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1. Introduction 
CDM Federal Programs Corporation (CDM Smith) prepared this technical memorandum for the U.S. 
Department of Energy (DOE) in response to comments received from the California Department of 
Toxic Substances Control (DTSC) on the Corrective Measures Study (CMS) for Area IV of the Santa 
Susana Field Laboratory (SSFL) report (CDM Smith 2020). In their April 6, 2023 response to 
comments letter, DTSC requested that DOE assess the influence of the Burro Flats Fault and North 
Fault on groundwater flow in SSFL Area IV (Figure	1). This technical memorandum is the first step 
in addressing this comment and includes the following:  

 Current understanding SSFL faults in Areas I, II, and III, as summarized from documents 
prepared for The Boeing Company (Boeing) and the National Aeronautics and Space 
Administrations (NASA)  

 Current understanding of the Burro Flats Fault and North Fault in Area IV  

 Study approach to assessing the influence of the Burro Flats Fault and North Fault on 
groundwater flow in Area IV 

2. Current Understanding of SSFL Faults 

2.1 Areas I, II, and III 
The following summary is from the Final Groundwater RCRA Facility Investigation Report (Stantec 
2021):  

“Work	performed	 involved	several	 technical	disciplines,	 including	structural	geology,	
geophysics,	hydrogeology,	 and	hydrogeochemistry.	Aspects	 of	 the	 structural	 geology	
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relevant	 to	 the	 hydrogeologic	 framework	 of	 SSFL	 included:	 a	 revised	map	 of	 fine‐
grained	unit	outcrops	and	faults	prepared	under	the	direction	of	Stanford	University;	
trenching	across	two,	and	one	suspected,	fault	zones;	a	review	of	more	than	200	boring	
logs	for	evidence	of	faulting,	including	 logs	for	58	monitoring	wells	constructed	since	
2009;	 a	 seismic	 investigation	 along	 three	 profiles	 in	 northeastern	 SSFL;	 and	
construction	of	 four	new	monitoring	wells	 in	 the	vicinity	of	 the	Shear	Zone,	Woolsey	
Canyon,	and	Coca	faults.”	

Interpretation of findings of executed work plans approved by the DTSC regarding the 
hydrogeologic characterization of faults at the SSFL are presented in the Hydrogeologic 
Characterization of Faults report	(MWH 2016). The report concludes with a conceptual hydraulic 
zonation of SSFL faults that extrapolates the observed and inferred hydraulic features reported in 
the hydrogeologic characterization of faults (Figure	2).	

The following summary is from NASA’s Groundwater RFI Report (NASA 2020):  

“The	mapped	geology	at	the	NASA‐administered	areas	is	shown	on	Figure	3‐1	in	NASA	
(2020)	and	shows	the	distribution	of	the	coarse‐grained	sandstone	dominant	members	
and	 the	 interbedded,	 fine‐grained	 siltstone	dominant	members.	Also	 included	on	 the	
map	are	 the	measured	 strike	and	dip	orientations	of	 the	beds,	and	 the	mapped	and	
inferred	traces	of	the	faults,	joints,	and	bedding	contacts.	During	the	field	mapping	effort	
(further	 described	 in	Appendix	E),	 structural	 lineament	 features	were	 confirmed	 as	
faults	if	they	showed	offset	bedding,	fault	gouge,	or	slickensides,	and	as	joints	if	they	did	
not	 show	 fault	 features.	 The	 primary	 geological	 faults	 identified	 in	 the	 NASA‐
administered	portion	of	SSFL	include	the	Burro	Flats	Fault	Zone	south	of	the	Coca/Delta	
AIG,	the	Coca	Fault	within	the	Coca/Delta	AIG,	the	Skyline	Fault,	which	traverses	the	
Coca/Delta	and	Alfa/Bravo	AIGs,	and	the	NFZ,	which	extends	through	the	former	LOX	
Plant	and	B204/ELV	AIGs.	

The	identification	of	faults	was	based	initially	on	the	published	geological	maps	of	faults	
and	structures	(Aydin	and	Cliona	(2014);	Geosyntec	(2008);	Dibblee	(1992);	and	MHW	
(2007,	2009	and	2015)	at	the	site.	For	the	NASA‐related	areas,	these	named	faults	and	
structures	 included	 the	NFZ,	 Skyline	 Fault,	 Coca	 Fault,	Burro	 Flats	 Fault	 Zone,	Alfa	
Deformation	Band,	Tank	Structure,	and	the	Delta	Structure.	These	faults	and	structures	
were	 examined	 in	detail	 in	 the	 field	 to	document	direct	 evidence	of	 the	nature	and	
orientation	of	the	faults	and	then	assessed	if	the	named	structures	were	faults	or	joints.”	

The named faults (Burro Flats Fault, Coca Fault, North Fault, and Skyline Fault) were confirmed 
with direct field evidence to be faults, such as noted geological offsets, fault planes with 
slickensides, and gouge between fault planes. 

Figure	3 is an annotated aerial photograph from 1939 that shows the lineaments and other 
features that were identified using stereoscopic assessment. Large-scale faults, such as the Burro 
Flats Fault and the North Fault, are labeled on the figure along with smaller-scale faults such as the 
Skyline Fault and Coca Fault. These labeled faults were field verified during geological mapping. 
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2.2 Area IV 

2.2.1 Burro Flats Fault 
The Burro Flats Fault trends west-northwest to east-southeast in the southern part of Area IV as 
shown on Figure	4	(CDM Smith 2019). The geologic map of Calabasas Quadrangle (Dibblee 1992) 
illustrates that rocks on the north side of the fault are displaced upward relative to those on the 
south side, resulting in Cretaceous Age Chatsworth Formation beds juxtaposed against the younger 
Santa Susana Formation to the south. The Burro Flats Fault also displays apparent left-lateral 
strike-slip displacement (MWH 2016).  

The Faults Report (MWH 2016) provides the following summary of field investigations and 
associated conclusions for the Burro Flats Fault:  

 The Burro Flats Fault crosses the entire southern width of the SSFL and is the dominant fault 
of the surrounding nearby region.  

 The length of the Burro Flats Fault is reported as 32,800 feet (10,000 meters).  

 Most of the field investigation work performed to identify the fault, including trenching, was 
conducted in Areas II and III.  

 The mapped fault zone is approximately 200 feet wide where it crosses the southern portion 
of Area III and the southwestern corner of Area II.  

 Shallow trenches excavated into sandstone along the fault zone’s southern margin 
encountered ancillary faults, fault gouge, intense fracturing, breccia, and deformation folding.  

 Clusters of shallow monitoring wells installed adjacent to groundwater seeps below Area II 
and along the southwest drainage where it crosses the fault have been used to monitor the 
hydraulic influence of the fault when WS-9A is pumped.  

 The Burro Flats Fault zone exhibits aspects of both a partial hydraulic barrier and a zone of 
enhanced hydraulic connectivity.  

 Evidence of a partial hydraulic barrier along the Burro Flats Fault includes differences in 
groundwater elevation across the fault.  

The report concludes:  

“As	 a	 well‐developed	 regional	 strike‐slip	 fault,	 a	 hydraulic	 barrier	 effect	 may	 be	
expected	 along	much	 of	 the	 Burro	 Flats	 fault	 as	 a	 result	 of	 cumulative	 cataclasis,	
repeated	strain	of	the	already	weakened	fault	core,	and	limited	damage‐zone	growth	
(page	4‐13).	 It	 is	reasonable	 to	assume	partial	hydraulic	barrier	 is	 fairly	continuous	
along	this	well‐developed	fault	along	its	eastern	extent	south	of	Area	IV.	The	Burro	Flats	
Fault	in	Area	IV	is	inferred	to	be	a	barrier	to	flow	across	the	fault	based	on	calibration	
requirements	of	the	groundwater	flow	model.	Sensitivity	analyses	with	the	flow	model	
indicate	that	the	hydraulic	conductivity	of	the	three	segments	of	the	Burro	Flats	Fault	
near	 the	 FSDF	 [Former Sodium Disposal Facility]	must	 be	within	 a	 range	 of	 low	
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conductivities	to	obtain	an	acceptably	accurate	match	to	observations	used	in	the	model	
calibration.”	

2.2.2 North Fault 
The North Fault is shown on Figure	4. Information presented on the North Fault in the Faults 
Report (MWH 2016) includes the following: 

 The North Fault extends 1.5 miles west from the shear zone across the northern boundaries 
of Areas I, II, and III. It consists of several strands within a zone up to several hundred feet 
wide with a well-defined geomorphic expression.  

 The North Fault exhibits a variety of hydraulic influences depending on location and depth 
(MWH 2016, Appendix L, Figures 74 through 89).  

 North of Area IV, the North Fault dissipates into a wide zone of deformation bands, which 
may be a partial hydraulic barrier contributing to a steep northward hydraulic gradient.  

Damage and shear zones of a fault manifest as enhancing permeability, partially or completely 
stopping hydraulic movement, or not effecting groundwater movement. Fault rock may be 
relatively permeable in areas with low-clay content, forming a disaggregation or fragmentation 
zone with similar or greater permeability than the host rock (MWH 2016). The Fault Report further 
states that the Shear Zone has a fault core of enhanced continuity and low permeability as a result 
of shale smearing (Cilona et al. 2015). This hydraulic barrier is responsible for cross-fault head 
differences historically ranging up to 400 feet during periods of heavy groundwater pumping west 
of the fault (MWH 2016). 

2.2.3 Western and Eastern FSDF Structure 
Figure	5 shows the Area IV geologic map with field-measured strike and dip of bedding, faults, and 
deformation bands (CDM Smith 2019). This map presents updated geologic interpretations made 
since issuance of the 2009 Groundwater Remedial Investigation Report (MWH 2009) but not 
presented in the 2016 Faults Report (MWH 2016). Of interest are the deformation bands and 
western and eastern structures at the FSDF. These structures have been updated on Figures	4 and 
5 based on the 2016 Faults Report.  

Two parallel north-south trending lineaments have been identified in the western portion of the 
northwest area at the FSDF (Figure	5). The lineaments are denoted as “Western and Eastern FSDF 
Structures” were investigated by MWH (2013) and determined to be deformation bands with little 
displacement, rather than fault structures. These deformation bands correspond to two of three 
north-south trending drainages found in the southwestern corner of Area IV. These structures are 
not classified as faults in the Faults Report (MWH 2016) although the projected locations are shown 
on Figure	4.  

2.2.4 SRE/RMHF Lineament (DTSC 1) 
A third lineament (DTSC 1) runs across the locations of the Sodium Reactor Experiment (SRE) and 
Radioactive Materials Handling Facility (RMHF) and is sometimes referred to as the SRE/RMHF 
lineament (Figure	6). Its presence was observed as linear bedrock features during the removal of 
the basement of Building 4143 at the SRE and removal of the RMHF leach field. This lineament 
trends approximately east-west, generally following the drainage from the RMHF westward and the 
drainage from the SRE eastward. The lineament was mapped remotely and no confirmatory field 
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investigation was performed (MWH 2016). Using boring logs, water level elevations, geologic 
mapping of lithologic units and structures, and a three-dimensional projection of the exposed trace 
lineament into the subsurface, the SRE/RMHF lineament was found to be the contact between the 
top of the Upper Burro Flats member and the bottom of the Shale 3 unit in this area. 

Beds of the Chatsworth Formation have been previously reported as striking approximately N70°E 
and dipping 25° to 35° to the northwest (MWH 2006). Strike and dip specific to Area IV was 
generated using a three-dimensional model in Leapfrog Works software and fine-grained unit 
outcrops mapped in the field (Figure	6). In the model, a planar surface orientated with the original 
SSFL strike and dip was projected along the topographic surface and compared to the mapped 
surface expression of the fine-grained units shown on the geologic base map. 

With little topographic relief at the Burro Flats plateau, adjustment of the strike and dip using the 
Shale 2, SPA, ELV, or Lot Bed was not evident. However, when projecting the original SSFL strike 
and dip along the Shale 3 unit, an area with greater topographic relief, it was observed that the 
SRE/RMHF photo lineament was observed to have good correspondence to the contact between the 
Upper Burro Flats member and the Shale 3 fine-grained unit. Since the SRE/RMHF was identified as 
an aerial photo lineament and no structural features have been observed or mapped, it was 
concluded that lineament is most likely a stratigraphic contact and not a fault (CDM Smith 2019).  

DOE acknowledges the uncertainty associated with this geologic interpretation of the SRE/RMHF 
lineament. An alternative interpretation is that the lineament is a fault supported by two 
observations at the site: (1) lack of the Shale 3 unit being mapped (discussed below) and (2) 
enhanced east-west fracturing and hydraulic conductivity north of the RMHF.  

Although there are areas on the geologic base map that do not show the Shale 3 as being present, 
lack of this unit may be explained by the steep and difficult terrain of the area, limited accessibility, 
and minor lithologic differences in the shale interval (interbedded medium-grained sandstone and 
fine-grained units comprised of thin-bedded fine- and medium-grained sandstone, siltstones, and 
shale). Additionally, this area is hydraulically downgradient and physically outside of Area IV and 
the Northern Buffer Zone, and thus was not extensively investigated.  

3. Study Approach 
To assess the influence of the Burro Flats Fault and North Fault on groundwater flow in Area IV, the 
following existing data will be reviewed: 

 Geologic maps, aerial photos, and satellite images 

 Lithologic and borehole geophysical logs 

 Volatile organic compound (VOC) concentrations in groundwater in the Burro Flats Fault 
area and tritium and VOC concentrations in groundwater in the North Fault area 

 Water level data and potentiometric surfaces 

 Estimates of hydraulic conductivity of the fault zone 

 Groundwater chemistry ternary diagrams prepared for wells in Area IV 
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Field activities to be performed, pending DTSC’s approval, may include:  

 Field mapping to determine the locations and widths of the Burro Flats Fault and North Fault 
in Area IV. In particular, the work will focus on the trace of the Burro Flats Fault, which is 
covered with alluvium or colluvium, and on the gap in the trace of the North Fault on the 
northwest side of Area IV (marked with “?” on Figure	7). Based on the length of the Burro 
Flats Fault, the width of the fault zone should be at least 100 meters, so it will be mapped as a 
zone including below the alluvium/colluvium. Fieldwork will be conducted to determine the 
location of the Burro Flats Fault near the Empire State Atomic Development Associates and 
FSDF area.  

 Field mapping to confirm the location of the Shale 3 unit near the SRE/RMHF lineament. 
Defining the location of the Shale 3 unit may provide insight into the presence of the North 
Fault at this area.  

 Where possible and advantageous, targeted trenching may be performed to further identify 
fault locations and characteristics in the shallow subsurface. The depth of investigation will 
be limited to the reach of the backhoe. It is assumed that sufficient observations can be made 
without entering the excavation.  

 Depending on the field mapping results, geophysical methods such as gravitational, 
electromagnetic, ground-penetrating radar, or magnetometer may be used to help define the 
boundaries of the faults. The survey will be conducted on the surface or using a drone if 
feasible. The geophysics subcontractor will be consulted to determine the best investigative 
method for the specific physical area and fault characteristics.  

 Based on the field mapping results, the need for and feasibility of conducting an aquifer test 
will be evaluated. If properly located pumping and observation wells are available, an aquifer 
test could be conducted to estimate the hydraulic conductivity, transmissivity, storativity, and 
aquifer anisotropy (i.e., the influence of the fault on drawdown in observation wells) near the 
North Fault in the western margin of Area IV. For example, wells RD-22 and DD-139, which 
are near the North Fault as it is currently mapped, could be used as pumping wells, and 
nearby monitoring wells to the east and to the west across the fault (Figure	7) could be used 
as observation wells. The location of the pumping wells and observation wells will be 
determined after mapping is completed. In addition, the aquifer test will be simulated in 
AQTESOLV software to help determine the flow rate and expected drawdown in the 
monitoring wells. The aquifer test will include the following elements:  

 Seven-day background water level monitoring period in the pumping and selected 
monitoring wells. 

 Synoptic round of water level readings from the pumping and observation wells. 

 Step test: Four steps will be completed, each lasting at least 2 hours and conducted at 
flow rates of 33, 66, 100, and 133 percent of the target flow rate for the constant rate test. 
The data will be assessed to determine the flow rate for the constant rate test. 

 Constant rate test: The target duration of the test will be at least 24 hours. A longer test 
will be run based on flow rate and water disposal capacity. 



7 

 Recovery phase: The recovery phase will last 24 to 36 hours.

 Following completion of the step test, constant rate test, and recovery phase on one of the
pumping wells, the same series will be repeated using the other pumping well.

 During all phases of the aquifer test, water levels will be monitored in at least one well
outside of the expected influence of the pumping well to monitor for changes in water
levels not related to the aquifer test.

 Precipitation will be monitored locally for the duration of the aquifer test.

CDM Smith will assess the results of the existing data review, mapping, and aquifer test, and present 
an updated assessment on the influence of the North Fault and the Burro Flats Fault on 
groundwater flow in Area IV in a technical memorandum. The need for additional work during 
corrective measures implementation will also be evaluated and presented. 

4. Limitations of Study and Investigation
Despite the multiple lines of evidence approach proposed in this study, the investigation may not 
conclusively identify the fault locations or their impacts on groundwater flow. If this is the case, the 
proximity of the VOCs and/or tritium plume relative to the suspected faults, the selected 
groundwater remedy, and the planned operation of the remedy will be considered to determine 
whether additional fault investigation is warranted.  
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Figure 1  
Area IV Faults and Plumes 
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Figure 2 
Interpretation and Inference of Boeing Area III Fault Permeability Structures Based on Review of Available Site Data 
(Adapted from Figure 5 in MHW 2016) 
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Figure 3 
Aerial Photograph from 1939 with Lineament Interpretation 
(Adapted from Figure 10 in NASA 2020) 
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Figure 4  
Map of SSFL Faults and Geologic Unit Exposures 
(Adapted from Figure 3‐3 in CDM Smith 2019) 
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Figure 5  
Area IV Geologic Map with Bedding, Fault, and Deformation Band Strike and Dip Measurements 
(Adapted from Figure 3‐5 in CDM Smith 2019) 

   

North Fault 
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Figure 6 
Shale 3 Contact Along Northern Portions of Area IV 
(Adapted from Figure 3‐6 in CDM Smith 2019) 
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Figure 7 
Proposed Fault Investigation Areas 
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