. A Department of Ecology Report

Estimates of Ground-Water Contaminant
Loading to the Colville River in the
Vicinity of L-Bar Products, Inc.

Summary

® The hydrogeologic evaluations and estimates in this report are based on historic data only.
No new data were collected for the project  The historic data are somewhat intermittent
and data quality control is questionable. Numerous unknowns about the geology,
hydrology, and ground-water flow necessitated the use of numerous assumptions,
explained on page 8

L The L-Bar Products, Inc. facility is undergoing a Model Toxics Control Act (MTCA)
investigation and cleanup Evaluation of the new data generated by the remedial
investigation will likely result in substantially different conclusions than contained in this
report The MTCA investigation began in mid 1995 and, according to Roland (1995), by
October 1995 "qualitative and quantitative knowledge of the ground-water/surface-water
system is evolving rapidly"

o Due to the abundance of ditches, sumps, drain fields, and other ground-water flow control
structures on the L-Bar Products, Inc. site and the poor historic records concerning those
structures, it is impossible, with available data, to evaluate the present ground-water flow
characteristics at the L-Bar Products facility. However . .

L Natural ground-water flow characteristics can be estimated based on historic data
(Appendices 1 - 4) and basic ground-water hydraulics

L Under natural ground-water flow conditions:
»  Ground-water velocity (v) ranges from 0 47 fi/yr to 4.7 fi/yr.

»  Natural ground-water travel time from the northwest side of the sludge-bér residue
pile to the Colville River (about 1000 ft) ranges from 210 years to 2100 years.
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»  Chloride loading to the Colville River via leakage from ditch D1 (using a leakage rate
of 5 gpm, and an average chloride concentration of 12,000 mg/L) is about 330
Kg/day. :

*  Chloride loading to the Colville River via ground water ranges from 1 7 to 17 Kg/day
-- 0 5 to 5 percent of the loading from ditch D1.

Chloride loading to the Colville River via ground water is relatively insignificant compared
to the loading occurring from ditch D1 and other possible human-enhanced sources such
as irrigation return flows and ditch D2 transmitting contaminants from the south end of the
L-Bar site.

Ammonia loading to the Colville River via ground water is relatively insignificant
compared to the loading occurring from ditch D1.

Recommendations

The ground-water flow direction and rate must be clearly defined at the L-Bar Products, Inc.
facility to understand the movement of contaminants at the site. Abundant ground-water flow
control structures at the site make ground-water flow complex and difficult to define. Historic
monitoring of ground-water quality and water levels has been too site-specific. The contaminant
plume has moved off-site, and monitoring wells are needed between the site and the Colville River
to monitor the plume's present location and progress. The following recommendations would
help fill these data needs According to Roland (1995) many of these recommendations are being
initiated as part of the on-going remedial investigation

In addition to continued ground-water quality monitoring on the L-Bar site, similar to that
done in the past, monitoring wells should be installed in the fields north and northwest of
the site. All monitoring wells used should meet standard quality assurance/quality control
(QA/QC) protocol. If old, previously-used monitoring wells do not meet QA/QC
protocol, new wells should be constructed, in equivalent sites, to replace the old wells.

+  The soils and geology penetrated by each newly constructed monitoring well should
be described in detail.

*  Detailed "as-built" diagrams should be recorded for each monitoring well.

- Al rnonit.oring wells should be surveyed for accurate location (using state plane
coordinates) and elevation above MSL

»  Water levels should be measured once per month (or quarterly, at the very least) in all
monitoring wells Measurements should be recorded to 0.01 feet and should occur at
approximately the same time each month
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o Aquifer (slug) tests should be performed at appropriate locations around the site and in the
two adjacent fields, between the site and the river, to establish values for such aquifer and
soil characteristics as: hydraulic conductivity (K), porosity (n), transmissivity (T), storage
coefficient (S), and soil-moisture holding capacity.

L Ground-water-flow control structures on the site need to be identified and mapped. These
structures influence ground-water flow on-site and possibly off-site as well. The influence
of these structures must be identified if we hope to define ground-water contaminant
transport from the site.

o The potential for contamination of the confined aquifer should be more thoroughly
examined. The deep L-Bar production well is a potential contaminant pathway and should
be specifically evaluated in this regard. Bardach (1990) concluded that there are other
possible connections between L-Bar contaminants and the confined aquifer  Since the
confined aquifer is a very important water-supply source in the area, it would be prudent
to investigate all possible contaminant pathways.

Introduction

This hydrogeologic evaluation and estimate of contaminant loading, from ground water, was done
in support of the Colville River Total Maximum Daily Limit (TMDL) evaluation
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Background

The L-Bar Products, Inc. facility is located in Stevens County, about two miles south of
Chewelah, Washington on the west side of State Highway 395. From 1977 to 1991, the facility
recovered magnesium from sludge bars, a waste product of a magnesium reduction process,
supplied mostly by Northwest Alloys in Addy, Washington Sludge bars, consisting mainly of
spent flux of magnesium and potassium chloride, were crushed and ground to powder at the L-
Bar site and magnesium granules were screened out (WDOE, 1994). . The waste product
generated by this process, called sludge-bar residue, is classified as state dangerous waste, based
on its toxicity to fish. Sludge bars and sludge-bar residue contain hlgh amounts of chloride and
react with water, forming ammonia.

Approximately 50,000 yd® of sludge-bar residue, consisting primarily of potassium, calcium,
magnesium, and sodium chlorides and magnesium oxides, is stored on-site in a covered pile (In-
Situ, 1988). This residue pile (Figures 1 & 2) is the main source of contamination to ground
water in the area, although there are smaller, uncovered piles of sludge-bar residue on the
southern end of the site (Bala, 1995). Before partial cleanup of the site in 1992 & 1993, there
were numerous other possible sources of ground-water contamination. Also, the main residue
pile was not covered until 1985, so precipitation and runoff infiltrating through the pile was
probably a major source of early ground-water contamination.

Ground-water-quality data have been collected sporadically at the L-Bar facility since 1979
From 1979 through 1984, L-Bar Products, Inc. collected samples from the water-table aquifer
using monitoring wells 1, (MW 1) 2, 3, and 4 (TH 2, 3 & 4) (Appendix 1, Figure 1) They also
collected samples from their on-site, confined-aquifer water-supply well (known as the "Deep
Well" and later as the "L-Bar Production Well") during the same period (Appendix 2) In 1987,
In-Situ, Inc , under contract to L-Bar Products, Inc,, collected monthly water samples from
numerous test holes (TH "A" through TH "P", Appendix 1 and Figures 1 & 2) which were
constructed specifically for that purpose. Many of those test holes have since been destroyed

Subsequently, In-Situ, Inc. published a hydrologic report describing their investigations (In-Situ,
1988) Bardach (1990) conducted a hydrogeologic evaluation, based on the In-Situ data and
other existing data, of the Colville River aquifer system near the L-Bar site. No significant
amount of ground-water quality data has been generated for the site since 1987. Charles Kessler
began collecting surface-water samples, under contract to NW Alloys, in March 1994 and has
continued that effort into 1995 (Appendix 3).
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Site Conditions

Hydrogeology

The Colville River valley at the L-Bar facility is filled with thick glacial, glaciolacustrine, and
alluvial deposits. Geologic logs from water wells in the vicinity of the site indicate a soil/alluvial
layer from 6 to 8 feet thick at the surface. This soil is underlain by a 15 to 25 foot layer of brown
clay. Blue clay, over 100 feet thick underlies the brown clay layer. This blue clay unit is
consistently present in well logs throughout the Colville River valley The brown clay and blue
clay units are probably one contiguous clay layer with the brown clay representing the weathered,
oxidized portion, and the blue clay representing the un-oxidized portion. Although it varies in
thickness and thins rapidly toward the edges of the valley, the blue clay appears to be an aquiclude
in the vicinity of the L-Bar site and in much of the Colville River valley

A laterally consistent, confined, sand and gravel aquifer lies below the blue clay at a depth of 120
to 150 feet or more As the principle aquifer in the vicinity, the confined aquifer provides most or
all of the area's ground-water supplies, including that of the city of Chewelah. Head pressures in
the confined aquifer are greatest toward the center of the Colville River valley, where the blue
clay aquiclude is thickest, and lessen as the blue clay thins toward the edges of the valley

Soils

There are two soil types at the L-Bar site Most of the L-Bar facility is located on Colville silt
loam, a very deep, artificially drained soil which formed on mixed alluvium (Donaldson, and
others, 1982) The slope is 0 to 3 percent and the soil extends to a depth of 60 inches or more.
The permeability of the soil is moderate, the soil moisture holding capacity is very high, and
runoff is very slow. The water table is typically at a depth of 2 to 4 feet during the months of
February to June but, based on historic water levels (In-Situ, 1988), is occasionally closer to the
surface at the L-Bar site (Appendix 4) According to Donaldson & others (1982), the soil is
occasionally subject to prolonged flooding during the months of February to May However, I
have seen no records of flooding in the area mapped as Colville silt loam at the L-Bar site --
probably because of the artificial drain system on the site.

Bossburg muck, a very deep, poorly drained soil, lies to the north and northwest of the L-Bar site,
between the facility and the Colville River. The soil typically lies in bottom lands adjacent to lakes
and ponds, and, in this case, a slow-moving river. . The soil extends to a depth of 60 inches or
more and consists of dark gray muck, silt loam and organic matter. The permeability is moderate,
the soil-moisture holding capacity is very high, and runoff is very slow The water table is
typically at or near the surface from February to May and the soils are subject to frequent,
prolonged flooding during the same season (Donaldson & others, 1982) This is definitely the
case north of the L-Bar site, where low-lying areas of the field are often flooded by the water
table as well as the river.
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Water-Table Aquifer

The water-table aquifer is eight to ten feet thick and is composed of the soils described above as
well as, possibly, part of the underlying brown clay unit. The water level in the aquifer fluctuates
from between zero to four feet below land surface, depending on the season and location on the
site. Therefore, the saturated thickness of the water-table aquifer probably ranges between six
and ten feet, depending on the season For this analysis, I have assumed an average saturated
thickness of eight feet. This shallow, water-table aquifer is the aquifer of concern with regard to
ground-water contamination and transport of contaminants to the Colville River

Confined Aquifer

Based upon the geology described in local well logs, an apparent strong upward, vertical ground-
water flow gradient, and ground-water quality data from the aquifer, I believe the lower, confined
aquifer is well protected from L-Bar site contamination by the thick aquiclude of blue clay,
described above Although the deep L-Bar production well is a potential contaminant pathway to
the confined aquifer, historic data does not seem to indicate any contamination in the aquifer.
Water-quality data and better defined geology from the remedial investigation may indicate
differently, however.

Factors Affecting Ground-Water Flow Rates and Contaminant Transport

In estimating ground-water flow rates and contaminant loading I assumed natural ground-water
flow However, natural ground-water flow within the L-Bar site has been radically altered by
flow control structures constructed at the facility A variety of structures are known to exist on
the site (Figure 1):

1)  There are two de-watering sumps in the vicinity of the sludge-bar residue pile
(Figure 1).

2)  The main drainage ditch (D1) extends from the SE corner of the L-Bar facility to its
outlet at the Colville River in the NW corner of the site
(Figure 1). This ditch probably acts as a conduit for ground-water flow to the river.
It may also be connected to a network of french-drain-type drainage systems
designed to drain ground water from the site. .

3}  There are an unknown number of gravel-lined drain systems which artificially drain
the Colville silt loam soils -- either by funneling flow to the D1 ditch or to the de-
watering sumps.

4) -~ There is a ground-water-flow barrier wall-around the sludge-bar residue pile, the
holding pond, and two of the buildings adjacent to the south side of the residue pile
(Figure 1). This wall was constructed in an attempt to restrict flow from the highly
contaminated areas on-site.

5) A secondary drainage ditch (D2) drains the south end of the site and runs along the
west border to the Colville River (Figure 1). It discharges to the river at
approximately the same location as the main ditch (D1).
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Alihough these structures are known to exist, historic records for the site are poor and there is
confusion about the presence and locations of subsurface ground-water control structures
(Kessler, 1995 and Grabau, 1995). There is evidence (Grabau, 1995) that undocumented ground-
water control structures exist on-site. For instance, segments of gravel-lined drain systems have
recently been discovered under the facility parking lots

In contrast to ground-water flow on the site, off-site ground water should flow down slope
toward the river in a more natural flow pattern. But even off-site, certain factors may affect
ground-water flow to the river. The fields to the north and northwest of the site are irrigated
during the summer growing season. A modified flood irrigation method is used; where irrigation
lines are left in place until part of the field is flooded and then the lines are moved to the next
location (Kessler, 1995). This dry-season flooding probably provides recharge to the shallow
aquifer and may raise the water level during a time when, under normal conditions, there would be
no recharge.

Irrigation return flows to the river may carry contaminated water to the river -- particularly from
the field east of ditch D1 where analyses of flood waters in the field have shown very high CI’
values. Ditch D1 may be a major source of the contaminated water in this field. Damming ditch
D1, to stop the flow of contaminated flow to the Colville River, may have raised the water level in
the ditch, relative to the adjacent ground water, creating a situation where the ditch acts as a line-
source of contaminated ground-water recharge at certain times of the year.

Methods

This evaluation is based on historic data only. No new data were collected for the project. The
on-going remedial investigation at the site is generating considerable new data that was not
available for my evaluations. Therefore it is likely that subsequent evaluations of that data will
result in substantially different conclusions than contained in this report.  All data sources are
discussed in the "background” section above. Quality assurance/quality control concerns are
addressed below as are assumptions and equations used in arriving at the estimates of ground-
water flow, discharge, travel time, and chloride loading to the river.

Quality Assurance/Quality Control

I found no quality-assurance/quality-control records regarding data collected before 1993. In
fact, Teresita Bala and John Roland of the Eastern Regional Office have indicated (personal
communication) that little or no attention was paid to quality assurance in the data collection
efforts that occurred before 1993 In spite of this, T have assumed that, for the purposes of my
evaluation, the probable absence of quality assurance procedures will not significantly affect my
analysis or conclusions
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I base this assumption on the fact that the concentrations of chloride and ammonia (the
contaminants of interest) are so high that quality-assurance errors would make no difference in the
overall picture To elaborate, on-site chloride concentrations in ground water, between the
sludge-bar residue pile and the Colville River, average about 17,000 mg/L -- 68 times the
maximum contaminant level (MCL) established by the state of Washington Ammonia
concentrations in Ditch D1 range from 136 to 621 mg/L (Appendix 3). These extremely high
chloride and ammonia concentrations have been repeatable over a period of 16 years.

All historic data compiled in Appendices 1 - 4 were proof-read 100% for conformity with the data
in the original sources.

Assumptions About Aquifer Characteristics

The following assumptions were made in order to estimate flow characteristics of the water-table
aquifer:

® Hydraulic Conductivity (K) ranges between 0.1 ft/day and 1 ft/day (Freeze and Cherry, 1979,
p 29, Heath, 1984, p. 12 &13).

® Aguifer porosity is 40% This value was used by In-Situ (1988) and Bardach (1990} and
seems reasonable for sandy clay (Heath, 1984, p. 7).

® The average saturated thickness of the water-table aquifer is eight feet and the saturated
thickness is constant with time

® The ground-water gradients are the same now as they were in 1987
® The ground-water quality is the same now as it was in 1987

® The Colville River fully penetrates the aquifer and all ground water discharges to the river,
with no underflow Given the depth of the river channel and the thinness of the aquifer, this
seems to be a valid assumption.

® The Colville River is a gaining stream in the vicinity of the L-Bar site. This may not be true at
all times of the year, but is probably a good assumption for most of each year

® The aquifer is homogeneous and isotropic  This is certainly not strictly true, but in an overall
sense; is probably not-a bad assumption:- It is possible;-however, that there are alluvial
sand/gravel lenses or channels intermixed with the soil If so, it could have a profound effect
on ground-water flow direction and rate Preliminary findings of the remedial investigation
have identified some sand-bearing lenses and possible fluvial depositional patterns in the
water-table aquifer (Roland, 1995).
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Equations Used
The basic principle by which all estimates were made is Darcy's Law:
Q=KA(dh/dL}

Where: Q = discharge from the aquifer to the river (ft*/day)
K = hydraulic conductivity (ft/day)
A = Cross sectional area of discharge to the river (f%)
dh/dL = hydraulic gradient

Appendix 5 shows equations and parameter values used to estimate cross-sectional area of
discharge, average hydraulic gradient, average chloride concentration, and chloride loading to the
river.

Results

Aquifer Flow Characteristics, Estimated Ground-Water Flow Velocity, and Travel Time

Based on the geology and soil descriptions, the water-table aquifer should have very poor water
transmitting characteristics Assuming that the aquifer underlying the

L-Bar site is composed predominantly of silt loam, silty clay loam, and muck (Donaldson &
others, 1982), I estimate the natural ground-water flow velocity to be in the range of 0.0013 to

0 013 fi/day (0 47 to 4 75 fi/yr, respectively). Given a shallow ground-water slope averaging
0.5% (Figure 2), and a down-slope distance from the sludge-bar residue pile to the river of about
1000 feet, I estimate the ground-water travel time to range through a factor of 10, from 210 to
2100 years. Until tests are conducted to determine the hydraulic conductivity (K) of the water-
table aquifer, we must rely on a wide range in K for flow calculations.

Pollutant Loading, Via Ground Water, to the Colville River
Chloride (CF)

Assuming natural ground-water flow conditions across the L-Bar site, I estimate that ground-
water discharge (Q) from the site to the river ranges between 3.9 X 107 and 3.9 X 10™* fi¥/sec
(Appendix 5) Based on an average ground-water chloride (CI') concentration (between the
residue pile and the river) of 17,400 mg/L, the CI loading to the river, under natural ground-water
flow conditions, would range from 1.7 to 17 kg/day Based on my seasonal water-level contour
maps (Figure 2 illustrates the map for February 1987), I identified an 840-foot segment of the
river where I believe most of the ground-water that passes through the highly contaminated area
near the residue pile discharges to the stream The location of the ground-water discharge area
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migrates somewhat with the seasons but, generally, extends about 450 feet downstream and 400
feet upstream of the D1 ditch discharge point. The ground-water flow to this stream segment
probably includes 60 to 80 percent of all the ground water that migrates across the L-Bar site

The remaining 20 to 40 percent flows in a westerly direction, across the southern end of the site
(Figure 2), and probably discharges to the Colville River at points below the mouth of Chewelah
Creek. Travel distances in this area are quite long, and if my flow rate estimates are correct, there
should be no contaminant loading to the river in this down-stream reach for the foreseeable

future The remedial investigation should provide data to confirm of refute these estimates.

Ammonia (NH, as N}

T have not attempted estimates of ammonia (NH,) loading via ground water because no water
quality analyses for ammonia in ground water have been done for the L-bar site There are a few
wells (G, H, J, K, M, and N) on the south and west sides of the site (In-Situ, 1988) with pH
values ranging from about 8 3 to 9 9 (Appendix 1), and in these areas NH, would likely persist in
the ground water. However, given the travel times for ground water and pH values that tend to
range in the sixes and sevens in most areas, it seems likely that ammonia produced on-site would
revert, with time and distance from the source, to ammonium (NH,,) and would be assimilated by
biologic processes before reaching the river. This assertion seems to be supported by the surface
water data (Appendix 3, pgs 13 & 17) where on April 26, 1994 the ammonia concentration at D1
was 287.93 mg/L but only 2 35 mg/L in the adjacent field approximately 200 feet away
However, Roland (1995) states that the remedial investigation has identified ammonia in ground
water He suggests that, based on this information, it is too early to draw conclusions about the
transport of ammonia through ground water
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