 80 to 100 ftlmi along the eastern edge of the plateau as the groundwater enters the less 
permeable sediments ofthe Santa Fe Group. The rate of movement of groundwater in the upper section of 
the aquifer varies depending on the materials in the aquifer. Aquifer tests indicate that the rate of 
movement ranges from 20 ftlyr in the Tesuque Formation to 345 ftlyr in the more permeable Puye 
Formation (Purtymun 1984). The highest yielding water supply wells are located within the late Miocene 
trough described by Purtymun (1984). 

The exact source of recharge to the regional aquifer is unknown. Groundwater elevation measurements 
suggest that groundwater flows from the Jemez Mountains towards the Rio Grande to the east and east­
southeast where a portion discharges into the river through seeps and springs (Purtymun et al. 1980). 
Springs fed by the regional aquifer discharge an estimated 4,300 to 5,000 acre-ft of water annually into 
White Rock Canyon along an 11-mi reach between Otowi Bridge at State Road 502 and the mouth of 
Rito de Frijoles (Cushman 1965). There is considerable uncertainty regarding recharge along the Jemez 
Mountains. Infiltration of stream flow occurs along the mountain flanks, but the limited drilling to date 
generally has not indicated the presence of significant recharge. Major recharge of the regional aquifer 
from the west is inferred because the piezometric surface slopes downward to the east (Figure 2-1 0). 
Cushman (1965) suggested three sources of recharge: infiltration of runoff in canyons; underflow from 
the Valles Caldera through the Tschicoma Formation; and infiltration on mesas. However, a large 
quantity of hydrologic, structural, and geochemical data indicate that the caldera may not serve as an 
appreciable source of recharge to the regional aquifer (Conover et al. 1963; Griggs 1964, Goff 1991 ). 
Furthermore, natural recharge through undisturbed Bandelier Tuff on the mesa tops is believed to be 
insignificant (Purtymun and Kennedy 1971; Kearl et al. 1986), and few or no data exist to support an 
evaluation of canyon runoff as a recharge source. 

The total volume of annual recharge near the Pajarito Plateau is apparently less than the quantify of 
municipal water production (approximately 5,000 acre-ftlyear). This is based on an overall decline in 
regional aquifer water levels across the plateau since pumping began in the 1950s. 

To estimate recharge rates beneath the Pajarito Plateau, Rogers and Gallaher (1995) tabulated Bandelier 
Tuff core hydraulic properties from several boreholes beneath the Laboratory. Rogers et al. ( 1996a) 
evaluated the direction and flux of water through the unsaturated zone using hydraulic properties from 
seven boreholes which had sufficient data. These seven boreholes represent mesa top and canyon bottom 
locations, which are two of the distinct hydrologic regimes on the Pajarito Plateau. Most head gradients 
determined for the boreholes are approximately unity, implying that flow is nearly steady state. An 
exception to the unit gradient was found for boreholes at MDA G (TA-54), where gradient reversals at 
depths of about 100 ft suggest that evaporative drying may be taking place. Rogers et al. (1996a) used 
vertical head gradients and unsaturated hydraulic conductivity estimates (using geometric means) to 
approximate infiltration rates for liquid water at the seven sites. The flux estimates presume that flow is 
vertical only; that is, that no lateral flow is occurring along lithologic interfaces. Apparent fluxes beneath 
mesa top sites range from about 0.06 cm/yr beneath MDA G to 245 cm/yr beneath surface impoundments 
at TA-53. High precipitation or surface disturbances including disposal ponds lead to higher fluxes 
beneath some mesas. Hypothesized evaporation resulting from air movement through the mesa apparently 
creates a barrier to infiltration beneath MDA G at Mesita del Buey. 
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Figure 2-10. Generalized water-level contours on top of the Regional Aquifer (modified 
from Purtymun, 1984). 
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Apparent canyon bottom infiltration rates are about 0.4 to 8.3 cm/yr beneath two dry canyons (Canada del 
Buey and Potrillo Canyon), and 1 to 10 cm/yr beneath Mortandad Canyon, the only relatively wet canyon 
represented. Canyon bottom infiltration rates beneath wetter canyons such as Los Alamos Canyon could 
be much greater, but no data for those sites are currently available. 

Data on stable isotope (deuterium and oxygen-18) geochemistry of groundwaters from the regional 
aquifer and the Valles Caldera indicate that most regional aquifer wells were recharged from elevations 
lower than the Sierra de los Valles, and do not show the trace elements characteristic of deeper Valles 
Caldera thermal waters (F. Goff, unpublished Los Alamos National Laboratory memo 1991; Blake et al. 
1995). Based on the stable isotope analyses, Blake et al. (1995) conclude that most waters discharging in 
White Rock Canyon and located under the Pajarito Plateau and San Ildefonso Pueblo have been 
precipitated locally, or possibly have migrated from the north. An exception to this pattern of recharge 
elevations is found at former Los Alamos well field wells LA-6 and LA-I B located near the Rio Grande 
in lower Los Alamos Canyon (Figure 2-9). These are among the deepest of the wells in this area, and 
recharge elevations determined from stable isotopes suggest that the recharge area for the wells in lower 
Los Alamos Canyon could be the Sangre de Cristo Mountains (Goff and Sayer 1980; Vuataz and Goff 
1986) as suggested by flow paths in Figure 2-11. 

In an effort to better understand the nature of recharge to the regional aquifer, additional isotope and age­
dating measurements were made. Samples were collected from test wells and water supply wells that 
penetrate the regional aquifer. Carbon-14 and low-level tritium measurements permit some tentative 
estimates of the age of the water in the Regional aquifer at various locations. "Age of water" means the 
time elapsed since the water, as precipitation, entered the ground to form recharge and became isolated 
from the atmosphere. The precipitation at the time of entry into the ground is assumed to have contained 
atmospheric equilibrium amounts of both tritium and carbon. Radioactive carbon-14 comes mainly from 
natural sources. Tritium comes from both natural sources and fallout from nuclear weapons testing in the 
atmosphere. 

The interpretation often carbon-14 analyses indicates that the minimum age of water in the regional 
aquifer ranges from about 1,000 years under the western portion of the Pajarito Plateau, increasing as it 
moves eastward, to about 30,000 years near the Rio Grande (Rogers et al. 1996b ). Importantly, samples 
collected from the water supply wells integrate water drawn from screened intervals of 600 to 3100 feet 
and are thus composite water ages. The age values in the range of several thousand years suggest that 
much of the water has been in the aquifer for long periods. A corollary is that recent recharge is not a 
volumetrically significant portion of the aquifer water. Because the screened intervals start hundreds of 
feet below the water table, however, the results may partly mask evidence of recent recharge to the top of 
the aquifer. It is tempting to conclude that these ages support an easterly flow direction with younger 
water recharged at the western boundary of the plateau, and flowing towards the east. However, another 
possibility is that two separate groundwater bodies of different ages are represented, and that a 
groundwater divide in the regional aquifer lies west ofthe Rio Grande (Figure 2-11). The radiocarbon 
data consist of two geographically isolated sets of data. The older ages near the Rio Grande correspond to 
the region of waters with higher recharge elevations identified by Goff and Sayer ( 1980). The much older 
ages found here could reflect the longer flow path from the possible Sangre de Cristo recharge area, and 
support the hypothesis that the regional aquifer groundwater divide lies west ofthe Rio Grande. In 
addition, a separate flow regime may exist within the late Miocene trough ofPurtymun (1984) (Figure 
2-5), with major recharge occurring by southerly groundwater flow of younger water within the Rio 
Grande rift basin fill. 

Hydrogeologic Workplan 2-24 May 22, 1998 



$ 
!} 
~ 
~ 
C" 
~· 
~ 
~ ;s-
::s 

N 
I 

N 
Vl 

f 
-~ ._ 

~ 

West 

Sierra de los 
Valles 

Q) 
0 c -o ·c N 

-~-
8!. ~ Pajarito LL 

Plateau 

;/AA A 
A 

A 

~ / 1 I , I ~ l \l ~ / 1 1 , _ ...... , .... ,, ..... ,.,.,.,. _ ...... , ,,, 
/ ;: 

1
- \ - I 1 \ ..,. / ..: 

1
-\ - I 

, ,.... _ .,, ,.... , _,. _ ,.,., 
., ,- , ' ... - ,, 1 -, 

... .... .... / - / ..... 

East 

Sangre de Cristo 
Range 

(/) 
Q) 
"0 

"0 c 
Q) ro 

:+:: ~ 

(!) 
Q) 

~ o E -a: spanola Basin 

\ - -

I - ' I ' 

... /' ,' " I - ' ~ I , "',' 
• - \ ,.... ' , I _,. \ 

, ,,-, "",', "' ,- t'";, - ,",',"'- t I ' /,, __ ,,, _ _ , , , _ 
/, -- \ .,.'"' /, -- \ ,.'"' /, -- (Not to scale) 

' ' -
'-; ~ ' \ ,\-_....,.'---~ 

- , ,_ - ......... - , ,_ - , .... -
\ \ I' I I - \ \ I' . 

... - I \ ' ' - ' 

Sedimentary and volcanic rocks 
(Puye, Tesuque, Mesozoic, and 
Paleozoic Rocks) 

1--- ... d Regional water table 

E;;j Groundwater flow line 

lA AI Volcanic flow rock and Bandelier Tuff ['_ ,: -> j Precambrian crystalline rocks 

Figure 2-11. Conceptual sketch of groundwater flow paths in the Espanola portion of 
the northern Rio Grande Basin (after Stephens et al. 1993). 



The existence of two separate groundwater masses of different ages is further supported by a discrepancy 
between carbon-14 ages and regional aquifer flow rates determined by Purtymun ( 1984 ). The flow rates 
range from about 250 ft/yr in the Puye Formation near well 0-4, to about 20 ft/yr in the Tesuque 
Formation below the Los Alamos Well Field. For the 5.5 mi distance between wells PM-3 and LA-lB, 
these flow rates give a range of groundwater travel times between the wells of 115 to 1450 years. These 
travel times are far shorter than the 22,000 to 27,000 year difference in the carbon-14 ages for these wells 
(Rogers et al. 1996b ). 

Several measurements of tritium by extremely low-detection-limit analytical methods appear to show the 
presence of some recent recharge (within the last 40 years) in groundwater samples taken from five 
locations in the regional aquifer at locations near Los Alamos (Environmental Protection Group 1994 
1995). Another thirty wells show no apparent influence of recent recharge on the regional aquifer. The 
tritium levels measured range from less than a percent to less than a hundredth of a percent of current 
drinking water standards and are less than levels that could be detected by the EPA-specified analytical 
methods normally used to determine compliance with drinking water regulations. The locations where 
tritium measurements clearly indicate the presence of recent surface recharge to the regional aquifer are: 
(1) TW-1 situated in Pueblo Canyon near the confluence with Los Alamos Canyon; (2) TW-3, in Los 
Alamos Canyon; (3) in old observation and water supply wells LA-lA and LA-2, located in Los Alamos 
Canyon near its confluence with the Rio Grande; (4) at TW-8, in Mortandad Canyon located about a mile 
downstream from the outfall of the RL WTF at TA-50; and (5) in household wells and springs at San 
Ildefonso Pueblo (Environmental Protection Group 1995; Blake et al. 1995). 

2.2 Preliminary Conceptual Model for the Pajarito Plateau 

For purposes of describing a conceptual model for the Laboratory, the hydrogeology of the Pajarito 
Plateau is broken into four components. Two of the components relate to physiography: mesas and 
canyons. Mesa tops are for the most part dry (Figure 2-12). Canyons are divided into wet and dry; the wet 
canyons contain ephemeral streams and contain groundwater in the canyon bottom alluvium (Figure 2-
13). A third component, intermediate perched zone groundwater, is found at depths ranging from 100 to 
400 ft, and is controlled by lithology. The fourth component, the regional aquifer is found at depths of 
about 600 to 1200 ft (Figures 2-3, 2-4, 2-9, 2-10). Important aspects of each component of the 
hydrogeologic system are listed below. 

2.2.1 Mesas 

Relatively small volumes of water move beneath mesa tops under natural conditions, due to low rainfall, 
high evaporation, and efficient water use by vegetation. Atmospheric evaporation may extend within 
mesas, further inhibiting downward flow. 

The amount of mesa top recharge along the western portion of Laboratory is uncertain. Higher rainfall, 
increased vegetative cover, and increased welding and jointing ofthe tuff might lead to different recharge 
rates than those observed in better studied portions ofthe Laboratory. 

Mesa top recharge can be locally significant under disturbed surface conditions. Such change occurs 
when the soil is compacted, when the vegetation is disturbed, or when more water is artificially added to 
the hydrologic system by features such as blacktop, lagoons, or effluent disposal. 

Fractures within mesas do not enhance the movement of dissolved contaminants unless saturation 
develops. 

Contaminants in vapor form readily migrate through mesas. Vapors denser than air will sink. 
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Figure 2-12. Hydrogeologic conceptual model for mesas. 
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Figure 2-13. Hydrogeologic conceptual model for canyons. 
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2.2.2 Alluvial Groundwater 

In drier canyon bottoms, groundwater may occur seasonally in the alluvium, depending on the volume of 
surface flow from snowmelt, storm runoff, and Laboratory NPDES-permitted effluents. As groundwater 
in the alluvium moves down the canyon, it is depleted by evapotranspiration and infiltration into the 
underlying rocks. 

In wetter canyon bottoms, infiltration ofNPDES-permitted effluents and natural runoff reaching the 
stream channel may maintain shallow groundwater in the alluvium. Groundwater levels are typically 
highest in late spring due to snowmelt runoff and in mid-to-late summer due to seasonal thunderstorms. 
Groundwater levels decline during the winter and early summer when runoff is at a minimum. 

Alluvial groundwater is a source of recharge to underlying intermediate perched zones, usually by 
unsaturated flow. In wetter canyon bottoms, alluvial groundwater may also contribute recharge to the 
regional aquifer. 

Dry canyon bottoms contribute relatively little recharge under natural conditions. Long-term addition of 
effluent to naturally dry canyon bottoms may result in recharge to intermediate perched zones. 

In a few cases where saturated flow might occur, faults, fractures, joints, surge beds, and permeable 
geologic units (e.g. Guaje Pumice, Cerro Toledo, and Puye Formation) that underlie alluvial saturated 
zones or intermediate perched zones could provide pathways for downward water movement. 

2.2.3 Intermediate Perched Zone Groundwater 

Intermediate perched zones occur beneath major canyon systems, particularly those that head in the 
Jemez Mountains. Intermediate perched zones may receive recharge from watersheds west of the 
Laboratory. 

In addition to availability of recharge from overlying alluvial groundwater, the location of intermediate 
perched zones is controlled by hydrogeologic characteristics of subsurface units, mainly lithology and 
permeability. In some cases, such as with interlayered basalts and conglomerates, intermediate perched 
zones could occur at several depths beneath a canyon. 

The intermediate perched zones have not been observed to extend laterally beneath mesas. However, 
some lateral spreading of perched groundwater may occur down gradient, if the canyon course and the dip 
of the perched zone do not coincide. 

Some hydrologic evidence suggests the existence of an intermediate perched zone within the Bandelier 
Tuff along the western portion of the Laboratory, but this can not be confirmed without further study. 

Contaminant concentrations in water entering these intermediate perched zones are diluted. Lateral, 
down-canyon flow within intermediate perched zones could contribute to significant transport of 
contaminants away from their surface source. 

2.2.4 Regional Aquifer 

The slope of the top of the regional aquifer suggests that the flow of groundwater is generally towards the 
east or southeast, and towards the Rio Grande. 

Intermediate perched zone and alluvial groundwater may be minor sources of recharge to the regional 
aquifer relative to the amount of public water supply pumping from the regional aquifer. The hydraulic 
connection between the regional aquifer and the land surface is not strong at most locations. 

Regional aquifer groundwater within the eastern portion of the Pajarito Plateau (generally along the Rio 
Grande) is of different recharge origin than under the central part of the Plateau. 

Hydrogeologic Workplan 2-29 May22, 1998 



Sources of recharge to the regional aquifer are uncertain. Geochemical data show that the Valles Caldera 
is not the source of major recharge, contrary to statements in earlier Laboratory reports. Major recharge 
may occur by southerly flow along the late Miocene trough ofPurtymun (1984), infiltration along the 
flanks of the Jemez Mountains, or possibly via percolation beneath canyon bottoms. 

If present, Laboratory-derived contaminants in the regional aquifer are likely to vary in concentration. 
The contaminant concentrations are probably below maximum contaminant levels (MCLs) for drinking 
water because; (1) regional aquifer underflow dilutes contaminant concentrations in recharge; and (2) 
contaminant concentrations in alluvial and intermediate perched zone groundwater are expected to 
decrease with depth due to dilution and geochemical attenuation along vertical migration pathways. 
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3.0 INFORMATION INTERPRETATION AND MANAGEMENT 

Hydrologic and water quality investigations have been conducted at the Laboratory for 50 years. Much of 
the historic data are contained in various publications and reports, many of which are out of print or 
unobtainable. To avoid duplicating earlier work and to maximize the usefulness of historic and newly 
collected data, the Laboratory has initiated an effort to develop and implement an integrated information 
and archiving system for groundwater data. A central database will be utilized for storing hydrologic, 
geologic, water quality, and other related data. In addition, the existing data will be evaluated for validity 
and assessed for trends. The validated data will be used as a framework for subsequent modeling and 
trend evaluation efforts. To further constrain the modeling data and interpretation efforts, a series of 
focused special characterization activities are proposed. A schedule and resource estimates for conducting 
the activities discussed in this section are provided in Section 1.0. 

In addition to centralizing data and models, the Laboratory also will employ a Groundwater Integration 
Team (GIT) to oversee the implementation of this Workplan, and to ensure that characterization activities 
are performed on schedule and the data derived from those activities is integrated into the central database 
and Laboratory conceptual model. The GIT will consist of earth science specialists from the major 
groundwater programs at the Laboratory. The team will not only track deliverables and activities, but will 
also serve as the primary group for interpreting site-specific information from a Laboratory-wide context. 
The GIT is further described in Section 4.1 of this Workplan. 

3.1 Central Database 

The Laboratory's Environmental Restoration (ER) Project has invested significant resources in 
implementing a computer network database system, the Facility for Information Management, Analysis, 
and Display (FIMAD). The system has data storage, statistical analysis, and Geographic Information 
System (GIS) graphics capabilities. AllER analytical results are stored in the database. 

To take advantage of this capability, the Groundwater Protection Management Program will use FIMAD 
as a central repository and archive for all groundwater-related data and provide appropriate access for 
internal and external customers. Presently, some water quality and hydrogeologic data are stored in the 
ORACLE and ARC/INFO databases through FIMAD. The database will incorporate data from all 
groundwater programs at the Laboratory, including spatial data (mapping), relevant hydrogeologic data, 
well-completion information, results of chemical analyses, radiological data, and modeling data and 
results. The database will incorporate data from all groundwater activities at the Laboratory including the 
Environmental Surveillance Program, ER Project, Waste Management Program, Seismic Hazards Project, 
Water Supply Utilities Program, and NEPA related activities such as environmental assessments and 
environmental impact statements. 

There are three major steps involved in accomplishing this goal: 

• Compile existing data in a central database and assess the validity. 

• Consolidate newly-collected data in a central database. 

• Implement Quality Assurance on the database. 

3.1.1 Compile Existing Data in a Central Database and Assess the Validity. 

Hydrogeologic data is inherently 3-dimensional: stratigraphic and hydrogeologic information obtained 
from wells needs to be visualized and interpreted in a 3-dimensional framework. An important aspect of 
the hydrogeologic database will be creating the capacity to analyze data such as stratigraphy and 
hydrologic properties in this spatial context. End-products for this analysis include creation of geologic 
cross sections and providing a basis for developing groundwater flow and contaminant transport models. 
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For groundwater models, 3-dimensional stratigraphic information is the foundation for generating 
computational meshes used in the models. Once a mesh representing the geometry of the stratigraphic 
units is generated, 3-dimensional information regarding hydrogeologic properties such as porosity and 
permeability provides the physical properties required to define the units can be developed. The 
3-dimensional framework will also provide the ability to analyze spatial trends in contaminant 
concentrations within hydrostratigraphic units. 

Key developments to date are as follows: 

• 3-dimensional stratigraphy reviewed. Geologic contacts reinterpreted. Current interpretation of 
stratigraphy stored in FIMAD is being and will continue to be updated to include surface geology 
and stratigraphy from over 600 boreholes in the Los Alamos area. 

• Developed and adopted a formal standardized stratigraphic nomenclature system for storage of 
existing and future drill hole data. 

• Compiled and published all known Laboratory hydraulic property measurements for the 
Bandelier Tuff. Evaluated validity of the data set. 

• 40+ years of Environmental Surveillance analytical data have been computerized in spreadsheet, 
including groundwater, surface water, and sediment data. Once the historical data are converted 
to standard nomenclature and units of measure, data will be copied into FIMAD. 

• Spring location inventory entered into FIMAD by NMED DOE Oversight Bureau. 

• Watershed maps based on current digital elevation model entered into FIMAD. 

Future activities are focused on adding hydrologic property and structural data to the 3-dimensional 
stratigraphic model and on performing additional quality assurance checks of the datasets. 

Once the Environmental Surveillance analytical data are reviewed for quality, trend analysis will be 
performed for key contaminants indicative of Laboratory effects; for example, tritium and gross alpha 
radioactivity. If any trends are suggested by the manual graphical analysis at a given sampling location, 
then a formal statistical analysis will be performed for those sampling locations. Highest priority will be 
given to assessing the trends in the White Rock Canyon springs and in the regional aquifer test wells. 

3.1.2 Consolidate Newly-Collected Data in Central Database 

The site-wide hydrogeologic characterization and RCRA Facility Investigation (RFI) activities underway 
throughout the Laboratory will generate significant additional data. In order for this data to be accessible 
by the entire earth science staff, it is vital that a central data management capability be maintained. 
FIMAD will provide the overall vehicle for such a capability. The three-dimensional stratigraphic model 
and database developed by the ER Project will be utilized to display new information and to view it in 
context with existing information. 

As new data are generated, they will be first supplied to a draft database. After review in draft, the data is 
then transferred to a quality-assured database. The data will be qualified with indications of validity based 
on the source of the data. For environmental chemistry data, established ER Project criteria will be used 
to determine the validity of the data. For hydrogeologic data, the subject matter expert will determine if 
the data are valid and meet data quality objectives. 

As new data are acquired, they will be continually used to refine the hydrogeologic conceptual model for 
the Laboratory. This type of analysis can be used to determine whether collection of additional field data 
is necessary for the groundwater characterization program. 
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3.1.3 Implement Quality Assurance on Database 

As part of the process of adding data to a central database, one of the most difficult tasks is ensuring that 
the data are current and accurate. An important step in maintaining and building a central information 
system is to establish protocols for verifying and tracking the origin of each of the items in the database. 
Some of the issues associated with maintaining a database include: 

• Defining formats for electronic deliverables. This includes issues such as use of EPA qualifiers 
related to chemical analyses. The qualifiers indicate whether the analytical value was above or 
below the detection limit, the results of the analyses of blanks, and other measures of quality, all 
intended to assist in data evaluation. Other issues related to data quality are the number of 
significant figures, reporting levels of uncertainty, and consistency of measurement units. 

• Numerous problems arise from having many data contributors; the solution is to centralize data 
input and quality control. 

• Part of quality control is ensuring faithful electronic data transfer. Fewer people are required for 
this if database design is carefully implemented. 

• An additional part of the data transfer quality control relates to difficulties with duplicate records, 
which can arise from updates or multiple transfers. 

• Care needs to be taken to assure that the sampling locations and samples are properly associated 
in the database, especially for older locations, and to properly associate field and lab data. 

Additional personnel are required to validate analytical data once it is in the database. 

3.2 Additional Non-Field Activities 

3.2.1 Overview 

As a complement to the regional and aggregate-specific hydrogeologic characterization programs 
described in following sections, a series of activities have been identified in the DQO Process (See 
Section 1.3) as being required to better quantify key environmental processes. These activities are 
designed to reduce the uncertainty of hydrological and geochemical parameters that are utilized in long­
term contaminant migration and risk calculations. Although the activities are believed to be necessary, 
based on the current understanding of site conditions, as new information is collected and used to refine 
the conceptual model, some of these activities may be eliminated. Some of these activities have been, or 
will be, partially funded by the ER Project or by Waste Management. Resources are being sought for the 
currently unfunded activities. In addition, several infrastructure needs for basic data collection have been 
identified. Key steps, status, and future activities are summarized in Table 3-1. 

1. Determination of Vadose Zone Fluxes in Los Alamos Mesas Using Chloride and Stable Isotope 
Profiles. 

Measurement of infiltration rates within the vadose zone of arid regions is difficult due to the large 
uncertainties inherent in physically based approaches, such as Darcy's Law and water balance 
determinations, which obscure the small flux values in arid regions. 
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Table 3-1. Status of Non-Field Activities 

Develop 
Geologic 
Model 

Develop 
Hydrologic 

Model 

Compile and publish drilling and 
completion data from all 
significant boreholes. 

Perform comprehensive review of 
3-dimensional stratigraphy 
including analytical chemistry and 
mineralogy necessary to make 
stratigraphic correlations between 
boreholes; integrate newly­
collected geologic data into 
structure-contour maps, isopach 
maps and cross-section. 

Develop 3-dimensional geological 
database to include surface 
geology, structural geology, and 
borehole stratigraphy. 

Salvage of data from stratigraphic 
and geochemical analysis of 
available canyon bottom core 
samples. 

Compile and publish hydraulic 
characteristic data: 

1) Bandelier Tuff- Assemble 
hydrologic laboratory test results 
of Bandelier Tuff core from across 
the Plateau. Evaluate test results 
for validity. Calculate unsaturated 
hydraulic properties from moisture 
retention characteristics. 
Summarize data by stratigraphic · 
unit and locations. 

2) Determination of vadose zone 
fluxes in Los Alamos mesas using 
chloride and stable isotope 
profiles. Analyze soil moisture for 
chloride mass and isotope ratios. 
Calculate fluxes from tracer 
profiles. 

3) Hydrologic parameter 
estimation for the Pajarito 
Plateau, including in-situ hydraulic 
testing of wells. Load available 
hydrologic measurements in 3-
dimensional database. 
Statistically describe zones and 
regions. 

Hydrogeologic Workp/an 

Prepared individual reports for alluvial 
and intermediate wells installed in 
Aggregate 1. 

Activities in FY97 were directed at 
supporting the site-wide 3-D Geologic 
Model. 

QA performance on initial model as 
contact surfaces and isopachs 
evaluated to provide an internally 
consistent model of the 3-D 
stratigraphy. 

No activities in 1997. 

1) Bandelier Tuff test results complete 
from tests conducted through 1994 
(Rogers and Gallaher, 1995). Newer 
data from TA-21 and TA-49 are being 
incorporated into ER Project RFI 
reports for those sites. 

2) Completed profile work and flux 
calculations for Mesita del Buey, DP 
Mesa, and Frijoles Mesa (TA-49). 
Nine boreholes were examined for 
chloride and three boreholes were 
examined for stable isotopes. 

3) Basin-scale and site-scale 
hydrologic data was gathered and 
analyzed; slug tests were conducted 
in DP Canyon alluvium and in 
saturated zones encountered in R-9. 

3-4 

Develop completion reports for 
alluvial, perched intermediate, and 
regional aquifer wells as they are 
installed. 

Data from R-9 and other boreholes 
are being incorporated into cross­
sections and structure contour 
maps. Correlations of basalt and 
tephras are being made through 
geochemical and geochronology 
studies. 

A. QA of integrated model. 

B. Incorporation of basaltic unit 
into model. 

C. Incorporation of new drill hole 
and surface data into model. 

D. Development of integrated 
data management and 
analysis plan. 

ER Project's Canyons Focus Area 
will hire a GRA in FY 98 to begin 
logging these sediments. 

1) ER Project RFI hydrologic reports 
for TA-21 and TA-49 will be 
published in FY98. 

2) A report will be written comparing 
the chloride profile results from DP 
mesa and TA-16. 

3) Hydraulic properties for regional 
aquifer to be incorporated into 
saturated zone model to be 
developed starting in FY98. 

Pump test new water supply wells 
GR-1, GR-2, GR-3, and GR-4 in 
Guaje Canyon during 1998 before 
these wells enter routine service. 

Run spinner logs in new supply 
wells GR-1, GR-2, GR-3, and GR-4 
in Guaje Canyon during 1998 in 
conjunction with aquifer pump tests. 
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Table 3-1. Status of Non-Field Activities (continued) 

Hydrologic 
Model 

1) Consolidate historical water 
quality data in database and 
perform trend analysis. 

2) Evaluate water quality 
variations and vertical 
stratification within the regional 
aquifer using water samples from 
supply wells. Pull permanent 
pump and isolate discrete sample 
zones (46-ft lengths) in each well 
using hydraulic packers. Sample 
with temporary pump. 

Inventory springs on-site and near 
Lab boundaries by reviewing 
existing Laboratory and USGS 
reports for initial Inventory. 
Perform additional field 
reconnaissance. Supplement with 
aerial photography where 
possible. Select springs with 
discrete discharge points. Install 
flow and monitoring probes. 

Long-term water balance 
estimates for the Pajarito Plateau. 
Install stream gages at upstream 
and downstream boundaries of 
the Laboratory. Continuously 
measure ET, Precipitation, and 
groundwater levels. 

Groundwater flow modeling using 
the FEHM code. 

Hydrogeologic Workplan 

1) All of the historic environmental 
surveillance data for ground water, 
surface water, and sediments have 
been loaded into a Microsoft Access 
database. These data cover the 
period from the early 1950s to the 
present and include 173,000 records. 
All sample values and units have 
been corrected to a set of standard 
units to facilitate data analysis. We 
chose data collected on or near the 
San lldefonso Pueblo as the first data 
for trend analysis. We have completed 
trend analysis for these data set and 
are writing up the results. 

2) In December 1996 0-1 was zonally 
sampled prior to its scheduled entry 
into routine service as a municipal 
water supply well. 

Flow measurement equipment has 
been installed at 4 key TA-16 and TA-
18 locations to determine nature of 
apparent spring discharges. The 
NMED DOE OB continued to make 
spot measurements of flow at 
selected discharge points. Flow and 
chemistry sampling equipment was 
installed at three springs. Quarterly 
sampling was conducted for major 
anions and cations, and 
contaminants. Daily sampling was 
conducted for bromide. 

1 )The historic data has not been 
adequately verified and QA­
checked. We will continue to 
confirm that these data matches the 
published record. We will complete 
the write-up of the trend analysis on 
the San lldefonso data and publish 
this report. We will continue trend 
analysis on the historic data and 
expect to focus on evaluating trends 
by drainage basins. 

2) Zonally sample new supply wells 
GR-1, GR-2, GR-3, and GR-4 in 
Guaje Canyon during 1998 before 
these wells enter routine service . 

Continue to obtain field 
observations from Laboratory and 
NMED personnel. Continue ER 
Project investigations at critical 
discharge points (particularly TA-16 
and T A-18) where there is 
uncertainty if flow is natural spring­
fed or perennial. Continue 
monitoring of flow and for bromide 
tracer and other chemical 
constituents. Analyses of the flow 
and chemistry time series will be 
conducted. 

Data collected in most regional aquifer Water level, stream flow, 
test wells, and some intermediate and precipitation and ET data will be 
shallow alluvial wells. Stream flow collected on a continuing basis. 
measurements collected from 19 
stations. Precipitation data collected 
from 7 stations and ET data collected 
from 2 stations. 

Organized stratigraphic information 
relating to Pajarito Plateau and 
surrounding Espanola Basin. 

3-5 

Establish geologic framewor1< model 
for Pajarito Plateau and surrounding 
Espanola Basin. 

Create model grid for FEHM code. 

Assign hydrologic properties and 
boundary conditions. 

Sensitivity analyses and testing of 
hypotheses concerning flow 
directions and locations of recharge. 
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Table 3-1. Status of Non-Field Activities (continued) 

Develop 
Geochemical 
Model 

Hydrogeochemical and statistical 
evaluation of solute distributions 
on the natural surface and 
groundwaters. 

Geochemical characteristics of 
key subsurface geohydrologic 
units. 

Geochemical modeling. 

Prepared report detailing 
hydrochemistries of alluvium and 
perched intermediate groundwaters in 
Los Alamos and Pueblo canyons; 
conducted pilot surface water study in 
upper Los Alamos and Pajarito 
canyons. 

Characterized groundwater in basalts 
and Puye Formation and major and 
minor chemistries of aquifer material. 

Performed speciation, mixing, and 
mineral saturation calculations using 
MINTEOA2 and PHREEQE; 
completed 4 quarters of sampling 15 
LANL background groundwater 
stations. 

Expand on statistical evaluation of 
solute distributions for LANL 
background groundwater 
investigations. 

Continue to characterize 
hydrochemistries of alluvium, 
perched intermediate zones, and 
regional aquifer and associated 
aquifer material. 

Continue geochemical modeling to 
understand important processes 
occurring along groundwater flow 
paths; quantify mobilities of 
strontium-90, uranium, and other 
contaminants by determining 
sorption constants for these 
metals/radionuclides. 

These uncertainties directly affect the ability to calculate the potential for deep contaminant transport. 
The evaluation of fluxes based on isotope and chemical profiles is an alternate approach. The 
objectives are to: (1) use natural chloride tracers to estimate mesa flux rates and vadose zone water 
ages; and (2) use natural stable isotope tracers (Oxygen-18 and Deuterium) to confirm the chloride 
interpretations and also to evaluate lateral water movement (e.g., atmospheric drying) in the mesa. 
These results will be used to refine the conceptual model and to better quantify the contaminant travel 
times from mesa top sources through the Bandelier Tuff. Preliminary data using this approach 
indicate that travel times through the Tuff may be ten times slower than would be otherwise 
calculated. This is particularly important to forecasting long-term rates of contaminant movement 
from Material Disposal Areas. 

2. Hydrogeochemical and Statistical Evaluation of Solute Distributions in the Natural Surface and 
Groundwaters. 

Statistical evaluations of selected existing water quality data will be performed to determine 
preliminary background constituent concentrations. Background data for surface water and 
groundwater are required to distinguish between contaminated and non-contaminated waters at the 
Laboratory. A critical review of existing data is required prior to collection of new samples. This 
activity will help to establish approximate ranges of background water quality for near surface, 
intermediate and deep waters. 

3. Geochemical and Hydrological Characteristics of Key Subsurface Geohydrologic Horizons. 

Buried soil horizons and lithology associated with the Guaje Pumice Bed and Cerro Toledo interval 
may control intermediate perched groundwater zones and may provide significant contaminant 
attenuation potential. Key geochemical and hydrogeological properties of well-developed buried soils 
associated with these units will be evaluated. Samples from both outcrop exposures and boreholes 
will be analyzed for chemistry, mineralogy, and hydrogeological characteristics. All work will 
contribute to the 3-dimensional stratigraphic model. 
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4. Hydrologic Parameter Estimation for the Pajarito Plateau. 

Existing and future hydrologic data will be used to develop parameters needed for subsurface 
contaminant transport modeling. The data will be used statistically to develop site-specific and 
regional estimates of hydrologic parameters. All work will contribute to the 3-dimensional 
stratigraphic model. A vail able hydrologic data for the vadose zone are principally derived from 
individual measurements of small rock samples. Before the individual measurements can be utilized 
in contaminant transport models, they must be generalized. In this activity, the data will be analyzed 
for general spatial trends and for possible correlation with geologic units. The goal is to develop 
quantitative estimates of hydrologic parameters (with uncertainties) at gridded locations for utilization 
in transport model computer codes. In addition, the statistical analysis will identifY critical data gaps 
and uncertainties to focus future data collection strategies. For example, if there is little statistical 
variability in the properties of a particular geologic unit, there may be no need to collect more core 
from that unit for hydrologic testing. Any general hydrologic trends will be added to the 3-
dimensional stratigraphy model and database. 

5. Salvage of Data From Stratigraphic and Geochemical Analyses of Available Canyon Bottom Core 
Samples. 

This study will undertake examination, description, and analysis of available canyon bottom core 
samples, and selection of a sub-set of core for longer-term storage prior to disposal of redundant 
material. The focus will be on providing improved stratigraphic logs of canyon bottom core holes, 
particularly of buried soil horizons or geochemically altered units. The canyon bottom sediments 
constitute the initial medium for groundwater transport within alluvial groundwater that, in turn, may 
contribute recharge to deeper groundwater zones. Stratigraphic and associated permeability variations 
within the alluvium can be key in controlling flow paths. In addition, geochemical changes imparted 
by pedogenesis or alteration may affect the contaminant migration. Results of this study will be used 
in contaminant transport modeling by refinement of the 3-dimensional stratigraphic model. 

6. Long-term Water Balance Estimates for the Pajarito Plateau. 

As an approximation to cumulative surface recharge on the Laboratory, estimates of the critical 
hydrologic cycle components will continue to be refined. The extensive network of stream gages, 
estimates of effiuent discharges, measurements of precipitation and evapotranspiration at 
meteorological towers, and long-term groundwater level monitoring in all identified groundwater 
zones will be continued. All newly-installed intermediate depth and regional aquifer wells are 
proposed to be equipped with continuous recording pressure transducers for groundwater level 
measurements to enhance data collection. 

7. In situ Hydraulic Testing of Characterization Wells. 

Short-term hydraulic testing will be performed on selected newly installed intermediate depth and 
regional aquifer characterization wells. Likely tests include bailer recovery (slug) tests or short-term 
aquifer pumping tests for hydraulic conductivity estimation, and direct downhole velocity 
measurement (for example, colloidal borescope and diffusion cell tracer tests). Results from these 
tests will refine the conceptual model and be incorporated into the saturated zone model , described 
below in Section 3.3.3. The results also will be utilized in the design of a long-term monitoring 
network. 

8. Chemical Stratification Within the Regional Aquifer. 

Because of their great depth, existing municipal water supply wells offer access to deeper portions of 
the regional aquifer. A program has been initiated to conduct vertical water quality profiling of the 
regional aquifer using these wells. Tests of selected zones of the regional aquifer will be conducted by 
placing a temporary submersible pump and packer assembly at various depths in the well, whenever a 
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permanent pump is pulled from a well for maintenance purposes. Results from these tests will be used 
to refine the conceptual model, to determine recharge, and to determine whether contamination is 
evident at depth in the regional aquifer. 

9. Aquifer Performance Testing of the Regional Aquifer. 

Several long-term (greater than one week duration) aquifer pumping tests have been performed using 
municipal water supply wells. However, the utility of the data obtained has been limited by the lack 
of observation wells near the pumped well. The installation of many new characterization wells for 
this program provides the opportunity to conduct aquifer tests using more accurate pumping and 
observation well techniques. An excellent opportunity exists to conduct aquifer performance tests in 
the Guaje well field after replacement wells are installed in 1997. Data from these tests will be 
incorporated into the saturated zone model of the regional aquifer discussed in Section 3.3.3 below. 

10. Conduct Spring Discharge Measurements. 

The flow characteristics of major springs, including those along White Rock Canyon, will be studied 
to better understand their relationship with the regional aquifer or intermediate perched groundwater 
zones. An attempt will be made to equip major springs with continuous recording flow and chemical 
(e.g., conductivity, temperature) measurement instruments. 

11. Maintain Core Storage Facility. 

Newly collected core from the hydrologic characterization boreholes will be examined and 
catalogued. Critical and non-redundant core will be stored in the ER Project Core Storage Facility. 

12. Studies to Determine Subsurface Geology and Structure. 

Based on core studies, selected samples of core will be used for geochemical studies (major and trace 
element analyses), mineralogical studies (modal and bulk rock), and age dating (ashes and basalts) for 
the purposes of identifying and correlating stratigraphic units, determining geometry and structural 
features, and providing input to 3-dimensional models. 

3.3 Hydrogeologic Workplan Modeling Tasks 

The following is a discussion of the modeling tasks to be performed which will provide information 
needed for siting of wells and filling data gaps. Expected project durations and resources are given on the 
Master Schedule, Figure 1-1 and the Resources table, Table 1-1. 

3.3.1 Overview of Modeling 

A central piece ofthe Hydrogeologic Workplan relates to prediction of hydrologic flow paths and 
resultant contaminant movement. Computer models are a tool for accomplishing this purpose. 

Hydrologic modeling will play a major role in the task of data synthesis and evaluation, both before and 
during hydrogeologic characterization activities. In the project design phase, modeling will be used to 
examine hypotheses relating to the hydrogeologic conceptual model and determine where additional 
information is needed. In later project phases, modeling can be used to assess how recently-acquired 
information relates to earlier predictions, and can identify data gaps. 

Hydrologic modeling within the Hydrogeologic Workplan will be applied at two levels: The first 
addresses evaluation of aggregate-specific issues, one example of which might be evaluating radionuclide 
transport at MDA G. A key product of the aggregate-specific models will be forecasts of contaminant 
movement through the vadose zone. A second level relates to the evaluation of site-wide issues, for 
example, the effect of water supply pumping on the regional aquifer. These models will be continually 
refined with new information. Both scales of models may be used to locate future wells. 
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3.3.2 3-Dimensional Stratigraphic Model 

A 3-dimensional stratigraphic model for the Pajarito Plateau is being refined as part of activities funded 
through the Earth Sciences Technical Council of the ER project. Data from the 3-dimensional model is 
being used in conjunction with other hydrogeologic data sets to site the locations of the first regional 
aquifer boreholes. New data developed from these initial boreholes will be used to further refine the 3-
dimensional model. Ultimately, the stratigraphic model will provide a framework for constructing flow 
and transport models. 

3.3.3 Aggregate-specific Models 

The purpose of aggregate-specific modeling is to address contaminant pathway and hydrologic questions 
in each area. Model analyses conducted for aggregate-specific issues include work done to support ER 
Project investigations as required by ER Project goals at each area, and the MDA G Radiological 
Performance Assessment. 

Examples ofER Project areas which will be analyzed for contaminant transport are TA-49, TA-16, TA-
21, and the ongoing MDA L vapor transport work. 

With respect to evaluation of potential radiological doses from groundwater, the MDA G PA requires two 
different analyses: an evaluation of the radiological dose due to MDA G itself, and a composite analysis 
of the entire Laboratory radiological dose via a groundwater pathway. 

Results of these analyses will be reviewed for consistency with existing conceptual models of the 
hydrogeology. When needed for further analyses of the regional aquifer, the results from the aggregate­
specific modeling efforts will be integrated with any regional analyses to be performed. Results of 
aggregate-specific modeling efforts will be presented in reports on these activities such as RFI Reports 
from the ER Project, and summarized in the annual report on hydrogeology to be submitted each year. 

3.3.4 Site-wide Saturated Zone Model 

The site-wide model is viewed as a representation of the regional aquifer. Rather than creating a unified 
vadose zone-saturated zone model, a saturated zone model is called for as a practical measure. Numerical 
evaluation of water and contaminant movement in the vadose zone requires very fine discretization in 
time and space. The analysis of many different problems (contaminant transport, water balance, transient 
effects of pumping) would be prohibitive for a complex saturated-unsaturated model. In cases such as 
investigation of recharge or contaminant transport issues, it is more efficient to separately evaluate 
sources of contamination or recharge and input their results into a saturated zone model as boundary 
conditions or source/sink terms. 

This site-wide saturated zone model will be used to address several complimentary questions, including: 

• 
• 

• 

• 

• 

Test flow system hypotheses, such as evaluating sources of recharge . 

Evaluation of Laboratory-wide contaminant transport. Aggregate-specific model results can be 
used as input to site-wide saturated zone model. 

Analyze influence of water supply well pumping on the flow system and possible contaminant 
transport. 

Investigate water supply issues including effects of pumping on water quality and on the water 
supply availability and quality. 

Evaluate groundwater geochemistry as a source of information on the groundwater system. Data 
on geochemistry, chemical reactions, and isotopes can provide an important constraint on 
groundwater system flow paths and residence times. Improving the understanding of basic 
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groundwater geochemistry can enhance efforts to predict the migration of chemically-reactive 
contaminants in the subsurface. 

• Evaluate the worth of and need for new data. This includes the capability to evaluate uncertainties 
in model parameters, such as recharge sources and permeabilities. This also includes the 
capability to suggest well placement strategies in order to decrease uncertainty. 

The structure of the site-wide saturated zone model has not been resolved. It may be more economical to 
develop several different grids to test different questions. For example, the influence of particular water 
supply wells might call for a model with a grid refinement near that well. Such a grid refinement might 
not be necessary or economical for questions related to discharge areas. Efforts will be made to determine 
the most appropriate approach from a technical and cost standpoint. The construction of groundwater 
flow models depends on development of stratigraphic and geologic models, which will be supplied under 
the separately described database task. 

The first task in constructing a site-wide saturated zone model will be to reproduce as nearly as possible 
results ofthe recent USGS model (Frenzell995) as a baseline check. Frenzel's model is based on several 
years of work and incorporates much of the current knowledge regarding groundwater flow in the area of 
the Laboratory. The model has several limitations (acknowledged by the author) which would prevent its 
use in evaluation of contaminant transport or a more detailed study of groundwater flow questions. These 
limitations include uncertainties in boundary conditions, the coarseness of grid spacing, and a need to 
refine the stratigraphic model used. 

3.3.5 Information Support 

The development of hydrogeologic models requires an information system to supply data on 
geochemistry, geology, hydrologic properties, and borehole information. FIMAD should provide the 
overall vehicle for such a capability. The site-wide hydrogeologic characterization and RFI activities 
throughout the Laboratory will generate significant additional data. A central data management capability 
will be developed and maintained so that this data can be readily accessed. The three-dimensional 
stratigraphic model and database developed by the ER Project will be utilized to display new information. 

As new data are acquired, they will be continually used to refine the hydrogeologic conceptual model for 
the Laboratory. For example, new data will be compared with regional groundwater flow maps and model 
predictions to assess the level of understanding regarding recharge and discharge areas, groundwater flow 
directions, and interconnections between overlying groundwater-bearing zones and the regional aquifer. If 
there is good agreement, it will then be possible to incorporate reasonable assumptions into the 
groundwater modeling effort. This type of analysis can be used to determine whether it is necessary to 
collect additional field data for the groundwater characterization program. 

3.4 Annual Groundwater Status Summary Reports 

An annual report will be prepared by the Laboratory summarizing the status of groundwater 
characterization activities. The report will be due to NMED by January 15th, covering the activities of the 
previous Fiscal Year. The document will focus on two primary topics. 

1. Results of the comprehensive analysis of data from the preceding Fiscal Year's characterization 
activities that add to the understanding of the conceptual and quantitative hydrogeologic 
framework. 

2. Based on the results, identification of changes to the conceptual framework (i.e., locations of 
future wells and modeling to be performed) for characterizing the hydrogeologic system 
underlying the Laboratory. 
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Production of the annual status report will be the responsibility of the Laboratory's Water Quality and 
Hydrology Group (ESH-18), with major contributions from the GIT. The team will summarize key 
hydrogeologic findings and activities of the Environmental Surveillance Program, ER Project, Waste 
Management Program, Seismic Hazards Project, Water Supply Utilities Program, and NEPA related 
activities such as environmental assessments and environmental impact statements. 
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4.0 HYDROGEOLOGIC CHARACTERIZATION 

This section describes the proposed hydrogeologic characterization of the strata beneath the Laboratory 
with the ultimate goal of establishing effective long-term monitoring and/or demonstrating that 
monitoring requirements can be waived. This requires knowing what subsurface water bodies to evaluate, 
at what locations, and for which parameters. The characterization program is intended to fulfill these 
requirements. Table 4-1 contains a summary of the rationale for the proposed deep wells. This table is 
intended to be a quick reference. More detail on the rationale for each well is included in Sections 4.2 and 
4.3. 

The data needs to complete the hydrogeologic characterization were developed by an interdisciplinary 
team applying the Data Quality Objective (DQO) process (EPA 1987). The outputs ofthis process are the 
decisions that will be made, questions that need to be addressed to support the decisions, existing data 
relevant to the questions, new data required to address the questions, decision rules for collection of the 
new data, and the design of the program to acquire the new data. The outputs from the DQO process are 
summarized in Appendix 4. 

The data collection design established the number and approximate locations of wells; 32 deep wells and 
51 alluvial wells were identified as being needed. The 51 alluvial wells are proposed to be installed by the 
ER Project, primarily through the canyons investigations, on a schedule discussed in the Core Document 
for those investigations (LANL 1996b ). 

The installation ofthe deep wells, each ofwhich requires a significant commitment of resources in 
drilling equipment and manpower, must be scheduled in an optimum sequence. The optimum sequence 
was established based on the total score of eight criteria discussed below. These criteria reflect the 
concerns of the regulatory agencies regarding the needs for information, the logical flow of information 
from successive boreholes and wells, efficiencies to be gained by multiple installations in the same 
general area, and budgetary constraints. Each criterion was given a maximum score based on the relative 
importance of that criterion. The criteria and the maximum scores are: 

I . Reduce Hydrologic Setting Uncertainty- This criterion is used to evaluate how much 
knowledge about the hydrologic setting is likely to be gained with the installation of a particular 
well. Factors that are considered include how much is already known about the hydrogeology of 
the area from previous wells, the potential to encounter perched intermediate zones, and 
proximity to ambiguous features such as the apparent high water level in well TW-1. (5 points 
maximum) 

2. Reduce Stratigraphic and Structural Uncertainty- Points assigned are based on a 
consideration of how much additional knowledge of the stratigraphy and structure of the area is 
likely to be gained with the installation of a particular well. Factors used in making this 
assessment are how much is already known about the area stratigraphy from existing wells, 
boreholes, mapping, and other methods, and the potential presence of stratigraphic or structural 
features that may control the presence and flow of groundwater, such as faults or interfingered 
basalts. ( 4 points maximum) 

3. Contaminant Detection for Water Supply System- This criterion is based on placement of the 
well between contaminant sources and a water supply well in order to provide detection of 
approaching contaminants. The primary factor that is considered is location of the well with 
respect to both a water supply well and the anticipated movement of contaminants from sources. 
( 4 points maximum) 

4. Assessment of Nature and Extent of Potential Contamination in Groundwater- This 
criterion reflects the degree of importance of a particular well to verify and provide detail on the 
nature and extent of suspected contamination in groundwater. Although the groundwater 
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encountered by all of the wells installed will be analyzed and will add to the knowledge of 
contaminant distribution, some wells will be located with the primary purpose of detecting 
contamination. Other wells have special value because they define upgradient water quality for an 
aggregate. ( 4 points maximum) 

5. Future Water Supply- This criterion is used to evaluate the importance of a particular well in 
providing information related to the potential for additional water supply development. This 
potential is based principally on determining the extent of the high-permeability Miocene trough 
that is most productive in current water supply wells. (3 points maximum) 

6. Control of Timing and Construction of Other Wells- This criterion is an indication of which 
wells should be installed first in a sequence of wells intended to provide a logical flow of 
information. The sequence may also be important in determining the location and construction of 
succeeding wells to optimize the information gained. Examples are the fully cored boreholes; 
these will serve as reference boreholes, and should be drilled before other boreholes so that the 
reference stratigraphy can be used in successive installations. (2 points maximum) 

7. Budget and Programmatic Constraints - This criterion provides a judgment as to how 
important the purpose or resulting data from a particular well is to the funding program. (2 points 
maximum) 

8. Operational Efficiency - This criterion indicates the savings related to logistics if a particular 
well is installed in the same mobilization as one or more other wells. Scheduling efficiencies 
could result in savings of program funds. (1 point maximum) 

On a well-by-well basis, a score for each criterion was assigned by consensus of the interdisciplinary 
team. The score for each criterion was summed, thus deriving a total score for each well. Starting from 
highest to lowest scores, the wells were scheduled assuming three wells could be installed per year each 
by the Nuclear Weapons Technology Program (NWT) and ER Project. The resulting list and schedule of 
wells is summarized in Table 4-2. The detailed scoring sheets for each well are in Appendix 5. 

Section 4.1 describes the procedures that will be used to drill the borehole and install, complete and 
sample the proposed wells. Section 4.2 describes the proposed characterization of the regional 
hydrogeologic framework. Section 4.3 describes the hydrogeologic characterization for each aggregate. 
Within each aggregate, a brief conceptual model is presented which summarizes the currently available 
data and the objectives of each of the proposed wells. 

4.1 Introduction and Procedures 

This section contains information regarding the general procedures and technical approaches that are 
proposed for collecting the hydrogeologic information through the activities described in this Workplan. 
The purpose of this section is to aid the reader in understanding the general technical nature of the 
Laboratory's procedures that are common to most of the activities detailed in subsequent sections. The 
bulk of the technical procedures and methods used will be the current protocols adopted by the 
Laboratory's ER Project and referenced in the ER Project's Quality Assurance Project Plan (QAPjP), 
Standard Operating Procedures (SOPs), RFI Work Plans, and Sampling and Analysis Plans (SAPs). This 
W orkplan adopts by reference those documented practices and procedures 

As described in Section 1, the Laboratory utilized a DQO Process to determine the data needs and data 
collection design necessary to characterize the hydrogeologic setting beneath the Laboratory. 
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes 

Rationale 
Location for Borehole 

North of Los Alamos Site-wide characterization borehole R-1 is a multipurpose borehole located north of Aggregate 1 in Rendija 
in Rendija Canyon Canyon. R-1 will be continuously cored to 500ft below the top of the regional aquifer, and this core will 

support site-wide studies of the hydrogeologic framework of the Laboratory by serving as a stratigraphic 
reference section for the northern part of the Laboratory. Core from this borehole will be used constrain 
geologic and hydrologic relationships in nearby Type-2 boreholes R-2 and R-3. R-1 is sited along the 
northward projection of Purtymun's (1995) mid-Miocene high-permeability zone at the top of the Santa Fe 
Group, and this borehole could significantly extend the known northern limit of this important water-supply 
feature. This borehole is presently scheduled to be completed as a Type 3 well, but the option is preserved to 
advance the boreholes for these wells to a total depth 4000 ft and to include multiple completions of the wells 
if funding agencies decide further characterization of regional aquifer groundwater resources is required. 
Multiple completions in this borehole could identify groundwater capture zones for potential future water 
supply wells, and provide information on vertical hydraulic gradients, saturated hydraulic conductivities, 
vertical stratification of water-quality in the regional aquifer, and patterns of water-yielding characteristics 
within the high-permeability zones within the Santa Fe Group and the Puye Formation. Water level data for 
R-1 will provide information about the direction of groundwater flow in the regional aquifer, and these data will 
contribute to optimizing the placement of long-term monitoring wells for Aggregate 1. Water-level and water-
quality data from this borehole will be used to test hypotheses concerning possible recharge to the regional 
aquifer from the north. R-1 is part of a north-south traverse of reference wells that includes R-14 and R-28. 

Near TW-4 in upper Site-wide characterization borehole R-2 is located near the confluence of Acid Canyon and Pueblo Canyon 
Pueblo Canyon within Los Alamos townsite. Laboratory surveillance data collected at nearby mesa-top borehole TW-4 

indicate the presence of 110Sr (6.2 pCi/1, MCL = 8 pCi/1) in the regional aquifer (EPG 1996). This remediated 
area (former TA-45) has documented releases of Am, Pu, N03, U, and other contaminants to alluvial 
groundwater in Acid and Pueblo Canyons in the late 1940's and early 1950's. R-2 is sited in Pueblo Canyon 
and is downgradient of the Rendija Canyon fault. Recharge contaminated from past releases may be 
reaching intermediate perched zones and the regional aquifer along this fault. Analyses of core and water 
samples collected from R-2 will be used to evaluate the fault as a preferential groundwater pathway. R-2 
could replace TW-4 drilled by cable tool in 1950. 
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes (continued) 

Start Rationale 
Date Location for Borehole 

FY99 Upper Pueblo Aggregate characterization borehole R-3 is designed to provide water quality information for potential 
Canyon between intermediate perched zones and for the regional aquifer beneath upper Pueblo Canyon downgradient of 
TW-2f2.A and TW-4 former TA-45 (see description of R-2). In the past, natural surface water flow in Pueblo Canyon was 

augmented by Laboratory releases and by effluent from the former sewage waste water treatment plant in 
upper Pueblo Canyon. Because of the augmented surface flow, upper Pueblo Canyon may have been a 
source of recharge to intermediate perched zones and the regional aquifer. Laboratory surveillance data 
(EPG 1996) show that from 1990 to 1994, N03-N concentrations increased from 1.4 to 13.7 mQ/1 in TW-2A, 
0.75 mi to the east of R-3. TW-2A is completed within an intermediate perched zone within fanglomerates of 
the Puye Formation. Information is lacking about the geologic conditions controlling the perching of 
groundwater, and it likely that the coarse-grained deposits of the Puye Formation 'have high hydraulic 
conductivities conducive to providing recharge to the regional aquifer. TW-2A also contains elevated 
concentrations of 3H (2,228 pCi/1, Blake et al. 1995). The available data suggest that mobile contaminants 
associated with former TA-45 eH. 110Sr, and N03) are present in a groundwater plume that extends at least 
1. 75 mi down Pueblo Canyon and may extend further. Additional mapping of intermediate perched zones and 
characterization of water quality is needed to assess the nature of groundwater contamination in upper 
Pueblo Canyon. Hydrologic and geologic properties of pre-Bandelier units in R-3 will be used for ER Project 
assessments of the airport landfill in OU-1079. Water level data for R-3 will provide information about the 
depth to groundwater in the regional aquifer and contribute to optimizing the placement of long-term 
monitoring wells for Aggregate 1. R-3 could replace regional aquifer borehole TW-2 drilled by cable tool in 
1949. A more detailed analysis of the placement of R-3 in Los Alamos Canyon will be prepared as an 
addendum to the ER workplan for Los Alamos and Pueblo Canyons. 

FY01 Middle Pueblo Aggregate characterization borehole R-4 is designed to provide water-quality and water-level information for 
Canyon between potential intermediate perched zones and for the regional aquifer beneath middle Pueblo Canyon. R-4 will 
TW-2f2.A and the provide information about the downgradient extent of groundwater contamination from former TA-45 (see 
Bayo Sewage descriptions of R-2 and R-3). This borehole is located between TW-1A and TW-2A, both of which were 
Treatment Plant completed in intermediate perched zones containing contaminant levels that are above background levels 

(see descriptions for R-3 and R-5). Data from existing test wells suggest that a significant intermediate 
perched zone(s) occurs beneath Pueblo Canyon. R-4 will place constraints on the lateral extent of the perch 
zone(s) and identify deeper perched zones within the Puye Formation and basalts in middle Pueblo Canyon 
near the northern Laboratory boundary. R-4 will also characterize groundwater water quality upgradient of the 
county's Bayo Sewage Treatment Plant, effluent from which has been shown to be a source of recharge to 
the intermediate perched zone aquifer in basalt in the recently completed ER borehole POI-4. Hydrologic and 
geologic properties of pre-Bandelier units in R-3 will be used for ER Project assessments of the airport landfill 
in OU-1079. A more detailed analysis of the placement of R-4 (ER borehole POI-2) in Pueblo Canyon is 
included in the ER workplan for Los Alamos and Pueblo Canyons. 
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes (continued) 

Start Rationale 
Date Location for Borehole 

FY99 Near Water Supply R-5 is located in lower Pueblo between Otowi-1 and the Los Alamos County Sewage Treatment Plant. 
Well Otowi-1 in Laboratory surveillance data (EPG 1995 1996) show the presence N03 (TW-1, TW-1 A, TW-2A), 2311

·
2.ooPu 

Pueblo Canyon (TW-2A), and 137Cs (TW-1A) at various activities and concentrations below MCLs, except for N03 (23 mg/1 
N03-N; MCL N03-N = 10 mg/1) . Otowi-1 is located near POI-4, TW-1, and TW-1A. In 1996, ER well POI-4 
confirmed the presence of N03, P04, a, and other solutes in intermediate perched zone groundwater at a 
depth of 160 ft to 181 ft in basalt. R-5 will also provide information on whether a recharge mound occurs 
below the canyon floor and is responsible for the anomalously-high regional aquifer water levels in TW-1. 
R-5 could serve as a replacement well for TW-1 drilled by cable tool in 1950. 

FY01 Near Test Well H-19 Site-wide characterization borehole R-6, located in upper Los Alamos Canyon, is a fully-cored reference 
in Los Alamos borehole that provides baseline information about the geology, hydrology, and water quality for the western 
Canyon boundary of the Laboratory. Core from this borehole will be used constrain geologic and hydrologic 

relationships in surrounding type-2 boreholes, including R-19, R-20, R-27, R-30, and R-31 . This borehole will 
determine background water quality for intermediate perched zones and the regional aquifer upgradient of 
Aggregate 1. It also will provide information about the depth to the regional aquifer for the western part the 
Laboratory, and contribute to the construction of accurate groundwater maps for placing monitoring wells in 
this part of the Laboratory. R-6 is part of a southeasterly traverse of reference wells that includes R-14 and 
R-16 and a north-south traverse that includes R-25. 

FY98 Upper Los Alamos Aggregate characterization borehole R-7 is designed to provide water-quality and water-level measurements 
Canyon south of for the intermediate perched zones and the regional aquifer in an area of Los Alamos Canyon that is in close 
TA-21 proximity to release sites of contaminated effluent (TA-2 and TA-21) (see description of R-8). R-7 is located 

between existing boreholes LADP-3 and LAOI(A)1 .1 in Los Alamos Canyon. These existing boreholes, and 
H-19 located west of Los Alamos Canyon bridge, penetrated the largest known intermediate perched 
intermediate zone on the Pajarito Plateau. This perched zone occurs in the Guaje Pumice Bed at the base of 
the Bandelier Tuff above a buried soil(?) atop the Puye Formation. This intermediate perched zone may be 
leaky because the top of the Puye Formation is saturated in LAOI(A)1 .1. The saturated thickness in this 
perched zone ranges from 5 to 22 ft, and water-quality data suggest that it is recharged both by infiltration 
from overlying alluvium and by recharge sources in the mountains to the west. LADP-3 contains significant 3H 
(up to 6000 pCi/1; Broxton et al 1995, Longmire et al. 1996), demonstrating recent recharge to depths of at 
least 300ft in this area. The recharge pathway for 3H must lie between LADP-3 and LAOI(A)1.1 because 3H 
levels in LAOI(A)1 .1 are at regional background levels (Longmire et al 1996). R-7 is sited in this area of 
suspected recharge and will provide information about stratigraphic and structural controls on infiltration. 
Also, R-7 will penetrate the full extent of saturation at the top of the Puye Formation and identify deeper 
intermediate perched zones beneath Los Alamos Canyon. Groundwater-occurrence and water-level data 
from R-7 will contribute to optimizing the placement of long-term monitoring wells for Aggregate 1. A more 
detailed analysis of the placement of R-7 (ER borehole LAOI-1.5) in Los Alamos Canyon is included in the 
ER workplan for Los Alamos and Pueblo Canyons. Hydrologic and geologic properties of pre-Bandelier units 
in R-7 will be used for ER Project assessments of mesatop sites at T A-21 , TA-53, and T A-73. 
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes (continued) 

Start Rationale 
Date Location for Borehole 

FYOO Near Water Supply R-8, water-supply protection well for Otowi-4, is located near the confluence of Los Alamos Canyon and DP 
Well Otowi-4 in Los Canyon. When in service, Otowi-4 will provide -25% of the water supply to Los Alamos County including the 
Alamos Canyon Laboratory. Laboratory surveillance data indicated the presence of 3H (-50 pCi/1) and 110Sr (35 pCi/1) in TW-3 

located -300 ft northeast of Otowi-4. Los Alamos Canyon has a long history of facility releases with 
contaminants detected in alluvial groundwater eH, 110Sr, 137Cs) and in an intermediate perched zone in the 
Guaje Pumice Bed (3H). These perched zones may provide recharge to the regional aquifer. DP Canyon 
contains radionuclides released from the north side of T A-21 . R-8 could be used as a replacement well for 
TW-3 drilled by cable tool in 1949. I 

FY99 Los Alamos Canyon, Aggregate characterization borehole R-9, located at the eastern Laboratory boundary in Los Alamos Canyon, I 
at the eastern is designed to provide water-quality and water-level data for potential intennediate perched zones and for the 
boundary of the regional aquifer downgradient of Aggregate 1 . Los Alamos Canyon has received treated and untreated 
Laboratory, effluents from Laboratory operations since 1944. Laboratory surveillance data indicate the presence of 
completion of multiple 3H and 110Sr plumes in alluvial groundwater originating from TA-2 and TA-21 . The alluvial groundwater 
LAOI-7 generally disappears west of R-9, suggesting that infiltration from the alluvium may be recharging deeper 

perched systems or the regional aquifer. Predictive modeling and hydrogeological data suggest that 3H and 
110Sr released from TA-21 is possibly within an intermediate perched zone in the vicinity of R-9. The surface 
casing of R-9 has been set and the borehole is scheduled for completion by the ER program in FY-99. A 
more detailed analysis of the placement of A-9 (ER borehole LAOI-7) in Los Alamos Canyon is included in 
the ER workplan for Los Alamos and Pueblo Canyons. 

FYOO Upper Sandia Aggregate characterization borehole R-10 is designed to provide water quality information for a potential 
Canyon intermediate perched zone in the Guaje Pumice Bed. The large intermediate perched zone in Los Alamos 

Canyon is located in this horizon and contains significant 3H (see description of R-7). This perched zone 
appears to be largely confined to the area beneath Los Alamos Canyon west of TA-21 (the Guaje Pumice 
Bed was not saturated in boreholes 21-2523 and LADP-4 north of Los Alamos Canyon), but structure contour 
maps (Broxton and Reneau 1996; Davis et al. 1996) suggest that the gradient of the perching layer changes 
in the vicinity of R-7 and R-10, and water perched in this zone will move southward along the axis of a large 
pre-Bandelier paleo-drainage. R-10 is designed to investigate the southward extension of this perched 
system from the Los Alamos Canyon area. Hydrologic and geologic properties of pre-Bandelier units in A-10 
will be used for ER Project assessments of the airport landfill in OU-1 079. A more detailed analysis of the 
placement of R-10 (ER borehole SCOI-1) in Sandia Canyon is included in the ER workplan for Los Alamos 
and Pueblo Canyons. 

FY01 Near Water Supply R-11, water-supply protection well for PM-3, is located in middle Sandia Canyon east of the TA-72 firing 
Well PM-3 in Sandia range. PM-3 is downgradient from source terms with a long history of releases at T A-53 and TA-21 . R-11 is 
Canyon located between PM-3 and the potential release sites. A-11 will also provide information about groundwater 

gradients near PM-3, which has water levels that are anomalously high compared to elevations expected 
from regional water level maps. 
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes (continued) 

Start Rationale 
Date Location for Borehole 

FY98 Sandia Canyon, at Aggregate characterization borehole R-12, located at the eastern Laboratory boundary in Sandia Canyon, is 
the eastern designed to provide water-quality and water-level data for potential intermediate perched zones and for the 
boundary of the regional aquifer downgradient of _Aggregate 1. R-12 will be continuously cored to 500 It below the top of the 
Laboratory regional aquifer, and this core will support site-wide studies of the hydrogeologic framework by serving as a 

stratigraphic reference section for the northeastern part of the Laboratory. Core from this borehole will be 
used constrain geologic and hydrologic relationships in nearby type-2 boreholes R-9 and R-11 . R-12 serves 
as a water-supply protection well for PM-1. Sandia Canyon has received treated effluents from Laboratory 
operations at T A-3, TA-53, TA-60, and T A-61) though no contaminants have been detected in nearby water 
supply well PM-1 . Intermediate perched zone groundwater was encountered in basalt during drilling of the 
borehole for PM-1, but no water-quality data were collected. The surface casing of R-12 has been set and the 
borehole is scheduled for completion by the ER program in FY-98. A more detailed analysis of the placement 
of R-12 (ER borehole SCOI-3) in Sandia Canyon is included in the ER workplan for Los Alamos and Pueblo 
Canyons. 

FY01 Mortandad Canyon Aggregate characterization borehole R-13 is designed to provide water-quality and water-level data for 
downstream of the potential intermediate perched zones and for the regional aquifer within Aggregate 7. Laboratory surveillance 
T A-50 outfall data collected in Mortandad Canyon show elevated concentrations or activities of N03, 

3H, 110Sr, 137Cs, 
239

•
240Pu, 241 Am, and U in ephemeral surface water and in alluvial groundwater (see descriptions of R-14 and 

R-15). R-15 is located downstream of the outfall for the Laboratory's liquid radioactive waste treatment plant 
at TA-50. Unlike R-15, this location does not contain thick saturated alluvial deposits, and because of its 
proximity to the effluent outfall , there is the potential for direct infiltration into the Bandelier Tuff. Vertical 
migration of 3H beneath the canyon floor has been documented by Stoker et al (1991). R-13 will be located I 

near alluvial well MCQ-4 which contains elevated concentrations or activities of N03, 3H, 110 Sr, 137 Cs, 238Pu, i 

239
•
240 Pu, and 241 Am (EPG 1996). R-13 will be completed in the Puye Formation and will supplement the 

stratigraphic, hydrologic, and geochemical data obtained from R-14 and R-15. A more detailed analysis of 
' 

well placement in Mortandad Canyon will be included in the ER sample and analysis plan that will be 
prepared in FY -97. i 

FY01 Near Water Supply R-14 is a water-supply protection well for PM-5. Previous investigations and surveillance data show that 
Well PM-5 on the surface water and alluvial groundwater in Mortandad Canyon contain 3H, Pu, and N03 released from the 
mesa south of Laboratory's liquid radioactive waste treatment plant at TA-50 (see description of R-15). Elevated activities of 
Mortandad Canyon 3H occurs in core samples collected 10Q-200 It below the canyon floor (Stoker et al. 1991 ). Sampling of Test 

WellS confirmed the presence of 3H (89 pCil1), 110Sr (2.1 pCi/1), 239·240Pu (0.188 pCi/1), 24'Am (0.034 pCil1), and 
N03 (as N, 5.1 mg/1) in the regional aquifer beneath Mortandad Canyon (EPG 1996). R-14 will provide 
information about the radius of influence of pumping from PM-5, and it's location will be optimized to detect 
the migration of contaminants from Mortandad Canyon towards the water supply well. R-14 is part of a 
southeasterly traverse of reference wells that includes R-6 and R-16 and a north-south traverse that includes 
R-1 and R-28. 
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes (continued) 

Start Rationale 
Date Location for Borehole 

FYOO Mortandad Canyon Aggregate characterization borehole R-15 is located in Mortandad Canyon downstream from active and 
below confluence inactive outfalls at T A-5, TA-35, T A-48, TA-50, TA-52, TA-55, and TA-60. This borehole is designed to 
with Ten Site provide water-quality and water-level data for potential intermediate perched zones and for the regional 
Canyon aquifer within Aggregate 7. Laboratory surveillance data collected in Mortandad Canyon show elevated 

concentrations or activities of N03, 
3H, 110Sr, '37Cs, 2311

•
240Pu, 241 Am, and U in ephemeral surface water and in 

alluvial groundwater. Some of the contaminants in alluvial groundwater exceed MCLs (e.g. 32 mgil N03-N in 
MC0-5, MCL = 10 mg/1; 27.9 pCiA 110Sr in MC0-5, MCL = 8 pCil1); and 10.91 pCil1 24 'Am in MC0-4, DCG = 
1.2 pCil1) (EPG 1996). TW-8,1ocated 0.6 mi upstream of R-15, is completed in the regional aquifer within the 
Puye Formation, and it contains elevated activities or concentrations of N03, 3H, 110Sr, 2311 ·240Pu (see 
description of R-14). Contaminant distributions in alluvial groundwater and the observed mobility of 3H, 110Sr, 
and N03 in the unsaturated zone beneath the canyon floor (also see description of R-13) strongly support the ! 

need to install additional monitoring wells in Mortandad Canyon. R-15 may replace TW-8 completed in 1960; 
the location of R-15 will be based on results obtained from R-14. A more detailed analysis of well placement 
in Mortandad Canyon will be included in the ER sample and analysis plan that will be prepared in FY-97. 

FY02 East side of White Site-wide characterization borehole R-16, located in White Rock, is fully-cored reference borehole that 
Rock provides baseline information on the geology, hydrology, and water quality for a large uncharacterized area 

between the eastern boundary of the Laboratory and the Rio Grande. Numerous springs in White Rock 
Canyon probably represent discharge points for intermediate perched zones and the regional aquifer based 
on significant differences in major ion chemistry and stable isotopes. R-16 will determine background water 
quality for intermediate perched zones and the regional aquifer between the Laboratory and the Rio Grande, 
provide information about the depth to the regional aquifer for the eastern part the Laboratory, and clarify the 
relationship between springs in White Rock Canyon and various groundwater zones. These data will 
contribute to the construction of accurate groundwater maps for placing monitoring wells on the eastern side 
of the Laboratory. R-16 is part of a southeasterly traverse of reference wells that includes R-6 and R-14. 

FY02 Two Mile Canyon Aggregate characterization borehole R-17, a major tributary to Pajarito Canyon, is designed to provide 
information about intermediate perched zones, depth to the regional aquifer, and water quality of intermediate 
perched zones and the regional aquifer in the poorly-characterized northwest part of the Laboratory. It is 
located downstream from Laboratory release sites at TAs 3, 6, 58, 59, 62, and 69, but is in an area that has 
not been characterized for either groundwater or contaminants. Water-level data from R-17 will be integrated 
with data from R-6, R-13, R-18, R-24, and R-25 to create an accurate water table map for the west-central 
part of the Laboratory; this map will be used for placement of long term monitoring wells for Aggregates 5, 6, 
and 7. R-17 will also provide upgradient water quality information for Aggregate 7. A more detailed analysis of 
well placement in Pajarito Canyon and it tributaries will be included in the ER sample and analysis plan that 
will be prepared in FY-98. 
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes (continued) 

Start Rationale 
Date Location for Borehole 

FY99 Pajarito Canyon Aggregate characterization borehole R-18 is designed to provide information about intermediate perched 
above confluence zone groundwater, depth to the regional aquifer, and water quality of perched zones and the regional aquifer 
with Two Mile in the poorly-characterized west-central part of the Laboratory. It is located downstream from Laboratory 
Canyon release sites at T As 8, 9 14, 22, 40, and 69, but is in an area that has not been characterized for either 

groundwater or contaminants. The occurrence of surface flow through most of the year indicates perched 
alluvial groundwater is present in this part of the canyon. Water-level data from R-18 will be integrated with 
data from A17, R-13, A-19, A-25, and R-27 to create an accurate water table map for the west-central part of 
the Laboratory; this map will be used for placement of long term monitoring wells for Aggregates 5, 6, and 7. 
R-18 is located east of the proposed NMED monitoring well TH-11, but it could fulfill the requirements of that 
borehole to explore for perched water in the Bandelier Tuff while providing additional information about 
possible recharge through the floor of upper Pajarito Canyon. A more detailed analysis of well placement in 
Pajarito Canyon will be included in the ER sample and analysis plan that will be prepared in FY-98. 

FY01 Pajarito Canyon Aggregate characterization borehole A-19 is designed to provide information about intermediate perched 
upstream of TA-18 zone groundwater, depth to the regional aquifer, and water quality in the poorly-characterized central part of 

the Laboratory. This portion of Pajarito Canyon is characterized by springs and alluvial groundwater. R-19 
provides downgradient water-quality data for release sites in upper Pajarito Canyon and upgradient data for 
TA-18. R-19 will help constrain the location of the axis of the south-draining pre-Bandelier paleo-drainage 
which trends through this area (see description of R-10). Water-level data for intermediate perched zones and 
the regional aquifer measured in A-19 will be used to optimize the placement of monitoring well locations for 
surrounding Aggregates 2, 6 , and 7. A more detailed analysis of well placement in Pajarito Canyon will be 
included in the ER sample and analysis plan that will be prepared in FY-98. 

FY01 Near Water Supply R-20, water-supply protection well for PM-2, is located in lower Pajarito Canyon southwest MDA L and MDA 
Well PM-2in G at TA-54. MDA L has an organic vapor plume(s) consisting of 1,1 , 1-TCA, TCE, CCI4, that has migrated to a 
Pajarito Canyon depth at least 500ft within basalts under the Bandelier Tuff. MDA G contains numerous disposal pits filled 

with radioactive materials containing isotopes of Am, Np, Pu, and U. R-20 is sited between PM-2 and MDA L. 
Alluvial groundwater within lower Pajarito Canyon contains above background activities of solvents, high 
explosives, 3H, N03, and U, all which are below MCLs. Intermediate perched zones may occur within the 
Bandelier Tuff, based on drilling logs for PM-2, and within basalts. Alluvial and intermediate perched zone 
groundwaters may provide a source of recharge to the regional aquifer. 

FY02 MDA LatTA-54 Aggregate characterization borehole R-21 is designed to evaluate and monitor hydrologic and geochemical 
conditions in the regional aquifer beneath MDA L. The ER Project has detected dense non-aqueous phase 
vapors beneath MDA L; these organic vapors have migrated through fractures in the Bandelier Tuff and the 
underlying basalts to a depth of 500ft (see description of R-20). Data for R-21 will be compared to data for 
water-supply protection well R-21 near PM-2 to evaluate the migration of the organic contaminants beneath 
MDA L and their potential movement to PM-2 during pumping. A more detailed analysis of well placement at 
MDA L will be included in an addendum to the ER sample and analysis plan for OU-1148. 

---------
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes (continued) 

Start Rationale ' 

Date Location for Borehole 

FY98 Pajarito Canyon, Aggregate characterization borehole R-22, located near the southeastern Laboratory boundary in Pajarito 
west of White Rock Canyon, is designed to provide water-quality and water-level data for potential intermediate perched zones 

and for the regional aquifer downgradient of Aggregate 2. Aggregate 2 includes MDA land MDA G (See 
description of R-20). In addition, this location is downgradient of numerous other laboratory technical areas 
which released high explosives, radionuclides, organic solvents, and inorganic solutes. Alluvial groundwater 
within middle Pajarito Canyon (TA-18 and TA-36) contains elevated concentrations of N03-N, U, and 1-2 
DCA (EPG 1996; ICF Kaiser 1996). Thinning of alluvium near the eastern Laborato!)' boundary suggests 
recharge to underlying basalts may be occurring in this area. Similar occurrences of intermediate perched 
zones have been found in Pueblo Canyon where alluvium thins over basalts. large springs (e.g. Pajarito 
Spring) discharge from basalts in lower Pajarito Canyon into White Rock Canyon. Water-quality 
characteristics will be compared for R-22 and the springs to evaluate whether these groundwater-bearing 
zones are hydrologically connected. The continuous core collected this borehole will support site-wide studies 
of the hydrogeologic framework of the Laboratory by serving as a stratigraphic reference section for the 
southeastern part of the Laboratory. Core from this borehole will be used constrain geologic and hydrologic 
relationships in surrounding type-2 boreholes R-21 and R-23. A more detailed analysis of well placement in 
Pajarito Canyon will be included in the ER sample and analysis plan that will be prepared in FY-98. 

FY02 Potrillo Canyon 0.5 Aggregate characterization borehole R-23, located near the southeastern laboratory boundary, is designed 
mi west of State to provide water-quality and water-level data for potential intermediate perched zones and for the regional 
Road4 aquifer downgradient of active firing sites in in Potrillo Canyon. The main contaminants released from these 

sites are U and Be. R-23 is designed to evaluate the distribution of U and other contaminants and solutes 
beneath Potrillo Canyon. R-23 is sited within a hydrological sink, a broad area of infiltration on the canyon 
floor that typically marks the easternmost occurrence of surface water flow in this canyon. R-23 will evaluate 
the hydrological sink as a possible recharge zone for perched groundwater and for the regional aquifer. R-23 
is part of a series wells including R-22, R-29, and R-32 that will evaluate groundwater leaving the 
southeastern part of the Laboratory. A more detailed analysis of well placement in Potrillo Canyon will be 
included in the ER sample and analysis plan that will be prepared in FY-02. 

FY02 Near Pajarito fault Site-wide characterization borehole R-24 is located near the trace of the Pajarito fault system west of 
system west of Aggregate 5. This borehole will provide water-quality and water-level data for intermediate perched zones 
TA-16 and the regional aquifer on the upthrown block of a major spray of the Pajarito fault system. The location and 

occurrence of perched water and water level data for the regional aquifer, when compared with similar data 
from R-25 and R-26 on the downthrown block, will be used to evaluate the influence of the Pajarito fault 
system on the regional piezometric surface and provide information about its role as a recharge zone. R-24 
will be used to establish boundary conditions on the western side of the laboratory for numerical models of 
groundwater flow. Water-quality data from intermediate perched zone and regional groundwater in R-24 will 
define background conditions upgradient from the Laboratory, and in particular for Aggregate 5. These 
background geochemical data will be used to define potential impacts on groundwater from Laboratory 
facilities and to provide input data for geochemical and hydrological modeling of different groundwater 
systems. 

-----
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes {continued) 

Start Rationale 
Date Location for Borehole 

FY99 Near MDA Pin Site-wide characterization borehole R-25 is a multipurpose borehole located adjacent to MDA P in Aggregate 
Canon de Valle 5. Continuous core collected this borehole will support site-wide studies of the hydrogeologic framework of 

the laboratory by serving as a stratigraphic reference section for a large, poorly-characterized area in the 
southwest part of the laboratory. Core from this borehole will be used constrain geologic and hydrologic 
relationships in surrounding type-2 boreholes, including R-17, R-18, R-24, R-26, and R-27. This hole will 
provide critical information about the depth to the regional aquifer for this area; water-level measurements 
from nearby borehole SHB-3 suggest that the regional aquifer may be much higher than expected from 
projections based on current laboratory water-level maps. R-25 will also provide water-quality data for 
intermediate perched zones and the regional aquifer downgradient from MDA P and from other release sites 
further west in the Canon de Valle watershed. Springs issuing from the upper Bandelier Tuff in this area are 
contaminated with high explosives, nitrate, and Ba. R-25 is part of a southeasterly traverse of reference wells 
that includes R-28 and R-32 and a north-south traverse that includes R-6. 

FY02 Near Pajarito fault Site-wide characterization borehole R-26 is located near the trace of the Pajarito fault system near the 
system in Water southwest corner of the laboratory. This borehole will provide water-quality and water-level data for perched 
Canyon systems and the regional aquifer on the downthrown block of the Pajarito fault system. Numerous springs, 

including the large Water Canyon Gallery, issue from the Bandelier Tuff in Water Canyon. Water-level 
measurements from nearby borehole SHB-3 suggest that the regional aquifer may be much higher than 
expected from projections based on current laboratory water-level maps. The location and occurrence of 
perched water and water level data for the regional aquifer, when compared with similar data from R-24 and 
R-25 on the downthrown and upthrown blocks, respectively, will be used to evaluate the influence of the 
Pajarito fault system on the regional piezometric surface and provide information about its role as a recharge 
zone. Water-quality data from intermediate perched zone and regional groundwater in R-26 will define 
background conditions in a large wet canyon upgradient from the laboratory, and in particular for Aggregate 
5. These background geochemical data will be used to define potential impacts on groundwater from 
laboratory facilities and to provide input data for geochemical and hydrological modeling of different 
groundwater systems. 

FYOO Confluence of Water Aggregate characterization borehole R-27 is designed to characterize baseline water quality in intermediate 
Canyon and Canon perched zones and in the regional aquifer groundwater upgradient of Aggregate 3. Degradation products of 
de Valle high explosives (2,4-dinitrophenol, 130 mg/1; pentachlorophenol 110 mg/1) were detected in the regional 

aquifer at test well DT-9 in Aggregate 3 (EPG 1995), however it is uncertain if these contaminants are derived 
from TA-49 or from firing sites in Aggregates 5 or 6. R-27 also will provide baseline information on the 
geology, hydrology, and water quality for the poorly-characterized south-central part of the laboratory. These 
data will be used in conjunction with data from R-28 and R-30 to optimize placement of monitoring wells in 
the vicinity of Aggregates 3, 5, and 6. A more detailed analysis of well placement in Water Canyon and 
Canon de Valle will be included in the ER sample and analysis plan to be prepared by FY-DO. 
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Bore 
Hole' 

R-28 

R-29 

R-30 

R-31 

Timing Priority/ Well 
Funding Sourcti Typtf 

5 3/4 

NWT 

27 2 

NWT 

32 2 

ER 

4 2 

NWT 

Table 4-t. Rationale For Proposed Regional Aquifer Boreholes (continued) 

Start Rationale 
Date Location for Borehole 

FY99 Near WC0-1 in Site-wide characterization borehole R-28 is a multipurpose borehole located in the middle reach of Water 
Water Canyon Canyon. The continuous core collected this borehole will support site-wide studies of the hydrogeologic 

framework of the Laboratory by serving as a stratigraphic reference section for the south-central part of the 
Laboratory. Core from this borehole will be used constrain geologic and hydrolog1c relationships in 
surrounding type-2 boreholes, including R-19, R-20, R-27, R-30, and R-31. This borehole will provide water 
quality information for potential intermediate perched zones and for the regional aquifer beneath potential 
release sites in Aggregate 6, and it will provide information for optimizing the placement of monitoring wells in 
this part of the Laboratory. R-28 is presently scheduled to be completed as a type 3 well, but the option is 
preserved to advance these boreholes to a total depth 4000 It and to include multiple completions of the well 
if funding agencies decide further characterization of regional aquifer groundwater resources is required. 
Multiple completions in this borehole could identify groundwater capture zones for potential future water 
supply wells, and provide information on vertical hydraulic gradients, saturated hydraulic conductivities, 
vertical stratification of water-quality in the regional aquifer, and patterns of water-yielding characteristics 
within the mid-Miocene high-permeability zone of Purtymun (1995), the Puye Formation, and interbedded 
basalts. R-28 is part of a southeasterly traverse of reference wells that includes R-25 and R-32 and a north-
south traverse that includes R1 and R-14. 

FY02 Lower Water Site-wide characterization borehole R-29 is located in lower Water Canyon. It will provide information about 
Canyon near the depth to the regional aquifer in a poorly-characterized area, and the water-level data will be used to 
confluence of optimize the placement of downgradient monitoring wells along the eastern Laboratory boundary. Because of 
Potrillo and Water its location, R-29 may be used to monitor the water quality of groundwater leaving the Laboratory. This 
Canyons borehole will also provide information about the distribution and characteristics of deep stratigraphic and 

hydrogeologic units in an area where deep borehole information is lacking. Water-quality data from perched 
and regional groundwaters in R-29 will be compared to similar data for springs in White Rock Canyon to 
identify potential groundwater flow paths near the Rio Grande. 

FY02 Deepening of Aggregate characterization borehole R-30 will deepen borehole 49-2-70Q-1 in Aggregate 3 from the current 
existing borehole depth of 700 It to approximately 1600 ft . This borehole will determine water quality in intermediate perched 
49-2-70Q-1 at TA-49 zones and in the regional aquifer beneath MDA AB, which was used for underground hydronuclear 

experiments. Shafts at MDA AB contain an estimated inventory of 2500 Ci of 2311 Pu, 241 Am, and U, as well as 
90,000 kg of Pb and 11 kg of Be. Because buried contaminants are likely to be capped and left in place at 
TA-49, R-30 and nearby boreholes R-27 and R-28 may be used as components of a regional monitoring 
system for this part of the Laboratory. A more detailed analysis of well placement in Water Canyon will be 
included in an addendum to the ER sample and analysis plan for OU-1144. 

FY99 In Ancho Canyon Site-wide characterization borehole R-31 is located downgradient of open burning/open detonation sites in 
down gradient of Aggregate 6 and upgradient of firing sites in Aggregate 4. The primary objective of this borehole is to provide 
Aggregate 6 and water-quality data for potential intermediate perched zones and for the regional aquifer. This borehole will 
downgradient of contribute to the optimization of long-term monitoring wells for Aggregates 4 and 6 by placing better 
Aggregate 4 constraints on the geometry of the regional aquifer in this area. 
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Table 4-1. Rationale For Proposed Regional Aquifer Boreholes (continued) 

Bore Timing Priority/ Well Start Rationale 
Hole' Funding Sourcfi Typfil Date Location for Borehole 

R-32 7 3 FYOO Near Ancho Spring Site-wide characterization borehole R-32 is located west of Ancho Spring in lower Ancho Canyon. This fully-

NWT in Ancho Canyon cored borehole is designed to provide baseline information on the geology, hydrology, and water quality for 
the poorly studied southeastern boundary of the laboratory. It will be the reference borehole for nearby type 
2 boreholes R-19 and R-31. R-32 is located within Aggregate 4 and will provide water-quality and water-level 
data for intermediate perched zones and the regional aquifer in this area. Water-quality data for R-32 will 
compared to similar data for springs in White Rock Canyon to identify potential groundwater flow paths near 
the Rio Grande. Water samples from Ancho Spring contain high explosives and depleted U which probably 
originated from firing sites in Aggregates 4 or 6. R-32 is a potential monitoring well for contaminants leaving 
the laboratory. R-32 is part of a southeasterly traverse of reference wells that includes R-25 and R-28. 

1 Boreholes are labeled from north to south. See Proposed Regional Wells map, Plate 2 in Appendix 6 for borehole locations. This hydrogeologic workplan is based on conceptual models derived from 
existing data sources. However, yearly assessments of newly acquired data could result in substantial revisions to the scope of the proposed work, including the number of boreholes to be drilled. Thus, 
inclusion in this table does not represent a commitment to drill the boreholes listed. Revisions to the Workplan will be negotiated with regulators on an annual basis. 

2 This hydrogeologic workplan integrates the technical and regulatory needs of its two funding sponsors, the Nuclear Weapons Technology Program's Monitoring Well Installation Project (NWT) and 
Environmental Management's Environmental Restoration Project (ER). Both projects adjusted their drilling schedules (generally moving the start dates of lower priority boreholes ahead of higher 
priority boreholes) to achieve a more unified and integrated drilling program, particularly in cases where boreholes drilled by one project provided information critical to the placement or design of 
boreholes for the other project. The ER Project will install three wells per year beginning in FY98. NWT wells will be installed at a rate of four per year beginning in FY99. To maintain maximum 
flexibility, the placement of boreholes are considered approximate and are subject to change as new data becomes available during the course of the drilling program. The placement of boreholes 
scheduled later in the schedule are more likely to change than those scheduled earlier because of improvements in the conceptual model with time. Additions or deletions of boreholes in this table are 
likely as the Laboratory's understanding of contaminant distributions and the hydrogeologic setting improves over time. Additional boreholes will be added to the schedule as necessary to monitor 
contaminated intermediate perched zones encountered in boreholes to the regional aquifer. 

3 Well Types: 2=regional aquifer well, single completion, limited core, drilled 500ft into top of regional aquifer; 3=regional aquifer well, single completion, continuous core, drilled 500ft into top of 
regional aquifer; 4--presently equivalent to Type 3 wells, but the option is preserved to advance the boreholes for these wells to a total depth of 4000 ft and to include multiple completions of the wells if 
funding agencies decide further characterization of regional aquifer groundwater resources is required. 



Table 4-2. Installation Sequence for Proposed Wells 

Timing Funding 
Borehole Score Year Program Location 

R-9 15 FY98 ER Los Alamos Canyon at eastern boundary of Laboratory 

R-12 20 FY98 ER Sandia Canyon at eastern boundary of Laboratory 

R-25 20 FY98 NWT Canon de Valle near MDA P 

R-5 19 FYOO NWT Pueblo Canyon near water supply well Otowi-1 

R-31 18 FY01 NWT Ancho Canyon downgradient of Aggregate 6 

R-28 18 FY01 NWT Water Canyon near WC0-1 

R-7 18 FY98 ER Los Alamos Canyon south of TA-21 

R-32 18 FY01 NWT Ancho Canyon near Ancho Spring 

R-22 18 FY98 ER Pajarito Canyon at eastern boundary of Laboratory 

R-2 17 FYOO NWT Pueblo Canyon near TW-4 

R-18 17 FY99 ER Pajarito Canyon above Two Mile Canyon confluence 

R-1 15 FY01 NWT Rendija Canyon north of Los Alamos 

R-3 15 FY99 ER Pueblo Canyon between TW-2/2A and TW-4 

R-15 15 FYOO ER Mortandad Canyon near sediment traps 

R-27 15 FYOO ER Water Canyon and Canon de Valle confluence 

R-8 13 FYOO NWT Los Alamos Canyon near water supply well Otowi-4 

R-10 13 FYOO ER Sandia Canyon south of TA-21 

R-4 13 FY01 ER Pueblo Canyon between TW-2/2A and LA County sewage treatment plant 

R-20 13 FY02 NWT Pajarito Canyon near water supply well PM-2 

R-14 13 FY02 NWT Mesa top well between Mortandad Canyon and water supply well PM-5 

R-13 13 FY01 ER Mortandad Canyon downgradient of T A-50 outfall 

R-19 13 FY01 ER Pajarito Canyon upgradient of T A-18 

R-17 13 FY02 ER Two Mile Canyon 

R-6 12 FY03 NWT Los Alamos Canyon at western boundary of Laboratory 

R-11 12 FY03 NWT Sandia Canyon near water supply well PM-3 

R-23 12 FY02 ER Potrillo Canyon at hydrologic sink 

R-29 11 FY03 NWT Water Canyon near eastern boundary of Laboratory 

R-24 11 FY02 NWT Mesa top west of TA-16 between Canon de Valle and Pajarito Canyon 

R-26 11 FY02 NWT Water Canyon at western boundary of Laboratory 

R-16 11 FY03 NWT Canada del Buey on the east side of White Rock 

R-21 11 FY02 ER Mesita del Buey at TA-54, MDA L 

R-30 10 FY02 ER Frijoles Mesa at T A-49 
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The implementation of the DQO Process recognized the relevant hydrogeologic work performed by the 
ER Project and the Laboratory's Environmental Surveillance Program, as well as the prospective 
contributions from the Laboratory's Monitoring Well Installation Project (MWIP) being funded by the 
Nuclear Weapons Technology (NWT) Program on behalf of the DOE Defense Program's Landlord 
responsibilities. The NWT MWIP is budgeted as a FY99 (October 1998) new start project, however 
advance funding has been received in FY98 expediting the construction of well R-25 . The ER Project 
activities are presently ongoing. Installation of both the NWT Program wells and the ER Project wells 
now make up the comprehensive MWIP. The NWT Program and ER Project are subject to DOE funding 
changes on an annual basis, with annual changed for the ER Project dependent on DOE's review of the 
ER Project's Annual Baseline Report. However, the RCRAIHSW A schedule of compliance will be met 
by the Laboratory. 

The DQO Process prospectively identified 84 wells for installation: 51 alluvial wells; one intermediate 
perched zone well; and 32 regional aquifer wells, with the boreholes for the regional aquifer wells being 
used also to characterize any intermediate perched zones encountered during borehole advancement. The 
locations ofthe proposed wells are shown in Figures 4-1 and 4-2 and on large-scale plates in Appendix 6. 
Table 4-1 contains the rationale for each of the 32 regional aquifer wells and Table 4-2 lists the sequence 
of installation. Installation of these wells will be subject to negotiation with the NMED as described in the 
following paragraphs, and there is no commitment implied by the identification of prospective numbers 
and locations. 

The Groundwater Protection Management Program Plan (GWPMPP) (LANL 1996a) requires the 
preparation of an annual groundwater status report summarizing groundwater protection activities. The 
annual status report will be prepared by the Laboratory, and distributed internally during December of 
each calendar year. Following internal review, the annual report will be transmitted to DOE and the New 
Mexico Environment Department (NMED) and presented to the Technical Review Committee by January 
15th. The annual report, and comments received from the NMED and the Technical Review Committee 
will form the basis for ensuing negotiations with NMED regarding the next year's Workplan scope and 
schedule. 

As discussed in Section I, the Laboratory intends to continue the DQO Process throughout the 
implementation of this Workplan. As each activity is performed or well installed, the new data will be 
incorporated into a central database and will be input into modeling activities. Additionally, new data will 
be used in an iterative manner in reassessing DQOs for the Workplan. In March of each calendar year 
(beginning March 1998), the Laboratory and DOE will meet with NMED to review characterization 
results and reassess the future of characterization activities and the well installation program regarding the 
numbers, locations, sequence, and design. Commitments for future well installation beyond the three 
wells scheduled in FY98 (See Section 1.5) will be negotiated annually. Thus, this annual meeting will 
result in a renegotiation of all Workplan activities and the schedule for their performance. 

Also, as previously discussed in Section 3.0, the Laboratory will establish a team (the GIT) with the 
Water Quality and Hydrology Group (ESH-18) being responsible for performance and project leadership. 
The purpose of the team will be to oversee the schedule for all Workplan activities, and to provide a 
forum for ensuring that the deliverables ofWorkplan activities are produced on schedule, that the data 
derived from those deliverables are fully integrated into the central database, that any revisions of the 
conceptual model indicated by the new data are made, and that the revised conceptual model and future 
data needs pursuant to that model are integrated with the other objectives of this Workplan. The GIT will 
meet as needed and its membership will represent multiple Laboratory organizations and projects 
germane to the objectives of this Workplan. 
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Figure 4-1. Proposed alluvial groundwater and intermediate perched zone well locations. 
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Figure 4-2. Proposed regional aquifer well locations. 
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4.1.1 Well Types 

The DQO process identified both data needs and data collection designs. In those cases where the data 
collection design specified the use of a well, decisions were made as to what data would be collected and 
the borehole advancement and well installation specifications required to accommodate the data need. 
Five types of wells were identified- alluvial; intermediate perched zone; and three types of regional 
aquifer wells differentiated by depth and commensurate borehole dimensions, amount of core collected, 
and well completion details. The boreholes for all three 3 types of regional aquifer wells will be used to 
collect information on intermediate perched zones, the perching horizons, and the hydrogeology beneath 
the perched zone(s) that may be encountered in advancement. 

The generalized specifications for the 5 borehole/well types are described briefly below. Regarding the 
well types 2 through 5, a detailed design will be prepared for each individual borehole/well, which may 
include various completion scenarios for budget estimate purposes. The detailed designs will be submitted 
to NMED for their review and comment. Final selection of the completion method, with details regarding 
screen length, will be proposed to NMED based on the characterization findings after reaching the total 
depth of the borehole. 

4.1.1.1 Type 1 Wells 

Type 1 wells are the alluvial wells that will be installed by the ER Project. The following borehole 
advancement and installation specifications apply to these wells. Figure 4-3 is a prototype drawing of the 
borehole and well. 

Borehole Advancement and Well Installation Specifications 

a) Boreholes will be advanced using a hollow-stem auger through the alluvium to a depth 5 ft into 
the underlying competent layer (e.g. tuff). 

b) Borehole advancement strategy includes: hollow-stem auger through alluvium into tuff with 4.25 
in I.D. (6.625 in O.D.) hollow-stem auger, and obtain 5 ft core at tuff interface; over-ream pilot 
hole with 6.625 in I.D. (10.75 in O.D.) hollow-stem auger creating a 12 in borehole 

c) No coring in the alluvium, but approximately 5 ft of core will be collected in the competent layer. 
A well log will be prepared based on borehole cuttings. 

d) Well casing and screen will consist of Schedule 40 PVC pipe and have a 4 in I.D. (4.5 in O.D.). 
Install 4 in PVC pipe inside hollow stem with 30 ft screen (0.0 10 in [ # 1 0] machine-slotted, flush 
threads) and 5 ft blank casing sediment sump (bottom capped with 3/8 in weep hole drilled in cap 
resting on gravel bed); and complete with filter material to form 2:3 in filter pack, unless 
alternative annulus spacing is proposed to NMED for approval. The slot size for screen and 
selection of filter pack materials will be based on sieve analysis of geologic cuttings in the zone 
to be screened. 

e) A steel protective cover will be installed over the well casing extending above ground level. A 
lockable protective cover extending at least 2 ft below ground surface will be cemented in place. 

f) The top of the well will be finished with a concrete pad 3 ft x 3ft x 4 in. Installation ofbollards 
will be optional (depending on location). 
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End cap with 3/8 in. weep hole 
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Figure 4-3. Type 1 (alluvial) well design. 
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4.1.1.2 Type 2 Wells 

The Type 2 wells are regional aquifer wells, typically completed with a single well screen, although a 
multiple completion design may be considered, depending on data quality objectives and characterization 
findings from borehole advancement. The general objective of type 2 wells is to provide information on 
subsurface lithology and intermediate perched zone and regional aquifer groundwater quality. 
Intermediate perched zone groundwater encountered during drilling will be sampled for analyses after 
resting the borehole up to 24 hours. Because of the general geology, inherent drilling complexities, and 
currently available cost-effective installation techniques, the Laboratory may employ different drilling 
methods including, but not limited to hollow-stem auger, air-rotary/OdexTMfStratex™, air rotary/Barber 
rig, and mud-rotary drilling. 

The boreholes for these wells will be drilled at least 100 ft, and potentially up to 500 ft, into the regional 
aquifer and approximately 10% of the borehole will be cored with emphasis at intermediate perched 
groundwater zones and stratigraphic contacts. Core will also be collected at other zones of hydrologic 
significance e.g. buried soil horizons and at the top of the regional aquifer. Core and cuttings will be 
collected and subjected to chemical analyses and physical testing, and the borehole will be subjected to a 
variety of geophysical tests describe later in this section. The number and length of the screened 
interval(s) in wells advanced to the regional aquifer will be determined on a site-specific basis and 
proposed to the NMED, with technical consideration of pertinent regulatory requirements and guidance. 
The slot size for screen(s) and selection of filter pack materials will be based on sieve analysis of geologic 
cuttings in the zone to be screened. The following borehole advancement and installation specifications 
generally apply to these wells. Figures 4-4 and 4-5 are general prototype drawings based on carbon steel 
casing and single screen completion of the borehole and well. 

Borehole Advancement and Well Installation Specifications 

a) A carbon steel surface casing approximately 20 in diameter will be set from the land surface to 
approximately 20 ft deep. In locations where alluvium is present, the surface casing will extend 
approximately 10 ft into the underlying competent layer and be grouted in place. 

b) During borehole advancement, the drilling method will employ an outer temporary casing 
advanced to the total depth of the borehole (or utilize other technical methods) to minimize and/or 
prevent migration of fluids between any perched intermediate zones and the regional aquifer. 

c) Boreholes will be advanced with 10% core collection to a depth of at least 100 ft, and potentially 
up to 500ft into the regional aquifer. If the borehole is advanced more than 100ft and a single 
completion is planned, then the borehole will be backfilled to the upper 100ft ofthe regional 
aquifer. The design for final well completion will be determined upon completion of the borehole, 
and proposed to NMED. The number and length of the screened interval(s) in wells advanced to 
the regional aquifer will be determined on a site-specific basis and proposed to the NMED, with 
technical consideration of pertinent regulatory requirements and guidance. The slot size for 
stainless steel screen(s) and selection of filter pack materials will be based on sieve analysis of 
geologic cuttings in the zone to be screened. 

d) The well will be constructed of 6 5/8 in O.D. mild carbon steel casing from land surface to the top 
of the stainless steel screen, unless other construction materials are proposed to NMED for 
approval. A transitional coupling will be installed between the two casing types to minimize the 
potential for corrosion. An annulus 2: 3 in will be provided, unless alternative annulus spacing is 
proposed to NMED for approval. Approximately 10ft of blank casing with an end cap will be set 
at the base of the screen. Centralizers will be used at approximately 100 ft intervals. 

e) All backfill materials (grout, bentonite, sand) will be tremied/pressure grouted in place. 
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Borehole may continue to [ 
approximately 400 ft for 
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Surface casing-mild carbon steel set 20 ft deep or 
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flush-threaded joints 
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Figure 4-4. Types 2 and 3 (regional) well design. 
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Figure 4-5. Types 2 and 3 (regional) well design detail. 
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f) A lockable steel protective cover will be cemented in place over the well casing extending at least 
2 ft below ground surface. 

g) The top of the well will be finished with a concrete pad 4 ft x 4 ft x 4 in. The wellhead will be 
fenced with 8 foot chain link fencing, topped with barbed wire, 15 ft on a side, with one side 
gated and padlocked. 

h) A dedicated submersible pump and transducer will be installed in each well following well 
completion and development. If a well is completed with multiple screened intervals, a portable 
sampling device may be employed. 

4.1.1.3 Type 3 Wells 

The Type 3 wells are identical to the Type 2 wells except that greater than 10% of the core shall be 
recovered from the boreholes. Along with the two Type 4 wells described below, the boreholes for these 
wells will provide a library of lithologic information that can be used to create stratigraphic cross-sections 
across the Laboratory. These wells are referred to as "Library Wells" or "Library Core Holes". The 
description and borehole advancement and well installation specifications listed for Type 2 wells also 
apply to the Type 3 wells. Figures 4-4 and 4-5 are general prototype drawings based on carbon steel 
casing and single screen completion of the borehole and well. 

4.1.1.4 Type 4 Wells 

The Type 4 wells are similar to the Type 2 and 3 wells, except the boreholes will be advanced to the depth 
of 4,000 ft 1 and the wells completed using a multiple completion system, in order to collect groundwater 
zone data at multiple depths. There are many advantages of using a multi-completion well. They include: 
1) the ability to conduct repeatable sampling and testing of discrete groundwater zones within the same 
well; 2) measurements of vertical gradients in discrete groundwater zones within the same well ; and 3) 
provides the most information for multiple groundwater zones for the least cost. Similar to Type 3 wells, 
the boreholes for these wells will be cored > 10% and :::: 100% to a depth of at least 100 ft, and potentially 
up to 500 ft into the regional aquifer. These wells have been specifically located to provide the most 
useful pilot characterization information for development of future water supply for the Laboratory and 
Los Alamos County. Should the borehole advancement encounter perched intermediate zone(s) during 
drilling, the procedures for groundwater sampling described above for Type 2 and 3 wells will be 
followed. 

These wells will be completed using a system of packers and multi-port Westbay-type casing. The 
following borehole advancement and installation specifications apply to these wells. Figure 4-6 is a 
general prototype drawing ofthe borehole and well and Figure 4-7 shows a Westbay-type design. 

1 As of the date of publication of this Workplan, DOE has decided that at this time, the two Type 4 wells will be 
limited in depth to 500ft below the top of the regional aquifer, providing hydrogeologic characterization 
information vital to the characterization objectives of the Workplan following the construction specifications of the 
Type 3 wells. The deeper advancement of the Type 4 wells has been separated i.e. R-Id and R-28d versus R-1 and 
R-28 in the drilling schedule and moved to the end of the drilling schedule i.e. 2004-05. Future DOE decision­
making will determine whether the Type 4 wells will ultimately be completed to the 4,000 ft target depth or deleted 
from the project scope. 
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Surface casing-mild carbon steel set 20 ft deep 
or 10ft into underlying bedrock 

Conductor casing-set approx. 400 to 500 ft 
below main aquifer surface; mild carbon steel 
above, stainless steel below saturated zone. 
Transition couping installed for minimization 
of corrosion. 

Well casing-stainless steel 

Bentonite 

Stainless steel, 0.01-in. slot, Johnson-type 
well screening with prefabricated gravel packs; 
8-9-in. screens per well; 10 ft in length 

Stainless steel sump-20 ft in length 
End cap 

Figure 4-6. Type 4 (regional) well design. 
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Figure 4-7. Westbay-type design for multi-level monitoring. 
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Borehole Advancement and Well Installation Specifications 

a) Boreholes will be advance with> 10% and~ 100% to a depth of at least 100ft, and potentially up 
to 500ft into the regional aquifer using air-rotary/Odex/Stratex, air-rotary/Barber rig, or other 
competent drilling system. Once the borehole is advanced 2: 100 ft but < 500 ft into the regional 
aquifer, if conditions are favorable for mud-rotary drilling, mud-rotary drilling will be used to 
advance the borehole to a total depth of 4,000 ft. 

b) A carbon steel surface casing approximately 30 in diameter (in an approximate 42 in borehole) 
will be set from the land surface to approximately 20ft deep. In locations where alluvium is 
present, the surface casing will extend approximately I 0 ft into the underlying competent layer. 

c) During borehole advancement, the drilling method will employ an outer temporary casing 
advance to the total depth of the borehole (or utilize other technical methods) to minimize and/or 
prevent migration of fluids between any perched intennediate zones and the regional aquifer. 

d) The primary casing string will consist of 6 5/8 in O.D. mild carbon steel casing from the land 
surface to approximately 50 ft above the regional aquifer. 6 5/8 in O.D. stainless steel well 
casing/screen will be used from this depth to the bottom of the well. A transitional coupling will 
be installed between the two casing types to minimize the potential for corrosion. The slot size for 
screen and selection of filter pack materials will be based on sieve analysis of geologic cuttings in 
the zone to be screened. 

e) The wells will be completed with TAMTM-style packer/port collar systems to facilitate successful 
emplacement of grout without adversely impacting screened intervals. An annulus ;::: 3 in will be 
provided, unless alternative annulus spacing is proposed to NMED for approval. Stainless steel 
Johnson-type well screens 10ft in length with pre-fabricated gravel packs will be installed at 
selected intervals as part of the inner casing string. Well R-1 will have 8 screened intervals; well 
R-28 will have 9 screened intervals. Approximately 20ft of blank casing with an end cap will be 
set at the base ofthe screen. Centralizers will be used at approximately 100ft intervals. 

f) All backfill materials (grout, bentonite, sand) will be tremied/pressure grouted in place. 

g) AMP-55 Westbay™-type well casing string with the appropriate number of sample ports will be 
set inside the 6 5/8 in O.D. stainless steel casing. 

h) A lockable steel protective cover extending at least 2ft below ground surface will be cemented in 
place over the well casing. 

i) The top of the well will be finished with a concrete pad 4ft x 4ft x 4 in. The wellhead will be 
fenced with 8 foot chain link fencing, topped with barbed wire, 15 ft on a side, with one side 
gated and padlocked. 

4.1.1.5 Type 5 Wells 

The Type 5 well(s) will be completed in an intennediate perched zone with either a single or multiple­
screen completion similar to the Type 2 and 3 wells, e.g. final completion designs will be detennined by 
characterization findings in the borehole and proposed to NMED. Borehole(s) will be advanced with 
~ 10% core collection over the total depth of the borehole. The following borehole advancement and 
installation specifications apply to Type 5 wells. Figure 4-8 is a general prototype drawing of the borehole 
and well. 
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Sliding bar-protective locking well cover 

Galvanized steel protective box; cemented 
1.5 ft into concrete pad 

Concrete pad-3ft x 3ft x 0.3 ft 

Conductor casing-carbon steel, set 5 ft 
into basalt 

Well casing-Schedule 40 PVC; 
flush-threaded joints 

Bentonite 

Fine sand transition zone 

Schedule 40 PVC 0.01-in. slot machine­
slotted screen with flush-threaded joints 

Filter material-greater than 90% 
silica, properly sized grains 

Schedule 40 PVC casing (sump) 

Schedule 40 PVC end cap 

Bentonite bottom seal 

Figure 4-8. Type 5 (intermediate) well design. 

4-27 May22. 1998 



Borehole Advancement and Well Installation Specifications 

a) A carbon steel surface casing approximately 10 3/4 in diameter will be set from land surface to 
approximately 10ft below the alluvium/tuff interface. In locations where alluvium is not present, 
the surface casing will extend approximately 20ft into the underlying competent layer. To install 
the surface casing, a pilot borehole will be advanced through alluvium using a 4 1/4 in I.D. 
hollow-stem auger (borehole 8 1/2 in) collecting core with a split-spoon sampler. The pilot 
borehole will be over-reamed with a 14 1/4 in I.D. hollow-stem auger. 

b) The borehole will be advanced using air-rotary/Odex™/Stratex™, or alternative drilling methods 
that may be recommended in the detailed design. 

c) Install Schedule 40 PVC well casing with machine slotted screen and 25 foot blank casing 
sediment sump in the bottom. 

d) The slot size for screen and selection of filter pack materials will be based on sieve analysis of 
geologic cuttings in the zone to be screened. An annulus:=:: 3 in will be provided, unless 
alternative annulus spacing is proposed to NMED for approval. 

e) All backfill materials (grout, bentonite, sand) will be tremied/pressure grouted in place. 

t) A lockable steel protective cover extending at least 2 ft below ground surface will be installed 
over the well casing. 

g) The top of the well will be finished with a concrete pad 4 ft x 4 ft x 4 in. 

h) A dedicated submersible pump and transducer will be installed in each well following well 
completion and development. If a well is completed with multiple screened intervals, a portable 
sampling device may be employed. 

4.1.2 HSWA Module VIII Requirements 

Special permit conditions included in the HSW A Module VIII requirements (EPA 1990) apply to the 
construction of monitoring wells. In particular, the following permit language is relevant to the 
construction of the wells proposed in this Workplan. 

"The monitoring wells installed under this and following sections of this permit shall be constructed 
using flush-joint, internal upset, threaded (or an equivalent method of joining without rivets, screws 
and glues) casing manufactured from inert materials. The boreholes for casings and screens shall be a 
minimum of six ( 6) inches greater in diameter than the well casing or screen outer diameter. Filter 
pack and screen slot openings shall be sized based on formation grain size and characteristics. Well 
screen lengths shall be no more that (1 0) ten feet in length. The filter pack shall extend no more than 
(2) two feet above the top of the screen and shall not cross any clay layers which may act as aquitards. 
If a bentonite seal is used, the bentonite shall be allowed to hydrate a minimum of(l2) twelve hours 
before emplacement of grout. Grout shall be emplaced using a tremie pipe to ensure a consistent seal 
at depths greater than 5 feet, and grout shall be allowed to set a minimum of twelve hours before 
initiating development." 

"Development procedures shall include purging of the well until contaminants introduced during 
drilling can be assured of being removed. Development shall also include surging with a surge plug, 
and either bailing or pumping until the nephelometric turbidity units (N.T.U.) can be consistently 
measured at five (5) or less, if possible. Well head construction shall include a well pad keyed into the 
well annulus and a system to secure the well from traffic and unauthorized access. Within thirty (30) 
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days of construction and development of the last well required under this section, the Permittee shall 
submit to the Administrative Authority a report and map including: 

I) Survey of location of each well; 

2) Surveyed ground level, top of casing and top of well pad referenced to known elevation datum 
(NGVD, 1929); 

3) Static water level, referenced to mean sea level; 

4) Well construction data (including a diagram for each well, detailing total depth, screen placement, 
gravel pack, annular seal, borehole and casing size [all measured to within O.I foot], and well log 
data; and 

5) Well development data." 

"Any saturated condition encountered will require grouting in a surface casing to prevent any 
downward migration of surface contamination along the well bore. Any boring drilled into the main 
aquifer that encounters perched water shall set conductor pipe to the top of the main aquifer and 
hydraulically isolate the main aquifer from the perched aquifer. The annular space must be sealed 
with a bentonite grout or equivalent to prevent shrinkage cracking." 

4.1.3 Borehole Sampling 

The general goal for installing alluvial, intermediate perched zone, and regional aquifer wells is to 
provide characterization information on subsurface lithology and ground water quality. Geologic and 
groundwater samples will be collected from selected intervals during borehole advancement and 
following installation of each well. The wells to be installed by the ER Project will be constructed and 
sampled according to documented ER Project's QAPjP, SOPs and the specifics delineated in RFI Work 
Plans and SAPs. 

In general, the following guidelines will apply to sampling the boreholes for the regional aquifer wells. 

a) A comprehensive cased-hole geophysical logging suite will be run through the Odex™/StratexrM 
drill string immediately prior to completion of each main aquifer well. 

b) Core and cutting samples will be field screened for anomalous radioactive compounds using a 
Geiger-Mueller™ detector, and monitored for ionizable volatile compounds (TIVC) using a 
Photoionization Detector (PID). Field screening will be conducted at regular intervals during 
borehole advancement. 

c) Borehole anemometry testing will be conducted in the Bandelier Tuff at I 0 foot intervals in each 
borehole following removal of the hollow-stem auger and/or Odex™/Stratex™ casing. Average 
sample interval per well is approximately 340 ft, or 34 sample locations. 

d) On boreholes for types 3 and 4 wells (e.g. R-I, R-6, R-I2, R-I4, R-22, R-25, R-28, R-32, R- Id, 
and R-28d), retrieved core samples will be analyzed for moisture content at I 0 foot increments. 
Samples will not be analyzed for moisture content in the Puye Formation, basalts, or Tschicoma 
Formation. 

e) For planning and conceptual design purposes, it has been assumed that five water-bearing zones 
will be encountered during advancement of each borehole: alluvial groundwater, three perched 
intermediate zones, and the regional aquifer. If possible, moisture profiling will be conducted on 
four core sample intervals per water-bearing zone. In general, groundwater samples (and possibly 
core pore water samples) will be collected from each water-bearing zone and analyzed for 
Appendix VIII and IX compounds, stable isotopes, and 3H (low and high detection level). 
Laboratory analyses for Metals, Radiochemistry I, II, and III, Gamma Spec Scan, and General 
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Inorganics will be run on both filtered and unfiltered samples when the turbidity is less than 5 
N.T.U. When turbidity is greater than 5 N.T.U. the analyses will be run on filtered samples only. 
It is recognized that specific parameters, e.g., tritium, require analysis from unfiltered samples 
regardless of the turbidity. 

f) Physical properties analyses will be conducted on five core samples per borehole. Physical and 
hydraulic properties will be determined by a competent Laboratory. A "typical" list of hydraulic 
properties to be determined on most core samples includes the following: in situ water content, 
porosity, particle density, bulk density, saturated hydraulic conductivity, and water retention 
characteristics from 0 to 15300 em suctions. 

g) Ten samples of cuttings or core will be collected from each borehole for petrographic, X-ray 
fluorescence (XRF) and X-ray diffraction (XRD) analyses. 

h) At five of the boreholes for well types 3 and 4, up to five samples will be collected for K-Ar or 
39 Arf0 Ar isotopic dating of basalts, or of tuff deposits in the Puye Formation. 

i) Twenty samples of cuttings or core will be collected and analyzed for potential contaminant 
identification in each borehole location. The uppermost sample in each borehole will be analyzed 
for a full-range of compounds. Deeper samples will be analyzed for the presence of 
Radiochemistry I, II, III analytes, 3H (low and high detection levels), and Metals. In addition, four 
samples per borehole will be analyzed for Volatile Organic Compounds (VOCs). 

4.1.4 Groundwater Sampling 

Groundwater samples from the ER Project's alluvial, intermediate perched zone, and regional aquifer 
wells will be sampled in accordance with procedures specified in the RFI Work Plans and SAPs. 
Groundwater from the NWT/MWIP wells will be sampled according to LANL standard operating 
procedures, and appropriate RCRA regulatory guidance documents, utilizing the following general 
procedures and assumptions: 

a) As the regional aquifer boreholes are being advanced, drilling will be interrupted whenever 
intermediate perched zone groundwater is encountered and when the top of the regional aquifer is 
encountered. The Odex™/Stratex™ temporary casing string may be retracted slightly as necessary 
to ensure representative sampling; the borehole will be bailed to promote entry of fresh ground 
water; and the borehole will be rested for up to 24 hours prior to sampling. Samples will be 
collected for both filtered and unfiltered sample analyses, and sample material will be retained for 
an appropriate period of time to enable re-analysis, if needed. 

b) As the regional aquifer wells are completed, and the temporary OdexTMfStradexrM casing is 
retracted and the annulus grouted, specific intermediate perched zones may be re-sampled, as 
needed. 

c) Following completion and development of the regional aquifer wells, groundwater samples will 
be collected from each screened interval or Westbay™-type port and analyzed for the presence of 
select Appendix VIII and IX constituents. 

d) During the initial sampling event, groundwater samples will be collected from each well 
screen/port and analyzed for the presence of Radiochemistry I, II, and III analytes, 3H (low and 
high detection levels), General Inorganics, stable isotopes, VOCs, and Metals. Subsequent 
sampling events will test for the presence of Radiochemistry I, II, and III analytes, 3H (low and 
high detection levels), General Inorganics, and Metals. Filtered and unfiltered samples will be 
used for laboratory analyses when the turbidity is less than 5 N.T.U. When turbidity is gre rer 
than 5 N.T.U. the analyses will be run on filtered samples only. It is recognized that specific 
parameters, e.g., tritium, require analysis from unfiltered samples regardless of the turbidity. 
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The following physical data will be measured or collected to determine if two saturated zones are 
hydrologically and chemically connected: temperature and hydraulic gradient information. The following 
chemical data will also be measured or collected from the saturated zones: radionuclides (tritium, Sr-90, 
Cs-137, Am-241, plutonium isotopes, uranium isotopes, gamma spectrometry, and gross alpha, beta, and 
gamma), pH, specific conductance, alkalinity, stable isotopes (hydrogen, oxygen, and in special cases 
nitrogen), major ions (cations and anions), trace metals, and trace elements. Mobile species such as 
tritium, chloride (Cr), nitrate (N03-), and boron (B[OH]3°) will be useful in determining iftwo or more 
saturated zones are interconnected within Los Alamos and Pueblo Canyons, especially at future R-12 
relative to POI-4 and TW-IA. Tracer tests will be considered under special conditions to determine if a 
hydraulic connection occurs between two or more saturated zones. Potentiometric maps shall be 
constructed to determine flow directions and hydraulic gradients. 

Use of chemical data for determining groundwater flow paths and contaminant chemistry require that 
baseline concentrations are well established for the different saturated zones found in the alluvium, 
Tschicoma Formation, Bandelier Tuff, basalts, Puye Formation, and Santa Fe Group beneath Los Alamos 
and Pueblo Canyons. Geochemical modeling consisting of mixing reactions based on chloride (or some 
other tracer) and reaction path modeling are useful in determining if two or more saturated zones are 
connected. Time-chemical species plots will be used to establish short- and long-term trends between two 
or more saturated zones. Hydrologic flow and solute transport modeling shall be used to quantifY the 
degree of connection between different saturated zones. 

4.1.5 Hydrologic Modeling 

Hydrologic modeling will play a major role in the task of data synthesis and evaluation during 
hydrogeologic characterization activities. A central goal of this project relates to prediction of flow paths 
and resultant contaminant movement, and computer models are a convenient tool for this purpose. Such 
modeling can be applied at two levels. The first level relates to the evaluation of site-wide issues, for 
example, the overall water balance for the Laboratory. A second level addresses evaluation of aggregate­
specific issues, one example of which might be the potential for vapor-phase contaminant transport at 
MDA G. Hydrologic modeling should be applied at all stages of the project. In the project design phase, 
modeling can be used to examine hypotheses relating to the hydrogeologic conceptual model and to 
determine where additional information is needed. In later project phases, modeling can be used to asses 
how recently-acquired information relates to earlier predictions, and can point out continuing data gaps. 

As new data are acquired, they will be used continually to refine the hydrogeologic conceptual model. For 
example, new data will be compared with regional groundwater flow maps and model predictions to 
assess the level of understanding regarding recharge and discharge areas, groundwater flow directions, 
and interconnections between alluvial groundwater, intermediate perched zones, and the regional aquifer. 
If there is good agreement between the modeled features and the observed features, it will then be 
possible to incorporate reasonable assumptions into the groundwater modeling effort. This type of 
analysis can determine whether it is necessary to collect additional field data for the groundwater 
characterization program. 

Key steps in refining the conceptual model are as follows: 

I. Integrate A vail able Data for Laboratory Geology, Hydrology, and Water Quality 

• 

• 
• 

Hydrologic, stratigraphic, geophysical, and chemical data will be incorporated into a 
centralized data base (FIMAD). 

Develop a 3-D representation of stratigraphy and geology at the site . 

Model and display data related to geology, boreholes, and observed groundwater . 
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• Extrapolate existing data and estimate uncertainties in resultant models. 

• Synthesize the existing information to identify areas where data needs are most critical. 

2. Perform Preliminary Evaluation of Hydrologic Processes 

• Evaluate existing water quality, vadose zone, and water level data for the various zones of 
saturation with respect to trends and indications of interconnection. 

• Develop a site-wide model and evaluate data shortcomings with respect to siting 
characterization wells. 

3. Refine Conceptual Model and Upgrade Groundwater Monitoring Network 

• Drill characterization borehole at highest priority location, that is, determine the sites with 
highest risk and most critical data needs. 

• Use information as each borehole is drilled to optimize placement and determine need for 
subsequent boreholes. 

4.1.6 General Geophysical Procedures 

Geophysical logging will be conducted on the 32 wells completed in the regional aquifer. The application 
of logging techniques will complement hydrogeologic data collected from sediment samples. Both open­
hole and cased-hole wireline logging will be conducted on the regional aquifer boreholes and/or wells. 
However, only open-hole logging will be conducted on the deep portion of the two Type 4 wells, i.e., 
R-Id and R-28d to 4,000 ff. It is assumed that two logging runs will be conducted for each ofthe 
regional aquifer well boreholes. Application of the various logging techniques will be determined on a 
well-by-well basis. 

The upper 300 to 500 ft of each regional aquifer well borehole will be logged with open-hole logging 
tools if borehole stability is such that the borehole can be advanced without casing. After logging, casing 
will be set in this interval, and the borehole will be advanced to a nominal total depth of I ,000 ft. Due to 
the unconsolidated nature of the subsurface strata and utilization of air-rotary drilling, these boreholes 
will be cased prior to wireline logging. Cased-hole logging will be performed from surface to a total 
nominal depth of I,OOO ft. 

Two open-hole wireline logging runs well be performed on each of the 4,000 foot boreholes. The 
assumption was made that these Type 4 wells will remain open for the logging runs through the 
implementation of mud-rotary drilling methods. The borehole for well R-I will be advanced to the first 
casing interval depth of about I ,300 ft. Wireline logging will be performed in the mud-sealed open hole to 
this depth prior to installation of the I3 3/8 in O.D. conductor casing. The borehole will then be advanced 
to a total depth of 4,000 ft and logged before setting the final6 5/8 in O.D. casing. Well R-28 will be 
logged in a similar manner as well R-I, but the first logging run will be made at a depth closer to I ,200ft 
below surface grade. 

In general, the following geophysical logs will be generated for all open-hole sections: 

• Caliper 

• Electromagnetic Induction 

• Natural Gamma 

2 This proposed logging may be altered because presently these wells may be limited in depth to 500 ft below the top 
of the regional aquifer. 
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• Magnetic Susceptibility 

• Borehole Color Video (axial and sidescan) 

• Fluid Temperature (saturated zone only) 

• Fluid Resistivity (saturated zone only) 

• Single Point Resistivity (saturated zone only) 

• Spontaneous Potential (saturated zone only) 

In general, the following geophysical Jogs will be generated for all cased-hole sections: 

• Gamma-Gamma Density (focused at 41t) 

• ~atural Gamma 

• Thermal ~eutron 

4.2 Regional Hydrogeologic Characterization 

Regional hydrogeologic characterization (also known as Aggregate 9) focuses on the Laboratory as a 
whole to provide site-wide integration of several important data collection and interpretation needs. The 
overall goal of this Workplan (hydrogeologic characterization leading to the design of a groundwater 
monitoring system for the Laboratory) calls for understanding of contaminant transport and groundwater 
flow paths beneath the Laboratory. This understanding must be developed in a complex hydrogeologic 
and topographic setting which is presently only partially characterized. Achieving a fundamental 
understanding of the regional aquifer beneath the Pajarito Plateau is an important element in protecting 
groundwater resources from possible contamination. 

4.2.1 History and Issues 

There are significant uncertainties regarding the regional aquifer flow system that need to be resolved for 
contaminant transport to be evaluated. Frenzel (1995) recently completed a groundwater modeling study 
of the regional aquifer in the Los Alamos area and surroundings. The model was developed to evaluate 
possible effects of future water supply pumping scenarios, but is not suitable for predicting contaminant 
transport. Regarding data needs for further modeling, Frenzel ( 1995, p. 68) states: 

"An improved understanding of the flow system would be desirable if a contaminant transport model 
were to be constructed .... a flow model would first need to be developed to provide a reliable 
approximation of flow path lines in the vicinity where a contaminant transport model might be 
attempted .... a reliable simulation of ground-water flow path lines for contaminant transport would 
require a better understanding of the hydrologic characteristics of the Pajarito Plateau and adjacent 
areas." 

With regard to specific data needs, in addition to noting the importance of information related to the 
Pajarito fault zone, Frenzel (1995, p. 69) comments that: 

"Water-level, geologic, and aquifer-characteristic data for the northern extremity of the Pajarito 
Plateau (north of Los Alamos County), especially between the county line and Santa Clara Canyon, 
would be useful. Geohydrologic characteristics of that area, which lies adjacent to the Guaje well 
fields, are almost completely unknown .... The possible southward extent of the Chaquehui formation 
[sic] through the southern extremity of the Pajarito Plateau could have a bearing on flow paths 
because the Chaquehui is more permeable than the Tesuque Formation." 
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In a review of the Laboratory's hydrogeologic setting and issues, conducted for the ER Project, a panel of 
three hydrogeologists external to the Laboratory (Stephens, et al. 1993) came to similar conclusions. The 
panel noted that the overall flow system in the regional aquifer is not understood sufficiently for purposes 
of evaluating contaminant transport, and made specific suggestions for data needed to support this 
understanding. With respect to the importance of contaminant transport modeling, (Stephens, et al. 1993, 
p. 31) observed that: 

"The source of water in the three well fields which tap the main aquifer [referred to in this document 
as the "regional aquifer"] is important to the ER program [sic] iflong-term performance assessments 
of individual operating units are required. For example, if nearly all pumped groundwater is derived 
from recharge on the Pajarito Plateau, then potential contaminants from operating units will not be 
mixed and diluted to any significant extent with other water." 

Stephens, et al. (1993, p. 38) further found that: 

" ... water level data are not adequate to evaluate vertical flow components or to establish sources of 
recharge. Vertical flow in the main aquifer is potentially important to the ER program to predicting 
deep pathways of contaminant migration." 

In criticizing the lack of knowledge of overall recharge and flow in the regional aquifer, they noted that, 
while recharge from the Pajarito fault system has been assumed as a major recharge source, (Stephens, et 
al. 1993, p. 12) 

" ... no subsurface data exist west of the Pajarito fault zone on which to base an evaluation of either 
the water table gradient or the transmissivity of the Tschicoma Formation. The steepening of the 
gradient in this area is based on two data points ... located east of the Pajarito fault zone which are 
extrapolated to the west based on the assumption that the water table will rise toward the caldera". 

More specifically, Stephens, et al. (1993, p. 14) state "At least two upgradient wells, one on each side of 
the Pajarito fault zone, are recommended to assess background water quality and recharge areas." 

Stephens, et al. (1993) also noted the importance of evaluating the regional scale water budget, that is, 
determining the magnitudes of the major components of the hydrologic cycle: precipitation, transpiration, 
evaporation, infiltration, and runoff. 

Although the Pajarito Plateau has been studied for decades, researchers have been limited in their ability 
to describe much of the geology or the groundwater system beneath the Laboratory due to a lack of 
borehole and well coverage. The database to establish the regional direction of groundwater flow includes 
test wells and springs. Within the approximately 50 square mile area comprising the Laboratory and areas 
east to the Rio Grande, there are only nine unpumped wells to measure water level elevations in the 
regional aquifer. Most of these wells are located on the central part of the plateau and penetrate 
substantial thicknesses of the regional aquifer. The well coverage is inadequate to evaluate the effects of 
municipal pumping on regional aquifer groundwater flow. Moreover, there is reduced certainty in the 
stratigraphy at depths below the Bandelier Tuff due to very limited availability of archived geologic 
samples from deep boreholes. ·. 

4.2.2 Site-Wide Investigations 

The site-wide activities will focus on the following key areas: 

• 
• 

Site-Wide Stratigraphy -reducing uncertainty . 

Regional Aquifer Groundwater Flow - establishing regional aquifer groundwater flow 
directions. 
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• Upgradient Groundwater Quality -establishing groundwater quality upgradient of the 
Laboratory. 

• Water Supply Issues- evaluating the effects of municipal pumping by Los Alamos and by 
neighbors on groundwater flow directions, availability, and quality, and determining possible 
locations for future municipal water supply wells. 

• Recharge- approximating recharge on the Pajarito Plateau. 

4.2.2.1 Site-Wide Stratigraphy 

To assist in the development of site-wide stratigraphy, the boreholes of eight proposed regional aquifer 
hydrologic characterization wells are proposed to be substantially cored and completed as Type 3 wells. 
These wells are spaced approximately four miles apart across the Laboratory. The boreholes and cores 
will yield a broad definition of the stratigraphy and groundwater levels. Core will be archived at the ER 
Project Core Storage Facility for future reference; thus the boreholes for Type 3 wells (and Type 4 wells) 
are referred to as "Library Core Holes". Most of these boreholes also contribute to resolution of 
aggregate-specific questions, and have been selected to be substantially cored principally on the need for 
detailed stratigraphic and vadose zone hydrology information at those general locations. They are 
designated, from north to south, R-1 , R-6, R-12, R-14, R-22, R-25, R-28, and R-32. Locations of the 
Library Core Holes (Type 3 and Type 4 wells) are shown in Figure 4-2. 

The Library Core Holes are laid out in transects so that several detailed north-south and east-west 
hydrogeological cross sections may be constructed from the data. The boreholes for wells R-6 and R-25 
will examine the stratigraphy near Pajarito fault zone and the west side of the Laboratory. The boreholes 
for wells R-1, R-14, and R-28 are to be drilled in the central portion of the Laboratory. The boreholes for 
wells R-12 and R-22 will be drilled near the eastern boundary of the Laboratory. Stratigraphic and 
hydrogeologic data generated from the examination of the cores from these boreholes will be incorporated 
into a 3-dimensional stratigraphic model that will serve as the basis for construction of numerical flow 
and contaminant transport models. 

4.2.2.2 Direction of Groundwater Flow in the Regional Aquifer 

Additional data are needed to define groundwater flow direction in the regional aquifer. Current maps of 
the piezometric surface indicate that the groundwater flow direction is easterly beneath the northern 
portion ofthe Laboratory and southeasterly beneath the southern portion of the Laboratory. Well 
coverage is inadequate to evaluate the effects of municipal pumping or permeability contrasts imposed by 
the Pajarito fault zone and the "Chaquehui Formation," the late-Miocene high permeability zone 
described by Purtymun (1984; 1995) (see also Section 2.1.2.1 in this document). Municipal pumping may 
locally alter the regional flow direction both horizontally and with depth. The Pajarito fault zone may 
represent either a barrier or a conduit to groundwater flow. The north-south trend of the "Chaquehui 
Formation" may induce a more southerly flow component of the regional aquifer through the central 
portion ofthe Laboratory. 

Defining the direction of groundwater flow in the regional aquifer will be an ongoing process. Flow 
directions will be continually re-defined after additional groundwater level data become available from 
new wells. Accurate long-term records of groundwater withdrawals and non-pumping hydraulic heads 
have been collected by the Laboratory for some wells. All regional aquifer test wells are currently 
equipped with continuous recording pressure transducers for measuring groundwater levels. Wells 
installed for this Workplan will be similarly equipped. 

To determine whether the general flow direction in the regional aquifer is locally altered by pumping 
wells, six wells are proposed to be installed near existing municipal supply wells and the groundwater 
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levels monitored. Well R-5 will be located near water supply well 0-1 in Pueblo Canyon. Well R-8 will 
be located near water supply well 0-4 at the confluence ofDP and Los Alamos Canyons (see Appendix 6, 
Plate 2). Well R-11 will be located near water supply well PM-3. Well R-12 will be located near water 
supply well PM-1. Well R-14 will be located near water supply well PM-5 on Pajarito Mesa. Well R-20 
will be located near water supply well PM-2 in Pajarito Canyon. This evaluation will be supplemented by 
data collected from aquifer pumping tests anticipated to be conducted within the Guaje Municipal Well 
Field as discussed in Section 3.2. 

Three wells proposed to be installed along the western boundary of the Laboratory will provide insight on 
the effect of the Pajarito fault zone on regional aquifer conditions, recharge, and water levels. Frenzel 
(1995) noted that understanding this area is a critical data need for defining the regional aquifer flow 
system. From north to south, the proposed wells are designated as Wells R-6, R-24, and R-26. Well R-6 
will be located in upper Los Alamos Canyon near existing well LAO-C; Well R-24 is located on the 
upthrown side of the Pajarito fault zone between upper Pajarito Canyon and Canon de Valle; Well R-26 is 
located on the downthrown side of the Pajarito fault zone in upper Water Canyon. 

Wells R-1 and R-28 will be sited in central portions ofthe Pajarito Plateau at locations projected to 
intercept the axis of the "Chaquehui Formation" near the northern and southern boundaries of the 
Laboratory. Wells R-1, R-2, R-3, R-4 and R-6 play important roles in defining boundary conditions in the 
relatively unstudied area north of the Laboratory. Frenzel ( 1995) cited better definition of northern 
boundary conditions as one of the critical data needs for understanding the regional aquifer flow system. 
The presence ofthe "Chaquehui Formation" at Well R-1 is inferred from recent surface geophysics data 
suggesting the presence of a significant geologic trough in this area (Ferguson eta!. 1995). 

4.2.2.3 Upgradient Groundwater Quality 

Background groundwater quality must be established in order to properly detect any changes in 
groundwater quality across the Laboratory. Currently there are no wells that are hydraulically upgradient 
of the Laboratory. 

Four wells are proposed to be installed at locations upgradient of the Laboratory. Three wells will be 
located on the western boundary of the Laboratory: Wells R-6, R-24, R-26. The remaining upgradient 
well, R-1, will be located in Rendija Canyon north of the Laboratory. Many of the other wells proposed to 
be installed will serve to define incremental impacts by potential contaminant sources. 

4.2.2.4 Water Supply Issues 

Although water supply issues are not the main focus of this Workplan, regional aquifer wells proposed for 
installation will help delineate the "Chaquehui Formation," a zone of high permeability; the information 
gained from the wells will guide the placement of future municipal water supply wells and will be useful 
in addressing issues related to Laboratory effects on groundwater supply availability and quality for 
Laboratory neighbors. Characterization of vertical chemical stratification in the regional aquifer could be 
accomplished by deepening wells R-1 and R-28 but, at present, these wells will be limited to a depth of 
500 feet into the regional aquifer. The key contribution to assessment of future water supply obtained 
from these wells will be in mapping zones of high permeability and high groundwater quality. 

The highest yielding municipal water supply wells at Los Alamos are completed in the late-Miocene high 
permeability trough (the "Chaquehui Formation") described by Purtymun ( 1984; 1995). Further 
delineation of this zone is critical to the development of high capacity wells in the future, to the 
evaluation of groundwater supply availability, and to the evaluation of the effects of pumping the 
groundwater supply on the regional aquifer flow system and potential contamination. A majority ofthe 
deep hydrogeologic characterization wells installed will penetrate 500 feet into the regional aquifer and 
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may encounter the top of the "Chaquehui Formation." Information from the boreholes for these wells will 
help refine the understanding of the lateral extent and properties of this high permeability zone. 

The Data Quality Objectives Process conducted for this Workplan resulted in a prospective determination 
to deepen wells designated R-1 and R-28 to a proposed depth of 4000 feet, penetrating the "Chaquehui 
Formation" and delineating the vertical dimensions of the trough. Within the context of this Workplan, 
there is no commitment to complete these wells past a depth of 500 feet into the regional aquifer. IfR-1 
and R-28 were to be deepened beyond 500 feet, they would be equipped with multi-depth sampling 
capability to establish vertical water quality (and hydraulic head) profiles in the "Chaquehui Formation." 
Future DOE decisions will determine the final completion depth of these two wells. 

Chemical stratification within the regional aquifer will be evaluated using downhole zonal testing of 
existing municipal water supply wells, as discussed in Section 3. 2. Groundwater quality concerns are 
focused both on Laboratory-derived contaminants and on elevated levels of naturally occurring 
constituents. The naturally occurring constituents of most concern are arsenic and uranium. In 1976, use 
of municipal water supply well LA-6 was precluded due to high levels of arsenic ( 160 J..Lg/L ). An 
investigation found that the high concentration of arsenic occurs throughout the regional aquifer adjacent 
to the well (Purtymun 1977). Arsenic is widely observed in water supply wells in the Santa Fe Group in 
the northern Rio Grande Basin (Kelly and Reinhart 1996). Natural uranium concentrations near the Rio 
Grande have been shown to greatly exceed proposed EPA Drinking Water Standards. Mapping vertical 
and horizontal distributions of dissolved constituents in the regional aquifer is needed to prevent similar 
problems in the future and to guide the placement of new municipal supply wells. 

4.2.2.5 Recharge 

Hydrogeologic characterization activities discussed in this Workplan will increase insight into recharge 
on the Pajarito Plateau. An investigation has not been proposed to characterize the groundwater flow 
system in three dimensions. Rather the Workplan activities are designed to gain an approximation of 
recharge processes, sources, and magnitudes. Some of the key data collection efforts proposed to achieve 
this goal are discussed in Section 3.2 and summarized as follows: 

1. Conduct long-term water balance measurements to quantify precipitation, evaporation, 
transpiration, infiltration, and runoff. 

2. Collect cores from vadose zones beneath canyon bottoms and mesas to identify any active 
recharge zones through examination of hydraulic properties and degree of saturation. 

3. Complete vadose zone characterization boreholes as wells in the regional aquifer and monitor 
groundwater level responses over time. Compare groundwater level patterns with other wells 
across the Pajarito Plateau to determine whether a given location is more "dynamic" and quicker 
to respond to, say, snowmelt, than other locations. 

4. Install additional wells near Laboratory boundaries to define groundwater levels and to gain 
insight into hydrogeologic properties affecting recharge. 

5. Test vadose zone and groundwater for key tracers (for example, chloride, tritium and stable 
isotopes) to determine age and altitude of recharge. 

6. Maintain accurate long-term pumping and hydraulic head measurements. 

7. Through laboratory analyses of core samples and conduct of regional aquifer performance tests, 
estimate vertical hydraulic properties of stratigraphic units. 
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8. Determine patterns of water-yielding characteristics of the late Miocene high permeability trough 
ofPurtymun (1984; 1995), the Puye Formation, and interbedded basaltic rocks. 

The descriptions of aggregates which follow provide substantial detail on the current hydrogeologic 
conceptual model for each canyon, mesa, or aggregate, hydrogeologic characterization issues to be 
addressed in each aggregate, and the installation of wells. 

4.3 Descriptions of Aggregates 

4.3.1 Aggregate 1 

Table 4-3 lists the alluvial and regional aquifer wells proposed for installation in Aggregate 1. The 
rationale for these wells and the uncertainties they address are described below. Additional information 
about the rationale for the regional aquifer wells is given in Table 4-1. Figures 4-1 and 4-2 show the 
general proposed well locations. Appendix 6 provides large-scale maps with proposed well location 
plotted along with existing wells for reference. 

Table 4-3. Summary of Potential Wells in Aggregate 1 

Canyon or Alluvial Wells/Piezometer Intermediate Regional Aquifer 
Mesa Transects (all ER}' Wells Wells 

Pueblo Canyon A-3 1-1 (ER) R-2(NWW 

A-4 R-3 (ER) 

A-5 R-4(ER) 

A-6 R-5 (NWT) 

A-7 

A-8, A-9, A-10 

A-11, A-12, A-13 

Los Alamos Canyon A-14 R-6 (NWT) 

A-15 R-7 (ER) 

A-16, A-17, A-18 R-8 (NWT) 

A-19 R-9 (ER) 

A-20, A-21, A-22 

A-1 

Sandia Canyon A-26, A-27, A-28 R-10 (ER) 

R-11 (NWT) 

R-12 (ER) 

1 Funded through Environmental Restoration Project 
2 Funded through Nuclear Weapons Technology Program 

4.3.1.1 Area Description and History 

Aggregate 1 is located in the north-central portion ofthe Laboratory (see Figure 1-3). It is bounded on the 
north by Pueblo Canyon, on the south by Sandia Canyon, on the east by State Road 4, and on the west by 
Los Alamos Bridge in upper Los Alamos Canyon (Figure 4-9 and Figure 4-1 0). The boundaries of 
Aggregate 1 were established to encompass a large number of Laboratory potential release sites within 
these canyons and the adjacent mesa tops. 
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Aggregate 7 

"Chaquehui" 
Formation, 
Santa Fe Group 

______ 't, ____ _ 
Top of regional aquifer 

Image: J. Benson, FIMAD 105160 9/96 
Mod~ied by: cARTography by A. Kron 1112496 

Aggregate 1 

Tesuque or 
Chamita Formation, 
Santa Fe Group 

Figure 4-9. Block diagram showing the terrain and bedrock geology for Aggregates 1 and 7. 
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Aggregate 1 includes the Los Alamos townsite; Pueblo, Los Alamos, and Sandia Canyons; and Los 
Alamos Mesa, DP Mesa and Mesita de Los Alamos. Several currently active Technical Areas exist on the 
mesa tops and in the canyon bottoms as given below (see T A map Figure 2-2): 

• TA-O, which is an area that includes the majority of the present-day townsite of Los Alamos and 
includes administrative and technical office space as well as a collection of areas that fell outside of 
currently defined T A boundaries that contain small potential releases sites with little or no liquids 

• T A-2, which was the location of a series of nuclear reactors, located in upper Los Alamos Canyon 

• TA-21 , which is on DP Mesa, north of Los Alamos Canyon and includes Material Disposal Areas 
A, B, T, U, and V 

• T A-41 , which was used for testing of nuclear weapons components, located in upper Los Alamos 
Canyon 

• TA-43, which is the site ofthe Los Alamos Medical Center, north ofLos Alamos Canyon 

• T A-53, which is the site of the Los Alamos Neutron Science Center (LANSCE) linear accelerator 
facility , above Sandia Canyon 

• TA-73, which is the site ofthe DOE airport and former landfill, above Pueblo Canyon 

The aggregate also includes two inactive TAs (TA-l and TA-45). TA-l includes the portion of the 
present-day Los Alamos townsite where the majority of the theoretical and technical work was 
accomplished at the Laboratory from 1943-1954. T A-45 was the site of a former liquid radioactive waste 
treatment plant whose outfall added significant quantities of effluent to Acid and Pueblo Canyons. 

More detailed information about these active and inactive sites can be found in the Task/Site Work Plan 
for Operable Unit 1049, Los Alamos Canyon and Pueblo Canyon (LANL 1995d), the RFI Work Plans for 
Operable Units 1078 (LANL 1992c), 1079 (LANL 1992a), 1100 (LANL 1994b), 1106 (LANL 1991), and 
the FUSRAP report (i.e., "Formally Used MED/AEC Sites Remedial Action Program, Radiological 
Survey of the Site of a Former Radioactive Liquid Waste Treatment Plant (T A-45) and the Effluent 
Receiving Areas of Acid, Pueblo, and Los Alamos Canyons, Los Alamos, New Mexico," [LANL 1981]). 

4.3.1.2 Pueblo Canyon 

Surface Water 

Surface water in Pueblo Canyon occurs as ephemeral runoff from precipitation and as perennial flow 
supported by effluent discharge from the Los Alamos County Sewage Treatment Plant (LANL 1995d). 
Generally ephemeral surface water occurs in the upper portion of Pueblo Canyon following summer rains 
and snowmelt events, and perennial surface water occurs in the lower portion of Pueblo Canyon because 
of discharges from the Los Alamos County Sewage Treatment Plant. 

Surface water in Pueblo Canyon rarely flows across the length of the Laboratory. Most often surface waters 
are depleted by infiltration into canyon alluvium creating saturated zones of seasonally-variable extent. 

Alluvial Groundwater 

Two saturated zones are known to occur in the alluvium of Pueblo Canyon (see Figure 4- 11 and 4-12). 
The first is in the upper reach from the headwaters to approximately the Rendija Canyon Fault. The 
eastern limit of this saturated zone has not been clearly defined and it may extend further down canyon. 
The second is in the lower reach downstream of the Los Alamos County Sewage Treatment Plant where 
saturated conditions are supported year-round due to effluent releases from the sewage treatment plant. 
The extent of saturation is variable due to variation in runoff and volume of effluent released during the 
year. The volume of effluent released into the canyon typically decreases during the spring and early 
summer months as wastewater from the plant is pumped up canyon for irrigation use on the municipal 
golf course (LANL 1995d). 
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Figure 4-11. Schematic cross section showing conceptual model and proposed regional aquifer wells for Pueblo Canyon. 
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In the past ( 1951 - 1964 ), surface flow in the mid-reach of Pueblo Canyon was augmented by liquid 
effluent from the former TA-45 radioactive liquid waste treatment facility via Acid Canyon (LANL 1981; 
LANL 1992c ). Known contaminants at former TA-45 include tritium, isotopes of uranium and plutonium, 
strontium-90, cesium-137, and gross-alpha radiation. In addition, Los Alamos County operated a sewage 
treatment plant in upper Pueblo Canyon (known as the Pueblo Sewage Treatment Plant) until the current 
Los Alamos County Sewage Treatment Plant came on-line in 1963 (LANL 1981). Effluent from these 
past sources likely supported sustained saturated conditions throughout the mid-reach of Pueblo Canyon 
as well as shallow bedrock springs such as Hamilton Bend Spring, just west of the current Los Alamos 
County Sewage Treatment Plant. This alluvial groundwater may have provided the source for infiltration 
to intermediate perched zone groundwater or the regional aquifer. Additionally, surface flow (particularly 
flood events) has transported contaminated sediments down canyon where they now form part of the 
alluvial deposits (LANL 1981; Graf 1995). Shallow spring flow (including Hamilton Bend Spring) ended 
following closure ofTA-45 and the Pueblo Sewage Treatment Plant. 

Alluvial Groundwater Investigations 

Six individual wells and two transects with three piezometers each are identified in this Workplan for 
Pueblo Canyon. Some ofthese wells were first proposed as part ofthe Task/Site Work Plan for OU-1049: 
Los Alamos and Pueblo Canyon (LANL 1995d). From west to east, the individual wells are A-3, A-4, 
A-5, A-6, and A-7 and the transects are A-8, A-9, and A-10, and A-11, A-12, and A-13 (see Figure 4-1). 

Well A-2 will be located near the headwaters of Pueblo Canyon upgradient from all townsite and 
Laboratory sources. The purpose of this well will be to establish background water quality for Pueblo 
Canyon. 

Well A-3 will be located upgradient of former TA-45 and downgradient of the former Pueblo Sewage 
Treatment Plant and other townsite influences. The purpose of this well is to determine if townsite 
sources are entering Pueblo Canyon and perhaps complicating the assessment process used to identify 
past Laboratory sources and impacts. This will be accomplished by a comparison of chemical data 
between this well and background well A-2. 

Wells A-4, A-5, and A-6 will be located below the confluence with Acid Canyon. The purpose of these 
wells is to determine the down-canyon extent of alluvial groundwater in the upper and middle parts of 
Pueblo Canyon. These three wells will be installed sequentially from west to east; wells A-5 and A-6 may 
be moved or eliminated depending on findings from the drilling for well A-4. Analyses of water samples 
from these wells will help to assess the degree to which Laboratory-derived contaminants adsorbed to 
sediments are being transported down-canyon by alluvial groundwater. 

Well A-7 will be located downstream of the outfall from the Los Alamos County Sewage Treatment 
Plant. The purpose of this well is to characterize the baseline water quality of alluvial groundwater 
downstream of the plant. 

A north-south piezometer transect (A-8, A-9, and A-1 0) will be located in lower Pueblo Canyon near the 
confluence with Los Alamos Canyon. The purpose of this perpendicular transect is to determine the width 
and thickness of saturated alluvium in lower Pueblo Canyon. Data collected will be used to define the 
width of the area through which alluvial groundwater may infiltrate to an intermediate perched zone 
known to occur in this area, and to support related evaluations including calculating seepage losses, and 
assessing mobilization of contaminants adsorbed to sediments. One of these wells may be used to monitor 
water quality upgradient of San Ildefonso Pueblo lands. One piezometer (A-9; labeled P0-4) was recently 
installed by the ER Project and encountered up to 40 ft of saturated alluvium. 

Another piezometer transect (A-11, A-12, and A-13) is tentatively proposed also for lower Pueblo 
Canyon near the confluence with Los Alamos Canyon. The purpose of this longitudinal transect will be to 
investigate seepage loss as the canyon floor bedrock geology changes from Puye Formation 
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fanglomerates to Cerros del Rio basalts. The need for this transect will be evaluated following the 
completion and subsequent data evaluation of upgradient alluvial wells. 

Intermediate Perched Zones and Regional Aquifer 

Intermediate perched zones have been identified below Pueblo Canyon in two areas, as shown on Figure 
4-11. One zone is in the middle reach ofPueblo Canyon where Test Well (TW)-2A is completed within 
fanglomerates ofthe Puye Formation. The perched zone occurs at a depth of about 120ft. The second is 
in lower Pueblo Canyon (wells TW-1A and POI-4) within a thick sequence ofCerros del Rio basalts, at a 
depth of about 188 ft. This intermediate perched zone may be one source of water contributing to the flow 
from Basalt Spring in Los Alamos Canyon. 

The extent and geologic setting of the Puye Formation intermediate perched zone intercepted by TW-2A 
is presently unknown. Additional boreholes are needed to determine whether this zone is limited near 
TW-2A, or is part of a larger system. The lithology and the dip of the perching layer are not known; 
consequently, flow directions can not be determined with the available data. Analysis of water samples 
from TW-2A show that this perched zone contains Laboratory-derived contaminants (EPG 1996). From 
1990 to 1994, nitrate-nitrogen concentrations increased from 1.4 to 13.7 mg!L (EPG 1996). Elevated 
activities oftritium (2,228 pCi/L) have also been detected (EPG 1995). This suggests that mobile 
contaminants associated with the former TA-45 treatment plant (tritium and nitrate) have infiltrated the 
canyon floor and are migrating vertically, at least to the depth of the intermediate perched zone at 
TW-2A. 

Depth to the regional aquifer is known in three locations in Pueblo Canyon; at test well TW-4 in upper 
Pueblo Canyon, at well TW -2 in the middle reach, and at wells TW -1 and 0-1 near the confluence with 
Los Alamos Canyon. Water level measurements taken in December 1993 show depths to water to be 
1174 ft at TW -4, 793 ft at TW -2, and 704 ft at 0-1 (EPG 1996). Based on Laboratory water-level maps, 
the general direction of groundwater flow in the regional aquifer is east in the vicinity of Pueblo Canyon 
(see Figure 2-10). 

East of the Rendija Canyon Fault, the top of the regional aquifer is within the Totavi Lentil of the Puye 
Formation (Figure 4-11 ). Contaminants have been detected in the regional aquifer, particularly nitrate in 
TW-1 and strontium-90 in TW-4, indicating that the pathways for contaminant migration may be active at 
several locations along the canyon. The understanding of pathways of contaminant migration to the 
intermediate perched zone and the regional aquifer is critical for long-term monitoring and corrective 
action. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

One intermediate perched zone well and four regional aquifer wells are proposed for completion in 
Pueblo Canyon. These wells will provide information on migration pathways to the regional aquifer, the 
distribution of contaminants within the upper portion of the regional aquifer, and data for assessments of 
mesa-topER Project sites. The intermediate perched zone well is designated 1-1 and the regional aquifer 
wells are designated, from west to east, R-2, R-3, R-4, and R-5 (see Figure 4-2 and Appendix 6, Plate 2). 
Section 4.1.4 discusses chemical data that will be collected to determine if two saturated zones are 
interconnected. 

Well 1-1 is located above the confluence with Los Alamos Canyon, between supply well 0-1 and test 
wells TW-1 and TW-1A. It was completed by the ER Project in April, 1996 and is labeled as POI-4. The 
purposes of this well are to provide additional information regarding the lateral extent of the intermediate 
perched zone in the Cerros del Rio basalts and to investigate possible contaminant migration pathways 
through hydraulic connections with overlying alluvial groundwater. Data collected during drilling and 
subsequent sampling and analyses of groundwater suggests a continuous intermediate perched zone in the 
basalts extending at least 0.3 1 mi between TW-1A and POI-4, and the presence of vertical migration 
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pathways. Well TW-1A saturation extends from 188ft to 212ft in depth and the groundwater contains 
elevated nitrate and cesium-137 concentrations. At one time it was believed that these contaminants may 
have leaked from the alluvium to the intermediate perched zone basalts along the well casing (LANL 
1995d). However, annular leakage in TW-1A is now considered unlikely given preliminary water quality 
data from POI-4 which contains above background levels of nitrate, phosphate, chloride, and other 
solutes. The presence of these solutes in groundwater from POI-4 shows that most of the water in the 
intermediate perched zone infiltrated from the alluvium. The groundwater has a distinctive chemical 
signature similar to that of effluent from the Los Alamos County Sewage Treatment Plant. 

Well R-2 will be located near the confluence of Acid Canyon and Pueblo Canyon. The purpose of this 
well is to investigate the possible presence of contaminants in the regional aquifer, looking particularly 
for strontium-90. Strontium-90 was detected in TW-4 which is located on the mesa top adjacent to this 
part of Pueblo Canyon. The location of well R-2 is also downgradient of the Rendija Canyon fault zone 
which is considered a potential recharge pathway (see Figure 4-13). 

Well R-3 will be located in the upper-middle part of Pueblo Canyon, about a mile downgradient of well 
R-2. The purpose of this well is to investigate the continuity, water quality, and hydraulic characteristics 
of intermediate perched zone known to exist at TW-2A. Well R-3 is presently located near the anticipated 
upgradient edge of the intermediate perched zone in TW-2A. It will be the first of the two wells drilled to 
investigate intermediate perched zone groundwater near TW-2A (the other one is R-4) and its location 
may be adjusted based on findings in the drilling for well R-2. The location of well R-3 will also provide 
new stratigraphic information regarding displacement of units due to pre-Bandelier movement in the 
Rendija Canyon and Guaje Mountain fault zones. R-3 is downgradient of Acid Canyon and may be used 
to determine impacts of effluent release from the former waste line and radioactive liquid waste treatment 
plant (former T A-45) on intermediate perched zone and regional aquifer groundwater. R-3 will provide 
hydrologic and stratigraphic data on the pre-Bandelier geologic units for assessment of the Airport 
Landfill in OU 1079. Well R-3 may serve as a replacement for TW-2 which was drilled by cable tool in 
1949. 

Well R-4 will be located downgradient ofTW-2, about 0.75 mi upstream of the Los Alamos County 
Sewage Treatment Plant. Similar to well R-3, the purpose of installing well R-4 is to investigate the 
continuity, water quality, and hydraulic characteristics of the intermediate perched zone known to exist at 
TW-2A. Its location may be adjusted based on findings in the drilling for wells R-2 and R-3. Data from 
the present location will provide information on the downgradient extent of contaminants entering Pueblo 
Canyon from Acid Canyon. Samples from well R-4 will be used to characterize the water quality 
upgradient of the Los Alamos County Sewage Treatment Plant. Data collected during the installation of 
well R-4 will supply stratigraphy and hydrologic properties to be used in the assessment of the Airport 
Landfill for OU 1079. 

Well R-5 will be located between POI-4 and the Los Alamos County Sewage Treatment Plant. The 
purposes of this well are to further define the western limit of the intermediate perched zone and provide 
information about hydraulic head, flow direction, and saturated thickness ofthis zone. This well will also 
provide information about deeper perched zones. This location is between water supply well 0-1 and 
upgradient sources in Pueblo Canyon. Also, well R-5 will be used to evaluate a potential recharge mound 
in the regional aquifer associated with infiltration of alluvial groundwater. Such a recharge mound is 
suggested by anomalously high water level readings at TW-1. Well R-5 may also be used as a 
replacement well for eastern boundary test well TW -1 which was installed in 1950. 
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4.3.1.3 Los Alamos Canyon 

Surface Water 

Surface water occurs in Los Alamos canyon as perennial flow in the upper reaches west of the Los 
Alamos Reservoir located west of DOE property, and in the lower reaches east of the confluence with 
Pueblo Canyon (Figure 4-14 and 4-12). Typically, the overflow of water from the reservoir during spring 
snowmelt results in nearly continuous surface water flow between the western Laboratory boundary and 
the vicinity ofTA-2 for several weeks to several months each year (LANL 1995d). For most of the year, 
the only surface flow in Los Alamos Canyon is in lower Los Alamos Canyon due to discharge from the 
Los Alamos County Sewage Treatment Plant and discharge from Basalt and Los Alamos Springs east of 
the Laboratory boundary (LANL 1995d). 

Surface water in Los Alamos Canyon rarely flows across the length of the Laboratory. Most often surface 
waters are depleted by infiltration into canyon alluvium creating saturated zones of seasonally-variable 
extent (LANL 1995d). 

Surface flow in DP Canyon, a tributary to Los Alamos Canyon is generated by rainfall and snowmelt 
events. DP Spring, located in DP Canyon, discharges continuously except for a dry period during the 
winter-spring of 1996. 

Alluvial Groundwater 

Two saturated zones are known to occur in the alluvium of Los Alamos Canyon. The first is in the upper 
part of Los Alamos Canyon and extends eastward from the Los Alamos Reservoir to the vicinity of 
observation well LA0-4.5 west of State Road 4. The second is in the lower part of Los Alamos Canyon 
and extends from Basalt Spring to the Rio Grande. 

Alluvial groundwater in lower Los Alamos Canyon near Basalt and Los Alamos Springs is chemically 
similar to surface water flow supported by these springs. The chemistry of the water discharging from 
Basalt Spring is similar to effluent from the Los Alamos County Sewage Treatment Plant (LANL 1995d). 
The chemistry of water discharging from Los Alamos Spring may represent an isolated perched system as 
is does not contain characteristic ions indicative of sewage effluent. 

Alluvial groundwater in lower Los Alamos Canyon, from the confluence of Guaje Canyon and Los 
Alamos Canyon to the Rio Grande, shows chemical similarity to both regional aquifer water and surface 
water from the Rio Grande. 

In middle and upper Los Alamos Canyon, the saturated thickness in the alluvium varies seasonally from a 
few feet in the winter months to 25 ft in the spring and summer months when recharge is the greatest 
(EPG 1994). Laboratory environmental surveillance and ER Project data, including water quality analyses 
from several alluvial wells in Los Alamos Canyon, suggest the presence of multiple contaminant plumes 
containing tritium and/or strontium-90. As shown in Figure 4-15, the alluvial groundwater may provide 
recharge to intermediate perched zones by infiltrating along preferential pathways such as faults or 
permeable bedrock units. The possibility of infiltration, infiltration rates, and the quality of the infiltrating 
water, are important unknowns that must be addressed in order to predict movement of contaminants in 
this canyon. 

Alluvial groundwater has been found in DP Canyon at wells LAUZ-1 and LAUZ-2 installed for the ER 
investigation at T A-21. Strontium-90 and some organic compounds have been detected at LAUZ-1 (Davis 
et al. 1996). 
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Figure 4-15. Structure contour map for base of Bandelier Tuff showing inferred direction of 
perched groundwater flow in Guaje Pumice Bed from Los Alamos Canyon recharge 
area. Other potential groundwater flow paths in the Guaje Pumice Bed associated 
with major canyon systems are not shown. 
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Alluvial Groundwater Investigations 

This hydrogeologic Workplan identifies six individual alluvial wells and two alluvial well transects in Los 
Alamos Canyon. These wells and transects were first proposed as part of the Task/Site Work Plan for 
OU-1049: Los Alamos Canyon and Pueblo Canyon (LANL 1995d) and most have been completed as part 
of ongoing ER investigations that were concurrent with the preparation of this document. From west to 
east, the individual alluvial wells are A-14, A-15, A-19, A-23, A-24, and A-25 and the transects are A-16, 
A-17, and A-18, and A-20, A-21, and A-22. There is also one well in Guaje Canyon, A-1 (see Figure 4-1). 

Well A-14, located just upgradient ofthe confluence with DP Canyon, was completed and designated as 
Well LAO 1.6g by the ER Project in March, 1996. This well, paired with existing alluvial wells LA0-2 
(DP Canyon) and LA0-3 (downgradient of the confluence with DP Canyon), is being used to identify and 
estimate contaminant migration into Los Alamos Canyon from DP Canyon, which historically received 
discharges of radioactive effluent from the north side ofTA-21 (LANL 1995d). 

Well A-15, located in Los Alamos Canyon east ofthe confluence with DP Canyon between existing 
alluvial wells LA0-3 and LA0-4, is designated as Well LA0-3.5 in the Task/Site Work Plan for 
OU-1049 (LANL 1995d). It has not yet been completed. The purposes of this well are to determine if 
alluvium is in contact with the Guaje Pumice Bed, if water is present in the Guaje Pumice Bed and, if 
present, what the chemical quality of that water is. Existing data show significant dilution of solutes in the 
alluvial groundwater between Wells LA0-3 and LAO -4, suggesting that alluvial groundwater may be 
mixing with underlying groundwater before reaching Well LA0-4. Previous investigations show 
groundwater present in the Guaje Pumice Bed at Well LAOI(A)-1.1 (Longmire et al. 1996). Completion 
of well LA0-3.5 in the Guaje Pumice Bed will help to resolve the hydrogeologic uncertainty in this area 
ofthe canyon. 

Wells A-19, A-23, A-24, and A-25 are located in lower Los Alamos Canyon on San Ildefonso Pueblo 
land. Three of these wells (A-19, A-23, and A-25) were completed by the ER Project in the summer of 
1996 (LLA0-1, LLA0-2, and LLA0-5). The pU!]OSe of these wells is to characterize the quality of the 
alluvial groundwater in this part of the canyon below Aggregate 1 sources. Outside of the Laboratory 
boundary, return flow from the alluvium, and perhaps from deeper perched zones, provides drinking 
water for wildlife and livestock (LANL 1995d). The location ofthese wells also provides additional 
monitoring capabilities between the Laboratory boundary and the Rio Grande where the vertical 
separation between the saturated alluvium and the regional aquifer decreases and eventually merges near 
the Rio Grande. The fourth well (A-24) has not yet been installed. It will be located downgradient of the 
confluence with Guaje Canyon and will be used to identify the mixing zone between alluvial groundwater 
and the regional aquifer. 

Well A-1 has also not yet been installed. It will be located in lower Guaje Canyon and used to estimate 
both the amount and the quality of water being contributed to lower Los Alamos Canyon by Guaje 
Canyon. 

Two piezometer transects are proposed for Los Alamos Canyon, one between the confluence with DP 
Canyon and the eastern LANL boundary (A-16, A-17, and A-18), and one between Basalt Spring and the 
confluence with Bayo Canyon (A-20, A-21, and A-22). The purpose ofthe transects is to identify zones 
of water loss due to seepage. This information is necessary to more accurately estimate the location and 
quantity of infiltration vertically from the alluvium that might be occurring. The first transect is located 
near the eastern limit of alluvial groundwater in upper Los Alamos Canyon. This area may represent an 
area of high infiltration because of changes in bedrock geology from tuff to interbedded Puye Formation 
and basalts down canyon. The transect will be arrayed longitudinally along the axis of the canyon across 
the contact between the tuff and underlying fanglomerates and basalts. The second piezometer transect 
will be arrayed longitudinally along lower Los Alamos Canyon across the contact between the Puye 
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Formation and the Santa Fe Group. Water-level measurements will be made at each piezometer location 
to identify changes in vertical gradients that indicate possible infiltration zones. 

DP Canyon is being investigated as part of the ER Project efforts in T A-21. The sampling and analysis 
plan for this investigation is in preparation. Part of this effort will include a tracer test to determine if this 
water is the source ofDP Spring. 

Intermediate Perched Zones and Regional Aquifer 

Two intermediate perched zones, one beneath the other, have been encountered in Los Alamos Canyon 
between TA-2 and the confluence with DP Canyon (Figure 4-13). The upper intermediate perched zone 
occurs within the Guaje Pumice Bed. This zone was encountered in boreholes LADP-3 (at 325ft) and 
LAOI(A)-1.1 (at 295ft) (Broxton et al. 1995b; Longmire et al. 1996). This same zone may have been 
penetrated by test hole H-19, west ofthe Los Alamos Canyon Bridge (Griggs 1964). The saturated 
thickness ofthis zone decreases from west to east, ranging from 22-ft at LAOI(A)-1.1 to 5-ft at LADP-3. 

A deeper intermediate perched zone was encountered in LAOI(A)-1.1 in the Puye Formation at about 317 
ft. Possibly the same zone was also observed at a depth of253 ft in the Puye Formation on televiewer logs 
taken during development of water supply well 0-4 (Purtymun and Stoker 1988). However, no 
intermediate perched zone was found at LADP-3 in the approximately 19ft ofthe Puye Formation that 
was penetrated. Another hole was drilled from the mesa top at MDA V in TA-21 which is approximately 
midway between LAOI(A)-1.1 and LADP-3 to investigate the lateral extent ofthe Guaje Pumice 
intermediate perched zone under DP Mesa. The MDA V Deep Hole (Borehole 21-2523) did not find 
saturated conditions in the Guaje Pumice Bed at this location, indicating that this intermediate perched 
zone does not extend northward under DP Mesa. The infiltration pathways, continuity, and chemical 
quality of groundwater in these known intermediate perched zones is not well characterized. Also, it is not 
known if deeper perched zones exist above the regional aquifer. These unknowns need to be addressed in 
order to predict migration of contaminants and vertical recharge pathways to the regional aquifer. 

Depth to the regional aquifer is known in several locations in Los Alamos Canyon; at TW -3 and 0-4, at 
0-1 near the confluence with Pueblo Canyon, and at LA-5 and LA-IB in the lower reach. Water level 
measurements taken in December 1993 show depths to water to be 778 ft at TW -3, 704 ft at 0-1, and -9 ft 
(artesian) at LA-IB ft (EPG 1996). Based on Laboratory water-level maps, the general direction of 
groundwater flow in the regional aquifer is east in the vicinity ofLos Alamos Canyon (see Figure 2-10). 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

Four regional aquifer wells are proposed in Los Alamos Canyon for investigating the occurrence and 
quality of intermediate perched zone groundwater, for identifying possible infiltration pathways 
connecting shallow, intermediate, and deep saturated zones, to provide geologic and hydrologic 
information for the pre-Bandelier stratigraphic units for both canyon and mesa site investigations, and for 
providing long term monitoring of the regional aquifer. From west to east, these regional wells are R-6, 
R-7, R-8, and R-9 (see Figure 4-2). 

Well R-6 will be located in upper Los Alamos Canyon, about 0.25 mile west of the Los Alamos Canyon 
Bridge, near existing alluvial well LAO-C. The purposes of this well are to provide background water 
quality information on intermediate perched zones and the regional aquifer, and to provide stratigraphic 
control in this area. This well location is up gradient of any known contaminant sources and the chemical 
and stratigraphic information obtained will be important in determining the impact of Aggregate 1 sources 
on the quality of groundwater beneath and downgradient of the sources. During the drilling of well R-6, 
the borehole will be fully cored to provide a reference for stratigraphy and hydrologic boundary 
conditions for the western portion of the Laboratory, including depth of the regional aquifer and the effect 
of the Pajarito Fault zone on hydrologic conditions. Hydrologic and geologic properties from well R-6 
will also be used in ER Project assessments for mesa-top sites at TA-21. 
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Well R-7 will be located in the middle part of Los Alamos Canyon, between wells LAOI(A)-1.1 and 
LADP-3, about 2.5 mi upgradient of the confluence with DP Canyon. The purposes of this well are to 
identify possible infiltration pathways connecting overlying alluvial groundwater with known 
intermediate perched zones, and to identify additional intermediate perched zones which may exist 
between that already identified in the Puye Formation and the regional aquifer. The detection of high 
levels of tritium in intermediate perched zone groundwater in well LADP-3 (6000 pCi/L) suggests a 
hydraulic connection with overlying saturated alluvium. It is thought that the original tritium source is 
from TA-2 (cooling water leakage from a reactor) and that tritium-contaminated alluvial groundwater 
below T A-2 is providing recharge to the intermediate perched zone (Broxton et al. 1995b; Longmire et al. 
1996). The occurrence of tritium in well LADP-3 raises questions about the possible recharge pathways 
from the alluvium to the intermediate perched zone. However, intermediate depth well LAOI(A)-1.1 , 
which is between the source and the point of detection 0.7 mi downgradient, contains no significant 
tritium levels (i.e., above the background level of 60 to 350 pCi/L). It is possible that recharge pathways 
in this part of Los Alamos Canyon have both lateral and vertical components and that recharge rates are 
relatively rapid, reaching depths of at least 300ft. Further, tritium concentrations in LADP-3 are 
decreasing with time, suggesting that the contaminant plume is migrating away from this area. Hydrologic 
and geologic properties from well R-7 will also be used in ER Project assessments for mesa-top sites at 
T A-21, TA-53 and the Airport Landfill in T A-73. 

Well R-8 will also be located in the middle part of Los Alamos Canyon, near the confluence with DP 
Canyon, and near water supply well 0-4. The purposes of this well are to monitor for contaminants in the 
regional aquifer in the vicinity of well 0-4, to verify possible intermediate perched zones encountered in 
0-4 at 253 ft, and to identify any additional perched zones above the regional aquifer. The location of 
well R-8 between potential release sites at T A-21 and 0-4 provides early detection monitoring of 
contaminants before they reach the water supply well. 

Well R-9 will be located in lower Los Alamos Canyon, near the eastern boundary of the Laboratory and 
the confluence with Pueblo Canyon. The purpose of this well is to help define the down-canyon extent 
and flow directions of known intermediate perched zones. As previously described, the alluvium in a 
portion of Los Alamos Canyon from LA0-5 to west of the proposed R-9location is not saturated. This 
suggests that water in the alluvium may be infiltrating and recharging intermediate perched zones or the 
regional aquifer. Predictive modeling and hydrogeologic data suggest that tritium and strontium-90 
released from T A-21 may be in an intermediate perched zone in the vicinity of well R-9 (LANL 1995d). 
The surface casing of well R-9 has been set and the borehole is scheduled for completion by the ER 
Program in FY98. 

4.3.1.4 Sandia Canyon 

Surface Water 

Surface water occurs in Sandia Canyon as ephemeral runoff from precipitation and as effluent discharge 
from the Laboratory sanitary wastewater sewage treatment plant. Significant snowmelt runoff does not 
occur within Sandia Canyon. Seepage loss occurs in the upper part of the canyon, and surface water rarely 
extends east ofthe TA-72 firing range (LANL 1993t). 

Alluvial Groundwater 

Little is known about the occurrence of alluvial groundwater in Sandia Canyon. Most likely, infiltration 
of surface water creates a saturated zone of seasonally-variable extent within the alluvium in the upper 
reach ofthe canyon. However, the extent and thickness of alluvial groundwater has not been 
characterized. 

Two alluvial wells were installed in 1990 as part of the HSWA permit special conditions near the eastern 
boundary to investigate for alluvial groundwater. Both wells, SC0-1 and SC0-2 were dry at the time of 
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installation (Purtymun and Stoker I990). Periodic attempts to sample these wells as part of the 
Laboratory's annual environmental surveillance activities have failed due to lack of water in the wells 
(LANL I995c). 

Alluvial Groundwater Investigations 

One piezometer transect (A-26, A-27, and A-28) is proposed for the upper part of Sandia Canyon below 
the T A-53 Los Alamos Neutron Science Center (LANSCE) (see Figure 4-I ). This longitudinal transect 
will be located near the anticipated eastern limit of saturation in the alluvium perpendicular to the canyon 
axis. The purposes ofthis transect are to determine the width and thickness of saturation, and to 
characterize groundwater quality. This information will help define the width of possible infiltration 
pathways, calculate seepage losses, and assess transport of contaminants adsorbed to sediments within the 
alluvium. 

Intermediate Perched Zones and Regional Aquifer 

An intermediate perched zone has been identified in lower Sandia Canyon at a depth of approximately 
450ft within a thick section of the Cerros del Rio basalts. This intermediate perched zone, which was 
noted during drilling for water supply well PM-I , occurs at the same stratigraphic interval as perched 
water encountered in TW-IA and POI-4 in lower Pueblo Canyon. No water quality information is 
available for this perched zone. No information is available regarding the occurrence of intermediate 
perched zones beneath upper Sandia Canyon. 

An intermediate perched zone is present within the Guaje Pumice Bed beneath much of upper Los 
Alamos Canyon to the north (see description above). This perched zone appears to be largely confined to 
the area beneath Los Alamos Canyon west ofTA-2I (the Guaje Pumice Bed was not saturated in 
boreholes 2I-2523 and LADP-4 north of Los Alamos Canyon), but structure contour maps (Broxton and 
Reneau 1996; Davis et a!. 1996) suggest that the gradient of the perching layer changes direction in the 
vicinity of proposed well R-7, and that the perched groundwater in this zone may be moving southward 
down the axis of a large pre-Bandelier paleo drainage basin (see Figure 4-I5). 

Depth to the regional aquifer is known in Sandia Canyon in two locations; at supply well PM-3 and PM-I 
near the eastern Laboratory boundary. Water level measurements taken in December I993 show depths to 
water to be 77I ft at PM-3, and 756ft at PM-I (EPG I996). Based on Laboratory water-level maps, the 
general direction of groundwater flow in the regional aquifer is east to southeast in the vicinity of Sandia 
Canyon (see Figure 2-IO). 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

Three regional wells are identified in this Workplan for installation in Sandia Canyon. From west to east, 
the wells are R-IO, R-II, and R-I2 (see Figure 4-2). 

Well R-10 will be located in upper Sandia Canyon about halfway between the west and east Laboratory 
boundaries. The purposes of this well are to investigate the possible presence of intermediate perched 
zone groundwater and to monitor water quality in the regional aquifer. The location of well R-IO was 
chosen to intersect the axis of the pre-Bandelier paleo drainage basin thought to occur here. The location 
of well R-1 0 will be refined, if necessary, using information from the drilling for well R-I5 in Mortandad 
Canyon which is scheduled to be drilled earlier. Locating the suspected paleo drainage basin, and 
characterization of any saturated zones in the basin, will provide information regarding any lateral 
flowpaths and continuity of intermediate perched zones between Los Alamos and Sandia Canyons. Data 
from well R-IO will also provide information regarding water quality in the regional aquifer and help 
define groundwater flow directions in the central part ofthe Laboratory. Well R-IO will provide geologic 
and hydrologic data forT A-53 mesa-top ER Project assessments. 

Well R-II will be located in middle Sandia Canyon about 500ft upgradient ofwater supply well PM-3. 
The purpose of this well will be to provide early detection of contaminants that may have reached the 
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upper portion of the regional aquifer before they reach the water supply well. Data collected from this 
location will also provide information about local flow directions and water levels near PM-3, which 
appear to be anomalously high (EPG 1996). 

Well R-12 will be located in middle Sandia Canyon near the eastern Laboratory boundary about 800ft 
upgradient of water supply well PM-1. The purposes of this well are to investigate the possible 
occurrence of intermediate perched zone groundwater and to provide information on local water levels 
and flow directions in the regional aquifer. Well R-12 will be completely cored to provide a reference for 
stratigraphy for the eastern portion of the Laboratory. Chemical data from water samples will be 
compared with similar data from POI-4 and TW-lA to determine if these perched zones are 
interconnected. The location ofwell R-12 is downgradient of Aggregate 1 sources including effluent 
releases from TA-3, 

TA-53, T A-60 and TA-61 directly into Sandia Canyon. This location will provide early detection 
capabilities for possible regional aquifer contaminants before they reach supply well PM-1. The surface 
casing of well R-12 has been set and the borehole is scheduled for completion by the ER program in 
FY98. A more detailed analysis ofthe placement ofR-12 (ER borehole SCOI-3) in Sandia Canyon is 
included in the ER Work Plan for Los Alamos and Pueblo Canyons (LANL 1995d). 

4.3.2 Aggregate 2 

Table 4-4 lists the alluvial and regional aquifer wells proposed for installation in Aggregate 2. The 
rationale for these wells and the uncertainties they address are described below. Additional information 
about the rationale for the regional aquifer wells is given in Table 4-1. Figures 4-1 and 4-2 show the 
general proposed well locations. Appendix 6 provides large-scale maps with proposed well location 
plotted along with existing wells for reference. 

Table 4-4. Summary of Potential Wells in Aggregate 2 

Canyon or Alluvial Wells/Piezometer Transects Regional Aquifer 
Mesa (all ER}' Wells 

Mesita del Buey R-21 (ER) 

Canada del Buey R-16 (NWW 

Pajarito Canyon A-30 R-17 (ER) 

A-31 R-18 (NWT) 

A-32 R-19 (ER) 

A-33 R-20 (NWT) 

A-34 R-22 (ER) 

A-35, A-36, A-37 

A-38 

A-39 

A-40 

A-41 

A-42 

1 Funded through Environmental Restoration Project 
2 Funded through Nuclear Weapons Technology Program 

4.3.2.1 Area Description and History 

Aggregate 2 is located in the east-central portion ofthe Laboratory (see Figure 1-3). It is bounded on the 
north by Canada del Buey, on the south by Pajarito Canyon, on the west by the TAs-18 and -51 , and on 
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the east by the Laboratory boundary (Figure 4-16 and 4-17). The boundaries of Aggregate 2 were drawn 
to encompass the potential release sites associated with TA-54. 

Aggregate 2 includes Canada del Buey and the middle reach ofPajarito Canyon, and Mesita del Buey. 
One active technical area, T A-54, is included within the boundary of Aggregate 2. 

TA-54, located on Mesita del Buey, contains four material disposal areas (MDAs) and supporting offices. 
The MDAs are situated on the mesa top, from west to east, in the following order: MDA H, MDA J, 
MDA L, and MDA G. The ER Project is presently investigating Mesita del Buey and Canada del Buey as 
part of Operable Unit 1148 and Pajarito Canyon as part of Operable Unit 1092. Also, the MDAs are the 
subject of ongoing contaminant transport modeling for a Performance Assessment under DOE Order 
5820.2A. 

MDA H is designated as a permanent disposal facility for the Laboratory. It consists of nine shafts in 
which uncontaminated classified material and some radioactive material was deposited from 1960 until 
1986. The facility is currently inactive (LANL 1992e ). 

MDA J is an active disposal facility and has been in use since 1961. Wastes disposed of at MDA J consist 
of administratively controlled waste and nonfriable asbestos (LANL 1992e ). Land farming of petroleum­
contaminated soil had been conducted at MDA J periodically in the past from 1991 to 1994 (LANL 
1994c). 

MDA L is an inactive chemical waste disposal facility in which chemical waste was deposited in pits, 
impoundments, and shafts from the late 1950s until 1985. Active chemical and mixed waste handling and 
storage units are now present on the surface. MDA L is permitted for hazardous waste storage and the 
Laboratory intends to reserve the space for this purpose indefinitely (LANL 1992e ). 

MDA G is an active disposal facility and has been in use since 1957.11 has been the main low-level 
radioactive waste disposal facility for the Laboratory since 1960, and is the Laboratory's only currently 
active low-level radioactive waste disposal facility. MDA G is also used for the storage of low-level and 
transuranic (TRU) mixed waste, which is being nondestructively tested at aT A-54 facility (LANL 
1992e). 

Pajarito Canyon south ofT A-54 contains a number of potential release sites. These include sewage lines 
(18-001 b), sewage lagoons (18-00l(a)), firing pits (27-002), and bazooka impact sites (27-003). 
Additional potential release sites are located upstream in Pajarito Canyon at T A-18. Canada del Buey 
north ofT A-54 contains no known potential release sites. 

More detailed information about activities and potential release sites at T A-54 can be found in the RCRA 
Facilities Investigation Work Plan for Operable Unit 1148 (LANL 1992e), and the Solid Waste 
Management Units Report (LANL 1990). 

4.3.2.2 Mesita del Buey 

Surface Water 

Surface runoff occurs on Mesita del Buey and in small drainages off the mesa for brief periods during 
spring snowmelt and intense summer thunderstorms (LANL 1992e). Infiltration beneath Mesita del Buey 
appears to be very low, possibly only 1 mm/yr. Infiltration occurs during snowmelts or intense summer 
thunderstorms, leading to slightly higher moisture contents within the uppermost few meters of the mesa 
surface. During dry periods, evapotranspiration removes moisture from the surface of the mesa, while 
permeable zones such as fractures and surge beds act as conduits for air and aid in the drying of the mesa 
(Turin and Rosenberg 1996). Net infiltration during these alternating infiltration episodes and normal 
drying conditions is difficult to quantify. 

Hydrogeologic Workp/an 4-56 May22, 1998 



j 
~ 
5"' 
~· 
~ 
i 
if 

~ 
VI 
-....! 

~ 
-~ ... 
'C> 

~ 

66oo 

64oo 

s2oo 

60oo 

saoo 

56oo 
feet 

Aggregate 2 

Cerros del b · b 
"

10 
asalt 

~-....... 

______ '!, ____ _ 

Top of regional aquifer 

Image: J. Benson, FIMAD 105158 9.96 
Mod~ied by: cARTography by A. Kron 1212196 

Figure 4-16. Block diagram showing the terrain and bedrock geology for Aggregate 2. 



Hydrogeologic Workplan 4-58 

N 
w 
1-
<( 
CJ w 
a: 
CJ 
CJ 
<( 

:<!::; ~ 

~ 
ctS 

Q) (/)"0 "0 
Ol ,_cOl a> 
ctS ::J ::J c (/) 
c "0 0 0 0 

-~ ctS c co "0 Cf) g. _ o o <( ·s a: .... 
OCI:OI-COCl..Cl.. 

ti: 
0 
0 
0 
C\1 

0 
0 
0 

0 

May22, 1998 

N 
G) -ftl Q 

! 
Q 
Q 
c( 

.5 

.!! 

1 
'"C 
G) 
Ill 
0 
c. 
e 
c. 

'"C 
c 
ftl 
Ill 

Cl) 
a: 
D. 
,..: .... 

I 
"'I' 

! 
:I 
Q 

u:: 



Alluvial Groundwater 

Occurrences of alluvial groundwater to the north and south ofMesita del Buey are discussed in the 
Cafiada del Buey and Pajarito Canyon Conceptual Models. 

Alluvial Groundwater Investigations 

Several alluvial wells are proposed for installation in Aggregate 2 and are discussed in the section 
describing Pajarito Canyon. 

Intermediate Perched Zones and Regional Aquifer 

No perched groundwater has been identified below Mesita del Buey. 

On the basis ofthree test holes drilled in 1985 along the north edge ofPajarito Canyon, and many 
additional holes drilled into the Bandelier Tuff beneath Mesita del Buey, there is no evidence that the 
perched aquifer in Pajarito Canyon (described below) extends horizontally beneath Mesita del Buey 
(Devaurs and Purtymun 1985). 

Depth to the regional aquifer is approximately 850 ft below the canyon bottom, as measured in water 
supply well PM-2. The top ofthe aquifer at PM-2 is within the Puye Formation (Figure 4-18). Based on 
Laboratory water-level maps (see Figure 2-1 0), the general direction of groundwater flow in the regional 
aquifer is southeast toward the Rio Grande. Projecting this flow direction, there are seven springs along 
White Rock Canyon that may be considered down gradient from Mesita del Buey. These include Springs 
2A, 3, 3A, 3AA, 3B, 4, and 4A. There is no indication of water quality impacts in the regional aquifer in 
water from supply well PM-2 or the springs in White Rock Canyon (EPG 1996). 

Contaminant migration has occurred from disposal facilities at MDA G and MDA L. At MDA G, 
underground movement of tritium has been documented from solid-waste storage shafts. Available data 
indicates that tritium is migrating in the vapor phase (Purtymun 1973). A major organic vapor plume has 
been documented at MDA L. The organic vapors are denser than air and thus have a tendency to spread 
both downward and laterally at a relatively rapid rate. The principal vapor phase contaminants are 1,1, 1-
trichloroethane (TCA), trichloroethene (TCE), and carbon tetrachloride. The plume dimensions are not 
fully known, but ER characterization activities to date have documented a width of approximately 1200 
ft. Vertically, the plume apparently has passed through the Bandelier Tuff and into the Cerros del Rio 
Basalts (depths of approximately 500ft). A pilot vapor extraction program is underway to control the 
spread of the organic plume. Because the vertical extent of the plume has not been determined, it is 
unknown if the plume has impacted the regional aquifer. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

One regional aquifer well, R-21, is proposed for installation on Mesita del Buey (see Figure 4-2). Well 
R-21 will be located on the mesa top near MDA L. The purpose of this well will be to evaluate and 
monitor hydrologic and geochemical conditions in the regional aquifer beneath MDA L. The ER Project 
has reported the presence of organic contaminants in the vapor phase, including vapors from halogenated 
solvents, beneath Area L that have migrated through the tuff and the basalts to a depth of 500 ft. Data 
from well R-21 will be compared to data from well R-20 to evaluate the migration ofthe organic 
contaminants and their potential movement toward supply well PM-2. 

4.3.2.3 Caiiada del Buey 

Surface Water 

In Cafiada del Buey, located north ofMesita del Buey, ephemeral surface water occurs during snowmelt 
or thunderstorms (Purtyman and Kennedy 1971; Devaurs and Purtyman 1985). 
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Alluvial Groundwater 

Groundwater is present in the canyon along an approximate one-half mile reach near wells CDB0-6 and 
CDB0-7. Saturation has not been observed in other wells in the canyon. This saturation is contained 
within the weathered tuff and is immediately below the discharge point of municipal supply well PM-4. 
While the specific source of this water has not been determined, it is thought to be a result of water 
discharged from well PM-4 during start up of the pump. Well PM-4 began to produce water in 1982. 
Discharges from PM-4 still occur (under NPDES permit) but infrequently. The most recent discharge 
occurred on November 10, 1997. The discharge was for 20 minutes at approximately 1350 gallons per 
minute. Water levels in CDB0-6 since 1992 have ranged from 0 (dry) to 12 feet of saturation. Water 
levels in CDB0-7 since 1992 have ranged from 0 (dry) to 7 feet of saturation. Well CDB0-6 is sampled 
quarterly for nitrogen species, chloride, and total dissolved solids, and in the 3rd and 4th quarter for metals 
and radioactivity. 

Two moisture access wells also have been installed to monitor moisture changes in the Tshirege Member 
of the Bandelier Tuff that underlies the alluvium in the canyon floor. No significant changes in moisture 
content have been observed in annual measurements since 1992, suggesting that minimal recharge is 
occurring in this dry canyon (Rogers et al. 1996). 

Alluvial Groundwater Investigations 

No alluvial wells are planned for Canada del Buey because adequate coverage already exists. Existing 
borehole data indicates that this canyon does not contain alluvial groundwater. 

Intermediate Perched Zones and Regional Aquifer 

No intermediate perched zones are known to occur in this area. 

Depth to the regional aquifer is approximately 850 ft below the canyon bottom, as measured in water 
supply well PM-2. The top ofthe aquifer at PM-2 is within the Puye Formation (Figure 4-18). Based on 
Laboratory water-level maps (see Figure 2-1 0), the general direction of groundwater flow in the regional 
aquifer is southeast toward the Rio Grande. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

One regional well, R-16, is planned for installation in Canada del Buey east of the aggregate boundary. 
The purpose of this well will be to provide stratigraphic and hydrologic control off-site near the Rio 
Grande and to provide an off-site monitoring point downgradient of Laboratory activities. 

4.3.2.4 Pajarito Canyon 

Surface Water 

Pajarito Canyon has continuous stream flow for approximately two-thirds of the year, making Pajarito 
Canyon one of the wettest at the Laboratory. About 1 mile east of the Laboratory's western boundary, 
Homestead Spring supports a perennial flow in Pajarito Canyon for at least several hundred yards, 
followed by an intermittent and/or ephemeral reach that may extend to near the confluence with 
Threemile Canyon, just west of Aggregate 2. The flow in Pajarito Canyon east of its confluence with 
Threemile Canyon is ephemeral to the Laboratory ' s east boundary. 

In the western portion ofPajarito Canyon, water occurs as springs on the sides of the mesas at elevations 
above the alluvium (Purtyman and Kennedy 1971). Many ofthese springs issue from hillslopes in the 
Tshirege Member of the Bandelier Tuff with typical discharge rates of 1 to 15 gallons per minute. The 
recharge source of these springs is likely both the Jemez Mountains and anthropogenic sources such as 
industrial outfalls. Organic compounds have been detected in the spring water, most likely originating 
from operations and PRSs associated with TA-8 and T A-9 in Aggregate 5. 
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Alluvial Groundwater 

Infiltration of surface water has created a perched groundwater body in the alluvium of Pajarito Canyon 
(Figure 4-18). Saturated thickness in the alluvial groundwater is approximately I 0 ft (Purtymun 1995). 
The drilling of seven test holes in 1985 showed that the saturation does not extend laterally under Mesita 
del Buey near MDAs G and L (Devaurs 1985; Devaurs and Purtymun 1985). Three of the alluvial test 
holes were completed as groundwater monitoring wells (PC0-1, -2, -3) and are routinely sampled as part 
of the Laboratory's Environmental Surveillance Program. 

Quality of the alluvial groundwater is variable in Pajarito Canyon. Occasional above-background levels of 
americium-241, barium, nitrate, total dissolved solids, and chloride have been observed (EPG 1996). In 
addition, a number oftrace metals have been detected in well PC0-2 (1994) and PC0-3 (1993). These 
trace metal concentrations, however, were not above background in the 1995 sampling. The levels of 
barium suggest the impact of high explosives work in the canyon. In middle Pajarito Canyon, above 
background concentrations of nitrate, uranium, and 1,2-dichloroethane (1,2-DCA) have been measured 
(EPG 1996; ICF Kaiser 1996). 

Alluvial Groundwater Investigations 

Nine individual alluvial wells and one piezometer transect are proposed for the length Pajarito Canyon. 
One alluvial well is proposed in Threemile Canyon, a major tributary. Some of these alluvial wells will be 
used to investigate the extent of alluvial groundwater and its quality in the upper part of Pajarito Canyon 
and its tributaries Twomile Canyon and Threemile Canyon. These wells will also be used to evaluate the 
impacts of PRSs within Pajarito Canyon and its tributaries. Data from these wells will be used to evaluate 
the amount of alluvial water that could provide recharge to underlying groundwater as well as the 
contaminant concentrations that could infiltrate with the alluvial water. From west to east, the individual 
wells are A-30, A-31, A-32, A-33, A-34, A-38, A-39, A-40, A-41, and A-42 (Threemile Canyon). The 
transect consists ofwells A-35, A-36, and A-37 (see Figure 4-1). 

Well A-30 will be located in Pajarito Canyon, near the western boundary of the Laboratory, upgradient of 
Laboratory activities. The purpose of this well will be to identify the presence of alluvial water and 
establish background water quality for the canyon. These data will be used to determine the impact of 
PRSs on alluvial water further down canyon. 

Well A-31 will be located within the boundary of Aggregate 5. The purpose of this well will be to identify 
the possible presence of contaminants in the canyon from high explosives manufacturing and testing 
which occurred at TA-8, TA-9, and TA-16. 

Wells A-32, -33, and -34 are located in Pajarito Canyon above TA-18 and Aggregate 2, and below 
Aggregate 5. The purpose of these wells is to identify the extent of alluvial saturation and water quality 
between these two areas. The wells will be used to evaluate the groundwater pathway within the alluvium. 

Well38 will be located below the confluence with Threemile Canyon at TA-18. The purpose ofthis well 
will be to identify the extent of alluvial saturation down canyon. 

Wells A-39, A-40, and A-41 will be located within Aggregate 2 south ofMDA G. The purpose ofthese 
wells will be to provide additional information regarding saturation and possible contamination in this 
portion ofPajarito Canyon. The extent of alluvial water in Pajarito Canyon has been partially delineated 
just south ofT A-54 by data from wells PC0-1, PC0-2, and PC0-3. The installation of wells A-39, A-40, 
and A-41 will provide additional information and monitoring capabilities. 

One alluvial well transect (A-35, A-36, and A-37) will be located at T A-18 where Threemile Canyon 
joins Pajarito Canyon. The purpose of this transect will be to define the extent of saturation across the 
width of the canyon for both water budget analysis and detection of contaminants. 
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Well A-42 will be located in Threemile Canyon, which is a major tributary to Pajarito Canyon. The 
purpose of this well will be to identify the presence of alluvial water and possible contamination from 
Threemile Canyon. The upper part ofThreemile Canyon borders Aggregate 6, an area of open detonation 
and open burning of high explosives. The location of well A-42 will provide a monitoring point for 
assessm-ent of quantity and quality of water contributed from Threemile Canyon to Pajarito Canyon. 

Intermediate Perched Zones and Regional Aquifer 

Intermediate perched water is known to exist in lower Pajarito Canyon, but knowledge of its extent and 
quality is incomplete. Perched water was indicated in two boreholes drilled on the western edge of 
Aggregate 2. A "show of water at 335ft" was noted in the Otowi Member of the Bandelier Tuff during 
the cable-tool drilling of supply well PM-2 (Cooper et al. 1965). In SHB-4, the core tube and core from 
the top of the Otowi Member from about 125ft to 145ft came out of the hole wet (Gardner et al. 1993) 
(Figure 4-18). Intermediate perched water was not encountered, however, in the drilling of two other test 
holes located further downstream. Both of these dry test holes penetrated stratigraphic horizons that are 
likely perching layers. Test Hole 5 was drilled through the Bandelier Tuff and into basalts at a total depth 
of263 ft. Test Hole 6 was also drilled through the tuff and into basalts to a total depth of 300ft (Griggs 
1955). 

The middle segment ofPajarito Canyon overlies the projected trace of a south-dipping pre-Bandelier 
paleo-valley. In Los Alamos Canyon, intermediate perched water has been found within this paleo-valley. 
The presence ofthis feature may control the flow of intermediate perched water such that it is possible for 
water to be present in Pajarito Canyon at this location. 

Depth to the regional aquifer is approximately 850 ft below the canyon bottom, as measured in water 
supply well PM-2. The top of the aquifer at PM-2 is within the Puye Formation (Figure 4-18). Based on 
1994 water level data (EPG 1996), the general direction of groundwater flow in the regional aquifer is 
southeast toward the Rio Grande. 

Assessing the infiltration from alluvial groundwater to intermediate perched water or to the regional 
aquifer is essential in determining contaminant transport pathways. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

Five regional aquifer wells are proposed in Pajarito Canyon to identify the presence of intermediate 
perched zones, measure the thickness of the zones, and analyze for the presence of contaminants within 
those zones that would indicate contaminant transport is actively occurring. From west to east, these wells 
are R-17 (in Twomile Canyon), R-18, R-19, R-20, and R-22 (see Figure 4-2). Two ofthese wells (R-20 
and R-22) are directly related to Aggregate 2 and the other three wells provide information about sources 
in aggregates upgradient of Aggregate 2. 

Well R-17 will be located in Twomile Canyon, a major tributary ofPajarito Canyon. This borehole will 
provide information about perched groundwater, depth to the regional aquifer, and water quality 
information for perched and regional groundwater systems in a poorly characterized part of the 
Laboratory. It is located down gradient from potential release sites at TAs -3, -6, -58,-59,-62, and -69. 
R-17 will support the ER assessment of MDA C in Aggregate 7 by providing data on the pre-Bandelier 
stratigraphy and hydrologic properties of these units. 

Well R-18 will be located the furthest up canyon in Pajarito Canyon, downstream from potential releases 
from Aggregate 5. The purpose of this well will be to investigate for intermediate perched water and to 
characterize the quality of that water. Water level data from well R-18 will be used to create an accurate 
water table map for the regional aquifer in the west-central part of the Laboratory, supporting the 
placement of long-term monitoring wells for Aggregates 5, 6, and 7. 

Well R-19 will be located in middle Pajarito Canyon, about halfway between the confluences with 
Twomile and Threemile Canyons. The purpose of this well will be to provide hydrogeologic control in 
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the central portion ofthe Laboratory. The location ofwell R-19 is downgradient of release sites in upper 
Pajarito Canyon and upgradient ofTA-18 activities. 

Well R-20 will be located in middle Pajarito Canyon, about 0.25 mi east of supply well PM-2. The 
purpose of this well will be to provide early detection monitoring of contaminants that may reach the 
regional aquifer before they reach the water supply well. The location of this well near PM-2 also allows 
for the investigation of intermediate perched zone groundwater that was noted in PM-2. 

Well R-22 will be located about 500ft west of the eastern Laboratory boundary in Pajarito Canyon. The 
purpose of this well will be to determine the presence and quality of intermediate perched water 
downgradient ofthe TA-54 disposal areas. The location ofwell R-22 is in a part ofthe canyon where the 
alluvium and Bandelier Tuff thins over Cerros del Rio basalts. Occurrences of intermediate perched water 
have been found in Pueblo Canyon (Aggregate 1) in similar circumstances. Well R-22 will be 
continuously cored to provide a reference stratigraphy for the east-central portion of the Laboratory. 
Water chemistry from intermediate and regional groundwater will be compared to the water chemistry of 
springs in White Rock Canyon to evaluate the potential hydrologic connections between these 
groundwater bodies. Data for the geologic units below the Bandelier Tuff are needed from well R-22 to 
support the MDA G Performance Assessment (a Waste Management activity) and ER assessment 
activities. 

4.3.3 Aggregate 3 

Table 4-5 lists the alluvial, intermediate, and regional aquifer wells proposed for installation in Aggregate 
3. The rationale for these wells and the uncertainties they address are described below. Additional 
information about the rationale for the regional aquifer wells is given in Table 4-1. Figures 4-1 and 4-2 
show the general proposed well locations. Appendix 6 provides large-scale maps with proposed well 
location plotted along with existing wells for reference. 

Table 4-5. Summary of Potential Wells in Aggregate 3 

Canyon or Alluvial Wells/Piezometer Transects Regional Aquifer 
Mesa (all ER)' Wells 

Frijoles Mesa R-30 (ER) 

1 Funded through Environmental Restoration Project 

4.3.3.1 Area Description and History 

Aggregate 3 is located in the south-central portion ofthe Laboratory (see Figure 1-3).1t is bounded on the 
north by Water Canyon, on the south by State Road 4, on the west by the TA-49 boundary, and on the 
east by the easternmost extent of activities on Frijoles Mesa, i.e., the small landfill east of Area 10 
(SWMU 49-005[a]) (Figure 4-19 and 4-20). The boundaries of Aggregate 3 were established to 
encompass the potential release sites associated with TA-49. 

Aggregate 3 includes only Frijoles Mesa. The hydrogeology of Water Canyon and Ancho Canyon are 
addressed in the discussions of Aggregates 6 and 4. One active technical area, TA-49, exists within 
Aggregate 3 boundaries on top of Frijoles Mesa. 

TA-49 was used for underground hydronuclear testing in the early 1960s. The testing consisted of 
criticality, equation of state, and calibration experiments involving special nuclear materials. The testing 
left large inventories of radioactive and hazardous materials such as isotopes of uranium and plutonium, 
lead, beryllium, and explosives such as TNT, RDX, HMX, and barium nitrate. Much of this material was 
disposed of in shafts on the mesa top. 
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Further information about activities and potential release sites at T A-49 can be found in Thome and 
Westervelt (1987), Stoker and Purtymun (1987), The Solid Waste Management Units Report (LANL 
1990), and the RFI Work Plan for Operable Unit 1144 (LANL 1992t). The RFI Work Plan also describes 
the planned ER investigations which focus on identifying and quantifying migration of contaminants from 
the shafts. 

4.3.3.2 Frijoles Mesa 

Surface Water 

Surface water occurs to the north of Frijoles Mesa in Water Canyon and to the east in Ancho Canyon. 
Flow in these canyons is ephemeral and intermittent in the vicinity ofT A-49. There are no springs in the 
vicinity ofTA-49 (LANL 1992t). On Frijoles Mesa, surface water occurs as storm water runoff or as 
snowmelt. Surface runoff flows either northward into Water Canyon, eastward into a tributary of Ancho 
Canyon, or southward into Ancho Canyon. Surface water data has been collected for about 30 years at the 
Beta Hole surface water station in Water Canyon, upgradient ofTA-49; in Water and Ancho Canyons at 
State Road 4, and sporadically in drainages leading from MDA AB following intense rainfall events. 

Surface water chemistry results show contaminant levels at detection or background levels over this 
period (LANL 19920). 

Alluvial Groundwater 

A discussion of the occurrence of alluvial groundwater in Water and Ancho Canyons can be found in the 
discussions of Aggregates 6 and 4. 

Alluvial Groundwater Investigations 

There are no alluvial wells designated for installation with respect to Aggregate 3. Installation of alluvial 
wells A-47 and A-48, which are located near and downgradient ofTA-49, will be addressed in the 
discussion of Aggregate 6. 

Intermediate Perched Zones and Regional Aquifer 

Before TA-49 activities on Frijoles Mesa began, the U.S. Geological Survey (USGS) conducted 
hydrogeologic investigations to evaluate the suitability of the site for testing purposes. These 
investigations, described in Weir and Purtymun (1962) and Purtymun and Stoker (I987) included the 
completion of the three deep test wells mentioned above and two other deep drill holes which did not 
reach the regional aquifer, DT -5 at 962 ft and DT -5P at 692 ft (Purtymun I995. Four core holes (CH-I, 
CH-2, CH-3, and CH-4) were drilled to depths of300 to 500ft at the main experimental area. In addition, 
more than 50 experimental holes were drilled as deep as 142 ft in Areas I, 2, 2A, 2B, 3, and 4 from I959 
to I96I. No perched water was encountered in any of the holes and all holes have remained dry with the 
exception of core hole CH-2, which on several occasions between 1979 and 1992 has contained up to I 00 
ft of standing water (LANL I992t). The 20-ft slotted interval ofCH-2 straddles the Unit I v/I g contact. 
There was no water loss during the drilling of CH-2; the hole was drilled with air. After the drilling was 
completed, water was added to CH-2 to facilitate borehole geophysical logging. In the logging of CH-2, a 
significant amount of fluid was lost below a depth of about 300 feet, indication the presence of a 
relatively permeable formation in stratigraphic Unit 1 v and/or Unit 1g.During the drilling and logging of 
CH-2, a "large but unquantified" volume of drilling fluid was lost in the core hole. 

A large amount of fluid was also lost during the drilling of deep test well DT -SA (perhaps 2.5 to 10 
million gallons) at about 285 ft in depth near the Unit 1 v/1 g contact (LANL 1992t). In 1994, the water 
level in CH-2 was measured at 150m (493.3 ft) below the surface casing, which is about 14ft of standing 
water (EPG 1996). One possible mechanism for the source of water in CH-2 is the drainage of surface 
runofffrom the asphalt pad through a hole in the asphalt caused by the collapse of one of the test holes 
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associated with the hydronuclear experiments (Purtymun and Stoker 1987). Several other possibilities, 
including a possible undetected natural perched zone, are given in the RFI Work Plan for Operable Unit 
1144 (LANL 1992t). This latter hypothesis seems unlikely, however, given the relatively extensive site 
characterization performed to date and the fact that this recharge pathway apparently developed more than 
a decade after the hole was completed. No intermediate perched water other than that in CH-2 has been 
found at TA-49. 

As part of the ER Project's RFI activities, two 150-ft deep holes were drilled through the asphalt pad at 
TA-49, Area 2. These two boreholes showed increased water content in the tuff over water contents found 
in a 700 foot deep borehole (49-2-700-1) drilled in an undisturbed location to the east of Area 2. This 
increase is thought to be caused by a collection of moisture under the asphalt pad. 

Depth to the regional aquifer has been established at three well locations on the mesa top as, from west to 
east: 1183 ft in DT-5A, 1097 ft in DT-10, and 1014 ft in DT-9 (EPG 1996). Elevations ofthe water table 
at these wells are 5961 ft in DT-5A, 5923 ft in DT-10, and 5921 ft in DT-9 (EPG 1996). Based on 
I,.aboratory water-level maps, the general groundwater flow direction in the regional aquifer is almost east 
to southeast in this portion of the Laboratory. 

Water quality of the regional aquifer is routinely monitored by the Environmental Surveillance Program 
through sampling ofthe DT wells. Above background concentrations of lead, strontium-90, arsenic, 
plutonium-238, and antimony have been detected at times in these wells. The 1993 environmental 
surveillance sampling showed organic compounds in well DT-9 (2,4-dinitrophenol, pentachlorophenol, 
and acetone) and hole CH-2 (toluene) (EPG 1995). 

The presence of at least one high permeability zone beneath Frijoles Mesa, increased moisture content in 
areas covered by asphalt and disturbed surface soils, and levels of contaminants above background 
detected in regional aquifer wells demonstrates the need for hydrologic investigations at Frijoles Mesa. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

Only one regional well, R-30, is proposed for Aggregate 3 because of the extensive studies previously 
completed in the area. Well R-30 will be located east of Area 2 on Frijoles Mesa (see Figure 4-2). It will 
be in the same location as existing ER Project borehole ( 49-2-700-1 ). The borehole will be reamed and 
deepened from 700 ft to approximately 1600 ft. The primary purposes of this well are to refine the 
understanding of the hydrological and chemical properties of the stratigraphic units below the Bandelier 
Tuff with respect to contaminant transport pathways and to improve understanding of contaminant 
distribution in the regional aquifer. Also, data from R-27 will be used to support the ER assessments at 
TA-49. 

Because buried contaminants are likely to be capped and left in place at TA-49, Well R-30 may be used in 
conjunction with nearby wells R-27 and R-28 as components of a regional monitoring system for this part 
of the Laboratory. 

4.3.4 Aggregate 4 

Table 4-6 lists the alluvial and regional aquifer wells proposed for installation in Aggregate 4. The 
rationale for these wells and the uncertainties they address are described below. Additional information 
about the rationale for the regional aquifer wells is given in Table 4-1. Figures 4-1 and 4-2 show the 
general proposed well locations. Appendix 6 provides large-scale maps with proposed well location 
plotted along with existing wells for reference. 

4.3.4.1 Area Description and History 

Aggregate 4 is located in the southeastern comer of the Laboratory (see Figure 1-3). It is bounded by 
Ancho Canyon on the north, the Rio Grande on the east, Bandelier National Monument on the south, and 
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TA-39 on the west (Figure 4-21 and 4-22). The boundaries of Aggregate 4 were drawn to encompass 
potential release sites associated with activities in this area of the Laboratory. 

Table 4-6. Summary of Potential Wells in Aggregate 4 

Canyon or Alluvial Wells/Piezometer Transects Regional Aquifer 
Mesa (all ER)' Wells 

Ancho Canyon A-49 R-31 (NWW 

A-50 R-32 (NWT) 

A-51 

Chaquehui Canyon 

1 Funded through Environmental Restoration Project 
2 Funded through Nuclear Weapons Technology Program 

Aggregate 4 includes the lower part of Ancho Canyon, Chaquehui Canyon, and the un-named mesa top 
between them. Two technical areas are included in this Aggregate: 

• TA-33 was used as a firing site and for production of tritium. PRSs include landfills, septic 
systems, and bum areas It is situated on a mesa top and is being investigated by the ER Project as 
Operable Unit (OU) 1122. If contaminants are released from T A-33, they may impact Ancho 
Canyon, Chaquehui Canyon, or the Rio Grande. 

• TA-39 is located on the floor of Ancho Canyon, and it was used for open-air testing of high 
explosives. PRSs in this technical area include five firing sites, a number of landfills, and septic 
systems. This technical area is being investigated as OU 1132 by the ER Project. 

More detailed information about the operational history, the PRSs and the planned investigations can be 
found in the RFI Work Plans for Operable Units 1122 (LANL 1992d), and 1132 (LANL 1993b) 

4.3.4.2 Ancho Canyon 

Surface Water 

Surface water occurs in Ancho Canyon as ephemeral runoff from precipitation events. Flash flooding 
associated with intense summer thunderstorms can be severe as was demonstrated in the summer of 1991 
when roads and buildings at TA-39 were damaged. 

Streamflow in Ancho Canyon below State Road 4 is monitored by a recently installed gauging station. 
Streamflow was observed for five days in the 1995 water year (Shaull et al. 1996). Storm water collected 
at the gauging station in one of the 1995 runoff events contained 50.9 pCi/L strontium-90, and the runoff 
event had a peak flow of 40 ft3 /s. 

Alluvial Groundwater 

Little is known about the presence of alluvial groundwater in Ancho Canyon. Ancho Canyon contains 
thick alluvium that could host perched groundwater, and three bore holes (ASC-15, ASC-16, and 
ASC-18) drilled by the ER Project encountered 4 ft to 9 ft of saturation in alluvium below MDA Y. 
Several boreholes drilled downgradient ofMDA Y encountered no alluvial groundwater, suggesting the 
occurrence of alluvial groundwater in this area is limited in extent. 

The conceptual model of Ancho Canyon is summarized on Figure 4-23. Alluvium deposited by 
ephemeral streams is present within Ancho Canyon. The alluvium is quite permeable in contrast to the 
underlying Bandelier Tuff and basalt in the canyon. 
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Better delineation of alluvial groundwater occurrences in Ancho Canyon is important for defining 
potential contaminant transport pathways. 

Alluvial Groundwater Investigations 

Three alluvial wells are proposed in this Workplan for installation in Ancho Canyon. These wells are 
A-49, A-50, and A-51 (see Figure 4-1 ). 

Well A-49 will be located in the north branch of Ancho Canyon about 0.5 mi from the confluence with 
the south branch. The purpose of this well will be to identify the quantity and quality of alluvial saturation 
contributed by the north branch to the main channel. 

Well A-50 will be located in the south branch about 0.25 mi from the confluence with the north branch. 
Like well A-49, the purpose of this well will be to identify the quantity and quality of alluvial saturation 
contributed by the south branch to the main channel. 

Well A-51 will be located in the main channel, about 300ft downstream from the confluence ofthe north 
and south branches. This well will identify the combined quantity and quality of alluvial water below the 
operational areas ofTA-39. 

Intermediate Perched Zones and Regional Aquifer 

The occurrence of intermediate perched zones beneath Ancho Canyon can not be determined because 
there is little sufficiently-deep borehole information for this area. 

ER borehole DMB-1, drilled between building 69 and the Administrative Area at T A-39, penetrated 119 
ft of Bandelier Tuff and 5 ft of Cerros del Rio basalts. No intermediate-depth perched water was 
encountered in this hole, but clay-lined fractures and vesicles in the basalt suggest the periodic passage of 
groundwater through these rocks may occur. 

A test hole (TH-7) drilled 10ft into basalts in Ancho Canyon below State Road 4 was dry. The hole was 
drilled in 1950 and has since then been plugged (Griggs 1955). 

Analysis of water at Ancho Spring by the Environmental Surveillance Program indicates the presence of 
numerous high explosives and trace levels of depleted uranium. Because the spring issues from the 
canyon floor, it is uncertain whether these contaminants are being transported by groundwater or if they 
are being mobilized from sediments in the canyon. Also, because the spring is located about 300 ft above 
the Rio Grande, it is possible that water from the spring is representative of an intermediate perched zone. 
In either case, Ancho Spring is downgradient of explosives testing sites. 

No deep wells penetrate the regional aquifer in the area ofTA-33, however, Purtymun (1984) estimates 
that the depth to the top of the water table is about 1000 ft below the mesa tops. Also, no deep wells 
penetrate the regional aquifer in Ancho Canyon in the area ofTA-39, however, Purtymun (1984) 
estimates that the water table is about 600 ft below the canyon bottom. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

Two regional aquifer wells, R-31 and R-32, are proposed for Aggregate 4. Both wells will fill significant 
data gaps in an area of the Laboratory which has been little studied. In addition, these wells provide 
potential monitoring sites for the eastern and southern Laboratory boundaries (see Figure 4-2). 

Well R-31 will be located in the north branch of Ancho Canyon about 1.0 mi northwest of the confluence 
with the south branch. The purpose of this well will be to provide information on the presence, depth, and 
quality of water in any intermediate perched zones and the regional aquifer. The location of well R-31 is 
downgradient from Aggregate 6 open burning/open detonation sources and upgradient from Aggregate 4 
sources. Water level data from well R-31 will contribute to the optimization of placement of long-term 
monitoring wells for Aggregates 4 and 6 by placing better constraints on the geometry of the regional 
aquifer in this area. 
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Well R-32 will be located about 1.0 mi east of the confluence of the north and south branches of Ancho 
Canyon. The purposes of this well will be to I) identify intermediate perched water; 2) evaluate the 
potential flow paths near the Rio Grande by comparing water collected from the well to the water in the 
springs; 3) provide water level and water quality data for the regional aquifer; and 4) provide baseline 
information on the geology, hydrology, and water quality for the poorly studied southeastern boundary of 
the Laboratory. The location of well R-32 is downstream of sources in T A-39 and close to Ancho Spring. 
This location provides monitoring of possible migration ofhigh explosive compounds and depleted 
uranium from TA-39 to the spring. Geologic logging ofthe R-32 borehole will provide data on pre­
Bandelier stratigraphy and hydrologic properties for ER investigations ofTA-33 and TA-39. 

4.3.4.3 Chaquehui Canyon 

Surface Water 

The occurrence of surface water in Chaquehui Canyon is ephemeral from its headwaters to a point 
approximately 0.5 mi upstream from its confluence with the Rio Grande. A perennial spring, Doe Spring, 
is located at that point and supports perennial flow for a short distance, followed by a short intermittent 
reach. Spring 9 and 9A, located about 0.25 mi upstream from the confluence with the Rio Grande, support 
perennial flow again. Perennial flow occurs from these two springs to the Rio Grande. No significant 
snowmelt runoff occurs in Chaquehui Canyon (LANL I996b ). 

Alluvial Groundwater 

Little is known about the presence of alluvial groundwater in Chaquehui Canyon. Chaquehui Canyon is 
unlikely to contain perched alluvial water because most of its course forms a steep narrow drainage 
through basalts that are swept free of alluvium by storm runoff. 

Alluvium deposited by ephemeral streams is present within Chaquehui Canyon. The alluvium is quite 
permeable in contrast to the underlying Bandelier Tuff and basalt in the canyon. Infiltration of water into 
the Bandelier Tuff is demonstrated at TA-33 by one drill hole at MDA-K where high tritium 
concentrations are observed at depths of I 00 ft and I70 ft. 

Alluvial Groundwater Investigations 

No alluvial groundwater investigations are proposed for Chaquehui Canyon in this Workplan. 

Intermediate Perched Zones and Regional Aquifer 

Springs issue from basalts near the Rio Grande in the area ofChaquehui Canyon (Springs SA, 9, 9A, and 
Doe) and Ancho Canyon (Ancho Spring). These springs are located 130-200 ft above the Rio Grande, and 
they may represent discharge points for intermediate-depth perched water bodies. Alternatively, these 
springs may represent discharge from the regional aquifer in White Rock Canyon. 

No deep wells penetrate the regional aquifer in the area ofTA-33 and TA-39, but Purtymun (I984) 
estimates that the groundwater table is about 600 ft below Ancho Canyon and about I 000 ft below the 
surrounding mesa tops. Based on Laboratory water-level maps, the general groundwater flow direction in 
the regional aquifer is southeast in this portion ofthe Laboratory (see Figure 2-IO). 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

No intermediate perched zone or regional aquifer investigations are proposed for this canyon in this 
workplan. 
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4.3.5 Aggregate 5 

Table 4-7 lists the alluvial and regional aquifer wells proposed for installation in Aggregate 5. The 
rationale for these wells and the uncertainties they address are described below. Additional information 
about the rationale for the regional aquifer wells is given in Table 4-1. Figures 4-1 and 4-2 show the 
general proposed well locations. Appendix 6 provides large-scale maps with proposed well location 
plotted along with existing wells for reference. 

Table 4-7. Summary of Potential Wells in Aggregate 5 

Canyon or Alluvial Wells/Piezometer Transects Regional Aquifer 
Mesa (all ER)' Wells 

Canon de Valle A-45 R-24(NWW 

A-46 R-25 (NWT) 

R-26 (NWT) 

1 Funded through Environmental Restoration Project 
2 Funded through Nuclear Weapons Technology Program 

4.3.5.1 Area Description and History 

Aggregate 5 is located in the southwest comer of the Laboratory (see Figure 1-3). It is bounded on the 
north by Pajarito Canyon, on the south and west by the Laboratory boundary, and on the east by the 
eastern boundary ofTA-11 (Figure 4-24 and 4-25). The boundaries of Aggregate 5 were established to 
encompass the potential release sites and hydrologic issues associated with activities in this area. These 
areas have similar operational histories that included the discharged large volumes of water. Also, this 
part of the Laboratory has a distinctly different climatic and vegetative environment and the hydrologic 
system is expected to reflect these differences. 

Aggregate 5 includes Canon de Valle, Threemile Mesa, and the un-named mesa upon which TA-16 is 
located. No discussion of the individual mesas is included in this aggregate description as a general 
description of the contributions of mesa tops to the conceptual models has already been given (see Section 
2.2). This discussion of Aggregate 5 includes sources from the following technical areas (see Figure 2-2): 

• 

• 

• 
• 

• 

TA-8 which was used for research, development, manufacturing, and testing of high explosives 
(HE) since 1944. 

T A-9 was used for research, development, manufacturing, and testing of high explosives (HE) 
since 1944. 

TA-11, known asK-site, is the location ofthe high explosives test area . 

T A-14 which was used for research, development, manufacturing, and testing of high explosives 
(HE) since 1944. 

T A-16 operations center around nuclear weapons warhead research and conventional 
weapons/chemical explosives research and processing. MDA P is located at T A-16. 

• TA-28 consists of five magazines used for storage of high explosives. Because of careful 
operations in the past, no PRSs exist. 

Four former TAs (TA-13, TA-24, T A-25, and TA-29) existed within TA-16 boundaries. These have been 
decommissioned and absorbed into T A-16. Any PRSs associated with these sites are now a part ofT A-16. 

More detailed information on activities and potential release sites in this area can be found in the RFI 
Work Plan for Operable Unit 1082 (LANL 1993d), and the Solid Waste Management Units Report 
(LANL 1990). 
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Figure 4-24. Block diagram showing the terrain and bedrock geology for Aggregate 5. 
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4.3.5.2 Canon de Valle 

Surface Water 

Perennial and intermittent surface water exists in Caflon de Valle, from natural and anthropogenic 
sources. One perennial reach, between outfall TA-16-260 and a location east ofMDA-P, has flowed 
continuously since initial ER Project investigations began in 1992. 

The quality of the surface water has been analyzed as part of the ER Project Framework Studies, New 
Mexico Environment Department DOE Oversight Bureau, and non-RFI related hydrogeologic sampling 
at T A-16. Based on this work, surface waters in Caflon de Valle show concentrations of some constituents 
at levels above background. Two constituents, barium (2-3 ppm) and the high explosive RDX (>100 ppb) 
have been found at levels above the New Mexico maximum concentration level (MCL). Chlorine, 
sodium, and manganese are above the regional background for spring waters. The water from the springs 
has also been analyzed and found to contain barium, boron, HE, and solvents at concentrations above 
background. 

Alluvial Groundwater 

Several springs issue from the Bandelier Tuff in Caflon de Valle and add to the surface water flow. Based 
on the presence of these springs and some perennial flow segments, it is assumed that saturated alluvium 
exists in at least some portions ofCaflon de Valle (see Figure 4-26). Several small saturated areas are 
present in tributaries to Caflon de Valle. 

The movement ofwater within shallow soil layers has been studied in nearby TA-69 by Wilcox et al. 
(1996) and Newman (1996). They found that significant interflow (lateral subsurface flow) occurs in the 
soil horizon following rainfall or snowmelt events. The mechanism of interflow is important for 
understanding streamflow generation and possible infiltration to deeper groundwater. 

The assumed presence of saturated alluvium, presence of contaminants in the water, and evidence of 
infiltration provide the source and pathway for contaminant migration to deeper water systems. The 
nature of these sources and pathways need to be investigated in order to protect the regional water supply. 

Alluvial Groundwater Investigations 

Two alluvial wells, A-45 and A-46, are proposed to confirm the presence of alluvial saturation, to 
measure the parameters in the alluvium that control contaminant migration, and to analyze the quality of 
the alluvial water (see Figure 4-1). 

Well A-45 will be located at the western boundary of the Laboratory in Caflon de Valle. This location is 
upgradient of Laboratory activities and provides the background water quality characteristics of the 
alluvial water. 

Well A-46 will be located in Caflon de Valle downstream of the operational T As within Aggregate 5. In 
addition to identifying the presence of alluvial water, the quality of the water will be compared to the 
background water quality in A-45 to assess the impacts of operational practices on the alluvial water. 

Intermediate Perched Zones and Regional Aquifer 

The presence of intermediate perched zones in the western portion ofthe Laboratory is not well 
documented. The presence of springs in Caflon de Valle and Water Canyon suggests that there may be 
one or more intermediate perched water zones. No wells, with the exception of Seismic Hazard Borehole 
SHB-3, have been installed in this area. 
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Figure 4-26. Schematic cross section showing conceptual model and proposed regional aquifer wells for Canon de Valle and Water Canyon. 



Water encountered during the drilling of SHB-3 supports the possibility of an intermediate perched zone. 
SHB-3 was drilled on the mesa top in TA-16, to the north of Water Canyon. This well penetrated through 
the Bandelier Tuff and into the Puye Formation (Gardner et al. 1993). At present, the static water level is 
at 665 ft (elevation 6944 ft as compared to an expected water table elevation of about 6400 to 6500 ft) 
(EPG 1995). The hydrologic context of the water found in SHB-3 is unknown. It could either be from an 
intermediate perched water body or from the top of the regional aquifer, as shown in Figure 4-21. The 
relationship of the water in SHB-3 to the top of the regional aquifer needs to be clarified, as does the 
effect of the Pajarito Fault system on the regional piezometric surface. 

As in other canyons, understanding the role of intermediate perched water as a contaminant transport 
mechanism is critical for making decisions regarding long-term monitoring in the regional aquifer. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

Three regional aquifer wells are identified in this Workplan as part of Aggregate 5 hydrogeologic 
characterization efforts. The geologic logging ofthese boreholes will support the ER Project OU 1082 
mesa top investigations by providing information about the stratigraphy and hydrologic properties of 
geologic units beneath the mesa. These wells are R-24 and R-25 in Canon de Valle, and R-26 in Water 
Canyon (see Figure 4-2). Well R-26 is presented here because of its close association with Aggregate 5, 
although the Water Canyon conceptual model is presented in Aggregate 6. 

Well R-24 will be located near the trace of the Pajarito Fault system west of the Laboratory boundary 
(Figure 4-27). The purpose of this well will be to provide water quality and water level data for 
intermediate perched water on the upthrown block of a major splay ofthis fault system. The water level 
data from well R-24 will be compared to similar data from wells R-25 and R-26 to evaluate the influence 
of the Pajarito Fault system on the regional aquifer piezometric surface and evaluate the role of the fault 
as a recharge zone for the regional aquifer. Water quality data from R-24 will define the expected 
background distribution of constituents upgradient from Laboratory operations. This background data will 
be used to estimate the impact of Laboratory operations and provide input data for geochemical and 
hydrological modeling of the groundwater systems. 

Well R-25 will be located adjacent to MDA P. The purpose of this well will be to provide needed regional 
aquifer water level and water quality information. It will also provide water quality data for intermediate 
perched zones encountered. The borehole will be fully cored and will support site-wide studies of the 
hydrogeologic framework by serving as a reference stratigraphic section for a large poorly characterized 
area in the southwest portion of the Laboratory. This section will be used to constrain geologic and 
hydrologic relationships in surrounding limited cored boreholes R-17, R-18, R-24, R -26 and R-27. 

Well R-26 will be located just east of the Pajarito Fault system in Water Canyon. The purpose of this well 
will be to provide water quality and water level data for intermediate perched water encountered on the 
downthrown block of the fault system. Data from well R-26 will provide critical information for 
evaluating the nature and extent of groundwater encountered in SHB-3, which is located I mi northeast of 
the proposed well site. Data from well R-26 regarding the occurrence of intermediate perched water and 
the water level in the regional aquifer, when compared to similar data from R-24 and R-25, will be used 
to evaluate the influence of the Pajarito Fault system on the regional piezometric surface and evaluate the 
role of the fault as a recharge zone for the regional aquifer. R-26 will also be used to define background 
water quality upgradient from the Laboratory. Because of lack of knowledge about the hydrogeology in 
this area, data from wells R-24, R-25, and R-26 will provide important information on flow conditions 
near the Laboratory boundary. This information will be an important contribution to groundwater flow 
modeling. 
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Figure 4-27. Map of Aggregate 5 showing location of proposed wells relative to the Pajarito Fault 
zone and local springs. 
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Other planned activities in this area include those of the ER Project. The ER Project investigations for OU 
I 082 will drill four wells to a depth of200 ft. to investigate the springs found on the east side ofTA-I6. 
Hydrologic properties of the Bandelier Tuff units to a depth of200 ft. will be obtained from these four 
boreholes. For springs emanating on the south side of Canon de Valle, a number of wells (as many as IO) 
will be drilled by the OU I 082 investigation to determine source areas and characteristics for these 
springs too. These OU I082 wells are not part of this Workplan. A tracer study is planned to determine 
flowpaths and travel time from a surface effluent discharge location to the springs assumed to be 
connected to this source location. 

4.3.6 Aggregate 6 

Table 4-8 lists the alluvial and regional aquifer wells proposed for installation in Aggregate 6. The 
rationale for these wells and the uncertainties they address are described below. Additional information 
about the rationale for the regional aquifer wells is given in Table 4-I. Figures 4-I and 4-2 show the 
general proposed well locations. Appendix 6 provides large-scale maps with proposed well location 
plotted along with existing wells for reference. 

Table 4-8. Summary of Potential Wells in Aggregate 6 

Canyon or Alluvial We/Is/Piezometer Transects Regional Aquifer 
Mesa (all ER)' Wells 

Potrillo Canyon A-43 R-23 (ER) 

A-44 

Fence Canyon 

Water Canyon A-47 R-27 (ER) 

A-48 R-28(NWrj2 

R-29 (NWT) 
1 Funded through Environmental Restoration Project 
2 Funded through Nuclear Weapons Technology Program 

4.3.6.1 Area Description and History 

Aggregate 6 is located in the south-central portion ofthe Laboratory (see Figure I-3). The aggregate is 
elongated from northwest to southeast and is bounded by Threemile Canyon on the north, T A-33 to the 
south, Frijoles Mesa on the west, and Pajarito Mesa on the east (see Figure 4-28 and 4-29). The 
boundaries of Aggregate 6 were drawn to encompass the technical areas where testing with high 
explosives (HE) and open burning and open detonation (OBOD) are part of routine operations. 

This aggregate includes Potrillo, Fence, and Water Canyons, and Mesita de Potrillo, Threemile Mesa, and 
the southern extension of Frijoles Mesa. The general contributions of mesas to the conceptual model are 
discussed in Section 2.2 and will not be addressed here. This aggregate also includes three technical areas 
which contain four RCRA-regulated thermal treatment units. 

• TA-I4 is a firing site located in the western portion ofLANL on the southern edge ofThreemile 
Mesa. T A-I4 was established in I944. TA-I4 contains two thermal treatment units, one for open 
burning of explosives-contaminated materials and one for open detonation of hazardous explosive 
waste. 

• T A-I5 is another firing site in continuous use since I944. The TA-I5-I84 thermal treatment unit 
for open detonation of hazardous and mixed explosive waste is bordered by Potrillo Canyon to 
the north and Water Canyon to the south. 

• TA-36, a firing site occupied since I950, is spread over several mesa tops between a branch of 
Pajarito Canyon to the north and Water Canyon to the south. The TA-36-8 thermal treatment unit 
for open detonation of hazardous and mixed explosive waste is located in the vicinity of the 
headwaters ofFence Canyon. 
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Figure 4-28. Block diagram showing the terrain and bedrock geology for Aggregate 6. 
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Explosive compounds commonly used at these sites include: nitrated organic compounds such as TNT, 
nitrocellulose, trinitramines, and pentaerythritol tetranitrate (PETN). Metals may also be associated with 
the explosives (uranium, barium, beryllium, lithium hydride, lead, mercury, copper, and zinc). Soils in 
several ofthese operational areas have high levels of uranium contamination. Waste explosive materials 
may be in the form of discrete pieces, chips, or scraps (CEARP 1986). 

All waste sites within this aggregate are located on mesa tops. The canyons are the receiving areas for all 
waste constituents that are carried in surface runoff and historically active outfalls. The ER Project has 
investigative activities planned for mesas and canyons in this area. Mesa investigative activities are 
described in the Operable Unit Work Plans and canyon activities will be described in work plans for the 
Canyons Operable Unit. 

More detailed information about activities and PRSs at these TAs can be found in the RFI Work Plans for 
Operable Units 1085 (LANL 1994a), 1086 (LANL 1993e), and 1130 (LANL 1993a), and the Solid Waste 
Management Units Report (LANL 1990). 

4.3.6.2 Potrillo Canyon 

Surface Water 

Potrillo Canyon contains streams that are entirely ephemeral with no perennial springs or perennial 
reaches. No significant snowmelt runoff occurs within this canyon (LANL 1993t). It is located entirely on 
the Pajarito Plateau, and is mostly contained within the Laboratory. Surface water flow originating 
upstream in Potrillo Canyon rarely extends beyond the downstream edge of the discharge sink defined by 
the location of the POTO wells and POTM moisture access holes shown on Figure 2-8 and discussed by 
Becker (1993). 

The discharge sink is an area where inflow exceeds outflow, stream velocities decrease and flow 
infiltrates into the channel, and where there is sediment deposition. There is no defined channel at this 
location, only a broad valley. Surface water and sediments were sampled during an extensive study of 
uranium migration from firing sites within Potrillo Canyon (Becker 1993). This study showed 
concentrations of uranium significantly greater than background in soil (up to 4580 ppm) and surface 
water (11.9 ppb) near the firing sites, yet no significant elevation in concentrations at State Road 4, below 
the discharge sink, have been detected during annual environmental surveillance sampling. Becker (1993) 
observed that the discharge sink appears to absorb all incoming stream flow and sediment load. 

According to Becker (1993), the probable feature that creates the discharge sink is an underlying fault 
below the alluvium at the upstream end of the discharge sink. An alternative possibility is the relatively 
permeable sediment of the Cerro Toledo interval may subcrop beneath the alluvium, creating an optimum 
condition for stream flow infiltration. The discharge sink will be investigated during site characterization 
activities. 

Alluvial Groundwater 

There is only one known occurrence of alluvial groundwater in Potrillo Canyon. It was detected during 
the installation of moisture access hole POTM-2 in 1989 in the upper-middle part ofthe canyon (Becker 
1993 ). Several other boreholes have been drilled near this area to define the extent of the groundwater 
found in POTM-2 but all are dry (see Figure 2-8). 

Information about the occurrence of alluvial groundwater in Potrillo Canyon is limited to the part of the 
canyon from 0.2 mile upstream ofthe discharge sink to 1 mile downstream of the discharge sink. No 
other investigations have been conducted to date. 

Potrillo Canyon has been the focus of some of the most detailed near-surface characterization activities at 
the Laboratory. A partial list of subsurface instrumentation already installed within or adjacent to the 
discharge sink includes 3 neutron moisture access tube clusters and 2 multi-level observation wells. These 
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stations monitor the vertical moisture movement and the occurrence of saturation within the discharge 
sink (the observation wells have remained dry since their installation in 1991). Monitoring results from 
these holes and data from additional surface water and sediment monitoring activities wi ll be evaluated to 
guide the design, placement, and number of additional wells needed to characterize this site. 

Alluvial Groundwater Investigations 

Two alluvial wells (A-43 and A-44) are proposed for installation in Potrillo Canyon. 

Well A-43 will be located upgradient of the discharge sink to identify the presence and quality of alluvial 
groundwater. The location of well A-43 on the boundary of the aggregate and will serve to track 
contaminants moving out of the aggregate in the alluvial groundwater. 

Well A-44 will be located downgradient of the TA-36 firing sites, about 0.25 mi west of the confluence 
with Fence Canyon. The purpose of this well will be to evaluate the presence and quality of alluvial 
groundwater. 

Intermediate Perched Zones and Regional Aquifer 

No intermediate perched zones have been encountered beneath Potrillo Canyon, but wells may not have 
been completed deep enough to find it. 

Based on water supply well PM-2, the regional aquifer is expected to be approximately 730ft below the 
bottom ofPotrillo Canyon. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

One regional aquifer well, R-23, is proposed for installation in Potrillo Canyon in this Workplan. This 
well will be located about 1.0 mi downgradient of the discharge sink and about 0.25 mi downgradient of 
borehole PCTH-1, which was drilled to a depth of74 ft, and then plugged and abandoned because no 
perched groundwater was found. The purpose of well R-23 will be to investigate the presence of 
intermediate perched zones and to characterize the water quality of these zones downgradient of the 
Potrillo Canyon firing sites. Data from well R-23 will also be used to provide water quality data for the 
regional aquifer at this location. 

4.3.6.3 Fence Canyon 

Surface Water 

Fence Canyon contains streams that are entirely ephemeral with no perennial springs or perennial reaches. 
No significant snowmelt runoff occurs within Fence Canyon. 

Alluvial Groundwater 

No occurrences of alluvial groundwater have been documented for Fence Canyon. A single subsurface 
penetration has been made in Fence Canyon, well FC0-1. It is located near State Road 4, in the lower 
segment of the canyon. At that location the alluvium is 14ft thick and is dry. The boring extended to a 
depth of29 ft, bottoming in weathered tuff. Alluvial groundwater is not expected to occur in this canyon, 
because it heads on the Pajarito Plateau ' ''ith no infiltration sources other than rainfall. 

Alluvial Groundwater Investigations 

No alluvial wells are proposed for Fence Canyon in this Workplan. 

Intermediate Perched Zones and Regional Aquifer 

The occurrence of perched intermediate water below Fence Canyon can not be determined from available 
drill hole data. Based on water supply well PM-2, the regional aquifer is expected to be at an elevation of 
5890 ft (Purtymun 1995), which is approximately 620ft below the bottom ofFence Canyon. 
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Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

No regional aquifer wells are proposed for Fence Canyon in this Workplan. 

4.3.6.4 Water Canyon 

Surface Water 

Water Canyon contains an interrupted stream fed by several perennial springs in the upper reaches of the 
canyon, including Armistead Spring, American Spring, and others in the upper reaches of Canon de 
Valle. These springs support perennial reaches followed by intermittent reaches limited to the area west of 
the Laboratory boundary. Flow in Water Canyon is ephemeral from the western boundary across 
Laboratory land to a point below the confluence with Potrillo Canyon. At this point, a perennial spring 
known as Spring 5AA, supports a short perennial reach. This flow does not extend to the Rio Grande. 
Snowmelt runoff on Water Canyon seldom extends downstream as far as the eastern boundary; however, 
occasionally it extends to the Rio Grande (LANL 1993t). 

Surface water collected for the Environmental Surveillance Program in 1995 near the confluence of Water 
Canyon with Canon de Valle, had above-background concentrations of nitrates and barium. No organic 
contaminants were detected. Based on the results of spring sampling in Canon de Valle, HE, solvents and 
barium may be reaching Water Canyon via Canon de Valle. In 1994 and 1995, VOCs and HE were 
detected in several Canon de Valle springs located upstream of Aggregate 6, in Aggregate 5. Surface 
water from these springs may introduce contaminants into Water Canyon alluvial groundwater. 

Alluvial Groundwater 

A conceptual model of Water Canyon is shown on Figure 4-21. Water is assumed to be present in the 
alluvium in the upper portion ofthe canyon, based on the amount of surface water west ofthe Laboratory 
boundary. Alluvial groundwater was encountered when WCM-1 and WCM-2 were drilled in 1960 
(Purtymun 1995). However, no water was encountered in the alluvium when WC0-1 , WC0-2, and 
WC0-3 were drilled and has not been present when these wells have been monitored. The locations of 
WCM-2 and WC0-1 are fairly close, thus the downstream extent of alluvial groundwater may be between 
these two wells. 

The quality of alluvial groundwater in Water Canyon is assumed to be similar to that of the surface water 
and springs in the canyon. West of the Laboratory, water from the Water Canyon Gallery springs has 
been analyzed and water quality is within the expected background distribution. 

Sediment samples collected at the confluence of Water Canyon and the Rio Grande showed the no 
presence of HE, although trace levels of depleted uranium were present. The sampling location is down 
wind of the OBOD areas of the Laboratory, and the presence of depleted uranium could be the result of 
surface water runoff or air deposition. 

Alluvial Groundwater Investigations 

Two alluvial wells (A-47 and A-48) are proposed for installation in Water Canyon to evaluate the 
presence of alluvial groundwater and the possible migration of contaminants from Canon de Valle into 
Water Canyon alluvium (see Figure 4-1 ). 

Well A-47 will be located at the confluence of Water Canyon and Canon de Valle. The purposes of this 
well will be to investigate the presence of alluvial water, and measure the saturated thickness, water 
quality, and parameters controlling infiltration and contaminant migration. 

Well A-48 will be located upstream of wells WCM-2 and WC0-1. The purposes ofthis well will be to 
investigate the presence of alluvial water, and determine the downstream extent. 
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Intermediate Perched Zones and Regional Aquifer 

There has been no confirmed presence of perched intermediate zones beneath Water Canyon. However, it 
is considered likely that intermediate perched zones may exist based on the amount of water available in 
this canyon for infiltration, and the fact that it heads in the Sierra de los Valles. The middle segment of 
Water Canyon overlies the southern projection of the late Miocene high-permeability zone described by 
Purtymun (1995) (see Figure 2-5). 

Two existing wells in or near Water Canyon are deep enough to have potentially encountered 
intermediate perched water. The first well, Beta Hole, north ofTA-49, was dry.lt was drilled to a depth 
of 180ft, penetrating the Tshirege Member of the Bandelier Tuff. The second well, SHB-3, at TA-16, did 
encounter water but, as previously discussed in Aggregate 5, it is unclear whether this water is 
representative of an intermediate perched zone or the regional aquifer. 

The quality of water in the regional aquifer beneath Water Canyon has been measured in wells DT-5A, 
DT-9, and DT-10 at TA-49. Water samples from these wells have shown some constituents above 
background (see Aggregate 3 for discussion). The constituents detected in the regional aquifer at these 
wells do not appear to be related to waste sites or activities within Aggregate 6. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

Three regional wells are proposed in this Workplan for installation in Water Canyon for identifying 
intermediate perched zones, establishing water quality of perched zones and the regional aquifer, and 
providing hydrogeologic control in the central and eastern portions of the Laboratory. From west to east, 
these wells are R-27, R-28, and R-29 (see Figure 4-2). 

Well R-27 will be located in Water Canyon, about 100 to 200ft below the confluence with Canon de 
Valle. The purpose of this well will be to identify intermediate perched zones and the depth to the 
regional aquifer. Data from this well will be used to characterize the water quality in the intermediate 
perched zones and in the regional aquifer upgradient of Aggregate 3. 

Well R-28 will be located about 200ft upgradient ofWC0-1 in an area that is expected to intersect the 
late-Miocene high-permeability trough (see Figure 2-5). The purposes of this well are to provide a 
stratigraphic reference section for the south-central part of the Laboratory; provide water quality 
information for any intermediate perched water zones and the regional aquifer. Well R-28 is presently 
scheduled to penetrate 500ft into the top of the regional aquifer. Contingency plans exist for deepening 
this well to a total depth of 4000 ft to investigate water supply issues. If deepened to 4000 ft, this well 
could provide additional information on vertical hydraulic gradients, saturated hydraulic conductivities, 
and vertical stratification of water quality in the regional aquifer by use of multiple completions. The 
DOE and funding organizations will decide if water supplies in the regional aquifer require further 
characterization. 

Well R-29 will be located in lower Water Canyon about 1.0 mi west of the confluence with Potrillo 
Canyon. The purpose of this well will be to provide water quality information for any intermediate 
perched water zones and the regional aquifer, and provide regional aquifer water level information. Water 
chemistry data from intermediate perched water and the regional aquifer from this well will be compared 
to that from springs to identify potential flow paths near the Rio Grande. 

4.3.7 Aggregate 7 

Table 4-9 lists the alluvial and regional aquifer wells proposed for installation in Aggregate 7. The 
rationale for these wells and the uncertainties they address are described below. Additional information 
about the rationale for the regional aquifer wells is given in Table 4-1. Figures 4-1 and 4-2 show the 
general proposed well locations. Appendix 6 provides large-scale maps with proposed well location 
plotted along with existing wells for reference. 

Hydrogeologic Workp/an 4-88 May22, 1998 



Table 4-9. Summary of Potential Wells in Aggregate 7 

Canyon or Alluvial Wells/Piezometer Transects Regional Aquifer 
Mesa (all ER)' Wells 

Mortandad Canyon A-29 R-13 (ER) 

R-14(NWrj2 

R-15 (ER) 
1 Funded through Environmental Restoration Project 
2 Funded through Nuclear Weapons Technology Program 

4.3.7.1 Area Description and History 

Aggregate 7 is located in the central portion of the Laboratory (see Figure 1-3). It is bounded by Sigma 
Mesa (the finger mesa between Sandia and Mortandad Canyons) on the north, Mortandad Mesa on the 
south, T A-48 on the west, and the Laboratory boundary on the east (Figure 4-9 and 4-30). The boundaries 
of this aggregate were drawn to encompass Mortandad Canyon and its tributary, Ten Site Canyon, and the 
mesa-top potential release sites that would impact Mortandad Canyon. 

Aggregate 7 includes only Mortandad Canyon. Mortandad Canyon is the focus of this aggregate for two 
reasons: it has received the largest volume of liquid effluent of any canyon at the Laboratory, and it will 
continue to receive effluent from Laboratory operations into the foreseeable future . 

The source of effluent to Mortandad Canyon has been from two liquid waste treatment plants. One is the 
NPDES-permitted outfall from theTA-50 Radioactive Liquid Waste Treatment Facility. It has been used 
to treat liquid radioactive waste from Laboratory operations from 1963 to the present. A second 
radioactive wastewater treatment plant at TA-35 treated wastes from reactor experiments from 1951 to 
1963. It did not operate well, and large volumes of wastewater were released into Ten Site Canyon. 

Other mesa-top sites that could impact Mortandad Canyon include the Area C landfill (TA-50) and three 
waste oil surface impoundments (TA-35) (closed in 1989). More information about the history ofthese 
sites and planned investigations can be found in the RFI Work Plans for OU 1129 (LANL 1992b) and OU 
1147 (LANL 1992h). 

4.3. 7.2 Mortandad Canyon 

Surface Water 

Surface water flow in Mortandad Canyon is ephemeral and intermittent in Aggregate 7. There are no 
springs in the vicinity; however, there is surface water flow from the outfall of the waste-water treatment 
plant at T A-50 and cooling tower outfalls for approximately 1 mi downstream from the point of discharge 
(LANL 1992b ). Stream loss caused by infiltration into the underlying alluvium and evapotranspiration 
typically prevents surface flow from discharging across the eastern boundary of the Laboratory. During 
periods of excessive storm runoff or snowmelt, surface flow may reach the Rio Grande (Abeele eta!. 
1981' 0009). 

On Sigma and Mortandad Mesas, surface water occurs as storm water runoff or as spring snowmelt. 
Surface runoff flows into Mortandad Canyon, Ten Site Canyon, or Canada del Buey. 

Alluvial Groundwater 

The extent, quality, and flow of alluvial groundwater in Mortandad Canyon is known from the 
investigations that have been completed (Baltz eta!. 1963; Purtymun 1977; Purtymun eta!. 1983; 
Purtymun 1988; Stoker eta!. 1991; Koenig and McLin 1993; Stone 1995; and Rogers eta!. 1996). Major 
recharge to the alluvium occurs from effluent released in the upper canyon (Purtymun eta!. 1983). The 
alluvial groundwater extends about 2 mi downstream from theTA-50 outfall. The saturated thickness 
varies with effluent discharge rates and storm runoff, although the typical saturated thickness is about 10 
ft. The conceptual model of Mortandad Canyon is shown on Figure 4-31. 
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Two water balance studies in Mortandad Canyon were based on the same observations but used different 
methodologies. Purtymun ( 1977) estimated average annual infiltration of surface water ranged from 
64,000 to 150,000 m3 of water per year from 1963 through 1974. Koenig and McLin (1993) estimated 
total infiltration of 177,000 m3 for a two-year period from 1963 to 1965. Whereas Purtymun (1977) 
concluded that most of the infiltration occurred in the upper and middle canyon, Koenig and McLin 
( 1993) concluded that more of the surface water loss occurred near the sediment traps. 

Purtymun estimates the annual surface water loss in Mortandad Canyon to be "about the same volume 
that entered the canyon each year." Regarding the mechanisms of loss, he says "The losses attributed to 
evapotranspiration were estimated at about 15% ... " (of the total loss) "with infiltration accounting for the 
remainder". 

Assuming that Purtymun' s values can be divided in half for 1963 and 1965 to represent the latter and first 
halves of these years, a rough approximation of244,500 m3 comes from his values for this time period. 

Alluvial Groundwater Investigations 

One well, A-29, is proposed for installation in this aggregate (see Figure 4-1). The location of this well 
will be in Ten Site Canyon which drains into Mortandad Canyon. The purpose of this well will be to 
investigate the occurrence and quality of alluvial water in Ten Site Canyon, and evaluate the types of 
contaminants that may be contributed to Mortandad Canyon. 

There are no new data needs for the alluvial groundwater in Mortandad Canyon because of the extensive 
network of existing alluvial wells and the long history of previous investigations. 

Intermediate Perched Zones and Regional Aquifer 

Water that infiltrates beneath the alluvium may form an intermediate perched water body in the 
underlying geologic units. No intermediate perched water was reported during drilling of test well TW-8 
in 1960, but this borehole was completed 3 years before theTA-50 Radioactive Liquid Waste Treatment 
Facility began releasing effluent to the canyon. Based on the water balance studies ofPurtymun (1977) 
and Koenig and McLin ( 1993), recharge from the alluvial system may have been sufficient to cause 
intermediate perched groundwater bodies to form. 

Alluvial groundwater may infiltrate directly to the regional aquifer based on data from the Laboratory's 
Surveillance Program. Regional aquifer water from test well TW-8 contains elevated activities or 
concentrations of tritium. Nitrate, strontium-90, and plutonium-239/240 were detected in one sample. 
Recharge pathways to the regional aquifer may include flow through the porous rock matrix and fracture 
flow or leakage along the ungrouted annular space ofTW-8. 

Depth to the regional aquifer is known at TW-8 in Mortandad Canyon. Water level measurements taken 
in December 1993 show the depth to water to be 993 ft (EPG 1996). Based on Laboratory water-level 
maps, the general direction of groundwater flow in the regional aquifer is almost due east in this part of 
the Laboratory (see Figure 2-1 0). 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

Three wells are proposed for this aggregate to investigate the possible occurrence of intermediate perched 
zones below Mortandad Canyon. These wells will also be used to investigate the nature and extent of 
contaminant distribution and evaluate possible regional aquifer contamination pathways. The wells are 
R-13, R-14, and R-15 (see Figure 4-2). 

Well R-13 will be located down gradient ofthe TA-50 outfall where the alluvial sediments are relatively 
thin. The purpose of this well will be to provide water-quality and water-level data for potential perched 
groundwater systems and for the regional aquifer within Aggregate 7. Well R-13 will be located near 
alluvial well MC0-4 which contains elevated concentrations or activities ofN03, tritium, strontium-90, 
cesium-137, plutonium-238, plutonium-239,240 and americium-241 (EPG 1996). Well R-13 will be 
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completed in the Puye Formation and will supplement the stratigraphic, hydrologic, and geochemical data 
obtained from R-14 and R-15. A more detailed analysis ofwell placement in Mortandad Canyon will be 
included in the ER sample and analysis plan that will be prepared in FY-97. 

Well R-14 will be located on Mortandad Mesa. The primary purpose of well R-14 is to provide early 
detection of contaminants at the top of the regional aquifer moving toward water supply well PM-5, 
which is down gradient of Mortandad Canyon. However, its location will also provide additional 
information about the nature and extent of perched water bodies in aggregate 7. 

Well R-15 will be located at the easternmost extension ofthe sediment traps in Mortandad Canyon. The 
purpose of this well will be to investigate for intermediate perched zones at this location where Koenig 
and McLin (1993) suggest rates of infiltration are high. Sampling ofthe R-15 borehole and the completed 
well will provide contaminant distribution data for ER investigations of Mortandad Canyon. 

4.3.8 Aggregate 8 

Table 4-10 lists the alluvial and regional aquifer wells proposed for installation in Aggregate 8. The 
rationale for these wells and the uncertainties they address are described below. Additional information 
about the rationale for the regional aquifer wells is given in Table 4-1. Figures 4-1 and 4-2 show the 
general proposed well locations. Appendix 6 provides large-scale maps with proposed well location 
plotted along with existing wells for reference. 

Table 4-10. Summary of Potential Wells in Aggregate 8 

Canyon or Alluvial Wells/Piezometer Transects Regional Aquifer 
Mesa (all ER)' Wells 

Rendija Canyon R-1 (NWT)2 

1 Funded through Environmental Restoration Project 
2 Funded through Nuclear Weapons Technology Program 

4.3.8.1 Area Description and History 

Aggregate 8 is located in the northeast part of the Laboratory with the largest area of the aggregate on 
Santa Fe National Forest land (see Figure 1-3 and 4-32). It is bounded by, and includes within its 
boundaries, Rendija Canyon on the north, Bayo Canyon on the south, the confluence with Cabra Canyon 
on the west, and the Laboratory boundary on the east. The boundaries of Aggregate 8 were drawn to 
encompass canyons which are part of the ER Project Canyons investigations and may be sources of 
recharge for groundwater in the northern portion ofthe Laboratory. 

The discussion of this aggregate includes Rendija, Guaje, Barrancas, and Bayo Canyons. Portions of two 
technical areas, one active and one inactive, also fall within the boundaries of Aggregate 8. 

• TA-74 was established in 1989 when the Laboratory redefined the technical area boundaries. This 
area is primarily a buffer zone for the laboratory, and has not been used for any Laboratory 
operations. It contains no PRSs. 

• Fonner TA-l 0 was operated in Bayo Canyon from 1944 to 1963. It consisted of a liquid waste 
disposal complex for the radiochemistry laboratory. PRSs at this site are located one mile west of 
the Bayo treatment plant. T A-1 0 underwent decontamination and decommissioning in 1963 
(LANL 1990). A large amount of surface material was excavated during 1963, up to 18.6 ft in 
depth, but ongoing ER investigations show elevated levels of strontium-90 in the surface 
material, canyon alluvium, and underlying tuff. 
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A number of potential release sites are located in Rendija Canyon, which is Los Alamos County land. 
Three are near the Guaje Pines Cemetery and include an inactive small arms firing range, an asphalt batch 
plant, and an ordinance impact area. Four ordinance impact areas are located in the middle reach of 
Rendija Canyon near Cabra Canyon. More detailed information on these areas can be found in the RFI 
Work Plans for Operable Units I 079 (LANL I992a), and I 07I (LANL I992g), and the Solid Waste 
Management Units Report (LANL I990). 

4.3.8.2 Guaje Canyon 

Surface Water 

On a regional scale, Guaje Canyon contains an interrupted stream. It has a perennial reach extending from 
springs located upstream of Guaje Reservoir to some distance downstream of the reservoir and an 
intermittent reach downstream to the confluence with lower Los Alamos Canyon. Snowmelt runoff does 
not reach the Rio Grande. 

Guaje Canyon is not located within Laboratory boundaries. However, the facilities of the Guaje water 
supply well field, which provide a portion of the water supply to the Laboratory and to Los Alamos 
County, are located within Guaje Canyon and lower Rendija Canyon. Guaje Canyon crosses San 
Ildefonso Pueblo land and continues to its confluence with lower Los Alamos Canyon approximately a 
mile west of the Rio Grande. Guaje Canyon and Rendija Canyon are crossed by at least two fault zones: 
the Guaje Mountain fault and the Rendija Canyon fault. 

Alluvial Groundwater 

Only two alluvial wells have been installed in Guaje Canyon to investigate the presence of alluvial 
groundwater. These wells were completed in the perennial reach of the canyon and alluvial groundwater 
was encountered near the stream level (Davis et al. I996). 

Within Guaje Canyon, it is not known if saturated conditions were encountered in the alluvium during 
drilling ofthe supply wells based on review of the Guaje test and production well logs. It is possible that 
saturated flow conditions occur seasonally within lower Guaje Canyon near its confluence with lower Los 
Alamos Canyon. 

Alluvial Groundwater Investigations 

One alluvial well, A-I, is proposed for lower Guaje Canyon, just above it's confluence with Los Alamos 
Canyon. The purpose of this well is to investigate the presence of alluvial groundwater in this part of the 
canyon and estimate the quantity and quality contributed to Los Alamos Canyon. 

Intermediate Perched Zones and Regional Aquifer 

Because of a lack of subsurface information in this area, it is not known if intermediate perched zones 
occur within Guaje Canyon. If intermediate perched zones exist, they may be similar to those in Pueblo 
and Los Alamos Canyons. In these canyons, perched water occurs within the Guaje Pumice Bed, the Puye 
Formation, and Cerros del Rio basalts. 

The regional aquifer occurs in the Puye Formation and the Santa Fe Group in vicinity of Aggregate 8. The 
regional aquifer probably includes rocks of the Tschicoma Formation in the western part of the aggregate. 
Depths to groundwater within the regional aquifer measured at the Guaje well field range from 230 ft 
(G-I) to 572 ft (G-6, Rendija Canyon) (Purtymun I995). Based on Laboratory water-level maps, the 
general groundwater flow direction is southeast in this area (see Figure 2-I 0). 

As described in Section 2 of this Workplan, the water supply wells in the Guaje Well Field produce from 
the mid-Miocene high-permeability zone described by Purtymun (1995). Contaminants of concern, 
related to Laboratory activities, generally have not been identified in samples from this well field . 
However, concentrations of arsenic (0.0427 mg!L) have been detected in samples from G-2 (US EPA 
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maximum contaminant level is 0.050 mg!L) (EPG 1996). The elevated arsenic concentrations probably 
represent natural conditions because there are no known anthropogenic sources in Guaje Canyon. It is 
possible that long-term pumping of G-2 has captured groundwater of poorer quality at greater depths 
within the regional aquifer. Another possibility is that the operation ofthe pump in well G-2 may cause 
changes in pH, partial pressure of C02 gas, and oxidation-reduction conditions, all of which influence 
desorption of arsenic from aquifer material within the Santa Fe Group. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

No regional aquifer wells have been identified in this Workplan for installation in Guaje Canyon. 
However, DOE is supporting the construction of four replacement water supply wells for the Guaje and 
Otowi well fields in FY98 and FY99. These wells will provide stratigraphic and hydrologic data that 
supplement the site-wide information being collected as part of this Workplan. 

4.3.8.3 Rendija Canyon 

Surface Water 

Rendija Canyon heads on the flanks of the Sierra de Los Valles on Santa Fe National Forest land. It 
contains an ephemeral stream with no springs or perennial reaches. Snowmelt runoff does not reach the 
Rio Grande. 

Alluvial Groundwater 

The occurrence of alluvial groundwater in Rendija Canyon is not well documented. There have been no 
alluvial wells installed in this Canyon. 

Alluvial Groundwater Investigations 

No alluvial groundwater investigations are proposed for Rendija Canyon in this workplan. 

Intermediate Perched Zones and Regional Aquifer 

Because of a lack of subsurface information in this area, it is not known if intermediate perched zones 
occur within Rendija Canyon. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

One regional aquifer well, R-1, has been proposed within this aggregate. It will be located at the 
confluence with Cabra Canyon (see Figure 4-2). The primary objectives of this well are: to serve as a 
stratigraphic reference for the poorly characterized northern portion of the Laboratory; to constrain the 
northern boundary of the mid-Miocene high permeability zone; to test hypotheses concerning recharge of 
the regional aquifer from the north; and to provide information on the direction of groundwater flow in 
the regional aquifer. 

4.3.8.4 Barrancas Canyon 

Surface Water 

Barrancas Canyon heads on the Pajarito Plateau on land owned by Los Alamos County and extends 
southeast and east to its confluence with Guaje Canyon. Barrancas Canyon drains a portion of the 
northeast part of Los Alamos County. Surface water flow in Barrancas Canyon is ephemeral and 
intermittent. There are no springs in the vicinity. Stream loss caused by infiltration into the underlying 
alluvium and evapotranspiration typically prevents surface flow from discharging to Guaje Canyon. On 
the mesa tops, surface water occurs as storm water runoff or as spring snowmelt. 
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Alluvial Groundwater 

Surface water occurring in ephemeral reaches within Barrancas Canyon potentially creates a saturated 
zone of variable thickness and length within the alluvium. 

Alluvial Groundwater Investigations 

No alluvial groundwater investigations are proposed for Barrancas Canyon in this workplan. 

Intermediate Perched Zones and Regional Aquifer 

Because of a Jack of subsurface information in this area, it is not known if intermediate perched zones 
occur within Barrancas Canyon. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

No regional aquifer wells are proposed for this canyon in this workplan. 

4.3.8.5 Bayo Canyon 

Surface Water 

Bayo Canyon heads on the Pajarito Plateau on land owned by Los Alamos County and extends across the 
northeast portion of the Laboratory (T A-74), crosses San Ildefonso Pueblo land to the east, and terminates 
at its confluence with lower Los Alamos Canyon near Totavi. Surface water flow in Bayo Canyon is 
ephemeral and intermittent and there are no springs in the vicinity. Stream loss caused by infiltration into 
the underlying alluvium and evapotranspiration typically prevents surface flow from discharging to Los 
Alamos Canyon. On the mesa tops, surface water occurs as storm water runoff or as spring snowmelt 
(LANL 1996b ). 

Alluvial Groundwater 

Surface water occurring in ephemeral reaches within Bayo Canyon potentially creates a saturated zone of 
variable thickness and length within the alluvium. However, approximately 90 boreholes were drilled in 
former T A-1 0 within Bayo Canyon and alluvial water was not encountered at the site. However, elevated 
levels of strontium-90 were encountered in the alluvium and underlying Bandelier Tuff during the drilling 
(LANL 1992a), suggesting that infiltration occurs in this part of the canyon. 

Alluvial Groundwater Investigations 

No alluvial groundwater investigations are proposed for Bayo Canyon in this workplan. 

Intermediate Perched Zones and Regional Aquifer 

Because of a lack of subsurface information in this area, it is not known if intermediate perched zones 
occur within Bayo Canyon. 

Intermediate Perched Zone and Regional Aquifer Groundwater Investigations 

No regional aquifer wells are proposed for this canyon in this workplan. 

Hydrogeologic Workp/an 4-97 May 22, 1998 



5.0 SUMMARY AND IMP ACTS ON FUTURE ACTIVITIES 

The objectives of the activities described in this Workplan are to address the four issues raised in the 
NMED correspondence dated August 17, 1995 (Appendix 2) as discussed in Section 1 ofthis Workplan, 
and to provide answers to the following three questions: 

Is characterization of the hydrogeologic system beneath Los Alamos National Laboratory adequate to 
determine where uppermost subsurface water, alluvial groundwater, intermediate perched zone 
groundwater, or regional aquifer groundwater exists and whether concentrations of contaminants in 
alluvial groundwater, intermediate perched zone groundwater or regional aquifer groundwater exceed 
regulatory limits or risk levels?; 

Is the characterization information sufficient either to establish detection monitoring programs 
pursuant to 40 CFR 264.91-100 for regulated units or to demonstrate that groundwater monitoring 
requirements could be waived, or to provide appropriate groundwater monitoring as part of corrective 
actions pursuant to 40 CFR 264.101 for Solid Waste Management Units that have been determined to 
have had a release that is a threat to human health or the environment?; and 

Is the characterization information sufficient to satisfy the conditions of the Hazardous and Solid 
Waste Amendments (HSWA) portion of the Laboratory's Resource Conservation and Recovery Act 
(RCRA) operating permit? 

The Data Quality Objectives (DQO) Process was applied to the development of this Workplan in order to 
identify the data needs that must be fulfilled to answer these questions and address the four NMED issues. 
As the Workplan is implemented, the DQO Process will continue to be applied as new data become 
available to ensure that the right data necessary to make decisions is being collected. This iterative 
application ofthe DQO Process will form the basis for annual renegotiation of the scope and schedule of 
the Workplan implementation with NMED. 

The information required to address the NMED issues and to answer the above questions results from the 
activities described under Information Interpretation and Management (Section 3) and Hydrogeologic 
Characterization (Section 4). These activities are interactive and iterative, each providing input and using 
outputs. 

All hydrogeologic characterization activities and ER Project RFI activities will produce data that will be 
stored and managed by the information management system described in Section 3. The information 
management system will be the principle source of input to the modeling tasks described in Section 4. As 
more data becomes available, modeling results will be refined. The combination of modeling, information 
management, and ER Project investigations (indicative of where monitoring may or may not be needed) 
will be used to enhance the groundwater monitoring program and/or demonstrate that monitoring 
requirements can be waived. If the modeling activities suggest that different kinds of data or data from 
different locations are necessary to adequately define groundwater flow or contaminant transport, then 
data collection will be modified. 

The expected outcomes of the activities described in this Workplan are: 

• 

• 

Refined understanding of the hydrogeologic framework at the facility , including recharge areas, 
hydraulic interconnections, flow paths, and flow rates, synthesized by modeling simulations; 

Information sufficient either to design and implement a detection monitoring program that meets 
applicable requirements and/or to demonstrate that monitoring requirements can be waived; and 
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• Defined areas of existing or potential groundwater contamination, and the potential pathways of 
contaminant transport from the surface to the regional aquifer, with predictions of directions and 
rates of movement and risk based on modeling simulations. 

If it is determined, as a result of this characterization effort, that enhanced groundwater monitoring is 
necessary, an inter-disciplinary Laboratory group will develop a proposed amendment to the Groundwater 
Monitoring Plan that will be reviewed and endorsed by the Technical Review Committee (TRC) prior to 
submittal to the appropriate regulatory agency(ies). 
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7.0 GLOSSARY 

Adsorption 

Aggregate 

Air-rotary 

Alluvial 

Alluvial Perched 
Groundwater 

Alternative 
Concentration Limit 

Anemometry 

Annulus 

Anthropogenic 

Aquifer 

Aquifer Test 

Aquitard 

Aquiclude 

Background 

Hydrogeologic Workplan 

Adherence of molecules, ions, or water to the surfaces of soil or mineral 
particles with which they are in contact. 

One of eight specific areas encompassing geographic groupings of PRSs or 
areas of similar operational functions for the purpose of groundwater 
characterization and remediation and remediation of potential sources of 
groundwater contamination. 

A drilling method in which air is used in place of other types of drilling fluids 
for the purpose of cooling the drill bit and removing the cuttings. 

Pertaining to or composed of alluvium (clay, silt, sand, gravel, or similar 
unconsolidated detrital material deposited during comparatively recent geologic 
time by a stream or other body of running water as a sorted or semi-sorted 
sediment in the bed of the stream), or deposited by a stream or running water. 

This term is used to refer to the localized bodies of shallow groundwater that 
occur in the alluvial materials in the bottoms of the canyons cutting across the 
Pajarito Plateau. The alluvial is typically from I 0 or 20 feet to over I 00 feet 
wide and from I 0 to 40 or more feet thick. The water in the alluvium is perched 
on the underlying tuff or basalt and has a surface that fluctuates in elevation as a 
direct response to input or loss from stream channels. None of the water in the 
canyons within the Laboratory is used for municipal, industrial, or agricultural 
supply. 

Alternative concentration limits will be proposed by LANL to NMED when 
current methods of establishing RCRA concentration limits are not appropriate 
to the specific water use to be protected. 

Specifically borehole anemometry. A test ofthe permeability ofthe geologic 
formation or formations involving the placement of packers within the borehole 
to isolate specific sections and the pumping of air into the section. 

The space between the casing placed in the center of a borehole and borehole 
wall. 

Of, relating to, or resulting from the influence of human beings on nature. 

A body of rock that contains sufficient saturated permeable material to conduct 
water to yield economically significant quantities of water to wells and springs. 

A test involving the withdrawal of measured quantities of water from, or 
addition of water to, a well and the measurement of resulting changes in 
hydraulic head in the aquifer both during and after the period of discharge or 
addition. 

A confining geologic bed that retards but does not prevent the flow of water to 
or from an adjacent aquifer. It does not readily yield water to wells or springs, 
but may serve as a storage unit for groundwater. 

A body of relatively impermeable rock that is capable of absorbing water 
slowly but does not transmit it rapidly enough to supply a well or spring. 

The abundance of an element, or any chemical property of a naturally occurring 
material, in an area in which the concentration is not anomalous. 
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Bentonite 

Bollards 

CERCLA 

CFR 

coc 

Competent Layer 

Conceptual Model 

Confluence 

Contaminant Plume 

Contamination 

Continuous Stream 

Controlled Area 

Core Sample 

Cutting Sample 

Desorption 

Direct Runoff 

DOE 

DOE-OB 

Downstream 

Hydrogeologic Workp/an 

A colloidal clay, largely made up of the mineral sodium montmorillonite, which 
is used in the annuli of monitoring wells to form a seal between groundwater 
zones to prevent cross-contamination in the borehole. 

Short posts set in a series for the exclusion of vehicular traffic. 

Comprehensive Environmental Response, Compensation, and Liability Act of 
1980. Also known as Superfund, this law authorizes the federal government to 
respond directly to releases of hazardous substances that may endanger health 
or the environment. The EPA is responsible for managing Superfund. 

Code of Federal Regulation. A codification of all regulations developed and 
finalized by federal government agencies in the Federal Register. 

Chain-of-Custody. A method for documenting the history and possession of a 
sample from the time of collection, through analysis and data reporting, to its 
final disposition. 

Synonymous with aquitard or aquiclude as used in the Hydrogeologic Workplan 

A working hypothesis or precise simulation, by means of description, statistical 
data, or analogy, of a phenomenon or process that cannot be or is difficult to 
observe directly. 

A place of meeting of two or more streams; the point where the tributary joins 
the main stream. 

The extent in a localized area, described in three-dimensional space, of 
substances or properties preventing the use or reducing the usability of 
groundwater for ordinary purposes. 

The deposition of unwanted radioactive or hazardous material on the surface of 
structures, areas, objects, or personnel. 

A stream that does not have interruption in space; it may be perennial, 
intermittent, or ephemeral, but it does not have wet and dry reaches. 

Any Laboratory area to which access is controlled to protect individuals from 
exposure to radiation and radioactive materials. 

A cylindrical section of rock or soil obtained while drilling and brought to the 
surface for geologic examination and/or laboratory analysis. 

Soil or rock chips cut by the drilling tool or augers, brought to the surface, and 
collected for geologic examination and/or laboratory analysis. 

The release of molecules, ions, or water from the surfaces of soil or mineral 
particles to which they are attached. 

The surface runoff that enters stream channels immediately after rainfall or 
snowmelt. 

U.S. Department ofEnergy. The federal agency that sponsors energy research 
and regulates nuclear materials used for weapons production. 

DOE-Oversight Bureau. Formerly the NMED-AIP. A bureau within the New 
Mexico Environment Department, funded by the DOE, and dedicated to 
overseeing environmentally related activities at DOE facilities 

Toward, at, or from a point near the mouth of a stream; in a direction toward 
which a stream is flowing. 
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Environmental Assessment. A report that identifies potentially significant 
environmental impacts from any federally approved or funded project that may 
change the physical environment. If an EA shows significant impact, an 
Environmental Impact Statement is required. 

A liquid that has been treated to some degree and discharged as a waste, such as 
water from a factory or the outflow from a sewage works; water discharged 
from a storm sewer or from land after irrigation. 

Environmental Impact Statement. A detailed report, required by federal law, on 
the significant environmental impacts that proposed major federal action would 
have on the environment. An EIS must be prepared by a government agency 
when a major federal action that will have significant environmental impacts is 
planned. 

The collection and analysis of samples of air, water, soil, foodstuffs, biota, and 
other media to determine environmental quality of an industry or community. It 
is commonly performed at nuclear facilities. 

Environmental Protection Agency. The federal agency responsible for enforcing 
environmental laws. Although state regulatory agencies may be authorized to 
administer some of this responsibility, EPA retains oversight authority to ensure 
protection of human health and the environment. 

A stream or reach of a stream that flows briefly in direct response to 
precipitation or snowmelt in the immediate locality; its channel bed is always 
above the water table of the region adjoining the stream. 

The loss of water from a land area through the transpiration of plants and 
evaporation from the soil and surface-water bodies. 

The means by which organisms may be open to harmful agents, i.e. respiration, 
skin contact, ingestion, etc. 

To estimate the value of a variable based on at least two known values on only 
one side ofthe unknown variable. 

A sedimentary rock consisting of slightly water-worn, heterogeneous fragments 
of all sized, deposited in an alluvial fan and later cemented into firm rock. 

Selecting samples for analysis while at an area of investigation, either by direct 
observation or by using portable instrumentation. 

Relative to streams, it is natural flow ensuing from the earth's hydrologic cycle, 
i.e., atmospheric precipitation resulting in surface and/or groundwater runoff. 
Natural in-stream flow may be interrupted or eliminated by dams and 
diversions. 

A plane or irregular surface between two types or ages of rocks. 

That part of the subsurface water that is the zone of saturation, including 
underground streams. 

The runoff that has entered the ground, become groundwater, and been 
discharged into a stream channel. 
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Grout A fluid mixture of cement and water of a consistency that can be forced through 
a pipe to a predetermined height in a well annulus and, upon curing, form an 
annular seal that effectively segregates perched groundwater zones and prevents 
the well annulus from becoming a conduit for water migration. 

Hazardous Waste The specific substance in a hazardous waste that makes it hazardous and 
therefore subject to regulation under Subtitle C ofRCRA. Wastes exhibiting 
any of the following characteristics: ignitability, corrosivity, reactivity, or EP­
toxicity (yielding toxic constituents in a leaching test). In addition, EPA has 
listed as hazardous other wastes that do not necessarily exhibit these 
characteristics. Although the legal definition of hazardous waste is complex, the 
term more generally refers to any waste that EPA believes could pose a threat to 
human health and the environment if managed improperly. Resource 
Conservation and Recovery Act (RCRA) regulations set strict controls on the 
management of hazardous wastes. 

Hollow Stem Auger A drilling method employing hollow metal pipes equipped with hard-edged 
"flights" such as the whorls on a screw to remove cuttings from the borehole. 
Used primarily in unconsolidated material. 

HSW A Hazardous and Solid Waste Amendments of 1984 to RCRA. These amendments 
to RCRA greatly expand the scope of hazardous waste regulation. In HSWA, 
Congress directed EPA to take measures to further reduce the risks to human 
health and the environment caused by hazardous waster. 

Hydraulic Conductivity The rate of flow of water, i.e., permeability coefficient, through a cross section 
of geologic material one square foot under a unit hydraulic gradient. 

Hydraulic Head The height to which groundwater will rise in a monitoring well due to 
subsurface pressure. 

Hydrologic Modeling A working hypothesis or precise simulation, by means of description, statistical 
data, or analogy, of a phenomenon or process of natural water systems that 
cannot be or is difficult to observe directly. 

Hydrologic Setting The spatial and temporal occurrences of both surface and groundwater and the 
degree of interconnectedness and associated travel times within a defined 
region, e.g. the hydrologic setting of the Pajarito Plateau. 

Hydrology The science dealing with the properties, distribution, and circulation of natural 
water systems. 

Intermittent Perched A subsurface zone of unconfined saturation that is present only at certain times 
Groundwater of the year due to specific recharge phenomena. 

Intermittent Stream A stream or reach of a stream that flows only at certain times of the year, such 
as when it receives water flow from springs or some surface source, melting 
snow, or localized precipitation. 

Interrupted Stream A stream that contains perennial reaches with intervening intermittent or 
ephemeral reaches. 

Legacy Source Contamination or potential release sites incurred during the years the 
Laboratory was operating as part of the Manhattan Project and shortly after. 

Lithology The description of rocks, especially in hand specimen and in outcrop, on the 
basis of color, mineralogy, and grain size. 
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Concentrations below which the threat to ecological systems or organisms have 
been determined to be non-hazardous. 

A hole drilled into the ground to a sufficient depth that penetrates water-bearing 
soil or rock and completed with well casing and screen to allow formation water 
to enter the well. Used in field investigations for obtaining hydrologic data by 
allowing groundwater sampling and water level measurements. 

A drilling method in which drilling fluid or "mud" is forced into the borehole 
for the purpose of cooling the drill bit and removing the cuttings. Used 
primarily when drilling deep wells in consolidated materials. 

A unit of measurement used to describe the amount of suspended or slow­
settling material in a liquid. 

National Pollutant Discharge Elimination System. This federal regulation, under 
the Clean Water Act, requires permits for discharges into surface waterways. 

The vent or end of a drain, pipe, sewer, ditch, or other conduit that carries waste 
water, sewage, storm runoff, or other effluent into a stream. 

A short expansible-retractable device set in a cased or uncased borehole to 
prevent vertical fluid movement. 

The mode of soil origin referring to the development from parent materials. 

Unconfined groundwater separated from an underlying main body of 
groundwater by an unsaturated zone. Perched groundwater most typically forms 
over a perching bed; that is a body of rock, usually stratiform, with a 
permeability sufficiently low that the perched water does not readily permeate. 

A stream or reach of a stream that flows continuously throughout the year in all 
years. Its upper surface, in general, is lower than the water table of the region 
adjoining the stream. 

A portable instrument used in field screening for volatile organic compounds. 

This is also called potentiometric surface. This is the level to which water will 
rise in a well tightly cased into an aquifer. 

Quality assurance. The routine application of procedures within environmental 
monitoring and measurement to obtain required standards of performance. QA 
procedures include calibration of instruments, control charts, and analysis of 
replicate and duplicate samples. 

Resource Conservation and Recovery Act of 1976. RCRA is an amendment to 
the first federal solid waste legislation, the Solid Waste Disposal Act of 1965. In 
RCRA, Congress established initial directives and guidelines for EPA to 
regulate hazardous wastes. 

The absorption and addition of water to the zone(s) of saturation, due primarily 
to precipitation. 

The main body of groundwater which underlies the Los Alamos area and has 
surface expression in the Rio Grande River. 

That part of precipitation appearing in surface streams. It is more restrictive 
than streamflow as it does not include stream channels affected by artificial 
diversions, storage, or other works of man. 
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Superfund Amendments and Reauthorization Act of 1986. This act modifies 
and re-authorizes CERCLA. Title II of this act is also know as the Emergency 
Planning and Community Right-to-Know Act of 1986. 

The water resulting from the melting of snow. 

A hollow soil sampling tube that is driven into the bottom of a borehole by a 
weighted hammer thus lodging the sample within the tube. The ends of the tube 
unscrew, allowing the rest of the tube to open along its axis to reveal the 
sample. 

A study ofthe distribution and amounts of non-spontaneously radioactive 
substances in rocks, soils, water and the atmosphere. 

The hydraulic head of a well that is not affected by withdrawal of groundwater. 

The formation, accumulation, or deposition of material in layers; the 
arrangement or disposition of sedimentary rocks in layers. 

A "cut away" diagram showing an extrapolation of the subsurface geology, 
hydrology and tectonic features based on data obtained during subsurface 
exploratory methods such as drilling a borehole or using seismic geophysics. 

The hollow bed where a natural stream of water runs or may run; the long, 
narrow, sloping trough-like depression shaped by the concentrated flow of a 
stream and covered continuously or periodically by water. 

A type of channel flow applied to that part of surface runoff traveling in a 
stream, whether or not diversion or regulation affects it. 

Water in the lithosphere in solid, liquid, or gaseous form; includes all water 
beneath the land surface and beneath bodies of surface water. 

The runoff that travels over the soil surface to the nearest surface stream; runoff 
that has not passed beneath the surface since precipitation. 

Forcing water into and out of a monitoring well by operating a plunger up and 
down in the well casing. 

Particles that are mixed with but undissolved in a fluid. 

Solid Waste Management Unit. Any discernible unit at which solid wastes have 
been placed at any time, irrespective of whether the unit was intended for the 
management of solid or hazardous waste. Such units include any area at or 
around a facility at which solid wastes have been routinely and systematically 
released. Potential release sites include, for example, waste tanks, septic tanks, 
firing sites, burn sites, sumps, land fills (material disposal areas), outfall area, 
LANL canyons, and contaminated areas resulting from leaking product storage 
tanks (including petroleum). 

A general term for all particles ejected during a volcanic eruption. 

A device that is actuated by power from on system and supplies power, usually 
in another form, to a second system. 

A linear sampling area chosen for studying a particular environmental problem. 

Placed in the annulus through a down-borehole pipe to prevent bridging (air 
pockets occurring in the annular pack). 
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3H. A radionuclide of hydrogen with a half-life of 12.3 years. The very low 
energy of its radioactivity decay makes it one of the least hazardous 
radionuclides. 

Rock of compacted volcanic ash and dust. 

Unsaturated zone or zone of aeration. The partially saturated or unsaturated 
region above the water table that does not yield water to wells. Water and/or 
gases contained are usually under less than atmospheric pressure. 

Movement of a contamination plume while in a gaseous state. 

A cavity of variable shape in a rock formed by the entrapment of a gas bubble 
during solidification from lava. 

An accounting of the inflow to, outflow from, and storage in a hydrologic unit 
such as a drainage basin or aquifer. 

New Mexico water law is based on the doctrine of prior appropriation, and the 
rights to use water are established through the State Engineer's Office. 

The water level surface below the ground at which the unsaturated zone ends 
and the saturated zone begins. It is the level to which a well is screened in the 
unconfined aquifer and would fill with water. 

October through September. 

The region drained by, or contributing waters to, a stream, lake or other body of 
water and separated from adjacent drainage areas by a ridge or summit of high 
ground. 

A graphic record of the observed, measured, or computed physical 
characteristics of the rock section encountered in a well, plotted as a continuous 
function of depth. 

A lowland area, such as a marsh or swamp, that is inundated or saturated by 
surface water or groundwater sufficient to support hydrophilic vegetation 
typically adapted for life in saturated soils. 
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GARY E. JOHNSON 
GOV£RNO/f 

Stale u{New Mexico 
EN~RONMENTDEPARTMENT 

Hazardous & Radioactive Materials Bureau 
525 Camino De Los Marquez 

P.O. Box 26110 
Santa Fe, New Mexico 87502 

(505) 827-4358 
Fax (505) 827-4389 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

May 30, 1995 

Mr. Larry Kirkm~ 
Acting Area Manager 
Department of Energy 
Los Alamos Area Office 
528 35 Street 
Los Alamos, New Mexico 87545 

MARK E. WEIDLER 
SECRETARY 

EDGAR T. THORNTON. Ill 
DE.PC:TY SECRE:TMfY 

RE: Denial of the Los Alamos National Laboratory's Ground-Water Monitoring Waiver 
Requests 

Dear Mr. Kirkman: 

As stated in the New Mexico Environment Department's (NMED's) May 5, 1994 lener 
regarding ground-water monitoring waiver documentation, NMED deferred a decision 
regarding ground-water monitoring waivers pending reevaluation of the hydrogeologic 
conditions beneath the facility and consideration of new ground-water data. Closure plans for 
the below named units have been submitted to NMED for closure under 20 NMAC 4.1, 
Subpart VI, 40 CFR 265 Subpart G: 

TA-54 Areas G & L (March, 1987) 
TA-16 Surface Impoundment & Area P Landfill (December, 1987) 
T A-35-125 & 85 Surface Impoundments (March, 1989) 
T A-53 Surface Impoundments ( 1992) 

Through evaluation of the submitted supporting documentation, NMED has determined that the 
information provided does not fulfill Part 265 standards. This letter serves to document the bases 
for regulatory denial of ground-water monitoring waiver proposals [20 NMAC 4.1 Subpart V l, 
40 CFR 265.90] as submitted by Los Alamos National Laboratory (LANL) to NMED. G~! neral 
technical rationale, specific waiver requests, and reasons for denial of the ground-water 
monitoring waivers are provided in the enclosed Attachn1ent. 
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Because these demonstrations, have not met the technical standards necessary for approval of 
ground-water monitoring waivers at the sites listed above, ground-water monitoring program plans 
will be required for LANL to be in compliance with 20 NMAC Subpart Vl, 40 CFR 265 Subpart 
F regulations. 

Although NMED does not relinquish any of New Mexico's regulatory or statutory authorities, 
these denials do not require immediate submittal of ground-water monitoring program plans for 
each closure. Instead, in light of DOEJLANLs budgetary constraints, a comprehensive ground­
water monitoring program plan should be developed which addresses both site-specific and site­
wide ground-water monitoring objectives. This may be achieved by mOdifying the existipg site­
wide Groundwater Protection Management Program Plan. Revision LO, March 6, 1995 to include 
regulatory site-specific. considerations. NMED intends tb. coordinate with DOFJLANL in this site­
wide approach. If DOE or LANL staff wish to discuss this issue, please contact Ronald Ke~ 
manager of the RCRA Technical Compliance Program, to arrange a meeting. If you have any 
questions regarding this matter, please contact Ms. Lee Winn or Ms. T eri Davis of my staff at 
(505) 827-4308. 

~· Beci~~~ 
Hazardous & Radioactive Materials Bureau 

CC: Ron Kern, Manager, RCRA Technical Compliance Program 
LANL 1995 Red File 
Barbara Hoditscheck, Manager, RCRA Permitting Program 
Neil Weber, DOE Oversight Bureau 
Marcy Leavitt, Ground Water Protection & Remediation Bureau 

Filc:WAIV.ER.DE.NAL 



ATTACHMENT 

GENERAL TECHNICAL RATIONALE FOR DENIAL 
OF GROUND-WATER MONITORING WAIVERS 

Los Alamos National Laboratory (LANL) has provided inadequate and incomplete 
information pertaining to the unsaturated and saturated conditions across the Parajito Plateau 
in support of ground-water monitoring waivers for the various RCRA-regulated units (fA-54 
Area G & L, TA-16 Surface Impoundment & Area P Landfill, TA-35-125 & 85 Surface 
Impoundments, and T A-53 Surface Impoundments). Basic geology, hydrogeology, ·and 
pathways for contaminant transport have not been adequately addressed to date. Listed below 
are the general technical concerns of LANL, U.S. Environmental Protection Agency (EPA), 
and the New Mexico Environment Department (NMED) regarding the laclc of understanding 
of the hydrogeologic system at this facility. These technical concerns and data gaps support 
denial of LANL's ground-water monitoring waiver r~uests. 

1. LANL's Installation Work Plan Revision 3, November 1993 

Within LANL's Installation Work Plan Revision 3, November 1993, specific data gaps were 
listed and data needs were identified explicitly throughout the environmental setting section of 
this document. These data gaps are relevant to the ground-water monitoring waiver issue. 
These are specifically: 

• Absence of facility-wide geologic mapping. The lack of geologic mapping in the 
intervening areas causes the validity of the correlations to be uncertain. [section 
2.6.1.2.9] 

"Stratigraphic features in the tuff, such as volcanic surge deposi~ may locally provide 
a preferential migration patltway for moisture and contaminants in tlte subsurface 
[emphasis added) (Purtymun 1973, 0710; Crowe et al. 1978, 0041). Purtyrnun (1973, 
071 0) noted increased rates of. vapor phase migration of tritium away from storage 
shafts at T A-54 along a stratigraphic boundary that includes surge layers. Individual 
flow units in the Tshirege Member contain vertical cooling joints that may or may not 
cross flow unit boundaries. In ash flow tuffs, cooling joints spacing varies primarily 
with the thickness of the unit, emplacement temperature, substrate temperature, Jnd 
topography. Joint density tends to be greatest in welded tuff and least in non welded 
tuff. Hydraulic conductivities are generally greatest in the fractured, welded parts of 
ash flow tuffs and least in the non-welded parts (Crowe et al. 1978, 0041 ). "(Section 
2.6. 1.2.9, page 2-17). 

"Dransfield and Gardner (1985, 0082) integrated a variety of data to produce structure 
contour and paleogeologic maps of the pre Bandelier Tuff surface beneath the P:1priro 
Plateau. Their maps reveal that subsurface rock units are cut by a series of down ·:.)­

the-west normal faults: the overlying Bandelier Tuff is not obviously displaced ~-. .. 
these huried faul_ts. However. where detailed fracture stl.!dies h~we been don :~ 



Mr. Kirkman - Waiver Denials 
May 30, 1995 
page 2 

plateau, they have shown that fracrure abundances and apertures increase in the 
Bandelier Tuff over fault projections, which indicates tectonic fracturing mentioned 
above (Vaniman and Wohletz 1990, 0541). In addition, small-scale offsets along 
fractures have been observed in various parts of the Laboratory, including Ar~a Gat 
TA-54 (emphasis added] (Rogers 1977, 0216}, that suggest additional wunapped fault 
zones. Unfortwtately, detailed fracture studies on the Pajarito Plateau are few." 
(Section 2.6.1.4, page 2-19). 

• "Perched water bodies occur in the conglomerates and basalts beneath the alluvium in 
the mid and lower reaches of Pueblo and Los Alamos canyons and in the lower reach 

· of Sandia Canyon. Depth to perched water ranges from about 90 ft in the midreach of 
Pueblo Canyon to about 450 ft in lower Sandia. Tit~ vutic1:zJ. and IIUual atent of tlze 
p~rclted ground waters, th~ IUlture and extent of puc/ling units, and the potential for 
migration of p~rchd wa.Ur to the nuzin aquifer is not fuUy understood by 
investigators to dJzU. [emphasis added) " (Section 2.6.2.3.~ page 2-29). 

2. LANL's Groundwater Protection Management Program Plan, 1995 

Comments and Recommendations found in · LANL' s "Groundwater Protection Management 
Program PI~ Appendix I"- (March 6, 1995, Revision 1.0) identified num~us deficiencies 
in the conceptual hydrogeological understanding at LANL. Major concerns and 
recommendations are listed below: 

Appendix 1- Los Alamos National Laboratory_E S & H Self-Assessment Report (August 
91): 

"Not enough is yet known about the fundamental processes controlling movement of water or 
contaminants through the unsaturated zone to completely understand whether contamination 
could ever reach the main aquifer." (3.2.4, par.2) 

"Fundamental research is necessary in basic geology, unsarurated zone geology and hyJ~vlogy, 

and saturated zo.ne geology and hydrogeology." (3.2.4, par. 5) 

"Basic Geology: Basic geology of the Laboratory area includes structural features, 
stratigraphy, fracture and fault zone (knowledge of both the Pajarito fault zone on the .... estern 
margin of the plateau and the plateau itself where faults and fractures may control eros1onal 
patterns and potential infiltration :zones are crucial to understanding g~ound water rec h.H .: ~ ). 
geomorphology, seismic history, and geochemistry. (3.2.4, lst bullet) 

"Saturated Zone Geology and Hydrology: Information on recharge of the main aquif.:~ 
t:thology is incomplete.; knowledge of the upper surfacl! 0f the main aquifer, espc!c: .. 

·.J 
' I ! ' . ._.u 
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the west, is incomplete; temporal variation of the ground water surface is not well described; 
information is lacking on vertical and horizontal permeability variation, horizontal and vertical 
pore-water velocities, pore-water flow gradients, extent of phreatic versus confined zones, 
geologic structure beneath the Bandelier tuff, spatial variations of natural ground water 
quality, and areal continuity of data." (3.2.4, 2nd bullet) 

"Unsaturated or Vadose Zone Geology and Hydrology: Unsaturated hydrologic property 
measurements are lacking for the Otowi and Guaje Members of the Bandelier tuffy the Chino 
Mesa Basalts, the Puye conglomerate, and the unsaturated portions of the Santa Fe group 
sediments." (GW.2 Implementation of Ground Water Protection Programs) 

Appendix I - Hydrogeologic Review for the Environmental Restoration Program at Los 
Alamos National Labonatory. LANL Hydrogeology Panel Final Report, Summary of 
Comments on Issues Identified by the Program: 

"Issue 3: Do we know enough about the role of fractures? 

"The panel is somewhat divided on this question_ On one hand, some geologic evidence 
suggest that fractures lack connectivity over great depths and fractures may provide capillary 
barrier to unsaturated flow. On the other, roots and weathering patterns suggest that some 
fractures on the mesa tops may be preferential paths for infiltration. Our primary concern for 
liquid flow in fractures is in canyon bottoms where fractures in bedrock may intersect perched 
alluvial aquifers. There are few field data on the role of fractures, but there is also very little 
one can do to adequately and quantitatively characterize variably saturated fracture flow and 
transport coefficients. At small site scales, the role of fractures as transport pathways and their 
connections to regional pathway will likely have to be addressed for each site individually." 

The above statement about the uncertainty of location and connection, .and flow in fractures is 
important reasoning for requiring gro\md-water monitoring wells to detect releases. 

"Issue 4: Can we defensibly model LANL hydrogeology using a porous continuum 
model? 

"Much of the experimental and environmental monitoring data suggests that a porous media 
flow model would be appropriate. However, porous media models should be used to predict 
observed behavior in order to validate the model and to confirm the validity of the porous 
medial approach." 

Because of fractures, cooling joints, faults, bedding planes, a porous media model seems 
flawed. The above statement, suggest the need for empirical data to confirm modeling 
information. The complexity of the vadose zone supports the rejection of porous medi.J. ti•)" 
conceptual models pres_ented in the ground-water monitoring. waiver requests . 

I 
I 

I 
I 
I 
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"Issue: 5: Are we sufficiently certain of ground water flow direction regionally that we 
can know ground water flow direction at a specific OU? Additionally, is there 
any reason to believe that there are local ground water gradients? 

"Local effects undoubtedly occur near the well fields, and it is possible that small 
perturbations may occur in the main aquifer beneath perched aquifers or other potential 
recharge areas. Additional information is required to monitor horizontal and vertical pathways 
and to confirm sources of recharge. Mapping details of drawdown and "zones of capture" 
around the well fields would add to this knowledge base. 

"Issue 6: Can we defensibly state there is no connection between any perched zones and 
the main aquifer? ' 

"Existing data are insufficient to state that no perched water percolates to the main aquifer. In 
fact, recent . work at Mortandad Canyon shows that vertical transport has occurred in the 
Bandelier Tuff to at least 150ft (46m) beneath the perched alluvial aquifer. Little is known of 
vapor phase transport in these areas. 

"Issue 8: Do we know enough that modeling as a homogeneous, steady state system 
adequately defines the system? Alternatively, do we know enough to model as 
a nonhomogeneous, transient system? 

"Except for scoping calculations, field observations and model studies show that some degree 
of heterogeneity will need to be incorporated iJ;lto the conceptual models of flow and transport 
in the vadose zone, in the perched aquifers, and in the main aquifer. Transient effects will 
need to be considered to simulate transport at least within perched alluvial aquifers, and in 
pumping scenarios for the main aquifer. 

"Available data are scarce, and detailS of experimental procedures need to be published. A 
model study using existing sorption data underestimated observed radionuclide transport. 
Available data do not appear to be sufficient to defend ER objectives." 

3. EPA Concerns 

Major relevant EPA concerns, as documented in the March 16, 1994 Comprehensive Ground 
Water Monitoring Evaluation (CME), are expressed in the following questions: 

l. "Has a ground water monitoring program (capable of determining the facility's impact 
on the quality of ground water in the uppermost aquifer underlying the facility) b(!en 
implemented as per 40 CFR subparagraph 265.90? Uppermost aquifer means the 
geologic formation nearest the natural ground surface that is an aquifer as we i I 
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lower aquifers that are hydraulically intercormected with this aquifer within the 
facility's property boundary. 

"No, the facility does not have a ground water monitoring program capable of 
determining all of the facility's impact on the upoermost aquifer. LANL has 2round 
water monitoring waivers on file for each unit requiring ground water monitoring" 

. 2. "Has the facility adequately identified the uppermost aquifer? 

4. 

"No. based uoon the reviewed documents. the uppennost aquifer has not been 
·adequately characterized. Additional studies are required. Each ground water 
monitoring waiver needs to be evaluated to determine its appropriateness. If the ground 
water monitoring waiver does not meet the requirements of 40 CFR 265.90(c). LANL 
will .be reouired to submit additional information or install ground water monitoring 
wells at each regulated unit." 

State Concerns 

In addition to the specific data gaps and needs described by LANL and EPA above, the state 
has additional concerns: 

• Water-level contour maps presented in the submitted supporting ground-water 
monitoring waiver documentation are not adequate. The ground-water elevation data 
obtained from supply and test well data has been compiled together. It is generally not 
accepted practice to contour such data. The test wells ·are screened over short intervals 
( 10 feet), presumably at the top of the aquifer, whereas the production wells are 
screened over much greater lengths (1500-2500 feet), starting typically hundreds of 
feet below the presumed top of the aquifer. Compiling such data may give a 
nonrepresentive picture of the hydraulic head distribution within the aquifer(s). 
Additionally, elementary contouring errors have apparently been reproduced from 
document to document, which have resulted in compounded errors in water-level 
contours .. 

Individual zones of saturation beneath LANL have not been adequately delineated . :md 
the "hydraulic intercormection" between these is not understood. Inadequate and 
incomplete knowledge concerning the geometries and boundary conditions of the zones 

of saturation beneath the facility exists. A facility-wide description of the 
hydrogeologic characteristics affecting ground-water flow beneath the facility can not 

be made without adequate delineation of the perched-intermediate aquifer(s) benn: i1 
LANL. 
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The recharge area(s)· for the main and perched-intermediate aquifers have not been 
identified. It is unknown at this time if any significant quantity of water is recharging 
the main aquifer through the fracture-fault zones which occur on the Pajarito Plateau. 
Characterization of these site-wide fault zones as potential pathways for aqueous 
migration is not complete. It is unknown what effect, if any, these zones may have on 
the direction of ground-water flow and hydraulic gradient of the main and . perched­
intermediate aquifers. 

• The ground-water flow direction(s) of the main aquifer and perched-intermediate 
aquifer(s), as influenced by pumping of production wells are unknown. 

• Detection of low-level tritium in the main aqUifer in Los Alamos, Pueblo, and 
Mortandad Canyons (all of which have monitoring wells in them) refutes fundamental 
asswnptions supporting low or no potential of migration of constituents of concern to 
the uppermost aquifer. 

SITE-SPECIFIC GROUND-WATER MONITORING 
· WAIVER REQUESTS & DENIALS 

1. March 1987, "Hydrogeologic AssessmDit of Teclmical Area-54 Area G & L, Los 
Alamos National Laboratory" 

In addition to the general technical reasons listed in the previous section. denial is based on 
the following observations: 

• The presence of an alluvial aquifer in lower Pajarito Canyon is of concern from a 
horizontal contaminant transport standpoint. The continuing degradation of water 
quality within Pajarito Canyon from PC0-1 to PC0-3 is of concern. No apparent 
principal release site other than Area G &. L exist that may account for the observed 
change in water quality. 

Section 3.0 Hydrologic Characterization of the Vadose Zone, page 3-l, first paragrJph 
which states, "No perched water has been detected above the main aquifer, theretore, 

· studies of moisture movement have been concentrated on unsaturated tlow processes. ·· 
As noted by N.D. Rosenburg and H.J. Turin (1993), Summary of Area G Geology . 
Hydrogeology, and Seismicity for Radiological Performance Assessment, a scism1~ 
hole drilled bv J. Gardner in 1993 recorded wet core approximatelv 125 to I-+5 :"t!::t . . 
below ground-level. suggesting the possible existence of a perched-intermediate 
aquifer. The seismic drill hole is located approximately 700 feet N\V of produc:· , .. , 



Mr. Kirkman - Wai\\!r Denials 
May 30, 1995 
page 7 

well PM-2 which is ·located immediately downstream of the confluence of the Pajarito 
and Three Mile Canyons (T A-18). 

• The potential for perched water below the base of the basaltic units beneath Areas G 
& L is of concern. Springs 4A discharge near the basalt- Santa Fe Group contact in 
Pajarito Canyon at an elevation hundreds of feet above the surface of the Rio Grande. 
The·river is believed to represent the surface of the top of the main aquifer through 
this stretch of the Rio Grande (Cushman, 1965). As noted in LANL's May 1993 OU 
1148 RFI Wod•plan: "Perched (intermediate) aquifers, recharged from the alluvial 
aquifer in Pajarito Canyon, may exist in the subsurface in the southern vicinity.of OU 

· 1148, although no drill holes are available to determine if they exist." , 

U.S. EPA's 1994 CME supports these reasons by relating the following: 

"The ground water monitoring waiver for TA 54 Area L & G states: 1) there is not a 
perched water table at these areas, and 2) there is not any hydraulic connection to the 
main aquifer. However, there are not any ground water monitoring wells in the 
vicinity of Area L & G which verify this statement It is understood that LANL was 
preparing to install a monitoring well penetrating the main aquifer, just east of TA 54, 
which could have been used to provide this information. However, it is also 
understood that due to budget constraints, the proposed installation o.f this well has 
been halted. It is recommended that this well be installed as expeditiously as possible 
in order to verify the ground water conditions in this area." 

2. December 15, 1987, "Supporting Docu~nttztion for the Ground-Water Monitoring 
Waivu at tile TA-16 Surface lmpound~nt". 

The above referenced documentation for the ground-water monitoring Waiver at T A-16 
Surface Impoundment has been reviewed. In addition to the general technical reasons listed in 
the previous section, the following technical issues support denial of the ground-water 
monitoring wavier at this RCRA regulated unit: 

Contaminant transport through the tuff is probable, based on field observations 1:1 

Mortandad Canyon and low-level detection of tritium in the main aquifer. 
Recharge to the main aquifer is likely from the Pajarito fault zone and associated 

· fracture-fault zones across the Plateau. 
Canon de Valle surface water is perennial within this stretch of the canyon. In 
addition, the \\·etlands in Canon de Valle appear to bisect the t9e of the land ti: 1 : ! l l! 
wetlands areas could be in direct communication with a potential migration p.::.: :-. ·. \ 1 v . 

The depth to the uppermost aquifer is unknown. 
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Furthermore, the site has a documented release which requires a corrective action program 
plan be implemented. 

3. March 1989, "Supporting Documentation for tlt.t! Ground-Watu Monitoring Waivers 
at tltt! TA-35 TSL-85 and TSL-125 Surfact! Impoundnumts". 

In addition to the general technical reasons listed in the previous section, denial of the 
ground-water monitoring waiver request is based on inadequate documentation. A general 
technical reason which is particularly relevant to this site is that in nearby Mortandad Canyon, 
low levels of tritium have been detected at a depth of 200 feet in the Bandelier Tuff. This 
finding indicates that there is vertical transport within the tuff and therefore a potential for 
migration which must be addressed. ' 

4. April 1992, "Ground-Watt!r Monitoring Waivt!r Dt!monstration for Surface 
Impound~nts at Technical Art!a-53". 

LANL 's reasoning for demonstrating "low potential for migration of hazardous waste or 
hazardous waste constituents to the uppermost aquifer" is described as: 

"(1) the unsaturated characteristics of the vadose zone below the T A-53 surface 
impoundments on Mesita de Los Alamos demonstrate low gravimetric;: moisture 
content ... , and 

"(2) the annual evaportranspiration equals or exceeds the annual mean precipitation, 
resulting in a negative annual infiltration at TA 53." 

In addition to the general technical reasons listed in the previous section, denial of the waiver 
is based on the following: 

(a) There has been no site characterization to determine the uppermost aquifer below the site. 
The two canyons adjacent to Mesita de Los Alamos, Los Alamos and Sandia, both have 
perched water beneath the canyon bottoms. 

(b) In point (1) quoted above, saturated porous media flow is assumed as the only transport 
model. Va r phase flow of contamination and fracture flow are not adequately characterized 
or addressed in the supporting documentation, and 

(c) Regarding point (2) quoted above, using a mean annual precipitati~n to caiculate 
evapotranspiration is not adequate to account for all possible water balance at the site. 
Recharge mechanisms are also inadequately understood. 
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<"iARY E. JOHNSO,V 
t;On·:RXOR 

17 August 1995 

State ol .Vew 1."r!exico 
E1VVIRONME.VT DEPARTMENT 

Harold R~nneis Building 
1190 St. Francis Drir.;e. P.O. Box 26110 

Sar.ta Fe. _'."~:.1.: .~fe:cico 87.i02 
150-5' 3:2;'-2850 

Mr. Larry Kirkman 
Acting Area Manager 
Department of Energy 
Los Alamos Area Office 
528 35th Street, Mail Stop A316 
Los Alamos, NM 87544 

.\fARf: F.. '''£IDLER 
oF.CG.ETARY 

F.DGAR 7'. 7'HOR.\'TO.V. :I! 
DEPt ·ry SECRE.-:" AR Y 

RE: Comments Concerning Ground-water Contamination and 
Protection at Los Alamos National Laboratory(LANL), Los 
Alamos, New Mexico 

Dear Mr. Kirkman: 

The New Mexico Environment Department(NMED), Department of ~nergy 
Oversight Bureau(DOE OB} and Hazardous and Radioactive Mater~al 
Bureau(HRMB) staff have assessed LANL's ground-water protect~on 
program, and have concluded thac several problems concerni~g 
ground-water contamination and 9rotection exist. The follcwir.g 
summarizes major concerns of the NMED in relation to ground-water 
protection at LANL: 

o From 1989 to 1993, water a-= a'9proximately 271 ground- ·..ta:.er 
monitoring stations(wellsl exceeded Department of Ene~~y. 
Environmental Protection Ager.cy, New Mexico State dr~~~:~g 
water standards or maximure cc~taminant levels, and ~s~ 
Water Quality Control Comm~ssion {WQCC) standards. 

o Results of historical tritium concentration trend ana.:. :.·ses, 
performed for seven LANL regional aquifer monitoring -.... e.:.ls 
indicate that past laboratory releases of tritium­
contaminated water may have c=illmingled with the reg~=~~~ 
aquifer. 

o LANL' s Environment:.al Surre.:.. ~~:.nee group recem:.l y re::. -~ --..:-::: 
preliminary data wh~cn inc~ca=e that che regional ac ... ~: 
near production well 0-4: c=~=a.ins strontium- so a-c :..-::· ·--' 
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. 
four(4) cimes the New Mexico State drinking water standard 
and NMED WQCC standard. 

o Both LANL and NMED DOE OB analytical data obtained from on­
site and off-site springs are showing elevated 
concentrations of chlorinated solvents, high explosives, 
nitrates/nitrites as nitrogen and radionuclides. 

o Preliminary modeling of the water balance in Mortandad 
Canyon by NMED suggests radionuclide-bearing effluent from 
LANL's liquid radioactive waste treatment facility(Tech Area 
50) can leak out of the shallow(alluvium) aquifer and th~s 
percolate towards the regional aquifer. 

The above conditions wa1:·rant NMED' s previous recommendations to 
develop a site-wide ground-water monitoring system to ascertain 
the impacts of laboratory operations to the groundwater regime. 
Currently, the impact to human health and the enviromnent is 
unknown. A plaa ia required to dateT'"ine adequat:el.y the effect 
past, current, and future laborat:Ol:Y operations- have on the 
ground-water regime ... The inadequacy of LANL' s current ground­
water monitoring system, the lack of basic hydrologic 
information, and the lack of compliance with both HSWA and RCRA 
ground-water monitoring requirements have previously been 
conveyed by NMED through memoranda, presentations, and letters. 
(c.f. NMED internal letter, August 26, 1992; NMED letter to Je~ry 
Bellows, November 25, 1992; NMED Illitial Ground-Water Assessmen.t 
Report, December 1992; NMED illter.aal memo, February 5, 1993,· NMED 
presentation at San Ildefonso, February 16, 1993; NMED/LAllL 
meeting February 19, 1993; NMED letter to Diana Webb, March 1 o, 
1993; NMED letter to Diana Webb, July 1, 1993; NMED letter co 
distribution, August 6, 1993; NMED memo to EPA, August 5, 1993; 
NMED internal memo, November 23, 1993; NMED letter to Diana ~ebb, 
February 28, 1994; NMED internal memo, February 22, 1994,· lJMED 
internal presentations, May 13, 1994; NMED letter to Joseph 
Vozella, July 7, 1994; NMED letter to EPA, Jan~ 23, 1995; .~ 
letter to EPA, January 24, 1995; NMED/DOB meeting, April 13, 
1995; NMED letter to Larry KirianaJl, May 30, 1995; NMED inte:-".....al 
memo, July 5, 1995). 

Basic geology, hydrogeology, and pathways for contaminant 
transport have not been adequately addressed to date. At 
present, the following fundamental hydrogeologic issues/q~es~:ons 
ra~in unresolved at LANL. 
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o Individual zones of saturation beneath LANL have not been 

adequately delineated, and the "hydraulic interconnection" 
between these is not understood. A facility-wide 
description of the hydrogeologic characteristics affecting 
ground-water flow beneath the facility cannot be made 
without adequate delineation of the perched-intermediate 
aquifer(s) beneath LANL. 

o The recharge area(s) for the main and perched-intermediate 
aquifers have not been identified. It is unknown at this 
time if any significant quantity of water is recharging the 
main aquifer through fracture-,fault zones which occur on the 
Pajarito Plateau. Characterization of these site-wide fault 
zones as potential pathways for aqueous migration is not 
complete. It is unknown what effect, if any, these zones 
may have on the direction of ground-water flow and hydraulic 
gradient of the main ~d perched-intermediate aquifers. 

o The ground-water flow direction(s) of the main aquifer and 
perched-intermediate aquifer(s), as influenced by pumping of 
production wells are unknown. 

o Aquifer characteristics cannot be dete~ned without 
additional monitoring wells installed within spe~ific 
intervals of the various aquifers beneath the facility. 
Locations of wells designed for aquifer testing cannot be 
addressed adequately without the delineation of individual 
zones of saturation beneath LANL. 

At present, it appears that several different organizations(i.e., 
Environmental Restoration, Environmental Surveillance and Eartn 
and Environmental Science divisions) at LANL are performing 
activities related to ground-water protection, monitoring and 
characterization. NMBD does not consider that LANL's individual 
programa axa·adequ.ately addressing the necessary requirements for 
a comprehenaiva ground-water proteceion program. 

The hydrogeologic projects underway lack the integration 
necessary to meet the specific requirements of the HSWA permit 
and to address the fundamental hydrogeologic issues mentioned 
above. The lack of knowledge surrounding these fundamental 
hydrogeologic issues does not allow for compliance with the 
regulatory requirements of a site-wide characterization. 
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NMED is currencly evaluating what work needs to be conducted and 
to what level of detail to assure comoliance with both the HSWA 
hydrogeologic permit requirements and-the requirements for 
ground-water monitoring of RCRA regulated units. This evaluation 
should be completed in October, 1995, and provided to EPA and 
then available to LANL. · 

During the course of NMED's investiga~ion for the RCRA 
hydrogeologic evaluation, it has become evident to NMED that a 
RCRA site-wide hydrogeologic workplan should be developed and 
submitted to ~~ and EPA for review and approval. A site-wide 
hydrogeologic workplan developed under the driver of RCRA wil~ 
provide a mechaniSM to assure a compliance scb~• with specific 
tasks to meet the permit objectives. T!le woxJtplaD should address 
both the HSWA hydroqeologic permit requiremane. and RCRA 
regulatory ground-water monitoring requirements~ 

Thank you for your attention in this matter. Should you have any 
questions concerning either eechnical or regulatory issues please 
contact MS. Teri Davis of HRMB at (505) 827-1560. If you have 
any questions concerning technical matters please contact Mr. 
Michael Dale of DOE OB at (505) 672-0449. 

Sincerely, 

Ed Kelley PhD, Director, Water and Waste Management Division 
New Mexico Environment Department 

cc: Theodore Ta\·lor, DOS LAAO, AAMSP, MS A316 
Joseph Vozella, DOS IAAO, MS A316 
Ivan Trujillo, DOS LAAO, MS A3l6 
Mace Johansen, DOE LAAO, MS AJlfi 
Ken zamora, Sciencec:h/LAAO, MS A316 
Barbara Driscoll, EPA aegion 6 
Gilberc Sanchez, San Ildefonao Pueblo, Environmencal Direc~or 
Mark Weidler, NMEO, Secretary 
Pecer Maggicre, NMEO, Environmental Prote~ion Division 
Neil Weber, N.MED, Chief, DOE Oversign~ Bureau 
Benito Garc~a. NMED, Chief, HRMB 
Jim Piatt, ~~. Chief, SWQB 
Marcy Leavi:~. NMSD, Chief, GWPR3 
Sig Hecker. ~. Laboracory ~irec~or. MS A100 
1'om Baca, :.;.:;r., EM. MS JS91 
Jorg Janser.. .t.ANL, EM/E:R, MS M99:! 
S~eve Rae. ~~L. ESH·lB, ~~ K49C 
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PURPOSE 

DRAFT 
LOS ALAMOS NATIONAL LABORATORY 

GROUND WATER PROTEcnON STRATEGY 
August 15, 1996 

This strategy provides a basis and direction for ground water protection at Los 
Alamos National Laboratory (Laboratory), and serves as a guide for the 
development of a Hydrogeologic Workplart (Workplan). The Workplan will 
describe ground water protection activities, with an emphasis on monitoring and 
characterization, that fulfill regulatory requirements (federal and state) derived 
from the Resource Conservation and Recovery Act (RCRA) and the Hazardous 
and Solid Waste Amendments (HSWA) to RCRA. The Workplan will also 
encompass hydrogeologic activities that satisfy institutional objectives found in 
the Laboratory's Ground Water Protection Management Program (GWPMP) 
Plan, many of which share the same need for monitoring and characterization 
information required by RCRA/HSWA. Thus, this strategy also provides 
direction for implementation of the GWPMP Plan. This strategy not only 
provides a common vision of ground water protection principles, but will help to 
guide discussions between the Laboratory, Department of Energy (DOE), New 
Mexico Environment Department (NMED), Indian Tribes, other regulators and 
stakeholders. 

This strategy is the foundation for the Workplan, which will provide integrating 
documentation of the Laboratory's coordination of cost-effective, current and 
planned activities to understand and protect the hydrogeologic environment. 
These integrated Laboratory activities will be documented in the Workplan, with 
specific details regarding their contribution to ground water protection in 
descriptive text and referenced activities, e.g. Environmental Surveillance 
Program, Environmental Restoration Project activities. The Workplan will define 
the activities necessary to meet the goals of this strategy, primarily focusing on 
the hydrogeologic monitoring and characterization activities deemed necessary 
to comply with RCRA/HSW A regulatory requirements, including those 
described by current permit language, and further described by recent regulatory 
correspondence. Any similar or GWPMP-specific hydrogeologic activities 
necessary for compliance with OOE Order 5400.1 (10 CFR 834), New Mexico 
Water Quality Control Commission Regulations (20 NMAC 6), Natural Resource 
Trusteeship, and other applicable regulations will be incorporated in the 
Workplan for the sake of comprehensive integration, ensuring the avoidance of 
actual (or perceived) duplication of effort, but will not be viewed as subject to 
RCRA/HSW A review, approval and/ or implementation. 
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CONTEXT FOR STRATEGY DEVELOPMENT 

Background 

The Laboratory is administered for the DOE by the University of California. 
Since its inception in 1943, the principal mission of the Laboratory has been the 
design, development, and testing of weapons for the nation's nuclear arsenal. 
This effort is supported by research programs in nuclear physics, 
hydrodynamics, conventional explosives, chemistry, metallurgy, radiochemistry, 
and biology. In addition to the weapons program, Laboratory personnel are 
involved in medium energy physics; space nuclear systems; controlled 
thermonuclear fusion; laser research; environmental research; geothermal, solar, 
and fossil energy research; nuclear safeguards; computer science; biomedical 
research; and space physics. In 1992, the Laboratory expanded its mission to 
include development of new programs in three nationally significant areas for 
which it has special capabilities: health and biotechnology, environmental 
technologies, and industrial partnerships. 

Research and development facilities are located in 33 active Technical Areas 
(TAs) across the 43 mile2 Laboratory site, which rests on the Pajarito Plateau on 
the eastern flank of the Jemez Mountains (Figure 1). The Pajarito Plateau consists 
of a series of fingerlike mesas separated by deep canyons containing ephemeral 
and intermittent streams that run from west to east (Figures 2, 3). Mesa tops 
range in elevation from approximately 7,800 ft. on the flank of the Jemez 
Mountains to about 6,200 ft. at their eastern termination above the Rio Grande 
valley. The eastern margin of the plateau stands 300 to 900ft. above the Rio 
Grande. Underlying the plateau is a thick sequence of volcanic rock i.e. 
pyroclastic flow and pumice fall (Bandelier Tuff) that emanated from the Jemez 
Mountains. Two major volcanic eruptions in the Jemez Mountains occurred 
about 1.6 and 1.2 million years ago, producing widespread and voluminous ash 
flow sheets. The latest eruption in the Jemez Mountains occurred about 60,000 
years ago. These volcanic rocks are interfingered with sedimentary and volcanic 
rocks deposited in the Rio Grande Rift. These deposits, include the Santa Fe 
Group, which is made up of poorly consolidated sands, clays, and gravels, and 
the Puye formation, which is made up of volcanic sediments. These deposits are 
important because the regional aquifer occurs in them. Depth to the regional 
aquifer beneath Laboratory sites ranges from 600 to 1200 ft. (Figure 2). 

The zone between the mesa tops and the top of the regional aquifer is a vadose 
zone, , which is defined as "the geological profile extending from ground surface 
to the upper surface of the principal water-bearing formation. As pointed out by 
Bouwer (1978), the term "vadose zone" is preferable to the often-used term 
"unsaturated zone" because saturated regions are frequently present in the 



vadose zone " (USEP A, 1986b.) There are at least three modes of groWld water 
occurrence beneath the Pajarito Plateau (Figures 2, 3), the first two of which occur 
in the vadose zone: (1) ground water in alluvium in some canyons, (2) perched 
intermediate ground water (ground water above a less permeable layer that is 
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Figure 1. Generalgeogr.aphic location, topographic features, and simplified geologic units 
in the vicinity of Los Alamos, NM. 

separated from the underlying ground water by an unsaturated zone at 
intermediate depths (150-400 ft), and (3) the regional aquifer, which is separated 
from the upper ground water by hundreds of feet of tuff, basalts and volcanic 
sediments in the western portion of the Laboratory, with the vadose zone 
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becoming thinner to the east. The intermediate perched ground water 
occurrence is controlled by the stratigraphic variations at the base of the 
Bandelier Tuff and in the underlying conglomerates and basalts. 

g 
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Figure 2. Generalized conceptual illustration of seologic-bydrologic relationships in 
the LOIS AlamDIS area 

Later in this document, the specific goals of this strategy will be addressed. A 
comprehensive set of water quality standards, to be applied to each of these three 
ground water zones, is proposed. The strategy states that application of these 
standards will vary according to the particular ground water zone, the uses that 
water in that zone can support, and the relationship that zone has as a 
contaminant pathway to other zones. In certain instances, a ground water zone 
may even serve as a source for surface water, and specific standards relevant to 
surface water will be applied. Two terms, used in the strategy that follows, 
require definition. The term, ground water is defined as: interstitial water which 
occurs in saturated earth material and which is capable of entering a well in 
sufficient amounts to be utilized as a water supply (NMWQCC, 1995). The 
second term, subsurface water is defined as ground water and water in the vadose 
zone that may become ground water or surface water in the reasonably 
foreseeable future or may be utilized by vegetation (NMWQCC, 1995). 
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The majority of Laboratory TAs are located on mesa tops, and the activities 
occurring at theTAs over the past 50 years have included manufacturing, 
machining, testing and disposing of high explosives; creating, machining, and 
testing radioactive materials; storage of chemical and transuranic waste; disposal 
of low level radioactive solid waste; machining, plating, and disposing of metal 

:-···-.. ··:,_ .......... 
' I 
1 ••••••••• --

Figure 3. Conceptual geohydrologic model md general relation of major geologic units for 
Operable Unit 1071 on the Pajuito Plateau, Los A.Wnos, NM. (From Aldrich et al., 
1992..) 

waste-related materials; use of underground storage tanks for petroleum 
products; use of septic tanks for sewage; use of lagoons for storage and disposal 
of sewage and industrial liquid waste; disposal of solid-type waste in piles, pits, 
and shafts; and discharge of liquid effluents onto the mesa top. Laboratory 
activities in the canyon bottoms include discharge of liquid sewage and 
industrial effluents; use of lagoons for storage and disposal of sewage and 
industrial liquid waste; discharge of radioactive liquid waste; testing of 
explosives and assembled devices; and operation of laboratory facilities, 
including nuclear reactors. The sites where releases of radioactive and 
hazardous materials have the potential to occur is documented in RCRA Facility 
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Investigation (RFI) Work Plans and other reports prepared by the Laboratory's 
Environmental Restoration (ER) Project 

Although present Laboratory activities are regulated by federal and state 
environmental requirements and permits, some of the earlier activities took place 
in the 1940's, 1950's and 1960's prior to comprehensive regulations, and therefore 
they present possible human health or environmental risks. The potential 
impacts from these earlier Laboratory activities are the subject of 
characterization, assessment, risk-modeling, and as necessary, remediation under 
the Laboratory's ER Project, which is regulated by the HSWA module of the 
RCRA permit. Within the permit, approximately half of the Potential Release 
Sites (PRS is an acronym for Solid Waste Management Units [SWMUs] and Areas 
of Concern [AOCs]) identified from previous Laboratory activities, are listed. 
The remaining PRSs are identified on the Laboratory's PRS list. The goal of the 
ER Project is to characterize and assess each PRS so as to ultimately remove it 
from the HSW A permit, or remove it from the Laboratory PRS list, 
acknowledging that the site no longer represents a threat to human health or the 
environment. In addition, the present Laboratory activities, although regulated 
and permitted, must also be assessed and monitored to determine if adequate 
human health and environmental protection is ensured. 

Concerns 

Laboratory activities may have resulted in contaminant releases in solid, liquid, 
or gaseous form. Laboratory sites on the mesa tops may have released 
contaminants into the underlying tuff, which forms the vadose zone above 
ground water. In the vadose zone below the mesas, vapor transport of 
contaminants has been documented. Fractures in the vadose zone may play a 
role in transport, where the fractures are open and the site either received large 
volumes of water, mobilizing contaminants, or produced gaseous by-products 
that were transported via vapor-transport. Soils and tuff on the mesa tops or 
sediments in the canyon bottoms may be sites where contaminants can be 
retained, and serve as secondary sources that have the potential to continue to 
release contaminants into the environment. Within the canyons, contaminants in 
the sediment can be transported downstream by surface water flow, and may 
impact alluvial ground water (Figure 3). In locations where an intermediate 
ground water zone underlies the alluvial ground water, contaminants may be 
transported between the two zones. From all of the above-mentioned sources 
and pathways, there is the potential that contaminants can be transported to the 
deeper regional aquifer. 
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The specific concerns regarding characterization of the regional aquifer beneath 
the Laboratory have been summarized by the New Mexico Environment 
Department in correspondence dated August 17, 1995 as follows: 

"Basic geology, hydrogeology, and ~athways for contaminant transport 
have not been adequately addressed to date. At present, the following 
fundamental hydrogeologic issues/ questions remain unresolved at LANL: 

• Individual zones of saturation beneath LANL have not been adequately 
delineated, and the 'hydraulic interconnection' between these is not 
understood. A facility-wide description of the hydrogeologic 
characteristics affecting ground-water flow beneath the facility cannot be 
made without adequate delineation of the perched-intermediate aquifer(s) 
beneath LANL. 

• The recharge area(s) for the main and perched-intermediate aquifers 
have not been identified. It is unknown at this time if any significant 
quantity of water is recharging the main aquifer through fracture-fault 
zones which occur on the Pajarito Plateau. Characterization of these site­
wide fault zones as potential pathways for aqueous migration is not 
complete. It is unknown what effect, if any, these zones may have on the 
direction of ground-water flow and hydraulic gradient of the main and 
perched -intermediate aquifers. 

• The ground water flow direction(s) of the main aquifer and perched­
intermediate aquifer(s), as influenced by pumping of production wells is 
unknown. 

• Aquifer characteristics cannot be determined without additional 
monitoring wells installed within specific intervals of the various aquifers 
beneath the facility. Locations of wells designed for aquifer testing cannot 
be addressed adequately without the delineation of individual zones of 
saturation beneath LANL." 

In addition to characterization and contamination issues, the water quantity 
available for beneficial use in the regional aquifer is also a concern. Long-term 
projections of water availability and potability in the aquifer cannot be made at 
present, due to a lack of detailed data. Water level declines due to municipal 
pumping may exceed 2.4 feet per year at some locations. The total usable 
quantity (and quality) of stored water in the regional aquifer, as well as its rate of 
replenishment (i.e. recharge), have not been quantified. In addition, water 
quality in the Guaje and former Los Alamos well fields, as well as at San 
lldefonso Pueblo located on the east side of the Laboratory, has unacceptably 
high arsenic levels. These high natural levels are suspected to be caused by 
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poorer quality water being drawn into wells from deeper portions of the aquifer. 
Without additional data, future water management decisions regarding the 
development and production of potable water from the regional aquifer, will be 
seriously compromised. 

Basic understanding of the hydrogeology of the vadose zone and the regional 
aquifer is somewhat incomplete at this time. Without a basic understanding of 
the hydrogeologic and geochemical processes operating beneath the Pajarito 
Plateau, the Laboratory cannot adequately implement long-term ground water 
protection monitoring nor plan for long-term water supply production. The 
Laboratory has the scientific and technical resources to address these needs, and 
currently operates multiple programs (e.g. Environmental Surveillance, 
Environmental Restoration), to address these needs. In order to unify its efforts, 
the Laboratory proposes this strategy to serve as the basis for development of its 
Hydrogeologic Workplan. This effort will be guided by the implementation of a 
Data Quality Objective (DQO) process in order to establish the data needs, the 
method(s) of fulfilling those needs, and a cost-effective, technical peer-reviewed, 
prioritized and phased technical approach to collecting the data. 

STRATEGY 

The goal of this strategy is to describe a dynamic approach to protecting the 
ground water resource from unacceptable impacts resulting from the Laboratory 
activities described above. As previously stated, the details of implementing this 
strategy will be documented in the Hydrogeologic Workplan, which is scheduled 
for completion in September 1996. 

Fundamental to this strategic approach is the utilization and development of four 
major sources of monitoring and characterization information at the Laboratory. 
The first source encompasses all existing hydrogeologic and geochemical 
information, accumulated from past studies and the Laboratory's existing ground 
and surface water monitoring network. The second source is the ER Project's 
characterization and assessment of PRS's on a site-specific basis, including 
investigations of the canyons that contain ephemeral and intermittent streams 
that flow toward the Rio Grande, which will provide information regarding the 
Laboratory's vadose zone. A third source of information will be the proposed 
installation of regional aquifer wells that will be used to characterize and define 
the Laboratory's basic hydrogeologic setting by providing lithologic, 
geochemical, and hydrologic information (e.g. data from borehole core samples, 
geophysical logs, aquifer tests, water quality analyses, and information regarding 
depth to and flow direction of the regional aquifer. The fourth source involves 
the installation of regional aquifer wells downgradient from large geographic 
areas of the Laboratory which have historically hosted major Laboratory 
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operations and activities, i.e. large aggregates of PRSs, which will provide long­
term water quality monitoring. 

Each of these four sources will provide monitoring and characterization 
information critical to the protection of the ground water resource. By using the 
DQO process, the Laboratory is able to ensure cost-effectiveness by articulating 
the technical decisions that must be made and posing technical questions that 
must be answered to make those decisions. By examining the existing data 
(referenced in the first source above), the Laboratory is able to determine 
whether sufficient data exists to preclude further expenditures for new data. 
When existing data is lacking, the DQ0 process identifies the new data needs 
and the data collection design proposed to obtain it. In the final DQO process 
steps, the new data needs and data collection designs are re-evaluated to 
optimize the technical value and cost-effectiveness of the proposed data 
collection designs. The final DQO process steps include writing decison rules 
that describe what actions will result from obtaining the new data. The DQO 
process sets priorities for monitoring and characterization activities, based on 
decision criteria, and establishes the rationale for the phasing of activities, 
especially the prioritized and phased installation of wells, for inclusion in the 
Workplan. 

Both the Laboratory's Environmental Surveillance Program, and the ER Project 
are integral components of this strategy. As previously mentioned the ER Project 
will investigate PRSs to assess their risks to human health and the environment. 
This assessment is performed through the following steps in the RCRA Facility 
Investigation (RFI) process: 1) collect and evaluate available data; 2) plan and 
conduct additional investigations; 3) assess risks to human health and the 
environment; 4) propose a remedy, if necessary and 5) implement the remedy, if 
necessary. In this process, an investigation can end at any step that a remedy, if 
needed, becomes obvious or when there is no need for further action. These ER 
Project investigations are primarily site-specific, but may cover large 
geographical areas (e.g. the canyons). 

The ER RFI process will be followed under this strategy, and integration of the 
strategy and the ER Project will be enhanced by: 1) ER's collection of 
hydrogeologic and geochemical data and its storage in a central database; 2) ER's 
application of available tools and techniques to investigate ground water 
occurrence, hydrodynamic behavior, and assess potential risks from 
contaminants, with the development of new technologies, if necessary; and 3) 
ER's development of monitoring systems for PRSs, and areas of hydrologic 
importance (e.g. the canyons) where monitoring is necessary. Regarding 
Laboratory-wide ground water protection activities, the ER Project will support 
Laboratory activities where they benefit ER The ER Project will gain 
hydrogeologic and geochemical characterization information from the 
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Laboratory's installation of regional aquifer wells, which will help design 
alluvial, perched intermediate, and regional aquifer monitoring systems for ER 
sites that require monitoring of those ground waters. 

This strategy is intended to protect ground water to sustain uses which the water 
can support, by applying regulatory standards for ground water quality 
appropriate to protecting the particular beneficial use. The selected standards 
will establish a baseline for monitoring, so as to determine whether the standards 
are, or are likely to be, exceeded as a result of Laboratory activities. Ground 
water from the regional aquifer serves many beneficial uses (e.g. potable water 
supply, irrigation, livestock and wildlife watering, etc.). In general, this strategy 
seeks to place the highest priority on the protection of the regional aquifer for its 
beneficial use as a source of drinking water. The regional aquifer also contributes 
flow via springs and seeps into New Mexico surface waters e.g. the Rio Grande, 
which also has incumbent beneficial uses and water quality standards, as 
designated by the New Mexico Water Quality Control Commission (WQCC). 
Every effort has been made to integrate this ground water protection strategy 
with the Laboratory's surface water protection strategy.Therefore, this strategy 
will also apply appropriate surface water quality standards to those relevant 
surface waters influenced by ground water discharge, so as to determine whether 
the standards are, or are likely to be, exceeded as a result of Laboratory activities. 

RCRA concentration limits, as provided for under 40 CFR 264.94 will be 
established, as they apply to ground water, and surface water influenced by 
ground water discharge. These concentration limits will be established based on 
either background levels of a constituent, or if applicable, from the constituent 
limit appearing in Table 1 of 40 CFR 264.94 (a) (2). Background levels will be· 
determined from various sources e.g. historical data, existing or new wells. If 
neither of these methods of establishing a constituent limit is appropriate, the 
Laboratory may propose an Alternative Concentration Limit (ACL) to NMED, 
and if established by the NMED, such a limit will be applied. In proposing 
ACLs, the Laboratory intends to use the maximum concentration limits (MCLs) 
contained in the following regulations and standards, as appropriate, for the 
specific water use to be protected: National Primary Drinking Water 
Regulations, ( 40 CFR 141); National Secondary Drinking Water Regulations, ( 40 
CFR 143); New Mexico Environmental Improvement Board (NMEIB), Drinking 
Water Regulations, ( 20 NMAC 7.1); WQCC Ground Water Standards, ( 20 
NMAC 6.2, Subpart ill, 3103); WQCC Standards for Interstate and Intrastate 
Streams ( 20 NMAC 6.1, Subpart I; WQCC Abatement Standards and 
Requirements ( 20 NMAC 6.2, Subpart IV, 4103); San lldefonso Pueblo 
(proposed) Water Quality Standards; and Cochiti Pueblo Water Quality 
Standards. 
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The intent of this strategy is to select the most protective standards from various 
applicable regulatory standards, based on ground water uses in each of the three 
ground water zones, and apply those standards for monitoring and risk 
assessment The strategy for application of regulatory standards to the three 
ground water zones is further described in the following pages. 

Uppermost Subsurface Water Quality <Vadose Zone) 

The strategic goal for protecting the subsurface water in the vadose zone is to 
prevent contamination from new sources and characterize and/ or respond to 
contamination entering this water from existing sources. Ground water in the 
canyon bottoms and other subsurface water in the vadose zone, that may become 
ground water or serve as a source of surface water, or be utilized by vegetation 
occurs at the Laboratory. The primary PRSs that potentially impact this water 
are those located near the canyons (disposal areas and outfalls) and in the canyon 
bottoms. The ER Project will assess the presence and extent of releases from 
these PRSs. This strategy compliments the work of the ER Project by providing 
guidance that will result in supplementing the contaminant distribution data 
with hydrogeologic and geochemical characterization data necessary to complete 
the risk assessment. The risk assessment will evaluate surface water and ground 
water pathways. 

If this subsurface water is ground water, it will be designated as the "upper most 
aquifer" pursuant to RCRA. This ground water will be considered to be capable 
of supplying sufficient quantities to support the beneficial uses of supplying 
drinking water, wildlife and livestock water, and irrigation water, and will be 
protected with standards applicable to those uses, as well as applicable RCRA 
constituent limits. Furthermore, such ground water could serve as inflow to 
surface waters via springs, seeps, and base flow, and therefore provide beneficial 
uses in surface water, evoking beneficial uses and standards to protect those uses 
for surface water, as designated by the WQCC. Additionally, this water may 
serve as a contaminant pathway to other ground water or surface water, and thus 
must be protected to promote human health and prevent unacceptable ecological 
risks. 

Because this uppermost subsurface water occurs in the vadose zone, the strategic 
approach will rely primarily on the ER project, which is being implemented 
chiefly in the vadose zone, and by relying on the ER RFI process, which is 
iterative and based on risk to human health and the environment. Existing 
hydrogeolgic and geochemical data will be assembled, and data needs will be 
identified. Characterization activities to reduce uncertainties to acceptable levels, 
based on the potential use of the water, will be planned and implemented. 
Assessment of the risks by various pathways will be employed to determine any 
necessary remediation, including monitoring. This strategy will employ 
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monitoring as close to the source as possible to provide a warning should the 
contaminants migrate at rates faster than expected. 

Within this uppermost subsurface water zone, the canyons at the Laboratory 
represent a situation where there are legacy and current operational water 
quality issues. The legacy issues are within the scope of the ER Project. There is 
essentially no cost-effective way to differentiate between legacy and current 
operational contaminants. Thus, regarding the canyons, ER will characterize, 
assess, and complete corrective actions, including monitoring, as necessary, and 
then convey any monitoring installations to the Laboratory's Environmental 
Surveillance Program for continuing monitoring of operational impacts. These 
monitoring systems for the uppermost subsurface water will be based on risk 
assessment, hydrogeologic characterization, current contamination, if any, and 
selected corrective measures, if needed. When hydrogeologic factors (e.g. 
porosity, moisture content, lithology, etc.) demonstrate favorable conditions, 
vadose zone monitoring will be the preferred activity under this strategy. More­
over, innovative technologies will be considered in comparison to conventional 
monitoring methods and techniques. 

Remedial activities will be based on risk posed by any pathways. Thus, 
constituent limits applied to hydrogeologic media on Laboratory property will 
meet relevant risk criteria. RCRA concentration limits will be established based 
on either background levels of a constituent, or if applicable, from the constituent 
limit appearing in Table 1 of 40 CFR 264.94 (a) (2). If neither of these methods of 
establishing a constituent limit is appropriate, the Laboratory may propose an 
Alternative Concentration Limit (ACL) to NMED, and if established by the 
NMED, such a limit will be applied. In proposing ACLs, the Laboratory intends 
to use the maximum concentration limits (MCLs) contained in the following 
regulations and standards, as appropriate, for the specific water use to be 
protected: National Primary and Secondary Drinking Water Standards; NMEIB 
Drinking Water Regulations; WQCC Ground Water Standards; WQCC 
Abatement Standards or Alternative Abatement Standards; WQCC Standards for 
Interstate and Intrastate Streams; proposed San lldefonso Water Quality 
Standards; and Cochiti Pueblo Water Quality Standards. 

Ground Water Quality; Intermediate Perched Ground Water (Vadose Zone) 

This ground water is probably limited in extent, which limits its beneficial use, 
particularly as a drinking water supply, due to extremely small yields. However, 
water in the intermediate zone may be hydraulically connected with alluvial 
ground water, may potentially commingle with the underlying regional aquifer, 
and may also contribute to surface water via springs or seeps. Therefore, this 
ground water should not exceed water quality standards to such a degree that, it 
would result in water quality standards being exceeded in any other water, 
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especially the regional aquifer. Should this intermediate ground water represent 
a usable source of drinking water in its own right, standards appropriate to that 
use will be applied. This ground water will be protected to promote human 
health and prevent unacceptable ecological risks. 

As with the alluvial ground water, the main thrust of this strategy depends on 
remediation of PRSs that present an unacceptable risk to the intermediate ground 
water. The strategic approach will rely primarily on the ER RFI process of 
collecting existing data, planning and implementing necessary characterization, 
assessing the risks, and completing any necessary corrective actions, including 
monitoring. This approach will consider those sites where a potential source or 
known contamination exists. Hydrologic connection to other ground water and 
surface water is a key consideration in this approach. The location and 
characterization of intermediate zones may offer opportunities for utilizing 
indirect methods of investigation, such as geophysical techniques. Nevertheless, 
chemical characterization will require direct examination of the waters of these 
intermediate saturated zones. 

RCRA concentration limits will be established based on either background levels 
of a constituent, or if applicable, from the constituent limit appearing in Table 1 
of 40 CFR 264.94 (a) (2). If neither of these methods of establishing a constituent 
limit is appropriate, the Laboratory may propose an Alternative Concentration 
Limit (ACL) to NMED, and if established by the NMED, such a limit will be 
applied. In proposing ACLs, the Laboratory intends to use the maximum 
concentration limits (MCLs) contained in the following regulations and 
standards, as appropriate, for the specific water use to be protected: National 
Primary and Secondary Drinking Water Standards; NMEIB Drinking Water 
Regulations; WQCC Ground Water Standards; WQCC Abatement Standards or 
Alternative Abatement Standards; WQCC Standards for Interstate and Intrastate 
Streams; proposed San lldefonso Water Quality Standards; and Cochiti Pueblo 
Water Quality Standards. 

Ground Water Quality in the Re&ional Aquifer 

The strategic goal for water in the regional aquifer is to maintain its use as a 
drinking water supply. Furthermore, this ground water serves as a water source 
for the Rio Grande, and therefore should be protected for all of the applicable 
beneficial uses in surface water, as designated by the WQCC. Strategically, a 
very high priority will be placed on protecting this ground water to promote 
human health and prevent unacceptable ecological risks. 

The focus of this strategy is on early detection and remediation of releases of 
contaminants before they reach the regional aquifer. This strategy also 
emphasizes the long-term assurance of ground water protection provided by 
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monitoring of the regional aquifer, and shallower ground water zones. As 
described in the previous two sections, the ER Project is focused on detection and 
remediation of releases from legacy sites. To support the ER Project, as well as 
provide the Laboratory with a long term regional monitoring network, 
characterization of the regional aquifer will be performed as a priority, so as to 
describe the hydrogeologic setting beneath the Laboratory, and guide installation 
of a monitoring system, capable of monitoring the regional aquifer to detect any 
impacts of current and future operations at the Laboratory. Ultimately, 
monitoring wells in all three ground water zones will be used to confirm that the 
standards applicable to the uses of the regional aquif~r are met, and provide 
assurance that a system is in place to detect deterioration in water quality over 
the long-term. 

RCRA concentration limits will be established based on either background levels 
of a constituent, or if applicable, from the constituent limit appearing in Table 1 
of 40 CFR 264.94 (a} (2). If neither of these methods of establishing a constituent 
limit is appropriate, the Laboratory may propose an Alternative Concent:,~ 'lon 
Limit (ACL) to NMED, and if established by the NMED, such a limit wil.i. oe 
applied. In proposing ACLs, the Laboratory intends to use the maximum 
concentration limits (MCLs) contained in the following regulations and 
standards, as appropriate, for the specific water use to be protected: National 
Primary and Secondary Drinking Water Standards; NMEIB Drinking Water 
Regulations; WQCC Ground Water Standards; WQCC Abatement Standards or 
Alternative Abatement Standards; WQCC Standards for Interstate and Intrastate 
Streams; proposed San lldefonso Water Quality Standards; and Cochiti Pueblo 
Water Quality Standards. 

Water Quantity in the Regional Aquifer 

The Laboratory must determine that ground water of adequate quality and in 
adequate quantity is available for long term withdrawal from the Lower 
Espanola Basin. Water quantity relates to factors which affect continued 
availability of a good quality water supply for both Los Alamos users and for 
other users in the southern portion of the Espanola Basin. Some of these factors 
include: how increases in water supply pumping by Los Alamos, Santa Fe, 
Espanola, and the Pueblos will affect each of the other users; how such pumping 
will affect overall water quality for each of the other users; and how such 
pumping will affect other aspects of the hydrologic system such as water levels 
in the Rio Grande and the movement of chemical constituents in the regional 
aquifer. 

The strategy for addressing water quantity issues will focus on numerical 
simulation (modeling) of aquifer response to ground water withdrawal. 
Forecasts will be prepared by applying various ground water withdrawal 
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scenarios. Development of the ground water model{s) will necessitate the 
acquisition of hydrogeologic information to address uncertainties. This approach 
includes the construction of several deep wells in the regional aquifer to allow 
characterization of aquifer characteristics e.g. saturated thickness, transmissivity, 
specific capacity, etc., as well as ground water quality at depth. Future 
Laboratory activities will rely on a dependable water supply of good quality. 
Without the development of adequate forecasts, the quantity and quality of 
available ground water resources cannot be determined. 
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Aggregate I: a...\lS Alamos, Sandia, and Pueblo Canyons 

Decision 

Aie there sources of 
sufficient magnitude to 
cause contamination of 
groundwater? 

Aie the alluvial 
sediments and uppermost 
subsurface water 
(USSW) from various 
present and legacy 
sources at contaminant 
concentrations ((cont.])> 
regulatory limit or risk 
level? 

Aupt 27, 1996 

Questions 

What are the 
contaminants that could 
have been released from 
sources? 

What are the 
concentrations of these 
contaminants in 
sediments and USSW? 

Existing Data 

Pueblo: Nitrate, Pu; Los Alamos: 
90Sr, N03, 

3 H. 137 Cs (in 
groundwater now) 
Legacy Sources: 
Los Alamos: 90Sr, N03, 

311, 137 Cs, 
241Am, Pu, metals, PAlls 
Sandia: Sewage & Power Plant, 
Cooling Tower NPDES discharges. 
LAMPF historical discharges, Los 
Alamos County Landfill, lead from 
Firing Range, PCB cleanup by 
refueling facility, Preliminary 
estimates of volume are available. 
Present Sources: NPDES outfalls, 
Stormwater outfalls. 

Concentration of contaminants in 
alluvial water 

Concentration of contaminants in 
sediments 

BackgroWtd alluvial water quality in 
LA Canyon and provisional data for 
the Guaje pumice bed 

Background in sediments in LA, 
Pueblo and Sandia Canyons 

Surveillance data from stations near 
State Road 4 and annual water 
quality data from 3 Sandia Canyon 
Stations 

New Data 

Stormwater quality 
data 

Water quality in upper 
and lower Los Alamos 
Canyon 

Decision Rule for New Data Data Collection Design 

If contaminants other than those • 
currently identified are detected 
in the stormwater, then add 
those contaminants to the list of • 
Potential Contaminants of 
Concern (PCOC) 

If contaminants other than those • 
currently identified are detected 
in Los Alamos Canyon, then add 
those contaminants to the list of 
PCOCs • 

ER: Legacy sources. 
Information from ER work 

ERIESH-18: Present sources­
Stormwater data from developed 
areas 

__, 
ER: lower Los Alamos Canyon: 
five Type I wells to sample for 
water quality 

ER: upper Los Alamos Canyon 
two Type I alluvial wells, one 
above confluence with DP 
Canyon, one below confluence. 



Aggregate I: Los Alamos, Sandia, and Pueblo Canyons 

Decision 

August 27, 199' 

Questions 

Are there occurrences of 
water in Los Alamos 
Canyon, Pueblo Canyon 
and Sandia Canyon? 

Existing Data 

Multiple surface water gaging 
stations in Los Alamos Canyon; one 
surface water gaging station in 
Sandia Canyon; and one gaging 
station in Pueblo Canyon. 

Alluvial water - greater than SO gpd 
in Los Alamos Canyon and Lower 
Pueblo Canyon 

New Data 

• Extent of 
saturation in lower 
Los Alamos 
Canyon 

• Upper Pueblo 
Canyon - presence 
of alluvial water 

• Upper and middle 
Sandia Canyon 
presence of 
alluvial water 

Decision Rule for New Data 

If there is saturation in the 
alluvium, then determine which 
standards apply 

Data Collection Design 

• 

• 

• 

• 

ER: measure water levels in the 
alluvial wells in upper and 
lower Los Alamos Canyon (7 
wells) and one Type I well in 
Guaje Canyon near confluenc:e 
with Los Alamos Canyon 

ER: measure water levels in 
alluvial wells in Pueblo Canyon: 
- One Type I well above 
confluence w/Acid Canyon 
- One Type I well west of 
Diamond Drive 
- Three Type I alluvial wells 
between sewage treabnent plant 
and Acid Canyon 
- One Type I alluvial well 
downstream of sewage treabnent 
plant 

ER: 3 transects: 
- 4 Type I wells near LLA0-2 
in lower Los Alamos Canyon 
- 3 Type I wells near LA0-4.S 
in Los Alamos Canyon 
- 4 Type I wells near AP0-1 in 
Pueblo Canyon 

ER: Water level measurements 
from 3 Type I alluvial wells in 
Sandia Canyon 



Aggregate I: ... os Alamos, Sandia, and Pueblo Canyons 

Decision 

Is the intennediate 
perched growtdwater 
wtderlying the alluvial 
sediments and USSW at 
(cont.)> regulatory limit 
or risk level? 

August 27, 1996 

Questions Elisting Data 

What are the regulatory Los Alamos Canyon has 
standards that apply to "growtdwater" 
the alluvial water in Los 
Alamos, Pueblo, and 
Sandia canyons? 

Is there an intermediate 
perched water body in 
Los Alamos, Pueblo, and 
Sandia canyons? 

Surface water in Sandia, Pueblo, 
and Los Alamos canyons 

Identified 3 perched zones below 
Los Alamos, Sandia, and Pueblo 
Canyon within upper 1/3 depth to 
the Regional Aquifer, LA Canyon 
has extensive perched zone in Guaje 
Pumice. Drillers observed perched 
zone in Sandia Canyon near SR 4 
when drilling PM-I mwticipal well. 

New Data 

Yield of alluvial zone 
in upper Pueblo 
Canyon and Sandia 
Canyon 

In Los Alam~s Canyon, 
identify perched zones 
between Guaje Pumice 
and Regional Aquifer. 

In Pueblo Canyon 
identify perched zones 
in Puye fonnation and 
basalts 

In Sandia Canyon 
investigate whether 
saturation occurs in the 
Guaje Pumice bed and 
basalts 

3 

Decision Rule for New Data 

If the average yield from 
alluvium in Sandia and upper 
Pueblo Canyons in ~ SO gpd 
then the water quality will be 
compared to WQCC growtd­
water standards and 20NMAC 
4.1 

If perched growtdwater zones 
are encowttered between the 
Guaje Pumice and the Regional 
Aquifer, then collect 
infonnation to characterize the 
hydrologic characteristics of 
those zones. 

Data Collection Design 

ER: placing the ten Type 1 wells in 
Pueblo Canyon to determine 
occurrence of growtdwater 

ER: placing the three Type I wells in 
Sandia Canyon to determine the 
occurrence of growtdwater. 

ER: Wells to identifY perched 
intennediate zones are: 

• Pueblo Canyon intermediate 
depth well (TypeS) between 
sewage treatment plant and Los 
Alamos Canyon (POI-4) (ER) 

• Pueblo Canyon Type 2 well 
midway between Test Well2 
and Test Well4 (ER) 

• Pueblo Canyon Type 3 well near 
Otowi-1 (DP) 

• Pueblo Canyon, Type 2 well just 
north ofTest Well4 at Rendija 
Fault (DP) 



Aggregate I: LOS Alamos, Sandia, and Pueblo Canyons 

Decision Questions Existing Data New Data Decision Rule for New Data Data Collection Design 

• Pueblo Canyon, Type 2 well 
between Test Well2 and 
Sewage Treatment Plant (ER) 

• Los Alamos Canyon Type 2 well 
between LADP-3 and LAOI-
Al.l (ER) 

• Los Alamos Canyon Type 3 well 
at existing H-19 site (DP) 

• Los Alamos Canyon Type 3 well 
near Otowi-4 (DP) 

• Los Alamos Canyon Type 3 well 
at State Route 4 (ER) 

• Sandia Canyon Type 3 well near 
PM-3 (DP) 

• Sandia Canyon Type 2 well at 
State Route 4 (ER) 

• Sandia Canyon Type 2 well in 
upper Sandia Canyon 

• Sandia Canyon Type 2 well, 
location is dependent on location 
ofType 2 well between LADP-3 
and LAOI (ER) 

Does intennediate Both Los Alamos and Pueblo Yield of intennediate If the average yield from the In all Sandia Canyon wells, perform 
perched groundwater Canyon have sufficient water to zone in Sandia Canyon intennediate perched zone in hydrologic tests in intermediate 
meet the definition of yield a supply of 50 gpd Sandia Canyon is ~50 gpd then perched zones 
"growtd-water"? the water quality will be 

compared to WQCC ground-
water standards and 20NMAC 
4.1 

Aupst 27, 199" 



Aggregate 1: .... .,s Alamos, Sandia, and Pueblo Canyons 

Decision 

Is the Regional Aquifer, 
as affected by the 
Canyon systems, 
impacted by [cont.)~ 
some regulatory 
standards? 

Are there sufficient 
source terms to cause 
contamination if moved 
along the pathways in 
1000 years? 

August 27, 1996 

Questions 

What are the PCOCs 
from alluvial sediments 
that have been 
transported to the 
intermediate perched 
groundwater? 

What are the regulatory 
standards tJtat apply to 
the intermediate perched 
water in Los Alamos, 
Pueblo and Sandia 
canyons? 

Have PCOCs migrated 
from intermediate 
perched zones and/or 
alluvial sedintents/USSW 
to the Regional Aquifer? 

What are tJte 
concentrations of PCOCs 
in tJte Regional Aquifer? 

Existing Data 

Los Alamos Canyon in Guaje 
Pumice detectet1 111, Cl 

Pueblo Canyon in Puye Fm detected 
Pu. In basalt, N01 was detected 

WQCC groundwater standards and 
20NMAC4.1 

Based on Test Wells 1,2,3 & 4, 3H 
and 90Sr and N03 are in the 
Regional Aquifer beneath Los 
Alamos and Pueblo Canyons 

Contaminant concentrations are 
below MCLs, except for nitrate, 
beneath Los Alamos Canyon 

New Data 

If intennediate perched 
groundwater is present 
in Sandia Canyon, 
collect samples for 
water quality analysis. 

Determine ifPCOCs 
have migrated into the 
Regional Aquifer 
beneath Sandia Canyon 

Presence of PCOCs in 
Regional Aquifer 
beneath Sandia Canyon 

Definition of pathways 

Rates of contaminant 
transport 

Mass of contaminants 
available for transport 

Predicted contaminant 
concentrations in 
receiving media 

5 

Decision Rule for New Data 

If contaminants other than those 
currently identified are detected 
in Ute intermediate perched 
groundwater, then add those 
constituents to the list of 
PCOCs. 

If PCOCs are detected in the 
Regional Aquifer then evaluate 
remedial options along source 
and pathways. 

If the concentration of PCOCs in 
the Regional Aquifer exceeds 
standards, then evaluate 
remedial options for the 
Regional Aquifer 

If modeling predicts tJtat 
contaminants will cause 
contamination of the Regional 
Aquifer within 1000 years, then 
evaluate remedial options. 

Data Collection Design 

In all Regional Aquifer wells, sample 
intermediate perched groundwater 
and analyze for PCOCs. 

ER: From the (2) Regional Aquifer 
wells in Sandia Canyon (middle 
segment), sample Regional Aquifer 
and analyze for PCOCs 

Analyze water samples from wells in 
Regional Aquifer 

Geologic, hydrologic, geochemical 
data from wells and other 
investigations as input to model. 



Aggregate I : LOS Alamos, Sandia, and Pueblo Canyons 

Decision 

What are the pathways 
for exposure to 
contaminants from 
alluvial sediments and 
USSW? 

Aupt 27, l99f 

Questions 

Does significant recharge 
occur from near surface 
to underlying 
groWldwater bodies? 

Do we know the 
hydraulic properties of 
alluvium? 

What are the retardation 
factors of the alluvial 
sediments? 

Do we understand 
groundwater movement 
from alluvial water to 
intermediate perched 
zones? 

Elisting Data 

Contaminant distribution within 
wtderlying water bodies 

Slug test for K in Los Alamos 
Canyon 

Limited Cores from LAPD-3, 
LAOIA-1.1 where moisture 
characteristic curves, porosity and 
bulk density, mineralogy, hydraulic 
conductivity have been measured. 

New Data 

Recharge from surface 
water to alluvial water 

Horizontal extent of 
saturation in the 
alluviwn 

Channel geometry 

Saturated Zone 
geometry 

Porosity, hydraulic 
gradient, hydraulic 
conductivity 

Kds for 90Sr, 137Cs, U, 
Pu, Am, Np; water 
chemistry, long-term 
water level trends 

Core samples for 
hydraulic properties, 
geochemistry, saturated 
hydraulic conductivity, 
moisture 
characteristics, 
porosity, thickness, 
bulk density, 
stratigraphic 
information, lithology, 
character of perching 
zone. 

Decision Rule for New Data 

If the combined geologic 
chemical, and hydrologic 
properties of the units below the 
canyon suggests recharge to 
underlying groundwater bodies 
occurs within 1000 years, 
further evaluate this pathway. 
(Based on: 
Proposed 40 CFR 193 guidance 
and DFNSB recollUtlendation 
94-2 (DOE Guidance)) 

If the maximum calculated value 
of hydraulic properties suggests 
fluid movement downward 
through the alluvium occurs in 
1000 years, then further 
evaluate this pathway 

If the site-specific minimum 
retardation factors suggest that 
contaminants are not 
significantly retarded in the 
alluvium over a period of 1000 
years, then further evaluate tltis 
pathway 

If the combined hydraulic 
properties and geochemistry 
suggest that alluvial ground­
water moves downward to 
intermediate perched zones 
within I 000 years, then further 
investigate this pathway. 

Data Collection Design 

ER: well transects across the 
alluvium; measure water level in 
wells. 

ER: lluee nested peizometers in 
Pueblo Canyon between P04 and the 
"Y". 

ER Program: In-situ testing of well 
transects 

ER: Undisturbed samples of alluvium 
from Type I wells 

Water Samples from alluvial wells 

ER: As proposed in ER work plan, 
core will be collected from Type 2 
wells and tested for hydraulic 
properties and geochemistry for 
assessment analyses. · 



Aggregate I: .... ...,s Alamos, Sandia, and Pueblo Canyons 

Decision 

August 27, 1996 

Questions 

Groundwater movement 
from intermediate 
perched zone to Regional 
Aquifer? 

Are fractures and faults 
hnportant contaminant 
transport pathways for 
liquids in the canyons? 

E1isting Data 

Increased static head at ·1w -1 

btitial data available from LAOIA-
1.1 suggest that other features (e.g., 
stratigraphy) dominate transport 
direction and rate. 

New Data 

Core samples for 
hydraulic properties, 
geochemistry 

Identification of faults 
and hydrologic 
characteristics of fault 
zones. 
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Decision Rule for New Data 

If the combined hydraulic 
properties and geochemistry 
suggest that water from perched 
zones moves downward to the 
Regional Aquifer within I 000 
years, then further evaluate this 
pathway way 

If measured fracture responses 
and models of fracture flow 
predicts that recharge occurs 
through fractures to Regional 
Aquifer bodies within I 000 
years, further evaluate Utis 
pathway 

Data Collection Design 

Core from Type 2 wells to measure 
properties 

Perform tracer test between sewage 
treatment plant and TW-1 

To be determined by literature 
search, expert consultation, and more 
specific data collection described in 
ER work plan and sampling analysis 
plan 

Core from Pueblo Canyon Type 2 
well just north ofTW-4 at Rendija 
Fault will be used to evaluate fault 
and fracture characteristics. 



Aggregate l: 1 A-21, -53, and -73 Mesas 

Decision Questions 

Are the soils/tuff or What are tlte 
uppennost subsurface water contaminants? 
from various present and 
legacy sources at 
contaminant concentrations 
> some regulatory limit or 
risk level? 

Aupd 27,199 

What are the 
concentrations? 

What are the 
concentrations of 
contaminants in the 
future? 

Are there occurrences 
of water at this site? 

What are the regulatory 
standards that apply? 

Elisting Data 

TA-21: Areas A,A,T, & V 
Radionuclides are 239pg, 141Am, 
311-Curie Inventory 
MDAA= IICi 
MDAB=7Ci 
MDA T = 4014 Ci 
MDAV=3.1 Ci 
(existing data on inventory) 

Existing data for T A 73 airport 
landfill; methane, VOCs. 

TA53 data on existing sources is 
available from ER and ESH 

Limited infonnation on non­
radioactive contaminants 

No changes expected. 

Surface stonnwater during stonn 
events. 

DP Spring 

In the rutsaturated zone, the 
WQCC Abatement regs. & 
20NMAC 4 .I may apply 

New Data 

ER investigation to 
detennine if hazardous 
components are also 
present 

Core samples and/or 
trenching 

Analyses of core collected 
from sources 

No data needs. 

Stonnwater quality 

Decision Rule for New Data 

If the contaminants other than 
those currently identified are 
detected as a result of ER or 
otJter investigations, then add 
those to the list of PCOCs. 

If contaminants are detected 
above Screening Action Levels 
(SALs) and backgrorutd, then 
further investigate their 
presence in tlte grorutdwater 
pathway. 

If contaminants other than those 
currently identified are detected 
in stonnwater on the mesa top, 
then add those constituents to 
the list of PCOCs. 

Data Collection Design 

ER: Planned work to investigate 
sources. 

ER: Planned work to investigate 
sources. 

ERIESH: sample stonnwater runoff 
at natural collection areas within 
the developed portions ofTA-21, • 
53,-73. 



Aggregate 11. .-21, -53, and -73 Mesas 

Decision 

Is the Regional Aquifer or 
an underlying intennediate 
perched zone, as potentially 
affected by a present or 
legacy source, predicted to 
be impacted by [cont.]> 
regulatory standard or risk 
level using a conservative 
model? 

What are the pathways for 
exposure to contaminants 
from soils/tufT and water in 
the USSW? 

\ 

Aupt 27, 1996 

Questions 

What model will be 
used? 

What data are needed 
for the model? 

What is the recharge? 
(groundwater 
movement further 
downward from U1e 
site) 

• Are U1e 
hydrological and 
chemical 
properties of the 
underlying 
geological strata 
known? 

• Are fractures and 
faults and 
important 
contaminant 
transport pathways 
for liquids? 

Existing Data 

A screening model such as 
RESRAD or MULTIMED. 

Preliminary data is available from 
the literature, archival 
infonnation, ESH, WM, and ER 
data 

Cores and neutron tube 
measurements near TA-21 show 
higher moisture in soiVtuiT in near 
surface (10-15fi) than deeper. 

FRACTURES: 

Data and modeling for MDA-0 

Evidence of water in fractures is 
the presence of soils w/clays iron 
oxide, and calcium carbonate in 
some fractures 

Fracture mapping of outcrops at 
T A-21 and Pueblo Canyon area 

New Data 

Outputs of screening 
model 

No new data needed 

Chemical data on 
Bandelier: (list from 
Scenario 2 ), surface area, 
microbial populations, 
redox potential. 

Geological, chemical and 
hydrologic parameters of 
underlying units. 
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Decision Rule for New Data Data Collection Design 

If the screening model, using Outputs of modeling scenarios 
conservative scenarios, suggest 
that underlying groundwater 
bodies would not be 
contaminated above a regulatory 
standard or risk limit by the 
identified present or legacy 
sources, then do not further 
evaluate pathways. 

If the combined geologic, • T A-53 lagoon seepage into 
chemical, and hydrologic subsurface with water balance 
properties of the units below the measurements. 
mesa suggest recharge to 
underlying groundwater bodies • Outcrop testing will be 
occurs within 1000 years further developed for testing of non-
evaluate this pathway. recovery zones (Cerro Toledo) 

in TA-21, TA-73, and TA-53 

• Collect core from Type 2 
wells in canyon 

If measured fracture responses • Fracture mapping of outcrops 
and models of fracture flow at TA-53 and TA-73 
predicts that recharge occurs 
through fractures to underlying 
groundwater bodies within 1000 
years, further evaluate this 
pathway 



Aggregate l. .A-21, -53, and -73 Mesas 

Decision Questions 

Aupt 27, l99f 

Existing Data 

Cores beneath T A-53 lagoons with 
31-1 measurements and moisture 
measurements to a depth -I 00 ll. 

FAULTS: 
Existing fault maps 

New Data 

Response of fractures: 
fracture density, 
apertures, filling 
characteristics both 
chemical and 
hydrological, length and 
connection 

Model of fracture flow of 
both liquid and gas 
including fracture-matrix 
interactions · 

FAULTS: 
Identify faults by 
comparing fracture 
density and surface 
mapping. 

Detailed mapping to 
identify offsets in 
stratigraphic units (e.g., 
surge beds) 

Hydrologic characteristics 
of fault zones 

Decision Rule for New Data 

If faults in critical zones are 
identified and testing and/or 
modeling of those fault zones 
predict recharge to underlying 
groundwater bodies occurs 
within I 000 years then further 
evaluate this pathway. 

Data Collection Design 

• Map fractures in cores that are 
collected from boreholes that 
are placed for other reasons. 

ER: Characterization Studies: 

• Fracture mapping of outcrops 
to identify fault zones 

• Detailed stratigraphic 
mapping where faults in 
critical zones (critical zone • 
areas with contaminant 
sources). 

• In-situ testing and monitoring 
in boreholes in faults in 
critical zones (air 
permeability if possible) 



Aggregate I: .A-21, -53, and -73 Mesas 

Decision 

Aupat 27, 1996 

Questions 

• Can we estimate 
recharge? 

Does significant vapor 
phase transport occur? 

Existing Data 

Area G testing including steady­
state moisture profile and 
hydrologic parameters; water 
balance 

Moisture measurements from 
MDA-B Pilot Study 

Core and downhole sampling from 
T A-73 landfill detected methane 
and VOCs 

New Data 

Steady-State moisture 
profile, hydrologic 
parameters, water balance 
(tufT and deeper units); 
environmental tracers (in 
tuft) at T A-21, T A-53, 
TA-73 

Vapor diffusion 
coefficients, liquid-vapor 
partitioning relationships 
and constant; retardation 
of vapor phase, 
transformation of 
contaminants, 
stratigraphy, lithology, 
mineralogy, vapor density 
vs concentration 
relationship, temperature 
distribution, fraction of 
organic carbon, 
barometric pressure, air 
permeability versus water 
content for each geologic 
unit, porosity, in-situ 
water content and/or 
pressure head 

II 

Decision Rule for New Data 

If estimates of recharge predict 
that water would move from 
near the surface of the mesa to 
the Regional Aquifer (or 
intervening groundwater body) 
within I 000 years, then further 
evaluate this pathway 

For sources with significant 
vapor - producing contaminants, 
if the vapor diffusion 
characteristics underlying that 
source suggest that vapor phase 
transport has or could occur 
within I 000 years then further 
evaluate this pathway. 

Data Collection Design 

ER: Characterization studies: 
Core samples from boreholes to 
measure steady-state moisture 
profile and hydrologic parameters 
and environmental tracers 

• Water balance measurements 
of mesa; measurements 
include nmofT and infiltration 

• Drainage study in outcrops of 
non-recovery zones (Puye and 
Cerro Toledo) 

ER: Characterization Studies in 
areas where there is vapor 
generation (TA-73 landfill and 
MDA-B): collect core samples for 
analysis and in-situ testing of 
borehole. 



Aggregate 1: tA-21, -53, and -73 Mesas 

Decision 

August 27, 199 

Questions 

• Are fractures and 
faults important 
contaminant 
transport pathways 
for vapors? 

Is there a lateral 
component of liquid 
flow? 

• Is there visual 
evidence? 

Existing Data 

T A-54 studies of vapor movement 

TA-73 studies of vapor movement 

Fracture mapping ofT A-21 and 
Pueblo Canyon 

Presence of DP Spring 

Flow out ofpwnice bed (Cerro 
Toledo) below DP spring 

Surveillance data analysis of 
spring samples 

New Data 

Same as faults and 
fractures for liquid 

Identify location of 
springs 

Determine if 
anthropogenic 
contaminants (Appendix 
Vlll, HE, fission 
products) are present and 
if naturally occurring 
constituents are above 
expected distribution 
(concentration guideline) 

Perform trend analysis of 
surveillance data 

Decision Rule for New Data 

For sources with significant 
vapor -producing contaminants, 
if measurements and modeling 
suggest that fractures and faults 
contribute to vapor phase 
transport, then further evaluate 
this pathway. 

Data Collection Design 

Same as faults and fractures for 
liquid 

If anthropogenic contaminants • Analyze existing data and/or 
sample springs and other 
grOlmdwater discharge areas 
to establish concentration 
guideline of naturally­
occurring constituents 

and/or naturally-occurring 
contaminants above the 
concentration guideline are 
detected in springs/seeps, 
conduct further investigations to 
establish source spring/ seep 
connection • For springs with 

anthropogenic contaminants or 
naturally-occurring 
constituents above 
concentration guideline 
delineate seep/spring source 
area relative to contamination 
source, install boreholes to 
investigate source areas, 
hydraulic properties, in-situ 
water content, conductivity of 
layers above and below 
seep/spring zone, 'stratigraphy, 
porosity, chemical signature of 
seep/spring water, 
temperature, electrical 
conductivity, discharge 
measurement, tracer studies 



Aggregate 1: •n-21, -53, and -73 Mesas 

Decision 

Based on the cumulative 
data from Aggregate I 
characterization; and 
resulting refined conceptual 
model, are there indications 
of impact from Laboratory 
activities that would impair 
beneficial use, and require 
fwther action? 

August 27, 1996 

Questions 

• Are hydraulic 
contrasts between 
adjacent 
stratigraphic layers 
sufficient to cause 
lateral direction of 
flow 

What is the Regional 
Aquifer water quality? 

• What is the 
upgradient 
Regional Aquifer 
water quality? 

What concentration of 
contaminants would 
constitute impainnent 
of beneficial use? 

Existing Data 

In tufT: hydraulic conductivity vs 
water content/pressure potential 
for each layer, and porosity for 
each layer. 

Water quality infonnation from 
production wells and test wells; 
because regional flow direction is 
unknown, whether this is 
upgradient is unknown 

Water quality infonnation from 
production wells and test wells, 
not zone-specific 

WQCC groundwater standards and 
20NMAC4.l 

New Data 

In deeper layers: hydraulic 
conductivity vs water 
content/pressure potential 
for each layer, moisture 
characteristics for each 
layer and porosity for 
each layer 

Water quality in 
upgradient direction(s) 

Flow direction in 
Regional Aquifer 

Water Quality from areas 
that have not been 
impacted by Lab 
activities 

Geologic zone-specific 
water quality 

Connection between near 
- surface contamination 
and underlying 
groundwater bodies 
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Decision Rule for New Data 

If U1e hydraulic contrasts 
between units deeper than the 
tuff is greater than 2 orders of 
magnitude, then further evaluate 
Utis pathway. 

If the water quality of the 
upgradient limit of the 
aggregate is statistically 
different from the downgradient 
limit of the aggregate, then 
evaluate remedial options 

Data Collection Design 

In source areas, collect core 
samples for testing and complete 
in-situ tests for each layer below 
the tufT. 

Install Regional Aquifer wells: 

• DP: l Type 2 well 
4 Type 3 wells 

• ER: 5 Type 2 wells 
I Type 3 well 
I Type 5 well 

(for locations see Aggregate I 
details for canyons and mesas) 



Aggregate 1: rA-21, -53, and -73 Mesas 

Decision 

Aupll 27, 19«: 

Questions 

Which areas show the 
highest levels of 
contamination (e.g., 
upward trends), 
requiring monitoring? 

Existing Data 

Based on ER investigations: 

Los Alamos Canyon 
Pueblo Canyon 
TA-21 
TA-53 

New Data 

Fate-and transport of 
contaminants through the 
ground-water system 

Decision Rule for New Data 

If contamination sources are 
present and pathways from 
those sources to groundwater 
would cause contamination of 
the groundwater above 
regulatory standards and/or risk 
limits, then implement remedial 
actions and monitor the 
groundwater quality to verify 
adequacy for beneficial use. 

Data Collection Design 

Modeling of groundwater Oow 
system, based on data collected in 
mesa and canyons of Aggregate 1. 



Aggregate 2: Lafiada del Buey and Pajarito Canyons 

Decision 

Are there sources of 
sufficient magnitude to cause 
contamination of 
groundwater? 

Are the alluvial sediments 
and uppennost subsurface 
water (USSW) from various 
present and legacy sources at 
contaminant concentrations 
([cont.])> regulatory limit or 
risk level7 

August 27, 1996 

Questions 

What are the contaminants 
Utat could have been 
released from sources? 

What are the 
concentrations of these 
contaminants in sediments 
and USSW7 

Are there occurrences of 
water in Pajarito Canyon 
and Canada del Buey7 

Elisting Data 

Legacy Sources: Same list as TA-
54 mesa top plus liE, DU, Be, Ba 
Present Sources: Pajarito Canyon 
NPDES Outfall 

Concentration of contaminants in 
alluvial water in Pajarito Canyon 

Partial information on 
concentrations of contaminants in 
sediments from ER and ESH data 

Surface water gauging stations in 
both canyons 

Alluvial water - greater than 50 
gpd in middle reach of Pajarito 
Canyon, this is considered 
growtdwater 

No alluvial groundwater in Canada 
del Buey Canyon, but does have 
USSW. 

Surface water in both Pajarito and 
Canada del Buey 

New Data 

Stormwater quality data 

Contaminants in 
sediments in both 
canyons 

Contaminants in 
sediments in Canada del 
Buey and Pajarito 
Canyons. 

Background water 
quality in boUt canyons 

Background for 
sediments in Canada del 
Buey and Pajarito 
Canyons 

Nature of upper Pajarito 
Canyon alluvial water 

Water quality in all 
channel segments for 
alluvial ground-water 

Water levels and yield of 
alluvial zone in upper 
Pajarito Canyon 

Decision Rule for New Data Data Collection Design 

If contaminants other than 
those currently identified are 
found in stormwater or 
during ER investigations, 
then add those contaminants 
to the list of PCOCs. 

If contaminants are detected 
above SALs and background, 
then further investigate their 
presence in the groundwater 
pathway. 

If there is saturation in the 
alluvium of upper Pajarito 
Canyon, then determine 
which Standards apply. 

If the average yields from 
alluvium in upper Pajarito 
Canyon is ~50 gpd, then the 
water quality will be 
compared to WQCC 
groundwater standards and 
20NMAC4.l 

• 

• 

Legacy Sources: Information 
from ER work 

ERIESH: Present Sources: 
stormwater data from 
developed areas 

ER plans to install: 

• 12 Type I alluvial wells in 
Pajarito Canyon 

• One Type I well in Three 
Mile Canyon 

Sediment sampling in Pajarito 
Canyon and Caftada del Buey 

ER Placing wells in alluvium in 
Pajarito Canyon 

ER placing 12 Type I wells in 
Pajarito Canyon to determine 
occurrence of groundwater and 
yield of water bearing zones 



Aggregate 2. _dftada del Buey and Pajarito Canyons 

Decision 

Is the intennediate perched 
groundwater underlying the 
alluvial sediments and 
USSW at [cont.)> regulatory 
limit or risk level? 

August 27, 199~' 

Questions 

What are the regulatory 
standards that apply to the 
alluvial water in Pajarito 
and Caf\ada del Buey 
canyons? 

Is there an intennediate 
perched water body in 
Pajarito and/or Caf\ada del 
Buey Canyons? 

Does intennediate perched 
groundwater meet the 
definition of 
"groundwater''? 

Existing Data 

WQCC Surface Water Standards, 
WQCC Abatement Regs. and 20 
NMAC 4.1 

No infonnation available 

No infonnation available 

New Data 

Identify perched zones 
beneath Pajarito and 
Caf\ada del Buey 
canyons. 

Yield of intennediate 
perched groundwater. 

Decision Rule for New Data Data Collection Design 

If perched groundwater is 
encountered between the 
base of the alluvium and the 
Regional Aquifer, then 
collect infonnation to 
characterize tlte hydrologic 
characteristics of those zones. 

If the intennediate perched 
groundwater yields ~50 gpd, 
then the water quality will be 
compared to WQCC ground­
water standards and 20 
NMAC 4.1. 

ER will install: 

• One Type 2 well in Two Mile 
Canyon; 

• One Type 2 well in upper 
reach of Pajarito Canyon 
above confluence with Two 
Mile Canyon; 

• One Type 2 well in middle 
reach of Pajarito Canyon 
above T A-18; 

• One Type 2 well in Lower 
Pajarito Canyon in association 
withMDA-0. 

DP: Monitoring well (Type 3) in 
association with PM-2 will also be 
used to collect data on intennediatc 
zone. 

Wells to expected depth of 
Regional Aquifer will identifY 
intennediate perched water. 

If perched water is encountered, 
estimate yield. 



Aggregate 2: Lafiada del Buey and Pajarito Canyons 

Decision 

Is the Regional Aquifer, as 
affected by the canyon 
systems, impacted by (cont.) 
~some regulatory standards? 

Are there sufficient source 
terms to cause contantination 
if moved along the pathways 
in 1000 years. 

August 27, 1996 

Questions 

What are the PCOCs from 
alluvial sediments that 
have been transported to 
the intermediate perched 
groundwater? 

What are the regulatory 
standards that apply to the 
intermediate perched water 
in Canada del Buey and 
Pajarito Canyons 

Have PCOCs migrated 
from intermediate perched 
zones and/or alluvial 
sediments/USSW to the 
Regional Aquifer? 

What are the 
concentrations of PCOCs 
in the Regional Aquifer? 

Existing Data 

See list from T A-54 Area G & L 
that includes DU, DE, BA. 

No information available 

A organic vapor plume has been 
documented at a depth of 500 feet 
below land surface at TA-54 

No existing data 
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New Data 

If intermediate perched 
grow1dwater is present 
in Pajarito Canyon, 
collect S8111ples for water 
quality analysis 

Presence and yield of 
intermediate perched 
groundwater. 

Water quality in 
Regional Aquifer with 
respect to PCOCs. 

Water quality data for 
the Regional Aquifer 

Definition of pathways 

Rates of contaminant 
transport 

Mass of contaminants 
available for transport 

Predicted contaminant 
concentration in 
receiving media 

Decision Rule for New Data Data Collection Design 

If contaminants other than 
those currently identified are 
detected in the intermediate 
perched groundwater, then 
add those constituents to the 
list of PCOCs. 

If the average yield from the 
intermediate perched zone in 
Pajarito Canyon is ~50 gpd 
then the water quality will be 
compared to WQCC 
groundwater standards and 
20NMAC4.1 

If PCOCs are detected in the 
Regional Aquifer then 
evaluate remedial options 
along source and pathways 

If the concentration of 
PCOCs in the Regional 
Aquifer exceeds standards, 
then evaluate further actions. 

If modeling predicts that 
contaminants will cause 
contamination of Regional 
Aquifer within 1000 years, 
then evaluate remedial 
options 

ER placing 4 wells in Pajarito 
Canyon that will identify 
intermediate perched water. 

Wells to identify intermediate 
perched water. If perched water is 
encountered, estimate yield. 

Five wells to Regional Aquifer 
depth to collect core and samples 
of water. 

Collect samples and 8118lyze for 
PCOCs in the five Regional 
Aquifer wells. 

Collect samples and 8118lyze for 
PCOCs in the 5 Regional Aquifer 
wells 

Geologic, hydrologic, and 
geochemical data from wells and 
other investigations as input to 
model. · 



Aggregate 2: ..... anada del Buey and Pajarito Canyons 

Decision 

What are the pathways for 
exposure to contaminants 
from alluvial sediments and 
USSW? 

August 27, 199' 

Questions 

Does significant recharge 
occur from near surface to 
underlying groundwater 
bodies? 

Do we know the hydraulic 
properties of alluvium? 

What are the retardation 
factors of the alluvial 
sediments? 

Are fractures and faults 
important contaminant 
transport pathways for 
liquids in the canyons? 

Do we understand ground­
water movement from 
alluvial water to 
intennediate perched 
zones? 

Elisting Data 

Limited infonnation on CaJlada del 
Buey. No infonnation on Pajarito 
Canyon. 

Unknown 

Unknown 

Extent of fractwing and faulting is 
unknown. 

Unknown 

Nel\' Data 

Recharge from surface 
water to alluvial water, 
horizontal extent of 
saturation in the 
alluvium, channel 
geometry 

Porosity, hydraulic 
gradient, hydraulic 
conductivity 

Kds for 90Sr, 132Cs, U, 
Pu, Am, Np; water 
chemistry particularly for 
HE, DU, Ba, Be, U 

Investigation of role of 
faults and fractures. 

Core samples for 
hydraulic properties, 
geochemistry, FOC. 

Decision Rule for New Data 

If the combined geologic, 
chemical, and hydrologic 
properties of the units below 
the canyon suggests recharge 
to underlying groundwater 
bodies within 1000 years, 
further evaluate this 
pathway. 

If the maximum calculated 
value of hydraulic properties 
suggests fluid movement 
downward through the 
alluvium occurs, then further 
evaluate this pathway. 

If the site-specific minimum 
retardation factors suggest 
that contaminants are not 
significantly retarded in the 
alluvium over a period of 
1000 years, then further 
evaluate this pathway. 

If measured fault and fracture 
responses and models of fault 
and fracture flow predict that 
recharge occurs through 
fractures to Regional Aquifer 
bodies within I 000 years, 
further evaluate this 
pathway. 

If the combined hydraulic 
properties and geochemistry 
suggest that alluvial ground­
water moves downward to 
intennediate perched zones, 
then further investigate this 
pathway. 

Data Collection Design 

ER Program: 
Well transects across the alluvium 
in the midsection of Pajarito 
Canyon 

ER Program: 
In-situ testing of well transects 

Core samples from Type I wells; 
water samples from Type I wells. 

To be determined by literature 
search, expert consultation, and 
more specific data collection as 
described in ER work plan and 
sampling analysis plan. 

Five wells to Regional Aquifer to 
collect data on intermediate 
perched water and perching layers. 



Aggregate i: ..__dilada del Buey and Pajarito Canyons 

Decision Questions Existing Data 

Groundwater movement Unknown 
from intermediate perched 
zones to Regional Aquifer? 

August 27, 1996 5 

New Data 

Core samples for 
hydraulic properties, 
geochemistry 

Decision Rule for New Data Data Collection Design 

If the combined hydraulic 
properties and geochemistry 
suggest that water from 
perched zones moves 
downward to the Regional 
Aquifer, then further 
evaluate this pathway. 

Five wells to Regional Aquifer. 



Aggregate 2: 1 A-54, Areas G & L Mesas 

Decision 

Are the soils/tufT or USSW 
from various present and 
legacy sources at 
contaminant concentrations 
> some regulatory limit or 
risk level? 

Is the Regional Aquifer or an 
underlying intermediate 
perched zone, as potentially 
affected by a present or 
legacy source, predicted to 
be impacted by [cont.)> 
regulatory standard or risk 
level using a conservative 
model? 

August 27, 199 

Questions 

What are the 
contaminants? 

What are the 
concentrations of 
contaminants? 

Are there occurrences of 
water at this site? 

What are the regulatory 
standards that apply? 

What model will be used? 

What data are needed for 
the model? 

E1isting Data 

From archival data; 
waste records; 
ER investigations; the 
contaminants are: Pu, Am, Np, Sr, 
Cs, C-14, 3H, TCA, TCE 

Waste records indicate 
radionuclides placed in shafts and 
pits. 

Surface stormwater data is 
available 

Subsurface saturation above 
Regional Aquifer is not expected. 

Seismic hazard borehole west of 
TA-54, AreaL indicated presence 
of intermediate zone. Recent ER 
drilling beneath Area L has not 
confirmed intermediate water. 

In the unsaturated Zone the WQCC 
abatement regs. & 20 NMAC 4.1. 

A screening model such as 
RESRAD or MUL TIMED 

Preliminary data is available from 
the literature, archival data, ESH, 
WM, and ER work. TA-54 Area 
G, data is available from 
Performance Assessment 

New Data 

ER investigation to 
detennine hazardous and 
radioactive components. 

Core samples and/or 
trenching. 

Concentration of 
contaminants 

Presence of subsurface 
water above the 
Regional Aquifer, only if 
intermediate perched 
zones are encountered in 
the canyons. 

Outputs of screening 
model. 

Decision Rule for New Data 

If contaminants other than 
those currently identified are 
detected during 
investigations, then add those 
contaminants to the PCOC 
list. 

If contaminants are detected 
above SALs, then fw1her 
investigate their presence in 
the pathway. 

If significant intermediate 
perched zones are 
encountered beneath the 
canyons, then investigate 
beneatlt the mesa 

If the screening model, using 
conservative scenarios 
suggest that underlying 
groundwater bodies would 
not be contaminated above a 
regulatory standard or risk 
limit by the identified 
present or legacy sources, 
then do not further evaluate 
pathways. 

Data Collection Design 

ER drilling, trenching, and 
sampling around sites to 
investigate source terms in the 
vadose zone. 

ER drilling, trenching, and 
sampling around sites to 
investigate source terms in the 
vadose zone. 

Possible ER boreholes 

Run the model(s) 



Aggregate 2: 1 A-54, Areas G & L Mesas 

Decision 

What are the pathways for 
exposure to contaminants 
from soils/tuff and water in 
the USSW? 

August 27, 1996 

Questions 

What is the recharge? 
(groundwater movement 
fwther downward from the 
site) 

• Are the hydrological 
and chemical 
properties of the 
underlying geological 
strata known? 

Elistlng Data 

Cores and neutron tube 
measurements near T A-54 show 
higher moisture in soiUtuff in near 
surface ( I 0-15 ft) than deeper. 

Cores of Bandelier Tuff for 
geological properties. 

TA-54 in-situ air penneability 
sampling. 

MDA-G Perfonnance Assessment 

7 

New Data 

Data on Bandelier: 
moisture characteristics, 
conductivity, in-situ 
water content, pressure 
potential. porosity, bulk 
density, particle density, 
hydrodynamic 
dispersion, retardation 
coefficient, pH, CEC, 
water chemistry, fracture 
of organic carbon, liquid 
diffusion coefficient, gas 
diffusion coefficient, 
stratigraphy, minemlogy, 
lithology, isotopes, trace 
element chemistry, 
surface area, microbial 
populations, redox 
potential. 

Geological, chemical, 
and hydrologic 
parameters oftutderlying 
wtits underlying the 
Bandelier Tuff. 

Decision Rule for New Data Data Collection Design 

If the combined geologic 
hydrologic, and chemical 
properties of the tutits below 
the mesa suggests recharge 
could occur to underlying 
groundwater bodies within 
1000 years, then further 
evaluate this pathway. 

• 

• 

• 

Water balance measurement 
to distinguish rtut-off from 
infiltration in T A-54 

Core from boreholes and in­
situ testing of non-recovery 
zones in boreholes (Cerro 
Toledo, Puye) in TA-54 

ERIWM will drill one 
borehole to Regional Aquifer 
depth in Pajarito Canyon 



Aggregate 2: 1 A-54, Areas G & L Mesas 

Decision 

August 27, 199F 

Questions 

• Are fractures and 
faults and important 
contaminant transport 
pathways for liquids? 

Existing Data 

FRACTURES: 
Data and modeling for MDA-G. 

Presence of water indicated by 
soils w/clays, iron oxides and 
calcium carbonate observed in 
some fractures. 

Limited fracture mapping from Pit 
39. 

Cores beneath pits with full suite 
& 3H measurements and moisture 
measurements. 

Horizontal core holes drilled under 
waste pits at MDA-G. 

FAULTS: 
Existing fault maps. 

Numerous small faults observed at 
TA-54. 

New Data 

FRACTURES: 
Response of fractures: 
fracture density, 
apertures, filling 
characteristics both 
chemical and 
hydrological, length and 
coJ111ection. 

Model of fracture flow of 
both liquid and gas 
including' fracture matrix 
interactions. 

Fracture mapping of 
outcrops at TA-54. 

FAULTS: 
IdentifY faults by 
comparing fracture 
density and surface 
mapping. 

Detailed mapping to 
identifY offsets in 
stratigraphic units (e.g., 
surge beds). 

Hydrologic 
characteristics of fault 
zones. 

Decision Rule for New Data Data Collection Design 

If measured fracture 
responses and models of 
fracture flow predict recharge 
occurs through fractures to 
underlying groundwater 
bodies within 1000 years, 
further evaluate this 
pathway. 

If faults are identified in 
critical zones and the testing 
and/or modeling of those 
fault zones suggests that 
recharge to underlying water 
bodies occurs within 1000 
years, then further evaluate 
this pathway. 

• 

• 

• 

• 

• 

• 

Fracture mapping of outcrops 
at TA-54. 

Map fractures in cores that are 
collected from boreholes that 
are placed for other reasons. 

Map fractures in open pits . 

Fracture mapping of outcrops 
to identify fault zones. 

Detailed stratigraphic 
mapping where faults in 
critical zones (critical zone • 
areas with contaminant 
sources). 

In-situ testing and monitoring 
in boreholes in faults in 
critical zones (air permeability 
if possible). 

) 



Aggregate 2: 1 A-54, Areas G & L Mesas 

Decision 

August 27, 1996 

Questions 

• Can we estimate 
recharge? 

Does significant vapor 
phase transport occur? 

Elisting Data 

Area G testing including steady­
state moisture profile and 
hydrologic parameters; water 
balance. 

Core and downhole sampling from 
TA-54, MDA L & G have 
indicated > 500 ft. vertical 
movement. 
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New Data 

Steady-state moisture 
profile, hydrologic 
parameters. Water 
balance (in tull) and 
environmental tracers at 
TA-54 of tuff and deeper 
units. 

Vapor diffusion 
coefficients, liquid-vapor 
partitioning relationships 
and constant; retardation 
of vapor phase, 
transformation of 
contaminants, 
stratigraphy, lithology, 
mineralogy, vapor 
density vs. concentration 
relationship, temperature 
distribution, fraction of 
organic carbon, 
barometric pressure, air 
permeability versus 
water content for each 
geologic unit, porosity, 
in-situ water content 
and/or pressure head are 
needed for both 
Bandelier tuff and 
underlying units. 

Decision Rule for New Data Data Collection Design 

If estimates of recharge 
predict that water would 
move from near the surface 
of the mesa to the Regional 
Aquifer (or intervening 
groundwater body) within 
1000 years, then further 
evaluate this pathway. 

For sources with significant 
vapor-producing 
contaminants, if vapor 
diffusion characteristics 
underlying that source 
suggest that vapor phase 
transport has or could occur 
within 1000 years, then 
further evaluate this 
pathway. 

• 

• 

Core samples from boreholes 
to measure steady-state 
moisture profile and 
hydrologic parameters and 
environmental tracers. 

Water balance measurements 
of mesa; including runoff and 
infiltration. 

• Drainage study in outcrops of 
non-recovery zones (Puye and 
Cerro Toledo). 

One Type 2 well will be installed 
at MDA-L (ER); while drilling this 
well, core samples will be collected 
for analysis and in-situ testing of 
the borehole will be conducted. 



Aggregate 2: a A-54, Areas G & L Mesas 

Decision 

Based on the cwnulative 
data from Aggregate 2 
characterization, and 
resulting refmed conceptual 
model, are there indications 
of impacts from Laboratory 
activities that would impair 
beneficial use, and require 
further action 

August 27, 199 

Questions Elisting Data 

• Are fractures and T A-54 studies of vapor movement 
faults important 
contaminant transport 
pathways for vapors? 

Is there a lateral 
component of liquid flow? 

• Is there visual 
evidence? 

• Are hydraulic 
contrasts between 
adjacent stratigraphic 
layers sufficient to 
cause lateral direction 
of flow? 

What is the regional 
aquifer water quality? 

No evidence of seeps or springs 

In tuff: hydraulic conductivity vs. 
water contenVpressure potential 
for each layer, and porosity for 
each layer. 

New Data 

Same as for faults and 
fractures for liquid 

In deeper layers, starting 
with Guaje Pumice 
hydraulic conductivity 
vs. water contenV 
pressure potential for 
each layer, moisture 
characteristics for each 
layer and porosity for 
each layer 

Decision Rule for New Data Data Collection Design 

For sources with significant 
vapor -producing 
contaminants, if 
measurements and modeling 
suggest that fractures and 
faults contribution to vapor 
phase transport, then further 
evaluate this pathway. 

If the hydraulic contrast 
between units deeper that the 
tuff is greater than 2 orders 
of magnitude, then further 
evaluate this pathway 

Same as for faults and fractures for 
liquid 

In source areas, collect core 
samples for testing and complete 
in-situ tests for each layer below 
the tuff. 



Aggregate 2: • A-54, Areas G & L Mesas 

Decision 

August 27, 1996 

Questions 

• What is the 
upgradient regional 
aquifer water quality? 

What concentration of 
contaminants would 
constitute impainnent of 
beneficial use? 

Which areas show the 
highest levels of 
contamination (e.g., 
upward trends), requiring 
monitoring? 

Existing Data 

Water quality infonnation from 
production wells and test wells; 
because Regional Aquifer flow 
direction is unknown, upgradient 
direction is unknown. 

Water quality infonnation from 
production wells and Test Wells, 
but not zone specific 

WQCC groundwater standards and 
20NMAC4.1 

Based on ER investigation: TA-54 
AreaL&G 
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New Data 

• 

• 

Water quality 
upgradient of Lab 
activities 

Regional Aquifer 
flow direction(s) 

• Water quality from 
areas not impacted 
by Ljlb activities 

• Geologic zone­
specific water 
quality 

Connection between near 
surface contamination 
and underlying ground­
water bodies 

Detennine or predict fate 
and transport of 
contaminants through the 
grmmd-water system 

Decision Rule for New Data Data Collection Design 

Ifthe water quality of the 
upgradient limit of the 
aggregate is statistically 
different from the 
downgradient limit of the 
aggregate, then evaluate 
remedial options 

If contamination sources are 
present and pathways from 
those sources to groundwater 
would cause contamination 
of the groundwater above 
regulatory standards and/or 
risk limits, them implement 
remedial actions and monitor 
groundwater quality to verify 
adequacy for beneficial use. 

• Water quality from Type 3 
well associated with PM-2. 

• Rely on Regional Aquifer 
Control wells installed by DP 
for detennination of 
potentiometric surface and 
flow direction(s) in Regional 
Aquifer. 

• Collect water quality samples 
from upgradient and Regional 
Aquifer Control wells at 
multiple water-bearing zones. 

• 

• 

Collect data specified in 
Aggregate 2 if screening level 
is exceeded 

Detennine or predict fate and 
transport of contaminants 
through the groundwater 
system 



Aggregate 3: • A-49 and MDA-AB Mesas 

Decision 

Are the soils/tuff or USSW 
from various present and 
legacy sources at 
contaminant concentrations 
> some regulatory limit or 
risk level? 

Is the Regional Aquifer or an 
underlying intennediate 
perched zone, as potentially 
affected by a present or 
legacy source, predicted to 
be impacted by (cont.]> 
regulatory standard or risk 
level using a conservative 
model? 

August 27, 1996 

Questions 

What are the 
contaminants? 

What are the 
concentrations of 
contaminants? 

What are the concentration 
of contaminants in the 
future? 

Are there occurrences of 
water at this site? 

What are the regulatory 
standards that apply? 

What model will be used? 

What data are needed for 
the model? 

Existing Data 

TA-49, Area AB, radionuclides are 
139pu, 141 Am, U, Pb, Be 

T A-49 data on existing sources are 
available. 

Estimated inventory 90,000 kg Pb, 
II kg Be, 2500 Ci radionuclides 

Subsurface is generally 
unsaturated; however there is high 
water content beneath asphalt pad 
and water in borehole in asphalt 
pad 

Surface water during storm events. 

For unsaturated zones, the WQCC 
abatement regs. & 20 NMAC 4.1. 

A screening model such as 
RESRAD or MULTIMED. 

Preliminary data is available from 
the literature, archival data, ESH 
and ER investigations. 

New Data 

llaz.ardous contaminants 
present at TA-49 

No data needs. 

Need stormwater data. 

Outputs of screening 
model 

No data needs 

Decision Rule for New Data 

If contaminants other than 
those currently identified are 
detected during ER 
investigations, these will be 
added to the list of PCOCs. 

If contaminants other than 
those currently identified are 
detected in stormwater, then 
add those to list of PCOCs. 

If the screening model, using 
conservative scenarios, 
suggests that underlying 
groundwater bodies would 
not be contaminated above a 
regulatory standard or risk 
limit by the identified legacy 
or present sources, then do 
not further evaluate 
pathways. 

Data Collection Design 

ER investigation report being 
prepared. ER investigation will 
determine hazardous constituents. 

Collect stormwater run-off from 
mesa top; analyze for water 
chemistry. 

Run the model(s) 



Aggregate 3: .rt-49 and MDA-AB Mesas 

Decision Questions Elistlng Data New Data Decision Rule for New Data Data Collection Design 

What are the pathways for What is the recharge? Cores and neutron probe • Water balance measurements 
exposure to contaminants (groundwater movement measurements near T A-49 show to distinguish run-off from 
from soils/tufT and water in further downward from the higher moisture in soiUtuff in near infiltration in TA-49. 
the USSW? site) surface than deeper (0 - 30 fl.). 

• Are the hydrological Cores of Bandelier Tuff for Chemical data on If combined geologic, • Core from boreholes and in-
and chemical geological and hydrological Bandelier: moisture chemical, and hydrologic situ testing of non-recovery 
properties of the properties at TA-49. characteristics, properties of the units below zones in the boreholes (Cerro 
underlying geological conductivity, in-situ the mesa suggest recharge to Toledo, Puye) in TA-49. 
strata known? water content and underlying groundwater 

pressure potential, bodies occurs within 1000 ER will install: 
porosity, bulk density, years, then further evaluate 
particle density, this pathway. • One Type 2 well in the mesa 
hydrodynamic at TA-49 (deepen existing 
dispersion, retardation 700-ft deep borehole) 
coefficient, pH, CEC, 
water chemistry, fraction • One Type 2 well in Water 
of organic carbon, liquid Canyon near junction of Water 
and gas diffusion Canyon and Canyon de Valle 
coefficient, stratigraphy, (in Aggregate 6). 
mineralogy, lithology, 
isotopes, trace element 
chemistry, surface area, 
redox potential. 

Geological chemical and 
hydrologic parameters of 
underlying units. 

• Are fractures and FRACTURES: FRACTURES: If measured fracture • Fracture mapping of outcrops 
faults and important Data and modeling for MDA-G, Response of fractures: responses and models of at TA-49 
contaminant transport however TA-49 receives more fracture density, fracture flow predicts that 
pathways for liquids? precipitation than does MDA-G. apertures, filling recharge occurs through • Map fractures in cores that are 

characteristics both fractures to underlying collected from boreholes that 
chemical and groundwater bodies within are placed for other reasons. 
hydrological, length and I 000 years, further evaluate 
connection. this pathway. 

August 27, 1996 2 



Aggregate 3: .A-49 and MDA-AB Mesas 

Decision 

August 27, 199 

Questions 

• Can we estimate 
recharge? 

Does significant vapor 
phase transport occur? 

Existing Data 

FAULTS: 
Existing fault maps 

Area G testing including steady­
state moisture profile and 
hydrologic parameters; water 
balance 

Moisture profile from one borehole 

Data from Environmental 
Surveillance reports and Purtymun 
& Stoker ( 1987) 

As a contaminant transport 
mechanism vapor phase transport 
is not applicable due to the 
PCOCs. 

New Data 

Model of fracture flow of 
both liquid and gas 
including fracture matrix 
interactions. 

Fracture mapping of 
outcrops. 

FAULTS: 
Identify faults by 
comparing fracture 
density and surface 
mapping. 

Detail mapping to 
identify offsets in 
stratigraphic units (e.g., 
surge beds). 

Hydrologic 
characteristics of fault 
zones. 

Steady-state moisture 
profile, hydrologic 
parameters, water 
balance (in tuff and 
deeper units) 
environmental tracers (in 
tutl) at TA-49. 

Decision Rule for New Data Data Collection Design 

If faults in critical zones are • 
identified and testing and/or 
modeling of those fault zones 
predict recharge to • 
underlying groundwater 
bodies within I 000 years, 
then further evaluate this 
pathway. 

If estimates of recharge 
predict that water would 
move from the near surface 
of the mesa to the Regional 
Aquifer (or intervening 
groundwater body) within 
I 000 years, then further 
evaluate this pathway. 

• 

• 

• 

Fmcture mapping of outcrops 
to identify fault zones. 

Detailed stratigmphic 
mapping where faults in 
critical zones (critical zone = 
areas with contaminant 
sources). 

In-situ testing and monitoring 
in boreholes in faults in 
critical zones (air 
permeability). 

Core samples from boreholes 
to measure steady-state 
moisture profile and 
hydrologic parameters and 
environmental tracers. 

Water balance measurements 
on mesa, includmg 
infiltration. 



\ 
Aggregate J: • A-49 and MDA-AB Mesas 

Decision 

Based on the cwnulative 
data from Aggregate 3 
characterization, and 
resulting refined conceptual 
model, are there indications 
of impacts from Laboratory 
activities that would impair 
beneficial use, and require 
further action? 

August27, 1996 

Questions 

Are fractures and faults 
important contaminant 
transport pathways for 
vapors? 

Is there a lateral 
component of liquid flow? 

• Is there visual 
evidence? 

Are hydraulic contrasts 
between adjacent 
stratigraphic layers 
sufficient to cause lateral 
direction of flow? 

What is the Regional 
Aquifer water quality? 

• What is the 
upgradient Regional 
Aquifer water quality? 

Existing Data 

As a contaminant transport 
mechanism vapor phase transport 
is not applicable due to the 
PCOCs. 

No springs or saturation in 
boreholes. 

Unknown 

Water quality information from 
test wells, but none upgradient. 

Water quality information from 
production well and test wells; but 
it is not zone-specific. 

4 

New Data 

Install borehole and 
collect core samples and 
in-situ-tests. 

Water quality in 
upgradient and 
downgradient 
direction( s ). 

Flow direction in the 
Regional Aquifer. 

Water quality from areas 
not impacted by Lab 
activities. 

Decision Rule for New Data Data Collection Design 

If the hydraulic contrast 
between wtits deeper that the 
tuff is greater than 2 orders 
of magnitude, then further 
evaluate this pathway. 

If the water quality of the 
upgradient limit of the 
aggregate is statistically 
different from the 
downgradient limit of the 
aggregate, then evaluate 
remedial options. 

In source area, collect core samples 
for testing and complete in-situ 
tests for each layer below the tuft 

• Rely on Regional Aquifer 
wells installed for 
determination of 
potentiometric sUrface and 
flow direction(s) in Regional 
Aquifer. 

• Collect water samples from 
(I ) ER Type 2 well 
downgradient at TA-49 and 
(I ) Type 2 well in Water 
Canyon. 



Aggregate 3: rA-49 and MDA-AB Mesas 

Decision 

August 21, tn 

Questions 

What concentration of 
contaminants would 
constitute impairment of 
beneficial use? 

Which areas show the 
highest levels of 
contamination (e.g., 
upward trends), requiring 
monitoring? 

E1isting Data 

WQCC groundwater standards and 
20NMAC4.l. 

Based on current understanding: 
MDA-AB 

New Data 

Zone specific water 
quality. 

Connection between 
near-surface 
contamination and 
underlying groundwater 
bodies. 

Determine or predict fate 
and transport of 
contaminants through the 
groundwater system. 

Decision Rule for New Data Data Collection Design 

• I ype 3 well to be installed by 
DP on east side ofS-Site (near 
MDA-P) to provide upgradient 
water quality (Aggregate 6) 

If contamination sources are Use all data collected for 
present and pathways from characterization of Aggregate 3. 
the sources to groundwater 
would cause contamination 
of the groundwater above 
regulatory standards and/or 
risk limits, then implement 
remedial actions and monitor 
the groundwater quality to 
verify adequacy for beneficial 
use. 



Aggregate 4, .-39 Ancho, Indio, and Chaquehui Canyons 

Decision 

Are there legacy and/or 
present sources of sufficient 
magnitude to cause 
contamination of 
groundwater? 

Are the alluvial sediments 
and uppermost subsurface 
water (USSW) from various 
present and legacy sources at 
contaminant concentrations 
([cont.])> regulatory limit or 
risk level? 

August 27, 1996 

Questions 

What are the contaminants 
that could have been 
released from sources? 

What are tlte 
concentrations of these 
contaminants in sediments 
and USSW? 

E1isting Data 

Legacy Sources: Based on archival 
data, ESH and ER work, expected 
contaminants are: 
high explosives, depleted uranium, 
mercury, lead, beryllium, barium 
chromium, thallium, cadmium, 
uranium, solvents, PCBs. 

Present Sources: NPDES outfall­
contact cooling water. Stream 
gage present on Ancho Canyon, 
some stormwater runoff collection 
and analysis from stream. 

Concentration of contaminants in 
sediments. 

Background in sediments in Ancho 
Canyon 

New Data 

Role of stormwater in 
sediment transport in the 
drainage channel. 

Water quality in 
saturated zone beneath 
MDA-Y at a depth of 15 
ft. is not known, but will 
not be sampled because 
the overlying sediments 
do not contain 
contaminants. 

Concentration of 
contaminants in Indio 
and Chaquehui canyons. 

Decision Rule for New Data Data Collection Design 

If contaminants other than 
those currently identified are 
detected in outfall santpling 
or ER work, then add those 
contaminants to the list of 
PCOCs. 

If contaminants are detected 
above SALs and background 
then further investigate their 
presence in the groundwater 
pathway. 

• Legacy Sources: information 
for ER work 

• ER/ESH-18: continued 
NPDES sampling and 
sampling of storm water 

• 

• 

• 

ESH-18: Measurement of 
stream flow resulting from 
storms, grab samples of run­
off from stream, analysis of 
samples. 

ER Program plans to sample 
sediments in Indio and 
Chaquehui canyons. 

ER Canyons work plan 
includes three Type I alluvial 
wells: 

- North branch of Ancho 
Canyon near confluence of 
two main branches 

- South branch of Ancho 
Canyon near confluence of 
two branches 

- NearPMC-1 



Aggregate 4 .• A-39 Ancho, Indio, and Chaquehui Canyons 

Decision 

Is the intermediate perched 
grotmdwater tmderlying the 
alluvial sediments and 
USSW at [cont.)> regulatory 
limit or risk level? 

August 27, 199'" 

Questions 

Are there occurrences of 
water in Ancho, Indio, and 
Chaquehui canyons? 

What are the regulatory 
standards that apply to the 
alluvial water in Ancho, 
Indio, and Chaquehui 
canyons? 

Is there an intermediate 
perched water body in 
Ancho, Indio, or 
Chaquehuicanyons? 

Existing Data 

Ephemeral surface water in 
channel; stream gage present I 
mile below T A-39 fence in Ancho 
Canyon. 

Encotmtered a saturated zone in 
the alluvium near MDA-Y, but 
whether this is a permanent 
alluvial water body is tmknown. 
Subsequent drilling has not 
detected any further saturated 
conditions. 

Ancho Spring occurs about 2 miles 
downstream ofTA-39. 

Occurrence of alluvial water in 
Indio and Chaquehui canyons 
tmknown. 

WQCC Abatement regulations and 
20NMAC4.1 

Unknown, however presence of 
Ancho Spring suggests an 
intermediate zone is present 
throughout some length of Ancho 
Canyon, but not necessarily 
beneath TA-39. 

New Data Decision Rule for New Data Data Collection Design 

Presence and extent of Jftltere is saturation in the 
alluvial water alluvium, then determine 

which standards apply. 
Quality of alluvial water 

ER: Measure water levels in 
alluvial wells and collect water 
quality samples. 

If the average yield from • ER: If alluvial water is 
detected in wells, estimate 
yield. 

Identify perched zone(s) 
below Ancho, Indio, and 
Chaquehui canyons. 

Geochemical 
characteristic, and 
isotopic analyses of 
Ancho Spring water. 

alluvium is >50 gpd, then the 
water quality will be 
compared to WQCC ground­
water standards and 20 
NMAC4.1. 

If perched grotmdwater is 
encotmtered between the 
base of the alluvium and the 
Regional Aquifer, then 
collect information to 
characterize the hydrologic 
characteristics of those zones. 

ER Canyon Work Plan: sample 
spring water for: geochemical 
parameters and isotopic analysis. 

DP will install: 

• Type 3 well to Regional 
Aquifer to identify perched 
water located close as possible 
to Ancho Spring. 

• Type 2 well in north branch of 
Ancho Canyon 



Aggregate 4: 1 A-39 Ancho, Indio, and Chaquehui Canyons 

Decision Questions Existing Data New Data Decision Rule for New Data Data Collection Design 

Does intermediate perched If the source of water for Ancho 
groundwater meet the Spring is intermediate perched 
definition of groundwater, then based on 
"groundwater"? observation that Ancho Spring 

supplies significant flow to stream 
in Ancho Cw1yon it is likely to be 
"groundwater." 

What are the PCOCs from Total suite ofPCOCs unknown, Filtered water quality lfCOCs are present in spring ER Canyon Work Plan: 
alluvial sediments that but depleted uranium has been from Ancho Spring water, then conduct 
have been transported to detected in Ancho Spring water, as investigations to identify • Filter sample of Ancho Spring 
the intermediate perched well as high explosives in 1995 Evaluate transport source spring cmmection. water and analyze for PCOCs. 
groundwater? surveillance sample. It is unknown mechanism 

whether it was transported via • Collect samples from Type 3 
groundwater or is from sediment in Water quality of perched well in perched water near 
the surface water. water Ancho Spring and analyze for 

PCOCs. 

What are the regulatory WQCC groundwater standards 
standards that apply to the WQCC Abatement Regulations 
intermediate perched water and 20NMAC 4.1. 
in Ancho Canyon? 

WQCC Stream Standards apply to 
surface water at Ancho Spring. 

Is the Regional Aquifer, as Have PCOCs migrated No data, but presence of depleted Depending on perched If contaminants are present in DP: Type 3 well near Ancho 
affected by the canyon from intermediate perched uranium and HE in Ancho Spring water quality and extent, Ancho Spring and/or perched Canyon Spring and Type 2 well in 
systems, impacted by (cont.) zones and/or alluvial raises possibility of contamination water quality of Regional groundwater, then conduct north branch of Ancho Canyon. 
~some regulatory standards? sediments!USSW to the of Regional Aquifer. Aquifer. investigations of Regional 

Regional Aquifer? Aquifer water quality Use Regional Aquifer wells for 
determination of potentiometric 
surface and flow direction(s) in 
Regional Aquifer. 

What are the No data. Water quality of If contaminants are detected ERIESI-1 will collect water samples 
concentrations of PCOCs Regional Aquifer in the Regional Aquifer from Regional Aquifer well and 
in the Regional Aquifer? above MCLs, WQCC analyze for PCOCs. 

groundwater standards, and 
20 NMAC 4.1, then evaluate 
further actions. 

August 27, 1996 3 



Aggregate 4 .• A-39 Ancho, Indio, and Chaquehui Canyons 

Decision 

Are there sufficient source 
tenus to cause contamination 
if moved along the pathways 
in 1000 years. 

What are the pathways for 
exposure to contaminants 
from alluvial sediments and 
USSW? 

August 27, 1996 

Questions 

Does significant recharge 
occur from near surface to 
Wtderlying groWtdwater 
bodies? 

Do we know the hydraulic 
properties of alluvium? 

What are the retardation 
factors of the alluvial 
sediments? 

Existing Data 

Unknown 

Estimates from descriptions of 
alluvial material. 

No data. 

New Data 

Definition of pathways 

Rates of contaminant 
transport 

Mass of contaminants 
available for transport 

Predicted contaminant 
concentrations in 
receiving media 

Recharge from surface 
water to subsurface 
water 

Extent of saturation in 
the alluvium 

Porosity, 
hydraulic gradient, 
hydraulic conductivity 

Kds for COCs, water 
chemistry 

Decision Rule for New Data Data Collection Design 

If modeling predicts that 
contaminants will cause 
contamination of the 
Regional Aquifer within 
1000 years, then evaluate 
remedial options. 

If the combined geologic, 
chemical, and hydrologic 
properties of the Wlits below 
the canyon suggest recharge 
to Wlderlying groWld water 
bodies occurs within 1000 
years, further evaluate this 
pathway. 

If the maximum calculated 
value of hydraulic properties 
suggest fluid movement 
downward through the 
alluvium occurs, then further 
evaluate this pathway. 

If the site-specific minimum 
retardation factors suggest 
that contaminants are not 
significantly retarded in the 
alluvium over a period of 
1 000 years, then further 
evaluate this pathway. 

Geologic, hydrologic, and 
geochemical data from wells and 
other investigations as input to 
model. 

ER: Install 3 Type 1 wells 
(described in Decision I) and 
measure head. 

ER: In-situ water content. 
penneameter, and grain size 
analysis of cuttings from the wells. 

ER: Samples from 3 Type 1 wells 
if pathways and contaminants are 
significant. 



Aggregate 4: . n.-39 Ancho, Indio, and Chaquehui Canyons 

Decision 

August 27, 1996 

Questions 

Are fractures and faults 
important contaminant 
transport pathways for 
liquids in the canyons? 

Do we understand ground­
water movement from 
alluvial water to 
intermediate perched 
zones? 

Groundwater movement 
from intermediate perched 
zones to Regional Aquifer? 

Existing Data 

Existing faults maps 

No data. 

Unknown. 

5 

New Data 

Investigation of role of 
faults and fractures. 

Hydraulic properties and 
geochemi~try 

Hydraulic properties, 
geochemistry, water 
quality 

Decision Rule for New Data Data Collection Design 

If measured fault and fracture 
responses and models of 
fracture flow predicts that 
recharge occurs through 
faults and fractures to 
Regional Aquifer bodies 
within 1000 years, further 
evaluate this pathway. 

If the combined hydraulic 
properties and geochemistry 
suggest that alluvial 
groundwater moves 
downward to intermediate 
perched zones, then further 
investigate this pathway. 

If the combined hydraulic 
properties and geochemistry 
suggest that water from 
intermediate perched zones 
moves downward to the 
Regional Aquifer, then 
further evaluate this 
pathway. 

To be determined by literature 
search, expert consultation, and 
more specific data collection. 
Described in ER Work Plan and 
Sampling Analysis Plan. 

ER: Collect core for hydraulic 
properties from 3 Type 1 alluvial 
wells and two Regional Aquifer 
wells. Analyze geochemistry of 
core and water. 

ESH: Core samples from the two 
Regional Aquifer wells to measure 
hydraulic properties, geochemistry 
and water quality. 



Aggregate 4: 'A-33 Mesa 

Decision 

Are the soils/tuff or 
uppermost subsurface water 
from various present and 
legacy sources at 
contaminant concentrations 
> some regulatory limit or 
risk level? 

August 27, 19" 

Questions 

What are the 
contaminants? 

What are concentrations? 

What are the 
concentrations of 
contaminants in the future? 

Are the occurrences of 
water at this site? 

What are the regulatory 
standards that apply? 

Existing Data 

TA-33: Based on archival 
information expected contaminants 
are 3H, berylliwn, lligh Explosives 
(HE), plutoniwn, depleted 
uranium, lead, 60 Co and poloniwn. 

Concentrations known from ER 
Phase I and ll data 

Some ER data available. Both 
CEARP and ER work encountered 
3H in 105 nanocurie/liter 
concentrations to a depth of 200 n. 

Surface water during storm events 

High moisture zone encountered at 
tufflbasalt interface in ER · 
boreholes east of the tritiwn 
facility in MDA-K. 

New Data 

ER investigation to 
determine contaminants. 

Core samples and/or 
trenching 

Stormwater quality 

None 

Predicted concentrations 
in future time frames 

Delineation of high 
moisture zone. 

For the mtsaturated zone, the None 
WQCC Abatement regulations and 
may apply 20 NMAC 4.1 

Decision Rule for New Data Data Collection Design 

If contaminants other than 
those currently identified are 
detected as a result of 
stormwater analyses and/or 
ER investigations, then add 
those contaminants to PCOC 
list. 

If the concentration of 
contaminant are expected to 
change in the future, 
continue to investigate their 
presence in pathway. 

If the high moisture zone is 
saturated, then evaluate 
which regulatory standards 
apply. 

• 

• 

ER: Drilling around sites to 
investigate source terms in the 
vadose zone 

ERIESH-18: collect 
stormwater data and analyze 
for water chemistry 

ER: Perform Phase ll 
investigations 

ER work plans describe further 
delineation of high moisture zone. 

" i 



Aggregate 4: • A-33 Mesa 

Decision 

Is the Regional Aquifer or an 
underlying intennediate 
perched zone, as potentially 
affected by a present or 
legacy source, predicted to 
be impacted by contaminant 
concentrations > some 
regulatory standard or risk 
level using a conservative 
model? 

Based on the cumulative 
data from Aggregate 4 
characterization and 
resulting refmed conceptual 
model, are there indications 
of impacts from Laboratory 
activities that would impair 
beneficial use, and require 
further action? 

August 27, 1996 

Questions 

What data are needed for 
the model? 

• What model will be 
used? 

What is the Regional 
Aquifer water quality? 

• What is the 
upgradient Regional 
Aquifer water quality? 

What concentration of 
contaminants would 
constitute impainnent of 
beneficial use? 

Which areas show the 
highest levels of 
contamination (e.g., 
upward trends), requiring 
monitoring? 

Existing Data 

A screening model such as 
RESRAD or MUL TIMED. 

Preliminary data is available from 
the ER Phase 2 findings. Based on 
available data, the sources at T A-
33 will not contribute significant 
contamination to groundwater. 

Water Quality infonnation from 
production wells and Test Wells; 
because Regional Aquifer flow 
direction is unknown, upgradient 
direction is unknown. 

Water quality infonnation from 
production wells and test wells; 
but it is not zone-specific. 

WQCC groundwater standards and 
20NMAC4.1. 

Based on ER and Surveillance 
Data: 

• TA-33-tritium 

• Ancho Canyon - Ancho Spring 
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New Data 

Outputs of screening 
model 

None 

Regional Aquifer 
upgradient and 
background water 
quality to be detennined; 
flow direction(s) in 
Regional Aquifer. 

Detennine or predict fate 
and transport of 
contaminants through the 
groundwater system. 

Decision Rule for New Data 

If the screening model, using 
conservative scenarios, 
suggest that underlying 
groundwater bodies would 
not be contaminated above a 
regulatory standard or risk 
limit by the identified 
present or legacy sources, 
then do not further evaluate 
pathways. 

If contamination sources are 
present and pathways from 
the sources to grOlmdwater 
would cause contamination 
of the groundwater above 
regulatory standards and/or 
risk limits, then implement 
remedial actions and monitor 
the groundwater quality to 
verify adequacy for beneficial 
use. 

Data Collection Design 

Run the model(s) 

ER: TA-33 Work Plan 
• TA-33 vadose zone monitoring 

for tritium 

• ER Canyons work plan 3 Type 
I alluvial wells. 

• Hydrogeologic work plan: 

DP: Regional Aquifer Type 3 well 
near Ancho Spring. 

Use Regional Aquifer wells 
installed for determination of 
potentiometric surface and flow 
directions in Regional Aquifer. 



Aggregate 5: .._anon del Valle Canyon 

Decision 

Are there legacy and/or 
present sources of sufficient 
magnitude to cause 
contamination of 
groundwater? 

Are the alluvial sediments 
and uppermost subsurface 
water (USSW) from various 
present and legacy sources at 
contaminant concentrations 
([cont.])> regulatory limit or 
risk level? 

August 27, 1991 

Questions 

What are the contaminants 
that could have been 
released from sources? 

What are the 
concentrations of these 
contaminants in sediments 
and USSW? 

Are there occurrences of 
water in Canon del Valle? 

Existing Data 

Legacy Sources: Based on archival 
data, knowledge of process and ER 
sampling data: HE, barium, 
depleted uraniwn beryllium, 
VOCs, silver, copper 

Present Sources: 
• NPDES Outfalls 
• Potential contaminants from 

new facilities (e.g., DAHRT) 
• Stonnwater outfalls 

Sampling of stream flow near 
MDA-P resulted in detection of 
barium 

Concentration of contaminants in 
alluvial water 

Surface water gages are present. 

Saturated alluvium near MDA-P. 

Perched intermediate water 
indicated by results in SHB-3. 

New Data 

Stonnwater quality data 

Concentration of 
contaminants in alluvial 
water 

Concentration of 
contaminants in 
sediments 

Background alluvial 
water quality in Canon 
del Valle 

Background in sediments 
in Canon del Valle 

Decision Rule for New Data 

If contaminants other than 
those currently identified are 
detected in stonnwater, then 
add those contaminants to the 
list of PCOCs. 

If contaminants are detected 
above SALs and background, 
then further investigate their 
presence in the groundwater 
pathway. 

Data Collection Design 

ER: Legacy sources: information 
from ER work. 

ER/ESH-18: stonnwater data from 
developed areas. 

ER Canyons Work Plan includes 
ER placing Type 1 wells in 
alluvium in Canon del Valle 

• Near MDA-P 
• Near confluence with Water 

Canyon 
• West ofTA-16 near State 

Route 501 

Sampling of up- and down-gradient 
alluvial water at 3 Type I alluvial 
wells 

Sediment sampling in canyon 



Aggregate~- Anon del Valle Canyon 

Decision 

Is the intennediate perched 
groundwater underlying the 
alluvial sediments and 
USSW at [cont.) > regulatory 
limit or risk level? 

August 27, 1996 

Questions 

What are the regulatory 
standards that apply to the 
alluvial water in Canon de 
Valle? 

Is there an intermediate 
perched water body in 
Canon de Valle? 

Does intennediate perched 
groundwater meet the 
defmition of 
"groundwater"? 

What are the PCOCs from 
alluvial sediments that 
have been transported to 
the intermediate perched 
groundwater? 

What are the regulatory 
standards that apply to the 
intennediate perched water 
in Canon de Valle? 

Elisting Data 

Presence of alluvial saturation. 

Surface water. 

Maybe present based on water in 
SHB-3 

No existing data 

Bariwn has been detected in 
surface water/alluvial water. 

HE has been detected in springs. 

Perched water may be present 
Unknown whether it is 
"groundwater" 

2 

New Data 

Yield of alluvial zone in 
Canon de Valle 

Confirm presence of 
perched zone( s) 

Yield of intermediate 
perched zone 

Quality of intermediate 
perched water 

Decision Rule for New Data Data Collection Design 

If the average yield from 
alluviwn in Canon de Valle 
is > 50 gpd, then the water 
quality will be compared to 
WQCC groundwater 
standards and 20 NMAC 4.1 

If perched groundwater zones 
are encountered between the 
base of the alluviwn and the 
Regional Aquifer, then 
collect information to 
characterize the hydrologic 
characteristics of the zone(s). 

If the average yield from 
intermediate perched 
groundwater zones is :::_ 50 
gpd, then the water quality 
will be compared to WQCC 
groundwater standards and 
20NMAC4.1 

If contaminants other than 
those currently identified are 
detected in the intermediate 
perched groundwater, then 
add these constituents to the 
list of PCOCs. 

ER placing 3 Type I wells in 
alluviwn 

ER Program will potentially 
identifY upper perched zones in 
mesa-top boreholes to depth of 200 
ft. consistent with elevation of 
springs. 

DP: Type 3 Regional Aquifer well 
east ofTA-16 (near MDA-P) will 
identifY perched zones. 

ER: estimate yield from 
permeability evaluation in well 
nearMDA-P. 

ER Penneability evaluation in well 
nearMDA-P. 



Aggregate 5. ~dnon del Valle Canyon 

Decision Questions Existing Data New Data Decision Rule for New Data Data Collection Design 

Is the Regional Aquifer, as Have PCOCs migrated No existing data, however HE is Water quality in the If PCOCs are detected in the DP: Hydrogeologic work plan: 
affected by the canyon from intennediate perched present in springs Regional Aquifer Regional Aquifer then two wells to Regional Aquifer near 
systems, impacted by [cont.] zones and/or alluvial evaluate remedial options of Canon de Valle: 
~some regulatory standards? sediments/USSW to the sources and along pathways. • West ofTA-16 (Type 2) 

Regional Aquifer? • East ofTA-16 near MDA-P 
(Type 3) 
Sample water and analyze for 
PCOCs 

What are the No data Water quality in the If the concentration of Sample water and analyze for 
concentrations of PCOCs Regional Aquifer PCOCs in the Regional PCOCs in the two Regional 
in the Regional Aquifer? Aquifer exceeds standards, Aquifer wells 

then evaluate further actions. 

Are there sufficient source Definition of pathways If modeling predicts that Geologic, hydrologic, and 
terms to cause contamination contaminants will cause geochemical data from wells and 
if moved along the pathways Rates of contaminant contamination of the other investigations as input to 
in I 000 years. transport Regional Aquifer within model. 

1000 years, then evaluate 
Mass of contaminants remedial options. 
available for transport 

Predicted contaminant 
concentrations in 
receiving media 

What are the pathways for Does significant recharge Presence of alluvial system in Magnitude of recharge If the maximum calculated ERProgram: 
exposure to contaminants occur from near surface to Canon del Valle that is recharged from surface water to infiltration is greater than 1 Install 3 Type I alluvial wells 
from alluvial sediments and wtderlying growtdwater by surface water. alluvial water em/yr., then infiltration will Mapping of alluvium 
USSW? bodies? be considered and 

Channel geometry investigated as a pathway. 

Do we know the hydraulic No existing data Porosity, If the maximum calculated ER Program: 
properties of alluvium? hydraulic gradient, value of hydraulic properties In-situ testing of the 3 Type 1 

hydraulic conductivity suggests fluid movement alluvial wells and/or testing of the 
downward through the core. 
alluvium occurs, then further 
evaluate this pathway. 

August 27, 1996 



Aggregate 5: Canon del Valle Canyon 

Decision 

August 27, 1996 

Questions 

What are the retardation 
factors of the alluvial 
sediments? 

Are fractures and faults 
important contaminant 
transport pathways for 
liquids in the canyons? 

Do we understand ground­
water movement from 
alluvial water to 
intermediate perched 
zones? 

Existing Data 

No existing data 

Existing fault maps 

No existing data. 

4 

New Data 

Kds for liE, barium, 
berylliun1, and depleted 
uranium or other PCOCs 
water chemistry 

Investigation of role of 
faults and fractures 

Core samples for 
hydraulic properties, 
geochemistry. 

Decision Rule for New Data Data Collection Design 

If the site-specific minimum 
retardation factors suggest 
that contaminants are not 
significantly retarded in the 
alluvium over a period or 
1000 years, then further 
evaluate this pathway. 

If measured fault and fracture 
responses and models of fault 
and fracture flow predicts 
that recharge occurs through 
faults and fractures to 
Regional Aquifer within 
I 000 years, further evaluate 
this pathway. 

If the combined hydraulic 
properties and geochemistry 
suggest that alluvial 
grotu1dwater moves 
downward to intermediate 
perched zones, then further 
investigate this pathway. 

ER: Core samples from the 3 Type 
I alluvial wells 

ER: Water samples from the Type 
I alluvial wells 

To be determined by literature 
search, expert consultation, and 
more specific data collections as 
described in ER Work Plan and 
S8Dlpling Analysis Plan. 

ER Program: Collect core from 
alluvial wells and Regional Aquifer 
well; analyze for hydraulic 
properties and geochemistry. 



Aggregate 5: .• est Side Mesas (TA -8, -9, -14, -16) 

Decision 

Are the soils/tuff or 
uppennost subsurface water 
from various present and 
legacy sources at 
contaminant concentrations 
> some regulatory limit or 
risk level? 

August 27, l99f 

Questions 

What are the 
contaminants? 

What are concentrations? 

What are the 
concentrations of 
contaminants in the 
further? 

Are the occurrences of 
water at this site? 

Ellstlng Data 

Legacy Sources: Based on archival 
data, knowledge of process, ESII 
and ER sampling data: liE, 
barium, depleted uranimn, 
beryllium, VOCS, silver, and 
copper 

Present sources: NPDES outfalls 

Data for some sites are in ER RFI 
reports and ESH annual 
surveillance reports 

TA-16 is an operational site and 
activities will continue. Assume 
MDA-P will be clean-closed. ER 
investigation defined. 

Surface water during stonn events. 

Multiple springs assumed to come 
from perched zone at TA-16 and 
TA-9. 

NPDES outfalls on top of mesa. 

Perched zone identified in seismic 
hazard borehole (SHB-3) 

New Data 

ER investigation data. 

Contaminant 
concentrations. 

No data needs. 

Presence of intennediate 
zones 

Decision Rule for New Data 

If contaminants other than 
those currently identified are 
detected during ER 
investigations, then add those 
to the list of PCOCs 

Data Collection Design 

Legacy Sources: Continued ER 
investigations 

If contaminants are detected ER continued investigations 
in concentrations above SALs 
and background, then further 
investigate their presence in 
pathways. 

If perched groundwater zones 
are encountered between the 
surface and the Regional 
Aquifer, then collect in 
formation to characterize the 
hydrologic characteristics and 
water quality of these zones. 

ER: 4 boreholes to 200 ft. depth~ 
estimate yield 

DP: Install three wells to the 
Regional Aquifer based on 
projected surface of the Regional 
Aquifer from site-wide well 
network. Intermediate perched 
zones will be identified and 
sampled. The wells are: 
• Type 2 west ofTA-16 
• Type 3 east ofTA-I6 near 

MDA-P 
• Type 2 in Water Canyon near 

State Route SOl (Aggregate 6) 



Aggregate 5: .vest Side Mesas (TA -8, -9, -14, -16) 

Decision 

Is the Regional Aquifer or an 
underlying intennediate 
perched zone, as potentially 
affected by a present or 
legacy source, predicted to 
be impacted by contaminant 
concentrations > some 
regulatory standard or risk 
level using a conservative 
model? 

What are the pathways for 
exposure to contaminants 
from soils/tuff and water in 
the uppermost subsurface 
waters? 

August 27, 1996 

Questions 

What are the regulatory 
standards that apply? 

What model will be used? 

What data are needed for 
the model? 

What is the recharge 
(groundwater movement 
further downward from the 
site)? 

Existing Data 

In the tmsaturated zone the WQCC 
Abatement regulations and 20 
NMAC4.1 

A screening model such as 
RESRAD or MULTIMED. 

Preliminary data is available from 
the literature, archival data, ESH 
data and ER investigations. 

Based on measurements at MDA-P 
and core from boreholes, 
significant infiltration does occur. 

Very limited existing data from 
boreholes 

6 

New Data 

Perched groundwater 
yield 

Outputs of screening 
model. 

Contribution from 
anthropogenic sources 
(e. g., outfalls) 

Decision Rule for New Data Data Collection Design 

If perched intennediate 
zone( s) yield greater than 50 
gpd, then the perched 
groundwater will be 
compared to the WQCC 
groundwater standards and 
20NMAC4.1 

If the screening model using 
conservative scenarios 
suggest that underlying 
groundwater bodies would 
not be contaminated above a 
regulatory standard or risk 
limit by the identified 
present of legacy sources, 
then do not further evaluate 
pathways. 

If the combined geologic, 
chemical, and hydrologic 
properties of the units below 
the mesa suggest recharge to 
underlying groundwater 
bodies occurs within 1000 
years, the further evaluate 
this pathway. 

Estimate yield of perched zone 
from data collected in the three 
Regional Aquifer wells. 

Run the model(s) 

• 

• 

ER: Water balance 
measurements to distinguish 
run-off from infiltration in 
TA-16 

Ongoing Ponderosa Pine pilot 
study. 

• ER: Core from boreholes and 
in-situ testing in non-recovery 
zones of boreholes (Cerro 
Toledo, Puye) in TA-16: 

• boreholes to depth of 50 ft. to 
investigate spring discharge. 



Aggregate 5: West Side Mesas (TA -8, -9, -14, -16) 

Decision 

August 27, 199,. 

Questions 

Are the hydrological and 
chemical properties of the 
Wtderlying geological 
strata known? 

Existing Data 

Limited data from MDA-P 

New Data 

Hydrologic & Chemical 
data on Bandelier: 
moisture characteristic, 
conductivity, in-situ 
water content and 
pressure potential, 
porosity, bulk density, 
particle density, 
hydrodynamic 
dispersion, retardation 
coefficient, pH, CEC, 
water chemistry, fmction 
of organic carbon, liquid 
and gas diffusion 
coefficients, stratigraphy, 
mineralogy,lithology, 
isotopes, trace element 
chemistry, surface area, 
microbial populations, 
redox potential. 

Geological chemical and 
hydrologic parameters of 
underlying Wlits. 

Decision Rule for New Data Data Collection Design 

• 4 boreholes to depth of 200 ft. 
to investigate intermediate 
perched groundwater. 

DP: 3 wells to Regional Aquifer: 

• Type 2 well west ofTA-16 

• Type 3 well east ofTA-16 
nearMDA-P 

• Type 2 well in Water Canyon 
near State Route SO I 
(Aggregate 6) 



Aggregate 5; •• est Side Mesas (TA -8, -9, -14, -16) 

Decision 

August 27, 1996 

Questions 

Are fractures and faults 
important contaminant 
transport pathways for 
liquids? 

Existing Data 

FRACTIJRES: 
Soils w/clays, iron oxide, and 
calcium carbonate are present in 
some fractures suggest water was 
present. 

Springs emerging from fractured 
zones in Bandelier Tuff at TA-16. 

FAULTS: 
Existing fault maps 
Prujarito Fault Zone has been 
mapped to the west ofT A-16, and 
may go through TA-16. 
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New Data 

FRACTURES: 
Response of fractures: 
fracture density, 
apertures, filling 
characteristics both 
chemical and 
hydrological, length and 
connection. 

Model of fracture flow of 
both liquid and gas 
including fracture matrix 
interactions. 

FAULTS: 
Identify faults by 
comparing fracture 
density and surface 
mapping. 

Detailed mapping to 
identify offsets in 
stratigraphic units (e.g., 
surge beds). 

Hydrologic 
characteristics of fault 
zones. 

Decision Rule for New Data Data Collection Design 

If measured fracture 
responses and models of 
fracture flow predicts that 
recharge occur through 
fractures to underlying 
growtdwater bodies within 
1000 years, then further 
evaluate this pathway. 

If faults are identified in 
critical zones and the testing 
and/or modeling of those 
fault zones suggest that 
recharge to underlying water 
bodies occurs within iOOO 
years, then further evaluate 
this pathway. 

• ER: characterization studies • 
fracture mapping of outcrops 
at TA-16. 

• Map fractures in cores that are 
collected from boreholes that 
are placed for other reasons. 

• Mapping of fractures during 
excavation ofMDA-P. 

• Fracture mapping of outcrops 
to identity fault zones 

• Detailed stratigraphic 
mapping where faults in 
critical zones (critical zone = 
areas with contaminant 
sources). 

• In-situ testing and monitoring 
in boreholes in faults in 
critical zones (air 
permeability) 



Aggregate 5: .~est Side Mesas (TA -8, -9, -14, -16) 

Decision 

Augult 27, 199f 

Questions 

Can we estimate recharge? 

Does significant vapor 
phase transport occur? 

Are fractures and faults 
important contaminant 
transport pathways for 
vapors? 

Is there a lateral 
component of liquid flow? 

• Is there visual 
evidence? 

Existing Data 

Limited data from Ponderosa Pine 
Pilot Study 

Limited data on soil moisture from 
MDA-P 

No significant vapor plumes have 
been identified and process 
knowledge does not suggest 
presence of significant VOCs. 

No significant vapor expected; will 
be reviewed based on ER findings. 

Presence of multiple springs from 
tuffat TA-16 and TA-9. 

Presence of episodic seeps at TA-
9. 

HE present in springs 

Interflow between soil horizons at 
Ponderosa Pine pilot study. 

New Data 

Steady-state moisture 
profile, hydrologic 
parameters. Water 
balance (in tull) and 
environmental tracers at 
TA-16 of tuff and deeper 
units. 

Identify PCOCs at site. 

Identify location of 
springs within 
Aggregate. 

Determine if 
anthropogenic 
contaminants (Appendix 
VIII, HE, fission 
products) are present and 
if naturally occurring 
constituents are above 
expected distribution 
(concentration guideline) 

Decision Rule for New Data Data Collection Design 

If estimates of recharge 
predict that water would 
move from near the surface 
of the mesa to the Regional 
Aquifer (or intervening 
groundwater bodies) within 
I 000 years, then further 
evaluate this pathway. 

If significant vapor plumes 
are detected, then further 
investigate. 

If anthropogenic 
contaminants and/or 
naturally-occurring 
contaminants above the 
concentration guideline are 
detected in springs/seeps, 
then conduct further 
investigations to establish 
source-spring/seep 
connection. 

• 

• 

Core samples from boreholes 
to measure steady-state 
moisture profile, hydrologic 
parameters, and 
environmental tracers 

Water balance of the mesa . 

• Geophysical studies in 
boreholes or on surface, if 
geophysics are effective. 

ER RFI field investigation. 

• ER TA-16 Work Plan has 10-
15 boreholes to investigate 
source areas, data collection to 
include hydraulic properties, 
in-situ water content, 
conductivity oflayers above 
and below seep/Spring zone, 
stratigraphy, porosity, 
chemical signature of 
seep/spring water 
temperature, discharge 
measurement, and tracer 
studies. 
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Aggregate 5: west Side Mesas (TA -8, -9, -14, -16) 

Decision 

Based on the cumulative 
data from Aggregate 5 
characterization and 
resulting refined conceptual 
model, are there indications 
of impacts from Laboratory 
activities that would impair 
beneficial use, and require 
further action? 

August 27, 1996 

Questions 

The hydraulic contrasts 
between adjacent 
stratigraphic layers 
sufficient to cause lateral 
direction of flow? 

What is the Regional 
Aquifer water quality? 

• What is the 
upgradient Regional 
Aquifer water quality? 

What concentration of 
contaminants would 
constitute impairment of 
beneficial use? 

Existing Data 

Soil zone potential 
Springs suggest potential in tuff 

Unknown. 

Water quality information from 
production wells and test wells. 

WQCC groundwater standards 

10 

New Data 

For springs with 
anUrropogenic 
contaminants establish 
source/spring 
cotmection. 

Hydraulic conductivity 
vs. water 
contenVpressure 
potential for each layer, 
moisture r;haracteristics 
for each layer and 
porosity for each layer 

Water quality in 
Regional Aquifer 
upgradient of Aggregate 
5. 

Background Regional 
Aquifer water quality 

Decision Rule for New Data Data Collection Design 

If the hydraulic contrasts 
between units is greater than 
2 orders of magnitude, then 
further evaluate this 
pathway. 

If the water quality of the 
upgradient limit of the 
aggregate is statistically 
different from the 
downgradient limit of the 
aggregate, then evaluate 
remedial options. 

• In source areas, collect core 
samples for testing and 
conduct in-situ tests for each 
layer below the tuff. 

Collect data from the four 200-ft. 
core holes and three Regional 
Aquifer wells 

Collect samples from: 
• Three Regional Aquifer wells 

• Upgradient water quality in 
alluvial system: 
- one alluvial well in Water 

Canyon at confluence with 
Canon del Valle 
- One alluvial well in Canon 
del Valle west of State Road 
502. 



Aggregate 5: West Side Mesas (TA -8, -9, -14, -16) 

Decision 

August 27, 199 

Questions 

Which areas show the 
highest levels of 
contamination (e.g., 
upward trends), requiring 
monitoring: 

Existing Data 

Based on ER investigations: 
• TA-16 and TA-9 
• Canon del Valle 

New Data 

Cotmection between near 
surface contamination 
and wtderlying 
grmmdwater bodies. 

Determine or predict fate 
and transport of 
contaminants through the 
grmmdwater system. 

Decision Rule for New Data Data Collection Design 

If contamination sources are • Water samples from the Type 
present and pathways from 3 well downgradient from 
those sources to groundwater MDA-P in TA-16 
would cause contamination 
of the groundwater above • Sample and analyze 
regulatory standards and/or springwater 
risk limits, then implement 
remedial actions and monitor • Monitoring the 50 ft. and 200 
the groWldwater quality to ft. wells in TA-16 
verify adequacy for beneficial 
use. 



Aggregate 6! .. dter, Portrillo, and Fence Canyons 

Decision 

Are there legacy and/or 
present sources of sufficient 
magnitude to cause 
contamination of 
groundwater? 

Are the alluvial sediments 
and uppennost subsurface 
water (USSW) from various 
present and legacy sources at 
contaminant concentrations 
([cont.])> regulatory limit or 
risk level? 

August 27, 1996 

Questions 

What are the contaminants 
that could have been 
released from sources? 

What are the 
concentrations of these 
contaminants in sediments 
and USSW? 

Are there occurrences of 
water in Water, Portrillo 
and Fence Canyon? 

Existing Data 

Legacy Sources: from 
Environmental Surveillance and 
archival data: 
HE, barium, berylliwn, VOCs, 
heavy metals 

Present Sources: 
• Existing firing site operations 
• NPDES outfalls 
• Stormwater outfalls 

Portrillo canyon sampling of 
sediments, stormwater, soil 
moisture, over 5000 samples 

Water Canyon has 3 alluvial wells 
that are dry 

Alluvial wells are present in Fence 
Canyon at State Route 4 and at the 
hydrologic sink 

Surface water is ephemeral; gaging 
stations on Water Canyon, and at 
State Route 4. 

Alluvial water has not been 
detected in any of the canyons, but 
may be present in segments of the 
canyons that do not have wells. 

New Data 

Stormwater quality data 

Concentration of 
contaminants in alluvial 
water 

Concentration of 
contaminants in 
sediments in Water and 
Fence Canyons 

Background alluvial 
water quality in the 
canyons 

Background in sediments 
in the canyons 

Presence of alluvial 
water in Portrillo and 
Water canyons 

Decision Rule for New Data 

If contaminants other than 
those currently identified are 
detected in the stormwater, 
then add those contaminants 
to the list ofPCOCs. 

If contaminants are present at 
concentrations exceeding 
SALs and background, then 
further investigate their 
presence in the groundwater 
pathway. 

If there is saturation in the 
alluvium, then determine 
which standards apply. 

Data Collection Design 

ER: btformation on Legacy 
Sources from ER work. 

ER/ESH-18: stormwater data from 
developed areas 

ER Program canyon work plan: 
• Sample sediment to establish 

background 

• Sample sediments in Fence 
and Water Canyons to 
measure concentrations of 
PCOCs 

• If alluvial water is present. it 
will be sampled and analyzed 
forPCOCs 

ER Program will place: 
• Two Type I alluvial wells in 

Portrillo Canyon 

• One Type I well in Water 
Canyon downstream of 
confluence with Canon del 
Valle 



Aggregate 6: water, Portrillo, and Fence Canyons 

Decision 

Is the intermediate perched 
groundwater underlying the 
alluvial sediments and 
USSW at (cont.)> regulatory 
limit or risk level? 

August27, 1991 

Questions Existing Data 

What are the regulatory WQCC Abatement regulations 
standards that apply to the 
alluvial water in Water, WQCC Surface Water Standards 
Portrillo, and Fence 
canyons? 

Is there an intermediate 
perched water body in 
Water, Portrillo, and Fence 
canyons? 

Does intermediate perched 
groundwater meet the 
definition of 
"groundwater"? 

No existing data; however, in 
Portrillo Canyon near the 
hydrologic sink there may be a 
perched zone; the volume of water 
in Water Canyon suggests a 
perched zone may be present. 

No existing data 

New Data 

IdentifY perched zones in 
Portrillo and Water 
canyons. 

No perch~d zones 
expected beneath Fence 
Canyon. 

Yield of perched water, 
if present 

Decision Rule for New Data Data Collection Design 

If perched groundwater zones 
are encountered between the 
base of the alluvium and the 
Regional Aquifer, then 
collect information to 
characterize the hydrologic 
characteristics of those zones. 

If the average yield of the 
intermediate perched zones is 
~50 gpd, then compare the 
water quality to WQCC 
groundwater standards and 
20 NMAC 4.1. 

ER: Wells to identifY perched 
intermediate zones are planned by 
ERProgram: 

• One Type 2 well near 
confluence of Water Canyon 
and Canon del Valle 

• One Type 2 well at the 
hydrologic sink near State 
Road 4 in Portrillo Canyon. 

DP: Wells to identifY perched 
water: 

• One Type 3 well in Water 
Canyon at State Route SOl 

• One Type 4 well near alluvial 
well WC0-1 in Water Canyon 

• One Type 2 well near 
confluence of Portrillo and 
Water canyons 

ER: Estimate penneability of 
intermediate zones in wells. 
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Aggregate 6: water, Portrillo, and Fence Canyons 

Decision 

Is the Regional Aquifer, as 
affected by the canyon 
systems, impacted by (cont.) 
!:_some regulatory standards? 

Are there sufficient source 
terms to cause contamination 
if moved along the pathways 
in I 000 years. 

August27,1996 

Questions 

What are tl1e PCOCs from 
alluvial sediments tl1at 
have been transported to 
the intermediate perched 
groundwater? 

What are the regulatory 
standards that apply to the 
intermediate perched water 
in Water, Portrillo and 
Fence canyons? 

Have PCOCs migrated 
from intermediate perched 
zones and/or alluvial 
sediments/USSW to the 
Regional Aquifer? 

What are the 
concentrations of PCOCs 
in the Regional Aquifer? 

Elisting Data 

In Portrillo Canyon, HE, barium, 
beryllium, uranium, heavy metals, 
have been detected 

Similar PCOCs would be expected 
in Water and Fence canyons 

No data to indicate presence of 
perched water. 

No existing data 

No existing data 

3 

New Data 

Concentration of 
contaminants in 
sediments of Water and 
Fence canyons 

Yield of perched zones, 
if present 

Regional Aquifer water 
quality 

Regional Aquifer water 
quality 

Definition of pathways 

Rates of contaminant 
transport 

Mass of contaminants 
available for transport 

Predicted contaminant 
concentrations in 
receiving media 

Decision Rule for New Data Data Collection Design 

If contaminants are detected 
in the perched intermediate 
zones, then further 
investigate this pathway. 

If the average yield of 
intermediate perched zone(s) 
is > 50 gpd, then water 
quality will be compared to 
WQCC groundwater 
standards and 20 NMAC 4.1. 

If PCOCs are detected in the 
Regional Aquifer, then 
evaluate remedial options for 
sources and along pathways. 

If the concentration of 
PCOCs in the Regional 
Aquifer exceeds standards 
tl1en evaluate further actions. 

If modeling predicts that 
contaminants will cause 
contamination of Regional 
Aquifer within 1000 years, 
then evaluate remedial 
options. 

ER: Water quality intermediate 
perched water in all wells. 

ER: Estimate yield from all wells. 

The five Regional Aquifer wells 
will be used to determine Regional 
Aquifer water quality 

ER: Water quality from the five 
Regional Aquifer wells. 

Geologic, hydrologic, and 
geochemical data from wells and 
other investigations as input to 
model. 



Aggregate 6; "ater, Portrillo, and Fence Canyons 

Decision 

What are the pathways for 
exposure to contaminants 
from alluvial sediments and 
USSW? 

August 27, 199f 

Questions 

Does significant recharge 
occur from near surface to 
wtderlying growtdwater 
bodies? 

Do we know the hydraulic 
properties of alluviwn? 

What are the retardation 
factors of the alluvial 
sediments? 

Are fractures and faults 
important contaminant 
transport pathways for 
liquids in the canyons? 

Existing Data 

Active surface water channels 

No existing data 

FRACTIJRES: 
Existing faults maps 

New Data 

Recharge from surface 
water to alluvial water 

Horizontal extent of 
saturation in the 
alluviwn 

Channel geometry 

Porosity, 
hydraulic gradient, 
hydraulic conductivity 

Kds for PCOCs 
Water Chemistry 

Investigation of role of 
faults and fractures 

Decision Rule for New Data 

If maximwn calculated value 
of infiltration is greater than 
I em/yr., then infiltration 
will be considered and 
investigated as a pathway. 

If the maximwn calculated 
value of hydraulic properties 
suggests fluid movement 
downward through the 
alluviwn occurs, then further 
evaluate this pathway. 

If site-specific minimwn 
retardation factors suggest 
that contaminants are not 
significantly retarded in the 
alluviwn over a period of 
1000 years, then further 
evaluate this pathway. 

If measured fault and fracture 
responses and models of fault 
and fracture flow predicts 
that recharge occurs through 
faults and fractures to 
Regional Aquifer bodies 
within I 000 years, further 
evaluate this pathway. 

Data Collection Design 

ER Program: Type 1 alluvial wells 
in Water, Fence and Portrillo 
canyons will be used to determine 
recharge 

ER Program: In-situ testing of 
alluvial wells 

ER: Core samples from alluvial 
wells 

ER: Water samples from alluvial 
wells 

ER: Water samples from alluvial 
wells 

To be determined by literature 
search, expert consultation, more 
specific data collection as 
described in ER Work Plan and 
Sampling Analysis Plan. 



Aggregate 6: water, Portrillo, and Fence Canyons 

Decision Questions Elisting Data 

Do we understand ground- No existing data. 
water movement from 
alluvial water to 
intermediate perched 
zones? 

Groundwater movement No existing data. 
from intermediate perched 
zone to Regional Aquifer? 

August 27, 1996 5 

New Data 

Core samples for 
hydraulic properties, 
geochemistry. 

Core samples for 
hydraulic properties, 
geochemi:;try. 

Decision Rule for New Data Data Collection Design 

If the combined hydraulic 
properties and geochemistry 
suggest that alluvial 
groundwater moves 
downward to intermediate 
perched zones then furtlter 
investigate this pathway. 

If the combined hydraulic 
properties and geochemistry 
suggest that water from 
perched zone moves 
downward to the Regional 
Aquifer, then furtlter 
evaluate this pathway. 

Proposed in ER Work Plan: 
alluvial and Regional Aquifer wells 
will have core samples for 
analyses. 

The five wells to the Regional 
Aquifer will have cored segments 
for testing. 



Aggregate 6: a A-6, -15, -36, and -37 Mesas 

Decision Questions 

Are the soils/tuff or What are the 
uppennost subsurface water contaminants? 
from various present and 
legacy sources at 
contaminant concentrations 
> some regulatory limit or 
risk level? 

August 27, 199t: 

What are concentrations? 

What are the 
concentrations of 
contaminants in the 
further? 

Are the occurrences of 
water at this site? 

What are the regulatory 
standards that apply? 

Existing Data 

Based on archival data: liE, 
depleted uranium, barium, 
beryllium, metals, solvents 

ER firing site soil sampling 

RCRA sampling around active 
firing sites 

Not completely defined. 

Some TA's are operational and 
may change future contaminant 
concentrations. 

Surface water associated with 
stonn events. 

In the unsaturated zone, the 
WQCC Abatement regulations and 
20NMAC4.1 

New Data 

Concentrations of 
contaminants 

Decision Rule for New Data Data Collection Design 

If the concentration of 
contaminants exceeds SALs 
and background, then further 
investigate their presence in 
the pathway. 

ER Program will investigate some 
tenns in the vadose zone. 



Aggregate 6: TA-6, -15, -36, and -37 Mesas 

Decision 

Is the Regional Aquifer or an 
underlying intennediate 
perched zone, as potentially 
affected by a present or 
legacy source, predicted to 
be impacted by contaminant 
concentrations > some 
regulatory standard or risk 
level using a conservative 
model? 

Based on cumulative data 
from Aggregate 6 
characterization, and 
resulting refmed conceptual 
model, are there indications 
of impacts from Laboratory 
activities that would impair 
beneficial use, and require 
action. 

August 27, 1996 

Questions 

What model will be used? 

What data are needed for 
the model? 

What is the Regional 
Aquifer water quality? 

• What is the 
upgradient Regional 
Aquifer water quality? 

What concentrations of 
contaminants would 
constitute impainnent of 
beneficial use? 

Which areas show the 
highest levels of 
contamination (e.g., 
upward trends), requiring 
monitoring? 

Existing Data 

A screening model such as 
RESRAD or MUL TIMED. 

Preliminary data is available from 
tl1e ER and RCRA investigation; 
the sources are not sufficient to 
cause contamination of underlying 
groundwater bodies. 

Water quality information from 
production wells and test wells 

Water quality information from 
production wells and test wells 

WQCC groundwater standards and 
20NMAC4.1 
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New Data 

Water quality in 
Regional Aquifer 
upgradient of Aggregate 

Water quality in 
Regional Aquifer from 
areas not effected by Lab 
activities 

Decision Rule for New Data Data Collection Design 

If the screening model, using 
conservative scenarios, 
suggests that underlying 
groundwater bodies would 
not be contaminated above a 
regulatory standard or risk 
limit by the identified 
present or legacy sources, 
then to not further evaluate 
patltways. 

If the water quality of the 
upgradient limit of the 
aggregate is statistically 
different from the 
downgradient limit oftl1e 
aggregate, then evaluate 
remedial options. 

Run the model(s) 

Collect hydrostatigraphic unit 
information, thickness of aquifer, 
and aquifer parameters in wells 
proposed for aggregate 
characterization and regional 
control. 



Aggregate 7: Mortandad and Ten Site Canyons 

Decision 

Are there legacy and/or 
present sources of sufficient 
magnitude to cause 
contamination of 
growtdwater? 

Are the alluvial sediments 
and uppermost subsurface 
water (USSW) from various 
present and legacy sources at 
contaminant concentrations 
([cont.))> regulatory limit or 
risk level? 

August 27, 199' 

Questions 

What are the contaminants 
that could have been 
released from sources? 

What are the 
concentrations of these 
contaminants in sediments 
and USSW? 

Are there occurrences of 
water in Mortandad and 
Ten Site canyons? 

What are the regulatory 
standards that apply to the 
alluvial water in 
Mortandad and Ten Site 
canyons? 

Existing Data New Data 

Legacy Sources: Stormwater quality data 
Mortandad: Nitrate, Pu, 90SR, 
NO), ii, 137Cs, WArn (in 
growtdwater now); 
Ten Site: SC, metals from sources, 
pAils, 238Pu, 2391240 Pu 

Preliminary estimates of volume 
are available 
Present Sources: NPDES outfalls, 
stormwater outfalls. 

Concentration of contaminants in 
alluvial water. 

Concentration of contaminants in 
sediments. 

Need backgrowtd water quality in 
similar canyon e.g., Los Alamos 
Canyon since Mortandad and Ten 
Site headwater in TA-3ffA-35 
respectively. 

Surface water gaging station 
Mortandad Canyon. 

Alluvial water (greater than 50 
gpd) present in Mortandad 
Canyon. 

Mortandad Canyon has 
"growtdwater" 

Surface water in Mortandad 
ephemeral water in Ten Site. 

Baseline sediments in 
upper headwater of 
canyons. 

Ten Site Canyon­
presence of alluvial 
water 

Water quality in Ten 
Site Canyon 

Yield of alluvial zone in 
both canyons 

Decision Rule for New Data Data Collection Design 

If contaminants other than • ER Legacy Sources: 
information from ER work those identified are detected 

in the stormwater, then add 
those contaminants to the list • 
of Potential Contaminants of 
Concern (PCOC) 

ERIESH-18 Present Sources: 
Stormwater data from 
developed areas 

If there is saturation in the 
alluvium, then determine 
which standards apply 

If the average yield from 
alluvium in both canyons ~ 
50 gpd then the water quality 
will be compared to WQCC 
growtdwater standards and 
20NMAC4.l 

ER will collect data during RFI 
investigations. 

ER will provide pre-Laboratory 
backgrowtd sediment data from 
canyon (e.g., Indio Canyon data 
because Indio Canyon drains 
entirely in the Bandelier Tuff as 
does Mortandad Canyon). 

Ten Site Canyon: (ER) Type I 
alluvial well to sample for water 
quality. 

ER placing One Type .I well in Ten 
Site Canyon to determine 
occurrence of growtdwater, yield, 
and water quality. 



Aggregate i ... ortandad and Ten Site Canyons 

Decision Questions E1isting Data New Data Decision Rule for New Data Data Collection Design 

Is the intennediate perched Is there an intennediate Unknown Identify whether If perched groundwater zones ER: Two Regional Aquifer wells 
groundwater underlying the perched water body in intennediate perched are encountered, then collect to identify perched intennediate 
alluvial sediments and Mortandad and Ten Site water exists. information to characterize zones are planned by ER Program: 
USSW at [cont.]> regulatory canyons? the hydrologic characteristics 
limit or risk level? of those zones. - Mortandad Canyon one Type 2 

well below Radioactive Liquid 
Wastewater Treatment Plant outfall 

- One Type 2 well immediately 
east of sediment traps. 

Does intermediate perched Unknown Collect iriformation on If the intermediate perched Wells to Regional Aquifer will 
groundwater meet the yield groundwater yields :::_50 gpd identify intermediate perched 
deftnition of then the water quality will be water. 
"groundwater"? compared to WQCC 

groundwater standards and If perched water is encountered 
20NMAC4.i estimate yield. 

What are the PCOCs from Unknown PCOC concentrations in If contaminants are detected Sample perched water if 
alluvial sediments that the intermediate perched in the perched intermediate encountered and analyze for 
have been transported to groundwater. zones, then further PCOCs. 
the intermediate perched investigate this pathway. 
groundwater? 

What are the regulatory WQCC Groundwater Standards 
standards that apply to the and 20 NMAC 4.1 
intermediate perched water 
in Los Alamos and Pueblo 
canyons? 

Is the Regional Aquifer, as Have PCOCs migrated Based on Test Well TW-8, 311 is in Conftrm presence of 3H If PCOCs are detected in the Sample Regional Aquifer water in 
affected by the canyon from intermediate perched the Regional Aquifer in Regional Aquifer. Regional Aquifer, then the two Type 2 wells and analyze 
systems, impacted by [cont.] zones and/or alluvial evaluate remedial options forPCOCs. 
:::_some regulatory standards? sediments!USSW to the Identify presence of along source and pathways 

Regional Aquifer? other contaminants in DP: Install one Type 3 well near 
the Regional Aquifer PM-5 water supply well toward 

Mortandad Canyon. 

August 27, 1996 2 



Aggregate 7: ... ortandad and Ten Site Canyons 

Decision 

Are there sufficient source 
tenns to cause contamination 
if moved along the pathways 
in I 000 years. 

What are the pathways for 
exposure to contaminants 
from alluvial sediments and 
USSW? 

August27, 199f 

Questions 

What are the 
concentrations of PCOCs 
in the Regional Aquifer? 

Does significant recharge 
occur from near surface to 
underlying groundwater 
bodies? 

Do we know the hydraulic 
properties of alluvium? 

Existing Data 

Contaminant concentrations are 
belowMCLs 

Contaminant distribution within 
underlying water bodies 

Slug test for K 

New Data 

Confinn concentrations 
ofPCOC. 

Definition of pathways 

Rates of contaminant 
transport 

Mass of contaminants 
available 'for transport 

Predicted contaminant 
concentrations in 
receiving media 

Recharge from surface 
water to alluvial water. 

Horizontal extent of 
saturation in the 
alluvium. 

Channel geometry. 

Porosity, hydraulic 
gradient, hydraulic 
conductivity. 

Decision Rule for New Data Data Collection Design 

If the concentration of 
PCOCs in the Regional 
Aquifer exceeds standards, 
then evaluate further actions. 

If modeling predicts that 
contaminants will cause 
contamination of the 
Regional Aquifer within 
1000 years, then evaluate 
remedial options. 

If the maximum calculated 
infiltration is greater than I 
em/yr., then infiltration will 
be considered and 
investigated as a pathway 

If the maximum calculated 
value of hydraulic properties 
suggests fluid movement 
downward through the 
alluvium occurs, then further 
evaluate this pathway 

Compare analytical results to 
standards. 

Geologic, hydrologic, and 
geochemical data from wells and 
other investigations as input to 
model. 

ER: Will use existing wells in the 
alluvium. 

ER Program: In-situ testing of 
existing wells and perfonn 
pumping tests on wells 



Aggregate 7: Mortandad and Ten Site Canyons 

Decision 

August 27, 1996 

Questions 

What are the retardation 
factors of the alluvial 
sediments? 

Are fractures and faults 
important contaminant 
transport pathways for 
liquids in the canyons? 

Do we understand ground­
water movement from 
alluvial water to 
intermediate perched 
zones? 

Groundwater movement 
from intermediate perched 
zone to Regional Aquifer? 

Existing Data 

Existing fault maps 

Limited cores from MCM Series 
measured: moisture characteristic 
curves, porosity and bulk density, 
hydraulic conductivity on upper 
Bandelier Tuff 
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New Data 

Kds for 90Sr, 137 Cs, U, 
Pu, Am, Np; water 
chemistry. 

htvestigation of role of 
faults and fractures 

Core samples for 
hydraulic properties, 
geochemistry for lower 
Bandelier Tuff, Guaje, 
and lower units 

Core samples for 
hydraulic properties, 
geochemistry 

Decision Rule for New Data Data Collection Design 

If the site-specific minimum Water samples from alluvial wells 
retardation factors suggest 
that contaminants are not 
significantly retarded in the 
alluvium over a period of 
1000 yrs., then further 
evaluate this pathway. 

If measured fault and fracture 
responses and models of fault 
and fracture flow predicts 
that recharge occurs through 
faults and fractures to 
Regional Aquifer bodies 
within 1000 years, further 
evaluate this pathway. 

If the combined hydraulic 
properties and geochemistry 
suggest that alluvial 
groundwater moves 
downward to intermediate 
perches zones, then further 
investigate this pathway 

If the combined hydraulic 
properties and geochemistry 
suggest that water from 
perched zones moves 
downward to the Regional 
Aquifer, then further elevate 
this pathway 

To be determined by literature 
search, expert consultation, more 
specific data collection as 
described in ER Work Plan and 
Sampling Analysis Plan. 

Will perform core tests and in-situ 
tests from intermediate zones in 
ER wells. 

ER: The 2 wells to Regional 
Aquifer. 



Aggregate 7: 1 A-50, -35 & -55 MDA-C Mesas 

Decision 

Are the soils/tuff or 
uppennost subsurface water 
from various present and 
legacy sources at 
contaminant concentrations 
> some regulatory limit or 
risk level? 

Aupd 27, 199f 

Questions 

What are the 
contaminants? 

What are concentrations? 

What are the 
concentrations of 
contaminants in the 
further? 

Are the occurrences of 
water at this site? 

What are the regulatory 
standards that apply? 

Existing Data 

Mesa Areas: radionuclides 
including: 241 Am, 311, 239 Pu, 238 Pu, 
heavy metals, organic (existing 
data on inventory) 

Angle drilling beneath MDA-C 

Limited infonnation on non­
radioactive contaminants. 

Phase I investigation at TA-35. 

Don't know of any other sites. 

Surface stonnwater during stonn 
events. 

In the unsaturated zone the WQCC 
Abatement regulations and 20 
NMAC 4.1 may apply 

New Data 

ER investigation to 
detennine if hazardous 
components are also 
present 

Core samples and/or 
trenching 

Analyses of cored 
collected from sources 

No data needs 

Need stonnwater data 
forMDA-C 

Decision Rule for New Data 

If the contaminants other 
than those currently 
identified are detected as a 
result of ER or other 
investigations, then add those 
to the list of PCOCs. 

If contaminants are detected 
above Screening Action 
Levels (SALs) and 
background, then further 
investigate their presence in 
the groundwater pathway. 

If contaminants other than 
those currently identified are 
detected in stonnwater on the 
mesa top, then add those 
constituents to the list of 
PCOCs. 

Data Collection Design 

ER: Drilling around sites to 
investigate source terms in the 
vadose zone. 

ER: Planned ER work to 
investigate sources. 

ERIESH-18: Collect samples of 
stonnwater from points on the 
mesas where stonnwater collects; 
analyze samples. 



Aggregate 7: t A-50, -35 & -55 MDA-C Mesas 

Decision Questions 

Is the Regional Aquifer or an What model will be used? 
wtderlying intermediate 
perched zone, as potentially 
affected by a present or 
legacy source, predicted to 
be impacted by contaminant 
concentrations > some 
regulatory standard or risk 
level using a conservative 
model? 

What are the pathways for 
exposure to contaminants 
from soils/tufT and water in 
the uppermost subsurface 
waters? 

August 27, 1996 

What data are needed for 
the model? 

Does significant 
infiltration occur into the 
mesa? 

What is the recharge? 
(growtdwater movement 
further downward from the 
site) 

Elisting Data 

A screening model such as 
RESRAD or MULTIMED. 

Preliminary data is available from 
the literature, archival information 
and ER Data. 

Limited. 
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New Data Decision Rule for New Data Data Collection Design 

If the screening model, using Rwt the model(s) 
conservative scenarios, 
suggest that underlying 
growtdwater bodies would 
not be contaminated above a 
regulatory standard or risk 
limit by the identified 
present or legacy sources, 
then do not further evaluate 
pathways. 

Magnitude of infiltration If maximum calculated 
infiltration is greater than I 
em/yr., then further evaluate 
this pathway. 

• ER water balance 
measurements to distinguish 
run-ofT from infiltration in 
TA-50, TA-35 and MDA-C. 



Aggregate 7: , A-50, -35 & -55 MDA-C Mesas 

Decision 

August 27, 1991' 

Questions 

Are the hydrological and 
chemical properties of the 
underlying geological 
strata known? 

Are fractures and faults 
important contaminant 
transport pathways for 
liquids? 

Existing Data 

Limited cores of Bandelier TufT for 
geological and hydrological 
properties TA-SO, TA-3S, MDA-C 

FRACllJRES: 
Data and modeling for MDA-G 

Evidence of water in fractures is 
the presence of soils w/clays, iron 
oxide, and calcium carbonate in 
some fractures 

Fracture mapping of trenching and 
outcrops at TA-SS and 
experimental data. 

New Data 

Chemical data on 
Bandelier; moisture 
characteristic, 
conductivity, in-situ 
water content and 
pressure potential, 
porosity, bulk density, 
particle density, 
hydrodynamic 
dispersion, retardation 
coefficient, pH, CEC, 
water chemistry, fraction 
of organic carbon, liquid 
and gas diffusion 
coefficient, stratigraphy, 
lithology, mineralogy, 
isotopes, trace element 
chemistry. 

Geological, chemical and 
hydrologic parameters of 
underlying units 

Response of fractures: 
fracture density, 
apertures, filling 
characteristics both 
chemical and 
hydrological, length and 
connection. 

Decision Rule for New Data Data Collection Design 

If the combined geologic, 
chemical, and hydrologic 
properties of the units below 
the mesa suggest recharge to 
underlying groundwater 
bodies occurs wiU1in I 000 
years, further evaluate this 
pathway. 

Core from boreholes and in-situ 
testing of non-recovery zones in 
boreholes (Cerro Toledo, Puye) in 
TA-SO, TA-35, and MDA-C. 



Aggregate 7: • A-50, -35 & -55 MDA-C Mesas 

Decision Questions 

August 27, 1996 

Existing Data 

Cores beneath TA-50, TA-35, TA-
50 pipeline, and MDA-C 
measurements and moisture 
measurements to a depth - I 00 11. 

FAULTS: 
Existing fault maps 
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New Data 

Model of fracture flow of 
both liquid and gas 
including fracture matrix 
interactions. 

FAULTS: 
Identify faults by 
comparing fracture 
density and surface 
mapping. 

Detailed mapping to 
identify offsets in 
stratigraphic units (e.g., 
surge beds) 

Hydrologic 
characteristics of fault 
zones 

Decision Rule for New Data Data Collection Design 

If measured fracture 
responses and models of 
fracture flow predicts that 
recharge occurs through 
fractures to underlying 
groundwater bodies within 
1000 years, further evaluate 
tltis pathway. 

If faults in critical zones are 
identified and testing and/or 
modeling of those fault zones 
predict recharge to 
underlying groundwater 
bodies occurs within I 000 
years, then further evaluate 
this pathway. 

Fracture mapping of outcrops at 
TA-50, TA-55, TA-35, and MDA­
C 

Map fractures in cores that are 
collected from boreholes that are 
placed for other reasons. 

ER: Characterization Studies 

Fracture mapping of outcrops to 
identify fault zones. 

Detailed stratigraphic mapping 
where faults in critical zones 
(critical zone= areas with 
contaminant sources). 

In-situ testing and monitoring in 
boreholes in faults in critical zones 
(air permeability if possible) 



Aggregate 7: • A-50, -35 & -55 MDA-C Mesas 

Decision 

August 27, 199,.. 

Questions Existing Data 

Can we estimate recharge? Area G testing including steady­
state moisture profile and 
hydrologic parameters; water 
balance 

Does significant vapor 
phase transport occur? 

Core and downhole sampling from 
T A-73 landfill detected methane 
and VOCs. 

New Data 

Steady-state moisture 
profile, hydrologic 
parameters, water 
balance (tufT and deeper 
units); environmental 
tracers (in tufT) at TA-
50, TA-55, TA-35 and 
MDA-C 

Vapor diffusion 
coefficients, liquid-vapor 
partitioning relationships 
and constant; retardation 
of vapor phase, 
transformation of 
contaminants, 
stratigraphy, lithology, 
mineralogy, vapor 
density vs concentration 
relationship, temperature 
distribution, fraction of 
organic carbon, 
barometric pressure, air 
permeability versus 
water content for each 
geologic unit, porosity, 
in-situ water content 
and/or pressure head 

Decision Rule for New Data Data Collection Design 

If estimates of recharge 
predict that water would 
move from near the surface 
of the mesa to the Regional 
Aquifer (or intervening 
groundwater body) within 
I 000 years, then further 
evaluate this pathway. 

For sources with significant 
vapor -producing 
contaminants, if the vapor 
diffusion characteristics 
underlying that source 
suggest that vapor phase 
transport has or could occur 
within 1000 years then 
further evaluate this pathway 
using RESRAD. 

ER: Characterization studies: 
Core samples from boreholes to 
measure steady-state moisture 
profile and hydrologic parameters 
and environmental tracers. 

• Water balance measurements 
in tufT. 

• Drainage study in outcrops of 
non-recovery zones (Puye and 
Cerro Toledo) 

ER: Characterization Studies in 
areas where there is vapor 
generation (TA-73landlill and 
MDA-C and TA-50): collect core 
samples for analysis and in-situ 
testing of borehole. 



Aggregate 7: 1 A-50, -35 & -55 MDA-C Mesas 

Decision Questions EJisting Data New Data Decision Rule for New Data Data Collection Design 

Are fractures and faults T A-54 studies of vapor movement Same as faults and For sources with significant Same as faults and fractures for 
important contaminant fractures for liquid vapor -producing liquid 
transport paU1ways for T A-73 studies of vapor movement contaminants, if 
vapors? measurements and modeling 

Fracture mapping of TA-2 I and suggest that fractures and 
Pueblo Canyon faults contribute to vapor 

phase transport, then further 
TA-50 MDA-C studies of vapor evaluate this pathway. 
movement 

Is U1ere a lateral 
component of liquid flow? 

• Is U1ere visual No visual evidence Perform recon of If anthropogenic Analyze existing data and/or 
evidence? canyons for presence of contaminants and/or sample springs and other 

springs naturally-occurring groundwater discharge areas to 
contaminants above the establish concentration guideline 

If springs are present, concentration guidelines are for naturally-occurring constituents 
determine if detected in springs/seeps, 
anthropogenic conduct further investigations For springs with anthropogenic 
contaminants (Appendix to establish source- contaminants or above 
VID, HE, fission spring/seep connection. concentration guideline for 
products) are present and naturally-occurring constituents: 
if naturally occurring delineate seep/spring source areas, 
constituents are above hydraulic properties, in-situ water 
expected distribution content, conductivity of layers 
(concentration guideline) above and below see/spring zone, 

stratigraphy, porosity, chemical 
signature of see/spring water 
temperature, electrical 
conductivity, discharg~ 
measurement, tracer studies 

Are hydraulic contrasts In tuff have: hydraulic In deeper layers: If the hydraulic contrasts In source areas, collect core 
between adjacent conductivity vs water hydraulic conductivity vs between units deeper than samples for testing and complete 
stratigraphic layers content/pressure potential for each water content/pressure the tuff is greater than 2 in-situ tests for each layer below 
sufficient to cause lateral layer, and porosity for each layer. potential for each layer, orders of magnitude then the tuff. 
direction of flow? moisture characteristics further evaluate this 

for each layer and pathway. 
porosity for each layer 

August 27, 1996 10 



Aggregate 7: fA-50, -35 & -55 MDA-C Mesas 

Decision 

Based on the cumulative 
data from Aggregate 7 
characterization and 
resulting refmed conceptual 
model, are there indications 
of impacts from Laboratory 
activities that would impair 
beneficial use, and require 
further action? 

August 27, 199' 

Questions 

What is the Regional 
Aquifer water quality? 

• What is the 
upgradient Regional 
Aquifer water quality? 

What concentration of 
contaminants would 
constitute impairment of 
beneficial use? 

Which areas show the 
highest levels of 
contamination (e.g., 
upward trends), requiring 
monitoring: 

Existing Data 

Water quality information from 
production wells and test wells; 
because regional flow direction is 
unknown, whether this is 
upgradient is tmknown 

Water quality information from 
production wells and Test Wells, 
not zone-specific 

WQCC groundwater standards and 
20NMAC4.1 

Based on ESH-18 investigation: 
Mortandad Canyon 

New Data 

Water quality in 
upgradient direction( s) 

Flow direction in 
Regional Aquifer 

Water quality from areas 
that have not been 
impacted by Laboratory 
activities 

Zone-specific water 
quality 

Connection between 
near- surface 
contamination and 
underlying groundwater 
bodies 

Fate-and transport of 
contaminants through the 
groundwater system 

Decision Rule for New Data 

If the quality of the water 
with respect to contaminants 
from Laboratory operations is 
statistically different up­
gradient than down-gradient, 
then evaluate remedial 
options 

If contaminants sources are 
present and pathways from 
those sources to ground water 
would cause contamination 
of the groundwater above 
regulatory standards and/or 
risk limits, then implement 
remedial actions and monitor 
the groundwater quality to 
verify adequacy for beneficial 
use. 

Data Collection Design 

In Mortandad Canyon, three 
Regional Aquifer wells: 

• Type 3 well near PM-S water 
supply well toward Mortandad 
Canyon(DP) 

• Type 2 well below 
Radioactive Liquid Waste 
Water T reabnent Plant outfall 
(ER) 

• Type 2 well east (ER) of 
sediment traps 

Characterize the water quality and 
pumping effects of PM-4 and PM-S 
using the DP Type 3 well located 
near PM-S. 

Data collected in Aggregate 7 
characterization. 



\ 
Aggregate 8: uuaJe, Bayo, Barrancos, and Rendija Canyons 

Decision 

Are there legacy and /or 
present sources of 
sufficient magnitude to 
cause contamination of 
groundwater? 

Are the alluvial sediments 
and uppermost subsurface 
water (USSW) from 
various present and 
legacy sources at 
contaminant 
concentrations ([cont.))> 
regulatory limit or risk 
level1 

August 27, 1996 

Questions 

What are the 
contaminants that could 
have been released from 
sources? 

What are the 
concentrations of these 
contaminants in 
sediments and USSW7 

Are there occurrences of 
water in Bayo, Guaje, 
Barrancas, and Rendija 
Canyons? 

Eiisting Data 

Legacy Sources: In Bayo 
Canyon DU and Pb. 
Preliminary estimates of 
volume may be obtained 
through ERIRFI. 

Bayo Canyon in the former T A­
I 0 area has been remediated 
under Formerly Used Sites 
Remedial Action Program 
(FUSRAP). 

Present Sources: Some data on 
stormwater runoff is available. 

Background water quality in 
Guaje Canyon 

Background in sediments in 
Guaje Canyon 

New Data 

Stormwater quality 
data 

Concentration of 
contaminants in 
sediments. 

Surface water is present due to Runoff data for 
precipitation runoff. Bayo Canyon 

No alluvial water present in 
Bayo Canyon near TA-10 based 
on ER investigations. 

Decision Rule for New Data Data Collection Design 

If contaminants other than 
those currently identified are 
detected in the stormwater, 
then add those contaminants 
to the list of PCOCs. 

If contaminants are detected 
above SALs and background, 
then further investigate their 
presence in the groundwater 
pathway. 

If there is saturation in the 
alluvium, then determine 
which standards apply. 

• 

• 

Legacy Sources: FUSRAP 
reports, and information 
for ER work 

Present Sources: 
Stormwater data from 
developed areas 

ER plans to collect sediment 
samples. 

• l Type I alluvial well will 
be installed by ER at the 
confluence of Guaje and 
Los Alamos canyons 
(Aggregate 1). 

• Stormwater monitoring in 
Bayo Canyon by ER/ESH-
18 



Aggregate 8: llwtJC, Bayo, Barrancas, and Rcndija Canyons 

Decision 

Is the intennediate 
perched groundwater 
underlying the alluvial 
sediments and USSW at 
[cont.]> regulatory limit 
or risk level? 

August 27, 199( 

Questions 

What are the regulatory 
standards that apply to 
the USSW in the 
Canyons? 

Is there an intennediate 
perched water body in 
Bayo, Guaje, Rendija 
and Barrancas canyons? 

Does intermediate 
perched groundwater 
meet the definition of 
"groundwater"? 

What are the PCOCs 
from alluvial sediments 
that have been 
transported to the 
intermediate perched 
groundwater? 

What are the regulatory 
standards that apply to 
the intennediate perched 
water? 

Existing Data 

WQCC Surface Water 
Standards, WQCC Abatement 
Regs. and 20 NMAC 4.1 may 
apply. 

Unknown 

Unknown, but not expected to. 

lntennediate perched 
groundwater not expected to be 
present. 

WQCC Abatement regulations 
and 20 NMAC 4.1. 

New Data 

Results of sediment 
surveys will 
detennine the need 
to investigate the 
perched. 
intermediate 
groundwater zone 

Decision Rule for New Data Data Collection Design 

If the contaminants are 
present in sediments above 
SALs, then conduct further 
investigations to detennine 
the presence and quality of 
intennediate perched aquifer. 

ER work plan describes 
sediment sampling. 



Aggregate 8: GuaJe, Bayo, Barrancas, and Rendija Canyons 

Decision 

Is the Regional Aquifer, 
as affected by the Canyon 
systems, impacted by 
(cont.] ~some regulatory 
standards? 

Are there sufficient source 
terms to cause 
contamination if moved 
along the pathways in 
1000 years? 

August 27, 1996 

Questions 

Have PCOCs migrated 
from intermediate 
perched zones and/or 
alluvial 
sediments/USSW to the 
Regional Aquifer? 

What are the 
concentrations of 
PCOCs in the Regional 
Aquifer? 

Based on previous 
remedial action, 
sufficient source terms 
are not present. 

Existing Data 

Previous remediation efforts 
removed most source materials 

Previous remediation efforts 
removed most source materials. 
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New Data 

Presence of mobile 
contaminants in 
sediments. 

Decision Rule for New Data 

If PCOCs are detected in 
sediments above SALs and 
background, then further 
evaluate their presence in 
this pathway. 

Data Collection Design 

ER RFI work plan proposed 
sediment sampling 



Aggregate 9: 1\.egional Aquifer Control- Water Supply and Operational Contamination 

Decision 

Is groundwater of 
adequate quantity and 
quality available for 
long-term withdrawal 
to supply Laboratory 
operations and Los 
Alamos County within 
the historical water 
supply system 
operations area? 

August 27, 1996 

Questions 

How much water is 
available from beneath 
the Laboratory and 
Los Alamos County? 

Existing Data 

Geometry of Aguifer -
Regional Aquifer is 
bounded on west by 
Jemez Mountains, on the 
east there is some 
discharge to the Rio 
Grande; from existing 
water production wells, 
some hydrologic 
properties in the portion 
of the Regional Aquifer 
penetrated by the wells; 
geophysical work has 
indicated the depth of 
sediments; composite 
hydraulic head from 
existing water production 
wells and hydraulic head 
of top of Regional 
Aquifer from test wells. 

New Data Decision Rule for New Data Data Collection Design 

If the withdrawal scenarios 
from modeling the Lower 
Espanola Basin suggest that 
demand by the Laboratory and 
Los Alamos County will 
exceed supply of adequate 
quality water, then the 
Laboratory's Master Plan will 
be revised to include water 
management options. 

Geometry of Aguifer - Same as above. 
• Along western 

boundary determine 
vertical gradient; 
hydraulic head; 
seasonal water level 
response. 

• Along northern 
boundary refine 
hydrostratigraphic 
units, hydraulic 
head, gradient; 
identify Chaquehui 
formation in the 
area west of existing 
well field. 

• Western Boundary: 3 DP wells 
along western boundary of 
Laboratory 

- One Type 2 well west ofTA-16 
(Aggregate 5) 

- One Type 3 well up above skating 
rink in Los Alamos Canyon, 
replacing H-19 (Aggregate 1) 

- One Type 3 well in Water Canyon 
at State Route 501 (Aggregate 6) 

/ 



Aggregate 9\. .gional Aquifer Control - Water Supply and Operational Contamination 

Decision Questions 

August 27, 1996 

E1.isting Data 

Geometry of Aguifer 
(contl 
USGS data on eastern 
boundary or Regional 
Aquifer 

Buckman water 
production field provides 
data on Eastern boundary 

EES drilling and 
geothermal exploration by 
UNOCAL are available 
for Jemez Mountains 
(Valle Grande) on 
western boundary. Have 
currently penetrated 
approximately one-half of 
Regional Aquifer 

Northern boundary 
characteristics known 
from Guaje well field 

New Data 

• Along southern 
boundary-
hydrostratigraphic 
units, thickness of 
aquifer, aquifer 
parameters. 

• Along eastern 
boundary gradient 
within the Regional 
Aquifer, 
hydrostratigraphic 
units, hydraulic 
head, vertical 
gradients. 

• Top of Aquifer, the 
potentiometric 
surface 

Geometry of Aguifer 
(contl 

Bottom of Aquifer, the 
water quality deep 
within the Regional 
Aquifer and the thick­
ness of Chaquehui. 
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Decision Rule for New Data Data Collection Design 

Same as above. 

Same as above 

• Northern Boundary: 2 DP wells 
along northern boundary 

- One Type 2 well north of Test 
Well4 (Aggregate l) 

- One Type 4 well North of 
Barrancas Mesa or Rendija 
Canyon near Sportsman Club; if 
this well encounters the Chaquehui 
formation continue drilling until 
the bottom of the Chaquehui is 
reached. 

Geophysics to identify extent of 
Chaquehui 

• Southern Boundary: 
Geophysics to identify extent of 
Chaquehui 

3 Regional Aquifer wells: 

- One Type 2 well at T A-49 
(Aggregate 3) 

- One Type 2 well in north branch 
of Ancho Canyon (Aggregate 4) 

- One Type 3 well near Ancho 
Spring (Aggregate 4) 



Aggregate 9: Kegional Aquifer Control - Water Supply and Operational Contamination 

Decision Questions Existing Data New Data 

August 27, 19' 

Decision Rule for New Data Data Collection Design 

Same as above • Eastern Boundal)': 3 DP wells 
to define discharge, 
potentiometric surface vertical 
gradients, head, etc. 

- One Type 2 well at confluence 
located at Portrillo Canyon and 
Water Canyon (Aggregate 6) 

- One Type 3 well located near 
Ancho Spring (Aggregate 4) 

- One Type 3 well in White Rock, 
south of Caftada del Buey 

• Top of Aquifer 
- Measure water level in all wells 

installed at Laboratory in the 
Regional Aquifer 

• Bottom of Aquifer 
- As pumps are removed from 

existing water production wells for 
maintenance, conduct water 
chemistry sampling in selected 
deep zones 

- Sample and analyze water 
chemistry from all wells drilled to 
the Regional Aquifer 



Aggregate 9~ •. ~Jional Aquifer Control - Water Supply and Operational Contamination 

Decision Questions 

August 27, 1996 

Existing Data 

Identify the Producing 
Zones 
- Geologic logs from 

water supply wells 

- 2 spinner logs, one 
from Los Alamos well 
field and one from 
Guaje well field; these 
suggest vertical 
variability of water in 
flow to the wells 

New Data 

Identify the Producing 
Zones 
• Hydraulic 

conductivity from 
individual water 
producing zones. 

• Additional spinner 
logs from the 
Chaquehui 
Formation 

• Piezometic head 
- Borehole geophysical from the individual 

logs in water water production 
production wells and zones. 
Test Wells I and 49 

- Definition of the 
Chaquehui Formation 
as a producing zone 
based on geologic and 
geophysical logs and 
major water chemistry 

- Other producing zones 
(i.e., Puye and 
Tschicoma) have been 
identified based on 
specific capacity 
pumping tests in 
production wells 

• Geometry of high 
permeability zones 
in the upper Santa 
Fe Group and Puye 
Formation 

4 

Decision Rule for New Data Data Collection Design 

Same as above This data will be obtained from the 
wells proposed for defining the 
geometry of the aquifer 



Aggregate 9: Kegional Aquifer Control- Water Supply and Operational Contamination 

Decision Questions 

August 27, l99f 

Existing Data 

Collect Aquifer 
Parameters 
- Composite hydraulic 

conductivities for tong­
well-screened 
production 

- Transmisivity data 
from production and 
test wells 

Determine Hydraulic 
Head in Water Producing 
Zones 
- Non-pumping water 

levels in production 
wells based on 
composite averages 

New Data 

Collect Aquifer 
Parameters 
• Storage coefficient 

and distribution of 
storage coefficient 
across the plateau 

• Grain size 
distribution 

• Porosity 

Determine Hydraulic 
Head in Water 
Producing Zones 
- Hydraulic head data 

with better spatial 
coverage laterally 
across the Laboratory, 
and also specific to 
individual producing 
zones. 

Decision Rule for New Data Data Collection Design 

Same as above Same as above 

Same as above Same as above 



Aggregate 9; ._.;gional Aquifer Control - Water Supply and Operational Contamination 

Decision Questions 

August 27, 1996 

Existing Data 

Determine recharge, 
boundary conditions. 
sources and sinks 
- Some information on 

mesa top infiltration. 

- Stream gage 
information on up­
gradient and down­
gradient sites on major 
Laboratory canyons. 

- Records of Laboratory 
pumpage 

- Access to pumpage 
records from major 
regional water users 
e.g., City of Santa Fe 

- Well drawdowns from 
production wells 

New Data Decision Rule for New Data Data Collection Design 

Determine recharge, 
boundary conditions, 
sources and sinks 
• Hydraulic property 

and gradient 
information from 
the northwest 
portion of the 
Laboratory and the 
western portion of 
the Laboratory 

• Hydraulic properties Same as above 
and gradients along 
the eastern and 
south boundaries of 
the Laboratory 

• Seepage loss Same as above 
measurements from 
Otowi Bridge to 
Frijoles Creek 
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• In-situ testing and textural 
analysis of aquifer materials 

• Aquifer performance tests; 
borehole geophysics 

• Surface geophysics 

• In-situ tests e.g., drill stem tests 

• Textural analysis of aquifer 
materials 

• Seepage run on the Rio Grande 
- Seepage Runs 
- Infiltration studies 
- Evapotranspiration Studies 
- Seepage run on the Rio Grande 



Aggregate 9: .Kegional Aquifer Control- Water Supply and Operational Contamination 

Decision 

August 27, 199' 

Questions 

How good is the 
quality of available 
water: 

Existing Data 

Determine Water Balance 
- Existing data on well 

pumpage 

-Some 
evaportranspiration 
data 

- Limited seepage loss 
information 
(Mortandad, Los 
Alamos, Pueblo 
Canyons) 

- Diversion of surface 
flows for irrigation 

- Precipitation data 

• The water quality 
standards are: 

- NM drinking water 
regulations 

- WQCC groundwater 
standards 

-DOE DCG for 
radioactive constituents 

New Data 

! >ctermine Water 
Ualance 
• Seepage loss 

information in all 
watersheds via 
measurement or 
calculation 

• Evapotranspiration 
data 

• GW inflow from the 
north and west 
(same information 
as above under 
recharge) 

• Seepage loss 
measurements from 
Otowi Bridge to 
Frijoles Creek 

Decision Rule for New Data Data Collection Design 

Same as above 

Same as above 

If the withdrawal scenarios 
from modeling the lower 
Espanola basin suggests that 
demand by the Laboratory and 
Los Alamos County will 
exceed supply of adequate 
quality water, then the 
Laboratory's Master Plan will 
be revised to include water 
management options. 



Aggregate 9: ncgional Aquifer Control - Water Supply and Operational Contamination 

Decision Questions 

August 27, 1996 

Existing Data 

• Horizontal water 
quality distribution 

- Samples from water 
production wells, test 
wells, and springs; 
geographic area limited 

New Data 

• Horizontal water 
quality distribution 

- Western 1/3 of Lab 

- Eastern 1/3 of Lab 

• Vertical water quality • 
distribution 

Vertical water 
quality distribution 

- LA-6 and PM-3 have 6 
different zones that 
were samples over the 
length of the well 
screen 

- Depth-specific water­
quality profiles in 
identified water 
producing zones 

- Water quality from 
below the current 
water production 
horizon 

- Review water quality 
trends from current data 
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Decision Rule for New Data Data Collection Design 

Same as above • 

• 

• 

Regional boundary wells and 
wells within Aggregates will be 
used to collect samples, filter 
and analyze for water quality 

As water production well pumps 
are removed for maintenance, 
collect samples in isolated water 
producing zones. 

Collect samples and data from 
multiple completion wells. 

• Sample regional boundary 
multiple-completion wells from 
water-producing zones 

• Drill and install 2 DP wells to 
approximately I 000 ft. below 
the current water production 
horizon (in Chaquehui 
Formation): 
- Type 3, Pajarito Canyon area 
(Aggregate 2) 

- Type 4, Pueblo Canyon, 
Rendija Canyon near 
Sportsmen's Club (Aggregate 1) 

Review current water quality data for 
trends 



Aggregate 9: K.egional Aquifer Control -Water Supply and Operational Contamination 

Decision Questions Existing Data New Data Decision Rule for New Data Data Collection Design 

How much water is Utility department • Projections of Los Same as above • Interview County government 
needed? records of well Alamos County water representatives about County 

pumpage (total for Lab use projections 
and County) 

• Forecasts of water use 
for Laboratory projects 
in the SWEIS 

• County master plan 

• Existing water rights 

How does water • USGS model of • Improvement in Same as above • Interview USGS authors 
withdrawal impact the Espanola Basin using accuracy that would regarding existing model 
hydraulics and quality MODFLOW Code~ but come from revising 
of the aquifer system? the layers are based on USGS model to • Form a modeling Committee to 

equal depth, not on hydrostratigraphic evaluate the existing model and 
hydrostratigraphic layers. layers compare to other available codes 
( Could be refined to use 
hydrostratigraphic units.) 

• Scenarios for model • Prediction scenarios Same as above • Interview USGS and Santa Fe 
simulations have been for model City representative for 
based on: simulations would Projections of Santa Fe pumping 

add: 
- Historical pumpage • Data collected from regional 

- Effect of pumping in boundary wells and within 
- Patterns of pumpage Buckman Field and Aggregates will be used to refine 

other users in the physical parameters 
Espanola Basis 

August 27, 199 



Aggregate 9: .K.egional Aquifer Control - Water Supply and Operational Contamination 

Decision Questions 

August 27, 1996 

Existing Data 

Assumed demand for 
water (range of pumping 
conditions) 

New Data Decision Rule for New Data Data Collection Design 

- Refine physical Same as above • Use ER data maintained in the 
FIMAD to build 3-dimensional 
pictures of geologic and 
hydrologic parameters 

parameters that the 
model is based on 
wells installed for ER 
and other programs 

- Sensitivity analysis to 
identifY most sensitive 
physical parameters 

- Calibration and 
validation of model 
simulations 

10 

. I " , 
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Criteria for Scheduling Well Installation 
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CRITERIA FOR SCHEDULING WELL INSTALLATION 

(No. of Points) Explanation of Criteria 

(5) Reduce Hydrologic Setting Uncertainty 

This criterion evaluates how much knowledge about the hydrologic setting will be gained with the 
installation of a particular well. Factors that are considered include how much is already known about 
the area from previous wells, the potential to encountered an intermediate perched zone(s), and proximity 
to ambiguous features such as the apparent high groundwater level in Test Well 1. 

(4) Reduce Stratigraphic and Structural Uncertainty 

Points assigned are based on a consideration of how much additional knowledge of the stratigraphy and 
structure of the area will be gained with the installation of a particular well. Factors used in making this 
assessment are how much is already known about the area from wells, boreholes, mapping, and other 
methods. and the potential presence of stratigraphic or structural features that may control the presence 
and flow of groundwater, such as faults or interfingered basalts. 

(4) Contaminant Detection for Water Supply System 

This criterion is based on placement of the well between contaminant sources and a water supply well in 
order to provide detection of approaching contaminants. The primary factor that is considered is location 
of the well with respect to both a water supply well and the anticipated movement of contaminants from 
sources. 

( 4) Assessment of Nature and Extent of Potential Contamination in Groundwater 

This criterion reflects whether a well is placed to encounter suspected contamination. Although the 
water encountered by all of the wells will be analyzed and will add to the knowledge of contaminant 
distribution, some wells will be located with the primary purpose of detecting contamination. Other 
wells have special value because they define upgradient water quality for an aggregate. 

(3) Future Water Supply 

This is an evaluation of whether a well will provide information related to the potential for additional 
groundwater supply development. This potential is based principally on determining the extent of the 
high-permeability Miocene trough that is most productive in current water supply wells. 

(2) Control of Timing and Construction of Other Wells 

This criterion is an indication of which wells must be installed before other wells. because the 
information from the first well is important to either location, construction or interpreting results from 
the succeeding wells. Examples are the wells with fully-cored boreholes, which will serve as reference 
wells, and therefore must be installed before other boreholes, so that the reference stratigraphy can be 
used. 

{2) Budget and Programmatic Constraints 

A judgment of how important the purpose or resulting data from each well is to the funding program. 



LANL Hydrogeologic Workplan 

(1) Operational Efficiency 

Well Prioritization Evaluation 
November 24, 1996 

Indicates the savings related to logistics if a particular well is installed in the same mobilization as one or 
more other wells. Scheduling efficiencies could result in saving program funds. 



LANL Hydrogeologic Workplan Well Scheduling Evaluation 
November 24, 1996 

R-1 Northern Regional Well 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 No information is currently available in this area; 

uncertainty boundary well, reference well, background 

Reduce stratigraphic and 4 No information is currently avaiiable for this area 

structural uncertainty 

Contaminant detection for 0 Not related to water supply 

water supply system 

Assessment of nature and I Upgradient to aggregate I 

extent of potential 
contamination in groundwater 

Future water supply 3 northern extension of high-permeability zone 

Controls timing and 0 Installation contingent on groundwater modeling to 
construction of other wells evaluate data need 

Budget and programmatic 2 Provides lots of information to constrain hydrologic 
constraints setting 

Operational efficiency - 0 Not located near other wells or activities 
scheduling 

R-1 Total 15 

R-2 Pueblo Canyon at Acid Canyon 

Criteria Assigned Rationale 
Points 

Rt:duce hydrologic setting 4 Potential for intermediate perched zone discovery; 
uncertainty information on effect of Rendija Canyon fault on 

hydrology 

Reduce stratigraphic and " Information on nature of Rendija Canyon fault zone .) 

structural uncertainty and displacement; information on deeper stratigraphy: 
stratigraphy affecting perched zones 

Contaminant detection for I Possible information on Acid Canyon contamination 
\Vater supply system affecting Otowi 1 and 4 

Assessment of nature and 4 Information on extent of contamination below TA-45 
extent of potential Acid Canyon outfall 
contamination in groundwater 

Future water supply 0 Not in area of potential development 
Controls timing and 2 Affects placement of R3 and R4 
construction of other wells 

Budget and programmatic 2 Needed for FY 98 Completion of LA/Pueblo Canyon 
constraints RFI Workplan 
Operational efficiency - 1 Install in sequence with other wells in canyon 
scheduling 

R-2 Total 17 
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R-3 Upper Pueblo Canyon between Test We112 and Test Well4 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 3 Intermediate perched zone information needed: 
uncertainty information on regional aquifer in high-permeabilit) 

Miocene trough 
Reduce stratigraphic and 2 Information on pre-Bandelier stratigraphy: 
structural uncertainty stratigraphy affecting intermediate perched zones 
Contaminant detection for 0 Not near current wells; some information on Acid 
water supply system Canyon contamination affecting Otowi 1 and 4 
Assessment of nature and 4 Identify presence of Acid Canyon and sewage outfall 
extent of potential contaminant plumes 
contamination in groundwater 
Future water supply 1 Could define edge of high-permeability Miocene 

trough 
Controls timing and 2 Depends on R2, could affect R4 
construction of other wells 

Budget and programmatic 2 Needed for FY 98 Completion of LA/Pueblo Canyon 
constraints RFI Workplan 
Operational efficiency - l Install in sequence with other wells in canyon 
scheduling 
R-3 Total 15 

R-4 Pueblo Canyon below Test Well 2 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 2 Intermediate perched zone information needed 
uncertainty 

Reduce stratigraphic and 2 Stratigraphy affecting perched zones 
structural uncertainty 
Contaminant detection for l Not near current wells: some information on Acid 
water supply system Canyon contamination affecting Otowi l and 4; 

affects contaminant detection well R-5 near Otowi 1 
Assessment of nature and 4 Identify presence of Acid Canyon and sewage outfall 
extent of potential contaminant plumes 
contamination in groundwater 
Future water supply 0 Other information already exists in area 
Controls timing and I Affects placement of R-5 
construction of other wells 
Budget and programmatic 2 Needed for FY 98 Completion of LA/Pueblo Canyon 
constraints RFI Workplan 
Operational efficiency - l Install in sequence with other wells in canyon 
scheduling 
R-4 Total 13 
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R-5 Water supply contaminant detection well near Otowi 1 in Lower Pueblo Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 4 Close to Otowi-!, POI-4. and TW-1: will help define 
uncertainty vertical extent and constrain lateral extent of 

intermediate perched zones, evaluate high water level 
in Otowi-! 

Reduce stratigraphic and 3 Area of facies changes and interfingering of basalt 
structural uncertainty that requires wells close together to evaluate; 

investigate fault or other structural features 
controlling the high-permeability zone 

Contaminant detection for 4 Purpose of the well is to provide contaminant 
\\ater supply system detection of contamination approaching a water 

supply well 
Assessment of nature and 3 Location based on Otowi-!, not on location of 
extent of potential contaminant plumes or sources: however, 
contamination in groundwater contaminants from sewage effluent have been 

detected in POI-4, TW -I. TW -1 A, and Basalt Spring. 

Future water supply 2 Potential to constrain the eastern edge of the high-
permeability zone 

Cnntrols timing and 0 Location of this well should be finalized after results 
construction of other wells from R-4 provide information of the location of 

groundwater contaminant plumes 
Budget and programmatic 2 Protecting the water supply is a high programmatic 
cnnstraints priority 
Operational efficiency- I Logistics would be easier if all Pueblo Canyon wells 
scheduling were installed with one mobilization 
R-5 Total 19 
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R-6 Upper Los Alamos Canyon near H-19 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 4 New information on intermediate perched zones: 
uncertainty water levels in regional aquifer 

Reduce stratigraphic and 4 Could penetrate Pajarito fault depending on location: 
structural uncertainty confirm earlier stratigraphic picks and expand 

structural picture: may want to deepen to reach Totavi 
Lentil 

Con tam in ant detection for 0 Upgradient of water supply wells and contaminant 
water supply system sources 

Assessment of nature and I Will provide background information for intermediate 
extent of potential perched zone and regional aquifer groundwater 
contamination in groundwater 
Future water supply 0 Not within potential area of development 
Controls timing and 0 Will not be installed soon enough to affect R- 7 and R-
construction of other wells 2 
Budget and programmatic 2 Needed for FY 98 Completion of LA/Pueblo Canyon 
constraints RFI Workplan 

Operational efficiency - I Install in sequence with other wells in canyon 
scheduling 

R-6 Total 12 

R-7 Upper Los Alamos Canyon south ofTA-21 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 4 Vertical extent of intermediate perched zones 
uncertainty 
Reduce stratigraphic and 3 Stratigraphy deeper than the Bandelier 
structural uncertainty 
Contaminant detection for 2 Located between T A-2 and Otowi-4 on a potential 
\Vater supply system contaminant transport pathway, but not proximal to 

Otowi-4 
Assessment of nature and 4 Located within contaminated alluvial and 
extent of potential intermediate perched zone groundwater and close to a 
contamination in groundwater contamination source 
Future water supply I Potential to constrain the western edge of the high-

permeability zone 
Controls timing and I Should be installed before R-8 to provide hydraulic 
construction of other wells parameters necessary for placement of R-8 
Budget and programmatic 2 Necessary to meet ER Project goal of completing 
constraints LA/Pueblo Canyon RFl Workplan by end of FY98 
Operational efficiency - 1 Logistics would be easier if all LA Canyon wells 
scheduling were installed with one mobilization 
R-7 Total 18 
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R-8 Water supply contaminant detection well for Otowi 4 in Los Alamos Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 2 Close to Otowi-4, LADP-3, and TW-3; will help 

uncertainty define vertical extent and constrain lateral extent of 
intermediate perched zones 

Reduce stratigraphic and 2 Close to Otowi-4, LADP-3, and TW-3: stratigraph~ 

structural uncertainty deeper than the Bandelier 

Contaminant detection for 4 Purpose of the well is to provide detection of 

water supply system contaminants approaching a water supply well 

Assessment of nature and 2 Location based on Otowi-4, not on location ot 

extent of potential contaminant plumes or sources: however, it is close to 

contamination in groundwater DP Canyon, a potential contaminant source 

Future water supply 0 Otowi-4 provides all information necessary for future 

water supply 

Controls timing and 0 Should be installed after R- 7 to get hydraulic 

construction of other wells parameters necessary for placement of R-8 

Budget and programmatic 2 Protecting the water supply is a high programmatic 

constraints priority 

Operational efficiency - I Logistics would be easier if all LA Canyon wells 

scheduling were installed with one mobilization 

R-8 Total 13 

R-9 Boundary well in Los Alamos Canyon 

Criteria Assigned Rationale 

Points 

Reduce hydrologic setting 4 Provide information on intermediate perched zones: 
uncertainty groundwater mound at TW-1; hydraulic information 

on drawdown due to pumping PM-I and Otowi I 

Reduce stratigraphic and " Information on boundary of high-permeability -' 
structural uncertainty Miocene trough and intermediate perched zone facies 

changes 

Con tam in ant detection for 1 Down gradient of water supply wells but possibly in 
water supply system zone of influence of two wells 

Assessment of nature and 4 Down gradient from Aggregate 1: on boundary of 
extent of potential Laboratory 
contamination in groundwater 

Future \Vater supply 0 Near existing wells 

Controls timing and 0 Will be installed after other wells 
construction of other wells 

Budget and programmatic 2 Needed for FY 98 Completion of LA/Pueblo Canyon 
constraints RFI Workplan 

Operational efficiency - 1 Install in sequence with other wells in canyon 
scheduling 

R-1 Total 15 
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R-10 Upper Sandia Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 3 Information on intermediate perched zones related to 
uncertainty possible southerly flow along Guaje Pumice; water 

losses related to Laboratory sewage outfall 

Reduce stratigraphic and 2 Information on pre-Bandelier paleo valley structure 
structural uncertainty 
Contaminant detection for I Could trace pathways of Laboratory sewage outfall 
water supply system 
Assessment of nature and 4 Potential detection of Aggregate 1 and Laboratory 
extent of potential sewage outfall contamination 
contamination in groundwater 
Future water supply 0 Near other information 
Controls timing and 0 Will be installed in any case; not strongly tied to other 
construction of other wells wells 
Budget and programmatic 2 Needed for FY 98 Completion of LA/Pueblo Canyon 
constraints RFI W orkplan 
Operational efficiency - 1 Install in sequence with other wells in canyon 
scheduling 
R-9 Total 13 

R-11 Water supply contaminant detection well for PM-3 in Sandia Canyon 

Ct·itct·ia Assigned Rationale 
Points 

Reduce hydrologic setting 2 Close to PM-3; will help define presence and vertical 
uncertainty extent of intermediate perched zones 
Reduce stratigraphic and 2 Close to PM-3, which provides structural and 
structural uncertainty stratigraphic information 
Contaminant detection for 4 Purpose of the well is to provide detection of 
'' ater supply system contaminants approaching a water supply well 
Assessment of nature and I Location based on PM-3, no current information on 
extent of potential presence of contaminants. Potential to detect 
contamination in groundwater contaminants from Sandia Canyon 
Future water supply 0 PM-3 is in a highly productive zone; this well will not 

add to that knowledge 
Controls timing and 0 The location of other wells are not dependent on this 
construction of other wells well 
Budget and programmatic 2 Protecting the water supply is a high programmatic 
constraints priority 
Operational efficiency - 1 Logistics would be easier if all Sandia Canyon wells 
scheduling were installed with one mobilization 
R-11 Total 12 
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R-12 Sandia Canyon boundary well 

Criteria Assigned Rationale 

Points 

Reduce hydrologic setting 4 Provides information on intermediate perched zones 

uncertainty found in PM-1; a Laboratory boundary well: may 
show influence ofPM-1 pumping; will provide 
information on regional aquifer groundwater levels 
related to original vs. post-completion levels 

Reduce stratigraphic and 
.., 

Near existing information but will provide core .) 

structural uncertainty information for reference purposes 

C ontam in ant detection for 4 Near PM-I; may detect contaminants arriving via 

\\ater supply system possible southerly flow path from Los Alamos 
Canyon 

Assessment of nature and 4 Could be down gradient from Aggregate I 

extent of potential 
contamination in groundwater 

Future water supply 0 Near existing well 

Controls timing and 2 Could affect locations of holes R-11, R-9 
construction of other wells 

Budget and programmatic 2 Needed for FY 98 Completion of LA/ Pueblo Canyon 
constraints RFI Workplan 

Uperational efficiency- 1 Install in sequence with other wells in canyon 
scheduling 

R-12 Total 20 

R-13 Mortandad Canyon below TA-50 outfall 

Cr·iteria Assigned Rationale 
Points 

Reduce hydrologic setting 3 Provide information on intermediate perched zones 
uncertaint\ and water loss mechanisms belO\v T A-50 outfall 

Reduce stratigraphic and ') Close to other information but provides data on paleo -
structural uncertaint} valley and additional deep stratigraphy 

Contaminant detection for 1 Additional information relating to contaminant 
water supply system detection near PM-5 

Assessment of nature and 4 Provides data on pathways and extent ofT A-50 
extent of potential discharge contamination 
contamination in groundwater 

Future water supply 0 In area of other deep wells 
Controls timing and 0 Will be installed in any case: does not directly affect 
construction of other wells other wells 

Budget and programmatic 2 Needed for FY 99 Completion of Mor1andad Canyon 
constraints RFI Workplan 
Operational efficiency - I Install in sequence with other wells in canyon 
scheduling 

R-13 Total 13 
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R-14 Water supply contaminant detection well for PM-5 near Mortandad Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 2 Close to PM-5 and TW-8; will help define presence 
uncertainty and vertical extent of intermediate perched Zl•nes 
Reduce stratigraphic and 1 Close to PM-5, which provides structural and 
structural uncertainty stratigraphic information; will provide some 

information on the axis of the paleo valley on top of 
the Puye Formation 

Contaminant detection for 4 Purpose of the well is to provide detection of 
water supply system contaminants approaching a water supply well 
Assessment of nature and I Location based on PM-5, potential to detect 
extent of potential contaminants from Mortandad Canyon where 
contamination in groundwater contaminants have been detected in TW-8 
Future water supply 0 PM-4 and PM-5 are in a highly productive zone. this 

well will not add to that knowledge 
luntrols timing and 2 Findings could affect installation of other Mortandad 
construction of other wells Canyon wells 
Budget and programmatic ,., 

Protecting the water supply is a high programmatic 
constraints priority 
Operational efficiency- 1 Logistics would be easier if R-13 and R-15 were 
scheduling installed with one mobilization 
R-U Total 13 

R-15 Mortandad Canyon below Ten Site Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 4 Provides intermediate perched zone information; may 
uncertainty show influence ofPM-5 pumping 
Reduce stratigraphic and 2 Provides structural and stratigraphic information 
structural uncertaintv supplementing nearby wells 
Contaminant detection for 2 Could be upgradient of PM-3 
water supply system 
Assessment of nature and 4 May identify down gradient extent ofT A-50 
extent of potential discharge contamination 
contamination in groundwater 
Future water supply 0 Information exists in area 
Controls timing and 0 Will be installed in any case to identify possible 
cunstruction of other wells contamination 
Budget and programmatic 2 Needed for FY 99 Completion of Mortandad Canyon 
constraints RFI Workplan 
Operational efficiency - I Install in sequence with other wells in canyon 
scheduling 
R-15 Total 15 
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R-16 Canada del Buey east of White Rock 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 Provides information on intermediate perched zones, 
uncertainty hydrologic setting and source of White Rock Canyon 

springs, discharge to Rio Grande, and regional aquifer 
groundwater levels; a boundary well 

Reduce stratigraphic and 4 Borehole provides reference core information in an 
structural uncertainty area with little deep stratigraphic control 

Con tam in ant detection for 0 Not near wells 

'" ater supply system 
Assessment of nature and I Down gradient of Mortandad Canyon and Cai1ada del 
extent of potential Buey 
contamination in groundwater 
Future water supply 0 Not in area of water supply expansion 
Controls timing and I Not closely related to other holes but provides 
construction of other wells information for stratigraphic interpretation 
Budget and programmatic 0 Not closely related to other holes 
constraints 
Operational efficiency - 0 Not closely related to other holes 
scheduling 
R-16 Total 11 

R-17 Two Mile Canyon 

C l"itcria Assigned Rationale 
Points 

Reduce hydrologic setting 
.., 

Provides intermediate perched zone and regional -' 
uncertaint\ aquifer groundwater level information beneath a 

tributary to Pajarito Canyon, in an otherwise unkno\\ n 
area: will be supplemented by other new wells 

Reduce stratigraphic and 3 Provides stratigraphic data in a current data gap: will 
structural uncertainty be relatively near R-18 
Con tam in ant detection for I Upgradient of PM wells 
water supply system 

Assessment of nature and 4 Upgradient of Mortandad Canyon; may detect 
extent of potential contamination from HE sites and T A-3 
contamination in groundwater 
Future water supply 0 Not in area of water supply development 
Controls timing and I May supply information for R-19: installed after R-18 
construction of other wells 
Budget and programmatic I Needed for FY 00 Completion of Pajarito Canyon 
constraints RFI Workplan 
Operational efficiency - 0 Not near other wells: difficult mobilization 
scheduling 
R-17 Total 13 
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R-18 Pajarito Canyon above Two Mile Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 Provides intermediate perched zone and regional 
uncertainty aquifer groundwater level and flow direction data in 

an area not influenced by the Pajarito fault zone 

Reduce stratigraphic and 4 Located in a data gap; could provide deep fault zone 
structural uncertainty information 

Contaminant detection for 1 Upgradient of PM wells 
water supply system 
Assessment of nature and 4 Detection of contamination from TA-16 and firing 
extent of potential sites in Aggregate 5 
contamination in groundwater 

Future water supply 0 Could delineate western edge of high-permeability 
Miocene trough if deep enough 

Controls timing and 2 May provide information affecting placement of R-
construction of other wells 19, R-17 

Budget and programmatic I Needed for FY 00 Completion of Pajarito Canyon 
constraints RFI Workplan 
Operational efficiency - 0 Not near other wells: difficult mobilization 
scheduling 
R-18 Total 17 

R-19 Pajarito Canyon above TA-18 

Critel"ia Assigned Rationale 
Points 

Reduce hydrologic setting 3 Provides intermediate perched zone and regional 
uncertainty aquifer groundwater level information 
Reduce stratigraphic and 3 Information on basalt facies distribution in area 
structural uncertainty remote from other wells 
C:ontam i nant detection for I Possibly upgradient from PM-2, PM-4 
"ater supply system 
Assessment of nature and 4 Detection of possible HE from T A-6 and T A-9 firing 
extent of potential sites and HE machining processes 
contamination in groundwater 
Future water supply 0 Near other wells 
Controls timing and 0 Installed after R-17, R-18 
construction of other wells 
Budget and programmatic I Needed for FY 00 Completion of Pajarito Canyon 
constraints RFI Workplan 
Operational efficiency- 1 Can be installed with R-20, R-22 
scheduling 
R-19 Total 13 
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R-20 Water supply contaminant detection well near PM-2 in Pajarito Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 3 Close to PM-2; will help define presence and vertical 
uncertainty extent of intermediate perched zones: support Area G 

Performance Assessment 
Reduce stratigraphic and 2 Close to PM-3, which provides structural and 
structural uncertainty stratigraphic information 

C ontam in ant detection for 4 Purpose of the well is to provide detection of 
water supply system contaminants approaching a water supply well 

Assessment of nature and I Location based on PM-2, no current information on 
extent of potential presence of contaminants. Potential to detect 
contamination in groundwater contaminants from T A- I 8 

Future water supply 0 PM-2 is in a highly productive zone, this well will not 
add to that knowledge 

Controls timing and 0 The location of other wells are not dependent on this 
construction of other wells well 
Budget and programmatic 2 Protecting the water supply is a high programmatic 
constraints priority 
Operational efficiency - 1 Logistics would be easier if R-19, R-20. and R-22 
scheduling were installed with one mobilization 
R-20 Total 13 

R-21 MDA L 

Cdteria Assigned Rationale 
Points 

Reduce hydrologic setting 
.., 

Mesa top well; possible intermediate perched zone .) 

uncertainty and groundwater level information: other information 
nearby: useful for MDA G performance assessment 

Reduce stratigraphic and , 
Near other wells: some pre-Bandelier information on -

structural uncertainty structure. dip. basalt facies 
Contaminant detection for 0 No wells down gradient 
water supply system 
Assessment of nature and 4 Identify extent ofVOC plume from MDA L 
extent of potential 
contamination in groundwater 
Future water supply 0 Near other wells 
Controls timing and 0 Well will be installed regardless of other wells 
construction of other wells 

Budget and programmatic 2 Need for ongoing FU 5 RFI characterization 
constraints 
Operational efficiency - 0 No nearby wells 
scheduling 
R-21 Total 11 
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R-22 Pajarito Canyon below MDA G 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 Intermediate perched zone and regional aquifer 
uncertainty groundwater level information; a boundary well: 

down gradient from MDA G; reference core 
information will support MDA G performance 
assessment 

Reduce stratigraphic and 4 Fills data gap below Bandelier; supplies MDA G 
structural uncertainty performance assessment information on stratigraphy; 

could detect edge of high-permeability Miocene 
trough 

Contaminant detection for 0 Not near wells 
water supply system 
Assessment of nature and 4 Down gradient of MDA G, MDA L, T A-18 
extent of potential contaminant sources 
contamination in groundwater 
Future \Vater supply I Not in expansion area but could define edge of high-

permeability Miocene trough 
Controls timing and 2 Core could affect other nearby wells and MDA G 
construction of other wells performance assessment 
Budget and programmatic 1 Needed for FY 00 Completion of Pajarito Canyon 
constraints RFI W orkplan 
Operational efficiency - I Install along with R-19, R-20 
scheduling 
R-22 Total 18 
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R-23 Potrillo Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 4 May define water loss in discharge sink; possible 
uncertainty intermediate perched zones; pathway identification 

for HE 

Reduce stratigraphic and 3 Data gap filled in part by R-22: extends information 
structural uncertainty on basalts; gives structure at discharge sink 

Contaminant detection for 0 Not near wells 
water supply system 
Assessment of nature and 4 Trace impact of HE and firing site sources 
extent of potential 
contamination in groundwater 
Future water supply I Could define edge of high-permeability Miocene 

trough 

Controls timing and 0 Well will be drilled regardless of other wells 
construction of other wells 
Budget and programmatic 0 Later on ER Project schedule 
constraints 
Operational efficiency - 0 Later on ER Project schedule 
scheduling 
R-23 Total 12 

R-24 Within Pajarito Fault zone 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 Provides boundary, fault zone, and water level 
uncertainty infonnation; possible perched zones 
Reduce stratigraphic and 4 Information on fault zone characteristics and structure 
structural uncertaintY 
C ontam in ant detection for 0 Not near wells 
water supply system 

Assessment of nature and I Background water quality information upgradient of 
extent of potential Aggregate 5 
contamination in groundwater 
Future water supply 0 Not in area of potential production 
Controls timing and 0 Not affected by other wells 
construction of other wells 
Budget and programmatic 0 None 
constraints 
Operational efficiency - I Drill with R-26 
scheduling 

R-24 Total 11 
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R-25 Caiion de Valle at MDA P 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 Will help resolve uncertainties of water levels and 
uncertainty intermediate perched zones raised by drilling of SHB-

3; information on infiltration from Canon de Valle 
Reduce stratigraphic and 4 Data gap below top of Puye formation 
structural uncertainty 
Contaminant detection for 0 Could provide evidence of HE contamination and 
water supply system pathways. but not near wells 
Assessment of nature and 4 Could provide evidence of HE contamination and 
extent of potential pathways near MDA P, HE wastewater outfalls. and 
contamination in groundwater infiltration from Cai1on de Valle; upgradient water 

quality information for other aggregates 
Future water supply 2 Provides information on water quality (HE 

movement) and stratigraphy upgradient of possible 
water supply expansion area 

Controls timing and 2 Install early- information has big impact on 
construction of other wells Laboratory operational decisions and other 

installations 
Budget and programmatic 2 Early installation provides better mesh with ER 
constraints schedule: defining intermediate perched zones and 

giving basis for shallow drilling 
Operational efficiency - I Coincide with other ER installations in area 
scheduling 
R-25 Total 20 
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R-26 Down thrown ofPajarito Fault zone in Water Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 Provides boundary, fault zone. and water level 
uncertainty information; possible intermediate perched zones 

Reduce stratigraphic and 4 Information on fault zone characteristics and 
structural uncertainty structure; more stratigraphic and less structural 

information than R-24 
Contaminant detection for 0 Not near wells 
water supply system 

Assessment of nature and 1 Background groundwater quality information 
extent of potential upgradient of Aggregate 5 
contamination in groundwater 

Future water supply 0 Not in area of potential production 

Controls timing and 0 Not affected by other wells 
construction of other wells 
Budget and programmatic 0 None 
constraints 
Operational efficiency - I Install with R-24 
scheduling 
R-26 Total 11 

R-27 Water Canyon at Canon de Valle 

Crite1·ia Assigned Rationale 
Points 

Reduce hydrologic setting 4 Provides intermediate perched zone information for 
uncertaintY two wet canyons; water level information; down 

gradient of HE area 
Reduce stratigraphic and 2 Near existing information at TA-49; could get 
structural uncertainty additional deep structure information 
Contaminant detection for 0 No wells nearby 
water supply system 
Assessment of nature and 4 Provides water quality information down gradient of 
extent of potential Aggregate 5; upgradient of Aggregate 3; could detect 
contamination in groundwater HE contamination 
Future water supply I Helps define extent of high-permeabi lit) Miocene 

trough 
Controls timing and ') Controls TA-49 well R-30 -
construction of other wells 

8 udget and programmatic 2 Information on HE contamination could atTect 
constraints decisions on Laboratory operations and other area 

installations 
Operational efficiency - 0 Not near other wells 
scheduling 
R-27 Total 15 



LANL Hydrogeologic Workplan Well Scheduling Evaluation 
November 24, 1996 

R-28 Mid Water Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 3 Potential to find intermediate perched zones in wet 
uncertainty canyon: regional aquifer groundwater levels 

Reduce stratigraphic and 4 Constraints on high-permeability Miocene trough: 
structural uncertainty cores allow reevaluation of nearby well stratigraphy 

in deeper units 

Contaminant detection for 0 Not near water supply wells 
water supply system 
Assessment of nature and 4 Evaluate contaminant movement from nearby HE 
extent of potential sources 
contamination in groundwater 
Future water supply 3 Information on deeper stratigraphy related to future 

water supply potential; also water quality and HE 
contamination 

Controls timing and 2 Data supports nearby wells 
construction of other wells 

Budget and programmatic 2 Needed for OBOD characterization: HE contaminant 
constraints pathway information could affect other installations 
Operational efficiency - 0 Not near other wells: remote access 
scheduling 
R-28 Total 18 

R-29 Lower Water Canyon at Potrillo Canyon 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 Provides information on intermediate perched, 
uncertainty regional aquifer water levels, hydrologic setting of 

White Rock Canyon springs; a boundary well 
Reduce stratigraphic and 4 Fills in lack of stratigraphic and structural 
structural uncertainty information at deeper levels 
Contaminant detection for 0 Not near wells 
water supply system 
Assessment of nature and 2 Could define edge of HE contamination near 
extent of potential boundary; not as high a priority as Ancho Canyon as 
contamination in groundwater no present contaminant detections 
Future water supply 0 Not in expected area of development 
Controls timing and 0 Doesn't relate closely to other wells 
construction of other wells 
Budget and programmatic 0 Doesn't relate closely to other wells 
constraints 
Operational efficiency - 0 Doesn't relate closely to other wells 
scheduling 
R-29 Total 11 



LANL Hydrogeologic Workplan Well Scheduling Evaluation 
November24, 1996 

R-30 TA-49 Mesa top well 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 3 Will provide hydrologic properties and may show 

uncertainty existence of perched horizons; assess possible HE 
contaminant pathways 

Reduce stratigraphic and 1 Will supplement nearby existing wells 

structural uncertainty 

Contaminant detection for 0 No wells nearby 
water supply system 

Assessment of nature and 4 Will assess presence and pathways for possible HE 

extent of potential contamination, as well as other potential contaminants 

contamination in groundwater from hydronuclear testing (Be. U) 

Future water supply 0 Other nearby information exists 

Controls timing and 0 Doesn't drive other wells 
construction of other wells 

Budget and programmatic 2 Regulatory concerns make this a high priority 

constraints 

Operational efficiency- 0 No related wells 

scheduling 

R-30 Total 10 

R-31 Ancho Canyon down gradient of Aggregate 8 OBOD sites 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 Provides data in an unknown area including 
uncertainty possibility of perched horizons 

Reduce stratigraphic and 4 Provides data in a current information gap 
structural uncertainty 

Contaminant detection for 0 Not near wells 
\\ ater supply system 

Assessment of nature and 4 Could define extent of HE contamination from OBOD 
extent of potential sites 
contamination in groundwater 

Future water supply 2 Could define edge of high-permeability Miocene 
trough 

Controls timing and 0 Will be installed regardless of other findings to define 
construction of other wells HE contamination and hydrologic issues 

Budget and programmatic 2 HE contamination information will affect Laboratory 
constraints operational decisions and other installations 

Operational efficiency - I Could be installed with R-32 
scheduling 

R-31 Total 18 



LANL Hydrogeologic Workplan Well Prioritization Evaluation 
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R-32 Ancho Canyon above Ancho Spring 

Criteria Assigned Rationale 
Points 

Reduce hydrologic setting 5 Source of information relating to regional aquifer 
uncertainty discharge area and setting of White Rock Canyon 

springs, regional aquifer groundwater levels. and 
possible HE contamination pathways 

Reduce stratigraphic and 4 Fills gap in deep stratigraphic information 
structural uncertainty 
Contaminant detection for 0 Not near wells 
water supply system 

Assessment of nature and 4 Near HE sources; could define pathways and extent of 
extent of potential contamination; boundary well near pueblos 
contamination in groundwater 
Future water supply 0 Not in area of expected developm~ :Jt 

Controls timing and 2 Reference well in relatively unknown area: 
construction of other wells information could affect placement of other wells 
Budget and programmatic 2 HE contamination information will affect Laboratory 
constraints operational decisions and other installations 
Operational efficiency - 1 Could be installed with R-31 
scheduling 
R-32 Total 18 








