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The Department of Toxic Substances Control (DTSC) Geologic Services Branch (GSB)
and Dr. Matthew Becker, Professor, Conrey Endowed Chair in Hydrogeology, California
State University – Long Beach reviewed and developed the following comments on the
Draft Hydrogeologic Characterization of Faults (Faults Report), November 2016, prepared
for the Boeing Company (Boeing) by MWH Americas, Inc.
The Faults Report was submitted, in part, to resolve numerous GSB comments on the
2009 Draft Sitewide Groundwater Characterization Report (Characterization Report). The
GSB comments were presented in a technical memorandum dated December 20, 2011
(GSB Comments).
The Faults Report includes geologic cross-section interpretations, structural analysis by
Stanford University, surface geophysical surveys by the University of Kansas, earth tide
measurements by UC Santa Cruz, and isotope analysis by Lawrence Livermore
Laboratory and CSU East Bay. Relevant work by U. Guelph including packer and FLUTe
testing are also summarized.

Printed on Recycled Paper

Roger Paulson
October 22, 2019
Page 2 of 22

The GSB believes that the Faults Report is a good synthesis of the site data and studies.
It provides an assessment of the geologic history of fault development in the context of
tectonic stresses and rock mechanics. It also presents a systematic analysis of the faults
and documents, both direct evidence (field mapping and borehole logging) and indirect
evidence (head distribution) of faults. The available pump tests were presented and
interpreted in respect to the impact of faults on the groundwater system on the site. The
Faults Report does address the main themes of the GSB comments on the RFI Report
regarding the faults. This work, along with the characterization work completed by the
National Aeronautics and Space Administration (NASA) and the Department of Energy
(DOE), has significantly increased the understanding regarding the nature of the faults.
Significant data gaps and uncertainties regarding the faults at SSFL, however, do remain.
The following overarching issues will need further evaluation:
1. Damage zones are mapped and predicted by structural mechanics, but evidence for
permeability enhancement near faults is lacking.
2. The influence of faults as a hydraulic barrier is unclear except for the central portion
of the Shear Zone.
3. The potential for faults to cross-connect hydrostratigraphic units is known only in
very specific locations.
4. The overall scale of hydraulic connectivity among faults is still speculative, but
apparently can be over the scale of kilometers based upon the C-1 pump test.
5. The information presented in the Faults Report and also in the draft Groundwater
Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI)
Reports submitted by Boeing, DOE, and NASA do not formally disaggregate the
groundwater into discrete hydrostratigraphic units based on the observed effects of
the fine-grained units and faults or fault-segments. The meaningful assessment of
the groundwater flow and contaminant transport must consider the presence of
these discrete hydrostratigraphic units and their potential effects.
It is anticipated that additional work will be needed to address these issues and the
issues/uncertainties noted in the comments below. This work can best be developed as
the groundwater remedies are selected and designed, and more specific and additional
data needs are identified in support of the groundwater remediation.
Further, as part of a final Sitewide Groundwater Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI) report, the groundwater characterization work
completed by NASA and DOE (not addressed in this memorandum) related to faults will
need to be reconciled with the work and conclusions presented in the Faults Report and
the comments presented in this memorandum. Accordingly, these comments should be
forwarded to NASA and DOE.
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COMMENTS
1. SHEAR ZONE HYDRAULICS
In section 2.3.2 Faults, the Faults Report states “Cilona and others (2015) documented
shale smearing in both exposed and subsurface fault rock of the Shear Zone. Shale
smearing occurs when shale or other sufficiently plastic fine-grained units become
incorporated into extensional stepovers between vertically discontinuous fault
segments (Lehner and Pilaar, 1997; Aydin and Eyal, 2002). In the case of the Shear
Zone, the incorporation of multiple fine-grained units into the fault core has produced a
plastic shale bent against fractured sandstone and shale-rich fault rock, forming an
effectively continuous fault core between discontinuous fault segments.”
It is not evident how the shale smearing would create “continuous fault core” as stated
(the term “fault core” generally refers to a low hydraulic conductivity [K] zone
associated with the center of the fault zone). The multiple fine-grained members that
intersect the Shear Zone and would be the source of shale smearing, are from North to
South: the Woolsey Member; the Happy Valley Member; the Bowl Beds; and Shale 1.
These fine-grained members are separated by thicker sequences of sandstone by
distances of 240 meters to over 1,000 meters (Figure 1). In order to create a
continuous shale smearing zone, the displacement along the Shear Zone would need
to be at least 1,000 meters.
Regarding displacement along the Shear Zone, the Faults Report states “The apparent
left-lateral horizontal separation along the SZF can be measured at two locations at the
surface. The first one is along the northern part of the fault where it offsets the Shale 2
by about 75 m, and the second one is along the southern portion of the fault where the
SZF offsets, by about 225 m, a stratum assumed to represent the top boundary of the
Lower Chatsworth formation.” It appears that the displacement along the Shear Zone
(i.e. a maximum of 225 meters) is insufficient to generate a continuous zone of shale
smearing along its entire length and at depth.
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1,375 meters
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Figure 1 Figure 1-1 from the Faults Report modified to show sandstone thickness along Shear Zone.

Further, in Section 3.2.4.2 Characteristics of Fault Rock, the Faults Report states
“Evidence of hydraulic barriers appears lacking along many intermediate and large
mapped faults, including the IEL and Bowl faults east of the Shear Zone, and the
Ridge, Tank, CTL, Skyline, and Alfa faults west of the Shear Zone. As discussed in
Section 3.1.1, fault rock may be relatively permeable where near-surface faulting cuts
sandstone with low-clay content, forming a disaggregation or fragmentation zone with
similar or greater permeability than the host rock.” This statement indicates that in the
absence of a high-clay content material (i.e. fine-grained members), a low permeable
fault core should not be expected, in fact, the opposite should be expected. Although
gouge is noted at the Shear Zone and at other faults, this is not cited as the source of a
low permeability fault core. Again, it is unclear, how a geometry and displacement of
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the fault and position of the fine-grained members could produce a continuous fault
core.
It should be noted that the evidence of the Shear Zone, or a portion of it, behaving as a
hydraulic barrier, is based on contrasting water levels from wells on either side of the
fault (under pumping and non-pumping conditions). Data points (i.e. monitoring wells),
west of the Shear Zone, are limited to the north of the Happy Valley Fault and south of
the Woolsey Canyon Fault. It is not clear if this “barrier” behavior, evident by the
contrasting water levels on either side of the Shear Zone, extends beyond this central
portion of the Shear Zone.
2. NORTH OF THE WOOLSEY CANYON FAULT
North of the Woolsey Canyon fault, monitoring well RD-146 was completed in response
to a request by the DTSC, but because of drilling complications, does not penetrate the
groundwater zone. It continues to be the position of the DTSC that monitoring is
necessary west of the Shear Zone along the northern border of the site. To dispute the
need for a monitoring well at this location, the Faults Report states that “In order for the
non-perched groundwater surface on the west side of the Shear Zone at RD-146 to
equal or exceed shallow groundwater levels on the east side of the Shear Zone (e.g., at
RD-36B), groundwater levels would need to rise more than 150 feet over a distance of
1,000 feet northeast of RD-37 (whereas, for one mile southeast of RD-37, groundwater
levels are consistently 80 to 250 feet lower on the west side of the Shear Zone than on
the east side). This steep change in hydraulic gradient is not plausible without inferring
some unknown intervening structure between RD-37 and RD-146.”
This statement does not address (1) the hydraulic effect of the Lower Line Bed (Figure
2) and (2) drawdown at RD-37 due to pumping at WS-14 (Figure 3). Due to head
losses across the Lower Line Bed east of the Shear Zone, the comparison across the
Shear Zone is more correctly made with RD-36C. Groundwater elevation difference
would then be only 112 feet between RD-37 (groundwater elevation 1598 ft MSL, Apr
2008) and RD-36C (groundwater elevation at 1710 feet above mean sea level [ft MSL],
April 2012). WS-14 depresses groundwater potential, which may locally lower head
measured in RD-37. Consequently, it is not unreasonable to expect groundwater levels
to rise 112 feet to the northeast such that heads would be similar west and east of the
Shear Zone in the vicinity of RD-146. In addition, RD-146 did not penetrate the Lower
Line Bed if it exists west of the Shear Zone (see extrapolation, Figure 2), which may
further complicate head measurements. The objective of RD-146 was to address
hydraulic conditions across the Shear Zone in this area and, since it was not drilled to
the target depth, it did not meet that objective.
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Figure 2 Extracted Figure 4-3 from Faults Report, with Lower Line Bed projected across the Shear Zone (lime green
rectangle).

Figure 3 Close up of Figure 13, Appendix L, of the Faults Report showing drawdown surrounding WS-14.
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The Faults Report indicates, in fact, that there may be some communication across the
Shear Zone at depth in the NE: “The groundwater level in RD-36D, which monitors the
Woolsey and Canyon members east of the Shear Zone, has a similar elevation as the
groundwater recovery surface west of the Shear Zone. Though possibly coincidental,
this may indicate greater hydraulic communication across the Shear Zone at depth.”
This may or may not be the case, depending on how one interprets the influence of the
Lower Line Bed on the NW side of the Shear Zone (Figure 2), or how one interprets the
hydraulic gradient the Sage in response to WS-14. It remains a data gap.
3. COCA FAULT AREA
The ridge of high groundwater potential along the Coca fault both west and east of the
Shear Zone bears further investigation. The upward gradient in the RD-46 cluster
suggests that it is potentially the result of complex three-dimensional flow induced by
permeability enhancement and/or stratigraphic offset along the fault. It is not clear why
this groundwater potential ridge is cited as evidence that the Coca Fault is a partial
hydraulic barrier. It does behave as a local groundwater divide, which forms a transient
impediment to flow, but this does not necessarily suggest low permeability fault
properties.
The fact that the ridge of high potential extends across the Shear Zone indicates that
the Coca fault may allow hydraulic communication across the Shear Zone. The 1700and 1650-foot contours in the vicinity of the Coca Fault on Figure 3-14 (Figure 4) could
be have been drawn as continuous across the Shear Zone, for example.
The nature of the Shear Zone has been assumed to be a barrier along its entire length
and depth but there is a lack of data to support this assumption, especially where noted
above. Additional assessment of the Coca Fault and Shear Zone will be needed to
better assess the flow and associated contaminant transport across them.
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Figure 4: Close up of Figure 3-14 from the Faults Report showing similar heads along the Coca Fault in the vicinity
of the Shear Zone.

4. NORTH FAULT / COCA FAULT / BURRO FLATS FAULT IN AREA IV
The nature of the North Fault and Burro Flats Fault zones in Area IV has been
assessed using limited head and water quality data. There are, however, insignificant
head data across either fault in Area IV to support any conclusion regarding how
groundwater flows across or along these structures. In fact, the location and width of
the fault zones is not clear. Further complicating the hydrogeology in the vicinity of the
ESADA is that the western extent of the Coca Fault is entirely inferred. It is equally
likely that the Coca Fault and Burro Flats Fault converge near ESADA rather than RD151 as currently mapped, for example.
The southern margin of the Burro Flats Fault zone is defined by the escarpment and
contact with the Santa Susana Formation, but the northern margin is covered by
alluvium/colluvium and artificial fill. According to Cilona et al (2016)1, the width of the
fault zone should be at least 100 meters based on the length of the Burro Flats Fault. It
should therefore be mapped as a zone, even below the alluvium/colluvium.
The location of the North Fault in and north of Area IV is less clear as it has been
postulated to be incipient in nature towards its western extent in Area IV, evident mostly
by the presence of deformation banding. Its potential effect of groundwater flow, which
1

Cilona, A., Aydin, A., Likerman, J., Parker, B., Cherry, J. 2016. Structural and Statistical Characterization of
Joints and Multi-Scale Faults in An Alternating Sandstone and Shale Turbidite Sequence at the Santa
Susana Field Laboratory: Implications for Their Effects on Groundwater Flow and Contaminant Transport. J.
Struct. Geol. 85 (2016) 95-114.
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is complex at the western extent of Area IV, warrants further evaluation.
Accordingly, additional assessment of both the North Fault and the Burro Faults Fault
will be needed, especially given that they are located along the north and south borders
of the site. Surface geophysics may be useful in this effort.
5. 3.4.2.1 Changes in Piezometric Head
Page 3-19; 4th Paragraph
“The continued and delayed recoveries suggest the groundwater system was
dewatering as a result of the test (i.e., drawing from storage without sufficient
replenishment).”
and
3.4.3.1 Changes in Piezometric Head
Page 3-23; 4th Paragraph
“These wells and ports exhibited continued head declines after pumping ended, and
residual head declines (i.e., partial recoveries) of approximately 1 to 6 feet 90 days
after pumping ended. The continued head declines and delayed recoveries suggest
that the contributing groundwater system was dewatering during the test (i.e., drawing
from storage without sufficient replenishment), similar to the C-1 pumping test (Section
3.4.2.1).”
The rationale for the “dewatering” of the groundwater system by pumping aquifer tests
should be clarified in terms of hydraulic models. After the cessation of pumping, distant
monitoring wells are expected to experience continued head decline for some period of
time until the head response due to recovery at the pumping well propagates
sufficiently outward to be measured. Delayed response to a pumping test is not, in
and of itself, sufficient evidence of dewatering.
6. 3.4.2.1 Changes in Piezometric Head
Page 3-19; 4th Paragraph
“In addition to dewatering, the observed log-linear declines in drawdown (Figure 3-16)
may reflect the establishment of linear-flow conditions, whereby one or more major
fracture effectively serves as a hydraulic extension of the well (Jenkins and Prentice,
1982). For this reason, observed changes in head are best equated with radial
drawdown (as needed for conventional pumping-test analysis) during the early portion
of the pumping period.”
The prediction of flow to a fault, represented by a linear hydraulic sink with uniform
head, is misrepresented. Jenkins and Prentice, as well as other references, do not
predict a log-linear (i.e. linear on a log-log plot) decline in drawdown but rather a
(Cartesian) drawdown as function of square-root of time. When plotted in this manner
(Figure 5) drawdown in the wells shown in Figure 3-16 do not suggest uniform (linear)
flow to a linear feature such as a trench.
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Figure 5: Calculation of drawdown from C-1 pump test plotted as drawdown versus the square root of time. This plot
should produce straight line trends when flow is linear (Jenkins and Prentice, 1982).

In addition, the Faults Report states “For this reason, observed changes in head are
best equated with radial drawdown (as needed for conventional pumping-test analysis)
during the early portion of the pumping period.” Actually, as pointed out by Jenkins and
Prentice [1982] and Murdoch [1994], flow will appear linear near the straight-line
feature. Murdoch presented the transient solution of flow to a trench (geometrically
equivalent to a fault) that illustrated drawdown behavior in observation wells. A figure
from that work is reproduced below (Figure 6) and illustrates the development of the
flow field over time. This analysis does not support, therefore, for fitting a radial
solution to early drawdown in response to the C-1 pump test (Figure 3-16, Faults
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Report).

Figure 6: Figure reproduced from Jenkins and Prentice (1982) that illustrated a conceptual model of flow to a trench
(or fault) during the linear, transition, and radial periods as drawdown progresses.

Distance drawdown data are also incorrectly used to make the case for linear flow:
“Figure 3-17(a) [shown below as Figure 7] is a plot of the change in piezometric head at
the end of C-1 pumping versus distance from C-1. Whereas such plots are typically loglinear (e.g., Figure 19[a]), this plot has a high linear correlation (r2 = 0.89). This appears
due to enhanced hydraulic connectivity among five observations wells within an
approximately 25-acre area surrounding C-1 (Figure 3-15), possibly as a result of their
location within a damage zone along the eastern margin of the Shear Zone, as
discussed further below.”
A similar distance-drawdown plot, shown below (Figure 8), appears in Appendix K of
the North East Characterization Study (MWH, 2004). Because it includes RD-35A and
excludes the smallest drawdown (e.g. RD-38A,38B, RD-36D, RD-32) wells, the R2
value of 0.39 for the linear trendline is much poorer than that calculated in the recent
report. The favorable trendline in Figure 3-17a (Figure 7) below is probably due to bias
of the small drawdown points. A drawdown of zero at this distance would produce a
similar R2 value. Note that in the original C-1 pump test report RD-32 was listed as “no
response.” It is not clear how the drawdown of 2-feet was acquired.
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Figure 7: Extract from Figure 3-17a of Faults Report illustrating distance-drawdown behavior for C-1 pump test.

Figure 8: Extracted Figure K-6 from Northeast Characterization Study, App K (MWH, 2006).

Figure 9 demonstrates that distance drawdown is not particularly linear on an arithmetic
plot or an arithmetic drawdown versus log distance (Theim) plot when RD-36 and RD32 are removed from the dataset. The R2 values for both trendlines are comparable.
Consequently, it is not clear that C-1 pump test results in radial flow in the Canyon
member.

Roger Paulson
October 22, 2019
Page 13 of 22

Figure 9: Plot of distance drawdown with linear and logarithmic trend lines compared to significant drawdown
measurements at the end of the C-1 pump tests.

7. 3.4.2.1 Changes in Piezometric Head
Page 3-19; 4th paragraph
“Of 17 wells with data through October 2004, nine months after the end of pumping,
three experienced continued piezometric-head declines of 2 to 11 feet, five
experienced delayed recoveries of 25 feet or more, two recovered to approximately nonet change, and three had piezometric heads 2 to 7 feet above initial levels, consistent
with their locations west of the Shear Zone and south of the Happy Valley fault. The
continued and delayed recoveries suggest the groundwater system was dewatering as
a result of the test (i.e., drawing from storage without sufficient replenishment).”
Further discussion, supported by hydraulic models, is needed. When pumping ceases,
drawdown continues to expand at the edges of the drawdown cone. Mathematically,
recovery is represented by superimposing injection at a rate equal to the pumping,
starting at the time pumping ceases. The injection “negates” the influence of the
pumping but the injection cone of influence takes time to overcome the drawdown cone
of influence. None of this requires insufficient replenishment to occur. Delayed
response is expected for standard Theis behavior.
8. 3.4.2.3 Influence of Faults and Stratigraphy on Changes in Piezometric Head
Page 3-21, 5th Paragraph
“The approximate 1-foot decline in RD-43B and RD-43C piezometric heads,
approximately 2,500 feet east of C-1, may reflect the hydraulic separation of these
wells from C-1 by the Happy Valley member aquitard, as well as below average
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recharge and dewatering as a result of the test.”
The lack of response in RD-43 cluster located 2500 ft from C-1 is likely due to the large
distance from the pumping well, not the presence of the Happy Valley member. RD-31
is completed in Canyon Member along with C-1 but showed no response to C-1
pumping (see below, considered “no response” in 2004 report but fit with Theis curve in
Figure 3-16) and it is only 2070 ft from C-1. The RD-43 cluster wells are the only
monitored depths which were separated from C-1 by fine-grained units, east of the
Shear Zone. Consequently, it is not clear if the IEL Fault breaches the Happy Valley
member and hydraulically connects the Canyon and Bowl members.
9. 3.4.2.3 Influence of Faults and Stratigraphy on Changes in Piezometric Head
Page 3-22; 2nd Paragraph
“In summary, the 2003 C-1 pumping test indicates…Potentially two to ten times greater
hydraulic conductivity within a probably narrow zone along the IEL fault, as indicated by
the response of RD-31 to the C-1 pumping test. Evidence that this zone extends
through the Happy Valley member to the RD-43 cluster in the Bowl member is
lacking…Strong aquitard qualities of the fine-grained Happy Valley member, consistent
with the concept of strata-bound joints and small faults that effectively do not
hydraulically breach major fine-grained units (Figure 2-3d; Section 3.2.4.1).”
These statements suggest that “small faults” (presumably all faults except Shear Zone)
do not hydraulically breach fine grained units. They are not supported by the C-1 pump
test alone. The lack of response in RD-43 cluster located 2500 ft from C-1 is likely due
to the large distance from the pumping well, not the presence of the Happy Valley
member aquitard. RD-31 is completed in Canyon Member along with C-1 but showed
no response to C-1 pumping (see below, considered “no response” in 2004 report but
fit with Theis curve in Figure 3-16) and it is only 2070 ft from C-1. The RD-43 cluster
wells are the only monitored depths which were separated from C-1 by fine-grained
units, east of the Shear Zone. Monitoring was insufficient to test if faults hydraulically
breach fine grained units. The figure and discussion references are conceptual
discussions and diagrams from Cilona et al., based upon structural interpretations.
10. RD-10 Hydraulic Influence Relative to Happy Valley Fault (and Appendix M)
Page 3-23; 5th paragraph
“Figure 3-19(a) is a plot of change in piezometric head at the end of RD-10 pumping
versus distance from RD-10, fit with a semi-logarithmic trend line (R2 = 0.99).”
The large R2 value is due to the inclusion of drawdown at RD-10 in the regression
calculation. Drawdown at a pumping well is generally considered unusable for
hydraulic analysis because of head loss at the well bore. This extremely close
observation point biases the regression. Removing this drawdown value from the plot
results in r2=0.22. It is, therefore, not clear that the response of drawdown to RD-10
pumping followed a Cooper-Jacob (semi-logarithmic) behavior.
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Figure 3-19 (a) from the Faults Report is shown below (Figure 10). The plot is
reproduced with RD-10 and without RD-10 drawdown in Figure 11. When RD-10 is
removed from the dataset there is no obvious linear or semi-logarithmic trend in the
drawdown with distance from the pumping well (RD-10).

Figure 10: Drawdown from RD-10 pumping aquifer test extracted from Figure 3-19a of the Faults Report, which
includes drawdown at the RD-10 pumping well.

Figure 11: Drawdown from RD-10 pumping aquifer test, including and excluding drawdown at the RD-10 pumping
well.
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11. 3.4.5 WS-9A Hydraulic Influence Relative to the Burro Flats Fault
Page 3-26
The influence of the Burro Flats Fault (BFF) on hydraulics is still unclear after the WS9A study.
There is evidence that the BFF is a zone of enhanced hydraulic connectivity, but it is
not entirely consistent. RD-58B, RD-58C, and RD-5A responded to WS-9A pumping
and both are located along the BFF (Figure 12). RD-58B and RD-58C should be
separated from WS-9A by the Bravo Beds but still respond, indicating the Bravo Beds
are breached by the BFF. By comparison, RD-55A and RD-55B are also separated by
the Bravo Beds but did not respond. Seep monitoring well SP-890, located in the BFF
damage zone, responded identically to drawdown in WS-9A. SP-881, 882 to the south
did not respond well to WS-9A pumping. However, RD-41B and RD-41C responded
and are 1900 ft along bedding strike from WS-9A. There is no clear fault connection to
this well cluster. The wells between WS-9A and the RD-41 cluster (HAR-08, HAR-07)
did not respond, but they are much shallower than the RD-41 cluster so may not be
comparable to RD-41B and RD-41C. Either the BFF does not entirely control
hydraulics or fault mapping is not comprehensive.
The evidence of barrier behavior is even less clear. A transducer failure meant
hydraulic data were not recovered from RD-6 (contrary to what is shown in App L Fig
103 reproduced below in Figure 12) during pumping, so only the seep monitoring wells
SP-890, SP-881, SP-882, gave indication of the BFF as a hydraulic barrier. The
response of SP-890, located in the BFF damage zone, and lack of response in SP-881,
882 to the south, can be interpreted as an effect of enhanced conductivity in the
damage zone or the presence of a barrier along the BFF. An enhanced hydraulic
conductivity along the BFF may have reduced hydraulic response south of the fault by
supplying additional water to WS-9A. Appendix L, Figure 108 (Section BFF-2) show
that TCE is at higher concentrations in SP-890 than SP-881, 882 and there is a small
change in major ion concentration also between the wells, which may be associated
with the adjacent geologic contact with the Santa Susana Formation. Again, these
differences could be explained by an enhanced hydraulic conductivity in the BFF
damage zone or by a partial barrier along the southern trace of the BFF. For example,
RD-6 and RD-5 response to WS-9A are different, but this could be because RD-5 is
better connected to WS-9A.
In summary, there is evidence for an enhanced zone of hydraulic connectivity along the
BFF in the vicinity of WS-9A. The evidence for a barrier is not independently supported.
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Figure 12: Extracted Figure 103 from the Faults Report.

12. 3.4.6 Summary of Estimated Conductivity
The question of whether hydraulic conductivity is enhanced in the vicinity of faults is
still unresolved. As noted, when results from low-permeability settings are included in
the data (e.g. Figure 3-8) it appears that hydraulic conductivity may be enhanced
within 100-200 m of a fault. This is consistent with the mapping conducted by the
Stanford Group which shows damage zones surrounding main fault traces. However,
work since 2009 including straddle packer tests and earth tide analysis, do not show a
trend of hydraulic conductivity with distance from faults (Fig 3-24). The GSB requests
clarification regarding future work that may address these uncertainties:
“Further reduction of the hydraulic conductivity data is complicated by the need to
properly weigh the various types, methods, scales, locations, and depths of estimated
values. Additionally, spatial interpolation and mapping is complicated by the threedimensionality of the data and hydrogeologic framework. Additional analysis of these
data will be addressed by subsequent work.”
13. Isotopes and Noble Gases
Of the 22 wells and 19 seeps for which groundwater age dating was performed, 12
wells and 3 seeps were determined to have waters greater than 50 years old. These
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ages imply that the monitoring wells are not hydraulically downgradient from sites of
potential contamination. DTSC requests clarification as to whether these wells can be
considered part of the effective monitoring network.
14. Woolsey Canyon Fault
The relationship between the Woolsey Canyon Member and the Woolsey Canyon Fault
is unclear, which leads to some uncertainty regarding fault hydraulics. This relationship
is important because it influences the mapping of head potential at the fault which, in
turn, indicates the magnitude of eastward hydraulic gradient along the fault. Figure 4-6
inset suggests there is a strong gradient along the fault while the cross-section
suggests that the hydraulic gradient is flat on either side of the Woolsey Canyon
Member. RD-38A intersects the Woolsey Canyon Member according to Figure 4-6 but
not according to Figure 4-3. The three-dimensional behavior of flow in this vicinity
should be clarified because it has important implications for contaminant transport
eastward from RD-38.
15. 4.3 IEL Fault
The evidence for a conductive damage zone associated with the IEL fault (4.3.2) is
strong, but evidence regarding barrier properties of the IEL fault (4.3.1) remain
inconclusive. It is likely that the C-1 pump test extracted water from both sides of the
IEL fault so that flow was not induced across the IEL fault. Figure 30, Appendix L,
(reproduced in Figure 13) indicates large head losses vertically along RD-31, but head
losses are attributed to the Happy Valley Member.
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Figure 13: Detail from Figure 30, Appendix L.

16. 4.4 Happy Valley and Bowl Faults
Similar to the IEL Fault, evidence for a conductive damage zone associated with the
Happy Valley Fault (4.4.2) is strong, but evidence regarding barrier properties of the
Happy Valley Fault (4.4.1) remains inconclusive. The RD-10 pump extracted water
from the fault damage zone so the barrier attributes of the Happy Valley Fault could not
be tested with confidence. The presence of the Happy Valley Member complicates the
hydraulics at the fault.
The RD-10 pump test and salt tracer test give good evidence that the southern trace of
the Happy Valley Fault is a zone of enhanced hydraulic conductivity. The well farthest
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east on the southern trace, RD-103 is contaminated (Figure 14 below). Groundwater
samples from RD-120, located east of RD-103, have no detectable contamination, but
it is not located on either north or south tracer of the HV Fault (although it shows signs
of faulting). Groundwater samples from SP-737 also have no detectable
contamination, but the source of this water may be shallow, so it is not clear if this is a
significant sentry point. It seems like a monitoring well might be warranted east of RD103 on the southern trace of the HV Fault.

Figure 14: Detail from Figure 3-25.

17. “Hydraulic properties potentially altered by faulting include hydraulic conductivity,
specific storage, and the ratio of the two, hydraulic diffusivity. Rapid and distant
groundwater responses to changes in hydraulic stress (i.e., apparent
“interconnectivity”) are indicative of high hydraulic diffusivity. This phenomenon is
commonly observed in SSFL fractured rock in both faulted and less faulted areas, and
is not necessarily indicative of significantly elevated hydraulic conductivity.”
Hydraulic diffusivity is misinterpreted throughout the report. Hydraulic diffusivity is the
ratio of hydraulic conductivity and specific storage (D = K/Ss) or, equivalently, the ration
of transmissivity and storativity (D = T/S). Consequently, it is used to describe the
hydraulic “diffusion” of a pressure wave through a formation in response to rapid
increase or decrease in head, e.g. from a well test. It is of lesser relevance to long
term declines in water level and “dewatering” of formations as described in the report.
This is because storage is less significant in pseudo-steady behavior. As predicted by
Cooper-Jacob plots, for example, the rate of drawdown decline at late time is dictated
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entirely by hydraulic conductivity. Hydraulic diffusivity does not suggest that well
hydraulic connectedness can be explained equally by an increase in hydraulic
conductivity or a decrease in specific storage. There is no rationale, for instance, to
suggest that RD-1 and RD-10 are strongly connected hydraulically because the Happy
Valley fault zone causes a reduction in specific storage. Anomalously large drawdown
in monitoring wells that respond to pumping should be assumed to be an enhanced
pathway for groundwater flow unless otherwise indicated by supporting evidence.

GSB Comments on the 2009 Characterization Report
There were several comments included in the 2011 GSB Comments on the 2009
Characterization Report that were related to faults. They are summarized below with the
current resolution, if any, based on the Faults Report and work completed by NASA and
DOE.
•

General Understanding of the Faults Properties and Hydraulic Effects
Several GSB comments noted that the Characterization Report presented only a
generalized the nature of the faults at the site. There were several comments stating
the need for more detailed characterization of the faults and their properties that would
include geophysics, trenching, additional wells, and aquifer tests.
The Faults Report provided assessments of each fault or fault segment in detail largely
using previously collected data and information. Additional work was also completed
by Boeing, NASA, and DOE. This work has resulted in a significantly better supported
and detailed understanding of the faults at the site. However, as stated at the
beginning of this memorandum, uncertainties regarding the nature of the fault and fault
segments remain.

•

The Fault Structure Model presented in the Characterization Report
A fault structure model was presented in the RI Report, based on a published paper
(Caine, et al, 1996) that, the GSB noted in its comments, was poorly supported by the
data collected at the site,
The work completed by Stanford University provided a site-specific detailed evaluation
and discussion of the fault structures and an explanation for the development of the
fault cores (shale smearing) and damage zones. The work, however, was not well
integrated and applied into the interpretations of most other faults at the site.

•

Surface Geophysics
In its comments, DTSC directed the facility to conduct, at minimum, an initial
geophysical survey in the northeast portion of the site that would include two seismiclines: parallel and perpendicular to the Shear Zone and three electrical resistivity
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tomography (ERT) lines. The seismic lines should be positioned such that they cross
as many projected faults as feasible (ex. Happy Valley Fault, IEL Fault, Woolsey
Canyon Fault, and the east-west oriented lineament identified to the south of the
Woolsey Canyon Fault). The ERT lines should be positioned to cross the Happy Valley
Fault, the IEL Fault, and the Woolsey Canyon Fault and above-mentioned lineament.
Surface geophysics was conducted at the site by University of Kansas and the results
are presented in Appendix G of the Faults Report. However, ERT has yet to be tested
at the Site and may provide additional benefits for fault characterization, particularly
where faults are covered by alluvium, colluvium, and/or fill.
•

Aquifer Test with Pumping Outside Identified Fault Zone
In its comments, GSB directed the facility to conduct additional aquifer tests with the
pumping wells located sufficiently outside the target fault zone in order to collect data
specific to the nature of groundwater flow across these faults in contrast with the
groundwater flow distant from the faults.
Limited aquifer tests by NASA and DOE were conducted with the pumping wells
sufficiently outside the fault zones which provided useful information on the hydraulic
effects across the fault(s) in the area of the tests. There are, however, only a few areas
where this was completed

•

Geologic Framework and History
In its comments, the GSB stated that the stress history of the site needed to be further
assessed to better understand development and relationship between the fractures and
faults at the site.
Section 2.1 and Appendix A (Geotectonic Setting and Evolution of the Simi Hills,
Easternmost Western Transverse Ranges, California) of the Faults Report provides a
comprehensive discussion that addresses the GSB comments on this.

If you have any questions or need additional information, please contact me at: (714) 4845424 or tom.seckington@dtsc.ca.gov.

Reviewed by:

Tanya Brosnan, P.G.

