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Exhibit 1. 
The Complex Geologic Setting Beneath LANL 

Requires the Use of Drilling Methods that 
Mask Detection of Most Radionuclide and Chemical Contaminants in 

Groundwater. 
 
1.0.  Introduction.  The Department of Energy (DOE) National Nuclear Security 
Administration (NNSA), the Los Alamos National Laboratory (LANL), and the 
New Mexico Environment Department (NMED) all concur that the complex 
geologic setting beneath the Laboratory facility requires the installation of 
monitoring wells with fluid-assisted drilling methods.  The general agreement of 
the need to use the fluid-assisted drilling methods for the new network of 
monitoring wells installed at LANL over the past ten years by the LANL 
Hydrogeologic Workplan Project1 (HWP) is described below in Section 2.0.  The 
LANL HWP describes the new monitoring wells as “characterization wells.” 
 
The drilling fluids that were used for the construction of the LANL 
characterization wells have well known properties described below in Section 3.0 
to mask the detection of the radionuclide contaminants that are generated by the 
manufacture of plutonium pits, a component of nuclear weapons.  In fact, there 
are many recent LANL reports2,3,4,5,6, that acknowledge the inability of the new 
network of characterization wells to accurately detect many radionuclide 
contaminants including plutonium, neptunium, and americium.  Therefore, 
instead of expanding the production of plutonium pits at LANL, under the 
National Environment Protection Act (NEPA), the Final LANL SWEIS is required 
to choose the Reduced Operations Alternative  described in the Draft LANL SWEIS.  
In fact, the emerging presence of Plutonium-238, Plutonium-239, Plutonium-240, 
and Neptunium-237 contamination in the regional aquifer beneath LANL and in 
the drinking water supplied to citizens in Los Alamos County, Santa Fe, and the 
San Ildefonso Pueblo is a further requirement to choose the Reduced Operations 
Alternative.  The presence of plutonium and neptunium contamination in the 
drinking water is shown by the data presented in the Draft LANL SWEIS and are 
described below in Section 4.0. of this Exhibit. 
 
The new network of LANL characterization wells were drilled with organic and 
bentonite clay drilling fluids that have well-known properties that mask the 
detection of many LANL contaminants of concern in groundwater.  In particular, 
the long-term effects of the drilling fluids prevent accurate knowledge of the 
contamination of groundwater by the strongly reactive radionuclide 
contaminants listed in Appendix F of the Draft LANL SWEIS including 
Americium-241, Cesium-137, Cobalt-60, Plutonium-238, Plutonium-239, 
Plutonium-240, and Radium-226.  The other radionuclides listed in Appendix F 
that the drilling fluids may mask the presence of in groundwater include 
Neptunium-237, Strontium-90, Uranium-234, Uranium- 235, and Uranium-238. 
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In addition, the drilling fluids have strong properties to mask the detection of 
many of the chemical contaminants generated by LANL operations including 
solvents, semi-volatile organic compounds, high explosives, and trace metals 
including hexavalent chromium. A large poorly characterized plume of 
hexavalent chromium (the contaminant in the movie “Erin Brockovich”) is in the 
regional aquifer beneath Mortandad and Sandia Canyons. The measured 
hexavalent chromium levels7 in the plume are greater than 400 ug/L, a level 8 
times higher than the NMED Drinking Water Standard.  
 
The drilling fluids that were used for the LANL characterization wells are one of 
the factors responsible for the poor knowledge by DOE/NNSA and LANL for 
the dimensions of the plume of Hexavalent Chromium.  The danger of the 
Hexavalent Chromium plume to the drinking water wells for Los Alamos 
County, for Santa Fe in the Buckman well field located near the Laboratory, and 
to the San Ildefonso Pueblo are described in Exhibit 3.    
 
A recent LANL Report, the  “Well Screen Analysis Report”2 (WSAR) concludes that 
approximately 50% of the LANL characterization wells do not produce reliable 
and representative groundwater samples.  Exhibit 2 is a comparison of the 
findings in the WSAR to Appendix F of the Draft LANL SWEIS to show that the 
majority of the LANL characterization wells cited in Appendix F were identified 
by the WSAR as wells that do  not produce reliable and representative water 
samples because of the effects of drilling fluids on the chemistry of water 
produced from the wells.  The reasons why the drilling fluids hide the presence 
of contaminants in the water samples produced from most of the LANL 
characterization wells are described below in Section 3.0. 
  
In Section 3.0., many LANL reports, reports by regulators, and the technical 
literature document that the fluid-assisted drilling methods prevent the LANL 
characterization wells from accurately detecting the radionuclide contaminants 
that are generated by the production of plutonium pits at the Laboratory facility.  
In addition, the reports document that the LANL monitoring wells do not 
produce the representative groundwater samples that are required by the U.S. 
Environmental Protection Agency (EPA) Resource Conservation and Recovery 
Act (RCRA).8  LANL is regulated under RCRA. 
 
The ability to accurately monitor the groundwater contamination from all of the 
Laboratory operations is a fundamental requirement of the regulations of NEPA, 
RCRA, NMED,  and DOE Orders. The demonstrated inability to monitor for the 
radionuclide and chemical contamination in the groundwater resource beneath 
LANL requires that the present production of plutonium pits at LANL be 
stopped.   
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The urgent need to stop the pit production is because the data in Appendix F of 
the Draft LANL SWEIS show the widespread presence of plutonium and 
neptunium contamination in the regional aquifer beneath LANL.  Recent 
research9 has established that the current EPA Drinking Water Standard of 
15pCi/L for alpha emitting radionuclides such as plutonium and neptunium is 
based on decades old, obsolete science that is not protective of the danger of the 
alpha emitting radionuclides to public health.  Accordingly, the State of 
Colorado10 has enforced a Drinking Water Standard that plutonium levels shall 
not exceed 0.15 pCi/L.  The data in Appendix F show that plutonium 
contamination is present in one of the LANL characterization wells at a level of 
0.601 pCi/L and that the mean level of plutonium contamination in the new 
LANL characterization wells is at 0.125 pCi/L.  Of course, because of the drilling 
additives, the water produced from the LANL characterization wells is not 
reliable for accurate knowledge of the levels of plutonium and the other alpha-
emitting radioisotopes in the groundwater. 
 
The alarming fact is that Appendix F of the Draft LANL SWEIS shows that the 
plutonium and neptunium contamination are present in the drinking water 
produced from the Los Alamos County Supply Wells and from the Santa Fe 
Supply Wells in the Buckman well field.  The plutonium contamination in the 
Los Alamos wells is 4 times higher than the level in the Santa Fe wells as 
expected because of the closer location of the Los Alamos wells to LANL 
operations.  Instead of expanding the production of plutonium pits at  
LANL, under NEPA the Final LANL SWEIS is required to choose the Reduced 
Operations Alternative  described in the Draft LANL SWEIS.  
 
In fact, the knowledge of the contamination of groundwater by Laboratory 
operations that has been gained over the past ten years requires a formal 
reconsideration of many projects that would go forward under the Reduced 
Operations Alternative because they were previously approved by completed 
NEPA analyses that were not aware of the extent of groundwater contamination 
by LANL operations.   
 
Furthermore, the Draft LANL SWEIS documents the great uncertainty in the 
degree of contamination of the groundwater resources beneath the Laboratory  
and the great uncertainty for the physical properties of the regional aquifer 
beneath LANL that control flow paths and travel times of contaminants to 
existing drinking water supply wells: 

- “Data concerning the spatial distribution of anthropogenic [LANL] 
contaminants in   
  the regional aquifer has been inconclusive because of the exceptionally 
thick and   
  complex vadose zone which makes it impossible to define the location and 
timing   
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  of contaminant entry to the regional aquifer”  [page 658, Keating et al., 
200515]. 
- “Travel times through the regional aquifer are poorly understood because   
   of the lack of tracer tests and in situ measurements of effective porosity”   
   [page 658, Keating et al., 200515].  

The poor understanding of contaminant pathways and travel times are issues 
that also requires the Final LANL SWEIS to choose the Reduced Operations 
Alternative.   
 
In Section 2.0 of this exhibit, we have included excerpts from the DOE IG Report, 
the EPA National Risk Management Research Laboratory Report, the technical 
literature, and even LANL reports as irrefutable evidence that the LANL 
characterization wells impacted by the organic and bentonite clay drilling fluids 
do not produce representative water samples for many LANL contaminants of 
concern and especially the strongly sorbing radionuclide contaminants that 
would be produced by Expanded Operations Alternative to quadruple the 
production of plutonium pits and construct and operate a Modern Pit Facility, 
capable of producing 450 plutonium pits per year.  
 
The contamination in the regional aquifer that was discovered by the new 
network of characterization/monitoring wells installed for the LANL HWP 
include: 
- Neptunium-237 – the data presented in Appendix F of the Draft LANL SWEIS 
show     
   neptunium contamination to be present in the drinking water of Los Alamos 
County   
   and Santa Fe (see section 4.0 below). 
- Plutonium-239 and Plutonium-240 – the widespread plutonium contamination 
in the   
   regional aquifer is shown by the data presented in Appendix F of the Draft 
LANL   
   SWEIS (see section 4.0 below). 
- Hexavalent chromium plume beneath Mortandad and Sandia Canyons in 
LANL  
   characterization wells R-28, R-15, and R-11 (see Exhibit 3). 
- Perchlorate contamination that has shut down the Los Alamos County 
Drinking Water    
   Supply Well Otowi-1. 
- High-explosives and solvent contamination detected in characterization well R-
25. 
- Radionuclide and chemical contaminants in the regional aquifer beneath Area 
G, the   
   Laboratory’s active facility for the disposal of low-level radioactive waste (see     
   Exhibit 4).  



CCNS and EVEMG Comments about draft LANL SWEIS: Exhibit 1 * September 20, 2006* 
Page 5 

 

 
 
 
2.0.  Statements by DOE/NNSA and LANL of the need to use fluid-assisted 
drilling methods to install monitoring wells beneath the Laboratory and the 
surrounding region. 
 
-  Excerpts from LANL “Well Screen Analysis Report”2 (WSAR): 

“Drilling and construction of monitoring wells within perched intermediate 
zones at depths greater than 100 ft or within the regional aquifer require the 
use of drilling fluids to ensure borehole stability and lubricity. Drilling 
fluids perform functions that include cleaning cuttings off of the bit and the 
bottom of the borehole, transporting cuttings to the surface, providing 
borehole stability, cooling the bit, and lubricating the drill string. Rotary 
drilling to these depths is not possible without the use of drilling fluids, 
without incurring substantial risk to the successful completion of the 
boreholes and installation of the wells.”   [page 2, WSAR] 

 
“The earliest wells were drilled using air-rotary drilling methods with 
casing advance and the minimal use of fluids other than air. Because of 
significant problems associated with stuck casing, unstable boreholes, and 
lost circulation, small amounts of drilling fluids were used to improve 
lubricity, borehole stabilization, and cuttings circulation. Continuing 
drilling problems made total reliance on air-rotary drilling with casing 
advance impracticable for meeting drilling objectives. It became apparent 
that the depth of the wells and the difficult drilling environment, including 
substantial heterogeneity in physical rock properties, required that 
additional drilling techniques be employed in order to penetrate and 
respond to the complex hydrogeologic conditions that characterize the 
Pajarito Plateau.”  [page 8, WSAR] 
 
“Organic fluids, primarily EZ-MUD® and QUIK-FOAM®, were used in all 
wells.  In addition, sodium-bentonite drilling mud was used in twelve well-
screen intervals. A variety of other materials were also added to many of 
the wells (Table B-2).”  [page 8, WSAR] 

 
 
- LANL Comments on EPA draft report "Impacts of Well Construction Practices"   
   September 30, 2005 
 

“Our attempts at drilling dry at LANL resulted in a failure rate of 65%.  
That is, in 65% of the well locations where this technique was employed, 
the drill pipe became stuck, requiring the abandonment of the borehole and 
the construction of a new hole at significant cost/time.”   
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-  Excerpt from LANL “Workplan for R-well Rehabilitation and Replacement” 3 

(WRRR): 
 

“For the wells to reach the regional aquifer in some wells (e.g., in the Santa 
Fe Group), fluids and additives were used during drilling and well 
installation to enable the advancement of the drill casing or drill bit and to 
prevent the collapse of open-borehole intervals during the collection of 
borehole geophysical data. The hydrogeologic complexity and varying 
degrees of competence of the stratigraphic units beneath the Laboratory 
also dictated the use of fluids for penetration. Bentonite drilling muds were 
used at nine screens in four of the wells that are shown in this workplan as 
requiring rehabilitation or replacement. Organic fluids, such as EZ-MUD 
and QUIKFOAM, were used in all of the wells. If not completely removed 
by subsequent development, bentonite can serve as both a source of ions to 
groundwater as well as a sink for sorbing cations and organic species. 
Similarly, residual organic drilling fluids left in situ provide nutrients for 
microorganisms, a situation that leads to reducing conditions that can 
dissolve naturally occurring metal oxides and hydroxides, including those 
of iron and manganese, thereby releasing any coprecipitated or sorbed 
metals. At the same time, organic fluids reduce anions such as nitrate to 
nitrogen gas and sulfate to sulfide. Reducing conditions also may enhance 
the degradation rate of some organic species in the vicinity of the screen. 
The combined effects of these chemical reactions create conditions leading 
to unrepresentative groundwater quality and the inability to determine the 
presence or absence of contaminants in the groundwater with confidence.” 
[page 3, WRRR] 

 
-  LANL Description of the failure of the Air Rotary Casing Advance Drilling 
Method to Install Monitoring Wells in Meetings with the Public.   An example of 
the description of the failure of the casing advance drilling method to install 
monitoring wells beneath LANL that was common in LANL meetings with the 
public is the following excerpt on page 14 of  the minutes of the October 29-31, 
2002 Quarterly Public Meeting of the LANL Hydrogeologic Characterization 
Program: 
 
“Drilling Techniques Issue: 
• Casing advance is a slow, expensive and risky drilling technique. 
• Wells such as R-25 and R-8 are examples of how costly casing advance can be. 
Drilling Techniques Issue Resolution: 
• Maintaining borehole stability with fluids (stiff foam and bentonite mud) has 

been added as a drilling option. 
• Drilling the boreholes goes much faster using fluids.” 
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-  Meeting Notes of the July 13, 2004 Annual Meeting of LANL Groundwater 
Protection Program. Excerpt of discussion on page 3: 
- Question from meeting attendant:  “Is the plan to drill the boreholes dry?” 
- Reply by Tom Whitacre (DOE/NNSA):  “The plan is to drill dry.  The problem 
with drilling dry is that it creates dust and we have to add water to control the 
dust.  Also, when we get into the basalt we have to add foam to fill in the cracks 
in order to get returns.” 
- Question from meeting attendant:  “What are the DQOs for chemistry data?” 
- Reply by Mr. Whitacre:  Don’t believe you can drill completely dry to these 
depths.  Casing advance still needs fluid for lubricity and there is lots of stuck 
casing from using casing advance.”   
- Question from meeting attendant:  “is it a question of time – if you drilled 
slower could you drill dry”? 
- Reply by Mr.Whitacre:  “No, if you try to drill completely dry, you will get 
stuck.  First we try adding water and if that doesn’t work, then we add foam.”   
- Question from meeting attendant:  “What is in the foam?” 
-  Reply by Mr. Whitacre:  “Primarily isopropyl alcohol.”  [The isopropyl alcohol 
in the drilling foam is a fuel for well known microbial chemical processes that 
cause the LANL characterization wells to mask the presence of radionuclide 
contaminants is the water produced from the wells.]  
 
3.0. Properties of the Drilling Fluids that Hide the Presence of Many 
Contaminants From LANL Operations in the Water Samples Produced From the 
LANL Characterization Wells.   
 
All of the LANL characterization wells were drilled with methods that invaded 
the screened intervals with drilling additives that caused the development of a 
new mineralogy on the strata that surround the well screens.  Robert H. 
Gilkeson, a Registered Geologist, wrote a report11 in 2004 to bring attention to the 
many problems that prevent the characterization wells from producing 
representative water samples.  As a result of Mr. Gilkeson’s report, reports were 
written by the DOE Office of the Inspector General12 and by the Environmental 
Protection Agency13 (EPA) that agreed with Mr. Gilkeson’s position that the 
drilling additives would hide the presence of contamination in the water samples 
produced from the wells, and also would lower the permeability of the impacted 
strata that surround the well screens.  Besides unreliable water quality data, the 
wells also are not reliable for knowledge of the in situ permeability of the aquifer 
strata.  Knowledge of the permeability of the strata is important to calculate the 
speed of travel of contaminated groundwater to the drinking water wells and to 
the Rio Grande. 
 
Excerpts from the DOE IG Report and the EPA Reports are included in the 
summary below of articles in the technical literature with reasons for not 
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installing monitoring wells in strata that are invaded with organic drilling 
additives or bentonite clay drilling muds. 
 
Article A-1:  The Office of the Inspector General of the Department of Energy 
wrote a report12 about the bentonite clay drilling mud and organic drilling 
additives that were allowed to invade the screened intervals in monitoring wells 
installed at the Los Alamos National Laboratory – Report DOE/IG-0703, 
September 2005.  Excerpt from the report: 
 
• “Muds and other drilling fluids that remained in certain wells after 

construction created a chemical environment that could mask the presence of 
radionuclide contamination and compromise the reliability of groundwater 
contamination data.” 

 
Article A-2:   The  EPA National Risk Management Research Laboratory 
published a report13 in February, 2006 about the adverse impact of drilling 
additives on the quality of data from the monitoring wells installed at the Los 
Alamos National Laboratory.  Excerpts from the EPA Report: 
  

“Most of the hydrogeologic characterization wells at LANL appear to have 
been installed using drilling additives that have the potential to impact the 
quality of data obtained from the affected well screens. Some of these 
impacts have been documented in various LANL publications.”  

 
“In general, it is likely that many of these screens may not produce 
representative samples for constituents that strongly sorb to clays or whose 
fate in the environment is sensitive to changes in redox conditions for some 
period of time. In particular, the constituents of concern that may be most 
affected by the residual drilling additives are radionuclides (e.g., isotopes of 
americium, cerium, plutonium, radium, strontium, uranium), many stable 
metal cations, and organic compounds that may be degraded in the 
impacted environment near the well screen.”  

 
“Predictions of the time frames for the impacted intervals to return to 
natural conditions are uncertain.  The time frame for this continuing impact 
to the representativeness of groundwater samples may be years to 
decades.” 

  
“It is also likely that the inability to fully remove the additives which were 
used during drilling has reduced the hydraulic conductivity of many of the 
impacted screened zones.” 

   
 “With respect to screens where bentonite-based additives were used, it is 
possible that even trace amounts of residual bentonite that remain 
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following development may render groundwater samples non-
representative for highly sorbing constituents.  This situation would be 
difficult to accurately characterize.   Therefore, the quality of samples for 
constituents such as isotopes of americium, cerium, plutonium, and radium 
obtained from these screens will likely remain uncertain even after re-
development.” 
 
“With respect to screened intervals where organic additives were used, ..... 
it is unlikely that the new mineral phases formed during biodegradation of 
the organic materials would be fully removed during redevelopment.” 
 

Article A-3:  The text book Aqueous Environmental Chemistry by Langmuir (1997) 
describes the preferential adsorption of the LANL radionuclide contaminants 
listed in Appendix F of the Draft LANL SWEIS by the bentonite clay drilling 
muds that were  
allowed to invaded the screened intervals in the LANL characterization wells as 
follows: 
  

“Adsorption (onto bentonite clay) of a dissolved ionic species is always part 
of an (ion) exchange reaction that involves a competing ionic species.  The 
desorbing species creates the vacant site to be occupied by the adsorbing 
one.  As the trace metal (or radioactive contaminant) level drops relative to 
that of a competing major ion, adsorption of the trace species is increasingly 
favored relative to competing major species.” 

 
Article A-4:  The text book Aquatic Chemistry by Stumm and Morgan (1996) 
describes the preferential adsorption of trace contaminants by bentonite clay as 
follows: 
  

“The sorption of alkaline and earth-alkaline cations (e.g., strontium-90) on 
expandable three-layer clays [e.g., bentonite clays] can usually be 
interpreted as stoichiometric exchange of interlayer ions (ion exchange).  To 
understand binding of trace heavy metals [e.g., also the trace radioactive 
contaminants such as plutonium and americium] on clays, one needs to 
consider – in addition to ion exchange – the surface complex formation on 
end–standing functional OH groups. Three layer silicates (e.g., bentonite 
clays) contain on the crystal edges (broken bonds) end-standing OH groups 
which can interact with [remove from groundwater] metal ions [and most 
of the radionuclide contaminants listed in Appendix F of the Draft LANL 
SWEIS].” 
 

Article A-5:  The Los Alamos National Laboratory (LANL) established a team of 
experts known as the External Advisory Group (EAG) to review activities to 
install a network of monitoring wells beneath the Laboratory facility.  The EAG 
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Semi-Annual Report (EAG, Dec. 23, 1999) lists 17 disadvantages for installing 
monitoring wells in boreholes that were drilled with the mud-rotary method.  
The EAG report contains the following summary statements concerning use of 
the mud rotary drilling method:   

      
 “The use of mud-rotary drilling techniques is largely inappropriate for the 
goal of  
the LANL Hydrogeologic Workplan.  Drilling with mud carries the risk of 
adsorbing contaminants onto the bentonite that permeates into the pore 
space  
around the well screen and is not removed by well development.  Should 
this occur, it could result in reduced concentrations or non-detects on 
contaminants that are actually present in the vicinity of the well.” 
            
“The artificial entrainment of bentonite clay drilling muds in the pore space 
around a monitoring well is clearly not desirable.  This is because these 
materials can remove from solution the very constituents that need to be 
monitored by the well.  This is a significant concern for LANL since 
radionuclides are known to be  
adsorbed by these clays.  That the drilling mud, i.e., bentonite, penetrates 
into the aquifer strata is not disputed.  It is reasonable to assume that fairly 
extensive intrusion of the bentonite into the aquifer strata can be expected.”   
 
“It is argued that well development, via high-flow pumping, using surge 
blocks, etc. is sufficient to remove blockage and create adequate flow 
through the well screen when a well has been drilled with mud.  This is 
generally true.  However, sufficient water flow is not the only consideration 
here.  It is extremely unlikely that such well development techniques can 
remove the extruded bentonite sufficiently to assure that residual clay 
materials are not present in the pore space around the wells and serving as 
an adsorptive barrier to contaminant detection and quantification.”   
 
“Unfortunately, if no contamination is detected then there is simply no way 
(without drilling another well by a different technique) to determine 
whether the contaminant is truly absent at this point or whether it is being 
adsorbed by residual drilling fluids. The EAG would therefore caution 
LANL about using mud drilling techniques for the installation of the deep 
regional monitoring wells.  If bentonite clay drilling mud is to be used, it 
should be used sparingly (e.g., as a lubricant only) and it would be best to 
avoid it altogether when drilling zones where the well screens will be 
located.” [Emphasis Added]. 
 

Organic drilling fluids were allowed to invade the screened intervals in all of the 
LANL characterization wells.  The effects of the organic fluids to reduce the 
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permeability of the aquifer strata that surround the screened intervals and the 
properties of the iron precipitates formed by microbially mediated chemical 
processes that result from the organic drilling fluids are well known in the 
technical literature as shown by the articles below. 
 
Article A-6:  Handbook of Ground Water Development by Roscoe Moss (1990). 
- From page 211 of the Handbook: 

“Because iron and sulfur bacteria are ubiquitous, - care should be taken in 
drilling and casing and screen installation so as not to introduce gross 
organic contamination into the aquifer.”   

- From page 371 of the Handbook: 
“Excessive growth of filamentous iron bacteria results in gelatinous slimes 
that may seriously reduce water yield from wells.  This problem is more 
likely to occur in a well that is inactive or intermittently operated.”   

Article A.7:  “Aqueous Environmental Geochemistry”, by Donald Langmuir, 1997 by 
Prentice-Hall, Inc., Upper Saddle River, New Jersey. 
- From page 436: 

“Crystallization of hydrous ferric oxide (HFO) takes years in waters low in 
iron, but may occur in a few hours or days, in the presence of several 
mg/kg (mg/L) of dissolved iron.” 

- From page 462: 
“They (iron precipitates) are especially a problem in fouling of iron pipes in 
water supply systems and well screens.  They can cause a loss of up to 90 % 
in the productivity of a well.” 

- From Page 538: 
“Among common minerals, the strongest sorbents for most actinide cations 
(e.g., cations of uranium, plutonium, americium) are the ferric 
oxyhydroxides and especially hydrous ferric oxide.”   
 

Article A.8: Excerpt from the LANL “Hydrogeologic Synthesis Report”16 – 
-  “Adsorption occurs when dissolved species interact with surfaces of 
aquifer material coated with  hydrous ferric oxide, manganese dioxide, clay 
minerals or other adsorbents.  Hydrous ferric oxide has a specific surface 
area of 600 m2/gm --Many metals and radionuclides including barium, 
chromium, nickel, uranium, strontium-90, americium-241, plutonium-238, 
and plutonium-239,-240 typically adsorb onto hydrous ferric oxide coated 
particles between pH values 5 and 8.” [page 3-10, Hydrogeologic Synthesis 
Report ] 
 

The LANL water quality data7 for the LANL characterization wells are 
evidence that the organic drilling fluids have caused the formation of coatings 
of ferric oxyhydroxides and hydrous ferric oxides on the strata that surround 
the well screens. 
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Article A-9:  The article by Gibb, J.P., and K.V.B. Jennings. 1987, “How Drilling 
Fluids and Grouting Materials Affect the integrity of Ground Water Samples 
from Monitoring Wells.  Ground  Water monitoring Review 7(1): 33. describes how 
drilling fluids and grouting materials affect the integrity of groundwater samples 
from monitoring wells.  The article has the following discussion concerning the 
drilling of boreholes for monitoring wells with the fluid-assisted rotary drilling 
method using organic drilling fluids and/or bentonite clay muds: 

-  “Rotary drilling methods using bentonite or organic based drilling fluids 
present serious problems in the construction of monitoring wells.  Wells 
constructed with these drilling methods are seldom capable of providing 
accurate hydrologic or chemical data for a wide variety of inorganic and 
organic constituents. - - The amount of drilling fluids lost into formations or 
deposits (aquifer strata) is directly proportional to their hydraulic 
conductivity.” 
- “In geologic environments where drilling fluids are a necessity, inorganic 
clay muds are preferred over those containing organic materials.  The 
introduction of substrates for microbial activity can seriously impact the 
integrity of water samples.”                           
-  “In addition to the migration of drilling fluids into the subsurface 
materials, monitoring wells normally are constructed in the borehole while 
it is still filled with the drilling fluid.  The casing, screen, and gravel pack 
materials are placed directly into the drilling fluid.  The gravel pack 
materials often become suspended in the drilling fluid making it extremely 
difficult to determine where the gravel pack materials terminate and the 
overlying well seal begins.  It is almost impossible to document the “as built 
condition” of monitoring wells constructed using rotary drilling methods 
and drilling fluids.” 
- “Breaking down the mud cake and removal of all drilling fluids 
introduced during the drilling and construction process is extremely 
difficult.  Groundwater velocities required to remove drilling fluids, and 
the colloidal size particles associated with  
them from the aquifer materials usually cannot be created during 
development of small diameter monitoring wells.” 
- “The potential consequences of using drilling fluids (fluids and muds) 
should be obvious.  The use of drilling fluids and muds should be curtailed 
whenever possible.  Migration of bentonite or even “clean water” into the 
aquifer materials disturbs the subsurface environment and creates chemical 
and biological conditions that have the  potential for altering water quality 
in the immediate vicinity of the well and the area  
impregnated.   Due to the limited area of influence experienced during the 
development of monitoring wells, drilling fluids seldom are removed to the 
extent that they will not cause “well trauma”.  [“well trauma” means the 
monitoring well provides groundwater samples with a chemistry that is not 
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representative of the aquifer.  Water samples over time from the majority of 
the LANL characterization wells exhibit “well trauma”.]   
- “Experience has shown that drilling muds not effectively removed from 
the well bore opposite the screen and gravel pack will interfere with the 
chemical and biological quality of samples from those wells.” 

    
The above excerpts from the DOE IG Report, the EPA Report, the technical literature, 
and even LANL reports are irrefutable evidence that the LANL characterization wells 
impacted by the organic and bentonite clay drilling fluids do not produce representative 
water samples for many LANL contaminants of concern and especially the strongly 
sorbing radionuclide contaminants that would be produced by expanded operations to 
manufacture plutonium pits.   
 
4.0.  The Emerging Presence of Plutonium and Neptunium Contamination in the 
Groundwater Resources of Los Alamos County and Santa Fe. 
 
The data in Appendix F of the Draft LANL SWEIS bring attention to the 
emerging presence of Neptunium-237 and  Plutonium-239 and Plutonium-240 in 
the regional aquifer because of the nuclear weapons research over the past sixty 
years at the Los Alamos National Laboratory.  Plutonium and neptunium do not 
occur naturally in the groundwater.  The presence of the contaminants is due to 
nuclear weapons research at LANL.  Colorado10 has set the maximum allowable 
level of Pu-239 and Pu-240 in drinking water at 0.15 pCi/L for the following 
reasons: 
 

“Basis for Commission Decision Since the previous basic standard 
was set, several changes have occurred: 1) a new methodology for 
assessing carcinogens has become the standard practice, 2) new 
data have resulted in periodic updates to the slope factors used in 
this methodology, and 3) a more refined Commission policy on 
appropriate levels of protection for carcinogens has been 
developed. This latter risk-based policy also parallels a national 
trend towards risk-based approach to environmental cleanup 
standards.”  
“The 15 pCi/L dose-based approach was calculated using a 
“reference-man” and considered exposure during his working life. 
It was an approach designed to address questions related to 
occupational exposure. It did not consider sex, age and organ-
specific factors over a lifetime. In contrast, the new slope factor 
methodology, used in EPA's 1989 Risk Assessment Guidance for 
Superfund Sites, is more complete, more applicable to a general 
population and has become the standard practice for calculating 
risk.”  
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“The Commission adopted a basic standard of 0.15 pCi/L for 
plutonium and americium, calculated using a 1 x 10-6 risk level, 
based on residential use.  This risk level is consistent with the 
Commission’s policy for human health protection.” 

 
A recent article9 by noted nuclear physicist Arjun Makhijani describes the 
new medical knowledge of the health impacts of the alpha-emitting 
radionuclides that are generated by nuclear weapons research activities at 
LANL that require changing the EPA Drinking Water Standard to 0.15 
pCi/L: 
 

“EPA should set a combined maximum contaminant level for alpha-
emitting, long-lived transuranic radionuclides of 0.15 picocuries per liter. If 
only one of the radionuclides in question were present, then the limit for 
that radionuclide would be 0.15 picocuries per liter. The radionuclides 
included are: neptunium-237, plutonium-238, plutonium-239, plutonium-
240, plutonium-242, americium-241, and americium-243. These changes 
should be made as part of the EPA’s review of radionuclide standards in 
drinking water that is scheduled for 2006.”  
 
 

Section 3.0 describes the effects of the drilling additives to prevent the 
LANL characterization wells from producing water samples that are 
reliable for the detection of the alpha-emitting radionuclides generated by 
LANL nuclear weapons research and by the manufacture of plutonium 
pits at the Laboratory facility.  Another important reason that  
DOE/NNSA and LANL do not have the required knowledge of the 
presence of the plutonium and neptunium radionuclides in the regional 
aquifer is that the necessary research on the role of colloids and 
nanoparticles to facilitate transport of the radionuclides has not been 
performed as shown by the Draft LANL SWEIS: 
 
      “The role of colloids in transport of contaminants at LANL is largely 
unknown          
        and uninvestigated.” [page E-27 of the Draft LANL SWEIS] 
 
The failure of DOE/NNSA and LANL to have the required knowledge of the 
role of nanoparticles and colloids for contaminating the groundwater resources 
beneath and away from the Laboratory facility with the transuranic 
radionuclides is another reason    that the Final LANL SWEIS is required, under 
NEPA, to select the Reduced Operations Alternative.    
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4.1.  Plutonium-238 and Plutonium-239 contamination in the regional aquifer is 
proven by the data presented in Appendix F of the Draft SWEIS.  The Draft 
LANL SWEIS presents the level of Plutonium-238 and Plutonium-239 measured 
in groundwater in Appendix F. The figure below is from Appendix F. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure F– 4  Plutonium-239 and Plutonium-240 Measured Mean Concentration   
                      Value in Groundwater  [From Draft LANL SWEIS page F-4]  
 
 
On Figure F– 4, the highest mean value for Pu-239 and Pu-240 are at location 1 
and are in the groundwater samples from the monitoring wells installed in the 
alluvial sediments along the floors of the canyons that received plutonium laden 
waste waters from over 60 years of nuclear weapons research.  The tables in 
Appendix F show that the maximum level of dissolved Pu-239 and Pu-240 in the 
shallow groundwater along the canyon bottoms is 1.78 pCi/L for a location in 
Mortandad Canyon.  On Figure F-4 locations 9, 10, and 11 display  the mean 
values for Pu-239 and Pu-240 in the groundwater samples from the LANL 
characterization wells installed in the regional aquifer, the Los Alamos County 
supply wells, and the City of Santa Fe wells in the Buckman well field as follows: 
 
                                                          Concentration of Plutonium-239 and 
Plutonium-240   
                                                             mean value (pCi/L)    maximum value 
(pCi/L) 
LANL Wells in Alluvial Sediments         0.478                         1.78 (Mortandad 
Canyon) 
 
LANL Characterization Wells                0.125                         0.601 (Mortandad 
Canyon)    
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Los Alamos County Supply Wells         0.0167                       0.0308 
 
Santa Fe Buckman Well Field               0.00455                     0.00910 
 
Note on the above table that the  highest mean values and maximum values of 
Pu-239 and Pu-240 are in the LANL characterization wells, followed by lower 
levels in the Los Alamos County supply wells, and even lower levels in the 
Buckman well field.  This is the expected trend for contamination of the 
groundwater with plutonium from the Laboratory operations as the 
characterization wells are the closest to the source of the contamination and the 
wells in the Buckman well field are the most distant.   
The actual concentration of plutonium contamination in the regional aquifer at 
the location of the LANL characterization wells is not known because of the 
impact of the drilling additives and other factors to reduce the level of plutonium 
in the unreliable and nonrepresentative water samples produced from the 
characterization wells. 
 
Nevertheless, the mean value of 0.125 pCi/L  with a maximum value of 0,601 
pCi/L measured in the regional aquifer in the water produced from a LANL 
characterization well at a location below Mortandad Canyon (note that 
Appendix F in the Draft LANL SWEIS shows the highest plutonium 
contamination at 1.78 pCi/L is in the shallow groundwater in the alluvial 
sediments in Mortandad Canyon) are alarming because of recent reports9,10 that 
recognize the need to set the drinking water standard for the combined 
concentration of Plutonium-239 and Plutonium-240 at 0.15 pCi/L.  
 
In addition, the Draft LANL SWEIS acknowledges that the plutonium 
contamination in settings such as Mortandad Canyon may travel through the 
vadose zone to contaminate the regional aquifer:  
 

“Finally, local recharge does occur along canyons that cross the LANL 
property – this recharge has important water quality implication in 
locations where contaminant effluent discharges have been released” [page 
668, Keating et al., 2005].  

 
4.2.  Neptunium-237 contamination in the drinking water of Los Alamos 
County and Santa Fe is proven by the data presented in Appendix F of the 
Draft  LANL SWEIS 
 
Neptunium-237 is an alpha-emitting radionuclide that does not occur naturally.  
The contaminant was produced by the nuclear weapons research at LANL.  The 
emerging presence of Neptunium-237 in the regional aquifer beneath LANL is 
alarming because the radionuclide is much more mobile in groundwater14 than 
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the plutonium isotopes and is also much more of a danger to public health.9  Of 
course, the actual concentration of Neptunium-237 contamination in the regional 
aquifer at the location of the LANL characterization wells is not known because 
of the impact of the drilling additives and other factors to reduce the level of the 
radionuclide contaminant in the unreliable and nonrepresentative water 
samples2  produced from the monitoring wells. 
 
The table below displays the data in Appendix F in the Draft LANL SWEIS for 
the mean and maximum values for Neptunium-237 in the groundwater samples 
from the LANL characterization wells installed in the regional aquifer, the LANL 
Old Test Wells installed in the regional aquifer, the Los Alamos County supply 
wells, and the City of Santa Fe wells in the Buckman well field as follows: 
 
                                                                 Concentration of Neptunium-237 
                                                           mean value (pCi/L)    maximum value (pCi/L) 
LANL Characterization Wells                      5.4                      30.1 (Sandia Canyon)                                                       
 
LANL Old Test Wells                                  14.9                     21.2 (Motandad 
Canyon) 
 
Los Alamos County Supply Wells              10.6                      15.6 
 
Santa Fe Buckman Well Field                    10.3                      10.8     
 
The above table shows that the mean value of Neptunium-237 measured in 
the LANL characterization wells and old test wells is at the EPA maximum 
contaminant level (MCL) of 15 pCi/L that is allowed for drinking water.  The 
maximum level measured in the set of LANL characterization wells in 
Appendix F of the Draft LANL SWEIS  is double the EPA MCL.   
 
More alarming is the high level of Neptunium-237 in the drinking water 
produced from the supply wells for Los Alamos County and Santa Fe.  Note 
that the maximum level measured in a Los Alamos County supply well 
exceeds the EPA MCL of 15 pCi/L and the recent research9  and action by the 
Colorado Water Commission10 establish the need for the New Mexico 
Environment Department to change the New Mexico Drinking Water 
Standard to 0.15 pCi/L.  The mean value in the drinking water produced from 
the supply wells for Los Alamos County and for Santa Fe from the supply 
wells in the Buckman well field are above 10 pCi/L and far above the 
necessary drinking water standard of 0.15 pCi/L to protect public health.  
 
4.3.  Neptunium-237 and Strontium-90 Contamination in Groundwater From 
the “Other Springs.”   
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Table F-14 in the Draft LANL SWEIS lists a very high concentration of 
Strontium-90 in groundwater that discharges from unidentified “other 
springs”.  The mean and maximum levels of Strontium-90 in Table F-14 are 
45.6 and 115 pCi/L, respectively, compared to the EPA MCL for Strontium-90 
in drinking water of 8 pCi/L.  It is unconscionable that the Draft LANL SWEIS 
does not inform the reviewers of the number and the locations of the “other 
springs” that produce the very high levels of Strontium-90.   
 
In addition, Table F-14 in the Draft LANL SWEIS lists a mean value of 12.7 
pCi/L for Neptunium-237 in groundwater samples collected from the “other 
springs”.  Unfortunately, the table does not list the maximum value for 
Neptunium-237 in the groundwater samples collected from the “other 
springs”. 
 
4.4.  Immediate Need for Accurate Knowledge of the LANL Contamination 
That is Present in Drinking Water and in groundwater discharging from the 
“other springs”  
 
A major deficiency in the Draft LANL SWEIS is the failure to bring attention 
to the widespread contamination of the groundwater resources in Los Alamos 
and Santa Fe Counties that has already occurred because of the 60 year history 
of nuclear weapons research and production at the Los Alamos National 
Laboratory.  Indeed, the data in the Draft LANL SWEIS show the presence of 
Plutonium-239, Plutonium-240, Neptunium-237, and Strontium-90 in the 
water resources at levels that the Federal Law and experts recognize as a 
danger to public health.  The above listed contaminants are not natural in the 
environment.  Instead, they are unique to nuclear weapons research and 
manufacture of plutonium pits. 
 
There is an immediate need to sample all of the water supply wells of Los 
Alamos County and Santa Fe (in the Buckman well field) for a complete suite 
of LANL produced radionuclide and hazardous wastes on a quarterly 
schedule to validate the measured values of Neptunium-237, Plutonium-239, 
and Plutonium-240 that are listed in Appendix F of the Draft LANL SWEIS 
and to identify the impacted supply wells.   In Appendix F of the Draft LANL 
SWEIS, the presence of Neptunium-237 contamination in the Santa Fe 
drinking water was based on only the analysis of  3 water samples from the 
Santa Fe Supply Wells in the Buckman well field.  There is an immediate need 
to collect water samples from all of the wells for analysis of LANL 
contaminants, and to identify the necessary Corrective Action. 
 
In Appendix F of the Draft LANL SWEIS,  the presence of Neptunium-237 
contamination in the Los Alamos County drinking water was based on the 
analysis of 13  water samples from the Los Alamos County Supply Wells.  The 
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Neptunium-237 contamination was detected in 4 of the water samples.  
However, the impacted wells are not identified in the Draft LANL SWEIS.  
There is an immediate need to collect water samples from all of the Los 
Alamos County Supply Wells for analysis of LANL contaminants and to 
address the needed Corrective Action. 
 
The high levels of Strontium-90 and Neptunium-237 reported for the “other 
springs” requires the immediate collection of water samples for a complete 
suite of the radionuclide and hazardous waste analytes on a quarterly 
schedule.  If the comprehensive study validates the high levels of Strontium-
90 and possibly other LANL contaminants including Neptunium-237, then a 
Corrective Action is required to clean up the contaminated water. 
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