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AMEC Environment & Infrastructure, Inc.
2101 Webster Street, 12th Floor
Oakland, California 94612-3066
USA
Tel (510) 663-4100
Fax (510) 663-4141
amec.com

July 2, 2012

Jack Kurchian
System LLC
9034 West Sunset Boulevard
West Hollywood, CA 90069

Subject: DRAFT Addendum to the Hydrogeological Evaluation Report—Proposed
Melrose Triangle Mixed-Use Project
Between Santa Monica Boulevard, Melrose Avenue, and Almont Drive
AMEC Project No. OD12162610.08

Dear Mr. Kurchian:

AMEC Environment & Infrastructure, Inc. (AMEC; formerly MACTEC), is pleased to present this
Addendum to the Hydrogeological Evaluation Report on behalf of System LLC. The
Hydrogeological Evaluation Report (HER), dated January 26, 2009, was commissioned by System
LLC to provide site-specific hydrogeological information and to estimate construction dewatering
rates for the proposed Melrose Triangle multistory, mixed-use development located in West
Hollywood, California. This Addendum presents the results of additional groundwater modeling to
evaluate potential dewatering requirements for the proposed development with respect to anticipated
hydrogeological conditions in the water bearing units beneath the Melrose Triangle site (the Site), as
well as potential impacts to local groundwater flow following completion of the development.

Description of Proposed Development

In 2008, System LLC submitted development plans to the City of West Hollywood for construction
of a mixed-use residential/commercial development on the approximately 134,400-square-foot
(three-acre) site, located in an area bounded by Santa Monica Boulevard, Melrose Avenue, and
Almont Drive, and known locally as the Melrose Triangle. The development that was proposed in
2008 consisted of a five-story complex (above grade) and six levels of subterranean parking and
storage space. The floor of the lowest subterranean parking level of the building was established at
Elevation 156.50 feet with respect to the project datum. This would require an excavation of 70 to
80 feet below the existing grades in order to accommodate the building foundations. Depth-to-
water measurements at the site’s four groundwater wells indicated that groundwater is first
encountered beneath the site at depths of approximately 7 to 20 feet below ground surface (bgs).

Given these circumstances, construction dewatering and post-development water management
constitute a major project consideration. Aquifer test analysis presented in the HER showed
evidence of a leaky aquifer system, in which vertical flow from the interbedded units, in addition to
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horizontal flow through the aquifers, contributed to discharge from the pumping test well. The
degree of leakance was thought to have particular significance to the dewatering system design;
additional groundwater flux into the target dewatering zone from the productive lower aquifers
presents the possibility of higher-than-anticipated dewatering requirements, even with the updated
shallower planned excavation, and especially at early times of the dewatering phase. The potential
impact of the completed subsurface structures on regional groundwater flow was also a concern
that is addressed in this Addendum. An Addendum to the HER dated April 5, 2012 described the
anticipated dewatering requirements based on the updated subterranean development plan.  The
findings of the HER, as well as the updated dewatering requirements were used as the basis for
constructing a groundwater flow model of the site, the results of this updated modeling effort are
presented in this Addendum.

Site Groundwater Conditions

The depth to groundwater at former extraction well EW-1, and monitoring wells OB-1, OB-2, and
OB-3 (see Figure 1) were measured on June 27, 2012 in order to assess changes in groundwater
flow conditions since 2008. These most recent measurements are very similar to those recorded in
2008, so there is no evidence of a significant shift in groundwater gradient or flow direction since
work done for the HER.  The table below shows data from this and previous monitoring periods.

Well
Identification

Date
Measured

Top of Well Casing
Elevation [feet

MSL]

Depth to Water
[feet below top of

casing]

Groundwater
Elevation [feet MSL]

EW-1 10/28/2008
12/1/2008
6/27/2012

219.84 15.36
15.19
16.27

204.48
204.65
203.57

OB-1 10/28/2008
12/1/2008
6/27/2012

224.21 19.51
19.38
19.58

204.70
204.83
204.63

OB-2 10/28/2008
12/1/2008
6/27/2012

211.72 7.22
7.04
7.30

204.50
204.68
204.42

OB-3 10/28/2008
12/1/2008
6/27/2012

221.83 16.97
16.82
16.98

204.86
205.01
204.85

Additional water level measurements were taken on June 27, 2012 at two unnamed shallow
monitoring wells located in the parking lot at the northern corner of the Site in the vicinity of
boring location B-4 (see Figure 1).  These two monitoring wells had total measured depths of 48.5
and 88.5 feet bgs, and groundwater was measured at a depth of 30.0 and 25.60 feet, respectively.
Although the screened intervals of these shallow wells are not known, it is unlikely that these wells
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penetrate the confined Exposition aquifer unit beneath the Site (see description of Site geology in
the HER). Water levels at these locations are approximately 10 to 15 feet deeper than at OB-3, the
nearest monitoring well screened in the Exposition.  This relative difference in water elevation
provides further evidence that confining conditions increase with depth beneath the site, and that
the Exposition unit represents a large potential source of water for future dewatering activities
compared to the shallower water-bearing units.

Three-Dimensional Flow Modeling

AMEC constructed a three layer groundwater flow model of the proposed Melrose Triangle
development based on known hydrogeologic conditions and the anticipated subsurface construction
at the Site.  This model was developed using MODFLOW-2000 (MODFLOW), a widely-used
modular software package for simulating groundwater flow (Harbaugh et. al., 2000).  Use of
MODFLOW allows for explicit discretization of structures and hydrogeologic units at the Site in
three dimensions as well as the simulation of transient flow conditions, allowing for the simulation of
additional dewatering scenarios that were not a part of the WINFLOW models presented in either the
HER or the April 5, 2012 Addendum.

The MODFLOW model domain is a 7000-foot x 7000-foot rectangular grid with the Site in the
center of this quadrangle. The predominant direction of undisturbed groundwater flow as described
in the HER is simulated by applying constant head boundary conditions to the northwest and
southeast grid boundaries to approximate the observed natural gradient of approximately 0.025 feet
per foot in the southeasterly direction. The aerial size of the model domain is considered large enough
such that disturbance from simulated pumping at the Site will not overcome the imposed natural
groundwater gradient at the boundaries. Initial undisturbed hydraulic head in the model domain was
set at 205 feet above mean sea level (MSL), reflecting conditions presented in the HER. Figure 2
shows conceptually the configuration of the model layers in cross-section.  As shown on Figure 2, the
model was constructed with three layers:

 Layer 1 represents an Upper Aquifer unit within which the proposed dewatering wells will be
screened.  Conceptually, this layer is associated with the Older Alluvium described in the
HER;

 Layer 2 represents a confining Aquitard that separates layer 1 from layer 3; and
 Layer 3 represents a Lower Aquifer unit which is believed to be regionally extensive and

highly transmissive.  Conceptually, this layer is associated with the Exposition unit described
in the HER

The table below shows the range of groundwater hydraulic parameters used in the MODFLOW
model scenarios.
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Model Layer Simulated
Hydrogeologic

Unit

Horizontal
Hydraulic

Conductivity
[feet/day]

(cm/second)

Storage
Coefficient

[-]

Layer
Thickness

[feet]

1: Upper Aquifer Older Alluvium [2 to 8]
(7.06 x 10-4 to

2.82 x 10-3)

1 x 10-5 40

2: Aquitard Unnamed confining unit
between Older Alluvium

and Exposition

[0.8 to 0.0008]
(2.82 x 10-4 to

2.82 x 10-7)

1 x 10-5 10

3: Lower Aquifer Exposition [8]
(2.82 x 10-3)

1 x 10-5 100

The table above shows that the model layers 1 and 3 incorporate the highest anticipated horizontal
hydraulic conductivity (Kh) for these units based on aquifer testing done in association with
development of the HER. The Kh of the aquitard unit was varied according to the evaluated
dewatering scenarios described in the section below.  Vertical hydraulic conductivity (Kv) was set to
10% of the Kh for all model layers.  The storage coefficient, was also calculated from test results
obtained for the HER, and was assigned equally to all model layers.  Thicknesses for model layers 1
and 2 were estimated from investigative work presented in geologic cross-sections in the HER.  The
simulated Lower Aquifer thickness was set to 100 feet, as the exact thickness of the Exposition
extends beyond the depth of exploration at the Site, and model results are considered relatively
insensitive over a plausible range of thicknesses for this unit.

Dewatering wells DW-1 through DW-16 were simulated in the MODFLOW model in positions
consistent with their locations as shown in the HER and April 5, 2012 Addendum.  The wells in the
MODFLOW model were simulated as constant-head model grid cells, such that the groundwater
elevation in these simulated cells was always at a target dewatering drawdown elevation of 160 feet
MSL (a depth of approximately 70 feet below the project datum) for the simulated dewatering
periods.  In this way, flux through the simulated well grid cells will vary in time from the start of
dewatering, reflecting the necessary pumping rate to maintain the target drawdown level in the well.
Dewatering wells in this model can be considered fully-screened through the 40 foot thick Upper
Aquifer.

Dewatering Scenarios – Evaluation of Vertical Underflow

The MODFLOW model was used to simulate several dewatering scenarios in order to evaluate the
effects of flow from the Lower Aquifer into the Upper Aquifer during the dewatering phase of
construction.  As aquifer testing presented in the HER shows that the Lower Aquifer is a relatively
productive confined unit compared to the shallower water-bearing zones, it was thought that flow
from this lower unit may increase the necessary dewatering capacity of the site, even though the
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lower aquifer will not be penetrated by the updated construction plan. The MODFLOW model
simulations were performed to address concerns that vertical flow across the aquitard may affect
dewatering system performance, as evaluation of the aquifer pump test data indicated aquifer
system beneath the Site is “leaky”, that is vertical flow occurs between water bearing units.

Previous WINFLOW models evaluated the site as a single aquifer unit with an impervious base, as
such, the WINFLOW models did not account for the layered geology beneath the Site or the
potential for upward vertical flow caused by the confined nature of the Lower Aquifer. It has been
noted in dewatering projects where a transmissive aquifer exists at depth beneath the dewatered
unit, that the deeper aquifer can act as a recharge boundary of essentially constant hydraulic head,
providing a large water source for the dewatering system (Powers et al., 2007). The major factor
controlling vertical underflow into Upper Aquifer units at the Melrose Triangle site is the ability of
the Aquitard unit to act as a flow barrier to the Lower Aquifer water source.  Therefore, scenarios
1-3 shown in the table below simulate hydraulic conductivities for the Aquitard unit over a range of
values considered reasonable for this type of geologic unit. A Kh of 0.0008 feet/day (2.82 x 10-7

cm/second) can be considered a largely impervious aquitard, with 0.8 feet/day (2.82 x 10-4 cm/second)
being the greatest conductivity considered for this unit. The hydraulic parameters modeled in the
MODFLOW model scenarios 1-3 had the following properties:

Model
Scenario

Simulated Kh for
Layer 1

[feet/day]
(cm/second)

Simulated Kh for
Layer 2

[feet/day]
(cm/second)

Simulated Kh for
Layer 3

[feet/day]
(cm/second)

1 [8.0000]
(2.82 x 10-3)

[0.0008]
(2.82 x 10-7)

[8.0000]
(2.82 x 10-3)

2 [8.0000]
(2.82 x 10-3)

[0.08]
(2.82 x 10-5)

[8.0000]
(2.82 x 10-3)

3 [8.0000]
(2.82 x 10-3)

[0.8]
(2.82 x 10-4)

[8.0000]
(2.82 x 10-3)

Figure 3 shows the total simulated pumping rate out of the 16 dewatering wells over time during
the dewatering phase. It is evident from this figure that for each scenario presented, total flow out
of the dewatering system will stabilize by about 10-15 days after the start of pumping.  As such,
this figure only shows results from the first 50 days of dewatering, not the entire anticipated two-
year dewatering period during construction.  Although flow rates stabilize (i.e., achieve steady-
state conditions) relatively quickly, it is clear that greater sustained cumulative pumping rates will
be necessary to dewater the site when the simulated Kv of the Aquitard unit is greater, as the
vertical flow is related to the Kv of the Aquitard unit, which is set to 10% of Kh for all model
simulations.  Sustained flow rates for scenarios 1-3 vary between approximately 150 and 330 gpm,
which is within the range estimated by previous simulations for a single aquifer unit with a Kh of
2.82 x 10-3 cm/second (approximately 260 gpm, as shown in the April 5, 2012 Addendum). Initial
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flow rates on the first day of dewatering range from approximately 300 to 500 gpm and stabilize to
steady-state flow conditions ranging between 150 and 330 gpm after approximately 15 days.

The table below shows simulated total discharge for the 16-well dewatering system after a two-
year period of pumping.  Consistent with the results for scenarios 1-3 on Figure 3, the total
dewatering volume for model scenarios is greater when vertical flow between the Lower and Upper
Aquifer units is greater.

Model Scenario Simulated Discharge for 730-day
Dewatering Period [millions of gallons]

1 157
2 265
3 350

Figures 4 and 5 show anticipated drawdown and recovery curves for each model scenario over time
for the dewatering and recovery phases of construction, respectively. The groundwater elevation at
a single reference point in the center of the Site within the Upper Aquifer is plotted in both of these
figures.  Again, only the early-time data for these simulations is plotted, as the sustained
groundwater elevations are reached relatively quickly for both drawdown and recovery.  Maximum
sustained drawdown is achieved between five and ten days after the start of dewatering (Figure 4),
and recovery to the initial groundwater elevation of 205 feet MSL is achieved between 4 and 8
days (Figure 5) for all model scenarios.  This reflects the relatively responsive conditions within
these confined aquifer units as shown in aquifer tested associated with the HER. The sustained
drawdown elevations for scenarios 1-3 vary between approximately 162 and 166 feet MSL due to
the varied level of vertical communication between the Lower and Upper aquifers at the reference
point at the center of the site, but this range is well below the target excavation elevation of
approximately 178 feet MSL.

Dewatering Scenarios - Evaluation of Shallow Aquifer Transmissivity

Aquifer tests performed for the HER were from wells screened within the Older Alluvium and
Exposition geologic units, so hydraulic conductivity estimates were considered to be a bulk property
of all encountered water-bearing units.  However, this does not take into consideration the relative
transmissivities of the shallower and deeper aquifers.  It is possible that the relatively greater
proportions of fine-grained material in the Upper Alluvium compared to the Exposition may result in
proportionally smaller Kh values in the shallower unit.  If this is the case, the total capacity of the
dewatering system may be less than previously anticipated.  To explore this situation, two additional
scenarios (scenario 4 and 5 – see table below) were evaluated for cases where the Upper Aquifer unit
is relatively less transmissive than the Lower Aquifer.  The Kh values selected for the Upper Aquifer
reflect the range of conductivities evaluated by the WINFLOW modeling presented in the April 5,
2012 Addendum. The Aquitard Kh is set to 0.08 feet/day (2.82 x 10-5 cm/second) (which is
considered a reasonable value for this fine grained geologic material), and these additional scenarios
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are compared against scenario 2 (as described in the section above). These model scenarios improve
upon previously constructed models in that they allow vertical underflow.

Model
Scenario

Simulated Kh for
Layer 1

[feet/day]
(cm/second)

Simulated Kh for
Layer 2

[feet/day]
(cm/second)

Simulated Kh for
Layer 3

[feet/day]
(cm/second)

2 [8.0]
(2.82 x 10-3)

[0.08]
(2.82 x 10-5)

[8.0]
(2.82 x 10-3)

4 [2.0]
7.06 x 10-4

[0.08]
(2.82 x 10-5)

[8.0]
(2.82 x 10-3)

5 [0.80]
2.82 x 10-4

[0.08]
(2.82 x 10-5)

[8.0]
(2.82 x 10-3)

Figure 6 shows the total simulated pumping rate out of the 16 dewatering wells over time during
the dewatering phase for scenarios 2, 4 and 5.  Similarly to scenarios 1-3, flow rates presented in
this figure stabilize by about 10-15 days after the start of pumping.  Scenarios 4 and 5 shows that
the simulated flow rate out of the dewatering wells decreases significantly by lowering the Kh of
the Upper Aquifer within a one order of magnitude range.  The stable flow rate when the Upper
Aquifer unit has a Kh of 0.8 feet/day (2.82 x 10-4 cm/second) is around 60 gpm, about one-third the
sustained flow rate of scenario 2, where both the Upper and Lower Aquifers are assigned a Kh of 8
feet/day (2.82 x 10-3 cm/second). The model results indicate that the dewatering system may be
more sensitive to variations in the shallow aquifer transmissivity than to vertical underflow from
the deeper units.

The table below presents the total discharge estimated for the 16-well dewatering system after a
two-year period of pumping for scenarios 2, 4, and 5. Scenarios 4 and 5 show that the total
simulated volume is significantly lower when Kh in the Upper Aquifer is proportionally less than
in the Lower Aquifer. The MODFLOW results are consistent with WINFLOW models that
demonstrated the same trend of lower system flow rates associated with lower transmissivity of the
upper aquifer unit targeted for dewatering.

Model Scenario Simulated Discharge for 730-day Dewatering Period
[millions of gallons]

2 265
4 112
5 38

Figures 7 and 8 show anticipated drawdown and recovery curves for model scenarios 2, 4, and 5
over time for the dewatering and recovery phases of construction.  Again, simulated groundwater
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elevation is from a single reference point in the center of the Site within the Upper Aquifer.  .
Similar to results presented in Figure 4, the maximum sustained drawdown is achieved between
five and ten days after the start of dewatering (Figure 7), and recovery to the initial groundwater
elevation of 205 feet MSL is achieved between 4 and 8 days after pumping has ended (Figure 8)
for all model scenarios.  The sustained drawdown elevations for scenarios 4-5 vary between
approximately 166 and 171 feet MSL, but are still well below the target excavation elevation of
approximately 178 feet MSL.  These results indicate that Upper Aquifer transmissivity over the
simulated range of Kh values will not greatly impact drawdown or recovery times at the Site.

Groundwater Flow Pathway Evaluation

Given the impervious nature of the planned subsurface structures, the effects on the local
groundwater ons due to the disturbed subsurface was also evaluated with this MODFLOW model.
An impervious lateral flow boundary condition was applied to the boundaries of the Site within the
Upper Aquifer unit of the three-layer flow model described above.  This boundary condition was
applied to the steady-state flow field with a southeasterly-directed flow gradient of 0.025 feet per
foot as described in the HER.  The resulting groundwater flow pathways are presented on Figure 9.
This figure shows that groundwater in the Upper Aquifer will flow around the Site following
subsurface construction.

Figure 10 shows simulated groundwater elevation contours in the vicinity of the Site after
construction in the Upper Aquifer.  These correspond to the model simulation used to generate
flow pathways in Figure 9.  It is evident from Figure 10 that while there is a steep gradient between
groundwater elevation within the site (approximately 160 feet MSL) and outside (approximately
200 feet MSL), the model shows no significant groundwater mounding above the observed natural
groundwater gradient along the Santa Monica Blvd edge of the construction boundary.

Figure 11 shows the simulated groundwater elevation contours in the Upper Aquifer at steady-state
conditions during the dewatering phase of construction. The groundwater contours in this figure
reflect conditions in the Upper Aquifer for model scenario 5.  This can be considered conservative
in that lower Kh values for the dewatered aquifer unit will result in a more laterally-extensive
radius-of-influence due to pumping. The view of Figure 11 has been expanded to show that
drawdown and the radius-of-influence for the dewatering operation is not anticipated to impact
groundwater levels or flow directions on a regional scale in the vicinity of the Site, even if the
shallow aquifer units at the Site have a relatively small Kh compared to the deeper aquifers. In
particular, Site dewatering activities are not likely to interfere with the ability of the City of
Beverly Hills municipal supply wells to extract groundwater.

Conclusions

Flow simulations for a range of possible Aquitard conductivities indicate that sustained pumping
rate for 16 dewatering wells should fall within the range of approximately 150 to 330 gpm in order
to draw down groundwater elevations to the necessary depth for excavation, with initial flow rates
between 300 and 500 for the first few days of dewatering. Dewatering system capacity should be
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planned accordingly to reflect this simulated range of conditions.  Although these sustained flow
rates are similar to previously simulations, they reflect the range of possible confining conditions of
the productive Lower Aquifer unit.

Dewatering system capacities based on scenarios 1-3 should be considered conservative, in that
they reflect a geologic setting with a relatively large bulk transmissivity.  Model scenarios 4 and 5
indicate that lower relative hydraulic conductivity values in the shallower aquifer units may
significantly decrease the total flow rate necessary to dewater to the anticipated depth of
excavation. However, aquifer property estimates as of this time are based on pumping tests
performed across both shallow and deeper aquifer units, as well as visual inspection of geologic
material, as such, the transmissivities of each water-bearing unit have not been individually
differentiated. Therefore, it may be desirable to perform additional investigations in the Older
Alluvium in order to establish reliable estimates of specific hydraulic properties.

Target drawdown should be achieved relatively quickly following the initiation of dewatering, and
recovery of groundwater to undisturbed levels should occur in less than ten days following the
cessation of pumping.  Following the completion of subsurface construction, the model simulations
show that groundwater in the Upper Aquifer unit should flow around the impervious subsurface
structures without appreciable mounding in the vicinity of the buildings. However, all water
bearing units are currently considered as confined aquifers in the model scenarios presented here.
If future investigations find that groundwater is unconfined or “perched” in the shallower units, this
may affect predictions related to dewatering system capacities and drawdown/recovery times.
Recent measurements taken from shallow monitoring wells in the northern corner of the site show
that depths to groundwater are deeper in these shallower units than in wells screened within the
Exposition. These data further demonstrate that the Exposition aquifer unit is the more
transmissive (productive) and confined water-bearing unit beneath the Site.  However, since the
shallow wells cover only a small portion of the Site and their screen intervals are not well defined,
it is difficult to draw conclusions specific to the hydraulic regime of the Older Alluvium that are
relevant to future dewatering activities.

If you have any comments or questions about this Addendum Letter and the conclusions or
recommendations, please feel free to contact Warren Chamberlain at (510) 663-3984.
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Sincerely,

AMEC ENVIRONMENT & INFRASTRUCTURE, INC.

Sean Culkin, PG
Project Hydrogeologist

Warren B. Chamberlain, PG, CHG, PE
Senior Principal Engineer

Attachments: Figure 1 – Well, Borehole, and CPT Locations
Figure 2 – Model Domain Cross-Section
Figure 3 – Simulated Dewatering System Flow rates, Aquitard Scenarios
Figure 4 – Simulated Time-Drawdown Plot, Aquitard Scenarios
Figure 5 – Simulated Time-Recovery Plot, Aquitard Scenarios
Figure 6 – Simulated Dewatering System Flow rates, Upper Aquifer Scenarios
Figure 7 – Simulated Time-Drawdown Plot, Upper Aquifer Scenarios
Figure 8 – Simulated Time-Recovery Plot, Upper Aquifer Scenarios
Figure 9 – Groundwater Flow Pathlines for the Upper Aquifer Following

Construction
Figure 10 – Simulated Groundwater Elevation Contours for the Upper Aquifer

Following Construction
Figure 11 – Simulated Regional Groundwater Elevation Contours During

Dewatering Phase
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Drawdown Scenarios

Simulated Time-Drawdown Plot, Upper Aquifer Scenarios Figure:
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Recovery Scenarios

Simulated Time-Recovery Plot, Upper Aquifer Scenarios Figure:
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