MEMORANDUM
Date:

May 29, 2020

To:

City of Redmond – Land Use Permit Reviewers

From:

Noah Allen, PE, PMP, BHC Consultants, LLC

CC:

Mike Haley, PE, City of Redmond

Subject:

Wastewater Pump Station No. 12
Construction Dewatering Feasibility Memorandum

Introduction
The Wastewater Pump Station No. 12 (WWPS 12) project involves relocating the existing
WWPS 12 to a new site within a utility easement on the adjacent Alexan Marymoor
development property. Per RMC 13.07 only temporary construction dewatering is allowed at the
project site as it is located within a City of Redmond Critical Aquifer Recharge Area. Portions of
the gravity sewer construction occur in areas that will require dewatering that is expected to
exceed 500 gpm. The purpose of this memorandum is to document the temporary construction
dewatering associated with the WWPS 12 project and provide the associated documentation of
the anticipated flow range for temporary construction dewatering and the associated impacts of
this temporary dewatering.
Project Dewatering Sources
Dewatering activities associated with construction are limited to the following activities.
1. Dewatering of the drilled caisson for the relocated pump station wet well.
2. Removal of nuisance standing water in shallow trenches (above the seasonal
groundwater)
3. Trench dewatering within the seasonal groundwater
Of these three dewatering activities, only the trench dewatering within the seasonal groundwater
is expected to result in dewatering rates greater than 500 gpm. Excavation of utilities is
anticipated to be completed during low seasonal groundwater periods and trench dewatering in
shallow trenches is not expected. The installation of the drilled caisson will utilize the following
general method to limit the dewatering activities:
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1. A steel caisson will be installed by augering in wet conditions.
2. Upon completion of setting the steel caisson to depth, a tremie slab will be poured at the
base of the excavation (underwater).
3. After the tremie slab has cured, the remaining volume of water within the wet well foot
print will be isolated from the surrounding groundwater.
4. The approximately 25,000 – 30,000 gallons of water contained in the caisson will be
removed at a rate less than 500 gpm leaving a dry workspace to set the precast WWPS
12 wet well.
Dewatering Rates and Effects on Aquifer
A range in flow dewatering flow rates between 2,000 and 5,000 gpm are anticipated based on
the depth of excavation into the seasonal groundwater table. The rates are based on the
analysis completed for an adjacent City of Redmond Wastewater Pump Station No. 13 (WWPS
13) Replacement project located in the vicinity of this project (Appendix A). Both projects are
located within the same aquifer and involve similar depths of excavation related to the
groundwater table.
The applicability of the previous analysis is based on instituting similar requirements for
temporary construction dewatering for the WWPS 12 project construction. The length of pipe
required to be installed at WWPS 12 is approximately 175 linear feet These requirements
include the following:
1. Trenching will be limited to 50-foot linear excavations at any time when below the
seasonal groundwater table.
2. Pumping will be limited to 12-hours per day.
3. Dewatering discharge will be directed to the stormwater outfall identified in the
preliminary dewatering plan.
A preliminary dewatering plan, Appendix B, has been prepared that presents minimum
requirements for discharge and identifies contaminate plume monitoring locations. The plan
identifies the capacity of the discharge piping and requires standby detention facilities to
equalize higher flow rates to meet the discharge pipe capacity. Dewatering specifications have
also been prepared, Appendix C, to provide the contract requirements for limitations on
dewatering, identify Critical Aquifer Recharge Area (CARA) restrictions, and identify monitoring
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requirements for the Sunbelt Rentals contamination plume (DOE Facility #23529559 and
#58128821) located in the vicinity of the project.
Summary
The groundwater modeling results included as Appendix A indicate that the expected
dewatering at the location and within the scope outlined in this memorandum will not capture
groundwater emanating from the area groundwater plume. In addition, dewatering activities
were found to have little impact on flow path and the groundwater moves similar distance with or
without operation of temporary dewatering in the 2,000 gpm to 5,000 gpm range. To further limit
the potential to impact the Sunbelt Rentals groundwater contamination plume the following
measures are being required.
1. Limitations on trench excavation length and dewatering durations to 50 linear feet and
12 hours/day respectively.
2. Requirements for a monitoring plan that will include;
a. Background sampling and testing at representative wells prior to dewatering
activities.
b. Routine sampling and testing during dewatering activities.
c. Sampling and testing following cessation of dewatering activities.
3. Minimum requirements for working with CARA wellhead protection zones.
4. Water quality and capacity requirements for dewatering discharges.
To support these conclusions the following appendices are attached to this memorandum for
reference
Appendix A – Evaluation of Potential Effects on Former Super Rent Facility
Groundwater Contamination from Construction Dewatering
Operations
Appendix B – Preliminary Dewatering Plan
Appendix C – Dewatering Specification
Appendix D – Geotechnical Report
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APPENDIX A
EVALUATION OF POTENTIAL EFFECTS ON FORMER SUPER RENT FACILITY
GROUNDWATER CONTAMINATION FROM CONSTRUCTION DEWATERING
OPERATIONS

Technical Memorandum
To:

Noah Allen, PE, PMP – BHC Consultants

Cc:

Michael Haley, P.E. – City of Redmond, Washington
Colin Sherrill – City of Redmond, Washington
Jessica Pfundt, LG– City of Redmond, Washington

Expires 7-12-2020

From: John Porcello, LHG – GSI Water Solutions
Walter Burt, LHG – GSI Water Solutions
Date: October 28, 2019
Re:

Evaluation of Potential Effects on Former Super Rent Facility Groundwater Contamination
from Construction Dewatering Operations for Pump Station 13 Sewer Line
(City of Redmond, Washington)

Introduction
GSI Water Solutions, Inc. (GSI), has conducted a groundwater modeling evaluation on behalf of
the City of Redmond, Washington (City) and BHC Consultants, LLC (BHC), to evaluate the
potential effects if any, of construction dewatering on groundwater and contaminant migration
from a nearby property (the Former Super Rent Facility, located at 17950 NE Redmond Way).
The dewatering work will occur along portions of the alignment of a sewer line replacement
project on 176th Avenue Northeast in Redmond. (See Attachment 1 for three maps showing the
locations of the trench and the Former Super Rent Facility.) The City and BHC have requested
that GSI conduct groundwater modeling simulations of advective transport using the City’s
numerical groundwater flow model and its particle tracking capabilities to provide a
conservative estimate of the potential risk of altering the transport of the contaminants away
from the Former Super Rent Facility. A description of the City’s groundwater flow model,
including its conceptualization, construction, and calibration is presented in a report by
GeoEngineers and GSI (2018). Groundwater resource management studies conducted with the
model, including simulations of other dewatering projects in and near downtown Redmond,
have been conducted in the past and are documented in a report by GSI (2018).
The remainder of this technical memorandum presents the following information:


Problem description



The approach and technical methods that were used to conduct the analyses
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Simulation results



A discussion of the limitations of the analysis



A list of references cited in this technical memorandum



Attachment 1 (showing location maps)

October 28, 2019

Problem Description
As part of pump station construction, the City will be installing approximately 1,600 feet of
sewer line in a deep trench, with 600 feet of the trench excavation anticipated to intersect the
groundwater surface of the shallow alluvial aquifer. The sewer line will be installed in 50-foot to
100-foot long segments, with the trench then backfilled before installing the next segment. BHC
has indicated that the construction process will require dewatering the trench at certain
locations, to allow construction of the sewer line wherever the trench intersects the
groundwater table. Although BHC and the City have indicated that dewatering likely will be
accomplished by pumping water directly from the trench, GSI was asked to evaluate a concept
that involves using well points along the perimeter of the trench to lower the water table to a
depth of 2 feet below the excavation. Because the use of well points would involve a deeper
target dewatering depth and therefore greater pumping rates than trench dewatering, a
modeling analysis of well points provides a conservative evaluation of the degree to which the
dewatering project could cause changes to groundwater and contaminant migration away from
the Former Super Rent Facility.
The Former Super Rent Facility is located approximately 800 feet east of the northern end of the
alignment of the sewer line, and approximately 1,300 feet northeast of the closest segment of the
trench that will require dewatering. Groundwater beneath the Former Super Rent Facility
contains petroleum-related contaminants associated with past releases of gasoline, diesel,
kerosene, and heavier-range hydrocarbons from former underground storage tanks (USTs).
Groundwater cleanup of light nonaqueous-phase liquids (LNAPLs) floating on the water table
are ongoing at this facility using a soil vapor extraction (SVE) system that began operating in
2009 and operates primarily during the dry season when groundwater levels are at their
seasonal low (as described by Aspect Consulting, 2018). The City has noted that the
contaminant plume does not currently appear to be migrating under the influence of the
background hydraulic gradient in the aquifer (personal communication, Colin Sherrill,
September 26, 2019).
The City has asked GSI to simulate several trench dewatering scenarios for the northernmost
segment that will require dewatering, which is a 50-foot-long segment on 176th Ave. NE, just
south of NE 70th Street. (See Figure 2 by Landau Associates, presented in Attachment 1.) The
purpose of the model simulations is to evaluate the potential for dewatering to affect the
movement of groundwater moving off of the Former Super Rent Facility, with a primary focus
on whether the alignment of groundwater flow paths away from this facility might be altered
during and immediately after dewatering operations. BHC and the City have commissioned
this analysis to inform the need for and types of monitoring and mitigation that might be
warranted during dewatering to avoid changes to the offsite migration of the contaminant
plume.
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Approach and Technical Methodology
The analysis began with (1) refining the model grid at and around the northern-most trench
segment that is planned to be dewatered, and (2) changing the versions of the flow-modeling
and particle-tracking software to accommodate the grid modifications. Groundwater elevations
and water budget terms were first computed using the flow-modeling software, after which
analyses of groundwater flow paths away from the Former Super Rent Facility were conducted
by importing the flow model results into the particle-tracking software. The model simulations
were conducted first with no dewatering operations, to establish the baseline condition at a
local scale for comparison with dewatering simulations. Then, for each dewatering scenario, the
same simulation approach was used and results were compared with the no-dewatering run to
identify the effects of the dewatering program (i.e., the difference between the runs with and
without dewatering). The modeling analysis simulated advective transport of a conservative
tracer and did not simulate operation of the on-site SVE system. Therefore, the model likely
overestimates the rate of contaminant migration, if any, from the facility because it does not
account for the retardation, dispersion, and degradation processes that occur in the subsurface
and which act to reduce contaminant velocities to magnitudes that are lower than actual
groundwater velocities.

Grid Modifications and Software Changes
The original groundwater model grid from prior studies (GSI, 2018) was developed using the
U.S. Geological Survey’s MODFLOW-NWT finite-difference numerical model (Niswonger et al.,
2011) as implemented in Version 6 of the Groundwater Vistas (GV) graphical user interface
(ESI, 2011). Capture zone and particle-tracking calculations during earlier water-resource
management studies were conducted using the USGS code MODPATH Version 5 (Pollock,
1994).
The 2018 model grid used rectangular cells that in plan view were 400 feet in length on each
side of every cell. Because this is a larger size than the 50-foot-long dewatering systems for the
sewer line, GSI elected to imbed a finer grid inside the parent grid, covering an area that
encompasses the entire sewer line project and the Former Super Rent Facility. An imbedded
grid was constructed using the Quadtree Mesh gridding method contained in the MODFLOWUSG software (Panday et al., 2013) and in Version 7 of GV (ESI, 2017). The imbedded grid
contains 25-foot by 25-foot cells in and immediately around the northernmost trench segment to
be dewatered, surrounded by cells spaced 50 feet on a side, which in turn are surrounded by
cells 100 feet on a side, and then 200-foot cells further outward. The cell spacing at the Former
Super Rent Facility is 100 feet on a side. Within the portion of the embedded grid containing the
sewer line and the Former Super Rent Facility, the hydraulic conductivity of the aquifer ranges
between 3,800 and 8,800 feet/day in the model, as was established during calibration of the
model to aquifer-wide water level data in and near the city limits. Accordingly, while the
aquifer hydraulic parameters in the imbedded grid are equivalent to those used in the original
grid from the City’s model, the grid and model that are used for this analysis of the Pump
Station 13 sewer line dewatering project are considered distinct from the City model.
Working in the GV Version 7 environment, groundwater flow modeling calculations then were
conducted using MODFLOW-USG, and flow path analyses were subsequently conducted using
the modPATH3DU software (Muffels et al., 2018), which has been developed by S.S.
GSI WATER SOLUTIONS, INC.
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Papadopulos & Associates, Inc., and The University of Waterloo specifically for MODFLOWUSG and the types of grids that MODFLOW-USG supports.

Simulation Without Construction Dewatering
The updated model was first run without any dewatering operations for this or any other
regional projects to provide a baseline condition against which conditions during dewatering
operations could be compared. A 1-year-long simulation was conducted in which groundwater
pumping rates from the City’s municipal production wells and fluctuations in natural ambient
hydrologic conditions (including groundwater recharge inside and outside the City) were
varied on a monthly basis.
The variables describing the natural ambient hydrologic conditions during each month of the
year were the same in this MODFLOW-USG simulation as were used in the 2018 water-resource
management studies conducted with MODFLOW-NWT (GSI, 2018). These variables were
obtained from the 2018 numerical model simulations that were developed for the City’s
Wellhead Protection Zone (WHPZ) delineation process (without dewatering projects
operating). These variables are the areal recharge rates across the entire model domain and the
stages of Lake Sammamish, the Sammamish River, Bear Creek, and Evans Creek.
Groundwater pumping by the City (from five wells) was based on the same water rights
scenario as was used in the 2018 water-resource study, except that pumping at City Well 4 was
capped at a rate of 350 gallons per minute (gpm) during all 12 months to reflect current limits
on its operating capacity. Maximum pumping rates at the City’s other municipal production
wells were equal to their instantaneous authorized “Qi” water rights amounts, which are 900
gpm at City Well 1; 500 gpm at City Well 2; 480 gpm at City Well 3; and 1,000 gpm at City Well
5. Together, the City’s five wells were simulated as pumping a total of 3,230 gpm during the
peak-usage months of June through September. Pumping rates in other months were lower at
some or all five of the municipal production wells to keep annual production within the “Qa”
annual volumes allowed under the water right.
The results of this baseline (no dewatering) simulation using the imbedded grid were compared
with the original City model. For late September and late January, simulated groundwater
elevations at the dewatering site and at the Former Super Rent Facility were between 1.3 and 1.6
feet higher in the imbedded-grid model than in the City’s original model; and head gradients
along groundwater flow paths emanating from the Former Super Rent Facility were
approximately 20 percent to 50 percent greater in the imbedded-grid model. These differences
cause the imbedded-grid model to provide somewhat higher estimates of dewatering extraction
rates and longer groundwater flow distances away from the Former Super Rent Facility for any
given duration of time, compared with what would be obtained from the City’s model with its
coarser grid resolution. These differences likely are no greater than the uncertainties that (1) are
inherent in the model regarding the aquifer’s hydraulic properties (hydraulic conductivity,
specific yield, and effective porosity) and (2) exist because of the lack of site-specific data (i.e.,
aquifer tests) at the location of the dewatering trench.

Representation of Dewatering System Operations in the Groundwater Model
Table 1 summarizes the key construction and modeling attributes for the dewatering project,
including the target dewatering elevation, model grid cell details, initial groundwater
elevations immediately before beginning dewatering, and the dewatering durations and time
periods.
GSI WATER SOLUTIONS, INC.
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Dewatering Scenarios
Although the dewatering project on 176th Avenue NE is likely to occur during the late summer
or early fall, BHC and the City requested that analyses be conducted for the lowest and highest
ambient seasonal groundwater periods, which the models from the 2018 studies suggest
commonly occurs in late September and late January, respectively. Accordingly, two separate
simulations were conducted for the dewatering event. One set of simulations began on
February 1 (immediately after peak seasonal-high water conditions), and the other set of
simulations began on October 1 (immediately after seasonal-low water conditions typically
occur). Additionally, multiple versions of these two dewatering scenarios were conducted, in
which (1) dewatering was conducted either continuously or in 12-hour-long on/off cycles, and
(2) the dewatering event lasted 3, 14, or 21 days. Together, a total of 13 simulations were
conducted as follows:


No dewatering (baseline condition)



Dry-season dewatering (in October)
Run 1a: Dry-season, 12-hr operating period, dewatering for 3 days.
Run 1b: Same as Run 1a, except dewatering for 14 days.
Run 1c: Same as Run1a, except dewatering for 21 days.
Run 2a: Dry-season, 24-hr operating period, dewatering for 3 days.
Run 2b: Same as Run 2a, except dewatering for 14 days.
Run 2c: Same as Run2a, except dewatering for 21 days.



Wet-season dewatering (in February)
Run 3a: Wet-season, 12-hr operating period, dewatering for 3 days.
Run 3b: Same as Run 3a, except dewatering for 14 days.
Run 3c: Same as Run3a, except dewatering for 21 days.
Run 4a: Wet-season, 24-hr operating period, dewatering for 3 days.
Run 4b: Same as Run 4a, except dewatering for 14 days.
Run 4c: Same as Run4a, except dewatering for 21 days.

Other dewatering projects are occurring at this time and likely will occur in the near future at
multiple construction sites in and near Redmond’s downtown core. These projects are located
north and northwest of the sewer line and were not included in any of the model simulations
that were conducted for the study that is described in this technical memorandum.

Simulation Technique for the Dewatering System
Each dewatering scenario was simulated using the DRAIN package of MODFLOW-USG. The
DRAIN package is a head-dependent boundary condition that lowers the water table to a userspecified elevation and computes the groundwater extraction rate that is necessary to maintain
that elevation at a given time during the course of the dewatering project. The DRAIN package
was used for the two numerical model grid cells containing the northern-most 50-foot trench
segment that will be dewatered. Drains were specified in the three uppermost model layers.
Because the trench excavation extends partway into the third model layer, drain elevations for
each grid cell within the TCD footprint were set equal to (1) the bottom elevations of each cell in
layers 1 and 2 and (2) the target dewatering elevation in model layer 3 (a level which is 2 feet
GSI WATER SOLUTIONS, INC.
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below the target elevation for the bottom of the excavation, and which assumes that dewatering
will be conducted using well points rather than pumping directly from the trench). Each
DRAIN cell used an assumed 1-foot-thick drain bed with a hydraulic conductivity sufficiently
high (10,000 feet per day or higher) so that the aquifer’s hydraulic conductivity (rather than the
drain bed permeability) would control the rate at which groundwater enters the excavation.
The DRAIN package provides a means of using the model to determine the pumping rates that
are needed to maintain a specified groundwater level during dewatering. During the initial
stages of dewatering, however, the DRAIN package often predicts much higher pumping rates
than at later times, because of the large initial difference between the head in the aquifer and the
elevation of the drain bed. As a result, the model’s early-time estimates of dewatering rates
potentially are not representative of the rates that the dewatering system would be designed to
sustain on a long-term basis after the initial dewatering period. While the model may
overestimate initial pumping rates, its simulation of a gradual decline in the head in the aquifer
near an excavation is based on groundwater hydraulic theory and thereby provides a
reasonable estimate of drawdown influences over time away from the excavation (including at
the Former Super Rent Facility).

Time-Stepping
Dewatering rates in an excavation are highest early in the dewatering process and gradually
decrease until after the target water level is achieved and has been maintained for a period.
Ambient fluctuations in groundwater levels due to seasonally varying rates of groundwater
recharge and groundwater pumping also will affect the variability of dewatering rates during
the period the dewatering system is operating. Accordingly, in order to capture these
variations, and to account for the possibility of operating the dewatering systems on 12-hour
cycles, groundwater conditions were calculated on a daily or twice-daily basis throughout each
dewatering event, and then three times each month during the remainder of the simulation
period.

Procedures for Forward Particle Tracking
Forward particle-tracking procedures were used in modPATH3DU to evaluate potential
changes in groundwater flow directions away from the Former Super Rent Facility that could
arise from dewatering operations. Imaginary particles were placed across the Former Super
Rent Facility in layer 3 of the model (the deepest layer in the model that experiences
dewatering), then were traced forward in time for 1-month and 2-month periods, beginning
with the first day of dewatering operations to identify the locations of groundwater flow away
from the Former Super Rent Facility. The distances traveled were based on the groundwater
flow model results plus the use of an effective porosity value of 0.15 for the aquifer, which was
identified by the City during 2018 as a “proactive” value for the purpose of groundwater
quality protection. (See Appendix A of GSI, 2018 for details.)

Simulation Results
This portion of the technical memorandum discusses the estimated dewatering rates for the 50foot-long trench excavation, and the potential changes in movement of groundwater and
contaminants away from the Former Super Rent Facility during and immediately after this
particular dewatering event.

GSI WATER SOLUTIONS, INC.
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Dewatering Extraction Rates
The model estimates that if the project occurs at the end of the summer season and if all
extracted water is directed into the City’s storm/sanitary sewer system or nearby drainages as
is planned (rather than being reinjected into the aquifer), then the dewatering extraction rates
would likely range between approximately 2,700 gpm and 2,900 gpm in the case of 12-hour
cycling of the dewatering system, and approximately 2,300 gpm and 2,700 gpm in the case of
continuous operations. If the project occurs during the winter months when groundwater levels
are at their seasonal high, then the dewatering extraction rates would likely range between
approximately 4,300 gpm and 5,300 gpm in the case of 12-hour cycling of the dewatering
system, and approximately 3,500 gpm and 5,000 gpm in the case of continuous operations.

Influence on Groundwater Movement from the Former Super Rent Facility
Figures 1 and 2 show that dewatering operations at this 50-foot-long trench during the period of
seasonal-low water levels are not expected to capture groundwater emanating from the Former
Super Rent Facility. Figure 1 is for 12-hour cycling of the dewatering system, and Figure 2 is for
the continuous dewatering scenario. Figures 3 and 4 similarly show that dewatering during the
seasonal-high water level condition under cycled pumping operations (Figure 3) or continuous
operations (Figure 4) is not expected to capture groundwater from the Former Super Rent
Facility. On all four figures, groundwater elevation contours are shown in blue at the end of the
21-day dewatering period, and the color schemes for the flowlines are as follows:


Long black = 2-month flow path under no-dewatering conditions



Short black = 3-day flow path during dewatering



Orange = 14-day flow path during dewatering



Magenta/purple = 21-day flow path during dewatering



Medium blue = 2-month flow path for the 21-day dewatering scenario (showing
flow for 21 days of dewatering plus no-dewatering for the time period that continues
until two months after the beginning of the dewatering event).

Figures 1 through 4 together show that small to moderate variations are estimated to occur in
the exact alignment of groundwater flow paths away from the Former Super Rent Facility. The
no-dewatering and 21-day dewatering scenarios show the east-west extent of the area over
which groundwater from the facility is expected to move under the particular scenarios
evaluated in this study. The amount of flow path deviation from the no-dewatering scenario
increases with increasing duration of dewatering operations; in comparison, the differences
between flow paths for dry-season versus wet-season conditions are small. It is important to
note that these model simulations did not consider whether subsequent trench dewatering
activities further south along the sewer line might capture this groundwater and/or cause
greater alterations to the flow paths than is shown by this modeling analysis.

Influence on Contaminant Movement from the Former Super Rent Facility
Because groundwater along the downgradient side of the Former Super Rent Facility moves
similar distances over a given 2-month period with and without operation of this 50-foot-long
dewatering project, the potential for the project to appreciably induce contaminant migration
from the facility beyond what is currently observed is low. This in turn suggests that further
GSI WATER SOLUTIONS, INC.
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analysis of contaminant migration (i.e., with the use of contaminant transport models) is likely
not needed in order to understand the potential for the planned dewatering project to alter
contaminant migration. However, as previously noted, this modeling analysis did not simulate
the operation of dewatering systems further south along the sewer line’s alignment; simulation
of additional dewatering systems might (or might not) change the interpretations that have
been made for the single 50-foot-long dewatering project that was evaluated by this study.

Limitations
As discussed in the model development report (GeoEngineers and GSI, 2018), despite its detail
and the in-depth nature of the calibration and validation process, the numerical model is a
simplification of a complex hydrogeologic system and has been designed with certain built-in
assumptions. With or without construction dewatering operations, there are likely to be
differences between simulated conditions and the conditions that will occur in the field,
including differences in groundwater elevations, dewatering rates/volumes for any given
excavation (especially at the beginning of dewatering), and the movement of groundwater
away from the Former Super Rent Facility. Additionally, certain changes to the dewatering plan
(such as dewatering of trench segments longer than 50 feet, or direct reinjection of the pumped
water back into the aquifer) could change the simulation results and conclusions described in
this technical memorandum.
Nonetheless, the City’s groundwater flow model and the imbedded-grid model that was
prepared for this analysis are well-suited to providing an indication of the nature and relative
magnitudes of changes in the aquifer system that could be expected to occur during and
immediately after a construction dewatering project. The strong match to historically-observed
groundwater elevations and to reversals of groundwater flow directions that the City has
observed during prior construction dewatering projects (in Redmond’s downtown core) makes
these models well-suited for dewatering and groundwater flow path analyses. While these
models are robust tools for these types of analyses, it is important to note that these models
have not been calibrated at the small localized scales of the planned 50-foot-long dewatering
system on 176th Avenue NE and the Former Super Rent property. Accordingly, the aquifer’s
hydraulic properties at these locations are inferred from interpreting water level trends across
the City’s monitoring well network and from model calibration activities, rather than from
direct measurement of the aquifer’s hydraulic properties at these two specific locations.
Therefore, the modeling analyses, interpretations, and conclusions presented in this report are
not absolute results and could be refined if deemed necessary by the City or BHC as data
become available during any further planning efforts that might be conducted prior to
excavation and dewatering operations.
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Table 1
Construction and Modeling Attributes for
Construction Dewatering for the Pump Station 13 Sewer Line
Technical Memorandum: Evaluation of Potential Effects on Former Super Rent Facility Groundwater Contamination from
Construction Dewatering Operations for Pump Station 13 Sewer Line (City of Redmond, Washington)
October 25, 2019

Attribute

Value

Target Dewatering Elevation
(two feet below base of excavation)

26.0 feet NAVD88

Model Grid Cell Size

Ranges from
25 feet x 25 feet at Dewatering Location to
100 feet x 100 feet at the Former Super Rent Facility

Number of Grid Cells Per Model Layer
Occupied by the Dewatering System

2

Model Layers
Containing the Dewatering System

Layers 1, 2, and 3

Groundwater Elevation Immediately
Before Dewatering Begins

October 1: 30.1 feet NAVD88
February 1: 33.1 feet NAVD88

Dewatering Duration

3, 14, or 21days

Dewatering Operations

Continuous or
12 Hours On / 12 Hours Off on Workdays

Simulated Months for Dewatering

October or February

Abbreviations
NAVD88 = North American Vertical Datum of 1988

Figure 1. Flowline Analysis for Former Super Rent Facility (Run 1: Cycled Dewatering During Summer)
Evaluation of Potential Effects on Former Super Rent Facility Groundwater Contamination from
Construction Dewatering Operations for Pump Station 13 Sewer Line
(City of Redmond, Washington)

Figure 2. Flowline Analysis for Former Super Rent Facility (Run 2: Constant Dewatering During Summer)
Evaluation of Potential Effects on Former Super Rent Facility Groundwater Contamination from
Construction Dewatering Operations for Pump Station 13 Sewer Line
(City of Redmond, Washington)

Figure 3. Flowline Analysis for Former Super Rent Facility (Run 3: Cycled Dewatering During Winter)
Evaluation of Potential Effects on Former Super Rent Facility Groundwater Contamination from
Construction Dewatering Operations for Pump Station 13 Sewer Line
(City of Redmond, Washington)

Figure 4. Flowline Analysis for Former Super Rent Facility (Run 4: Constant Dewatering During Winter)
Evaluation of Potential Effects on Former Super Rent Facility Groundwater Contamination from
Construction Dewatering Operations for Pump Station 13 Sewer Line
(City of Redmond, Washington)

ATTACHMENT 1
Location Maps for the Former Super Rent Facility and the
City of Redmond’s Pump Station 13 Sewer Line Dewatering Project
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APPENDIX B
PRELIMINARY DEWATERING PLAN

NOTES:
1. DEWATERING SHALL BE ACCORDANCE WITH THE
SPECIFICATIONS.
2. ROUTING DEWATERING DISCHARGE GENERATED
FROM PROPOSED TRENCHING TO THE
DEWATERING DISCHARGE PIPE SHOWN ON THIS
PLAN IS THE RESPONSIBILITY OF THE
CONTRACTOR AND SHALL BE DESCRIBED IN THEIR
DEWATERING PLAN.

NE 65TH ST

STORMWATER
OUTFALL,
SEE NOTE 7

PUMP STATION 12
CONSTRUCTION
LIMITS, SEE CIVIL
DWGS

DISCHARGE TO SW
CATCH BASIN,
SEE NOTE 6

3. PLACE DEWATERING DISCHARGE PIPE WITHIN
GUTTER OR RESTRAINED WITH PLANTING STRIP IN
SANITARY SEWER EASEMENT, TYPICAL. MAXIMUM
PIPE DIAMETER IN GUTTER NOT TO EXCEED
12-INCHES. DISCHARGE PIPE EXCEEDING THIS
DIAMETER MUST BE PLACED IN PLANTER STRIP
ADJACENT TO ROADWAY.

APPROXIMATE
LOCATION
MW-7

APPROXIMATE
LOCATION
MW-8

SEE NOTE 4
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DM
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180TH AVE NE

BAKER TANK FOR
FLOW CONTROL,
SEE NOTE 6
PROPOSED
TRENCHING,
TYP, SEE CIVIL
DWGS
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PARKW
H
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M
SAMMA

4. PIPE SHALL BE BURIED AT ANY ROADWAY OR
PARKING STALL CROSSING. TEMPORARY PLATING
OF ROADWAY SHALL NOT REMAIN FOR LONGER
THAN 5-DAYS AT ROADWAY CROSSINGS. AT ANY
ROAD CROSSINGS; TRENCH ACROSS ROADWAY
PER COR STD DETAIL 201. PROVIDE TEMPORARY
TRENCH PATCH PER COR STD DETAIL 302A. REPAIR
ROADWAY SURFACE PER COR STD DETAIL 202
AFTER DEWATERING DISCHARGE PIPE IS
REMOVED.
5. REMOVE DEWATERING DISCHARGE PIPE AFTER
COMPLETION OF DEWATERING ACTIVITIES.
REPAIR PAVEMENT AT ANY ROADWAY CROSSINGS
PER COR STD DETAIL 202.
6. THE FULL FLOW CAPACITY OF THE EXISTING
24-INCH DIAMETER CMP STORMWATER PIPE IS
4,000 GPM. AS NECESSARY, CONTRACTOR TO
INSTALL A BAKER TANK(S) UPSTREAM OF THE
DEWATERING DISCHARGE TO THE EXISTING SW
CATCH BASIN WHICH WILL LIMIT DISCHARGE TO
4,000 GPM. LOCATION OF THE BAKER TANK(S) TO
BE DETERMINED BY THE CONTRACTOR AND
APPROVED BY THE ENGINEER.

8. INSTALL QUARRY SPALL OUTFALL PROTECTION
PAD. PAD TO EXTEND FROM PIPE OUTLET, 8-FEET
DOWNSTREAM. WIDTH OF PAD SHALL BE FROM
TOP OF BANK TO TOP OF BANK. PAD THICKNESS
SHALL BE 1.5 FEET.
9. GROUNDWATER MONITORING SHALL BE
COMPLETED AT MW-7 AND MW-8 PER THE
SPECIFICATIONS.
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APPENDIX C
DEWATERING SPECIFICATION

SECTION 02140
DEWATERING
PART 1 - GENERAL
1.01

DESCRIPTION OF WORK
A.

1.02

The Contractor shall provide all labor, materials, and equipment necessary to
dewater trench and structure excavations, in accordance with the requirements
of the Contract Documents. The Contractor shall secure all necessary permits to
complete the requirements of this section of the Specifications.

SUBMITTALS
A.

The Contractor shall submit a dewatering plan in accordance with the City’s
Temporary Construction Dewatering Operating Policy, RMC 13.25, to be
reviewed by the Owner's Representative prior to the beginning of construction
activities requiring dewatering. Review by the Owner's Representative of the
Contractor’s design shall not be construed as a detailed analysis of the adequacy
of the dewatering system, nor shall any provisions of the above requirements be
construed as relieving the Contractor of its overall responsibility and liability for
the work. The dewatering plan shall include the following and meet the minimum
requirements identified below:
1.

Plan for installation and pump testing to establish expected dewatering
flow rate.

2.

Capacities and details of pumps and standby equipment.

3.

Detailed description of the dewatering schedule, operation, maintenance
and well abandonment procedures.

4.

Estimated dewatering system discharge flow rate and discharge route.

5.

Detailed description of the water and sediment disposal plan.

6.

Test method, equipment and schedule for monitoring discharge water
quality.

7.

Plan for monitoring groundwater plume. The monitoring plan shall include
a sampling program to be implemented prior to, during, and post
dewatering activities per the following minimum requirements.
a.

Identification of sampling locations (minimum two wells, MW-7 and
MW-8).

b.

Sampling methods, reporting, and constituents to be sampled.
1)

Minimum required constituents to be sampled;
a)

BTEX compounds (Benzene, toluene,
ethylbenzene, and xylenes) using EPA method
8021B.
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b)

Total petroleum hydrocarbons in gasoline range
(TPH-G), diesel range (TPH-D), and oil range
(TPH-O) using methods NWTPH-Gx (gasoline) and
NWTPH-Dx (diesel and oil).

c)

Per-and polyfluoroalkyl substances (PFAS) using
EPA method 8327.

c.

Identification of background condition through sampling prior to
completing any dewatering activities.

d.

Frequency, reporting methods, and schedule for completing
sampling during dewatering activities.
1)

Sampling shall be completed weekly during continuous
(12-hour limit daily as defined in Paragraph 3.01 F of this
Section) with a 24-hour turnaround from the analytical
laboratory during the first two weeks of dewatering
activities. Sampling may be reduced to bi-weekly thereafter
if no limits are exceeded.

2)

Plan must identify immediate cessation of dewatering
activities, notification of the City, and increase of sampling
frequency to every other day if measurements indicate
concentrations of constituents at 50 percent of the MTCA
Method A limits, identified below. Increased sampling
frequency must continue until measurements stabilize or
decrease.
a)

Washington State Model Toxics Control Act
(MTCA) Method A Cleanup Levels
(1)

TPH-G = 800 ug/L,

(2)

TPH-D = 500 ug/L

(3)

TPH-O = 500 ug/L

(4)

Benzene = 5 ug/L

(5)

Toluene = 1000 ug/L

(6)

Ethylbenzene = 700 ug/L

(7)

Total Xylenes = 1000 ug/L

e.

Schedule for completing post dewatering sampling.

f.

Sampling method shall at a minimum include the following:
1)

Prior to sampling, wells should be purged at flow rates less
than 0.5 liter per minute using peristaltic pump with
dedicated tubing.

2)

During purging, monitor temperature, specific
conductance, dissolved oxygen, pH, oxidation/reduction
potential until stabilized with a variance less than 10%.
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3)

g.
1.03

Purge water should be treated as investigation derived
waste (IDW), contractor should be responsible for
analytical classification and proper disposal.

Mitigation plan to prevent plume migration

QUALITY CONTROL
A.

It shall be the sole responsibility of the Contractor to control the rate and effect of
the dewatering in such a manner as to avoid all objectionable settlement and
subsidence.

B.

All dewatering operations shall be adequate to assure the integrity of the finished
project and shall be the responsibility of the Contractor.

C.

Project site is located within City of Redmond Critical Aquifer Recharge Area
(CARA) Zones I and II. All work shall comply with CARA performance standards
of RZC 21.64.050.D.

D.

The project is located near listed contaminated sites (DOE Facility #23529559
and #58128821). The Contractor shall demonstrate that project dewatering will
not move known contamination plume (sunbelt) across property boundaries.
This will need to include a proposed mitigation plan to prevent plume migration,
and a monitoring plan.

E.

Where the critical structures or facilities exist immediately adjacent to areas of
proposed dewatering, reference points shall be established and observed at
frequent intervals to detect any settlement which may develop. The responsibility
for conducting the dewatering operation in a manner which will protect adjacent
structures and facilities rests solely with the Contractor. The cost of repairing any
damage to adjacent structures and restoration of facilities shall be the
responsibility of the Contractor.

PART 2 - PRODUCTS
2.01

EQUIPMENT
A.

2.02

Dewatering, where required, may include the use of well points, sump pumps,
temporary pipelines for water disposal, rock or gravel placement, and other
means. Standby pumping equipment shall be maintained on the jobsite.

TEMPORARY WATER TREATMENT SYSTEM
A.

A temporary water treatment system shall consist of a baker tank, filters and
other means and methods as required to achieve the water quality standards
described in Paragraph 3.01.O, of this section.

02140 - 3
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PART 3 - EXECUTION
3.01

DEWATERING
A.

Discharge from dewatering operations shall be in accordance with RMC 13.25
Temporary Construction Dewatering Policy and 2020 City of Redmond
Standards. Coordinate discharge location with the Owner prior to the installation
of any dewatering equipment.

B.

The Contractor shall provide all equipment necessary for dewatering. The
Contractor shall locate temporary water treatment system, in accordance with the
Drawings, are as directed by the Owner's Representative.

C.

The Contractor shall have on hand, at all times, sufficient pumping equipment
and machinery in good working condition and shall have available, at all times,
competent workers for the operation of the pumping equipment. Adequate
standby equipment shall be kept available at all times to insure efficient
dewatering and maintenance of dewatering operation during power failure.

D.

Dewatering for structures and pipelines shall commence when groundwater is
first encountered and shall be continuous during installation until such times as
water can be allowed to rise in accordance with the provisions of this section or
other requirements. Dewatering activities shall be limited to 12-hour continuous
pumping per Paragraph 3.01 F., this Section.

E.

Trench excavations requiring dewatering shall be limited to 50-foot lengths at any
given time.

F.

Dewatering activities shall be limited to 12-hour continuous pumping per day
unless approved by the Engineer.

G.

At all times, site grading shall promote drainage. Surface runoff shall be diverted
from excavations. Water entering the excavation from surface runoff shall be
collected in shallow ditches around the perimeter of the excavation, drained to
sumps, and be pumped or drained by gravity from the excavation to maintain a
bottom free from standing water.

H.

Dewatering shall at all times be conducted in such a manner as to preserve the
undisturbed bearing capacity of the subgrade soils at proposed bottom of
excavation.

I.

If foundation soils are disturbed or loosened by the upward seepage of water or
an uncontrolled flow of water, the affected areas shall be excavated and replaced
with drain rock at no additional cost to the Owner.

J.

The Contractor shall maintain the water level below the bottom of excavation in
all work areas where groundwater occurs during excavation construction,
backfilling, and up to acceptance.
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K.

Flotation shall be prevented by the Contractor by maintaining a positive and
continuous removal of water. The Contractor shall be fully responsible and liable
for all damages which may result from failure to adequately keep excavations
dewatered.

L.

If well points or wells are used (optional dewatering method), they shall be
adequately spaced to provide the necessary dewatering and shall be
sandpacked and/or other means used to prevent pumping of fine sands or silts
from the subsurface. A continual check by the Contractor shall be maintained to
ensure that the subsurface soil is not being removed by the dewatering
operation.

M.

The Contractor shall dispose of water from the work in a suitable manner without
damage to the environment or adjacent property. The Contractor shall be
responsible for obtaining any permits that may be necessary to dispose of water
at locations not identified in the Drawings. No water shall be drained into work
built or under construction without prior consent of the Owner's Representative.

N.

The release of groundwater to its static level shall be performed in such a
manner as to maintain the undisturbed state of the natural foundation soils,
prevent disturbance of compacted backfill and prevent flotation or movement of
structures, pipelines, and sewers.

O.

Dewatering of shallow trenches and other excavations above the seasonal high
groundwater identified in the Geotechnical Report (Appendix F) shall be
considered as incidental to the construction of the work and all costs thereof shall
be included in the various Contract prices in the bid forms.

P.

All water discharges from dewatering work shall meet the stormwater quality
standards of the State of Washington per WAC 173-201A-200. Turbidity shall
not exceed 50 Nephelometric Turbidity Units (NTU) over background NTU. The
Contractor is responsible for using all means and equipment necessary to
achieve these State standards.
During excavation and installation of pipes and vaults and caisson, placement of
bedding and backfill, excavations shall be kept free of water. The Contractor
shall control surface runoff to prevent entry or collection of water in excavations.
The static water level within the excavation shall be drawn down a minimum of
one (1) foot below the bottom of the excavation so as to maintain the undisturbed
state of the foundation soils and allow acceptable placement of any bedding or
backfill to the required density.

3.02

REMOVAL OF DEWATERING SYSTEMS
A.

Removal of dewatering systems shall be performed in a manner that does not
disturb or damage adjacent new or existing structures or utilities. Fill all voids
immediately with specified backfill material.

B.

All damage to property resulting from removal shall be promptly repaired at no
cost to the Owner. The Owner's Representative shall be the sole judge as to the
extent and determination of the methods and materials for repair.
02140 - 5
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END OF SECTION 02140
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1.0

INTRODUCTION

This report summarizes the results of geotechnical engineering services provided by Landau
Associates, Inc. (LAI) in support of the City of Redmond’s (City’s) proposed Wastewater Pump Station
No. 12 Rehabilitation project. The project is located north of a recently constructed residential
building (AM Apartments, LLC), near 6117 East Lake Sammamish Parkway Northeast in Redmond,
Washington (site; Figure 1).
This report has been prepared based on discussions with, and information provided by,
representatives of BHC Consultants, LLC (BHC) and the City; data collected during the field exploration
and laboratory testing programs; our familiarity with geologic conditions in the vicinity of the site; and
our experience with similar projects.

1.1

Project Understanding

The site is located in a landscaped area approximately 500 feet (ft) north of existing Pump Station No.
12. To support redevelopment of the area, the City plans to increase sanitary sewer flow capacity by
constructing a new submersible pump station and utility lines (influent and effluent lines). A n abovegrade generator and control panel will also be constructed. The replacement pump station will have a
maximum depth of 25 ft below ground surface (bgs). The influent/effluent lines will likely be located
at 15 ft bgs or shallower.
Because the improvements will be constructed in a high-permeability aquifer with a nearby
contaminant plume, dewatering must be limited to reduce the likelihood of contaminant transport.

1.2

Scope of Services

Geotechnical services have been provided in accordance with the scope outlined in the Subconsultant
Services Agreement, authorized by BHC on November 9, 2018. The objective of our services was to
develop geotechnical recommendations in support of the proposed improvements by exploring
subsurface soil and groundwater conditions at the site. Our scope of services included the following
tasks:


Reviewed available geotechnical reports for the site as well as published geologic data for the
site and the surrounding area.



Contacted the Washington Utilities Coordinating Council’s “One Call” service to locate utilities
in the project area, and subcontracted a private utility-locating service.



Explored subsurface soil and groundwater conditions at the site by advancing one hollowstem auger boring (MW-1) to 46.5 ft bgs.



Installed a 2-inch-diameter, flush-mounted groundwater monitoring well in the soil boring
adjacent to the proposed pump station location.



Performed geotechnical laboratory testing on select samples obtained from the boring.
Testing included gradation and moisture content determinations.
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Performed geotechnical engineering analyses to support project design.



Prepared this geotechnical engineering report, summarizing the results of the field
investigation and laboratory testing and providing conclusions and recommendations to
support design of the proposed improvements.
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2.0

SITE CONDITIONS

The following sections describe the geologic setting of the project area and the surface and
subsurface conditions observed during the field investigation. Interpretations of site conditions are
based on review of available geologic and geotechnical information and on the results of LAI’s site
reconnaissance, subsurface explorations, and laboratory testing.

2.1

Geologic Setting

Geologic information for the site and the surrounding area was obtained from the Geologic Map of
the Redmond Quadrangle, King County, Washington (Minard et al. 1988). Near-surface site soil is
mapped as young alluvium (Qyal), a material consisting of moderately to well-sorted gravel, sand, and
silt with cobbles and boulders. Alluvium typically exhibits high permeability and low to medium shear
strength, depending on the degree of consolidation. The soil observed in LAI’s November 2018
exploratory borings was consistent with the mapped geology.
The City of Redmond Wellhead Protection Report (Parametrix 1997) indicates that subsurface
conditions in the vicinity of the site consist of alluvium overlying glacial recessional outwash and
Olympia Beds (sands and gravels in the vicinity of the site). For the purposes of this report, no
distinction is made between alluvium, recessional outwash, or Olympia Beds sands and gravels, as the
materials are similar from a geotechnical standpoint. The documented geologic conditions are
consistent with those observed in LAI’s explorations.

2.2

Surface Conditions

Located north of a multi-story residential building, the site consists of an open, landscaped area,
approximately 65 by 75 ft. An asphalt parking lot and road surround the site, with a 2- to 5-ft retaining
wall to the east and west. Site topography slopes down at 2 to 3 percent grade to the north. A flat
asphalt parking lot extends from the western retaining wall to existing Pump Station No. 12.

2.3

Subsurface Explorations

Subsurface conditions at the site were explored on November 8, 2018 by advancing one hollow-stem
auger boring (MW-1) 46.5 ft bgs. The boring was advanced at the approximate location shown on
Figure 2. A monitoring well was installed with the well screen intersecting the groundwater table
observed at the time of drilling. The well was developed for continued use. Select soil samples
obtained from the borings were tested in LAI’s geotechnical laboratory to measure grain size
distribution and moisture content.
The following sections summarize the subsurface soil and groundwater conditions observed in the
explorations. More detailed information, including summary exploration logs, is provided in Appendix
B. Details of geotechnical laboratory testing are provided in Appendix C.
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2.3.1

Soil Conditions

The material observed underlying existing surface conditions (i.e., topsoil or gravel base course for
pavement) generally consisted of loose to very dense, coarse-grained soil (sands and gravels) with
approximately 0 to 9 percent fines. The soils exhibited alternating well- and poorly graded, stratified
layers typical of alluvial or water-deposited soils.
Although cobbles and boulders are too large to be observed in the 1.5-inch inside-diameter, splitspoon sampler, they are often found in alluvial soils and Olympia Beds, and could be present
throughout the site. Though not observed in LAI’s November 2018 explorations, glacial till or glacially
consolidated material likely underlies the alluvium. Nearby borings advanced by others indicate that
the depth to glacial soil is approximately 80 to 100 ft (Golder 2018).

2.3.2

Groundwater Conditions

During the November 2018 field investigation, groundwater was observed at 11 ft bgs (33 ft North
America Vertical Datum of 1988 [NAVD88]) in boring MW-1. The monitoring well was checked on
December 13, 2018 and groundwater was 12.2 ft bgs (31.8 ft NAVD88). Based on data obtained from
nearby monitoring wells, groundwater levels at the monitoring well MW-1 location could rise to
approximately 36.2 ft NAVD88 during an average wet season. A slug test was performed in MW-1 to
measure additional aquifer characteristics. Details of the slug test are provided in Appendix D.
Groundwater conditions reported herein and on the exploration logs are for the specific date and
location indicated, and may not be representative of other locations and/or times. Groundwater
conditions will vary depending on local subsurface conditions, weather conditions, and other factors,
with maximum groundwater levels occurring during late winter and early spring.
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3.0

SEISMIC DESIGN CONSIDERATIONS

The following sections provide seismic design considerations, including seismic design parameters and
liquefaction susceptibility and consequences.

3.1

Seismic Design Parameters

Seismic design will be performed using the 2018 International Building Code (IBC) standards (ICC
2017). The parameters in Table 1 can be used to compute seismic forces. The site conditions at Pump
Stations 12 and 13 are similar (same site class), and the parameters in Table 1 are based on the
ground motion hazard analysis (GMHA) performed for Pump Station 13 (LAI 2019). Because a sitespecific GMHA has been performed, use of the conservative methods in Section 11.4.8 of Minimum
Design Loads and Associated Criteria for Buildings and Other Structures (ASCE 2016) is not required to
determine the design coefficient C s.
Table 1. 2018 International Building Code Seismic Design Parameters
Design short-period spectral acceleration, S DS = 0.922g
Design 1-second spectral acceleration, S D1 = 0.718g
MCER short-period spectral acceleration, S MS = 1.383g
MCER short-period spectral acceleration, S MS = 1.383g
MCER 1-second spectral acceleration, S M1 = 1.077g
g = force of gravity
MCER = risk-targeted, maximum considered earthquake

Based on the IBC seismic design parameters and seismic information from the U.S. Geological Survey's
National Seismic Hazard Mapping Project (USGS; accessed December 18, 2018), the parameters in
Table 2 were selected for liquefaction analyses.
Table 2. 2018 International Building Code Seismic Design Parameters (Liquefaction)
Peak ground acceleration, site class D (PGA M) = 0.595g
Earthquake magnitude (M) = 7.1
g = force of gravity

3.2

Liquefaction

Liquefaction is defined as a significant rise in pore water pressure within a soil mass caused by
earthquake-induced cyclic shaking. The increase in pore water pressure causes a loss in soil shear
strength during and immediately after long-duration earthquakes, which can result in significant and
widespread structural damage if not properly mitigated.
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The risk of soil liquefaction was assessed using the simplified method proposed by Boulanger and
Idriss (2014). Analyses indicate that several soil layers are at risk for liquefaction during the design
earthquake. Based on the results of LAI’s analysis, soils most at risk for liquefaction are located
approximately 11 to 17 ft bgs and 25 to 35 ft bgs. Additional liquefaction considerations are discussed
in Section 4.2.
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4.0

CONCLUSIONS AND RECOMMENDATIONS

Based on the conditions observed in our November 2018 exploration, site soils are suitable for the
proposed improvements, provided the following recommendations are incorporated into the project
design. Saturated sands and gravels at the site must be shored during excavation and dewatering
must be limited. Shoring recommendations for Pump Station No. 12 will be finalized following
discussion of shoring options for nearby Pump Station No. 13. The contractor should be made aware
of the retaining walls that surround the site to the east and west, and the complications they could
cause during construction.

4.1

Pump Station Excavation Shoring

The proposed pump station will be constructed in a wet/dry well approximately 8 ft in diameter and
25 ft deep. Saturated granular soil is present throughout the site, and an excavation shoring system
will be required to construct the pump station. City requirements limit groundwater extraction and
widespread dewatering, therefore an impermeable shoring system will likely be required.
The following shoring types appear feasible: braced sheet pile walls, soil freezing, and drilled caissons.
If sheet pile walls are allowed, project specifications must include significant vibration and settlement
monitoring requirements due to proximity of existing Pump Station No. 12 and the adjacent buildings.
The City, BHC, and LAI should discuss applicable shoring methods prior to finalization of this report.
Information collected during Pump Station No. 13 design and from Pump Station No. 2 contractor
submittals will inform this decision.
The drilled caisson method involves the use of a solid-stem auger drill rig with a casing advancer
(similar to a drilled shaft-installation drill rig) to remove soil while simultaneously advancing a
temporary steel casing. Drilling can be done in the wet to limit the amount of dewatering required,
and the groundwater head inside the excavation can be used to resist excavation heave or piping. The
casing is advanced to the bottom of the tremie seal elevation, where concrete slurry is tremied to the
bottom of the excavation before the interior of the excavation is dewatered. Once dewatered, the
permanent pump station structure can be placed, and the temporary steel caisson removed.
Actual excavation configurations and maintenance of safe working conditions, including temporary
excavation stability, should be the responsibility of the contractor. All applicable local, state, and
federal safety codes should be followed. Temporary excavations in excess of 4 ft should be shored or
sloped in accordance with Safety Standards for Construction Work Part N, Washington Administrative
Code (WAC) 296-155-657.
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4.2

Pump Station Design Considerations

Selection of an applicable shoring method(s) will inform final design considerations and design
parameters for the dry/wet well structure. For planning purposes, the following engineering data are
provided:


Lateral Earth Pressures. LAI recommends designing the dry/wet well structure for at-rest
earth pressures. An equivalent fluid density of 58 pounds per cubic foot (pcf) above
groundwater and 29 pcf below groundwater can be used. Hydrostatic pressures should be
added to these values, and a design groundwater depth of 5 ft bgs is recommended (this
depth should also be used for above- and below-groundwater at-rest pressures). Seismic earth
pressures should be calculated with a uniform lateral pressure of 11H pounds per square foot,
where H is the height of the structure in feet with unbalanced earth pressure. The seismic
earth pressure should be refined during final design.



Bearing and Vertical Resistance. Vertical compression (downward) loads can be resisted with
an allowable end bearing value of 2,500 pounds per square foot (psf) and an average
allowable side friction of 200 psf (assumes precast or cast-in-place concrete on soil friction).



Uplift. Uplift from groundwater buoyancy is resisted by side friction (see above) and the
weight of the structure. If the tremie seal is tied to the pump station structure, the weight of
the seal may be used to resist buoyancy. When calculating buoyancy uplift forces,
groundwater should be assumed at ground surface.
Tremie Seal. The estimated tremie seal thickness for temporary excavation support only is
approximately 16 ft. This assumes groundwater is 5 ft bgs, bottom of the well is 25 ft bgs, 140
pcf controlled density fill (CDF) is used for the tremie seal, and the seal’s self-weight solely is
used to resist buoyancy.



4.3

Liquefaction Considerations. Liquefaction is estimated to occur between 11 and 17 ft bgs and
25 and 35 ft bgs, resulting in 2 to 3 inches of ground surface settlement. Additionally, buried
structures can move up or down in liquefied soil with buoyancy or bearing failure,
respectively. LAI recommends that the project team considers installing the tremie seal
bottom below 37 ft bgs to provide vertical bearing resistance during liquefaction, reducing the
potential for structure settlement caused by liquefaction. Alternatively, the team should
consider using flexible utility connections at the pump station structure to accommodate
seismic settlement.

Earthwork and Linear Utilities

LAI anticipates that project earthwork will include excavating and backfilling linear utilities and
subsurface structures. All earthwork practices and materials should comply with the Washington State
Department of Transportation’s 2020 Standard Specifications for Road, Bridge, and Municipal
Construction (2020 WSDOT Standard Specifications), as modified, amended, or deleted by the City’s
2020 Standard Specifications and Details (City of Redmond 2020).
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4.3.1

General Earthwork Considerations

The following general recommendations are provided for earthwork:


The soils observed in LAI’s November 2018 exploration generally consisted of clean sands and
gravel to sand and gravel with fines. This material may be reused as structural fill; however,
the contractor should be prepared to remove deleterious material and material more than 4
inches in diameter. In general, onsite soils encountered in the borings contained less than 7 to
9 percent fines, though some soils contained more than 9 percent fines. Soils with more than
7 to 9 percent fines can be moisture sensitive and difficult to compact during wet weather.



Utility trenches should be backfilled in accordance with 2020 City Standard Detail 201.
Structural fill, placed and compacted in accordance with 2020 City Standard Detail 201, may
be used to backfill above-pipe bedding zones in trenches beneath pavement (City of Redmond
2020).



Pipe bedding material will require import. Pipe bedding material should meet the
requirements for Crushed Surfacing Top Course set forth in Section 9-03.9(3) of the 2020
WSDOT Standard Specifications, per 2020 City Standard Detail 201 (City of Redmond 2020).



If required, backfill around the pump station excavation should consist of structural fill or CDF.
Structural fill should be placed in accordance with Method C, Section 2-03.3(14)C of the 2020
WSDOT Standard Specifications.



If used, CDF should comply with Section 2-09.3(1)E of the 2020 WSDOT Standard
Specifications.

4.3.2

Linear Utility Excavation and Dewatering

LAI understands that approximately 300 ft of linear utility excavation will be required for this project.
Linear utilities will be installed in granular soils with excavation depths of approximately 20 ft bgs or
less. If excavation is performed during the low-groundwater season, a portion of the excavation may
be above groundwater.
Granular soils will require shoring or sloping to maintain stability. For linear utilities, the most
practical solution may be use of a rigid trench box or steel sheets, spanned by expandable hydraulic
jacks. These shoring methods are likely to provide adequate excavation stability, but can result in
ground deformation (and possible pavement cracking) near the excavation. Excavation safety and
stability are the responsibilities of the contractor; excavations should conform to Section 269 -155 of
the WAC.
Dewatering may be required for portions of the linear utility excavation. Where possible, dewatering
should be limited to minimize the potential for contaminated groundwater transport. Based on
discussions with BHC, LAI understands that localized trench dewatering, with less than a 3-ft decrease
in piezometric head, will be acceptable to the City. Dewatering approximately 3 ft will likely yield
considerable quantities of water. Dewatering water should be disposed of at the City’s direction.
Additional dewatering information is provided in Appendix A.
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4.3.3

Linear Utility Subgrade Preparation

The subgrade should be free of standing water and compacted to a firm condition prior to placement
of pipe bedding. Subgrades that cannot be prepared to a firm condition should be overexcavated and
replaced with Class A Foundation Material, per Section 9-03.17 of the 2020 WSDOT Standard
Specifications. To minimize dewatering, Class A Foundation Material may be placed in the wet in 4inch loose lifts and tamped or vibrated with an excavator.

4.4

At-Grade Structure Foundations

A small structure, such as a prefabricated metal building with a slab-on-grade, will likely be used in the
vicinity of boring MW-1 to house pump-control equipment. The subgrade for the slab-on-grade
foundation should be prepared as follows:


Remove and dispose of the top 6 to 12 inches of organic-rich topsoil.



Overexcavate and recompact 18 inches of native soil, per Method C, Section 2-03.3(14)C of
the 2018 WSDOT Standard Specifications. Extend the overexcavation area 2 ft beyond the
edge of the slab.



Have a qualified civil engineer observe the subgrade prior to performing additional work.
Subgrade inspection could reveal areas that require additional overexcavation and
recompaction.

A slab-on-grade foundation can be designed with a modulus of subgrade reaction of 200 pounds per
cubic inch, assuming the subgrade is prepared as outlined above. If the slab elevation is above the
bottom of the nearby wall elevation, the edge of the slab should be offset away from existing
retaining walls to avoid increasing loading on the walls. The offset should be at least 1.0H, where H is
the height of the retaining wall.

4.5

Infiltration

Soil infiltration capacity was estimated in accordance with grain size methods in the Washington State
Department of Ecology’s 2012 Stormwater Management Manual for Western Washington, As
Amended in December 2014. Methods were modified in accordance with the City’s Stormwater
Technical Notebook Issue 7A (STN 7A). Recommended short-term (for construction dewatering
disposal) and long-term (for stormwater disposal) infiltration rates are provided in Table 3. The shortand long-term infiltration rates were calculated identically with a biofouling correction factor of 0.9
for short-term infiltration.
Per STN 7A, at least 5 ft of vertical separation must be included between the bases of infiltration
facilities and the seasonal high groundwater table. This 5-ft separation was observed when estimating
the rates in Table 3. The average seasonal high groundwater at the site is estimated at elevation 36 ft
NAVD88, based on data collected from monitoring well MW-1 and nearby City monitoring wells
(MW047/MW048, MW333, and MW334). Based on the groundwater monitoring data, 5 ft of vertical
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separation may not be maintained at lower elevations of the site. If needed, a groundwater mounding
analysis can be performed to reduce vertical separation to 3 ft. Per STN 7A, permanent infiltration
facilities cannot be used to dispose of construction-generated water.
Table 3. Recommended Infiltration Rates (Inches Per Hour)
Infiltration Type

MW-1

Short-term (construction dewatering discharge)

7

Long-term (stormwater)

5

Notes: The following correction factors were used to calculate infiltration rates:
Site variability and number of locations test (CF v) = 0.6.
Uncertainty of test method (CF t) = 0.40.
Degree of influent control to prevent siltation and bio-buildup (CFm) = 0.9 (long term), 1.0 (short term).
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5.0

FINAL DESIGN AND CONSTRUCTION SUPPORT

LAI recommends that monitoring, testing, and consultation are provided during construction to
confirm that the conditions encountered are consistent with those observed in the exploration; to
provide expedient recommendations should conditions be revealed during construction that differ
from those anticipated; and to evaluate whether geotechnical construction activities comply with
project plans, specifications, and the recommendations contained in this report. Such activities
include installation of the dewatering and shoring systems, placement and compaction of backfill
material, and other earthwork activities. LAI would be pleased to provide these services for you.
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6.0

USE OF THIS REPORT

Landau Associates, Inc. (LAI) has prepared this technical memorandum for the exclusive use of BHC
Consultants, LLC and the project design team for specific application to the Wastewater Pump Station
No. 12 Rehabilitation project in Redmond, Washington. No other party is entitled to rely on the
information, conclusions, and recommendations included in this document without the express
written consent of LAI. Reuse of the information, conclusions, and recommendations provided herein
for extensions of the project or for any other project, without review and authorization by LAI, shall
be at the user’s sole risk. LAI warrants that, within the limitations of scope, schedule, and budget, its
services have been provided in a manner consistent with that level of skill and care ordinarily
exercised by members of the profession currently practicing in the same locality under similar
conditions as this project. LAI makes no other warranty, either express or implied.
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APPENDIX A
CITY DEWATERING REQUIREMENTS
Redmond Municipal Code (RMC) 13.25.060 and 13.25.070 require site-specific geotechnical
information for development projects that will include construction dewatering. The required
geotechnical information has been summarized in the following sections, and should be used in
conjunction with the main text of this report.
LAI understands that the City has retained GSI Water Solutions, Inc. (GSI) as the City’s hydrogeological
consultant and that the City can obtain supplemental dewatering related information from GSI, as
discussed below.
Geotechnical Information for Temporary Construction Dewatering Feasibility Study (RMC 13.25.060)
A. Stratigraphy generally consisted of loose to very dense, coarse-grained soil (sands and gravels)
with approximately 0 to 10 percent fines. Material interpreted as alluvium, recessional
outwash, or Olympia Beds sand and gravel extended to the maximum depth explored (46.5
feet (ft) below ground surface [bgs]). The bottom of the deepest excavation is approximately
40 ft bgs assuming a tremie seal is used.
B. The primary aquifer appears to be unconfined, and measures 80 to 100 ft thick (the thickness
of alluvium, which appears to overlie the glacially overconsolidated soils). LAI understands
that GSI can provide additional information about the aquifer.
C. On average, seasonal groundwater fluctuates by approximately 6 ft. The seasonal high
groundwater table is approximately 6 ft bgs, and the seasonal low is approximately 12 ft bgs.
A more detailed understanding of the site groundwater fluctuation can be made after the site
elevation is known. Survey information was outstanding at the time of this draft report.
D. A slug test was performed within the monitoring well installed in boring MW-1. Details of the
slug test are provided in Appendix D. Based on the hydraulic conductivity measured in the slug
test and the thickness of the soil stratum in which the well is situated, Landau Associates, Inc.
(LAI) estimates a transmissivity of 1.8×104 ft2/day. LAI understands that GSI can provide
additional aquifer characteristics.
E. Sump pumps within utility trenches will likely be employed. LAI understands that GSI can
estimate pumping rates, if needed.
F. The results of a similar drawdown analysis, performed for the Pump Station 13 Replacement
project, were included in a 2019 GSI report titled Evaluation of Potential Effects on Former
Super Rent Facility Groundwater Contamination from Construction Dewatering Operations for
Pump Station 13 Sewer Line (City of Redmond, Washington). LAI understands that, for the
Pump Station 12 Rehabilitation project, GSI may estimate drawdown that results from
dewatering of utility trenches.
G. LAI understands that groundwater in the vicinity of the site is not contaminated. However, a
plume of contaminated groundwater is present at the former Super Rent Property
(Washington State Department of Ecology Facility Site ID 58128821), near the site. LAI also
understands, based on preliminary modelling by GSI, that short-term dewatering of 3 ft or less
is unlikely to cause contaminated groundwater migration.
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Geotechnical Information for Temporary Construction Dewatering Plan (RMC 13.25.070)
A. Subsurface work will include installation of an estimated 8-ft-diameter sewer pump station
well approximately 25 ft below grade. The excavation required for the pump station may be as
large as 12 ft in diameter and 35 to 40 ft deep. The shoring method will be a drilled steel
caisson or similar. Because the shoring method is impermeable, dewatering will be limited to
the volume of water in the soil pore space within the excavated mass.
Subsurface work will also consist of excavating utility trenches and installing gravity and force
main sewer pipes. Trenches will be excavated just below the groundwater elevation (pipe
inverts up to 20 ft bgs, elevation 25 ft North American Vertical Datum of 1988). Up to 6 ft of
dewatering may be required within the trench during periods of low groundwater.
B. Stratigraphy generally consisted of loose to very dense coarse-grained soil (sands and gravels)
with approximately 0 to 10 percent fines. Material interpreted as alluvium, recessional
outwash, or Olympia Beds sand and gravel extended to the maximum depth explored (46.5 ft
bgs). The bottom of the deepest excavation is approximately 40 ft bgs assuming a tremie seal
is used.
C. LAI understands that GSI can provide detailed hydrogeological information, if needed.
Appendix D contains the results of a slug test performed by LAI. The gravelly layer in which the
slug test was performed showed permeability on the order of 200 ft/day by the slug test
method.
D. Historical groundwater data were provided by the City (City monitoring wells MW333,
MW334, and MW047/048) which indicates a typical seasonal variation of about 6 ft.
E. Peak wet-season groundwater depth at the pump station is estimated to be about 9 ft bgs.
The seasonal high groundwater depth was determined by comparing the seasonal fluctuation
in the City’s data to monitored groundwater depth in well MW-1.
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APPENDIX B
FIELD EXPLORATIONS
Subsurface conditions at the site were explored by advancing one hollow-stem auger boring (MW-1)
46.5 feet (ft) below ground surface. The boring was advanced using a track-mounted drill rig, operated
by Holocene Drilling, Inc. of Puyallup, Washington, under subcontract to Landau Associates, Inc. (LAI).
The approximate location of the exploration is shown on Figure 2.
The geotechnical field investigation was coordinated and monitored by LAI personnel, who also
obtained representative soil samples from the borings, maintained a detailed record of subsurface soil
and groundwater conditions, and described the soil observed by visual and textural examination. Each
representative soil type observed was described using the soil classification system shown on
Figure B-1, in general accordance with ASTM International test method D2488, Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure). A log of the conditions observed in
boring MW-1 is presented on Figure B-2. The stratigraphic contacts shown on this log represent the
approximate boundaries between soil types; actual transitions may be more gradual. The soil and
groundwater conditions depicted are for the specific date and location reported, and are not
necessarily representative of other locations and times.
Disturbed soil samples were obtained from the boring at frequent intervals using a 1.5-inch insidediameter, standard penetration test, split-spoon sampler. The sampler was driven 18 inches (or a
portion thereof) into the undisturbed soil ahead of the auger bit, with a 140-pound automatic
hammer falling a distance of approximately 30 inches. The number of blows required to drive the
sampler for the final 12 inches (or a portion thereof) of soil penetration is noted on the boring log,
adjacent to the appropriate sample notation. Samples were taken to LAI’s soils laboratory for further
examination and testing.
A 2-inch monitoring well was installed in boring MW-1. The well was screened with a pre-packed filter
from approximately 10 to 20 ft bgs.
Upon completion of drilling and sampling, the borehole was decommissioned in general accordance
with the requirements of Washington Administrative Code 173-160.
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Soil Classification System
USCS
GRAPHIC LETTER
(1)
SYMBOL SYMBOL

MAJOR
DIVISIONS
COARSE-GRAINED SOIL

(More than 50% of material is
larger than No. 200 sieve size)

FINE-GRAINED SOIL

(More than 50% of
material is smaller than
No. 200 sieve size)

GRAVEL AND
GRAVELLY SOIL

GW
GP
GM
GC
SW
SP
SM
SC
ML
CL
OL
MH
CH
OH
PT

CLEAN GRAVEL
(Little or no fines)

(More than 50% of
GRAVEL WITH FINES
coarse fraction retained
(Appreciable amount of
on No. 4 sieve)
fines)

CLEAN SAND

SAND AND
SANDY SOIL

(Little or no fines)

(More than 50% of
coarse fraction passed
through No. 4 sieve)

SAND WITH FINES
(Appreciable amount of
fines)

SILT AND CLAY
(Liquid limit less than 50)

SILT AND CLAY
(Liquid limit greater than 50)

HIGHLY ORGANIC SOIL

GRAPHIC LETTER
SYMBOL SYMBOL

OTHER MATERIALS

AC or PC
RK
WD
DB

PAVEMENT
ROCK
WOOD
DEBRIS

TYPICAL
(2)(3)
DESCRIPTIONS
Well-graded gravel; gravel/sand mixture(s); little or no fines
Poorly graded gravel; gravel/sand mixture(s); little or no fines
Silty gravel; gravel/sand/silt mixture(s)
Clayey gravel; gravel/sand/clay mixture(s)
Well-graded sand; gravelly sand; little or no fines
Poorly graded sand; gravelly sand; little or no fines
Silty sand; sand/silt mixture(s)
Clayey sand; sand/clay mixture(s)
Inorganic silt and very fine sand; rock flour; silty or clayey fine
sand or clayey silt with slight plasticity
Inorganic clay of low to medium plasticity; gravelly clay; sandy
clay; silty clay; lean clay
Organic silt; organic, silty clay of low plasticity
Inorganic silt; micaceous or diatomaceous fine sand
Inorganic clay of high plasticity; fat clay
Organic clay of medium to high plasticity; organic silt
Peat; humus; swamp soil with high organic content

TYPICAL DESCRIPTIONS
Asphalt concrete pavement or Portland cement pavement
Rock (See Rock Classification)
Wood, lumber, wood chips
Construction debris, garbage

Notes: 1. USCS letter symbols correspond to symbols used by the Unified Soil Classification System and ASTM classification methods. Dual letter symbols
(e.g., SP-SM for sand or gravel) indicate soil with an estimated 5-15% fines. Multiple letter symbols (e.g., ML/CL) indicate borderline or multiple soil
classifications.
2. Soil descriptions are based on the general approach presented in the Standard Practice for Description and Identification of Soils (Visual-Manual
Procedure), outlined in ASTM D 2488. Where laboratory index testing has been conducted, soil classifications are based on the Standard Test
Method for Classification of Soils for Engineering Purposes, as outlined in ASTM D 2487.
3. Soil description terminology is based on visual estimates (in the absence of laboratory test data) of the percentages of each soil type and is defined
as follows:
Primary Constituent:
> 50% - "GRAVEL," "SAND," "SILT," "CLAY," etc.
Secondary Constituents: > 30% and <
_ 50% - "very gravelly," "very sandy," "very silty," etc.
> 15% and <
_ 30% - "gravelly," "sandy," "silty," etc.
Additional Constituents: > 5% and <
_ 15% - "with gravel," "with sand," "with silt," etc.
<
_ 5% - "with trace gravel," "with trace sand," "with trace silt," etc., or not noted.
4. Soil density or consistency descriptions are based on judgement using a combination of sampler penetration blow counts, drilling or excavating
conditions, field tests, and laboratory tests, as appropriate.

Drilling and Sampling Key
SAMPLER TYPE
Code
a
b
c
d
e
f
g
h
i
1
2
3
4
5

Field and Lab Test Data

SAMPLE NUMBER & INTERVAL

Description

Code

3.25-inch O.D., 2.42-inch I.D. Split Spoon
2.00-inch O.D., 1.50-inch I.D. Split Spoon
Shelby Tube
Grab Sample
Single-Tube Core Barrel
1
Double-Tube Core Barrel
2.50-inch O.D., 2.00-inch I.D. WSDOT
3.00-inch O.D., 2.375-inch I.D. Mod. California
Other - See text if applicable
300-lb Hammer, 30-inch Drop
140-lb Hammer, 30-inch Drop
Pushed
Vibrocore (Rotosonic/Geoprobe)
Other - See text if applicable

Sample Identification Number
Recovery Depth Interval
Sample Depth Interval
Portion of Sample Retained
for Archive or Analysis

PP = 1.0
TV = 0.5
PID = 100
W = 10
D = 120
-200 = 60
GS
AL
GT
CA

Description
Pocket Penetrometer, tsf
Torvane, tsf
Photoionization Detector VOC screening, ppm
Moisture Content, %
Dry Density, pcf
Material smaller than No. 200 sieve, %
Grain Size - See separate figure for data
Atterberg Limits - See separate figure for data
Other Geotechnical Testing
Chemical Analysis

Groundwater
Approximate water level at time of drilling (ATD)
Approximate water level at time after drilling/excavation/well
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Figure

Soil Classification System and Key

B-1

MW-1

SM
SP

Drilling Method:

Hollow-Stem Auger

Ground Elevation (ft):

Logged By:

BJM

Not Measured

Date:

11/08/18

WELL DETAIL

USCS Symbol

Graphic Symbol

Test Data

SOIL PROFILE

Blows/Foot

Sampler Type

Sample Number
& Interval

0

Elevation (ft)

Depth (ft)

SAMPLE DATA

LAI Project No: 1073027.010.013
Moisture Content (%)

Plastic
Limit

20

40

60

80

Liquid
Limit

SPT N-Value

Non-Standard N-Value

20

40

60

80

Fines Content (%)
20

40

60

80

5 inches of topsoil (loose, moist)
(TOPSOIL)
Light brown, fine to coarse SAND with
gravel (medium dense, moist)
(ALLUVIUM)

S-1

b2

18

S-2

b2

30

S-3

b2

23

S-4

b2

23

S-5

b2

30

S-6

b2

12

S-7

b2

30

W =8
GS

S-8

b2

19

W = 11
GS

S-9

b2

42

5

GP

Brown, very sandy, fine to coarse GRAVEL
(medium dense, moist)

ATD

W =4
GS

10
-Grades to wet
W =7
GS

15
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SP

20

-Grades to with gravel and dense
GP

Gray, sandy, fine to coarse GRAVEL
(medium dense, wet)

SPSM

Gray, fine to coarse SAND with gravel and
silt (medium dense, wet)

25
S-10

b2

11

S-11

b2

19

Gray, very gravelly, fine to coarse SAND
(medium dense, wet)

W = 17
GS

-Grades to without gravel, well graded
30
S-12

35

Notes:

b2

16

W = 19
GS

1. Stratigraphic contacts are based on field interpretations and are approximate.
2. Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3. Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Figure

Log of Boring MW-1

B-2

(1 of 2)

MW-1

S-13

b2

SPSM

32

Drilling Method:

Hollow-Stem Auger

Ground Elevation (ft):

Logged By:

BJM

Not Measured

Date:

11/08/18

WELL DETAIL

USCS Symbol

Graphic Symbol

Test Data

SOIL PROFILE

Blows/Foot

Sampler Type

Sample Number
& Interval

35

Elevation (ft)

Depth (ft)

SAMPLE DATA

LAI Project No: 1073027.010.013
Moisture Content (%)

Plastic
Limit

20

40

60

80

Liquid
Limit

SPT N-Value

Non-Standard N-Value

20

40

60

80

Fines Content (%)
20

40

60

80

Gray, fine to coarse SAND with gravel and
silt (medium dense, wet)
-Grades to dense

40
S-14

b2

39

S-15

b2

42

45

Boring Completed 11/08/18
Total Depth of Boring = 46.5 ft.
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50

55

60

65

70

Notes:

1. Stratigraphic contacts are based on field interpretations and are approximate.
2. Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3. Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Log of Boring MW-1

B-2

(2 of 2)
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APPENDIX C
LABORATORY TESTING
To facilitate soil classification, natural moisture content determinations and grain size analyses were
performed on select samples obtained from the boring. Laboratory testing was performed in general
accordance with the ASTM International (ASTM) standard test methods described below. The field log
descriptions were checked against the samples, and updated where appropriate in general
accordance with ASTM standard test method D2487, Standard Practice for Classification of Soils for
Engineering Purposes (Unified Soil Classification System).

Natural Moisture Content
Natural moisture content determinations were performed on select soil samples in accordance with
ASTM standard test method D2216, Standard Test Methods for Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass. The natural moisture content is shown as W = xx (i.e.,
percent of dry weight) in the column labeled “Test Data” on the summary boring log in Appendix B.

Grain Size Analysis
To provide an indication of the grain size distribution of site soil, sieve analyses were conducted on
representative soil samples in accordance with ASTM standard test method D422, Standard Test
Method for Particle-Size Analysis of Soils. Samples selected for grain size analyses are designated with
a “GS” in the column labeled “Test Data” on the summary boring log in Appendix B. The results of the
grain size analyses are presented on Figures C-1 and C-2 in this appendix.
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U.S. Sieve Opening in Inches
6

4

3

2

1.5

1

U.S. Sieve Numbers
3/4

1/2 3/8

3

4

6

8 10

14 16

20

30

40

Hydrometer
50 60

100 140 200

100
90
80

Percent Finer by Weight

70
60
50
40
30
20
10
0

100

Cobbles

Symbol

10

1
Grain Size in Millimeters

Gravel
Coarse

Exploration
Number

Sample
Number

MW-1
MW-1

0.1

Sand
Coarse

Fine

Medium

Fine

0.01

0.001

Silt or Clay

Depth
(ft)

Natural
Moisture (%)

S-3

7.5

4

Very sandy, fine to coarse GRAVEL

GP

S-5

12.5

7

Very sandy, fine to coarse GRAVEL

GP

MW-1

S-7

17.5

8

Very gravelly, fine to coarse SAND

SP

MW-1

S-8

20.0

11

Very gravelly, fine to coarse SAND

MW-1

S-11

27.5

17

Fine to coarse SAND with gravel and silt

Soil Description
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Unified Soil
Classification

SP
SP-SM
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Grain Size Distribution
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Hydrometer
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Percent Finer by Weight

70
60
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30
20
10
0

100

Cobbles

Symbol

10

1
Grain Size in Millimeters

Gravel
Coarse

0.1

Sand
Fine

Exploration
Number

Sample
Number

Depth
(ft)

Natural
Moisture (%)

MW-1

S-12

30.0

19

Coarse

Medium

Fine

Soil Description
Fine to coarse SAND with silt
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0.01

0.001

Silt or Clay

Unified Soil
Classification
SW-SM
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Grain Size Distribution
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APPENDIX D
SLUG TESTING
During the November 2018 field explorations, shallow groundwater was observed in the vicinity of
proposed Pump Stations 12 and 13. Temporary construction dewatering will likely be necessary during
excavation of the pump stations. City of Redmond Municipal Code (RMC) Sections 13.25.060 and
13.25.070 outline the geotechnical information that must be provided if temporary construction
dewatering is required for a development project.
The required information includes an estimate of aquifer characteristics (e.g., transmissivity) in the
vicinity of the temporary construction dewatering. The transmissivity of a hydrogeologic unit can be
estimated directly or indirectly. Direct estimates involve performing a pumping test on a well, and
indirect estimates involve multiplying the estimated hydraulic conductivity (K) by the saturated
thickness of the unit.1 K can be estimated using soil descriptions and/or aquifer testing (e.g., slug
testing).
The November 2018 explorations encountered highly permeable alluvial deposits of gravelly, fine to
coarse sand and sandy, fine to coarse gravel. Geologic data for the project area indicate that similarly
coarse-grained soils extend from ground surface to 80 to 100 feet (ft) below ground surface (bgs). The
soils are underlain by glacial till (Golder 2018). K values for coarse-grained material range from 100 to
2,800 feet per day (ft/day; Freeze and Cherry 1979; Fetter 2001; Schwartz and Zhang 2003). Grain size
distribution estimates of K (e.g., Hazen’s D 10 correlation) indicate hydraulic conductivities on the order
of 1×101 ft/day to 9×103 ft/day. To refine the estimate, slug tests were performed in monitoring wells
installed at the proposed pump station locations.
Slug tests are performed by artificially perturbating the water level in a well and observing the
recovery to static conditions over time. Perturbation can be accomplished by adding or removing a
discrete volume (water or a solid of known volume) to or from the well or by pneumatic methods
(pressurized air). Following perturbation, the water-level response curve can be analyzed to estimate
the hydraulic conductivity of the soil immediately surrounding the well screen. To estimate
transmissivity, the estimated K value can be multiplied by an assumed (or observed) saturated
thickness of similar soil material at that location.

METHODOLOGY
Slug tests were performed in Pump Station 12 and 13 monitoring wells using a 43-inch-long, 1.5-inchdiameter solid slug. Each monitoring well was constructed with 2-inch schedule, 40 polyvinyl chloride
and a 10-ft screen. Static water level (i.e., depth to water) was measured manually with a Solinst
Model 101 electronic water-level indicator. Water-level response and recovery during the slug tests

1

Transmissivity (T) equals hydraulic conductivity (K) times saturated thickness (b), or T = K*b.
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were measured using a Solinst Model 3001 pressure transducer set to record at a uniform ⅛-second
interval.
Pump Station 12 was screened from 9.55 to 19.55 ft below top of casing (btoc; or approximately 9.8
to 19.8 ft bgs), and the static water level was measured at 12.15 ft btoc (within the screen interval).
Pump Station 13 was screened from 15.00 to 25.00 ft btoc (or approximately 15.5 to 25.5 ft bgs), and
the static water level was measured at 14.25 ft btoc (just above the screen interval). Both wells
include an artificial sand pack, consisting of 20/40 silica sand (Pump Station 12) or 10/20 silica sand
(Pump Station 13), in the 2-inch annular space between the well screen and the borehole wall. Both
wells were developed by surging and pumping the screen interval until discharge became clear.
The Pump Station 12 screen was only partially saturated at the time of testing, and during preliminary
testing, a significant oscillatory response was observed in well water levels upon submergence of the
slug (commonly seen during slug tests in wells screened in high K material). As such, only rising head
tests were performed and analyzed. Rising head slug tests were performed by submerging the slug
until the top was level with the static water level, waiting for the water level to return to static
conditions (as observed by real-time view of data logger data), and removing the slug from the well.
The result was an initial drop in water level and a subsequent rising water-level recovery. Given the
high K material, water levels were recovered in a matter of seconds. Water-level data from three
representative rising head tests were retained for analysis. Criteria used to select data included
observed initial displacement, relative to theoretical initial displacement,2 and overall smoothness of
the recovery curve.
Water-level response to the slug tests was analyzed using the Aqtesolv (Duffield 2007) aquifer test
analysis software program with the following semi- or fully analytical models:


Hvorslev 1951.



Bouwer-Rice 1976.



Kansas Geological Survey (KGS) Model by Hyder et al. 1994.

All three models were developed or adapted by Aqtesolv for use in unconfined aquifer conditions. The
Hvorslev and Bouwer-Rice models are steady-state, straight-line methods. Hvorslev is often used as a
first-cut estimate of K values, and Bouwer-Rice is an improvement on the Hvorslev model. The KGS
model is a transient, curve-matching model with multiple parameters, and is generally considered
more robust than the straight-line methods.

2

Given the dimensions of the slug and well casing, a theoretical initial displacement of approximately 2.0 ft is
expected with full submergence and removal of the slug. Given the high K material and the rapidity of the waterlevel response, even the ⅛-second interval water-level recordings may not have captured the full extent of the
initial observed displacement. Professional judgment was used to select tests based on the magnitude of the initial
displacement recorded by the data logger.
Appendix D
Wastewater Pump Station No. 12 Rehabilitation

D-2

1073027.010.013
April 30, 2020

Landau Associates

RESULTS
The following sections describe the results of slug testing at the proposed pump station locations.

Pump Station 12 Monitoring Well
Results of the Aqtesolv analyses for the three rising head slug tests performed in Pump Station 12 are
shown on Figures D-1a through D-1c, and summarized in Table D-1. Based on the results, the K value
of shallow subsurface soils in the vicinity of Pump Station 12 is estimated at 200 feet per day (within,
but on the low end of, the range of expected values for similar material). Assuming a saturated
thickness of approximately 90 ft, the transmissivity of the soil beneath proposed Pump Station 12 is
estimated at approximately 18,000 square feet per day (or 135,000 gallons per day per foot). The
artificial sand pack of the well (20/40 silica sand) may have affected the water-level response during
the slug tests.3 If so, the hydraulic conductivity (and therefore, the transmissivity) of the native
material may be higher than that estimated by the slug test analyses.

Pump Station 13 Monitoring Well
Results of the Aqtesolv analyses for the three rising head slug tests performed in Pump Station 13 are
shown on Figures D-2a through D-2c, and summarized in Table D-2. Based on the results, the K value
of shallow subsurface soils in the vicinity of Pump Station 13 is estimated at approximately 500 feet
per day (within, but on the low end of, the range of expected values for similar material). Assuming a
saturated thickness of approximately 90 ft, the transmissivity of the soil beneath proposed Pump
Station 13 is estimated at approximately 45,000 square feet per day (or 335,000 gallons per day per
foot). The artificial sand pack of the well (10/20 silica sand) may have affected the water- level
response during the slug tests.4 If so, the hydraulic conductivity (and therefore, the transmissivity) of
the native material may be higher than that estimated by the slug test analyses.

3

20/40 silica sand is a fine to medium sand with an effective grain size (i.e., d10) of approximately 0.42 millimeter.
Applying the Hazen (1911) equation with a “C” coefficient of 60 to 80 (appropriate for fine to medium sand; Fetter
2001) yields an estimated K value of 300 to 400 ft/day for the Pump Station 12 sand pack. The actual hydraulic
conductivity of the sand pack may vary.
4
10/20 silica sand is a medium sand with an effective grain size (i.e., d10) of approximately 0.84 millimeter.
Applying the Hazen (1911) equation with a “C” coefficient of 80 to 120 (appropriate for medium sand; Fetter 2001)
yields an estimated K value of 2,400 to 3,000 ft/day for the Pump Station 13 sand pack. The actual hydraulic
conductivity of the sand pack may vary.
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Hvorslev (1951)
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Bouwer-Rice (1976)

KGS Model (Hyder et al. 1994)
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PS-12 Slug Test 1 Results
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Hvorslev (1951)

1/4/19 Y:\1073\026.010\R\Appendix\Appendix D\Fig D-1b.docx

Bouwer-Rice (1976)

KGS Model (Hyder et al. 1994)
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PS-12 Slug Test 2 Results
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Hvorslev (1951)
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KGS Model Hyder et al. (1994)
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Figure

D-1c

Hvorslev (1951)

1/4/19 Y:\1073\026.010\R\Appendix\Appendix D\Fig D-2a.docx

Bouwer-Rice (1976)

KGS Model Hyder et al. (1994)
Wastewater Pump Station
No. 13 Rehabilitation
Redmond, Washington

PS-13 Slug Test 1 Results

Figure

D-2a

Hvorslev (1951)

1/4/19 Y:\1073\026.010\R\Appendix\Appendix D\Fig D-2b.docx

Bouwer-Rice (1976)

KGS Model Hyder et al. (1994)
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KGS Model Hyder et al. (1994)
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PS-13 Slug Test 3 Results
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Table D‐1
PS‐12 Slug Test Results
PS‐12 Slug Test Analysis Summary ‐ Hydraulic Conductivity

Test 1
Test 2
Test 3

Hvorslev
168.0
212.4
240.8

Bouwer‐Rice
189.1
156.5
170.2

KGS
159.2
216.2
214.6
Avg:

Average
172
195
209
200

*All hydraulic conductivity (K) values in units of feet/day.
*Average K value is rounded.

Table D‐2
PS‐13 Slug Test Results
PS‐13 Slug Test Analysis Summary ‐ Hydraulic Conductivity

Test 1
Test 2
Test 3

Hvorslev
586.3
573.2
722.4

Bouwer‐Rice
318.6
379.7
459.1

KGS
446.3
535.9
457.7
Avg:

Average
450
496
546
500

*All hydraulic conductivity (K) values in units of feet/day.
*Average K value is rounded.

