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EXECUTIVE SUMMARY

During the last several years, there has been a significant increase in the number of presubmission
conferences related to proposals for new gravel mines or expansions of exxstmg mines. There have also
been several applications for local special use permits submitted for new mines or expansions. Some of
these applications or proposals have been for sites located in areas underlain by aquifers that are highly
susceptible to contamination and that already have known ground water quality problems.

Because of these proposals and applications, there has been a high degree of public interest in gravel
mining within Thurston County. One of the primary concerns was about the environmental effects of
gravel mining, especially on ground water quality. Although gravel mining is a relatively common
industrial activity, its environmental effects are not well documented. In addition, regulatory agencies
responsible for overseeing gravel mining usually have not required ground water quality monitoring as
part of mining permit conditions.

As a result, the Thurston County Health Department could not provide conclusive assurances that gravel
mining was not having a harmful effect on ground water quality. Inorder to assure that ground water was
not being adversely affected, the Thurston County Board of County Commissioners enacted a moratorium
directing the Thurston County Planning Department not to accept any new Special Use Permit applications
for gravel mining operations. The purpose of this moratorium was to allow staff time to study the
environmental effects of gravel mining and the present system for overseeing and regulating mining.

As of 1993, gravel mining had taken place on approximately 1,108 acres in Thurston County, which is
0.23 per cent of the county's surface area. There are now approximately 107 acres of gravel pit lakes
within the county, which equals 1.5 per cent of the total area of surface water in the county. By the year
2023, it is estimated that there could be 287 acres of gravel pit lakes, equalmg approximately 4.1 per cent
of the total area of surface water in the county.

The process of mining consists of a number of separate activities, such as excavating, screening, washing,
asphalt or concrete making, vehicle maintenance and fueling, The environmental effects of gravel mining
on ground water vary widely, depending on which specific activities take place on a given site, In order
to evaluate these environmental effects, it is necessary to view each gravel mining operation as the sum
of the environmental effects of these component activities. Each associated activity adds additional risks,
which vary in size with the type and scale of that associated activity.

The simplest form of gravel mining, excavating above the water table with no associated activities such
as vehicle maintenance or asphalt batch plants, causes a relatively low risk to ground water quantity and
quality. Because even the limited protection provided by the soil layer has been removed, these
excavations are extremely sensitive to the introduction of any type of contamination. But because this
type of mining is essentially a relatively simple process of loading unconsolidated materials, it does not
pose a serious risk of introducing contaminants.

Mining into an aquifer brings some additional risks for ground water quality. This includes potential
increases in ground water turbidity and iron content, and local water level changes. The only cases found
in this study in which turbidities were increased by gravel mining involved gravel washing operations.
Significantly increasing the iron content of ground water by physically disturbing the aquifer materials
requires a combination of heavily iron-coated aquifer materials, organic material, and bacteria that is very
uncommon in Thurston County. There are a number of studies on record in which improved aeration of




by creating a gravel pit lake causes shifts in the local water table that depend on the ground water
gradient, the permeability of the aquifer, and the size of the lake. For the geological conditions found in
Thurston County, the additional risk presented by simple excavation within an aquifer is small. Well
structured regulatory oversi ght and proper enforcement of a carefully-designed set of best management
practices is necessary to minimize this risk.

Concrete batch plants are a more serious risk to ground water quality, particularly if process waters are
discharged to ground water without adequate treatment. These process waters can have high pH levels
and there are a variety of cement additives that can significantly effect a wide variety of water quality
parameters. The nature of most cement plant process water discharges is such that inadequate treatment
of those waters will have a measurable and unaoceptable effect on ground water, Concrete batch plants,
especially if there is any form of discharge, would require a high degree of regulatory oversight to avoid
ground water quality degradation.

. Asphalt batch plants present less risk to ground water than concrete plants. The potential risk from asphalt
plants is mainly from the effects of stormwater, vehicle fueling, and fuel storage and handling,” However,
asphalt plants are still a very significant source of risk to ground water quality and- reunre adequate

regulatory oversight.

Petroleum leaks and spills resulting from vehicle and equipment fueling, maintenance, and washing are
the most common threat to ground water associated with gravel mining. This risk varies depending on
the scale of these activities and the degree of oversight provided by the mining operation management.
That petroleum leaks and spills are a problem is clear from Department of Ecology incident reports.
Because of the lack of ground water monitoring and follow-up investigations on these incidents, the actual
degree of ground water impact is unknown.

Creating gravel pit lakes lowers the water table in wells up- grad1ent from the lake and raises them on. the
down-gradient side. This is a relatively local effect, but can measurably affect water levels in wells very
near to the gravel pit lake.

Mining into an aquifer could potentially breach the hydrological barriers between different aquifers. If
this were to happen, water in the two aquifers could mix, potentially affecting water quality or water levels
in one or more aquifers. Many gravel pits in Thurston County are located close to the Vashon Till, a
major aquitard, suggesting that the potential for intermixing of aquifer waters is significant.

Abandoned gravel pits have often been used for the disposal of various types of non-inert solid wastes.
The adverse effects of this practice are well documented and compelling enough that this practice should,
in general, be completely discontinued. Only truly inert materials should be placed within gravel pits.

In summary, gravel mining may have a complex array of environmental effects on ground water. This
is because different mining operations will each consist of a different set of mining and processing
activities. The environmental effects can only be understood by examining each separate activity in the
mining operation. Each of these component activities has a different environmental effect and requires
a different management approach to risk reduction. Gravel mining, in general, poses low to moderate risks
to ground water quality and quantity. But consistent regulatory oversight of project design, operation,
monitoring and closure, and effective enforcement if necessary, can minimize the nsk of ground water .
quality degradation.



L. Introduction

Although gfavel mining is a widespread and common activity within Washington and the rest of the
United States, its environmental effects are not well documented. Before any regulatory system for gravel
mining can be properly designed and implemented, the environmental effects must be known and
quantified. ’ :

Modern civilization consumes a wide variety of resources in the course of its day-to-day activities. Some
of these resources that society considers essential are obtained only by mining mineral deposits. Mining
has taken place nearly everywhere in the world, including Thurston County. There are two main types
of mining, underground mining and surface mining, depending on the location of the resource that is being -
mined. :

- The types of mineral resources found W1th1n Thurston County are clay, quarry rock, iron oxides, coal, peat,
metals, and sand and gravel. All of these are located near the earth's surface and so are classified as
surface-minable resources. , : :

Deposits of geologically recent clays within the city of Centralia, just south of the Thurston County
border, have been mined for many years, Potentially minable clay deposits are found in Thurston County
in the late Eocene Northcraft Formation and the early Pleistocene Logan Hill Formation (Noble and
Wallace, 1966). Because clay deposits are highly impermeable and do-not easily permit infiltration of
potentially contaminant-bearing waters, they are a low threat to ground water.

Quarry rock was mined in the Tenino area for a number of years from sandstone layers within the upper
part of the McIntosh Formation (Noble and Wallace, 1966). Very limited mining of this formation for
~ decorative and dimension stone has taken place in recent years and there is some potential for future
expansion. The basalt of the Crescent Formation in the Black Hills and other locations in northwestern
Thurston County have been mined for road ballast, rip-rap, and similar uses. The Northcraft Formation
in the Bald Hills also has mined for similar uses, In most areas where minable stone is found there are
very limited ground water resources and the potential for aquifer contamination is low.

Tron oxides potentially suitable for pigment (umber) manufacture, are found in several locations (Valentine,
1960). These deposits are small and were formed where iron-rich waters enter bogs or wetlands. The
changes in environmental conditions caused iron to be precipitated as "bog iron", Occutrences are found
near the Black River in Township 17 North, Range 3 West, section 25 and near Lake St. Clair in
Township 17 North, Range 1 East, sections 4 and 6. Because these deposits are in environmentally
sensitive areas closely associated with wetlands, they are probably not minable.

Significant coal deposits are found within the Skookumchuck Formation in southern Thurston County and
northern Lewis County (Snavely and others, 1958). There is one large coal mine in southern Thurston
County, which will probably continue to operate for many years into the future. This mine may seek to
expand, or other parties may seek to open new mines in this area. Coal mining is regulated primarily by
the Federal government and is not regulated by local land use permits. Coal mining can have very
significant environmental effects, which are well documented in many studies.

Valentine (1960) lists 23 areas totalling 2,988 acres within Thutston County that contain peat resources.

Almost half of these peat resources are in the Black River valley between Black Lake and Littlerock. -
Wetland restrictions would probably make this low-unit-value resource difficult to mine, although at least
one peat mine in Thurston County has a valid Department of Natural Resources mining permit. Peat
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- mining could have several possible effects on ground water. These include increasing the levels of tannins
and lignins, changing pH and color, increasing nitrate levels, and introducing pathogens. Because of the
limited potential for peat mining in Thurston County, its potential environmental effects will not be
discussed further in this report.

There are few significant occurrences of metal ores within Thurston County. Gibson (1940) describes low
levels of gold and silver within veins in basalt in the Black Hills. Unpatented mining claims were once
filed for placer gold along Waddell Creek, and there are other scattered locations in the Black Hills where
short exploratory tunnels were developed by prospectors. There are also scattered locations whete coppet-
stained basalt can be found. None of these occurrences produced significant amounts of metals and the
possibility of significant amounts being located in the future is very low.

Sand and gravel are by far the most important mineral resource in Thurston County and the only resource,
except coal, that has been the target of significant mining activities. These resources are also generally
located in areas of high ground water susceptibility. For those reasons, the environmental effects of sand
and gravel mining are of far greater concern than other types of mining. This report will discuss only the
effects that gravel mining may have on ground water. As used here, the term "gravel” will also refer to
sand-sized material. o .

II. Methods_of Study

This study was conducted in three parts. The first part was a comprehensive review of published technical
and scientific literature on the environmental effects of gravel mining on ground water. Computer
bibliographic database searches were used extensively to locate sources, and an effort was made to locate
useful unpublished data. The result was a very complete collection of information, world-wide in scope,
related to gravel mining and ground water. :

The records of regulatory agencies that oversee gravel mining were also examined in order to assess the
types and frequencies of complaints, records of inspection reports, and incidents that could have resulted
in ground water contamination. This included records on associated activities that commonly accompany
gravel mining and covers events such as fuel spills and leaks, stormwater discharges, and other discharges.
These listings include information on incidents up to 1993. It should be noted that these incident reports
are only the regulatory agency's side of the incident and may not represent the full story. :

The information on the direct effects of gravel mining gathered in the first two parts of the study was used
to study the cumulative effects of gravel mining in Thurston County. The cumulative effects study
considered the individual effects of single gravel mines, the total area of mined sand and gravel deposits
in Thurston County, and estimates of probable future demand for sand and gravel in Thurston County.
This information was interpreted to evaluate the probable future effects of gravel mining in Thurston
County based on different patterns of future mining activity. ‘

The area of gravel excavations in Thurston County was estimated using the ARC/CAD geographic
information system (GIS), along with the total area of ground water exposed by gravel excavations. The
outlines of existing gravel pits were taken from digital Washington Department of Natural Resources
(DNR) maps of Thurston County soils and DNR gravel mining records. Additional gravel excavations
were digitized into the GIS from U. S. Geological Survey 7.5 minute series topographic maps and 1:2,000
airphotos. The areas of exposed water within gravel excavations were obtained from topographic maps
and airphotos.



III._Summary of mining practices

There are three basic types of gravel mining operations, defined by their relationship to the water table;
dry pit, wet pit, and dredging (Newport and others, 1974). Ina dry pit, gravel is extracted above the water
table. In a wet pit, gravel is being extracted from below the water table. In dredgmg operations, gravel
is being extracted from existing water bodies, including lakes, rrvers, and estuaries. Dredging operatrons
are rare in Thurston County and will not be discussed.

A dry pit is the simplest type of gravel mining
and the equipment involved can range from small
bucket loaders and dump trucks to large power
shovels, = bucketwheel excavators, and belt
conveyors (Tepordei, 1992). 'Wet pits normally
excavate gravel using either a drag-line excavator
(Figure 1) or a drag scraper (Figure 2) (Landberg,
1982). Both of these types of excavators have the
main part of the excavating machinery above :
water, with a relatively simple bucket entering the Egum 1 Drag line excavator (from Landberg,
water and doing the excavating. 1982).

Gravel producers supply products for a wide
variety of end uses. Most of these uses, especially
construction or specialty applications have
exacting requirements. - These requirements
, include size grading, strength, wear resistance,
Figure 2 Drag-line scraper (from Landberg, 1982) ‘reactivity, and clay or organic material content

(White and others, 1990). In order to meet these
requirements, producers generally must process the gravel after it is mined. Processing methods include
crushing the larger material, washing with water, and sizing with vibrating screens. -The processed
materials are transferred by combinations of conveyor belts, bucket elevators and screw conveyors
(Tepordei, 1992).

Many Puget Sound area gravel producers have ready-mix concrete and/or asphalt batch plants on the
property or within a short haul distance (White and others, 1990). Some companies also lease pit-floor
space and sell gravel to other companies that manufacture products such as pre-cast concrete products.
Many gravel producers also have vehicle fueling and maintenance facilities located near the gravel
excavation site,

irect mining effects

The essence of gravel mining is the act of physically extracting the gravel. Everything else that happens
between the extraction of the gravel and its end use should be classified as "associated activities". The
primary environmental effects of gravel excavationare related to physically disturbing the aquifer materials
and exposing the aquifer to the air by forming a lake. For mines excavating above the water table, the
environmental problems are very similar to those posed by stormwater disposal in any other extremely
environmentally sensitive area.




Physical Effects
Turbidity |

Turbidity is caused by the presence in water of suspended material such as clay, silt, fine organic material,
plankton, or other fine inorganic or organic matter. Ground water normally has turbidity levels below 1.0
NTU (nephelometric turbidity units) and levels above 5.0 NTU are easily seen in a glass of water (U.S.
EP.A., 1992). Turbidity can have other undesirable effects, but it is regulated in public water supplies
primarily because it interferes with the action of chlorine as a disinfectant and provides organic precursors
that may help form trihalomethanes (Driscoll, 1986). For this reason, the Washington State Department
of Health established a primary maximum contaminant leve] of 1.0 NTU for turbidity. In addition to
reducing the effectiveness of disinfection, turbidity may also affect the taste of drinking water and cause
sedimentation or staining of household fixtures. Other possible effects are clogging of well screens and
wear on pumps or other machinery. In locations where ground water discharges to surface water,
increasing the turbidity of ground water may have a harmful effect on the surface water ecosystem.

Gravel mine operators try to avoid gravel deposits that contain large amounts of silt and clay, which
reduce the value of the deposit. Many gravel products must have a very low content of fine materials,
and the need for extensive washing raises the cost of production. Examples are conctete aggregate, in
which clay and silt reduces the strength of the concrete, and gravel for septic system drainfields, in which
silt and clay can produce clogging of the drainfield. A high content of fines in the gravel deposit not only
produces a large volume of turbid wash water, it also creates a problem of how to dispose of large
amounts of silt and clay waste products. In general, even the best gravel deposit will contain some silty
layers or some silt or clay coating on the gravel.

Ground water turbidity may be increased by physically disturbing the aquifer materials by mining, gravel
washing, or by incidental generation of turbid runoff from erosion of disturbed areas. This mining-related
turbidity can enter the aquifer either by direct discharge into ground water exposed by mining or by
infiltration into coarse materials exposed by mining operations. , :

Gravitational settling and interstitial straining are the two main mechanical mechanisms by which turbidity
is reduced in porous media, (Behnke 1969).. Gravitational settling occurs when the greater density of '
suspended particles causes them to sink out of the water. Interstitial straining occurs when transported
particles are filtered out as the turbid solution flows between the grains of fine sediments.

Friedman and Sanders (1978) summarized the results of other studies and concluded that very-coarse-silt-
size spheres in still water would settle at 0.27 cm per second or less, Gibbs and others (1971) measured
the gravitational settling rates in still water for silt-size glass spheres in water. They found that coarse-silt-
size spheres (0.05 mm) settled at 0.2 cm per second and they predicted that fine-silt-sized spheres (0.01
mm) would settle at less than 0.01 cm per second, or 28 feet per day.

Most actual silt to clay-size particles are flattened or tabular rather than spherical and so would settle at
arate less than similar-size spheres because of their lower mass to diameter ratio. Based on a settling rate
of less than 28 feet per day as given above, silt-size turbidity particles should settle out of suspension in
a gravel pit lake relatively rapidly, probably within several days.

As shown in Table 1, very fine clay particleé can be as much as 40 times smaller than fine-silt-size
particles. The empirical formula developed by Gibbs and others (1971) predicts that fine-clay-size spheres
with a diameter of 0.00025 mm would settle at a rate of 0.000005964 cm per second in still water at 20°



C. This is approximately 0,017
feet (0.2 inches) per day.

This suggests that the very o Table 1 .
finest clay fractions of turbidity Grain Size Scale Used By American Geologists
could settle out on a time scale (Dietrich and others, 1982)
measured in weeks or months, | Size Grade Name mm mm
This Settling rate I8 et
substantially slower than coatse 1/16 - _ 0.062 -
horizontal ground water flow _ 1/32 © 0,031
rates in Thurston County
gravels. Sinclair and Hirschey medium \ 1/32 - 0.031 -
(1992) estimated the mean 1/64 0.016
ground water flow velocity in :
the Grand Mound/Scatter Creek Silt .| fine 11 // 1638_ %%b% )
area to be 16 feet per day, with : :
values ranging from 1.3 to 60 _ very fine 1/128 - 0.008 -
feet per day. Given a settling 1/256 0.004
time of weeks or months and -
the rapid flow rates of some coarse 1/256 - 0.004 -
Thurston County aquifers, clay , 1/512 0.002
articles could travel relatively : _ _
ﬁ)ng distances.  Using 'the |- medium 11//1501224 (())(())%?i
settling rate of 0.017 feet per ' ‘ i
day, it would take | Clay | fine | 1/1024 - 0.001 -
approximately 1175 days1 (3.2 1/2048 0.0005
ears) for fine clay to settle 20 ‘
%’eet. )In that time?,traveling at very fine 1/2048 - 0.0005 -
16 feet per day, the clay could : 1/4096 0.00025

travel approximately 3.5 miles.

There are several effects that could modify the settling rates given above. Chemical action could cause
clay particle to clump together, or flocculate, increasing the settling rate. Water currents could help keep
particles in suspension longer than would be possible in still water, decreasing the settling rate.

Clay minerals consist of intetlocking sheets composed of silicon and oxygen atoms. Theése sheets are
bound together by positively charged cations such as sodium, calcium, and potassium, The chemical sites
that are occupied by these cations cause the clay particles to have a negative surface charge when those
cation sites are empty. For this reason, suspended clay particles have a tendency to clump together in the
presence of dissolved cations. This is why clay particles settle so quickly when they reach salt water.
Thurston County ground water is generally low in dissolved cations, so the effect of chemical flocculation
on clay settling rates would be expected to- be very small.

Sediment particles that are heavier than water can be kept suspended by the action of moving water. The.
faster the water is moving, the larger the particles that can be kept suspended. Newport and others (1974)
report studies indicating that currents of 0.18 miles per hour would suspend brick clay and currents of 0.72
mph would move fine mud and loam. The fastest ground water recorded in Thurston County, as discussed
above, is 60 feet per day which equals 0.0005 mph. This is well below the amount of current needed to
keep even the finest sediments in suspension.




Sediment clogging by turbid waters is a key factor in determining how far gravel mining related turbidity
will travel. Behnke (1969) examined gravitational settling and interstitial straining together in a study
of surface infiltration for artificial ground water recharge. He applied solutions containing 43-203 ppm
of turbidity detived from suspensions of two different natural soils. The turbid solutions were applied to -
two sieved sands and two natural soils inside 85 cm long columns, The soils werte packed to reproducible
densities and the vertical head of the turbid solutions were kept constant.

Behnke found that surface deposits that
reduced flow developed within eight
hours in all cases studied. With the
solution containing 203 ppm turbidity,
there was more than a six-fold reduction
in flow in one hour. With a solution
containing 43 ppm turbidity, it took
slightly less than 4.5 hours for a similar
reduction in flow to develop (Figure 3).
He concluded that clogging is essentially
a surface process, with detectable it
reductions in flow as little as 0.50 cm :

below the surface. He found that P i i s i s v ey e =IO
gravitational seftling was the initial 273 4 5 6 7.8 9 1061012

clogging mechanism, with interstitial Figum 3 Flow rate of turb121‘ :;luirc:;s’ through fine sand as
straining becoming dominant later, Other

studies generally agree that filtration of ‘a fimotion of time (from Behnke, 1969)
- suspended material happens mainly at the

recharge surface, but feel that some colloidal particles (1.0 to 0.1 microns) can penetrate to "appreclable
distances" (Nightingale and Bianchi, 1977).
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Behnke also found that clogging was less rapld with combinations of the finer soils and coarser turbidities,
where the suspended particles and soil particles were most similar in size. For coarser textured soils (. 25
mm sand), the high silt turbidity produced the most rapid clogging. For the finer textured soils ( 10 mm
sand), the high clay turbldlty produced the most rapid clogging.

Behnke's study showed that the clogglng layer becomes estabhshed within a matter of hours and that it

- takes place at or very near the surface. These results are most relevant to washing gravel or otherwise
creating turbidity above the water table, where gravitational setthng and water flow are parallel. In gravel
pit lakes, these two processes occur in different locations in the lake because the force of gravity that
governs gravitational settling is oriented vertically downward and ground water flow, which governs -
interstitial straining, flows horizontally.

Durbec and others (1987) found that the amount of clogging in gravel pit lake walls in France varied
significantly depending on pit morphology, vegetation on the walls, bank materials, and water turbidity.
They also found that a superficial zone on the upper walls of gravel pit lakes is not greatly affected by
clogging and another zone along the bottom and lower part of the walls of the gravel pit lake (Figure 4)
is where most clogging occurs. Their study also found that clogging in the bottom of the gravel pit lake
did not vary significantly througbout the pit and that the majority of the cloggmg was found in the upper
10 cm of the bottom sediments.



groundwater
o table

Sanimmminsnr T
efficient
zZone

clogging

\\\\\ ' deposxts

A

Figure 4 Sediment clogging patterns in gravel pit lakes (from Durbec, 1987).

Landberg (1982) cites German research showing that, due to ground water flow, clogging of the banks
should start on the downgradient end of the gravel pit lake. If clogging was extensive, it could raise the
water Jevel in the lake, which could also raise the water level in the aquifer up-gradient from the lake.
Landberg reported that Swedish studies had not found any lake with significant clogging. He suggested
that this could be explained by the relatively recent age of the pits (less than 25 years).

The studies described above produce a clear picture of the behavior of turbidity in gravel pit lakes.. The
silt fraction of turbidity should settle or be filtered relatively rapidly, probably over a matter of hours or
days. The finer clay fraction could remain suspended for a much longer period of time. Sediment
clogging happens prlmanly on the surface of the bottom and lower sides of the lake. The upper part of
the banks of the gravel pit lake is largely unclogged and permits efficient hydrolog1ca1 exchange between
the lake and the aquifer.

This information can be compared to data from several sites in the Pacific Northwest, The most complete
data available on the movement of low levels of turbidity through aquifer materials is from collector wells,
called Ranney Collectors. These systems draw in water through horizontal screened pipes placed beneath
rivers or lakes (Figure 5). Surface water infiltrates into the screened pipes, flows into a central connector,
and is pumped into the water system (Mikels, 1992). The horizontal screened pipes are jacked into place
so that they will not disturb the sediments below the surface water body. The studies cited involved
collection pipes located from 8 - 21 feet below the river bottom.

Comparing the river and collector turbidity data shows that relatively low levels of turbidity are greatly “
reduced by passage through a short distance of aquifer materials. The remaining turb1d1ty in the collector
samples is probably the finer clay fraction.

In response to local complaints, the Oregon Department of Environmental Quality studied well turbidity
in the vicinity of a gravel extraction and washing operation near Milton-Freewater, Oregon (Mathiot,
1978). - The aquifer below this site consists of unconsolidated alluvial fan gravels of very high
permeability.

This DEQ study found a turbidity plume that extended more ’than a mile to the north (downgradient) of

the gravel operation. The average turbidity of the water being discharged from the washing operation into
the pond at the site was 2,737 nephelometric turbidity units (NTU). Nearly all wells sampled within the
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first 6,000 feet of the turbidity plume were measured at 5
NTU or more. Many wells within the first 3,000 feet of
the plume had turbidity levels of 10 NTU or more. Nearly
all wells outside the plume had turbidities of 2 NTU or
less.

This data shows again that only a small percentage of the
initial turbidity is transmitted through aquifer materials.
. However, if the initial turbidity levels are high enough,

significant amounts of turbidity can be carried over amile

through very highly permeable aquifer materials. This

should not automatically be taken to mean that a 6,000

foot buffer zone around gravel mining operations is

necessarily warranted. The actual distance that turbidity

would travel would depend on local factors, which should

be evaluated in a geohydrologic report before the start of
mining operations.

Simple gravel excavation probably will not produce
turbidity levels that would be detectable off the mine site.
Because of the higher turbidity loads they generate, gravel
washing operations are more likely to produce turbidities
that can migrate -significant distances. The - distance
turbidity will be transported in ground water will vary
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Figure 5 Cross-section through a Ranney
Collector system (from Mikels and Bennet,
1978). .

between different sites depending on the type and size of

Mean. | Standard | , , |
Deviation River = .| River Turbidity
(NTU) “Source “(NTU)
Boardman, OR' 1 004 002 | Columbia 09 -13
|l Fort Benton, MT* 0.05 <0.01 Missouri 15-34
Kalama, WA! | 0.30 - 0.03 Kalama 1.0 - 40
Port Angeles, WA! 0.11 0.04 - Elwha 0.6 -35
Sonoma County, CA!
Collectors 1 & 2 0.12 0.04 Russian 1.1-20
Collectors 3, 4, & 5 0.05 0.02 Russian 1.1-20
Kennewick, WA? v 0.13 0.04 Columbia 2.1-86
Kalama, WA? ' 031 . 0.03 Kalama 09 - 4.6

1) Mikels and Bennett, 1978. Data are 1988 means,

2) Mikels, 1992. Data represent 10 samples from 12/87 to 3/90. -
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the partxcles causing the turbidity, the pore sizes of the aquer media, the ground water flow velocity, and
the ionic strength of the ground water.

There are many causes, other than gravel mining, that can increase turbidity in ground water (Table 3).
Sandhu and others (1977) studied samples from 98 water sources in South Carolina and found that iron
and colloidal material were chiefly responsible for turbidity in 19 percent of the water sources, The U.S.
Geological Survey, in its aquifer characterization study of northern Thurston County (Dion and others,
1994) found iron levels exceeded the state maximum levels (MCL) in 16 percent of the wells sampled and
that manganese exceeded the MCLs in 30 percent of the wells sampled.

. Table3
Non-mining Sources of Ground Water Turbidity
Source Cause, | Reference
poor well development fine sediments are washed from the | Driscoll, 1986
. aquifer by well pumping /
changes in well pumping rates turbulent flow disturbs sediments Trela, 1986 .
corrosion of distribution pipes colloidal and particulate iron Sandhu and others,
: : S 1978
artificial ground water recharge | turbid surface waters are discharged | Behnke, 1969
(stormwater) - into ground water Nightingale and
» : Bianchi, 1977
sulfur turbidity chlorination of waters containing | Lyn and Taylor,
. | hydrogen sulfide 1992
turbid surface waters | turbid surface waters entering ground | U.S. EP.A., 1992
water during floods periods ‘
changes-in chemical conditions dissolved Fe, Mn, and other Trela, 1986
(Eh-pH) substances form colloidal
' suspensions
high organic matter content water source located near a marsh or | Driscoll, 1986
swamp '

Because of the many potential causes of turbidity in ground water, it may be difficult to determine the
cause in a specific case, If sufficient pre-mine monitoring data is avallable, it may be possible to show
whether the turbidity was a pre-existing condition unrelated to mining. If there are monitoring wells at
the mine site that were sampled at the appropriate time, they might show the amount of turbidity generated
by mining. Tracers, such as fluorescein dye, can be used in some cases to determine flow rates and
directions. Each of these methods has some limitations.” Often pre-mining sampling data is not available.
Often momtormg wells are not present or were not sampled when the alleged turbidity was being
generated. It is difficult to use tracers over long distances and introducing chemical tracers into a drmklng
water supply may be a controversial technique.
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Another way to determine whether a particular gravel mine may be the cause of a turbidity problem is to

look at the distance from the mine to the well of concern and the timing of the turbidity problem. If these
factors and the approximate ground water velocity are known, it may be possible to determine whether
turbidity related to the mine is a potential cause of the problem. Similarly, turbidity problems in wells
located up-gradient from the mining operation in most cases can not be a result of the mining activity.

Noble (1987) applied this method to show that a gravel pit in northern Lewis County was not the source
of turbidity in a near-by well. The well was located 600 feet away from the edge of the gravel pit,
hydrologically connected by sands and gravels of high permeability. The owners of the well complamed
of high turbidity 24 bours after flood waters from the Skookumchuck River had entered the gravel p1t
The neighbors asserted that the pit was the source of the turbidity in their well, and requested that the pit
operators install a berm to remedy the situation. Noble calculated that the ground water flow speed in that
area was in the range of 1.3 - 13 feet per day, which is a typical range for ground waters in this area. It
would be necessary to have a flow rate of 600 feet per day for the gravel pit to have been the source of
the observed turbidity. Noble proposed as an alternate explanation that the rapidly rising water table
caused by the flooding mobilized clay and silt in the aquifer in the immediate vicinity of the well.

The sequence of mining operations can have a major effect on sediment clogging and turbidity transport.
If gravel excavation starts at the up-gradient end of the gravel deposit and proceeds downgradient, the
incipient aquifer clogglng layer will be excavated along with the gravel, eliminating a significant form of
aquifer protectlon If mining starts at the downgradient side of the deposit, the clogging layer will be
preserved as mining proceeds up-gradient. Development of the clogging layer can also be enhanced by
early reclamation of the downgradient face of the excavation to increase vegetation growth.

Planning the gravel mining operation to preserve the clogging layer is a possible best management -
practice. It can be useful in aquifer protection while still being low in cost to the mine operator. One

disadvantage of using this technique to maximize filtration is that it could produce enough clogging to

causea "dam" across the aquifer, potentially affecting Jocal ground water flow patterns. The effect of this

local change in aquifer permeability is not likely to be perceptrble for more than a short distance from the

site. Another disadvantage is that this technique may be in conﬂlct with the most efficient sequence of

rmnmg operations for the site.

Water temperature effects

During the summer months, when the air temperature is greater than the ground temperature and input of
heat from the sun is high, opemng a gravel p1t lake would tend to increase the temperature of the water
passing through it. During the winter, the air is generally cooler than the ground, mput of solar heat is
greatly reduced, and water passing through a gravel pit lake would tend to be cooled.

In northern Thurston County, ground water temperatures ranged from 8.5° to-14.5° C (47° to 58° F), 94
per-cent of the samples were between 9° and 12° C (48° to 54° F). This means that, based on average
Olympia monthly temperatures, the effect of gravel pit lakes would be to cool ground water from October
to Apr11 The same effect would cause heating from May to September. _

This analysis does not fully account for the effect of solar heatmg, which is the largest source of heat

input to lakes (Wetzel, 1983). Air temperature is partly. a result of solar heating, but the direct input of
sunlight is not considered here. This solar heating would tend to increase the summer heating action.
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This is not expected to be large, due in part to the relatively rapid rate at which ground water moves,
compared to other types of lakes.

Sinclair and Hirschey (1992) estimated the mean ground water flow velocity in the Grand Mound/Scatter
Creek area to be 16 feet per day, with values ranging from 1.3 to 60 feet per day. This would means that
average ground water in that area would require at least 62 days to pass through a 1,000 foot long gravel
pit lake, The average Olympia temperature for July is 63.1° F and the average for August is 62.7° F. This
is approximately 9 to 15 degrees F higher than typical ground water temperatures, This suggests that,
depending of the size of the gravel pit lake, local ground water temperatures could show seasonally
variable temperature effects of up to several degrees from gravel pit lake formation. Because of the high
thermal inertia of aquifer materials and the effects of dilution, the effect would be expected to be limited
to an area several hundred feet downgradient of the gravel pit lake.

Water level effects

When a lake is formed by excavating gravel out of an aquifer, it inevitably causes a shift in the local
ground water surface (Landberg, 1982). Before the lake was developed, the local water table was a gently
sloping surface, with ground water flowing down the ground water gradient toward the areas where the
water table is the lowest. The water table was sloping because the aquifer materials had a certain
resistance to the passage of ground water. :
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Figure 6 Creating a gravel i)it lake raises water levels on the downgradient end of the lake, and lowers
them on the upgradient end (from Landberg, 1982).

As soon as a lake is excavated, this resistance to the flow of ground water is removed. What was
formerly the ground water table at the site of the lake becomes the lake surface. Like all open bodies of
water, it is horizontal and the water level in the lake at its center is equal to the old ground water table
at that same point (Figure 6). This means that ground water levels immediately adjacent to the pit will
be lowered at the up-gradient end of the lake and raised at the downgradient end. The amount of raising
or lowering at the lake boundary is approximately one-half the length of the lake times the local ground
water gradient. This effect is accentuated if a series of gravel pit lakes are formed parallel to the ground
water gradient (Morgan-Jones and others, 1984)

In Thurston County, ground water gradients range from 0 to approximately 50 feet-per mile (Noble and

Wallace, 1966). Most ground water gradients are less than 20 feet per mile. This means that a ground
water lake half a mile long in the direction of ground water flow, with a gradient of 20 feet per mile
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would raise the water table approximately 5 feet at the downgmdlent boundary and lower the water table
approximately 5 feet at the up-gradient end.

Geoengmeers (1992) studied a proposed gravel pit in southern Thurston County that would create a gravel
pit lake approximately 4,400 feet long. The ground water gradient in that area is approximately 10 feet
per mile. Geoengineers computer modeling estimated that the resulting lake level would be 4.6 feet below
the ground water surface at the up-gradient end of the lake and 4.6 feet above the ground water level at
the downgradient, They estimated, based on aquifer testing and computer modeling, that the effect of
creating the lake would result in lowering the water table 0.5 feet at a well 300 feet up-gradient.

Removing mined material from the aquifer

Removing gravel from below the water table is equivalent, in short-term effects, to removing the same
volume of water from the aquifer. After mining has finished, the effect is to increase the storage capacity
(coefficient of storage) in the area of the lake (Landberg, 1982). This happens because the porosity is
increased from approximately 25-40% for sand and gravel to 100% for open water. This means that more
water can be extracted from wells near the lake with less drawdown in the water table because of the large
amount of water available in the lake.

Increased evaporation

Geoengineers (1992) found that creatmg a gravel pit lake in southern Thurston County would increase
evapotranspiration, causing a decrease in ground water recharge of 4.6 inches per year for each acre
converted to open water. This is consistent with the range of decreases in recharge of 0.8 to 4.5 inches
per year per acte reported in Shope (1990) for similar situations in New Hampshire. The decrease in
recharge of 4.6 inches per year per acre is equivalent to an evaporation rate of 0.24 gallons per minute
per acre or 126,100 gallons per year per acte.

ARC/CAD GIS analysis shows that there are now approximately 107 acres of gravel pit lakes in Thurston
County. The evaporation loss from these lakes is equivalent to ground water withdrawals of 5,044,000
gallons per year. A single new gravel mine proposed for the V1olet Prairie area, if approved, would create
4 acres per year of gravel pit lake. Other EE

extraction operations will create new lakes i oo Table 6 e {
ata rou'ghly eStimated rate of 2 acres per L Predlcted Evaporatlon LOSS@S ﬁom GravekPlt Lakes

year. This will produce a significant Year Total Evaporative Losses
increase in the evaporative losses to v A

ground water (Table 6). By the year ___b_c_r;%___(g_gll/_}:c_a_.r_)_____
2023, this increase will amount to a 2.7- 1993 107 13,493,000

fold increase over the 1993 rates. If

distributed evenly over the whole of+ || 2003 | 167 21,059,000
Thurston County, these losses are , , ,

probably not critical: But if concentrated 2013 227 28,625,000
in particular areas, they may be sufficient 2023 287 36,191,000

to have a measurable impact.

Comparing the area of gravel pit lakes to other sutface water bodies in Thurston County prov1des another
perspective. ARC/CAD GIS analysis shows that there are 6,950 acres of surface water in Thurston
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County. The 107 acres of existing gravel pit lakes amounts to 1.5 per cent of this area. The 287 acres
of gravel pit lakes estimated to be developed by the year 2023 would be 4.1 per cent of the total area of
‘the natural surface water bodies.

ater chemistry effects

Rasmussen (1985) compared the water quality in a gravel pit lake with water quality in the Big Sioux
‘aquifer in eastern South Dakota. He found that the lake water had higher pH, lower alkalinity, lower
calcium hardness, lower magnesium hardness, lower total hardness, lower iron and manganese, and lower
total dissolved solids than water from up-gradient and downgradient wells. - A significant difference in
these parameters between the up-gradient and downgradient wells was not apparent in all cases. He
attributed the difference in these parameters between the wells and the lake to aeration of the lake waters
and biological activity. Similar water quality patterns and conclusions are found in other masters theses
that studied the same gravel pit lake and aquifer system (Kothari, 1985; Perry, 1986) and in a study from
Hungary (PCI‘J es, 1982). All these authors concluded that the mere presence of a lake caused by previous
gravel mining did not degrade ground water quality. In general, they found the eﬂ‘ects of increased .
aeration that lake formation provided had a beneficial effect on water quallty

Labroue and others (1988) found measurable removable of nitrate ﬁ‘om ground water in association with
gravel-pit lakes. They found the highest denitrification in old unclogged lakes and no activity in recently—
opened lakes or older, clogged lakes. In a separate paper, they suggest that reclaiming gravel pits with
nitrate-fixing vegetatlon such as alder trees may improve water quality (Labroue and others (1986).

Interchanges between aquifers -

Mining into ground water can potentially breach the hydrolo gic barriers that separate different aquifers.
If this happens, water in the two aquifers can mix, potentially affecting the water quality or water levels
in one or more of the aquifers. If the affected aquifers have different water quality, this can be an
immediate problem. Even if the affected aquifers have the same water quality, loss of that barrier between
aquifers may become important in the future if the water quality in one aquifer deteriorates. In addition
to potential water quality effects, interchanges between aquifers can cause water level changes.

Some differences in water quality among Thurston County aquifers are shown in Table 4. The aquifers
are listed in order from shallowest to deepest, with the Vashon Recessional Outwash (Qvr) on the left and
Tertiary Bedrock (Tb) on the right. Dion and others (1994) found that deeper aquifers are more likely
to have higher concentrations of naturally occurring constituents, such as iron, manganese, and calcium.
They found that shallower aquifers were more likely to have human-caused constituents, such as nitrates
and other septage-related compounds The data given in Table 4 are averages for all of northern Thurston
County Local varlatlons in water quality among aquifers may be greater.
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o Tabed
© - Average Water:Quality In Thutston County- Aquiferst ... oo
Constituent Qe | Qvt | Qua| of | Q | TQu | ™

Dissolved oxygen 65 | 57 | 57| 40 | 22 ] 02 | 05
Specific conductance 118 | 140 | 128 | 142 | 150 | 144 | 190
Sodium | s2 ] 60 | 58| 60 [ 67| 76 | 20
Nitrate | " 10 | 095 | 084 | 033 {025 | <10 | <10
“Tron (ppb) o 6 | 19 | 4| 20 | 20| 8 | 1
Manganese (ppb) 3] 2 | 3 8 6 | 2 | 3
Hardness (as CaCO,) 41| 2 | st ] sa | 57| 4 | M

Coricentrations are in ppm unless noted. (

Specific conductance expressed as microsiemens per centimeter at 25° C,

Washington State law related to the construction of water wells (Ch. 173-160-075) is very explicit that
interconnections between aquifers are not allowed:

"In constructing, developing, redeveloping, or conditioning a well, care shall be taken to preserve
the natural barriers to ground water movement between aquifers and to seal aquifers or strata
penetrated during drilling operations which might impair water quality or result in cascading
water."

In Thurston County, approximately 14 percent of existing gravel pits are located in areas where the surface
soils are developed from the Vashon Till. This glacial hardpan unit is a primary aquitard that separates
the overlying Vashon Recessional Outwash gravels from the underlying Vashon Advance Outwash sands
and gravels. The fact that so many gravel pits are located close to'a major aquitard suggests that the
potential for causing intermixing of aquifers is significant.

A recent example of the effect gravel mining can have on aquifer barriers between aquifers is provided
by the 1993 High Rock Aquifer break incident near Monroe in northwestern Washington. Workers
cleaning up a material slough at the base of a gravel slope breached fine silty sand deposits that were
acting as a confining layer for the High Rock aquifer (Garland and Liszak, 1994). The initial discharge
from the breach was estimated at 2,000 gallons per minute (gpm). Over the course of several days, the
flow decreased to 400-500 gpm. An estimated 25,000 cubic yards of material was eroded by the water,
causing sedimentation in a stream, wetlands, adjacent property, and lake. Water levels in wells and
discharges from springs were lowered as far as 1,500 feet from the break. It is estimated that water levels
have dropped an average of four feet over an affected area of approximately 100 acres (Garland and
Liszak, 1994). This incident clearly demonstrates the need for gravel operators to clearly understand to
location of aquifer boundaries below their operations. ' _
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Physical disturbance of aquifer materials

When gravel is mined below the water table it disturbs the aquifer materials, which can have a number
of physical and chemical effects. The main physical effect, as discussed above, is the generation of
turbidity from suspended silt and clay particles. In most cases, gravel is relatively chemically stable in
contact with water because any unstable components were removed by the erosional and depositional
forces that formed the gravel deposit. The primary exceptions to this rule that are relevant to Thurston
County involve calcium, and iron and manganese. :

The volcanic rocks that form the Black Hills and Bald Hills contain largely basalt and andesite (Noble and
Wallace, 1966). These rocks contain approximately 5-7 per cent calcium (Dietrich and others, 1982)
within calcium feldspar and other calcium minerals. As these minerals weather, calcium can be liberated
in significant amounts. This process can be accelerated if gravel deposits containing significant amounts
of basalt or andesite are mechanically disturbed by mining or crushing and washing.

This potential addition of calcium is unlikely to have a harmful effect for two reasons. 1) Most Thurston
County gravel deposits do not contain significant amounts of these volcanic rocks, which are highly
undesirable in most types of gravel-based products because they are chemically reactive, lacking in
physical strength, and produce clays upon decomposition. 2) Ground water in Thurston County is
classified as moderately to highly aggressive. Aggressive waters have high dissolved oxygen or carbon
dioxide contents, low alkalinity and hardness, and low pH (DeBatry and others, 1982). This means they
tend to dissolve soluble materials from pipes and other plumbing materials that they contact. This can
increase the amount of iron, lead, and copper delivered at the tap in drinking water supplies.

Thurston County ground water; based on data from the northern part of the county, is neutral to slightly
acidic, with a mean pH ranging from 6.6 in the shallowest aquifer (Vashon Recessional Outwash) to 7.8
in the deepest (Tertiary Bedrock) (Dion and others, 1994). Sixty-four per cent of the samples in that study
were soft and 30 per cent were described. as moderately hard, Mean dissolved oxygen levels were
moderately high, ranging from 6.5 in the shallowest aquifer to 0.5 in the deepest (Dion and others, 1994).
The calculated Aggressive Index of average shallow northern Thurston County ground water is 9.4, which
classifies it as highly aggressive (DeBarry and others, 1982). This means that an increase in dissolved
calcium would be beneficial by reducing the aggressiveness of the ground water.

Viswanathan (1990) describes an Australian study in which dredge mining for rutile sands (titanium ore)
increased the iron content of ground water from 1 ppm to nearly 20 ppm. The dredged sand was washed
and the tailings, rich in iron and organic material, were redeposited in the excavated lagoons. Bacteria,
feeding on the organic material, changed the iron from its insoluble oxidized state to the soluble reduced
state. : -

Some aquifers in Thurston County, such as the Deposits of the Penultimate Glaciation (formerly Salmon
Springs) are stained with iron oxides (Dion and others, 1994) and there are accumulations of bog iron in
other locations (Valentine, 1960). Iron-stained gravel has a lower iron content than alluvial rutile deposits,
which generally contain magnetite or other iron-rich minerals. In most cases, simply disturbing iron
stained gravels would not liberate significant amounts of soluble iron. If abundant organic matter were
present, such as manure from agricultural operations, it is possible that chemical changes caused by
bacterial activity could increase the iron content in ground water. This potential liberation of iron may
be counteracted in part by the effect of increased aeration in gravel pit lakes reducing iron levels, as
discussed above under water chemistry effects. The presence of iron staining or accumulations is another
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factor that should be discussed in the geohydrologic report prepared for permit applications for major
gravel mining operations.

Batch plant discharges

Concrete batch plants are sometimes associated with gravel mining operations. Process water from these
plants commonly has a very high pH (11 to 12) (Ecology, 1993). Some cement additives can also cause
high biochemical oxygen or high nitrate concentrations in ground water. Some water quality data from
concrete batch plants is given in Table 5. Storm water discharges from concrete plants can also introduce
these same contaminants into ground water, ' :

Measured Concentrations of Scrierig%gllutants in Concrete Washwater
| | Number of :
Parameter Analyses . Low High | Mean
pH & | 72 125 | 114
Nitrate | 6 03 24 6.8
Chloride o 3 | 15 | 9 55
Sulfate X 1 333 | 333 | NA
Total Dissolved Solids 4+ 103 | 3600 | 2258
BOD' . | A 30 | 11
Chemical Oxygen Demand 4+ <6.8 188 86
Total Organic Carbon \ 4 1 16 54 32
Total Phosphorus 2 | o001 | 029 | NA
Oil and Grease o 6+ <1 33 19
Iron (total) : 2 0.23 0.92 0.58
Total Suspended Solids 2+ 1 45 N/A
Alkalinity ' 3 57 2180 | 1056
All measurements are given as parts per million (ppm).
Data source is Department of Ecology (1993)

Asphalt batch plants use different raw materials and produce a product that is very different from concrete.
The ingredients used in making concrete are generally highly reactive, while asphalt is more inert. Asphalt
is also highly viscous and if spilled cannot penetrate into the ground. Asphalt plants do use a lot of
complex machinery, which requires cleaning, lubrication, and maintenance. Inaddition, fuels are required
to heat the asphalt and keep it in a semi-liquid form. Leaks, spills, accidents, and run-off from equipment
and fueling areas can produce stormwater discharges that contain significant amounts of a variety of
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chemicals, fuels, and other potential contaminants. This stormwater is the primary source of ground water
risk related to asphalt plants. If the storm water is kept free of contamination and properly treated, the
threat to ground water is relatively low. If storm water becomes contaminated or is disposed improperly,
the possibility of measurable ground water contamination is significant.

Hydrocarbon spills during mining

‘Washington Department of Ecology files were searched for information related to sand-and-gravel mining
operations. The search included 94 files from a 12-county area overseen by WDOE's Southwest Regional
Office in Olympia. Representative material from several more counties (King, Snohomish, and Skagit)
was obtained at WDOE's Bellevue Office through the efforts of the Thurston County Citizens' Planning
Association. ' .

These files reveal more than 20 inspections or complaint investigations that cite problems with
hydrocarbon spills and/or oil and fuel containment, storage and handling procedures. None of these
reports confirms damage to groundwater or quantifies the area affected. It should be noted that these
incident reports are only the regulatory agency's side of the incident and may not represent the full story.
In a few cases removal of contaminated soil was required and in at least one instance a Spill Prevention
Countermeasure Control Plan was initiated, (required by U.S. DOT regulations if more than 660 gal of
aboveground oil storage on site).’ _ L v

Definite statements regarding ground water are not usually given and all the recorded incidents involve
potential but unverified effects. There are occasional comments such as: "no contamination from the
surface has reached the groundwater" or "migration of petroleum contamination through the soil did not
- occur", None of these reports confirms damage to ground water or quantifies the area affected by the
problem. Follow-up sampling is rarely mentioned, and when noted, it is generally to verify the removal
of petroleum contaminated soils. - These samples are invariably for total petroleum hydrocarbons in soils,
not groundwater. ‘Follow-up ground water sampling results were not on file for any of the incidents.

Wells down-gradient from two gravel mines in Thurston County and one in Lewis County were sampled
for total petroleum hydrocarbons as part of this study. No detectable hydrocarbons were found, at a
detection limit of 0.5 ppm. :

These incident reports and limited sampling are not a quantitative assessment of discharges from gravel
mining operations, but they do provide some information about the relative frequency and type of
hydrocarbon release incidents. While not common, incidents of this type represent a significant source
of risk to ground water. ‘The general lack of ground water quality monitoring for appropriate parameters
makes it impossible to define the exact degree of risk. - : .

Discharges to surface water |

In some cases, ground water does teceive a substantial amount of recharge from surface waters., This is
- particularly common during winter months when surface water levels are high due to abundant rainfall.

If ground water is being recharged by surface water, then any contaminants discharged to surface water
by a mining operation could be indirectly introduced into ground water. C
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Department of Ecology records contain numerous gravel-mining-related incidents involving surface water
(Appendix C). WQ sampling and analysis results not usually part of these records and if present are
generally for pH and turbidity. Typical problems concern high-pH process water overflow from concrete
batch plant ponds, fuel spills directly to surface waters from broken pipelines or damaged tanks, and turbid
stormwater runoff, Few extraction operations (two in the files examined) have NPDES permits, although
they are frequently recommended in reports.

Discharges of these types to surface water can clearly have negative effects on plant and animal life and
their habitat. In Thurston County, it has been well documented in studies on the Deschutes River and
Scatter Creek that large amounts of water are interchanged between surface and ground water (Dion and
others, 1994; Sinclair and Hirschey, 1992). Discharge of gravel-mining-related contaminants to surface
water in an area of ground water recharge would have an effect similar to discharging those contaminants
into a gravel pit lake. The primary difference would be that movmg surface water would tend to dilute
and transport the discharge waters.

Post-mining effects
Solid waste disposal

Abandoned gravel mines have tradlhonally been attractive sites for solid waste disposal. This has often
taken place without permits or regard for the consequences to ground water. Because of their extremely
high aquifer susceptibility, ground water contamination has often take place.

Sweet and Fetrow (1975).studied an abandoned gravel pit in northwestetn Oregon in which 3,000 tons
of wood wastes had been deposited. Leachate from the wood wastes lowered the pH, increased iron and
manganese levels far above background, and caused high levels of lignin-tannin. These effects rendered
a number of down-gradient public and private wells unusable. Goldthorp and Hopkin (1972) documented
the migration of high levels of liquid industrial wastes that had been deposited in an abandoned gravel
pit. Contamination of ground water from paint wastes deposited in an abandoned gravel pit is documented
by the U. S. Agency for Toxic Substances and Disease Registry (1989). Morgan-Jones and others (1984)
documented serious degradation of ground water quality down-gradient from abandoned gravel pits west
of London that had been filled with a variety of waste materials. Numerous other well-documented cases
are on record. '

Most sites identified as solid waste problems in Ecology records did not have Solid Waste Disposal
Permits. Typical problems involved demolition material (concrete, asphalt), dumping/storage of
woodwaste and petroleum contaminated soils at unpermitted pit sites. No follow-up monitoring of
groundwater was conducted except at the Lakeside (Pacific Sand and Gravel) pit at Carpenter Road, which
had to meet landfill closure requirements after the fact. The sampling results indicated that "no tested state
Primary Maximum Contaminant Levels were exceeded in any of the surface or groundwater samples
collected . . . state Secondary Maximum Contaminant Levels for manganese and iron were exceeded in
samples from some domestic wells and all site monitoring wells". No other data to substantiate or
quantlfy groundwater effects was found in any of the files surveyed.

There can be no doubt that poorly controlled dlsposal of solid wastes into gravel pits can lead to serious

ground water contamination. The evidence for this is so compelling that the worst pracuces of the past
regarding waste disposal into gravel pits must be absolutely forbidden.
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Biological effects

Gravel pit lakes have the potential to attract migratory waterfowl. These birds could potentially increase
nitrate levels in ground water if present in large enough numbers. No data is available on these effects
and any conolusxons would be speculative,

If gravel pit lakes were accessible to hvestock, nitrate and bacteriological levels could potentlally be
significantly increased. It has been well documénted in studies of the Henderson, Eld, and Totten Inlet
watersheds that higher fecal coliform and nitrate levels are found in areas of streams where livestock have
access to surface water or whete manure storage drains to surface water (Taylor, 1984, 1986).

V. Cumulative Effects

The total area of past and present gravel excavations is 1,064 acres as shown in Figure 7. This does not
include the 44 known borrow pits, which are gravel excavations less than three acres in size. Assuming
an average size of one acre for each borrow pit raises the total estimated mined area to 1,108 acres. The
estimated area of ground water exposed by gravel mining is 40 acres. The total area of Thurston County
is 487,040 acres, so grave] mining has taken place on 0.23% of the county's lands

The gravel mines with local and DNR permits are shown in Figure 7 and listed in Appendix A. There
52 mines with DNR permits comprising 2,215.4 acres. There are also numerous other mines not hsted
that are classified by DNR as inactive or terminated.

GraVel resouroes' of Thurston Counzy

An attempt was made to map the potential gravel resources of Thurston County A map was developed
from digital Washington Department of Natural Resources maps of Thurston County soils that included
the following soils series:

«» Baldhill very stony sandy loam -
* Everett very gravelly sandy loam
* Grove very gravelly sandy loam
* Riverwash

» Spana gravelly loam

* Spanaway gravelly sandy loam
» Spanaway stony sandy loam

* Spanaway-Nisqually complex

» Tenino gravelly loam

Based on their textures, these were determined to be the soil types suitable for use as gravel. When this
digital map was completed, the digital coverage of known gravel extraction sites was overlain to check
whether it was consistent with the known patterns of gravel mining, _

When the two maps were overlain, the map of known gravel extraction sites did not agree well with the
predicted gravel resources. A significant number of gravel pits lay outside the area shown to be suitable
for gravel extraction, based on soil textures. To help resolve this problem the map of gravel pits was
digitally overlain on a map of the geology, prepared by the U.S. Geological Survey. -
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Digital coverage for geology is currently only available for the northern part of Thurston County, as
studied by Dion and others, (1994). This coverage included 76 per cent of the mined gravel acreage in
the county, so it is a good basis for analysis.  This showed that in the northern part of the county, 86 per
cent of the area mined for gravel lies within the Vashon Recessional Outwash. 14 per cent of the area
mined lies beneath areas mapped as Vashon Till. Vashon Till, also known as glacial hardpan, is a
compressed mixture of clay, silt, sand, and gravel not usually thought of as being suitable for gravel
extraction, However, Vashon Till is commonly closely associated with coarse sands and gravels, whic

are the probable target of the mining activities. .

Soil maps are based on the materials in the first five feet below the surface. Because mining operations
can excavate sand and gravel substantially below that depth, they could potentially mine in some locations
not shown as suitable on the soils map. Additional GIS analysis will be conducted to refine the prediction
of gravel resources until it agrees with the data on gravel mine locations. This map and information will
be presented in the final draft of this report.

Y1 Summary and Conclusions

As of 1993, gravel mining had taken place on approximately 1,108 acres in Thurston County, which is
0.23 per cent of the county's surface area. There are now approximately 40 acres of gravel pit lakes
within the county, which is equivalent to 0.6 of the total area of surface water in the county. By the year
2023, it is estimated that there will be 220 acres of gravel pit lakes, equaling approximately 3.2 per cent
of the total area of surface water in the county. - : :

The environmental. effects of gravel mining on ground water vary widely, depending on the specific
activities that are taking place. In order to evaluate these environmental effects, it is necessary to view
each gravel mining operation as the sum of the environmental effects of these component activities. Each
associated activity adds an additional increment of risk, which varies in magnitude-with the type and scale
of the associated activity. ‘ : : » _ .

The simplest form of gravel mining, excavating well above the water table with no associated activities
such as vehicle maintenance or asphalt batch plants, causes a relatively low risk to ground water quantity
and quality. Because the protective soil layer has been removed, these types of excavations are extremely
sensitive to the introduction of any type of contamination. But this type of mining, because it is
essentially a relatively simple process of loading unconsolidated materials, does not pose a serious risk
of introducing those contaminants. . '

Mining below the water table and into an active aquifer brings some additional minor risks to ground
water quality. This includes the potential to increase ground water turbidity and iron content, and to affect
local water levels. The only cases on record in which turbidities downgradient from gravel excavations
have been increased significantly are when gravel washing operations are involved. Significantly
increasing the iron content of ground water by physically disturbing the aquifer materials requires a
- combination of heavily iron-coated aquifer materials, organic material, and bacteria that is rather unusual.
For the geological conditions found in Thurston County, the additional risk presented by simple excavation
within an aquifer is small. Adequate management and proper enforcement of a well-designed set of best
management practices is necessary to keep this risk at an acceptable level. : '

Concrete batch plants represent a more serious threat to ground water quality, particularly if the process
waters are discharged to ground water without adequate treatment. These process waters can have high
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treatment of those waters will have a measurable and unacceptable effect on ground water. Concrete batch
plants, espec1ally if there is any form of discharge, would require a high degree of regulatory oversight
if risk is to be held to an appropriate level.

Asphalt batch plants are present a lower risk to ground water than concrete plant, primarily from
stormwater, vehicle fueling, and fuel storage and handling. Like concrete plants however, asphalt plants
are a very significant source of risk to ground water and require adequate regulatory oversight and
enforcement.

Petroleum leaks and spills resulting from vehicle fueling, maintenance, and washing are probably the most
common major threat to ground water associated with gravel mining. This risk can be difficult to assess,
because it is highly variable depending on the scale of these activities and the degree of oversight provided
by the mining operation management. That a problem exists with petroleum leaks and spills is clear from
Department of Ecology incident reports. Because of the lack of ground water monitoring and follow-up
investigations on these incidents, the actual degree of ground water impact is unknown,

Creation of gravel pit lakes lowers the water table in wells up-gradient from the lake and raises them on
the down-gradient side. This is a 1elat1vely local effect, but can measurably affect water levels in wells
very near to the gravel pit Iake

Abandoned gravel pits have often been used for the disposal of various types of solid wastes. The adverse
effects of this practice are very well documented and compelling enough that this practice should, in
general, be completely: discontinued. Only truly inert materials should be placed within gravel pits.

In summary, gravel mining has a complex array of environmental effects on ground water. This is largely
because different mining operations will each have a different set of mining and processing activities that
make up that operation. The environmental effects can only be understood by looking at each separate
activity in the mining operation. Each of these component activities has a different environmental effect
and requires a different management approach to risk reduction. Gravel mining, in general, poses low to
moderate risks to ground water quality and quantity. But adequate regulatory oversight of project design
and approval, operation, monitoring and closure, and adequate enforcement are necessary if risks are to
be kept to an acceptable level.
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APPENDIX A
- EXISTING SURFACE MINING PERMIT SITES - AS OF 1993

SAND AND GRAVEL
DNR Operator Name Sec. | Township | Range | Permitted Acres
Permit | 1
¥10442 | I.D. Dutton, Inc. 36 19 AU 5
10835 | Ted Sundberg 9 18 2W 11
*11214 | Department of Transportation 18 18 2W 4.7
10473 | Tom Martin Construction 28 18 2W 10
10895 | Carl Willrich 28 18 oW 20
11472, | William Jones Co. 29 18 2W 20
11821 | William Jones Co. 29 18 2W 20
11832 | William Jones Co. 29 18 2W 5
11419 Tom Martin Construction 2 - 18 IW- 53
10938 | Pacific Sand and Gravel - 9/10' 18 W 12
10385 | Olympia Sand and Gravel 10 18 W 65
12168 | Olympia Sand and Gravel 10 18 W 33
10348 | Pacific Sand and Gravel 10 18 AW | 23
10706 | Pacific Sand and Gravel 12 18 AW - 70
10002 | Holroyd Land Co. (Neilson/Pecific) |17 18 1E 330
10958 | Thurston County 18 18 1E 13
12500 | Nisqually Sand and Gravel/Lakeside 28/29 18 1E 80
12633 | Hard Rock Crushing 13/24- 17 3W 80
10601 | Arthur J. Mell 13 17 oW 30
11988 | Milton Emerick (Fairview S&G) 18 17 oW 80
%12116 = | Howard R. Larson 22 17 - 2W 10
12115 | Howard R. Larson 28 17 2W 12.5
12577 Tom Martin Construction . 28 17 2W 40
11016 | Boe Sand and Gravel 6 17 1w 10
12615 Norman Hutson 6 17 1w 5
11766 | Lacey Oaks Stables (Land Use Co.) 11 17 I\ 9
12659 | Great Western Supply/O'Neill 2021 17 1w 10
12614 | Milton Emerick 30 17 W 20
10781 | Thurston County 31 17 W 10
¥12217 | Quigg Brothers - McDonald 29 17 2E 20
12592 Tom and Claudia Westbrook 9 16 W 5
12094 | Department of Natural Resources 10 16 3W 15 -
11337 | James Hendricks 31 16 3w 5
*10457 | Martin Sand and Gravel 34 16 3W 25




. SAND AND GRAVEL |.

DNR . Operator Name Sec. Township | Range | Permitted Acres

Permit ’ ‘ , : '

10349 Cascade Materials, Inc, 3 16 2W 50

12285 | Pacco, Inc. | NIE 16 oW 10

11902 | Kellis A. Hamilton 25/36 16 oW | I

12014 | Washington Asphalt Co. 28/29 16 oW 250

11360 | Department of Transportation 29 16 oW 3
12640 | Granger/Breen | 33 16 oW 50

11294 | MLA. Segale, Inc. 15 16 W 50
10453 | Thurston County 5 16 1E i
- 11703 | Thurston County - ' 24 6 | 2B 30

10443 | Pacific Sand and Gravel 1 15 3W 18

10734 | Dulin Construction, Inc. 2 | 15 3W 45
- *¥11914 | Martin Sand and Gravel 2 15 | 3w T 92
10282 | Cascade Hauling Co. o o | 15 3W |- 28
11110 | Lewis County L |1 15 | 3w 13

10452 | Martin Sand and Gravel 1 15 3W 30

*10189 | Cascade Hauling Co. 14 15 | aw | 4

11089 | Pacificorp Electric Operations | 10/15 15 W | 150
_ 12602 | North Fork Timber Company - iy 15 | oaw | | il
T | E a by DNR records as mactlve or termmated = =

PERMIT OPERATOR NAME Sec. | Township | Range ACRES
10496 | Kaufiman Brothers Construction 19/30 18 W 40
11831 | Hodges Homes, Inc. 27 18 2W | 2
12140 | Jones Quarry | 29 18 2W 65

12602 North Fork Timber 11 15 IW 10 :




APPENDIX B

Potential Groundwater Problems Associated With Gravel Mining -
Hydrocarbon Spills and Runoff Recorded in WDOE Files

Anderman Sand and (1990) WDOE mspectxon in response to complaint. "Sheen caused by ... waste oil

Gravel (Belfair, Mason) | spillage from past practices ... will send letter."

Arlington Sand and (1987) Complaint initiated mspectxon which revealed "significant quantity of various

Gravel (Arlington, types of petroleum product in ponded and standing water on site" -~ soil surface

Snohomish) around shop "saturated with oils". Sources of contamination were: leaking

' equipment, poor house-keeping practices, fuelling operations and inadequate cover or

containment for stored waste oils. Found past evidence of oil having been washed
into Stillaguamish River. Upgradient location of fuel tanks/pumps allows spills to
flow toward river. Investigator recorded soil saturated with fuel to 2% or 3 feet in
vicinity of fuel islands. Notice of Violation (RCW 90.48) and penalty of $500.00
recommended.

Associated Sand and (1991) Follow-up investigation (soil borings and wells) on site from which

Gravel (Bverett, King)

underground storage tank (UST) had been removed disclosed total petroleum
hydrocarbons exceeding Model Toxic Control Act clean-up standards. Contamination
is below a paved area and may extend beneath an on-site structure. Engineering firm
recommends leaving in place until facility closes.

B & L Construction and

(1991) Inspection of 15 acres storage and maintenance area near gravel mining

Trucking (Tacoma, | operation revealed poor waste oil storage practices and uncontained leakage from
Pierce) equipment. Operator advised to hire waste consultant/recycling firm. Sampling and
. follow-up inspection advised but not found in file.
Cadman Sand and Gravel | (1991) Drop-in inspection: "major environmental contamination risk at this facility is
(Black Diamond, King) associated with handling and storage of petrochemicals." including uncovered
' DR uncontained storage tanks. Waste water from truck washing operation has measured
pH of 11-and flows uncontained down a haul road "where it is completely percolated
into the ground." No Sta’te Waste Discharge Permit at time of inspection.
Corliss Redi-Mix (1989) "Some problem with chemical/oil storage and handling." Spillage on ground
* (Enumclaw, King) and cement additives stored outside containment area. "Asked for better practlces and
cleanup".
Foran Landfill/Gravel (1992) Urban Bay Action Team (UBAT) inspection. No containment of 6,000 gallon
(Tacoma, Pierce) diesel fuel tanks. Gravel around smaller tank heavily stained with oil. Open

container of used oil. Inspector suggests covering and berming.







