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Project: 300381-35     Activity: 27018 

The Department of Toxic Substances Control (DTSC) Geologic Services Branch (GSB) 
with assistance from Dr. Matthew Becker, Professor, Conrey Endowed Chair in 
Hydrogeology, California State University – Long Beach, reviewed and developed the 
following comments on the Boeing Site-Wide Groundwater RCRA Facility Investigation 
Report (Report), June 2017, prepared for the Boeing Company by MWH (now part of 
Stantec).  
 
General Comments 
 

1. The detail and presentation of the findings in the Report is not sufficient as a 
comprehensive and stand-alone RCRA Facility Investigation (RFI) Report.  The 
Report in fact, defers significant data and conclusions to other documents.  Section 
1.2.1 (Scope) states: 
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“This report summarizes results of detailed evaluations of groundwater impacts 
conducted at various geographic scales within and beyond Boeing’s RFI sites at 
SSFL. Detailed groundwater evaluations are presented in DSFRs for each RFI site, 
most of which are being prepared as of the date of this report.” 
 
Review of the Report and the full understanding of the data that supports the 
conclusions in the Report currently requires reference to the 2009 Draft Site-Wide 
Groundwater Remedial Investigation Report (2009 RFI Report), that was not 
approved by DTSC, and the Data Summary and Findings Reports (DSFRs), 
currently being submitted to and reviewed by DTSC. 
 
Further, the focus of the Report is too narrow.  It states “This RFI report was 
prepared to fulfill the requirements established in the Consent Order (DTSC, 2007) 
and in accordance with DTSC’s comments on the Draft Groundwater RI Report and 
its 2014 letter regarding groundwater characterization (DTSC, 2014).” 
 
The Report should document all the work and findings of the RFI investigation used 
to determine the nature and extent of releases of hazardous waste or constituents 
from regulated units, solid waste management units (SWMUs), and areas of 
concern (AOCs) and all the necessary data to support the Corrective Measures 
Study. At a minimum, important summative figures and tables should be included in 
the Report, even if reported elsewhere. References to previous reports should 
minimal but, where made, should include page, figure, or table citations so data can 
be easily located. 
 
The information, evaluations, and conclusions presented in the DSFRs are not 
established in the Report.  The GSB recommends that figures be included in the 
Report that bridges the work completed in the DSFRs, Table 6-1a through 6-1m of 
the Report, and the general conclusions in the Report.  The figures in the Report do 
not provide sufficient details.  For example, the Report presents Figure 6-1 (below) 
which only identifies subareas and not the individual RFI sites within the subareas 
(although the RFI sites are outlined).  It is not possible to identify where the RFI 
sites, chemical use clusters or chemical use areas (CUAs), described in Tables 6-
1a through 6-1m, are located. 
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In the Jacobs’ memorandum (DSFR Memorandum) titled “Final Proposed 
Approach for Submittal of Final Data Summary and Findings Reports, 
Boeing RFI Subareas, Santa Susana Field Laboratory, Ventura County, 
California” (dated September 17, 2019 and prepared for the Boeing 
Company), Figure 1 in Attachment 1 (see below) presents an individual 
RFI site (STL-IV) and the locations of the chemical use areas (CUAs) and 
CUA Clusters contained within as described in Tables 6-1a through 6-1m.  
The GSB recommends the inclusion of this figure or equivalent for each 
RFI site.  

Figure 6-1 (taken from the Report) provides a generalized site-wide scale of the RFI Areas 
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Further, the Report presents the soil, soil vapor, and vadose bedrock 
sample locations in Figure 6-2 (see below) which is at the scale of the 
entire site and is unusable for any meaningful assessment of potential 
source areas.   
 

Figure 1 (taken from Attachment 1 of the DSFR Memorandum) provides a more detailed map of the CUAs and CUA clusters at 
STL-IV. 
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Likewise, Figures 6-4 and 6-5 (shown below) of the Report present the 
site-wide scale of areas identified as “soil of chemical sources to 
groundwater” (Figure 6-4) and “estimated areas of impacted bedrock and 
sources to groundwater” (Figure 6-5).  The scale of the figures and lack of 
landmarks (e.g. roads, aerial images) make the figures unusable.    
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Figure 6-4 (taken from the Report) provides a site-wide scale of the estimated areas in soil of chemical sources to 
groundwater. 

Figure 6-5 (taken from the Report) provides a site-wide scale of the estimated areas in bedrock of chemical sources to 
groundwater. 
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Figure 2 in Attachment 1, of the DSFR Memorandum (below), is at the 
scale of the STL-IV RFI site and presents vadose zone source areas and 
estimated areas of impacted vadose zone bedrock along with locations of 
porewater, soil, and soil vapor samples with the concentrations identified 
by color.  Backed with an aerial image, the figure provides clear locations 
of samples and areas.  The colored sample identification provides the 
rationale for the designation of the source areas.  The GSB recommends 
that this figure or an equivalent be included for each RFI site in the report.  
It should be noted that the “area of impacted vadose zone bedrock” in 
Figure 2 does not include its designation (ex. STL4-BRCMS-V1) as was 
included in Figure 6-5 in the Report.  This should also be included in the 
revised figure.   

 
2. Common groundwater related issues identified in the first DSFR 

Memoranda submitted for the RFI sites include: the lack of data necessary 
to refine the delineation and nature of the groundwater sources; the lack of 
vertical control of the groundwater plumes; the uncertainty with and 

Figure 2 (taken from Attachment 1 of the DSFR Memorandum) provides a more detailed map showing samples locations and 
vadose zone source areas to groundwater. 
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presentation of particle tracks; and/or the application of groundwater 
characterization levels.  The Report should acknowledge and address 
these issues and the uncertainties associated with them.   
 

3. The Report further states: 
“The approach used to evaluate soil and soil vapor sampling results and to 
support application of professional judgment is shown in Figure 6-3.  
Areas where soils sources to groundwater have been identified are shown 
in Figure 6-4 and can include a single chemical (e.g. perchlorate) or a 
combination of chemicals (e.g. TCE and perchlorate) within the boundary 
of the areas shown.”   
 
Figure 6-3 and the identification of the groundwater source areas in the 
Report need to be revised to be consistent with the revised approach in 
the DSFR Memorandum (i.e. Figure 1). 
 

4. Appendix 3-B (Rock Porewater Reports) 
This appendix was going to be provided in an addendum.  Please indicate 
if it was provided to DTSC.  The GSB was unable to locate it.   
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Specific Comments 
 

1. Introduction and Background 
 
Under “Regulatory Framework,” the Report should state that two Post-
Closure Permits (PCPs) have been issued to the site. 
 

2.  2.1 Setting 
Page 9, 2nd paragraph 
“Most surface water is intermittently present only during the winter rainy 
season and is conveyed offsite via one of four natural drainage areas: 
Northwestern, Northern, Happy Valley, and South.” 
 
For clarification, a small portion of the site drains towards the northeast 
along the Woolsey Canyon Road. Likewise, there is a small portion of 
Area IV which drains to the Runkle Canyon drainage to the northwest.  
The remaining surface water flows to the north to the American Jewish 
University and Arroyo Simi or south to Bell Canyon and southeast towards 
Dayton Canyon to the Los Angeles River.  The GSB recommends revision 
of this statement to provide a clear and detailed description of the surface 
water drainages.  
 

3. 2.1 Setting 
Page 9, 3rd paragraph 
“In addition to these ponds, there is surface water contained within the 
Building 4056 excavation feature.” 
 
It is likely that the water contained within the excavation is groundwater 
and not surface water since it is not located to receive significant runoff 
and the water within the excavation is persistent throughout the year.  The 
GSB recommends that this issue be evaluated and assessed. 
 

4. 2.2.1 Site History Relative to Groundwater Characterization 
Page 10, 2nd paragraph 
“A visual chronology of the groundwater characterization program is 
shown in Plate 2-1 and a written description of the groundwater 
characterization chronology as of 2009 is provided in Appendix 2-A of the 
Draft Groundwater RI Report” 
 
The GSB recommends that this Plate be included in the Report not just 
referenced (see General Comment 1). 
 

5. 4.3.1 Fractures 
Page 26, 3rd paragraph 
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“Additional work characterizing the deterministic and stochastic nature and 
distribution of SSFL fractures is ongoing by the Groundwater Panel.” 
 
This statement is vague.  The GSB requests more specific information on 
the work being conducted.  Since the Report was submitted in June 2017, 
the GSB also requests an update on any progress or additional work 
completed since the submittal of the report. 
 

6. 4.3.2 Faults 
 
The table shown on Page 28 presents estimated fault offsets derived from 
the work of Cilona et al.  The offset for the Woolsey Canyon Fault (North 
Trace) is estimated to be 33 to 50 feet and the Woolsey Canyon Fault 
overall to be 195-395 feet.  Geologic maps and cross-sections throughout 
the report (e.g. Fig 4.2 and 4.3) consistently truncate the shale units at the 
North Trace.  An offset of 33 to 50 feet would hardly be noticeable in site-
scale maps and, therefore, would not truncate shale units.  Similarly, the 
map-view stratigraphic offset for the entire Woolsey Canyon Fault is about 
700 feet based upon the offset of the mapped Happy Valley Member 
exposure (e.g. Fig 4.2).  The vertical offset of the Happy Valley Member is 
depicted to be about 600 feet in cross-sections (e.g. Appendix 5B Figure 
19).  The fault offsets provided by Cilona et al. and those mapped 
elsewhere in the RFI should be reconciled moving forward.  In general, the 
stratigraphy within the Woolsey Canyon Fault zone is still relatively 
unknown and has important implications for the Corrective Measures 
Study (CMS) related to the B1 RFI Site.   
 
 

7. 4.3.2 Faults  
“The Coca fault roughly parallels the Burro Flats fault within about 2,000 
feet to the north and spans nearly the entire site from east to west”.   
Page 28, 2nd paragraph 
 
The Coca Fault should be considered one of the dominant faults at SSFL 
(e.g. Figure 5-2).  It has a length close to that of the Shear Zone and has 
similar offsets of the Shear Zone and the Burro Flats fault (Table on Page 
28).  
 

8. Figure 4-2 
 
There is a fine-grained unit outcrop shown east of the Shear Zone and 
south of the Coca Fault.  Is this unit Shale 1 and is it the basis for the 
Lower Chatsworth Formation on the west side of the Shear Zone?  If so, 
the offset on the Shear Zone may be problematic.  Specifically, the contact 
between the Upper and Lower Chatsworth outcrops on the west side of 
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the Shear Zone is noted, but no other member above or below this contact 
is noted (i.e. Shale 1, Bowl Member, Bowl Beds, etc.).  A focused cross-
section through this area would be useful in understanding the interpreted 
underlying geology (see below).  The GSB recommends that the revised 
Report include geologic cross-sections through this area of the site. 
  
 
  

Unidentified fine-
grained unit 

Figure 4-2 (taken from the Report) showing unidentified fine-grained unit. 
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9. Figure 4-4 
 
Figure 4-4 (below) shows a cross-section that includes C-6/C-15.  The 
cross-section shows the coreholes intersecting the Woolsey member.  The 
GSB was unable to locate information in the geophysical logs or corehole 
logs indicating the presence of a fine-grained unit at the depth depicted.  
Previous documents do not discuss the basis for this interpretation.  The 
occurrence of fine-grained units along with the structure and offset along 
the Burro Flats, Delta, and Coca faults are important to the understanding 
of groundwater flow within this area.  This needs further discussion in the 
Report.  Although Coreholes C-6 and C-15 are located in Area II, this has 
direct implications to the interpretations of the stratigraphy in the 
surrounding areas (i.e. Area I, Southern Buffer Zone).  The GSB requests 
additional information supporting the interpretation of the Woolsey 
member position at depth. 
 

 
 

10. 5.1.1 Mountain-Scale Groundwater Flow System Boundaries 
Page 35, 3rd paragraph 
 
“Exploratory oil and gas wells in the region have encountered connate 
water between -300 and 900 ft msl in bedrock other than the Chatsworth 

The location of the Woolsey member  

Figure 4-4 (taken from the Report) showing Woolsey member in corehole C-15. 
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formation (Appendix D in AquaResource & MWH, 2007).” 
 
Since this statement does not acknowledge the GSB comments on the 
2009 RFI Report on this issue, it is repeated here: “This statement does 
not acknowledge the inherent bias of this information.  The focus of 
petroleum exploration holes is to locate oil reservoirs.  This includes 
locating local geologic structural “traps” and petroleum source rocks.  The 
“traps” consists of faults or folded rocks where oil gets trapped underneath 
due to pressure, buoyancy, and heating and therefore accumulates.  In 
preventing the upward movement of oil, these traps also prevent the 
downward movement of recharge waters resulting in the shallow 
occurrence of saline or brackish water below them.  Petroleum exploration 
holes are located to target suspected traps.  Structural “traps” are not 
located at the site and therefore the downward movement of recharge and 
groundwater would not be obstructed.  As a result, no conclusions should 
be inferred by the shallow occurrence of saline or brackish water in 
petroleum exploration holes where the underlying geology is different.” 
 
The GSB recommends that the Report be revised to acknowledge that the 
geology reviewed in the exploratory oil and gas wells in the region is 
different than that at SSFL and the depth of the connate water at SSFL is 
deeper and has not been encountered at the site to depth of 1,400 feet. 
 

11. 5.1.3.3 Partial Hydraulic Barriers Along Faults 
Page 45, 7th paragraph  
 
“Portions of the North fault appear partially sealed hydraulically from the 
Burro Flats sandstone member, but not the Sage member at depth below 
Shale 2.” 
 
This is one of a few examples presented in a list of partial hydraulic 
barriers along SSFL faults.  The other examples in the list provide the 
rationale for the interpretation as a partial barrier (i.e. hydraulic head 
differences, emergence of seeps) but this example does not.  The GSB 
recommends that the Report provide data support for this statement.    
 

12. 5.1.2.4 Hydraulic Diffusivity 
 
Hydraulic diffusivity is defined as the ratio of hydraulic conductivity to 
specific storage, i.e. the relative propensity for a geologic medium to 
transmit and store water.  The Report correctly notes that hydraulic 
diffusivity tends to be high in transmissive fractured rock systems because 
the volume available for storage (fracture porosity) is relatively small 
compared with its permeability.  However, the Report further states that 
“High hydraulic diffusivity is responsible for relatively flat piezometric 
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surfaces as a result of the rapid, distant, and efficient responses to 
changes in hydraulic pressure.”  It is important to note that storativity is 
relevant only under strong hydraulic stresses, e.g. in response to 
pumping, and is insignificant for near steady flow.  Under pumping 
conditions, a large hydraulic diffusivity will cause a rapid drawdown and an 
equally rapid return to steady flow conditions.  Under steady flow, the 
hydraulic gradient expressed by the piezometric surface is dictated by the 
ratio of specific discharge to hydraulic conductivity.  Thus, in the absence 
of a strong source of recharge or discharge to the system, a flat 
piezometric surface indicates sufficient hydraulic conductivity to 
redistribute water, not a high hydraulic diffusivity.   
 
Similarly, a large hydraulic diffusivity is cited as a reason for the nearly flat 
piezometric surface across the Sage member west of the Shear Zone over 
the past 17 years, and the nearly flat piezometric surface in the Canyon 
and Sage members North of the Woolsey Canyon Fault.   These systems 
are not currently subjected to strong injection or withdrawal of 
groundwater.  Storativity, and therefore hydraulic diffusivity, cannot explain 
this flat piezometric surface. 
 
Under steady flow conditions, features with enhanced hydraulic 
conductivity dominate heads.  See, for example, Figure 4-10 in the 
Hydrogeologic Characterization of Faults, Santa Susana Field Laboratory, 
Ventura County, California, dated November 2016 (Hydrogeology report).  
Wells RD-36D, RD-48B, RD-66 and RD-71 oriented along the Shear Zone 
and Woolsey Canyon Fault have identical heads from 1998 to 2013.  
Wells RD-38A, RD-53, and RD-84 oriented along the Shear Zone also 
show identical heads over this same period.  Hydraulically disconnected 
wells, RD-32, and RD-36B, never approach the same heads in either one 
of these sets, even when many years are allowed for equilibration.   
 
Hydraulic diffusivity is relevant to the response of observation wells to the 
C-1 and RD-10 pump tests as noted in the Report: “Rapid and widespread 
responses to pumping tests in the Bowl, Canyon, and Sage members, 
including strong responses in observation wells as distant as 2,400 feet 
away where confined or semi-confined between fine-grained units; and, 
nearly identical responses as the pumping well in observation wells as 
much as 300 feet away within fault zones.”  However, the report further 
notes: “These observations reflect the special circumstances of high 
hydraulic diffusivity (i.e., lateral flow under essentially confined conditions 
with a high ratio of transmissivity to storativity) and do not necessarily 
indicate zones of significantly elevated hydraulic conductivity, or provide 
an indication of potential transport.”  This second statement is not 
supported by the available data.  There is no reason to assume that 
specific storage is reduced along fault zones, leading to a larger hydraulic 
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diffusivity.  On the contrary, the literature supports increased permeability 
along fault damage zones which enhances hydraulic conductivity. 
Enhanced hydraulic conductivity would imply enhanced transport provided 
a hydraulic gradient exists along the fault orientation.  This behavior is 
supported by the apparent enhanced transport of contaminant plumes 
along the IEL and Happy Valley Faults, both of which have demonstrated 
large hydraulic diffusivity during the C-1 and RD-10 pump tests, 
respectively. 
 
The GSB recommends that the Report be revised to be in accordance 
with standard interpretations of hydraulic diffusivity in the literature and the 
comments above. 
 

13. 5.1.3.2 Fault Zones 
 
It is important to recognize both fault zones with large hydraulic 
conductivity (conduit faults) and fault zones with relatively small hydraulic 
conductivity (barrier faults) can result in a discontinuity in hydraulic 
potential.  Both features can behave as a constant head boundary that 
prevent drawdown from pumping wells from communicating across faults.  
Consequently, lack of hydraulic response across a fault should not be 
used alone to identify low permeability faults.  
 

14. 5.1.3.5 Fault Damage Zones 
Page 47, 2nd paragraph  
 
The statement that “Damage zone effective permeability may be high, low, 
or strongly anisotropic” is true only in a general sense.  At the SSFL, 
damage zones are not known to cause a reduction in permeability.   The 
Shear Zone, for example, has a very low permeability across the core of 
the fault, but the damage zone itself shows enhanced permeability.   In 
fact, every multi-well hydraulic test conducted near faults have shown 
preferential flow along fault traces.  Faults should be considered to have 
enhanced hydraulic conductivity along their damage zones unless 
otherwise indicated by hydraulic testing.  
 

15. 5.1.3.5 Fault Damage Zones 
Page 48, 4th paragraph:  
 
The 1994-95 salt-tracer test conducted under an induced gradient along 
the southern trace of the Happy Valley fault zone (Groundwater 
Resources Consultants, 1996) is discussed with reference to fault damage 
zones.  The transport between the injection and pumping wells was 
unexpectedly rapid which would suggest strong hydraulic communication 
along the Happy Valley Fault.  Boeing presents the following rationale to 
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imply that the tracer test may not imply preferential flow along the fault: 
 
“Because of uncertainty over the initial conditions, the amount of solute 
lost to matrix diffusion and lateral dispersion is unclear.  However, the 
apparent plug flow indicated by limited longitudinal dispersion upon arrival 
of the salt pulse may be explained by two factors: one, that the hydraulic 
gradient induced by the pumping well helped to counter the dispersive 
effects of the fracture network; and two, the induced gradient may have 
been effectively very gentle as a result of high hydraulic diffusivity in this 
fractured sandstone zone confined between two fine-grained beds. For 
these reasons, these observations do not in and of themselves suggest 
the existence of preferential pathways under ambient hydraulic head 
conditions, especially as faults extend into and across differing lithologies 
and groundwater conditions.” 
 
Clarification is requested on the meaning of “initial conditions” in this 
statement and how it might affect lateral dispersion.  The GSB concurs 
that forced gradient tracer tests may not correctly predict transport under 
ambient flow.  However, the rationale presented above does not dismiss 
the conclusion that transport may be rapid along fault zones.  Firstly, the 
pumping well gradient can only reduce effective lateral dispersion, not 
longitudinal dispersion.  Longitudinal dispersion increases with transport 
velocity.  Secondly, a gentle hydraulic gradient would not be expected to 
enhance plug flow.  The salt tracer experiment remains one line of 
evidence that fault zones are potential features of enhanced contaminant 
transport.   
 

16. 5.1.3.6 Deformation Bands 
 
A description of the nature and occurrence of deformation bands is 
provided but their influence on hydraulics at SSFL are not discussed.  
Clarification is requested as to whether deformation bands are of 
significance to groundwater flow or contaminant transport at SSFL.   
 

17. 5.1.4 Groundwater Occurrence and Movement (and Faults 
Hydrogeology Report Section 4.2) 
 
Figure 5-3 shows updated contours of the approximate top of non-perched 
water in the vicinity of the Woolsey Canyon Fault (WCF).  Whereas in past 
contours a steep hydraulic gradient was distributed across the entire 
WCF, the updated contours show the steep hydraulic gradient occurring 
principally along the south trace of the fault.  The reason for the updated 
interpretation is not provided, but presumably it is because RD-38B is 
mapped rather than RD-38A, which has been recently dry.  The steep 
hydraulic gradient is necessitated by the loss in heads from RD-32 and 
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RD-147, located south of the WCF, and C-12 and RD-66, located on the 
north trace of the WCF.  Because there is no head control between these 
well pairs, head loss could occur anywhere within the fault zone.  The 
distinction is important because it has implications of possible eastward 
transport of TCE from the B1 RFI Site.  Constraining flow and transport in 
the WCF may require additional monitoring in the fault zone itself.  The 
GSB recommends that this issue be addressed in the revised Report and 
the potential need for additional monitoring be acknowledged. 
 

18. 5.2 Groundwater Occurrence and Movement in Boeing Areas 
 
Estimated averaged linear velocities should be reported in the revised 
Report to communicate the relative movement of COCs in the SSFL 
Areas.  For example, the estimated bulk hydraulic conductivity in the 
Canyon member is 2x10-4 centimeter per second (cm/sec) (table on Page 
37).  Appendix 5-B suggests a hydraulic gradient of non-perched 
groundwater of approximately 0.154 to the southeast, between the 
Woolsey Canyon and Happy Valley Fault systems.  An effective porosity 
of 0.01% is typically cited for the Chatsworth (section 5.1.2.1 Porosity).  
These parameters suggest an average linear velocity of 2.7 cm/sec or 9.7 
meters/year for the Canyon member in this area.  Although the GSB fully 
realizes that this is not the rate at which COCs would be transported due 
to retardation and matrix diffusion, it does provide a bounding estimate of 
the maximum potential rate of movement except in fault zones.  It also 
provides a guide to the relative potential transport rates in impacted 
formations.  A range of conservative average linear velocities should be 
estimated, at a minimum, for the Bowl, Canyon, and Sage members.  
 

19. 5.2.1.3 Along and South of the Coca Fault 
Page 54, 2nd paragraph 
“Along the Coca fault east of the Shear Zone, the results of a 1998 multi-
well pumping test indicated limited hydraulic communication.”   
 
The RD-46A multiple well pump test produced an estimated bulk hydraulic 
conductivity of 1.3x10-4 cm/sec.  This value is similar to other multi-well 
tests conducted in the Chatsworth formation.  Hydraulic communication 
does not appear limited with respect to the rest of Area I. The GSB 
recommends that this issue be addressed in the revised Report.   
 

20. 5.2.3 SSFL Area IV 
Page 54, 4th paragraph 
“Groundwater is mounded to relatively shallow depths below ground 
surface across Burro Flats within most of Area IV as a function of 
precipitation recharge over the relatively low permeability Burro Flats 
sandstone members and several upturned fine-grained units (Figure 5-6).” 



Roger Paulson 
October 23, 2019 
Page 18 of 30 
 
 

 

 
The phrase “sandstone members and several upturned fine-grained units” 
needs minor clarification.  As written, it seems to imply that the sandstone 
member is not “upturned.”  It is established that the strata at the site dips 
towards the northwest.  The GSB recommends the statement be revised.    
 

21. 6.3.2 Bedrock 
Page 59; 2nd paragraph 
“Areas of impacted vadose zone bedrock have been estimated using 
multiple lines of evidence as existing data yield greater sampling densities 
in the vertical direction (about every 1 to 1.5 feet) than laterally.” 
 
This statement needs to be clarified.  The locations where data was 
collected about “1 to 1.5 feet” is limited to a couple of dozen locations 
across the entire site.  It should be clear that, both vertically and laterally, 
the amount of vadose zone bedrock data are very limited.  Although the 
data are extremely useful, the locations of dense vertical data is limited 
across the site. Further, the uncertainty surrounding the estimated lateral 
extents of impacted vadose zone bedrock should be acknowledged and 
addressed during the CMS. 
 

22. 6.4 Nature and Extent of Chemicals in Groundwater  
Page 60, 2nd paragraph 
 
The GSB recommends that the Report be revised to present an evaluation 
of the nature and extent of ALL chemicals in the groundwater, not just 16 
key chemicals.  As stated previously, an RFI report needs to document the 
nature and extent of releases of hazardous waste or constituents from 
regulated units, solid waste management units (SWMUs), and areas of 
concern (AOCs), and all the necessary data to support the Corrective 
Measures Study. 
 

23. 6.4 Nature and Extent of Chemicals in Groundwater  
Page 60, 8th paragraph 
“Groundwater impacts from all other chemicals are evaluated by 
carbocomparing sampling results to the GCLs listed in Table 6-5.” 
 
The GSB requests further information on what is “carbocomparing” and 
how it was conducted.   
 

24. 6.4.2 TCE (Nature and Extent of Chemicals in Groundwater) 
Page 63, 2nd paragraph 
“The TCE impacted groundwater beneath the Happy Valley South RFI site 
may be, in part, from eastward transport along the east-west trending 
Happy Valley fault as shown on Figure 6-7.”   
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This statement is illustrated by the extension of the equivalent TCE 
isocontours along the Happy Valley Fault. A less pronounced but 
significant extension of equivalent TCE isocontours is also shown along 
the IEL Fault, principally because of TCE concentrations measured in RD-
31. Is it Boeing’s understanding that TCE transport is also impacted by the 
IEL fault? 
 
There is an extensive interpreted area of impacted bedrock in the Canyon 
Area in the vicinity of corehole C-2 (Figure 6-5, 6-7).  South of C-2 there is 
an absence of monitoring wells to demonstrate that groundwater is not 
impacted.  A rationale should be presented in the revised Report to 
explain why groundwater plumes are not depicted in this region (see 
General Comment 1).   
 

25. 6.4.2.1 TCE Iso-concentration Contours and Three-Dimensional 
Interpolations 
 
It is not clear how the vertical extent of contamination was established in 
the plume cross-sections.  In some cases, stratigraphic features are used 
to establish vertical extent due to a lack of monitoring data.  For example, 
in B-B` Figure 6-11, the Woolsey member is shown to constrain vertical 
extent north of the Woolsey Canyon Fault, presumably because of non-
detect measurements in RD-36D.  In most cases, however, vertical extent 
is interpreted to be slightly deeper than the deepest measurement, even 
when concentrations do not show a decreasing trend with depth. See, for 
example, the same cross-section between the Woolsey Canyon and IEL 
Faults.  Establishing the vertical extent of contamination is a key 
component of characterization and should be treated in the same manner 
as lateral extent.  That is, where monitoring data are not available to 
constrain the maximum extent of a plume, the boundary should be dashed 
and indicated as inferred.   Evidence should be provided in the revised 
Report for limiting the extent at stratigraphic or structural features.  
 

26. 6.4.2.1 TCE Iso-concentration Contours and Three-Dimensional 
Interpolations  
Page 66, 1st paragraph 
“A greater appreciation of the interpolated concentration structures can be 
achieved by manipulating these images in three-dimensional space using 
RockWorks™ software in which they were created.”   
 
The GSB recommends submittal of these images as a digital appendix.  

 
 



Roger Paulson 
October 23, 2019 
Page 20 of 30 
 
 

 

APPENDIX 5A “Area IV Hydrogeology, Santa Susana Field Laboratory, 
Ventura County, California” 
 
General Comments  
 
Note that Appendix 5A is incorrectly listed in the table of contents for the appendices.  
Much of the material presented in Appendix 5A was also presented in the Faults 
Hydrogeology Report.  The reader should refer to the GSB October 22, 2019 Fault 
Report memorandum for additional discussion on the geologic structures in Area IV 
that potentially impact groundwater flow and therefore, contaminant transport.   
 
 

1. This document is helpful as a platform for discussion with DOE and its 
consultant.  As both DOE and Boeing have responsibility for Area IV, the 
document may help them to come to some consensus, particularly with 
respect to the influence of faults and placement of monitoring wells. 
  

2. The memo highlights some major ambiguity in the hydrogeology of Area 
IV.  In particular: The existence of an extended North Fault into Area IV 
still seems unresolved.  Corehole C-8 shows evidence of faulting that may 
or may not be related to the North Fault or parallel structures.  In general, 
there appears to be more evidence of faulting in Area IV than is 
represented in the mapping.  
 

3. The width of the Burro Flats Faulting zone and its connection to the Coca 
Fault is unresolved.  The mapping of the Coca Fault through Area IV is 
entirely inferred as its surface expression is obscured by 
alluvium/colluvium.  Additional evaluation of the Burro Flats area is 
necessary.  This may include the installation of additional wells, aquifer 
testing, geologic mapping and fault trenching.   
 

4. Head gradients are large and the potentiometric surface is complex within 
the vicinity of FSDF and ESADA.  This hydraulic complexity may be 
related to the influence of fine-grained units, faults, or both. Additional 
evaluation of this area is necessary.  This may include the installation of 
additional wells, aquifer testing, geologic mapping and fault trenching. 

 
Additional assessment of the North Fault, Coca Fault and the Burro Flats 
Fault is needed in Area IV, especially given that they are located along the 
north and south borders of the site.   Surface geophysics may also be useful 
in this effort. 
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Specific Comments 
 
1. 3.2 Structures 

 
Table 2 summarizes evidence of faulting in coreholes.  C-8, RD-89, and 
RD-96 show evidence of faulting that are aligned SW-NE through Area IV.   
C-8 has the clearest evidence of dip-slip faulting but the association with 
mapped faults is unknown.  The trenching investigation performed at 
FSDF structures is reported to have shown no evidence of faulting, 
although photos show highly fractured or brecciated material in the trench.  
Taken together, these data indicate that the North Fault or a parallel 
structure may extend into Area IV and possibly join the Burro Flats Fault in 
the vicinity of the FSDF/ESADA area.  The Burro Flats Fault is depicted in 
this appendix as a narrow trace but has been also mapped (Appendix 4-A, 
Attachment 4) as a broad damage zone through Area IV (see Figure 1 
below).  The trend of the Coca Fault is inferred in this area as it is buried 
beneath alluvium.  The extension of the Coca Fault into this area cannot 
be ruled out.  The fact that the Burro Flats Fault, extension of the North 
Fault, and the Coca Faults may all converge in the ESADA suggests that 
fault and fracture interpretations in this area may be critical during the 
CMS.  
 

2. 4.1 Groundwater Level Hydrographs 
 
The Report states that there are “greater fluctuations of up to 50 ft/yr” near 
the eastern boundary of Area IV but does not provide a potential 
explanation.  The GSB recommends that the revised Report address this 
contrast in respect to the conceptual site model (CSM) for Area IV 
hydrogeology.    
 

3. 4.1 Groundwater Level Hydrographs 
 
The statement “The groundwater level hydrographs in Figure 21 indicate 
the occurrence of multiple piezometric surfaces within the upper Burro 
Flats member in the vicinity of FSDF site in western Area IV” warrants 
further clarification.  Figure 6 shows inconsistent water levels in closely 
spaced wells and well ports within the FSDF, but it does not necessarily 
suggest multiple piezometric surfaces.  Do these variable water levels 
suggest hydraulic compartmentalization by fine grained units or faults?  Is 
there reason to suspect strong vertical groundwater movement within the 
FSDF?  Would similarly complex heads be expected in the adjacent 
ESADA site?  This characterization will be important moving into CMS. 
 

4. 5.0 Groundwater Movement 
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The ELV member is incorrectly labeled “EVA” in the text of this section 
and on multiple figures through the document.  
 

5. In spite of the detailed study of recharge documented by Manna et al. 
(2016) it is not clear where recharge occurs in Area IV.  Perched 
groundwater suggests that in some areas recharge is highly limited by 
fine-grained units.  Nevertheless, recharge in the catchment that covers 
most of Area IV (catchment 18 in Manna et al.) is estimated to have 
similar rates of overall recharge as the remainder of the Site. Some 
discussion regarding the spatial distribution of recharge is warranted given 
its potential impact on contaminant migration from source zones. 
 

6. 7.1 Southwest Area IV 
 
The following statement regarding RD-91 requires some 
explanation/clarification in the revised Report: “Maximum annual 
groundwater level fluctuations are 40 to 80 feet in this well, among the 
largest at SSFL (Figure 18b), suggesting proximity to conductive fractures 
in an otherwise relatively sparse fracture network. As shown in Figure 18b, 
a similar pattern with groundwater level fluctuations up to 30 feet occur in 
RD-86 near the SRE RFI site (Figure 18b).”  It is not clear why proximity to 
conductive fractures would result in large head changes. On the contrary, 
generally conductive networks would tend to equalize heads in a 
formation.  More likely, these large fluctuations indicate connections with 
surface drainages.  The Potsdam Sandstone of Northeastern New York 
State, for example, exhibits similarly precipitous changes in head as 
surface water bodies dry up (Williams et al. (2010) Canadian Water 
Resources Journal, 35:4, 399-416, DOI:10.4296/cwrj3504399).  
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Figure 1.  Burro Flats Fault damage zone depicted in Appendix 4-A, Attachment 4, is superimposed on Appendix 5-A Figure 5.  The 
damage zone extends into the FSDF/ESDA Sites in this depiction.                       
                   

 
APPENDIX 5B “Technical Memorandum – Identification and Extent of 
Individual Piezometric Zones, Northeastern Santa Susana Field 
Laboratory” 
 
General Comments 
 
Note that Appendix 5B is incorrectly listed in the table of contents for the Appendices.  
The Report (Section 5.1.3.1) states “The dipping, low-permeability, fine-grained units 
contribute to the partial vertical as well as lateral compartmentalization of the 
groundwater flow system.”  Piezometric head differences are reported to be as large as 
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200 ft across fine-grained units.  Although the fractured Chatsworth bedrock is not a 
classic multi-layered aquifer system, the requirements outlined in the 2012 DTSC 
“Guidelines for Planning and Implementing Groundwater Characterization of 
Contaminated Sites” state: 

“A site investigation entails characterization of the subsurface materials below the site. 
The characterization includes determining the lateral extent and thickness of all 
hydrostratigraphic units, identifying geologic features that may affect groundwater flow 
and contaminant migration (e.g., faults, fractures, and stream channel deposits), and 
collecting samples for lithologic description and laboratory analysis of mineralogy and 
engineering properties.”  
 
This appendix addresses, in part, an effort to evaluate the Chatsworth Formation as a 
series of “piezometric zones,” which are essentially equivalent to hydrostratigraphic 
units.  Boeing/MWH has produced tables and maps which group piezometric zones 
based upon correlated responses in wells.  The following units are designated based 
upon their geologic texture:  
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However, the piezometric zones do not necessarily correspond to these 
stratigraphic designations.  Ten piezometric zones are identified in the 
Northeastern portion of the SSFL.  These are (3.1-3.10): 
 
3.1 Water Table Zones in Sage and Canyon Members 
3.2 Shallow Zone in the Canyon Member South of the Woolsey Canyon Fault 
3.3 Woolsey Canyon Fault Zone and Vicinity 
3.4 Lower Sage member North of Woolsey Canyon Fault 
3.5 Canyon Member Along and North of the Woolsey Canyon Fault 
3.6 Happy Valley Member Across IEL Fault 
3.7 Bowl Member South of the IEL Fault 
3.8 Bowl member in Proximity to the Shear Zone 
3.9 Other Piezometric Zones 
3.10 Lower Chatsworth Formation 
 
Only eight of these zones show head correlations common to two or more 
wells (3.1-3.8).  RD-32, completed in the Canyon member (3.9), does not 
seem to be correlated hydraulically to other wells.   RD-43B, RD-43C, and 
RD-103 (QA-20 to QA-26) completed in the lower Chatsworth Formation 
(3.10) do not appear to have a common head correlation.  
 
Hydrostatigraphic units appear to be hydraulically separated by faults or their 
resulting stratigraphic offset.  The Canyon Member is separated into zones 
North and South of the Woolsey Canyon Fault, as well as within the fault 
zone itself. The Bowl Member is separated into units South of the IEL fault 
and near the Shear Zone. 
 
The piezometric zones do not distinguish between “aquifers” and “confining 
units.”  The fine-grained Woolsey and Happy Valley members are 
considered low-permeability units but are designated as piezometric zones.  
It is unclear why low permeability units bounded above and below by higher 
permeability units would respond as a piezometric zone, i.e. have correlated 
heads. 
  
Mapping of piezometric zones in Figures 2 and 23 do not correspond exactly 
to the zones listed in the text (3.1-3.10).  Instead, well groups are listed as: 
 

1. Canyon and Upper Sage (~3.1) 
2. Vicinity of Woolsey Canyon Fault and Shear Zone in Sage, Canyon, Happy 

Valley Members (~3.3, 3.9)  
3. Lower Sage Member (~3.4) 
4. Woolsey Member (Not designated in Section 3) 
5. Bowl Member - RD-35C only (~3.8) 
6. Lower Chatsworth Formation South of IEL Fault - RD-43B,C (~3.10) 
7. Sage Member West of Shear Zone (Not designated in Section 3) 
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Consequently, zones 3.2, 3.5, 3.6, 3.7 do not appear to be mapped as 
piezometric zones in Figures 2 and 23 (reproduced below).  To add to the 
confusion, some of these well groupings are not consistent among maps.  
Figure 23 legend designates only RD-35 C in the purple/pink Bowl grouping, 
but Figure 2 designates C-4, RD-2, C-2, RD-1, RD-10, RD-108, RD-103, and 
RD-43A as being in this Bowl member group (3.8).  There is also 
inconsistency between the map and cross sections.  For example, Figure 19 
shows RD-32 and RD-147 as being grouped in the Canyon while Figure 2 
shows these wells to be grouped in the “Vicinity of The Woolsey Canyon 
Fault.”  Head measurements are not posted on the well locations, so it is 
difficult to assess the approximation by piezometric contours.  It is clear, 
however, that in the absence of sufficient well coverage, piezometric 
contours have been drawn parallel to the overlying or underlying strata.  The 
Lower Chatsworth Formation, for instance, has only four head 
measurements.  The Lower Sage Member has only three head 
measurements.   
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The Summary in Appendix 5B identifies six prominent piezometric zones.  
Three are reported to be stacked north of the Woolsey Canyon Fault in the 
Sage and Canyon members but the correlation to stratigraphic units is not 
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clear.  They may correspond to the Upper Sage, Lower Sage, and Canyon 
Members, but the Woolsey Member is also listed as a zone in the figures.  A 
fourth zone overlies the western end of the Woolsey Canyon Fault Zone.  A 
fifth zone is located south of the Woolsey Canyon Fault in the Canyon 
member.  The sixth is designated in the Bowl member south of the IEL Fault.  
The GSB recommends that the Report address these comments, on 
Appendix 5B, in the revised report. 
 
 
 Specific Comments 
 
1. Figures 2, 3, and 23 
 
Clarification is requested regarding which head values were used to produce 
the contours of “Top of Non-Perched” shown in Figure 2, 3, and 23. On Page 
4, there is a list of wells “mapped in Figure 2, and described further in Table 
1.” However, many of these wells are not listed in Table 2, which is cited as 
head data used to construct Figure 3 contours.  The heads listed in Table 1 
are averages over a range of dates and cited as data for Figure 2, but the 
heads listed in Table 2 are for specific dates and are cited as data for Figure 
3.  The contours for non-perched groundwater are identical in Figure 2, 3, 
and 23 so it is not clear which dataset was actually used to produce these 
maps.   As noted above, a map should be provided in which the head values 
are posted along with the contours produced from these head values so that 
the interpretation can be confirmed.  
 
2. Woolsey Canyon Fault Zone and Vicinity. 
 
The text states “The offset of RD-36B from a 1:1 correlation with RD-53 and 
RD-84/C-9 (Figures 13b and 13c) suggests a hydraulic gradient into the 
Woolsey Canyon fault zone.”  Figures 13b and 13c indicate that the head is 
higher in RD-36B to the north than RD-53 and RD-84/C-9 to the south, which 
have nearly identical heads.  These contours imply water flows to the north 
here.  The contours also imply a strong gradient across the southern strand 
of the fault, while past contours have shown it aligned with the northern 
strand.  From the data presented, heads in RD-66, C-12, RD-38B, RD-71 are 
highly correlated with one another, assigned to the Woolsey Member.  
Heads in RD-53, RD-84/C-9, RD-38A are highly correlated with one another, 
assigned to the vicinity of the Woolsey Canyon Fault.  Another plausible 
interpretation from the provided cross-sections (e.g. Figure 19) is that the 
former group is completed in the Canyon while the latter is completed in the 
Sage.  In this case, the Woolsey Canyon Fault may not carry barrier 
properties at all, rather head differences may be due to the fined grained 
Woolsey Canyon Member hydraulically separating the Canyon and Sage 
members in the vicinity of the Woolsey Canyon Fault.  It may be preferable 
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to contour these hydrostratigraphic units separately as is done for the 
Canyon and Bowl to the south.  The distinction is important because a 
hydraulic barrier at the Woolsey Canyon Fault may limit the migration of the 
VOC plume in the vicinity.  
 
3. 3.4 Lower Sage Member North of Woolsey Canyon Fault 
 
The piezometric contours given in Figure 23 are somewhat confusing for the 
Lower Sage north of the Woolsey Canyon Fault.  The contours are color 
coded for the Canyon and Upper Sage (blue), Sage Member (teal), and 
Lower Sage Member (orange).  Although they are color coded separately, in 
total they are parallel to the Shear Zone with decreasing values to the 
southeast.  This suggests that there is a general movement of water to the 
southeast.  This interpretation is contrary to the well-known influence of the 
Shear Zone as a strong hydraulic barrier.  In addition, the piezometric 
measurements in the Lower Sage (OS-24, C-14, C-13) show very similar 
heads where completed in the Lower Sage. If the Canyon, Upper Sage and 
Lower Sage were contoured separately the piezometric surfaces would 
suggest a largely different flow pattern.  Finally, it is not clear from this map 
why the Canyon and Upper Sage are grouped together with as a 
hydrostratigraphic unit when they are separated by the Woolsey Member 
and the Line Beds, both of which are known to be significant aquitards, as 
well as the Lower Sage, a significant transmissive unit.  The potential 
contours in this area should be rendered in consideration of the strong 
influence of the intervening aquitards.   
 
Conclusions 
 
This document represents a first step toward organizing monitored heads 
into hydrostratigraphic units.  The GSB encourages this approach as it will 
simplify communication regarding monitoring networks moving into 
Corrective Measures.  Although it is clear that hydrostratigraphic units are 
not continuous across the SSFL, or even across some faults, there is 
sufficient evidence that hydrostratigraphic units are hydraulically consistent 
features and should be treated as such.  The GSB recognizes that some 
fault zones may be sufficiently conductive to represent hydrostratigraphic 
units themselves, i.e. the Woolsey Canyon Fault, but these seem to be the 
exception rather than the rule.  
 
Although this document is a step in a positive direction, it is severely lacking 
in rigor and presentation.  There are internal inconsistencies within the 
analysis as noted above.  Vague descriptions in methodology and 
presentation preclude peer review of the designation of piezometric zones.  
A greater effort should be expended trying to correlate piezometric zones to 
stratigraphic units, including a clear distinction between coarse-textured high 
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permeability units and fine-textured low permeability units.  Data presented 
in multiple documents show that fine-textured units have hydraulic 
conductivities orders-of-magnitude below coarse-textured units and should, 
consequently, be considered confining units unless data indicate otherwise.   
 
 
If you have any questions or need additional information, please contact me 
at: (714) 484-5424 or tom.seckington@dtsc.ca.gov. 
 
Reviewed by: Tanya Brosnan, P.G. 
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