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The Department of Energy (DOE) recently gave itself permission to build a $6 billion, 
500 million pound, four-floor Super Wal-Mart sized nuclear facility for storage of six 
metric tons (13,228 pounds) of plutonium over the powerful and growing Pajarito Fault 
System (PFS). The available, but still insufficient, site characterization data show that the 
proposed CMRR-NF must be designed for a minimum magnitude M 8.0 earthquake – 
“a Great Earthquake with severe economic impact and large loss of life.”1 Los Alamos 
National Laboratory (LANL) is in the same US Geological Survey (USGS) Seismic 
Hazard Zone as Trinidad, Colorado and Raton, New Mexico where recent moderate M 
5.3 earthquakes occurred.2 The historical record over the past 40 years shows that M 4.5 
earthquakes have occurred at LANL.  

Because of the weak, unstable geologic setting at LANL, the earthquakes on record have 
destructive power to cause structural damage to the large open bay design for the 
proposed CMRR-NF, with possible release of plutonium. 

 The DOE 2011 final Supplemental Environmental Impact Statement 
(SEIS) for the proposed CMRR-NF – which would not begin operations 
until 2023 - states that one engineering design would “float” the 500 
million pound proposed facility above a 56 ft thick layer of very weak 
volcanic ash with the following properties:  

The apparent cementation is actually weak welding caused by vapor-phase 
minerals that form fragile connections between the volcanic ash particles that 
constitute the matrix of this unit. This weak welding is easily broken by even 
slight disturbance. The properties of [this unit] Qbt3L that are most problematic 
to nuclear facility construction are those that affect the seismic response of the 
unit, specifically, the estimated seismic wave velocities (the speed at which seismic 
waves travel) associated with this rock type [Emphasis supplied] (p. 3-21 in 2011 
final SEIS).   

Comment: There is unacceptable poor knowledge of the speed at which seismic waves 
travel through the weak layer of ash and the other layers in the 700 ft thick Bandelier Tuff 
below the proposed CMRR-NF because the required detailed site-specific field 
investigations required by Presidential Executive Orders 12699 and 12866 and DOE 
Order 420.1B for accurate knowledge of the seismic hazard have not been performed. 

                                                
1  http://www.iris.edu/hq/files/publications/brochures_onepagers/doc/EN_OnePager3.pdf 
2  http://neic.usgs.gov/neis/eq_depot/2011/eq_110823_c0005idz/neic_c0005idz_z.html 
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 Ground motions are much more powerful at the proposed CMRR-NF 
than those in March 2011 that destroyed the nuclear power reactors in 
Fukushima, Japan.         

The public has grave concerns that the proposed CMRR-NF should not be constructed 
because of the very high seismic hazard at LANL that is described in this Fact Sheet. The 
poorly characterized complex network of faults in the PFS and in the Embudo Fault 
System – Southwestern Section located north of the PFS are the source of the seismic 
hazard. See Figure 1. Four maps are provided in this Fact Sheet to help explain the many 
omissions and deficiencies in the study of the seismic hazard from the complex PFS.  

 The engineering design of the proposed CMRR-NF for storage of six 
metric tons (13,228 pounds) of plutonium is not safe because of errors 
and omissions in the necessary calculations of the seismic hazard. 

The LANL 2007 and 2009 Probabilistic Seismic Hazard Analysis (PSHA) Reports did 
not comply to the 2005 DOE Order 420.1B that require PSHA to meet the requirements 
in American Nuclear Society Standard ANSI/ANS-2.27-2008 Criteria for Investigations of 
Nuclear Facility Sites for Seismic Hazard Assessments. The LANL PSHA did not comply with 
the requirement in ANS-2.27-2008 for the seismic hazard assessment to include site-
specific field investigations of the subsurface velocity profile (see page 5) and of the active 
buried faults located close to the proposed CMRR-NF (see page 3). 

In addition, because of the simple calculation errors on the power of synchronous 
earthquakes and the omission of findings from a computer model specifically for the 
proposed CMRR-NF, the LANL 2007 and 2009 PSHA greatly underestimate: 

(1)  The maximum power of earthquakes in the PFS below LANL.  The design 
of the proposed CMRR-NF was based on a much too low value of M 7.27 for the energy 
of simultaneous ruptures from a single earthquake. However, the data in the LANL 2007 
PSHA show that the complex network of faults in the PFS is capable of synchronous 
earthquakes greater than M 8.0. The USGS calculates M 8.0 earthquakes to have more 
than 20 times greater destructive power than M 7.27 earthquakes.3  

(2)  The peak horizontal and vertical ground motions for the engineering 
design of the proposed CMRR-NF.  In a June 17, 2009 memo, Walter Silva and 
Ivan Wong, two of the authors of the LANL 2007 and 2009 PSHA, described the very 
great seismic hazard at the proposed location of the CMRR-NF as follows:  

I am not aware of any NRC [Nuclear Regulatory Commission] licensing activity 
with hazard similar to Los Alamos, with the site located on the hanging wall [of a 
large fault with >650 ft vertical displacement during the Quaternary] and within 
5 km of an active M 6.5+ source and with 10-4 [10,000 year recurrence] 
horizontal peak acceleration of about 1g [gravity]. This far exceeds the 
maximum horizontal peak acceleration of about 0.5g in the empirical V/H 

                                                
3  http://earthquake.usgs.gov/learn/topics/richter.php 
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[vertical/horizontal] ratios. I suspect (hopeful) the NRC would closely examine 
empirical V/H ratio at 0.5g applied at 1.0g and above.  (Recall for the DRS 
[Design Response Spectra] at 10-4 the UHRS [Uniform Hazard Response 
Spectra] is required at 10-5 [100,000 year recurrence] which is at about 2g for 
CMRR). 

 The engineering design of the proposed CMRR-NF at an estimated cost 
of $6 billion is based on peak acceleration values of 0.5 g and not the 
remarkably higher values of up to 2 g described in the above Silva and 
Wong (2009) memo.  

In addition, the concern in the Silva and Wong (2009) memo is for a single earthquake 
and not for the much greater destructive power from the synchronous earthquakes which 
may occur. The LANL computer models show that the synchronous earthquakes 
produce power for 75% more destructive peak accelerations (i.e., ground motions) at the 
proposed NF. It is a serious omission that the engineering design of the proposed CMRR-
NF was not based on the very great ground motions from synchronous earthquakes.                       

 LANL has neglected to include evidence of active buried faults located 
800 ft west and 2,000 ft east of the proposed CMRR-NF site.  

DOE and the LANL scientists admit that the active Guaje Mountain Fault (GM) is much 
closer to the proposed CMRR-NF than the 13,000 ft distance on Figure 2. The best 
information is that the GM is the unnamed fault on Figure 2 present at land surface in 
Los Alamos Canyon 5,000 ft north of the proposed NF. And the buried active fault 800 ft 
west of the proposed NF on Figure 3 is the GM. In addition, the best information is that 
the buried active fault 2,000 ft east of the proposed NF on Figure 3 is the Sawyer Canyon 
Fault. See Figure 1. Omission of the close locations of the active buried faults in the seismic 
hazard analysis threatens workers, the public and the environment.                                                                   

And DOE Standards, DOE Orders, Presidential Executive Orders, the regulations of the 
Nuclear Regulatory Commission (NRC) NUREG/CR-6372 require inclusion of the 
buried active faults on Figure 3 in the engineering design for the proposed CMRR-NF. 
For example, the 1997 NRC NUREG/CR-6372 has the following requirements in 
Section 4 - “Methodology for Characterizing Seismic Sources”:  

“[d]etailed” source characterization need only be carried out within, say, 100 km 
[60 miles] from the site. “Detailed” source characterization would include 
specifying the mapped location and three dimensional geometries of faults. 

At a minimum, the location of fault sources must be identified in map view.  
Usually a fault map depicts the line of intersection of faults with the ground 
surface. In the case of blind [buried] faults that do not intersect the surface, the 
location of the shallowest extent of the fault should be indicated on the fault maps. 
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And the new DOE Standard 1020-2011 requires PSHA to comply with ANSI/ANS-2.27-
2008 for geological, seismological and geophysical investigations of buried faults and 
specifically the buried active faults close to the proposed CMRR-NF as follows: 

Fault location:  Quaternary fault traces shall be defined, and locations shall be 
shown in map view with sufficient detail to determine source-to-site distance.  In 
the case of concealed or blind faults, the location of the most shallow extent of the 
fault shall be indicated on the fault maps [Emphasis Supplied] (p. 10). 

The potential for surface fault rupture and associated deformation shall be 
determined.  This assessment shall include the evaluation of both primary faults 
that reach the ground surface as well as secondary ground deformation (e.g., 
faulting, folding, tilting, warping, etc.) related to concealed or blind faults that do 
not reach the ground surface [Emphasis Supplied]. The investigation of a site 
and its vicinity for surface faulting shall include the following: 
(1)  examination for potential Quaternary surface faults at the site or for 
Quaternary faults that trend toward the site [e.g., Guaje Mountain Fault]; 
(2)  evaluation of the activity and origin of any Quaternary faults detected at the 
site or in the site vicinity that trend toward the site and the history of their 
displacement by the use of appropriate and accepted techniques and methods; 
(3)  evaluation of the width of the Quaternary fault zone, including areas of 
possible secondary ground deformation (p.15). 

Comment:  The zones of intense fractures displayed on Figure 3 are an example of 
areas of secondary ground deformation from active buried faults. Quaternary faults were 
active from 1.8 million years ago to the present and include all faults in the Bandelier Tuff 
over a large region. Figure 2 is the map of the active faults at land surface that was used to 
assess the seismic hazard at the proposed CMRR-NF. Comparison of Figure 2 with 
Figure 3 shows that the active buried Quaternary faults located close to the NF were not 
included in the seismic hazard analysis.   

 The proposed design fails to meet worker, public safety and 
environmental requirements. 

The proposed $6 billion design does not meet the requirements in the DOE Orders; 
DOE Standard 1020-2011 re: ANSI/ANS-2.27-2008 and ANSI/ANS-2.29-2008 
Probabilistic Seismic Hazards Analysis; Presidential Executive Orders; the NRC 
NUREG/CR-6372; and the Nuclear Safety Management regulations (10 CFR 830) for 
the protection of LANL site workers, the public and the environment. For example, 
Presidential Executive Order 12866 requires: “Each agency shall base its 
decisions on the best reasonably obtainable scientific, technical, economic, 
or other information.” 

 The necessary fieldwork has not been done at LANL.  

Fieldwork is required for accurate knowledge of the seismic hazard and to understand the 
actual cost. The LANL 2007 and 2009 PSHA require eleven key studies to be 
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performed in the “future”. The eleven studies have not been performed; a 
list of examples is provided below. The current design is based on guesses, 
assumptions and data from other DOE sites in completely different geologic settings, 
including the Savannah River Site located in South Carolina. 

One example is that fieldwork was not performed for an accurate site-specific velocity 
profile of the complex layers of Bandelier Tuff below the proposed CMRR-NF. Instead, 
the velocity profile from an entirely different geologic setting of uniform sediments at the 
DOE Savannah River Site was used as the velocity profile for the proposed CMRR-NF.   

A second example is that fieldwork was not performed for accurate site-specific values 
for 1) the shear velocity of the dacite reference rock at a depth greater than 750 ft below 
the proposed CMRR-NF, and 2) the depth below the proposed NF to the continuous 
layer of unfractured dacite.  Instead, assumed values were used for both important 
parameters for calculating the seismic hazard.  

Comment: The new DOE Standard 1020-2011 re: ANSI/ANS-2.27-2008 requires 
detailed field investigations at the site of the proposed CMRR-NF to determine accurate 
knowledge of the subsurface velocity profile for the complex volcanic layers of Bandelier 
Tuff and the depth below ground surface and shear velocity of the unfractured dacite.   

A third example is that accurate data from a reliable network of seismographs is 
needed to calculate “kappa,” a key seismic hazard parameter, which is required for 
accurate knowledge of the seismic hazard. A reliable network of seismographs is also 
required to monitor the growing power of the youthful PFS. And DOE Order 420.1B 
requires the installation and operation of a reliable network of seismographs as 
instrumentation to detect and record earthquakes. Nevertheless, the LANL 1995 and 
2007 PSHA described the overall failure of LANL to operate and maintain a reliable 
network of seismographs at any time. The 1995 PSHA described the requirements for a 
seismic network as follows: 

Currently there are only a few strong motion recorders operating at the LANL. A 
key element in assessing strong ground shaking, the effects of the subsurface 
geology on such motions, and the structural response of facilities to shaking are 
strong motion data…. We believe that the capability to record potential future 
ground shaking at LANL is inadequate compared to other major DOE facilities.  
One or more strong motion recorders should be installed at each major [LANL] 
facility with some instruments at free-field sites (p. 11-5).  

Comment: There are still only a few strong motion recorders operating at LANL and 
the anomalous low value of M 3.0 recorded for the October 17, 2011 M 3.5 earthquake 
close to LANL near Pojoaque, NM is proof that the LANL network is out of calibration.  
According to the USGS, an M 3.5 earthquake is greater than 15 times more powerful 
than an M 3.0 earthquake.  Id. 
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A fourth example is that the DOE 2011 final SEIS admits that detailed field mapping 
has not been performed for accurate knowledge of the distance from the proposed 
CMRR-NF to the key GM Fault as follows:  

Detailed geologic mapping of the area between the mapped southern termination 
of the Guaje Mountain Fault and the northern side of Los Alamos Canyon [a 
north-south distance greater than 6,300 ft] has not yet been undertaken (DOE 
Response to Comment 315-5). 

Comment: In the above statement, DOE admits the very serious omission of detailed 
field mapping for location of the GM Fault. Nevertheless, the DOE 2011 final SEIS 
misrepresents the key GM Fault to terminate at a distance 2 ½ miles north of the 
proposed CMRR-NF. In fact, the large zone of intense fractures immediately west of the 
proposed CMRR-NF on Figure 3 is evidence of ground shaking from the close location of 
the active buried GM Fault.  

A fifth example is that the DOE 2011 draft SEIS admits another very serious omission 
that large regions at LANL have not been mapped for seismic hazards: 

Large eastern and southern areas of LANL have not yet been mapped in detail 
for seismic hazards (p. 3-22).   

Comment: The detailed mapping of the seismic hazard over all of the LANL site is 
required by Presidential Executive Order 12699; NRC Regulation NUREG/CR-6372; 
and DOE Standard 1020-2011 re: ANSI/ANS-2.27-2008. For example, ANSI/ANS-
2.27-2008 requires detailed field investigations to characterize all Quaternary faults 
within 40 km (24 miles) of the proposed CMRR-NF. The required field 
investigations have not been performed.  

A sixth example is that a 1985 Subsurface Geology of the Pajarito Plateau, Española, New 
Mexico Report (LA-10455-MS) by Dransfield and Gardner described the successful 
application of seismic reflection surveys in Los Alamos and Mortandad Canyons for 
mapping the location and geometry of many buried faults in the PFS, including the GM 
Fault below Mortandad Canyon at a location 2,000 ft north of the proposed CMRR-NF. 
See Figure 4. The 1985 LANL Report described the importance for detailed seismic 
reflection surveys for accurate knowledge of the seismic hazard at LANL as follows:  

Seismic lines 1 and 2 [on Figure 4] exhibit numerous subsurface faults, which 
were not implied by other data. Undoubtedly, shallow seismic reflection profiles 
across other portions of the Pajarito Plateau would illuminate additional faults. 
Future seismic lines should extend east-west from the Rio Grande across the 
Pajarito fault zone to characterize the intra-rift graben and north-south from 
Garcia Canyon through Frijoles Canyon to check for transverse structures. A 
useful seismic hazards analysis of the Pajarito Plateau will not be complete 
without such additional data [Emphasis Supplied] (p. 13). 

Comment: The seismic reflection surveys described in the 1985 LANL Report have not 
been performed. Nevertheless, DOE Standard 1020-2011 requires the geotechnical 
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surveys for obtaining essential information on the seismic hazard at the proposed CMRR-
NF. The reflection surveys will identify the locations of buried faults and will also provide 
knowledge about the geometry of the discrete faults in the complex PFS. There is much 
uncertainty on the angle of dip for the active faults in the PFS at this time. 
Comprehensive geophysical investigations including seismic reflection, seismic refraction, 
gravity and aeromagnetic surveys are necessary for the robust kinematic model of the PFS 
that is described below.   

 The calculation of the seismic hazard at the proposed CMRR-NF 
requires a robust kinematic model that does not exist. 

The LANL Seismic Hazards Geology Team described the need for a robust kinematic 
model of the PFS in a 2009 paper published in the journal Geosphere as follows:   

Despite the importance of understanding the geometry of the [PFS] fault system 
and potential linkage among faults for purposes of seismic hazard analysis, a 
robust kinematic model of the fault system is lacking (Geosphere; June 2009; v. 5; 
no. 3; p. 252). 

The DOE 2011 final SEIS Response to Comment 241-9 agreed with the need for a 
robust kinematic model as follows:  

It is nevertheless prudent to consider such interactive fault models (kinematic and 
dynamic) in the future for possible application to the Pajarito Fault System 
[Emphasis Supplied]. 

Comment: It is prudent and necessary at this time by Executive Order 12866 (see page 4) 
to have a robust kinematic model of the PFS for the engineering design of the proposed 
NF. Currently, the very expensive engineering design (∼$400 million) is being performed 
without a robust kinematic model. 

The 1985 LANL Report by Dransfield and Gardner identified the PFS to be within the 
intra-Rio Grande Rift Velarde graben as follows:  

The deep seismic lines across the Pajarito Plateau (lines 1 and 2 [on Figure 4]) 
show that this portion of the Espanola Basin is characterized by a series of down-
to-the-west faults of varying displacements. Both seismic and well data suggest the 
presence of at least one major subsurface fault, which extends north-south over 
the length of the plateau and shows up to 400 ft (123 m) of west-side down 
displacement. This fault corresponds with the major inflection along the eastern 
side of the large negative gravity anomaly beneath the plateau.  It is possible that 
this fault is a border fault along the intra-rift Velarde graben (p. 11).   

Comment: There are multiple lines of evidence that the PFS is located within the intra-
rift Velarde graben. The location of the PFS in the graben has important but 
insufficiently studied control on the seismic hazard at the proposed CMRR-NF. The 
Velarde graben is within the Rio Grande Rift and is a large block of downthrown land 
between two major parallel deep-seated faults (the Pajarito Fault to the west and the 
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unnamed fault to the east). See Figures 2 and 4. A serious omission for accurate knowledge 
of the seismic hazard at the proposed CMRR-NF is that the LANL 2007 and 2009 
PSHA did not characterize the major boundary fault on the eastern side of the Velarde 
graben that was described in the 1985 LANL seismic reflection report. In fact, another 
very serious omission is that there is no mention of the Velarde graben in the LANL 
1995, 2007 and 2009 PSHA Reports, or the DOE 2011 draft and final SEIS for the NF. 

 The independent expert peer review process required by the Office of 
Management and Budget 2004 Final Information Quality Bulletin for Peer 
Review and by DOE Standard 1020-2011 re: ANSI/ANS-2.27-2008 has not 
been provided for the assessment of the seismic hazard at LANL. 

The Defense Nuclear Facilities Safety Board (DNFSB) described the importance of 
independent peer review of the entire process to assess the seismic hazard at LANL in the 
February 2011 DNFSB Twenty-first Annual Report to Congress as follows:  

The Board continues to stress to DOE the importance of adequate review, 
including independent peer review, of both the acquisition of site-specific data 
and subsequent analysis to ensure that ground motions for design basis 
earthquakes are based on accurate scientific knowledge (p. 63). 

Conclusion:  Our review has determined that the required accurate 
scientific knowledge for a safe and cost-effective design of the proposed 
CMRR-NF does not exist at this time.  

Due to the great underestimation of the seismic hazard at LANL 
described in this Fact Sheet and the LANL reports that describe the 
Pajarito Fault System (PFS) as youthful and growing in power, Congress 
should: 

(1)  stop all spending for the construction of the proposed $6 billion 
CMRR-NF for storage of six metric tons (13,228 pounds) of plutonium;                     

(2)  stop all spending for the engineering design of the proposed CMRR-
NF because there is not sufficient knowledge of the seismic hazard for a 
safe design; 

(3)  require DOE to conduct the necessary fieldwork in order to 
determine the seismic hazard at LANL; and  

(4)  require DOE to prepare a new environmental impact statement that 
includes all of the seismic hazard information collected at taxpayer 
expense over the past decades.  

Additional information and testimony--contact preparers of this Fact Sheet: 
 Robert H. Gilkeson, Independent Registered Geologist  rhgilkeson@aol.com 
  Joni Arends, Executive Director, Concerned Citizens for Nuclear Safety  

jarends@nuclearactive.org 
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Figure 1. Map of the Pajarito Fault System and Embudo Fault System – Southwestern Section 
in Northern New Mexico showing faults with surface displacements. Source: Figure 5-4 in 
LANL 2007 PSHA Report. Note: Buried active faults are not displayed on the map.  
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Figure 2. Mapped Faults with vertical displacements near land surface in the Los Alamos 
National Laboratory area. Source:  Figure 3-5 in the DOE 2011 final Supplemental 
Environmental Impact Statement (SEIS) for the proposed CMRR-NF at LANL TA-55. Note:  
The buried active faults located close to the proposed CMRR-NF are not displayed on the map 
and were not included in the seismic hazard analysis for the proposed CMRR-NF. See Figure 3.  
 

 
 



Figure 3. Map showing the inferred locations of the north-south trending buried active faults 
800 ft west and 2,000 ft east of the proposed CMRR-NF. Source: 2004 Tuff Fracture 
Characterization Along Mortandad Canyon Between OU-1114 and OU-1129 (LA-UR-04-8337) by K. H. 
Wohletz, Figure 14.  
Note: The north-south trending fault 800 ft west of the proposed CMRR-NF is the inferred 
location of the buried active Guaje Mountain (GM) Fault. The mapped surface exposures of the 
GM Fault 2 ½ miles north of the proposed CMRR-NF are displayed on Figure 2. 
Note: The north-south trending fault zone 2,000 ft east of the proposed CMRR-NF is the 
inferred location of the buried active Sawyer Canyon (SC) Fault. See Figure 1. The close locations 
of the buried active GM and SC faults were not considered in the engineering design for the 
proposed CMRR-NF for storage of six metric tons (13,228 pounds) of plutonium.    
 

 
                      Scale 0---------------------- 2000 --------------- 4000 feet  
     - Dashed black lines show trend of inferred faults - - - - - - - - - 
     - Brown patches along dashed black lines are zones of intense fractures 
     - Circled numbers 1 to 6 have no relation to zones of intense fracture 
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Figure 4. Map showing the locations of the two east-west seismic reflection lines; line 1 in Los 
Alamos Canyon and line 2 in Mortandad Canyon. Source: 1985 Subsurface Geology of the Pajarito 
Plateau, Española, New Mexico (LA-10455-MS) by Dransfield and Gardner, Map 1.  
Note: The two seismic lines reliably detected the active GM Fault to be present within 2,000 ft 
to the north of the proposed CMRR-NF. Additional seismic reflection surveys and drilling 
investigations are necessary to identify the exact location and geometry of the buried GM Fault 
close to the proposed NF and the lateral continuity and geometry of the other faults located east 
of the proposed NF that were identified by the two seismic reflection lines. There is a special 
need to characterize the location and geometry of the eastern boundary fault for the Velarde 
graben – shown as the easternmost fault on the map below.  
 

                      I - - - - - - - - - - - - - - 10 mile wide Velarde graben - - - - - - - - - - - - - - - I 

                                                                           I- Guaje Mountain (GM) Fault  

 


