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MEETING PURPOSE, ATTENDEES, AND AGENDA 
The Los Alamos National Laboratory (LANL) Groundwater Protection Program met with 
the New Mexico Environment Department (NMED), the Department of Energy (DOE), 
National Nuclear Security Administration (NNSA), and stakeholders on October 25, 
2004 for a Quarterly Groundwater Protection Program meeting. The meeting was held 
at the Courtyard by Marriott in Santa Fe, New Mexico. Charlie Nylander (Groundwater 
Protection Program Manager) facilitated the meeting. 

The following groups and stakeholders were represented (see list of Participants for 
specific information): 

NMED- Hazardous Waste Bureau 
NMED - DOE Oversight Bureau 
DOE- Los Alamos Site Operations 
San lldefonso Pueblo 
Northern New Mexico Citizens Advisory Board 
Concerned Citizens for Nuclear Safety 
LANL- Groundwater Integration Team 
University of California Office of the President 
New Mexico Office of the Natural Resource Trustee 
City of Santa Fe 
US Army Corps of Engineers 
Albuquerque Journal 
Risk Assessment Corporation 
Daniel B. Stephens and Associates 
CH2M Hill 
Frinfrock Engineering 
External Advisory Group 

The purpose of the Quarterly Meeting was to provide NMED, DOE, and stakeholders 
with information on LANL's groundwater protection activities during the past quarter. 
The meeting agenda was as follows: 

• Introduction and Agenda (C. Nylander) 
• Discussion on Conceptual Models for Spring Discharges in White Rock Canyon (E. 

Keating and G. Rice) 
• Status of Proposed Well Drilling (T. Whitacre) 
• Consent Order Question and Answer (J. Young and M. Johansen) 
• Review of LANL Hydrologic Modeling by Risk Assessment Corporation (B. Jacobs) 
• Effects of Drilling Fluids on Groundwater Chemistry (P. Longmire) 
• FY05 Planned Activities (C. Nylander) 
• Results from Pojoaque Valley Water Fair- Trends in Water Quality (P. Longmire) 
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Introduction and Agenda (C. Nylander) 
Charlie Nylander (LANL) welcomed everyone to the Groundwater Protection Quarterly 
Meeting and reviewed the agenda. The External Advisory Group (EAG) is present to 
reconnect them with the project and allow them to catch up so they are prepared to peer 
review the Synthesis Report. 

Discussion on Conceptual Models for Spring Discharges in White Rock Canyon 
(E. Keating) 
Elizabeth Keating (LANL) presented a map of the regional aquifer water table showing 
the elevation of the top of the water table. These hydrologic data suggest that water is 
moving from west to east and discharging to the river and the springs. The flow paths 
are complex and the exact connection between the aquifer and the springs is uncertain. 

The ages of the water show that the water gets older from west to east. The ages do tell 
us there is a component of regional aquifer water moving very slowly. Velocity estimates 
based on bulk parameters result in low large-scale effective permeability. The model­
predicted slow travel times are consistent with the old ages. However, it does not tell us 
about the portions of the water that move fast. 

The tritium measurements in the springs show that some springs have water that is less 
than 60 years old. A few of the springs (La Mesita, 38) are dead with respect to tritium, 
so the water is older than 60 years. 

Looking at the Total Dissolved Solid (TDS) content of the regional aquifer, a map shows 
that the TDS generally increases along the flow path from west to east. The TDS 
measurements go from 100 mg/L to 300 mg/L. The TDS of the springs is generally 
consistent with that. A drop in TDS would indicate an inflow of young fresh water. 
Springs 4A and 5 are lower in TDS than the regional aquifer upgradient and this 
indicates a short-circuit. On the other hand, spring 28 and well TW-1 are anomalously 
high in TDS. The TDS content of water on the east side of the Rio Grande is greater 
than 400 mg/L and spring 38 was consistent with that. 

How would younger water get to the springs? We have come up with 3 hypothetical 
conceptual models: 

1. Fast paths within the regional aquifer over distances of greater than 1 0 miles 
(from sources of contaminants) 

2. Travel in surface water or alluvial groundwater from the source, infiltrates 
through the vadose zone in a short time and into the regional aquifer 

3. Recharge to the regional aquifer close to the springs. 

The surface water/alluvial groundwater are very fast pathways. There is no evidence 
that there are very fast pathways in the regional aquifer. The more likely conceptual 
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models are travel in the surface water/alluvial groundwater and recharge close to the 
springs. 

He modeling work done on the Buckman well field only considered the regional aquifer, 
no modeling of the vadose zone or alluvial groundwater. It only addressed bulk 
movement of groundwater in the regional aquifer, not contaminant transport pathways. 

Travel times in the regional aquifer depend on the permeability characteristics of the 
rock. The model uses different conceptualizations of the permeability, all of which honor 
the existing data. There are alternating layers of sand that are areas of high and low 
permeability. The sand layers may be connected creating the possibility of a long fast 
pathway. But the layers may also be unconnected, which would result in fast pathways 
that are not laterally extensive. 

We agree with George Rice on two points: 
• It is possible that groundwater is part of a larger transport system wherein 

groundwater could reach the Rio Grande in less than 60 years 
• It is possible for LANL-derived contaminants to reach the springs 

The contaminant transport modeling that is being done now focuses on the well fields 
because they are considered the biggest risk. The modeling considers both fast and 
slow pathways. 

If there are fast pathways over long distances, what should we be doing? These are 
things that are already being done: 

• Contaminant source control 
• Monitor groundwater 
• Improve the understanding of hydrogeology: geologic characterization; R-1 tracer 

study (Note: presentation material erroneously says "R-14"); tritium/helium dating 
to identify very young groundwater 

What else should we be doing? 

Discussion on Elizabeth Keating Conceptual Models for Spring Discharges in 
White Rock Canyon Questions, Comments, and Responses 

Q: How do the Otowi House well on San ldelfonso Pueblo tritium values in the regional 
aquifer fit with the regional aquifer ages? 
R: The tritium measured in that well change over time and it is probably the result of 
mixing both young and old water. Also it is a very shallow well. 

C: Spring 3B dried up in 1995/1996. 

Q: What are other possible recharge areas? 
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R: The POTW outfall in Whaite Rock and irrigation of ball fields over basalt. 

Q: Is the outfall monitored? 
R: The surveillance program has monitored for decades. The NMED/Oversight Bureau 
has similar results, The nitrogen isotopes are similar to sanitary effluent and different 
from other springs. 

C: One recommendation is to monitor the springs along the river more frequently. 

Q: Have you considered the overall pumping effect between the pumping wells and 
other wells on pollution concentration and validity of data in wells and how to rectify that 
and more frequent monitoring at the end of the pipe and in between? 
R: We know that the water supply wells have large capture zones. An initial study 
suggested potential contaminant sources within the Pajarito Mesa (PM) well field 
capture zone, so we are doing additional work within the capture zone. 

Q: Is all the contamination being drawn in and stuck in bentonite? 
R: Water supply wells are pulling regional aquifer water toward them and that alters the 
direction of flow. Water supply wells do not have bentonite issues. Monitoring wells will 
be addressed in a presentation this afternoon and in a new publication. 

Discussion on Conceptual Models for Spring Discharges in White Rock Canyon 
(G. Rice) 
George Rice (CCNS) said that he concentrated on two issues in the report: what are 
travel times and how to interpret the contaminant detections. The approach to writing 
the report was to answer four questions. If the answer to the first three questions is 
"yes", then it is possible for contaminants to be in the springs. If the answer to the last 
question is "yes", then contaminants are in the springs. 

The stratigraphy is Bandelier Tuff overlying Puye Fromation with interbedded basalts. 
This overlies the Totavi lentil, a very coarse grained deposit. Below that is the Santa Fe 
Group composed of sands, silts, and sole basalts. There is perched water in 1) 
alluvium, 2) tuff, 3) Puye. Below that is the regional aquifer. Data on permeability and 
estimated flow rates for each unit. Also used rates estimated by Purtymun. Took the 
high range estimates and constructed a hypothetical flow path. It is hypothetical 
because we don't know how water really moves. The path is a stair step from perched 
zones to the regional aquifer. It starts at TA-50 effluent discharge and ends at Spring 3, 
which emerges at the river from the Totavi lentil, a distance of 8 miles. 

The flow path and hydrogeologic cross section are similar. The stratigraphy is alluvium 
over Bandelier Tuff over basalts, over Puye Formation. The flow path is: water at the 
surface in Mortandad Canyon infiltrates into alluvium and travels down canyon. It 
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infiltrates through the Otowi Member of the Bandelier Tuff to basalt. Within the basalt, 
the water moves laterally and moves through the Puye Formation and into the Totavi 
lentil. The total time is 26 years. Based on this hypothetical flow path, it is possible for 
contamination to reach the Rio Grande. This is a reasonable representation of a faster 
flow path. 

The next question is have contaminants reached the river and springs. The answer is 
yes, there are high explosives (HE) in Ancho Spring and spring 6 and perchlorate in 
springs 4 and 4C. In 1995 HE was detected in Ancho Spring. RDX and HMX. This was 
the only time they were detected. The spring has been sampled annually and HE has 
not been detected since then. Since there has been only one detection - is it there? 
There are good reasons to reject analytical data, including contamination after collecting 
the sample or split samples show different results. But none of those things happened. 
The tritium activities vary over time, so some portion of water is from after LANL was 
established. Groundwater upgradient is also contaminated, so I conclude that it is there. 

Looking through the data, there are "hits" that were eliminated as questionable data, 
e.g. blanks, QC samples. 

Springs 4 and 4C are at the mouth of Pajarito Canyon. A graph of perchlorate 
concentration versus distance downstream along the Rio Grande. The blue symbols are 
background locations and the red triangles are samples taken from springs. Analysis of 
perchlorate was by LC/MS/MS. La Mesita spring has a high perchlorate value, but it is 
on the east side of the river; I don't know if it is part of the Pajarito Plateau flow system. 
The highest background number is 0.5 ~g/L. Springs 4 and 4C have perchlorate values 
high enough to be classified as "contaminated". The tritium is greater than1 0 pCi/L. 

Conclusions: 
• It is possible that groundwater moves from LANL to the Rio Grande in less than 

60 years. 
• Contaminants from LANL have emerged in springs. 

Recommendations: 
• Sample springs quarterly for a couple of years before deciding on frequency 
• I think that LANL has not released all data from the springs (J values and 

rejected data) 

Discussion on George Rice Conceptual Models for Spring Discharges in White 
Rock Canyon Questions, Comments, and Responses 

Q: We know that contaminants have gotten to box 5 on the flow path, but do we know if 
they have reached box 6 or 7? 
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R: In the Puye there is tritium and perchlorate near the sediment traps. In the Totavi 
lentil there is tritium, perchlorate, and nitrate. 

Q: Was the RDX above the quantification limit? 
R: Yes it was significantly above, about 23 ppb. 

Q: In the early '50s, Ancho Canyon was contaminated with sewage, high nitrates and 
phosphates. That has since cleaned up. 
R: Each of the operating facilities has its own septic system at that time. 

Q: Why isn't La Mesita spring considered background since it is on the east side of the 
Rio Grande? 
R: It is along the river, not upgradient or cross gradient. It may be a different flow 
system. 

C: In water that has high anion content, it interferes with the LC/MS/MS. La Mesita 
spring has high anion content and that is why I think it is from the valley, not from 
beneath the Pajarito Plateau. Regional baseline perchlorate is about 2 ppb. The La 
Mesita spring value may be out of context. 

Q: What is the level of confidence on the data? 
R: I did not calculate that. 

C: We now have more perchlorate data from wells in the valley that are the same as 
Springs 4 and 4C. 
R: That would alter my conclusions. Based on what I know now, I would consider them 
contaminated. Tritium indicates young water. Upgradient discharges in the past of 
perchlorate. 

C: All data from the springs is available on the web site. 

Q: Why do you think all the data have not been released? 
R: Based on reading reports that say "have not detected above the reporting limit". 

C: Those sentences should be taken at face value, that there are no values above the 
detection limit. However, all the data are on the web site. 

C: I have seen that for 20 years. 
R: I am looking for values between the J values and the rejected values. 

Q: The confidence limits indicate difference from the mean of the data, but there is no 
way to tell whether the values are outside the population. Have you looked at other 
statistics? 
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R: I looked at the coefficient of variation. 

Q: Have you considered a sewage source? 
R: The sewage plant is too far away. However, I do think the sewage plant effects 
CCNS spring (spring 28). 

Q: How can we separate out the influence of the sewage? 
R: I did bi-variate plots and the chemistry of treatment plant and 28 are close enough 
that they could not be distinguished. Nitrogen isotopes in spring 28 indicate a sewage 
source. The tritium/helium dating seems like a good idea. 

Q: He is a conservative solute so you have recommended quarterly sampling. If there is 
contamination in the regional aquifer moving a long way, it would be continuous, so why 
would quarterly monitoring be necessary? 
R: If it was a nearly continuous source that gets diluted, but high concentration slugs 
would make the random detections. 
R: We want to see seasonal variations in slugs moving after snowmelt or in different pH 
conditions. 

Q: Have you considered that TA-33 might be the source? It is much closer. 
R: No, I haven't considered TA-33. I only knew about TA-16 when I wrote the report. I 
wish I had known about closer sources. 

Q: Regarding perchlorate, CCNS has asked how much perchlorate went up the hill and 
how much goes through the filters as air emissions and there is air deposition to surface 
water. Those questions are outstanding. 
R: The key is alluvial groundwater sampling. We have some alluvial data. We may 
never have a definitive answer as to how much perchlorate has been used by LANL, 
although we are working on a range. 

Q: With seasonal slugs isn't it possible that some perched zones go dry and remobilize 
contaminants later? That is why there should be more frequent sampling. 
R: Quarterly sampling does not seem like it would be burdensome for a couple of years. 

Status of Proposed Well Drilling (T. Whitacre) 
Tom Whitacre (DOE) first provided an overview of the presentation. We have completed 
3 wells and are working on a fourth well. One more well is planned for this calendar 
year. The wells are: 

• R-34, located in Cedro Canyon within the Mortandad Canyon watershed on San 
lldefonso Pueblo. The total depth is 1 ,065 feet and it is completed with one 
screen near the regional aquifer water table. There was no perched water 
encountered. The site is waiting for restoration. A fact sheet has been completed 
and submitted to NMED. 
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• R-33, located in Ten Site Canyon within Mortandad Canyon watershed, has a 
total depth of 1140 feet it is completed with two screens in the regional aquifer. 
No perched water was encountered. A draft fact sheet has been prepared. 

• R-11 replacement located in Sandia Canyon. The first well had a pump stuck in it 
after it was developed. Although they tried to remove the pump, a new well had 
to be drilled. The new R-11 is 928 feet deep and is completed with one screen 
near the regional aquifer water table. No perched water was encountered. An 
addendum to the R-11 Well Completion Report will be prepared. 

• R-6 is located in Los Alamos Canyon near DP Canyon and TA-21. The target 
depth is 1317 feet and the current depth is 940 feet. It is planned for a single 
screen in the regional aquifer. Perched water was encountered at about 600 feet, 
which lines up the with perched water encountered while drilling water supply 
well 0-4. A water sample from the perched water was collected and it is 
undergoing screening analysis. 

• R-18 will be located in Pajarito Canyon. The target depth is 1400 feet and the 
planned completion is a single screen in the regional aquifer. The drilling rig has 
not been mobilized yet, but is expected to move to this location next week, 

The well development and testing that has been accomplished is: 
• R-34 - the development and testing is completed; about 50,000 gallons removed. 
• R-33 - development is just starting. 
• R-11 - development is complete, about 82,000 gallons removed. The Total 

Organic Carbon in the development water was at baseline levels. 

Remaining Near-Term Regional Well Field Work: 
• Complete drill and install - R-6 and R-18 
• Well development and testing - R-6 and R-18 
• Sampling system installation - R-34, R-33, R-11, R-6, R-18, R-1, R-2, and R-11 
• Site Restoration - all drill sites 
• Plan to complete al near-term field activities by February 2005. 

Mortandad Canyon Drilling Status: 
• Well 1-5 is located in middle Mortandad Canyon and was completed to 717 feet 

with about 20 feet thick perched zone. 
• 1-6 is being continuously cored. 
• Borings B-9, B-1 0, B-11, B-12, RES-3 and RES-4 were completed to planned 

target depths. 
• Alluvial wells A-7, A-8, and A-9 have been completed using an auger drill rig to 

planned target depths. 
• All remaining borings and wells to be completed by February 2005, before owl 

nesting season begins. 
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Status of Proposed Well Drilling Questions, Comments, and Responses 

Q: What development methods were used? 
R: surging first, jetting sometimes. Then bailing and finally pumping. We can pump at 
about 10 - 20 gallons per minute. 

Q: Was bentonite used in R-33? 
R: R-33 was drilled with foam (2%) and water. Mud rotary methods were not used at 
R-33. However, when a well is constructed, bentonite is used at the top and bottom of 
screened zones to isolate those zones. The form of the bentonite used in well 
construction is chips and slurry. 

Q: Were there any problems with circulation in R-33? 
R: R-33 hit a cinder bed which caused problems. The air/foam mixture worked well. 
We ran the video camera down the borehole and saw a large hole where the cinder 
cone material had been washed out. It took about a week to drill the borehole. 

Q: How big was the cinder cone? 
R: It was about 300 feet thick. 

Q: How big was the hole? 
R: The borehole was the same size, but rock material kept coming in the hole. When 
we were backfilling, we used about four times more material to fill the void than we 
calculated it would take to fill the borehole. 

Q: Where was the void? 
R: At the base of the basalt, about 300 feet deep. Puye Formation was beneath the 
cinder. We had to put concrete in to get the circulation back. The water was high 
quality, the TDS was 209 mg/L, perchlorate was below 2 ppb and there was no tritium. 

Q: Does the barcad sampling system have transducers? 
R: Yes and they work under static and pumping conditions. 

Q: Will R-6 be drilled with a mud system? 
R: We are looking to do that. With the drawdown at R-4, we are wanting to go deeper. 

Q: Does single completion mean just one screen? Why only one screen? 
R: It is much easier to clean up a single completion well. We will have to drill an offset 
intermediate depth well to monitor the perched zone. 

Q: There is a practical problem with multiple completion wells, have you considered 
packing off screens for well development? 
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R: We are doing that now, but that is hard to do in zones with little water. We have set 
packers and pumped the upper zone up to 15 - 20 gallons per minute, then we move to 
the zone below. Some of the perched zones don't produce much. 

Q: Once you pump the perched zone, is the water all gone? 
R: There are examples where we have emptied perched zone, for example MCOBT-
4.4. If we do an offset separate well we won't have to pump as much. For wells near 
contaminant sources we recommend single completion wells. All wells will produce 
representative data eventually. 

Q: Two feet away the geology can be very different so one screen is not enough. It 
seems better to have multiple screens in multiple wells. 
R: We do install multiple screens. It there are significant perched zones, they will be 
present a few feet away. In Mortandad Canyon this has shown to be true. The perched 
zone encountered in R-15 was present 40 feet away. 

C: There could be fast pathways that we missed. 
R: We put screens in different units to understand the hydrogeology. We have 
information from geophysical logs and we are keeping the screens near the top of the 
regional aquifer. 

Q: The regional characterization wells used mud drilling methods because they are 
fast. But where there are contaminant sources, do you use air or casing advance? 
R: We use air rotary with foam to the regional aquifer. We may use mud rotary or 
reverse mud rotary (where mud runs up the drill stem, not the borehole) in the Totavi. 
We have all the equipment on hand. We start with minimal fluids and only do more 
when required. We use a graded approach - start with air or water. If we have 
problems then we add foam. Only in boreholes when we are going deeper or 
encountering the Totavi we might use mud rotary. 

Q: How many R-wells are there now? 
R: 27 

Q: Have you abandoned the casing advance drilling method? 
R: No, we have the equipment to do casing advance on hand. Casing advance drilling 
still requires the use of fluids on the back side. We still have a lot of casing stuck in the 
ground here. 

Q: Do you use an auger for the alluvial wells? 
R: Yes, we do. 

Q: What type of drill rig are used for the intermediate depth wells? 
R: An air rotary drill rig. 
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Consent Order Question and Answer (J. Young and M. Johansen) 
Charlie Nylander (LANL) set the context for this presentation. The Hydrogeologic 
Workplan work started in 1997 and will be wrapped up this fiscal year. A synthesis 
report will be published in March. We are winding down the site-wide work and ramping 
up site-specific work. In the consent order there is about 11 years of site-specific 
investigations. The work that is going on in Mortandad canyon right now is part of the 
consent order and is an example of the watershed specific studies. 

John Young (NMED/HWB) said they have been working on the consent order for many 
years. We hoped it would be done sooner. We are responding to comments now. The 
response has to be reviewed by DOE, UC, and Department of Justice before it can be 
released. We hope it will be soon. Through issuance of the consent order, we are 
moving out of the Hydrogeologic Workplan. The State perspective is that the 
Hydrogeologic Workplan is a sacred cow and we have gotten bogged down in the 
Hydrogeologic Workplan rather than the objective of characterization. We will wrap up 
the Hydrogeologic Workplan, but the unfinished work will be included in the consent 
order under the individual canyon investigations. If there are data gaps at the end, we 
can require additional work under the consent order. James Bearzi gave a presentation 
on the order in Pojoaque. 

Q: (Arends) Because New Mexico has groundwater/surface water connection, why has 
surface water been taken out along with the public's ability to comment on it? 
R: (Young) There has been no change to the public participation by the Environmental 
Protection Agency on the Federal Facility Compliance Act of 1992. Removal of surface 
water requirements from the order was part of the negotiations. Watershed and site­
specific monitoring was removed because it was covered under the Federal Facility 
Compliance Act agreement. We will use the data that are collected and we can apply 
that data to clean up decisions. 

C: (Katzman) Only storm water is included in the Federal Facility Compliance Act 
agreement. Baseflow sampling and monitoring are still required under the order. 
R: (Young) Baseflow is still in the order. However, point source discharges from 
SWMUs and larger watershed monitoring will be under the Federal Facility Compliance 
Act agreement. 

Q: (Arends) What is the status of the Federal Facility Compliance Act agreement? 
R: (Johansen) Contact John Ordaz or Gene Turner at OLASO for information on the 
Federal Facility Compliance Act agreement. 

C: (Arends) The draft consent order included everything. Then suits were filed by DOE 
and UC. Negotiations went on behind closed doors. The Federal Facility Compliance 
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Act agreement is not reviewed by the public. CCNS is concerned about water flowing 
over sites. 

C: (Hawkins) I am a member of the Aamodt settlement area in Pojoaque Valley. The 
area includes four pueblos in a 38-year old law suit. It requires private citizens to cap 
their wells and go on a public water system. Fifty-five percent of the recharge is from 
Jemez and water supply for Santa Fe and Pojoaque. I won't cap my well and go on a 
public water supply that is contaminated by LANL. Members in the valley are very 
concerned and are keeping an eye on LANL. Radionuclides are outside the order. 
R: (Johansen) You are worried about radionuclides that would be worse than what is in 
your wells now. 

C: (Hawkins) Yes and the Water Research and Technical Assistance Office would be 
sitting in on the public water supply. 

Q: (Powell) Are there studies of the quality of water in private wells compared to the 
Buckman wells? 
R: (Hawkins) LANL volunteered to analyze the water from private wells, and said there 
was high nitrate and uranium. But we can't trust LANL analysis, we would need an 
unbiased lab in the UK or Europe, 
R: (Johansen) The analysis of water from private wells was not linked to the order. The 
order is designed for thorough characterization in canyons and to make appropriate 
decisions. 

Q: (Arends) What funding was requested to comply with the order? 
R: (Johansen) We don't know about the budget, we are in the continuing resolution 
now. How much we will end up with is not settled. If we miss a deliverable there are 
stipulated fines. 
(Young) Separate compliance orders are possible for other parts. Fifteen documents 
have to be delivered on time. Outside of that realm there are other enforcement 
mechanisms. 
(Johansen) All the groundwater work in the order will be done this year. The funding for 
that is not short. 

C: (Arends) We are concerned with protection of surface water and groundwater. There 
are lots of issues with storm water. Plutonium is running off the site through Pueblo 
Canyon since the fire. The funding that went to the Lab after the fire was supposed to 
be used to protect the watershed. 
R: (Young) In the consent order there are clean up standards that protect all 
groundwater regardless of yield. The Water Quality Control Commission and the 
Environmental Improvement Board agreed that New Mexico can protect all 
groundwater. DOE is voluntarily reporting radionuclide data. 
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C: (Arends) It is easier to clean up water when it is on the surface than after it reaches 
the subsurface. 
R: (Young) Periodic reporting will be available to the public. 
Mat Johansen (DOE/LASO) said that the Hydrogeologic Workplan was valuable in 
setting the pedestal and giving us a basis for moving forward. A "before" and "after" 
chart would look like this: 

Hydrogeologic 
Workplan (HWP) (now) 
Scope was included in 
the HWP 
Schedule was in the 
HWP and was 
renegotiated every year 
Well completion reports 
and fact sheets 
Sampling results reported 
in geochemistry reports 
and at Quarterly 
Meetings 
Overall reporting was 
done at Quarterly 
Meetings and 
documented in the 
minutes and in the 
annual reports and will be 
completed in the 
synthesis report 
Quarterly public meeting 

Order (future) 

Scope will be in individual 
Canyons work plans 
Included in section XII 
and in individual work 
plans 
Same requirements 

Periodic 
report 

monitoring 

Investigation reports, 
RCRA process, Annual 
General Facility Report 

Not in the order, but DOE 
is committed to continue 
until told otherwise. 

Comments 

The focus will change to 
contamination 
Most of the groundwater 
work is scheduled in the 
first 3-4 years 

The Hydrogeologic Workplan will wrap up, and the RCRA consent order and DOE for 
radionuclides will continue on. 

Q: (Hawkins) Do you see the Federal Facility Compliance Act agreement conversation 
coming up? 
R: (Johansen) Don't see that, my focus here is on groundwater. The Canyons 
investigations have to answer for all RCRA contaminations in canyons and they will 
address all media in all canyons. The surface water piece for storm water only was 
pulled out, but the data will be available. 
(Katzman) The periodic monitoring reports will include sampling data from baseflow and 
springs. 
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Q: (Hawkins) But the connection of storm water and groundwater? 
R: (Johansen) Can't be ignored in the canyons. Under Section VII of the order we can 
make corrective action decisions based on storm water data collected under the Federal 
Facility Compliance Act agreement. 

Q: (Arends) Comments submitted on the order, will there be further negotiations? 
R: (Young) I don't know, but I don't think the negotiations are over. 

Q: (Arends) Will there be presentations on sampling data at Quarterly Meetings? 
R: (Johansen) In the future data will be in periodic monitoring reports. 

Q: (Arends} Will there be discussion of the monitoring data at the Quarterly Meetings? 
R: (Young) The data will be in reports. 
C: (Johansen) DOE wants to continue presentation and discussion of monitoring data 
at the Quarterly Meetings. 

Q: (Arends) How will the public participate in document review - will document 
availability be posted on web site? The WIPP site has a web site that notifies people 
when new items are added. The mechanism for public comment is included, but how 
will the public be notified? 
R: (Nylander) The periodic monitoring reports will be available electronically and as 
hard copy in the reading room. 

C: (Arends) CCNS has a library too and we want copies of reports to review. 
R: (Johansen) We are trying to adjust and determine how to meet the requirements. 

Q: (Nylander) I have a tally of de live rabies since 1991: 454 regulatory deliverables 
were submitted to NMED. 323 have not been acted on. Under the consent order, what 
will happen to the investment in those 323 documents? 
R: (Young) Response to some of those documents was incorporated in the order. We 
will continue to work on what is still relevant. There has been a failure on our part. 

C: (Arends) LANL paid $35,000 for document review and it cost NMED $850,000 to 
regulate LANL. LANL should support increases to permit fees. 

C: (Nylander) If a state agency requires deliverables it has to budget for reviewing 
those deliverables. NMED Secretary Curry says this is the first year that NMED is fully 
funded. Across the state NMED must have to process materials. 

C: (Arends) LANL does not pay gross receipts tax, if they did it would be enough to pay 
for all the medicare in the state. 
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R: (Nylander) We are willing to pay higher fees, but our documents have to be 
addressed. 
C: (Johansen) The state has asked for a new format to help the review process for 
reports and other documents and we have agreed to change the formats. 
C: (Young) Section XII document list includes periodic monitoring reports and general 
facility report. One of the first required documents is the interim facility wide monitoring 
plan. The final monitoring network will come in pieces based on watersheds, each 
watershed will have a final monitoring plan. 

Q: (Hawkins) Where in the budget is order compliance? DOE is always withholding 
money for cleanup. 
R: (Johansen) Mos of the money comes from Environmental Management (EM), which 
is separate from the weapons budget. We will meet the groundwater requirements. 

Q: (Powell) Was there anything in the 323 reports that might have changed the order if 
they had been reviewed? 
R: (Johansen) Some canyons have work plans that work has already started on. 
Negotiations addressed how much has been completed. Implementation has been 
considered. I am fairly confident that work in the canyons has been considered in the 
order. 

Q: (Ahlquist) Does NMED have a plan to address NMED shortfall in people resources? 
R: (Young) I believe it will be addressed by changes to fee structures. 

C: (Arends) NMED had a public meeting on the fee structure in Albuquerque last week 
and a LANL lobbyist was "there. 
R: (Nylander) The LANL person there was not a lobbyist, but was collecting 
information. 

Overview of Risk Assessment Corporation Approach to Groundwater (B. Jacobs) 
Bruce Jacobs (RAC) said that Risk Assessment Corporation (RAC) was contracted by 
University of Colorado to do an independent risk assessment, to develop a risk 
calculation tool, and to construct a risk-based decision-support tool. RAC is a team of 
independent consultants performing radiological and chemical risk assessment 
(www.racteam.com). The risk-based decision-support tool is called Risk 
Analysis/Communication/Evaluation/Reduction (RACER) and it's purpose is to prioritize 
independent sources that are the biggest risk. A public steering panel will use the 
RACER tool to evaluate risk. 

There is a modeling component in the RACER risk evaluation tool. The modeling 
component involves stakeholders. Stakeholders will describe potential cleanup 
scenarios. There will be modeling components for air, water, sediment, and 
groundwater transport. There will be a forecast for the future of the concentration in 
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different media and for activity at receptors. The forecast will be based on the work of 
engineers, scientists, modelers. The population risk will be estimated by toxicologists. 

Groundwater model implementation: 
• A 1 d flow and transport model will be used for the unsaturated zone. 
• Regional aquifer flow and transport model will use MODFLOW/MT3D (USGS 

codes) and a less complex geologic description than the LANL FEHM-based 
model. 

• Reliant on data collected by LANUNMED to characterize the geology and water 
quality. 

• Rapid risk calculation through unit response is anticipated to keep the turn 
around time at :s 15 minutes for the end user. 

The modeling challenges are: 
• There are many analytes, including degradation chains and varying properties 
• Characterization of the existing water quality is incomplete 
• Unsaturated zone transport 
• RACER decision tool requires rapid estimation of future concentrations 
• Uncertainty- precise quantitative prediction is impossible 

Overview of Risk Assessment Corporation Approach to Groundwater Questions, 
Comments, and Responses 

Q: Does this effort address only human risk? 
R: It will address ecological risk as well, but we are only in the beginning stages of how 
to deal with ecological risk. There is an ecological component, but it is segmented. 

Q: Your plan was to estimate current risk then future risk, which would involve models? 
R: The contemporary risk is completed. Modeling is used to look at future risk. 

Q: How can you look at current risk without looking at the past? You have not used 
historical information. 
R: John Till will be here tonight at the poster session. Please ask him that question. 

Q: Are the production wells included in the risk assessment? 
R: yes. 

Q: Is it just where the production wells are currently located or anywhere a well could 
be placed in the future? 
R: We are just beginning to catalog sources. Hopefully the tool will be flexible enough 
to put in different receptors. We would have to go to the water authorities to see where 
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a water well could go. We have talked about how to handle the situation of a water well 
that is contaminated and taken off-line; how does that affect the risk estimate. 

Q: Are you aware that Los Alamos County has turned off two wells? 
R: Not aware of that. It happens all over the country. We will have to know where all 
the wells are and how much they pump. 

Q: Has MODFLOW been tested in this type of area? 
R: It has been tested by hydrologists all over. If everything is put in the same, 
MODFLOW will produce the same answer. It does not have the unsaturated zone 
capability, so that will be added. 

Q: What code will be used for the unsaturated zone? 
R: A RAC code that has yet to be developed. The problem is the interface between a 
1 d unsaturated zone code and a 3d saturated zone code. 

Q: Will the unsaturated zone code have just water movement or will it include chemical 
reactions? 
R: It will include adsorption and decay. It is unlikely to include detailed geochemistry 
models. 

Q: What is the product? 
R: For the modeling piece, it is what receptors will get from a particular source. It will 
allow prioritization. 

Q: Is there an estimate of what will happen when receptors are exposed to the 
predicted concentration? 
R: Yes, they are fate and transport models. LANL has been dabbling in particle 
tracking, but no one has considered all the contaminant sources. 

Q: Will the RACER tool be used by the public? 
R: The decision support tool will be in the hands of a stakeholder group. I don't know if 
it will come to the general public. 

C: I could write down the top 1 0 priorities right now, and probably most of the people in 
this room could. I don't understand what this is about. It is a diversion from real clean 
up. 
R: It is a low-budget effort compared to the EM budget. It is a parallel path project and 
is expected to be a better avenue for stakeholders. 

C: There are mis-statements like "impossible to calculate uncertainty". 
R: "Precise estimate of uncertainty" is what I said and I believe that. It is important to 
have a tool that incorporates uncertainty. 
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C: The tool can help stack up the top ten priorities, but it can also tell us if it is worth 
cleaning up the top 1 0. It may not affect the risk. 

C: I think the point is compliance with the law. 
R: This is beyond compliance. It will allow us to do the right thing. Right now I don't 
know what a groundwater risk is. 
R: We are looking at all media. We might find that the groundwater risk is very little, but 
working on the stacks would reduce risk. 

Effects of Drilling Fluids on Groundwater Chemistry (P. Longmire) 
Pat Longmire (LANL) said that the objective of the presentation is to present conceptual 
models of the breakdown or transformation of drilling fluids consisting of EZMud and 
bentonite mud. The chemical evolution of both groundwater and aquifer material is 
considered in this presentation. 
Fluids are necessary to drill the wells and to achieve the depths necessary for 
groundwater characterization in perched intermediate zones and in the regional aquifer. 

There are five stages in the chemical evolution of residual drilling fluids: 
• Stage 0- pre-drilling conditions 
• Stage I - Drilling fluids are introduced to the groundwater system 
• Stage II - Post-well development and initiation of redox reactions involving 

dissolved oxygen, manganese, nitrogen, iron, sulfate, and organic carbon in 
presence of residual fluids. Presence of bentonite colloids in the well screen. 

• Stage Ill - Consumption or transformation of organic carbon and oxidizing 
conditions are being restored. Bentonite colloids are being removed from the 
well. 

• Stage IV - Pre-drilling conditions largely established, characterized by oxidizing 
conditions and representative groundwater chemistry. 

Some analytes are not affected by residual drilling fluid during different stages of well 
equilibration. Note that the quality and usefulness of analyte suites (e.g., major ions, 
radionuclides, trace elements, high explosives, trace elements, anions, and solvents) 
improves from Stage I to Stage IV. 

In Stage I, tritium and stable isotopes of hydrogen and oxygen are not affected by 
residual drilling fluid. During drilling if we collect a sample of water and analyze it for 
tritium, we have a high degree of confidence that the quality is good. 

In Stage IV, Major cations and anions, radionuclides, trace elements, high explosive 
compounds, solvents, nitrate, perchlorate, dissolved oxygen, pH, total organic carbon 
and total dissolved solids are not affected by residual drilling fluids. Anything is 
representative in this stage. 
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A pictorial representation of the chemical evolution of drilling fluids was developed to 
answer the question in the Gilkeson report: if a well is drilled with fluids, could you 
detect contaminants? 

The first section shows the pre-drilling conditions. The aquifer material has iron and 
manganese coatings that metals adsorb to. Some contaminants, e.g., perchlorate or 
nitrate, don't adsorb to the coatings. 

EZMud is a high molecular weight polymer. It has lots of carbon. Microbes in the aquifer 
rock are looking for carbon. The microbes attack the EZMud and eat the carbon. The 
chemistry changes from breaking down the EZMud to reducing conditions. The iron and 
manganese start to dissolve under reducing conditions. 

Well development brings the water to low turbidity and total organic carbon to baseline 
conditions. Development removes fluids, given the screen zone has sufficient 
permeability that allows for removal. There are 31 screens in Stages Ill or IV and six 
screens are in Stage II. 

Characterization wells and stages of chemical evolution: 
• R-7 is cleaningup 
• R-12 Stage IV in screen 3 (there is a typographical error on the overhead) 
• R-19 is in Stage IV (there is a typographical error on the overhead) 
• R-22 Stage II, may want to consider well rehabilitation 
• R-25 Stages vary between screens 

This could be a good tool to guide well rehabilitation. 

Effects of Drilling Fluids on Groundwater Chemistry Questions, Comments, and 
Responses 

Q: Is there a lag between completion of the wells and development? 
R: The wells are developed within a week or two. The sample quality has improved by 
reducing the time between well installation and development. The total organic carbon 
is the key parameter for monitoring development. 
R: Total organic carbon values are published in the well completion reports. 

C: It is important to recognize the External Advisory Group's role in recognizing this 
problem and Tom Whitacre for developing the wells faster. 

Q: If fluids have reduced the porosity around the well, why would the tritium values be 
the same? 
R: The EZMud has a high solubility and it does not decrease the porosity. 
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Q: How do you know you are seeing tritium at the same levels as before drilling? 
R: Because it remains consistent over 4 sampling events. 

C: I agree, the drilling fluids wouldn't change the tritium or stable isotopes. 
R: If contaminants are there; it the water is dead with respect to tritium the chances of 
more strongly adsorbing contaminants are very low. 

Q: What if there is stagnant water in a zone of low transmissivity? 
R: There is an example of that at R-21, the iron and manganese keep increasing. If you 
had removed the drilling fluids and restored the porosity and the iron and manganese 
are still increasing, the well probably needs to be rehabilitated. The screen in R-21 is 
the only screen that I know of that is getting worse. In R-7 the iron and manganese are 
still elevated, but they are improving. 

Q: have you correlated clean up time with methods used to drill? 
R: No, but R-34 was a hard well to drill, but cleaned up nicely in a few months. 

Q: Do you restrict changes in groundwater to those in Stage IV? 
R: We have to evaluate each well, look for improvements in iron and manganese. Look 
at different contaminants in different stages, e.g., tritium in Stage I. If you had Stage II, 
calcium, magnesium, etc. may be representative. An evaluation of each well and each 
screen has to be done. 

Q: Does water interact with the bentonite that is used to construct the wells? 
R: If water is in contact with bentonite, we would see high uranium, sodium, and sulfate. 
We have analyzed the drilling fluids we use and so we know what is in each of them. 

Q: Is there an average time from Stage I to Stage IV? 
R: It is very dependent on site-specific hydrologic properties and degree of well 
development. It can be between 3 and 10 years, although the more recent wells clean 
up in months. 

Q: Is there water produced in chemical reactions that could alter the radio signature of 
the water? 
R: There could be fractionation, but the stable isotope data suggest that it is negligible. 

Q: After equilibrium is reached, are you sure the physical system is restored and the 
groundwater is representative? 
R: We complete hydrologic testing and compare it to earlier testing to check the status 
of the physical system. 

FYOS Planned Activities (C. Nylander) 
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Charlie Nylander (LANL) said there is a $20 million budget from three funding sources: 
NNSA, EM and G&A. DOE is managing the drilling contracts, through a contract with 
the Corps of Engineers, Kleinfelder is doing all the drilling. Water Development 
Corporation is the drilling contractor. UC provides assistance in drilling support -
permitting, clearances, and supplying staff for incidental activities. There is ongoing 
quarterly monitoring. Each well has 4 sampling events and the quarterly monitoring is 
for all of the A-wells that have not had 4 characterization samples yet. 

Next year, NNSA will pay to drill R-29, R-27, and R-24. EM will pay to drill R-3, R-10, 
and R-17. The projected schedule is to drill up to the Christmas break for the current 
scope of work. Get most of the drilling done in February for Mortandad and ongoing A­
wells. The wells for next FY will be done from February through the rest of the year. 
The original Hydrogeologic Workplan had 32 wells and we will have completed 32 wells 
by the end of next year. 

Non-Field activities for FYOS include: 
• Regional aquifer capture analysis which will complement the Buckman Well 

capture analysis. 
• Update the 3-D geologic model and the hydrogeologic atlas. 
• Regional aquifer model report and milestone report. 
• FEHM and MODFLOW interface document. 
• Regional aquifer model "transparent" description document, this is 90% complete 

now. 
• Information management - we will continue to support administrators and 

inputting information. Still in the process of reviewing and decision-making on 
whether to use an commercial off-the-shelf (cots) product or an in-house system. 
With respect to the Consent Order and periodic monitoring reports, these will 
require a robust data management system. 

• GIT quarterly meetings - the GIT meets bi-weekly to share information. Would 
like to increase the outreach activities. 

• External Advisory Group - the EAG is here to refamiliarize themselves in 
preparation for peer reviewing the Synthesis Report this winter. 

• Synthesis Report - A 150-page long draft report was submitted to DOE. By the 
first of January, a peer review draft will be complete and we will publish the final 
document in March. 

The hydrologic activities in FYOS are planned to be: 
• Expand studies on the springs; fingerprint sources of springs using age dating 

and other methods 
• Completing reports on pumping tests; the PM-2 pumping test report is expected 

to be complete this fall 
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• Currently designing a multi-well hydrologic test, pumping from well PM-5. When 
the county water demand goes down in the winter, then it is possible to use 
some the wells for hydrologic testing. The test will start in November when the 
pump will be turned off and the aquifer will recover for 30 days. Pumping will 
begin in January and go for 30 days. The water that is pumped out goes into the 
distribution lines and is not wasted. After the pumping, the recovery will be 
monitored for another 30 days. 

• Water level project for R wells and relationship to the Los Alamos well field. 
This will involve tracking pumping schedules and water level changes. May use 
satellite technology to transmit data. 

• Complete the R-25 technical assessment as required in the Consent Order. 
This will involve a tracer test involving injecting tracer into one screen and 
looking for it in lower screens 

• A tracer test between R-1 and TW-8 
• A report on background water quality will be published this fall 
• Hydrologic testing is conducted in each new R well and is reported in the well 

completion report 
• An interim groundwater monitoring report is required in the Consent 0. It is a 

comprehensive document addressing all monitoring requirements. It has to be 
updated every year, based on an ongoing data analysis process. The 
monitoring plan will include groundwater level measurements. 

The activities that are funded by indirect funding are: 
• Sampling and analysis; the budget is predicated on the effective date of the 

Consent Order 
• Groundwater discharge plans 
• Groundwater regulatory compliance- staff time to address things that come up 

during the year; e.g. response to the Gilkeson Report 

This year we will wrap up the Hydrogeologic Workplan and kick off the Order. I feel we 
have an adequate budget and can meet the deliverables. 

FY05 Planned Activities Questions, Comments, and Responses 

Q: Will the monitoring plan address groundwater level monitoring beyond the 4 
samples taken in each R-well; will it be quarterly? 
R: The water level monitoring frequency is likely to vary with data needs, some may 
have continuous monitoring. 

Q: Is the PM-5 pump test timed to inform the capture zone analysis? 
R: There is a capture zone analysis deliverable at the end of the year that will include 
all available data. 
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Q: Will the continuing resolution affect the planned activities? 
R: Under continuing resolution we start out with the same funding as last year ($40 
million) and we hope to have $80 million for the year. The $40 million will last until the 
middle of the year. The NNSA funding is about the same as last year. The only way the 
continuing resolution will impact our activities is if it lasts past the middle of the fiscal 
year. 

Q: When will the deep aquifer modeling end? 
R: It will be funded through FY05 to address the new characterization data. We hope to 
have funding to continue to improve the model. 
R: In ER there are requirements of modeling of discrete sites or areas. Aside from ER, 
DOE will have an ongoing need for the model. The near term project is building the 
model into a tool that can be used for decision-making. 

Q: Will models be done watershed-by-watershed basis? 
R: If the State asks for watershed-by-watershed basis we will do that. 
R: The Synthesis Report is site-wide and it will support the site-specific investigations. 

Q: What is happening with the pathways assessment? 
R: The pathways assessment in Mortandad Canyon will be published this fall. A 
pathways assessment for Los Alamos/Pueblo canyon will be next. The pathways 
assessment is funded in the EM budget by the Environmental Restoration project. 

Q: Will the standards be included in the database? 
R: A tool that will provide all the standards that might be applicable to the data has 
been developed over the summer. It is expected to be online by the holidays. 

Q: How are you planning to increase your outreach activities? 
R: The water research Technical Assistance Office which will include a website with 
data on the entire Espanola Basin available to the public. 

C: LANL has a conflict of interest and should be funding neutral parties to do 
databases and provide technical assistance. 

C: The External Advisory Group should be attached to DOE so that they can participate 
consistently. 
R: The External Advisory Group was not invited to participate at DOE's request 
because they did not see the value in having an external group at the time. The External 
Advisory Group role in peer review for the Synthesis Report is a consensus decision 
between DOE and UC. 
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C: With respect to the question of what more should be done to investigate the springs, 
these are CCNS recommendations: 

• Use tracers for sewage treatment, at the base of the Jemez, at intermediate 
locations, and close to the springs 

• Tracer study from TW-1 to CCNS spring 
• Tracer study from the TA-50 outfall 
• Tracer study in TA-16 or TA-33 to find the source of HE in Ancho spring 
• Tracer study in the PRB 

Q: Will there be an EBTAG conference this spring? 
R: The will be a 2-day meeting in the first part of March. 

Results from Pojoaque Valley Water Fair- Trends in Water Quality (P. Longmire) 
Pat Longmire (LANL) explained that a collaboration between the NMED, Santa Fe 
County, San lldefonso Pueblo and Northern New Mexico Economic Development 
resulted in hosting 4 water fairs in the Pojoaque Valley area. Residents were asked to 
bring in samples from their private wells. About 350 to 400 water samples were 
analyzed. NMED analyzed samples for field parameters and LANL analyzed the 
samples for complete metals suite and general inorganics. The purpose of this 
presentation is to provide an overview of groundwater geochemistry in the Pojoaque 
area and to discuss analytical results and present significant findings from the Pojoaque 
water fair. 

The analysis was done by EES-6 using the following analytical methods: 
• Inductively coupled plasma optical emission spectroscopy (ICPOES) for: AI, Ca, 

Fe, Mg, Mn, Na, K, Si 
• Inductively coupled plasma mass spectrometry (ICPMS) for: Sb, As, B, Ba, Be, 

Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Se, Sr, Th, Tl, U, and Zn 
• lon Chromatography for: Cl, Br, F, N03, N02, P04, and S04 
• Titration for: alkalinity 

Uranium in groundwater: 
• There is natural uranium present in trace phases within the Santa Fe Group 

sediments. 
• Uranium bearing solid phases, at pH 7, have varying solubility in which silica 

glass (10-2.71 M) is the most soluble and zircon (10-15.54 M) is the least 
soluble. 

• Known concentrations of uranium in the regional aquifer near Pojoaque are as 
high as 900 !Jg/L (NMED). 

• Uranium may be useful to determine flow paths. One well had 1,100 j..Jg/L of 
uranium. 
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• Dissolved uranium is about 1 ppm under the Pajarito Plateau, east of the Rio 
Grande the uranium concentration is higher. 

Specific conductance correlates well when plotted against Total Dissolved Solids. In 
Arroyo Honda there was a sample from a well that had 11,000 ppm of Total Dissolved 
Solids, but that well was not used for drinking. The plot gives confidence in the onsite 
specific conductance measurements done by NMED. Total dissolved solids plotted 
against total alkalinity (bicarbonate, sodium, and other dissolved species) contribute to 
total dissolved solids. Bicarbonate is found in higher concentrations than calcium in 
groundwater. 

Plot of arsenic v. uranium. Naturally occurring arsenic and uranium are leached from 
rocks and transported in groundwater. Oxidized dissolved uranium tends to move faster 
in groundwater than does arsenic. Arsenic can attach to or adsorb onto rocks present in 
the aquifer. Arsenic however can desorb or become mobile in groundwater under 
reducing conditions characterized by iron concentrations above 1 ppm. 

Plotting total alkalinity against uranium shows an increase of uranium with increasing 
alkalinity. It will be interesting to plot these data with locations. 68 samples (out of 126) 
that are above the uranium Maximum Contaminant Level (MCL) of 30 1-Jg/L. It is natural 
uranium associated with ash beds in the Santa Fe Group. 

The plot of uranium and total dissolved solids is a log-log plot and is shows the 
relationship that the longer the water is in contact with the ash in the Santa Fe Group, 
the total dissolved solids is higher and so is the uranium. 

The plot of iron v. uranium shows that the lower the iron, the higher the uranium. That 
could be because the aquifer system has less adsorptive capacity when there is less 
iron. 

Cation exchange reactions involving Ca, Na, and uranyl: calcium is removed from 
water, the water is softened. The groundwater changes from calcium bicarbonate to 
sodium from Pajarito Plateau to Pojoaque. This can displace the uranium and raise the 
level of uranium dissolved in the water. A plot of sodium v. uranium shows that 
increases in both uranium and sodium concentrations were observed. 

Results from Pojoaque Valley Water Fair - Trends in Water Quality Questions, 
Comments, and Responses 

Q: Did the water fair give out prepared sample bottles? 
R: People were just asked to bring in a water sample. Some brought in samples in 
baggies. 
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Q: There was no QC on the sample collection and handling so it is suspect data. 
question the value of spending money on suspect data. 
R: The people that brought in the samples are drinking from those wells, so it is not in 
their interest to mess with the samples. 

Q: This is a special project, not LANL data. How will this be reported? 
R: NMED runs these fairs all over the State. NMED and Santa Fe County want to use 
these data in a feasibility study for a regional wastewater treatment plant. LANL 
conducted the metals analysis to address concerns of residents. 

C: We need to keep this separate from LANL investigations and data. 

C: The data collectively can be very useful, although you may not want to look at any 
one particular sample. 

C: Santa Fe County is going to follow up with the residents that brought samples in. 

C: At public meetings these data have not been presented as data with less QA/QC 
than LANL data has. 
R: The sampling method varies, the analysis is good. The data are adequate for looking 
on a regional and local scales. Not everyone came in with samples in plastic bags. 

C: My well was in the McQuillan study and it had about 2 times the uranium MCL 

C: I have a problem with attributing the uranium to a particular source until isotopic 
analysis has been done to show that it is not from LANL. 
R: There are uranium deposits in the foothills of the Sangre de Cristos. 
C: With the fire, ash could have dropped over there carrying uranium. 
R: The results of this study are consistent with results that McQuillan got in his study. 

C: In both studies the uranium could have come from early LANL operations - uranium 
from stack emissions deposited on the surface. 
R: If the uranium had come from LANL stacks the plume would have moved from LANL, 
over San lldefonso and the concentrations would be higher closer to LANL. We see the 
opposite - higher concentrations further away from LANL. 

Q: What were the charges balances? 
R: All with less than 1 0%. The charge balances would have shown any problems with 
the data. 

Q: You are comparing samples from unknown aquifers and depths. You can't compare 
all samples. 
R: Santa Fe County tried to collect the meta-data. The data is appropriate for general 
trends. 
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Regional Well Drilling Activities

R-34 – Cedro Canyon – 1065 feet – 1 screen    
Fact Sheet
R-33 – Mortandad Canyon - 1140 feet - 2 screens           
Fact Sheet
R-11 Replacement - Sandia Canyon – 928 feet -
1 screen
R-6 – LA Canyon/TA-21 – Target Depth 1317 feet 
Current Depth 940 feet - 1 screen
R-18 – Pajarito Canyon – Target Depth 1400 feet  
1 screen
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Regional Well Development and Testing  

R-34 – development and hydrotesting completed 
about 50,000 gallons removed
R-33 – development just starting
R-11 – development completed – about 82,000 
gallons removed
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Remaining Near-Term Regional Well Field Work

Complete Drill and Install – R-6 and R-18
Well Development and Testing – R-6 and R-18 
Sampling System Installation – R-34, R-33, R-11, 
R-6, R-18, R-1, R-2 and R-11 
Site Restoration – All drill sites  
Plan to complete all near-term field activities by 
2/05
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Mortandad Canyon Drilling Status

Well I-5 - middle Mortandad – completed to 717 
feet with about 20 feet perched water present
Borings B-9, B-10, B-11, B-12, RES-3 and RES-4 
completed to planned target depths
Alluvial wells A-7, A-8, and A-9 completed to 
planned target depths
All remaining borings and wells to be completed 
by 2/05
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Risk Assessment Corporation
RACER Decision Support Tool
Groundwater Model Implementation
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Groundwater Model Implementation



RAC’s Role in LANL Environmental RestorationRAC’s Role in LANL Environmental Restoration

RAC is a team of independent consultants 
performing radiological and chemical risk 
assessment (www.racteam.com)
RAC Contracted by Colorado State University to

Perform independent risk assessment and develop risk 
calculation tool
Construct risk-based decision-support tool
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Construct risk-based decision-support tool
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component

(Bring questions on RACER to poster session)(Bring questions on RACER to poster session)
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Model air, water, sediment,
groundwater transport
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Forecast future media
concentration / 

activity at receptors
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Estimate population
risk
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risk

Describe potential
cleanup scenario
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cleanup scenario StakeholdersStakeholders
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engineers, 
modelers
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ToxicologistsToxicologists



Groundwater Model ImplementationGroundwater Model Implementation

1d unsaturated zone flow/transport model
Regional aquifer flow/transport model

MODFLOW / MT3D – USGS based codes
Less complex geologic description than LANL model

Reliant on LANL/NMED for characterization of 
geology and water quality
Rapid risk calculation through unit response 
function implementation of model results (see 
poster session)
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Regional aquifer flow/transport model

MODFLOW / MT3D – USGS based codes
Less complex geologic description than LANL model

Reliant on LANL/NMED for characterization of 
geology and water quality
Rapid risk calculation through unit response 
function implementation of model results (see 
poster session)



Modeling ChallengesModeling Challenges

Many analytes
Degradation chains
Varying properties

Characterization of existing water quality is incomplete
Unsaturated zone transport
RACER decision tool requires rapid estimation of future 
concentrations
Uncertainty – precise quantitative prediction is impossible

Many analytes
Degradation chains
Varying properties

Characterization of existing water quality is incomplete
Unsaturated zone transport
RACER decision tool requires rapid estimation of future 
concentrations
Uncertainty – precise quantitative prediction is impossible
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White Rock Canyon 

Springs
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CarbonCarbon--14 age dates (Rogers et al., 1996)14 age dates (Rogers et al., 1996)

14C data (Rogers et al., 1995) and oxygen 
isotope data (Anderholm, 1994) suggests 
that some groundwater waters near the Rio 
Grande are tens of thousands of years old. 
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Dave Broxton

1

2

3

Surface waters and alluvial aquifers are
known fast pathways

Fast pathways in the regional aquifer have 
not been established 

(they certainly may exist)

How do you bring young water to a spring?



Fast pathway in regional aquifer

Short pathway

Fast pathway in perched aquifer

In 2002, we presented modeling results for the 
regional aquifer system alone, with a focus on 
the deeper (water supply wells) portion of the 
aquifer.  This was not a contaminant transport 
study, and there was no attempt to represent 
possible fast pathways



Calculating travel times in the regional aquifer
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Conceptual model 1:  both high and low 
permeability layers exist.  Use pump test data, 
well logs and outcrop measurements to 
determine spatial relationships

Resulting travel times tend to be slow



Calculating travel times in the regional aquifer
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Conceptual model 2:  both high and low 
permeability layers exists, but we assume there 
are hypothetical continuous fast pathways

Resulting travel times tend to be fast



Overview

• We agree with these conclusions of the Rice report:

• It is possible for groundwater to be part of a 
larger transport system that brings solutes from 
LANL to the Rio Grande in less than 60 years

• It is possible that LANL-derived contaminants 
are in some White Rock Canyon Springs



Overview

• Based on geologic and hydrologic characteristics of 
the alluvial, perched, and regional aquifer, as well as 
contaminant distributions 

• the most likely “fast pathways” from LANL to 
the Rio Grande exist in surface waters and 
alluvial aquifers; 

• fast pathways (high permeability zones in the 
regional aquifer) are unlikely to transport large 
fluxes of contaminants within the regional 
aquifer great distances



Overview

• Contaminant transport modeling is currently focused 
on Pajarito Plateau water supply wells, which are at 
the highest risk.  

• Unlike the Buckman well capture zone study 
(Vesselinov et al., 2002), which was not a 
contaminant transport study, these studies consider 
both slow and fast pathways in detail.



If there are fast pathways that are capable of transporting 
contaminants quickly (over large distances) to springs in 
White Rock Canyon, what should we do?

• Contaminant source control (outfalls)

• Monitor alluvial, perched, and regional aquifer systems

• Continue to improve our understanding of the hydrogeology 
of the site

• Geologic characterization

• Tracer studies  

• (TW-8, R-14)

• 3H/Helium dating of young groundwaters

• What else?
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Objective of Presentation

• Present conceptual models on the 
breakdown or transformation of drilling 
fluids consisting of EZ Mud and 
bentonite mud.
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Introduction

• Chemical evolution of both groundwater and 
aquifer material is considered in this 
presentation.

• Drilling fluids are required for achieving 
depths necessary for groundwater 
characterization in perched intermediate 
zones and in the regional aquifer.
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Stages to Chemical Evolution 
of Residual Drilling Fluids

Stage 0. Predrilling conditions.

Stage I. Drilling fluids are introduced to groundwater system.

Stage II. Post well development and initiation of redox reactions 
involving dissolved oxygen, manganese, nitrogen, iron, 
sulfate, and organic carbon in presence of residual 
fluids. Presence of bentonite colloids in well screen.

Stage III. Consumption or transformation of organic carbon and 
oxidizing conditions are being restored. Bentonite
colloids are being removed from well.

Stage IV. Pre-drilling conditions are largely established, 
characterized by oxidizing conditions and representative 
groundwater chemistry.
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Analytes Not Affected by Residual Drilling Fluid 
During Different Stages of Well Equilibration

Stage I. Tritium and stable isotopes of hydrogen 
and oxygen.

Stage IV. Major cations and anions, radionuclides, trace 
elements, high explosive compounds, solvents, 
nitrate, perchlorate, dissolved oxygen, pH, total 
organic carbon, and total dissolved solids.

• The quality and usefulness of analyte suites ( major ions, 
radionuclides, high explosives, trace elements, anions, solvents) 
improves from stage I to stage IV.
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Effects of Polymer-Based Drilling 
Fluids on Groundwater Chemistry
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Effects of Bentonite-Based Drilling 
Fluids on Groundwater Chemistry
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LA-UR-04-6777 Characterization Wells and 
Stages of Chemical Evolution 
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Purpose

•Provide an overview of groundwater 
geochemistry in the Pojoaque area. 

•Discuss analytical results and 
present significant findings from 
Pojoaque water fair.
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Analytical Methods

Inductively coupled plasma optical emission 
spectroscopy (ICPOES)

Al, Ca, Fe, Mg, Mn, Na, K, and Si

Inductively coupled plasma mass spectrometry (ICPMS)
Sb, As, B, Ba, Be, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Se, Sr, 

Th, Tl, U, V, and Zn

Ion chromatography
Cl, Br, F, NO3, NO2, PO4, and SO4

Alkalinity: Titration
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Natural Sources of Uranium

Natural  Uranium is present in trace phases within the 
Santa Fe Group sediments.

Uranium-bearing solid phases, at pH 7, have varying 
solubility in which silica glass (10-2.71 M) is the most 
soluble and zircon (10-15.54 M) is the least soluble.

Known concentrations of uranium in the regional 
aquifer near Pojoaque are as high as 900 μg/L (NMED).
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Pojoaque Area
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Specific Conductance (S/cm) Versus
Total Dissolved Solids (ppm)

Specific conductance is a 
measure of electrical 
conductivity of dissolved 
species present in water. 
The higher the specific 
conductance, the greater 
amounts of dissolved 
minerals (calcium, sodium, 
bicarbonate). Specific 
conductance is a field test 
that correlates very well 
with calculated total 
dissolved solids (TDS).

R 2 = 0.9947
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Total Dissolved Solids (ppm) Versus
Total Alkalinity (mg CaCO3/L)

Total alkalinity, in the 
form of bicarbonate, 
sodium, and other 
solutes (dissolved 
species) contribute to 
TDS.  Bicarbonate is 
found in higher 
concentrations than 
calcium in 
groundwater.
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Arsenic (ppm) Versus Uranium (ppm)

Naturally-occurring arsenic and 
uranium are leached from rocks 
and transported in groundwater. 
Oxidized dissolved uranium 
tends to move faster in 
groundwater than arsenic. 
Arsenic can attach to, or adsorb 
onto rocks present in an aquifer. 
Arsenic, however, can desorb or 
become mobile in groundwater 
under reducing conditions 
characterized by iron 
concentrations above one part 
per million (ppm).
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One groundwater 
sample had an arsenic 
concentration greater 
than 0.050 ppm.
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Total Alkalinity (mg CaCO3/L)
Versus Uranium (ppm)

Dissolved uranium forms 
complexes (chemical 
compounds) with 
bicarbonate.  These 
complexes are soluble in 
groundwater and higher 
concentrations of natural 
uranium may result.

0.0001

0.001

0.01

0.1

1

10 100 1000
Total Alkalinity (mg CaCO3/L)

Sixty-eight groundwater 
samples contained 
concentrations of 
uranium equal to or 
greater than 0.030 ppm.

U
ra

ni
um

 (p
pm

)



UNCLASSIFIED
Est. 1943

The World’s Greatest Science Protecting America
Est. 1943

The World’s Greatest Science Protecting America
Est. 1943

The World’s Greatest Science Protecting America

10
Log #

Uranium (ppm) Versus
Total Dissolved Soilds (ppm)

Natural uranium and 
TDS correlate well 
with each other and 
generally the higher 
TDS values indicate 
older groundwater.  
Uranium leaches or 
dissolves from the 
rocks over time, 
which is a natural 
process.
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Seven groundwater 
samples contained TDS 
concentrations at 1000 
ppm or higher
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Iron (ppm) Versus Arsenic (ppm)

In nature, arsenic 
attaches to solid forms of 
iron (i.e. rust).  Low 
concentrations of iron in 
the aquifer material may 
result in higher 
concentrations of arsenic 
in groundwater.
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Iron (ppm) Versus Uranium (ppm)
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In nature, uranium 
attaches to solid 
forms of iron (i.e. 
rust).  Low 
concentrations of 
iron in the aquifer 
material may 
result in higher 
concentrations of 
uranium in 
groundwater.
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Uranium (ppm) Versus Nitrate-N (ppm)

This figure shows 
natural uranium and 
nitrate concentrations 
where both species 
can occur in 
groundwater.
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Two groundwater samples had 
concentrations of nitrate (N) equal 
to or greater than 10 ppm or mg/L.
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Surface Complexation of 
Uranium (VI) Species

Fe(OH)Fe(OH)33
HFOHFO
““hydrous ferric oxidehydrous ferric oxide””
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Solid forms of iron 
(hydrous ferric oxide) 
are natural adsorbents 
of uranium.  This 
figure shows a 
conceptual model of 
how uranium can 
adsorb into hydrous 
ferric oxide.  This 
process occurs in 
natural groundwater 
systems in New 
Mexico and elsewhere.
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Sodium (ppm) Versus Uranium (ppm)
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In natural systems, 
uranium and sodium are 
influenced by cation
exchange reactions.  For 
some of the water 
samples analyzed in this 
investigation, increases 
in both uranium and 
sodium concentrations 
were observed.
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Cation Exchange Reactions Involving
Calcium, Sodium, and Uranyl

Dissolved uranium concentrations can be influenced by 
natural chemical processes including cation exchange. 
Calcium competes with sodium and uranium during cation
exchange reactions in which calcium is removed from 
groundwater and uranium and sodium are added.

≡SiO--2Na+ + Ca2+ = ≡SiO--Ca2+ + 2Na+, 
≡SiO--UO22+ + Ca2+ = ≡SiO--Ca2+ + UO22+
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Calcium/Sodium (meq/L)

The highest uranium 
concentrations in 
groundwater occur at 
lower calcium/sodium 
ratios. Calcium has 
been removed from 
groundwater, through 
cation exchange, 
whereas uranium is 
added to groundwater.
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Ranges of Hydraulic Conductivity and Porosity

Hydrologic Unit Hydraulic 
Conductivity

(ft/day)

Porosity

Cerros del Rio 
Basalts

0.04 to 37.1 0.0001 to 0.05

Puye Formation 0.1 to 17.6 0.01 to 0.25

Totavi Lentil 0.7 to 32.3 0.20 to 0.30

Santa Fe Group 0.4 to 24.0 0.25 to 0.30



Unit Hydraulic 
Conductivity

(ft/day)

Porosity Hydraulic 
Gradient

Flow Rate
(miles/yr)

Cerros del 
Rio Basalts

35 0.01 0.01 2.4

Puye 
Formation

15 0.20 0.01 0.05

Totavi Lentil 30 0.25 0.01 0.08

Santa Fe 
Group

20 0.25 0.01 0.05

Alluvial 
Perched

NA NA NA 2.8

Intermediate
Perched

NA NA NA 4.1

High-Range Estimates of Groundwater Flow Rates


















