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1 INTRODUCTION
1.1 Purpose and Background

Element Solutions was retained by the client, Kiewit Infrastructure Co. to provide a hydrogeologic
site assessment for a proposed Marblemount Quarry Project (Project) in Skagit County,
Washington (Appendix A: Figure 1).

The purpose of the Proposed Project is to supply quarry rock and jetty stone for several projects
of nationwide significance at the Mouth of the Columbia River (MCR) in northwestern Oregon and
to provide local supply for quarry rock needs. Jetty stone requires unique physical properties that
few available quarry sources along the west coast of the Unites States can provide. The previous
primary source of jetty stone was the Beaver Lake Quarry which is now nearly depleted. The rock
at the Marblemount Quarry meets stringent jetty stone requirements, which is why this site was
selected. No other viable, ready-to-permit jetty stone sources have been identified.
A legally-established small-scale talus quarry was in operation at the site for many years but is
currently inactive. The previous talus quarry and the proposed Project are within the Mineral
Resource Overlay (MRO) designation in the Skagit County Comprehensive Plan. A Conditional Use
Permit was previously granted for quarry rock removal at this site; however, the scale of the
mining operations and footprint have expanded. These changes necessitate a modified and
updated Special Use Permit, expansion of the MRO through a Skagit County Comprehensive Plan
Amendment update, and Department of Natural Resources (DNR) Reclamation Plan.
The objectives of this assessment are to evaluate and describe the existing hydrogeologic
conditions and processes occurring within the groundwater system in the Project Area and
determine how the proposed action would impact the hydrology and groundwater in the vicinity
of the Project Area to the extent feasible. Specifically, this study is to determine if the proposed
quarrying operation would impact surface water, aquifer recharge areas, and/or drinking water
supply sources.
This report has been developed in general conformance with the site assessment and reporting
requirements specified in the MRO sections of the Skagit County Code (SCC) 14.16.440(8)(b).
No geotechnical borings were conducted during the field assessment, and no warranty regarding
the subsurface hydrology or the distribution, composition, or competency of geologic strata
outside of the areas and/or depths directly evaluated during this assessment is expressed or
implied.

1.2 Location and Physiography

The Project is located on Rockport Cascade Road south of Marblemount, Skagit County,
Washington (APNs P45543, P128574, P120304, P45550, P45548 and P45541), in the northwest ¼
of Section 24, Township 35 North, and Range 10 east of the Willamette Meridian (Figure 1,
Appendix A). The location of the Project being evaluated for quarry activity is located at the
interface between the Skagit River valley floor and the North Cascade mountain range complex.
The site is accessed from Rockport Cascade Road via a short gravel driveway and turnaround.

1.3 Proposed Project
Brief Description
The Proposed Project includes boundary line adjustments, site clearing, site grading, road
building, quarry operations, and reclamation of a bedrock quarry on Rockport Cascade Road
approximately one mile south of Marblemount, WA (Figure 1). The Proposed Project will involve
development activities on parcels P45543, P128574, P120304, P45550, and parts of P45548 and
P45541. A majority of the mining would take place on P45543, which has been used as a smallscale quarry (under 3 acres) over the past several decades. The overall project limit footprint at
full buildout is approximately 120 acres (Figure 2). At full buildout, the proposed mining footprint
would encompass approximately 30 acres (20 acres proposed for Phase I); quarry operations—
including roads, stockpile areas, stormwater management, and operations areas—would
encompass approximately 60 acres; and approximately 30 acres would be retained vegetation
areas(Figure 2).
Currently, stands of second-growth timber cover a majority of the site and an approximately 800foot-high rock face dominates P45543. This rock face consists of Shuksan greenschist, which is
the desired quarry stone source.
The proposed project would occur in four steps:
1.

Boundary Line Adjustment, Site Clearing, Preparation, and Building Access Road for Forest
Practice Conversion;
2. Mining within the MRO Overlay Area;
3. Possible Quarry Expansion, Contingent on MRO Boundary Change, and;
4. Quarry Reclamation.
Step 1 – Boundary Line Adjustment, Site Clearing, Preparation, and Building Access Road for
Forest Practice Conversion would include acquiring and performing boundary line adjustments on
P128574. The property line would be adjusted to encompass approximately 10.2 acres of P45541.
Additionally, an approximately 20.2-acre portion of P45548 would also be boundary line adjusted
to P128574. Step 1 also includes clearing, removing stumps, site grading, and road construction
on Parcels P45543, P45550, P120304, P128574, and parts of P45548 and P45541. Marketable
timber will be removed from the site. An approximately 6,700-foot gravel access road would be
built to access the top and eastern portions of the project site. Wood mulch and top soil would
be stockpiled on site for future reclamation. Access to the site would include building two new
access driveways on Rockport Cascade Road and decommissioning the two existing access points.
Grading and roadways for quarry operations and stormwater management will be constructed on
the western portion of the project limits. The road providing access to the eastern portion of the
site would be designed to meet or exceed Skagit County standards, Washington Department of
Natural Resources (DNR) Forest Practice and Mining standards, and any other standards
appropriate for its use. Following site clearing and preparation, the road would be used to access
the top of the quarry and for hauling rocks to the bottom for processing.
Step 2 – Mining within the MRO Overlay Area would include establishing the quarry on P45543
within the current MRO boundary per the Mining Site Plan. Step 2 would also include the
construction of mining operation areas and support facilities, including an armor stone staging
area in the western portion of P45543. This step would also involve constructing portable
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offices/storage structures, a truck loadout scale, a heavy equipment and employee parking area, a
fueling station, maintenance shops, and storage facilities for blasting equipment. An undersized
rock stockpile area would be established within the existing MRO area on P128574 and a
potential future phase undersized rock stockpile area has been designated if the MRO boundary is
successfully expanded (see Step 3). Rock mining would be conducted using a “top down”
approach, such that rock would be transported to the stockpile or staging areas by truck, instead
of being cast off the cliff face. The land use to the south, east, and west is secondary and
industrial forestry and the land use to the north is rural residential. A minimum 100-foot setback
would be maintained along adjacent property lines or bordering quarry activities. A 50-foot
vegetative buffer would be maintained on Rockport Cascade Road.
Step 3 – Possible Quarry Expansion, Contingent on MRO Boundary Change, would include quarry
and undersized rock stockpile area expansions. Step 3 is dependent upon an expansion of the
MRO through the Skagit County Comprehensive Plan Amendment process. Once the MRO overlay
is expanded, the quarry area would expand approximately 10 acres into P45541, and the
undersized rock stockpile area described in Step 2 would expand to the south (approximately 20
acres) onto P45548 to accommodate the additional undersized rocks from the expanded
quarry. The mining activities of Step 3 would be the same as those in Step 2.
Step 4 – Quarry Reclamation would include full reclamation of all the affected parcels following
decommissioning of the quarry, roads, and supporting mining operations. The full lifespan of the
quarry would be up to 100 years or whenever the source of rock is exhausted. The Mining
Reclamation Plan is consistent with DNR surface quarry reclamation regulations. The land will be
restored to forestry land use following reclamation.

2 SITE INVESTIGATION
2.1 Methods

The review of background information, desktop analysis, and field assessments presented here
rely upon existing geospatial data and imagery, geologic mapping, recorded well logs, site visits,
and publicly-available scientific literature generated by third-party sources; these data are then
interpreted by a licensed hydrogeologist based upon the professional judgment and experience of
that individual. The data sources inventoried below in Table 1 were evaluated in a manner
consistent with the level and skill ordinarily exercised by members of the geologic profession.
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Table 1: Data Used for Background Evaluation and Desktop Analysis
Data

Format

Date

Source

Aerial photography
(NAIP Orthophoto)
LiDAR

SID

2015

USDA

Bare earth grid

PSLC

Geology

Pdf

2016
1986, 2002, 2003, &
2009

Soils
Topographic Contour Map
Water Well Report (Well Logs)
Aquifer Recharge Area Map
Water Well Report and Well
Head Protection Areas
Stream Distributions

Accessed
online
Shapefile
Pdf
Pdf

DNR & USGS

Current (2018)

USDA/NRCS Web Soil Survey

2016
Various years
2010

Generated from LiDAR
Ecology
Skagit County

Digital

2018

Ecology

Digital

2018

DNR & WDFW

2.2 Geology and Soil Characteristics

The Project Area (outlined in yellow in the USGS topographic/geology map in Figure 3) is
approximately one mile south of Marblemount and 0.5 miles east of the Skagit River. Ground
surface elevations in the Project Area vicinity range from 310 feet along the western parcel
boundary to 1,216 feet at the crest of the rock outcrop and 500 feet east of the eastern parcel
boundary (all elevations NAVD 88).

The Project Area can be broken into two geologic provinces: the mountainous cliff areas that
dominate the eastern roughly 65% of the Project Area (Eastern Project Area), and the flat valley
floor features which occupy approximately 35% of the western area (Western Project Area).
Subsurface geology was interpreted through previously conducted third party studies and surface
observations. No subsurface borings were conducted and therefore lithological contacts are
estimates only (Appendix B: Cross Section).
Eastern Project Area:
The mountainous Eastern Project Area primarily contains the Mesozoic-era (Jurassic/CretaceousPeriod) Shuksan Greenschist bedrock unit. The Shuksan Greenschist is a member of the Easton
Metamorphic suite, which also includes Darrington Phyllite, a metasedimentary unit which
stratigraphically overlies the Shuksan Greenschist (Figure 3, adapted from Dragovich et. al., 2003).
The oceanic shale and sandstone protolith of the Darrington Phyllite were deposited on top of the
oceanic basalt protolith of the Shuksan Greenschist, which originally formed in the Middle and
Late Jurassic and was metamorphosed in the Early Cretaceous (Brown, 1987). The Shuksan
Greenschist is described as follows:
“The Shuksan Greenschist is a fine-grained but well-recrystallized metamorphic rock, commonly
containing sodic amphiboles.” -Tabor et. al., 2003
“Predominantly fine grained greenschist and (or) blueschist derived mostly from probable Jurassic
ocean-floor basalt. Blueschist contains an unusual dark-blue amphibole. The crystals are typically
very small and, even with a hand lens, are not easily distinguished.” -Tabor and Haugerud, 2009
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“Mostly well-recrystallized and strongly S1-foliated metabasaltic greenschist or blueschist;
greenschist is shades of greenish gray and weathered to light olive gray; blueschist is bluish gray
to bluish green; locally includes quartzite (metachert) and graphitic phyllite interlayers; commonly
layered on a centimeter scale and contains conspicuous epidote and (or) quartz segregations; S1
foliation and layering are commonly folded on an outcrop scale.” -Dragovich at. al., 2003
The Shuksan Greenschist outcrops along the western flank of the North Cascades in Washington
State in a fragmented, north-south trending belt roughly 111 miles long. The metamorphic facies
(blueschist and/or greenschist) are consistent with low temperature, high-pressure subduction
zone metamorphism (estimated 330 – 400°C and 7 – 9 kilobars) which began roughly 144 – 164
million years ago (Ma) (Brown, 1986). Emplacement occurred with uplift and imbrication due to
thrust faulting and displacement along high-angle north-south trending strike-slip faults; the time
of emplacement has been roughly constrained to between 75 Ma and 105 Ma. As described in
Brown (1986), fault zones in the Shuksan Greenschist are “characterized by the development of
mylonite, typically 1 to 2 m thick, and showing minor new crystallization of quartz, chlorite,
muscovite, stilpnomelane, and calcite.” Brown (1986)
Exposures of massive outcrops of the metamorphic bedrock were encountered throughout the
site as well as within the talus pile at the base of the cliff face. Much of the proposed project area
was mantled with thin layer of colluvial soils and contained second growth tree and shrub
vegetation as a well as abundant grass, moss, and groundcover.
Western Project Area:
The Western Project Area is underlain by surficial deposits of the Holocene/Pleistocene-Epoch
(Dragovich et. al., 2003; Tabor et. al., 2003). Skagit River terraces observed near the project site
primarily consist of alluvial deposits laid down during past flooding events or river avulsions and
meanders. The terrace that comprises the Western Project Area is isolated from modern alluvial
processes. The alluvial deposits consist of loosely-consolidated moderately-sorted cobble gravel
to pebbly sand, primarily deposited by fluvial process (Tabor et. al., 2003). The Skagit River alluvial
deposits are the youngest deposit (Holocene), which often cut through older glacial deposits
(Pleistocene). A portion of these glacial deposits are mapped as present within the Project Area
near the southern project extent. This unit is mapped as a glacial recessional outwash deposit,
which generally consists of stratified sand and gravels, moderately-sorted to well-sorted, and
well-bedded silty sand to silty clay (Tabor, 2003). The deposit is estimated to be associated with
the Vashon Stade of the Fraser glaciation (Armstrong et. al., 1965). The mapped glacial units
shown in Tabor (2003), Dragovich (2003) and Figure 3 appear to match field observations. Most
of the outwash deposits are located below the valley wall and on the valley floor; the outwash
deposits that are found on the slopes are generally a thin layer of glacial deposits that mantle the
underlying Shuksan Greenschist bedrock.
The water well reports for adjacent and nearby drinking wells generally confirmed the DNR
mapped geology, as well as our surface observations, within the alluvial and glacial outwash
terrace areas. A review of the existing well reports proximate to the study site revealed that no
wells were found to have been drilled within the Shuksan Greenshist. The onsite and adjacent
water well reports (Ecology 2018) indicate that sands and gravels can be found from the surface
down to the base of the well bore holes, usually between 32 to 40-feet below ground surface
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(bgs) (Appendix C: Well Logs). For this study, we assume that the Alluvial/Glacial Outwash
deposits extend down to at least 40 feet bgs.
NRCS Soil Classification
The
NRCS
Web
Soil
Survey
(accessed
online
December
14,
2018
at
https://websoilsurvey.sc.egov.usda.gov) indicates that there are three predominant soil units in
the project area: (4) Andic Xerochrepts, warm-Rock outcrop complex, 65 to 90 percent slopes; (8)
Barneston very cobbly sandy loam, 0 to 8 percent slopes, and (135) Squires very gravelly silt loam,
30 to 65 percent slopes (Figure 4).
The Andic Xerochrepts, warm-Rock outcrop complex, 65 to 90 percent slopes, soil unit has two soil
components. The first component, the Andic Xerochrepts is described in the Soil Survey of Skagit
County, Washington as forming in canyons and valleys as colluvium from volcanic ash, glacial drift,
and phyllite, argillite, or conglomerate parent material. It is somewhat well drained, although it is
not described as being prone to flooding or ponding, and is classified as a Hydrologic Soil Group B.
This soil is generally more than 80 inches deep to a restrictive layer. The second component is
Rock Outcrops, which forms on cliff faces and steep slopes and consists of lithic bedrock. It is not
considered to be a soil, and is a restrictive layer with no hydric soil rating.
The Barneston very cobbly sandy loam, 0 to 8 percent slopes, soil unit is described in the Soil
Survey of Skagit County, Washington as forming on outwash terraces from volcanic ash and loess
over glacial outwash parent material. It is somewhat excessively drained and it is not prone to
flooding or ponding, and is classified as a Hydrologic Soil Group A. This soil is generally more than
80 inches deep to a restrictive layer.
The Squires very gravelly silt loam, 30 to 65 percent slopes, soil unit is described in the Soil Survey
of Skagit County, Washington as forming on mountain slopes from volcanic ash and colluvium
from glacial drift and phyllite parent material. It is well drained, is not prone to flooding or
ponding, and is classified as a Hydrologic Soil Group C. This soil is generally more than 20 to 40
inches deep to a lithic bedrock restrictive layer.

2.3 Topography

Remote sensing data, specifically WA DNR LiDAR DEM data from 2016, enabled detailed
representative elevation modeling of the subject area and site vicinity. This data was
supplemented with high-resolution orthophoto aerial imagery from 2015 and 2017.

The elevation of the project area ranged from 310 feet to 1216 feet in the NAVD 88 vertical
datum. The high point of the project area is 1,216-feet east of the proposed mining area and
along the eastern property boundary. The elevations of the active mine would range from 320
feet to 1,080 feet (NAVD 88) (Figure 3 and 7).
The topography of the project area is characterized by a steep cliff and large boulder talus slopes
on the valley wall; flat riverine/glacial terraces characterize the valley floor. The cliffs and slopes
on the valley wall are crosscut by three prominent ravines and ridges and several more minor
ravines and ridges. The prominent ridges and ravines are southwest to northeast trending. Minor
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ravines and ridges are perpendicular to the slope face. Large boulder fields make up colluvial fans
deposits that blanket the lower slopes, having fallen from the cliff face above.

2.4 Streams and Wetlands

The Project Area is located within the Skagit River drainage basin of the Upper Skagit Water
Resource Inventory Area (WRIA) 4. The Project Area sits near the crest of several small sub-basins
and headwaters that contribute hydrology to the groundwater via recharge within the Project
Limits. Ultimately, they contribute hydrology to the Skagit River via groundwater flow paths,
however it is located outside of the Skagit River 100-year flood plain. The total contributing basin
area that includes the Project Area is approximately 300 acres.

The contributing basin (Drainage Sub-basin A) above the proposed Quarry Area is conservatively
estimated at 47 acres with approximately 25 acres of that including the proposed quarry area
footprint (Figure 5). No surface water was expressed within the basin that includes the proposed
quarry footprint.
DNR maps several streams flowing across the overall Project site. The DNR mapped stream
locations are inaccurate and mischaracterized. The DNR streams are listed as perennial fish
bearing stream (Type F) on the valley floor and seasonal non-fish bearing (Type Ns) on the valley
wall (Figure 6). DNR and WDFW hydrology maps show the streams connecting to the Skagit River
approximately 2500 feet to the southwest; however, site observations and anecdotal information
from the adjacent property owners indicate that these watercourses go subsurface in the
extremely well-drained alluvial terrace soils and surface flow terminates prior to or at the gravel
pit just to the southwest of the Project Area (Figure 5). No evidence of surface flow beyond the
terminus was observed and no culverts were located indicating that these watercourses convey
flow to the Skagit River. The watercourses shown by the DNR and WDFW maps and observed
within the Project Limits do not have a surface connection to any DNR or WDFW Typed Waters
(Ns, Np, F, or S), even during ordinary winter hydrological conditions.
Element mapped two surface water courses occurring within the Project Limits (Watercourse A
and Watercourse B). Watercourse A was characterized as having seasonal and intermittent flow
that has a short reach in the upper watershed with surface flow, but eventually infiltrates within
the talus slope on the valley wall and does not resurface on the alluvial terrace (Figure 5).
Watercourse B was characterized as having seasonal, intermittent flow on the alluvial terrace and
potentially having a segment within the steeper valley wall that may have perennial flow
(personal comm. K. Ashenfelter). Watercourse B goes subsurface on the alluvial terrace before
Rockport Cascade Road. Neither watercourse has surface connection to any downgradient
surface waters that we observed in the field and no channel forms indicating historic flows were
evident in the LiDAR topography. No culverts exist under Rockport Cascade Road for either of
these two water courses suggesting that surface flows do not regularly reach or pass the roadway.
During high flows, temporary ponding sometimes occurs in the gravel pit at the terminus of
Watercourse B. However, it is possible that during extreme high flows, surface water could
possibly flow over Rockport Cascade Road (personal communication K. Ashenfelter). Both
watercourses A and B start up gradient of the Project Limits and infiltrate within the proposed
Project Limits.
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Other runoff from the site either joins with the described watercourses or infiltrates at the base
of the talus slope similar to Watercourse ‘A’. Because of the high infiltration rates on the alluvial
terrace, surface water does not leave the site. Hydrological modeling and soil infiltration analysis
performed by Element Solutions and PSE indicated that 100-year flows fully infiltrate within the
Project Area.
DNR and WDFW mapped stream hydrology indicates that the Skagit River, four large tributaries,
and 16 smaller tributaries are located within a 1-mile radius of the Project Area (Figure 6). Only
the Skagit River and the two tributaries flowing through the Project Area occur down gradient of
the proposed activities. However, the onsite mapped watercourses lack surface connectivity to
the Skagit River.
No regulated wetlands were found on site. The site does have a man-made pond that is artificially
created and maintained, but it is not a regulated feature. Wetlands were indicated directly
adjacent to the Skagit River and within a historical stream meander/oxbow on public wetland
map (NWI), which indicated potential wetland areas, at their closest, were 2,100-feet and 1,700feet respectively from the Project (Figure 6).
Mean annual precipitation at the Project site is approximately 71 inches per year (in/yr) based on
the 30-year period of 1981-2010 in the Parameter-Elevation Relationships on Independent Slopes
Model (PRISM, Daly and others, 1994).

2.5 Hydrogeological Conditions
Hydrogeology and Groundwater Flow
The groundwater table beneath the Project Area is expected to be primarily found in the alluvium
and outwash deposits located on the western side of the project area (Figure 7 and Appendix B:
Cross Section). The Shuksan Greenschist bedrock that occupies the eastern portion of the Project
Area is hypothesized to essentially be an aquitard that restricts groundwater movement. The
Shuksan Greenschist in the area is not extensively fractured, leading the analysis to conclude that
hydraulic conductivity for this groundwater system is low and de minimis for the overall recharge
and groundwater flow. The groundwater table of the unconfined alluvium/outwash aquifer within
the Project Area was found to be approximately 28 feet bgs, as shown by the drinking well bore
log conducted in 2000 (Appendix C: Water Well Reports; Figure 8). The regional water table
appears to range between 14 to 36 feet bgs, averaging approximately 23 feet bgs for elevations
ranging from 292 to 313 feet above sea level (NAVD 88), as shown by drinking well bore logs in
the area around the Project Area. Groundwater flow direction, interpreted through the water well
reports (Appendix C) and local topography, is estimated to be in the southwesterly direction
(Figure 7). Some of the Ecology water well report locations where found to be somewhat
inaccurate and site locations were estimated using the best available information at the time of
the report. Interpreted groundwater elevation contours drainage patterns in the vicinity of the
Project Area are shown in Figure 7. We hypothesize that the groundwater within the
alluvium/outwash unconfined aquifer is hydrologically connected to the Skagit River, and
therefore groundwater within the aquifer would discharge into the river when the base flow of
the river is less than the mean groundwater level.
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Streams and Springs
There are three potential but unconfirmed springs located within 1,000 feet of the proposed
project limits. All of the known springs develop into watercourses that extend onto the valley
floor downgradient of the proposed mining area, or infiltrate into the talus field on the valley wall.
Two of the springs/watercourses are within the Project Area; however, their drainage basins
would be unaffected by the mining activity. The access road would cross both of the onsite
watercourses and their basins. These crossings, however, would be engineered to meet
stormwater design specifications (Figure 2: Site Plans). Run-off from the roads and a limited
amount of the contributing basin will be captured by the road-side ditches and conveyed to the
stormwater treatment features and infiltrated on site.
Water Supply Wells
One domestic water supply well is located within the Project Limits (Figure 7 and 8). This well
would be decommissioned prior to quarrying operations. Two other water supply wells are
located within 1,000 feet of the proposed project limits. These two off-site wells are hydraulically
up-gradient of the Project Limits and one of them is across a bedrock divide (Figure 7, 8, and
Appendix B). The approximate locations of individual domestic and public water system wells
located within 1 mile of the proposed project limits are presented on the “Water Supply Wells”
(Appendix B).
Aquifer Properties
Fractured metamorphic bedrock typically can have a very wide range of hydraulic conductivities
based on the amount of fractures and the rocks’ effective porosity. This range can be between
0.0022 to 82 ft/day in some systems (Domenico and Schwartz, 1990). The Shuksan Greenschist
within the Project Area has a relatively small amount of fracturing as observed in the field. This
implies that it has low hydraulic conductivity and was estimated at of 0.022 ft/day for this site.
For the scope of this project the Shuksan Greenschist bedrock is considered an aquitard and
nearly impermeable.
The alluvial deposits within the valley floor were estimated to be predominantly well-graded
gravel with silt and sand with a vertical unsaturated infiltration rate of approximately 8.8 in/hr or
17 ft/day (Appendix D: Sieve Grainsize Analysis). Although vertical infiltration rates can be
different than horizontal hydraulic conductivity rates, in this case they can still provide a general
estimate of the deposits’ overall characteristics. This approximation is consistent with other
studies conducted on the alluvial and glacial outwash deposits in the lower Skagit River basin,
which had hydraulic conductivities ranging from 1 to 1,000 ft/day (USGS, 2009; 2011). Assuming a
50-ft aquifer, the minimum transmissivity of the alluvial aquifer would be 850 ft2/day for this site.
Specific storage in the aquifer is likely to range from 0.12 to 0.26 ft/ft, and it is estimated to be
0.15 ft/ft for this site. The porosity of the well-graded mixture of sand and gravel in the aquifer
beneath the site is approximately 25-50% (Fetter, 1994). Given the range of estimated physical
properties for the aquifer on this site (e.g. transmissivity, hydraulic conductivities, porosity, and
estimated groundwater contour lines), the groundwater velocity for this site is estimated to be a
range between 0.24 inches/hour (0.48 ft/day) to 0.49 inches/hour (0.98 ft/day). The aquifer
within the alluvial deposits and within the project limits is a unconfined aquifer.
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Groundwater Quantity
The proposed mining operations do not include the use of any water supply wells and the existing
water supply well located onsite would be decommissioned. A majority of the groundwater
recharge that occurs onsite is conveyed via surface water runoff from the bedrock slopes on the
valley wall. The WWHM model predicts that approximately a 100-year recurrence flow rate of 60
cfs would leave the quarrying area via surface runoff and fully infiltrate into the bedrock aquifer.
The surface water runoff is quickly infiltrated into the alluvial/outwash deposit once it reaches the
valley floor where vertical infiltration rates are estimated to be 8.8 in/hr for this site. The
proposed mining operations would excavate the side of a mountain and the base grade level
would be equal to or greater than the valley floor, thereby the process would not create
depressions. Furthermore, the mining operation would be contained in two drainage sub-basins
(Basins A and B in Figure 5). Basin A already drains to the base of the cliff face and Basin B drains
toward the south but within the Project area. The net result of the slope alterations and grading
would be that approximately 30 acres of Basin B would have its surface water re-routed into Basin
A. This would have little impact on the groundwater aquifer other than to concentrate recharge
approximately 850 feet up gradient of its current distribution.
Finally, the proposed access road would cross two identified watercourses and drainage features.
Where the road intersects Watercourses A and B, the road would be designed to facilitate the
continued flow of the water within their respective wetted boundaries. The exception is that
Watercourse A will flow in an engineered channel downgradient of the lower road crossing;
however, it will discharge to the same location and at similar flow rate. There would be some
surface water capture along the general road bed that would slightly alter the natural runoff
pattern along the slope. Overall, the shift in runoff patterns would not affect the groundwater
aquifer because all the runoff would continue to be routed within the Project Area boundaries via
stormwater facilities and infiltrated on site with no net change to the recharge of the aquifer
within the project area. See the Engineering Analysis and Drainage Plan for details. The undersize
rock stockpile area would be established such that the rock piles would not be placed within the
known watercourses or their water quality buffers.
The possibility of adverse impacts to the groundwater quantity resulting from the proposed
mining plan would be very low. The decommissioning of the existing onsite water supply well
would create a positive impact on water table levels in the area and a net gain to groundwater
recharge in the vicinity of the project.
Groundwater Quality
The proposed mining operation and grading would maintain a 20-foot buffer of natural material
between the base of quarry and typical seasonal high ground water levels. The proposal is for a
surface mining operation with on-site processing limited to drilling, blasting, excavation, sizing,
stockpiling and loading. Standard surface mining equipment would be used to extract the material
and load it on to trucks. All stormwater generated on site would be captured within the project
limits and infiltrated onsite via a stormwater management facility. Stormwater management
would be conducted in accordance with Ecology’s National Pollutant Discharge Elimination
System (NPDES) Sand and Gravel General Permit. Fueling and maintenance of all on-site
equipment would be conducted using mobile services and managed with an approved Spill
Control Plan. Fueling and maintenance facilities are proposed for the site, consisting of Above
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Ground Storage Tanks (AST) that would be decommissioned and removed at the closure of the
mining operations.
For the reasons given in the above paragraph, the risk of negative groundwater quality impacts
under the proposed mining operations as designed would be very low.

3 CONCLUSIONS AND RECOMMENDATIONS
3.1 Conclusions

The purpose of this hydrogeologic assessment was to address requirements for a mining special
use permit under SCC 14.24.330 and 14.16.440(8)(b) and to provide supporting documentation
for the SEPA determination process.
•
•
•
•
•

Groundwater is present beneath the site at a depth of approximately 28 feet below
ground surface (elevation of approximately 280 to 288 feet NAVD88).
Groundwater beneath the site is interpreted to flow to the southwest and presumably
eventually discharges to Skagit River, located approximately 2,100 feet from the proposed
project limits at its closest point.
There are no known water supply wells located within 1,000 feet down-gradient of the
proposed quarry or between the quarry boundary and the Skagit River. The existing onsite domestic well will be decommissioned.
As designed, all stormwater run-off will be infiltrated onsite.
The proposal is for a dry surface mining operation, with limited onsite processing.
Assuming that the proposed mining plan and stormwater facilities are implemented
according to the Site Plan, Spill Control Plan, and Stormwater Plan, the potential for a
negative impact to ground water quantity and/or quality from the proposed mining
activities would be very low.

3.2 Recommendations

In order to further reduce the potential for impacts to the groundwater quantity and/or quality,
we recommend the following recommendations be included in the proposed operational and
reclamation plans:
•

•

AST and maintenance facilities should have secondary containment structures to further
reduce the potential for hazardous fluids from spilling and/or being released into the
environment.
o Specifications for the secondary containment should be complaint with the
following code: U.S. Code 40 CFR 264.193, WAC 173-180-320, RCW 88.46.160,
RCW 88.46.165, RCW 90.56, and Skagit County Code 14.16.440.(10)(e)(ii).
At the conclusion of the mining operations, the AST and maintenance facilities should be
decommissioned and removed from the site.
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3.3 Limitations and Data Gaps

This report was prepared for Kiewit Infrastructure Co. by Element Solutions to provide a
hydrogeologic site assessment for a proposed Project in Skagit County, Washington. This report
and the information within it was based on the research describe above, site visits, and
background research. It is important to note that subsurface conditions and hydrological
characteristics can change a great deal over relatively short distances.
The following data gaps were identified as limiting factors to our hydrogeological assessment:
• No subsurface borings were conducted within the project limits;
o Therefore, the subsurface geology was interrupted from surface observations,
professional judgment, and past studies. The contact between geological units
was estimated and not verified.
o The groundwater level within the Shuksan Greenschist was not verified. It was
assumed that the Shuksan Greenschist acts as an aquitard, given that the unit has
little to no fracturing and is relatively component highly metamorphosed rock.
• The sources of recharge from Watercourse A and B were not identified. Watercourse B is
purported to be a seasonal watercourse with possible extended flow durations; however,
the contributing area of Watercourse B is mapped as Shuksan Greenschist, which has a
low storage capacity. It was hypothesized that a shallow surface aquifer held within the
soil mantling the bedrock within the relatively large contributing basin, may supply a large
portion of the recharge that extends Watercourse B’s flow durations.

Within the limitations of the scope, budget, and schedule, Element Solutions gave a full faith
effort towards executing the requested services in accordance with generally accepted
professional principles in the field of hydrogeology. No warranty, express or implied, is made.
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Appendix A: Figures
1) Figure 1 – Marblemount Quarry: Site Vicinity Map
2) Figure 2 – Marblemount Quarry: Working Site Plan
3) Figure 3 – Marblemount Quarry: Topography and Geology
4) Figure 4 – Marblemount Quarry: USDA Soil Survey Soil Units
5) Figure 5– Marblemount Quarry: Mapped Streams and Sub-basins
6) Figure 6 – Marblemount Quarry: DNR Mapped Streams and NWI Mapped Wetlands
7) Figure 7: Marblemount Quarry: Groundwater Flow
8) Figure 8: Marblemount Quarry: Well Locations and Wellhead Protection Areas
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Well locations were extrapolated to the best of our ability given the
publically available information. One site was identified as an
orphan well that is shown ~1,900-feet from the property boundary.
The true locatoin of the well was not determined, but is believed to
be outside of the 1,000-ft buffer.
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Wellhead Protection Areas
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Appendix B: Geological and Groundwater Cross-section
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Cross Section G-G' was taken from the "Geologic Map of the Mount Baker 30- by 60- Minute Quadrangle,
Washington" by Tabor et. al 2003. This cross section was is located approximately 4,000-feet south
of the Marblemount Quarry cross section.
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Appendix C: Washington Department of Ecology’s Water Well Log and Well Information
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Appendix D: Sieve Grainsize Analysis
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Silt

Clay

11

6

1

Soil Description
Element Solutions Job #2017008
well-graded Gravel with silt and sand

PL=

Atterberg Limits
LL=

PI=

Coefficients
D85= 38.8503
D60= 15.4200
D30= 1.8630
D15= 0.2823
Cu= 127.61
Cc= 1.86
Classification
USCS= GW-GM
AASHTO=
D90= 43.0163
D50= 9.3169
D10= 0.1208

Organic Content: 1.0%

Remarks

* (no specification provided)
Location: Marblemount Quarry - Sampled by client
Sample Number: 9994

Tested By: DK

Date:

Client: Element Solutions
Project: Marblemount Quarry
Marblemount, WA, 98267
Project No: 18-0806

Checked By: DB

Figure

10-26-18

SA001

Element Solutions
1812 Cornwall Ave.
Bellingham, WA 98225
2545 W Falls Avenue
Kennewick, WA 99336
509.783.7450
www.nwag.com
lab@nwag.com

Report: 46651-1
Date: October 29, 2018
Project No: 2017008
Project Name: Marblemount Quarry

Sample ID
2017008
Method

Cation Exchange Capacity
5.0 meq/100g
EPA 9081

