Hydrogeologic Characterization of
Dutch Canyon,
Scappoose, Oregon

by

Derrick Lee Wagner

A thesis submitted in partial fulfillment of the
requirements for the degree of

Master of Science
in
Geology

Thesis Committee:
Robert B. Perkins, Chair
Michael L. Cummings
Kenneth E. Lite, Jr.

Portland State University
©2013



Abstract

Dutch Canyon is located directly west of the City of Scappoose in Columbia
County Oregon. This area is proximate to Highway 30, a major access corridor to
downtown Portland, and is experiencing a population increase, which is expected to
continue and likely accelerate. As a result, there is growing pressure on water resources.
Individual and community efforts to utilize groundwater resources have been hampered
by generally poor groundwater yields and water quality concerns outside of the Columbia
River corridor and a lack of published hydrogeologic information for the region.

The intent of this study is to identify the water-bearing units present in Dutch
Canyon and to characterize water quality within these units. The physical hydrogeology
of Dutch Canyon was assessed mainly through the collation of 196 local well reports that
contained lithologic information from which individual hydrostratigraphic units were
identified and characterized. Hydraulic parameters for individual units were estimated
using pump rates and drawdowns provided in select well reports. Water quality for the
units identified was assessed through the collection of 48 samples of well, spring, and
stream water from Dutch Canyon. Measurements of pH, specific conductivity,
temperature, dissolved oxygen, reduction potential, and alkalinity were recorded in the
field and samples were analyzed for major ions, arsenic, and stable isotopes.

The major water-bearing units of Dutch Canyon were separated into five
physically distinct hydrostratigrapic units: the lower, middle, and upper units of the
sedimentary Lower Miocene Scappoose Formation, and the Wapshilla Ridge and Ortley

members of the Lower to Middle Miocene Grande Ronde Basalt. Groundwater flow



il
likely occurs in discrete, relatively thin (~2- to 10-m thick) zones within the Grand Ronde
Basalt members. These units only occur along the slopes and ridges of Dutch Canyon
west of the Portland Hills Fault, which parallels the eastern margin of the study area. The
Scappoose Formation units contain clay- and silt-rich layers and lenses that limit the
useable aquifer volume and vertical movement of groundwaters. In general, all
hydrostratrigraphic units east of the Portland Hills Fault have low transmissivities and
water wells completed in each of them are commonly low- yielding wells, though there
are some exceptions.

Geochemically, the lower and middle units of the Scappoose Formation were
similar to one another with many wells yielding groundwater with high total dissolved
solids (TDS) contents (mean TDS = 330 mg L'n= 27). Nearly 20% of the wells
sampled that were screened in these units (5 of 27) yielded groundwater that exceeded the
U.S. Environmental Protection Agency’s National Secondary (non-enforceable) Drinking
Water Regulation standard of 500 mg L' TDS. The upper unit of the Scappoose
Formation and the overlying Grande Ronde Basalt members generally yield water with
lower TDS contents (mean < 200 mg L™'; maximum = 342 mg L''; n = 20).

Groundwater resources in Dutch Canyon are limited and low well yields are common.
The primary water quality concern is saline water, which is generally found in the lower
and middle units of the Scappoose Formation near the valley floor. Low recharge rates
determined from hydrograph analysis of stream discharge measurements are consistent
with the geology and steep terrain of the area and further limit the available groundwater

and the degree of flushing of what may be connate waters in the deeper units.
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CHAPTER 1. INTRODUCTION AND BACKGROUND

Purpose and Scope

The northern Oregon Coast Range is a complex geological landscape comprised
of middle Tertiary marine sedimentary and basalt units overlain by late Tertiary
Columbia River Basalt Group (CRBG) units, often mantled by loess, that have been
displaced by frequent landslides and faulting (Niem and Niem, 2002). Despite average
precipitation over 100 cm, water resources in the region are constrained by the rugged
topography, via increased runoff in areas steep slopes, and limited surface water
impoundments. Individual and community efforts to utilize groundwater resources have
been hampered by generally poor groundwater yields and water quality concerns outside
of the Columbia River corridor and a lack of published hydrogeologic information for the
region. The area is experiencing a population increase (Census.gov, 2010), especially
proximate to major access corridors such as Highway 30 and the Scappoose-Vernonia
Highway, which is expected to continue and likely accelerate. The resulting increasing
demand for water resources requires a better understanding of regional and local

hydrogeology.

Geography of Study Area

The study area is located primarily in Columbia County, which is located in
northwest Oregon, directly north of Washington County, northwest of Multnomah
County, and east of Clatsop County (Figs. 1.1 and 1.2). Columbia County’s landscape is

largely defined by the Tualatin Mountains and Coast Range Mountains. The eastern
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portion of the county borders the Columbia River, Multnomah Channel, and the Portland
Basin, a roughly 2000 square kilometer structural and topographic basin (Beeson et al.,
1989).

Columbia County had maintained a stable population, but has seen growth in
recent decades, from 36,000 in 1980 to 44,000 in 2000, to a population of 49,351 in 2010
(Census.gov, 2010). It is estimated that the majority of the new residents are people who
work in nearby Portland. The first sizeable city from Portland within Columbia County is
Scappoose, located 30 km northwest of downtown Portland along Highway 30.
Scappoose’s 2010 population of 6,862 is a 38% increase from its 2000 population of
4,976 (Census.gov, 2010). The county foresees continued rapid growth, similar to that
experienced by the city of Hillsboro, Oregon, also populated by many people working in
Portland who sought to live outside the large city, and whose population has jumped by
250% since 1980 (Census.gov, 2010b).

The majority of the population of Scappoose resides in the flat floodplain of the
Columbia River, near Highway 30. Most residents use city water that is sourced from
both an above ground reservoir in the upper drainage of South Fork Scappoose Creek,
located west of Scappoose and from wells constructed to alluvial aquifers along the
Columbia River. Dutch Canyon, located due west of Scappoose, has room to
accommodate population growth around and within the wide floodplain along the lower

reaches of South Fork Scappoose Creek.



Geologic Framework

1.1.1 Regional Setting

Dutch Canyon is a river valley carved by the South Fork Scappoose Creek,
located within the northwest-trending Tualatin Mountains, a late Cenozoic anticline that
is faulted on its northeast limb by the Portland Hills Fault Zone (Beeson et al., 1976;
Beeson et al., 1985). The Tualatin Mountains separate the Portland Basin to the northeast
from the Tualatin Basin to the southwest (Fig. 1.1).

The topography of Dutch Canyon is characterized by a central river valley with
low relief, with a flood plain between 200-400 meters wide and rugged valley flanks to
the north and south. Elevations in the area vary from 20 m above mean sea level (amsl)
along the eastern floor to 420 m amsl on the northern canyon ridge. The flanks of the
valley vary in gradient from 0.05 to 0.15 locally. Feeder streams form dendritic drainage
patterns toward the South Fork Scappoose Creek, which flows from west to east. The
Creek and main valley floor have a gradient of 0.01 towards the east, dropping 50 m in 4
km.

Much of the area along the southern valley side displays hummocky topography
(Fig. 1.2), indicative of landslide deposits. This area has been identified as a major
landslide complex (Madin and Niewendorp, 2008). A prominent scarp can also be seen
in the digital elevation model (DEM) and orthoimagery like LiDAR. The Portland Hills
Fault Zone is present along the eastern boundary of Dutch Canyon, between the valley

and Highway 30. Two smaller faults have also been identified within 2 km west of the



Portland Hills Fault and less than 5 km south of Dutch Canyon (Madin and Niewendorp,
2008).

The local geology in Columbia County, Oregon is comprised of middle Miocene
Columbia River Basalt Group (CRBG) basalt flows from the Grande Ronde Basalt
overlying the sedimentary rocks of the middle Miocene Scappoose Formation (Fig. 1.3).
Directly west of the main city of Scappoose is an area that provides a natural window
through the CRBG into the stratigraphically lower marine units exposed at lower
elevations.

In much of the northern Coast Range, the marine rocks underlying the CRBG are
considered the hydrologic basement, but in Dutch Canyon they are targeted for
groundwater extraction due to their surface exposure. Numerous water well installations,
many recent and resulting from increased residential development in the Canyon, provide
the needed spatial concentration of subsurface data to characterize hydrostratigraphic

relationships and the opportunity to sample and analyze waters from various units.
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