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Conversion Factors

U.S. customary units to International System of Units

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
yard (yd) 0.9144 meter (m)
Area
acre 4,047 square meter (m?)
acre 0.4047 hectare (ha)
acre 0.004047  square kilometer (km?)
square foot (ft?) 0.09290 square meter (m?)
square mile (mi?) 259.0 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Flow rate
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m?/s)
Mass
ounce, avoirdupois (0z) 28.35 gram (g)
pound, avoirdupois (1b) 0.4536 kilogram (kg)
Application rate
pound per acre per year ([Ib/acre]/yr) 1.121 kilogram per hectare per year ([kg/ha]/yr)
Leakance
foot per day per foot ([ft/d]/ft) 1 meter per day per meter ([m/d]/m)
inch per year per foot ([in/yr]/ft) 83.33 millimeter per year per meter ([mm/yr]/m)

Datum

Vertical coordinate information is referenced to the [insert datum name (and abbreviation) here; for example, North American
Vertical Datum of 1988 (NAVD 88)).
Horizontal coordinate information is referenced to the [insert datum name (and abbreviation) here; for example, North American
Datum of 1983 (NAD 83)].
Altitude, as used in this report, refers to distance above the vertical datum.

Supplemental Information

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at 25 °C).

Concentrations of chemical constituents in water are given in either milligrams per liter (mg/L) or micrograms per liter (ug/L).
Note to USGS users; Use of hectare (ha) as an alternative name for square hectometer (hm2) is restricted to the measurement of
small land or water areas. Use of liter (L) as a common name for cubic decimeter (dm3) is restricted to the measurement of
liquids and gases. No prefix other than milli should be used with liter.

Abbreviations

usIT Upper Skagit Indian Tribe

NPS National Park Service

WSDOT Washington Department of Transportation
SCL Seattle City Light

USGS U.S. Geological Survey
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Preliminary assessment of shallow groundwater
chemistry near Goodell Creek, North Cascades National
Park, Washington

By Rich W. Sheibley and James R. Foreman

Abstract

Goodell Creek is located within North Cascades National Park and is high-quality habitat for
Chinook salmon, which are listed as threatened under the Endangered Species Act. The creation of a
levee near the mouth of the creek where it enters the Skagit River has cut off the historical flood plain
from the active channel. There is an effort to remove the levee along the left bank of the creek to restore
this connection and preserve this high-quality habitat; however, construction debris and blasting waste
from the past have been used as fill during the creation of the levee in the 1980s, and there is concern
that contaminated groundwater could reach the creek if the levee is breached. As a result, the U.S.
Geological Survey, in cooperation with the National Park Service, assessed near-channel shallow-
groundwater chemistry to determine how levee remediation should proceed. Groundwater was sampled
in late summer in 2017. Deep groundwater at that time of year limited water-quality sampling. Six
samples were collected in September 2017 and analyzed for nutrients, dissolved metals, and a suite of
semi-volatile organic compounds. Laboratory data were almost always reported as below the method
detection limits with the exception of data from a single shallow-groundwater well. Elevated
concentrations of metals detected in water samples from this well were possibly caused by the buried
metal in the vicinity of the sampling location. One sample collected close to the active channel of
Goodell Creek showed no signs of contamination.

Introduction and Background

Puget Sound is an estuary of national significance (Puget Sound Partnership, 2014), and the
Skagit River is the largest basin by area and produces the largest stream discharge within this estuary,
providing approximately 30 percent of the freshwater input into Puget Sound (fig. 1). Additionally, the
upper reaches of the Skagit, including Goodell Creek, support one of the largest and most important
populations of Chinook Salmon in the Puget Sound. The creek provides critical habitat for several
Pacific salmon and trout species, including federally listed (https://www.fws.gov/endangered/species/us-
species.html) Steelhead, Chinook, and Bull Trout. Fortunately, Goodell Creek is located within the
boundaries of North Cascades National Park (fig. 1), and most of this stream lies in a watershed that has
been minimally altered by human activity (fig. 2). As such, it provides some of the best aquatic habitat
in the rapidly urbanizing Puget Sound Basin. The alluvial fan of Goodell Creek extends approximately
0.6 miles upstream from the confluence with the Skagit River near Newhalem, Washington (fig. 2) and
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Figure 1. Map showing location of the Skagit River basin in northwestern Washington and southwestern
Canada.

encompasses over 60 acres of artificially isolated flood plain and riparian habitat adjacent to the creek.
The fan is composed of rich but fragmented aquatic, riparian, and flood-plain habitats and has been
identified as “rare habitat” in the area and as a priority habitat for the restoration and recovery of Skagit
Chinook salmon and Steelhead trout (Skagit River Systems Cooperative and Washington Department of
Fish and Wildlife, 2005; Skagit Watershed Council, 2015a, 2015b).
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Figure 2. Map showing location of Goodell Creek and the alluvial fan near Newhalem, Washington.



As noted previously, the lowest reach of Goodell Creek, which includes the alluvial fan, has been
constrained along both banks by a variety of activities beginning at least as early as the 1920s (Herrera
Environmental Consultants, 2014 and 2017). A 1500-ft long levee, which was constructed in the 1980s,
still exists along the left bank of Goodell Creek on its alluvial fan (fig. 2). The upper hundred-foot
section of the levee is composed of a variety of materials deposited there during construction, including
metal, glass, pieces of asphalt, and concrete. The exact contents of this portion of the levee are
unknown; however, it has been reported that this site is probably contaminated with arsenic and lead
from sand-blasting waste (NPS, 2012). Furthermore, geophysical assessment of the levee in July 2017
by ground-penetrating radar and electromagnetic surveys indicated the presence of subsurface anomalies
normally associated with buried metal (Duoos, 2017).

To restore Goodell Creek to its full natural potential and remove some of the potential risk
associated with contaminated groundwater, the Upper Skagit Indian Tribe (USIT), National Park Service
(NPS), Washington Department of Transportation (WSDOT), and Seattle City Light (SCL) are
developing restoration plans to remove flood plain impacts, including the left bank levee, and allow the
stream to reoccupy historic channels. Before considering removal or modifications, however, the NPS
wants to assess potential groundwater and surface-water contamination from the materials contained in
the left-bank levee. Furthermore, recent analyses of restoration alternatives suggested that there is
increased risk of erosion of the levee, potentially within the next few years (Herrera Environmental
Consultants, 2014 and 2017). Therefore, the NPS additionally needs to assess the potential for increased
risk of contamination of the creek from erosion of the existing levee if no restoration actions were to be
taken.

The goal of this project was to provide the NPS and USIT with time-critical information needed
to initiate restoration of the Goodell Creek alluvial fan. Specifically, a preliminary assessment of
shallow-groundwater quality around the alluvial fan was undertaken to determine the pervasiveness of
contamination from the deposition of the fill material used during levee construction in this area.
Whereas the suspected level of contamination associated with this project could be considered lower
than in heavily developed areas in Puget Sound, this section of stream has been identified by the NPS
Inventory and Monitoring Program as one of the sites at the greatest risk for water-quality impairment in
the North Coast and Cascades Network of National Parks due to the presence of fill material of
unknown origin in the levee along the left bank (Rawhouser and others, 2012).

Study Design and Methods

The assessment of whether groundwater contamination was affecting the lower reach of Goodell
Creek was to focus on the worst-case conditions for surface-water quality during the period of lowest
streamflow, from August through September. It is during this time period that pollution from
discharging groundwater would be the least diluted and the potential for surface-water contamination the
greatest. The original study design was to sample shallow groundwater at multiple locations along the
lower creek between the active channel and the levee on the left bank (fig.2). These sample collections
were intended to capture groundwater that was flowing through the levee and discharging into the lower
reach of Goodell Creek. Sampling trips took place during a two-week period in September 2017.
Unfortunately, the depth to groundwater during this time period was large enough to make it clear that
there was no connection between the shallow groundwater adjacent to the creek and the active river
channel. In some places, temporary piezometers that were installed at a depth of almost 10 feet still
failed to contact groundwater. Therefore, it was not possible to collect samples in most places. As a
result, the sampling plan had to be modified and was limited to a single, near-channel groundwater
sample collected from the lower end of the levee (GC-1530, fig. 2) and samples collected from several
existing water-level wells. These wells had been previously installed to monitor local groundwater levels
for the restoration planning described above (fig. 2).



The near-channel groundwater sample was collected by installing a temporary piezometer made
from ¥-inch diameter pipe with a stainless-steel screened drivepoint (Solinst®, model 615) to a depth of
2 to 3 feet. For the existing groundwater wells, the well caps were removed, and the depth to water was
recorded prior to sampling. The sampling procedures for the temporary piezometer and groundwater
wells were identical. The samples were collected by inserting acid-cleaned tubing into the piezometer or
well and pumping the groundwater by using a field peristaltic pump. Field parameters (temperature,
dissolved oxygen, pH, and specific conductance) were recorded by using a field-calibrated
multiparameter sonde (YSI® model 6920 v2) and flow-through chamber after three well volumes had
been removed, and the field-parameter readings had become stable (within 1 to 5 percent of each other).

Next, water was passed through a disc filter (Aquaprep™, 0.45-micron diameter) to be sampled
for dissolved nutrients and dissolved metals. Dissolved nutrients were collected into a 125-milliliter
brown polyethylene bottle after a triple rinse with filtered water and chilled before analysis. Dissolved
metals were collected into a 125-milliliter clear acid-rinsed polyethylene bottle after a triple rinse with
filtered water. Dissolved-metals samples were acidified to a pH of less than 2.0 by using 2 milliliters of
7.5-N nitric acid and chilled until analysis (Fishman, 1993). One sample for semi-volatile organics was
collected at each subset of the sites into a 1-liter baked brown-glass bottle. This sample was unfiltered
and chilled until analysis (Fishman and others, 1993).

Analyses for all water-quality parameters were completed at the U.S. Geological Survey (USGS)
National Water Quality Lab in Denver, Colorado. Nutrients were analyzed colorimetrically by using the
methods of Patton and Kryskalla (2011) and Fishman (1993); dissolved metals were analyzed by using
inductively coupled plasma-mass spectrometry (Garbarino and others, 2005); and a suite of 56 semi-
volatile organic compounds was analyzed by gas chromatography/mass spectrometry by using the
techniques of Fishman (1993). Data were reviewed and approved by USGS project personnel and are
available to the public from the USGS National Water Information System
(https://nwis.waterdata.usgs.gov/nwis).

Results

Water-quality data collected from the six sites (five local groundwater wells and a single near-
channel piezometer) are provided in tables 1 through 3. One field blank and one field replicate were
analyzed for each parameter to determine data quality. The concentrations measured in the field blank
were below the reporting limits for all parameters, and the relative percent differences for detected
parameters in the field replicate were less than ten percent for most analytes (table 4). For those
parameters with greater than 20 percent relative differences, the absolute differences between the
replicates were less than 1 microgram per liter (ug/L) except for aluminum and iron (table 4). Overall,
the quality-control data indicated that the groundwater data collected for this project was of good
quality.

Dissolved nutrients were low in all samples with ammonia and nitrite at or below reporting limits
for all samples (table 1). Nitrate was the most frequently detected nutrient parameter, with four
detections between 0.048 and 0.074 milligrams per liter (mg/L) as nitrogen (N). Orthophosphate was
below reporting limit in 4 of 6 samples and, where detected, was equal to or less than 0.01 mg/L as
phosphorus (P).

Dissolved-metals concentrations were generally low and similar in samples from all six wells,
except for well P1 (table 2). At well P1, located on the eastern side of the levee (fig. 2), elevated
concentrations of most of the frequently detected metals were observed and included aluminum, barium,
chromium, cobalt, copper, iron, lead, lithium, manganese, nickel, vanadium, zinc, antimony, arsenic and
natural uranium. Several metals were rarely detected in all samples and included beryllium, cadmium,
chromium, lithium, silver, and thallium; whereas silver, boron, and selenium were not detected in any
samples. At the site closest to the active channel of Goodell Creek (piezometer GC-1530), no detected
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parameter was outside the range of the other samples (table 2) except for zinc which was the lowest
concentration in all samples.

Detections of semi-volatile organics were infrequent. Of the 56 parameters that were analyzed,
only six were detected in four samples: 2,4,6-Trichlorophenol, Bis(2-ethylhexyl) phthalate, Di-n-butyl
phthalate, Fluoranthene, Isophorone, and Naphthalene. (table 3). Of the values reported, most were
estimated values from the laboratory; these estimates provide evidence that the compound is in the
sample, but at a concentration level lower than the reporting limits for the long-term method (Myers,
2010). A complete data table for the semi-volatile organics, including all compounds that were not
detected, is provided in appendix A.



Table 1. Field parameters and dissolved nutrient data for shallow groundwater samples collected in September 2017.
[Abbreviations: feet, ft; milligrams per liter, mg/L; micrograms per liter, pg/L; microsiemens per centimeter at 25 degrees Celsius, uS/cm at 25 °C; °C, degrees
Celsius; N, nitrogen; P, Phosphorus; <, less than; nd, not determined]

Dissolved pH, water, Specific
Station number Field ID Collection stzttl;rto Collection  oxygen, water, unfiltered, conductance, Tem\z::::ure,
date (f) time unfiltered, field, standard  water, unfiltered °C)
(mglL) units (4S/em at 25 °C)
484028121160101 Well P5 09-19-17 8.55 1700 3.1 6.8 37 12
484030121155201 Well P10 09-20-17 4.16 1740 0.2 6.4 23 11.9
484030121160201 Well P4 09-21-17 5.00 1110 7.7 8 32 11.1
484030121160801 Well P3 09-21-17 10.84 1150 7.2 7.6 22 11.5
484032121155601 Piezometer GC-1530 09-20-17 nd 1320 3.8 7.2 26 12.6
484037121160201 Well P1 09-20-17 12.55 1615 7.8 6.8 23 11.5
Ammonia (NH3 +  Nitrate plus I
. Depth to . b Nitrite, water,  Orthophosphate,
Station number Field ID Collection water CoII_ectlon NH4.+)’ water, mtr'.te’ water, filtered water, filtered
date (f) time filtered filtered (mglL as N) (mglL as P)
(mg/L as N) (mg/L as N) 9 9
4840281211601
01 Well P5 09-19-17 8.55 1700 0.051 <0.001 0.007 0.007
4840301211552
01 Well P10 09-20-17 4.16 1740 <0.040 <0.001 <0.004 <0.004
4840301211602
01 Well P4 09-21-17 5.00 1110 0.069 <0.001 <0.004 <0.004
4840301211608
01 Well P3 09-21-17 10.84 1150 0.074 <0.001 0.01 0.01
4840321211556
01 Piezometer GC-1530 09-20-17 nd 1320 <0.040 <0.001 <0.004 <0.004
4840371211602
01 Well P1 09-20-17 12.55 1615 0.048 <0.001 <0.004 <0.004




Table 2. Dissolved metals data for shallow groundwater samples collected in September 2017
[feet, ft; micrograms per liter, ug/L; <, less than; nd, not determined]

Station number Field ID Colfection - Cofoction Pt i Bery:::tler?é:ater’
(ft) (Hg/L) (Hg/L) (Hg/L)
484028121160101  Well P5 09-19-17 1700 8.55 130 7.88 <0.010
484030121155201  Well P10 09-20-17 1740 4.16 28.3 8.65 <0.010
484030121160201  Well P4 09-21-17 1110 5.00 39 11.2 <0.010
484030121160801  Well P3 09-21-17 1150 10.84 7.1 10 <0.010
484032121155601  Piezometer GC-1530  09-20-17 1320 nd 14.7 11.4 <0.010
484037121160201  Well P1 09-20-17 1615 12.55 2,790 31.8 0.059
Station number Field ID °°2‘;‘t’;i°“ c°'t'i‘;f;i°" DSVF;tt::O wziz(:,r?illlt‘emréd wg:]erl? ttered cor:*mtérgster’ Copf[i)ltte;’r;later’
(ft) (pglL) (nglL) (nglL) (nglL)
484028121160101  Well P5 09-19-17 1700 8.55 <0.030 <0.50 0.194 1.2
484030121155201  Well P10 09-20-17 1740 4.16 0.052 <0.50 0.43 0.58
484030121160201  Well P4 09-21-17 1110 5.00 <0.030 <0.50 0.186 0.61
484030121160801  Well P3 09-21-17 1150 10.84 <0.030 <0.50 <0.030 0.26
484032121155601  Piezometer GC-1530  09-20-17 1320 nd <0.030 <0.50 0.248 0.61
484037121160201  Well P1 09-20-17 1615 12.55 0.098 4.1 3.73 7.9




otormmber  Foup | Colcion Coleotn Ol Fen e lesdalm, Ui vt enares,
(ft) (Hg/L) (Hg/L) (Hg/L) (Hg/L)
484028121160101  Well P5 09-19-17 1700 8.55 121 0.077 0.47 1.2
484030121155201  Well P10 09-20-17 1740 4.16 84.2 0.028 <0.15 0.58
484030121160201  Well P4 09-21-17 1110 5.00 22.8 0.029 <0.15 0.61
484030121160801  Well P3 09-21-17 1150 10.84 <10.0 <0.020 <0.15 0.26
484032121155601  Piezometer GC-1530  09-20-17 1320 nd 44.3 0.044 <0.15 0.61
484037121160201  Well P1 09-20-17 1615 12.55 1,850 1.33 1.84 7.9
Station number Field ID Colfection - Cofection i v“f;’t'lf‘}'ﬁ{'e‘i?d Mo tored wgtt:rmftlllltjenr‘ed
(ft) (HglL) (HglL) (HglL) (HglL)
484028121160101  Well P5 09-19-17 1700 8.55 0.76 22 <1.00 23.1
484030121155201  Well P10 09-20-17 1740 4.16 0.159 0.71 <1.00 12.6
484030121160201  Well P4 09-21-17 1110 5.00 0.43 0.57 <1.00 16.4
484030121160801  Well P3 09-21-17 1150 10.84 0.334 0.75 <1.00 16
484032121155601  Piezometer GC-1530  09-20-17 1320 nd 0.391 0.91 <1.00 16.3
484037121160201  Well P1 09-20-17 1615 12.55 0.499 6.5 <1.00 20.1




Station number Field ID Coi;z::lon COItIi?:::on Dalgtttrto we;lt.I;ra,"flilljt?r,ed w\aI?eI:?:liIIz;Tr‘éd Zl?i(l:t’ev::;er, w?tg?,r?inl;):éd
(ft) (Hg/L) (Hg/L) (Hg/L) (Hg/L)
484028121160101  Well P5 09-19-17 1700 8.55 <0.020 0.3 3.2 0.074
484030121155201  Well P10 09-20-17 1740 4.16 <0.020 0.14 4.1 0.06
484030121160201  Well P4 09-21-17 1110 5.00 <0.020 0.19 3.2 0.035
484030121160801  Well P3 09-21-17 1150 10.84 <0.020 0.15 3.3 <0.030
484032121155601  Piezometer GC-1530  09-20-17 1320 nd <0.020 0.28 3 0.066
484037121160201  Well P1 09-20-17 1615 12.55 0.053 6.3 19.4 0.149
; . Uranium
Station number Field ID C°'('i§f;'°“ °°'t'i‘r’::'°“ D:{%r);rto Ars?(mg’;géater’ B”Fﬁ?é;“!ﬁter’ w;?alf itered (“a“;irl"t‘l);e";ate”
Hg/L) (MglL) (MglL) (glL)
484028121160101  Well P5 09-19-17 1700 8.55 0.27 <5 <0.05 0.023
484030121155201  Well P10 09-20-17 1740 4.16 0.15 <5 <0.05 0.015
484030121160201  Well P4 09-21-17 1110 5.00 0.17 <5 <0.05 <0.010
484030121160801  Well P3 09-21-17 1150 10.84 0.1 <5 <0.05 0.016
484032121155601  Piezometer GC-1530  09-20-17 1320 nd 0.21 <5 <0.05 <0.010
484037121160201  Well P1 09-20-17 1615 12.55 3.6 <5 <0.05 0.284
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Table 3. Detected concentrations of semi-volatile organics data in shallow groundwater samples collected in September 2017.

[Abbreviations: feet, ft; milligrams per liter, mg/L, micrograms per liter, pg/L; --, no sample collected; E, estimated value; <, less than; nd, not determined]

2,4,6- Bis(2-ethylhexyl) Di-n-butyl
. Depth to . Trichlorophenol, phthalate, water, phthalate, water,
Station number Field ID Cogt;ctzélon water Coilit:ﬁélon water, unfiltered, unfiltered, unfiltered,
(ft) recoverable, recoverable recoverable
(mg/L) (Hg/L) (Hg/L)
484028121160101 Well P5 09-19-17 8.55 1700 - - -
484030121155201 Well P10 09-20-17 4.16 1740 <0.34 <7.2 <2.80
484030121160201 Well P4 09-21-17 5.00 1110 <0.34 <72 <2.80
484030121160801 Well P3 09-21-17 10.84 1150 - - -
484032121155601 Piezometer GC-1530 09-20-17 nd 1320 0.1 E0.5 E0.34
484037121160201 Well P1 09-20-17 12.55 1615 <0.34 E0.5 <2.80
Deoth to Fluoranthene, Isophorone, water, Naphthalene,
Station number Field ID Collection wpat er Collection water, unfiltered, unfiltered, water, unfiltered,
date (f) time recoverable recoverable recoverable
(HglL) (HglL) (HglL)
484028121160101 Well P5 09-19-17 8.55 1700 - - -
484030121155201 Well P10 09-20-17 4.16 1740 <0.30 0.01 E0.04
484030121160201 Well P4 09-21-17 5.00 1110 <0.30 0.06 E0.05
484030121160801 Well P3 09-21-17 10.84 1150 - - --
484032121155601 Piezometer GC-1530 09-20-17 nd 1320 <0.30 0.02 <0.22
484037121160201 Well P1 09-20-17 12.55 1615 <0.30 <0.26 E0.04
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Table 4. Variability of constituents in a replicate sample for the suite of detected parameters at Well P4,
collected on September 21, 2017.

Parameter name l;::'acg\:: cﬁ‘#:?;ﬂ:i
difference

Nitrate plus nitrite, water, filtered, milligrams per liter as nitrogen 4 0.002
Aluminum, water, filtered, micrograms per liter 31 14.3
Barium, water, filtered, micrograms per liter 2 0.2
Cobalt, water, filtered, micrograms per liter 73 0.099
Copper, water, filtered, micrograms per liter 37 0.19
Iron, water, filtered, micrograms per liter 23 6
Manganese, water, filtered, micrograms per liter 5 0.25
Molybdenum, water, filtered, micrograms per liter 2 0.007
Nickel, water, filtered, micrograms per liter 2 0.01
Strontium, water, filtered, micrograms per liter 3 0.5
Zinc, water, filtered, micrograms per liter 33 0.9
Isophorone, water, unfiltered, recoverable, micrograms per liter 0 0.02

Summary

In general, the groundwater quality in the six samples collected in the vicinity of the
alluvial fan of Goodell Creek does not show signs of contamination; however, sampling for this
preliminary study was extremely limited because the depth to groundwater along the channel
was too large to be reached by sampling equipment in late summer. It is recommended that
future assessment of groundwater in this area take place seasonally, especially when the
groundwater table is closer to the land surface, so that more samples between the levee and
active channel can be collected. The one location at the lower end of the levee where
groundwater near the active channel was sampled showed no indication of elevated metals or
organics. At one site, well P1, elevated levels of many metals were detected indicating that some
groundwater in this area might be affected by historical construction and more recent levee-
building activities. Well P1 is located close to the upper portion of the levee, where
contamination risk is assumed to be greatest. Therefore, further investigation of groundwater
flow directions either toward the creek or parallel to the creek near this well are recommended.
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Appendix

Appendix 1 is an Excel ® file and available for download at
https://doi.org/10.3133/0fr20191144

Appendix 1. Complete laboratory results for semi-volatile organic compounds in shallow
groundwater near Goodell Creek, September 2017
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