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Chapter 1
INTRODUCTION AND BACKGROUND

INTRODUCTION

Kaiser Aluminum & Chemical Corporation (Kaiser) operates an
aluminum smelting plant at its Mead Works facility near Spo-
kane, Washington. The now-discontinued practice of open
storage of spent potlining has resulted in the release of
cyanide to soil and groundwater.

Kaiser discovered the release to groundwater in 1978 and
notified local authorities of the situation. The Washington
State Department of Ecology's Industrial Section assumed
jurlsdlctlon and oversaw ensuing investigations and remedial
actions. Subsequent to the passage of the Comprehensive
Environmental Response, Compensation, and Liability Act
(CERCLA), the Mead Works was 1ncluded on the National Pri-
orities List (NPL) of sites to receive federal attention.

Kaiser has taken a number of corrective actions and is moni-
toring their effectiveness. The various corrective actions,
monitoring programs, and investigations predate federal
guldellnes for action under CERCLA; so most of the remedial
investigation and feasibility study (RI/FS) documentation
that normally precedes corrective action has not been pre-
pared. Most of this background information is disseminated
among various reports, documents, and files and is not
readily available from a single source.

The primary purpose of this Engineering Assessment Report is
to consolidate the information into a single document and to
identify and evaluate various remedial measures that may be
needed to mitigate potential impacts of this release. The
report summarizes available data from the various investiga-
tions and the results of remedial measures that have been
conducted to date. A report describing much of the site
history was prepared to supplement this one and is included
as Appendix A. This background report was prepared by Hart
Crowser, Inc., and is titled "Site Characterization
Analysis."

The Engineering Assessment Report is organized in the fol-
lowing manner:

Chapter l-~-Introduction and Background

Chapter 2--Technology Screening
Chapter 3--Detailed Alternatives Assessment
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DESCRIPTION OF ALUMINUM SMELTING

Aluminum smelting involves electrolytic reduction of alumi-
num oxide (Al 03) to elemental aluminum in a molten cryolite
(Na,AlF,) batﬁ. The process takes place in a reduction
cell, or "pot," which consists of a reinforced steel shell
generally containing a carbon-based cathode surrounded by
insulating material. High temperatures result from elec-
trical resistance heating, which keeps the cryolite bath andg
the produced aluminum in a molten state. The carbon cathode
contains steel collector bars for conducting electric cur-
rent. These collector bars extend through the negative pole
of the power supply.

The cathode holds the molten aluminum and electrolyte bath
during electrolytic smelting while serving as the cathode in
the reaction. The anodes are made of carbon and are at-
tached to the cell by a superstructure that suspends them in
the molten electrolyte.

Smelting occurs when aluminum oxide is fed into the elec-
trolyte and current is passed through the bath. Electroly-
sis breaks down the aluminum oxide into aluminum metal and
oxygen, which combines with carbon from the anode to form
carbon dioxide and carbon monoxide. Thus, the anode carbon
is consumed in the process, but cathode carbon is not.

The molten elemental aluminum sinks to the bottom of the pot
and is removed periodically for casting. A typical pot may
operate 2 to 5 years before it needs to be removed for re-
pairs. A pot fails when iron is detected in the aluminum,
when cell voltage increases, or when the shell leaks molten
aluminum or electrolyte. When the shell fails, the insulat-
ing layer and the carbon blocks are removed and the steel
shell relined. The removed lining is called "spent pot-
lining," and the carbonaceous fraction may contain cyanide,
which is created when atmospheric nitrogen reacts directly
with the carbon.

There have been many potliner designs used in the aluminum
industry both before and after the discovery of the cyanide
release at the Mead Works. The description above is inten-
tionally general to encompass designs used at other facil-
ities as well as those at Mead.

BACKGROUND INFORMATION

FACILITY DESCRIPTION

Kaiser Aluminum's Mead Works is a prebake aluminum smelter
located about 7 miles from downtown Spokane and 1 mile from
Mead, in Spokane County. Its location with respect to Mead
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and Spokane is shown in the Site Characterization Analysis
report, Figure 1. Among other systems, the plant operates
eight potlines, an anode fabrication plant with bake ovens,
dry air scrubbers, pot reworking facilities, indoor storage
facilities for (new) spent potlining, and miscellaneous
other essential and peripheral facilities. The plant was
built in 1942 and incorporated waste management and disposal
practices consistent with that era. A plan view of the Mead
Works is shown in Figure 1-1.

The plant is located within a glacial outwash valley about
2-1/2 miles from the Little Spokane River and has a surface
elevation of about 2,000 feet. The land surface slopes
gradually from Mead Works toward the Little Spokane River,
and natural groundwater beneath the facility flows in a
similar direction. Further information about Mead Works and
its surroundings is contained in the Site Characterization
Analysis report, Sections 1.1, 2.1, 2.3, and 2.4 and Fig-
ures 1, 3, and 6.

WASTE HANDLING PRIOR TO DISCOVERY OF RELEASE

Historically, there have been several wastes generated dur-
ing aluminum manufacture at the Mead Works. The primary
wastes associated with production were:

o Spent potlining

o Pot soaking liquor
o Sludges from process off-gas scrubbing systems
o) Anode butt tailings remaining when the used anodes

are tumbled prior to crushing and recycling
o) Brick and rubble pile

This section describes past management of these waste
products,

Spent Potlining

In the past, spent potlining was removed from the pot shells
and stored in the northwest corner of the plant property.
(Figure 1-1 shows an "asphalt covered" potlining pile in
this area, but spent potlining was exposed to atmospheric
precipitation from the early 1940s until 1979.) Use of this
area for potlining disposal was discontinued in 1979 when
the potlining was consolidated into a pile, graded, and
covered with plastic. The pile was subsequently paved with
asphalt in 1979. The pile currently is reported to have a
volume of approximately 94,000 cubic yards and a weight of
about 128,000 tons (Site Characterization Analysis report,
Section 4.1.2.1). Typical characteristics of spent potlin-
ing generated before 1986 are shown in Table 1-1.
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Table 1-1
TYPICAL CHEMICAL CHARACTERISTICS OF SPENT POTLINING
FOR CONSTITUENTS ABOVE 1 PERCENT

Approximate

Composition
Ingredients (8 by weight)
Carbon 33
Fluoride 16
Sodium 14
Aluminum 15
Calcium 2
Silicon 2
Oxide, etc. 17

Physical Data

Solid.

Black to grey.

Characteristic ammonia odor when damp.
PH approximately 11.0.

Specific gravity 2.5.

Solubility in water 3 to 4 percent.

O0O0OO0O0O0

Source: Kaiser Aluminum & Chemical Corporation. Material
Safety Data Sheet. January 1986.

A significant fraction of the total spent potlining gen-
erated at the site since the mid-1950s has been reprocessed
and recycled to the pots in order to maintain the required
fluoride concentration in the baths. The amount of spent
lining that could be recycled was limited by the level of
impurities in the recovered material and by the number of
potlines that were in service (i.e., the aluminum production
rate).

Pot Soaking Liquor

Until late 1978 the pots were soaked with water for the pur-
pose of loosening the potlining material from the steel
shells. Failed pots were taken offline and transported to
the pot digging slab located on the southeast side of the
(now-asphalt covered) potlining pile (see Figure 1-1). Here
the pots were soaked with water for several days. This soak-
ing enabled easier removal of spent potlining material from
the shells. The pot soaking water was drained to the ground
or sometimes to the sludge bed (between 1965 and 1978).
Spent potlining was removed following soaking and was dis-
posed of in the waste pile as discussed above.
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The practice of pot soaking was discontinued in 1978 when
cyanide contamination was found in groundwater beneath the
Mead Works.

Wet-Air Scrubber Sludge

Wet-air scrubber sludges were generated during the era of
wet scrubbing of process off-gases. Wet scrubbing was con-
ducted to remove various constituents, primarily fluoride,
from the off-gas prior to atmospheric release. A calcium
carbonate or calcium oxide slurry was sprayed through the
off-gas in a venturi scrubber to precipitate calcium fluo-
ride. The calcium fluoride precipitate formed a sludge,
which was then placed in the sludge bed shown in Figure 1-1.
Wet scrubbing was discontinued in 1974 and upgraded to a dry
scrubbing system, eliminating the need to dispose of scrub-
ber sludges at the facility.

Anode Butt Tailings

This pile was generated by screening the fines from a tum-
bling machine that was used to clean anode butts during the
period of approximately 1960 to 1982. The pile has not been
found to contain any cyanide-bearing wastes, and samples of
material from the butt tailings pile are not "dangerous
waste" under Washington State Department of Ecology crite-
ria, based on aquatic toxicity and other tests (see

Appendix B).

Brick and Rubble Pile

The brick and rubble pile (rubble pile) located immediately
northwest of the asphalt-covered spent potlining pile, re-
ceived refractor brick from the carbon plant bake ovens,
general industrial waste, miscellaneous construction rubble,
and periodic soil cover. The rubble pile contains metal,
brick, wood, and some potlining material in the eastern por-
tion of the pile and scattered in isolated pockets elsewhere
(Site Characterization Analysis report, Sections 1.1, 4.1.1,
and 4.1.2.2). The quantity of spent potlining in the rubble
pile is small compared to the asphalt-covered spent potlining
pile. The spent potlining is deeply buried beneath the mound
of rubble making percolation of precipitation through the
pile difficult, and limiting potential contact between spent
potlining and water (Site Characterization Analysis report,
Section 4.1.2.2). -

DISCOVERY OF RELEASE

Cyanide contamination was found in groundwater in the vicin-
ity of Kaiser's Mead Works in early 1978. An investigation
carried out under Kaiser's initiative showed that contamina-
tion was present in domestic wells northwest of the plant,



and these findings were reported to the Spokane County Health
Department. The Health Department established a more exten-
sive sampling program in the affected area northwest of the
Mead Works.

The suspected source of the cyanide was spent potlining
wastes from aluminum production (Site Characterization Anal-
ysis report, Chapter 5.0). Kaiser arranged for alternative
potable water supplies to be provided to persons whose resi-
dential wells were contaminated with Cyanide.

These early investigations included other indicator param-
eters of groundwater contamination in addition to cyanide.
The most significant of these constituents was iron. The
presence of elevated iron concentrations in cyanide-
containing groundwater samples provided the first direct
evidence that the cyanide was complexed as ferrocyanide.
Robinson and Noble (May 1979) report that approximately

90 percent of the cyanide is present as ferrocyanide. Ongo-
ing monitoring since the initial discovery of the release
has shown that, on the average, ferrocyanide comprises closer
to 95 percent of the cyanide pPresent in groundwater and, at
high total cyanide concentrations, over 99 percent may be
present in iron-complexed form (Site Characterization Analy-
sis report, Table 7).

Among other parameters tested during these early investiga-
tions, elevated fluoride concentrations and high specific
(electrical) conductance were attributed to the operations

at the Mead Works. The occurrence of nitrate was attributed
to discharge from local septic tanks and the application of
fertilizer to the uplands east of Mead (Robinson and Noble,
May 1979), but nitrogen-containing compounds in spent pot-
lining leachate also may have contributed nitrate (Site Char-
acterization Analysis report, Section 4.2)., Other
constituents have been reported at elevated levels in
regional groundwater in isolated samples, but their infre-
quent occurrence and a lack of significant presence in recent
sampling do not correspond with the cyanide release. Cyanide
is considered the most reliable indicator of leachate migra-
tion beneath the site (Site Characterization Analysis report,
Section 4.2),

IMPROVEMENTS IN WASTE MANAGEMENT

Several improvements in waste management techniques have
occurred at the Mead Works since the cyanide release was
discovered. These changes were initiated by Kaiser Aluminum
as steps toward preventing future releases. New waste man-
agement techniques include:

o Removal of spent potlining from pot shells without
presoaking ("dry removal")



o] Spent potlining removal in a covered building

o Indoor storage of spent potlining
o Elimination of wet scrubber sludge
o) Advancements in pot design

Dry removal of spent potlining occurs in two steps. Failed
pots are taken offline and brought into a building where
loose cryolite bath and silicon carbide side wall brick are
mechanically removed. The pots are then turned over, and
the carbonaceous and refractory portions of the spent pot-
lining are removed. This material is hauled to the pot-
lining storage buildings for storage prior to reuse or
disposal.

The spent potlining storage buildings are used to prevent
contact between atmospheric precipitation and spent potlin-
ing. Each building has a storage capacity of approximately
30,000 tons. The buildings are totally enclosed and have
10-foot-high concrete walls all around with an asphalt floor
underlain by a PVC flexible membrane liner (FML). One build-
ing is used currently for potlining storage. The second
building presently is for processing, classification, and
storage prior to resale or reuse.

There is no longer any air scrubber sludge produced. Dry
scrubbing has replaced wet scrubbing for use in removing
fluorides from process off-gas. This change occurred in
1974. Fluoride-containing off-gas is passed now through a
fluidized bed of aluminum oxide. The scrubbed gas is con-
veyed to a baghouse for particulate removal, after which it
is vented to the atmosphere. The aluminum oxide-fluoride
complex is removed continuously from the scrubber and re-
cycled back into pots for aluminum manufacture.

Advancements in the design of pots for aluminum manufacture
have taken place both before and after the discovery of cya-
nide release. The newer designs give pots a longer service
life and improved performance, thereby reducing the genera-
tion rate of spent potlining. The new designs, installed
since 1985, also are not as prone to cyanide formation be~
cause they are more airtight. This limits the accessibility
of atmospheric nitrogen to the carbonaceous cathode, which
reduces the cyanide formation potential.

Kaiser has implemented other corrective measures in addition
to improving waste handling practices. Kaiser's remedial
actions will be summarized elsewhere in this chapter.



NATURE AND EXTENT OF CYANIDE RELEASE

Investigations conducted subsequent to the initial discovery
of groundwater contamination in 1978 have confirmed that the
cyanide originated from wastes stored at the Mead Works.
This section summarizes the available data describing the
nature and extent of the contamination in groundwater and in
potential sources at the Mead facility. Most of the infor-
mation discussed below was compiled by Hart Crowser in its
Site Characterization Analysis report; Chapters 4.0 and 5.0,
should be consulted for further details.

SUMMARY OF INVESTIGATION

Various site investigations have been performed at the Mead
Works since cyanide was first discovered in groundwater in
1978. These investigations, summarized in Table 1-2, were
undertaken for Kaiser by specialists in various technical
disciplines. Findings of these studies have provided the
basis to understand the nature and cause (s) of the ground-
water contamination problem and to identify effective reme-
dial measures affecting contaminant migration.

NATURE OF CONTAMINATION

Contaminants of Concern

The initial groundwater investigation and subsequent inves-
tigations and monitoring programs have confirmed that cya-
nide is present in groundwater within a well-defined plume
extending from the vicinity of the (asphalt-covered) spent
potlining pile (Figure 1-1) to the Little Spokane River
(Figure 1-2). Because of concern about its possible effects
on human health and aquatic life in the Little Spokane River,
cyanide has been a contaminant of concern. Since fluoride
also is associated with primary aluminum production, the
samples collected for routine monitoring of cyanide normally
also have been tested for fluoride. However, no fluoride
concentrations above the primary drinking water standard
published by the U.S. Environmental Protection Agency have
been found in groundwater offsite from the Mead Works (Site
Characterization Analysis report, Sections 4.2 and 5.1.2.2).
Ambient water quality criteria have not been established for
fluoride. Consequently, cyanide is the contaminant of con-
cern associated with Kaiser Aluminum & Chemical Corporation's
Mead Works. .

Iron-Complexed Cyanide

Early investigations into cyanide release from the Mead Works
showed that most of the cyanide in contaminated groundwater
was complexed with iron (Robinson and Noble, May 1979).
Subsequent investigations and routine monitoring confirmed



Table 1-2

SUMMARY OF INVESTIGATIVE ACTIVITIES

Date

1977

April 1978

May 1978 to
August 1978

August 1978

October 1978 to
December 1978

July 1979

August 1980

Summer 1980

April 1981

1981-82

AT KAISER MEAD 1977 TO PRESENT

Activity

Kaiser installed groundwater monitor-
ing wells TH-1 and TH-2 at plant site.

Robinson and Noble, Inc., report indi-
cating elevated levels of cyanide,
fluoride, nitrate, and sulfate 1in
wells TH-1 and TH-2.

Groundwater samples collected from net-
work of 18 private wells and springs
around the Mead Works and 2 onsite
wells (by Robinson and Noble, Inc.).
Analyses indicate cyanide present
northwest of plant.

Spokane County groundwater monitoring
network added to existing network.
Analyses indicate cyanide groundwater
contamination in the vicinity of the
plant site.

Six additional monitoring wells
constructed (TH-3, 3A, 4, 5, 6, 7).

Monitoring well TH-8 installed at
plant site; highest cyanide concentra-
tions found in this well.

Ecological survey of the Little
Spokane River completed by researchers.
from University of Michigan. No sig-
nificant impacts identified.

Monitoring wells and borings ES-1
through ES-10 completed; samples
collected and analyzed to further
define sources and extent of
groundwater contamination.

Completed a study of methods to treat
cyanide in groundwater.

Twenty additional monitoring wells and
borings constructed to better define
extent of plume and to investigate sus-
pected areas of contamination (wells
HC-1, 1A, 2, 2A, 3 through 9, 9a,

and 10 through 18 and borings D-1
through D-3).
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Date

1981 to Present

1982

1983

August 1985

1986

Table 1-2
(continued)

Activity

Ongoing monitoring to assess effec-
tiveness of remedial actions.

Leak test of storm and sanitary sewer
lines on north side of plant and
water lines throughout the plant.

Assessment of the potential for un-
covered potlining waste to contaminate
groundwater beneath the Mead Works.

Completed an assessment of alterna-
tives to control infiltration and
cyanide transport.

A groundwater extraction well inven-
tory update was conducted to supplement
the 1978 survey performed by the
Spokane County Health Department.
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the earlier findings: analyses for total cyanide (Standard
Methods, 16th edition, Method 412B, modified for use with a
Technicon analyzer) and free cyanide (ASTM Method D 4282-83)
repeatedly have shown that only a small percentage of the
cyanide was "free." The numerical difference between total
cyanide and free cyanide represents cyanide that is bound or
complexed. Cyanide data that are summarized in the Site
Characterization Analysis report and that are present in
depth in reports cited in that document confirm that the
cyanide is complexed.

The occurrence of cyanide in the iron-complexed form in con-
taminated groundwater beneath Mead has significance in human
health and aquatic toxicity issues that will be discussed
later in this chapter.

Affected Medium

Groundwater in a plume extending from the Mead Works to the
Little Spokane River is a widely recognized and acknowledged
affected medium involved in the transport of contamination.
The connection between past practices in the handling of
spent potlining and the contamination of groundwater has
been established (Site Characterization Analysis report,
Chapter 1.0). Surface water resources (other than the Little
Spokane River, which intercepts groundwater) are unaffected,
as evidenced by samples from the Little Spokane River, up-
stream of the contaminated seepage area (see Appendix C,
Ecological Survey of the Little Spokane River in Relation to
Cyanide Inputs, Tables 3 and 4; Site Characterization Analy-
sis report, Section 4.1).

The second affected medium is subsurface soil, principally
the soil column beneath the spent potlining pile, where the
total cyanide concentration exceeds at least 4,500 ug/g.
Lower concentrations of total cyanide have been found in
other areas such as the sludge bed; but concentrations de-
crease rapidly with depth, and these areas do not appear to
be contributing appreciable gquantities to the groundwater
(Site Characterization Analysis report, Sections 4.1.3,
4.1.4, and 5.1). The other candidate transport medium, air,
can be ruled out as a significant factor in the dissemina-
tion of cyanide because the iron complex in which the cya-
nide occurs is nonvolatile and does not dissociate readily
to release free cyanide. (Even free cyanide would not vola-
tilize from the pile because of the high pH of spent -
potlining.)

EXTENT IN GROUNDWATER

Horizontal Extent of Plume

The plume of cyanide-contaminated groundwater extends north-
west from the Mead Works to the regional groundwater
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discharge at the Little Spokane River. Figure 1-2 depicts
the horizontal extent of the plume for total cyanide con-
centrations exceeding 100 ug/l. The plume width at these
concentrations increases from about 800 feet at the plant
site to approximately 1,500 feet at the Little Spokane River,
about 2-1/2 miles away.

Vertical Extent of Plume

Cyanide concentration in groundwater varies with aquifer
depth. The regional aquifer beneath the Mead Works extends
downward from the water table (which occurs at a depth of
about 145 feet) to a depth of about 270 to 280 feet. The
aquifer can be discussed in terms of three zones designated
Zones A, B, and C (see Figure 1-~3). Each zone is separated
from the others by silt/clay layers of varied thicknesses.
Cyanide contamination is greatest in Zone A (upper zone)
with lesser amounts in Zone B and further reduced levels in
Zone C.

Quality Improvement With Time

Groundwater quality has improved as a result of remedial
activities that have occurred at the Mead Works. Table 1-3
shows the reduction in cyanide concentrations at representa-
tive onsite wells. The locations of these wells are shown
in Figure 1-2. Cyanide concentrations in these wells have
declined between 46 and 99 percent over the past several
years. Similar reductions in the fluoride concentration
have occurred, also.

Table 1-3
TOTAL CYANIDE CONCENTRATION DECREASES IN GROUNDWATER
Average
Concentration 1987
Well Peak for Peak Year Concentration Percent
Number Year (ppb) (ppb) Decline
ES-10 1981 74,000 4,000 95
HC=7 1981 45,000 2,500 94
HC-8 1981 55,700 1,200 98
TH-2 1982 3,000 25 : 99
HC-12 1984 73,600 39,800 46
HC-9a 1984 66,900 30,000 55
TH-3a 1982 182,600 62,800 66
TH-8 1982 262,700 96,400 63

Source: Site Characterization Analysis report, Table 5.
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SOURCES OF LEACHATE

Two equally significant factors must be considered in dis-
cussing the sources of leachate and its introduction into

the regional aquifer. These factors are the sources of solu-
ble cyanide and the sources of water that can transport the
cyanide to the groundwater system. These factors are dis-
cussed separately below.

Sources of Cyanide

Sources of cyanide at the Mead Works may be divided into
originating sources and secondary sources. The originating
and secondary cyanide sources are:

Originating:

o Spent potlining pile
o) Rubble pile
o Area 2

Secondary:

o} Sludge bed
e} Wet-air scrubber liquor
o] Subsurface soil

Each of the sources is described briefly below.

Originating Sources. Information compiled to date shows

that the primary source of cyanide is spent potlining (SPL)
waste and that the cyanide is entering the groundwater in

the vicinity of the spent potlining pile (Site Characteriza-
tion Analysis report, Section 5.1). Spent potlining is the
only source known to have a cyanide concentration high enough
to yield amounts sufficient to produce the cyanide concentra-
tions found in groundwater in the late 1970s and early 1980s.

Cyanide concentrations in SPL leachate have approached
1,000,000 micrograms per liter (Site Characterization Analy-
sis report, Sections 4.1 and 5.2), and cyanide has been
measured in the near-surface soils beneath the SPL pile at
high concentrations (Site Characterization Analysis report,
Section 5.1.2 and Figure 20). The mechanism by which cyanide
migrated from the SPL to the groundwater has been described
in the Site Characterization Analysis report (Section 5.1)
and can be summarized as follows:

o) Water from various sources (pot soaking liquor,
ponded runoff, drainage from spent potlining, etc.)
extracted contaminants from the SPL and carried
them into the subsurface soil.



o Water from the above sources or from other sources
(perched groundwater from a leaking settling basin,
leaking pipes, etc.) passed through contaminated
soil during its migration into the groundwater
system.

This interpretation is supported by the location of the head
of the contaminated groundwater plume in proximity to the
SPL disposal area (Site Characterization Analysis report,
Figures 25 and 34), and by the fact that covering the spent
potlining pile failed to improve groundwater quality beneath
the Mead facility. Groundwater quality only improved after
water that was interacting with cyanide-contaminated sub-
surface soil was eliminated following the relocation of the
wastewater settling lagoon, Tharpe Lake (see below and see
Site Characterization Analysis report, Sections 1.3, 4.1.1,
4.1.2.1, 4.1.3, 5.1.1, and 5.1.2).

The rubble pile (Figure 1-1) abuts the northwest portion of
the asphalt-covered spent potlining, and it is known to con-
tain some spent potlining waste (Site Characterization Analy-
sis report, Section 4.1.2). The quantities of spent pot-
lining are far smaller than those in the SPL pile, however,
and rubble, debris, and soil layers have been placed over
the spent potlining material, protecting it from direct ex-
posure to precipitation, snowmelt, and runoff (Site Charac-
terization Analysis report, Section 4.1.2.2, Figure 29),
Considering the limited potential for natural recharge in
the region and the 30- to 40-foot depth of rubble on the
pile, it is not considered likely that the rubble pile con-
tributes sufficient quantities of contaminants or mobilizing
water to affect the quality of groundwater beneath the Mead
Works (Site Characterization Analysis report, Sections 3.3
and 5.2),

Area 2, immediately east of the asphalt-covered spent pot-
lining pile, contains buried spent potlining waste that was
discovered during preparations for paving. The area has
been paved to prevent mobilization of cyanide during storm
events or by runoff ponding. Area 2 is shown in Figure 1-1,

Secondary Sources. Contaminated soil beneath the asphalt-
covered spent potlining pile contains cyanide concentrations
of at least 4,500 micrograms per gram (parts per million)
(Site Characterization Analysis report, Section 5.1.2, Fig-
ures 17 and 20, and A-31 through A-34). Subsurface soil
bgneath the asphalt-covered spent potlining pile has far

sequently, subsurface soil beneath the covered spent
potlining pile is regarded as a significant reservoir of
cyanide even though it is a secondary source. Since the
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cyanide-contaminated leachate has had to pass through the
145-foot soil column beneath the site, contaminated soil
must extend to that same depth. This contaminated soil col-
umn is believed to be the major source of cyanide remaining
after the SPL pile was covered that can become remobilized
by pipe leaks and by infiltration during stormwater ponding
(Site Characterization Analysis report, Section 5.1).

The sludge bed (Figure 1-1) was operated as a repository for
sludges from the now-abandoned wet-air pollution control
system. Cyanide was introduced into the sludge bed through
two practices, both of which have been discontinued for about
a decade:

o Pot soaking liquor was introduced into the wet-air
scrubber system for makeup, and cyanide entered
the sludge bed in liquid associated with the scrub-
ber sludge.

o Pot soaking liquor occasionally was discharged
directly to the sludge bed after the wet-air pol-
lution control system was decomissioned in 1974.

Soil samples from beneath the sludge bed generally show a
rapid decrease in cyanide concentration with increasing depth
over a span of about 10 feet. Groundwater wells downgradient
of the sludge bed but upgradient of the (asphalt-covered)
spent potlining pile typically show cyanide concentrations
below 100 micrograms per liter. These observations show

that the sludge bed contains some cyanide but its contribu-
tion to regional groundwater contamination is negligible
compared to soil beneath the spent potlining pile (Site Char-
acterization Analysis report, Sections 4.1.4 and 5.1.1 and
Table 2).

Prior to the abandonment of the wet-air scrubber system in
1974, occasional leaks and spills of air scrubber liquor had
contaminated soil with cyanide. Spillage in the northeast
portion of the plant is believed responsible for low-level
and declining cyanide concentrations in Well ES-9 (Site Char-
acterization Analysis report, Section 5.1.2.2). With the
abandonment of the wet-air scrubber system in 1974, the po-
tential for recontamination by this mechanism no longer ex-
ists. Soil contaminated by this mechanism is not considered
a significant contributor of cyanide to groundwater.

In summary, spent potlining was the source from which cyanide
originated; however, covering the spent potlining to prevent
leaching and infiltration failed to significantly improve
water quality in the aquifer. It has been shown that soil
beneath the old potlining disposal area (i.e., beneath the
covered spent potlining pile) contains cyanide, and is the
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immediate source from which cyanide contamination in the
aquifer originates.

Sources of Water To Transport Cyanide

Water capable of transporting cyanide through the subsurface
soil to the regional aquifer may come from a variety of
sources. Some of the sources are mentioned as a matter of
historical interest, while others may recur. The known or
potential sources of water that may be responsible for mo-
bilizing cyanide are:

o Pot soaking liquor (pot soaking discontinued in
1978)

o Natural infiltration (storms and snowmelt)

o Tharp Lake (wastewater settling lagoon, now
abandoned)

o Treated sanitary wastewater discharge to the sludge

bed (discontinued in 1978)

o) Ponded stormwater runoff in Area 2 and Area 4 (see
Figure 1-1)
o Pipe leaks (pressure and gravity systems)

Prior to August 1978, failed pots were soaked with water to
facilitate the removal of old potlining material. Wwater-
soaked potlining that was disposed of in the vicinity of the
existing asphalt-covered spent potlining is thought to have
contained free liquid, which carried soluble cyanide into
the subsurface soil. This practice continued for more than
30 years and appears to have provided the primary means for
cyanide to reach an intermediate aquitard, and subsequently,
the regional aquifer. For a while, pot soaking liquor was
discharged occasionally to the sludge bed, but this practice
was short-lived and does not appear to have caused large
quantities of cyanide to reach the deep aquifer, as has hap-
pened in the vicinity of the covered spent potlining pile
(Site Characterization Analysis report, Sections 1.3, 4.1,
4.2, 4.3, 5.1, and 5.2).

Several studies of natural recharge in the Greater Spokane
area have concluded that too little natural precipitation
falls to contribute significantly to the regional ground-
water system (Site Characterization Analysis report, Sec-
tions 3.3, 5.1.2, and 5.2). Excluding the accumulation of
ponded stormwater runoff (discussed below), natural precipi-
tation apparently does not constitute a water source capable
of transporting cyanide into the regional aquifer in the
concentrations that have been found.
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Kaiser's consultant, Hart Crowser, recognized that, if natu-
ral recharge could not explain the transport of cyanide to
the groundwater, another mechanism must be responsible. &
nearby settling pond (Tharp Lake) is known now to have been
leaking, and water was mounding at an intermediate depth.
The mounded water moved laterally as it encountered an aqui-
tard at approximately 60 feet below ground surface, and water
migrated into the contaminated subsurface soil beneath the
pot dumping and (old) potlining disposal area. There it
picked up cyanide and gradually drained through the aquitard
into the regional agquifer. This source of mobilizing water
is no longer available because the settling pond has been
relocated approximately 1,000 yards to the north (Site Char-
acterization Analysis report, Sections 3.3, 4.3, and 5.1 and
Figure 10).

Between 1971 and 1974, treated sanitary wastewater from the
facility was discharged to the sludge bed, along with sludge
from the wet air scrubber system (Site Characterization An-
alysis report, Section 4.1.4). Wet scrubbing of process
offgases was discontinued in September 1974, but treated
sanitary wastewater discharge to the sludge bed continued
until August 1978, when the practice was discontinued. Fol-
lowing the cessation of aqueous discharge to the sludge beds
cyanide concentrations in nearby TH-1 decreased tenfold, a
decline that is attributed to the elimination of free liquids
in the sludge bed (Site Characterization Analysis report,
Section 5.1.1). The sludge bed no longer appears to be a
significant source of water for cyanide mobilization.

Standing water has been observed immediately west of the
asphalt-covered spent potlining pile in periods of high
storm runoff. The low-lying portion of this area has been
asphalt paved and is designated "Area 4" in Figure 1-1,
Should standing water accumulate in Area 4, the asphalt
would inhibit infiltration immediately adjacent to the cov-
ered potlining pile (Site Characterization Analysis report,
Sections 1.3 and 5.1.3). Similar ponding was also observed
in an area now known to be underlain with spent potlining
residues, Area 2. Like Area 4, Area 2 has been asphalt paved
to control infiltration.

On at least one occasion cyanide concentration increase in
groundwater monitoring wells was traced to leakage in the
pressure piping system near the covered potlining pile. The
cyanide concentration resumed its decline after the leak was
repaired. Consequently, other leaking pressurized water
pipes or gravity lines could constitute potential water
sources (Site Characterization Analysis report,

Section 5.1.3).

In summary, five of six potential sources of water that
could transport cyanide into the regional aquifer have been
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eliminated through remedial actions and changes in plant
operation (pot soaking, settling pond leakage, sludge bed
abandonment, ponded runoff) or have been found insufficient
to transport the observed quantities of cyanide (natural
infiltration). The sixth water source, leaking pipes and
drainage lines, is the primary remaining potential source of
water for cyanide mobilization.

HUMAN HEALTH AND ENVIRONMENTAL CONSIDERATIONS

SUMMARY OF REMEDIAL ACTIONS

Kaiser Aluminum & Chemical Corporation performed a succession
of remedial actions as investigations provided a progres-
sively clearer understanding of the sources and transport of
cyanide. The earliest action was implemented in 1978 when
users of wells that contained cyanide were provided with
alternative water supplies. This initial action was taken

to protect human health, based on the limited information
available at the time. The remedial actions Kaiser has taken
to date are described in the Site Characterization Analysis
report (Section 1.3 and elsewhere) and are summarized in
Table 1-4.

PUBLIC AWARENESS

The discovery that cyanide had reached a portion of the re-
gional aquifer was made in 1978, prior to passage of the
1980 Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA). That act placed many requirements
on parties who were responsible for the release of hazardous
constituents, including the requirement to alert the public
to the potential risk.

Kaiser took a series of steps to make the public aware that
a release had occurred and that a public health risk may
exist. The principal steps in Kaiser's public information
program are summarized as follows:

o In August 1978 the Spokane County Health Depart-
ment was notified that a cyanide release had taken
pPlace and that residential wells were affected.

(o} The public was notified about the cyanide contami-
nation of groundwater, and replacement water sup-
plies and medical checkups were made available in
September 1978.

o Results of early investigations concerning the
nature and extent of groundwater contamination
were released and reported through local news media
between 1978 and 1982.

1-24



*jjounz
Aaeay bujanp 193em papuod JO uOTIRIITTIUT Jusaaxd o3 paaed p esay

*K13uaxanouod pesoro (L3rT1o®]
puyyeos 30d pro) we3isAs Buj[puwy Idjem pauopueqy “jjounz Aaeay
Buyanp zajem papuod jo UOTIRIITTIUT Juaadad o3 paased ¢ eazy

*370dsuex} jueutwejuod uaaaxd

03 pased waay °83uaad jjouna Aaeay buyinp paaxssqo sem buypuog
“193PMUTRI JO JUIWIWIIJ PUR UOTIOST[OD I03J paau 3yl aJeuturlad
03 pue Tesiadsyp ISNP IZTWIUTW O3 SIOOPUT paaou HBufrjuewsIp 3Jod

*buTpTINg 21buts w jo A3roedes ueyl
193e916 sjuswaxynbax asoeds buyrpuey pue ebexols bujuyiriod juadsg

*xear adyd e &q
pasneo oxam ST[9A bujzojzjuow UT BUOFIRIJUIDUOD BpFuedd Huysearduy

*6,L61 KAxenuep uy unbaq a3sea bujurriod bBujurejuocd-apiueld
buyjetost 103 ueTd 8,3I98FeY JO UOTILNUFIUOD © BEM UOTIOe STYL

-1a37nbe Teuoybax ay3y o3 spyuedo buyjzodsuexy
193eM JO 921Inos s® pazyubooex ayeq dieyl -uoyjILRUTWRIULOD
193eApunoxb asaoxdwy o3 paryes pey buyuyraod juads Huriaao)

*a[qISeaJ MOU STI8M PIJLRUTWEIUOD JO JUdWUOpuUeRqeR T[RIOL °HID0USPTEax
pa30333je 3o A3TuUTdTA 03 popuaixa sautly Arddns 1a3jem oyrqnd

-buTpTIng ©6ex038 mau Jo uoF3lonzysuod Huypuad ‘ped jreydse
uo paaois Aryaezoduay suoyieaado buyobuo wozy a3sem Buyurriod
moN cubysep jusurwaad 03 pe3x3AUOD UOTIETOST 901nos Axexodwdy

*310dsue1} pue uorjerauab
aajeyoeay Juaasxd 03 pelwIOBT Sea 20Inos apfueid Axewyard pajzoadsng

-sasearex aonbyr Huyyeos 3od zay3zany usasad o3 usuzzedsp
yateay L3junoo pue (Aboroag jo juauryaedaq) a3e3s jo z3pao Lg

*uof3oe paiduord s3oe3F2 yireesy 103 TerTiualod
-EIT®A TRJIUSPTS3X U PIISACOSTP Sem uUOTIEUTWRIUOD dpFued)

*pPeonUTIUODSTP 219m 3TqYsuodsax aq o3 3Iybnoyiz saoyizoead buripuey
238eM °“E)YIOM PRI BY3 Y3IE3audq PIIDA0ISTP UOTIRUTWERIUOD I33BMPUNOID

*3teydse Y3Tm p ©3IY PIIBAOD

-qefs bujueayd jod pIo pue ¢ eIIY IdA0 paiardwod
buyaeq -pasoro waisAs HBuyrpuey Iajem pauopueqy

-3teydse y3Ta Z waIy pPaIaAao)

‘qeTs buyueayd 30d I00pP3INO JO SN PINUTIUCDSIA

*aoyTAz8S8
o3jut and Butprinq abexols buyujr3iod puodas

*paoxyedaz yeay adya

+BuTprTNg 03uy pasouw ped Axexodwai uo paiols
a3seM -pa3onajsuod buiprynq abexo3s Butuyriod

*paT1T1¥3 pue pauopueqe (aye7 dreyy)
uyseq butr3llas pro -peisardwoo uyseq buyriiss maN

*pa3yajdwod
saouspysax o3 sdnyooy A1ddns xajem oyIqnd

*sa3sen
M3u 103 PajoNIISUCD UOTIDITTOD @jeydea] YITAa qels
abezo3s Kaeaodusy pue paaed a77d I3sem buyuyriod

-ot13serd
Yy3ya pazsnod pue padeysaz o1yd a3sem HBujuyrlod
-penurijuodstp suoyjiexedo bupieos 3od

*B3USpPTEaX
03 paiajjo Tesysdyd -~SIUIPTSaA 03 I3Iem patIod
-peddo3s paq abpnTs a2y3 03 3JUINTIId abemas jo
abieyostg ‘paeddoas 1ajem Huyeos 3od jo abiaeydstd

L86T I3qUIAON

9861 1340320

9861 TTadv

9861 Lzenuer

861

£86T 8aung

T861T ISqWaAON

1861 I3quajdes

6L61 12QUIAON

6L6T TTady

6L61 Lzenuep

8L6T 190320

8L61 xaqueidas

8L6T 3snbny

uay el UOTIDY I03 uoseay

A3TATIOV

INISTYd OL 8L61 AVAW HISIVM IV SNOILOV TVIQIWIY JO XUVWWNOS

v-1

arae]

a3ed

1-25



o A series of newsletters informing residents of
progress in the program to bring public water sup-
pPlies to their property was distributed during
1978 and 1979.

o Results of periodic groundwater monitoring were
made available to residents located along the mi-
gration pathway of cyanide-contaminated ground-
water (1981 to present).

e} In 1984 the Department of Ecology conducted a pub-
lic meeting to discuss its investigation of the
situation.

o In 1986 Kaiser conducted a house-to-house sampling

campaign of residences with groundwater wells and
discussed the trends revealed by the ongoing
groundwater monitoring program.

Kaiser's proactive approach to promoting public awareness
about groundwater contamination, particularly through the
1986 well sampling campaign, has provided an effective pro-
gram. The program's effectiveness and credibility have been
reinforced by Kaiser's early actions to protect human health
by providing alternative drinking water supplies to affecteg
residents, by offering medical examinations to determine
whether health effects had occurred, and by taking steps at
the Mead Works to provide long-term control against the fur-
ther release of contamination.

FERROCYANIDE TOXICITY

The early remedial actions Kaiser undertook to protect pub-
lic health were carried out with a sense of urgency prompted
by cyanide's reputation for toxicity. As data on the specia-
tion of cyanide in the contaminated groundwater began to
accumulate from the earliest field investigations, the cya-
nide was shown to be present predominantly in the iron-
complexed form known as ferrocyanide (Robinson and Noble,
1979; Site Characterization Analysis report, Table 7). Sub-
sequent published accounts and field investigations have
shown that ferrocyanide poses & far lower human health risk
than do other forms of cyanide.

Toxicity to Humans

It is generally recognized that free or weakly dissociated
cyanide is toxic to humans. The U.S. EPA (1984 and 1987)
recently has evaluated the health effects of free cyanide
and, based on its health effects assessment (U.S. EPA, 1984),
established an allowable daily intake {oral) (ADI) for cyanide
of 1.5 milligrams per day (mg/d) as CN , implicitly recog-
nizing that other forms of cyanide, such as iron-complexed
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forms, exhibit a low toxicity. The ADI of 1.5 mg/d would be
obtained by drinking 2 liters of water per day with 700 parts

per billion (ppb) of cyanide as CN . (Parts per billion are
equlvalent to micrograms per llter, ug/l, in this discus-
sion.) More recently, EPA (1987) in a health advisory has

recommended that drinking water concentrations of free cya-
nide (as a lifetime health advisory) should not exceed

154 ug/l if consumed at 2 liters per day over a lifetime by

a 70-kilogram (kg) adult or 220 ug/l of CN  if consumed at

1 liter per day by a 10-kg child for any duration. If drink-
ing water is the only source of cyanide, the drinking water
equivalent level (DWEL) is 770 ppb, based on a reference

dose of 0.022 mg/kg-day.

In contrast, the toxicity of strongly complexed cyanide such
as ferro- and ferricyanide was not considered to contribute
significantly to cyanide toxicity to humans; only free cya-
nide was considered in establishing health criteria (U.S.
EPA, 1984 and 1987). The low toxicity of iron-complexed
cyanides is exemplified best by the large doses that can be
ingested safely by animals and humans. For example, the
oral LD 50s of sodium cyanide and potassium cyanide to rats
are 6.44 and 10 milligrams per kilogram (mg/kg) body weight,
respectively (Sax, 1984). By contrast, the oral LD 50 of
potassium ferricyanide is about 1,600 mg/kg body weight for
rats (NIOSH, 1978) or 1,600 to 3,200 mg/kg (Fassett, 1958).
This compares favorably with ordinary table salt (sodium
chloride), which has an oral LD 50 of 3,000 mg/kg body weight
for rats (NIOSH, 1978). This means that potassium ferri-
cyanide is comparable to table salt in toxicity.

A further indication of the low toxicity of iron cyanide is
provided by the fact that sodium ferrocyanide decahydrate
(prussiate of sodium) is allowed in table salt as an anti-
caking agent (21 CFR 172.490).

Ferro- and ferricyanide salts have been tested as a renal
challenge (to test kidney function). These iron-complexed
cyanide salts worked reasonably well for demonstrating kidney
failure and had no apparent toxic effects (Steiglitz and
Knight, 1934; Plotz and Rothenberger, 1939; Kleeman and
Epstein, 1956).

Ferrocyanides are used also as a clinical treatment to pro-
mote the excretion of radioactive substances following acci-
dental radiation poisoning of humans. The relative toxicity
of four metals-ferrocyanides and their efficacy at promoting
excretion of cesium-134 were evaluated by Brenot and Rinaldi
(1967) . The oral LD50s they reported for rats were

4,090 mg/kg, 1,130 mg/kg, 891 mg/kg, and 903 mg/kg for co-
balt, ferric, bismuth, and calcium ferrocyanide,
respectively.
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In the Soviet Union human health-based concentration limits
have been established for potassium ferricyanide in reser-
voirs (Smirnova, Pavlenko, and Oleinik, 1967). The value is
1.25 milligrams per liter (mg/l) based on a harmless dose of
0.0625 mg/kg to a test animal.

In general, the toxicity of solutions of complexed cyanides
increases as the amount of free cyanide increases (Huiatt
et al., 1983).

The highest concentration of free cyanide in the groundwater
Plume that was observed in offsite wells in August through
November 1986 was 96 ug/l (Well 195) (Site Characterization
Analysis report, Table 7). Most offsite wells had concen-
trations of free cyanide of less than 20 ug/l. Given that
most of the cyanide in those wells was reportedly iron com-
plexed (Site Characterization Analysis report, Table 7) with
low toxicity, the potential for exposure to toxic concentra-
tions of cyanide in groundwater would be low even if the
wells were used for potable water.

Aquatic Toxicity

There is extensive literature that indicates that the toxic-
ity of iron-complexed Cyanide to aquatic life is very low
compared to free cyanide (Broderius, 1973; American Fish-~
eries Society, 1979; Duderoff, 1976; Ecological Analysts,
1979) . Most authors feel that cyanide toxicity is attribut-
able almost entirely to free Cyanide. However, the inter-
pretation of potential effects of discharges of Cyanides to
surface waters is complicated by the fact that iron-complexed
cyanides can be photolyzed to release free cyanide (Broder-
ius, 1973; American Fisheries Society, 1979; Ecological An-
alysts, 1979).

Because of the potential for photolytic production of free
cyanide, the U.S. EPA has established an ambient water qual-
ity criterion of 5.2 g/l for total cyanide.

Concentrations of total cyanide in springs discharging to
the Little Spokane River have been shown to increase total
cyanide in the river to values several fold higher than the
EPA ambient water quality criteria. To evaluate potential
effects of cyanide on animals in the Little Spokane River,

river above and below points of discharge of cyanide {Hartung
and Meier, 1980 (Appendix C)]. That study confirmed the
presence of total cyanide in excess of the water quality
criterion, but also demonstrated that there were no apparent
effects on the biota in the river.

The study by Hartung and Meier consisted of a fish census by
electroshocking and estimating populations by a

1-28



marked-recapture technique. Benthic invertebrates were also
sampled. Community parameters above and below cyanide dis-
charges were compared. Differences in biota along the river
were attributed to variations in habitat. Fish, which are
generally more sensitive to cyanides than are invertebrates,
were not affected adversely. The community composition in
areas with excess cyanide was compared with the composition
in areas upstream of cyanide discharges. The coefficient of
similarity (Cs) reported by Hartung and Meier (1980) suggests
that the cyanide had no significant effect on the river, but
the computational method contained an error. Their reported
values should be divided by two to be corrected (Hartung,
personal communication, March 3, 1988). The index used is
similar to the Jicard index and is somewhat sensitive to
having an equal-catch-per-unit effort in both study areas.
However, the conclusions of Hartung and Meier concerning no
effects of cyanides appear to be valid. Those conclusions
are supported by the presence of the more sensitive salmonid
species in the contaminated reaches of the river.

The studies to date in the Little Spokane River indicate
that the cyanide has had no discernible effect on aquatic
life despite the fact that measured total cyanide concen-
trations exceed the 5.2-uyg/l ambient water quality criterion.
The apparent lack of toxic effects of cyanide in the Little
Spokane River may be because the rate of dispersion and dilu-
tion of the iron-complexed cyanides that are discharged from
groundwater are more rapid than the photolytic production of
free cyanide; therefore, the measured total cyanide is not
all biologically active. Ultimately, large quantities of
groundwater from the Spokane aquifer empty into the Little
Spokane River a few hundred yards below the contaminated
plume (Site Characterization Assessment report, Sections 2.4
and 4.4), further reducing any potential impact from the
contamination.

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARSs)

Remedial actions conducted on National Priority List (NPL)
sites must comply with all applicable or relevant and appro-
priate federal and duly promulgated state environmental and
public health laws. Congress established this requirement

in Section 121(d) of the 1986 Superfund Amendments and Re-
authorization Act (SARA). These laws are known as Applic-
able or Relevant and Appropriate Requirements (ARARs): There
is a distinction between "applicable" and "relevant and
appropriate.”

"Applicable" means that all jurisdictional prerequisites of
the law or requirement are satisfied. "Relevant and appro-
priate" means that not all of the prerequisites are satis-
fied but that the conditions on the site are similar to those
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governed by the law or requirement. The EPA decides, with
input from the state, which requirements are applicable or
relevant and appropriate to a site on a case-by-case basis,

ARARs apply only to actions or conditions that are located
entirely onsite. Section 121(e) of CERCLA states that no
federal, state, or local permit is required for remedial
actions conducted entirely onsite. Therefore, actions con-
ducted entirely onsite must meet only the substantive, and
not the administrative, requirements of the ARARs.

ARARs may be divided into three categories:

o Chemical-specific ARARs
o] Location-specific ARARs
o Action-specific ARARs

These terms are described below.

Chemical-specific ARARs include those laws and requirements
that regulate the release to the environment of materials
possessing certain chemical or physical characteristics or
containing specified chemical compounds. The requirements
for cyanide and fluoride were examined in connection with
the Mead Works.

Location-specific ARARs are those requirements that relate
to the geographic or physical position of the site. These
requirements may limit the type of remedial actions that can
be implemented and may impose additional constraints on the
cleanup action. Flood-plain restrictions and the protection
of endangered species are among the location-specific poten-
tial ARARs.

Action-specific ARARs are requirements that define accept-
able treatment and disposal procedures for hazardous sub-
stances. These requirements generally set performance or
design standards for specific activities related to the man-
agement of hazardous wastes. Appendix D provides a compila-
tion of action-specific ARARs that may apply to alternative
remedial actions that are discussed in Chapter 3.

By identifying potential ARARs at an early stage, the reme-
dial alternatives can be developed to meet the ARARs and can
then be evaluated and compared more accurately. This dis-
cussion covers only the potential federal ARARs. State re-
quirements that are more stringent than the corresponding
federal requirements will be identified by the Washington
Department of Ecology (Ecology). These potential state ARARs
will be evaluated at a later date.
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CHEMICAL-SPECIFIC ARARSs

The major regulations that contribute to the list of poten-
tial chemical-specific ARARs included in the EPA draft guid-
ance are the Safe Drinking Water Act (SDWA) and the Resource
Conservation and Recovery Act (RCRA). These regulations all
describe chemical-specific standards for water. The SDWA
maximum contaminant level (MCL) standards are based on human
use of water for drinking, cooking, bathing, etc. Economic
considerations and technical feasibility of treatment proc-
ess are included in the justification for these levels.
These are enforceable standards that may be applicable to
the discharge of any liquid to surface water or groundwater
that can be classified as a source or potential source of
drinking water. [The RCRA maximum concentration limits
(MCLs) apply to groundwater contamination from a RCRA
facility.]

Review of these potential chemical-specific ARARs resulted
in the identification of one possible ARAR. The Safe Drink-
ing Water Act maximum contaminant level (SDWA MCL) for fluo-
ride is 4 mg/l.

The SDWA MCLs regulate the concentrations of contaminants in
a public water system. Since the groundwater in the areas
can be classified as a present or potential source of drink-
ing water, the MCLs may be applicable to water from the
facility that enters the groundwater. Although the MCLs are
enforceable at the point of usage (at the tap), they may be
applied to the groundwater itself since groundwater tradi-
tionally receives little or no treatment prior to distri-
bution. The MCLs also may be applicable to the discharge of
the groundwater to the Little Spokane River if the river is
or could be considered to be a source of public drinking
water.

LOCATION-SPECIFIC ARARS

Table 1-5 has been prepared using the proposed EPA draft
guidance and includes the location-specific requirements
identified by EPA as potential ARARs for CERCLA remedial
actions. Location-specific ARARs are concerned with the
area in which the site is located. Actions may be required
to preserve or protect aspects of the environment or cul-
tural resources of the area that may be threatened by the
existence of the site or by the remedial actions to be
undertaken at the site.

The major regulations that form the list of potential
location-specific ARARs include RCRA, the National Archae-
ological and Historical Preservation Act, the National His-
toric Preservation Act, the Endangered Species Act, the Clean
Water Act, the Wilderness Act, the Fish and Wildlife
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Coordination Act, the Scenic Rivers Act, the Coastal Zone
Management Act, the Marine Protection Resources and Sanctu-
ary Act, and the Executive Orders on the Protection of Wet-
lands and the Protection of Floodplains.

As indicated in Table 1-5, none of the proposed location-~
specific ARARs identified in the EPA draft guidance appears
to be applicable or relevant and appropriate to the Mead
Works.

ACTION-SPECIFIC ARARs

A tabulation of action-specific ARARs that may pertain to
remedial alternatives that are described later in the report
is contained in Appendix D. This appendix should be con-
sulted for action-specific ARARs when remedial alternatives
in Chapter 3 are evaluated.

WAIVERS

CERCLA Section 121 specifies that there are six situations
under which the ARARs requirements may be waived by EPA.

The waivers apply only to the attainment of an ARAR. The
requirement that remedies the protection of human health and
the environment may not be waived. The situations eligible
for waivers include:

1. Interim Remedies. A portion of a remedy need not sat-
isfy all ARARs as long as the completed remedial action
will satisfy the ARARs.

2. Greater Risk to Human Health or the Environment. Com-
pliance with the ARARs would result in greater risk to
human health or the environment than would alternative

actions.

3. Technical Impracticability. Compliance with the ARARs
is technically impracticable from an engineering
perspective.

4, Equivalent Standard of Performance. The remedial action

selected will attain a standard of performance equiva-
lent to that required by the ARAR using another method
or approach.,

5. Inconsistent Application of State Re uirements. A state
requirement will not be treated as an ARAR if the state
consistently has not applied the requirement in similar
Circumstances on other remedial actions.

6. Fund Balancing. Applies only to remedial actions being
financed by Superfund.
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The waivers would be evaluated, if necessary, after selection
of the remedial action alternatives.

CRITERIA TO BE CONSIDERED (TBCs)

In addition to ARARs, there are several environmental and
public health criteria, guidelines, goals, and industry
standards that are evaluated in the development and selec-
tion of remedial alternatives. While these guidelines are
not enforceable regulations and therefore are not ARARs,
they are useful and important sources of information. The
EPA has designated such guidelines as criteria to be con-
sidered (TBC) in the RI/FS process.

The EPA has classified the Clean Water Act ambient water
quality criteria (CWA AWQC) as TBCs rather than ARARs. The
ambient water quality criteria are designed to protect aqua-
tic life. These criteria are expressed on the bases of acute
and chronic toxicity levels. Although the ambient water
quality criteria, themselves, are not enforceable, offsite
discharges to surface water or to groundwater that dis-
charges to surface water may be required to meet these cri-
teria under NPDES permits.

The AWQC for cyanide in fresh water is 5.2 ug/l for chronic
exposure and 22 ug/l for acute exposure. These criteria
should be considered in the selection of remedial action
alternatives. Alternatives that would result in these con-
centrations being met in the Little Spokane River should be
favored.

SUMMARY OF CURRENT STATUS

This section draws upon information presented in the preced-
ing portions of Chapter 1 in order to state succinctly the
technical issues that are involved in groundwater contamina-
tion originating at Kaiser's Mead Works. The following items
summarize the current understanding of the situation at the
time this report was prepared.

o Cyanide is the contaminant of concern that has
migrated from sources at the Mead Works.

o The cyanide is found primarily in an iron complex
(ferrocyanide). .
o Substantial abatement in the quantity of cyanide

leaving the Mead Works has been realized through
past remedial actions taken at the sources.
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o Human health is not believed to be at risk because
residences along the affected plume are connected
to the public water supply.

o The human health risk from cyanide is lower than
originally thought in 1978 because the cyanide is
now known to be present predominantly in an iron-
complexed form.

o No human exposure standard for cyanide has been
found among federal ARARs.

o An ecological investigation of the Little Spokane
River has indicated that the cyanide entering the
river has not affected indigenous aquatic
populations.

o A recommended federal criterion for cyanide in
fresh water (5.2-ug/1 chronic exposure for aquatic
organisms--cyanide assumed to be in free form) is
exceeded by up to a factor of 10 in the Little
Spokane River,

Based on the foregoing understanding of the current status
and considering the physical environment at Mead and of the
affected environment, it appears that a potential cleanup
target is 5.2-ug/l cyanide in the Little Spokane River,

Means to achieve this degree of cleanup fall into two cate-
gories: source control and contaminated plume management.
Source control can be subdivided further into two categories:
(1) cyanide source management and (2) control of water that
can infiltrate and transport cyanide from cyanide sources.

Ten years of field investigation have shown that the original
cyanide source was spent potlining, now isolated by asphalt
cover. The asphalt-covered spent potlining pile is the
largest reservoir of cyanide at the Mead Works; but its iso-
lation was insufficient to eliminate groundwater
contamination.

Like the spent potlining pile, Area 2 contains spent potlin-
ing, which is protected by an asphalt cover. Unlike the
spent potlining pile, however, Area 2 contains a smaller
amount of waste material but had been subject to ponding
during storm runoff events. Area 2 may be as important as a
collection point for ponded stormwater, which could trans-
port contaminants in subsurface soil into the regional aqui-
fer, as it is an originating source of cyanide. The rubble
pile also contains small quantities of spent potlining com-
pared to the covered pile, but while it is a potential source
of cyanide, no mechanism has been identified by which the
cyanide could be transported into the subsurface soil and
the regional aquifer.
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The most important cyanide source at the Mead Works is con-
taminated soil beneath the asphalt-covered spent potlining
pile. The degree of soil contamination is second only to

the spent potlining pile, above, and far outweighs other
known originating sources at the facility. Contaminated
subsurface soil is the primary medium that can affect ground-
water quality, through a mechanism of infiltration from vari-
ous water sources. The other secondary sources, spilled
wet-air scrubber liquor and the air emissions control system
sludge bed, showed little potential for significant ground-
water contamination and are not considered further.

The cyanide sources to be addressed in the development of
remedial alternatives, therefore, are:

o The spent potlining pile (originating source)
o) Area 2 (originating source)
o Subsurface soil beneath the spent potlining pile

(secondary source)

The number of potential sources for recharge water that might
transport cyanide into the regional groundwater system are
limited to three, as described in a previous section of this
chapter:

o Ponding in Area 2
o Ponding in Area 4
o Leakage of buried pressure or gravity pipes in the

vicinity of a cyanide source

Direct precipitation is not considered sufficient to promote
cyanide transport to the groundwater system, unless assisted
by ponding.

The remainder of the report will deal with means of control-
ling the cyanide sources, sources of recharge water identi-
fied above, and means of managing groundwater once it has
become contaminated.
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Chapter 2 ‘
TECHNOLOGY SCREENING

This chapter discusses the procedures used to identify and
screen technologies for possible incorporation into remedial
alternatives for controlling cyanide contamination from the
Kaiser Aluminum and Chemical Corporation's (KACC) Mead Works.
Technologies were evaluated for both the onsite contaminant
source (s) (source operable units) and the groundwater
(groundwater/plume operable unit). It should be explained
that "source" refers to both sources of cyanide and any sea-
sonal, permanent, or occasional sources of water that could
mobilize the cyanide. The term "operable unit" refers to
any discrete part of a remedial action that functions inde-
pendently as a unit and contributes to preventing or
minimizing rebase or threat of release.

TECHNOLOGY IDENTIFICATION AND INITIAL SCREENING

Potentially applicable remedial technologies were identified
after first evaluating the cyanide contamination in poten-
tial sources at the site and in groundwater. A summary of
the site nature and extent of contamination is provided in
Chapter 1. Based on these data, the potential remedial ac-
tions were divided into source-related and plume-related
operable units.

Source-related technologies were directed mainly at cleanup
actions for the spent potlining pile with consideration also
given to other, less contaminated sources including poten-
tial water infiltration sources and source areas. Ground-
water remediation technologies were focused on actions to
clean up the cyanide-contaminated plume extending from the
Mead site to the Little Spokane River.

Potentially applicable technologies for source and ground-
water remediation at Mead were selected initially from those
listed in Table 2-1. The technologies listed in Table 2-1
were compiled from two references:

1. Guidance on Feasibility Studies Under CERCLA, document
published by the U.S. Environmental Protection Agency
Report No. EPA/540/G-85/003 (June 1985).

2. A Study of Hazardous Waste Management Priorities for
Categories of Waste in Washington State by the Wash-
ington State Department of Ecology, Ecology Document
No. 86-7 (July 1986).

The first document provides a general list of technologies
that typically are considered for site remedial actions.



Table 2-1

TYPICAL REMEDIAL TECHNOLOGIES

Technology

Screening Results
First Level

Air Pollution Controls

o

Capping

- Synthetic membranes
~ Clay

- Asphalt

- Multimedia cap
-~ Concrete
- Chemical sealants/stabilizers

Dust Control Measures

- Polymers
- Water

Surface Water Controls

o

Capping (see Item A above)

Upgrade existing caps

Reroute, repair, or replace ex-
isting pipelines, and relocate
wastewater treatment plant

Pipeline leak monitoring

Grading

= Scarification
- Tracking
- Contour furrowing

Revegetation

- Grasses

= Legumes

~ Shrubs

- Trees, conifers

- Trees, hardwoods

2-2

Selected for further
consideration

Selected for further
consideration in
conjunction with
waste removal
technologies

Selected for further
consideration

Selected for further
consideration

Selected for further
consideration

Selected for further
consideration

Provided as a compo-
nent of capping
technology

Considered as a
component of capping
technology



Table 2-1
(continued)

Technology

Screening Results
First Level

Groundwater pumping (generally
used with capping and treatment)

Function options

~ Extraction and injection
- Extraction alone
- Injection alone

Equipment and Material Options

- Well points

- Deep wells

- Suction wells
- Ejector wells

Subsurface Collection Drains
- French drains
- Tile drains
- Pipe drains
(dual media drains)

Groundwater Monitoring

D. Gas Mitigation Controls

Capping (gas barriers)
(see Item A)

Gas collection and/or recovery
- Passive pipe vents

- Passive trench vents
- Active gas collection systems

2-3

Components selected
for further
consideration

Not applicable to
this site

Selected for further
consideration

Not applicable to
this site

Not applicable to
this site



Table 2-~1
(continued)

Technology

Screening Results
First Level

Excavation and Removal of Waste

and Soil

©0 Excavation and removal

-~ Backhoe

- Cranes and attachments

- Front-end loaders

- Scrapers

- Pumps

= Industrial vacuums

- Drum grapplers

- Forklifts and attachments

0 Grading (see Item B)

o Capping (see Item A)

© Revegetation (see Item B)

Removal and Containment of

Contaminated Sediments

o Sediment removal
Mechanical dredging
- Clamshell

- Dragline
- Backhoe

Hydraulic dredging
- Plain suction

= Cutterhead

- Dustpan
Pneumatic dredging
- Airlift

= Pneuma
- QOozer

Components selected
for further
consideration

Considered as a com-
ponent of capping

Selected for further
consideration

Considered as a com-
ponent of capping

Site does not con-
tain contaminated
sediments; not
applicable to this
site



Table 2-1
{continued)

Technology

Screening Results
First Level

)
H
o

Sediment turbidity
controls and
containment

Curtain barriers
Cofferdams
Pneumatic barriers
Capping

Situ Treatment

0000000 000O00O0

Hydrolysis

Oxidation

Reduction

Soil aeration

Solvent flushing
Neutralization
Polymerization

Sulfide precipitation
Bioreclamation
Permeable treatment beds
Chemical dechlorination
Vitrification

H. Direct Waste Treatment

(o}

Incineration

Rotary kiln

Fluidized bed
Multiple hearth
Molten salt

Cement kiln

In situ vitrification

Potlining--specific treatments

Incineration by fluidized bed
combustion

Pyrohydrolysis

Pyrosulfolysis

Carbon recovery by steam
hydrolysis or hot-water leach
Carbon reuse as anode material

Not applicable to
this site

Components selected
for further
consideration

Components selected
for further
consideration

Components selected
for further
consideration



Table 2-1
{(continued)

Technology

= Alcan membrane process

- Alcoa aluminum sulfate/
sulfuric acid process

= Alcan Deutschman process

= Cyclonic smelting

~ Incineration followed by
sodiumcarbonate addition

Screening Results
First Level

Potlining--specific recycle/resale Components selected

= Recycle in-plant (dry
roasting)

= Recycle in-plant (wet
processing)

- Resale for steelmaking

= Resale for mineral wool
production

- Resale for cement kiln fuel

Gaseous waste treatment

- Activated carbon
- Flares
- Afterburners

Treatment of aqueous and liquid
waste streams and groundwater

Biological treatment

= Activated sludge

= Trickling filters

= Aerated lagoons

=~ Waste stabilization ponds
— Rotating biological disks
= Fluidized bed bioreactors

Chemical treatment

- Neutralization

= Precipitation

~ Oxidation

=~ Hydrolysis

= Reduction

- Chemical dechlorination
= Ultraviolet/ozonation

for further
consideration

Considered as a com-
ponent of other
direct waste treat-
ment technologies

Components selected
for further
consideration



Table 2-1
(continued)

Technology

Screening Results
First Level

Solidification, stabilization,
or fixation

- Cement-based

- Lime-based

- Thermoplastic

-~ Organic polymer

- Self-cementing techniques
- Surface encapsulation

- Glassification

- Solidification (i.e., fly
ash, polymers, sawdust)
- Grouting

I. Land Disposal Storage

0O000O0O0

Landfills onsite/offsite
Surface impoundments
Land application

Waste piles

Deep-well injection
Temporary storage

J. Contaminated Water Supplies and

Sewer Lines

o In situ cleaning

o Removal and replacement

o Alternative drinking water
supplies
- Cisterns or tanks
- Deeper or upgradient wells
- Municipal water systems
- Relocation of intake

o0 Individual treatment units

Sources:

Components selected
for further
consideration

Components selected
for further
consideration

Not relevant under
existing site condi-
tions (some compo-
nents previously
implemented)

U.S. Environmental Protection Agency. Guidance on

Feasibility Studies Under CERCLA.

EPA/540/6-85/003. June 1985.

Washington State Department of Ecology. A Study
of Hazardous Waste Management Priorities for Cate-
gories of Waste in Washington State. Ecology
Document Number 86-7. July 1986.
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Technologies listed in the second document relate to treat-
ment of spent potlining from aluminum reduction facilities.

Potentially applicable technologies were selected during an
initial screening of the technologies in Table 2-1. This
initial screening process consisted of identifying tech-
nologies that had potential applicability to sources or
affected media associated with the Mead Works. Screening
involved comparing the listed technologies to known waste
characteristics and site data. Typical site- and waste-
related characteristics that are considered in the selection
of remedial technologies are listed in Table 2-2. 1In this
initial screening exercise, technology applicability was
Judged primarily on the basis of the waste type and toxicity,
known contamination sources, known migration and potential
exposure routes, and the physical condition of the waste
piles stored onsite.

TECHNOLOGY DISCUSSIONS

The technologies that had potential usefulness for the Mead
site were classified according to their applicability to
sources or the contaminated plume associated with the Mead
Works.

I. SOURCE-RELATED TECHNOLOGIES

A. General

contractor and depends on the type of equipment the contrac-
tor has available. For removal of waste deposits on the
ground surface, bulldozers, front-end loaders, and haul
trucks would be the likeliest equipment used. Source ex-
cavation at the Mead site would require that dust from the
spent potlining be controlled. This probably would be im-
plemented by spraying the waste Piles and the filled haul
trucks with water during the process. Tight covers over the
truck beds also might be necessary during any transport to
minimize dust release.

Excavation of sufficient cyanide-contaminated soil to prevent
groundwater contamination during occasional recharge episodes
such as pipe leaks would involve removing a soil column ap-
Proximately 145 feet deep. This hydraulically unsaturategd
soil consists of clean to silty, fine-to-medium and fine-to-
coarse sand with occasional interbedded clayey silt to silty
clay layers (Site Characterization Analysis report,



Table 2-2 ‘
CHARACTERISTICS THAT MAY AFFECT TECHNOLOGY SELECTION

Site Characteristics

Source volume

Source area

Source configuration

Disposal methods

Climate (precipitation,
temperature, evaporation)

Soil texture and permeability

Soil moisture

Slope

Drainage

Vegetation

Waste Characteristics

Quantity/concentration
Chemical composition
Acute toxicity
Persistence
Biodegradability
Radiocactivity
Ignitability
Reactivity/corrosivity

Depth of bedrock
Depth to aquacludes
Degree of contamination
Direction and rate of
groundwater flow
Receptors
Drinking water wells
Surface waters
Ecological areas
Existing land use
Depths of groundwater
or plume

Infectiousness

Solubility

Volatility

Density

Partition coefficient

Compatibility with other
chemicals

Treatability

Source: U.S. Environmental Protection Agency. Guidance on
Feasibility Studies Under CERCLA. EPA/540/6-85/

003. June 1985.



Section 3.1.1). Excavation of this contaminated soil to the
lateral extent of contamination is considered infeasible
because of the large volume of contaminated soil and the
problems of disposal, replacement and temporary support of
the excavation. Extending the excavation zone sufficiently
to overcome slope stability problems also appears infeasible
because of the proximity of the contaminated zone to physi-
cal structures on the plant site. It is estimated that a
minimum of 3.28 million cubic yards of soil would require
excavation and disposal if soil excavation were to be
pursued.

Excavation of the spent potlining pile was retained for addi-
tional evaluation, but subsurface soil excavation was not
retained for further consideration.

Onsite Disposal. This technology would keep the waste mate-
rials onsite but in an approved waste storage area. Gener-
ally, this would require excavating the source materials and
depositing them in a lined waste disposal area meeting RCRA
performance standards and with a cover cap that meets RCRA
performance criteria. A closure plan with a written environ-
mental monitoring and release response plan included would

be required. Groundwater monitoring would be an essential
element in the closure plan. This technology option is not
retained because spent potlining waste is now a listed hazar-
dous waste and because an additional onsite source of poten-
tial releases would be created. Restrictions on siting
landfills over sole-source aquifers would apply also.

Offsite Disposal in RCRA-Permitted Landfill. Potlining
wastes have been designated recently as a RCRA hazardous
waste. Because of this, offsite disposal at a RCRA-permitted
landfill would be necessary. There are two and possibly
three landfills in the Northwest where spent potlining may
be disposed of. Implementation of this remedy would require
excavation with associated dust control, hauling, waste com-
patibility testing, and probably capping of the excavated
area after waste removal to control cyanide migration in
contaminated subsurface soil. This option is retained for
further consideration.

B. Infiltration Control

These technologies minimize the amount of direct rainfall,
stormwater drainage, or plant pipe leakage that is allowed
to percolate into the subsurface soil. Use of these tech-
nologies controls the leaching of contaminants from the
waste sources and their migration into groundwater.

Grouting. Grouting would be most applicable for use on the
rubble and brick pile. Grout may consist of mixtures of
cement and water with admixtures of clay and chemicals to
control fluidity or may consist of chemicals that form a gel
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or rubbery compound in the ground. The grout would be in-
jected in a liquid state into voids in waste piles. The
grout would be allowed to harden, subsequently reducing the
permeability of these waste piles and preparing the piles

for an impermeable cap. There is difficulty in implementing
this technology with waste piles such as the rubble pile

that have such large void volumes. The large voids and the
variability in porosity make control of grout injection diffi-
cult, and limited equipment and personnel access to the sides
of the waste piles compounds the problem. This option was
not retained for further consideration.

Capping. 1Installing new caps over the waste sources at the
site generally would be performed to RCRA (40 CFR Part 264)
and Washington Department of Ecology performance standards.
Various cap design options are possible, all of which would
meet the required performance standards. The cap should be
designed to limit liquid infiltration, promote surface
drainage, minimize erosion, and accommodate possible future
subsidence. A likelihood in the use of this technology is
that the waste piles would be graded to obtain flatter and
smoother surfaces for capping. Capping of cyanide sources
and infiltration areas is retained for further consideration.

Upgrade Existing Caps. In this option the existing asphalt
cap over the spent potlining pile would be upgraded to con-
form to RCRA performance requirements. Cracks in the ex-
isting cap would be repaired with new asphalt and surface
water run-on routed away from the capped area, as is now
practiced. A program to monitor the integrity of the cap
and to repair it as necessary would be developed. The use-
fulness of performing a cap upgrade for the spent potlining
pile is questionable as the present cap appears to be func-
tioning well and recently has had the cracks in it repaired.
Further, this cap presently meets RCRA and Washington De-
partment of Ecology performance standards as identified in
the Code of Federal Regulations (40 CFR part 264) for site
closure.

Reroute, Replace, or Repair Existing Water Pipelines and the
Sanitary Treatment Plant. Potential leakage from existing
pipelines in the vicinity of the spent potlining pile could
percolate through contaminated subsurface soil and cause
continued groundwater contamination. Water lines, sanitary
sewer lines, and storm drainage pipelines would be rerouted
away from the potlining pile, replaced, or repaired in order
to remove these potential sources of leachate. Rerouting is
applicable for the larger sized storm drain pipe and several
small water and sewer pipelines. Direct parallel replacement
or repair by slip lining with polyethylene pipe is possible
for other water, sewer, and storm drain pipe where rerouting
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is not possible because of their services to existing plant
facilities. These options are retained for further
consideration.

Pipeline Leak Monitoring. This technology calls for hydrau-
lically testing the structural integrity of water, sewer,

o Identifying the pPipe segment to be tested and any
vital services on the line requiring special
consideration

o Identifying secondary services on the line segment

to be tested ang disconnecting these services or
estimating their consumption

o Closing isolation valves where possible

o] Connecting a fill line to the segment to be tested
and blocking the end of the segment

o) Pumping water into the Pipe segment through a
water meter and periodically measuring the volume
of water consumed

Sonic (i.e., acoustic) leak detection was tested in 1982 at
the Mead Works and found to be infeasible.

pipe leaks are discovered, the leaking pipe segment would be
repaired as necessary. This option is retained for further
consideration.

C. Vertical Barriers

soil beneath the waste pile(s) from groundwater to control
the transport of cyanide into the main plume,

Sheet Piles. Sheet pPiles are relatively flat and wide in
Cross section so that, when driven side by side, they form a
cutoff wall. Because they are physically driven down" from
the surface, their use is limited to a fairly shallow depth.
Effective use of the sheet piles is contingent upon keying
the wall into an lmpermeable layer of subsoil]. This tech-
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Slurry Wall. Slurry walls can be described as permanent
"membranes” constructed in subsurface soil. In this process
a vertical wall trench is excavated by a trenching machine,
a "clam shell," or by drilling a series of overlapping,
large-diameter vertical holes. The trench is maintained
during and after excavation by backfilling with a bentonite
clay mud. The mud is displaced finally by concrete, and the
finished subsurface installation is a concrete wall with
mud-impregnated soil on the outside. Construction is by a
variety of drilling and digging methods, depending on the
particular equipment used. Slurry walls usually are limited
to a depth of less than 50 feet, but walls to several hun-
dred feet have been built. Slurry wall effectiveness is
contingent upon keying the wall into an impermeable layer of
subsoil. Implementability is doubtful at Mead because of
the nature of the subsoil, the depth to groundwater (approx-
imately 150 feet), and the apparent absence of an imperme-
able zone to key into. This option was not considered
further.

Grout Curtain. A grout curtain is a barrier comprised of
soil with grout-filled voids. The curtain is created by
drilling vertical holes and grouting successive intervals of
the holes with cement-based or chemical grouts. The grout
holes are spaced closely in a linear array, and several
lines of grout holes may be used to obtain a reasonably con-
tinuous and thick zone of grouted soil. The continuity of
the grouting is checked by noting grout movement into un-
grouted holes and by core drilling into the grouted zone.
The feasibility of installing a grout curtain at Mead is
doubtful because of the subsoil conditions, depth to ground-
water, and absence of an identified zone to key into. This
option was not retained.

D. Direct Waste Treatment

Recycle In-Plant (Dry roasting). Crushed and ground spent
potlining is combusted in a multiple-hearth furnace to burn
off the carbon. The remaining high-fluoride fraction is
returned to the aluminum production process. The quantity
of spent potlining that can be processed in this manner is
limited because of impurities in the high-fluoride fraction,
which contaminate the cryolite bath. This option has been
dedicated at the Mead Works to the current generation of
spent potlinings, which consumes the smelter's capacity to
use the material. It must be noted that the smelter's ca-
pacity to use this material is less than the current gen-
eration rate of spent potlining. No further consideration
is given to this option, beyond current practice.

Recycle In-Plant (Wet processing). Crushed and ground spent
potlining is placed in a caustic bath, and the soluble cryo-
lite fraction is extracted. Cyanide is not destroyed in
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this process, and it is associated with the liquid phase ang
the carbonaceous solid fracticon, both of which require dispo-
sal. The dissolved cryolite is reprecipitated by reducing
the pH, and the cryolite is separated, dried, and stored for
eventual reuse. Recent surpluses of cryolite on the market
have reduced demand for this product, making resale diffji-
cult. This option is not considered further.

Resale for Steelmaking. Spent potlining has found limited
use in the steelmaking industry in the past 2 or 3 years,
Its main use is as a substitute for the fluxing agent, flu-
orspar. Potlining recycled in this manner must be crushed
and ground to between 1/4 and 3 inches in size. It is then
placed in the furnace at an appropriate time during the "heat"
and burned. The Mead facility had established a working
relationship with a steel company for this use; however, the
steel company has discontinued the use of this material be-
cause of detrimental effects that potlining has on the re-~
fractory lining of their furnace. No further consideration
is given to this option.

Resale for Mineral Wool Production. Spent potlining may be
used as an alternative feedstock in the production of min-
eral wool because of its low melting refractory components
coupled with its benefit as a supplemental fuel. This tech-
nology has been pilot tested, but industry standards have
not been established. Potlining is crushed and ground to
between 2 and 6 inches in size and is then burned in a cup-
ola with other feedstock. Flucrides and other inorganics
are incorporated into the mineral wool product. Cyanides
are destroyed during combustion. The process has not been
fully accepted by the mineral wool manufacturing industry,
and air emissions are a possibility. Spent potlining resale
for reuse is purchaser controlled, and the listing of this
material as a hazardous waste makes it unattractive for se-
condary uses. This option is not considered further.

Resale as a Fuel Supplement in a Cement Kiln. The high car-
bon content in spent potlining makes it suitable as a fuel
supplement in a cement kiln. Cement clinker is produced by
burning finely ground raw cement mix in a rotary kiln at
approximately 2,700°F. Volatile components in the cement
are driven off, and partial melting occurs, leading to
nodulation of the feed into round balls known as "clinkers."

4 percent by weight) would result in reduced fossil fuel
costs with no adverse effects on cement quality, kiln opera-
tion, or equipment. Cyanide destruction was nearly complete,
and fluoride emissions in the stack were negligible. The
Mead facility's experience with this option has not been
successful. A test burn through a third party was contracted
for at a cement kiln in Inkom, Idaho. However, because of
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adverse public reaction, no test runs could be performed.
This option is not retained for further consideration.

Incineration by Fluidized Bed Combustion. 1In this process,
spent potlining is burned in a circulating fluidized bed
combustor at approximately 1,400°F with the result being de-
struction of cyanide. Air is used for combustion and fluid-
izing the bed. Coarse solids are removed from the bottom of
the combustion chamber while fines are recirculated in a
high-temperature loop that helps to control combustion tem-
perature while keeping the bed expanded. Use of this tech-
nology at the Mead site would require processing of spent
potlining prior to incineration. Material processing would
include excavation followed by scrap metal removal and
crushing to approximately 1/4-inch-size solids. Process
off-gas could contain high levels of fluorides, which would
require scrubbing. Leachable fluorides in the process ash
may limit the number of acceptable landfill locations where
residues could be placed. This option has been under active
development recently and is retained for further consideration.

Pyrohydrolysis. 1In this process, spent potlining is burned
in a circulating fluidized bed reactor at approximately
2,200°F, resulting in nearly complete cyanide destruction.
Steam is injected into the combustor, reacting with the flu-
orides to produce hydrogen fluoride gas. The off-gas is
scrubbed in an absorption tower, resulting in a 25 percent
hydrogen fluoride solution that may be sold on the open mar-
ket. 1In the pyrohydrolysis process itself coarse solids are
removed from the bottom of the combustion chamber while fine
solids are recirculated into the bed to control combustion
temperature and to keep the bed expanded. Combustion ash
contains sodium and aluminum values suitable for reuse in
the Bayer process for bauxite refining. However, the great
distances to the remaining Bayer plants that are still
operating in this country limit the viability of this ap-
proach, and residues would be disposed of by landfilling.
This option is retained for further consideration.

Pyrosulfolysis. This process is similar to that described
for pyrohydrolysis except that air, sulphur dioxide, and
steam are injected into a circulating fluidized bed reactor
operating at approximately 1,300°F to 1,650°F. Cyanide de-
struction is achieved while producing hydrofluoric acid for
possible resale for manufacture of aluminum fluoride or other
fluoride chemicals. An ash low in cyanide and fluoride is
produced that may be acceptable for landfill disposal. The
process is relatively experimental, however, and has not
been demonstrated at other than a laboratory testing level.
This option is not considered further because of its early
stage of development.

Carbon Recovery by Steam Hydrolysis or Hot-Water Leach.
This process is being employed currently on a limited scale
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by Alcan at one plant in Canada. Spent potlining is crushed
and ground to between 1/2 inch and 3/4 inch. It is then
either placed in an autoclave, sparged with steam, or boiled
with hot water to hydrolyze the cyanide. The resulting pro-
duct is then screened to recover the treated carbon, which
is returned to the plant as carbon paste for the production
of carbon sidewall blocks. Presently, ALCAN is recycling
only a portion of its potlining and has no additional ca-
pacity. 1In addition, carbon sidewall blocks are not used in
aluminum production at the Mead Works, thus limiting the
usefulness of this technology for waste potlining at Kaiser-
Mead. This option is not considered further.

Carbon Reuse as Anode Material. This process attempts to
reuse the carbon in spent potlining for anodes in Soderberg
plants. Crushed and processed spent potlining is mixed with
anode paste at concentrations of less than 10 percent of the
total anode mass. The resulting paste is then placed inside
a container on top of an operating Soderberqg cell. As the
anode is consumed, the paste falls down into the cell and is
slowly baked hard in the process. At the low percentage
additions of spent potlining currently being mixed into the
anode paste, there is insufficient Northwest plant capacity
to consume the quantity of spent potlining at the Mead site.
The process is most applicable to reuse of new spent pot-
lining currently being generated by the aluminum industry
that has fewer process contaminants. Mead is a prebake plant;
so carbon use in anode paste is not applicable. Moreover,
experimental testwork by others has been abandoned because

of poor anode quality. This option is not considered further
because Mead is not a Soderberg plant, the reuse quantity is
limited, and carbon reuse as anode material is experimental.

In Situ Vitrification. 1In situ vitrification involves the
passage of electrical current through a melt of the waste
undergoing fixation. This process is proprietary to
Battelle Northwest Laboratories and usually is contemplated
for soils contaminated with radioactive compounds. Elec-
trodes are placed in the material to be treated at a pre-
determined spacing; the area to be heated is treated with a
graphite to impart electrical conductivity; and electrical
current is applied. As the treated material begins to melt,
it becomes electrically conductive, thereby accelerating the
process. After the waste is completely melted, current flow
is stopped, and the molten mass is allowed to cool into an
immobile glassy state. There is no known commercial experi-
ence with this process, and there are concerns about uncon-
trolled combustion, gaseous and particulate emissions
containing fluoride and hydrocarbons, and contaminant within
controllable zones within the spent potlining pile. This
process is not considered further.
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Alcan Membrane Process. There are several possible versions
of this process. In the basic process, ground potlining is
first digested in caustic to produce a solution of sodium
fluoride (NaF) and sodium aluminate (NaAlO.). Liquids are
then decanted off to an evaporator to crys%allize out the
sodium fluoride. Solids from the decanter go to disposal.
The sodium fluoride crystals from the evaporator are washed
in caustic and are dissolved in boiling water. This solu-
tion is then passed through a water-splitting membrane to
produce solutions of hydrogen fluoride and sodium hydroxide.
The hydrogen fluoride solution can then be reacted with soligd
Al,0,-3H,0 to produce aluminum fluoride (AlF.,) for resale.
Cygngde gresent in the potlining is extracted into the caus-
tic and discharged along with sodium aluminate from the evap-
orator. Cyanide can be destroyed by returning the sodium
aluminate to a Bayer plant. This process has not been dem-
onstrated beyond a pilot-scale operation, and work reportedly
has been discontinued at Alcan. This option is not considered
further because of its reliance on a nearby Bayer plant and
its early stage of development (especially the bipolar
"water-splitting" membranes. Carbonaceous byproducts stream
disposal appears to be an unresolved issue.

Alcoa Aluminum Sulfate/Sulfuric Acid Leach Process. This
process uses a two-step digestion of spent potlining in an
aluminum sulfate and sulfuric acid bath to volatilize cya-
nide and to extract fluoride (aluminum fluoride) and sodium
fluoride. Bath effluent requires treatment to remove free
fluoride. Solids that require disposal are produced. The
process has been tested only on a small scale and is not
technically proven. Full-scale operations would require
material excavation, size reduction processing, and an acid
plant for hydrofluoric acid production. This option is not
considered further because of its early stage of development.

Alcan Deutschman Process. Spent potlining is treated in a
two-step process. Crushed and prepared potlining is heated
in the presence of water or steam to hydrolyze cyanide.
Solids are then reacted with sulfuric acid and either cal-
cium hydroxide or calcium oxide to precipitate fluoride as
CaF,. Cyanide removals of over 99 percent have been achieved
in silot testing. Fluoride levels in ash may be low enough
for acceptable ash disposal in nonhazardous waste landfills.
Material preparation including size reduction and scrap metal
removal would be required prior to treatment. This technology
is still experimental and has not been demonstrated in a
large-scale continuous process. This option is not consi-
dered further because of its early stage of development.

Cyclonic Smelting. Spent potlining is incinerated in a cy-

clone smelter similar to those used at copper plants. Pot-
lining is melted at high temperature, thereby oxidizing cyanide
and driving off fluorides. This technology is still experi-
mental, and there currently is no published literature describing
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the process. Fluoride scrubbing of the off-gas as well as
material processing and size reduction likely would be re-
quired. This option is not considered further because of
limited reporting of tests and its early stage of development.

Incineration Followed by Sodium Carbonate Addition. Little
information is available on this process, but it is thought
to be a variation of dry roasting. The process is experi-
mental and reportedly has experienced some problems at this
stage of development. This option is not considered further.

II. PLUME-RELATED TECHNOLOGIES

A. Groundwater Extraction

Groundwater extraction is the process of removing water from
saturated subsoil for the purpose of intercepting a contami-
nated plume, inhibiting plume migration, or removing water
for treatment.

Extraction Wells. Extraction wells would be used to pump
groundwater from the uppermost saturated zone in the deep
aquifer in the vicinity of the Mead site in order to provide
water with a treatable concentration of ferrocyanide. These
wells would be located along the centerline to withdraw con-
taminated groundwater for surface treatment and/or disposal.
It is envisioned that three extraction wells would be lo-
cated at 500-foot intervals along the plume centerline, with
the first placed near TH-8. Each well would produce at a
rate of about 70 to 85 gpm (total 200 gpm for all three
wells). It is estimated that this groundwater extraction
rate would produce groundwater with cyanide above the mini-
mum treatable concentration but would not exceed the sewer
capacity at the point of discharge.

B. Groundwater Treatment

Biological Treatment. This technology normally would in-
volve the use of several unit processes. First, wastewater
would be fed into a basin with a large population of accli-
mated microbes attached to rotating biological contactors.
Wastewater would then flow into a clarifier where any
sloughed solids would be settled, and the supernatant would
overflow to other polishing treatment steps such as filtering.
Solids would be removed from the clarifier and dewatered in
a filter press or other suitable device. Attempts to apply
biological treatment to aluminum industry wastewaters have
been unsuccessful to date; consequently, this option is not
considered further.

Treatment by Ion Exchange. The ion exchange process employs
an anion exchange resin that has high ferrocyanide selectiv-
ity. The Rohm and Haas Company has developed several resins




for this purpose. In this process, contaminated water is
passed through a properly conditioned column of ion exchange
resin. The resin adsorbs ferrocyanide and releases the
anion that was bound formerly to the resin. Once the resin
is exhausted, it is regenerated by replacing the ferrocyanide
ions with hydroxide ions by treatment with sodium hydroxide.
A subsequent replacement of the OH anion with SO anion
from sulfuric acid completes the regeneration cycie. This
process is suitable for only complex cyanide; therefore,
free cyanide in the water must be complexed before it can be
treated. Because the operating cycle time decreases as
feedwater ferrocyanide concentrations increase, this process
would be most suitable for polishing the effluent from another
process such as chemical precipitation. The effectiveness
of ion exchange diminishes as the dissolved solids content
of the water increases. Regeneration waste contains a high
concentration of cyanide that must either be treated to de-
stroy the cyanide or disposed of by other methods. This
option is not considered further because previous testing
showed that ion exchange removed little cyanide in addition
to what could be precipitated.

Physical Treatment by Reverse Osmosis. Reverse osmosis is
used frequently in the desalinization of brackish water and
seawater. This technology uses a semipermeable membrane
that inhibits the passage of dissolved solids but allows
water to pass. Feedwater is fed under pressure into the
reverse osmosis unit where it is separated by the membrane
into a waste brine stream and low-salinity product water.
Product water recovery constitutes generally 30 to 85 per-
cent of the feed. The waste brine solution must be disposed
of. Reverse osmosis only concentrates the cyanide into a
smaller liquid stream; it does not destroy cyanide. If this
technology were used, the waste brine would contain concen-
trated cyanide that would require further treatment or dis-
posal. This option is not considered further.

Chemical Treatment by Precipitation. Precipitation treat-
ment for iron cyanides has been used in a full-scale, con-
tinuous process to reduce the cyanide concentration in
aluminum plant wastewater. 1In precipitation treatment,
ferrous and ferric salts (usually ferrous sulfate and ferric
chloride, respectively) are added to the wastewater and in-
soluble iron cyanide compounds precipitate, reducing the
total cyanide content to a level between about 1 to 3 mg/l.
The process would be carried out using a conventional-water
treatment plant consisting of rapid mixing, reaction, grav-
ity settling, and filtration. Treated water leaving the
filter would be discharged either to a publicly owned treat-
ment works (POTW) or to a receiving stream if sufficient
treatment has been obtained. Sludge precipitated in the
reactor and collected in the clarifier would be dewatered by
conventional techniques such as a filter press, centrifuge,




or drying bed and disposed of in a suitable landfill. This
option is retained for further consideration.

Chemical Treatment by Oxidation. 1In an oxidation process,
groundwater containing ferrocyanide would be pumped from the
ground and treated in one of several processes. Among the
potential choices are hot alkaline chlorination and
ultraviolet-catalyzed ozone. Neither of these processes has
been used for aluminum industry wastewater at a commercial
scale for a variety of technical, economic, and environmen-
tal reasons. As an example, hot alkaline chlorination uses
about 1,000 mg/l of excess chlorine, but residual cyanide
concentrations fall in the same range as for the chemical
precipitation process. And ultraviolet/ozone treatment is
hampered by the accumulation of iron oxide deposits on the
optical surfaces after only a short period of operation.
This option is not retained for further consideration.

C. Treated Wastewater Discharge to Local POTW

Treated wastewater produced at the onsite groundwater treat-
ment system would be discharged to the City of Spokane munici-
pal wastewater treatment System. A force main constructed

at the plant site would be necessary to convey the treated
groundwater to a preselected discharge point into the City's
sanitary sewer system. This option is retained for further
consideration.

D. Groundwater Monitoring

Currently, there is an ongoing groundwater monitoring pro-
gram in force at the Mead Works. Groundwater samples are
collected from selected wells and analyzed to monitor
changes in groundwater contaminant concentrations. Specific

the remedial alternative to be implemented. The wells would
be selected to model, as accurately as possible, the effects
of remedial action that is to be implemented. It is assumed
that no new wells would be constructed. This option is re-
tained for further consideration.

DETAILED TECHNOLOGY SCREENING

The technology alternatives identified above were evaluated
in moderate detail and screened on the basis of their tech-
nical, economic, and institutional feasibility and their im-
pacts on public health, welfare, and the environment. This
Screening process was intended to eliminate technologies

that may prove infeasible to implement or that rely on proc-
esses that are unlikely to perform satisfactorily or reliably.
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Technical criteria included evaluation of performance, re-
liability, and implementability as discussed below.

@]

Performance. Performance was assessed on the basis
of effectiveness and useful life. Effectiveness
was evaluated in terms of the degree to which the
technology would prevent or minimize the release

of hazardous substances to current or future re-
ceptors. Useful life was related to the length of
time that the level of effectiveness could be
maintained.

Reliability. Reliability was assessed on the basis
of operation, maintenance, and demonstrated per-
formance. Operation and maintenance were eval-
uated in terms of labor availability, frequency,
necessity, and equipment complexity. Demonstrated
performance included consideration of proven per-
formance, probability of failure, and pilot test-
ing needs.

Implementability. Implementability was based on

the ease of installation and time for implementa-
tion. Ease of installation was related to con-
structibility of the technology, applicability to
site conditions, external conditions such as the
need for permits and access to offsite disposal
facilities, and equipment availability. The time
for implementation was assumed to be the time to
achieve beneficial results.

Technologies that were deemed to be unreliable or to perform
poorly or that were not fully demonstrated were excluded
from further consideration during the screening process.

Public health and welfare, environmental, and institutional
screening criteria are described as follows:

(o]

Effects on Public Health and Welfare. Short-term

(i.e., construction-related) and long-term health
risks from exposure to contaminants were consid-
ered. Short- or long-term effects could include
odor, noise, and air pollution; disruption of
households, businesses, and services; use of natu-
ral resources; alteration of natural environments,
transportation corridors, and urban facilities;
relocation of households, businesses, and services;
and aesthetic changes. For the purposes of this
screening effort, these effects were evaluated on
exposure or no-exposure conditions only.
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o Environmental Effects. Short- and long-term
effects on the environment that were considered
include toxic effects on plant and animal 1life
from exposure to contamination, alteration of
wildlife habitat, and effects on threatened and
endangered species.

o Institutional Effects. Institutional effects
evaluated were related to surface and groundwater
quality standards; air quality, odor, and noise
standards; land acquisition, land use, and zoning;
and federal, state, and local laws or policies.

Costs were included in the evaluation only for comparison
purposes and reflect judgment based on engineering experi-
ence at other sites and installations. Relative costs, des-
ignated as either low, medium, or high, were used to enable
a qualitative comparison between technologies. Both capital
and operation and maintenance costs were considered.

The use of relative costs is accepted by the U.S. EPA for
technology screening. These estimates were developed only
for the purpose of screening technologies and do not reflect
the entire cost of implementing a technology. These costs
are appropriate only for comparison between alternative mea-
sures applied in a particular area. Any other use of these
estimates is not appropriate and would be misleading.

The screening criteria were used to evaluate corrective mea-
sures relative to other technologies accomplishing the same
objective. Since each technology does not address all
treatment objectives, the technology evaluation assumes that
other technologies necessary to meet the objective are im-
plemented concurrently. The effect of combining technolo-
gies will be considered in the detailed analyses of
alternatives.

The results of the detailed screening are presented in
Tables 2-3 and 2-4. Technologies considered to have some
merit for use at the Mead Works are identified with a "yes"
written under the "retained for further consideration" col-
umn. These technologies are combined into remedial alter-
natives in the next section of this chapter.

REMEDIAL ALTERNATIVES

Remedial alternatives for sources and for groundwater were
developed separately by combining the technologies remaining
after interim screening into integrated remedial actions.
Each retained technology is contained in at least one alter-
native. The remedial alternatives are identified and de-
scribed briefly in this chapter but are more fully developed
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and evaluated in the following chapter. In the sections,
the remedial alternatives are identified according to their
applicability to the source operable units or the plume
operable unit.

I. SOURCE-RELATED OPERABLE UNIT

The technologies that are incorporated into each of the
source-related remedial alternatives are shown in matrix
form in Table 2-~5. The scope of activities associated with
each remedial alternative in the table is discussed below.

Alternative 1. Excavate the spent potlining pile and dis-
pose ot this material offsite in a permitted hazardous waste
disposal facility. Install a RCRA cap over the location of
the excavated spent potlining (SPL) pile and the currently
uncapped part of Area 4. Conduct a leak monitoring program
for water, sanitary sewer, and storm drainage piping and
repair or replace leaking pipe as necessary (see Figure 2-1).
Conduct quarterly groundwater monitoring.

Alternative 1A. Same as Alternative 1 above except elimi-

nate the leak monitoring program with Pipe repair or replace-
ment and substitute a task to relocate existing water, sanitary
sewer, and storm drain piping, and the sanitary treatment
plant.

Alternative 2. Excavate the spent potlining pile and incin-
erate onsite (see Figure 2-2). Incinerate the existing as-
phalt cap over the spent potlining pile with potlining wastes.
Install RCRA cap over the location of excavated SPL pile and
the currently uncapped part of Area 4. Conduct a leak moni-
toring program for water, sewer, and storm drainage piping
and repair or replace leaking pPipe as necessary. Conduct
quarterly groundwater monitoring.

Alternative 2A. Same as Alternative 2 above except elimi-
nate the leak monitoring program with pPipe repair or replace-
ment and substitute a task to relocate existing water,
sanitary sewer, and storm drain piping, and the sanitary
treatment plant.

Alternative 3. Excavate the spent potlining pile and treat
onsite, using pyrohydrolysis (see Figure 2-3). Dispose of
the existing asphalt cap over the spent potlining pile at an
offsite permitted hazardous waste landfill. 1Install a RCRA
cap over the location of the excavated SPIL pile and the cur-
rently uncapped part of Area 4. Conduct a leak monitoring
program for water, sanitary sewer, and storm drainage pip-
ing. Repair or replace leaking pipe as necessary and con-
duct quarterly groundwater monitoring.
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Alternative 3A--Same as Alternative 3 above except eliminate
the leak monitoring program with pipe repair or replacement
and substitute a task to relocate existing water, sanitary
sewer, and storm drain piping and the sanitary treatment
plant.

Alternative 4. 1Install a new cap over the uncapped part of
Area 4. Conduct a leak monitoring program for existing water,
sanitary sewer, and storm drain piping and repair or replace
leaking pipe as necessary (see Figure 2-4). Conduct a
quarterly groundwater monitoring program.

Alternative 4A. Same as above except eliminate the leak
monitoring program with pipe repair or replacement and sub-
stitute a task to relocate existing water, sanitary sewer,
and storm drain piping and the sanitary treatment plant.

Alternative 5. Leave waste piles in place and maintain ex-
isting caps over the spent potlining pile and Areas 2 and 4
(see Figure 2-5). Conduct a leak monitoring program for
water, sanitary sewer, and storm drainage piping and repair
or replace leaking pipe. Conduct quarterly groundwater
monitoring.

II. PLUME-RELATED OPERABLE UNIT

The technologies to be incorporated into each of the poten-
tial plume-related remedial alternatives are summarized in
Table 2-6. Details regarding the work scope to be incorpo-
rated within each remedial alternative are discussed below.

Alternative G-1. Pump groundwater with greater than 5-mg/1
total cyanide from the regional aquifer beneath the Mead
site, using extraction wells. Treat this groundwater, using
Prussian blue precipitation in an onsite wastewater treat-
ment system. Discharge effluent by force main to local POTW
(City of Spokane).

Alternative G-2. Leave groundwater in place and continue
periodic groundwater monitoring program.

ALTERNATIVE DEVELOPMENT

Five remedial alternatives have been developed for source
operable units, and two alternatives have been developed for
the groundwater plume operable unit. These alternatives are
further developed, evaluated, and compared in the next
chapter.
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Table 2-6
POTENTIAL REMEDIAL ALTERNATIVES FOR THE
PLUME-RELATED OPERABLE UNIT AT KAISER-MEAD

Technology Alt. G-1 Alt. G-2
1. Extraction wells X
2. Groundwater treatment by chemical X
precipitation
3. Treated effluent discharge to POTW X
4. Groundwater monitoring X X
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Chapter 3
REMEDIAL ALTERNATIVE ASSESSMENT

INTRODUCTION

Several remedial alternatives for controlling the migration
of cyanide from onsite sources were identified in Chapter 2.
Additionally, two alternatives and their respective tech-
nologies were identified for the management of ferrocyanide-
contaminated groundwater. To define adequately the degree
of applicability of the identified technologies to both
source and plume (groundwater) operable units, a more in-
depth analysis was made of the individual technologies that
make up the remedial alternatives.

EVALUATION CRITERIA

All remedial alternatives identified in Chapter 2 (and their
component technologies) were analyzed for their applicabil-
ity to the specific cyanide and water sources at the Mead
Works. The characteristics of spent potlining and its prin-
cipal component of interest, cyanide, also were weighed in
the evaluations. Specifically, all alternatives and their
components were evaluated in the following five areas.

1. Technical feasibility including performance, perma-
nence, reliability, and implementability

2. Environmental effects including reduction of ferro-
cyanide discharge to the Little Spokane River

3. Public health effects including human exposure on- and
offsite during implementation of remedial alternatives

4, Institutional requirements including compliance with
ARARs and TBCs

5. Cost including capital and operation and maintenance
(O&M) and present-worth analysis

Because several of the identified alternatives contain iden-
tical technological components, these individual technolo-
gies are reviewed and assessed according to the criteria
listed above. The individual technologies are summarized
below.

Source control operations:

1. Excavation of the spent potlining (SPL) pile

2. Offsite disposal of SPL at a regulated landfill



3. Onsite CBC incineration
4. Onsite pyrohydrolysis

5a. RCRA capping of exposed SPL area (following excavation
of SPL)

5b. RCRA capping of exposed part of Area 4

6. Pipe leak testing and monitoring

7. Replacement or slip lining of leaking pipes and
structures

8. Relocation of water and sewer lines, the treatment

plant, and storm drains away from the SPL pile
9. Quarterly groundwater monitoring
Plume control operations:
Groundwater extraction
Ferrocyanide precipitation

Treated effluent discharge to POTW
Periodic groundwater monitoring

=W N
*e * e

The final section of this chapter will summarize the iden-
tified alternatives by compiling the individual technologies
and analyzing the overall effects relative to the five eval-
uation criteria.

TECHNOLOGY ASSESSMENT

SOURCE-RELATED TECHNOLOGIES

Technology No. 1: Excavation of the Spent Potlining (SPL)
Pile

The greatest volume of waste potlining is located in an
asphalt-covered pile directly northwest of the Kaiser facil-
ity. The pile is approximately 650 to 700 feet long by

150 to 300 feet wide with heights ranging from 10 to 40 feet.
The estimated volume of the pile is 94,700 cubic yards with
a weight of 128,000 tons. The average total cyanide content
is estimated at 0.2 percent or 2,000 parts per million

(ppm) .

The following analysis will examine excavation only, without
regard to final disposition of the excavated material. 1In
contrast, offsite transportation will be discussed with off-
site disposal below.



Technical Feasibility. Excavation of the spent potlining
could be accomplished readily, using standard heavy-duty
construction equipment. Because of the bulky nature of the
waste pile (odd-size distribution) and presence of abrasives
and tramp iron, wear on the equipment is expected to exceed
the norm. Maintenance and downtime also are expected to ex-
ceed levels normally found in earth-moving operations. How-
ever, excavation could proceed at a rate far in excess of
the capability of any operation to receive the waste. The
time necessary to excavate the pile completely is dependent
on the receiving facility capacity. Assuming offsite dis-
posal at a regulated landfill, the time requirement could be
as little as 12 months with continuous landfill operation.
With onsite treatment options, excavation would be limited
by receiving capacity and could require from 3-1/2 to

13 years.

Environmental Effects. During the excavation operation,
removal of the asphalt cover would be required. By exposing
waste potlining to the elements, i.e., precipitation and
wind, increased dispersion to the environment is anticipated.
Standard dust control measures (water spray) would be of
limited use because of the possible leaching of ferrocyanide
to the underlying soil and mobilization of ferrocyanide al-
ready present in the underlying soil column. Windbreaks or
other enclosure controls would be required.

Controlling infiltration of precipitation could require re-
covering the exposed section of the pile at the end of each
work period as well as stopping all excavation work during
periods of rain and snow. With implementation of all re-
quired controls for windblown dispersion and water infiltra-
tion, it is expected that a minimal increase in ferrocyanide
dispersion to the environment would occur; however, ground-
water quality could deteriorate during excavation since the
protective cover would not be in place.

Removal of the SPL pile as a contaminant source would be
expected, at first glance, to bring short-term improvements
in groundwater qguality. However, because of a number of
factors, most notably the depth to groundwater (approxi-
mately 145 feet) and volume of contaminated soil underlying
the SPL pile (more than 900,000 cubic yards), removal of the
SPL pile is not expected to contribute to significant im-
provement in groundwater quality. Additionally, upon analy-
sis of the prevailing precipitation patterns and underlying
soil conditions, it is evident that natural surface water
infiltration in the vicinity of the SPL pile is not a sig-
nificant mechanism for aquifer recharge or for mobilization
of ferrocyanide present in the soil column beneath the SPL
pile. Evidence of this is that capping of the SPL failed to
improve the groundwater quality. Grading of the SPL pile
and subsequent installation of the asphalt cap in 1979 have
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minimized or eliminated direct contact of the waste material
with precipitation, thereby controlling mobilization of
ferrocyanide from the SPL pile to the underlying soils.

After complete removal of the SPL pile, a permanent RCRA cap
would be required to control water infiltration. This sub-
ject is discussed separately in a following section.

Public Health Effects. An increase in dispersion of ferro-
cyanide to the environment, as discussed above, would in-
Ccrease the chances of adverse public health effects. The
degree to which the public health would be impacted is a
function of the amount of additional dispersion, its path-
way, and characteristics of the receptor. Assuming minimal
increase in dispersion by implementation of proper engineer-
ing controls during excavation, coupled with the known prop-
erties of ferrocyanide--i.e., stability in alkali and mild
acids, its low level of toxicity, and expected dilution--no
additional adverse public health effects are anticipated.

Equipment operators involved in the actual excavation proc-
ess would be exposed more directly and, as such, may be
required to conform to standard Level C site safety require-
ments. This involves use of cartridge respirators and pro-
tective clothing. Standard hygiene practices (no eating,
drinking, smoking, etc.) also would be required.

Public health effects resulting from removal of the SPL pile
as a source are expected to be negligible because residences
located along the contaminated plume pathway have been pro-
vided with uncontaminated water supplies. This issue will
be discussed in the following technology assessment section
on offsite disposal.

Institutional Requirements. It is not clear that the SPIL
pPile needs to be excavated as a part of existing regulatory
requirements. During the time period of placement of the
waste potlining at its current location, no requlations were
in force or proposed prohibiting storage or disposal in this
manner. Although the waste pile lies above a sole-source
aquifer, it is exempt from compliance with existing State of
Washington dangerous waste regulations prohibiting construc-
tion of new waste disposal facilities above sole-source
aquifers [WAC 173-303-420(6)] because of the time period of
placement. Current regulations do not require “exhuming"
existing solid or dangerous waste disposal sites solely be-
cause they lie above sole-source aquifers.

The current actions being pursued by Kaiser are GERCLA/SARA
guided. Should the SPL waste pile be excavated, these
activities then would be controlled by applicable or rele-
vant and appropriate requirements (ARARSs) (see Appendix D).
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The following listed requirements would be "applicable"
since the SPL pile is a "listed" RCRA hazardous waste
(K 088--spent potliners from primary aluminum reduction).

1. Area from which materials are excavated may require
cleanup to levels established by closure requirements
(40 CFR 264, disposal and closure requirements).

2. Devise fugitive and odor emission control plan for this
action if existing site plan is inadequate (CAA Sec-
tion 101 and 40 CFR 52).

3. File an air pollution emission notice (APEN) with the
state to include estimates for each emitted pollutant
(40 CFR 52).

These ARARs are considered to be attainable, with the possi-
ble exception of Item 1 because of the unknown cleanup levels
that may be required. A significant number of additional
ARARs exists for activities subsequent to excavation; these
will be discussed in subsequent sections.

Economics. The costs associated with excavating the SPL
pile are dependent on the rate at which it is removed. As
stated earlier, the excavation can proceed at a rate far in
excess of the receiving facility capacity. Consequently,
the equipment would tend to be under-used, and unit costs
would exceed those normally experienced during earth-moving
operations. Additionally, unit costs could be increased
further because of operator safety requirements, contaminant
dispersion controls, and practical restrictions against
working during periods of inclement weather to protect
against environmental degradation.

With the above-mentioned constraints, excavation is esti-
mated to cost $4.30 per ton at an excavation rate of

40,000 tons per year (tpy). The total cost would be about
$550,000. This cost assumes no project management or
regulatory-compliance-related costs, which will be incor-
porated into the costs of operating the receiving facility
or technology. The expected range in unit costs because of
variance in removal rates is from $1.30 per ton (l-year re-
moval period) to over $15.00 per ton for receiving rates of
10,000 tpy. No potential long-range costs are incurred by
excavation alone. These costs are associated with the re-
ceiving facility or technology. However, the exposed area
would require capping to prohibit infiltration. These asso-
ciated costs are addressed in a following section.

Technology No. 2: Offsite Disposal at a Regulated Landfill

Spent potlining is now a Subtitle C RCRA hazardous waste.
As such, SPL that is transported to other states is subject



to all the requirements imposed on transport and disposal of
Subtitle C RCRA wastes. Because of this classification of
SPL, disposal in a RCRA-requlated landfill is required and
can be accomplished only outside the state of Washington.
Three permitted disposal facilities are located within
reasonable distances of Spokane.

1. Chem-Security, Arlington, Oregon (240 miles)
2. Envirosafe, Grand View, Idaho (420 miles)
3. USPCI, Grassy Mountain, Utah (560 miles)

The following analysis not only will examine offsite land
disposal but also will address the required transportation
of the waste.

Technical Feasibility. Several million pounds of Subtitle C
RCRA wastes are transported and disposed of on a daily basis
at operating RCRA and TSCA landfills. The "mechanics" of
land disposal are well-known, and if undertaken by personnel
skilled in the construction industry, relatively few
technical implementation problems should be encountered.

Environmental Effects. As discussed in the previous tech-
nology assessment on excavation, any handling of the SPL
increases the chances for dispersion to the environment.
Truck-loading operations would require some form of dust
control, most likely windbreaks or total enclosure of the
loading operation. These measures, if properly installed
and used, would eliminate adverse impacts on the environment
because of material handling at the site.

Two major concerns relative to environmental impact are
effects of reburial of the SPIL waste material offsite and
effects of the possible release of SPL to the environment
during transport. Each of these areas is discussed in
detail in the following paragraphs.

Reburial of the excavated SPIL offsite at a regulated hazard-
ous waste landfill needs to be analyzed for the potential of
contribution to contaminant discharge at the receiving fa-
cility. Placement of SPL in engineered landfills with
leachate collection and treatment systems raises questions
about the facility's ability to treat the collected leach-
ate. Ferrocyanide treatment by conventional cyanide de-
struction methods is ineffective and may result in unaccept-
able discharge levels,

Possible adverse environmental effects of transport of SPL
can result because of three occurrences: (1) dispersion or
"tracking" of waste by adherence to the transport truck's
frame and tires, (2) dispersion because of wind during



transport, and (3) a major release because of an accident.
The first two listed items can be controlled largely by
proper cleaning and decontamination of the truck
undercarriage and tires and proper use and maintenance of
tarps. The likelihood of a major accident, and the possible
release of truck contents, can be estimated based on total
mileage to the disposal facility (240 to 560 miles), number
of trips required (6,400), and the average accident rate for
truck transport (0.13 releasing accident per million
truck-miles, NTIS Report No. PB85-224468). Based on this
calculation, there is a small but finite possibility of
waste material being released to the environment certainly
during transport to the disposal facility. The degree to
which the release would affect the environment cannot be
estimated because of uncertainties about release location,
speed of cleanup, weather conditions, etc.

Public Health Effects. Public health concerns largely par-
allel the environmental concerns outlined above. To summa-
rize, offsite transportation and disposal can be expected to
impart the following public health effects.

1. SPL pile removal from site: no change in groundwater
quality; therefore, no effect on public health, either
positive or negative

2. Truck loading: potential minimal negative effect

3. Transport: potential negative effect in all three
categories identified above

4. Offsite reburial: 1likely negative effect

In addition, large-scale truck movements are likely to pose
a public nuisance because of noise and increased local traf-
fic that could raise the accident rate.

Institutional Requirements. RCRA hazardous waste management
requirements have jurisdiction over wastes generated or man-
aged after November 19, 1980. Should the SPL pile be exca-
vated for disposal offsite, the waste material would be
under RCRA control, ‘and redisposal would be fully regqulated.

Transportation of the SPL would be required to comply fully
with 40 CFR 263 and 49 CFR since the material in the pile
has become a listed RCRA hazardous waste (K 088).

Economics. The costs associated with offsite disposal at a
RCRA landfill are presented in Table 3-1.
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Table 3-1
OFFSITE DISPOSAL COST ESTIMATE

Disposal Transport State
RCRA Cost Cost Tax Total

Facility {$/ton) (S/ton) (S$/ton) (S/ton)
Chem-Security
Arlington, Oregon 124 30 20 164
Envirosafe
Grand View, Idaho 114 53 20 187
USPCI, Grassy
Mountain, Utah 120 70 9 199

Based on the figures in the table, assuming no land disposal
restrictions and no escalation in disposal costs, the
128,000 tons of SPL could be removed in under 4 years at a
cost of approximately $21 million.

Offsite disposal of the SPL pile would require construction
of a RCRA cap over the exposed area to isolate contaminated
subsurface soil from infiltration. These costs are not in-
cluded but are addressed in a following section.

Potential long-range costs of transport or offsite disposal
liabilities have not been estimated and are not included.

Technology No. 3: Onsite CBC Incineration

Circulating bed combustion (CBC), as developed by GA Tech-
nologies and marketed by Ogden Environmental Services, Inc.,
involves burning of finely crushed (minus 1/4-inch) SPL in a
fluidized bed reactor at approximately 1,500°F. A process
flow schematic of the CBC system is shown in Figure 3-1.

The cyanide contained in the SPL is reported by Ogden to be
"completely" destroyed during the incineration process.
Because of the low slagging temperature of the SPL, a pro-
prietary additive is introduced with the SPL feed to improve
handling characteristics. Effluents from the process in-
clude flue gas with hydrogen fluoride concentrations as high
as 2,400 ppm. Inorganic constituents including fluoride,
sodium, and aluminum remain in the ash or clinker from the
combustion unit. Clinker mass is estimated to be from 70 to
100 percent of the SPL feed mass, dependent on the quantity
of additive fed to the combustor.
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Ogden Environmental Services, Inc., currently markets a
10,000-ton-per-year modular mobile unit. Analysis of this
technology is based upon use of four parallel units for a
combined capacity of 40,000 tpy.

Technical Feasibility. CBC, as applied to SPL, has been
demonstrated on a pilot scale only. Demonstrations of com-
mercial-size units (10,000 tpy) were proposed but did not
occur. The main technological concerns with CBC incinera-
tion of SPL are listed below.

1. Required feed characteristics: The SPL must be proc-
essed by crushing and screening to a minus 1/4-inch
particle size. All tramp iron must be removed, as well
as aluminum "slabs" and nodules. A process schematic
of the size reduction portion of a CBC system is shown
in Figure 3-2,.

2. Temperature control in the reactor: An adequate time/
temperature environment must be maintained in the re-
actor to destroy the cyanide fully. However, increases
in temperature above the 1,250°F to 1,450°F range cause
slagging of the SPL and subsequent collapse of the
fluidized bed. This occurrence causes interruption of
the process and significant downtime. Use of a propri-
etary additive is reported to control this problem at
the expense of increased clinker mass.

3. Clinker/ash composition: Fluoride and sodium present
in the ash are leachable and therefore may pose as a
significant disposal problem. Additionally, early CBC
pilot studies reported leachable cyanide concentrations
of approximately 10 ppm in the ash. With ash produc-
tion estimated at 70 to 100 percent of SPL feed mass,
the claimed nonhazardous nature of this stream would
require verification prior to commercial application.

4. Flue gas composition: Hydrogen fluoride concentrations
of 2,400 ppm have been reported in pilot-scale testing.
This stream would require careful handling because of
its potential health effects.

5. Abrasive nature of SPL: High alumina content is ex-
pected to increase maintenance requirements for all
systems handling the SPL solids over typical mainte-
nance requirements for equipment of this type handling
less abrasive natural materials.

Although CBC units have demonstrated success with feedstocks
such as coal, considerable development and demonstration
work with SPL would be required before construction and suc-
cessful operation of a full-scale commercial unit could be
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undertaken. Successful long-term continuous operation at
10,000 tpy with SPL should precede any construction of a
commercial unit in order to demonstrate mechanical integ-
rity, assure cyanide destruction, verify general process
performance, and establish an online factor. The online
factor is important for forecasting the time required to
process the SPL pile.

Environmental Effects. The environmental effects of SPL
processing by CBC are contingent largely on the adequacy of
handling the effluent streams. Assuming the ash stream is
nonhazardous, with no leachable constituents in excess of
criteria, and disposal is permitted in a nearby non-RCRA
landfill, the environmental effects are similar to those
associated with operation of a municipal solid waste land-
fill. Should the ash be a dangerous or hazardous waste
requiring out-of-state disposal at a RCRA facility, the same
concerns addressed in the above offsite disposal discussion
would apply, with the exception that cyanide treatment of
any leachate would not apply. Designation of CBC-processed
SPL as a hazardous waste would eradicate the economic via-
bility of this technical option.

Flue gas handling, expected to be by dry scrubbing with alu-
minum oxide for production of aluminum fluoride, could be
accomplished with no significant adverse environmental ef-
fects as long as the system remained intact. Structural
failure of a system processing hydrofluoric acid (HF) at
2,400 ppm could harm local vegetation, depending on the de-
gree of failure and the subsequent quantity of HF released.

One area yet to be addressed is the required size reduction
processing of the SPL feed stream. Although the designed
system would incorporate fugitive emission controls, opera-
tional experience at crushing and sizing facilities indi-
cates that particulate emissions are likely to occur.
"Housekeeping" at these types of operations is a significant
problem and could cause release of small amounts of cyanide
to the environment.

Public Health Effects. Public health effects are consistent
with the concerns expressed relative to environmental ef-
fects. 1In summary, the following areas may impact public
health:

1. Ash disposal: Potential negative effect whether dis-
posed at sanitary/industrial landfill or RCRA facility.

2. Flue gas: Potential major impact if HF emissions
occur. Plant workers are at greatest risk.
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3. SPL pile removal: Limited effect on groundwater qual-
ity because a 145-foot contaminated soil column re-
mains. Therefore, essentially no net effect on public
health is expected. Minimal adverse impact because of
handling.

4, SPL size reduction processing: Likely minimal adverse
impact because of fugitive emissions. Plant operators
would be required to use safety equipment.

Institutional Requirements. The SPL is considered a RCRA
hazardous waste; so the following listed requirements would
be "applicable."

1. Analysis of waste feed (40 CFR 264.341)

2. Disposal of all hazardous wastes and residues including
ash, scrubber water, and sludge (40 CFR 264.351)

3. Monitor operational parameters including combustion
temperature, waste feed rate, combustion gas velocity,
and carbon monoxide content of off-gas (40 CFR 264.343)

4. Devise fugitive and odor emission control plan (CAA
Section 101 and 40 CFR 52)

5. File an air pollution emission notice (APEN) with state
to include estimates of emissions for each pollutant
expected (40 CFR 52)

In addition, standards for miscellaneous treatment units
(40 CFR 264, Subpart X) also may apply.

These ARARs are considered to be attainable.

Economics. Table 3-2 summarizes the capital, annual and
unit costs associated with construction, operation, and
maintenance of four parallel 10,000-tpy circulating bed
combustors. The following assumptions were used in the eco-
nomic analysis.

1. Capital costs include 8 percent of fixed capital cost
as a startup allowance.

2. Maintenance estimates are 6 to 9 percent of fixed capi-
tal cost per year.

3. Ash disposal costs reflect disposal at a nonhazardous
waste landfill. Costs for disposal at a RCRA facility
were not used.

4. Flue gas scrubbed with existing equipment in plant.
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5. Interest rate at 9 percent, inflation at 4 percent per
year,

6. Capital costs annualized over 4 years with unit costs
calculated on 128,000~ton basis.

7. O&M costs annualized over 4 years with unit costs cal-
culated on a 40,000-tpy basis.

8. No dismantling or disassembly costs included.
9. No legal, insurance, land or permitting costs included.

10. No credits are included for recoverable commodities.

Table 3-2
40,000-TON-PER-YEAR CIRCULATING BED
COMBUSTION COST ESTIMATE

Capital Annual Unit
Process Cost Cost Cost
Component ($000's) ($000's) ($/ton)
Size Reduction Eqt.
Procure and construct 1,310 404 12.65
Operation -- 356 8.90
Maintenance - 92 2.30
Subtotals 1,310 852 23.85
Circulating Bed Combustors (four)
Procure and construct 16,815 5,190 162.20
Operation -- 4,542 113.55
Ash Disposal - 1,087 27.18
Maintenance - 1,071 26.80
Subtotals 16,815 10,891 329.73
CBC TOTALS 18,125 12,742 353.58

Based on the figures above, assuming CBC technical feasibil-
ity and reliability, the 128,000 tons of SPL could be
treated in about 4 years.

Excavation and onsite processing of the SPL pile would re-
quire construction of a RCRA cap over the exposed area.
These costs are not included but are addressed in a later
section.



Technology No. 4: Onsite Pyrohydrolysis

Pyrohydrolysis, as developed by Lurgi GmbH, F.R.G., involves
reaction of very finely ground SPL (minus 1 mm) with steam
in a 2,100°F to 2,200°F circulating fluid bed reactor (Fig-
ure 3-3). Supplementary fuel (coal) fires the process al-
though self-sustaining operation has been achieved on a
pilot scale. During combustion the carbon content is re-
ported to be completely oxidized to carbon dioxide, with
complete destruction of the cyanide also claimed. 'Process
effluents include sodium and aluminum (as sodium aluminate)
in the bed ash (clinker) and hydrogen fluoride gas (HF) in
the off-gas. Sodium fluoride (NaF) is, produced, also as a
fugitive dust from the off-gas handling equipment. The pro-
posed process would use these effluent streams as feedstocks
for the Bayer process and aluminum fluoride production,
respectively. The NaF stream requires treatment with lime
to produce dilute caustic, which is used as a feedstock for
the Bayer process. Calcium fluoride is generated as a by-
product sludge in this slaking process. Unfortunately, the
Kaiser facility in Mead does not incorporate the Bayer pro-
cess, and transport of the clinker and dilute caustic out of
state would be required to recover any value from this
effluent stream.

For the purposes of this evaluation, it is assumed that the
clinker and calcium fluoride effluent streams will not be
recovered but can be handled as nonhazardous wastes. Also,
because of the short life of the project, aluminum fluoride
will not be produced; instead, dilute hydrofluoric acid,
which is considered to be readily marketable, would be re-
covered. All the additional operations associated with
aluminum fluoride synthesis in the Lurgi process have been
eliminated.

The sizing basis used for this analysis is 40,000 tpy. This
capacity was selected to facilitate comparison with CBC
technology, and considerable predesign information was
readily available for a 40,000-tpy facility.

Technical Feasibility. The basis for design of an operating
pyrohydrolysis unit is pilot-scale research performed in
1981 in Germany by a cooperative effort of Lurgi, Kaiser,
and VAW, a German aluminum producer. Based upon 1981 market
conditions, considerable interest was expressed in the proc-
ess because of its reported ability to recover valuable
chemicals from spent potlining that could be used in alumi-
num production. However, with changes in market conditions
and in the aluminum industry, most notably the cessation of
construction of new facilities and decreased production at
existing facilities, the pyrohydrolysis process was not pur-
sued to demonstration or commercial scale. Scale-up
problems are a major concern in construction and operation
of a full-scale facility.
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Other technical problems exist with the ability of the unit
to handle both cathode carbon (first cut) and insulating
portions (second cut) of the SPL. No research has been re-
ported for soil-contaminated feed streams with silica.

Based on the limited operational experience to date, techni-
cal feasibility is questionable. Construction and operation
of "one-of-" or "first-of-a-kind" processes is usually ex-
tremely difficult with poor reliability and extended down-
time.

Environmental Effects. Environmental effects associated
with the implementation of the pyrohydrolysis process are
consistent with the concerns expressed in the preceding sec-
tion on CBC. 1In summary, the following impacts have been
identified.

1. Ash (clinker) and calcium fluoride disposal: If non-
hazardous and disposed at a nearby sanitary/industrial
landfill, the environmental effects would be negative,
similar to disposal of municipal solid waste. Because
the clinker and calcium fluoride streams amount to over
60 percent by weight of the SPL feed stream, signifi-
cant quantities would require disposal. If the ash is
considered RCRA hazardous, requiring out-of-state dis-
posal at an RCRA facility, the concerns addressed pre-
viously in offsite disposal would apply with the
exception that cyanide treatment in leachate would not
be a concern.

2. Hydrogen fluoride off-gas: Expert handling would be
required because of its high hazard potential and the
toxicity of fluoride to plants.

3. Groundwater quality: No effect on groundwater quality
is anticipated.

4. Fugitive emissions: The size reduction equipment re-
quired typically produces fugitive particulate emis-
sions that could disseminate spent potlining dust into
areas where contaminant leaching could occur.

5. Dilute caustic stream: For the purposes of this eval-
uation, the caustic stream would be neutralized and
discharged under the current NPDES permit. Assuming
compliance with effluent discharge criteria, no adverse
environmental effects are anticipated.

Public Health Effects. Public health effects are consistent
with the concerns expressed relative to environmental ef-

fects. 1In summary, the following areas may impact public
health.
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1. Ash and calcium fluoride disposal: Potential minor
negative effect whether disposed at a sanitary/
industrial landfill or RCRA facility.

2. Hydrogen fluoride stream: Potential major impact if
accident or equipment failure occurs. Exposure risks
to plant personnel are the most significant concern,
but there is also a risk to the population in the sur-
rounding area, a risk during shipment, and the poten-
tial for damage to plants.

3. Groundwater quality: No effect expected on public
health, either positive or negative.

4, Fugitive emissions: Minimal adverse impact if controls
are used and maintained.

5. Dilute caustic stream: No effect on public health.
Institutional Requirements. Because potlining is a listed

hazardous waste, the following listed requirements would be
"applicable."

1. Analysis of waste feed (40 CFR 264.341)

2, Dispose of all hazardous waste and residues including
ash, scrubber water, and sludge (40 CFR 264.351)

3. Monitor operational parameters including combustion
temperature, waste feed rate, combustion gas velocity,
and carbon monoxide content of off-gas (40 CFR 264.343)

4. Standards for miscellaneous treatment units
(40 CFR 264, Subpart X)

5. Devise fugitive and odor emission control plan (CAA
Section 101 and 40 CFR 52)

6. File an air pollution emission notice (APEN) with state
to include estimation of emission rates for each pol-
lutant expected (40 CFR 52)

The applicable or relevant and appropriate requirements are
considered to be attainable.

Economics. Table 3-3 summarizes the capital, annual, . and
unit costs associated with construction, operation, and
maintenance of a 40,000-tpy pyrohydrolysis system. The fol-
lowing assumptions were used in the economic analysis.
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1. Capital costs include 8 percent of fixed capital cost
as startup allowance,

2. Maintenance estimates are 6 to 9 percent per year of
fixed capital cost.

3. Ash and calcium fluoride disposal costs at a solid
waste facility included.

4, Interest rate 9 percent and inflation 4 percent per
year.
5. Capital costs annualized over 4 years with unit costs

calculated on 128,000-ton basis.

6. O&M costs annualized over 4 years with unit costs cal-
culated on 40,000-tpy basis.

7. No dismantling or disassembly costs included.
8. No legal, insurance, land, or permitting costs included.

Technologies No. 5a and No. 5b: RCRA Capping Of Exposed SPL
Area (No. 5a) and Unpaved Portion of Area 4 (No. 5b)

After removal of the SPL pile for offsite disposal or onsite
treatment, the underlying soils would be exposed. Because
of potential water infiltration and subsequent mobilization
of the ferrocyanide, installation of a RCRA cap over this
area was assessed. The area potentially to be capped meas-
ures approximately 300 feet by 700 feet with a generally
level grade.

Area 4 is located directly west of the SPL pile and south of
the rubble pile, measuring approximately 250 feet by 150 feet.
It is bordered on the south edge by G Avenue. A portion of
this area currently is exposed. Because of potential water
infiltration in this area, installation of a RCRA cap was
assessed.
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Table 3-3
40,000-TON-PER-YEAR PYROHYDROLYSIS COST ESTIMATE

Capital Annual Unit
Process Cost Cost Cost
Component ($000's) ($000's) (S/ton)
Size Reduction Eqt.
Procure and construct 2,634 813 25.40
Operation - 452 11.30
Maintenance — 187 4.70
Subtotals 2,634 1,452 41.40
Pyrohydrolysis
Procure and construct 24,500 7,560 236.25
Operation - 1,932 48.30
Solids disposal - 872 21.80
Maintenance -—- 1,560 39.00
Hydrofluoric acid (25%)
credit (1,760) (44.00)
Subtotals 24,500 10,164 301.35
PYROHYDROLYSIS TOTALS 27,134 11,616 342.75

Technical Feasibility., Installation of RCRA caps over the
exposed SPL area following excavation and the exposed part
of Area 4 can be implemented readily with performance re-

quirements attained. The caps would be asphalt and would

have good reliability with little maintenance.

Environmental Effects. Because natural surface water infil-
tration is not considered to be a significant mobilizing
force for ferrocyanide contained in the soils underlying the
SPL pile, installation of RCRA caps is not expected to alter
or accelerate the general trend of decreasing total cyanide
concentrations observed in the aquifer. However, should
large quantities of water inundate either of these areas
because of natural or manmade causes, the potential for in-
creased leaching of ferrocyanide is reduced or eliminated by
grading and installation of the caps. Additionally, instal-
lation of the caps would eliminate the potential for wind-
blown dispersion during dry conditions.

Public Health Effects. Since no significant effect on
groundwater quality is anticipated by installation of either
RCRA cap, no effect on public health, either positive or
negative, is expected relative to groundwater. Because the
RCRA caps would protect against water infiltration during
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flooding of the areas (an improbable occurrence), some pro-
tection of the public health may be provided by installation
of these caps. However, no contaminated groundwater is
being used for drinking purposes, and a short-term increase
of leached ferrocyanide entering the agquifer may have little
effect.

Protection from windblown particulate matter would be pro-
vided by cap installation. However, only during extremely
dusty conditions could any release of contaminant occur.

These areas are not used for plant operations (i.e., no ve-
hicular traffic). Therefore, offsite dispersion of dust is
not considered to be a problem.

Institutional Requirements. RCRA capping of the exposed
area beneath the removed SPL pile may be regulated by a num-
ber of action-specific ARARs. The SPL pile is considered a
RCRA hazardous waste; so the following requirements would be
"applicable."

1. The area from which materials are excavated may require
cleanup to levels established by closure requirements
(40 CFR 264, disposal and closure requirements).

2. Placement of a cap over waste requires a cover designed
and constructed to meet 40 CFR 264.258(b). Such a cap
must:

o Provide long-term minimization of migration of
liquids through the capped area

o) Function with minimum maintenance

o Promote drainage and minimize erosion or abrasion
of the cover

o Accommodate settling and subsidence so that the
cover's integrity is maintained

o Have a permeability less than or equal to the
permeability of any bottom-liner system or natural
subsoils present

3. Restrict postclosure use of property as necessary to
prevent damage to the cover [40 CFR 264.117(c)]

4, Prevent run-on and runoff from damaging cover
[40 CFR 264.228(b) and 264.310(b)]

5. Protect and maintain benchmarks used to locate waste
[40 CFR 264.310(b)]
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The listed ARARs are considered to be attainable with the
possible exception of the cleanup of the waste area to
levels established by closure requirements (Item 1 above).
At this time it is unknown what cleanup levels would be
required.

Economics. Installation of a 4-inch-thick, contoured as-
phalt RCRA cap over the exposed SPL area is estimated to
cost $285,000. Annual maintenance expenses are estimated at
$21,000 for sealing of the asphalt.

Installation of a 4-inch-thick, contoured asphalt RCRA cap
over the exposed portion of Area 4 is estimated to cost
$50,000. Annual maintenance expenses are estimated at
$3,750 for sealing of the asphalt.,

An associated cost would be incurred by the required con-
struction of runoff and run-on controls. Asphalt-lined
storm drainage ditches could be used, at an estimated addi-
tional cost of $7,000 (SPL area) and $3,000 (Area 4). Col-
lected surface water would be discharged to existing storm
drains.

Technology No. 6: Leak Testing and Monitoring

Leak testing or monitoring would involve identification of
all pipes and associated equipment (manholes, valves, etc.)
for storm, sewer, and potable water within a reasonable dis-
tance of the SPL pile and checking for leakage. Two methods
could be used for determinaticn of gravity pipe integrity.
First, actual leakage rates could be measured by closing off
pipe sections, filling with water, and monitoring the re-
duction in water level, if any. This testing method is ap-
plicable to gravity water systems and was used in a limited
testing program performed in this fashion at Kaiser in 1982
on pipes within a 600-foot distance of the SPL pile. The
second testing method involves monitoring soil or gravel
moisture content to identify areas with moisture levels
above background or anticipated levels. Although this test
method may identify areas of leakage, it cannot quantify
volume of leakage.

Portions of the pressurized water system also can be iso-
lated and leakage estimated by measuring the flow rate of
pressurized water from elsewhere in the system that is re-
quired to maintain a nominal pressure within the isolated
section. A method similar to this was used in 1982 to leak-
test water pipes within about 600 feet of the asphalt-
covered SPL pile.

The pipe lengths located within 600 feet of the SPL pile are
summarized in Table 3-4. This listing includes the majority
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of pipe within this zone as well as other pipes crossing
beneath the abandoned sludge bed and pipe segments beginning
within the 600-foot zone but extending outside this area.

Technical Feasibility. Leak testing and monitoring could be
implemented readily. As mentioned previously, moisture
monitoring would not quantify the volume of leakage but may
be the only testing procedure available where shutdown of
required systems for testing is not feasible. Therefore, an
integrated testing program, using both detection methods,
may be best suited for operating systems.

Environmental Effects. It is possible that increased mobil-
ization of ferrocyanide will occur because of increased pipe
leakage during high-volume leak testing. However, the short
duration of the tests should minimize this consequence.

Public Health Effects. The possible increased water leakage
to the subsoils during high-volume leak testing, and possi-
ble subsequent mobilization of ferrocyanide, should not im-
pact groundwater quality because of the short duration of
the tests and limited quantity (length) of pipe tested at
any one time., Therefore, no significant adverse effects on
public health are anticipated when coupled with the fact
that the contaminated groundwater is not being used as a
drinking water supply.

Institutional Requirements. No requirements, applicable,
relevant, appropriate, or otherwise, have been identified
for the subject leak testing and monitoring program.

Economics. The scope of the leak testing and monitoring
program is outlined below.

1. Test pipe segments including those evaluated in the
1982 study
2. Install moisture detectors at suspected or identified

infiltration points
The estimated cost to perform the above items is $75,000.

Associated costs (pipe repair, replacement, or relocation)
are addressed in the following sections.
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Table 3-4
PIPE LENGTH SUMMARY

Diameter Length

Pipeline (inches) (feet)
Storm 42 600
36 1,191

30 771

27 224

21 283

18 466

15 649

12 1,260

8 431

6 242

Subtotal 6,117
Sanitary 12 561
10 1,438

6 2,108

4 52

Subtotal 4,159
Water 10 2,150
8 100

6 200

3 500

1.5 200

1 100

Subtotal 3,250
TOTAL 13,526

Technology No. 7: Slip Lining or Replacement of Leaking
Pipes

There are two main alternatives for reducing or eliminating
water infiltration from pPipes should the leak testing and
monitoring program indicate losses of significant volumes of
water to the subsoils. They are repair by slip lining with
polyethylene pipe and parallel replacement with new pipe.

Technical Feasibility. The options outlined above are tech-
nically feasible to a large degree with some exceptions as
discussed in the following paragraphs.
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Installation of polyethylene slip linings allows pipe repair
to be made with a minimum of ground surface disturbance. It
often enables repairs to be performed to pipe segments that
would be inaccessible for other repair procedures. The re-
sulting pipe integrity is excellent. The disadvantages of
this approach include:

o The line to be repaired must be removed from serv-
ice for extended periods of time, and alternative
service must be provided for essential processes
and facilities during the slip lining installation.

o The liner reduces the hydraulic capacity of the
pipe.

Parallel replacement of faulty pipe segments minimizes the
need to disrupt service during construction. It also pro-
vides for full hydraulic capacity should the same diameter
pipe be installed, as well as the option of installing
larger or smaller pipe in some cases. Structural integrity,
if properly installed, is excellent. Disadvantages of this
approach include:

o Major ground-surface disruptions with impacts on
vehicular and pedestrian traffic, especially when
access to active work areas is affected.

o Major surface restoration is required, which could
involve adjacent buildings and structures.

o Conflict with other existing underground utilities
is anticipated.

Environmental Effects. By eliminating significant leakages,
a major mechanism for potential ferrocyanide transport to
the aquifer would be eliminated. Based on the prevailing
precipitation patterns and soil hydrology, it was concluded
that natural water infiltration was insignificant both for
groundwater recharge and for mobilization of contaminants
contained in soils underlying the SPL pile. However, con-
taminant mobilization could be caused by water infiltration
from other sources, such as pipe leakage. It is anticipated
that the current trend of decline in cyanide concentrations
observed in the aquifer could be accelerated by eliminating
this source of water infiltration if it were, in fact,
occurring.

Although a general decrease in ferrocyanide concentration in
the Little Spokane River would be expected because of the
reduced mobilization of cyanide to the aquifer at the Kaiser
facility, no harmful aquatic effects have yet been demon-
strated at present levels of contamination. (The University
of Michigan study in Appendix C was unable to document any
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harmful effects on aquatic life because of discharge of low-
level concentrations of ferrocyanide.) Therefore, no demon-
strable benefit to the environment (the Little Spokane River)
would be expected by implementing either of these options.

Using the groundwater concentration of cyanide at the point
of discharge to the Little Spokane River as a measure of
groundwater quality, it is anticipated that no increase in
the observed steady improvement of groundwater guality would
result for a period of years.

Public Health Effects. Minimal improvement in the protec-
tion of public health is expected from an increased decline
in the cyanide concentration in the aquifer. Since contami-
nated groundwater currently is not being extracted for human
consumption, no effects are anticipated because of this ex-
posure mechanism. Accidental ingestion of water from the
Little Spokane River constitutes a potential exposure mech-
anism, but the toxicity of ferrocyanide is low compared to
free cyanide, and the quantities involved are likely to be
low and of short duration.

Institutional Requirements. Implementation of pipe leakage
control measures is not governed by any identified require-
ments or regulations.

Economics. Table 3-5 summarizes the estimated costs associ-
ated with the pipe slip lining and parallel replacement
options discussed previously.

Technology No. 8: Relocation of Water- and Sewerlines, the
Wastewater Treatment Plant, and Storm Drains

The relocation of water- and sewerlines, the wastewater
treatment plant, and storm drains to a sufficient distance
away from the SPL pile is intended to eliminate the potential
for leakage and the transport of cyanide in subsurface soil
into the groundwater. The piping would be relocated suffi-
ciently far from the main source of available cyanide (con-
taminated subsurface soil) so that cyanide remobilization
would not occur even if pipe leakage occurred.

Technical Feasibility. Relocation or rerouting of pipes is
least difficult for the major stormwater lines. Relocation
of sewer or potable waterlines also would require relocation
of the facilities they service, which, in the case of the
sewerlines, includes the wastewater treatment plant. The
stormwater lines considered as candidates for relocation are
the main 30- and 36-inch-diameter discharge lines leading
from the Mead Works to the stormwater lagoon. They could be
rerouted from their current location between the sludge bed
and the SPL pile over to the east side of the sludge bed,
then north to their intersection with an existing stormwater
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COST SUMMARY FOR REPAIR OR REPLACEMENT OF LEAKING PIPES

Polyethylene Slip Lining

Stormwater

Subtotals

Sanitary sewer

Subtotals

Potable water

Subtotals
Slip Lining Totals
Parallel Replacement

Stormwater

Sanitary sewer

Potable water

Parallel Replacement Total

Table 3-5

Pipe Pipe Estimated Total
Diameter Length Unit Cost Cost
(inches) (feet) ($/1in ft) (s)

42 600 152 91,200

36 1,191 114 135,800

30 771 84 64,800

27 224 73 16,400

21 283 58 16,400

18 466 55 25,600

3,535 350,200

12 561 37 20,800

10 1,438 36 51,800

6 2,108 39 82,200

4,107 154,800

10 2,150 50 108,500

8 100 44 4,400

6 200 38 7,600

2,450 119,500

10,092 624,500

Same pipe segments as 441,400
slip lining

Same pipe segments as 236,200
slip lining

Same pipe segments as 142,500
slip lining

820,100
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drain. The new routing would remove the potential leakage
from these lines from within the zone of influence, for pur-
poses of estimation, assumed to be within 600 feet of the

SPL pile (Matt Dalton, personal communication). The existing
lines would be abandoned in place.

Relocation of the existing wastewater treatment plant would
enable the abandonment of a 10-inch and a 12-inch sanitary
sewerline as well as a 3-inch potable water pipeline. Fur-
ther, relocation would eliminate water possibly leaking from
the treatment tanks at the plant.

Because the existing wastewater treatment plant is of older
design and concrete construction, it has been assumed that
this plant would be abaoned in-place and a new packaged plant
constructed on the east side of the sludge bed. New influent
and effluent pump stations would be constructed, and new ef-
fluent pipeline to convey treated wastewater to the existing
settling basin would be installed.

No other facilities are candidates for relocation because
they move water from the point of collection to the main
storm lines discussed above. Leakage from these lines must
be eliminated by either repair or replacement.

Environmental Effects. Relocating piping away from areas
where leakage could cause cyanide remobilization would
diminish a major mechanism for cyanide transport. It is
anticipated that the current trend of declining cyanide con-
centrations in groundwater would continue resulting in even-
tual reduction of the cyanide concentration in the Little
Spokane River.

Similar to the situation for slip lining or replacing leak-
ing pipes in their present locations, no measurable effect
on aquatic life is likely to be observed in the Little Spo-
kane River if this remedy were implemented because there is
no apparent effect at current cyanide concentration in the
river.

Public Health Effects. Minimal improvement in the protec-
tion of public health is expected by relocating pipes away
from the SPL pile. Since contaminated groundwater is not
currently being extracted for human consumption, no effects
are expected because of this exposure pathway.

Institutional Requirements. Relocation of water, sewer, and
large storm drain lines and the wastewater treatment plant
away from the SPL pile is not governed by any identified
requirements or requlations.
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Economics. Table 3-6 summarizes the estimated costs associ-
ated with the relocation of the water, sewer, and storm drain
lines and the treatment plant.

Technology No. 9: Periodic Groundwater Monitoring

This activity involves continuation of the groundwater moni-
toring effort without any substantial changes in scope from
previous work performed. Activities that would be performed
include sampling of several indicator monitoring wells and
springs quarterly and compilation and evaluation of the data
and submittal of reports, all on a semiannual basis.

Technical Feasibility. Periodic groundwater monitoring and
reporting are technically feasible.

Environmental Effects. No effects on the environment are
anticipated because of groundwater monitoring.

Public Health Effects. No effects on the public health and
safety are anticipated because of groundwater monitoring.

Institutional Requirements. Groundwater monitoring
provisions of RCRA (40 CFR 264) may be relevent and
appropriate.

Economics. The current groundwater monitoring effort is
estimated to cost $120,000 per year, inclusive of all ana-
lytical requirements.

PLUME-RELATED TECHNOLOGIES

Technology No. 1l: Groundwater Extraction

Extraction of contaminated groundwater would involve drill-
ing, installing, and developing three recovery wells located
downgradient from the SPL pile spaced at approximately 500-
foot intervals on the plume centerline. Pumping rates for
the wells would be approximately 60 to 80 gpm, with extracted
groundwater piped back to a treatment facility in the vicin-
ity of the plant.

Technical Feasibility. Based upon a semianalytical ground-
water model (RESSQ), the well configurations and pumping
rates described above should be sufficient to create a cap-
ture zone larger than the existing contaminant plume.- The
model was based on the following aquifer parameters (Site
Characterization Analysis report, Sections 3.1.2 and 3.2).

o Thickness of aquifer--12.5 feet (range 10 to
15 feet)

o Porosity=--0.25
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Table 3-6
COST SUMMARY FOR RELOCATION OF WATER, SEWER,
AND STORM DRAIN LINES AND THE TREATMENT PLANT

I. Storm Drain Lines

Pipe Pipe Estimated
Diameter Length Unit Cost
{inches) (feet) ($/1lin ft)

42 2,000 115

36 150 142

30 1,500 115
TOTAL

II. Treatment Plant, Sanitary Sewer, and Water Lines

Total
Cost
($)

334,000
21,300
172,500

527,800

Estimated Cost

Major Equipment Item

(s)

Packaged Biological Treatment System Installed
Influent Pump Station (equipment and controls)
Effluent Pump Station (equipment and controls)
Maintenance Building
12-Inch Sewerlines With Manholes (1,000 feet)
18-Inch Sewerlines With Manholes (500 feet)
8-Inch Effluent Pipeline (2,500 feet)
3-Inch Water Pipeline
Asphalt Drive and Paving (2,000 ft2)
Major Equipment Foundations
Electrical Installation
Subtotal
Abandonment of Existing System
(Demolition, backfill, revegetate, landfill
demolition debris, equipment salvage)
Subtotal
Mobilization, Bonds, and Insurance
Engineering, Legal, and Administrative
Contingency

TOTAL CAPITAIL COST
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402,500
20,000
20,000
40,000
63,000
37,500
87,500
15,500

8,900

7,000

25,000

726,900

100,000

826,900

41,400
181,900

248,000

1,298,200



o) Hydraulic conductivity--3,300 gpd/square foot
(range 1,800 to 4,800 gpd/square foot)

o Hydraulic gradient--0.003
(o} Pore water velocity--1,950 ft/yr

Drilling, installation, and development of the required re-
covery wells can be accomplished readily.

Environmental Effects. It is anticipated that implementation
of this technology would improve the quality of the down-
gradient aquifer. However, it cannot be assured that ambient
water quality standards would be met.

Based upon the research performed by the University of Mich-
igan on the Little Spokane River aquatic environment in the
vicinity of the contaminated plume outfall, the improved
groundwater quality expected to be observed eventually at
the outfall will not produce any noticeable improvements in
this environment. Environmental quality improvements could
be assessed only by performing chemical analyses for cyanide
and not directly from the state of health of the aquatic
environment.

Public Health Effects. Since contaminated groundwater cur-
rently is not being extracted for human consumption, no im-
provement in public health is anticipated relative to this
exposure mechanism. Ingestion of water from the Little Spo-
kane River is not considered to pose a public health problem
because the cyanide concentration is far below levels that
would cause human health effects, referenced in Chapter 1.

Institutional Requirements. The CWA AWQC (chronic fresh-
water exposure limit for cyanide of 5.2 ug/l) discussed
previously is "to be considered" in connection with con-
trolling cyanide released into the Little Spokane River. No
requirements were identified for groundwater extraction only.
This is discussed further in the following section on chemi-
cal treatment.

Economics. A cost estimate was developed for construction
and operation of the groundwater extraction system as out-
lined above. The estimated capital cost is $45,000 with an
annual operating cost of $25,000. No land costs are included
should right-of-way costs be incurred to accommodate offsite
well placement.

Technology No. 2: Chemical Treatment

The groundwater extraction system would be designed to pro-
duce a 200-gpm groundwater stream requiring treatment for
removal of dissolved cyanide. The estimated average total
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cyanide concentration of this 200-gpm water supply is 45 to
50 mg/1, with typically over 90 %¥© 95 percent of the cyanide
existing as ferrocyanide, Fe(CN) .. Ferrocyanide is chemi-
cally very stable and therefore resistant to the conventional
cyanide oxidation techniques. The treatment process evalu-
ated in the following sections is based upon the reaction of
dissolved ferrocyanide at PH 6.0 with excess ferrous sulfate
to form a precipitate (Figure 3-4). Additional chemicals
also are involved to aid in the flocculation and settling of
the precipitate.

Technical Feasibility. Previous research performed by

CH2M HILL indicates that dissolved ferrocyanide might be re-
moved effectively down to levels of 2 to 4 ppm by precipi-
tation with ferrous sulfate. Additionally, the ferrocyanide
pPrecipitation is performed easily in conventional wastewater
treatment equipment. Effluent streams from the process in-
clude the treated groundwater (<4 ppm cyanide and PH 6.0)
and the dewatered precipitate sludge. This sludge is con-
sidered to be RCRA hazardous for the purposes of this evalu-
ation although the expected characteristics of the sludge
should allow for a nonhazardous classification.

No technical impediments have been identified for construc-
tion and operation of a 200-gpm groundwater treatment facil-
ity as described. Operation should prove to be reliable.

Environmental Effects. Operation of the treatment facility
is not anticipated to produce any adverse environmental ef-
fects. Only one hazardous chemical is used in treatment
(sulfuric acid), with storage and feed systems designed to
minimize handling or exposure risks. Fugitive emissions are
not anticipated. The dewatered ferrocyanide Precipitate
would be disposed offsite at a RCRA landfill if necessary.

Environmental effects associated with discharge of the
treated effluent are addressed in the technology assessment
section of Technology No. 3, below.

Public Health Effects. No adverse public health effects are
anticipated by construction and operation of the described
system,

Institutional Requirements. Should the dissolved ferro-
cyanide be considered a RCRA hazardous waste, the following
requirements would be "applicable." 1If a nonhazardous
waste, these requirements may be "relevant and appropriate."

Lo Standards for treatment in tanks (40 CFR 264, Subpart J)
or for treatment in miscellaneous units (40 CFR 264,
Subpart X) to satisfy environmental performance stand-
ards by protection of groundwater, surface water, and
air quality and by limiting surface and subsurface
migration.
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2. Devise fugitive and odor emission control plan (CAA
Section 101 and 40 CFR 52)

3. File an air pollution emission notice (APEN) with state
to include estimates for each emission (40 CFR 52)

These ARARs are considered to be attainable, should they be
applied to Mead facility remedial activities.

Economics. Table 3-7 summarizes the estimated costs for
construction, startup, and operation of the 200-gpm ground-
water treatment facility as previously described. Operation
costs include RCRA disposal of the ferrocyanide precipitate.
Annual costs were calculated over 20 years with 9 percent
interest and 4 percent inflation.

Table 3-7
200-GALLON-PER-MINUTE GROUNDWATER TREATMENT FACILITY
Capital Annual Unit
Process Cost Cost Cost
Component (S000s) ($000s) (S/Kgal.)
Groundwater Treatment
Procure and construct 2,160 237 2.26
Operation -- 691 6.58
Maintenance -— 328 3.12
TOTALS 2,160 1,256 11.96

Based on treatment for 20 years, a total expenditure of ap-
proximately $13 million would be required to build and oper-
ate the groundwater treatment system.

Technology No. 3: Treated Effluent Discharge to the POTW

Effluent from the groundwater treatment facility would be
transported by pipeline to the nearest available and ap-
proved pump station, most probably the main station located
at the southeast corner of Holland and Colton. From there
it would be conveyed through existing city lines to the POTW.
Discharge flow rates are not expected to exceed 210 gpm, and
cyanide concentrations, before dilution, are not expected to
exceed 4 ppm. Ferrocyanide is not readily decomposed by
aerobic biological processes, and it is expected to pass
through the POTW unattenuated, albeit diluted. (Direct dis-
charge of treated water at the Mead Works would cause the
NPDES discharge permit limit for cyanide to be violated.
Consequently, direct discharge was not evaluated.)
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Technical Feasibility. No technical implementation problems
are anticipated in construction of the required transport
line. However, the capability to treat the low-level cya-
nide stream does not exist at the POTW, with the only prob-
able effect being further dilution.

It is anticipated that sufficient capacity exists at the
main pump station and POTW to accommodate the additional
210-gpm maximum flow.

Environmental Effects. The impact of transporting the low-
level cyanide effluent over the required distance to the
pump station (approximately 1.5 miles) and subsequent trans-
port of the diluted stream to the POTW is dependent on the
leakage from these piping systems. The cyanide levels

(v4 mg/l prior to dilution) are well above CWA AWQC.

Environmental effects related to the POTW discharge are not
anticipated to be a factor because of the high dilution of
the cyanide stream.

Excavation and trenching would be required for installation
of the transport pipe.

Public Health Effects. Effects on public health and safety
are expected to be small. Pipe leakage (if any) and its
location relative to drinking water sources would govern the
type and seriousness of any effects.

The low toxicity of ferrocyanide at low concentration

(v4 mg/l) provides a margin of safety compared to the poten-
tial health effects that might occur if the cyanide were
free.

The only likely effects on public health and safety would be
those normally associated with pipeline construction.

Institutional Requirements. No requirements were identified
for the actual construction of the transport line. However,
several ARARs were identified relative to discharge to a
POTW.

The following requirement is applicable to discharge of any
waste to a POTW:

1. Pollutants that pass through the POTW without treat-
ment, interfere with POTW operation, or contaminate
POTW sludge are prohibited (40 CFR 403.5).

Additionally, the following are specific prohibitions pre-
cluding the discharge of pollutants to POTWs if:
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1. Flow is obstructed, resulting in interference in the
operation of the POTW.

2. The discharged material is corrosive (pH <5.0).

3. The material is discharged at a flow rate and/or con-
centration that will result in interference with POTW
operations.

Dischargers also must comply with local POTW pretreatment
requirements including POTW specific pollutants, spill pre-
vention program requirements, and reporting and monitoring
requirements (40 CFR 403.5 and local POTW regulations).

Because of the possible interpretation of these require-
ments, most notably the requirement that pollutants not pass
through without treatment being effected, it is not expected
that discharge to the local POTW would be permitted.

Economics. Based on a total pipe length of 1.5 miles to the
nearest available pump station at the intersection of Hol-
land and Colton, it is estimated that installation of a 4-
inch transport line along public rights-of-way would cost
$475,000. Construction of a small midway pump station would
cost an additional $35,000. Purchase of land rights and
costs associated with interruption of public utilities are
not included. Annual costs associated with operation of the
midway pump station and maintenance of the transport line
are estimated at $25,000.

REMEDIAL ALTERNATIVES SUMMARY--SOURCE OPERABLE UNITS

The individual technologies evaluated in the previous tech-
nology assessment section must now be combined into the
selected remedial alternatives for evaluation as total sys-
tems. The same evaluation criteria used in the previous
technology-specific evaluations were used to evaluate the
remedial alternatives, but at a much reduced level of de-
tail. Tables presenting capsule summaries (present worth,
source control, and groundwater migration control) follow
the discussions.

ALTERNATIVE NO. 1

Technology Components

1. Excavation of the SPL pile

2. Offsite disposal

5a. RCRA capping of exposed SPL area

5b. RCRA capping of exposed portion of Area 4

6. Leak testing/monitoring
7. or 8. Leaking pipe remediation
9. Periodic groundwater monitoring
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Feasibility

All components were judged to be technically feasible with
relatively rapid implementation possible, limited mainly by
the receiving capacity of the disposal facility. Reliability
was rated very high with a minimum of maintenance
requirements.

Environmental Effects

Offsite disposal and subsequent capping activities were not
expected to provide for any immediate downgradient reduction
in cyanide levels because contaminated subsurface soil re-
mains in place. Excavation of contaminated subsurface to
its full 145-foot depth is considered infeasible. Imple-
mentation of leaking pipe remedial actions could yield re-
ductions in cyanide in groundwater near the Mead Works, but
effects on the Little Spokane River would materialize slowly.

The overall effect on the environment of the Little Spokane
River is not expected to be significant or noticeable except
by chemical analysis.

With proper engineering controls, the technological compo-
nents could be implemented with minimal adverse effects on
the environment in the area of the Mead Works. Offsite ad-
verse effects during transport and after disposal were judged
to be a possibility.

Public Health Effects

No significant public health and safety effects were iden-
tified, positive or negative, except for the potential for
exposure during transport and improper disposal offsite.

The anticipated decrease in cyanide concentration in ground-
water and the Little Spokane River resulting from implementa-
tion of leaking pipe remedial measures was not viewed as
significantly improving the protection of public health.

Institutional Requirements

While many ARARs were identified for this alternative, only
two were judged to be potentially unattainable. Uncertainty
about attainability arises from a lack of information on the
possible requirements. :

o Possible land disposal restrictions
o Cleanup levels required for closure

No ARARs were identified requiring implementation of this
alternative.

3-44



Economics

Table 3-8 presents the costs associated with this
alternative.

Table 3-8
ALTERNATIVE NO. 1 COST SUMMARY

Capital Cost Annual O&M Cost

Technology Component ($000s) ($000s)
Excavation - 172
Offsite Disposal - 6,560
RCRA Cap, SPL Area 292 21
RCRA Cap, Area 4 53 4
Leak Testing - 75
Quarterly Groundwater Monitoring - 120
Subtotals 345 6,952
Leaking Pipe Remediation 625 to 1,298 ——
ALTERNATIVE NO. 1 TOTALS 970 to 1,643 6,952

ALTERNATIVE NO., 2

Technology Components

1. Excavation of the SPL pile

3. Onsite CBC incineration

5a. RCRA capping of exposed SPL area

5b. RCRA capping of exposed portion of Area 4
6. Leak testing/monitoring

7. or 8. Leaking pipe remediation

9. Periodic groundwater monitoring

Feasibility

All components except CBC incineration were judged to be
technically feasible. Implementation of CBC incineration to
SPL wastes has not been demonstrated on a commercial scale,
and significant technical and operational concerns exist.
Reliability is considered tenuous, with large expenditures
anticipated for startup, operation, and maintenance.

Environmental Effects

Incineration onsite and subsequent capping activities were
not expected to provide for any immediate downgradient re-
ductions in cyanide levels, while implementation of leaking
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pipe remedial measures may yield significant reductions in
cyanide near the Mead Works.

Emissions from the CBC incineration were considered to be a
problem area with particulate matter and hydrogen fluoride
emissions a strong possibility. The ability to achieve a
99.99 percent DRE, if applied, has not been demonstrated in
a commercial-scale system.

The overall effect on the environment of the Little Spokane
River is not expected to be significant; only a low-1level,
ug/l chemical analysis for cyanide could be used as an indi-
cator for improvement of environmental quality.

Public Health Effects

Substantial public health and safety concerns are expected
to be raised relative to the siting and operation of the
incinerator. Disposal of residues (ash and off-gas) also
was cited as a potential public health concern.

The anticipated reduction in cyanide concentrations in
groundwater and the Little Spokane River resulting from
implementation of leaking pipe remedial measures was not
viewed as significantly improving the protection of public
health.

Institutional Requirements

While many ARARs were identified for this alternative, only
two were judged to be possibly unattainable, largely because
of a lack of data available relative to full-scale CRBC sys-
tems and unknown closure requirements.

(o} The 99.99 percent DRE
o Cleanup levels required for closure

No ARARs that would require implementation of this alterna-
tive were identified.

Economics

Table 3-9 presents the capital and O&M costs associated with
this alternative.
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Table 3-9
ALTERNATIVE NO. 2 COST SUMMARY

Capital Cost Annual O&M Cost

Technology Component ($000s) ($000s)
Excavation -- 172
CBC Incineration 18,125 7,148
RCRA Cap, SPL area 292 21
RCRA Cap, Area 4 53 4
Leak Testing - 75
Periodic Groundwater Monitoring -- 120
Subtotals 18,470 7,540
Leaking Pipe Remediation 625 to 1,298 -
ALTERNATIVE NO. 2 TOTALS 19,095 to 19,768 7,540

ALTERNATIVE NO. 3

Technology Components

1. Excavation of the SPL pile

4. Onsite pyrohydrolysis

5a. RCRA capping of exposed SPL area

5b. RCRA capping of the exposed portion of Area 4
6. Leak testing/monitoring

7. or 8. Leaking pipe remediation

9. Periodic groundwater monitoring

Feasibility

The construction, operation, and maintenance of a commercial-
size pyrohydrolysis unit for SPL treatment has not been
demonstrated and, as such, is judged to be inherently risky.
Significant problems during implementation are expected.

All other components were judged to be feasible.

Environmental Effects

Onsite pyrohydrolysis and subsequent capping of exposed and
adjacent areas were not expected to yield immediate down-
gradient reductions in cyanide concentrations because sub-
surface soil would remain in place. Implementation of
leaking pipe remedial actions may yield short-term reduc-
tions in cyanide beneath the Mead Works.
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Operation of a full-scale pyrohydrolysis unit may cause ad-
verse environmental effects in the event of system failure.
Assuming successful operation and proper handling of the
effluent streams, no significant environmental impact is
anticipated, but there is insufficient precedent to support
these assumptions.

Public Health Effects

Substantial public health and safety concerns are expected
to be raised relative to the siting and operation of a pyro-
hydrolysis system. Disposal of residues (ash and off-gas)
also was cited as a potential public health concern.

The anticipated reductions in downgradient cyanide concen-
trations because of leaking pipe remedial measures were not
viewed as significantly improving the protection of public
health.

Institutional Requirements

The ability of pyrohydrolysis to meet a 99.99 percent DRE
has not been demonstrated with SPL wastes on a commercial
scale.

The unknown requirements for cleanup levels for site closure
may present an unattainable situation.

No ARARs that would require implementation of this alter-
native were identified.

Economics

Table 3-10 presents the costs associated with this
alternative.

ALTERNATIVE NO. 4

Technology Components

5b. RCRA capping of the exposed portion of Area 4
6. Leak testing/monitoring

7. or 8. Leaking pipe remediation

9. Periodic groundwater monitoring

Feasibility

All components were judged to be technically feasible, with
rapid implementation possible.
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Table 3-10
ALTERNATIVE NO. 3 COST SUMMARY

osM
Capital Cost Annual Cost

Technology Component {$000s) ($000s)
Excavation - 172
Pyrohydrolysis 27,134 3,243
RCRA Cap, SPL Area 292 21
RCRA Cap, Area 4 53 4
Leak Testing - 75
Periodic Groundwater Monitoring - 120
Subtotals 27,479 3,635
Leaking Pipe Remediation 625 to 1,298 -
ALTERNATIVE NO. 3 TOTALS 28,104 to 28,777 3,635

Environmental Effects

No significant reductions in downgradient cyanide concen-
trations are anticipated because of implementation of Alter-
native No. 4 unless leaking pipe remediation actions are
conducted. In this case, immediate reductions are possible
if leakage is currently an active mechanism for cyanide
transport.

No adverse environmental effects to be caused by implementa-
tion of these technologies are anticipated.

Public Health Effects

No significant public health effects were identified, posi-
tive or negative, relative to this alternative. The an-
ticipated accelerated decline in downgradient cyanide
concentrations was not viewed as significantly improving the
protection of public health.

Institutional Requirements

No ARARs that were considered unattainable were identified.
Additionally, no ARARs requiring implementation were found.

Economics

Table 3-11 presents the capital and annual O&M costs associ-
ated with this alternative.
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Table 3-11
ALTERNATIVE NO. 4 COST SUMMARY

Annual
Capital Cost O&M Cost

Technology Component ($000s) ($000s)

RCRA Cap, Area 4 53 4
Leak Testing/Monitoring - 75
Periodic Groundwater Monitoring - 120
SPL Cap Maintenance - 21
Subtotals 53 220
Leaking Pipe Remediation 624 to 1,298 --
ALTERNATIVE NO. 4 TOTALS 677 to 1,351 220

ALTERNATIVE NO. 5

Technology Components

6. Leak testing/monitoring
7. or 8. Leaking pipe remediation
9. Periodic groundwater monitoring

Feasibility

All components were judged to be technically feasible, with
rapid implementation possible.

Environmental Effects

No significant effects, positive or negative, are anticipated
by implementation of this alternative with the exception of
leaking pipe remedial actions, which may produce  immediate
reductions in downgradient cyanide concentrations.

Public Health Effects

No significant public health effects were identified,
positive or negative, relative to this alternative. The
anticipated accelerated decline in downgradient cyanide con-
centrations was not viewed as significantly improving the
protection of public health.

Institutional Requirements

No ARARs that were considered unattainable were identified.
Additionally, no ARARs requiring implementation were found.
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Economics

Table 3-12 presents the capital and annual O&M costs
associated with Alternative No. 5.

Table 3-12
ALTERNATIVE NO. 5 COST SUMMARY

Annual
Capital Cost O&M Cost

Technology Component ($000s) ($000s)

Leak Testing/Monitoring -- 75
Periodic Groundwater Monitoring -- 120
SPL Cap Maintenance - 21
Subtotals -- 216
Leaking Pipe Remediation 624 to 1,298 -
ALTERNATIVE NO. 5 TOTALS 624 to 1,298 216

REMEDIAL ALTERNATIVES SUMMARY--PLUME OPERABLE UNITS

ALTERNATIVE NO. G-1

Technology Components

1. Groundwater extraction

2. Cyanide treatment by chemical precipitation
3. Treated effluent discharge to POTW

4, Periodic groundwater monitoring

Feasibility

All components were judged to be technically feasible, with
reliable performance predicted. Cyanide discharge levels of
2 to 4 ppm should be obtained.

Environmental Effects

Significant reductions in downgradient cyanide concentrations
are anticipated by implementation of this alternative. How-
ever, it is not anticipated that CWA Ambient Water Quality
Criteria would be obtained for cyanide (5.2 ug/l for chronic
freshwater exposure).

No adverse environmental effects prohibiting implementation
of this alternative were identified.
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Public Health Effects

Although downgradient cyanide concentrations are expected to
decline at an accelerated rate because of implementation of
this alternative, no significant improvement in protection
of the public health is anticipated.

No adverse public health effects expected to be caused by
implementation were identified.

Institutional Requirements

Many ARARs for discharges to POTW that may impede implementa-
tion of this alternative were identified.

Economics

Table 3-13 presents the capital and annual O&M costs associ-
ated with this alternative.

Table 3-13
ALTERNATIVE NO. G-1 COST SUMMARY

Annual
Capital Cost O&M Cost
Technology Component ($000s) ($000s)

Groundwater Extraction 45 25
Chemical Treatment 2,160 1,019
Effluent Discharge to POTW 475 35
Periodic Groundwater Monitoring - 120
ALTERNATIVE NO. 1 TOTALS 2,680 1,199

ALTERNATIVE NO. G-2

Technology Components: Periodic Groundwater Monitoring

Continuation of the current groundwater monitoring effort
has been discussed in previous sections.

PRESENT WORTH ANALYSIS

Tables 3-14 and 3-15 present the capital, annual O&M, and
present worth cost estimates for the source operable unit
and plume operable unit alternatives, respectively.
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All source operable alternatives possess expected project
lives of 4 years, while plume operable alternatives have
20-year estimated project lives.

The order-of-magnitude estimates in this report were per-
formed at the "screening" level of accuracy. Screening cost
estimates were generated during the alternative assessment
process. These estimates are used to eliminate from further
analysis those alternatives that have costs significantly
greater than competing alternatives within each evaluation
category. The absolute accuracy of screening cost estimates
is not critical at the current level of evaluation. The
focus here is to produce comparative estimates with relative
accuracy upon which to base cost decisions among
alternatives.

Screening-level costing detail is used for the purpose of
screening the relative magnitude of the costs involved in
implementing each alternative under consideration. This
order-of-magnitude estimate normally considers major capital
cost items. Operating and maintenance (0&M) costs may affect
the overall cost of an alternative significantly; therefore,
O&M costs were included in the screening process. Cost esti-
mates reported throughout this report were developed only

for the purpose of screening the various alternatives and

not necessarily to reflect the entire cost of implementing a
particular alternative. Estimates of this type show the
relative magnitude of the costs for an alternative and are
appropriate only for comparison between alternative measures.
Any other use of these numbers is not appropriate and will

be misleading.

It should be clearly understood that the order-of-magnitude
cost estimates presented in this report have been prepared
for guidance in project evaluation and implementation on the
basis of the information available at the time of the esti-
mate. The final costs of the project will depend on actual
labor and material costs, actual site conditions, pro-
ductivity, competitive market conditions, final project
schedule, the firm selected for final engineering design,
and other variable factors. As a result, the final project
costs will vary from the estimates presented herein. Because
of these factors, funding needs must be reviewed carefully
prior to making specific financial decisions or establishing
final budgets.

COMPARISON OF ALTERNATIVES

Comparison matrixes that display economic, environmental,
public health, and institutional evaluation results were
prepared for the source operable unit alternatives (Ta-
ble 3-16) and for the plume operable unit alternatives
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(Table 3717). These tables provide a concise summary of the
way key issues were evaluated in preceding sections of
Chapter 3.
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SITE CHARACTERIZATION ANALYSIS

KAISER ALUMINUM & CHEMICAL CORPORATION
MEAD PLANT

SPOKANE COUNTY, WASHINGTON

1.0 INTRODUCTION

This report presents the results of our site characterization analysis at
the Kaiser Aluminum & Chemical Corporation’s Mead Plant (KACC-Mead),
located north of Spokane, Washington (Figure 1). In August of 1978 cyanide
was detected in several private wells located to the northwest of the plant
(Robinson and Noble, 1978, 1979b). The suspected source of the cyanide was

potlining waste material generated during aluminum reduction processes.

The purpose of our work was to complete a comprehensive survey, review, and
analysis of available site information so that the need for, and type of,
additional remedial action can be assessed. The primary issue associated
with the site is the contamination of groundwater, so much of our report is
devoted to the characterization of the hydrogeology and water quality
conditions beneath and in the vicinity of the site. Other information is

also presented.

We prepared this report using existing available data through mid-1987
including data obtained by KACC-Mead as part of their ongoing water quality
monitoring program. Data collected during later periods are summarized in

biennial monitoring reports. Sources of information included:

Hart Crowser, Inc.;

KACC-Mead;

Washington State Department of Ecology;
Spokane County Department of Health;
Robinson & Noble, Inc.;
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United States Geological Survey; and

Other published information.

A list of references is contained at the end of this report. Selected data

used in this report are contained in the Appendices.

This report has been prepared for the exclusive use of Kaiser Aluminum &
Chemical Corporation and their consultant, CH2M Hill, for specific
application to the project area and purpose using generally accepted
professional practice for the nature of the work completed. No other

warranty, express or implied, is made.

1.1 SITE DESCRIPTION

The Mead plant lies within Section 16, Township 26 North, Range 43 East
about seven (7) miles from downtown Spokane and one (1) mile southwest of
Mead in Spokane County, Washington (Figure 1). The Little Spokane River is

situated 2.5 miles northwest of this 240-acre plant.

Potlining and other waste materials have been handled on 25 to 30 acres
located within the northwest portion of the plant. 1In this area the major

site features (Figure 2) include:

o an asphalt covered pile of waste potlining materials;

o a rubble pile containing metal, brick, wood, and some potlining
material;

o a butt tailings pile;

o a sludge bed where wet scrubber and other effluent were deposited;

o an abandoned settling basin (Tharp Lake);

o an abandoned temporary potlining storage area:

o an abandoned holding pond which received runoff from the temporary

potlining storage area;
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o potlining storage buildings;

o sewage treatment plant; and

o several asphalt paved areas (areas 2, 3, and 4).

1.2 PROJECT HISTORY AND STUDY AREA INVESTIGATIONS

After the cyanide was detected in 1978, an assessment program was

implemented to define:

The

The specific source and transport mechanisms of cyanide and other
constituents (such as fluoride) to the underlying aquifer;
Water quality impacts; and

Appropriate remedial actions.

assessments were conducted by:

Robinson and Noble, Inc., (1977 through 1979) completed the initial

work. They drilled and installed nine (9) monitoring wells (TH-1
through TH-8 and TH-3A), conducted groundwater sampling of both the
newly installed monitoring wells and downgradient wells/springs, and
supervised the installation of a replacement well (Pope Well-8G3).

—

Engineering-Science, Inc., and Hart Crowser, Inc., (1979 through 1981)

were retained to complete additional assessments. Engineering-Science
completed a survey of the site while Hart Crowser compiled available
data to complete a hydrogeologic assessment including the results of a
well inventory completed by the Spokane Health Department in 1978.
Twenty-eight (28) additional wells were installed (ES-1 through ES-8 by
Engineering-Science and ES-9, ES-10, and HC-1 to HC-18 by Hart
Crowser). Analysis of soil samples for cyanide, fluoride, and moisture

content and pumping tests in wells ES-9 and ES-10 were also completed.

Hart Crowser, Inc., (1981 to present) has been assisting KACC-Mead in

collecting and analyzing hydrogeologic and other data. This on-going
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work includes preparing semi-annual monitoring reports and assessing
the need for additional remedial action. A five (5) vyear summary
report (1981 to January 1987) was prepared in May 1987 (Hart Crowser,
1987).

o Hart Crowser, Inc., (1983) assessed the potential for uncovered

potlining waste to contaminate groundwater at the Mead plant.

o Dr. Rolf Hartung (1980) completed an environmental assessment of the

Little Spokane River.

o CH2M Hill (1981) completed a study of methods to treat cyanide in

groundwater at the Mead Plant.

o CH2M Hill (1982) completed a survey of the piping systems beneath the

plant to identify leaking pipes.

o CH2M Hill (1985) completed an assessment of alternatives to control

infiltration of water into site soils.

0 KACC-Mead (1978 to present) has provided on-going monitoring and
laboratory support. Kaiser staff have been responsible for the
majority of the water sampling and chemical analysis that has been
completed as part of this project. They routinely analyze water
samples for total and free cyanide, and fluoride. They also analyzed
soil samples for cyanide and fluoride that were collected as part of

the drilling activities.

o Other Reports have been prepared as part of geologic and water quality

investigation of the Spokane Aquifer system. Several of the more
, ¢), Bolke
and Vaccaro (1979), and published work conducted as part of the "208"

important reports include those by Crosby et al (197la, b

Water Quality Management Program (Spokane County, 1978, 1979: Todd,
1975).
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1.3 PAST REMEDIAL ACTIONS

The results of the technical assessments provided the basis for KACC-Mead

to implement a series of remedial actions:

0 1978: Alternative water supplies were provided for users of wells
which had been adversely affected by cyanide migration to and within

the underlying aquifer.

o Spent potlining handling practices were changed to minimize the
possibility of leachate generation from plant activities or by exposure

to precipitation.

- August 1978: Pot soaking operations and effluent discharge to the
sludge bed ceased.

- January 1979: Exposed potlining was graded and covered with plastic.

- April 1979: Exposed potlining waste was covered with asphalt,

- September 1981l: An unlined and leaking settling basin (Tharp Lake)

was drained and abandoned.

o Selected areas were graded and covered with asphalt to reduce the
possibility of infiltration of concentrated volumes of snowmelt or
stormwater runoff, Drainage systems were installed to move surface

water out of the spent potlining handling area.

- April 1986: Area 2 was paved with asphalt.
- April 1986: Pot cleaning slab was closed.
- October 1986: Area 3 was paved.

- November 1987: Area 4 was paved.

o Stored spent potlining was moved out of the temporary storage area into

storage buildings.

- 1981: Potlining was moved into the first storage building.

- 1984: A second building was constructed and put into operation.
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o Several pipe leaks repaired.

- June 1983
- December 1987

o An updated field well inventory was completed by KACC-Mead during
1986. This inventory supplements the inventory of wells completed by

the Spokane County Health Department in 1978,

KACC-Mead is supporting an ongoing monitoring program to assess how the
remedial actions are affecting groundwater quality and to provide the basis
to implement other actions, as required. This monitoring program includes
the sampling of selected wells, springs, and surface waters located on and
downgradient of the plant site and the routine chemical analysis of the

water samples for total and free cyanide, and fluoride by KACC-Mead.

Ongoing technical analyses of the data are being conducted by Hart Crowser,
Inc. These ongoing analyses are documented in biannual monitoring summary
reports which have been prepared since December of 1982. The ongoing
monitoring efforts indicate that the remedial actions implemented by
KACC-Mead have substantially improved the groundwater quality beneath and

downgradient of the plant site.
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2.0 PHYSICAL CHARACTERISTICS OF STUDY AREA

2.1 SURFACE FEATURES

The plant is located within a glacial outwash valley (Figure 3). Land
surface elevations slope gently downward in a mnortherly direction from
slightly over 2,050 feet at the Spokane City line to about 1,920 feet at
the plant, to less than 1,600 feet in the Little Spokane River Valley. The
topography rises to over 2,300 feet two (2) miles west and one (1) mile

east of the plant.

2.2 METEOROLOGY

Average annual precipitation as measured at the Spokane Airport and in
Spokane is 16.4 and 17.3 inches, respectively (Crosby, 1971lc), 70 percent
of which generally falls between the first of October and the end of April
(Spokane County, 1979). Figure 4 shows a histogram of annual precipitation

at the Spokane Airport for the period 1941 to 1987.

Summer temperatures at the airport range between 80 to 90 degrees F during
the day with night time lows of 45 to 60 degrees F. Winter highs range
from 25 to 45 degrees F with lows of 15 to 25 degrees F (Spokane County,
1979).

2.3 SURFACE WATER HYDROLOGY

The Little Spokane River 1is situated about 2.5 miles northwest of the
plant. The river flows in a southwesterly direction toward Dartford and
then flows in a westerly direction toward Long Lake (Figure 1). Flows in
the river are measured by a USGS gaging station located at Dartford (Figure
1). River flows range between 100 and 300 cubic feet per second (cfs)
during relatively low precipitation periods (summer and fall) and peak

between 600 and 900 cfs during high runoff periods (later winter and early
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spring). Substantial groundwater discharge into the river occurs

downstream of the gaging station which is discussed in a following section.

A second surface water drainage course, Deadman Creek, 1is located to the
northeast of the plant (Figure 3). This creek flows into the Little
Spokane River about 1-1/2 miles to the northeast of the USGS gaging station
near Dartford. Deadman Creek 1is called Peone Creek in the monitoring

records of KACC-Mead.

KACC-Mead stormwater and non-contact cooling water flows into Deadman
(Peone) Creek via a buried discharge line which extends to the north and
northeast of the plant (Figure 3). Before discharge to the creek, plant

discharge water flows through a settling basin.

2.4 HYDROGEOLOGY

Figure 5 shows wells and springs located in the vicinity of the Mead
facility. Further information is tabulated in Appendix B. Selected well
and spring locations are shown on other figures to support the following

discussion.

2.4.1 Well Numbering Svstem

Well and sampling locations shown on the figures in our report have been
numbered in three (3) ways. Water supply wells and springs are designated
using the United States Geological Survey numbering system which designates
locations by Township, Range, and Section, and location within the section
by an assigned letter and, if more than one well or spring, an additional
number. Where the USGS system is used the Township and Range are omitted

because the location is referenced to a figure.

Monitoring wells or borings drilled as part of this project are identified

by letters (TH-, ES-, HC-, or D-) and then by sequential number. TH- and
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ES-designated wells/borings were drilled under contract to Robinson and

Noble, Inc., and Engineering-Science, Inc., respectively. HC- and D-series

wells or borings were drilled under contract to Hart Crowser, Inc.

2.4.2 Regional Hvdrogeologic Setting

The KACC-Mead Plant lies above the Hillyard Trough portion (Figure 3) of
the Spokane-Rathdrum Prairie Aquifer which roughly extends from Pend
Oreille Lake in Idaho to Long Lake, Washington (Bolke and Vaccaro, 1979).
This aquifer 1is the major source of water to the area and has been
designated by the Environmental Protection Agency (EPA) as a "sole source"

water supply (Spokane County, 1979).

The aquifer materials consist of glaciofluvial sands and gravels with
cobbles, boulders, and scattered clay and silt lenses which were deposited
in a pre-existing bedrock valley (Cline, 1969; Drost and Seitz, 1978). In
the Hillyard Trough the materials are generally finer (as compared to those
to the east) with the aquifer being comprised predominantly of stratified

sand with some gravel, silt, and boulders.

The aquifer extends westward from the state line to the east side of the
City of Spokane and then turns northerly toward Long Lake. Five Mile
Prairie splits the aquifer into two (2) portions just northwest of Spokane
(Figure 3). The aquifer boundaries in the Hillyard Trough are comprised of
flow basalts or granitic intrusives except for the area from approximately
one half mile south of Mead to the southeastern part of Section 4 where the
boundary is composed of glaciolacustrine deposits which lie beneath Peone

Prairie.

Groundwater flows generally parallel to the trend of the filled-in valley,
In 1978 flow volumes were estimated to be 970 and 350 cubic feet per second
(cfs) at the state line and Hillyard Trough, respectively. However, later

estimates are about one half these values (Spokane County, 1979).
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Figure 6 shows two (2) schematic geologic cross sections showing the
general subsurface conditions and approximate water table position in the
Hillyard Trough. The cross section and well locations we used in the
preparation of the cross sections are shown on Figure 3. The glaciofluvial
materials can be divided into two (2) wunits which include a "low"
permeability clay and silt with occasional sand and gravel zones (regional
aquitard) overlain by a variable thickness of a more permeable sand and

gravel with minor interbedded clays and silts (regional aquifer).

In the vicinity of the plant site and extending west to east the aquifer
ranges in thickness between 80 feet at well 7Pl to 120 feet at well 16Gl
located near the plant site. The depth to water is between approximately
45 and 145 feet along this profile. 1In a southeast to northwest direction
the aquifer thins from 120 feet at the plant site (well 16Gl) to 70 feet at
well 8G3 to 35 feet or less between well 8G3 and the Little Spokane River,
The depth to water also decreases westward from the plant from about 145
feet to the surface where groundwater is discharged by springs along the

Little Spokane River.

2.5 DEMOGRAPHY AND LAND USE

The KACC-Mead Plant is located about seven (7) miles north of Spokane.
Land use in the area is mixed consisting of commercial, industrial, and

residential (urban to rural) (Golder, 1985).

The area immediately adjacent to the plant is =zoned industrial. The
closest residential neighborhoods are situated to the northwest of the

plant (approximately 1,500 feet) (Figure 5).

Municipal and private wells are used to provide water in the area. Private
well systems which were adversely impacted by contaminant migration from
the plant were replaced by municipal supplies (except for Pope) as part of

the past remedial actions implemented by Kaiser. A replacement well was
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drilled for Pope. These systems are located to the northwest of the plant

within the general area shown for the cyanide plume (Figure 5).
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3.0 PROJECT AREA HYDROGEOLOGY
We have interpreted the project area hydrogeology using data from borings
and wells drilled on and downgradient of the plant site. Well locations

are shown on Figures 5 and 7 while pertinent well data are summarized in

Appendices A and B.

3.1 GEOLOGY

The subsurface environment in the project area can be divided into three

(3) zones as shown on Figures 8, 9, and 10:

3.1.1 Unsaturated Zone

This zone extends from ground surface to the water table which lies at a
depth of about 145 feet. The unsaturated zone consists of clean to silty,
fine to medium, and fine to coarse SAND with occasional interbedded clayey
SILT to silty CLAY layers. The finer grained SILT/CLAY layers range in
thickness from less than 6 inches to several feet and at least one layer

appears to be relatively continuous beneath the site.

3.1.2 Regional Aquifer

The regional aquifer extends downward from the water table (about 145 feet)
to a depth of about 270 to 280 feet where relatively low permeability
deposits (regional aquitard) exist based on the geologic logs of water
supply wells. The top 35 feet of the aquifer is vertically stratified.
Three (3) sandy to silty sandy zones terms "A", "B", and "C" separated by

sandy SILT/CLAY layers are defined for discussion purposes.

- Zone A, the highest elevation zone, ranges in thickness from 5 feet at

TH-6 to 21 feet at ES-10 with a typical thickness of about 10 to 15



J-948-05
Page 13

feet. This zone is composed of silty SAND, and fine to coarse SAND.
Grain size data for Zone A materials are contained in Appendix C, on

Figures C-6 and C-7.

- Zone B underlies Zone A and is separated from Zone A by a sandy
SILT/CLAY layer which typically ranges in thickness from 5 to 10 feet.
Zone B ranges in thickness from about 20 feet at TH-6 to 5 feet at
ES-10 with a typical thickness of about 15 feet. This middle zone is

composed of a relatively clean, fine to coarse SAND.

- Zone C lies beneath Zone B and is separated from Zone B by a sandy CLAY
layer which typically ranges in thickness from 1 to 7 feet. Zone C is
composed of fine to medium SAND which grades into SAND and GRAVEL at
deeper depths. The geologic logs of borings and water supply wells
indicate that this zone is about 70 to 80 feet thick beneath the plant
site. Grain size data for Zone C materials are presented in Appendix

C, on Figure C-8.

3.1.3 Regional Aquitard

The regional aquifer is underlain by finer grained deposits of SILT and
CLAY interbedded with occasional lenses and layers of sand, and sand and
gravel. The top of this zone lies at a depth of about 270 to 280 feet

beneath the plant site and defines the bottom of the regional aquifer.

3.2 HYDROLOGY

Water level measurements made in several wells which are screened in
differing zones at the same location indicate that hydraulic head varies
between zones (Figure 11). The highest head was measured within Zone A.
Lower hydraulic heads were measured in Zones B and C (as compared to Zone
A), with lower heads measured in Zone B as compared to Zone C. We

interpret the differential heads to be caused by the low permeability
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layers which separate the zones and by variations in hydraulic conductivity
between each zone. The data indicate to us that Zone B likely has a higher
hydraulic conductivity as compared to Zone A and the upper portion of Zone
¢ ar = b4 FHhy cwnfs
E 0,085 ~ 0.2?
We estimate the hydraulic conductivity of Zone A to range between 1,800 and
4,800 gallons per day per square foot (gpd-ftz) based on pumping tests we
conducted in wells ES-9 and ES-10 (Appendix C). Lower hydraulic
conductivities (1,800 to 2,800 gpd-ftz) were estimated at ES-10 as compared

to the values we estimated at ES-9 (4,100 to 4,800 gpd-ftz).

Water level measurements made by us and KACC-Mead personnel in wells which
are screened within Zone A beneath the plant indicate that the slope of the
water table is to the northwest (Figures 12 and 13) which is consistent
with our interpretation of the regional groundwater flow direction (Figure
3). Flow directions have not changed substantially from 1982 to the
present as shown by a comparison of Figures 12 and 13 which show A-Zone
groundwater contour maps for 1982 and June 1988. We estimate the hydraulic

gradient to be about 0.003 based on the contour maps.

However, the June 1988 map (Figure 13) does differ from the earlier map
(Figure 12). A groundwater "high" 1is indicated to be present in the
vicinity of ES-5 which may have been caused by a pipe leak. The leak has

been repaired and conditions are being monitored.

The linear advective groundwater flow velocity within the A-Zone near ES-10

ranges between éﬂégg~é_£gspdgg£ﬂg§y (ft/day). This estimate was made by us
using a modified form of Darcy’s Law, v=Ki/u, where:

v = linear advective groundwater flow velocity,

K = hydraulic conductivity (2,300 gpd—ftz), = g0 FH/d = 0.1V cw/s

i = hydraulic gradient (0.003), and —- -

-

u = soil porosity (0.25). ( We 7 o V1‘7 - \\
[‘\\ .I‘ b . ' ’ :

However, lower cyanide flow velocities than those estimated using hydraulic

data are likely present in Zone A. Since 1981 aquifer water quality
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monitoring indicates that cyanide has occasionally increased and then
declined because of recharge events such as pipe leaks. The timing of the
cyanide concentrations peaks in wells along the flow path indicate cyanide

flow velocities on the order of 1 to 2 feet per day.

Higher groundwater flow velocities exist in other portions of the aquifer
(as compared to Zone A beneath the plant) where hydraulic conductivities
and gradients are higher. Estimated flow wvelocities for the regional
aquifer northwest of the plant developed by us (Hart Crowser, 1980) and the
USGS and Army Corps of Engineers (Spokane County, 1979) are greater than 40
feet per day.

Groundwater flow conditions within the Hillyard Trough portion of the
Spokane Aquifer are relatively constant over a year. From June 1979 to
June 1980 (Figure 11) water levels in Zones A, B, and C fluctuated in well
TH-6 about 0.5 to 1.7 feet. Precipitation data for this period are also on
Figure 11. This range of water level fluctuation compares with a seasonal
and yearly change of less than 5 feet for Well 26/43-19A (Figure 3),

measured since 1932 (Drost and Sietz, 1978).

3.3 RECHARGE AND DISCHARGE

The major recharge to the aquifer occurs to the east of Spokane where
runoff from precipitation, falling on mountainous areas, infiltrates into
the aquifer (Drost and Sietz, 1978). In the Hillyard Trough the USGS
(Drost and Sietz, 1978) estimated that 23 cfs flows from Peone Prairie and
Orchard Prairie located on the east side of the trough in addition to the
flow from the southeast. Little, if any, recharge occurs locally under

natural conditions.

Discharge of groundwater migrating through the trough occurs from
subsurface and spring flow into the Little Spokane River (Figure 3). The
discharge flow has been estimated by the USGS at 310 cfs (Drost and Sietz,

1978) but actually may be about half this estimate (Spokane County, 1979).
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Previous studies have arrived at conflicting conclusions concerning local
recharge conditions in the Spokane area. Crosby (1971 a, b, c¢) stated that
recharge from precipitation could not be demonstrated. Crosby's conclusion
was based on a 6-year study which included laboratory and infiltration
testing, and geophysical logging. He found that soils in the Spokane
valley are in a state of high moisture deficiency and that maximum moisture

penetration from snowmelt is less than 25 feet,

Todd (1975) concluded, however, that recharge could occur from
precipitation but would be limited to late winter in average and above
average precipitation years. Todd's conclusion is supported by analyses
completed by Robinson & Noble (1979b) during their early work to assess the
causes of cyanide migration to the aquifer beneath the KACC-Mead plant. If
their conclusions are representative of site conditions then little
recharge would have occurred in 22 of the past 46 years as shown on Figure

4.

Robinson & Noble (1979b) analyzed precipitation data for the years 1941 to
1970  (Appendix C) using the Thornthwaite method. They analyzed data for
the driest (1976) and the wettest (1948) years as well as the average over
this 29-year period. Their work indicates that water surpluses (water
available for recharge and/or runoff) were present during average and

wettest precipitation conditions:

Precipitation Water Surplus
Rate in Inches in Inches
Driest Year 11.22 0
(1976)
29-Year Average 17.42 3.8
Wettest Year 26.07 10.31
(1948)

Water surpluses were calculated to be present during the late winter and
early spring (January through March) except in wet years where surpluses

may be present in April and May. The possibility that some of the
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estimated water surpluses recharge the aquifer is reduced because of frost
(frozen ground) which will promote runoff. It also should be noted that
the Thornthwaite method overestimates water surpluses as compared to other

methods (Dunn and Leopold, 1978).

Hart Crowser (1983) analyzed the unsaturated zone flow characteristics
beneath the plant. The purpose of our work was to estimate the amount of
natural recharge by assessing the soil moisture conditions beneath the
plant. Soil moisture retention curves were prepared by laboratory testing
(porous plate) to estimate the hydraulic conductivities of site soils at
various moisture contents using the procedures of Jackson (1972). Our work
indicates that the amount of water migrating to the aquifer within the

deeper soil column is small, on the order of less than 0.1 inches per year.

We conclude after review of the work associated with assessing mnatural
recharge that local precipitation likely contributes a small amount of
recharge to the aquifer over the long-term. However, groundwater
monitoring data and other hydrologic and water quality analyses indicate

that cyanide transport to the aquifer was caused by recharge from plant

activities rather than by evenly distributed infiltration of
precipitation. This finding will be further discussed in a later report
section,.

3.4 WATER SUPPLIES

The KACC-Mead plant is located over the Spokane Aquifer which is the
primary source of municipal, industrial, and domestic water supply for the
region. When cyanide was first discovered in the aquifer the Spokane
County Health Department completed a well inventory (in 1978) within the
northern portion of the Hillyard Trough. More recently (summer 1986)

KACC-Mead personnel conducted an inventory update.

The results of the 1978 inventory are documented in a Hart Crowser report

(Hart Crowser, 1980). Figures 5 and 7 show the locations of wells and
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springs that were identified in the 1986 inventory. Data on the wells and

springs in the Mead sampling area are summarized in Appendix B.

The majority of wells tap the upper portions of the Spokane Aquifer and are
used for domestic purposes. Several wells are screened in relatively
permeable portions of the regional aquitard such as Well 8G3 (Pope

replacement well) and Well 6H1 (Anderson Well) (Figure 3).

Several industrial wells exist on the KACC-Mead plant (Figure 2) which
provide water for cooling and other purposes. At one time six (6) wells

were used but four (4) are currently active:

o Well No. 1 (16D1)
o Well No. 2 (16D2)
o Well No. 5 (1l6F2)
o Well No. 6 (16F3)

Combined pumpage from the wells wvaries from about 2.5 to 3.5 million
gallons per day depending on the season. Summer pumping rates are higher
as compared to winter pumping rates. These wells are screened in the lower

portions of Spokane Aquifer at depths of between 200 and 290 feet.

Several municipal wells exist west and northwest of the plant (Figure 5):

o Whitworth Well No. 3A (7K1l)

o Whitworth Well No. 3 (7P1)

o Whitworth Well No. 3B (7G2)

o Spokane Suburban Well 3-5 (8B4) - formerly Washington Water Power 3-5
o Spokane Suburban Well 3-7 (4P1) - formerly Mead School District Well
o Spokane Suburban Well 3-BP (32J and 32J2)

These wells are also screened in the lower portions of the Spokane Aquifer

and are pumped at varying rates of several hundred gallons per minute (gpm)

up to a thousand or so gpm.
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The potential for wells to be adversely affected by the plume is dependent
upon the well'’s downgradient position, both horizontally and vertically,
relative to the position of the plume. The Pope replacement well (well
8G3) 1is located within the areal extent of the plume (Figure 14) but is
screened in a zone which lies beneath the bottom of the plume (Figure 24).
Water quality analyses of samples obtained from this well confirm that

plume migration has not adversely effected this well.

An analysis of the "capture width boundary" for the Whitworth municipal
well (7G2) was made (Hart Crowser, 1980) to assess whether pumpage from
this well would cause cyanide to migrate to the well. Water within the
capture boundary flows to the well while water flowing outside the boundary
will not be pumped by the well. The estimated capture boundary is shown on
Figure 14 which indicates that pumpage from the well should not cause
cyanide to migrate into the well. Monitoring of water quality since 1980

has not detected cyanide or other plume constituents in this well.

Low concentrations of total cyanide have been detected in Spokane Suburban
Water District well (8B4). These concentrations have been in the range of
1 to 5 ppb or less (not detected) total cyanide since mid-1985 (Figure 48
and Hart Crowser, 1987). This is the closest municipal well to the cyanide
plume. The variability in the data is likely the result of how and when
the well has been sampled. The district 1is currently assessing the
feasibility of increasing pumping from this well. Preliminary data from
this testing (November 1988) indicate that total cyanide concentrations of
3 ppb were measured in samples obtained during the test. Cyanide
concentrations did not change during pumping (about 800 gpm) for 22 hours.
Hart Crowser (under contract to KACC-Mead) is participating in work to
assess whether increased pumping will cause cyanide concentrations to

increase in pumped water from this well.
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4.0 NATURE AND EXTENT OF CONTAMINATION

4.1 POSSIBLE SOURCES

The KACC-Mead aluminum reduction plant started operations in the early

1940s. Prior to this time the site was undeveloped.

Spent potliner is generated during aluminum reduction operations when the
reduction cell cathode (pot) fails. The pot shells are reused after the
cathode and insulating material are removed. Spent potlining has typically

been managed within the northwest portion of the plant.

When water contacts spent potlining a leachate is formed which consists of
cyanide, fluoride, and other constituents. In December 1978 EPA Region X
analyzed a leachate sample, the results of which are presented in a letter
dated March 12, 1979, from EPA to the Spokane Health District. These
results are tabulated in Table 1. Various metals were detected as were
cyanide (0.13 mg/L) and fluoride (2,720 mg/L). We consider the reported
concentration of cyanide to be low (if a total cyanide value) based on
other available data. KACC-Mead analyses of total cyanide concentrations

of potlining leachate are on the order of 700 to 1,000 ppm.

4.1.1 Waste Handling Historv

Aerial photographs were obtained to assess the specific areas within the
plant where potlining wastes were handled. Photographs for various years

were evaluated:

o August 3, 1938 o July 10, 1957 o July 5, 1972
o October 11, 1946 o July 14, 1959 o July 21, 1978
o August 30, 1950 o April 18, 1962 o May 20, 1979

o September 1956 o May 8, 1967 o May 27, 1983



J-948-05
Page 21

We prepared Figures 15 and 16 to illustrate where potlining was handled on

the plant.

o 1946 to 1959: Figure 15 summarizes our assessment for the vears 1946

to 1959. The dominant features we observed in the photographs for this
period included deposits of both spent potlining and rubble. Initial
deposition occurred within the northern portion of the area (after
1946) and generally spread southward. In the 1946 photograph some
stockpiled material 1is evident in a pile northwest of the baking

furnace building.

Spent potlining appears to be present in varying thicknesses. Within
the north part of the area the thicknesses appear to be relatively
thin. Interviews with plant employees indicated that spent potlining

in this area were deposited in a single layer by end-dumping from

trucks. Thicker deposits were present in the southern part of this
area. Several outlying piles were also observed adjacent to the
railroad tracks. We understand that a portion of the spent potlining

generated at this time were shipped off-site.
Other plant wastes, such as wood and brick, were deposited immediately
west of the spent potlining material. These materials form the base of

the existing rubble pile.

o 1962 to 1972: Figure 16 summarizes our assessment for the years 1962

to 1972. The same general features were present in the photographs for
this period as for the 1946 to 1959 photographs. Spent potlining was
present in both "thin" and "thick" layers and rubble deposits were
present in the adjacent area. The area of the rubble pile had expanded
to the west and northeast. The outlying piles of spent potlining were

no longer present in the photographs after 1962.

The photographs support our interviews with plant employees who

indicated to wus that potlining was generally managed within the
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5

northwest portion of the plant. We did not observe similar piles of

other materials in other portions of the plant.

o 197

8 to present: Spent potlining management practices were modified by

KAC
of

C-Mead after cyanide was discovered in the aquifer. The locations

features described below are presented on Figure 2.

Pot soaking operations and effluent discharge to the wet
scrubber/sewage disposal pond were discontinued in August 1978,
Prior to August 1978 the pots were soaked to remove the spent
potlining. This activity generated a liquid containing cyanide and
other constituents which was discharged to the ground or to the
sludge bed (from 1964 to 1978). Pot soaking and lining removal
occurred on a concrete slab located on the southeast side of the

existing asphalt covered pile.

Exposed spent potlining was graded to form a single pile and was
covered with asphalt to minimize contact with precipitation.
Precipitation falling on the pile is collected and discharged
through the plant stormwater disposal system. These activities were

completed in August 1979.

A temporary potlining handling area was constructed which consisted
of asphalt paving with an underdrain system. Water collected by the
underdrains was directed to a plastic-lined holding pond. Potlining
was stored in this area from 1978 to 1981. The plastic-lined pond

has been removed.

Two (2) potlining storage buildings were constructed. The first
building was constructed in 1981, while the second building was
constructed in 1984. Potlining which was stored on the temporary

handling area was moved into the first storage building in 1981.
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o Spent potlining materials are currently removed from the failed pots

by mechanical means in a covered area (Building 32H) and are stored

in the buildings.

4.1.2 Extent of Existing Spent Potlining Materials

Spent potlining materials remain on the plant in several areas outside the

operating storage buildings (Figures 17, 18, and 19):

4.1.2.1 Asphalt Covered Pile

The greatest volume of spent potlining is present in the asphalt covered

pile. KACC-Mead estimated that the covered pile has the following

characteristics (Robinson & Noble, 1979b) :

o Volume 94,700 cubic yards
o Weight 128,000 tons
0 Average Cyanide Content 0.2 percent

Spent potlining beneath the asphalt cover was not a direct source of
aquifer contamination, even before covering with asphalt. Recharge
analyses indicate that precipitation is not high enough to cause the
measured cyanide concentrations in the underlying aquifer. This finding is
supported by monitoring data collected after the pile was covered with
asphalt in 1979. After covering, little change in aquifer water quality
conditions was detected and another "source" was identified as discussed

later in this report.

4.1.2.2 Rubble Pile

Review of historical aerial photographs, interviews, and field sampling

activities completed by Hart Crowser discovered that spent potlining is



J-948-05
Page 24

present beneath the eastern portion of the rubble pile. Some 1isolated

potlining deposits are also present within other portions of the pile.

Spent potlining was encountered during drilling of borings D-1 to D-3

(Figure 19). Thicknesses ranged from 3 feet in D-1 to 12 feet in D-3.

The presence of potlining material beneath the rubble pile is consistent
with our analysis of the available aerial photographs. This analysis
indicates that the rubble pile expanded eastward into the potlining

handling area.

Spent potlining beneath the rubble pile is not considered to be a source of
cyanide to the underlying aquifer. This finding is based on several lines

of evidence:

o The source strength of the spent potlining material in the rubble pile
is, for the most part, much lower than for the potlining beneath the
asphalt covered pile. For the mass of spent potlining lying at the
bottom of the rubble pile the average cyanide concentration is 30 to 50
times lower than that present in the asphalt covered pile (about 190

ug/g as compared to 6,350 ug/g).

o Cyanide migration into soil immediately beneath the spent potlining in
the rubble pile is substantially less than that measured beneath the
asphalt covered pile or beneath Area 2. For example, cyanide
concentrations above 100 ug/g were detected only within a depth of 5
feet below potlining beneath the rubble pile (Figure 19) as compared
with depths of more than 40 to 80 feet beneath the asphalt covered pile
(ES-1 and ES-2/Figures A-31/A-32) and Area 2 (HC-18/Figure A-30). This
potlining is the oldest potlining on the plant which indicates that if
substantial water were contacting the waste, the deepest migration
should have occurred. The covering of the potlining with rubble has
apparently reduced water contact with the potlining and limited

downward migration.
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o Unsaturated zone analyses (Hart Crowser, 1983) indicate that deep soils
beneath the area are very dry and have an unsaturated hydraulic
conductivity of 10-8 to 10-9 cm/sec. The distribution of moisture
contents indicates that downward water migration occurs but coupled
with the low unsaturated hydraulic conductivity is less than 0.1 inch
per year. This work is supported by the work of Crosby et al (1968,
1971a, 1971b) who concluded that groundwater recharge within the

Spokane Valley is very unlikely.

o While recharge estimates using the Thornthwaite method indicate that
some recharge may occur during average and above average precipitation
years, the method is limited especially in deep aquifer conditions. It
also should be noted that this method may overestimate recharge by 100
percent or more as compared to other methods which use similar data

(Dunn and Leopold, 1978).

o Potlining weathers to an amorphous fine-grained material, This
condition coupled with the apparent slope of the potlining (Figure 19)
will shed water which percolates through the rubble pile to the sides

of the pile further reducing the potential for contact with potlining.

4.1.2.3 Spent Potlining between Asphalt Covered Pile and Sludge Bed

During preparations for paving of the area between the sludge bed and
asphalt covered pile, spent potlining was discovered. Samples obtained
during the drilling of boring HC-18 (Hart Crowser, 1983) and excavation of
several test pits revealed spent potlining thicknesses on the order of five

(5) to six (6) feet.

Water quality monitoring indicates that this spent potlining was a source
of cyanide to the aquifer because of its location in a low area where
stormwater runoff and snowmelt collected and infiltrated in substantial
quantities. This area has been paved (Area 2 on Figure 2) and no longer is

a source of cyanide to the underlying aquifer.
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4.1.3 Soils and Vadose Zone

Soil samples collected during drilling on the plant were analyzed by the
KACC-Mead laboratory for cyanide and fluoride content. The results of

their analyses are presented on the boring logs in Appendix A.

The highest soil cyanide and fluoride concentrations were measured in soil
samples obtained within the potlining handling area. Soil cyanide
concentrations in samples obtained above a depth of about fifty (50) feet
are generally shown on Figure 17. Concentrations greater than 100 ug/g
were measured in borings ES-1, ES-2, and ES-4 (asphalt covered pile), D-3
(rubble pile), and HC-18 (between asphalt covered pile and the sludge
bed). Concentrations declined to between 10 and 100 ug/g in borings
completed relatively close to the existing potlining materials and to less
than 10 wug/g cyanide in more outlying borings. Samples obtained
immediately beneath portions of the potlining in the rubble pile (D-1 and

D-2) were also found to be less than 10 ug/g.

Cyanide concentrations in soil below a depth of about 50 feet are generally
less than 100 ug/g and the highest concentrations are within the historic

potlining handling area (Figure 18).

Soil cyanide concentrations beneath potlining material generally decline
with depth. For example, samples obtained from D-3 declined in cyanide
concentration from over 945 ug/g to less than 10 ug/g over a depth interval
of less than 10 feet (Figure 19). Declines in cyanide concentration with
depth were also measured in samples from borings such as HC-18 (Appendix A)

and ES-1 (Figure 20).

Soil beneath the spent potlining handling area represents the primary
source of cyanide contamination of the underlying aquifer because they are
(or were) within the migration pathway of plant induced recharge sources of
sufficient volume to transport cyanide to the water table. These water

sources include infiltration from a settling basin (now abandoned), pipe
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leakage, and infiltration of ponded runoff or snowmelt which are discussed

in Section 5 of our report.

4.1.4 Sludge Bed: Construction, Operation, and Results of Sampling

The sludge bed is located to the east of the area where spent potlining was
handled (Figure 2). Twelve (12) to twenty-seven (27) feet of sludge are
reported to be present in the area. Sludge sampling indicates that the
sludge bed contains cyanide although this possible source is not considered
to be contributing significant quantities of cyanide to the underlying

aquifer (see section 5.2).

Construction: The present day sludge bed was constructed in four steps

(Kaiser memo, September 27, 1978) (Figure 21):

o 1952: A four(4)-foot-deep bed was constructed level with an existing

road.

o 1960: The dike on the original bed was heightened an additional four
(4) feet.

o 1964: A new bed was constructed northeast of the original bed.

o 1967: Modifications were made which resulted in the present day sludge

bed configuration.

Operation: During portions of its operating history pot soaking liquor was
introduced into the sludge bed. This is likely the source of the cyanide

found in the sludge samples (Kaiser memo, January 8, 1979):

) 1964 to 1974: Pot soaking liquor was pumped into the wet scrubber

water treatment system which discharged to the sludge bed.



J-948-05
Page 28

o 1974 to 1978: In September 1974, the wet scrubber water treatment
system was abandoned but pot soaking liquor was occasionally pumped
into the southwest corner of the sludge bed. This practice was stopped

in 1978.

o 1971 to 1978: Waste water from the sewage treatment plant was

discharged to the southwest corner of the sludge bed.

Results of Sludge Bed Sampling: Thirty (30) sludge bed samples were

obtained from the approximate locations shown on Figure 22. The source of
this information are two (2) Kaiser Interoffice Memoranda dated October 24,

1978 and January 8, 1979.

Most of the samples were analyzed for water soluble and total cyanide. The

results are summarized in Table 2.

Cyanide was detected at each of the sampled locations. The highest
concentrations were detected in the vicinity of the pot soaking and sewage
inlets near the southwest corner of the sludge bed. In this area average
total soil cyanide concentrations ranged between about 190 and 380 parts
per million (ppm) as compared to less than 100 ppm at the other sampling

locations (Figure 22).

HC-17 was installed during July of 1982. Soil samples were obtained and
analyzed for cyanide and fluoride to a depth of about 160 feet (Appendix
A). About seven (7) feet of sludge was encountered during drilling.
Analysis of soil samples obtained below the sludge (starting at about ten
(10) feet) did not detect cyanide above the detection 1limit of one (@)

microgram per gram.

4.2 AQUIFER WATER QUALITY: AFFECTED BY CYANIDE AND OTHER CONSTITUENTS

In 1978 cyanide was discovered in the aquifer beneath the KACC-Mead plant.

Other monitoring parameters including fluoride, nitrate, iron, and specific
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conductance were measured to be at concentrations substantially above

background (Robinson & Noble, 1979b).

The highest «cyanide concentrations of groundwater samples have been
obtained from well TH-8 (located on Figures 5 and 7).. A sample collected
in August 1979 (Mead number E717) displayed a cyanide concentration of 180
ppm (180,000 parts per billion (ppb)). Samples from well TH-8 have always
displayed the highest cyanide concentrations so we assume that this well
produces groundwater samples which have been most affected by leachate

migration to the aquifer from the plant.

The groundwater sample from TH-8 was also analyzed for other constituents

by Water Management Associates, Inc. (Tacoma, WA) the results of which are

presented in Table 3. Total arsenic, iron, manganese, mercury, selenium,
fluoride, and nitrate (as N) concentrations exceeded drinking water
standards.

Groundwater samples were obtained from wells TH-8 and ES-10 in August 1981
for analysis of polynuclear aromatic hydrocarbons (PNAs) using EPA method
610. The samples were submitted to AM Test Inc. in Seattle. No PNAs were
detected in these samples (detection limit was reported to be 5 micrograms

per liter).

A recent sampling (July 1986) by a contractor working for the Washington
State Department of Ecology (Golder Associates, Inc., 1988) sampled three
(3) wells on the KACC-Mead plant site (this work was being completed as
part of the Market Street site assessments.) Analyses for wvolatile
compounds  typical of petroleum fuels (such as benzene, toluene,
ethylbenzene, and xylenes) were analyzed for, and were not detected in the

samples,

Six (6) wells and one (1) spring downgradient of the plant were sampled
before 1980. Analyses for total metals and selected other constituents
were made (Table 3). The samples met drinking water standards except for

iron (Speaks, Spokane County Road Shop, and Chevillet wells) and iron and
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arsenic in the Van Gelder Spring (discussed Dbelow). The 1iron
concentrations in the wells and spring do not represent a potential health
risk. The concentrations exceed a secondary drinking water standard which

was set for aesthetics purposes.

The predominant constituents of the sample from TH-8 were cyanide (180
ppm), fluoride (104 ppm), nitrate (591 ppm), iron (79.6 ppm), and sodium
(2,160 ppm). These constituents are present in or could be produced

(nitrite/ammonia to nitrate) by potlining leachate.

Both total and free cyanide are routinely analyzed by KACC-Mead as part of
their monitoring program. Robinson and Noble (1979a) report that about 10
percent of the total cyanide concentration is free cyanide. Actual

percentages vary from this generalization.

Table 7 presents selected data for total and free cyanide. While several
of the percentages exceed 10 percent the average free cyanide concentration
for the data set shown is actually closer to 5 percent. Lower percentages
of free cyanide are present for those samples having the highest total
cyanide concentration. For example, well TH-8 has a free cyanide
concentration of 390 ppb which is less than 1 percent of the total cyanide

concentration of about 100,800 ppb.

Total cyanide concentration is considered by us to be a reliable indicator
of leachate migration within the aquifer beneath the site based on the
following:

o Cyanide is a major constituent of potlining leachate;

o It is highly soluble and mobile in the groundwater environment; and

o It is not typically present in groundwater and has been consistently

detected beneath and downgradient of the plant.
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The available water quality data are most extensive and complete for
cyanide and fluoride. KACC-Mead laboratory personnel have completed over
6,000 cyanide and/or fluoride analyses through April 1988 which we focus on

in the following discussion (4.3).

4.2.1 Questionable Arsenic Concentrations

We regard the arsenic concentration reported in the Van Gelder Spring
(Table 3) as highly questionable and not representative of arsenic
concentrations in groundwater at this location. Our conclusion is be-ed on
arsenic concentrations in well TH-8, comparison of well TH-8 and Van Gelder

Spring total cyanide concentrations, and recent (September 1988) sampling.

o Well TH-8 has displayed the highest cyanide concentrations and 1is
assumed to yield groundwater samples which have been most impacted by
potlining leachate. The arsenic concentration in well TH-8 was
measured at 0.085 mg/L which compares with a concentration of 0.068
mg/L in the Van Gelder Spring. This represents a decline of about 20

percent.

© Total cyanide concentrations in samples from well TH-8 in 1978 to 1980
were measured to range between 200,000 and 300,000 ppb as compared to
1,500 to 1,700 ppb measured in the Van Gelder Spring. This represents
a concentration decline of about 99 percent between the plant and the

spring discharge location.

o The decline in total cyanide concentration is attributed largely to
dilution within the aquifer. We would expect more than a 20 percent
decline in arsenic concentrations between the two (2) locations based
solely on aquifer dilution. It is more 1likely that the arsenic
concentrations at Van Gelder would be approaching aquifer background

concentration.
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o Recent sampling and analysis of a Van Gelder spring sample indicated
arsenic concentrations of 0.008 mg/L (total) and less than 0.003 mg/L
dissolved (Table 4). These concentrations are similar to the

concentrations measured in upgradient well HC-14.

4.3 CYANIDE PLUME MIGRATION

The hydrogeologic and water quality conditions beneath and downgradient of
the plant through the first half of 1980 are summarized by Hart Crowser in
our September 1980 report. The cyanide plume position was estimated using
cyanide analyses and water level measurements from selected wells (Figure
14). Wells where samples had greater than 100 ppb total cyanide were

considered to be within the plume.

As illustrated on Figure 14, a cyanide plume extends to the northwest from
the plant to the Little Spokane River. The plume width is about 800 feet
at the plant and widens to about 1,500 feet where groundwater discharges
into the river,. Total cyanide concentrations beneath the plant were
measured to be greater than 250,000 ppb in well TH-8 and declined to about

1,500 to 1,600 ppb near the river, a reduction of over 99 percent.

Cyanide analyses completed on groundwater samples obtained from wells which
tap Zonme A, B, or C indicate that Zone A has the highest cyanide
concentrations and that concentrations decrease in Zones B and C. For
example, in well TH-6 during 1979 to 1980 (Figure 23), Zone A showed a
concentration range of 10,000 to 30,000 PPb, Zone B showed a concentration
range of 1,000 to 10,000 ppb, while Zone C showed a range of between 40 and
500 ppb total cyanide.

A vertical section of the cyanide flow pathway is shown on Figure 24. This
figure is based on cyanide analyses completed on groundwater samples from
wells in the wvicinity and downgradient of the plant; analyses of

groundwater samples obtained during the drilling of the Pope replacement
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well (Robinson & Noble, 1979d); and analyses from springs containing

cyanide.

We interpret the geologic data to indicate that the aquitards beneath the
plant "pinch out" somewhere between the plant and the Pope well (well
8G3). Flow from Zone A joins the main aquifer where dilution from the

lower zones occurs and then continues to the spring discharge points.

Zone A cyanide concentrations beneath the plant are shown on Figure 25
using data generally obtained during October 1981. This figure represents
the "head" of the cyanide plume shown on Figure 14. The distribution of
the cyanide concentrations is consistent with the northwest groundwater

flow direction shown on Figure 12.

Although the highest concentrations of cyanide and fluoride are detected
beneath and immediately downgradient of the potlining handling area, lower
total cyanide concentrations have been measured upgradient of this area in
wells ES-9, HC-15, HC-16, and HC-17 (Figure 7). Total cyanide
concentrations in wells ES-9 during mid-1981 ranged between 100 and 200
ppb. This compares with an upgradient total cyanide concentration of less

than 1 ppb measured in samples from HC-14.

4.4 SURFACE WATER QUALITY

Total and free cyanide concentrations have been measured at several
locations in the Little Spokane River and in Deadman (Peone) Creek.
Surface water sampling locations are shown on Figure 26. The measured

range of cyanide concentrations for 1985 to 1988 is tabulated below.



J-948-05

Page 34
! Total Cyanide Concentration in ppb
r__ | (Free Cyanide Concentration in ppb)
; Sampling ; : _
| Station . 1985 1986 1987 1988

iPeone (Deadman Creek)

Above OQOutfall i <1 to 2 <l tol 1<l tol <l to 1
F (<D) (<1) (NA) (NA)
Below Outfall . <1 to 5 <l to 11 <1 tol <l to 1
i b(<1) (<1 to 8) (NA) (NA)

iLittle Spokane River :

Dartford/Minihdoka <1 to 1 : 1 1l to 2 1 to 2 i
- (<1) (<1) (NA) (NA) f
Pine River Park 1 <l to 1 <l to 6 <l to 1 <1 i
! L C (<) L (<L) i (NA) (NA)
i Gaging Station i 3 to7 lto> <ltod4 = 2 to9
| (<1) (<D) L (NA)  (NA)
; Rivilla Park L 70 to 107 9 to 132 10 to 58 .12 to 66

' (2 to 25) (<1 to 16) (1 to 11)'(2 to 9)
Below Van Gelder Spring 14 to 83 26 to 72 23 to 67 12 to 57
(1 to 13) (1 to &) (1 to 5) (2 to 8)

" Below Popps 8 to 35 8 to 34 . 6 to 22 :12 to 28
(<1 to 10) (0 to 5) :M(l to 2) (2 to 6) i
St. Georges School i 12 to 17 | 6 to 14 | 6 to 12 8 to 12

i | (6 to 13) (<1 to 8) (<l to 5) '(10)

*Through mid-July 1988

The highest cyanide concentrations in the river are detected at Rivilla
Park and below the Van Gelder Spring, which is the spring where the highest
cyanide concentrations have been measured. Lower cyanide concentrations
are detected in the river below this location where substantial groundwater

volumes discharge into the river from springs.

Downstream locations from where the cyanide plume discharges into the river
include Below Popps and St. Georges School (Figure 26). Reductions in the

measured maximum total cyanide concentration of about 80 percent occur
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between the below Van Gelder Spring and St. Georges School sampling
locations. In this river reach up to 50 percent of the base flow of the
river is contributed by groundwater discharge during low flow conditions

when the highest cyanide concentrations are measured in river samples.

Highest cyanide concentrations in the river occur during periods of 1low
river flows. This is illustrated on Figure 27 when high river flows
occurred in March 1987 and relatively lower cyanide concentrations were

detected in the river.
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5.0 CONTAMINANT FATE AND TRANSPORT

Spent potlining generated as part of the aluminum reduction process is the
initial source of the cyanide and other constituents found in elevated
concentrations in soil and groundwater beneath the plant. As shown on
Figures 17 and 18 spent potlining is present beneath a portion of the
rubble pile, beneath the asphalt covered pile, and beneath Area 2.
Constituents leached from potlining are present in other media including
subsurface soil and materials in the sludge bed and may also be considered

potential sources.

Because spent potlining is a solid waste, for groundwater contamination to
occur a media to leach soluble constituents and transport them to the water
table 1is required. Water is the media which fulfills this requirement.
Water sources can be grouped into two categories, depending on volume and
recharge potential. These include water sources to "drive" contamination
into soil but not cause substantial migration to the underlying aquifer and

water sources which caused substantial migration to the aquifer.

To evaluate a particular source as to its potential to contaminate
groundwater the nature of the source itself and its relationship to water
sources needs to be considered. The effects of past remedial activities
also should be considered to assess sources as they exist after the
activities were completed. These factors are critical in assessing what

additional remediation will be effective on the Mead site.

Prior to 1978 when remedial activities began our assessment indicates that
the water sources and their effects on contaminant migration into soil or
groundwater included:

o Water Sources to Drive Contaminants into Soil

- Infiltration of pot-soaking liquor in pot-soaking area

- Disposal of pot-soaking liquor into sludge bed
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- Infiltration of precipitation, ponded runoff, and dust control water
which contacted exposed spent potlining material including spent
potlining present beneath the rubble pile

- Drainage of wet spent potlining material

(o) Water Sources to Drive Contaminants to the Water Table

- Contact of water from leaking settling basin with contaminated soil

- Disposal of pot-soaking liquor and sewage effluent into sludge bed

- Water from pipe leaks which contacted contaminated soil

- Infiltration of ponded runoff which contacted either contaminated
soil or potlining (beneath Area 2)

- Possibly infiltration of pot-soaking liquor in pot-soaking handling

area if fluid volumes were large enough.

After 1978 spent potlining handling practices were changed and a series of
remedial actions were completed which reduced the possibility of further
migration of contaminants into soil or groundwater. After these activities
were completed our assessment indicates that the remaining effective

contaminant and water sources includes:

o] Water Sources to Drive Contaminants into Soil

- Infiltration of precipitation into sludge bed and rubble pile (but

considered unlikely).

o) Water Sources to Drive Contaminants to Water Table

- Water from pipe leaks which contacts contaminated soil

- Ponding of water (if present)

Review of the possible contaminant and water sources indicates that the
only demonstrated condition where spent potlining contacted water which
infiltrated to the aquifer occurred when ponded runoff infiltrated through

potlining and soil in Area 2. This condition has been remediated by paving



J-948-05
Page 38

of Area 2 with asphalt and 1installation of drainage facilities.
Contaminated soil which exists beneath the spent potlining handling area is
considered to be the primary remaining contaminant socurce while pipe
leakage is considered to be the primary remaining water source to leach and

transport contaminants to the underlying aquifer.

The remaining portions of this section discuss further how cyanide migrated
to the aquifer, the basis for remedial actions implemented by Kaiser, and

the changes that occurred from these actions.

5.1 HOW CYANIDE MIGRATED TO THE AQUIFER

Cyanide migration through the unsaturated zone to the underlying aquifer

was caused by:
o Effluent discharge to the sludge bed;

o Leakage of an unlined settling basin; and

o) Infiltration of pipe leakage and ponded stormwater runoff.

5.1.1 Effluent Discharge to the Sludege Bed

Cyanide contained in pot soaking liquor was discharged to the sludge bed.
Infiltration of wet scrubber water and sewage plant effluent into the bed

caused cyanide to migrate to the water table.

The initial remedial actions implemented by Kaiser included modifying how
spent potlining was handled and grading/covering the exposed piles of
potlining with asphalt. The preliminary monitoring results were favorable
in that Zone A groundwater concentrations began to decline in well TH-1
(Figure 28). From September 1978 to July 1980 cyanide concentrations
declined from about 400 ppb to less than 40 ppb. However, total cyanide
concentrations remained mostly unchanged in other wells and additional work

and analysis were completed to further assess the situation. We now
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interpret the initial decline in the cyanide concentrations in well TH-1 to

have been caused by halting disposal of pot soaking liquids and sewage

effluent into the southwest corner of the sludge bed.

5.1.2 Tleakage of an Unlined Settling Basin

Leakage of an unlined settling basin is the primarv means that caused
cyanide to migrate to the underlying aquifer. The settling basin was at
first not suspected to be a major contributor to the groundwater quality

conditions because:

o Water from the settling basin was low in cyanide concentration, and

o The settling basin was situated off to the side of the cyanide plume
(water samples from well TH-2, located between the basin and the plume
had low cyanide concentrations, generally less than 20 ppb total

cyanide).

Figure 29 illustrates our model of what occurred, the major components of

which are discussed below:

o Natural precipitation recharge is not sufficient to cause the high

concentrations of cyvanide measured in the aquifer. Water is necessary

to transport cyanide to the aquifer. Our recharge analyses indicate
that mnatural precipitation is not sufficient to transport enough
cyanide to the aquifer to result in the consistently high
concentrations which were observed during the early stages of the
project although natural precipitation caused cyanide to migrate into
soil. This conclusion is supported by the lack of decline in cyanide
concentrations within Zone A after the asphalt cover was installed.
Construction of the cover substantially increased runoff (which is
collected and diverted out of the area) which in turn reduced the
potential for recharge to occur from infiltration of precipitation

through potlining and soils containing cyanide.
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o

A column of soil beneath the potlinine handling area (centered on the

asphalt covered pile) has been invaded bv cvanide. The highest soil

cyanide concentrations exist beneath the area where the asphalt covered
pile 1is located (Figures 17, 18, and 20). The highest soil
concentrations are present within the upper portions of the unsaturated
soil column. At ES-1 the concentrations range between about 100 and
1,000 micrograms per gram (Figure 20). Downward migration was caused
by infiltration of precipitation and pot soaking liquor over a long
period of time. Runoff of water into closed depressions, with
subsequent infiltration, was likely a major factor in causing

significant downward migration.

An aquitard consisting of silt and clay was directing leakage water

from an unlined settling basin into the soil containine cvanide.

During drilling an aquitard was encountered which was perching
groundwater above the underlying aquifer. Three (3) to four (4) feet
of perched water was measured in well HC-1A. We also measured water in
well HC-6. These wells are screened on top of the aquitard 80 to 90

feet above Zone A.

Settling basin leakare water was dissolving and transporting cvanide as

the water migrated to Zone A. The settling basin contained water

generated by stormwater flow and production well pumping (cooling
water). Sampling and analysis of this water indicated it generally did
not contain cyanide. An infiltration test indicated the basin was
leaking at a rate of 50 to 60 gpm.  Sampling and analysis of perched
water zone samples indicated an increasing cyanide content as the water

moved beneath the potlining handling area along the aquitard surface.

Cvanide migrated downward to the aquifer and then northwest toward the

spring discharge locations adjacent to the Little Spokane River. As

leakage water migrated on top of the aquitard the water dissolved
cyanide and percolated through the aquitard to the aquifer. Once the
aquifer was reached, cyanide migrated to the northwest in the direction

of groundwater flow. As shown on Figure 30, the aquitard surface is
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"swale like" with the low point on the surface lying beneath the area
where highest soil cyanide concentrations exist. The trend of the
swale is toward TH-8 where the highest aquifer cyanide concentrations

are detected.

Initial development of our model was based on historical, hydrogeologic,
and soil/water quality data available during the initial phases of the
project. Based on these analyses and the general cyanide transport model
shown on Figure 29, we recommended to KACC-Mead that leakage from the
settling basin be stopped. The basin was drained and effectively abandoned
on September 30, 1981. No current ponding or substantial infiltration of
water occurs in the area of the old settling basin. A new basin was
constructed several thousand feet to the north of the old basin location
(Figures 3 and 5). Since the old settling basin was abandoned, KACC-Mead
and Hart Crowser have been monitoring the groundwater conditions beneath
and downgradient of the plant. Data collected as part of the ongoing
monitoring program continue to support our model. Hydrologic and water
quality changes occurred because of abandoning the old settling basin as

discussed below.

5.1.2.1 Abandoning Leaking Settling Basin Causes Groundwater Levels to

Decline

Hydrologic changes occurred within the perched water =zone above the
aquitard and within Zone A of the regional aquifer after the settling basin
was abandoned. Figure 31 shows water levels versus time for HC-1A and HC-1
located adjacent to the old settling basin. HC-1A is screened above a
depth of 50 feet and monitors water levels in the perched zome. HC-1 is
screened at an approximate depth of 155 feet and monitors water levels in

Zone A.

Once leakage from the settling basin was stopped the water level in HC-1A

began to decline. The well became "dry" approximately two (2) to three (3)
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weeks after abandoning the basin. A similar response was measured in well

HC-6 which is also screened directly above the aquitard.

Water levels in well HC-1 also declined. Well water levels declined about

one (1) foot over a three-month period after the basin was abandoned.

Other wells screened in the Zone A also showed a water level decline in the
vicinity of the abandoned settling basin. This decline is illustrated on
Figure 32. Wells relatively close to the basin showed the greatest decline
(about 1 foot) while wells further away showed a smaller decline (0.4 to
0.5 foot). We interpret these latter values to represent seasonal

variations in the elevation of the Zone A water table.

The pattern of water level declines shown on Figure 32 indicates that a
groundwater mound was present beneath the plant prior to September 30,

1981. The mound decayed after recharge from the settling basin stopped.

The decay of the groundwater mound within Zone A caused the groundwater
\

flow direction beneath the potlining handling area to shift somewhat

northward. The shifting of the groundwater flow patterns caused the head

of the cyanide plume to shift which was detected using water quality data.

5.1.2.2 Abandoning the Settling Basin Improves Water Quality

Cyanide concentrations began to change after the basin was abandoned.
Water quality monitoring since 1981 indicates that water quality has
substantially improved because of stopping recharge from this source. The
initial changes included cyanide concentrations declines, and some

temporary increases in on-site wells.
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o) Initial Water Qualitv Changes

We divided the initial water quality changes into three (3) stages based on
the first year of monitoring after the basin was abandoned (Hart Crowser,
1982). Selected water quality data are presented on Figure 33 to

illustrate these initial changes.

o Stage 1 (September 1981 to July 1982) - Represents the draining of the
perched water zones and soil column above the regional water table
following drainage of the settling basin. The increase in cyanide
concentrations in TH-1 and TH-2 is interpreted to be caused by a
decrease in relatively clean recharge water infiltrating through the
aquitard before migrating through soil containing cyanide, diluting
water in the A-Zone, and/or by the initial shifting of the groundwater
flow directions caused by reduced recharge. The decline in cyanide
concentrations in wells HC-2A, HC-7, HC-9A, and ES-10 was likely caused

by a reduction in cyanide moving to the water table.

o Stage I1 (August 1982 to September 1982) - We interpret Stage II as a
period where the so0il column has drained. The amounts of cyanide
reaching the water table have substantially reduced and where cyanide
concentrations in the A-Zone aquifer are responding to shifts in the
groundwater flow directions. Well ES-10 is located on the far side of
the plume, while well TH-2 is located on the near side of the plume
from the settling basin. As the mound decayed the plume itself shifted
in response the changed groundwater flow directions toward TH-2 and
away from ES-10. The plume shift caused concentrations to rise in TH-2

and to fall in ES-10.

0 Stage TIT (October 1982 to Present) is defined by the peaking and
decline in cyanide concentrations in wells beneath and downgradient of
the plant. We interpret the water quality data to mean that the
groundwater flow directions have stabilized and that the aquifer is in

the process of naturally purging (flushing) itself.
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(o} Longer Term Water Quality Changes and Improvement

Cyanide: Eliminating recharge from the settling basin and natural aquifer
flushing have resulted in a substantial improvement in water quality
conditions beneath the plant. The available data indicate that at least a
50 percent reduction in the amount of cyanide migrating off the plant has
occurred over the period from September 1981 to January 1987. Wells on the
plant in the immediate vicinity of the plume have shown a net decline in

total cyanide concentration of between 46 and 98 percent (Table 5).

The general water quality improvement is illustrated on Figures 25, 34, and
35. The areal extent of the plume beneath the plant is shown on Figure 25
for October 1981 (the leaking basin had just been abandoned). A similar
figure for January 1987 is presented on Figure 34. As illustrated by the
figures both the areal extent and maximum observed cyanide concentration
have substantially declined. This declining trend is also illustrated on
Figure 35 which shows a cyanide concentration profile across the area of

the plume in which maximum cyanide concentrations have been detected.

Average annual total cyanide concentrations and standard deviation at
several selected wupgradient and downgradient well 1locations of the
potlining pile were calculated using the available data. The results are
presented on Figures 36 through 44. The trends, since 1983, of selected
sampling points are graphically presented on Figures 45 through 48. The
general declines in cyanide concentrations in wells indicate that aquifer
flushing has been occurring after the plume shift and mound dissipation had
been completed. However, several temporary aquifer recharge excursions
have occurred which have increased cyanide concentrations in some of the

wells. These are discussed in the following report section (5.1.3).

The average total cyanide concentration of the plume in the vicinity of the
plant has reduced from approximately 97,000 ppb in October 1981 to about
34,000 ppb in January 1987. Assuming a 1,100-foot-wide plume leaving the

site, a 10-foot A-Zone aquifer thickness, and a 3 feet per day average
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advective velocity, off-site migration of total cyanide has been reduced

from 90 to 100 kilograms per day to 30 to 40 kilograms per day.

Leakage from the settling basin and discharge to the sludge bed are the
primary means that cyanide migrated to the aquifer. However, cyanide has
been detected upgradient of the sludge bed and potlining handling area in
well ES-9 (Figure 7). We believe the source of cyanide in well ES-9 is
spillage from the wet scrubber system based on interviews with past plant
employees. This spillage, coupled with the infiltration of concentrated
stormwater runoff, likely caused cyanide to reach to the aquifer in this
portion of the plant. Monitoring of ES-9 cyanide concentrations indicates
that concentrations have declined from 150 to 200 ppb total cvanide in 1981

to 10 ppb in early 1988.

Fluoride: Fluoride concentrations have also declined in a similar fashion
as cyanide. Fluoride concentrations in Zone A beneath the plant are shown
on Figures 49 and 50 for October 1981 and January 1987 (compare with
Figures 25 and 34 for cyanide). The maximum concentrations and the extent

of the fluoride plume have declined.

Similarly, a plot of fluoride concentrations across the highest detected
concentration part of the plume shows a substantial decline (Figure 51). A
similar pattern 1is illustrated for cyanide on Figure 35, Fluoride

concentration trends for selected wells are shown on Figures 52 and 53.

Fluoride concentrations decrease substantially downgradient of the plant
site. Background fluoride concentrations as measured at well HC-14 are on
the order of 0.29 mg/L. Several wells on the plant exceed 2 mg/L as shown
on Figure 54. Fluoride concentrations in downgradient wells are measured

to be less than 2 mg/L and for the most part less than 1 mg/L.

Other Constituents: Other constituents have also declined since the

settling basin was abandoned in 1981. Table 6 compares the results of
groundwater sample analyses from well TH-8 for August 1979 and September

1988. As shown other constituents have declined. The greatest declines
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were measured for nitrate (98 percent), manganese (92+ percent), selenium

(72 percent), barium (59 percent), and iron (55 percent).

5.1.3 Infiltration of Pipe Leakage and Ponded Stormwater Runoff

Monitoring since 1981 has detected water quality changes not related to
abandonment of the settling basin. These include recharge events caused by
a pipe leak, and concentration of stormwater in a limited area which caused
subsequent infiltration and mobilization of cyanide to the water table from

soils beneath the potlining handling area.

A pipe leak (Hart Crowser, April 12, 1984) occurred in 1983 which caused
total cyanide concentrations to increase in well HC-2A (Figures 36 and
45). Subsequent temporary increases were also observed in wells TH-2 and
HC-8 (Figure 46). The pipe leak was detected in the wvicinity of well

HC-2A. The leak was repaired and cyanide concentrations declined.

In February 1984, HC-2A cyanide concentrations started increasing again
(Figures 36 and 45). Kaiser Aluminum did not detect any pipe leaks and the
cyanide concentrations peaked in mid-1984 and returned to January 1984
values in October 1984. The cause for this incident was later interpreted
to have been caused by infiltration of concentrated stormwater in the low
area between the covered potlining pile and sludge bed where ponded water
was observed (Hart Crowser, April 4, 1985). This area (Area 2) has since

been paved.

In a similar situation, the cyanide concentration in well ES-10 (Figure 46)
went up and returned to previous levels over the period February through
August 1986 (Hart Crowser, October 21, 1986). The available data indicate
that the cause of the rise in cyanide concentrations was water infiltration
in the area south or southwest of the asphalt covered pile. This area

(Area 4) has since been paved.
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The general trend of decline in cyanide concentration in well HC-2A and
other wells indicates that the temporary excursions such as the pipe leak
and infiltration of stormwater have not changed or substantially slowed the

general pattern of water quality improvement.

Starting in February of 1987 cyanide concentrations again increased in well
ES-10 (Figure 46). The concentrations declined after May 1988 but not to

the baseline levels of 1985. KACC-Mead is currently evaluating the cause

of this recent increase. The available data indicate to us that the most
probable cause of the increase was or is a pipe leak. The timing of the
paving of Area 4 may also be a factor. A pipe leak located near the

northwest corner of the baking furnace building was repaired in December
1987. This leak may be at least a partial cause of the cyanide increased

in well ES-10.

On-going monitoring continues to assess the trend in cyanide concentrations
in the aquifer beneath the site. Other work is being considered to assess
whether other factors, such as an undiscovered pipe leak, could be the

cause of the current situation.

5.2 UNCOVERED EXISTING POTENTIAL SOURCES OF CONTAMINATION:
SLUDGE BED AND RUBBLE PILE

Potlining or materials containing cyanide are present in two (2) unpaved
areas; sludge bed and rubble pile. While these areas represent potential
source areas, their contribution to aquifer contamination, if any, 1is

substantially smaller than for soil beneath the potlining handling area.

Sludge bed: The sludge bed contains cyanide and is exposed to
precipitation. The bed is a diked area so no runoff occurs. Infiltration

through the bed is evenly distributed and runoff does not concentrate

within any discrete portion of the diked area.
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Wells on the downgradient site of the sludge bed (HC-1, TH-1, HC-2a)
typically display total cyanide concentrations of less than 100 ppb. This
concentration is at least 2,000 times less than the concentrations observed

in further downgradient well TH-8.

The source strength is also characterized by the relative concentrations of
cyanide in leachate from the sludge bed as compared to leachate from
potlining. Leachate collected in early 1979 (Robinson & Noble, 1979b) in
an underdrain pipe placed beneath the sludge bed yielded a total cyanide
concentration of 1970 ppb. This compares with total cyanide concentrations
of 700,000 to 900,000 ppb 1in leachate collected from pipes 1installed

beneath the potlining pile (prior to covering with asphalt).

Rubble pile: Potlining is present beneath the rubble pile (Figure 19). We
do not believe that this potential source contributes significant, if any,

cyanide to the aquifer based on:

o Soil concentrations beneath the potlining. These concentrations
decline from several hundred ug/g to less than 10 ug/g in a distance
of less than 10 feet. This compares with cyanide concentration
beneath the asphalt covered pile which are still greater than 100

ug/g 40 to 50 feet below the bottom of the potlining (Figure 20).

o Recharge estimates which indicate that the potential for natural
recharge is low. The potential for recharge to occur through this
material is further reduced because of the 30 to 40 feet of rubble

which overlies the potlining.
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6.0 DOWNGRADIENT GROUNDWATER QUALITY CHANGES

Data from downgradient wells and springs were compiled and analyzed to
evaluate water quality conditions and changes downgradient of the plant.
Well locations are shown on Figure 5 while pertinent data are shown on
Figures 52 and 53 (graphical data plots) and Figures 55 through 60
(histograms). The wells are generally grouped with respect to distance

from the Mead plant toward the Little Spokane River.

6.1 REGIONAL POSITION OF CYANIDE PLUME

Based on total cyanide concentration data collected during the latter part
of 1986, an updated regional cyanide plume map was prepared (Figure 5).
The plume boundary is defined by groundwater concentrations greater than
100 ppb total cyanide. The specific data and wells used to prepare the map

are listed in Table 7.

Comparison of the plume configuration in 1986 (Figure 5) with the
configuration prepared in 1980 (Figure 14) (Hart Crowser, 1980) indicates
that cyanide flow paths from the plant have not substantially changed.
This finding was expected since the general hydrogeologic conditions in the

vicinity of the plant have not changed.

6.2 BLAND/MERRIT, TH-6A, TH-6B, TH-6C, and TH-5

The cyanide concentration trends for the Bland/Merritt, TH-6, and TH-5
wells (Figures 55, 47, and 48) are similar to the trends detected in plant
wells. The Bland/Merritt well and wells TH-6A, TH-6B, and TH-6C have
decreased in concentration while well TH-5 increased, then began to
decrease in total cyanide concentration. This pattern is interpreted to be
caused by the cyanide plume shift which in turn was caused by the
abandonment of the unlined settling basin (Tharp Lake) in late 1981 (Hart
Crowser, 1987).
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The relatively rapid response in the Bland/Merritt and TH-6C wells is
likely the result of these wells being finished in the more permeable
portions of the aquifer as compared to well TH-5 and plant site wells
finished in Zone A. The higher permeability materials allowed the effects

of abandoning Tharp Lake to propagate downgradient more rapidly.

6.3 POPE (OLD), COLBORN, SPOKANE COUNTY SHOP, AND WWP 3-5 WELLS

The Pope (0ld), Colborn, Spokane Shop, and WWP 3-5 wells are located
approximately 7,000 feet downgradient of the plant site (Figure 5). The
Pope (Figure 56) and Spokane County Shop (Figure 57) wells have generally
declined in total cyanide concentration (since 1981) while the Colborn well
(Figure 58) has increased and then appears to have decreased. This pattern

is similar to other wells as discussed in the preceding paragraphs.

The data suggest that cyanide concentrations are increasing in the Spokane
County Shop well (Figure 57). Additional monitoring is required to assess

the nature of the changing concentrations in this well,

Data from the WWP 3-5 well (SS 3-5) indicate that cyanide concentrations
have remained relatively constant (Figure 48). This well is on the

periphery of the contaminant plume (Figure 5).

6.4 PRUMER/DAVIS WELL AND VAN GELDER/SMITT (LEAK) AND WANDERMERE SPRINGS

The Prumer/Davis well and Van Gelder/Smitt and Wandermere springs are
located toward the end of the cyanide plume near the regional aquifer
discharge area. The limited data from the Prumer/Davis well (Figure 59)
show a similar pattern to the Colborn well (Figure 58) and well TH-5S
(Figure 438). There is also evidence that the water quality changes have
reached the Van Gelder/Smitt spring (Figure 60) in that the latest data

indicate that concentrations have dropped below 1,000 ppb total cyanide.
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7.0 EXPECTED WATER QUALITY IMPROVEMENTS IN THE FUTURE

Total cyanide concentration data presented on Figures 36 through 48
indicate that the groundwater quality beneath the Kaiser plant site has
improved substantially since 1981. The available data indicate that the

water quality conditions should continue to improve.

Several wells have established a general decline pattern after the cyanide
concentration peaked in the well. These patterns appear to be dependent on
the location of the well in relation to the plume. Wells on the fringes of
the plume have typically declined at a greater rate than wells located more

toward the plume center.

Wells on the fringes of the plume (HC-7, HC-8, TH-2, HC-12, and ES-10) over
the last several years have shown an average decline rate on the order of
20 to 40 percent per year of the previous years average concentration value
(Table 8). Wells located toward the center of the plume (HC-9A, TH-3A, and
TH-8) have declined at a lower rate on the order of 3 to 9 percent per year

of the previous years average concentration value.

The available data indicate that as the aquifer flushing continues the rate
of cyanide concentration decline should increase in wells located toward
the center of the plume. This may be occurring in well HC-9A (Figure 42)
which declined about 25 percent between 1985 and 1986; as compared to 9
percent between 1984 and 1985. Similar decline rates should occur in wells
TH-3A and TH-8 over the next year or two, although the increases observed

in well ES-10 could delay these declines.
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There are no data to indicate that the observed declining trends should not
continue. Extrapolating the trends over the next four to five years
appears to indicate that at the end of this period cyanide concentrations
of wells finished within the A-Zone should be less than 20 percent of their
highest observed average concentration value assuming that no substantial

recharge events occur in or within the vicinity of the potlining handling

area.

HART CROWSER, INC.

o L 3 = - --_/_.._.
A ./.ZLW'C‘{??}?
MATTHEW G. DALTON

Principal Hydrogeologist

MGD:sde
FR94805/J0BS
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Table 1 - Kaiser Potlining Leachate Analysis

Concentration in ppb

Metals (Except Where Noted)
Antimony 15
Arsenic 98
Cadmium 7
Copper 27
Manganese 16
Nickel 25
Selenium 25
Silver 13
Thallium <1
Beryllium 1
Chromium 11
Lead 40
Mercury 0.36
Zinc 20
Calcium 250
Aluminum 94,000

Concentration in ppb

Parameter (Except Where Noted)
Cyanide 130

Phenolics (AAP) S

Chloride 10 ppm

Fluoride 2720 ppm

Sulfide 44 ppm

Ammonia 632 ppm

Toluene 0.4

Acetone 200 (Estimated)
Phenol 0.02

Unknown 2.5 x 107 (Estimated)

All other compounds were found
to be present in concentrations
below established reporting limits.

EPA Region X Laboratory, December 22, 1978
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Table 2 - Summary of Sludge Bed Sampling

Sample
Location

1

2
3

~Noo B

(Area 1)

(Area 4)
(Area 4)

(Area 4)
(Area 4)
(Area 4)
(Area 4)

149 (Area 1)
250 (Area 1)
251 (Area 1)
252 (Area 1)

242 (Area 3)
243 (Area 3)
244 (Area 3)
245 (Area 3)

238 (Area 3)
239 (Area 3)
240 (Area 3)
241 (Area 3)

151 (Area 4)
248 (Area 4)
249 (Area 4)

150 (Area 3)
152 (Area 3)
246 (Area 3)
247 (Area 3)

CFT 1** (Area
CFT 2** (Area
CFT 3** (Area
CFT 4*%% (Area

Depth Sludge Cvanide Concentration in ppm

in Feet Water Soluble Total Source
Surface 10.5 62+ 1

0.5 37.7 610* 1

8 20 147% 1
Surface 36 NA 1

5 0.31 NA 1

10 -- NA 1

13 0.50 NA 1
Surface 0.8 1.7 2

3 <0.2 42 2

6 <0.2 0.8 2

9 <0.2 <0.2 2
Surface 1.4 560 2

3 <0.2 1.2 2

6 <0.2 0.2 2

9 <0.2 300 2
Surface 27.6 190 2

3 1.8 212 2

6 2.4 260 2

9 1.8 108 2
Surface 2.4 116 2
45.5 <0.2 <0.2 2

9-9.5 <0.2 <0.2 2
Surface 0.3 1.8 2

4 1.2 9.0 2

5.5-6 <0.2 9.0 2

9.5-10 <0.2 <0.2 2

2) Surface 0.9 101 2
2) 3 0.9 65 2
2) 6 1.6 92 2
2) 7 0.6 84 2

NA = Not Analyzed

*

= Analyses Completed by Washington State Department of Ecology

** = Analyses Completed by Kaiser CFT Laboratory

Sources: 1.

2.

Kaiser Interoffice Memo to: R.L. Albonegq,
From: W.B. Eastman, Dated October 24, 1978.
Kaiser Interoffice Memo to: W.B. Eastman,
From: D. Hirst, Dated January 8, 1979.
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Table 5 - Reduction in Cyanide Concentrations

Well Peak Avg. Peak 1987 Cone. Percent
Number Year Conc. in ppb in ppb Decline
ES-10 1981 74,000 4,000 95
HC-7 1981 45,000 2,500 94
HC-8 1981 55,700 1,200 98
TH-2 1982 3,000 25 99
HC-12 1984 73,600 39,800 46
HC-9A 1984 66,900 30,000 55
TH-3A 1982 182,600 62,800 66
TH-8 1982 262,700 96,400 63

Source (Hart Crowser, 1987)
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Table 6 - Comparison of Water Quality Data from Well TH-8

DATE Change in
August 1, 1979 September 2, 1988 Percent
Total Cyanide 180 94.3 -48
Fluoride 104 97.6 -6
Arsenic 0.085 0.278 *
Barium 0.34 0.140 -59
Cadmium 0.007 0.007 0
Chromium 0.045 0.042 -6
Iron 79.6 35.9 -55
Lead 0.013 <0.0039 >-70
Manganese 0.181 <0.015 >-92
Mercury 0.0028 NA ---
Selenium 0.065 0.018 -72
Silver 0.007 NA 0
Nitrate 591 10.2 -98
Sodium 2,160 1,723 -20
Zine NA 0.006 ---
Copper NA 0.102 ---

*The August 1, 1979 data for arsenic are highly questionable based on
review of other analyses.
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Table 7 - Selected Total and Free Cyanide Concentration Data
August through November 1986

Well Total CN Free CN Free CN
Number Date in ppb in ppb in Percent
114 08/18/86 53 3 5.7
118 09/12/86 166 10 6.0
120 09/19/86 73 5 6.8
138 11/25/86 51 2 3.9
139 08/25/86 237 18 7.6
159 08/18/86 138 12 8.7
165 08/18/86 118 9 7.6
195 08/18/86 1,461 96 6.5
328 08/18/86 202 11 5.4
34 08/18/86 134 5 3.7
35 08/18/86 123 7 5.7
36 08/18/86 311 13 4.2
4 08/19/86 212 7 3.3
45 08/18/86 185 9 4.9
51 08/18/86 241 12 5.0
6 08/18/86 130 7 5.4
2147 11/25/86 137 4 2.9
14 10/13/86 0 NA 0
15 10/17/86 0 NA 0
209 09,/08/86 0 NA 0
94 09/04/86 0 NA 0
40 08/04/86 0 0 0
41 08,/04/86 0 0 0
142 10/17/86 0 NA 0
98 10/15/86 4 NA 0
99 10/15/86 6 NA 0
91E 08/18/86 1 0 0
203 09/05/86 0 NA 0
202 09,/05/86 12 1 8.3
44 11/25/86 16 1 6.2
ES-9 10/06/86 21 1 4.7
ES-10 10/06/86 1,164 24 2.0
TH-3A 10/08/86 64,290 561 <1.0
TH-5 10/09/86 27 3 11.0
TH-6A 10/07/86 13,996 310 2.2
TH-8 10/08/86 100,828 390 <1l.0
HC-1 10/06/86 84 5 5.9
HC-2A 10/08/86 42 2 4.7
HC-7 10/09/86 1,915 210 1.1
HC-8 10/06/86 2,253 89 3.9
HC-12 10/09/86 46,800 676 1.4
HC-13 10/09/86 4 NA ---
HC-9A 10/06/81 41,378 224 <1.0
TH-1 10/06/86 67 3 4.5
TH-2 10,07 /86 82 10 12.0
HC-14 10/08/86 0 NA ---

Average percent Free CN of Total CN where Total Cyanide is greater than
10 ppb = 5.3 percent.
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Table 8 - Percentage Decline in Average Total Cyanide Concentration
Over Previous Year in Selected Wells

Well Percent Decline in Average Total Cvanide Concentration
Number 1983 to 1984 1984 to 1985 1985 to 1986
HC-7 37 34 21

HC-8 48 16 34

TH-2 62 37 16

HC-12 14 19 22

ES-10 28 39 --

HC-9A -- 9 25

TH-3A 31 L/1 3

TH-8 30 8 9

L/ = less than

Source (Hart Crowser, 1987)
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Sludge Bed Construction Sequence

-

|

-

Original Sludge Bed
1952

(4 feet deep)

N
o

T

!

Qutline Present )
Day Sludge Bed /

N

Original Sludge Bed
Dike Heightened in 1960

)

(8 feet deep)

Sludge Bed Addition
1964

(12 feet deep) ( '

Outline Present J
Day Sludge Bed |

g

Present Day Sludge Bed \

Reservoir z 27 feet deep

_— e —— —— —— —

l/(

(12 feet deep)

a2
|

(12 feet deep)

(12 teet deep)

NOT TO SCALE

| 2
AN
J-948-05 7/88

Figure 21



Sludge Bed Sampling Location Plan

— — E-149

/ E-250
/ E-251
E-252

7
62
1Td/ X1 Area 1 |

i e - ,{ Area 2
X4,56,7 1 85e. (___ CFT-1
Area 4 [ CFT-2
378 940 ] Area 3 ggi
2,3X HC-17 \
2% O . ] i
r 215 o
}\ 0 192 \ f
\ \ /’
Log2s2 “~——g238  \-—po159 [—e150
E-243 E-239 E-248 E-150
E-244 E-241 E-249 E-246
E-245 E-249
(Sewer Iniet) (Pot Soaking E-247
inlet)
Note: See Table 2 for analytical results and other data.
O Approximate
X Sampling Location

192 Average Total Cyanide Concentration
in Soil in ppm

e
[ 7
J-948-05 7/88

Figure 22



Cyanide Concentration in Zones A, B and C for Test Hole 6

—~ 100,00:

100,000 ~~
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———Water Cyanide Concontratlon%
May 5, 1981
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+ ICI.OOO

10,000 —

Test Hole 6B
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1
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M|

CYANIDE CONCENTRATION IN ppb
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. 1
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J-948-05 June 1988
HART-CROWSER & associates inc.

Figure 23
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Surface Water Samplmg Locat:on
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Total CN in ppb

Little Spokane River at Dartford Mean « in cfs

Comparison of River Flows and Cyanide
Concentrations in the Little Spokane River
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Total Cyanide Concentration
at Selected Sampling Locations

oo
Tharp Lake Abandoned~ Stage 1 i jif i o
1.000.000 + - M : : == i T i T : : —- -
' 1 Ir : i . - 4+ + t ;
| ! | i | J | | ; t ' .
I N ' P 1 T o. TH-87"
—_— | P p— oo |
- i = i = TH-3A7—
100,000 - ‘ - : L i — HC-9A
e | E_E?EE‘\JE ' NG =
: ! : ; i 1 ! >—— ¥ 'A‘ r.GAN HC‘?_
- ‘ ! : | I X ! i | vi'-—-"‘ '~ l‘ v '
3 A o | R T
£ 10,000 ‘ — ‘ : : =} @TH'Z
c . e ™
o — 4 s
I . - — ES-10
c e ; : Van Gelder/Leak Spring i °
s '—\""’.”\_—-\/ M |
(&) ! ; :
S 1000 : : 4 !
O : i
- I
i
c
[3v]
>
O
= 100
IS
'—
10 - =
L e “—‘-'EH 3t
: . ""’w - :V i 1
! - | |
S i | [ ' ety '
i !I | 1 | | _[
\ | ‘ ‘ | ‘ , L Lo ! | l L i
JFMAMJIJIJASONDJIFMAMUI I ASOND
1981 1982
J-948-05 June 1988

HART-CROWSER & associates inc.
Figure 33



Figure 34
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Total Cyanide Concentration in Selected Wells
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Total Cyanide Concentration in Selected Wells and Springs
Down-Gradient of Potlining Pile
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Total Fluoride Concentration in Selected Wells, 1983 - 1987
Upgradient of Potlining Pile
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Total Fluoride in mg/L

Total Fluoride Concentration in Selected Wells and Springs, 1983 - 1987

Downgradient of Potlining Pile
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J-948-05

APPENDIX A
UELL AND BORING DAIA

Table A-1 - Well Construction Data,Summary within KACC-Mead Plant

Geologlc Logs and Well Construction Features-
-+ TH-1 through TH-8 and TH-3A

- HC-1 through HC-18 and- HC-1A, HC-2A, HC-9A
- . ES-1 through ES-10

- D-1 through D- 3



J-948-05
TABLE A-1- WELL CONSTRUCTION DATA SUMMARY WELLS WITHIN KACC-MEAD PLANT

WELL  WELL BORING GRNDSURF. TOP CASING  SCRE
£p

ENING SCRESN TOP INSTALLED 3y 1R
NUMBER DEPTH DEPTH ELEVATION ELEVATION 2EPT

C i
i ELEVATION 0ATE hiy

TH-1 IS7 158 1926.00  1929.29 153-157 773 RLB 3/78 NA

TH-2 157 183 1933.00  1935.49  153-157 1780 Rk3B 3/78 A

TH-3 20 204 1919,00  1920.04  140-210 1779 RLB 373 o

TH-3A 16l 183 191970 (920.64  145-161 17747 Rk 3 178 N

TH-4 05 205 191900  1921.03  145-205 774 R&B 378 N

TH=3 18 214 1904.7 1906.57 135-186 17497 R &3 /73 A

TH-8A 150 200 !3:19.10  1919.10 (47-150 17T R 4§ /79 i

TH-65 172 200 1918.! 191910 187-172 17510 R A TS NA

TH-5C 2000 200 1918.10  1919.10 195-200  (750.f A AE 78 T

TH=7A - IS1 199 (919,80 1921.88  144-151 TTTE O RAE 178 3

TH-TE 188 199 1919.80 1920.66  143-168 (75,6 R &5 3/73 N

TH=TC 199 199 1919.60  192f.86  194-199 17254 R &3 /79 A

) L THE 139 183 *1919.00  *1921.00 154-159 1785 R &5 179 NA
¢t earg/mmh @ W 05w s M NA  Eng. Sci. 9/82 AR
/" S Y Es N 80 1986.00  1986.00 NA N Eng. Sci. 3/32 AR
£5-3 N 300 1963.30  1985.50 NA N Eng. Szi. 8/87 4R

£3-4 NA 64 196420 1944,20 NA NA  Eng. sci. §/82 AR

£5-3 NA 170 1937.40  1938.20 NA NA Eng. sci. 8/ AR

ES-4 NA 88 1938.20 1938.80 NA NA  Eng. Sci. 8/32 AR

£5-7 NA 1EE 193770 1938.50 NA NA Enq. Sci. 8/82 AR

B . \f£3-8 NA 160 1925.80 1927.10 NA NA  Eng. Sci. 8/62 AR
% ringfun sy 1S 1915 19360 193440 (54 177399 H.C. 12/5/80 T

Mloieescasing 4o pereen ESI0UT0 209 1939.70  (941.5¢ 145 1774.7  H.C. 1716781 o7
. HC-1A 47 48,2 1925,99 192455 43 1882.99  H.C. 4/20/81  HSA
P PVC piver  HC-l 18 157 192526 19%3.15 91 774,28 H.C. 415731 HSA
J 2PV riser  HC-0A 16T 18,5 193448 (93748 La 177248 R, M10/81 HEA
JATPVC riSer  HST 405 5.5 33544 15o 4 .3 1879.8 AL, U781 HS:
/s AC-3 8E.3 0 70 193775 1937.73 SL.8 18740 KL 3258 HSA
1 /2" HC-4 32,8 53 1971.3% 47.5 1879.8 AL ITeRL R
) s HC-3 88 T2 1T 72 83 18787 R L HeA
) Vo HC -4 W5t 1930 132839 4.3 1§79.9 K, L Hek
) o HC-7 %170 183655 1937.85 (%9 775 Bl hA
vy HO-8  182.3 (84,5 1932,13 193393 15T.% 1774.c WL 5533 3
L HC-3A 182 a3 193595 157 UTBOLTT ML 41/ HSA

) 4 . HC-9 a7 43.3 1938.30 87 8879 W.C. s H34
175" RC-10 3 (3 992,00 17 T KL TISEL 43

| 2 HC-11 185 1s3 13 18, (57 VELD ML sZEiEt HEA

/ /2 A1 3 s g9 145 RS WD, TiasE 424
| 2" H-13 lel ta2 (53 . {57 730,04 .0 ST 434

) " o L I e L TY I IR C S U LA TN A3A
12" AC-1 ME.S 155 192851 Il 140.S 736, H.L. 434
| /2 RO-le DALT M9 19nIE emE o enps 4.5, RN
>/ AC-1T T3 i3 193300 i9et,p0 iSnLE 3.3 ML T |

"t.. Ing. i, 2eans Inginaering
owser [acl.
. aeans Izzie uzol ariliing,
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TABLE A-1- WELL CONSTRUCTION DATA SUMMARY WELLS WITHIN KACC-MEAD PLANT
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ASING
VATICN

I
-

TaP

WELL BORING GRNDSURF,

WELL

DRTE

ELEVATION

TH

a.
[¥Y]

NUMBER

NA

1773
1780

153157

29.29

19

6.40

192

138

157

TH-1

NA

78

v
wii

REB

i
-

TH-

NA

M

{61

TH-2A

143-203

1921.03

1919.00

§.1¢

o
PR

200

150

919.80

199 i

18§

1
H

TH-7

NA

1944.00 NA

1966.00
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NA
NA
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o
Ly

o

o
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w

e
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NA
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su

goe
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NA 160 1
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P
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’
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[82)
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941,50
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194
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39.70
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1941
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! €EST Mofe 7'#—_/

. RE 1
DESCRIPTIVE 106 (RobiAsen & Nable ' )
cxoune sukinct (1926 Seed
SILT, SAND 27D GRAVEL GFAY WITh CAROANIC MLTTLR

SAND AND GRAVEL, SIUTY TO 3TLET- EROWN ZFLEYT TOSFEET
CO2RSE SAND AND GRAVEL

SAND, SILY AND FINE GRAVEL LIGMT BROWNK (VERY SIL1Y AT 225 FEET
T0 2‘ FEET

COE28LES axD ST

SAND, GHAVEL AND SiT

FINE TOMEDIUL SAND AND SiT
MEDIUM TO CO.ARST SAND AND SILT - CENMENTED
CLAY (PLASTIC) AND 3AND RAOWN

FINC TO MED:UM SanD aNp Si
SI, CLAY AND SAND, YELLOA HNOAT: DARKER WITH DCPTH
FINE TO COARSE SAND ARD sIUT

i ~veraenal 10T
omssaves 78T

\TJ.{ -:'—"-—"'-" BOF T

= it FIND YO MEDIUK SAND, SILT VAN (CLLAMYR AND DIKTILR STRLAKS AS SHOWN)

< = &

!_; o I HOFT FIND TO COARSE SAND AND SHY 1IGHT BROWHN

L= T HZFET 91Nl 10 1LDIIN Sanp At D_S1), Browils COMINTED
//D S:S‘s’_\’ﬁ! ILFT 1Ay aRD SIY, BROW N(PLI« 311IC D

’ ) 23T MLOWM SEND AND SKT, CLLANI R 81 123 FEET
AL p&lu = 125TT FINL 70 COANL AHDCARD SILTY, CEMLNTLD

o ANENNYT poHpy S, b INg ‘lu).'Lunx *NAND, CEMLNTLD
C I30FT ascimme 30 conzeg LAt . CLLAN

SR LXAFT FINL 1O COnneg SALD AYD uT
SIATK I
Wil K

i 1 ., : ) O \ /
N r_..__l Oi I Fisai 10 COAMSLL Sahi ¢ H I o LA S B T FT S I AV

Feln 1]
\ SET ML YO COMKLL LA AL, ST VAN GRAVEL (CLIANTH.AND 20 1Y 2ga D 8S Salwil)

el
X
IS5 T gy S0 Loy :.,’.'.'l). SV LY ol
101/.1 L: PTH IS g T

KAISER MEAD PROJECT NO. 177- 4
TEST HOLE

PORINSON AND NOBLE 2y 28

Figure A-1




— — —

Static water

Leveld

Tol a)

v

1
R DI ft.S]§1  sand and fine prave

TEST nnLyE =2

'(Robinsen g helle

10 Coarse sand and fine gravel! - black-brown

Ground Surface

. Silt, madium 1o conrse sand - tan

Medium 10 coarse sand - black-tan
medlum sand with streaks of clay
Moedium 1o conyrsg sand, and pranules - ¢lean

Sili, fine sund, and smal) pebbles
(cobbles at 35 ot )

Fine to medium sand and Silt - prav-Lan
Fine to medium .\':m(‘, ,i',l_':l\'-L'ln - c¢lean
Silt, sand cemented! 1rht hrown

Silt, sand, cemented

Mcedium to coarse sand, silt and fine pgravel
Silt, line to coarse sand & fine gravel - gray
Silt and pgrave) (pebbles) tan

Fine to voarse sand, Tine jyrave)
s11L increasing toward S6 feet

- -‘_ 5{5 v,

90 S111, fine to coarsce sand and gravel) - pray

194.5 Medium 1o coarse sand and pebbles - Eray

102 Silt, line 1o lm:.dium..\'nncl, cementoed - Lan

106 Medium Lo coarse sand - gray
J109.5 Si1t and sand, fince to mediam - tan-pray

SHITILL Fine to medium sand, silt k oelay, Pan=pray, coenentoed

V17 Fine Lo meadinm sand and i1t - tan-pray

119 Sylt, ftine to mediun sand

~H1z22 S0 Bine to medinn sand w/elay Bopehbles, eomented
I 4

4130 Medium sand and S0 cement ed = Jiyht birown

1133 Stht, fine Lo medinn sand and fine prrave

’)!.'pl h

161

e,

sediun sand and silt - prrav-hraown

St e medinm (o conrse sand - dark nray

Sedium Lo conrse sand, green, clean, witer-hearing
Medbum 1o canrsie sl and il watler-heuring l'lui?l
(Some cemented layer s)

!1.')'/ Clay, silt gray-bine - plastic
160 Claxy, =11t with s .
J63LL. Clay, yrray - pPlastie

Kabser Moead

Progect o, 177-49
RKOIWvRADON ~NOBS P, I'JCOQDOC,AYE_D

LR B T R R iy T '/

Figure A-2
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.R GEOLOGICTS

JHINGTONM

COMNSTRUCTION DETAILS

(-

G DCW
ANDLER ELLIS

J OCATE: i1 /3/78 ;

w\/O N
) TAD WCRKS LOGGED 8Y:
. .ST HOLE NO.3} 1
TH-3

T261 R4ZE

SCALE
IN
' FEET
< Y 2 mounp surrace

TESr Hofe 743
g (ﬁpélh‘."m And Kelle ,,?7)

GEDLOGIC LOG

- —“/d

1Y

(ER —

ELEVATION AT TOP OF
CASING 192104

Ty
(S 'R

~——CEMENT, SURFACE
SEAL 18

]
e“¢ "u

———— 6" CASING

BOTTOM OF 6™ CASING
]

~C SLANK
CuTS 135-

D SLOT i40"

2IPE

SLOT 160"

INK WITH
w CUTS
210

il

1Zps5
5
-._/):5,"Pvc FLUSH COUPLED

*  40'SCREEN €20 SLOT 170-210'
— 150 —

’ ; ZCNE A =

-~ BENTONITE 145'- 167"

PIEZOMETE
SWL.152.7
5/25/79

-]

ot

— 175 —
ZOME B

il e AT M

PEA GRAVEL BACKFILL TO 167"

L.,

e o

— ] o

L e g

s

¥ ey

! e S

el ”'

51"
| 53

SILT, SAND, AND ORGAaCS
SAND, SILTY, GRAVEL 2"- Smart BOULDEF

SAND, SILTY, TAN,MEDIUM,OCCASIONAL SM
GRAVELS at 20

SAND, SIL_TY, TAN, MEDIUM, OCCASIONAL SM
GRAVELS [

ECAY;SILTY, SEAMS, LIGHT BROWN
SAND, MEDIUM, SMALL GRAVEL

SAND, MEDIUM TO COARSE, 10%, GRAVEL C
SILT, TAN

SAND, SILTY SEAMS CF CLAY

SAND MEDIUM TO COARSE,TAN, GRAVEL SM.
LIGHTLY CEMENTED WITH SILT

SAND, FINE TO MEDIUM SLTY, TAN, LIGHTLY
TED

SILT, LIGHT BROW/N
SAND, SILT, CEMENTED

SAND, SMALL GRAVEL, ST, UGHT BROWN
FIRST WATER ?

/
CLAY GRAY /O

¢
CLAY AND SAND, GRAY 2
SAND, MEDIUM, LIGHT ERCAN, QLEAN WATER
BEARING ( FINER AT 180) /) ‘
QLAY, GRAY, LATERED MTH Sapp

SAND, FINE TO CCrU7E, LITHT BCar wiTH M
COARSER TO PEA GRAEL AT BoTTCHM

Figure A-3



/- YASHIN LI LI "L O |

LranNolirt i |

| . _ R B |
TH-3A
CCHSTRUZT'ON SETAILS GECLCGIC LOG
/ . .
S _L -PE WITH LOCKING  ©7 2.8" FRCM TH-3 Seatk
P IMENTED IN PLACE e p—-"“ IN
2’ STiCK U FEET
_i._,—-—. i"’\ _ GROUND SURFACE R
| S T S \_  ELEVATION AT '
! Pl TOP OF CASING
R _\1921.57 :
- |
| © CEMENTED AROUID :
; 5 BOTTOM OF 5 INCH :
s PIPE _ 25 _
_ ! ; !
. ) | !
' L . TN10INCH HOLE | ;
g l i !
! I
! _ o _ !
+ {
; : | ;
P ! -
o NATURAL SAND - :
o ! BACKFILL ! I
| . . :
I i :
0 i
21f IMETER 3" PVC S 75 : =
_ ! - 75 - ! SEE T
:L{JH SCUPLED x BN : _ ' == TEST.HOLE 3
: !
v . & I ,
{ ' I
, | !
‘ |
|
’ — 100 _ '
| F
; | ;
' ; i ;
— i —R5 _ [ .
i I
| .
;’ . !.’40
i A SANC MEDIUM TO COASSE, LISHT BRCW '
. _t1®0o_ _MT :
Ge e swag Gaaves AT e
\u/ v — +— 53 SND, FINE TG CCaR3E TO &Y
f— - ie1 Szuo, FinE, ST, 82 5 8
===—"163 CLaY, BL_E P2~
. AN
WOCD FLLG

Figure A-4




—_
TH-4 TFST //0/¢' r#’;/
T26N R4ZE <O R/ 1929

—_————

CONSTRUCTION DETAILS scaLe GEOLOGIC LoG
: : IN
sSuU. LS FEET
~ GROUMD SURFACE_ELEVATION 1919,07"
7 A ELEvATION AT R ) ST, SAND, AND ORGANICS
:-: . ITSOZF; 8; CASING GRAVEL, SILT AND saND
- ‘: .
~ NT SURFACE SAND, SILT, GRAVEL, SMALL, LIGHT BROWN
SEAL )
: CLAY BROWN
-5 — SAND, SILTY, TAN, SMALL GRAVEL
S~ 6 INCH CASING ‘
SAND, MEDIUM, SILTY, TAK
| — 50 — CLAY, SANDY, LIGHT BROwWN
1
- 75 —
SAMD, MEDIUM TO COARSE, SILT, TaN
[ SAND WITH SEAMS OF CLAY, BROwN
—125 — —
e e
CLAY LIGHT BROWN AND GRAY WITH sanD SEAMS
. ] BOTTOM oF & SWL. (Zone SAND AND GRAVEL TO 1*
43 — e o~ CASING Al 14a.T FT

SAND MEDIUM TO COARSE.S’U',LIGHT BROWN

M5l %’“ ZONE A 1/24/79
SLOT =4 BENTONITE - 150 - ———
] {

|
] — 4 l
¥ 146'-159 ~ i
[E%% 2 181 - swi sser (zonesec) QLAY AND SAND SEAMS l
o 5/25/79

| , SAND MEDIUM TO COSRSE LES

b= ~}b? ) S cLar

27 ZONE 8 SAND FINE TO MEDIUM, CLEA

2 PEA GRAVEL ' N.WATER BEARING
n. 77

' ' -7 — — b —
: LA, SO, W
159°-204 ﬁ CLAY, SANDY, GRAY AND BROwn

2" PVC EXTERNAL
COUPLED, 40° OF

- SCREEN, 020 ©

SLOT 165™-205

%

™
-“1‘

SAND, FINE TO MEOIUM, WATE

R BEARING, LIGHT
BRCWN YITH MICA

Figure A-5



bl EELTT S S

TACCMA, WASHINGTON l TEST HOLE NO.3 l - CHANDLER ELUS | CN"=1ITIAL wareR
-—— N - —_— SMPLES CRILLING maTER
TH-5 i HAS BEEN 200€D
) RUCTION DETAILS »
- CONST L scate GEOLOGIC LOG CYANIDE CCNTENT
s.u? FEET :
—
= = r F.‘_‘".;p' = mquﬂm_&sv.A.Tl.w_JW67 i
3 p £ 167__ .
ELEVATION AT TOP - -1 _Grout =%l SAND AND SILT, SCME GRAVEL , BROWN
OF CASING 1906.67 . ! o=ty SAND, SMALL GRAVEL, SuT
L |_-8"CASING REMOVED 5
: i l: =¥ =5 SAND, FINE - MEOIUM, SILTY, BROWN
4 B
I\Puom.r-:o BENTONITE

SAND, MEDIUM, SMALL PEBBLES, SILT, BROWN
— 50

SAND FINE TO MEDIUM, SILT, BROWN

cLay
|_—6" CASING

SANOD aND siLY

q Cﬂ ; e (
N SAND, FINE WITH SILTY CLAY LAYERS, BROWN .
Ce L
: ooz {
: . lie
SAND FINE TO MEDIUM, SILT, BROWN ' e C

CLAY, GRAY
SAND, SILT, AND CLAY, GRAY

TOP Of SCREEN ASSEMBLY
AT 135 °

-

[ | . BorTon oF 6"
[S"_PIPE AT 137

n SAND, SILT, AN ow;
. . BT __ swL.42% 0,SILT, AND CLAY, BROWY
|0'PVC SCREEN,.020 SLOT" | = 5/25/79 W5 = SANO, MEDIUM TO COLRSE WiTH GRAMULES, SILT pPa
> .
=180 e — 147" 5
) s /5 It SAND MEZIUM TO COARSE WITH CLAYEY SitT =
20 PVC SCREEN,.020 SLOT <« . j— - LAYERS - 8UFF ::: |$
—_— ? L ST AR
i SILT, CLAYEY, GRAY —165
—I71 7
20' PVC SCREEN, 020 SLOT® 4 —175 - — — .
BOTTOM OF SCREEN . ~I76 2
ASSEMBLY AT i86° — 181
BAIL BOTTOM® == & 2
SR VX —186 2
h TSty ~—BENTOMITE SEAL = SAND, MEDIUM TO COARSE, DARKER BROWN, SLT
*TOTAL LENGTH 51" D. 5047 w5idsol 1o oy AND CLAY (MICA) .
00. 3.563 CCNNECTIONS o0 ahii 200 o .
SOLVENT WELD AND DEL RIS el (LN —_——
RIVETED Yt ST~ 15" CRUS'ED ROCK - :
c %% AT 86 -4 ——207 : "
LSRRt [1 o] SAND, FINE 1O CCAIE, AND GRavEL TO V" nor | _
‘....‘... ":: St . e e~ Bt VRV ARTY Y ' -2 Ne

Figure A-6



cL
—

$.ICKUP (8'—

"\, WASHINGTON

TEST HO-E 6

CHANULLEH ELUS

AOF TH-4 ¢

CONSTRUCTION OETAILS

5° STEEL PIPE

LOCKING TOP
'd CEMENTED IN PLACE

TH-6

SCALE
IN
FEET

GEOLOGIC LOG

GROUND SURFACE

-
wa

CF CASING 1919.9 =

L

I::'--' OF S INCH PIPE
%

L

1

L

\ v

‘*- 10" HOLE

) L4 H
et e e
‘-

) .
A R g+ \ i:_. sl
R AERBOSLROE
0 IO S i TR i BEER S R

At

)

] f=——SAND BACKFILL

r-'_:
2 B
SRS RERE
3 Lo 1 e
#HE
O R A PIEZOMETERS 144"
_ ,__..u--—-" PVC FLUSH COUPLED

Grovwd EL=1)IB.]

CONCRETE ARQUND BOTTOM

=15 -

vi_g 5/25/79
SWL 1454

|

APERE PR W
DES0A VISP NN

i b ZONE A

"" SAND AILL

SWL.I54 ©5 __':_,. =
SWLIS386

ENTONITE SEAL

\] 'I L 2
u'u'* I}ﬂ_-i‘:" MES

I_""
.. ‘
° RY

S, 000

.
ol

L] .

- ’o'a

TPEA GRAVEL
- ZONE B

N e

—— e e — —
AR }L So— - p SAND, MEDIUM, LIGHT BROWN

1 — sano, AN
3o

e, lu

SAND, FINE TO MEDIUM

ISO' SAND, WITH QUARTZITE PEBBLES AT

SAND, MEDIUM TO COARSE

+ SAND, SILTY, FINE AND MOIST

SAND, MEDIUM, MOIST, SILTY

DRt HE C
ItirlPEA GRAVEL

isg’

e SAND, SILTY, MEDIUM

.‘..‘ n
ron g

SAND, MEDIUM TO COARSE SCWE SILT

+ CLAY, BLUE GRAY J—

SAND, MEDIUM

=-1190' SAND, MEDIUM, SILTY

SAND, MEDIUM

4200

Figure A-7
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R'-Jmsou AND HOSBLE INC.
GROUND WATER GEOLDGISTS
‘l"f,. OMA, WASHINGTON

—— - — e - - e

1

75 SOUTH OF TH.-4
rck up 2’

- \

T ——— — —— . v— ——

KAISER ALUMUM CO.
MEAD WORKS
TEST HOLE 7

— o —

[ . CONSTRUCTION DETAILS

¢

5" STEEL LOCKING
TCP,CEMENTED IN
PLACE

_
.
—_t
1 :
- %
19
2 4
., .
ot o ‘e
= .
. Y
.-¢ "
ad F.d
.’ o
e ]
- - .
17 o

& ELEVATION AT TOP
OF CASING 1921.66
5 CQNCRETE AROUND
5" STEEL PIPE

i fi———10"HOLE

qF

1

ALL PIEZOMETERS 1Y%,"

T""-.—--— PVC FLUSH COUPLED

SAND BACKFILL

SWL. FROM
GF “UND SURFACE
! S.W.L.14649 146"
S . ZONE A
| swrosees__ 1L LL
| SwL 15628 —Sav] fimo——BENTONITE seaL
! '.:.: ' —163 ZONE B
13 .-."-. .
| £ s SAND BACKFILL
L 3 :
S 179° BENTONITE SEaL

¢ SAND BACKFILL
., ZIDNEC

94

re'__

JC3 NO. 77-4C

LOSGED BY. DCUG 20
CHANDLE

TH-7

TEST Hole. TH <fRosc oo

SCALE
N

FEET

— 50 —

-75 —

- 100 —

— 150 - —

| —_—— --_.GROJND_SURFA_\;E:—_L? ,7

—

. e e c— —

( UPPER PORTION NOT LOGGED
SIMILAR TO TEST HOLE 4 )

kil

SAND, MEDIUM

2i:0:1138" SAND, MEDIUM TO COARSE, SMALL GRAV|
181" sAND, FINE, SILT LAYER

SAND, FINE, STV
e T

' '57‘;’.« GR

. , GRAY

1'60 sanD, Fing

~-{\¥5 1 SAND, MEDIUM TO COARSE

SAND, FINE TO MEDIUM, SILTY

.
L.

Eenss Rxal

=178 CLAY, GRAY TAN, SAND

SAND, MEDIUM , MICA

llaa tATE Arory

, FINE TO MEDIU!

Figure A-8



JINSON AND NOBLE INC. .. KAISER ALUMINUM CO. JOB NO. 17-4C NOTES 112" NE FROM TH-3A, JULY 979, TEST
| JAOUND WATER GEOLOGSTS MEAD WORKS LOGGED BY. DOUG DOW PUMP, AUGUST 1,1979 TEMP. I9°C DURING
. /TACOMA, WASHINGTON TEST HOLE & PUIRP TEST

A TEST Hole TH-8
(Robrse & ﬂ-o‘/c ’77'7)

CONSTRUCTION DETAILS SCALE GEQLOGIC LCG
IN
,[_ Su 15 FEET FEET 2 65 - ’qﬂ
]. - ”;‘ e
BENTONITE
' -20‘ .- 4
- - SAND, TAN, DRY, KEDIUM, OSCA SION
i 23 GRAVEL
-l
; G CASING
I
13
']
i
l -0 - CLAY, BROWN
[}
[ -B-
i
1
|
I
l
(] - IO.'.J —
SAND, MEDIUM, SILTY, TAN, OCCAS!
' e GRAVEL
—zs - ol
1 LSO
1 2 sw. _.'
143 St —t
. -'53_9" -(PACKER - '50 - ". .. -:-. _'1 —
i 154 - boa - Peii=—l . SAND MEOIUM TO COARSE
. == . .9
6! 30 SLOT EE 'l SAND FINE TO MEDIUM,
— == v’ cLay, LUt Ghar

Figure A-9



WELL DESIGN

Depth

) Other
—  Feel Tests Ground Surface Elevation 1925-26 w.C.% CN(Ug/g) %F
- o) =
S Q MOIST, BROWN TO GRAY, FINE TO :
\ x; MEDIUM SAND. 7 s
g :
§ §9 10 5 10 004 F
§ %5 s ?
§ %?20 4 9 .003
§ %" .
§ \:" L 5 <1 .0C4
§ %“ .
\ \:' %0 s 2 .005
\ \E_ Rval ~ WET 14 .004
\ \: *ATD - SLIGHTLY SILTY 19
\ \:- 50 angsl—\ 8
\ \: ATD MOIST, BROWN, FINE SANDY, CLAYEY SILT. 20 <005
x x% \WET. BROWN, SILTY, FINE SAND. 7
\ \:— 60 DAMP, BROWN, CLAYEY, SILT, 3 2 .002
\ - Cement Grout
\ \-‘ DAMP, BROWNISH-GRAY TO GRAY, FINE 3
E TO COARSE TO FINE TO MEDIUM SAND.
\\.—?O \_________.__ 3 2 .002
\ \5 GRADES TO DAMP-MDIST, GRAY, FINE
\ \:— SAND. “
§ §§W MOIST, GRAY, FINE TO MEDIUM SAND. 4 9 -002
§ §? } FINE TO COARSE SAND. 3
\ X:— 90 s 13 .002
§ %5’ 6
\ \E— 102 4 2 .003
\ \\: V 1/2" PVC Riser
\ \\\? :
\ \:—Hb 5 2 .004
\ \5 DAMP-MOIST, BROWN, SLIGHTLY SILTY,
\ \:— FINE SAND. 6
x \5 120 DAMP, WET, BROWN-GRAY, FINE TO a 3 .006
\ \5 MEDIUM TO FINE TO COARSE SAND.
x \:_ 6
§ §§' 130 6 4 .003
\ \:- Bentonite 3
' vl 3 3 . 009
7/24/81 D)
3 SLIGHTLY SILTY
Pea Gravel Filter Pack (19)
WET, BROWN, SLIGHTLY SILTY TO SILTY, (17) 4 . 003
10 Slot, 1 1/2" PVC FINE SAND.
Screen
BOTTOM OF BORING AT 157.0 FEET.
BORING COMPLETED 4/15/81.,
180
NA  Not Available = i i
W.C.2 = Weight Basis J-948-02 June 1982

ATD At Time of Drilling
(25) Parenthesis Denote

Saturated Sample

GEOLOGIC LOG HC-1

Top Casing Elevation _1228-16
Casing Stick-up 2.9

QUALITATIVE

AT SAMPLED DEPTH

CHEMICAL CONCENTRATIONS

v Water Level
4000 Water CN Concentration in ppb

* Perched Water

Figure A-10

HART-CROWSER & associates Inc.
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— C e e EwrEw meme = N Y

WELL DESIGN GEOLOGIC LOG HC-1A QUALITATIVE
CHEMICAL CONCENTRATIONS

Top Casing Elevation 192638 AT SAMPLED DEPTH
Denin Other Casing Stick-up 1.7
Feal Tests Ground Surface Elevation 1924.68 w.C.% CN(bg/g) %F
0

MONITORING WELL HC-1A INSTALLED
IN SEPARATE AUGERED BORING.

o

SEE HC-1 FOR GEOLOGIC LOG, AND SOIL
CHEMICAL QUALITY DATA
[~ Cement Grout o

| RAARS RAR

N
[=]

3

LLS RARAS RAARS RARAS ARSI

7/

Bentonite . )
———— Pea Gravel Filter Pack .
2. 7/24/81

“3+—— 10 Slot 1 1/2 " PVC
Screen

T
&~
o

T

(1]
o

BOTTOM OF BORING AT 4@.2 FEET.
BORING COMPLETED 4/20/81.

g d ES

[}
(o]

172

|||l||lllil]ul||lllt'ulv||nlllIlI[ll”]l|U]IT'll]”ll|lI|l‘I1llflill[lnl[‘rll[llll]llri]!ll!llll"ll||]"Irr'vnlun]uullttv]i

NA  Not Available W.C.% = Weight Basis
ATD At Time of Drilling . Perched Water

(25) Parenthesis Denote AV Water Level
Saturated Sample 4000 Water CN Concentration in ppb

J-948-02 June 1982

HART-CROWSER & assocliates Inc.
Figure A-11
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WELL DESIGN

14" iD PVC Riser

| BN REARE RASSS B
L=

LY
[=]

£
(=

| AR ]'“.'ll YT

NN

g
c

La |

&u

s

ANRNNNSr e

Tu

94

10U

IR 1Y)

i2u

l4u

150

160

1

r"”l""'I"'l]"“l""|||"]‘|'l[ll|'[l‘l|]'|I!l||ll‘llll[‘!ll]llll]ll"l"ilIl|Il'l'lIllll!!lll]!lli]‘lll"’ll|||ll|

NA
ATD
{25)

F——— Bentonite

£ Caved Hole

Cement Grout

[V e Concrete Sand

10 Slot, 14" 1D
PVC Screen

[nd
;
2
-~
[ 2]
)
=]
[=
~

Not Available
At Time of Drilling

Parenthesis Denote
Saturated Samples

GEOLOGIC LOG HC-2 QUALITATIVE
. CHEMICAL CONCENTRATIONS
Top Casing Elevation _1935.1 AT SAMPLED DEPTH
Other Casing Stick-up - 0
Teste Ground Surface Elevationl23S8.]1 wW.C.% CN(Ug/g) XF
DAMP, BROWN,SILTY, FINE SAND,wITH
BLACK-WHITE CEMENTED LAYERS, W TH GRAVEL
FROM 4TO 7 FEET (FILL) . - 17 36 3.3
DAMP, BROWN, SLIGHTLY SILTY, FINE TO
MEDIUM SAND,wITH SOME COARSE SAND AND 6 10 0.,
FEW GRAVEL.
6 10 0.06
— SILTY CLAY (3 INCHES THICK.)
6
GRADES SILTIER 5 13 0.07
5
10 24 0.07
ATD &7 | —WET TO SATURATED BELOW 46 FEET. (32) 6 0.12
6000 WET, BROWN, SILTY CLAY TO CLAYEY SILT 2 0.65
NTERBEDDED WITH SANDY SILY TO SILTY 9 4 0.06¢
SAND LAYERS
DAMP TO SATURATED, BROWN, CLEAN TO
ATD 52§ SILTY, FINE TO MEDIUM SAND. (32) .6
— DAMP, BROWN, ' LAMINATED, SILTY CLAY, i
(4.7 INCHES THICK.) 7
DEPTH OF BORING 65.5 FEET.
COMPLETED 3/17/81.
W.C.% = Weight Basis J-948-02 June 19082
* Perched Water
HART-CROWSER & assoclates Inc.
N Water Level

. . Flgure A-12
4000 Water CN Concentration in ppb
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WELL DESIGN GEOLOG'C LOG HC'zA QUALITAT'VE
CHEMICAL CONCENTRATIONS

Depts Top Casing Elevation 123748 AT SAMPLED DEPTH .
n Other Casing Stick-up :

noto Tests Ground Surface Elevation 1234,48 w.C.% CN(ug/g@) %F

\ NOT SAMPLED FIRST 50 FEET.
- SEE LOG FOR HC-2.
- 10

- 4«0

—— 1 1/2" PVC Riser Pipe

—~ 50 6.0 3 .007

- DAMP TO WET, BROWN, FINE TO
= "2 MEDIUM SAND. 6.0
ATD (46.0) 60 .014

\:‘ &0 INTERBEDDED, DAMP, BROWN, SILTY 17.0
\5 CLAY AND MOIST TO WET, BROWN, 3.0
\L— SILTY, FINE SAND. s.o
\Z_ 35 SLIGHTLY SILTY, FINE TO MEDIUM SAND, 2.0 5 -006
\; DAMP, GRAY, SLIGHTLY SILTY TO
\E-—-Ccmen[ Grout \ CLEAN, FINE TO COARSE SAND. 3.0

- 80 DAMP, GRAYISH~BROWN TO GRAY, FINE 3.0 30 .010

TO MEDIUM SAND.

W

~ 90 4.0 19 .008
E 4.0

E 100 10.0 20 .015

= 4.0
=110
18 .004
- DaMP, GRAY, SILTY FINE SAND TO
FINE SANDY SILT (1.0 FEET THICK). 5.0 18 .011
= 120
7.0 15 .002
= \ MOIST, BROWN, SILTY CLAY.
- DAMP, BROWN, SLIGHTLY SILTY, 3.0
E 1w FINE SAND.
= 3.0
- DAMP, BROWNISH-GRAY TO BROWN,
CLEAN TO SILTY, FINE TO COARSE 4,0 8 .002
E 140 SAND.
E: FINE TO MEDIUM SAND. Z_g <1 .006
3 21.
3 MOIST TO WET, BROWN, VERY SILTY, 2.0
156 7 7/24/81 FINE SAND WITH DAMP, GREEN-GRAY, 2 o
v 11,0
ATD CLAY (0.1 FEET THICK).
[ Pea Gravel Filter Pack DAMP TO WET, GRAY TO BROWNISH- (16.0)
GRAY, SLIGHTLY SILTY TO CLEAN,
FINE TO MEDIUM AND FINE TO COARSE (15.0)
10 Slot 1 1/2" PVC SAND. (14)
Screen (16)
- BOTTOM OF BORING AT 168.5 FEET.
- BORING COMPLETED 4/10/81.
C 180
NA  Not Available W.C.% = Wei i
.C. eight Basis
. o 9 J-948-02 June 1982
ATD At Time of Drilling * Perched Water
(25) Parenthesis Denote Vi Water Level HART-CROWSER & associates inc.
Figure A-13

Saturated Sample 4000  Water CN Concentration in ppb



1% WNIVIA I I\WVIN

= e srssuNe sRENEs w o wsOTws S S0QJNS 0 ISR

WELL DESIGN GEOLOGIC LOG HC-3 QUALITATIVE

CHEMICAL CONCENTRATION

Top Casing Elevation _1937.7

AT SAMPLED DEPTH

- Other Casing Stick-up 9
Feol Teste Ground Surface Elevation. 1937.7 w.C.% CN(Ug/g) %F
~=g = 0
\S \% WET, BROWN, SILTY, FINE TO MEDIUM SAND 10
\\ \\\;. (FILL)
& \: o % —
\ \:_ o
- MOIST YO DAMP, BROWN TO GRAY-BROWN, ‘7
N o3 | FINE TO MEDIUM SAND.
\ \ SILTY LAYER 4
\E"“ T T T == = = 2 . 030
- DAMP, BROWN TO GRAY-BROWN, FINE TO 3
& NN A ICOARSE SAND, wITH FEW FINE GRAVEL.
\ \: Cement Grout 3
- 40
\\ —_— — — — — 5 2 .035
\:. MOIST TO DAMP, BROWN TO GRAY-BROWN.
\ SN 11" 1D PVC Riser FINE_TO MEDIUM SAND. __ 2
\ wz_ o DAMP, TAN, FINE TO COARSE SAND, wITH 2 o
\ \: \FEW FINE GRAVEL, SLIGHTLY CEMENTED. 3
x \5’ l DAMP, MOTTLED, SILTY CLAY/CLAYEY SILT 5
\ \E’ i ‘ E .020
\ \; DAMP, GRAY-BROWN, FINE TO COARSE
\ \:‘ SAND. WITH FEW GRAVE| s
QI\\ \ - ou DAMP TO MOIST, GRAY-BROWN, FINE TO ¢ oo
i M e Pea Gravel MEDIUM SAND. 8
F 10 3tor, 11" 10 PVC MOIST, BROWN, FINE SANDY SILT 21 18 -012
E LAMINATED, GRADES TO WET, BROWN ,
o BILTY. FINE TO MEDIUM SAND WITH SILTY CLAY
F—~——Cement Grout LAMINAE , TH SILTY CLA
3 MOIST, GRAY-BROWN, FINE TO MEDIUM SAND.
= BOTTOM OF BORING 70 FEET,
o COMPLETED 3/25/81.
é- 90
f— 100
f— 110
- 12u
E 130
- 140
SRED)
f— loy
é- 170
E leu
NA  Not Avdilable W.C.% = Weight Basis J-948-02 June 1982
ATD At Time of Drilling * Perched Water
; HART-CROWSER & associates Inc.
(¢5) Paventhesis Denote 2 Water Level

Saturated Samples

4000  Water CN Concentration in ppb

Filgure A-14
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WELL DESIGN GEOLOGIC LOG HC-4 QUALITATIVE
. CHEMICAL CONCENTRATION
Top Casing Elevation 1925.3 A AMPLE
Depth Other Casing Stick-up 2.0 TS D DEPTH
Fesl Tests Ground Surface Elevation1223.3 w.C.% CN{Vg/g) %F
iy ~— 0
NN SE;Q: DAMP TO WET, BROWN, SILTY TO VERY
% &} SILTY, FINE TO COARSE SAND. 9
\ \\:_I MDIST, BROWN, FINE TD CDARSE SAND, WITH
\ \ e FEW FINE GRAVEL. 6 2 0.30
“t<r—— Cement Grout
\ \S- — GRADES FINER 5
\ \-:—-zu 12 ol
\ &: UAMP. GRAY-BROWN, FINE 7O MEDIUM 70 1 -0l
\ ot ¥ 141D PVC Riser FINE TO COARSE SAND wITH FEW FINE 2
\ \: GRAVEL .
\ C ANDY, SILTY CLAY 2'' THICK . 2 2 .010
\ \;"“’ — DAMP, TAN, SILTY CLAY, 3'' THICK. 018
W\ njinbigaliogbubutl IV
3 GRADES TO DAMP, GRAY-BROWN, FINE TO
& &‘ - “0 MEDIUM SAND. 2 2 007
e '-.?I— Caved Hole 3 '
F—— 10 Siot, 14" PVC ~ Moist 17
S Screen WET D SAURATED, BROWN, FINE SANDY,SILT 14 <l .014 |
Bentonite for 0.8 \TO SILTY, FINE SAND WITH LAYERS OF DAMP
Cement for 0.2' TAN, SILTY, CLAY TO CLAYEY,SILT.
GRADES TO MOIST, GRAY-BROWN, SILTY,
FINE TO MEDIUM SAND.
BOTTOM OF BORING AT 53.5 FEET.
COMPLETED 3/23/81.
NA  Not Available = i
' . W.C.4 = Weight Basis J-048-02 June 1982
ATD At Time of Drilling * Perched Water
(25) Parenthesis Denote 2 Water Level HART-CROWSER & associates Inc.

Saturated Samples 4000 Water CN Concentration in ppb Flgure A-15




WELL BORING AND CONSTRUCTION INFORMATION

ESIGN GEOLOGIC LOG HC-5 QUALITATIVE
WELL DES CHEMICAL CONCENTRATION
Top Casing Elevation _1943.7 AT SAMPLED DEPTH
Depth Casing Stick-up 2.0
Other
!:.u Tests Ground Surface Elevation 1261,7 w.C.% CN({Vg/g) %F
0
MOIST TO WET, BLACK-BROWN, SLIGHTLY
SILTY TO SILTY, FINE TO COARSE SAND. 8
(FTLL)
9 5 5.2
Caved Hole DAMP, BROWN, SLIGHTLY SILTY, FINE TO 10 2 0.7
: . MEDIUM SAND,wWITH FEW GRAVEL.
+=——— 14" 1D PVC Riser 3 0.5
Feu — CLAYEY, SILT (1 INCH THICK.) 8
4
CESS I ol CEMENTED SAND (12 INCHES THICK.)
\st \§SS: - 3
\ ~ 3u 6 0.7
\\\\ \\\\; _ SLIGHTLY SILTY. R
SSSS SSSS; GRADES TO DAMP, BROWN, FINE SAND TO 23 0.7
ﬁkhki‘w FINE TO MEDIUM SAND. 28 0.2
NNNE vET, CLAYEY, SILT 0 - 2 INCHES THICK). 7 24
Q§§§ \Yigi WET, SILTY, CLAY 6'' THICK
\ ’xg— Cement Grout 23 12 0.6
\ \_—-ﬁu — BROWN, WET, SILTY, FINE SAND 12
\ \E INCHES THICK. ) 3
§§§> b§§§ — MOIST TO WET, BROWN, SILTY, FINE SAND. 4 .003
== = Bentonite 4
+ 10 Slot, 14" 1D PVC s
E Sereen WET. BROWN. SILTV, FINE SAND T0 Fine 6 1004
Y = ., BROWN, LTY, FINE TO FINE 5 .006
70 cOncret.e Sand \SANDY. SILT. 4
Bentoni te
DAMP, MOTTLED-BROWN, FINE TQ MEDIUM
SAND. - WHITE PRECIPITATE AT 71 FT.
DEPTH BORING 72 FEET.
COMPLETED 3/20/81.
1y
HA  Hot Available W.C.4 = Weight Basis J-948-02 June 1982
i illi
ATD At Time O.f Drilling * Perched Water HART-CROWSER & assoclates Inc.
(¢5) Parenthesis Denote VA Water Level Figure A~16

Saturated Samples 4000 Water CN Concentration in ppb



WELL DESIGN

Depth
1)
Foeot
o]

%
7

L

Vi

rree

Cement Grout

L]
o

11/2" PVC Riser

&

r
o

LR AR RARRE R iRy RaR

V277277

D

'T
w@
(1)
=)
-
=]
=1
-~
o

E— Artificial Sand
[~ soFilter Pack

E~ 10 Slot 1," PVC
Screen
&0

l/‘l

=J
(=]

| AR RALAS RARRS RARE

90

100

110

120

130

140

150G

160

-
C

[llilllllllll!l]l"'lllIl|!lllllIll[lllllllllllllllllll]lllllllll[lIIll’lYllIlllT]’l’TlI'lllllllil'llll‘lill

180

NA  Not Available
ATD At Time of Drilling

(25) Parenthesis Denote
Saturated Sample

GEOLOGIC LOG HC-6

.- e

Sews WARIWEISIY 8 AW

QUALITATIVE
CHEMICAL CONCENTRATIOM
AT SAMPLED DEPTH

Top Casing Elevation_1928.3

Other Casing Stick-up 1.5
Teste Ground Surface Elevation 1926 .8 w.C.% CN(Ug/g) %F
BORING WAS NOT SAMPLED THE INITIAL
24 FEET.
| SAMPLING STARTED AT 24 FEET,
DAMP, BROWNISH-GRAY, FINE TO COARSE 3
SAND
DAMP TD WET, BROWN TO GRAYISH-BROWN, 5
g SLIGHTLY SILTY TO CLEAN, FINE SAND. 2: -ggg
ATD [~ DAMP, BROWN, SILTY, CLAY (.3 FEET 26 <1 .007
THICK ).
5 1 002
7 )
ATD (29) 4 . 004
MOIST, TAN, SILTY CLAY.
BOTTOM OF BORING AT 51.0 FEET.
BORING COMPLETED 2/22/81.
W.C.2 = Weight Basi
ght Basis J-948-02 June 1082

* Perched Water

VAR Water Level
4000 Water CN Concentration in ppb

HART-CROWSER & assoclates Inc.
Flgure A-17




WELL DESIGN

—

— e crc s W WS S S

e v c caw W B BN

se se wrosswls D

(A4 A

GEOLOGIC LOG HC-7

Top Casing Elevation _1937-85

QUALITATIVE
CHEMICAL CONCENTRATION
AT SAMPLED DEPTH

YT

TTTT T T T

Loatt Other Casing Stick-up 1.3
. Feel Tests Ground Surface Elevation 1936.5 w.C.% CN(Pg/g) %F
0
\\Q\E MOIST, BROWN, SLIGHTLY SILTY, FINE 6 |
\.’. SAND TO SILTY FINE TO COARSE SAND. ‘ J
\E DAMP TO MO1ST, GRAYISH-BROWN, FINE |
\.—'0 TO MEDIUM AND FINE TO COARSE SAND, 5 Y L001l
\5 WITH OCCASIONAL GRAVELS. . |
\i 4
30
\"— 4 .002
\:— | DAMP, GRAY-RUST (MOTTLED}, CLAYEY: 12
\E SILT (.2 FEET THICK),
=1 —~ FINE SAND. S 4 +903
\'_ Cement Grout WET, BROWN, SILTY FINE SAND TO FINE 5 :
\: SANDY SILT.
%— 50 MOIST, GRAY, FINE TO MEDIUM SAND. “ 004
X- 60 MOIST, GRAY, FINE TO COARSE SAND. 3 4 .003
\e ‘
§5 :
- 70
- 2 .002
:
&a :
SN 1-1/2" puc Riser Pipe 3
&—m
\: 2 .005
\:_ 4
\E DAMP, GRAY TO GRAYISH-BROWN, FINE .
\.:- 95 TO MEDIUM SAND. 3 008
\a ‘
\5 .
XZ— 106 2 .006
\.:_ 3
\E_ 12 3
\: e 2 .005S
\:_ 4
N\ .
\'{ 123 2 .007
\[— 4
\5 4
\E' 130 3 .008
\1 ¢
= " 3 010
&: L1 | SiLTY CLAY. (36) 3 006
3 140 DAMP TO WET, BROWN, SILTY, FINE SAND 4
WITH SOME SLIGHTLY SILTY, FINE 3 006
TO MEDIUM SAND. 11
*F T;a“i"“ Sand Filter DAMP TO WET, GRAY-BROWN, SLIGHTLY
15z T ac SILTY, FINE TO MEDIUM SAND. 3
3 .008
7
[ 7/24/8) vl
e ATD (14)
: - 9 010
10 Slot 1-1/20 ET, BROWN, SLIGHTLY SILTY TO SILTY,
SAND.
PVC Screen FINE
i -~ WET, BROWN, CLAYEY, FINE SANDY SILT. 5 28 011
3 BOTTOM OF BORING AT 170.0 FEET.
= BORING COMPLETED 4/29/81.
E 16
NA  Not Available W ' = Wei i
. o .C.% = Weight Basis J-948-02 June 1982
ATD At Time of Drilling * Perched Water
{(25) Parenthesis Denote v, Water Level HART-CROWSER & .ouocAll:;l inc.
Saturated Sample 4000  Water CN Concentration in ppb Figure

laansamasnsnas



WELL DESIGN

L
\\#
-
§ §§_m 15" PVC Ri
\\4
o
N\
N\

180

NA  Not Avail
ATD At Time o

(25) Parenthes
Saturated

GEOLOGIC LOG HC-8

C ICQEACLC;LACEPY'ERATION
; ; . HEM !
Top Casing Elevation _1933.9 AT SAMPLED DEPTH

Casing Stick-up

TrrTTYT

TTTTT

 RABARARASREREE B

TrrrTTT

TTTT

laapsageEnenanasanas

Other
Toste Ground Surface Elevation 1932.1 w.C.% CN(Vg/g) %F
DAMP-MOIST, BROWN TO GRAYISH-BROWN,
FINE TO CDARSE SAND AND FINE TO 6
MEDIUM SAND. 3 004
} SLIGHTLY GRAVELLY WITH OCCASIONAL
COBBLES. 4 |
6 3 o
4
s 3 .002
ut * 29 3 .002
ATD | WET, BROWN, SILTY, FINE SAND.
DaMP, BROWN, CLAY .2 FEET THICK. 5 2 o
DAMP, GRAYISH-BROWN, FINE TO MEDIUM, “
AND FINE TO COARSE SAND.
5 3 o
3
3 3 .006
. 4
ser Pipe
~ SLIGHTLY GRAVELLY 3 3 .006
4
3 2 .00S§
[~ MOIST-WET, BROWN, SLIGHTLY SILTY,
VERY FINE TO FINE SAND (1.0 FEET 3
THICK). 2
.010
5 1 o1
2
} GRAVELS WITH OCCASIONAL COBBLES.
2 1 .008
2
2 2 .008
2
1 .002
2
2
3 1 .001
* 20
(37)
ATD MOIST, GREEN-GRAY CLAY. s
DAMP, BROWN, SLIGHTLY SILTY, FINE 1 .001
SAND.
5
p 1 .002
MO1ST, GRAY-BROwWN CLAY. 52
1 v
ATD DAMP TO WET, GRAYISH-BROWN, CLEAN TO 9
1 1/2% PVC SLIGHTLY SILTY, FINE TO COARSE TO
FINE TO MEDIUM SAND. 2 11 . 004
Sand Filter
BEOTTOM OF BORING AT 164.5 FEET.
BORING COMPLETED 5/8/81.
able W.C.% = Wei asi
L ght Basis 4-948-02 June 1982
f Drilling * Perched Water
. - inc.
is Denote v, Water Level HART-CROWSER :.ouo:u::o
Sample 4000  Water CN Concentration in ppb gure



WELL BORING AND CONSITRUCTION INFORMATION

WELL DESIGN

Depth

GEOLOGIC LOG He-o CHEMICAL CONCENTRATION

Top Casing Elevation_i‘i_‘oﬁ_.z:\_
Casing Stick-up

QUALITATIVE
AT SAMPLED DEPTH

Other 7.3
Fost Tests Ground Surface Elevatlon_-——“'3 w.C.% CN(be/e)  xF
~= 0
\§'\3"{———Benzoni[e/Cemnt Grout 8
5 4 DaMP To MOIST, BROWN TO GRAY, SLIGHTLY SILTY
— FI 12
: TO SILTY, FINE TO Mepuws SAND. (FILL) | ;
lu DAMP, BLACK, SAND AND GRAVEL WITH BRICKS 4.2, Z.?s
E \_AND WODD CHIPS (FILL) 11 95 0.25
F DAMP, BROWN, SLIGHTLY SILTY TO SILTY, FINE 5
E oo TO COARSE SAND, ODOR OF NHy 14 0.59
e 3
f=—— Caved Hole | TRACE SILT AND FINE GRAVEL
T '}u —_— e — — — — — — — s 53 0.16
. ) . GRADES TO DAMP TO MOIST, GRAY-BROWN, FINE TO 5
1%," PVC Riser Pipe MEDIUM SAND, TRACE SILTY, DDOR OF NH3
5
1Y) S0 0.09
Bentonite 6
- — MOTTLED, LAMINATED,SILTY, CLAY (4 INCHES
2 THICK.)
- ou
- Cement Grout 5
: . SAND IS FINER 6
= Bentonite
T 63 0.12
+——10 Slat, 13" 1D PVC 6 14 012
~ Screen 26 19 012
E\"“‘--—Pea Gravel WET, BRCMN SLIGHTLY SILTY TO SILTY FINE
= 70 \_
F——— Bentonite/Cement Grout Y
3 DANP BROWN, CLAYEY, SILT LAYER, (2%" THICK)
= BOTTOM OF BORING AT 68.5 FEET,
- CoMPLETED 3/27/81.
— wu
E.
-
- 10U
=
E 1
120 ;
130
- 1
: i
- 140 :
3 :
g |
E 150 5
- leu }
E i
= !
- 1
L oy
NA  Nut Avdilable W.C.% - Weight Basis J-048-02 June 1082

ATD At Time of Drilling *

(25) Parenthesis Denote <
Saturated Samples 4000

Perched Water

Water Level
Water CN Concentration in ppb

HART-CROWSER & assoclates Inc.
Figure A-20



WELL DESIGN

in Other
Toste

- 40
p—— Caved Hole

1 1/2" ID. PVC Riser

Cement/Natura! Sand
90

100

110

120

130
Caved Hole

Cement Grout

Bentonite
2 4/8/81

- 10 Slot |1
160 Screen

‘¥ —— Caved Hole and Pea Gravel
Natural Clay

/72" pvC

3
=

[rrrrprrrTyT T

3

NA
ATD
(25)

Not Available
At Time of Drilling

Parenthesis Denote
Saturated Sample

GEOLOGIC LOG HC-9A

Top Casing Elevation _1939.05

Casing Stick-up

QUALITATIVE
CHEMICAL CONCENTRATION!
AT SAMPLED DEPTH

-2
ATD

Ground Surface Elevation1237.75 W.C.% CN(Ug/g) %F
a
b
NO SAMPLING TO 67.0 FEET.
SEE LDG HC-9 FOR GEOLOGIC LOG AND
OTHER DATA.
WET, BROWN, SILTY, FINE SAND TO F
— DAMP, BROWN, SILTY CLAY, 30 3 0
DAMP, GRAY, CLEAN TO SLIGHTLY SILTY, 4 <024 ¢
FINE TO COARSE SAND. r
3 3
4 15 .007 f
5
N\_ ¢ 22 7
.007 |
DAMP, RUSTY, CLAYEY,SILT (0.1 q
FEET THICK). .
6 E
s 9 010 f
DAMP, GRAYISH-BROWN TO BROWN, CLEAN 3
TO SLIGHTLY SILTY, FINE TO MEDIUM 6 E
SAND. 28 F
6 011
s -
5 75 .o13
— SILTY CLAY (X% INCH THICK). o
5 s
s 29 010 F
— SILTY CLAY SEAM (0.1 FEET THICK). 8 -
DAMP, GRAYISH-BROWN TO BROWN, CLEAN 30 014 -
TO SLIGHTLY SILTY, FINE SAND WITH 15 112 022 F
OCCASIONAL FINE TO MEDIUM AND FINE : -
TO COARSE SAND. 7 :
15 .o08 F
DAMP TO WET, BROWN, CLEAN TO 4 3
SLIGHTLY SILTY, FINE TO MEDIUM SAND. b
14 i
17 C
(17 .008
INTERBEDDED, DAMP, BROWN, CLAY AND (20) d
\\_SILTY TO SLIGHTLY SILTY, FINE SAND. ]
BOTTOM OF BORING AT 164.5 FEET. -
BORING COMPLETED 4/1/81. .
W.C.3 = Wei i
Weight Basis J-948-02 June 1082
* Perched Water
v Water Level HART-CROWSER :loooo:htol inc.
4000  Water CN Concentration in ppb gure A-21



WELL DESIGN

\\4
N \
N
\\z
\
\\
NN
\\i
N\&
\\i
\\#&

Other Casing Stick-up -
Tosts Ground Surface Elevation 1942.0 w.C.% CN(Vg/g) XF
MOIST TO DAMP, BROWN, FINE TO s g
COARSE TO FINE TO MEDIUM SAND. -
4 <1 .00s |
3 -
« :
3 SLIGHTLY SILTY ZONE. 1 <004 F
5 E
4 ! .006 F
Cement Groul 4 :_
S 1 .003
jr S s = = = 5 3
GRADES TO DAMP, BROWN, FINE SAND. 4 -
4 1 .004
6 o
8 -
* =
-2 WET, BROWN, VERY SILTY, FINE SAND. 2 .006
ATD ~— 3 o
MOIST, BROWN, CLAY (Q3 FEET THICK). 3
MOIST ToO DAMP, BROWNISH-GRAY, FINE 4 <1 .002 F
TD COARSE SAND. o
1 1/2" PVC Riser Pipe 3 3
¢ 2 029 F
MOIST TO DAMP, GRAYISH-BROWN, FINE 5 o
TO MEDIUM SAND. -
4 2 .002 =
4 3
4 2 o11 |
4 =
E
4 2 .002 £
s F
s 2 .002 F
3 -
SLIGHTLY FINE GRAVELLY o
3 2 L0064 |
~ DAMP, BROWN-GRAY (MOTTLED), CLAY 3 F
Q15 FEET THICK). 3 1 017
“ 2
! .006 [
DAMP TO WET, BROWNISH-GRAY, FINE TO 3 =
COARSE SAND. =
3 -
Bentonite E
3 1 .007 F
Traction Sand Filter 3 o
Pack E
ato| [ MET 7 ) .003
9 =
10 Slot 1 1/2" PVC WET, BROWNISH-GRAY, SLIGHTLY SILTY, -
Screen FINE TO COARSE SAND. 9 2 .010 E
EOTTDM OF BORING AT 184.0 FEET
Not Available WC %D_R:‘Ng hCDgIPL‘ETED 5/16/81
. o -L.% = Weight Basis J-948-02 June 1982
At Time of Drilling » Perched Water
. - oclates Inc.
Parenthesis Denote v Water Level HART-CROWSER & ass

Saturated Sample

GEOLOGIC LOG HC-10

Top Casing Elevation _1942.0

0,0

QUALITATIVE

CHEMICAL CONCENTRATIONS
AT SAMPLED DEPTH .

Water CN Concentration in ppb

Figure A-22




WELL DESIGN

T ™ s swrauw 3096 Wwasswis § NS IN

GEOLOGIC LOG HC-11

Top Casing Elevation _1908.4

QUALITATIVE

CHEMICAL CONCENTRATION

. AT SAMPLED
Depth Other Casing Stick-up 2.1 $ DEPTH
™ Feel Tests Ground Surface Elevation 1906.3 w.C.% CN(Ug/g) %F
<~ 0
\\: INTERBEDDED, MOIST TO DAMP, GRAY TO
\f— BROWN, FINE TO FINE TO CDARSE SAND Fe
\ \: WITH OCCASIONAL THIN SILTY CLAY 3
\ \:— 10 LENSES. ! L0109
§§Q§: §§§§:E 4
\ E— Cement Grout 3
\ \:—zo 4 66
§ \ ;
S\\\ &Z 1 4 3 .010
E 4
E—:.o DAMP, BROWN TD GRAYISH-BROWN, FINE 4 4 .010
E TO COARSE AND FINE TO MEDIUM SAND.
3 3
f&-&o 3 4 .010
+E-—— Caved Hole 4
3 FINE SAND.
E 60 4 7 012
3 3
- 70 3 3 .006
= 3
N - 80 3 3 .002
Khs\i_ . ; DaMP TO WET, SILTY, VERY FINE SAND S
\ \Q- 1 1/2" PVC Riser Pipe TO CLEAN FINE SAND. 3
\ \:‘ 9 3 .002
NN 3
\ \:- - DAMP, BROWN, SILTY, CLAY (0.3 FEET 23
\\E‘ 106 _NE?ICK)' 2 .001
\ \E DAMP, BROWN, SLIGHTLY FINE SANDY
\ \:— TO SILTY CLAY. 6
\ \f_;w DAMP TO WET, SLIGHTLY SILTY, FINE 3 003
\ \: SAND.
C * 13
x \E TA;TED_ 3 .003
N\ 120
5 -~ -1\ MOIST, BROWN, SLIGHTLY FINE SANDY,
o Cement Grout \ SILT TO MOIST, GREEN-GRAY CLAY. 4
‘ -_lrca"ed Hole DAMP, GRAY, FINE SAND. 3 2 007
Q E
\ \:‘ >
\ \E DAMP TO WET, GRAYISH-BROWN TO BROWN, 3 4 002
\ \;l‘«ﬂ FINE TO MEDIUM AND FINE TO COARSE :
\ \: SAND. .
\ &\{ g 7/24/81 _,__vo_
E AT
E 150 10 4 .002
O RN
= Traction Sand 15
Filter Pack
SLIGHTLY SILTY 17 “ -002
10 Slot 1 1/2" PVC
Screen Plug at End of 11 5 .002
Screen ) BOTTOM OF BORING AT 165.0 FEET.
Blank Riser Stand Pipe BORING COMPLETED 6/26/81.
180
NA  Not Available = i i
. L W.C.Z = Weight Basis J-948-02 June 1982
ATD At Time of Drilling * Perched Water
(25) Parenthesis Denote Av4 Water Level HART-CROWSER & assoclates inc.

Saturated Sample

4000

Water CN Concentration in ppPb

Figure A-23
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WELL DESIGN

GEOLOGIC LOG HC-12

Top Casing Elevation _1915.6

QUALITATIVE
CHEMICAL CONCENTRATION

. 3 AT SAMPLED DEPTH
Depth Other Casing Stick-up _ 2.1
= Foel Tests Ground Surface Elevation _1913.5 w.C.% CN(Vg/g) %F
N AR f?o DAMP, BROWN, FINE TGO MEDIUM SAND. 11
\ \: SLIGHTLY SILTY TO SILTY. 7
§ §L * 3 <1 .016
- S
\ x; [} FIne SanD.
\ \.:.zo 5 ! .014
\ - Cement Grout
\ \:* *
§ § 3 4 1 .017
§ xa s
\ x; . 3 2 016
b &
§ %; *K% 3 2 .025
\ \5 MOIST, BROWN, CLAYEY,SILT TO SiLTy, 1
N \Z 50 \ cLay! ' ' > nare
3 2
_560 } SLIGHTLY GRAVELLY 2 2 .024
: DAMP, GRAYISH-BROWN TO GRAY, FINE 3
- 1 1/2" PVC Riser Pipe TO MEDIUM SAND WITH OCCASIONAL
é-vc, COARSE SANDY Z0NES. 5 < oos
E 3
-(—E———- Caved Hole
& 4 1 .007
3 5
2 005
E “ 2 .
_g\-’
E 4
F_ - 4 1 .004
=3 4
- . 4 2 .008
3 - SILT (.05 FEET THICK) ‘3‘
3 INTERBEDDED
- . yap DAMP, BROWN, SLIGHTLY SILTY, FINE 3 2 .003
‘\ \5 SAND AND DAMP, GRAYISH-BROWN, FINE
E TO MEDIUM SAND. 10
\ - Cement Grout
& §\ E 13 4 1 .006
—~—p—— Natural Sand Filter Pack \DAMP, GREENISH-GRAY, CLAY. 2
3 DAMP TO WET, GRAY, FINE TO COARSE
e T?[T SAND. 8 <1 .006 |
E WET, BROWN, SLIGHTLY SILTY, FINE 2
1 - 10 Slot 1 1/2% PVC SAND (GETS CLEANER AND COARSER €20)
H a Screen WITH DEPTH) . [
E 150 —\FINE TD COARSE SAND. ‘1202’ ! 2008 £
f— BOTTOM OF BORING AT 150 FEET.
3 BORING COMPLETED 7/8/81.
E- 16
E— 17u
E 10
NA t Availabl = i i
Not Available W.C.% = Weight Basis J-948-02 June 1982
ATD At Time of Drilling * Perched Water
(25) Parenthesis Denote AvJ Water Level HART-CROWSER :‘ .:'..0::.2.:. inc.
Saturated Sample 4000  Water CN Concentration in ppb 9

T
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WELL DESIGN

Depth
in Other
Feot Tests
. ) Monument
\§ %:
\ X: Cement Grout
\ xy 10
k\ &\t 2
- 30
E 4
i—so
- 60
= 1 1/2" PVC Riser Screen
-- 70
3
- 60
-tr—:_ Caved Hole
— 9C
E oo
E 110
= 120
E— 130
S— 142
Q \:h-— Cement Grout
\ — 150
s 7/24/81 v
& N\ ATD
R - . — Pea Gravel Filter Pack
187 10 s10t 1 1720 PuC
F Screen
E... 17
:— 180
NA  Not Available
ATD At Time of Drilling
(25) Parenthesis Denote

Saturated Sample

i e i w wme - Cr ot e e e oW

GEOLOGIC LOG HC-13

Top Casing Elevation __12834.04
Casing Stick-up _NONE (MONUMENT)

QUALITATIVE
CHEMICAL CONCENTRATION!
AT SAMPLED DEPTH

Ground Surface Elevation 1934,04 w.C.% CN(Ug/g) %F
DAMP, BROWN, SLIGHTLY SILTY TO
SILTY, FINE TO MEDIUM SAND. 6 L
[N-MorTLED 6
o 1 .002 ¢t
MOIST TO DAMP, BROWN TO GRAY, FINE '
TO MEDIUM SAND AND FINE TO COARSE 6
SAND.
6 1 .002
&
4 1 .000 |
— GRAVELLY 1
3 2 .001 f
5
7 2 .001 [
s s
DAMP, BROWN, SLIGHTLY SILTY TO 5 2 .001 |
SILTY, FINE TO MEDIUM TO FINE TO 2 -010
‘\_COARSE SAND. 5
\ WET
DAMP, GRAY, FINE TO COARSE SAND. 3 S .002
b
3 o
4 <1 .003 E
DAMP, BROWN TO GRAYISH-BROWN, FINE 4
TO MEDIUM SAND. g
6 <1 .002 [
5 3
5 <1 .002 [
4 £
E
4 <1 <001 |
4 3
4 1 <001 [
3 d
DAMP, BROWN TO GRAYISH-BROWN, 18 o
SLIGHTLY SILTY TO SILTY, FINE SAND 15 2 .004 [
WITH SOME SILT SeaMs. r
7 s
6 -
DAMP TD WET, GRAYISH-BROWN TO BROWN, :
FINE TO COARSE TO FINE TO MEDIUM 8 <1 -006 [
SAND. 6 g
8 E
- DAMP, GREENISH-GRAY CLAY(0.3 FEET S 1 .006 f
THICK) . s
(16) -
11 1 .006 F
BOTTOM OF BORING AT 162.0 FEET. E
BORING COMPLETED 7/17/81. 3
W.C.% = Weight Basis J-048-02 June 1982

* Perched Water

2 Water Level
4000 Water CN Concentration in ppb

Figure A-25

HART-CROWSER & assoclates inc.



WELL DESIGN
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GEOLOGIC LOG HC-~14

Other
Toots

Cementl Grout

1.1/2" PVC Riser Pipe

Caved Hole

Cement Grout

Sand

2_7/26/81 52

ATD

160

10 Slot 1 1/2" PVC
Screen

170

[ RARRY RARAN MRS RA/

Pea Gravel Filter Pack

Not Available
At Time of Drilling

Parenthesis Denote
Saturated Sample

Top Casing Elevation 1943.7

QUALITATIVE
CHEMICAL CONCENTRATIONS

AT SAMPLED DEPTH

S Water Level
4000  Water CN Concentration in ppb

* Perched Water

Figure A-28

HART-CROWSER & associates inc.
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Casing Stick-up 1.8
Ground Surface Elevation 1941.9 wW.C.% CN(Vg/g) %F
DamMP, BROWN, FINE SAND.
4 L
2 <1 .002
2
DAMP, GRAYISH-BROWN TO GRAY ,
SLIGHTLY SILTY TO CLEAN, FINE TO 2 <1 .001
COARSE SAND.,
SLIGHTLY FINE GRAVELLY. 3
<t .002
DAMP, BROWN, SLIGHTLY SANDY SILT. 3
DAMP TO WET, BROWN, CLEAN TO SILTY s
FINE SAND. <1 .004
N\ WET, BROWN, CLAY (0.1 FEET THICK). 5
DAMP, GRAY, FINE TO COARSE SAND. 3
<1 .002
3
1
J  SLIGHTLY FINE GRAVELLY. <1 .004
2
2
<1 .002
2
3 SLIGHTLY GRAVELLY. 2 <1 .002
2
2 <1 .002
2
2 <1 .002
2
2 <1 .002
2
2 <1 .002
2
INTERBEDDED, DAMP TO WET, CLEAN 70
EWET SILTY, FINE TO FINE TO COARSE 23 2 <.001
3 SAND. 6 2 <,032
SILT anD CLAY Ssgams,
MOIST, BRO SILTY, FINE SAND T 22 - -002
0 WN LTY, FIN 0
FINE ' SANDY SILTS 2 2 €.001
DaMP, BROWN, CLAY.
DAMP TO WET, GRAYISH-BROWN TO BROWN,
CLEAN, FINE TO COARSE SAMND TO 3
SLIGHTLY SILTY, FINE TO MEDIUM SAND,
20 1 .001
18 1 .002
A\ MOIST, GREEN-GRAY TO BLUE-GRAY, CLAY,
WET, BLUE-GRAY, SILTY, CLAYEY, FINE
SAND .
BOTTOM OF BORING AT 162.5 FEET
BORING COMPLETED 7/23/81.
W.C.% = Weight Basis
9 J-948-02 June 1982



WELL DESIGN

GEOLOGIC LOG HC-15

Top Casing Elevation __1932.01

QUALITATIVE

AT SAMPLED DEPTH

CHEMICAL CONCENTRATION!

~rr

_ Dertr Other Casing Stick-up 3.45
f Fool Tosts Ground Surface Elevation _1928.6 w.C.% CN(ug/g) %F
N Y °
\ i DAMP TO MOIST, BROWN, SLIGHTLY SILTY
\ 3 AND CLEAN, FINE TO MEDIUM AND
\ F FINE TO COURSE SAND. s <1 .008
% \_’-it;ement Grout
8 WET, BROWN, FINE SANDY SILT 7O SILTY ’
3 FINE SAND,
E 30 MoOIST, BROWN, FINE TO MEDIUM SAND. 5 £ .003
E-:.o MOIST, BROWN, FINE SAND. i : 002
_._:_ Caved Hole WET, BROWN, SILTY FINE SAND.
f-so :}MDIST TO WET. “ 1 .002
3 MOIST, BROWN, FINE TO COURSE AND
~F 1 1/2" Sch. 40 PVC FINE TO MEDIUM SAND WITH OCCASIONAL
F o Riser Pipe GRAVELS. 4 <1 .002
% &- 70 4 <1 <.001
\ \: Cement Grout
& :\ E. 20 s <1 <.001
3 %0 5 <1 <.001¢f
—+—— Caved Hole
E— 100 6 <1 <.001f
§ N3
\ \_;—“u Cement Grout 7 &1 001
N RN
;120 6 <.001
. - Caved Hole g MOIST TO WET AND SLIGHTLY SILTY TO 13 <1 <.001
E ATD SILTY
\-S w: [/DAMP, GRAY, FINE SANDY SILT.
\ - 130 WET, BROWN, SLIGHTLY SILTY TO SILTY 22 <1 <.001f
k \ F—— Cement Grout FINE SAND,
N N 3 \)AMP. BROWNISH-GRAY, FINE SANDY SILT.
| E 140 MDIST TO WET, BROWN, QLEAN TO SLIGHTLY 3 <1 <.001
- —— 2 8/19/82 o SILTY, FINE TO COARSE, AND FINE TO MEDIM
E——% 10 Slot 1 1/2" PVC Screen SAND.
E Caved Hole
\\\\\%\—'50 AT AR CLAY 70 cLavey SILT| 7 ootk
- . ’ : 1 <.001
\\\ - Cement Grout WET, GRAY, SILTY FINE GAND. ‘ <!
:
Emo BOTTOM OF HOLE AT 156.0 FEET.
s COMPLETED 7/8/82.
=
- 170
C 180
NA  Not Available =
. . W.C.3 = Weight Basis J-048-02 May 1988
ATD At Time of Drilling - Perched Water
(25) Parenthesis Denote Vs Water Level HART-CROWSER & assoclates Inc.

Saturated Samples

4000  Water CN Concentration in ppb

Figure A-27



WELL DESIGN

GEOLOGIC LOG HC-16

Top Casing Elevation _1924.5¢

QUALITATIVE

CHEMICAL CONCENTRATION

AT SAMPLED DEPTH

- n.a:" Other Casing Stick-up 2.95
ﬁ Feol Toots Ground Surface Elevation 1921,5% w.C.% CN(pg/g) %F
N % °
\ \3—- MOIST, BROWN, CLEAN, FINE TO MEDIUM
\ \ AND FINE TO COARSE SAND. 4 <1 0.002
§ \L - 3 <1 0.002
\ : Cement Grout
\ \:— MOIST, BROWN, CLEAN, FINE SAND.
§ %_ 30 5 <1 0.002
\ \:—' WET, BROWN, SILTY, FINE SAND.
& Xl 40 3 1 <0.00
p MOIST, BROWN, CLEAN, FINE TO MEDIUM
E AND FINE TO CDARSE SAND.
«~—F 1 1/2" Sch. 40 PVC
- 50 Riser Pipe 4 1 <0.00
- Caved Hole
- 6o 3 <1 <0.00
Q Q
\ \_’-'—-—Cement Grout
& % - 70 4 <1 0.023
E. 50 3 <1 <0.00
;
- 90 3 <1 <0.00
e Caved Hole
E 100 5 <1 <0.00
=
E—uo 9 <1 <0.00
d ET, BROWN, SILTY FINE SAND.
F %7 J/FINE SANDY SILT.
NN wp
N s | MOIST TO WET, BROWN, CLEAN TO SILTY, 5 <1 <0.00
\ - ——Cement Grout ATD FINE 7O MEDIUM SAND, 12 <1 0.003
& & E FINE SANDY SILT TO SILTY FINE SAND.
E DaMP, GRAY, FINE SANDY, CLAYEY SILT
:_130 TO SILTY CLAY. 3 <1 0.002
§ MOIST TO WET, BROWN, CLEAN, FINE TO
| - Z_ 8/24/82 L MEDIUM SAND.
H E 140 17 <1 <0.00
= 10 Slot 1/1/2" PVC Screen
- DAMP, GRAY, SILTY CLAY TO CLAYEY SILT
i Natural Filler Pack WITH WET, GRAY TO BROWN, SILTY, FINE
- 150 SAND INTERBEDS.
o BOTTOM OF HOLE AT 149.0 FEET.
5 COMPLETED 7/12/82.
- 160
- 170
E 180
NA  Not Available W.C.% =
, o % = Weight Basis J-948-02 May 1088
ATD At Time of Drilling * Perched Water
(25) Parenthesis Denote 9 Mater Level HART-CROWSER & associates Inc.

Saturated Samples

4000 Water CN Concentration in ppb

Flgure A-28



WELL DESIGN
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LA RRRAE RARRE RRRRE
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11/2" Sch. 40 PVC
Riser Pipe

Caved Hole

-
(=]
(=]

F———Cement Grout

-
-
[=]

120

Caved Hole

—— Cement Grout

LS BE o

-

w

o
o
~
n
£
~

WLITIITITTT

— 16

- 17

(25)

5 10 Slot 1 1/2" PVC Screen

-q—:_— Natural Filler Pack

[+]

Not Available
At Time of Drilling

Parenthesis Denote
Saturated Samples

CHEMICAL CONCENTRATIO!

Top Casing Elevation _1941.10 AT SAMPLED DEPTH

Other Casing Stick-up 3,190
Teste Ground Surface Elevation _1938.0 w.C.% CN{Vg/g) XF
WET, BLACK, FINE SANDY SILT (SLUDGE).
MOIST, BROWN, CLEAN TO SLIGHTLY FINE 5 <1 0.05
TO FINE TO COARSE SAND.
7 <1 0.01
2 <1 0.02
WET, BROWN, VERY SILTY, FINE SAND.
MOIST, BROWN, CLEAN, FINE TO MEDIUM
AND FINE TO COARSE SAND wITH 2 <1 0.0z
OCCASIONAL SCATTERED GRAVEL.
2 <1 0.01
2 <1 0.01
2 <1 0.00
7 <1 0.00.
3 <1 0.00
1 <1 0.00
3 <1 0.01
3 <1 0.00
MOIST TO WET, BROWN, CLEAN TO SILTY 7 <1 <0. 0
FINE SAND WITH FINE SANDY SILT
INTERBEDS.
WET, GRAYISH-BROWN, FINE SANDY SILT
\_TO SILTY FINE SAND. 7 <1 0.00-
- SILTY
MOIST TO WET, FINE TO MEDIUM AND
FINE TO COARSE SAND WITH SILTY
LENSES. 1 <1 <0.0cC
n:o'“ - SILTY
12 <1 0.03:
DAMP, GRAY, SLIGHTLY CLAYEY, FINE
SANDY, SILT.
BOTTOM OF HOLE & 168.0 FEET.
COMPLETED 7/21/82.
W.C.% = Weight Basi
9 Sis J-948-02 May 1988

N Perched Water

X2 Water Level
4000 Water CN Concentration in ppb

HART-CROWSER A associates Inc.
Figure A-29



Depth
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Boring Log and Construction Data for Well HC-18

Geologic Log

Ground Surtace Elevation in Feet

Potlining

—\Damp, dark brown, silty, fine to coarse SAND.

daslapualeggs

Damp, brown, slightly silty to clean, fine to
coarse SAND, ammonia odor.

Qoaeslegaalonnslanaalasaalansals

Damp, brown, silty, fine SAND to fine, sandy
SILT, ammonia odor.

Lamp, brown, fine to medium SAND, ammonia odor.

\ Damp, brown, clayey SILT. //

Damp, brown, fine to coarse SAND,

Damp, brown, slightly silty, fine to coarse SAND,

bamp, brown, fine to coarse SAND, slight ammonia
odor.

Damp, brown, fine to medium SAND, slight ammonia
odor.

alosaalonandonsatonnsloaualoanalioaalosuslonnslopaalogoalonvaloonalpnaabasaslasis

“\Damp. brown, fine SAND with trace of grave]./

Damp, brown, fine to coarse SAND.

Damp, brown, fine to wedium SAND.

Damp, brown, slightly silty,fine SAND.

Damp, brown, very silty, fine SAND to very fine '
sandy SILT.

Damp to wet, brown, silty, fine to medium SAND.

Bottom of Boring at 157 Feet.
Completed 10/29/82.

sl aaaslag il gaaslpanilassalas,

Well Design
No Observation
Well Installed

Qualitative

Chemical Concentrations

at Sampled Depths
W.C % CN- pmg/g

F. %

NOTES: 1. Soil descriptions are interpretive and actual changes may be gradual.
2. Water Level is tor date indicated and may vary with time of year.

ATD:AL Time ol Drilling
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J-948-02
HART-CROWSER & associatas, inc.

n

188

635

688
50
180

137

3!
65

139
140
164
144
173
186

—_—
2 OO s~ OV W

25

1
32

35
34

38
55

54

March

4
R
0.012

0.005
<.001
0.001

0.001

8:8%:

.005

.003
.073
.049
.010
.006
.235
.015

o

.050
.020

OO O0OO0OODOOD

0.006
0.006

0.004
<0.001

<0.001
<0.001

<0.001

<0.001
<0.001

<0.001
0.002

0.001

Figure A-30
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WELL DESIGN

Depih
n
Feol
[o]

NA
ATD
(25)

6-Inch Steel
Casing

>

Not Available
At Time of Drilling

Parenthesis Denote
Saturated Samples

GEOLOGIC LOG

Other
Teots

Top Casing Elevation ___1965.5

QUALITATIVE

CHEMICAL CONCENTRATIO

AT SAMPLED DEPTH

Casing Stick-up 0
Ground Surface Elevation 1865:5 w.C.% CN(Vg/g) %F
POT-LINING WASTE MATERIAL, AMMONIA
ODOR.
5 4960 13.3
<1 29250 8.1
DAMP, BROWN, SLIGHTLY GRAVELLY 6 4640 9.9
SLIGHTLY SILTY, FINE SAND.
7 600 0.1
3 1320 2.2
4 260 0.,0¢
4 104 0.0¢
~ DRY, TAN, SLIGHTLY SANDY SILT. H g{f 8'33
DAMP, BROWN, CLEAN FINE SAND.
5 140 0.0¢
2 207 0.0¢
DRY, LIGHT TAN CLAY. 6 394 0.07
DRY, BROWN, SLIGHTLY SANDY, FINE TO 1 130 0.0%
COARSE GRAVEL.
DRY, BROWN SAND.
4 104 0.02
4 60 0.02
BOTTOM OF BORING 125 FEET
NOTE: BORING ES-1 THROUGH ES-8 WERE
DRILLED UNDER THE SUPERVISION
OF ENGINEERING SCIENCE INC.
THE GEOLOGIC LOGS PREPARED BY
HART-CROWSER ARE BASED UPON
VISUAL CLASSIFICATION OF SOIL
SAMPLES OBTAINED BY ENGINEERING
SCIENCE AFTER DRILLING HAD BEEN
COMPLETED.
W.C.% = Weight Basis J-048-02 August 1982
» Perched Water

HART-CROWSER & associates Inc.

_  Water Level
4000 Water CN Concentration in ppb

Figure A-31



WELL DESIGN GEOLOGIC LOG QUALITATIVE
T . } 1966.0 CHEMICAL CONCENTRATIOI
Depth op Casing Elevation AT SAMPLED DEPTH
n Other Casing Stick-up : Q
Feel Samples Tosts Ground Surface Elevation1266.0 w.C.% CN(Ve/g) %F
~ 0
g 6-Inch Steel POT-LINING WASTE MATERIAL.
- Casing
:;_ 10 X 3 5420 12.6
E 20 X 3 1320 10.0
- 30
2 X 21 10140 3.76
E 40 X WET, DARK GRAY, SILT WITH WHITE MA- 9 660 7.30
E TERIAL AT POT-LINING WASTE CONTACT.
3 DRY, BROWN, SILTY, FINE TO MEDIUM
E SAND WITH SOME GRAVELS.
- S0 X 2 335 0.03
- co X 3 725 0.39
- 70 DRY, GRAY, FINE GRAVELLY, FINE TO
_ X CDARSE SAND. <1 240 0.03
- 80
: BoTTom OF BORING 80 FEET
- 90 NOTE: BORING ES-1 THROUGH ES-8 WERE
E DRILLED UNDER THE SUPERVISION
- OF ENGINEERING SCIENCE INC.
E THE GEOLOGIC LOGS PREPARED BY
- 100 HART-CROWSER ARE BASED UPON
s VISUAL CLASSIFICATION OF SOIL
- SAMPLES DBTAINED BY ENGINEERING
3 SCIENCE AFTER DRILLING HAD BEEN
- 110 COMPLETED.
- 120
- 130
- 140
- 150
~ 160
- 170
= 180
NA  Not Available
o W.C.% = Weight Basis J-948-02 August 1982
ATD At Time of Drilling . Perched Water
(25) Parenthesis Denote v, Water Level HART-CROWSER & associstes Inc.

Saturated Samples 4000 Water CN Concentration in ppb

Figure A-32



WELL DESIGN GEOLOGIC LOG QUALITATIVE

i . HEMICAL CONCENTRATION
S Top Casing Elevatlon_’_%.gi ¢ AT SAMPLED DEPTH
> Other Casing Stick-up S
Feet Samples Tests Ground Surface Elevation _2°2:°> w.C.% CN(vg/g) %F
— ~ 0
s POT-LINING WASTE MATERIAL, STRONG
-~ 6-1Inch Steel AMMONIA ODOR
r Casing
_ i6 X 7 4260 6.80
E 20 X s 4240 9.93
E 10 X 2 5880 7.65
E BOTTOM OF BORING 30 FEET
E .0 NOTE: BORING ES-1 THOUGH ES-2 WERE
g DRILLED UNDER THE SUPERVISION
3 OF ENGINEERING SCIENCE INC.
g THE GEOLOGIC LOGS PREPARED BY
E <5 HART-CROWSER ARE BASED UPON
s VISUAL CLASSIFICATION OF SOIL
E SAMPLES OBTAINED BY ENGINEERING
g SCIENCE AFTER DRILLING HAD BEEN
- 60 COMPLETED.
- 70
~ 80
E
- 90
- 100
- 110
- 120
- 130 .
~ 140
3
E- 150
F- 160
- 170
E 180
NA  Not Available W =
_ -C.% = Weight Basis J-948-02 August 1982
ATD At Time of Drilling * Perched Water
(25) Parenthesis Denote 2 Water Level HART-CROWSER & sssociates Inc.

Saturated Samples 4000 -Water CN Concentration in ppb Figure A-33
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g

ATD
(25)

6-Inch Steel
Casing

X

Not Available
At Time of Drilling

Parenthesis Denote
Saturated Samples

GEOLOGIC LOG

Other
Teots

Top Casing Elevation ___1964.2
Casing Stick-up o
Ground Surface Elevation 1264.2

QUALITATIVE

CHEMICAL CONCENTRATIO

AT SAMPLED DEPTH

w.C.% CN(Vg/g) XF
POT-LINING WASTE MATERIAL.
1 4760 1.1
14 2660 7.25
15 2200 1.8
7 1080 3.9¢C
DRY, TAN, SILTY, FINE TO COARSE SAND.
3 540 1.35
BOTTOM OF BORING 64.0 FEET
NOTE: BORING ES-1 THROUGH ES-2 WERE
DRILLED UNDER THE SUPERVISION
OF ENGINEERING SCIENCE INC.
THE GEOLOGIC LOGS PREPARED BY
HART-CROWSER ARE BASED UPON
VISUAL CLASSIFICATION OF SOIL
SAMPLES OBTAINED BY ENGINEERING
SCIENCE AFTER DRILLING HAD BEEN
COMPLETED.
W.C.% = Wei
ght Basis J-948-02 August 1982

. Perched Water

2 Water Level
4000 Water CN Concentration in ppb

Figure A-34

HART-CROWSER & assocliates Inc.



WELL DESIGN
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ATD
(25)

180

Sampise
6-Inch Steel
Casing

X
X
X

Not Available
At Time of Drilling

Parenthesis Denote
Saturated Samples

Other
Tests

|<17/23/82

GEOLOGIC LOG

QUALITATIVE
CHEMICAL CONCENTRATIO

Top Casing Elevation __ 1933.2 AT SAMPLED DEPTH
Casing Stick-up 0.8
Ground Surface Elevation 1937.4 w.C.% CN(Ug/g) %F
DAMP, BROWN, CLEAN FINE SAND WITH
OCCASIONAL SILT AND GRAVEL LAYERS.
6 26 0.3¢
s 9 0.0%
3
]‘GRIVELLY. FINE TO COARSE SANDY ZONE. 3 5 9.2z
4 3 0.01
NA 8 0.01
4 12 0.01
4 9 0.00
2 2 0.00
FINE GRAVELLY, FINE TO COARSE SANDY
20NE.
2 6 0.00
3 12 0.00
4 3 0.01
3 5 0.00
4 2 0.01
NOTEs BORING ES-1 THROUGH ES-8 WERE
DRILLED UNDER THE SUPERVISION 4 4 0.01
OF ENGINEERING SCIENCE INC.
THE GEOLOGIC LOGS PREPARED BY
HART-CROWSER ARE BASED UPON
VISUAL CLASSIFICATION OF SOIL 5 9 0.00¢
SAMPLES OBTAINED BY ENGINEERING
SCIENCE AFTER DRILLING HAD BEEN
COMPLETED.
3 5 0.01¢
4 8 0.01¢
WET, BROWN, SILTY, FINE SAND. 30 32 oL0i
BOTTOM OF BORING 170 FEET
W.C.% =
C.% = Weight Basis 4-948-02 August 1982
. Perched Water . |
HART-CROWSER & associates Inc.
X2_  MWater Level - Figure A-35
4000 Water CN Concentration in ppb
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8

6-Inch Steel
Casing

NA  Not Available

ATD At Time of Drilling

(25)

Parenthesis Denote
Saturated Samples

GEOLOGIC LOG

Other
Tostls

,a 7/28/82+

Top Casing Elevation __ _1938.8

QUALITATIVE

CHEMICAL CONCENTRATIO

AT SAMPLED DEPTH

Casing Stick-up - 0.6
Ground Surface Elevation 1938.2 w.C.% CN{Ug/g) XF
MOIST TO WET, BROWN, SLIGHTLY SILTY, 7 211 1.93
FINE SAND.
9 96 1.03
DAMP TO MOIST, BROWN, CLEAN FINE SAND
WITH SOME FINE TO MEDIUM AND FINE TO 4 S5 0.0¢4
COARSE SANDY ZONES,
4 55 0.04
T FINE TO MEDIUM ZONE.
J- DAMP TO MOIST, BROWN, FINE SANDY 2§ lgg 8'5?
- €
SILT/CLAY.
2 54 0.02
FINE TO COARSE SANDY ZONE.
3 10 0.01
WET, BROWN, SLIGHTLY SILTY, FINE SAND
27
BOTTOM OF BORING 68.0 FEET
NOTE: BORING ES-1 THROUGH ES-8 WERE
DRILLED UNDER THE SUPERVISION
OF ENGINEERING SCIENCE INC.
THE GEOLOGIC LOGS PREPARED BY
HART-CROWSER ARE BASED UPON
VISUAL CLASSIFICATION OF SOIL
SAMPLES OBTAINED B8Y ENGINEERING
SCIENCE AFTER DRILLING HAD BEEN
COMPLETED.
W.C.3 = Welght Basis J-948-02 August 1982

* Perched Water

S Water Level
4000 Water CN Concentration in ppb

HART-CROWSER & associates Inc.

Figure A-386



WELL DESIGN GEOLOGIC LOG QUALITATIVE

: 38.5 CHEMICAL CONCENTRATION
Depin Top Casing Elevation 1222~ AT SAMPLED DEPTH
e Other Casing Stick-up 1.
nuo Samples Tests Ground Surface Elevation 1937-7 w.C.% CN(bg/g) %F
: DAMP, BROWN, FINE TQ MEDIUM SAND,wITH 5 985 .01
- 6-Inch Steel ' ¢
3 Casing ZONES OF FINE GRAVEL.
~ 10 X 6 304 0.02!
3 NOTE: BORINGS ES-1 THROUGH ES-8 WERE
3 DRILLED UNDER THE SUPERVISION
E OF ENGINEERING SCIENCE INC. .
- 20 X THE GEOLOGIC LOGS PREPARED BY 3 76 Bl
o HART-CROWSER ARE BASED UPON
3 VISUAL CLASSIFICATION OF SOIL
3 X SAMPLES DBTAINED BY ENGINEERING 3 8 o161
- 30 SCIENCE AFTER DRILLING HAD BEEN B
3 COMPLETED.
- 4«0 X 5 12 0.00¢
- X NA 60 0.02¢
- 50 X 7 %2 0.01¢
L —CLAYEY ZONE.
- 60 X 2 32 0,00t
=
F X 22 16 0.12(
E- 70 X 6 21 0.01]
- 80 X 1 18 0.007
F
3 DAMP, BROWN, CLEAN FINE SAND.
- 90 X 5 15 0.01¢
E. 100 b4 4 20 0.011
- 110 X 3 17 0.011
- 120 X i 4 17 0.00¢
- T SLIGHTLY SILTY.
- 130 CoX ] 25 0.007
3
- DAMP, BROWN, FINE TO MEDIUM SAND wITH
- 140 X & SOME FINE GRAVELLY ZONES. 4 13 0.00¢
- L
= ™
- o
- S
C r~
- 150 X v 4 9 0.00¢
E-;ﬁo X 3 15 0.01%
- X 13 26 0.01¢
g - BOTTOM OF BORING 165.0 FEET
C 180
NA  Not Available W.C.2 = W
. .C. eight Bas
, , 9 1s 4-948-02 August 1982
ATD At Time of Drilling . Perched Water
(25) Parenthesis Denote Vs Water Level . HART-CROWSER & associates Inc.

Saturated Samples 4000  Water CN Concentration in ppb Figure A-37
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8

ATD
(25)

6-Inch Steel
Casing

o

Not Available
At Time of Drilling

Parenthesis Denote
Saturated Samples

GEOLOGIC LOG

Top Casing Elevation ____ 1927.1
Casing Stick-up 1.5

QUALITATIVE
CHEMICAL CONCENTRATION

AT SAMPLED DEPTH

Ground Surface Elevation _1925.6_ w.C.% CN(Ug/g) %F
DAMP, BROWN, FINE TO MEDIUM SAND. 20 s 2 48
3 9 0.046
5 16 0.01¢
4 15 0.012
— MEDIUM GRAVELLY ZONE. ‘
2 8 0.005
14 4 0.024
WET, BROWN, FINE SANDY SILT/CLAY. 3 14 0.006
DAMP, BROWN, SLIGHTLY SILTY, FINE TO |
MEDIUM SAND. 4 15 0.008
\DAMP, BROWN, SLIGHTLY SILTY, CLAY. 3 23 0.007
DAMP, BROWN, CLEAN, FINE SAND,
4 12 0.012
5 24 0.008
3 14 0.006
S 15 0.013
DAMP TO MOIST, FINE SANDY, SILT TO NA 12 0.026
N\SILTY FINE SAND.
DAMP, .BROWN, CLEAN FINE TD MEDIUM 2
: ' . .8 17 0.012
SAND.
3 15 0.014
4 32 0.016
5 24 0.014
14 14 0.016
BoTTOM OF BORING 160 FEET
NOTE: BORINGS ES-1 THROUGH ES-8 WERE
ODRILLED UNDER THE SUPERVISION
OF ENGINEERING SCIENCE INC.
GEOLOGIC LOGS PREPARED BY
HART-CROWSER ARE BASED UPON
VISUAL CLASSIFICATION OF SOIL
SAMPLES OBTAINED BY ENGINEERING
SCIENCE AFTER DRILLING HAD BEEN
COMPLETED.
W.C.Z = Wel
ght Basis J-948-02 August 1982
. Perched Water

X2 HWater Level -
4000 Water CN Concentration in ppb

HART-CROWSER & associates Inc.
Figure A-38
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GEOLOGIC LOG ES-9
Top Casing Elevation1934.6

QUALITATIVE
CHEMICAL CONCENTRATION
AT SAMPLED DEPTH

WELL DESIGN

Casing Stick-up _1.0

=~ \:?‘0 ?:::: GDT:W Surface Elevation 1933.6 W.C.% CN(Ug/g) F
N\ § ot SR, v e eny ey THE O |8
§ \_ . LAYERS, ) : o
N\ -'
§ §€20 : s 0
\ \__ 4 .o11
1 |
§ %-_ i " 9 .010
N N
N\ a
N\ ‘
% \E 42 .013
NN A
N
\ \:— 50 _ 7 18 023
§ §§- Eé:;L-NGgAN:[.).SLIG-(TLY SILTY, GRAVELLY, FXNE:; 2
§ g o0 4" Welded Casing - - 3 12 .021
\ T
\ § . Five 18 WEoron Shnp; oo s | o o
NN :
§ %E_—;——Cen\ent Grout . ) . ore
L\ ;
§ \:‘ ¥ 4 19 .032 |
N N a .
N '
§ \; luu ¢ 15 .026 |
N\
1 |
\ \:- 11 4
§ \é GRADES FINER 45 .016
§ §§12u DAMP TO SATURAT 7
§ %E WITH SILT LAYER?D' CRAY. FINE SAND ¢ ® -ot6
NE
§ \E noﬁ'_ ° 2 -
\: 130 1,000 2 .008
§ %\E " DAMP, MOIST, B8ROWN,CLAY. 2
§ §§_ » ATD{E" (S;?:;Y.TSISZA;ASS?WN' SLIGHTLY SILTY To :3
§ §§ \DAMP., GRAY-BROWN,CLAY. t ) 008
- 2
§ \\\— 150_—Artificial Sand oF SAND Wit ScatreneTar: FINE TO coarsel
/ PackF; Snosmerey . oD, Wit S TERED GRAVEL, 0ccasiona| (9! (6) (.012)
- and A (9}
= 5' of 4 P,S. 3
D \Q? leu Johnson Stainless Damp. B ' (40) ( .
NN R Rl e
x\\\k‘:\\- 170 Cement Grout (41) (8) (.015)
F Caved Hole GRAY, SLIGHTLY SILTY, FINE SAND.
<1 |8 (28)
DAMP, GREEN-BROWN, SILTY. CLAY. (16) (3 f1.011)
NA  Not Available .C.% =
ATD At Tine of Drilling - c‘x :::32:::::; J-948-02 June 1982
(25) Parenthesis Denote 2 Water Level HART-CROWSER & assoclates Inc.
Saturated Samples 4000 Water CN Concentration in ppp SNt 1 of 2 Floure A-30
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WELL DESIGN GEOLOGIC LOQ ES-9 (Cont.) QUALITATIVE
CHEMICAL CONCENTRATION
Depth AT SAMPLED DEPTH
oth
Tests W.C.%  CN(Ug/g)  %F
CLEAN, FINE TO MED!UM SAND, SOME
GRAVEL AND COBBLES. (11.3)
(8) t.a17
< e (17.1) )
Hole Siough ((6.4) t.013
3 (14)
E: 566 BOTTOM OF HOLE 197.5 FEET.
COMPLETED 12/5/80.
E
E
NA  Not Avallable W.C.X = Weight Basis J-048-02 June 1982
ATD At Time of Drilling * Perched Water o ER & ‘ot )
; HART-CROWS essociates Inc.
(25) Parenthesis Denote VA Water Level Sheet 2 of 2 Figure A-39

Saturated Samples 4000 Water CN Concentration in ppb
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WELL DESIGN

GEOLOGIC LOG ES-10

Top Casing Elevation _1941.5

Casing Stick-up 1.8

QUALITATIVE
CHEMICAL CONCENTRATION:

AT SAMPLED DEPTH

T T I T rreT

TITTTTTTTITTITY

Other -
Feet Tests Ground Surface Elevation 1939.7 w.C.% CN(Vg/g) %F
O
\Q \ DAMP TO MOIST., GRAY, SILTY, FINE TO },
\\ F COARSE SAND, WITH OCCASIONAL BRICK AND ?
§‘ F FILL DEBRIS.
§ = 10 8 5 225
§ 3 MOIST, BROWN, CLEAN TO SLIGHTLY SILTY,
§ E 20 FINE TO MEDIUM SAND. s 2 -074
\ _ MOIST, BROWN., FINE TO COARSE SAND, WITH
§ 3 FEW GRAVEL AND COB8BLES. 4 2 .01
% -:- 3u
% E--.u MOIST, GRAY-BROWN, FINE TO COARSE SAND. WITH
\ G NTERBEDDED SILTY, FINE TO MEDIUM SAND LAYERS. 20 8 .064
\ N E—— Cement Grout
§ g MOIST, BROWN, SUIGHTLY GRAVELLY, FINE TO
\ - S¢ \ COARSE SAND. & 9 .015
\ e MOIST, BROWN, FINE TO COARSE SAND , WITH
\ - INTERBEDDED SILTY, FINE TO MEDIUM SAND
% - ou AYERS,
\ : MOIST, BRMWN, FINE TO MEDIUM SAND. 5 4 .014
§ E = SILTY SAND
§ _— 70 MOIST TO DAMP. GRAY, CLEAN, FINE TO COARSE 2 005
§ E SAND ,WITH FEW GRAVELS AND COBBLES. 3 .
\ - 50 GRADES TO
\ E 2
\ :-'— " Welded Steel MOIST, BROWN-GRAY, CLEAN, FINE SAND. 4 2 .006
\ C Casing
\ —~ Y0 4
% 3 ATD 7 L SATURATED (17) (5) (.006)
\ 3 14,200 \DAMP, BROWN-GRAY.CLAY.
\ ~ 100 DAMP, GRAY, FINE TO MEDIUM SAND, WITH FEw 3 2 .006
§ - GRAVEL AND COBBLES.
\ =
\ s 3 2 .006
§ = 110
§ E 120 -SLIGHTY SILTY 3 21 .008
\ - MOIST, GRAY, CLEAN.FINE SAND.
§ 3 3 16 .008
§ E- 130
§ - 140
% 3 GRADES FINER 3 18 .008
§ 5 MOIST, BROWN, SILTY, FINE SAND. —
\ f-:su _— e — — — -
\ - MOIST TO SATURATED, CLEAN.FINE TO MEDIUM 11 14
- SAND.
§ 3 5'-20 Slot, &' P.S. ATD.%Z|
\ \\ Stainless Steel
; LX) 160 Screen
. A (23) {.008)
—1 Artificial Sand (11)
: Pack 503 Lane o GRADES FINER
N Mt. #16 50% '
8 \ P Hontesrey DROWN, CLAYEY/SILTY, FINE SAND. (12) (23) (.008)
0 F-
\\\ l GRAY, FINE SAND,
N vl 17,000
N
™~
NA  MNot Available W.C.%4 = Weight Basis J-048-02 June 1982
ATD At Time of Drilling - Perched Water
. . HART-CROWBSER & assoclates Inc.
(25) Parenthesis Denote VA Water Level o Sheet 1 of 2 Flgure A-40
Saturated Samples 4000  Water CN Concentration in ppb
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GEOLOGIC LOG E$-10 (Cont.) QUALITATIVE
WELL DESIGN CHEMICAL CONCENTRATION
AT SAMPLED DEPTH
Depih Other
s Toute w.C.% CN(Ug/g) %F
~ 180
3 MOIST, GREEN-GRAY TO GRAY, SILTY, tas k2l t-012)
3 CLAY To CLAYEY, SILT. (26.5) (16) (.010)
;tgo B
3 Cement Grout #4000
= eme BROWN, CLEAN,FINE SAND.
— 200 DAMP, GREEN-GRAY, SILTY, CLAY 7O CLAYEY
2 850 \SILT. (201 (19) .010)
- C BROWN, sLIGHTLY SILTY, FINE SAND TO
;210 \FINE TO MEDIUM SAND.
é BOTTOM OF HOLE AT 209 FEET.
- COMPLETED 1/16/81.
é—zzo
NA  Not Available W.C.% = Weight Basis J-048-02 June 1082
i i1l * Perched MWater
ATD At Time of Drilling erche HART-CROWSER & sssoclates Inc.
(25) Parenthesis Denote M Water Level Sheet 2 of 2 Figure A-40 .

Saturated Samples 4000  water CN Concentration in ppb



QUALITATIVE

LOGIC LOG D-
WELL DESIGN GEO ! NONE CHEMICAL CONCENTRATIONS
Top Casing Elevation _ AT SAMPLED DEPTH
Casing Stick-up 0
ther N SF
goou Ground Surface Elevation 1962.4 w.C.% CN(lg/9)
RUBBLE PILE DEBRIS CONSISTING OF
BRICK, wOOD, AL METAL, CLOTH, 80TH
POLYSTYRENE, ROCK, ANODE MATERIAL AND NA
POTLINING.
4400 1.4
s8 0.9
A . 0.9
27 2
1080 0.9
NA
Observation Well
Not Installed
NA 57 14.6
NA 25 0.9
10* 17 2.8
<1
1.0
5 LA T
26 13 13 s
_ . 28 .
Bot tom of UAMP TO MOIST, BLACK AND WHITE, 13 e 2.3
Rubble Pile WEATHERED POTLININGS.
6 8 0.6
DAMP, BROWN, CLEAN, FINE TO COARSE
SAND, WITH SOME GRAVEL.
4 3 .00§
. “ .014
e e e i i 25 20 .020
. TAN, SILTY CLAY,.
TAN, SILTY, FINE TO COARSE SAND.
<1 6 .009
2 NA A
BOTTOM OF BORING 60 FEET.
COMPLETED 3/11/81.
*INDICATES HIGH WATER CONTENT
BECAUSE OF USE OF DRILLING WATER.
KA Nut Avallable W.C.o = Weignt Basis J-9048-02 June 1982
ATD At Time of Drilling *  Perched Water HART-CROWSER & assoclates Ina.
(25) Parenthesis Denote N Water Level Figure A=4 1

Saturated Samples 4000 Water CN Concentration in ppb



WELL DESIGN GEOLOGIC LOG D-2 QUALITATIVE
CHEMICAL CONCENTRATIONS

Deptn Top'Casing E]evat‘IOg Jone AT SAMPLED DEPTH
n Other Casing Stick-up :
Foot Tests Ground Surface Elevation 1945.6 w.C.% CN(Ug/g) %F
)
E RUBBLE PILE DEBRIS CONSISTING OF BRICK, E
3 ROCK, METAL, CONCRETE, PITCH, PVC, AND c
:5 ANODE MATERIAL. NA NA NA E
:_ —
[ ; =
- NA NA N E
10 =
C
:_ I
E s NA MNA NA
=15
—+——— Observation Well
r Not Instaliled
E 20 <1 3 2.5 =
o 3 o o 9 7 14,35 E
- DAMP, BLACK AND WHITE, WEATHERED s s 6.45 F
- Buttom of POTLINING. 4 7 18,25 ¢
25 Kubble Pile ik g 12.80
3 DAMP, BROWN, SILTY, FINE TO MEDIUM
= SAND.
E"” <1 7 0.4
- 35 BOTTOM OF BORING 34.2 FEET.
o COMPLETED 3/16/81.
o
=
F
-
=
E
! = E
A ol Avatl . - ;
Al Avatlsble Wob.e o Weight Basis J-948-02 June 1902
ATLU At [ime of Orilliny . Perched Water

. HART-CROWSER sssoclates Inc.
"5, Purenthesis (enote <2 Water Level € :Iguu A-42
Saturated samples 4000 Water CN Consentration in ppb



WELL DESIGN

= - Ccrmmr wmr mr e c ct— = 2 awrS® 84S W ARt s AN aw

GEOLOGIC LOG D-3

Top Casing Elevation None

Casing Stick-up o)

QUALITATIVE

CHEMICAL CONCENTRATIONS
AT SAMPLED DEPTH

Depth
in Other
Foot Tests
FO
L
- s
- 10
- 15
-4—-I.‘—Observauon Well
o Not Installed
— 20
~ 25
- 30
- 35
,:. Bottom of
E 46 Rubble Pile
3
E a5
- 50
- ss
NA  Nut Available
Al At Time of Drilling
(¢v) Parenthesis Denute

Saturated Samples

Ian e R R R RN R R e R R R R R B RN N RS E RS A NS DRSS S RSN e m RS RSO s e e R RS NS R E R RS R R RN m e s s me e e me s s T

Ground Surface Elevation _1263-.9 w.C.% CN(Ug/g) %F
RuBBLE DEBRIS CONTAINING BRICKS, ]
CONCRETE, wODD, ANODE MATERIAL, :
POTLINING.
3 490 1.36
6 49 1.59
8 2.69
< 5.00
DAMP, BLACK AND WHITE, WEATHERED l :: 8.54
POTLINING (STRONG NH3 ODOR). 1 446 2.56
20 5.30
114 i
;g 36 3.05
i 214 3.15
84 3.60
12 164 13.70
6 S15 9.80
DAMP, BROWN, CLEAN TO SILTY, FINE To 7 945 g'g
MEDIUM SAND (CEMENTED FROM 38 TO l(9) 50 )
WO FEET) - 9 w0 3.3?
395 .
<1 48 0.41
o 17 0.42
M p 0.03
8 7 0.01
s 13 0.01
2 38 0.02
3 40 0.02
BOTTOM OF BORING 53 FEET,
COMPLETED 3/20/81.
W.C.% = Weight Basis J-948-02 June 1682

* Perched Water

2. Water Level
4000 Water CN Concentration in ppb

HART-CROWSER & associates Inc.

Flgure A-43
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APPENDIX B
WELL DATA SUMMARY (1986)

Table B-1 - Status of Wells and springs in Kaiser/Méad Sampling Area as of
November 1986 (Alphabetical Order)

Table B-2 - Status of Wells and Springs in Kaiser/Mead Sampling Area as of
November 1986 (Ascending Order - by number) '
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Table B-1

STATUS OF WELLS AND SPRINGS IN KAISER/MEAD SAMPLING ARES

AS OF NOVEMPER 198

{WELL AND SPRING NAMES IN ALPHA2ETICAL ORDER)

NAKE ADDRESS WEL/SPR. NO. COMPUT, NO. WELL DEPTH SCREEN DEP. REMARKS
Airth, N. E. 12606 Mayfair 44 h-d4 NA KA
Andarson, Sary 13614, Minihdoka 160/4K1 -- 140 135-140
fApitz 12520 Ruby 74 -- 93 NA
2ach 2515 Mayfarr 205 -- 139 NA
Barratt, Jaees 13962 Karan 99 W-99 29 NA&
Biglon 13818 NMiathdoks 161 - -~ - Saring
Eilbray, Vickie 12727, Mayfair 37/801 ¥-37 104 NA
Billbarg 12102 Division 354 w-354 4z NA
Billberg, Milfred 12110 Division 209 ¥-209 LM NA Kitchen Sink
Bluner 408 Koda 1080 § == -- - Spring
Bonneville Power -- 1661 -- 336 NA
Boston B17 Hastings 138 ¥-178 83 NA
Bouten, Frank 13117 Mill Road 5677 ¥-3677 120 KA
Brinson/Troglia 22 Carolina g ¥-8 3t NA
Burris 13224 Hill Road {164 -- 70 NA
Burroughs, Ted 13318 Mill Road 120C W-120 ML KA
Cast 1618 Farwell 16 -- 90 NA
Cherry & Farwell . Suburban Water -- §83-7 -- -
Chevillet, M. 13210, Mill road 11787632 -- 70 NA
Colborn, 6. 12515, Dakota b W-b 31 NA Irrigation Well
Cork, R, 307 Koda 139 b-139 45 NA
Custoa Camper 12303 Division 94 W-94 30 NA
Daily, Shirley 525 Hastings 36 LM 47 NA
Dakota & Hastings  Spokane Sub. Water - §83-3 - - Well?
Davis/Pruser 13106, Mill Road 114/6R2 W-114 75 NA
Dept. Transpotation -- 3P -- 79 43-79
Deshler 313, Hastings 5 - 48 NA
Downey, Williaa 12720 Ruby 77 W-77 106 NA Kitchen Sink
Fox Milling POR # 279, Mead 1501 -- MM OPEN BOTTONM
Freya k Farwell Suburban Water - §33-6 -- --
Fulsaas, B, 12605, Ruby 15/8D3 W-73 120 110-120
boss 12621, Haailton 10 - Y NA
Henkle 13810 Minihdoka 168 ¥-1¢8 - - Spring
Hollingsworth, H. 13004 Mill Road 92¢ W-724¢6 86 NA Kitchen Sink
Holz, Trudy/Janet 12707 Hasilton 202 ¥-202 4 NA
Howell 12706, Mayfair 46/801 U-44 NA NA
Jarvis, R, 617 Kastings - ¥-7425 == --
Jefiries/HWehnes 11424 Mewport 327 W-327 200 NA Kitchen Sink
Jens, V. - gF1 - M NA
Jordan, A. L. 12703, Mayfair 38/804 W-18 95 NA
Kaiser Settle Basin Qutfall to Peone Ck. - W-28 -- - Qutfall
Kaiser well Kaiser Plant 1601 -- 297 NA
Kaiser Welll Kaiser Plant 1602 -- 283 206-278
Kaiser Well¥4 Kaiser Plant 1603 = 286 236-286
Kaiser Well#§ Kaiser Plant 16F2 == 28 238-248
Kaiser Wellds Kaiser Plant 16F3 - 28¢ 242-287
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STATUS OF WELLS AND SPRINGS IN KAISER/MEAD SAMPLING AREA

AS OF KOVEMBER 1986

(WELL AND SPRING NAMES IN ALPH~BETICAL ORDER)

NAME ADDRESS WEL/SPR. NO. COMPUT. NO. WELL DEOTH SCREZN DEF, REMARKS

Kaiser Well#ES! Kaiser Plant £s! gl 128 OPEN BOTTCM?
Kaiser Wells$£S!0 Kaiser Plant E310 £S10 143 163-149
Kaiser Hell#ES?Z Kaiser Plant ES2 82 ge OPEN BOTTCH?
Kaisar Yeli3£33 Faiser Plant ES: £33 30 rN BOTTCM
Kaiser kall#E:: Kaisar Plant ES4 E54 64 CPEN BOTTCM?
Kaisar Wel!$£33 Kaiszer Plant ESS ESS 170 JPZN BQTTONT
Kaiser Well#ES Kaiser Flant £Sé 3] 68 OPEN BOTTOM?
Kaisar Welld4ES7 Kaiser Flant £57 £37 163 JPEN BOTTOM?
Kaiser Well#Ecg Kaiser Plant 3]} ESE 140 OPEN BOTTOM?
Falser Well$E39 Kaiser Plant ES? £59 139 153-158
Kaiser Well$HC! Kaiser Plant HC! [ 137 151-1S6
Kaizer Well#HC10 Kaiser Plant HCZy HC1D 165 176-181
Kaisar Well#hCll Kaiser Flant HC1L KC! 165 158-141
Faiser Well#HC!2 Kaiser Planc HC12 HC12 150 145-148
Kaiser Nell#KC!? Kaiser Plant HC13 HC13 1462 157-162
Kaisar Welld¥ci4 Kaiser Plant HC13 HC14 162 155-140
Kai1szr Well#HCIS Kaiser Plant HC1S HC1S 149 140-143
naiser Well#HC16  Kaiser Plant HC16 HCi& 149 136-141
Kaiser Well#HC17 Kaiser Plant HC17 HC17 168 193-147
Kaiser Well#HC1A Kaiser Plant HC1A HC1A 48 42-47

Kaiser Well#HC2 Kaiser Plant HC2 HC2 62 53-60

Kaiser Well#HC2A Kaiser Plant HC2A HC2A 169 162-167
Kaiser Welld#HCZ Kaiser Plant HCI HCI 49 63-68

Kaiser Well4HC4 Kaiser Plant HC4 HC4 32 47-32

Kaiser WelldHCS Kaiser Plant HCS HCS 70 63-68

Kaiser Well#HCs Kaiser Plant HCh HC6 30 48-50

Kaiser Well#HC7 Kaiser Plant HC7 HC7 170 159-149
Kaiser Well#HCB Kaiser Plant HCB HC8 164 156-141
Kaiser Well#HC9 Kaiser Plant HCY HCY &7 62-47

Kaiser WelldHC94 Kaiser Plant HC9A HC9A 163 157-162
Kaiser WelldTHi Kaiser Plant THI 1 138 193-157
Kaiser Well$TH2 Kaiser Plant THZ 2 163 153-157
Kaiser Well#TH? Kaiser Plant THI 3 214 140-210
Kaiser Well4THIA  Kaiser Plant THIA JA 163 143-181
Kaiser Well#TH4 Kaiser Plant THé 4 208 145-203
Kaizer Well4THS Kaiser Plant THS 3 214 135-186
Kaizer Well#THoA Kaiser Plant THéA LA 200 147-159
Kaisar Well#THaB Kaiser Plant THé3 62 200 167-172
Kaiser Well#THLC Kaiser Plant TH&C 6C 200 195-200
Kaiser Hell§TH7A Kaiser Plant TH7A 78 199 146-131
Kaiser Well#TH7B Kaiser Plant TH7R 78 199 162-1¢8
Kaiser Welld8TH7C  Kaiser Plant TH7C 7C 199 194-199
Kaiser Wellh7HE Kaiser Plant TH8 8 162 154-159
Kelsay 12796 Maailton 170 -~ NA NA
Kostecka Box 101, Mead 71 W-71 48 NA
Kostecka, M, 12103 Ruby Road - H-7287 8o --
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STATUS OF KELLS AND SFRINSS IN KAISER/MEAD SAMPLING AREA

AS OF NQVEMBER 1985

{WELL AND SPRING NANMES IN ALFHARETICAL ORDER)

NAX ADTRECSS HEL/EPR, KO, COMPUT. MO, WELL DEPTH SCRESN DEP. REMARKS
Lessig, L. &. 8% /7 Hastings 4 -4 4B NA
Linkerg -- N1 -- 89 NA
Little Spokana Riv. Dartferd & Minihccka -- H-24 -- -- River
tittle Spakana Riv. Beiod Van Gal,Spring - H-44d -- -- River
Little Spokane Riv. Above WS at Fari B-, - N-149 -- -- River
Litila Spokanz Riv. 32lca ¥S at Baje - W-19 -- -- River
Little Spokane Riv, Rivilla Park ~- H-438 -- -- River
Little Spokane Riv. 50 Yds. d/s Popn Pi. -- W-463 - -- River
Little Spckana Riv. St. Eeorge Schoc! -- W-697 -- -- River
Ludeshar/Dart 13717 Minihdoka 1637/ 4H18 =183 -- = Scring
Maclean 13111 Mill Road 181 -- - -- Spring
Market % Bay Suburban Water - §53-11 == --
Marr, CE -- 741 -- ge NA
Martin 12709, Dakota 2 -- 40 NA
Mclaan, Jaohn 13003 Miil Rcad - #-54h61 - --
Head School Dist. Dist. 254 4P1 -- 145 126-146
Merritt, C. J. 330 Keda Caurt 163 ¥-163 10 KA
Herritt/8land 11226, Newport Hwy  I2B/8R! ¥-328 183 KA Kitchen Sink
Killer, R, 13818 Keran 98 N-98 17 NA
Noen 608 Koda 194 -- 30 NA
Mocre/Exley 13812 Karen 222 -~ 3 NA Kell?
Hyron/Cork 408 Koda -~ N-2726 - - Spring/Creek
Nelscn, Bud 337, Regina 52/8K1 -~ 27 OPEN BOTTOM
Nelson, D. L. -- 178t -- 224 199-220
Nardby 12403 Dakota 49 -- &9 NA
North, F.A. -- gF2 -- 75 NA
Northgate Church  I1f Hastings 203 ¥-203 78 NA Dutside Tap
Northview Bible Ch. 13621, Mill Road 142/6H2 H-142 205 OPEN BOTTOM
N4 Pipeline Ca. -- 1731 - 248 NA
Paulsaon 724 Hastings 4423 -- NA NA
Pecchia, E. 13402 Mill Road 118 ¥-118 30 NA
Peone Creek Below Kaiser Qutfall - W-145 - -- Creek
Peane Creek Above Kaiser Qutfall -~ N-28 -- -- {reek
Pine Acres - gL! -- 60 NA
Picneer Reality 12310, Division 9/€eCl -- 73 NA
Platz/Signetl 12701 Ruby 76 W-74 119 NA Bathra sink
Pope, S. H.(lrr.) 514, Hastings 33/862 ¥-135 84 74-84
Pope, S. H.(New) 514, Hastings B63 N-2147 176 162-147
Pape, 5. H.(01d) 314, Hastings 34/861 i-74 o NA
Popp, Or., 13831 Minihdoka 21B/681S - - -- Spring(Irr.)
Pepp, Dr, 13631, Minihdoka 1671462 -- 127 NA
Preaa Mulch RT#2, POBRIBA, Mead 1571 -- 219 NA
Procunier/Warren 12605 Mayfair 3 W-19 70 NA
Prous, Leonard 12617 Haatltan - W-7388 -- - Kitchen Sink
Reames, Dick 12024 Pittshurg 14 W14 128 NA
Ritchie 12524 Mayfair LA W-47 75 NA Kitchen Sink
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STATUS OF WELLS AND SPRINES IN KAISEr/MERD SAMPLING AREA

AS OF NOVEMBER 1984

(WELL AND SFRING NAMES IN ALPHABETIZAL ORDER)

NAME ADCRESS WEL/SPR, NC. COMPUT, MO. WELL DEFTH SCREEN DE®. REMARKS
Rivilla Water fo. 14006 Karen Lane 967661 -- 30 2L-29
Rockser 12412 Maydair 42 -- 85 NA
Schoesier 13019 Mill Road 7551 W-759 12 N&
Sa1tt/Van Seider 13537 Minihdska 195 H-195 - - Soring
Speaks 305 Hastings M R-97 9 NA Yens fa Sink
Spokana Coun,Shop #8209 Farweil S1/5N¢ ¥-51 10¢ NA fell
Stedaan, Mark 12221 Mayfair BE! -- go 71-78
Stone, Walt 12323 Mayfair 40 W-40 Bb NA
Stone, MWait (Irr.) 12523 Mayfair L3} %-41 68 NA [rrigation Well
Thain, Rich 12395 Pittsburg 15 #-15 180 NA
Thoapson, Pster 1919 Center Ropad - W-7583 - --
Thoapsan, R, 13114, Mill Road 1150/6R1 N-115D 20 KA
Tilton Steiner 17418, Mill Rcad 11967431 -- 73 NA
Unknown -- 7015 -- - - Spring
Van Eelder/Below P -- 6628 -- - -- Spring
Van Beldar/Deck - 6635 -- - -- Spring
Varderlinde/Huguenin 324 Keda 159 W-1359 b] NA Well?
Vrea 509 Hastings 101 - 4 NA
Waikiki Spring -- 6025 -- -- -- Spring
Waikiki Spring - 6815 - - -- Spring
Waikiki Sys. No.l -- 7025 -~ -- -- Spring
Waikiki Sys, No.2 -- 7C18 - - -- Spring
Waikiki Sys. No.J -- 6838 - -- - Spring
Waikiki Sys., No.3JA -- 6L1S -- - -- Spring
Kandereere Lake $l Tee - N-2¢ - - Lake
Wanderaere Spring Prior entering LSR  15{/5L15 W-151 - -- Spring
Kandermere Spring By Gravel Plant -- W-I3 -- - Weir/Spring
Weisaan 12622, Mayfair 45/802 W-45 NA NA
White, Dart J. 13904 Minihdoka 162 -- 120 NA
Whitworth College -- 1864 - 200 160-200
Whitworth WD LMl X1 -- 164 KA
Khitwarth WD Rigina -- WHIA -- --
Whitworth WD Farwell -~ WHIB - --
Whitworth WD Ivanhoe -- WH28B -- --
Whitworth ND 3 7P1 - 180 93-114
Whitaorth WD §2 762 - 296 130-150
Whitworth WD Blendale - WHEA2 - --
Whitworth WD Fairwacd 761 - 135 NA
Khitworth WD Division % Hollang -- WH2A - --
Wilkerson Add.¥ell Unpurge Hold Tank -- W-8 -~ -- Tank
Winfree, B. 13920 Kill Road 91E W-91E 0 NA
WuPI-3 - 8B4 -- 90 S9-88
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Table B-2

STATUS OF WELLS AND SPRINGS IN KAISZR/MEAD SAMPLING AREA

AS GF NOVEMBER :98%

{WELL ANC SPRING NUMBERS ARS [N ASCENDING ORDER)

NAME ADDREES WEL/CPR, NO. COMPUT. NO. WELL DEPTH SCREEN DEP, REMARKS
Goss 12621, Hamilten 12 -- 47 N
Vraa S09 Hastings 101 - 46 NA
Bluger 408 Kazd 1080 -- -- - Soring
Davis/Pruser 13104, Mill Road 114/6R2 W-114 7% NA
Theegscon, R, i3114, Mill Rezd 115D7/6R1 -148 20 NA
Burris 13224 "1l Road 1154 -- 70 N4
Chevillet, 1, 13210, Mill road 1178/432 -- 70 NA
Pecchia, E. 13402 Mill Road 118 i-118 30 NA
Tilton Steiner 137418, Mill Road 11967641 -- 75 NA
Burrcughs, Ted {3718 Mill Road 120C W-120 368 NA
Boston B17 Hastings 32 W-12 83 NA
Cork, R. I07 Koda 139 W-139 45 NA
Reanes, Dick 12324 Pittshurg 14 N-14 128 NA
Haclean 13111 Mill Road 141 -- - -- Soring
Northview Bible Ch, 13&Z!, Mill Road 142/£K2 W-142 205 OPEN EGTTOM
Thain, Rich 12305 Pittshurg 15 W-135 380 NA
Wanderaere Spring Pricr entering LSR  151/5L1S W-131 - - Spring
Vanderlinda/Huguenin 326 Koda 159 B-159 3 NA fell?
Fox Milling POE ¢ 279, Mead 1501 -- AW OPEN BOTTOM
Preaa Mulch RTE2, POBAIBA, Mead 15F1 -- 219 NA
Cast 1618 Farwell 14 -- 90 NA
Anderson, Bary 13614, Minihdoka 160/ 6H1 -- 140 135-140
Biglaw 13818 Ninihdoka 161 -- - - Spring
Khite, Dart J. 13906 Minihdoka 162 -- 120 NA
Ludesher/Dart 13717 Kinihdoka 163/6H1S N-163 -~ -- Spring
Rerritt, C. J. 330 Koda Court 165 W-165 10 NA
Pepp, Dr. 13651, Minihdoka 1477462 - 127 NA
Henkle 13810 Minihdoka 168 H-168 - -- Spring
Kaiser Well Kaiser Plant 1601 -- 297 NA
Kaiser Welld#! Kaiser Plant 1402 -- 2835 208-278
Kaiser Well#d4 Kaiser Plant 1403 -- 286 236-284
Kaiser Welld3 Kaiser Plant 16F2 -- 268 238-268
Kaiser Well#s Kaiser Plant 16F3 -- 284 242-287
Bonneville Power - 1461 -- 336 NA
Nelson, D. L. -- 1781 - 224 199-220
KN Pipeline Co. -- 171 - 248 NA
Whitwarth Ccllege -- 1661 -~ 200 160-200
Noen 608 Koda 194 -- 30 NA
Seitt/Van Belder 13407 Minihdoka 193 N-1935 -- - Spring
Rartin 12709, Dakota Z -- 40 NA
Holz, Trudy/Janet 12707 Haailtan 202 N-202 4 NA
Northgate Church 311 Hastings 207 W-203 78 NA Qutside Tap
Bach 12515 Mayfarr 2035 -- 180 N4
Billberg, Milfred 12010 Division 209 K-209 M NA  Kitchen Sink
Papp, Or. 13451 Minihdoka 218/6618 - - - Spring(Irr.)
Noore/Exley 13812 Karen 222 - 3 NA Well?
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STATUS OF WELLS AND SPRINGS IN KAISER/MEAD SAMPLING AREA

AS OF NOVEMBER 1986

{WELL AND SPRING NUMBERS ARE IN ASCENDING ORDER)

NAME ADDRESS AEL/SPR, NO. COMPUT. NC. WELL DEPTH SCREEN DEP. REMARKS
Jeffriss/Uehnes 11424 Newport M) W-327 200 NA Kitchen Sink
Marritt/Bland 11226, Newport Hwy  J2B/8R1 k-328 185 NA Kizchen Sink
Pspe, 5. H.{Cld! o14, Hastings J4/BE] W-4 47 NA
Pape, 3. H.(rr,)  Si4, Hastings 35/882 W-33 g4 74-8+
Daily, Shirley 525 Hastings M. W-38 4 NA
Bilbrey, Vickia 12723, Mayfair 37/803 W-37 104 NA
Jordan, A. L. 1270S, Mayfair 3B/6D4 ¥-28 93 NA
Procunier/Marren 12595 Mayfair 39 W-39 70 NA
Lessig, L. W. 605 1/2 Hastings ) N-4 43 N4
Etone, Walt 12323 Mayfair 40 ¥-40 84 NA
Stone, Walt (irr.) 12527 Mayfair 41 K-41 68 KA Irrigation Well
Rockser 12412 Mayfair 47 -- 835 NA
Ritchie 12524 Mayfair LM W-47 73 KA Kitchen Sink
fAirth, . E. 12606 Mayfair 44 W-44 NA NA
Paulson 724 Hastings 4423 -- NA NA
Weisaan 12622, Mayfair 43/802 W-45 NA NA
Hawell 12704, Mayfair 46/6D1 W-44 NA NA
Mead School Dist. Dist. 754 P! - 144 126-145
Deshler 513, Hastings 3 -- 48 NA
Spokane Coun.Shop A 209 Farwell 51/5N1 W-31 106 XA Well
Nelson, Bud 337, Regina . S2/BK1 - 27 OPEN BOTTOM
Billberg 12102 Division 594 W-554 43 NA
Bouten, Frank 13117 Mill Road 9477 W-5677 120 NA
Dept. Transpotation -- P4 - 19 43-79
Colborn, 6. 12513, Dakaota 6 -6 3! NA Irrigation Well
Nordby 12405 Dakota 69 - 69 NA
Van Gelder/Below SP -- 6625 - -- - Spring
Van belder/Deck - 65638 - - -- Spring
Waikiki Sys. No.2A -- 6L1S -- - -- Spring
Waikiki Spring - 6818 -- -- -- Spring
Waikiki Spring - 6828 -- -- -- Spring
Waikiki Sys. No.3 -- 6835 - -- -- Spring
Kostecka Box 101, Mead n W-71 48 NA
Kelsey 12706 Haailton 1170 - NA NA
Apit: 12820 Ruby 74 - 93 NA
Schoasler 13019 Mill Road 7391 W-7591 129 NA
Fulsaas, B, 12605, Ruby 75/8D3 W-73 120 119-120
Platz/Signell 12701 Ruby 78 W-76 119 NA Bathra sink
Downey, Williaa 12720 Ruby 77 W-77 106 NA Kitchen Sink
Waikiki Sys. No.?2 - IC1S -~ - -- Spring
Waikiki Sys. Ne.! -~ 7C25 - - -- Spring
Unknown -- 7015 == -- -~ Soring
Whitworth WD Fairwood 761 = 133 NA
Whitworth WD 7] 762 - - 29  130-150
Whitwarth WD | M) TX1 - 164 NA
Whitwarth WD M 7P1 = 180 93-114
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STATUS CF WELLS &ND SFRINGS IN KAISER/MEAD SAMPLING AREA

AS OF NOVEMBER 1986

{WELL AND SPRING NUMEERS ARE N ASCENDING ORDER)

NANME ADDRESS NEL/SPR. NG. COMPUT. NO. WELL DEPTH SCREEN DEP. REMARKS
Marr, CE - 701 - ge N&
Brinscn/Troglia 622 Caralina 8 W-8 a1 NA
NWP3-S -- 8B4 - 90 S9-88
Stedman, Mark 12221 Mayfair BE! -- B0 73-78
Jans, Y, -- BFt -- 93 N&
Nerth, F.A, - 8F2 -- 79 NA
Pape, S. H.(New) Si4, Hastings ges N-2147 176 162-167
Pine Acres -~ 8Lt - &0 NA
Linberg -- BNl -- 89 NA
Wirfree, 8, 13020 Mill Road 91E u-91E 80 NA
Follingsworth, H. 13004 Mili Road 92F W-7244 86 NA Kitchen Sink
Speaks 305 Hastings 93 W-33 8o NA Mens Ra Sink
Custcs Caaper 12307 Division 94 ¥-54 30 NA
Rivilla Water Coa. 14006 Karen Lane 96/661 - 30 21-29
Miller, R. 11818 Keran 98 N-98 17 NA
Barrett, James 13902 Karen 99 ¥-39 Ph] NA
Picneer Reality 2310, Division 9/8C1 -- 75 NA
Kaiser WelldES| Kaiser Plant £51 ES1 125 OPEN BOTTOK?
Kaiser Well#ES10  Kaiser Plant £S10 ES10 169 164-149
Kaiser Well$ES2 Kaiser Plant gs2 ES2 80 OPEN BOTTOM?
Kaiser Well#ES3 Kaiser Plant EST EST 30 OPEN BOTTOM?
Kaiser Well$ES4 Kaiser Plant £54 ES4 b4 OPEN BOTTOM?
Kaiser WelldESS Kaiser Plant ESS ESS 170 OPEN BOTTOM?
Kaiser WelldESS Kaiser Plant ESé ES 68 OPEN BOTTON?
Kaiser Well#ES7 Kaiser Plant ES7 ES7 165 OPEN BOTTON?
Kaiser Well#E53 Kaiser Plant E58 £58 160 OPEN BOTTOM?
Kaiser Well#ES9 Kaiser Plant ES? ES? 159 153-158
Kaiser Well#HCt Kaiser Plant HC1 HC1 157 151-156
Kaiser WellfHC10  Kaiser Plant HC1¢ HCi0 185 174-181
Kaiser Well#HC1{ Kaiser Plant HC1il HCitL 165 136-151
Kaiser WellfHC12  Kaiser Plant HC12 HC12 1590 145-148
Kaiser Well#HC13  Kaiser Plant HC13 HCI3 142 137-162
Kaiser Nelld#HC!l4 Kaiser Plant HC14 KC14 162 155-160
Kaiser Well#HC1S  Kaiser Plant HC135 HC1S 149 140-145
Kaisar WelldHC! Kaiser Plant HC1ié HCi4 149 136-141
Kaiser Well#HC!?  Kaiser Plant HC17 HC17 168 153-167
Kaiser Well#HC1A Kaiser Plant HC1A HC1A 48 42-47
Kaiser Well#HC2 Kaiser Plant HC2 HC2 62 33-60
Kaiser Wellf#HC2A  Kaiser Plant HC2A HC2A 1¢9 162-147
Kaiser Well#HCZ Kaiser Plant HCY HCI 49 63-48
Kaiser Well#HC4 Kaiser Plant HC4 HC4 S 47-32
Kaiser Well $HCS Kaiser Plant HCS HCS 70 63-68
Kaiser Well#HCh Kaiser Plant HCh HCé 30 48-30
Kaiser Well4HC7  Kaiser Plant HCT KC7 170 159149
Kaiser Well#HCB Kaiser Plant HCB HCA 164 156-141
Kaiser 4elldHC9 Kaiser Plant HC9 HC9 47 82-47
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TATUS OF WELLS AND SPRINGS IN KAISER/MERD SAMPLING AREA

c
AS OF NOVEMBER 1986
o

ELL AND SPRINS NUMBERS ARE [N ASCENDING ORDER!

NEME ADDRESS HEL/SPR. NO. COMPUT. NO. WELL DEPTH SCREEN DEP. REMARKS
Kaiser WeildHC9a Faiser Plant HC9A HC9A 163 157-162
Kaiser dell4THl Kalser Plant TH1 { 138 153-157
Kaiser Well$TH Kaiser Flant TH2 2 163 153-197
Kaiser Well4TH3 Kalszr Plant THT I 214 140-210
Kaizer Well#TEIA Kaiser Plant THIA A 163 145-141
Kaisar Well8TH4 Kaiser Plant TH4 4 205 145-205
Kaiser Well$TES Kaiser Plant TH3 3 214 135-186
Kaiser Welld#THAA Kaiser Plant TH&A Y:] 200 147-159
Kaiser Well4THER Kaiser Plant TH&B 3 200 147-172
Kaiser Well#THST Kaiser Plant TH&C &C 200 195-200
Kaiser Well&TH7A Kaizer Plant TH7A 78 199 146-1851
Kaisar We]l4TH7B Kaiser Plant TH7B 7B 199 163-148
Kaiser Welli#TH7C Kaiser Plant TH7C 7C 199 194-199
Kaisar ®Well#THS Kaiser Plant THB B 163 154-139
Thospsan, Peter 1919 Center Road -~ W-7383 - --
Little Spokane Riv. S50 Yds., d/s Papp Pt. - W-463 - = River
Hyran/Cark 40B Koda -- ¥-2726 er = Spring/Creek
Harket % Say Suburban Water - §53-13 -- --
Praows, Leonard 12612 Hasilton -- W-7388 - - Kitchen Sink
freva % Farwell Suburban Mater -- 583-6 - -=
Whitworth WD Rigina - WHIA -- --
Kaiser Settle Basin Qutfall to Peone Ck. -- W-235 -- - Outfall
Whitworth WD Farwell -- WHIB -- e
Dakota & Hastings  Spokane Sub. Water -- §53-3 - - Nell?
Nhitworth WD Ivarhoe - WH2B -- -
Wandermere Lake H Tee - N-26 -- -- Lake
Little Spokane Riv. Above NS at Park Br, - H-149 - - River
Wandersere Spring By Gravel Plant -- W-33 - -- Weir/Spring
Peone Cresk Above Kaiser Qutfall -- N-28 - -- Creek
Jarvis, R. 617 Hastings - W-7623 - -
Whitworth WD Glendale - WHBA2 - -
Little Spokane Riv. Rivilla Park - W-418 - -- River
Peone Creek Below Kaiser Qutfall - H-143 - -- Creak
Little Spokane Riv. Dartford & Minihdoka -~ W-24 - -- River
Whitwarth WD Division % Holland -- WH2A -- -
Little Spokane Riv., Below Van Bel.Spring - H-464 -- -~ River
Kilkerson Add.Well Unpurge Hold Tany - W-8 - -- Tank
Hclean, John 13003 Hill Road -- W-3661 -- -
Kostecka, M. 12105 Ruby Road - W-7387 80 -
Cherry % Farwell Suburban Water -- 583-7 -- --
Little Spokane Riv. St. Becrge School - H-6970 - -- River
Littla Spokane Riv. Below ¥S st Bage - ¥-19 - - River

Notes : \

1. Wells are grouped by ascending order. Nells with
same initial digit are grouped together, and then
are further grouped iccording to the second and

third digits.
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APPENDIX C
SELECTED HYDROLOGIC DATA

Table C-1 - Selected Water Level Data

Table C-2, C-3, C-4 - Water Budget Analyses

Figure C-1 - Pumping Test Data ES-9

Figure C-2 - Pumping Test Data 'ES-10-

Figure C-3, C-4, C-5 - Water Budget Analyses
Figure C-6, C-7, C-8 - Grain Size Classifications
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Table C-1 - Selected Water Level Data

HC-1

HC-2A
HC-7

HC-8

HC-9A
HC-12
HC-13
HC-14
HC-15
HC-16
HC-17
TH-3A

Elev.

ToC

1928.
.48
.85

1937
1937

1933.
.05
.6

1939
1915

1937.
.73
1932.
1924.
1941.
1921.

1943

All depths and

TOC Top of Casing
NA = Not Available

16

98

04

01
55
1

64

144,

154

158.
155.

157

140.

153

153.

NA
NA
NA
146

91

54
15

54

.04
54

.12

Water Level
September 1981

Depth

Elev.

1783
1783.
1779.
1778.
1782
1775.
1784
1790
NA

NA

NA

1775.

elevations in feet

.25

48
31
83

.05

06

.19

52

145
154
159
155
159
144
155
153
145
140

158.

NA

August 1988
Depth

.5
.5

.25

.08
.66

58

Elev.

1782.
1782.
1778
1778
1780.
1771.
1782
1790
1786.
1784,
1782.
NA

66
98

.85
.73

05

.04
.65

35
55
52
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FIGURE C-5
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Grain Size Classification
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Sieve Analysis Hydrometer Analysis
Size of Opening in Inches lNurnber of Mesh per in, US Standard Grain Size in mm
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1 |
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o \ )
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= 60 X 40 £
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w W o]
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& 20 J ; w 2
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10 D %0
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8 8 888 223 8 g®@ v w0 oo =me TN “88 $38 8 5388 33 B 3
"o Grain Size in Millimeters ge oy @
Cobbles I—Co%Tse | Fine Coarse | Medium |  Fine Fines
Grovel Sand
UNIFIED WATER
LINE BORING SAMPLE DEPTH SOIL CONTENT
SYMBOL NUMBER NUMBER IN FEET CLASSIFICATION CLASS. PERCENT
£S-9 149.5 - Fine to coarse SAND.
151.2
— 152.3 - SAND SH
153.3
S i 193.3 - SAND Si
155.5
E— 152.7 - SANUD SPp
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Figure C-6



Grain Size Classification
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Grain Size Classification
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ANDREA BEATTY RINIKER

Director

STATE OF W ASHINGTON

DEPARTMENT OF ECOLOGY

Mad Stop PV-11 & Olvmpia VWashungton 98504-8711 e (206) 459-6000

June 22, 1988

Mr. Dick Jeltsch

Kaiser Aluminum and Chemical Corporation
East 2111 Hawthorne Road

Mead, Washington 99021

Dear Mr. Jeltsch:

The Department of Ecology has completed its review of the information
submitted regarding the butt tailings pile at the Mead smelter. We are in
agreement that the butt tailings are not classified as a dangerous waste
and there are no restrictions regarding the sale of this material. Kaiser
should exercise reasonable care in the handling and transport of this
material to prevent fugitive emissions. Reasonable care should also be
exercised to prevent leachate from being generated since the material does
contain soluble fluoride. Please keep the department informed as to your
progress in removing the material. Since the pile is located in the
vicinity of the covered potliner, caution is advised while working in that
area.

In response to your other inquiry regarding disturbance of the existing
pile, the department also agrees with Kaiser's position that extraction of
a portion of the pile does not effect the status of the remaining material.
This question may be moot now that question of designation of the butt
tailings has been resolved, however, even under the minimum functional
standards for solid waste, disturbing part of the pile does not effect the
remainder.

I hope this resolves the questions you have posed. If you have any further
questions, please do not hesitate to contact myself or Kelly Ryan.

Industrial Section

TIM:

17/0622TM



KAlIs==
ALUMINLUA

KAI SER ALUMINUM & CHEMICaAaL CCRPORATION

May 18, 1988

Ted Mix

Washington State Dept. of Ecclogy
Irdustrial Secticn

Mail Stcp PV-11

Olympia, WA 98504

RE: Mead Butt Tailings File
Dear Ted:

As we discussed, we have tested samples of the cld pile of butt tailings at the
Mead plant site by the Darigercus Waste designation prccedures. A fish bicassay
and FAH extracticrn were run on a sample taken in November, 1987. In additicr, EF
toxicity results from a previcus sample are erclosed.

Sample Frocedure: The sample was a compasite of sixty grab samples takern from
all areas and elevations of the pile, from cne foct below the surface ta as much
as five feet below the surface. The sample was homogenized and split down ta the
appropriate size for the varicus analyses.

Fish Bicassay: Results of a rainbow trout bicassay ceonducted by E.V.S.
Consultants is attached (Attachment 1), There were no martalities, indicating
that the material is not designated by this prccedure.

FAH/HH Extracticrn: The results of a PAH/HH extractior per WAC 173-303 are
attached (Rttachment &). As ycu carn see, the material is rot desigrnated by that
criterion either.

EF Toxicity: Results of ER taxicity testing (Rttachment 3) show metals levels
well below the regulatory limits,

Referring to my letter of April 8, I would request yaur concurrerice with the
regulatary interpretaticons proposed,

Sincerely,

RICHARD C. JELTSCH
Staff Envircormental Ergireer

Evc.
/ch

MEAD WORKS
CAST 2111 HAWTHORNE ROAD, MEAD, WA 95021 PHoNE: 509 466-3300

B-2
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Attachmen+ 1

EV.S. Consultants Our File: 2/138-03
Environmental Services W.0.: 880128

2335 Eastlake Avenue East
Seattle, Washington 98102
(206) 328-4188

April 19, 1988

Mr. R. Jeltsch

Staff Environmental Engineer

Kaiser Aluminum and Chemical Corporation
Mead Works

E. 2111 Hawthorne Road

Mead, Washington

99021

Dear Mr. Jeltsch:

Re: Acute Toxicity Test on Sample J-010 (Butt Tailings)

We have completed one (1) Washington State Department of Ecology Hazardous Waste
Toxicity Test on sample J-010 (Butt Tailings) received April 05, 1988.

Standard bioassay procedures were followed in accordance with the Washington State
Department of Ecology guidelines for the Static Acute Fish Toxicity Test (1981).

Summary of Results:

Concentration No. Deaths/ Washington D.O.E
Sample (mg/L) Total Fish Exposed Classification*
J-010 1000 0/30 no classification
100 0/30
*EHW = Extremely hazardous waste (no. death > 10/30 in 100 mg/L sample
concentration).
*DW = Dangerous waste (no. deaths > 11/30 in 1000 mg/L sample concentration).

Yours truly,
E.V.S. CONSULTANTS
ﬁa:é/,7 uﬁ/ ;”r{ ‘lf:&w,c\

Cathy A. McPherson, B.Sc.
Bioassay Supervisor

CAM:jh

VANCOUVER . SEATTLE . VICTORIA u



‘ 7S, CONSULTANTS

e ACUTE L‘ur‘.nL. Y 3I0ASSAY RECORD
Client- }mee) [RUAIANCM ¢ A0 L pc) I.7.5. Analysi(s)a 7
* "
el €.7.5. Proec: 4- L
] ———
ey Work Qrcer - TSt 2

SAMPLE

ldenti¥icazfon- P17 t7 i~ o (f-cio)

Bicassay Type- _wDrE murT
Amount Received- M oal) -coun Cavaple

. : Test Initiatton Date- Ao, J 13 1Get

Oate Collected- Mot 3, 14¢8

. o Date Received- MYLiL 05,1988

_757:" oH- -

'".,”‘-,‘:j; 'Dissolved Oxygen (mg/1)- =

?IP?E iConductivity (umhos/cm) - -

e Other-
OILUTION AND CONTROL MEDTUM TEST Sperres
Fresh Water (dechlorinated)- v’ Rainbow Trout- (v

—_

Salt Water (Burrard Inlet)- -~ Threespine Stickleback-
pH F.+ Daphnia (D. magna)-
Dissolved Oxygen (mg/1)- A Amphipod (R. abroniys)-
Conductivity {umhos/cm)- ) Other-
Hardness (mg/1 as CaCOJ)- lco

Alkalinity (mg/1 as Caco

3)‘
Salinity (°/°°)- wla

Other- _;‘mf“ b,u’..v;cn G’Mmcei o 100,

TEST _CONDITIONS

Temperature (°¢)- 1a-1<
PH Range- 3 ({~-S.0
Dissolved Oxygen Range- £~ 3

Conductivity Range- g

Aeration ( 7.5 cc/min./1)- no
Photoperiod (L:D-in hours)- 1410
No. Fish/Test Volume- 10/20¢

Fish Loading Density (g/1)- 0 2%

Other-

Bicassay Resylts- ‘IDHOE c’%’:mﬁﬂéd&m) = Ligo (”"ﬁ W?%ﬂé?:‘!%}')
P, -

B-4

J N

Certified By- _QZZ/.@/ /)/&,Déi,(gm E.V.S. Consultants {tq. AA
4
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‘ ‘ Attachment 2
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A
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14603 N.E. 87th St. « REDMOND, WASHINGTON 98052 » 206 '885.156.
ANATLVSIS REPORT

CLIENT: Kaiser Aluminum DATE RECEIVED: 4/18/88
REPORT TO: Leroy Stone DATE REPORTED: 4/29/88
East 2111 Hawthorne
Mead, wWa 99021 P.O. NO.: MM 71403

WASHINGTON STATE D.O.E. HAZARDOUS WASTE EXTRACTICN
PROCEDURE FOR THE ANALYSIS OF HALOGENATED HYDROCARBONS
& POLYCYCLIC AROMATIC HYDROCARBONS, WAC 173-303
Laboratory Sample Number 804342

Client Identification 4/15 J-012

Fraction #1

Residue (%) 0.1
Organically-bound Halogens*

(ug/g as Chloride) <14.0
Organically-bound Fluoride (ug/qg) <2.0

Fraction #4

Residue (%) -

Fraction #s

Residue (%) —_

4,5,6-Ring PNA Residue (%) -

*Halogens include Chloride, Bromide & Iodide.

REPORTED BY At /Zafi.nhbﬂpq
BR/pb '~ Beth Robinson '




cc:

Attacnment o

" CHRICAL MEMORANDUM

Date
C. L. Leak - August 8, 1980
Mead
From
y - L. R. Barsotti
RER HPINEGEH - MegF. A e
W. B. Eastman - Mead Subject A
B. Lusk - 816 KB - Leachate Analysis cf
E. B. Paille - 769 KB Mead Samples
H. J. Seim - CFT 20

ARD Nos, 108311-24

The attached tables summarize the leachate data obtained on 14 Mead
samples as described in your memo of July 7, 1980. Only one sample
(E-1157, ARD No. 105313) exceeded the limits specified in the

May 19, 1980, Federal Register.

Some leachates contained appreciable flucride.
You requested a cyanide determination on samnle E-1155. We determined

a value of <0.004% on the "as received" material because analysis of
the pH & leachate tor cyanide would have been meaningless.

AorE: & —115% /5 BUTT TRILIAGS
LR8:3h

Attachment

"B-7

CONEIDENTIAL INFORMATION of Kaiser Aluminum % Chemical Catparaion,  The information containig in thig
“ocument s a valuasle busingss asset ol KACT andg unould ~ul 92 grven to any panty not on employce of KACC,
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ECOLOGICAL SURVEY OF THE LITTLE SPOKANE RIVER
IN RELATION TO CYANIDE INPUTS

August 16-25, 1980

Prepared by:

Rolf Hartung, Ph.D.,
Consultant in Environmental Toxicology
and, Professor of Environmental Toxicology

Peter G. Meier, Ph.D.,

Associate Professor of Environmental & Industrial Health
3125 Fernwood Ave.
Ann Arbor, MI 48104

October 8, 1980






INTRODUCTION

For some time a segment of the Little Spokane River
between stream miles 9 and 11.5 has been receiving an input of
a mixture of free and complex cyanides via the groundwater and
adjacent springs. The area of influx begins below Pineriver
Park and ceases near the sewage oxidation lagoons. The concen-
trations of total cyanides below stream mile 9 are relatively
constant on any one sampling date. The concentrations found
appear to bear an inverse relationship to stream flow, and thus
to the relative importance of groundwater recharge.

The total cyanide concentrations during April and May
1979, and during January and February 1980 were relatively con-
stant below the region of influx at 9-10ug/L. Localized concen-
trations within the region of influx were much higher. Since
the toxicity of cyanides is mostly due to free HCN, and since
nearly all cyanide toxicity tests had been run under artificial
conditions in the laboratory, the data available from the litera-
ture were not very helpful for estimating the impact of cyanides
on the Little Spokane River. Consequently it was decided to
undertake an ecological survey of aguatic life in the Little
Spokane River encompassing upstream control regions which were
not exposed to cyanides, the area of influx, and regions below the
area of influx. It was decided to do the survey during August
of 1980 when the stream flow would be near the annual minimum
and largely composed of groundwater recharge. This would consti-
tute the time of highest total cyanide concentrations and pre-

sumeably a time of maximum possible impact.

C-3



STUDY AREA

This ecological Survey was carricd out on the Little
Spokane River, Washington over a 10.5 mile stretch. The most
upstream station was located at river mile point 16.8, whereas
the lower site was at mile point 6.3. The most noticeable
change between these two stations was the considerable
increase in discharge, which appeared to have nearly doubled.
The sizeable increase in flow 1is attributed to groundwater
infiltration, particularly under the base flow condition.

The site selections were based upon assessability
(permission of property owners) and the physical nature of
the river, that would lend themselves for a comparative
upstream and downstream study. From a precursory field
reconnalsance, six sampling sites were selected (Table 1,
Figure 1). The three stations above Dartford were designated
as control sites, whereas those below were consldered impacted
sites from cyanides. The following is a brief description

of the sampling locations.
STATION 1 (Mile Point 16.8) a.rT. DAVIS

This Sampling reach was composed of two Sections, an upper
area and a middle stretch. The upstream sites are character-
ized by a slow, meandering river, whose banks are extensively
covered by a variety of bushes including alder and witeh hazel.
The current was 1ow which resulted in a Substrate of silt and

Organic detrites. Average width was 12 m and its depth was



TABLE 1 Description of Sampling Stations
on the Little Spokane River

Station Mile Point Description

1 16.8 Approximately 1.0 km north of
Colbert Road Bridge (Co. Br.
No. 3703) within G.T. Davis
property

2 16.3 Area north between Colbert Road
Bridge and Davis Bridge

3 13.4 River stretch between Little
Spokane Drive Bridge and downstream
edge of Hagen's property

y 10.0 River stretch between Rivilla Park
and downstream of Popp's Point

5 9.2 Downstream reach from Access Bridge
Road (oxidation lagoons), approxi-
mate distance 0.2 km

6 6.3 Sampling area included both main
stream and side channel sampling
within St. George's School property

Figure 1

The following three pages consist of copies of sections

of U.5.G.S. 15' quadrangle maps showing the locations of

the sampling sites.
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1.3 m. Some of the holes exceeded a depth of 2 m. The length

of the reach sampled‘was approximately 200 m (Figure 2).

The middle reach differed from the one above in that
there was a noticeable increase in velocities which produced
a substrate of rocks, sand and some large boulders. Although
the width did not change appreclably, the rcach was shallower.

The length sampled was 50 m (Figure 3).
STATION 2 (Mile Point 16.3) G.T. DAVIS

This downstream reach of 200 m in length was character-
ized by fast moving water over rubble and large stones which
were covered with periphytic growth. The width of this sec-
tion was approximately 25 m and very shallow. Bank covur,
although not qulte as dense as on the above section, was
composed of alder, willow and witch hazel. Large clumps of
grass would overhang some banks, providing somewhat of a

different habitat as that found above (Figure 4).
STATION 3 (Mile Point 13.4) HAGAN'S

A 250 m section was sampled at this site which extended
from the Little Spokane Drive bridge to the downstream site
of Hagan's property. Thls reach was composed of an upper
straight stretch of fast moving water with rubble substrate
to a lower section of river that was meandering slowly through
pasture land. The bottom in this area was composed of sand
and silt and nutrient contribution from land runoff were

utilized by extensive aquatic weed beds (Potamogcton sp.)



FIGURE 2
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FIGURE 3

"LITTLE SPOFANE RIVER, WASH.
STATION 1 (MILE PUINT 1G.5) SECTION I
G.T.

DAVIS
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Station 13 shallower, rocky reach.




"FIGURE 4
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(Figure 5). These aqpatic plants provided an idenl cover

for perch, pumpkinseed, small suckers and some chiscl moulh.
Bank cover was extensive on the inside of thoe meandeoer, whercas
the rest of the river was exposed to open pasture. The 15 m
width of the river was nearly constant, with the depth varying

from 0.2 to 1.7 m. The water had somewhat more turbidicy

than that observed at Station 2.
STATION 4 (Mile Point 10) POPP'S

This reach is located downstream of the Dartford gage
and in the area of greatest groundwater inflow, which is quite
noticeable by the increase in the discharge. The 300 m stretch
sampled contained slow moving water (pool areas) to very fast
currents. Again bottom substrate was somewhat variable but
ranged from granular sand to gravel and rubble (Figfure 6).
One area had an extensive weed bed (Potamogeton sp.) which
produced a similar habitat and fish as those observed at
Station 3. Several large boulders within the stream bed would
cause the formation of large deep pools (greater than 2.5 m)
and counter currents to the main flow. This river stretch
passes through rock outcroppings which were sparingly covered
by ponderosa pine. Bank cover when present, was comnposed ol
similar woody plants as those found in upstream stations. The

water was clear and had a bluish-green color.



'FIGURE 5
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FIGURE 6

LITTLE SPOKANE RIVER, WASH.
STATION 4 (MILE POINT 10.0)
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STATION 5 (Mile Point §.2) OXIDATION LAGOONS

The distance sampled at this site was 150 m. The river
width averaged 15 m and flowed at a fairly constant veloclity
of 0.7-0.8 m/sec. Substrate was variable, ranging from
granular sand to gravel and small rubble, with little
attached growth (periphyton). The deeper areas were well
shaded with alder and willow, while other stream b:ink areas
were covered with long grasses (Figure 7). Morphologically,

thls area was somewhat similar to Station 1 middle reach.
STATION 6 (Mile Point 6.3) ST. GEORGE'S SCHO0OO0OL

This river reach sampled was similar to that observed
at Station 5. The river looked larger and wider (20-25 m).
The depth ranged from 0.2 to deep pools (greater than 2.5 m).
The velocity changed little and ranged from 0.6 to 0.8 m per
second. The resultant substrate is composed mostly of
granular sand intermixed with gravel. No large stones or
rubble was noticeable over the 200 m distance of the main
channel that was sampled (Figure 8). Vegetative bank cover
ranged from large grassy patches to willow'and alder. 1In
addition to sampling the maln stream, a side channel was also
investigated. Its shallower water, with some deeper holes was
considered an advantage, since considerable difficulty was
encountered in the deeper portions of the main channel.

Again, velocity, bottom composition and bank cover were
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FIGURE 8

LITTLE SPOKANE RIVER, WASH.
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gimilar to that of the large river. Thc width was about

7.5 m and depth ranged from 0.1 to 1.1 m (FFifgure Q).

METHODS

A sampling survey was designed to determine the possible
impact of complex and free cyanides on the aquatic community
indigenous to the Little Spokane River. Special care was
taken to select sampling sites that had similar morphological
characteristics (velocity, substrate composition and habitat)
so in case a significant impact on the fauna was observed
downstream, the effect could be attributed to the cyanides

and not to the varying physical parameters.
Aquatic Macroinvertebrates

Agquatic macroinvertebrates have been used extensively as
water quality monitors in many varied situations. Their
great utllity is based upon the ease in which they are col-
lected and secondly they tend to be relatively sessile and
therefore are exposed continuously to changing water qualities.
Hence, the absence of some of its members can in many cases
be attributed to toxic contaminants, whereas a diverse com-
munity is indicative of good water quality.

Due to these great characteristics, the macroinverte-
brates were collected from all six stations to aid in deter-
mining the potential impact of cyanides on the aquatic
community. In all cases, five replicate samples, employing

a modified Hess sampler, were secured from each of the
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stations. Three of‘these collections were maae in ast
ing water (riffle) while two were taken in a slow movini; reach.
Upon collection, the organisms were prescrved in ethanol

(70%) and at a later date handpicked, sorted and identified
under a low power microscope using appropriale reference
material. Worms (Oligochaeta) and midges (Diptera-Chirono-
midae) were individually mounted in polyvinyl-lactophenol

and identified under 100 to 400x magnification. The organisms
were enumerated and identified to the lowest practical taxo-
nomic grouping. In addition, the diversity function (Shannon-
Weaver) was calculated. The data are reported in tabular form
in the results section.

Besides these quantitative samples, a varicty of Jdifferent
substrates (habitats) were sampled employing a small triangular
dip net. A similar amount of effort was put forth at each
sampling site. The collections were treated in a similar
fashion (sorted and identified) and also reported in a tabular

form in the results.
Fish Sampling

A comprehenslve sampling scheme was employed to assess
the potential impact of cyanides on the fisheries resource of
the Little Spokane River. Since no single method for fish
collection works effectively, several procedures were used.
This included seining with a bag seine, netting with a fine-
mesh minnow seine and finally electrofishing. Each method

has its biases, but if similar at all stations, a comparison



between up and downspream communities can be made. Tuc to
the relatively fast current, and the lack of catch, the 8 nm
bag seine was discarded after its use as a method. The small
minnow seine worked somewhat better, but was limited to
shallow reaches. Due to the clarity of the water, the efrfi-
clency was also not too great, but still it permitted the
landings of small fishes which could not be collected with
the elctrofishing gear.

A Smith-Root type VI-A electrofisher was employed mostly
to take an inventory of the fish species at each designated
sampling point. This pulsed D.C. System is an effective
collecting device which produces the minimum amount of damége
to fishes. Basically, an electrofishing operation consists
of a system where a high voltage potential is applicd between
two or more electrodes that are Placed in the water. The
resulting field surrounding the electrodes will affect the
fish in or near the electric field. The reaction observed
in fish varied according to specles of fish, the magnitude of
the applied voltage and the conductivity of the water. 1In
this study two poles were employed by men wading in the water.
One pole was the anode which attracted the fish. Hence, the
same person also handled .the net. Another individual assisted
the "anode" bearing person with the netting operation. The
other person who held the cathode was also responsible for
the pulling of the Zodiac rubber boat. The power was produced
through a gas driven generator that was hauled around in a

10 ft rubber raft. Other gear utilized was the control unit



Release 0f captured and marked fish
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and several water fi;led tubs to maintaln the fish urti} they
were worked up.

The princlple employed 1in this survey wuas a capture,
mark and recapture study. The fish were shocked, netted,
measured, identified and marked by clipping the lower portion
of the tall fin. After recovery by the fish from this pro-
cess, they were released downstream from their habitat. This
enabled them to locate their niche from which they were col-
lected. After a 4-5 day interval, the same procedures were
repeated. Previously marked fish were recorded. Hence, by
knowing the number of recaptured fish, an estimate of the
fish community could be obtained. The efficiency of capturing
shocked fish varied. 1In very fast moving water and deep
holes, the efficiencies were low, whereas in shallow, slower
moving waters, the success of capturing shocked fish was very
high. For each reach that was shocked, the voltage, pulse
width, amps and the actual shocking time were recorded. Data
presented in the results will include fish caught per unit

time.

EVALUATION OF BIOLOGICAL DATA

Diversity H' was calculated according to the Shannon-

Weaver function:

S
H'= - n,/N 1n n./N
i=1 *t *

Species dominance d was calculated by the Berger-Parker

Dominance Index:

G = B/ N



Species richness was calculated as:

s = 1n

Similarity between habitats was evaluated by the sSgrensen

Coefficient of Similarity CN'

CN= 2 nj/(Na+ Nb)

speclies

from habitat a

from habitat b

Where:
S = total number of species found in a sample
N = total number of individuals found in a sample
n,= number of individuals for the ith species
noox™ number of individuals for the most abundant
in a sample
N_= total number of individuals found in a sample
N = total number of individuals found in a sample
n .= number of individuals from species occuring jointly in

habitats a and b.

PHYSICAL AND CHEMICAL CONSIDERATIONS

Since an emphasis was placed on the effect of total and

free cyanides, water samples were secured at each station on

several dates for its analysis.,

Besides this parameter, con-

ductivity and dissolved oxygen were measured In situ wlth

Yellow Spring meters, pH with a Beckman electrode and

temperature with a standard mercury thermometer.

Water



samples were also collected for the determination of alka-
linity. Current velocities were measured by the f{loatation
technique in which a bouant piece of matecrial was timed over

a measured distance.

RESULTS AND DISCUSSION

Physical and Chemical Data

The physical and chemical conditions of the Little
Spokane River during the sampling period are summarized in
Tables 2 and 3. The variability of the measurements for
any one station during the 10 day period of intensive sur-
veillance was very low. The dissolved oxygen concentrations
found are near the theoretical maximum for the stream temper-
atures encountered. Alkalinity and conduétivity show very
minor upward trends in the zone of cyanide influx. Total
cyanide concentrations (sampled from the middle of the stream)
show higher values, especially for Stations 5 and 6, than were
reported for surveys done during higher flow. The concentra-
tiors of total cyanides for any one station wre remakably con-
stant during the two days of this study that they were tested.
The cyanide concentrations of 19ug/L found at Station 6 are
in the zone where all cyanide influxes should have. become
completely mixed. The fact that this cyanide concentration
is about twice that found during periods of higher flow is
indicative of the contribution of groundwater flow to total
flow, and also supports the contention that the sampling

period did cover a time of maximum impact. Previous cyanide

C-34
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sampling data are presented in Table 4.

Aquatic Macroinvertebrates

The collection of 1nvertebrates obtained from the rather
diverse community may be biased towards the lower diversity
since some of the young immatures may have been missed due to
thelr small size or theilr absence. A survey in late April or
late October could have produced a more complex lndigenous
community in the Little Spokane River than that reported in
this survey. Even with this potential shortcoming, the fol-
lowing discussion can be made about. the aquatic macroinverte-
brates.

Examlining the qualitative data, each sampling site shows
a diverse communlty of organisms, with the possible exception
of Station 6 (Table 5 ). The lower diversity at this station
(St. George's School) 1s mostly attributed to the lack of a
diverse habitat. As indicated earlier, the bottom substrate
was composed of granular sand and small gravel, which does
not provide an ideal substrate for numerous mayflies (Ephemerop-
tera), stoneflies (Plecoptera), net spinningcaddisflies (Tri-

choptera) and beetles (Coleoptera). The dipterans were the



TABLE 5 Qualitative Macroinvertebrate Results for the
Little Spokane River, Washington
August 13-24, 1980

Stations 1 2 3
Mile Pt. 16.8 16.3 13.4

4
10.0

5
9.2

6
6.3

Turbellaria
Dugestia sp.
Oligochaeta

Aeolosoma sp. X
Limmodrilus sp.
Lumbriculus sp.
Potamothriz sp.

x X X X
X X X X

Nematomorpha
Insecta
Ephemeroptera

Ametropus sp. X
Baetis sp. X X X
Callibaetis sp.

Centroptilum sp.

Ephemerzlla sp.

Heptagena sp.

Ironodes sp.

Paraleptophlebia sp. X
Pseudocloeon sp.

Tricorythodes sp. X X

X X X X X

Plecoptera

Isoperla sp. X
Pteronarcys sp.

Odonata

Argta sp. X
Calopteryx sp.

Hemiptera

Graptocoriza sp. X
Metrobates sp.
Sigara sp. X
Trepobates sp.

Trichoptera

Brachycentrus sp. X X
Ceraclea sp.
Cheunatopsyche sp. X X
Glossosoma sp. X

x
x X x X

>x Xx



TABLE 5 continued

Stations 1 2 3 4 5
Mile Pt. 16.8 16.3 13.4 10.0 9.2

Helicopsyche sp. X X X
Hydropsyche sp. X
Leucotrichia sp. X
Limmephilus sp.

Mystacides sp. X
Ochrotrichia sp. X X
Rhyacophila sp.

>
X X X X

Coleoptera

Ampumizis sp. X X
Dytiscus sp. X

Gyrinus sp. X
Heterlimius sp. X
Narpus sp. X
Ordobrevia sp. X
Optioservus sp. X

Zaitzevia sp. X X

Lepidoptera
Paragyractis sp. X X
Diptera

Antocha sp. X X
Cardiocladius sp. X 2 X
Chelifera sp. X X
Conchapelopia sp. X X X X
Diamesa sp. X
Dicrotendipes sp. X
Ectermia sp. X

Eriopterq sp. X
Eukiefferiella sp. X
Hexatoma sp. X
Micropsectra sp. X
Microtendipes sp. X X

Monodiamesa sp. X
Orthocladius sp.

Parachironomus sp. X X
Paracladopalma sp.

Paratanytarsus sp.

Pedicia sp.

Phaenopsectra sp.

Polypedilum sp. X
Psectrocladius sp. X
Rheotanytarsus sp. X
Struliwn sp. X X X
Stictochironomus sp.
Tanypus sp. X X

Tanytarsus sp. X X X X X

x x
>
x
>

xX X X X X

>
X X X X X X
>

>



TABLE 5 continued

Gastropoda
Ammicola sp.
Acari

Hydracarina

Stations
Mile Pt.

1 2 3 4 6
16.8 16.3 13.4 10.0 9.2 6.3

X X X X

X X X X



most prevalent order recorded at all the colluclion Sitey.
Although they represent a small amount of biomasc (midges
and blackflies), they appear to make up a sirniticant por-
tion in the diet of pigmy whitefish, mountain whitcelich,
and rainbows. This was documented from gut analysis that
was performed on some of the fish that did not recovcr

the shocking experience.

Quantitatively, no significant difference in terms of
taxa, number or diversity does exist betwecen the upstream
Stations 1-3 (Table 6 ) and those in the arca of rroundwater
intrusion Stations 4-6 (Table 7). Station 2 (Mile Point 16.3)
has the highest number of organisms and the most diverce com-
munity. The samples were collected in a riffle reach that
had fist size stones, which are an ideal habitat for macro-
invertebrates. The substrate is large enough to provide both
shelter and food (as indicated earlier, rocks were quite
slippery due to periphytic growth). 1In addition, the samples
secured from the slow moving area were within an aguatic weed
bed that offered similar advantages as the large stones. There-
fore, aside from this station, the variability in replicate
samples can accommodate small differences in number and
different taxa that were recorded over the river stretch. As
the case with the qualitative data (Table 5), the dquatic
fauna that dominated the quantitative results were the mayflies,
caddisflies and dipterans. The difference in terms of number

of taxa recorded in both types of samples can be attributed
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to the larger area and diverse habitats that werc san; 1:d
with the triangular.net. As indicated, the modified Hess
Sampler encloses only a surface area of 0.05 m-. Therefore,
according to these data presented, the potential impact of

increased cyanlde concentration on the macroinvertebrate

fauna does not appear to exist.

FISH

The existing literature indicates that fish are very
sensitive to the effects of cyanide. The toxic form is
kKnown to be free cyanide in the form of HCN (Doudoroff ot
al., 1966). If a mixture of free and complex cyanides is
present, then the toxicity of the mixture cannot be readi-
ly predicted. 1In laboratory tests fish have been found to
be the most sensitive organisms tested to date. The criti-
cal life stage appears to be the reproductive period and
the early life of the embryo. Thus, effects on reproduction
have been found in the range of 5-20pg/L free cyanide for
Brook Trout, Fathead Minnow, and Bluegill (Koenst et al.,
1977; Lind et al., 1977; Kimball et al., 1978). However,
essentially nothing is known regarding the reactions of fish
populations to constant and low concentrations of a mixture
of free and complex cyanides under natural conditions.

The sampling of the fish populations in the Little
Spokane River did present some problems due to local stream
conditions. The most effective means of collecting samples

of fish under the prevailing conditions was electrofishing.



The use of a large bag seine was impossible duc to stream
velocity, and a smaller seine was Of use onl. 1nltermitlont-
ly. Thus, even though electroshocking was done with pulsed
DC at a shocking rate which was optimized for smaller fish,
the method was most efficient at collecting medium sized to
large fish. The entire range of fish normally subject to
recreational fishing was well sampled. The methodology
appeared to become inefficient for fishes less than 10-15 cm
in length. Even though very small fish could not be collected
effectively, they were regularly observed in largce numbers
in the shallow areas throughout the sampling range, includ-
ing the area of cyanide influx.

The parameters used for the electroshocking and the
catch per unit effort (CUE) are noted in Table 8. Since
the shocker permitted timing the duration of delivery of
shocking current, CUE was measured as no. of fish caught
per second of shocking. No significant trends are obvious
in Table 8, especially when one considers that the recovery
of shocked fish by netting becomes more difficult as the
water depth increases. Areas of deeper watu generally
occurred for station 1 and 5, and for the main channel sec-
tion of station 6. As a generalization, for this section of
the Little Spokane River, the CUE seemed to be influenced
most by water depth, aquatic plant growth, and stream velo-

city.
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The fish collection data are summarized in Table Y in which
all of the data pertaining to each station are combinced. Thoe
data are presented in detail by size class in Table 10.

The diversity indices, species richness, and dominance indices
vary slightly from station to station, but do not appear to
establish clear trends in relation to cyanide concentrations.

In addition to these indices of species composition, the fish
populations occuring at the various stations were compared on the
basis of the Sgrensen Coefficient of Similarity (CN). This
coefficient compares samples of biolu collected from diffcorent
sites on the basis of the kinds and number of organisms that
both sites have in common. The assumption being that if both
sites harbor similar species in similar abundance, then in fact
both sites are ecologically identical or very similar. Mathe-
matecally, the greater the dissimilarity, the lower the

Sprensen coefficient. First, the coefficients from collections
1 and 2 were compared for identical stations (Table 11) in order
toestablish the variability of this measure of similarity under
local conditions. The the total fish collection data set for
stations 1-6 was examined (Table 12). The index Clearly performs
as expected in that stations which are geographically further
apart tend to be less similar. However, the range of values
found between these stations is only slightly greater than that
found among the collections illustrated in Tablé 11. Thus,

by any of these measures, no indication of a cyanide related im-

pact is apparent.
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Table 10; Fish Collections

Station 1; Stream Mile 16.8; 1lst Collection

length (cm) 0-5 5-10 10-20 20-30

Rainbow T'rout
Brown Trout

Pygmy Whitefish
Mountain Whitefish

Grass Pickerel

Carp

Chiselmouth 4 7
Redside Shiner

Northern Sguawfish 5 10

Longnose Dace

Tench

Longnose Sucker

Bridgelip Sucker 1 4
Largescale Sucker

Brown Bullhead

Pumpkinseed

Bluegill

Largemouth Bass

Black Crappie

Yellow Perch 3 1
Mottled Sculpin

30-40

13

10=-50

H0-60

6O+ Marked

11

14

17



Table 10, continued

Station 1; Stream Mile 16.8; 2nd Collection

length (cm) 0U=5 5-10 10-20 20-30 30-10 “40=50 H0-00 L0+ Recapt .
Rainbow Trout
Brown Trout
Pygmy Whitefish
Mountain Whitefish 1 1
Grass Pickerel
Carp 1
Chiselmouth 2 1 2 0
Redside Shiner
Northern Squawfish 1 0
Longnose Dace ’
Tench
Longnose Sucker
Bridgelip Sucker 1 6 4 11 3 3
Largescale Sucker 1 2
Brown Bullhead
Pumpkinseed
Bluegill
Largemouth Bass 1 -
Black Crappie 2 0
Yellow Perch
Mottled Sculpin 1 0

(=) not found in first collection.

Within the confines of the study area the estimate of the popula-
tion of Mountain Whitefish is 2 (Sampling error is likely to
be moderate).

56
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Table 10, continued

Station 2; Stream Mile 16.3; 1st collection

length (cm) 0-5 5-10 10-20 20-30 30-40 10-50 H0-60 b+ Marked
Rainbow Trout 2 1 2 5
Brown Trout
Pygmy Whitefish
Mountain Whitefish
Grass Pickerel
Carp
Chiselmouth 8 35 1 39
Redside Shiner
Northern Sguawfish 1 5
Longnose Dace
Tench
Longnose Sucker
Bridgelip Sucker 1
Largescale Sucker
Brown Bullhead
Pumpkinseed
Bluegill
Largemouth Bass
Black Crappie
Yellow Perch 4

Mottled Sculpin 1



Table 10, continued

Station 2; Stream Mile 16.3; 2nd Collection

length (cm) 0=5 5-10 10-20 20-30 30-10 -10=-50 H0=0G0 GO+ Recapt .
Rainbow Trout 2 1 0
Brown Trout
Pygmy Whitefish 5 -
Mountain Whitefish
Grass Pickerel
Carp
Chiselmouth 8 42 2 3
Redside Shiner
Northern Squawfish 2
Longnose Dace
Tench
Longnose Suckeor
Bridgelip Sucker 1 15
Largescale Sucker
Brown Bullhead
Pumpkinseed
Bluegill
Largemouth Bass
Black Crappie
Yellow Perch 7 1
Mottled Sculpin 4 17 0

(-) not found in first collection.

Within the confines of the study area the popula-
tion estimate of Chiselmouth is 676 (sampling error is 1likely to
be mode-ate); of Squawfish is 100 (sampling error is likely to
be high); of Largescale Suckers is 320 (sampling error is likely
to be high).



Table 10, continued

Station 3; Stream Mile 13.4; 1st Collection

length (cm) 0-5 5-10 10-20 20-30 30-40 -10-50 H0-u0 b+ Marked
Rainbow Trout

Brown Trout

Pygmy Whitefish 2 2
Mountain Whitefish 2 2 4
Grass Pickerel

Carp 3 3
Chiselmouth 10 39 1 41
Redside Shiner 7 12 18
Northern Sguawfish 7 14 2 49 27
Longnose Dace

Tench 2 1 3
Longnose Sucker 1 1
Bridgelip Sucker 1 55 3 2 60
Largescale Sucker 12 11 22
Brown Bullhead 1 1
Pumpkinseed 2 2
Bluegill

Largemouth Bass

Black Crappie

Yellow Perch 10 28 38
Mottled Sculpin 8 2 Q



Table 10, continued

Station 3; Stream Mile 13.4;

2nd Collec

length (cm) U-5 5-10 10-20 20-30

Ruinbow Trout

Brown Trout

Pygmy Whitefisih

Mountain Whitcfish

Grass Pickerel

Carp

Chiselmouth 23
Redside Shincr

Northern Squawfish 5
Longnose Dace

Tench

Longnose Sucker

Bridgelip Sucker 3
Largescale Sucker

Brown Bullhead

Pumpkinseed 1
Bluegill 1
Largemouth Bass

Black Crappic

Yellow Perch 16
Mottled Sculpin 2 5

4
5
33 1
15
19 1
46 5
1
2
1
13

(-) not found in first sample

Within the confines of the sampling are
of Mountain Whitefish is 36 (samplin

of Chiselmouth is 779 (sampling erro

of Sguawfish is 288 (sampling error

of Bridgelip Suckers is 3

» 240 (sampl

high); and of Largescale Suckers is

to be low).

(@]
|

60

tion

3U=10 10 =110 H0=0610) GO+ Rocapt .
0
3
1 0
3
0
4 3 3
1 0
]
10 17 3 1 4
0
0
0
0

a the population estimate

g error likely to be moderate) ;
r likely to be high); ’
likely to be moderate);

ing error likely to be very

182 (sampling error likely



Table 10, continued

Station 4; Stream Mile 10.0; 1st Collection

length (cm) 0-5 5-10 10-20 20-30 30-10 10=-50 H0-00 0+ Marked
Rainbow Trout 5 1 6
Brown Trout
Pygny Whitefish 2
Mountain Whitefish
Grass Pickerel 2
Carp 1
Chiselmouth 13 8 6 2
Redside Shiner

O N W = N NN

—

Northern Squawfish 3 5 2
Longnose Dace

Tench

Longnose Sucker 3 1 3
Bridgelip Sucker 12 8 1 4 15
Largescale Sucker 1 10 1 12
Brown Bullhead

Pumpkinseed

Bluegill

Largemouth Bass

Black Crappie

Yellow Perch

Mottled Sculpin 10 : 9

0
1
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Table 10, continued

Station 4; Stream Mile 10.0; 2nd Collection

length (cm) 0=5 5-10 10-20 20-30 30-=10 .10=10 DU=-0LU G+ Recapt.
Rainbow Trout 1 10 2
Brown Trout 1 -
Pygmy Whitefish 3
Mountain Whitefish 5 2 0

Grass Pickerel

Carp

Chiselmouth 1 47 10 2

Redside Shiner

Northern Squawfish 4 8 1 3 3

o O O

Longnose Dace 3 1 -
Tench

Longnose Sucker 4

Bridgelip Sucker 24 51 4 4 1

Largescale Sucker 1 3 10 2 2
Brown Bullhead

Pumpkinsced

Bluegilil

Largemouth Bass

Black Crappie

Yellow Perch 1 2 -
Mottled Sculpin 1 23 0

(-) not found in 1st collection.

Within the confines of the sampling area the population of Rainbow
Trout is 33 (sampling error likely to be low); Bridgelip Sucker
630 (sampling error likely to be relatively high); Largescale
Sucker 176 (sampling error likely to be moderate). No estimates
can be provided for other species on the basis of mark/recapture
data.



Table 10, continued

Station 5; Stream Mile 9.2; 1lst Collection

length (cm) 0-5 5-10 10-20 20-30 30-40 40-50 50-00 60+ Marked
Rainbow Trout 2 2
Brown Trout
Pygmy Whitefish 4 1
Mountain Whitefish
Grass Pickerel
Carp
Chiselmouth
Redside Shiner
Northern Sqguawfish 2 2
Longnose Dace
Tench
Longnose Sucker
Bridgelip Sucker 1 1 1 1
Largescale Sucker 1 1
Brown Bullhead
Pumpkinseed
Bluegill
Largemouth Bass
Black Crappie
Yellow Perch 2 1
Mottled Sculpin 32 23

(@]
1
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Table 10, continued

Station 5; Stream Mile 9.2;

length (cm)
Rainbow Trout
Brown Trout
Pygmy Whitefish
Mountain Whitefish
Grass Pickerel
Carp
Chiselmouth
Redside Shiner
Northern Squawfish
Longnose Dace
Tench
Longnose Sucker
Bridgelip Sucker
Largescale Sucker
Brown Bullhead
Pumpkinseed
Bluegill
Largemouth Bass
Black Crappie
Yellow Perch
Mottled Sculpin

0-5 5-10 10-20 20-730

4

2nd Collection

(=) not found in first collection.

30-10
1

A0 ="50)

D0 =)

(4

Recapt .
0



Table 10, continued

Station 6; Stream Mile 6.3,

length (am)
Rainbow Trout
Brown Trout
Pygmy Whitefish
Mountain Whitefish
Grass Pickerel
Carp
Chiselmouth
Redside Shiner
Northern Squawfish
Longnose Dace
Tench
Longnose Sucker
Bridgelip Sucker
Largescale Sucker
Brown Bullhead
Pumpkinseed
Bluegill
Largemouth Bass
Black Crappie
Yellow Perch
Mottled Sculpin

0-5 5-10 10-20 20-30

1 3

(@]
1

side channel;
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Table 10, continued

Station 6; Stream Mile 6.3,

length (cm)
Ruinbow Trout
Brown Trout
Pygmy Whitefish
Mountain Whitefish
Grass Pickercl
Carp
Chiselmouth
Redside Shiner
Northern Squawfish
Longnose Dace
Tench
Longnose Sucker
Bridgelip Sucker
Largescale Sucker
Brown Bullhead
Pumpkinseed
Bluegill
Largemouth Bass
Black Crappie
Yellow Perch
Mottled Sculpin

(-) not found in 1lst sample

6

2
18

1

side channel;

10-20 20-30

1

2nd collcction

0

The estimated population of Mottled Sculpins within the confines

ofthe sample area is approximately 144.

this estimate is large.
other species on the basis of mark/recapture data.

The sampling error for

No estimates can be provided for
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Table 10, continued

Station 6; Stream Mile 6.3, main channel; 1lst Collection

length (cm) 0-5 5-10 10-20 20-30 30-10 10-50 50-60 60+ Marked
Rainbow Trout 2
Brown Trout
Pygmy Whitefish
Mountain Whitefish
Grass Pickerel
Carp
Chiselmouth
Redside Shiner
Northern Sguawfish
Longnose Dace
Tench
Longnose Sucker
Bridgelip Sucker
Largescale Sucker
Brown Bullhead
Pumpkinseed
Bluegill
Largemouth Bass
Black Crappie
Yellow Perch
Mottled Sculpin 1 6



Table 10, continued
Station 6; Stream Mile 6.3, main channel; 2nd collection

length (cm) 0-5 5-10 10-20 20-30 30-40 -10-50 H0-60 0+ Recapt.
Rainbow Trout 3 1 0
Brown Trout
Pygmy Whitefish 1 -
Mountain Whitefish 1 1 -
Grass Pickerel

Carp

Chiselmouth 1 -
Redside Shiner
Northern Squawfish
Longnose Dace
Tench
Longnose Sucker
Bridgelip Sucker 1 1 -
Largescale Sucker
Brown Bullhead
Pumpkinseed
Bluegill
Largemouth Bass
Black Crappie
Yellow Perch
Mottled Sculpin 1 4 0

(=) not found in 1st sample

The estimated population of Largescale Suckers in the confines
of the sampling area is approximately 14. The sampling error
for this estimate is likely to be relatively low. N> esti-
mates can be provided for other species on the basis of mark/

recapture data.

N
I
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A qualitative examination of the species and sizes of fish
present in this stretch of the Little Spokane Rivor indicates a
varied and rich population of fish including a modust number of
sought after game fish, especially in the area exposed to cyanides,
but also subject to greater stream flows. While most of the fish
found in the river would normally be classified as rough fish or
forage fish, the river nevertheless supports a seemingly healthy,

abundant, varied and productive population of fish.



CONCLUSIONS

Between August 16 and August 25, 1980 an intensive ecological

survey of fish and aquatic macro-invertebrates was conducted on
the Little Spokane River. The relatively minor variations in
biota for the stretch of the river which was examined appeared
to be exclusively due to environmental differences such as water
depth, stream flow, or presence of aquatic plant beds. The mix-
ture of free and complex cyanides known to be present in low
parts per billion concentrations in approximately the lower 10
miles of the river did not produce any noticeable effects on the
populations of fish and aguatic macro-invertebrates. Since fish
are known to be the most sensitive species in their reactions to
cyanide, the absence of an effect on fish populations indicates
that the present levels of contamination by free and complex
cyanides does not constitute an undue ecological or public health

hazard.
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